
For the best experience, open this PDF portfolio in
 
Acrobat X or Adobe Reader X, or later.
 

Get Adobe Reader Now! 

http://www.adobe.com/go/reader




From: James Cooke
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Thursday, July 12, 2018 9:36:37 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


James Cooke 
jccooke@suddenlink.net 
309 Mary Lee Court 
Winterville, NC, North Carolina 28590








From: lele judy
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Thursday, July 12, 2018 8:03:50 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


lele judy 
ltjudy58@gmail.com 
406 bay drive 
washington, North Carolina 27889








From: Emily Albera
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Thursday, July 12, 2018 7:10:28 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you. 
Emily and James Albera


Emily Albera 
albera@gotricounty.com 
PO Box 6 
Bath, North Carolina 27808








From: Lonnie Foreman
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Thursday, July 12, 2018 6:29:07 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Lonnie Foreman 
lwf0831@suddenlink.net 
723 Corbett Street 
Winterville, North Carolina 28590








From: Elizabeth Wilkie
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Tuesday, July 24, 2018 8:46:37 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


As an avid fish angler, kayaker, and outdoor enthusiast, I encourage those who represent the
state of NC to consider higher quality standards for all bodies of water.


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
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1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Elizabeth Wilkie 
cmdgrizzly@gmail.com 
306 N King Charles Rd 
Raleigh, North Carolina 27610








From: monika coleman
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Thursday, July 12, 2018 5:12:51 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


monika coleman 
monikar1@mindspring.com 
7720 prospector pl 
raleigh, North Carolina 27615








From: Richard Zablocki
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Thursday, July 12, 2018 5:04:41 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water. Clean water for both consumption and recreation will ensure North Carolina is a state of
choice for residents and the businesses that employ and and serve them.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
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downstream drinking water sources. 
Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you. Richard
Zablocki, CWO3/USN/Ret.


Richard Zablocki 
riversedge1@suddenlink.net 
308 Sunnyside Drive 
Washington, North Carolina 27889








From: Barbara Tritt
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Thursday, July 12, 2018 3:46:50 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov





Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Barbara Tritt 
btritt129@gmail.com 
106 Hill Creek Rd 
Blounts Creek , North Carolina 27814








From: Courtney Rousseau
To: 15ANCAC02B_TriRev_Rule_Comments
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Date: Thursday, July 12, 2018 3:45:47 PM
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Triennial Review,


To Whom It May Concern:


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public.


Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children.


Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also limit levels that impair and disrupt species'
behavior and life cycles.


Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution.


Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard.


Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. Our state has had trouble with
toxic algae blooms in the past. The Commission should adopt standards to protect drinking
water and recreation.


Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.
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Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants.


1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources.


Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


As a child, I spent a lot of time on the Pamlico and Pungo rivers in Eastern NC. It was there
that I developed a love for our waterways and an appreciation for wildlife and fishing. If we
don't act now to preserve our waterways, we will 'pay for it' both literally and figuratively in the
future.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Courtney Rousseau 
mcrousse@nc.rr.com 
6428 Cross Ridge Dr 
Holly Springs, North Carolina 27540








From: Sharron Parker
To: 15ANCAC02B_TriRev_Rule_Comments
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Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov





Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Sharron Parker 
sharron@sharronparker.com 
1500 River Mill Dr Apt 306, #306 
Wake Forest, North Carolina 27587








From: Charlotte Gross
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Thursday, July 12, 2018 3:24:43 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Charlotte Gross 
charlottegross@mindspring.com 
777 West End ave 6 A 
New York NY, New York 10026
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To: 15ANCAC02B_TriRev_Rule_Comments
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attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


John Jacobson 
jrjacobson711@gmail.com 
508 Metcalf 
New Bern, North Carolina 28560
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attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Jeff Jenkins 
jeffjenkins40@gmail.com 
191 Sabre Pointe Drive 
Bath, North Carolina 27808
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Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Carol Persche 
cp605@embarqmail.com 
Blackbeards view 
Bath, North Carolina 27808
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Triennial Review,


Clean water is very important to me. I love to swim in rivers. I love to canoe in rivers and
streams. As a birder, I enjoy viewing birds and other wildlife that I find along rivers and
streams. These are some of my favorite activities and one reason that I moved to NC, and it
pains me that our clean water, one of the most valuable resources we have, is at risk because
our state doesn't want to implement and upgrade water quality standards.


I am writing today because I care about updates to North Carolina’s water quality standards. It
is crucial that our waterways are protected using the best available science and EPA
requirements and recommendations, for we all depend on clean water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
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treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Norma Deason 
gailhdeason@gmail.com 
2324 Stevens Rd 
Raleigh, North Carolina 27610
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Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Betsy Johnston 
ble0312@gmail.com 
700 Northgate Drive 
Washington , North Carolina 27889
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Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Duane Usa 
usa.duane@yahoo.com 
111 Bimini Ct 
Havelock, North Carolina 28532
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Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Leonard Mole 
lmole1941@yahoo.com 
1406 Laughridge Dr, 
Cary, North Carolina 27511-5240
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Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Linda Solby 
lindasolby@gmail.com 
PO Box 59 
Oriental, North Carolina 28571
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Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Marjorie Barnhill 
margiebarnhill@aol.com 
4069 Hwy 30 P O Box 10 
Stokes, North Carolina 27884
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Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


Clean water matters to me in particular because I am an avid kayaker, enjoy swimming, and
appreciate all of the rare sensitive species that need our help in North Carolina.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
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1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Forrest English 
forrest.english@gmail.com 
210 1/2 West 11th St 
Washington, North Carolina 27889








From: Frank Johnston
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Monday, July 23, 2018 12:30:09 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Frank Johnston 
surfdingking@gmail.com 
700 Northgate Drive 
Washington , North Carolina 27889








From: Ken Goldsmith
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Saturday, July 21, 2018 6:18:11 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Ken Goldsmith 
kenconserv@gmail.com 
722 Parkham Ln 
Raleigh, North Carolina 27603








From: HERMAN Schiller
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Friday, July 20, 2018 3:53:33 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


HERMAN Schiller 
hschiller2@suddenlink.nnet 
5508 Gondolier Dr. 
New Bern, North Carolina 28560








From: Willow Grossmann
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Saturday, August 04, 2018 4:36:59 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Willow Grossmann 
willow@grossmann.us 
Woodburn Rd 
Raleigh, NC, North Carolina 27605








From: Todd Dickinson
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards
Date: Thursday, July 12, 2018 6:59:26 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and may be one of the most important issues for life as we
know it, I am writing today regarding updates to North Carolina’s water quality standards. It is
crucial that our waterways are protected using the best available science and EPA
requirements and recommendations, for we all depend on clean water. I have spent time out
west where water seems a much more critical resource than here in the usually wet east. We
must protect what we have.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. How can this be? 
The Commission should immediately adopt all the changes required by EPA and stop wasting
the time of agency staff and the public. We must meet EPA minimum guidelines before they
are wrongly weakened by a federal government run more and more by and for major corporate
short term GREED. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
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treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you, Todd
Dickinson


Todd Dickinson 
dicres@mindspring.com 
4606 Hunt Road 
Hillsborough, North Carolina 27278








From: Shawn Slome
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] We Need Water Quality Standards for Industrial Chemicals
Date: Tuesday, July 03, 2018 9:35:38 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


We Need Water Quality Standards
for Industrial Chemicals 


Please do your duty and establish enforceable water quality standards in our
state. The absence of due diligence is giving industry license to poison our
citizenry and degrade our natural resources. We don't want to live in a
cesspool.
Yes, it will cost industry money to comply, but their right to profit does not
abridge our right to hold them accountable for the harm they are manifesting.
Please, please,and be of service to the people of our state. We depend on you.
For God's sake, be of service to all the people of our state and not just the
moneyed  special interests.  
Thank you!
Shawn Slome
418 Dragonfly Trail
Chapel Hill, NC 27517


 
Adopt a standard for the class of chemicals that includes GenX: Residents in the Lower Cape Fear


River region have been exposed to GenX in drinking water; likely at levels above the state
healthgoal of 140 parts per trillion (ppt). GenX belongs to a family of perfluorinated


compounds (PFC's), most ofwhich have no health goal or standard, but that take hundreds of
years to break down and are


generally toxic. PFC's have also been found in high levels in the Haw River watershed. Most
are not easily removed during treatment of drinking water. There are thousands of different


pre- and poly-fluoroalkyl substances (PFAS). The EMC should adopt a
standard for the whole class of PFAS for Class A waters (drinking water sources).


 
● Adopt a standard for 1,4-Dioxane:   Residents throughout North Carolina including the Haw
River watershed are exposed to 1,4-dioxane in drinking water and river recreation; this likely
carcinogen does not breakdown easily and is difficult to remove. DEQ has set a ‘protective
value’ for water supply watershedsat 0.35 µg/L; the EMC should adopt this as a water quality
standard for all surface waters.
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From: Frymire, Jody
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Written Comment: 15A NCAC 02B .0100-.0300
Date: Wednesday, June 13, 2018 3:27:09 PM
Attachments: IDEXX Comment NC 15A NCAC 02B Surface WQS.pdf


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Hello,
 
Thank you for the opportunity to participate in the public comment phase on 15A NCAC 02B
.0100-.0300: Classifications and Standards for the Protection of Surface Waters.  Attached is my
written comment for your consideration.
 
Thanks again,
 
Jody Frymire
Regulatory Affairs Associate II
IDEXX Water
 
One IDEXX Drive
Westbrook, ME 04092 USA
idexx.com/water
 
Tel 207 556-4840 Mob 207 239-1563
jody-frymire@idexx.com
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Ms. Connie Brower 
DWR - Water Planning Section 
1611 Mail Service Center 
Raleigh, NC 27699-1611 
 
15A NCAC 02B Surface Water Quality Classifications and Standards Regulations 
 
June 13, 2018 
 
Dear Ms. Connie Brower, 
 
IDEXX appreciates the opportunity to submit the following comment to the North Carolina 
Environmental Management Commission (EMC) for the 2017-2019 Triennial Review of NC Surface 
Water Quality Standards. At this time, IDEXX requests the ECM consider the following comment: 
 
Suggesting to amend the bacteria indicators, within the Surface Water Quality Standards for freshwater 
(specifically Classes C, B, WS-I, WS-II, & WS-III listed within 15A NCAC 02B .0100), from fecal coliform 
and total coliform to Escherichia coli (E. coli), applied Statewide and to allow any EPA analytical test 
method listed at 40 CFR Part 136.3 for bacteria monitoring requirements. 



 
Rational: E. coli are better indicators for fecal contamination versus fecal or total coliforms and 
analytical test methods listed within 40 CFR Part 136.3 have been identified by the EPA as scientifically 
valid methods.  
 
Fecal coliform is commonly identified as being thermotolerant bacteria (able to grow at 44.5°C) [1]. 
Thermotolerant bacteria consists of E. coli, Klebsiella, Enterobacter, and Citrobacter species [1,2].  When 
testing for fecal coliforms, the population of the bacteria present can affect the fecal coliform results, 
for example: Klebsiella, Enterobacter, & Citrobacter species are false-positive indicators of fecal 
contamination as they are from nonfecal origin [2].  It has been found that up to 15% of Klebsiella 
(nonfecal origin) are thermotolerant and up to 10% of E. coli are not thermotolerant, thus potentially 
causing an error rate of 25% when testing for fecal coliforms [3].  E. coli is the only bacteria of the 
coliform bacteria group that comes from the intestinal tract and being found to be much more specific 
to the detection of fecal contamination, so much so, that E. coli is the definitive indicator of fecal 
contamination in drinking water [3,4] and is the recommended bacterial indicator for fecal 
contamination in recreational fresh water, as part of the 2012 US EPA Recreational Water Quality 
Criteria recommendations [5].  
 
IDEXX encourages the EMC to consider amending the bacterial indicator for the State’s Water Quality 
Standards, within 15A NCAC 02B, changing from fecal coliforms to E. coli. This change would both 
strengthen the regulation by better protecting human health and adhere to the current US EPA 
recommendations.  Another factor for considering this change is the use of E. coli would provide 
continuity of data with surrounding state-shared waters.  We appreciate the opportunity to provide this 
comment and look forward to the next steps within the Triennial Review process for the Surface Water 
Quality Standards.  
 











 



Respectfully submitted, 
 



 
Jody Frymire 
Regulatory Affairs Associate, Water 
 
One IDEXX Drive 
Westbrook, Maine 04092 USA 
idexx.com/water  
jody-frymire@idexx.com 
Tel/Fax: +1 207 556 4840 
Mobile +1 207 239 1563 
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From: Steve W
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Your responsibility to improve and set standards for toxic pesticides!
Date: Sunday, July 15, 2018 4:26:47 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


The people of our state deserve better protection ​ than your past efforts. Take
responsibility: 


> ​Set and improve standards for pesticides known to be in North Carolina waters. ​​
Please review the science and propose improvements to the standards for atrazine to include a
water supply standard, and establish standards for chlorpyrifos, glyphosate, and the
neonicotinoid class of insecticides. 


​>​Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


​>​Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects. 


​> ​Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower
Cape Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.


​stop pandering to big business and do your job,
Steve ​ Welgos
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From: Thomas F Duckwall
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] comments
Date: Tuesday, July 31, 2018 9:43:54 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Perhaps the most pressing issue to be addressed is the question of how to handle "Contaminants of
Emerging Concern" (CECs) in the coming years.  A valid and consistent strategy would go a long way
toward helping select and adopt sensible standards while maintaining the confidence of the public, news
media, industry, and other governmental bodies.  (I defer to the technical experts for the specifics of such
a strategy.)  Procedures should be modified when needed but without unnecessarily surprising any of the
parties concerned.  ("The better part of valor is discretion.")  The end result should be that emerging
contaminants and other new bits of information are added in with our existing body of knowledge and
dealt with in similar fashion, rather than each being treated as a totally new and different situation.  This
may allow for quicker and more consistent resolution of problems, and more effective marshaling of
resources at all levels of government and expertise.


Tom Duckwall, Greensboro
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From: Grady McCallie
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] triennial review comments from 18 environmental groups
Date: Tuesday, July 31, 2018 6:06:09 PM
Attachments: triennial review - WK plus ltr 7-31-18.pdf


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Dear Connie,
Please find attached the joint comments on the 2018 triennial review and rules readoption of 18
environmental advocacy groups.
I will be sending two additional letters in a separate email.
Warm regards,
Grady
 
 
Grady McCallie, Policy Director
NC Conservation Network


234 Fayetteville, 5th floor
Raleigh, NC 27601
919.857.4699 x 101
http://www.ncconservationnetwork.org/
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American Rivers ● Appalachian Voices ● Cape Fear River Watch ●  



Carolina Wetlands Association ● Catawba Riverkeeper Foundation ●  



Crystal Coast Waterkeeper ● Dan River Basin Association ● Haw River Assembly ● 



MountainTrue ● NC Conservation Network ● NC League of Conservation Voters ●  



River Guardian Foundation ● Sound Rivers ● Southern Environmental Law Center ● 



Toxic Free NC ● Waterkeeper Alliance ● Whiteoak-New Riverkeeper Alliance ●  



Winyah Rivers Foundation 



 



July 31, 2018 



 



Connie Brower 



Department of Environmental Quality 



Division of Water Resources - Water Planning Section 



1611 Mail Service Center 



Raleigh, NC, 27699-1611 



15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov  



 



 



Re: Triennial Review of North Carolina’s Water Quality Standards 



 



 



Dear Ms. Brower, 



 



Thank you for the opportunity to offer comments on the NC Environmental Management 



Commission’s (EMC) proposed changes to North Carolina’s surface water quality standards during 



this triennial review. We submit these comments on behalf of American Rivers, Appalachian 



Voices, Cape Fear River Watch, Carolina Wetlands Association, Catawba Riverkeeper Foundation, 



Crystal Coast Waterkeeper, Dan River Basin Association, Haw River Assembly, NC Conservation 



Network, NC League of Conservation Voters, River Guardian Foundation, Sound Rivers, Southern 



Environmental Law Center, Toxic Free NC, Whiteoak-New Riverkeeper Alliance, Winyah Rivers 



Foundation, and Waterkeeper Alliance. Together, we represent thousands of North Carolinians who 



drink from and swim, fish, and paddle in the state’s waters. We share a deep commitment to the 



implementation of the federal Clean Water Act in North Carolina and believe our water quality 



standards should be revised to better protect the designated uses of our precious water resources. 



 



I. The Triennial Review  



 



State water quality standards “play a central role in a State’s water quality management 



program, which identifies the overall mechanism States use to integrate the various Clean Water 



Act quality control requirements into a coherent management framework.”1  Periodic review and 



revision by the EMC is critical to assure that our water quality standards reflect the latest science 



and respond to emerging threats to water quality in this state. The Clean Water Act requires states to 



“hold public hearings for the purpose of reviewing applicable water quality standards and, as 



                                                           
1 EPA, Water Quality Standards Handbook: Second Edition Int-13 (1994) (hereinafter, “WQS Handbook”). 
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appropriate, modifying and adopting standards.”2  The triennial review requirement is designed to 



ensure that state water quality standards are adequate “to protect the public health or welfare, 



enhance the quality of water and serve the purposes of” the Clean Water Act.3  



We are concerned that, during the instant triennial review, the EMC has focused on meeting 



deadlines imposed by the North Carolina General Assembly and on resolving longstanding disputes 



with the U.S. Environmental Protection Agency (EPA) rather than conducting a meaningful review 



and revision of water quality standards. The combination of the triennial review hearings with 



rulemaking to comply with G.S. 150B-21.3A4 suggests a focus on re-adopting existing water 



quality standards rather than considering new rules or substantive amendments. The few changes to 



water quality standards proposed as part of this triennial review are those needed to resolve EPA’s 



objections to the 2007-2015 triennial review.  



After the 2014 Triennial Review resulted in revisions to metals standards, EPA “strongly 



recommend[ed] that the State revise the criteria for these metals to delete the minimum hardness 



cutoff from the criteria equations so as not to be protective of North Carolina’s many waters with 



low hardness.”5 EPA also expressed “substantial concerns that, although the State has added the 



updated metals criteria, it is simultaneously considering retaining and adding other provisions which 



may negate the use of the new criteria, specifically the ‘biological trump’ and ‘action levels.”6 We 



support amendments proposed to resolve these concerns, particularly given that, as acknowledged 



by the EMC, current “state rules are not in agreement with how the state is required to implement 



National Pollutant Discharge Elimination System (NPDES) permits for regulated parties within the 



state.”7 



                                                           
2 33 U.S.C. § 1313(c)(1). Water quality standards include designated uses, water quality criteria to protect those uses, 



and antidegradation requirements. See 33 U.S.C. § 1313(c)(2)(A), (d)(4)(B); 40 C.F.R. § 131.12 (2013). 
3 Id. The Clean Water Act is a “comprehensive water quality statute designed to ‘restore and maintain the chemical, 



physical, and biological integrity of the Nation’s waters.’” PUD No. 1 of Jefferson Cnty. V. Wash. Dep’t of Ecology, 



511 U.S. 700, 704 (1994)(quoting 33 U.S.C. § 1251(a)). As such, the Clean Water Act is concerned not only with 



human health, but also “seeks to attain ‘water quality which provides for the protection and propagation of fish, 



shellfish, and wildlife.’” Id. (quoting 33 U.S.C. § 1251(a)(2)).  
4 This statute required agencies to review the necessity of, and level of received or anticipated object to, existing rules, 



then readopt as though new rules all regulations deemed “necessary with substantive public interest. N.C. Gen. Stat. § 



150B-21.3A.  The EMC concluded that all of the rules in Subchapter 2B were “necessary with public interest,” and the 



Rules Review Commission accordingly concluded the agency must readopt them all. EMC, G.S. 150B-21.3A Report 



for 15A NCAC Subchapter 02B, Surface Water and Wetland Standards (Oct. 20, 2014), available at, 



https://www.ncoah.com/rules/Final%20Reports%20Submitted%20to%20APO/15A%20NCAC%2002B%20Report%20



with%20Comments%20and%20attachments.pdf. With limited exception, the deadline for readoption is October 31, 



2019. See N.C. Rules Review Commission, Periodic Review and Expiration of Existing Rules--Readoption Schedule, 



https://www.ncoah.com/rules/HB%2074%20Readoption%20Schedule/Readoption%20Schedule.html (last visited July 



11, 2018).  
5 Letter from James Giattina, EPA Region, to Tom Reeder, DWR, EPA Recommendations on the 2007-2014 NC 



Triennial Review 3 (Jan 03, 2016), available at https://files.nc.gov/ncdeq/documents/files/AppB_EPAComm.pdf. EPA 



also noted that North Carolina has a significant number of waters with a hardness below 25 mg/L CaCO3. Id. EPA had 



previously instructed North Carolina to consider hardness-dependent toxicity of cadmium, chromium, copper, lead, 



nickel, silver, and zinc and stated  “there must be a provision for the calculation of a more protective criteria” for waters 



with a lower hardness.” Letter from Joanne Benante, EPA Region IV, to Alan Clark, DWQ (April 30, 2009), available 



at https://files.nc.gov/ncdeq/documents/files/AppB_EPAComm.pdf.   
6 Letter from James Giattina, EPA Region, to Tom Reeder, DWR, EPA Recommendations on the 2007-2014 NC 



Triennial Review 2 (Jan 03, 2016), available at https://files.nc.gov/ncdeq/documents/files/AppB_EPAComm.pdf.  
7 32 N.C. Reg. 2411, 2412 (May 15, 2018). 





https://www.ncoah.com/rules/Final%20Reports%20Submitted%20to%20APO/15A%20NCAC%2002B%20Report%20with%20Comments%20and%20attachments.pdf


https://www.ncoah.com/rules/Final%20Reports%20Submitted%20to%20APO/15A%20NCAC%2002B%20Report%20with%20Comments%20and%20attachments.pdf


https://www.ncoah.com/rules/HB%2074%20Readoption%20Schedule/Readoption%20Schedule.html


https://files.nc.gov/ncdeq/documents/files/AppB_EPAComm.pdf


https://files.nc.gov/ncdeq/documents/files/AppB_EPAComm.pdf


https://files.nc.gov/ncdeq/documents/files/AppB_EPAComm.pdf
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Specifically, where metals toxicity is hardness-dependent, we support the proposals to 



remove the low-end cap of 25 mg/l hardness cap and use actual in-stream hardness, rather than 



median instream hardness values,8 when deriving water quality standards. In addition, we support 



the removal of the biological confirmation requirement in 15A NCAC 2B .0211(11)(f). Water 



quality standards are supposed to prevent harm to aquatic health, not kick in only after a stream is 



degraded.  



While we welcome the adoption of metals standards consistent with the requirements of the 



Clean Water Act, we lament the absence of necessary action on a host of other water quality 



standards in need of adoption or revision. North Carolina deserves a real triennial review. We urge 



the EMC to act swiftly to establish or revise water quality standards for numerous pollutants as 



outlined below and we appreciate your consideration of the following comments.  



 



 



II. Establishing Adequately Protective Water Quality Standards   



 



North Carolina law declares it is the public policy of the state to “provide for the 



conservation of” water resources9 and “maintain, protect, and enhance water quality within North 



Carolina.”10 The N.C. General Assembly has empowered and directed the Commission to adopt 



water quality standards to promote that policy.11 In doing so, the legislature was not solely aiming 



to implement state policy, but also to “qualify to administer federally mandated programs of 



environmental management” and “qualify to accept and administer funds from the federal 



government for such programs.”12  



To successfully administer federally mandated programs, the EMC must adopt water quality 



standards consistent with the mandate of the Clean Water Act. The objective of the Clean Water Act 



is “to restore and maintain the chemical, physical, and biological integrity of the Nation’s waters.”13 



The goal is to achieve, “wherever attainable,” “water quality which provides for the protection and 



propagation of fish, shellfish, and wildlife and provides for recreation in and on the water.”14 As 



                                                           
8 We are particularly concerned by the provisions in current rules stating that “[c]ompliance with chronic instream 



metals standards shall only be evaluated using an average of a minimum of four samples taken on consecutive days, or 



as a 96-hour average.” See 5A NCAC 02B .0211(11)(e) and 15A NCAC 02B .0220(9)(b).” EPA cautioned against such 



rules even before they were proposed in 2014, observing four year prior that “several states which have adopted similar 



provisions around the country have not been able to successfully carry out the strategy of monitoring on four 



consecutive days and can, therefore, never assess compliance with the water quality standard.” Letter from Annie M. 



Godfrey, EPA Region IV, to Alan Clark, DENR-DWQ, at 6 (Aug. 20, 2010).  
9 N.C. Gen. Stat. § 143-211(a). 
10 N.C. Gen. Stat. § 143-211(b). 
11 N.C. Gen. Stat. § 143-214.1(a)(1).The same Article includes the following directive: 



Standards of water and air purity shall be designed to protect human health, to prevent injury to plant 



and animal life, to prevent damage to public and private property, to insure the continued enjoyment 



of the natural attractions of the State, to encourage the expansion of employment opportunities, to 



provide a permanent foundation for healthy industrial development and to secure for the people of 



North Carolina, now and in the future, the beneficial uses of these great natural resources. 



N.C. Gen. Stat. § 143-211(c). 
12 N.C. Gen. Stat. § 143-211(c). 
13 33 U.S.C. § 1251(a). 
14 Id. at § 1251(a)(2). 
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such, water quality standards “shall be such as to protect the public health or welfare, enhance the 



quality of water and serve the purposes of” the Clean Water Act.15 



The N.C. General Assembly recognized that the adoption of water quality standards should 



be the result of “proper study,”16 but rather than cite such study as a justification for delaying water 



quality protection, urged the EMC to act “as rapidly as possible within the limits of funds and 



facilities available to it.”17 Today, owing in part to repeated draconian budget cuts, North Carolina 



has fallen behind in setting protective standards, and many existing standards no longer reflect the 



best available science. Fortunately, the EMC can draw on the expertise of its members and DEQ 



staff, as well as guidance from EPA.18 We encourage the EMC to update North Carolina's surface 



water standards to reflect the growing depth of peer-reviewed science on toxicological mechanisms, 



ecological relationships, and the fate and transport of pollutants in our rivers and estuaries. 



 



Establishing Standards to Protect Human Health  



Protecting vulnerable populations. We encourage the EMC, when it sets out ‘to protect 



human life,’ to adopt standards that will protect vulnerable subpopulations, especially children and 



infants. Over the last two decades, scientists have documented multiple ‘critical windows of 



development’ during which exposures to even low levels of pollutants can have significant, long-



term health impacts.19 Water quality standards designed to protect human health should be set to 



avoid these exposures.20 In addition to critical developmental windows, infants and children have 



distinct behaviors and pathways of exposure, such as drinking breast milk, drinking more water per 



pound of body weight than an adult, and having a greater surface area to volume ratio than an adult 



(which increases the relative dermal exposure to the same concentration of a pollutant in water).21  



Similarly, increasing evidence suggests that, independent of age, some people are 



genetically more vulnerable to exposures of a given toxin than others. For example, a variety of 



                                                           
15 33 U.S.C. § 11313(c)(2). “Serve the purposes of the Act” means that state water quality standards must, among 



other things, “include provisions for restoring and maintaining chemical, physical, and biological integrity of State 



waters” and “wherever attainable, achieve a level of water quality that provides for the protection and propagation of 



fish, shellfish, and wildlife, and recreation in and on the water.” WQS Handbook at Int-8 (Sept. 15, 1993) (emphasis 



added). 
16 N.C. Gen. Stat. § 143-214.1(a)(1); see also 15A N.C. Admin. Code 02B .0101(b)(2) (acknowledging the importance 



of “appropriate studies” to inform modification of water quality standards).  
17 N.C. Gen. Stat. § 143-214.1(a). 
18 EPA is statutorily obligated to update its recommendations for water quality standards so they reflect the “latest 



scientific knowledge” regarding the concentration and dispersal of pollutants and their effects on health and welfare as 



well as biological community diversity, productivity, and stability. 33 U.S.C. § 1314(a)(1). 
19 See generally, Michael Firestone et al, Two Decades of Enhancing Children’s Environmental Health Protection at the 



U.S. Environmental Protection Agency, 124 Environmental Health Perspectives A214 (December 2016), available at 



https://ehp.niehs.nih.gov/EHP1040/; Jacqueline Moya et al, A Life Stage Approach to Assessing Children’s Exposures, 



International Symposium on Children’s Environmental Health (Jan. 30, 2004), available at 



https://www.env.go.jp/en/chemi/hs/health03/03.pdf.   
20



 Other State agencies have recognized the nuances of toxicity at different life stages when acting to protect human 



health.  For instance, the N.C. Department of Health and Human Services, when issuing a fish consumption advisory in 



light of the toxic effects of eating fish containing mercury, set special standards for “women of childbearing age (15-44 



years), Pregnant Women, Nursing Women, and Children under 15.” NCDENR, North Carolina Mercury TMDL 8 



(Sept. 2012), available at 



https://files.nc.gov/ncdeq/Water%20Quality/Planning/TMDL/FINAL%20TMDLS/Statewide/NCMercuryTMDL_EPAS



ubmit.pdf.  
21 Alesia Ferguson, et al. A Review of the Field on Children’s Exposure to Environmental Contaminants: A Risk 



Assessment Approach. 14 Int J Environ Res Public Health 265 (2017).  





https://ehp.niehs.nih.gov/EHP1040/


https://www.env.go.jp/en/chemi/hs/health03/03.pdf


https://files.nc.gov/ncdeq/Water%20Quality/Planning/TMDL/FINAL%20TMDLS/Statewide/NCMercuryTMDL_EPASubmit.pdf


https://files.nc.gov/ncdeq/Water%20Quality/Planning/TMDL/FINAL%20TMDLS/Statewide/NCMercuryTMDL_EPASubmit.pdf
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pollutants affect genetic males and genetic females differently.22 Other genetic subpopulations are 



much smaller, and not sex-linked.23 Where we can identify these subpopulations, water quality 



standards should be set to manage risks to their members. N.C. State University houses a resource, 



the Comparative Toxicogenomics Database, which may be helpful to agency staff seeking to 



incorporate this information.24  



Mixtures of pollutants. A growing body of research also indicates that mixtures of pollutants 



can be far more harmful than exposures to single pollutants. A recently-published study found that 



rats exposed to a mixture of 18 compounds – all at no more than 20% of the ‘lowest observed 



adverse effect level’ (LOAEL) for the chemicals individually – showed developmental and 



reproductive harm.25 Similar evidence of the potency of mixtures has been found in humans as 



well.26 Most of the pollutants we are exposed to in drinking water (through ingestion) and in 



recreation (through ingestion and dermal absorption) are in mixtures. To a degree distinct from 



other comments offered in this section, this fact strikes at the foundation of our current process for 



setting water quality standards by abstracting ‘no observable adverse effect levels’ (NOAELs) or 



LOAELs from animal and epidemiological studies of individual chemicals. This concern cuts across 



media and regulatory programs; it applies to air and groundwater as well as surface water. We 



recommend that the EMC prepare itself to think creatively by scheduling presentations on the 



emerging science of the risks posed by mixtures, and consider ways to adapt existing regulatory 



authorities to that scientific reality. 



Avoiding displacement of costs. Finally, water quality standards for water supply 



watersheds should be set to ensure that those waters are safe to drink without treatment beyond that 



needed to remove of pathogens. The Clean Water Act’s legislative history and its regulations 



emphasize the responsibility of pollution control at the source.27 In fact, EPA’s policy guidance on 



setting the criteria that underpin state standards speaks to this directly: 



In consideration of the Agency’s goals of pollution prevention, ambient waters 



should not be contaminated to a level where the burden of achieving health 



objectives is shifted away from those responsible for pollutant discharges and placed 



                                                           
22 C Torres-Rojas, et al. Sex Differences in Neurotoxicogenetics. 9 Front Genet.196 (2018), available at 



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5996082/ (outlining a long list of ways men’s and women’s sex-linked 



genes create differential vulnerability to environmental toxics); Michael Edwards et al. Our Environment Shapes Us: 



The Importance of Environment and Sex Differences in Regulation of Autoantibody Production. 9 Frontiers in 



Immunology Art. 47B (2018)(“In general, females when compared with their male counterparts, respond to pathogenic 



stimuli and vaccines more robustly, with heightened production of antibodies, pro-inflammatory cytokines, and 



chemokines”). 
23 G Alam, Toxicogenetics: in search of host susceptibility to environmental toxicants. 5 Front Genet. 327 (2014), 



available at https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4170107/ (noting gene-based differences in human 



vulnerability to pesticide exposures).  
24 Comparative Toxicogenomics Database, http://ctdbase.org/.  
25 JM Conley, et al, Mixed "Antiandrogenic" Chemicals at Low Individual Doses Produce Reproductive Tract 



Malformations in the Male Rat 164 Toxicol. Sci. 166-178 (2018). 
26 See, e.g., Shanaz Dairkee et al. A Ternary Mixture of Common Chemicals Perturbs Benign Human Breast Epithelial 



Cells More Than the Same Chemicals Do Individually, Toxicological Sciences 2018, 1-14 (finding that a mixture of 



three structurally diverse and common pollutants - BPA, methylparaben (MP), and perfluorooctanoic acid (PFOA) - 



causes much greater disruption to healthy breast cells that exposure to a single pollutant would predict).  
27 See, Robert Glicksman & Matthew Batzell, Science, Politics, Law, and the Arc of the Clean Water Act: The Role of 



Assumptions in the Adoption of a Pollution Control Landmark, 32 Washington University Journal of Law & Policy 



(2010), at 118-121. 





https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5996082/


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5996082/


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5996082/


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4170107/


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4170107/


http://ctdbase.org/
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on downstream users to bear the costs of upgraded or supplemental water 



treatment.28 



 



Inadequate standards do not just transfer costs downstream to drinking water utilities; they 



also transfer risk to all water users. EPA again: “[e]ven among the majority of water suppliers that 



do treat surface waters, existing treatments may not necessarily be effective for reducing levels of 



particular contaminants.”29 Moreover, the Safe Drinking Water Act requires utilities to treat not to 



the maximum contaminant level goal (set to protect health), but only to the maximum contaminant 



level (which relaxes protection based on the cost of treatment).30 So, even for the limited subset of 



pollutants regulated under the Safe Drinking Water Act, the Clean Water Act envisions that state 



will set standards that fully protect users from toxic exposures and place responsibility on 



dischargers upstream. 



Establishing Standards to Prevent Injury to Aquatic Life 



Water quality standards for Class C waters, and for several of North Carolina’s special 



supplemental categories, are designed to protect aquatic life. These standards recognize a distinction 



between “acute” and “chronic” impacts, defined in 15A NCAC 02B .0202. The rule defines acute 



toxicity as “lethality or other harmful effects” resulting from an exposure that lasts less than 96 



hours. Chronic effects are those resulting from longer exposures. The state definitions - part of the 



set of rules proposed for readoption in the present rulemaking - reference EPA’s guidance on how 



to set standards to protect aquatic life.31 



Updating references. Unfortunately, EPA’s guidance dates to 1985. As an EPA white paper 



noted in 2008, “[w]hile the Guidelines remain the primary instrument the Agency uses to meet its 



broad objectives for the development of [aquatic life criteria], there have been many advances in 



aquatic sciences, aquatic and wildlife toxicology, population modeling, and ecological risk 



assessment that are relevant to deriving ALC.”32 An EPA Science Advisory Board convened to 



review the white paper went further: “the derivation of aquatic life criteria needs to be more broadly 



risk-based, using a transparent and consistent framework that provides necessary flexibility not 



presently possible within the algorithm approach of the 1985 Guidelines.”33 The scientists 



recommended that EPA additionally rely on EPA’s 1998 Guidelines for Ecological Risk Assessment 



and the Science Advisory Board’s 2007 Advice to EPA on Advancing the Science and Application 



of Ecological Risk Assessment. “In particular,” the scientists added, “we urge EPA to include 



consideration of probable direct and/or indirect impacts on food webs, ecological processes and 



                                                           
28 EPA, Methodology for Deriving Ambient Water Quality Criteria for the Protection of Human Health at 4-2 (2000) 



(hereinafter “2000 Human Health Methodology”). 
29 2000 Human Health Methodology, at 4-2. 
30 SDWA §300(f)(1)(C)(i); 40 CFR §141.2 (definitions). 
31



 EPA, Guidelines for Deriving Numerical National Water Quality Criteria for the Protection of Aquatic Organisms and 



Their Uses (1985), available at https://www.epa.gov/sites/production/files/2016-02/documents/guidelines-water-



quality-criteria.pdf. 
32



 EPA, OW/ORD Emerging Contaminants Workgroup, White Paper: Aquatic Life Criteria for Contaminants of 



Emerging Concern, Part I: Challenges and Recommendations 5 (June 3, 2008), available at 



https://www.epa.gov/sites/production/files/2015-



08/documents/white_paper_aquatic_life_criteria_for_contaminants_of_emerging_concern_part_i_general_challenges_a



nd_recommendations_1.pdf.    
33 EPA Science Advisory Board, Advisory on Aquatic Life Water Quality Criteria for Contaminants of Emerging 



Concern, December 18, 2008, at ii and xv (hereafter “2008 SAB Advisory”). 





https://www.epa.gov/sites/production/files/2015-08/documents/white_paper_aquatic_life_criteria_for_contaminants_of_emerging_concern_part_i_general_challenges_and_recommendations_1.pdf


https://www.epa.gov/sites/production/files/2015-08/documents/white_paper_aquatic_life_criteria_for_contaminants_of_emerging_concern_part_i_general_challenges_and_recommendations_1.pdf


https://www.epa.gov/sites/production/files/2015-08/documents/white_paper_aquatic_life_criteria_for_contaminants_of_emerging_concern_part_i_general_challenges_and_recommendations_1.pdf
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services, and endangered or unique species of special value or concern.” In a letter the following 



spring, the agency itself affirmed the critique.34  



Again in 2015, EPA recognized the inadequacy of the 1985 Guidelines, convening a set of 



scientists to compare the Guidelines to the standard-setting methods used in other developed 



nations, and examining specific shortcomings of relying on the Guidelines alone.35 Ongoing 



scientific research documents a variety of these sublethal impacts. For example, sublethal exposures 



of tadpoles to glyphosate impair the tadpoles’ movement and ability to evade predators.36 



Microcystin toxins have been shown to impair the health and reproductive potential of threadfin 



shad without killing them directly.37 EPA based its 2016 decision to tighten the aquatic life criteria 



for selenium (discussed below) on research showing sublethal impairment of fish reproduction.38 As 



exposures interfere with predator-prey interactions and reproduction, these sublethal effects add up 



over time to degrade aquatic health. 



In fact, we know empirically that North Carolina rivers have levels of accumulated pollution 



with impacts that can only be understood with a focus on the food web and ecological relationships. 



A recent study of the Yadkin River found organochlorine pesticides in over 90% of biotic samples 



and mercury in 100%, as well as cadmium in river sediments at concentrations in excess of effect 



levels.39   



EPA has not yet updated or revised the 1985 Guidelines. Fortunately, the EMC has all the 



authority it needs to update 15A NCAC .0202 and embrace lessons learned over the last three 



decades of ecotoxicological research. In particular, 02B .0202(1)(a) defines the Final Acute Value 



with reference to the 1985 Guidelines. We recommend that the EMC amend this subsection to read: 



(a) for specific chemical constituents or compounds, acceptable levels shall be 



equivalent to a concentration of one-half or less of the Final Acute Value (FAV) as 



determined according to "Guidelines for Deriving Numerical Water Quality Criteria 



for the Protection of Aquatic Life and its Uses" published by the Environmental 



Protection Agency and referenced in the Federal Register (50 FR 30784, July 29, 



1985) and “1998 Guidelines for Ecological Risk Assessment” published by the 



Environmental Protection Agency and referenced in the Federal Register (63 FR 



26846, May 14, 1998).  which is These documents are hereby incorporated by 



reference including any subsequent amendments. amendments and editions. 



 



Acute toxicity - no lethality. With respect to effluent, 02B .0202(1)(c) currently defines 



acceptable levels of acute toxicity as causing “no statistically measurable lethality.” The proposed 



revision to this adds two alternative definitions, “a LC50>100%, or a No Observed Adverse Effect 



                                                           
34



 Letter from Lisa Jackson, EPA Administrator to Deborah Swackhamer, SAB Chair, May 1, 2009. 
35



 See Invited Expert Meeting on Revising U.S. EPA's Guidelines for Deriving Aquatic Life Criteria (September 2015) 



at https://www.epa.gov/wqc/invited-expert-meeting-revising-us-epas-guidelines-deriving-aquatic-life-criteria.    
36 H Moore et al. Sub-lethal effects of Roundup on tadpole anti-predator responses. 111 Ecotoxicol Environ Saf. 281-5 



(2015). 
37 S Acuna. Sublethal dietary effects of microcystin producing Microcystis on threadfin shad, Dorosoma petenense. 60 



Toxicon 1191-1202 (2012). While this research was conducted in the San Francisco Bay, the same species and toxins 



occur in North Carolina. 
38 EPA, Aquatic Life Ambient Water Quality Criterion for Selenium – Freshwater (2016). Note that in revising this 



criteria, EPA in fact did rely on the 1998 Guidelines for Ecological Risk Assessment, not just the 1985 Guidelines. 
39 TN Penland, et al. Food web contaminant dynamics of a large Atlantic Slope river: Implications for common and 



imperiled species. 633 Sci Total Environ. 1062-1077 (2018). 





https://www.epa.gov/wqc/invited-expert-meeting-revising-us-epas-guidelines-deriving-aquatic-life-criteria
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concentration,” with a note that this would ratify current practice. If we understand ‘LC50>100%’ 



correctly, it means that when test organisms are exposed to the undiluted effluent, no more than half 



of them die. This is far weaker than the current standard, and weaker than a no observed adverse 



effect concentration; it certainly pays no attention to sublethal effects. In some circumstances, 



effluent will be rapidly diluted by the receiving waters, but that is already provided for in 02B 



.0204, Location of Sampling Sites and Mixing Zones. In some locations, effluent provides the bulk 



of streamflow in dry seasons, and aquatic life will be exposed at close to a 100% concentration. We 



recommend that the EMC strike the phrase ‘a LC50> 100%,’ from the current proposal. 



Mixtures of pollutants. As with human exposures, aquatic life is often exposed to a mixture 



of pollutants. A 2017 study of 38 streams nationwide found hundreds of man-made toxic chemicals 



in them, including pesticide and pharmaceuticals.40 Aquatic life downstream from wastewater 



discharge is especially likely to be continuously exposed to a mixture of biologically-active 



chemicals.41 Federal scientists have known that chemicals with similar mechanisms of harm can 



have cumulative impacts.42 As with mixtures that could harm human health, this presents a 



challenge for regulation. 



     ✛    ✛    ✛ 



 



     In addition to these general observations about the process of establishing water quality 



standards, we also offer comments below on specific pollutants and families of pollutants that need 



updated water quality standards to protect human health or aquatic life, or that present special 



challenges for the setting of standards and will require a creative approach. 



 



 



III. Contaminants of Emerging Concern 



 



This triennial review comes at a time of heightened interest in North Carolina’s water 



quality.  Even the N.C. General Assembly, despite years of weakening DEQ and slashing its budget, 



has constituted House and Senate Select Committees on North Carolina River Quality. Much of this 



unprecedented attention is due to the evolving realization that we simply do not know what 



pollutants are in our waters or at what concentrations. While much of the state’s attention to date 



has focused on GenX, in reality the problem facing North Carolina’s waters is much larger, and 



demands a statewide response.  



 



Persistent toxics narrative standard 



 



Among the various categories of contaminants of emerging concern, persistent 



bioaccumulating toxics (PBTs) stand out. These chemicals are persistent in the environment, 



bioaccumulate in exposed organisms (and, in some cases, biomagnify through food webs), and are 



toxic. Because they do not break down easily, they will continue to increase as an environmental 



                                                           
40 Paul Bradley et al. Expanded Target-Chemical Analysis Reveals Extensive Mixed-Organic-Contaminant Exposure in 



USA Streams, 51 Environ Sci Technol 4792–4802 (2017), available at 



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5695041/pdf/nihms916453.pdf   
41 See, e.g., Larry Barber. Effects of biologically-active chemical mixtures on fish in a wastewater-impacted urban 



stream. 409 Science of The Total Environment 4720-4728 (2011)(finding over 100 chemicals in water samples 



downstream from Chicago WWTPs, and biological responses in exposed male fish). 
42 2008 SAB Advisory, at xv. 
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threat as long as they are produced and discharged into the environment. For this reason, the 



European Union has set as a policy that PBTs shall not be discharged at any concentration.43 In the 



United States, Washington state has shown strong leadership since 2000, setting out criteria to 



recognize PBTs, developing a list of them, and drafting plans to monitor for and reduce discharges 



of a series of prominent PBTs.44 Pollutants with plans include mercury, PDBE flame retardants, 



lead, polyaromatic hydrocarbons (PAH), polychlorinated biphenals (PCBs), and (ongoing) per- and 



polyflouroalkyl substances (PFASs).45 Not surprisingly, this includes chemicals of long-standing 



concern, as well as some of emerging concern in North Carolina. 



  



More recently, scientists have identified a related category of persistent mobile toxics 



(PMT). These are typically strongly hydrophilic and therefore do not accumulate in the body fat of 



organisms, but spread much faster through groundwater and through surface aquatic environments. 



Short-chain perfluoroalkyl substances (PFAS), including GenX and perfluorobutylsulfonate 



(PFBS), are PMTs.  Because they are purged from the body more quickly, they have been marketed 



as less damaging than PBTs. But because PMTs are persistent, they will not go away, and because 



they are mobile, they will keep circulating – and the more of them that are released into the 



environment, the greater the ongoing base level of exposure for everyone in North Carolina, even if 



individual molecules are purged as others are ingested. For that reason, PMTs also have essentially 



no assimilative capacity in the water cycle as a whole. 



 



Counting bioaccumulating and mobile compounds, there are thousands of persistent organic 



toxics. No state regulatory process will be able to derive and adopt water quality standards for more 



than a fraction of these on a chemical-by-chemical basis. Moreover, a numeric standard could 



present a challenge for implementation, since many persistent toxics are already ubiquitous at low 



levels in our rivers, and therefore in intake waters and effluent. The critical goal for policy should 



be to prevent concentrations from increasing. For that reason, we recommend that the EMC adopt a 



new narrative standard that calls for no increase in persistent toxics - bioaccumulating or mobile - in 



North Carolina waters. 



 



One way to accomplish this is to add the following subsection to 02B .0208, Standards for 



Toxic Substances and Temperature: 



(c) Persistent organic toxic substances: Persistent organic toxic substances may not 



be introduced at levels that increase their total loading to waters of the state.  



and then to add a new definition to 02B .0202, Definitions: 



(#) Persistent organic toxic means a toxic substance or toxicant that is carbon-based 



and that when released into the environment remains intact for a period of years or 



longer. 



                                                           
43 European Parliament & Council of the European Union, Regulation No. 850 (April 29, 2004), available at  



https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32004R0850&from=EN; European Commission, 



Commission Regulation No. 756, 223 Journal of the European Union 20 (Aug. 24, 2010), available at https://eur-



lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32010R0756&from=EN;  European Commission,, Commission 



Regulation No. 757, 223 Journal of the European Union 29 (Aug. 24, 2010), available at https://eur-lex.europa.eu/legal-



content/EN/TXT/PDF/?uri=CELEX:32010R0757&from=EN. 
44 Washington Administrative Code 173-333 (governing “Persistent Bioaccumulative Toxins”); see also, Washington 



Dept. of Ecology, Implementation Plan for the Adoption of Chapter 173-333 (2006), available at 



https://fortress.wa.gov/ecy/publications/documents/0607010.pdf.   
45 See Washington Department of Ecology, Addressing Priority Chemicals, https://ecology.wa.gov/Waste-



Toxics/Reducing-toxic-chemicals/Addressing-priority-toxic-chemicals (last visited July 11, 2018).  
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Other changes to 02B .0208, toxic substances 



 



North Carolina’s existing rule on standards for toxic substances, 02B .0208, has a number of 



strengths, including detailed direction on how to set various kinds of standards. However, in 



comparison with some other states, it has some gaps. For example, Oregon has a toxics substance 



narrative standard that explicitly prohibits release of pollutants that “accumulate in sediments or 



bioaccumulate in aquatic life or wildlife to levels that adversely affect public health, safety, or 



welfare or aquatic life, wildlife or other designated beneficial uses.”46 This is notable for its explicit 



mention of sediments, as well as the prohibition on discharge of bioaccumulating toxics. Further, in 



the absence of an adopted water quality standard, Oregon’s state agency may set “permit or other 



regulatory limits” based on “public health advisories, and published scientific literature. DEQ may 



also require or conduct bio-assessment studies to monitor the toxicity to aquatic life of complex 



effluents, other suspected discharges or chemical substances without numeric criteria.”47 



 



We recommend that the EMC revise the first paragraph of 02B .0208 to read: 



“(a) Toxic Substances: the concentration of toxic substances, either alone or in combination 



with other wastes, in surface waters shall not render waters injurious to aquatic life or 



wildlife, recreational activities, public health, or impair the waters for any designated uses; 



and shall not accumulate in sediments or bioaccumulate in aquatic life or wildlife to levels 



that adversely affect public health, safety, or welfare or aquatic life, wildlife or other 



designated uses. Specific standards for toxic substances to protect freshwater and tidal 



saltwater uses are listed in Rules .0211 and .0220 of this Section, respectively. Procedures 



for interpreting the narrative standard for toxic substances and numerical standards 



applicable to all waters are as follows:” 



 



PFAS class standard 



 



Ultimately, North Carolina needs a narrative standard curtailing discharges of persistent 



toxics; but in the meantime, we recommend that the EMC adopt a numeric class standard for PFAS. 



EPA’s Chemical Dashboard, drawing on a list created by the Swedish Chemicals Agency, includes 



2370 different per- and polyfluorinated substances; that is an underestimate of PFAS in the stream 



of commerce.48 At the current rate of standard setting, it would take centuries to adopt water quality 



standards for each of these compounds. Instead, the EMC should echo the approach it has already 



taken successfully with polyaromatic hydrocarbons (PAHs), setting a single, relatively low 



concentration for all PFAS and their precursors measured together. The inclusion of precursors in 



the standard is critical, as research has indicated that a number of precursors break down into PFAS 



in the environment, after discharge.49 We appreciate that, depending on the test method used, the 



                                                           
46 OAR 340-041-0033(1). 
47 OAR 340-041-0033(4). 
48 EPA Chemical Dashboard, available at https://comptox.epa.gov/dashboard/chemical_lists/SFISHFLUORO, quoting 



Kemi. Occurrence and use of highly fluorinated substances and alternatives (2015), appendix 2, available at 



https://www.kemi.se/en/global/rapporter/2015/report-7-15-occurrence-and-use-of-highly-fluorinated-substances-and-



alternatives.pdf. Kemi estimates that there are over 3000 PFAS on the market worldwide. Ibid, at 27. 
49 See e.g., C Dassuncao, et al. Temporal Shifts in Poly- and Perfluoroalkyl Substances (PFASs) in North Atlantic Pilot 



Whales Indicate Large Contribution of Atmospheric Precursors. 51 Environ Sci Technol. 4512 (2017)(using pilot 



whales, which cannot metabolize the precursors, to demonstrate that most mammal body burdens must reflect exposure 



both to PFAS and to PFAS precursors).  





https://comptox.epa.gov/dashboard/chemical_lists/SFISHFLUORO
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standard may be framed as something other than a simple concentration, but we recommend that it 



equate to a concentration of 10 to 30 parts per trillion (ppt) for a sample composed entirely of PFOS 



or PFOA. That is not as stringent as the PFOS and PFOA standards recommended by the Agency 



for Toxic Substances & Disease Registry (ATSDR) or in the process of adoption by the State of 



New Jersey, but is more protective than EPA’s health advisory level for PFOS and PFOA 



combined, reflecting our evolving estimates of the toxicity of PFAS.50 



  



No low dose threshold/ non-monotonic dose response 



 



For years, a rule of thumb among many practicing toxicologists was that most toxics have a 



linear dose-response curve. That is, when concentrations of the toxic drop, so should observed 



effects. A related idea was the notion that at a low enough dose, observed effects should stop 



altogether. These two assumptions have formed a critical framework for the way regulators have set 



standards, including water quality standards: animal studies could be used to identify a “no adverse 



effect level” (NOAEL), below which exposures are “safe.” Further, once the slope of the dose-



response curve was identified, one could scale the estimated risk based on the size of the exposure. 



  



Increasingly, research has found compounds and categories of compounds for which these 



assumptions are false. For example, some endocrine disrupting chemicals appear to have no 



NOAEL; This means that, even at very dilute concentrations, they still lead to changes in cells and 



metabolic processes. Some endocrine disruptors even appear to cause worse impacts at relatively 



lower concentrations, a pattern described as ‘non-monotonic dose-response.’51 This is not merely a 



theoretical problem; endocrine disrupting chemicals that show non-monotonic dose response have 



been found widely distributed across North Carolina, from both point- and non-point sources.52 



Other states have addressed this; for example, since 2003, New York’s rules deal explicitly with 



carcinogens that exhibit nonlinear dose-response by incorporating additional safety factors.53 To 



begin to address this in North Carolina, we recommend that the EMC hear presentations on the 



science of toxics with no NOAEL and those with a non-monotonic dose response curve, because the 



policy problem of how to manage these within current regulatory authorities will keep cropping up 



across the EMC’s programs. 



 



Pesticides 



The majority of pesticides currently monitored by state regulators are no longer registered 



for use in North Carolina; similarly, most of the pesticides for which EPA established human health 



criteria in 2015 are prohibited here. Meanwhile, modern pesticides used in massive volumes go 



unmonitored and lack water quality standards. As previously observed by DWR, “pesticides are 



widely used each year in North Carolina to control insects, and other organisms” and pesticides 



                                                           
50 ATSDR, Toxicological Profile for Perfluoroalkyls: Draft for Public Comment (June 2018)(the draft lists a reference 



dose that would translate to a concentration of 7 ppt for PFOS and 11 ppt for PFOA); New Jersey: website: 



Contaminants of Emerging Concern, available at https://www.nj.gov/dep/srp/emerging-contaminants/ (13 ppt for PFOS, 



14 ppt for PFOA); EPA, Lifetime Health Advisories and Health Effects Support Documents for Perfluorooctanoic acid 



and Perfluorooctane Sulfonate (2016), at 81 Fed. Reg. 33250 (70 ppt individually or combined for PFOS and PFOA). 
51 Laura Vandenberg. Non-monotonic dose responses in studies of endocrine disrupting chemicals: bisphenol a as a 



case study. 12 Dose Response 259 (2013), available at 



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4036398/pdf/drp-12-259.pdf. 
52 Dana Sackett et al. Sources of Endocrine-Disrupting Compounds in North Carolina Waterways: A Geographic 



Information Systems Approach. 34 Environmental Toxicology and Chemistry 437–445 (2015), at 443. 
53 6 CRR-NY 702.4(d)(2),(3). 
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“continue to enter North Carolina streams from application, atmospheric deposition, and erosion of 



soils contaminated from past use.”54 Several pesticides of particular concern include atrazine, 



chlorpyrifos, and the family of neonicotinoid pesticides.  



 



Atrazine. Atrazine and chlorpyrifos were among the ten most commonly-found man-made 



organic pollutants found in sampling of streams nationwide in 2017.55 A draft risk assessment 



published by EPA in 2016 found that: 



Atrazine is moderately toxic to freshwater and estuarine/marine fish, highly toxic to 



freshwater aquatic invertebrates and very highly toxic to estuarine/marine aquatic 



invertebrates on an acute exposure basis. Chronic exposure studies for freshwater and 



estuarine/marine fish, aquatic phase amphibians and aquatic invertebrates resulted in 



significant effects on survival, growth or reproduction, with freshwater fish having the 



most sensitive reported chronic endpoint due to reproductive effects.56 



The assessment also found that, based on monitoring, rivers in North Carolina already experience 



concentrations of atrazine in excess of the chronic levels of concern for fish.57 Based on tests on 



medaka (Japanese rice fish, Oryzias latipes), EPA has identified 5 ug/L as a no adverse effect level 



(NOAEL) for aquatic vertebrates.58 North Carolina already identifies a protective value for atrazine 



in drinking water supplies of 680 ug/L, but the state lacks a water quality standard. We recommend 



that the EMC adopt a standard for atrazine for class C waters of 5 ug/L; that would make the 



question of a standard for water supply watersheds moot. 



 Chlorpyrifos. This organophosphate insecticide kills its targets by breaking down 



neurotransmitters. As with other toxics, impacts to aquatic ecosystems depend on the duration and 



magnitude of exposure. Chlorpyrifos enters the aquatic environment several ways: in run-off, via 



erosion of soil particles, and - to a lesser extent - via drift of sprays and deposition from the 



atmosphere.59 The insecticide is acutely toxic to freshwater fish and invertebrates; toxicity increases 



with temperature and pH, meaning that conditions in North Carolina’s eutrophying lakes and 



reservoirs could intensify risks.60 Chlorpyrifos is also highly toxic to estuarine and marine 



                                                           
54 DWR, Fact Sheet: Bioaccumulation in North Carolina Fish 2 (Sept. 2016), available at 



https://files.nc.gov/ncdeq/Water%20Quality/Environmental%20Sciences/ISU/DWR%20Fish%20Bioaccumulation%20



Fact%20Sheet%20Sept%202016.pdf.    
55 Paul Bradley et al., Expanded Target-Chemical Analysis Reveals Extensive Mixed-Organic-Contaminant Exposure in 



USA Streams, 51 Environ Sci Technol 4792–4802 (2017), available at 



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5695041/pdf/nihms916453.pdf  
56 EPA, Refined Ecological Risk Assessment for Atrazine (2016), at 29, available at 



https://www.regulations.gov/contentStreamer?documentId=EPA-HQ-OPP-2013-0266-0315&contentType=pdf.  
57 Id. at 442. 
58 Id. at 186. 
59 Jeffrey Giddings et al. Risks to Aquatic Organisms from Use of Chlorpyrifos in the United States. 231 Reviews of 



environmental contamination and toxicology 119 (2014), available at 



https://www.researchgate.net/publication/261604745_Risks_to_Aquatic_Organisms_from_Use_of_Chlorpyrifos_in_the



_United_States?_sg=UgwtRxXgVYAdf62NdjEw3IZYn8_AbfCLWgbvJSK7RK7xZ85THOoXkVQ5PlZvX6d3Kzv62q



1w7g. 
60 John Carriger and Gary Rand. Aquatic Risk Assessment of Pesticides in Surface Waters in and Adjacent to the 



Everglades and Biscayne National Parks: I. Hazard Assessment and Problem Formulation. 17 Ecotoxicology 660 



(2008) at 668, available at 



http://chm.pops.int/Portals/0/docs/Responses_on_Annex_E_information_for_endosulfan/UnitedStates_090113_2008 



July - Vol. I - Aquatic risk assessment of pesticides.pdf. 
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organisms.61 EPA has established human health criteria for chlorpyrifos, 0.083 ug/l acute and 0.041 



ug/l chronic, as well as an aquatic life standard for saltwater, 0.011 ug/l acute and 0.0056 ug/l 



chronic. We are concerned that EPA’s method does not account for movement of pesticides 



adsorbed to organic carbon in the soil, and the organisms used to calculate lethal doses are not the 



most sensitive. Nonetheless, in the absence of a more robust method, we recommend that the EMC 



adopt the EPA’s recommended aquatic life criteria for all fresh- and salt-waters in the state to 



protect invertebrates.  



Neonicotinoids. Also dubbed ‘neonics,’ neonicotinoids are the most commonly used 



insecticides around the world; the most commonly-applied neonic in the U.S. is imidacloprid. Only 



5% of the active ingredient neonicotinoid is taken up by the roots, while the other 95% disperses 



into the wider environment.62 Because neonics are water soluble, they travel easily into the aquatic 



environment. Neonicotinoids have not yet been documented as a direct cause of fish kills, but they 



do kill aquatic invertebrates. “[B]ecause aquatic invertebrates are a rich food source for many 



species of fish, depletion and disappearance of this source in waters contaminated with 



neonicotinoids could affect fish stocks in freshwater ecosystems.”63 As another 2015 study 



concluded, “[d]espite large knowledge gaps and uncertainties, enough knowledge exists to conclude 



that existing levels of pollution with neonicotinoids and fipronil resulting from presently authorized 



uses frequently exceed the lowest observed adverse effect concentrations and are thus likely to have 



large-scale and wide ranging negative biological and ecological impacts on a wide range of non-



target invertebrates in terrestrial, aquatic, marine and benthic habitats.”64 



 In fact, EPA has calculated aquatic life benchmark values, the concentrations below which 



pesticides are not expected to harm aquatic life, for several neonics. We encourage the EMC to 



adopt these for all waters in the state to protect fresh- and salt-water invertebrates. 



 



Table 1. Recommended aquatic life standards for neonicotinoids.65 



Neonicotinoid Year updated Acute Chronic 



Imidacloprid 2017   0.385 ug/L   0.01 ug/L 



Thiamethoxam 2017   17.5 ug/L   no data 



Clothianidin 2016   11 ug/L   1.1 ug/L 



                                                           
61 M.A. Kamrin, Pesticide Profiles Toxicity, Environmental Impact, and Fate (1997), at 147- 152. 
62 Thomas James Wood, and Dave Goulson. The Environmental Risks of Neonicotinoid Pesticides: A Review of the 



Evidence Post 2013. Advances in Pediatrics. 2017. Accessed July 20, 2018. 



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5533829/. 
63 Francisco Sanchez-Bayo et al. Contamination of the Aquatic Environment with Neonicotinoids and Its Implication for 



Ecosystems. 4 Frontiers in Environmental Science (November 2, 2016), available at 



https://www.farmlandbirds.net/sites/default/files/2017-04/Sanchez-Bayo et al 2016.pdf. 
64 L.W. Pisa et al, Effects of neonicotinoids and fipronil on non-target invertebrates 22 Environ Sci. Pollut Res Int 68  at 



69, 92 (2015). 
65 EPA, Aquatic Life Benchmarks and Ecological Risk Assessments for Registered Pesticides (multiple dates), available 



at https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/aquatic-life-benchmarks-and-ecological-risk.   
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IV.   Ammonia 



 



According to EPA, ammonia is “one of the most important pollutants in the aquatic 



environment.”66  Despite this, the EMC has repeatedly declined to adopt an ammonia standard and 



does not propose one now. We strongly encourage the EMC to adopt an ammonia standard 



reflecting the best available science.  



 



A constituent of nitrogen pollution, ammonia enters the aquatic environment in a variety of 



ways, including “direct means such as municipal effluent discharges and the excretion of 



nitrogenous wastes from animals, and indirect means such as nitrogen fixation, air deposition, and 



runoff from agricultural lands”67 Ammonia is highly toxic to aquatic life.  Freshwater mussels, of 



which there are seven endangered species in North Carolina, are particularly sensitive to 



ammonia.68 Impacts of chronic exposure on bivalves include reduction of respiration and feeding, 



depleted carbohydrate stores, and altered metabolism.69 Acute impacts include mortality.70 



 



As scientific support for an ammonia standard has grown, so have calls for the adoption of 



water quality criteria to protect aquatic life. EPA first recommended water quality criteria for 



ammonia in 1976. EPA published revised ambient water quality criteria for ammonia in 1985 and 



provided additional information about ammonia criteria in 1989, 1992, 1996, and 1998.71 In 1999, 



EPA recommended revised ammonia standards to protect aquatic life.72   



 



As research continued, datasets available to inform water quality standards included species 



that previously had not been tested, including sensitive freshwater mussels. During North Carolina’s 



2003 triennial review, the U.S. Fish and Wildlife Service (USFWS) urged the EMC to consider the 



toxicity of ammonia on freshwater mussels; in 2006, the USFWS repeated this call for action and 



                                                           
66 EPA, Final Aquatic Life Ambient Water Quality Criteria for Ammonia- Freshwater 2013, 78 Fed. Reg. 52191 



(August 22, 2013), available at https://www.gpo.gov/fdsys/pkg/FR-2013-08-22/pdf/2013-20307.pdf.  
67 Id. One of the biggest sources of ammonia emissions is animal agriculture. Globally, domestic animals reportedly 



contribute 50% of ammonia emissions; in the United States, as much as 80% of ammonia emissions originate from 



livestock waste. EPA National Risk Management Research Laboratory, Review of Emission Factors and Methodologies 



to Estimate Ammonia Emissions From Animal Waste Handling, EPA-600/R-02-017 (April 2002), available at 



https://files.nc.gov/ncdeq/Air%20Quality/inventory/industry/animal/rpt_200208.pdf. 
68 See, e.g., Augspurger T, et al, Water quality guidance for protection of freshwater mussels (Unionidae) from 



ammonia exposure, 22 Environmental Toxicology and Chemistry 2569-2575 (2003); Bartsch MR, et al., Effects of 



pore-water ammonia on in situ survival and growth of juvenile mussels (Lampsilis cardium) in the St. Croix Riverway, 



Wisconsin, USA, 22 Environmental Toxicology and Chemistry 2561-2568 (2003); Mummert AK, et al, Sensitivity of 



juvenile freshwater mussels (Lampsilis fasciola, Villosa iris) to total and un-ionized ammonia, 22 Environmental 



Toxicology and Chemistry 2545-2553 (2003); Newton, TJ, The effects of ammonia on freshwater unionid mussels, 22 



Environmental Toxicology and Chemistry 2543-2544 (2003); Newton, TJ, et al, Effects of ammonia on juvenile unionid 



mussels (Lampsilis cardium) in laboratory sediment toxicity tests 22 Environmental Toxicology and Chemistry 2554-



2560 (2003). 
69 Mummert AK, et al, Sensitivity of juvenile freshwater mussels (Lampsilis fasciola, Villosa iris) to total and un-ionized 



ammonia, 22 Environmental Toxicology and Chemistry 2545-2553 (2003). 
70 Newton, TJ, et al, Effects of ammonia on juvenile unionid mussels (Lampsilis cardium) in laboratory sediment 



toxicity tests 22 Environmental Toxicology and Chemistry 2554-2560 (2003); Augspurger T, et al, Water quality 



guidance for protection of freshwater mussels (Unionidae) from ammonia exposure, 22 Environmental Toxicology and 



Chemistry 2569-2575 (2003).  
71 EPA, 1999 Update of Ambient Water Quality Criteria for Ammonia, EPA Doc. No. 822-R-99-014 (Dec. 1999), 



available at https://nepis.epa.gov/Exe/ZyPDF.cgi/20003O3L.PDF?Dockey=20003O3L.PDF.  
72 EPA, 1999 Update of Ambient Water Quality Criteria for Ammonia, EPA Doc. No. 822-R-99-014 (Dec. 1999), 



available at https://nepis.epa.gov/Exe/ZyPDF.cgi/20003O3L.PDF?Dockey=20003O3L.PDF.  
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noted “[t]here is ample data for developing a standard for this common pollutant;”73 The EMC 



expressed gratitude for data, but made no effort to change water quality standards.  



 



After the 2007 triennial review, the EMC rejected calls to adopt an ammonia standard, 



justifying delay by noting pending EPA studies of ammonia’s toxicity on freshwater mussels as 



well as EPA’s anticipated decision on whether or not to revise the aquatic life standard.74 The EMC 



stated, “After EPA makes its decision, we will reexamine the standard . . . and determine an 



appropriate course of action.”75  



In 2013, EPA published revised ammonia recommendations.76 In 2014, EPA noted the 



absence of, and encouraged the EMC to adopt, an ammonia standard to protect aquatic life in North 



Carolina.77 Again, the EMC failed to adopt, or even propose, a water quality standard for ammonia.  



During its review of the 2014 review triennial review package, EPA again encouraged the State to 



adopt an ammonia standard “during this current triennial review” and sent additional material 



directly to North Carolina to inform adoption of ammonia criteria.78 After the 2014 triennial review, 



DENR noted it was “appraising” EPA’s 2013 recommendations “for the next Triennial Review.”79  



 



 



Figure 1. Status of ammonia water quality standards, July 2018 
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Yet, when the current triennial review arrived, no action was proposed. Instead, the EPA’s 



2013 recommended ammonia standards were added to a list of items to be “carefully reviewed and 



                                                           
73 Letter from Tom Augspurger, USFWS, to Connie Brower, DWQ (Sept. 1, 2006).  
74 NCDENR, “Report of Proceedings on the Proposed Changes to the Surface Water Quality Standards and 



Classifications Rules for the Triennial Review,” (July 2006), available at 



https://files.nc.gov/ncdeq/documents/files/TriennialReview2006_0.pdf 
75 Id.  
76 EPA, Aquatic Life Ambient Water Quality Criteria for Ammonia – Freshwater 2013 x (2013), available at 



https://www.epa.gov/sites/production/files/2015-08/documents/aquatic-life-ambient-water-quality-criteria-for-



ammonia-freshwater-2013.pdf.  
77 Letter from James Giattina, EPA Region IV, to Tom Reeder, NCDENR 2 (Feb. 4, 2014).  
78 Letter from James Giattina, EPA Region IV, to Tom Reeder, DWR EPA Recommendations on the 2007-2014 NC 



Triennial Review 1 (Jan. 3, 2016), available at https://files.nc.gov/ncdeq/documents/files/AppB_EPAComm.pdf 
79 DENR, Summary of Surface Water Quality Standards 2007-2014 39 (April 2015), available at 



https://files.nc.gov/ncdeq/documents/files/Summary%20of%20NC%20standards_Tri%20Rev%20Report_May_4_2015.



pdf.  





https://www.epa.gov/sites/production/files/2015-08/documents/aquatic-life-ambient-water-quality-criteria-for-ammonia-freshwater-2013.pdf


https://www.epa.gov/sites/production/files/2015-08/documents/aquatic-life-ambient-water-quality-criteria-for-ammonia-freshwater-2013.pdf


https://files.nc.gov/ncdeq/documents/files/Summary%20of%20NC%20standards_Tri%20Rev%20Report_May_4_2015.pdf


https://files.nc.gov/ncdeq/documents/files/Summary%20of%20NC%20standards_Tri%20Rev%20Report_May_4_2015.pdf
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prioritized for inclusion in the next cycle of the Triennial Review.”80 North Carolina today has one 



of the most obsolete ammonia standards in the nation (figure 1). It is time for the EMC to adopt 



EPA’s 2013 formula. Once the state water quality standard is adopted, the EMC and DEQ can 



consider how best to manage discharge limits over time; but updating the standard to reflect the best 



available science is well past due. 



 



 



V. Bacteria 



 



North Carolina currently uses fecal-coliform as a pathogen indicator to measure the 



suitability of freshwaters for recreational use.81 This standard is similar to, but less stringent than, 



that recommended in 1968 by the National Technical Advisory Committee (NTAC).82 We urge the 



EMC to adopt standards for freshwater pathogen indicators – specifically Escherichia coli (E. coli) 



and enterococci – based on more recent epidemiological data and EPA recommendations. 



In 1972, in response to objections regarding the fecal coliform standard recommended by 



the NTAC, EPA conducted a series of studies to better assess the relationship between 



gastrointestinal illnesses and recreational use of sewage-contaminated waters.83 These studies 



demonstrated that enterococci are good predictors of gastrointestinal illnesses (GI) in marine and 



fresh recreational waters; E. coli are good predictors of GI illnesses in fresh waters; and fecal 



coliforms are poor predictors of GI illness. In other words, we knew nearly 50 years ago that basing 



recreational water quality standards on fecal coliform was not aligned with the best available 



science.  



In 1986, EPA formally recommended that E. coli or enterococci replace fecal-coliform 



bacteria in state water quality standards.84 EPA’s 1986 criteria were designed to protect people from 



swimming-related gastrointestinal illness. At the time EPA recognized it would “take a period of at 



least one triennial review and revision period for States to incorporate the new indicators into State 



                                                           
80 DEQ, 32 N.C. Reg. 2411, 2412-13 (May 15, 2018), available at 



https://www.ncoah.com/rules/register/Volume%2032%20Issue%2022%20May%2015,%202018.pdf. 
81 15A N.C. Admin. Code 2B .0219(3)(b) (“Organisms of coliform group: fecal coliforms not to exceed geometric mean 



of 200/100 ml (MF count) based on at least five consecutive samples examined during any 30-day period and not to 



exceed 400/100 ml in more than 20 percent of the samples examined during such period.”); see also 15A N.C. Admin. 



Code 2B .0211 (stating the standards for Class C waters). The Clean Water Act defines a “pathogen indicator” as “a 



substance that indicates the potential for human infectious disease.” 33 U.S.C. § 1362(23). 
82 EPA, Bacteriological Ambient Water Quality Criteria for Marine and Fresh Recreational Waters 2 (1986). The NTAC 



recommended as follows:  



Fecal coliforms should be used as the indicator bacteria for evaluating the microbiological suitability 



of recreation waters.  As determined by the multiple-tube fermentation or membrane filter procedures 



and based on a minimum of not less than five samples taken over not more than a 30-day period, the 



fecal coliform content of primary contact recreation waters shall not exceed a log mean of 200/100 



ml, nor shall more than 10 percent of total samples during any 30-dy period exceed 400/100 ml. 



Id. North Carolina’s standard allows up to 20 percent exceedance of the 400/100 mL threshold.  
83 EPA, Bacteriological Ambient Water Quality Criteria for Marine and Fresh Recreational Waters 3 (1986).  Diarrheal 



diseases can be associated with bacteria and other pathogens.  In addition, ear, nose, throat, skin and respiratory 



infections are associated with recreating in contaminated waters.  
84 EPA, Bacteriological Ambient Water Quality Criteria for Marine and Fresh Recreational Waters (1986). The 1986 



EPA recommendations suggested using enterococci for marine and fresh recreational waters (a GM of 33 enterococci 



cfu per 100 mL in fresh water and 35 enterococci cfu per 100 mL in marine water) and E. coli for fresh recreational 



waters (a GM of 126 E. coli cfu per 100 mL). The presence of these bacteria, which inhabit the intestinal tract of warm-



blooded animals, is a direct indication of fecal contamination.   
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Water Quality Standards and start to accrue experience with the new indicators at individual water 



use areas.”85 Over 30 years later, North Carolina has not adopted either standard for fresh water. 



In 2000, the Beaches Environmental Assessment and Coastal Health Act (BEACH Act) 



amended the federal Clean Water Act (CWA) to better protect water quality in states with coastal 



recreation waters.  For such coastal waters, the BEACH Act required states to adopt water quality 



standards for pathogens and pathogen indicators based on EPA criteria established under § 1314 of 



the CWA.86  The law also allowed the EPA to promulgate bacteria standards to protect coastal 



recreation in states that failed to adopt the standards and criteria required under the BEACH Act. In 



2004, after years of EMC inaction, North Carolina was one of 21 states for which EPA issued such 



regulations.87 Today, in coastal recreation areas, North Carolina has an enterococci standard 



consistent with the requirements of the BEACH Act.88  But for freshwaters, our standards remain 



stuck in the last century.  



In light of scientific advances since 1986, and given the significant use of North Carolina’s 



freshwater resources for primary recreation, we urge the EMC to adopt the bacteriological water 



quality standards more recently recommended by the EPA. In 2012, EPA published recommended 



Recreational Water Quality Criteria “for the protection of primary contact recreation in both coastal 



and non-coastal waters, based upon consideration of all available information relating to the effects 



of fecal contamination on human health, including the studies conducted under CWA §104(v).”89  



These recommendations were based in part on National Epidemiological and Environmental 



Assessment of Recreational Water data collected during investigations of U.S. beaches between 



2003 and 2009.90  



The 2012 recommendations resolved some concerns and difficulties associated with the 



1986 guidance. First, the recommendations for freshwater and marine water were no longer based 



on different illness rates.91  Second, the recommendations no longer included different criteria for 



different intensities of use.92 In addition, the 2012 recommendations consist of both a geometric 



mean and a statistical value threshold for E. coli and enterococci bacteria and include limits on the 



magnitude, duration, and frequency of excursions. The recommendations include two sets of values 



designed around two illness rates: 32 and 36 illnesses per 1000 swimmers.93 In addition, EPA 



                                                           
85 EPA, Bacteriological Ambient Water Quality Criteria for Marine and Fresh Recreational Waters 8 (1986). 
86 33 U.S.C. § 1313 et seq.   
87 The federal standard remained in place until North Carolina adopted an acceptable marine pathogen indicator 



standard. 
88 Enterococci standards for coastal waters were adopted after the 2006 triennial review and, combined with Coastal 



Recreational Waters Monitoring Evaluation codified at 15A NCAC 18A .3400, these rules were deemed to satisfy the 



BEACH Act requirements. Letter from James Giattina, EPA Region IV, to Colleen Sullins, DWQ (Nov. 26, 2007), 



available at https://files.nc.gov/ncdeq/documents/files/2006_TrRev_EPA_response.pdf.  
89 EPA, Recreational Water Quality Criteria (2012), available at https://www.epa.gov/sites/production/files/2015-



10/documents/rwqc2012.pdf.; see also 33 U.S.C. § 1314(a)(9) (obligating EPA to publish revised water quality criteria 



for pathogens and pathogen indicators for the purpose of protecting recreation in coastal waters. 
90 “The NEEAR study enrolled 54,250 participants, encompassed nine locations, and collected and analyzed numerous 



samples from a combination of freshwater, marine, tropical, and temperate beaches.” Id. at 3; see also id.at 10.  
91 Id. at 6.  
92 The 1986 standard included different confidence limits to distinguish waters at a designated bathing beach and waters 



for which use for bathing was moderate, light, or infrequent. EPA, Bacteriological Ambient Water Quality Criteria for 



Marine and Fresh Recreational Waters 16 (1986). 
93 “Based on the EPA’s analysis of the available information, either set of thresholds protects the designated use of 



primary contact recreation and, therefore, protects the public from the risk of exposure to harmful levels of pathogens 





http://www.beachapedia.org/Beaches_Environmental_Assessment_and_Coastal_Health_(BEACH)_Act_of_2000


http://www.beachapedia.org/Clean_Water_Act


https://files.nc.gov/ncdeq/documents/files/2006_TrRev_EPA_response.pdf


https://www.epa.gov/sites/production/files/2015-10/documents/rwqc2012.pdf


https://www.epa.gov/sites/production/files/2015-10/documents/rwqc2012.pdf








18 
 



recommended Beach Action Values (BAVs) - defined as the 75th percentile of the water quality 



distribution of values of E. coli and enterococcus spp. in the epidemiological studies - to assist state 



notification programs.  



  In 2017, EPA conducted a five-year review of the 2012 recommendations.94 After re-



analyzing the scientific support for the 2012 recommendations, evaluating new scientific 



developments, and considering perceived barriers to state adoption, the federal agency decided not 



to amend the 2012 recommendations.95 We encourage the EMC to adopt the 2012 EPA 



Recommended Water Quality Criteria to prevent unnecessary human health impacts stemming from 



recreational use of the state’s freshwaters and ensure that waters classified for public recreation are 



not those in which “water pollution could result in a hazard to public health.”96  



Notably, the current enterococci standard for SB waters, written as a geometric mean based 



upon samples collected within a 30 day period, uses the same threshold – 35 enterococci per 100 



mL – as that recommended by EPA based on the 36 illnesses/1000 swimmers guidance.97 We 



encourage consideration of the threshold – 30 enterococci per 100 mL – based on a lower frequency 



of illnesses.98 More importantly, we urge the EMC to adopt the recommended statistical threshold 



value to protect recreational users from uncommonly high levels of bacteria. In addition to updating 



the criteria for salt waters, we especially encourage the EMC to consider adoption of updated E. coli 



and enterococci standards for freshwaters.   



We make these recommendations while observing that scientific inquiry is ongoing, and 



more study will likely improve our understanding of the predictive capacity of pathogen indicators. 



For instance, EPA studies note that when swimming, children ingest more water than adults and are 



also more susceptible to swimming-related gastrointestinal illnesses.99 As such, future research may 



indicate ways to better protect these vulnerable populations  



In addition, though we urge the EMC to revise its water quality standards to better protect 



recreational uses, we acknowledge that North Carolina agencies devote considerable time and 



energy to assessing and mitigating the impact of pathogens in our coastal waters. The N.C. 



Recreational Water Quality Program of DEQ’s Division of Marine Fisheries tests selected coastal 



recreational waters (e.g., beaches, sounds, bays, and estuarine rivers) for enterococci bacteria and 



notifies the public whenever bacteriological levels in the water exceed levels deemed safe by the 



EMC.100 Currently, the state monitors 240 sites in the coastal region, with increased monitoring 



                                                           
from fecal contamination.” EPA, 2017 Five-Year Review of the 2012 Recreational Water Quality Criteria 5 (May 4, 



2018), available at https://www.epa.gov/sites/production/files/2018-05/documents/2017-5year-review-rwqc.pdf. 
94 EPA, 2017 Five-Year Review of the 2012 Recreational Water Quality Criteria (May 4, 2018), available at 



https://www.epa.gov/sites/production/files/2018-05/documents/2017-5year-review-rwqc.pdf. 
95 Id. at xi.  
96 See 15A N.C. Admin. Code 02B .0106.  
97 15A N.C. Admin. Code 02B .0222(3)(c).  
98 EPA, Recreational Water Quality Criteria at 6 (2012) (recommending enterococci standards based on 32 illnesses per 



100 swimmers that include a 30 day geometric mean of 30 cfu/100 mL and a statistical threshold value of 100 cfu/100 



mL) 
99 Id. at 12. 
100 DEQ, The Facts: Recreational Water Quality Monitoring in North Carolina, 



http://portal.ncdenr.org/c/document_library/get_file?uuid=89ecc697-deb0-4e2c-a18d-5e1609242628&groupId=38337 



(last visited July 5, 2018).   





https://www.epa.gov/sites/production/files/2018-05/documents/2017-5year-review-rwqc.pdf


http://portal.ncdenr.org/c/document_library/get_file?uuid=89ecc697-deb0-4e2c-a18d-5e1609242628&groupId=38337
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frequency at many sites from April to September, and collects roughly 6,000 samples per year. 101 



These efforts are important. But their utility would increase if the applicable standards were revised 



to reflect the latest science. Moreover, recreational use of North Carolina’s waters is not limited to 



the coastal region and North Carolinians swimming in the mountains and the piedmont deserve no 



less protection than those recreating at the beach. Even if the state lacks resources to increase its 



monitoring efforts to protect recreational users of North Carolina’s waters, establishing an E. coli 



standard for fresh waters would better equip local advocates to inform residents when bacteria 



levels exceeded those set by the state.102 



 



VI.  Metals 



 



As previously mentioned, most of  the substantive amendments proposed as part of this 



triennial review pertain to metals standards and stem from EPA guidance recommending revision 



thereof. We are discouraged to see the EMC disregard additional EPA guidance meant to inform the 



adoption of protective metals standards. Instead, without proposing any changes, the EMC has 



merely solicited input regarding recent EPA guidance regarding a number of metals, including 



selenium, cadmium, copper, and aluminum. The first three are considered toxic pollutants.103 We 



encourage the EMC to adopt water quality standards for all four metals that are consistent with the 



most current EPA recommendations. 



 



Selenium 



In 2016, EPA recommended new ambient water quality criteria for selenium to protect 



aquatic life.104 Selenium is a bioaccumulative chemical previously observed by DWR in North 



Carolina fish.105 Selenium bioaccumulation occurs at concentrations too low to trigger acute effects; 



instead, toxicity transfers to eggs and harms reproduction. To combat this, the agency recommended 



new chronic criteria for concentrations in fish tissue and in the water column.106  



EPA did not recommend a one-size-fits-all approach, instead observing that “[b]ecause the 



factors that determine selenium bioaccumulation vary among aquatic systems, site-specific water 



column criterion element values may be necessary at aquatic sites with high selenium 



bioaccumulation to ensure adequate protection of aquatic life.”107 We urge the EMC to consider the 



need for site-specific selenium standards where high rates of bioaccumulation, especially in lentic 



                                                           
101 DEQ, The Facts: Recreational Water Quality Monitoring in North Carolina, 



http://portal.ncdenr.org/c/document_library/get_file?uuid=89ecc697-deb0-4e2c-a18d-5e1609242628&groupId=38337 



(last visited July 5, 2018).  
102 This past spring, Waterkeepers throughout North Carolina conducted bacteriological monitoring in multiple 



subwatersheds to evaluate impacts of upstream animal agriculture operations. In the absence of a state standard, they 



could only inform the public how E. coli measurements compared to the federal recommendations for freshwaters. 



https://waterkeeper.org/north-carolina-water-sampling-reveals-high-bacteria-levels-near-industrial-animal-farms/  
103 40 C.F.R. § 401.15 (listing toxic pollutants). 
104 EPA, Aquatic Life Ambient Water Quality Criteria for Selenium- 2016 (June 2016), available at 



https://www.epa.gov/sites/production/files/2016-07/documents/aquatic_life_awqc_for_selenium_-



_freshwater_2016.pdf.  
105 DWR, Fact Sheet: Bioaccumulation in North Carolina Fish 1 (Sept. 2016), available at 



https://files.nc.gov/ncdeq/Water%20Quality/Environmental%20Sciences/ISU/DWR%20Fish%20Bioaccumulation%20



Fact%20Sheet%20Sept%202016.pdf.    
106 EPA, Aquatic Life Ambient Water Quality Criteria for Selenium- 2016 xiii (June 2016). 
107 Id. at xiii. 





http://portal.ncdenr.org/c/document_library/get_file?uuid=89ecc697-deb0-4e2c-a18d-5e1609242628&groupId=38337


https://waterkeeper.org/north-carolina-water-sampling-reveals-high-bacteria-levels-near-industrial-animal-farms/


https://www.epa.gov/sites/production/files/2016-07/documents/aquatic_life_awqc_for_selenium_-_freshwater_2016.pdf


https://www.epa.gov/sites/production/files/2016-07/documents/aquatic_life_awqc_for_selenium_-_freshwater_2016.pdf


https://files.nc.gov/ncdeq/Water%20Quality/Environmental%20Sciences/ISU/DWR%20Fish%20Bioaccumulation%20Fact%20Sheet%20Sept%202016.pdf


https://files.nc.gov/ncdeq/Water%20Quality/Environmental%20Sciences/ISU/DWR%20Fish%20Bioaccumulation%20Fact%20Sheet%20Sept%202016.pdf
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aquatic systems, suggest the need for additional protection. We support the EPA recommendations 



and urge the EMC to adopt the recommended standard to protect aquatic life from chronic exposure 



to selenium.  



 



Cadmium 



We also support adoption of water quality standards for cadmium that are consistent with 



recent EPA recommendations.108 Cadmium primarily enters the aquatic environment through 



human activity; per the EPA, “human sources, such as mining and urban processes, are responsible 



for contributing approximately 90 percent of the cadmium found in surface waters.”109 EPA revised 



its 2001 cadmium criteria after reviewing toxicity studies of the effect of cadmium on 75 species 



(49 genera).110 Studies informing the new recommendations included those examining the cadmium 



toxicity on yellow perch,111 a predatory species commonly found in North Carolina’s waters.112 The 



2016 recommendations include slightly lower (more stringent) acute criteria in both freshwater and 



saltwater, as well as chronic criteria in saltwater, but slightly less stringent for chronic 



freshwaters.113 We support EPA’s recommendations and encourage the EMC to revise North 



Carolina water quality standards for cadmium reflecting the underlying advances in scientific 



understanding of aquatic life toxicity.  



 



Copper 



During the 2014 triennial review, the EMC proposed allowing the use of the Biotic Ligand 



Model (BLM), rather than hardness equations, to calculate Class C water quality standards for 



copper. This proposal stemmed from the observation that the toxicity of copper was influenced by 



water hardness in addition to a host of other input parameters – “temperature, pH, dissolved organic 



carbon, major geochemical cations (calcium, magnesium, sodium, and potassium), dissolved 



inorganic carbon (DIC, the sum of dissolved carbon dioxide, carbonic acid, bicarbonate, and 



carbonate), and other major geochemical anions (chloride, sulfate)” – considered in the BLM.114 At 



the time, water quality advocates expressed two primary concerns about using the BLM: (1) to 



work, it required data rarely collected in North Carolina’s waters; and (2) it was ill-suited to inform 



a standard to protect aquatic life from chronic copper exposure. Indeed, the latter concern had been 



expressed by EPA itself, which conceded in the 2007 revision of its copper standards, that “further 



development [of the BLM] is required before it will be suitable for use to evaluate . . . Criterion 



Continuous Concentration or chronic value (freshwater or saltwater) WQC.”115 Notwithstanding 



this, the EMC authorized, as an alternative to using hardness equations, use of the “Aquatic Life 



                                                           
108 See, EPA, Aquatic Life Ambient Water Quality Criteria Cadmium- 2016 at 1 (March 2016), available at 



https://www.epa.gov/sites/production/files/2016-03/documents/cadmium-final-report-2016.pdf.  
109 EPA, Fact Sheet, Aquatic Life Ambient Water Quality Criteria Update for Cadmium - 2016 at 2 (March 2016), 



available at https://www.epa.gov/sites/production/files/2016-03/documents/cadmium-final-factsheet.pdf.    
110 Id.  
111  See, EPA, Aquatic Life Ambient Water Quality Criteria Cadmium- 2016 at 1 (March 2016), available at 



https://www.epa.gov/sites/production/files/2016-03/documents/cadmium-final-report-2016.pdf.  
112 DWR, Fact Sheet: Bioaccumulation in North Carolina Fish 1 (Sept. 2016), available at 



https://files.nc.gov/ncdeq/Water%20Quality/Environmental%20Sciences/ISU/DWR%20Fish%20Bioaccumulation%20



Fact%20Sheet%20Sept%202016.pdf.    
113 Id.  
114 EPA, Aquatic Life Ambient Freshwater Quality Criteria--Copper 2007 Revision, EPA-822-R-07-001, at 12 (Feb. 



2007), available at https://nepis.epa.gov/Exe/ZyPDF.cgi/P1000PXC.PDF?Dockey=P1000PXC.PDF  
115 EPA, Aquatic Life Ambient Freshwater Quality Criteria--Copper 2007 Revision, EPA-822-R-07-001, at 10-11 (Feb. 



2007), available at https://nepis.epa.gov/Exe/ZyPDF.cgi/P1000PXC.PDF?Dockey=P1000PXC.PDF  





https://www.epa.gov/sites/production/files/2016-03/documents/cadmium-final-report-2016.pdf
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Ambient Freshwater Quality Criteria - Copper 2007 Revision (EPA-822-R-07-001)” to set both 



acute and chronic criteria for copper.116   



Notably, in 2016, EPA drafted technical guidance to assist states in the use of the BLM to 



protect aquatic life from the toxic effects of copper.117 Here, EPA essentially acknowledged the 



validity of concerns about the dearth of data necessary to inform use of the BLM to derive copper 



standards. To overcome this lack of data, EPA developed and recommended “default values for 



water quality parameters used in the Freshwater Copper BLM when data are lacking.”118  



Ultimately, we support the use of recent scientific developments to inform copper standards. 



We believe the BLM should only be used where the necessary data inputs are either provided based 



on sampling or available in EPA’s technical guidance. However, while we support this qualified use 



of the BLM to establish acute copper standards, we remain opposed to using the BLM to establish 



chronic copper standards, as “further development” of the model remains necessary for that 



purpose.   



 



Aluminum 



Unlike selenium, cadmium and copper, North Carolina has no water quality standards for 



aluminum.119 EPA first recommended ambient water quality criteria for aluminum in 1988.120  Last 



year, EPA issued draft ambient water quality criteria for aluminum based on recent studies 



regarding the toxicity of aluminum to aquatic life.121 We urge the EMC to correct decades of 



inaction and adopt freshwater aluminum water quality criteria consistent with the latest EPA 



recommendations.122 



 



 



VII. Cyanotoxins 



 



Many North Carolina rivers, lakes, and sounds receive too much nitrogen and phosphorus, 



leading to algal blooms. Some species of algae produce cyanobacterial toxins that can kill fish, 



harm swimmers, and significantly increase the cost of treating drinking water. Worse, recent studies 



suggest that climate change may accelerate eutrophication of North Carolina’s waterways and cause 



more frequent toxic algal blooms.123  



                                                           
116 15A N.C. Admin. Code 2B .0211(11)(d). 
117 EPA, Draft Technical Recommended Estimates for Missing Water Quality Parameters for Application in EPA’s 



Biotic Ligand Model (March 2016), available at https://www.epa.gov/sites/production/files/2016-02/documents/draft-



tsd-recommended-blm-parameters.pdf  
118 Id. at v.  
119 But see 15A N.C. Admin. Code 2B .0406(incorporating by reference effluent limitations promulgated by EPA for 



industrial dischargers engaged in aluminum forming).   
120 EPA, Ambient Water Quality Criteria for Aluminum- 1988 (August 1988), 



https://nepis.epa.gov/Exe/ZyPDF.cgi/2000M5FC.PDF?Dockey=2000M5FC.PDF 
121



 EPA, Draft Aquatic Life Ambient Water Quality Criteria-Aluminum - 2017 (July 2017), available at 



https://nepis.epa.gov/Exe/ZyPDF.cgi/P100SFQ1.PDF?Dockey=P100SFQ1.PDF  
122 “Like the 1988 AWQC for aluminum, there are still insufficient data to fulfill the MDRs as per the 1985 Guidelines, 



such that no estuarine/marine criteria can be recommended at this time.” Id. at xiv.  
123 Paerl, H.W. & Huisman,  J., Climate change: A catalyst for global expansion of harmful cyanobacterial blooms, 



1 Environ. Microbiol. Rep. 27-37 (2009); O’Neil et al, The rise of harmful cyanobacteria blooms: The potential 



roles of eutrophication and climate change, 14 Harmful Algae 313–334 (2012); Paerl, H.W et al, Mitigating 



cyanobacterial harmful algal blooms in aquatic ecosystems impacted by climate change and 





https://www.epa.gov/sites/production/files/2016-02/documents/draft-tsd-recommended-blm-parameters.pdf
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Currently, North Carolina lacks numeric water quality criteria for algal toxins, and the EMC 



has not proposed any such standards during this triennial review. We recommend that the EMC 



adopt a standard based on the best available science as described below.    



EPA has provided ample guidance on the subject. First, in 2015, EPA issued health advisory 



levels124 for microcystins and cylindrospermopsin in drinking water.125 Both toxins can be produced 



by various cyanobacteria. Cylindrospermopsin can adversely affect liver and kidney function.126 



Microcystins primarily impact the liver.127 EPA has concluded that adverse health effects are not 



anticipated to occur over a 10-day exposure to cyanobacteria in drinking water at the following 



concentrations or below: microcystin, 0.3 µg/L for infants and 1.6 µg/L for children and adults; and 



cylindrospermopsin, 0.7 µg/L for infants and 3 µg/L for children and adults.128  



Cyanotoxins can also harm people who are exposed while swimming or boating in or near 



cyanobacterial blooms. In 2016, EPA issued draft criteria to protect human health in waters 



designated for swimming and other recreational use.129 The proposal makes a convincing case that 



criteria that protect children, ages 5 to 11, playing in the water, will also protect adults, and will 



protect people subject to a variety of other exposures, including breathing aerosol droplets thrown 



up by jet ski motors, or accidentally ingesting toxins or absorbing them through the skin while 



swimming, diving, or otherwise recreating. Based on the totality of the evidence, EPA proposes a 



recreational criterion for microcystin of 4 micrograms/liter (µg/L), and for cylindrospermopsin, 8 



µg/L.  



 



Available data on algal blooms, although complaint driven and therefore far from 



comprehensive, shows that both microcystin and cylindrospermopsin threaten the recreational use 



of North Carolina’s waters. In recent years, cyanobacteria have been identified at counts above 



100,000 cells/mL in the Pasquotank River (2012), Albemarle Sound (2012, 2015), Pamlico River 



(2012, 2015, 2016), and Waterville Lake in the French Broad basin (2015). Cyanobacteria have 



been identified at counts between 20,000 and 100,000 cells/mL in the Tar-Pamlico basin (2012, 



2014, 2015, 2016), the Neuse basin (2014, 2015), the Lower Cape Fear (2016), and lakes in the 



Yadkin basin (2012, 2016). Cylindrospermopsis have been identified in the Roanoke basin (2014), 



Albemarle Sound (2013), the Tar-Pamlico basin (2014, 2015, 2016), the Neuse basin (2015), the 



                                                           
anthropogenic nutrients, 54 Harmful Algae 213–222 (2016). 
124 EPA may issue health advisories for contaminants that are not subject to national primary drinking water regulations. 



42 U.S.C. § 300 g– 1(b)(1)(F). 
125 80 Fed. Reg. 34637, available at https://www.federalregister.gov/documents/2015/06/17/2015-14936/availability-of-



health-effects-support-documents-and-drinking-water-health-advisories-for  In preparing the health advisories, EPA 



compiled information on relevant health effects, analytical methods, and treatment technologies.  EPA also produced a 



support document to assist states trying to address cyanotoxins in drinking water supplies. 
126 EPA, Drinking Water Health Advisory for Cyanobacterial Toxin Cylindrospermopsin, EPA Doc. No. 820R15101 



(June 15, 2015), available at https://www.epa.gov/sites/production/files/2017-06/documents/cylindrospermopsin-



report-2015.pdf. 
127 EPA, Drinking Water Health Advisory for Cyanobacterial Microcystin Toxins, EPA Doc. No. 820R15100 (June 15, 



2015), available at https://www.epa.gov/sites/production/files/2017-06/documents/microcystins-report-2015.pdf.  
128 80 Fed. Reg. 34637, available at https://www.federalregister.gov/documents/2015/06/17/2015-14936/availability-of-



health-effects-support-documents-and-drinking-water-health-advisories-for 
129 EPA, Draft Human Health Recreational Ambient Water Quality Criteria and/or Swimming Advisories for 



Microcystins and Cylindrospermopsin 81 Fed. Reg. 91929 (Dec. 19, 2016), available at 



https://www.federalregister.gov/documents/2016/12/19/2016-30464/request-for-scientific-views-draft-human-health-



recreational-ambient-water-quality-criteria-andor 





https://www.federalregister.gov/documents/2015/06/17/2015-14936/availability-of-health-effects-support-documents-and-drinking-water-health-advisories-for


https://www.federalregister.gov/documents/2015/06/17/2015-14936/availability-of-health-effects-support-documents-and-drinking-water-health-advisories-for


https://www.epa.gov/sites/production/files/2017-06/documents/microcystins-report-2015.pdf
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Lower Cape Fear basin (2013, 2016), and the middle Cape Fear (2014).130 Cylindrospermopsis 



raciborskii has also been identified in several Piedmont lakes by academic researchers.131 



The data on exposures to toxins is also not systematic. The state Division of Public Health 



(DPH) in the NC Department of Health and Human Services (DHHS) collects data on a complaint-



driven basis, and only on the edges of lakes or rivers (that is, not in deep water). Between 2005 and 



2012, the agency collected records of 67 algal bloom events, skewed strongly to counties with large 



populations and concentrated recreational use close to agency offices. Of the reported events, 80% 



were tested for algal toxins; cyanobacterial toxins were found in 74% of tested events, and in all but 



one of these (38 out of 39), microcystins were detected.132 Ultimately, if algal toxins are present 



often enough to have generated this record solely through complaints, it seems likely that many 



more blooms are happening, and that many more people have been exposed without notifying state 



or local authorities.  



 



Yet, without the adoption of applicable water quality standards, the State is unlikely to 



systematically sample or analyze concentrations of cyanobacteria or their toxins. North Carolina 



splits up responsibility for detecting and responding to algal blooms among several agencies. State 



management focuses on four different impacts: ecological harms; recreational exposures; 



consequences for drinking water treatment; and the safety of fish and shellfish for human 



consumption. Four distinct state programs are charged to address these distinct concerns. Each 



program has its own statutory authority, and they all respond to blooms independently of one 



another. As a result, in the absence of a clear mandate, the State rarely obtains data on cell 



concentrations and ambient toxin concentrations from the same event, and never simultaneously. 



More importantly, DEQ’s ambient water quality monitoring program collects only cell 



concentrations, creating a disconnect between Clean Water Act toxin-based criteria and the State’s 



regulatory infrastructure.  Absent improved monitoring and analysis driven by numeric water 



quality standards, it will be difficult for North Carolina to impose whatever effluent limitations may 



be needed to reduce algal blooms to safe levels. As such, we encourage the EMC to adopt standards 



to protect both drinking water resources and recreation.  



 



In adopting standards, the EMC should adopt cell count standards as well as concentration 



standards for specific toxins, for three reasons. First, as noted above, North Carolina’s ambient 



monitoring already collects cell counts. Second, cyanobacteria of different strains produce various 



microcystin congeners, but sampling to measure microcystin concentrations tends to focus on just 



one: microcystin-LR.133 Blooms are often composed of more than one species, and sometimes 



several genera. Because a cell count standard picks up all the cells, it implicitly protects against the 



full range of congeners, not just microcystin LR. Finally, separate from the toxins, cyanobacteria 



cells can cause inflammatory and allergic reactions. The World Health Organization (WHO) 



anticipates a ‘moderate’ probability of adverse health impacts at 100,000 cells/ mL.  



                                                           
130 NC Dept. of Environmental Quality, Division of Water Resources, Annual Reports of Algal Blooms, 2012-2016. 
131 Laura Fondario Grubbs, Quantification of Select Cyanobacteria and Cyanotoxins in Piedmont North Carolina Lakes 



using Real-Time PCR, 2014. 
132 NC Department of Health & Human Services, Algal Bloom Events, 2005-2012 Report. The agency has more recent 



data for years since 2012, but has sequestered it pending publication in an academic journal. 
133 EPA, Human Health Recreational Ambient Water Quality Criteria or Swimming Advisories for Microcystins and 



Cylindrospermopsin- Draft, EPA Doc. No. 822-P-16-002 (Dec. 2016), available at 



https://www.epa.gov/sites/production/files/2016-12/documents/draft-hh-rec-ambient-water-swimming-document.pdf 











24 
 



 So, we urge the EMC to adopt a drinking water standard for chronic exposures that protects 



the most vulnerable (infants), 0.3 µg/L for microcystin and 0.7 µg/L for cylindrospermopsin. For 



class B and C waters, we urge the EMC to adopt both concentration and cell count standards, 4 



micrograms/liter (µg/L), and for cylindrospermopsin, 8 µg/L, and a cell count standard of 100,000 



cells/mL.  



 



Finally, we recommend that the EMC consider adopting an algal toxin standard specifically 



for SA waters and their tributaries. Recent research indicates that oysters and mussels can absorb 



toxins in particulate or dissolved form and then hold them for weeks. One experiment found that 



mussels exposed to varying levels of microcystin for 24 hours retained it for up to 8 weeks; oysters 



cleaned themselves somewhat faster.134 Cylindrospermopsin can also bioaccumulate in shellfish and 



fish tissues.135 This suggests that shellfish can serve as a filter for toxins produced by blooms further 



upstream in the watershed over a period of weeks or months. The EMC should examine whether a 



special standard based on shellfish consumption is needed for SA waters in North Carolina. 



  



 



VIII. 2015 EPA update for 94 Human Health Criteria 



 



In 2015, EPA finalized new human health criteria for 94 pollutants.136 Federal law requires 



states conducting triennial reviews to either adopt these criteria as water quality standards or explain 



why they have not.137 In our review of the criteria, it appears to us that roughly one-third are 



significantly more protective than North Carolina’s current state standards (for water supply 



watershed, recreational, or Class C waters). However, many of these pollutants may not actually be 



discharged into North Carolina waters. At least eight are legacy pesticides that were banned years 



ago and are unlikely to appear in our surface waters unless they are leaking from contaminated soil 



or groundwater.138 



  



We are aware that updating water quality standards for these 94 pollutants could absorb 



agency resources needed to update or develop standards for other pollutants that, by any objective 



measure, pose a greater risk to public health or the aquatic environment. We imagine that 



assessment of fiscal impacts for these pollutants could be especially time consuming. To simplify 



that, we recommend that the EMC or DEQ specifically request public comment on the occurrence 



and use of the 94 compounds, including discharge to water, by any person in North Carolina. The 



EMC’s notice for the current triennial review implicitly invites such information, but a separate 



notice and request for public comment could be more explicit. Then, if no member of the public 



identifies a given chemical as one they use or discharge, the EMC may conclude that it is not in use 



and that updating the state standard should have no fiscal impact. 



  



Ultimately, the EMC must adopt such changes to the standards for these 94 pollutants as are 



necessary to stay in compliance with the federal act. Yet, we urge the EMC to prioritize attention 



                                                           
134 Corinne Gibble, et. al. Evidence of freshwater algal toxins in marine shellfish: Implications for human and aquatic 



health. 59 Harmful Algae 59–66 (2016). 
135 Susan Kinnear. 2010. Cylindrospermopsin: A Decade of Progress on Bioaccumulation Research. Mar. Drugs 8, 542-



564. 
136 EPA, 80 Fed. Reg. 36986 (June 29, 2015). 
137 40 CFR 131.20(a). 
138 These include Aldrin, alpha-Hexachlorocyclohexane (HCH), Chlordane, Dieldrin, DDD, DDT, Endosulfan Sulfate, 



and Hexachlorobenzene. Alpha-Endosulfan and beta-endosulfan also appear to be in the process of being phased-out. 
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and resources to pollutants that are actually a threat to water quality in North Carolina, whether or 



not they have an EPA-established human health criterion (for example, the pesticides and emerging 



contaminants discussed above). 



 



 



IX. Flow 



 



To protect the many designated uses of North Carolina’s waters, the EMC should adopt 



water quality standards to ensure necessary stream flow to protect ecological integrity. Aquatic life, 



primary and secondary recreation, drinking water, industrial and agricultural water use, and other 



designated uses depend on appropriate flow in streams and rivers. These uses warrant protections 



through the development and adoption of narrative and numeric flow standards. Federal courts have 



upheld minimum stream flow requirements necessary to enforce designated uses of state waters as 



part of the states’ authority under the Clean Water Act.139  



Absent an explicit flow standard, efforts to achieve the designated uses of water bodies tend 



to focus on the chemical component of water quality, with limited consideration of how decisions 



will impact the physical and biological integrity of water bodies. It makes little sense, however, to 



deem a waterbody “protected for primary recreation which includes swimming”140 because it meets 



chemical standards if there is inadequate water volume in the waterbody to swim or otherwise 



recreate therein. Recreational use of our waters is not the only designated use that would be better 



protected by the adoption of flow standards. For instance, some waters are designated for use as 



drinking water supplies, yet water can become unfit for consumption or industrial processes when 



there is inadequate flow to assimilate nutrients and other pollutants. This is explicitly demonstrated 



by algal blooms on the Cape Fear River, which tend to only happen during low flows in during the 



growing season.141  



EPA Region 4 has continued to recommend that State agencies develop flow standards as 



part of the triennial review process and has provided state agencies with guidance. In the Southeast, 



Kentucky, Virginia, and Tennessee have already adopted flow protections in their water quality 



standards, allowing for the protection of flows for aquatic life and recreation. In 2017, the USGS 



and EPA released a final technical report on the process to protect aquatic life from the effects of 



hydrologic alteration.142 This guidance can further aid the EMC in developing standards that 



explicitly protect designated uses including aquatic life and recreation. North Carolina should 



follow this guidance and develop flow protection standards. 



 



We encourage the EMC to adopt flow standards developed using a ‘natural flow 



paradigm’143 that recognizes the importance of seasonal, intra-annual, and inter-annual variable 



flow patterns necessary to sustain designated uses during a wide range of annual precipitation 



patterns. One method that is useful when site-specific flow data is lacking is the Percent-of-Flow 



                                                           
139 PUD No. 1 of Jefferson Cnty. v. Washington Dept. of Ecology, 511 U.S. 700, 723 (1994).  
140 15A N.C. Admin. Code 2B .0101(c). 
141 Presentation to NC WRRI Annual Conference 2017, Hall, Nathan and al, “Unraveling dual influences of increasing 



nutrients and changing flow regimes on bloom potential along the middle Cape Fear” https://wrri.ncsu.edu/wp-



content/uploads/2017/04/Hall.pdf (visited 7/30/18) 
142 EPA Report 822-R-16-007/USGS Scientific Investigations Report 2016-5164, which recognizes that too much or too 



little flow can have major negative consequences on aquatic life. 
143 N.L. Poff,  J.D. Allan, et al. The natural flow regime: A paradigm for river conservation and restoration. 47 



BioScience 769-784 (1997). 





https://wrri.ncsu.edu/wp-content/uploads/2017/04/Hall.pdf


https://wrri.ncsu.edu/wp-content/uploads/2017/04/Hall.pdf
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(POF) approach or “presumptive standard.” The presumptive standard “explicitly recognizes the 



importance of natural flow variability and sets protection standards by using allowable departures 



from natural conditions, expressed as percent alternation.”144 We caution against adopting a flow 



standard based on default measures like 7Q10, which mimic the most severe drought conditions and 



are inadequate to protect aquatic life or many other uses.  



 



 



X. Methylmercury 



 



North Carolina currently has a water quality standard for mercury in Class C waters, but 



lacks a standard for methylmercury, the mercury compound most toxic to aquatic life. Notably, 



“[w]henever a State reviews water quality standards . . ., or revises or adopts new standards . . ., 



such State shall adopt criteria for all toxic pollutants listed pursuant to section 1317(a)(1) of this 



title . . . ,” and “[s]uch criteria shall be specific numeric criteria for such toxic pollutants.”145 The list 



of toxic pollutants include “mercury and compounds.”146 



The amount of mercury released into the environment has increased throughout the 



industrial age, and North Carolina’s power plants continue to be a substantial source of mercury 



emission in North Carolina.147 After a series of chemical transformations caused by microbial 



activity, mercury becomes methylmercury, a harmful neurotoxin with the highest chronic toxicity of 



any tested mercury compound.148  



Methylmercury is absorbed into the tissue of fish, where it bioaccumulates and bio-



magnifies in the food chain, so predator fish and older fish typically have high concentrations of 



methylmercury.149 As observed by DWR, “[m]ercury is by far the most common metal detected in 



                                                           
144 B.D. Richter, M.M. Davis, et al. Short Communication: A presumptive standard for environmental flow protection. 



River Research Applications (2011). DOI: 10.1002/rra.1511. 
145 33 U.S.C. § 1313(c)(2)(B) (emphasis added). 
146 40 C.F.R. § 401.15 (listing toxic pollutants). 
147



 NCDENR, North Carolina Mercury TMDL 8 (Sept. 2012), available at 



https://files.nc.gov/ncdeq/Water%20Quality/Planning/TMDL/FINAL%20TMDLS/Statewide/NCMercuryTMDL_EPAS



ubmit.pdf. As previously observed by the State, 



Approximately 80% of the mercury released from human activities is elemental mercury released to 



the air, primarily from fossil fuel combustion, mining, and smelting, and from solid waste 



incineration. Coal-burning power plants are the largest man-made source of mercury emissions to the 



air in the United States, accounting for over 50% of all domestic human-caused mercury emissions. 



About 15% of the total is released to the soil from fertilizers, fungicides, and municipal solid waste 



(for example, from waste that contains discarded batteries, electrical switches, or thermometers). 



Discharges of industrial wastewater account for an additional 5% of mercury released to surface 



waters.  



Id. at 12.  
148 EPA, Quality Criteria for Water 172 (May 1, 1986), available at 



http://water.epa.gov/scitech/swguidance/standards/criteria/current/index.cfm#gold.  
149



 EPA, Water Quality Criterion for the Protection of Human Health: Methylmercury, EPA-823-R-01-001 (Jan. 2001), 



available at http://water.epa.gov/scitech/swguidance/standards/criteria/aqlife/methylmercury/document.cfm.; see also 



Dana Sackett et al, The Influence of Fish Length on Tissue Mercury Dynamics: Implications for Natural Resource 



Management and Human Health Risk, 10 INT’L. J. ENVTL. RESEARCH & PUB. HEALTH 638-59 (Feb. 2013), 



available at http://www.mdpi.com/1660-4601/10/2/638.  





https://files.nc.gov/ncdeq/Water%20Quality/Planning/TMDL/FINAL%20TMDLS/Statewide/NCMercuryTMDL_EPASubmit.pdf


https://files.nc.gov/ncdeq/Water%20Quality/Planning/TMDL/FINAL%20TMDLS/Statewide/NCMercuryTMDL_EPASubmit.pdf


http://water.epa.gov/scitech/swguidance/standards/criteria/current/index.cfm#gold


http://water.epa.gov/scitech/swguidance/standards/criteria/aqlife/methylmercury/document.cfm


http://www.mdpi.com/1660-4601/10/2/638








27 
 



North Carolina fish.150 According to EPA studies, nearly 100% of the mercury that bioaccumulates 



in predatory fish is methylmercury.151  



Humans are exposed to methylmercury by eating fish that contain methylmercury.  Such 



exposure is particularly problematic to pregnant women and women of childbearing age due to the 



adverse effects of methylmercury on childhood development. “Mercury’s harmful effects that may 



be passed from the mother to the fetus include brain damage, mental retardation, incoordination, 



blindness, seizures, and inability to speak. Children poisoned by mercury may develop problems of 



their nervous and digestive systems, and kidney damage.”152 



Mercury-related fish consumption advisories issued by the N.C. Department of Health and 



Human Services caution against consumption of largemouth bass, blackfish, black crappie, catfish, 



jack fish, warmouth, yellow perch, almaco jack, banded rudderfish, cobia, Crevalle jack, greater 



amberjack, South Atlantic grouper, king mackerel, ladyfish, little tunny, marlin, orange roughy, 



shart, Spanish mackerel, swordfish, tilefish, and Albacore tuna.153 Those advisories offer more 



stringent precautions for vulnerable populations like children under 15 and women of childbearing 



age.  However, fish consumption advisories are no substitute for water quality standards.154 



In 2001, EPA recommended a water quality criterion for methylmercury (0.3 mg/kg of fish 



tissue), reasoning that such a standard was preferable to a water column-based criterion because it 



integrates spatial and temporal complexity that affects methylmercury bioaccumulation.155 In 2010, 



EPA issued guidance for implementing that recommendation.156 We urge the EMC to adopt a 



methylmercury standard that is at least as protective as the EPA recommendation.157   



 



✛    ✛    ✛ 



 



 



                                                           
150 DWR, Fact Sheet: Bioaccumulation in North Carolina Fish (Sept. 2016), available at 



https://files.nc.gov/ncdeq/Water%20Quality/Environmental%20Sciences/ISU/DWR%20Fish%20Bioaccumulation%20



Fact%20Sheet%20Sept%202016.pdf.   
151 Dana Sackett et al, The Influence of Fish Length on Tissue Mercury Dynamics: Implications for Natural Resource 



Management and Human Health Risk, 10 Int’l J. Envtl Research & Pub. Health 638-59 (Feb. 2013), 
152 Agency for Toxic Substances & Disease Registry (“ATSDR”), Mercury, Cas# 7439-97-6 (Apr. 1999), available at 



http://www.atsdr.cdc.gov/tfacts46.pdf. 
153 NCDENR, North Carolina Mercury TMDL 9 (Sept. 2012).  
154 Catherine E. LePrevost, Need for Improved Risk Communication of Fish Consumption Advisories to Protect 



Maternal and Child Health: Influence of Primary Informants, 10 Int’l J. Envtl Research & Pub. Health 1720-34 (Apr. 



2013) (noting that fish consumption advisories often do no reach the population most at risk from bioaccumulated 



mercury), available at www.mdpi.com/1660-4601/10/5/1720/pdf. 
155 EPA, Water Quality Criterion for the Protection of Human Health: Methylmercury, EPA 823-R-10-001 (January 



2001). 
156 EPA, Guidance for Implementing the January 2001 Methylmercury Water Quality Criterion, EPA 823-R-10-001 



(April 2010).  
157 Research into the human microbiome suggests bacteria in the human gut may convert methylmercury back into the 



highly toxic inorganic mercury, suggesting support for a more stringent standard. K.S. Betts, A Study in Balance: How 



Microbiomes Are Changing the Shape of Public Health, 119(8) Envtl Health Persp., 340, 343 (2011); Liebert, C.A., et 



al., Phylogeny of Mercury Resistance (mer) operons of Gram-Negative Bacteria Isolated from the Fecal Flora of 



Primates, 63 Applied & Envtl Microbiology 1006-1076 (Mar. 1977) (discussing ability of intestinal bacteria to 



demthylate methyl mercury), available at http://www.ncbi.nlm.nih.gov/pmc/articles/PMC168397/pdf/631066.pdf. 





https://files.nc.gov/ncdeq/Water%20Quality/Environmental%20Sciences/ISU/DWR%20Fish%20Bioaccumulation%20Fact%20Sheet%20Sept%202016.pdf


https://files.nc.gov/ncdeq/Water%20Quality/Environmental%20Sciences/ISU/DWR%20Fish%20Bioaccumulation%20Fact%20Sheet%20Sept%202016.pdf
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XI. High Quality Waters changes 



In addition to the narrative and numeric standards for various pollutants, the proposed 



readoption package contains the rules defining North Carolina’s suite of designated uses, and 



describing the process the state will follow in assigning or reclassifying uses. For the most part, the 



EMC proposes to readopt these rules without substantive change, while moving some existing 



language to new locations. However, the package does include a significant substantive revision to 



the definition of ‘High Quality Waters’ (HQWs) that may have harmful consequences and appears 



to violate federal rules.   



The current definition of HQWs is located at 15A NCAC 02B .0101(e)(5): 



High Quality Waters (HQW): waters which are rated as excellent based on biological 



and physical/chemical characteristics through Division monitoring or special studies, 



native and special native trout waters (and their tributaries) designated by the 



Wildlife Resources Commission, primary nursery areas (PNA) designated by the 



Marine Fisheries Commission and other functional nursery areas designated by the 



Marine Fisheries Commission, all water supply watersheds which are either 



classified as WS-I or WS-II or  those for which a formal petition for reclassification 



as WS-I or WS-II has been received from the appropriate local government and 



accepted by the Division of Water Quality and all Class SA waters. 



 



The proposed rule package moves much but not all of this language to 15A NCAC 02B .0224: 



 



(a) High Quality Waters (HQW) are a subset of waters “waters with quality higher 



than the standards” standards and are as described by 15A NCAC 2B .0101(e)(5) 



as defined in Rule .0202 (59) of this Section. The following procedures in this 



rule shall be implemented in order to implement meet the requirements of Rule 



.0201(d) of this Section. 



(b) All water supply watersheds which are classified as WS I or WS II, and all waters 



classified as Class SA waters are HQW. The Commission may classify, if case by 



case reclassification proceedings are conducted, any surface waters of the state as 



High Quality Waters (HQW) upon finding that such waters are: 



(1) rated excellent based on biological and physical/chemical characteristics 



through monitoring or special studies, or 



(2) primary nursery areas (PNA) and other functional nursery areas designated 



by the Marine Fisheries Commission or the Wildlife Resources Commission. 



 … 



 



In the process of the move, the package makes three substantive changes, two of which are of 



concern.  



 



First, the proposed new .0224 drops any reference to the designation of ‘native and special native 



trout waters’, formerly applied by the Wildlife Resources Commission (WRC) but abolished some 



years ago. The WRC designation reportedly was not aligned with the supplemental classification of 



‘trout waters,’ which is already defined, proposed for consolidation in .0202 (55), and referenced 



throughout the numeric standards. We do not object to this change. 
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Second, the proposed new .0224 removes waters that have been petitioned for reclassification to 



WS-I or WS-II from the list of automatic HQWs. A staff note on the draft claims that this is 



necessary to avoid a conflict with the state Administrative Procedures Act, without further 



explanation. We think that misreads the impact of the existing provision. The EMC clearly has the 



authority, in this readoption (as it did when it first adopted .0101(e)(5)), to say that when a petition 



is filed, that water will be temporarily treated as an HQW, with all the management measures that 



implies, until the petition is resolved. There are strong policy reasons to retain this: when a segment 



is under consideration for reclassification to WS-I or WS-II – the most pristine watersheds – 



projects that are inconsistent with HQW measures can irreversibly damage the segment. Temporary 



protection is appropriate, and will expire if the reclassification fails. 



 



Most problematically, the proposed revision of .0224 strips the self-executing designation of a 



primary nursery area (PNA) “or other functional nursery area” as an HQW. Staff have explained 



that their intent is for this section to apply prospectively, so that all PNAs designated until now 



would remain HQWs, but future PNAs would need to be reclassified separately as HQWs by the 



EMC. This seems needlessly convoluted. We urge the EMC to make the policy decision now (as the 



current wording of .0101(e)(5) does) that waters identified in the future as a PNA by the NC Marine 



Fisheries Commission should automatically receive HQW protections.  



 



In any event, the proposed revision of .0224 is not merely prospective. In eliminating automatic 



HQW status for PNAs ‘and other functional nurseries’, the proposed language strips HQW status 



from any PNA that has not been independently listed as an HQW in the pages and pages of 



designated uses laid out in the 2B .0300 rules. To make the proposed change to .0224 without 



stripping HQW status from these waters, the EMC would need to review all of the PNAs designated 



to date, compare them to the designated uses in the current .0300 rules, and then propose and adopt 



HQW status for all the PNAs ‘and other functional nurseries’ that are not already so identified.158 



Moreover, under 40 CFR 131.10(j), North Carolina cannot remove the HQW classification from 



any of these waters without first conducting a time-consuming and potentially expensive use 



attainability analysis.159  



 



For these reasons, we recommend that the EMC instead adopt a revised .0224 along these lines: 



 



(a) High Quality Waters (HQW) are a subset of waters “waters with quality higher 



than the standards” standards and are as described by 15A NCAC 2B .0101(e)(5) 



as defined in Rule .0202 (59) of this Section. The following procedures in this 



rule shall be implemented in order to implement meet the requirements of Rule 



.0201(d) of this Section. 



(b) All water supply watersheds which are classified as WS I or WS II, all waters 



classified as Class SA waters, and all primary nursery areas (PNA) and other 



functional nursery areas designated by the Marine Fisheries Commission or the 



Wildlife Resources Commission are HQW. The Commission may classify, if case 



by case reclassification proceedings are conducted, any surface waters of the state 



                                                           
158 Maps of the PNAs and other functional nursery areas identified to date by the Marine Fisheries Commission are 



available at http://portal.ncdenr.org/web/mf/primary-nursery-areas and comprise large stretches of North Carolina’s 



coastal waters. 
159 40 CFR 131.10(j): “A State must conduct a use attainability analysis … whenever: …(2) The State wishes to remove 



a designated use that is specified in section 101(a)(2) of the Act, to remove a sub-category of such a use, or to designate 



a sub-category of such a use that requires criteria less stringent than previously applicable.” 





http://portal.ncdenr.org/web/mf/primary-nursery-areas
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as High Quality Waters (HQW) upon finding that such waters are rated excellent 



based on biological and physical/chemical characteristics through monitoring or 



special studies. When a water has been petitioned for reclassification as WS-I or 



WS-II, it shall temporarily, pending a final adoption or rejection of the petition by 



the Commission, be managed under the provisions of this section. 



 



 



XII. Conclusion 



 



Despite numerous updates of EPA recommendations and considerable advances in the 



scientific understanding of water pollution and its effects, North Carolina has failed to make 



improvements to its water quality standards necessary to protect the State’s waters. Given the 



EMC’s acknowledgment of many such recommendations and advances, we are discouraged by its 



failure to act. However, we urge the EMC to conduct a substantive and meaningful triennial review 



process and, when doing so, make the long-overdue changes recommended in these comments.  



 



       Sincerely, 



Grady McCallie     Will Hendrick 



Policy Director     Staff Attorney 



NC Conservation Network    Waterkeeper Alliance 



 



Kemp Burdette     Dana Sargent 



Cape Fear Riverkeeper    Board President 



Cape Fear River Watch    Cape Fear River Watch 



 



Forrest English     Geoff Gisler  



Pamlico-Tar Riverkeeper    Senior Attorney 



Sound Rivers      Southern Environmental Law Center 



 



Demarcus Andrews     Peter Raabe 



Policy Advocate     NC Conservation Director 



Toxic Free NC     American Rivers 



 



Christine Ellis      Jenny Edwards 



Executive Director     Program Director 



Winyah Rivers Foundation, Inc.   Dan River Basin Association 



 



George Mathis      Rick Savage 



President      President 



River Guardian Foundation    Carolina Wetlands Association 



 



Larry Baldwin      Tom Mattison 



Waterkeeper      Riverkeeper Emeritus 



Crystal Coast Waterkeeper    White Oak-New Riverkeeper Alliance 



 



Carrie Clark      Amy Adams 
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Executive Director     Program Manager 



NC League of Conservation Voters   Appalachian Voices 



 



Emily Sutton      Andy Hill 



Haw Riverkeeper     Watauga Riverkeeper 



Haw River Assembly     MountainTrue 



 



Gray Jernigan      Hartwell Carson 



Green Riverkeeper     French Broad Riverkeeper 



MountainTrue      MountainTrue 



 



Sam Perkins      Matthew Starr 



Catawba Riverkeeper     Upper Neuse Riverkeeper 



Catawba Riverkeeper Foundation   Sound Rivers 



 



       Katy Langley 



       Lower Neuse Riverkeeper 



       Sound Rivers 













From: Grady McCallie
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] triennial review comments
Date: Tuesday, July 31, 2018 6:30:52 PM
Attachments: triennial review - AR -NCCN-SR nutrients 7-31-18.pdf


triennial review - NCCN fiscal note 7-31-18.pdf


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Dear Connie,
I’m attaching two additional comment letters on specific aspects of the triennial review:


·         On nutrient standards, from American Rivers, NC Conservation Network, and Sound Rivers.
·         On the fiscal note, just from NCCN.


I hope these make for interesting reading. They are at least shorter than the main letter.
Best,
Grady
 
 
Grady McCallie, Policy Director
NC Conservation Network


234 Fayetteville, 5th floor
Raleigh, NC 27601
919.857.4699 x 101
http://www.ncconservationnetwork.org/
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American Rivers ● NC Conservation Network ● Sound Rivers 
 
 



July 31, 2018 
 
Connie Brower 
Department of Environmental Quality 
Division of Water Resources- Water Planning Section 
1611 Mail Service Center 
Raleigh, NC, 27699-1611 
15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov  
 
 
    Re:     Nutrient Criteria and the triennial review 
 
 
Dear Ms. Brower: 
 
In addition to a comment letter addressing the broad sweep of needed updates to water quality standards, 
several of us write to comment specifically on standards for nutrients – nitrogen and phosphorus – and 
nutrient-related pollution in North Carolina’s rivers, lakes, and estuaries. While our members and 
supporters are affected by the full spectrum of water quality problems, excessive nutrients are among the 
most ubiquitous threats to the designated uses of our waters. 
 
 
I. Nutrient criteria and the Nutrient Criteria Development Plan 
 
During previous triennial reviews, environmental advocates have repeatedly asked the Environmental 
Management Commission (EMC) to revised North Carolina’s surface water quality standards to better 
address nutrients.1 After years of stalemate between North Carolina and the Environmental Protection 
Agency (EPA), in 2014 DEQ proposed and EPA approved a Nutrient Criteria Development Plan (NCDP).2 
Under that plan, a Science Advisory Council (SAC) was charged to study options for nutrient standards for 
High Rock Lake, the Albemarle estuary, and the middle Cape Fear, to be followed with standards of broad 
applicability to estuaries, lakes, and flowing rivers generally.  
 
The NCDP process has gotten off track. When, in the fall of 2014, DEQ staff recommended scientists to 
serve on the SAC, DEQ leadership excluded two highly-qualified scientists and replaced them with 
consultants serving the discharger community, resulting in an imbalanced panel. Under the agreed-upon 
timeline, nutrient criteria for High Rock Lake should have taken effect this month (July 2018).3 Instead, the 
consultants for the discharger community have repeatedly placed proposals on the table that would 
weaken the current chlorophyll-a standard, and have questioned whether anyone really knows whether 
High Rock Lake is impaired. The process seems deadlocked, and we have heard no serious discussion of 



                                                           
1 See, e.g., Letter from Julie Youngman to Connie Brower, North Carolina Surface Water Triennial Review, January 3, 
2014, section III, ‘Nutrients’; Letter from Grady McCallie and Peter Raabe to Connie Brower, August 22, 2014; Letter 
from Hope Taylor to Connie Brower, Comments of Clean Water for North Carolina on the Triennial Review of North 
Carolina Water Quality Standards, August 21, 2014. 
2 NC Department of Environment and Natural Resources, Nutrient Criteria Development Plan (2014) 
3 Id., at 10. 











causal standards, such as limits on concentrations of nitrogen and phosphorus in the water column. Even if 
the SAC manages to reach consensus on a chlorophyll-a standard, its recommendation must still run the 
gauntlet of a Criteria Implementation Committee whose primary purpose appears to be to allow discharger 
concerns about the cost of implementing standards to slow or stop a science-based standard. That is 
inconsistent with the requirement of the federal Clean Water Act that states set water quality standards 
without consideration of cost. 
 
 
II. Needed action on nutrient criteria  
 
As noted above, it is unclear whether the NCDP is on a useful path or circling in limbo. Meanwhile, nutrient 
pollution remains a leading threat to the state’s waters, and the regulatory tools the state has to address it 
– Total Maximum Daily Loads, nutrient management strategies, discharge limits – are undercut by constant 
sniping over the question of whether nutrient water quality standards are going to be relaxed in the future. 
A clear signal from the EMC as part of the triennial review would be helpful.  
 
In keeping with our previous letters, we offer these recommendations: 
 



 The EMC should adopt proactive numeric standards for phosphorus and nitrogen to prevent 
impairment instead of relying solely on reactive chlorophyll a standards to identify impairment 
after the fact. 



 



 More specifically, the EMC should adopt default nitrogen (0.35 mg/l) and phosphorous (0.05 mg/l) 
criteria to apply to all water bodies statewide.4 
 



 DEQ should develop and the EMC should adopt a periphyton standard that uses aquatic algae to 
identify whether flowing waters are burdened with nitrogen and phosphorous pollution to an 
extent that disrupts their biological integrity. 
 



 The EMC should adopt numeric criteria for concentrations of nitrogen and phosphorus in benthic 
sediments, since sediments can act both as drivers and as leading indicators of conditions in the 
water column.  
 



 DEQ should apply the dissolved oxygen (DO) standard throughout the water column. Like high 
chlorophyll-a, low DO is a response indicator for nutrient pollution. Current standards do not 
specify the depth at which samples must be taken, and we understand that they are often taken 
near the surface, masking anoxia at deeper levels. A number of other states address the depth of 
sampling for DO, and we recommend the EMC make sampling at depth an explicit part of the DO 
standard. 



 
 
 
 
 



                                                           
4 These numbers are based on an analysis by former USGS hydrogeologist Tim Spruill that found such a standard who 
have roughly a 95% chance of not generating an exceedance of the current 40 µg/L chlorophyll-a standard.  See, 
Letter, Tim Spruill, Hydrologist, to Dianne Reid, Division of Water Quality, January 18, 2013; Letter, Tim Spruill, 
Hydrologist, to Nikki Schmizzi, Division of Water Quality, May 24, 2013.   











III. Chlorophyll-a site-specific standard for Falls Lake 
 
Falls Lake suffers from excessive nutrient pollution. The upper portion of the lake has been chronically 
impaired for chlorophyll-a for years, while the lower portion has been impaired two out of four years of 
monitoring by the Upper Neuse River Basin Association. As stakeholders have wrestled with the policies 
and programs needed to restore the health of the lake, some have raised the possibility of proposing a site-
specific standard for that waterbody.  
 
In general, the EMC has avoided adopting site-specific water quality standards for nutrients. The chief 
problem that site-specific standards present is political: any given waterbody impaired by nutrients will 
have a set of stakeholders who are intensely eager to minimize their liability for polluting the lake. On the 
other side, users of any specific waterbody are likely to form a diffuse community who may have great 
passion for water quality and aquatic health generally, but less leverage in decisions affecting a single 
resource. That imbalance will be worse where downstream residents have historically been marginalized 
and remain disengaged from the process of governance. A proliferation of site-specific standards will result 
in a patchwork of standards in which variations have little to do with actual scientific differences between 
the waterbodies. For this structural reason, the EMC should favor broadly applicable water quality 
standards over site-specific standards.  
 
If the EMC does entertain a proposal for a site-specific chlorophyll-a standard for Falls Lake, the goal should 
be to protect the ecological health of the reservoir. That should rule out conversion of the existing standard 
to a geometric mean. Under a geometric mean, both the upper and lower sections of the lake would be 
very close to meeting the 40ug/L standard while still being functionally impaired.5 To put it another way, 
switching to a geometric mean at 40ug/L would mean the lake could comply with the standard with roughly 
half of sites exceeding the standard, as opposed to the 10% exceedance rule currently. A seasonal 
geometric mean will only work in Falls Lake if the mean is set well below the current standard.  
 
Moreover, a geometric mean does not take account of the upper values seen through monitoring samples. 
If the EMC eventually adopts a site-specific standard for Falls Lake that relies on a geometric mean, the 
standard should also include an absolute upper limit for chlorophyll-a. Without that, a standard could fail to 
protect against large, concentrated algal blooms that interfere with designated uses but do not significantly 
shift the mean.6   
 
There are many ways to achieve compliance by any standard without meaningfully improving the health of 
the reservoir. The priority of the EMC’s standards should be to protect designated uses. Given the amount 
of data collected on Falls Lake, it should be possible to find a value that does so. We encourage the EMC to 
resist proposals for site-specific standards – in Falls Lake or any other waterbody - that are weaker than the 
current statewide standard.  
 
IV. Conclusion 
 
Excessive nutrient pollution burdens North Carolina’s rivers, lakes, and estuaries.  We appreciate that, for 
over two decades, control of nutrient pollution has been a contentious issue; we also recognize that the 
need to manage this pollution will not go away. Progress is, slowly, being made. If the nutrient 
management strategies have failed to deliver the full in-river reductions we will need, they have at least 



                                                           
5 Upper Neuse River Basin Association (UNRBA), 2018 Annual Report (2018), at 4-7, 4-8. 
6 Claire Buchanan, From Programmatic Goals to Criteria for Phytoplankton Chlorophyll a. ICPRB Report 16-1 (2016). 



 





https://www.unrba.org/sites/default/files/UNRBA%202018%20Annual%20Report%20-%20Final.pdf


https://www.potomacriver.org/wp-content/uploads/2016/02/ICP16-1_Buchanan.pdf/








stopped the bleeding in some watersheds. Major sources of nutrients, including confined animal feeding 
operations (CAFOs), their sprayfields, and poultry manure spreading operations, are still regulated 
ineffectively; but other dischargers have installed upgrades, many communities have strengthened runoff 
controls, and some are groping towards wider application of green stormwater infrastructure, which could 
significantly reduce nutrient pollution.  
 
Much of that momentum would be jeopardized by the serious prospect of weakening changes – site-
specific or statewide – to nutrient water quality standards. For this reason, we encourage the EMC to 
pursue the recommendations outlined above, and to reaffirm that North Carolina’s future lies with better 
management of nutrients, not a relaxation of standards. 
 
Thank you for your consideration of these comments. 
 
Sincerely, 
 
Grady McCallie       Peter Raabe 
Policy Director       North Carolina Conservation Director 
NC Conservation Network     American Rivers 
 
 
Matthew Starr 
Upper Neuse Riverkeeper 
Sound Rivers 













July 31, 2018 
 



Connie Brower 
Department of Environmental Quality 
Division of Water Resources- Water Planning Section 
1611 Mail Service Center 
Raleigh, NC, 27699-1611 
15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov  
 
Re:     Fiscal Note for the Triennial Review  
 
Dear Ms. Brower, 



 



As a part of the triennial review, Department of Environmental Quality 



(DEQ) staff have prepared a fiscal note estimating the size and rough 



distribution of the fiscal impacts of the proposed changes to state water 



quality standards and classifications. While the NC Conservation 



Network has joined other environmental advocates in submitting 



comments on the proposed changes, we are grateful for the chance also 



to submit these comments focused specifically on the fiscal note. As we 



have noted elsewhere, the NC Conservation Network is a statewide 



environmental advocacy organization; our tens of thousands of 



supporters fish, swim, paddle, and drink the waters of all of North 



Carolina’s river basins.  



 



At the outset, we appreciate that North Carolina has wisely avoided 



applying a simplistic cost-benefit screen to proposed state rules, and 



instead has a robust tradition of ‘fiscal impact’ assessments, required as 



a part of the state rulemaking process.1 For the current proposal, the 



fiscal impact analysis focuses on just a handful of provisions: changes to 



metal standards in 15A NCAC 02B .0211 and .0220, and revisions to the 



definition of High Quality Waters in .0224. Some of our comments 



below address features of the fiscal note that are specific to this rule; 



others have implications for how DEQ and the Environmental 



Management Commission (EMC) assess fiscal impact generally, for this 



and future proposals.  



 
Cost of eliminating biological confirmation. The bulk of the fiscal note 



wrestles with the cost of eliminating biological confirmation and action 



levels in .0211 and .0220, and of striking language setting a default for 



water hardness in .0211. As the fiscal note indicates (on pages 3, 5, 13), 



these changes are needed to conform state rules to EPA’s disapproval of 



these specific provisions in the 2015 triennial review. Because North  



                                                           
1 NCGS 150B-21.4.  











Carolina runs a state delegated program, these changes have already been implemented from the time 



DEQ received notice of EPA’s disapproval. Were the EMC to fail to adopt the proposed rule, the current 



practice – implementation without biological confirmation, without action levels, and without a default 



hardness of 25 mg/L – would nonetheless continue. In a strict sense, neither adoption nor non-adoption 



of these sections of the rule has a fiscal impact. It is often helpful to understand how costs of 



compliance are likely to be distributed, so we are appreciate of the fiscal note –   but the information on 



.0211 and .0220 is not required for the fiscal note to satisfy the state Administrative Procedures Act. 



 



Change regarding Primary Nursery Areas.  In contrast, the fiscal note’s discussion of .0224 is not 



adequate to satisfy state requirements. The longer environmental community letter we have joined 



discusses the substantive changes proposed for .0224. In brief, we are concerned that it strips High 



Quality Water (HQW) status from an undeterminably large set of primary nursery areas.  



 



The fiscal note argues that .0224 has no fiscal impacts because it does not classify any waters of the 



state as HQW. Instead, post-.0224, PNAs will have to be individually reclassified as HQW by the EMC 



acting in one or more separate rulemaking processes; therefore, there is no cost at this time. This has 



the impact of the proposal backwards. Because .0224 strips the current HQW status from a large area of 



the coast, it may have a quite substantial fiscal impact – but we acknowledge the details of estimating 



this could be incredibly time-consuming. For example, calculating the fiscal impacts would require 



contingent analysis of the likelihood of (1) discharges from wastewater plants that would add currently-



impermissible biological oxygen demand to sensitive waters; and (2) turbid runoff from construction 



sites where cover must currently be established within 7 rather than 14 days, among other impacts. The 



longer letter argues that adopting .0224 as proposed would violate federal rules limiting downgrading of 



designated uses; the implications for the fiscal note may be another reason for the EMC to modify the 



proposed language in .0224 and decline to strip nursery areas of their automatic HQW status.    



 
+    +    + 



 
In addition to comments on the fiscal note that are tied to specific aspects of the proposed rules, we 
also offer the following comments that apply to these rules, but also likely apply to the way the EMC and 
DEQ conduct fiscal analyses of rule proposals generally.  
 
Valuation method. To estimate the value of natural resources, the state often relies on literature 
reviews of ‘willingness to pay’ (WTP) surveys, in which participants are asked how much they would pay 
to continue to enjoy a benefit, such as breathable air or abundant fish. For the present proposal, the 
fiscal note relies heavily on WTP calculations for water quality published by Joel Huber.2  
 
There is often a big difference between what most people can afford to pay to keep a benefit (their 
WTP) and what they would have to be paid to give up that benefit (willingness to accept, or WTA). As 
the Organization for Economic Cooperation and Development explains, 
 



Traditionally, economists have been fairly indifferent about the welfare measure to be 
used for economic valuation: WTP and WTA have both been acceptable. By and large, 



                                                           
2 Joel Huber, W. Kip Viscusi, and Jason Bell. Economics of Environmental Improvement (2006), discussed on page 
18 of the fiscal note. 











the literature has focused on WTP. However, the development of stated preference 
studies has, fairly repeatedly, discovered divergences, sometimes substantial 
divergences, between WTA and WTP…. [P]roblems arise when individuals can be 
thought of as having some right to a future state of the environment. If that right exists, 
their WTP to secure that right seems inappropriate as a measure of welfare change, 
whereas their WTA to forego that improvement seems more relevant.3 



 
The federal Clean Water Act is clear that its purpose is to restore and maintain the integrity of the 
nation’s waters, and it calls for all waters to be brought into alignment with their designated uses, 
without backsliding and without degradation over time. That is a promise of a future state, and a 
statutory scheme designed to affirm a broad public right to clean water. A fiscal note for evaluating the 
setting of water quality standards should use willingness to accept rather than willingness to pay.  
 
In fact, it is possible to close this gap. Studies of public goods and health and safety outcomes suggest 
that WTA and WTP can diverge for these kinds of goods by a factor of 10; on average, respondents 
would require 10 times the payment to accept the loss than they are willing (or able) to pay.4 That 
makes is relatively easy to convert the WTP data offered in the fiscal note to more accurate WTA data: 
multiply the value of the water quality resource by 10. Using the same data from Huber et al, that yields 
a figure of $104 per year for each 1% improvement (or decline) in water quality as measured from full 
compliance with water quality standards. 
  
Choice of the discount rate. Beyond the method of valuation, assessments of fiscal impacts are – as the 
fiscal note acknowledges – highly dependent on the choice of discount rate (page 22). Unfortunately, 
state law deals with this explicitly, and gets it wrong: “For costs that occur in the future, the agency shall 
determine the net present value of the costs by using a discount factor of seven percent (7%).”5 That is 
poor policy for at least two reasons. First, substantial research has found a difference between the 
individual discount rate, or the rate at which a person discounts their personal future conditions, and 
the social discount rate, the rate at which a person discounts the future well-being of their society. 
Empirically, people apply a much lower discount rate for social well-being and public goods, on the 
order of 3%. For most environmental goods, the social discount rate is the appropriate rate; water 
quality and the health of the environment are public goods, designed to benefit not just us, but those 
who come after us. 
 
Second, there is a fundamental problem with applying the discount rate to non-fungible goods. There is 
no basis for believing that the suffering of a child (from, say, an avoidable medical condition caused by 
water pollution) means less 50 years from now than it does today. It makes sense to apply a discount 
rate to the decision to build a water treatment plant in 30 years, or even to discount future lost wages; it 
is indefensible to discount the suffering of future generations. The theory underpinning the discount 
rate also breaks down when evaluating irreversible changes. For example, if an aquatic habitat is 
permanently lost, substrate eroded and species extinct, it does not matter how much money has been 
saved in an interest-bearing account, or used to generate economic growth in the economy in the 
meantime; the future where that aquatic system complies with the Clean Water Act is gone beyond 
recall.  



                                                           
3 David Pearce, Giles Atkinson, and Susana Mourato, Cost-Benefit Analysis and the Environment (OECD, 2006), at 
165. 
4 Pearce, at 160. 
5 NCGS 150B-21.4(b1)(5). 





https://read.oecd-ilibrary.org/environment/cost-benefit-analysis-and-the-environment_9789264010055-en#page2








 
We recognize that on the question of the discount rate, the hands of the EMC and DEQ are tied by state 
law; but we commend the authors of the fiscal notes for doing as they have here, noting the 
implications of using other (more appropriate) discount rates. 
 



+    +    + 
 
We appreciate the opportunity to comment on the fiscal note. 
 



Sincerely, 
 



Grady McCallie 
Policy Director 



 













From: Jim and Bev Wiggins
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] water quality standards for industrial chemicals
Date: Saturday, July 21, 2018 2:07:23 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


We support the Haw River Assembly's recommendations for better water quality standards for industrial chemicals.
The sooner action is taken, the better for our health and environment.


Adopt a drinking water standard for the class of chemicals that includes GenX: Residents in the Lower Cape Fear
River region have been exposed to GenX in drinking water; likely at levels above the state healthgoal of 140 parts
per trillion (ppt). GenX belongs to a family of perfluorinated compounds (PFC's), most of which have no health goal
or standard, but that take hundreds of years to break down and aregenerally toxic. PFC's have also been found in
high levels in the Haw River watershed. Most are not easily removed during treatment of drinking water.


Adopt a surface water standard for 1,4-Dioxane:   Residents throughout North Carolina including the Haw River
watershed are exposed to 1,4-dioxane in drinking water and river recreation; this likely carcinogen does not
breakdown easily and is difficult to remove. DEQ has set a ‘protective value’ for water supply watershedsat 0.35
µg/L.


Thank you,
--
Jim and Beverly Wiggins
Pittsboro, NC 27312
jimerly@embarqmail.com
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From: Manning, Jeff
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: pre-review from OAH staff
Date: Tuesday, May 29, 2018 10:12:55 AM
Attachments: 15A NCAC 02B - JST.docx


The attached comments were received from OAH staff.  The submittal was discussed with DWR
Director and it was decided, for process and transparency, to address these during the public
comment period.  Therefore, I am submitting the attached comments for the record and for
consideration during the public comment period.
 
Jeff Manning
Chief, Classifications & Standards/Rules Review Branch (CSRRB)
Water Planning Section, Division of Water Resources, Department of Environmental Quality
1611 Mail Service Center, Raleigh, NC 27699-1611
(Archdale Building)
CSRRB online: http://deq.nc.gov/about/divisions/water-resources/planning/classification-standards
Direct: 919-807-6415
Main: 919-707-9000
Email correspondence to and from this address may be subject to the North Carolina Public Records Law and may be disclosed
to third parties.
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Environmental Management Commission Pre-Review


15A NCAC 02B


July 2017





Generally


[bookmark: _GoBack]These notes do not address all the rules submitted for prereview.  Due to workload limits, these notes only address the submitted rules up to and including 15A NCAC 02B .0225.


“Minimum” is rarely needed – avoid using it. By their nature, rules set minimum standards and do not preclude actions that exceed those standards.


Oxford commas – we strongly prefer the use of the “Oxford comma” - use a comma to separate words, phrases, or clauses in a series and use a comma before the conjunction.


“Use” – replace “usage” with “use” unless “usage” is a term of art that is employed throughout these rules and the applicable statutes.


“Where” – don’t use the word “where” if the word “if” is correct. In these rules, “where” is frequently misused.





.0101


Lines 4-6 – this introductory sentence may not be unnecessary because it defines "Classifications and Water Quality Standards Applicable to the Surface Waters and Wetlands of North Carolina." If that definition is useful, make the following corrections:


	Line 4 – add a comma before “which”


	Line 5 – add a comma after “standards”


Line 8 – capitalize “State” if you are referring to the State of North Carolina


Lines 16 and 23-24 – delete “which are hereby”


Lines 18 and 25 – delete “on the internet”


Lines 20 and 21 – replace “which” with “that”


Line 28 – delete the commas


Line 28 and page 2, line 1 – on what basis will these decisions be made? What rules, factors, or guidelines govern these decisions?


Page 2, line 6 – what hearings?  Perhaps revise as follows: “The Director shall give notice of a hearing regarding water quality classifications or standards in accordance with …”


Page 2, line 7 – delete the comma 


Page 2, line 9 –  what does “as soon as practicable” mean, and what hearing?  Perhaps replace the first line with “After the completion of a hearing regarding water quality classifications or standards, the hearing officer shall submit a…”


Page 2, line 17 replace “adopt its” with take” and delete the comma


Page 2, line 19 – replace “publish” with “adopt”


Page 2, line 21 – delete “official” and add “pursuant to G.S. 150B, Article 2A” at the end of the line.


Page 2, line 24 – delete “given,” delete the coma, and delete “specifically”


Page 2, line 25 – delete “specifically” or, if it is necessary for some reason (it’s a term of art or a statutory term), replace “specifically designated” with “specifically-designated”


Page 2, line 26 – replace “usage” with “use”





.0103


Lines 4 and22 – delete “or nonconformity”


Lines 5 and 12 – what does “insofar as practicable and applicable” mean? What standards govern the application of this limitation?


Lines 6 and 24 – delete “any”


Line 12 – replace “will” with “shall”


Line 15 – delete “20th edition or subsequent editions” and add “including any subsequent amendments and editions” after “reference”


Line 22 – what does “shall be based on” mean? Is it the same as “shall conform to”?


Line 23 – delete “which are hereby”


Line 33 – are the “approved methods or guidance” free of charge?





.0104


Line 5 – add a comma after “culinary”


Line 6 – replace “will” with “shall”


Lines 7-8 – can you replace “Environmental Protection Agency regulations adopted pursuant to the Public Health Service Act, 42 U.S.C. 201 et seq., as amended by the Safe Drinking Water Act, 42 U.S.C. 300(f) et seq.” with a CFR cite?


Line 10 – delete “the North Carolina Rules Governing Public Water Supplies,”


Line 11 – delete “hereby”


Lines 20-21 – what does “classified to the most appropriate water supply classification as determined by the Commission” mean? Is this determination governed by a rule or set of rules? If so, cite them: if not, what standards govern this determination?


Lines 21-22 – what rule or set of rules governs reclassification? If there are such rules, cite them: if not, what standards govern reclassification?


Lines 22-23 – what rule or set of rules governs the application of a more protective water supply classification? If there are such rules, cite them: if not, what standards govern the application of a more protective water supply classification?


Lines 28-29 – what rule or set of rules governs reclassification by the Commission if “the Commission deems such reclassifications appropriate and necessary”? If there are such rules, cite them: if not, what standards govern such reclassification?


Line 28 – replace “where” with “if”


Page 2, line 14 – add a comma after “dilution”


Page 2, line 15 – delete “to determine that risks posed by all significant pollutants are adequately considered” 


Page 2, line 16 – page 3, line 10 – consider revising as follows if this does not change the intended meaning (and renumber the paragraphs that follow):


(d)  The water supply watershed protection requirements of Rules .0620 through .0624 of this Subchapter and G.S. 143-214.5 that are applicable to State agencies and units of local government with land use authority in water supply watersheds that were classified as such on or before August 3, 1992, shall be effective no later than: 


(1)	August 3, 1992 - Activities administered by the State of North Carolina, such as the issuance of permits for landfills, NPDES wastewater discharges, and land application of sludge/residuals, and road construction activities; 


(2)	July 1, 1993 - Municipalities with a population greater than 5,000; 


(3)	October 1, 1993 - Municipalities with a population less than 5,000; and 


(4)	January 1, 1994 - County governments and other units of local government, as applicable.


(e)  The water supply watershed protection requirements of Rules .0620 through .0624 of this Subchapter and G.S. 143-214.5 that are applicable to State agencies and units of local government with land use authority in water supply watersheds that were reclassified as such after August 3, 1992, shall be effective no later than: 


(1) 	for activities administered by the State of North Carolina, such as the issuance of permits for landfills, NPDES wastewater dischargers, land application of sludge or residuals, and road construction activities, the date the reclassification became effective; and 


(2) 	for local governments, the date the local watershed ordinance was adopted or revised to reflect the reclassification, but no later than 270 days after receiving notice of a reclassification from the Commission.


Page 3, line 35 – what standards guide a determination that “no practicable alternative exists”? Is there a rule that can be cited here?


Page 4, line 6 – what standards guide a determination that “no practicable alternative exists”? Is there a rule that can be cited here?


Page 4, lines 7-8 – what does “best possible technology treatment as deemed appropriate by the Division” mean? Is this treatment set forth in a rule, or does a rule state how such treatment may be identified? What is “technology treatment”?


Page 4, lines 9-10 – what standards will guide the designation of “critical water supply watersheds”? Are these standards set forth in a rule that can be cited here?


Page 4, lines 11-16 – Paragraph (h) is refers to actions the Commission “may” take but is silent as to what standards or factors will guide the Commissions exercise of this discretion. Are these standards or factors set forth in another rule or a statute that can be cited here?


Page 4, line 16 – replace “must” with “shall”


Page 5, lines 7-8 – is this intended to be deleted, or added to Paragraph (h), or something else?
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Either repeal this Rule or, if the portion that governs EMC actions is needed, revise as follows:


The Environmental Management Commission shall apply requirements set forth in Rule .0225 or .0227 of this Subchapter to maintain and recover the water quality conditions required to sustain and recover federally-listed threatened and endangered aquatic animal species.


Line 12 – do you mean “or” or “and”?





.0201


Lines 4-5 – replace “It is the policy of the Environmental Management Commission to maintain, protect, and enhance water quality within the State of North Carolina. Pursuant to this policy, the” with “The”


Line 5 – delete “hereby”


Line 6 – delete “any”


Line 13 – replace “Existing” with “The Commission shall protect existing” and delete “shall be protected”


Line 15 – on what basis would “the Commission or its designee determine[] that an existing use is not included in the classification of waters”? What standards or factors would guide this determination? Can you cite to a rule here?


Line 15 – replace “shall affect” with “affects”


Line 17 – replace “usage” with “uses”


Line 19 – add a comma before “and shall not”


Line 24 – delete “an effort to consider” and add “summarized” after “alternatives”


Line 27 – delete “or not” and replace “shall” with “will”


Line 28 – add “, as a result,” before “cause” if that is what is meant.


Line 29 – on what basis “may” the Division require supplemental documentation? What standards or factors would guide the exercise of this discretion? Can you cite to a rule here?


Line 31 – what does “on a voluntary basis” mean, especially in light of the requirement that the Commission and Division “shall work with local governments”?


Line 35 – can a more specific rule or set of rules be cited? Section .0100 includes many rule, some of which are not relevant to the identification of waters with quality higher than the standards. In addition, delete the parentheses and add a comma before “pursuant”


Line 36 – replace “Paragraphs (c)(1) through (c)(4) of this Rule” with “this Paragraph”


Line 37 – delete the comma


Line 37 – page 2, line 3 – delete the entire sentence that begins with “If an applicant…”


Page 2, line 4 – replace “usage” with “uses”


Page 2, line 7 – add “, pursuant to Rule .0224 of this Section” after “waters”


Page 2, lines 8-9 – delete this sentence.


Page 2, lines 10-11 – delete this first sentence.


Page 2, line 11 – replace “ORW” with “Outstanding Resource Waters (ORW), as described in Rule .0225 of this Section,” 


Page 2, lines 14 and 15 – do not capitalize “federal”


Page 2, line 14 – add a comma before “which”


Page 2, line 15 – add a comma after “1344”


Page 2, line 16 – replace “which” with “that”


Page 2, line 20 – replace “per” with “described in” and consider citing “.0231(a).”
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Line 7-8 – can a value be assigned to “short-term exposure? Perhaps a percent of an organism’s life-cycle?


Line 9 – delete or define “generally” – consider deleting the entire sentence.


Line 15 – replace “which is hereby” with a comma


Line 15 – delete “any”


Line 20 – replace “are” with “shall be”


Line 21 – is “Students” supposed to be capitalized and not possessive? Do you mean to include the single letter “t” after “Students”?


Line 23 – on what basis will the case-by-case determination be made? Based on what standards or factors? Is there a rule or accepted method that can be cited here?


Line 25 – define or delete “significantly”


Line 26 – on what basis will the case-by-case determination of an alternate acceptable level through statistical analyses be made? Is there a rule or accepted method that can be cited here?


Lines 31—32 – punctuate as follows and add “or” before “distributor”: “Applicator means any person, firm, corporation, wholesaler, retailer, or distributor; any local, state, or federal governmental agency; or any other person…”


Line 33 – replace “which” with “that”


Line 34 – on what basis is a “treatment accepted as satisfactory”? Is there a rule that can be cited here?


Line 36-37 – what are “cost effective and reasonable best management practices”?


Page 2, line 1 – what is a bacterial average? How does it differ from the defined term “average”?


Page 2, lines 1-3 – revise as follows if this does not change your meaning:


(7)	Average means the arithmetical average of the analytical results of all representative samples taken under prevailing conditions during a specified period.


Page 2, line 15 – is “structural or nonstructural management-based practice” meant to mean a “structure or management-based practice”? If so, please replace the term.


Page 2, line 16 – in combination with what – other BMPs?


Page 2, line 18 – replace “usage” with “use”


Page 2, lines 20 and 25 – replace “is” with “means”


Page 2, lines 22 and 26 – delete, define, or explain “usually”


Page 2, lines 23-24 and 28 – replace “is occurring” with “occurs”


Page 2, line 30 – add a comma after “densities”


Page 2, line 33 – delete “which” and, if this is what is meant, add “into the soil” after “runoff”


Page 3, line 3 – add a comma after “effect”


Page 3, line 4 – add a comma after “test”


Page 3, line 17 – add a comma after “distributor”


Page 3, line 19 – add commas after “and” and “Section”


Page 3, line 22 – replace “which” with “that”


Page 3, lines 24-35 – consider revising as follows if this preserves the meaning of this definition:


(19)	Critical area means the area adjacent to a water supply intake or reservoir:


(a) 	extending either 1/2 mile in a straight line fashion upstream from and draining to the normal pool elevation of the reservoir in which the intake is located or to the ridge line of the watershed, whichever is nearest the water supply intake or reservoir; 


(b)	extending either 1/2 mile in a straight line fashion upstream from and draining to the intake (or other appropriate downstream location associated with the water supply) located directly in the stream or river (run-of-the-river), or to the ridge line of the watershed, whichever is nearest the water supply intake or reservoir; or


(c)	established by the Commission during the reclassification process, pursuant to Rule .xxxx of this Subchapter.


Page 3, lines 34-35 – is this sentence necessary in this definition? If not, delete it.


Page 4, line 1 – replace “those agencies specified” with “an agency designated”


Page 4, line 6 – delete “of Water Resources” or add “or its successors” after “Resources”


Page 4, line 7 – replace “state” with “State” if you mean to refer to the State of North Carolina.


Page 4, line 11 – add a comma before “or”


Page 4, lines 11-12 – delete “, but is not limited to,”


Page 4, line 12 – delete the comma after “appliances”


Page 4, line 13 – add a comma after “assembly”


Page 4, line 14 – add a comma after “discharges”


Page 4, line 16 – replace “which” with “that”


Page 4, line 17 – add a comma before “as provided”


Page 4, line 32 – is “use” or “uses” defined?


Page 4, line 32 – what does “in a significant and not incidental manner” mean?


Page 5, lines 7-8 – replace “for its plant food content” with “as plant food”


Page 5, lines 9-11 – does this mean that when a person eats fish, he or she is fishing? How about when a person allows fish to reproduce in a home fish tank? This definition is confusing.  Why not just: “Fishing means the taking of fish or shellfish by recreational or commercial methods”?


Page 5, lines 12-14 – consider revising as follows:


Forest vegetation means the plants of an area which grow in wooded plant communities in any combination of trees, saplings, shrubs, vines and herbaceous plants, including mature and successional forests and cutover stands.


Page 5, line 15 – replace “would have” with “has”


Page 5, lines 17-18 – what does “wastewater other than sewage” mean? If this is also industrial, add “industrial” after “or” in line 17.


Page 5, line 23 – replace “or” with “and”


Page 5, line 28 – replace “which” with “that”


Page 5, line 28 – under what circumstances is immobility the “appropriate” threshold for LC50?


Page 5, lines 29-31 – does this sentence mean that the LC50 concentration for toxic materials for non-sensitive species is not determined under aquatic conditions characteristic of the receiving waters?


Page 6, lines 11-13 – consider revising as follows:


Mixing zone means a region of the receiving water in the vicinity of a discharge within which dispersion and dilution of constituents in the discharge occurs, as delineated in accordance with Rule .0204(b) of this Section.


Page 6, line 15 – punctuate as follows, if this is what is meant: “French Broad; Broad, New, and Watauga”


Page 6, line 21 – define or delete “mainly” 


Page 6, lines 21 and 22 – replace “which” with “that”


Page 6, line 25 – replace “would be” with “is”


Page 6, line 30 – add a comma before “or other wastes”


Page 6, line 30 – capitalize “State”


Page 6, line 30 – replace “which shall” with “that”


Page 6, line 31 – delete or define “abnormally large quantities”


Page 6, line 32 – replace the comma with a semicolon and delete “or shall”


Page 6, line 33 – replace the comma after “structures” with a semicolon


Page 6, line 34 – replace the comma after “gasses” with a semicolon, delete “or which” and delete the comma after “taste”


Page 6, line 34 – replace the comma after “tainting” with a semicolon


Page 7, lines 1-2 – this sentence makes no sense – the definition to which it related has been deleted.


Page 7, line 5 – replace “are” with “means” and “which” with “that”


Page 7, lines 7-17 – consider revising in a manner similar to Page 3, lines 24-35.


Page 7, line 24 – replace “an area” with “land”


Page 7, line 28 – replace “is” with “are” and “utilized” with “used”


Page 7, line 29 – do you mean “or the following” or “and the following”?


Page 8, line 10 – replace “includes” with “means” and add a comma after “storage”


Page 8, lines 25-28 – this definition is confusing. Are swamp waters those waters that are both classified by the EMC and are located as described? What rules govern the EMC’s classification of swamp waters? Assuming that either condition in the definition suffices to define swamp waters, consider revising as follows:


(52)	Swamp waters means those waters that are classified as such by the Environmental Management Commission, pursuant to Rule .xxxx of this Subchapter, or have natural characteristics due to their topography, such as low velocity, dissolved oxygen, or pH, that are different from streams draining steeper topography.


Page 8, line 30 – replace “which” with “that”


Page 8, line 33 – replace “agents), which after” with “agents) that, after”


Page 8, line 36 – add a comma after “growth)”


Page 9, lines 4-6 – this definition is confusing. Are trout waters those waters that are both classified by the EMC and have the described conditions? What rules govern the EMC’s classification of trout waters? Assuming that either condition in the definition suffices to define trout waters, consider revising as follows:


(55)	Trout waters means those waters that are classified as such by the Environmental Management Commission, pursuant to Rule .xxxx of this Subchapter, or have conditions that sustain and allow for natural trout propagation and survival and for year-round maintenance of stocked trout.


Page 9, line 7 – replace “includes” with “means” and add a comma after “industrial waste”


Page 9, line 9 – replace “are” with “means” and “for which the” with “whose”


Page 9, line 10 – add a comma after “docks”


Page 9, line 11 – add a comma after “lots”


Page 9, lines 13-16 – consider revising as follows:


(58) 	Water quality based effluent limits and best management practices mean limits and practices developed by the Division to protect water quality standards and best uses of surface waters, consistent with the requirements of G.S. 143-214.1 and the federal Water Pollution Control Act, as amended.


Page 9, lines 17-19 – consider revising as follows:


(59) 	Waters with quality higher than the standards means waters whose water quality is greater than that defined by the standards such that significant pollutant loading capacity exists in those waters.


Page 9. line 24 – delete “and are areas”


Page 9. Line 26 – delete “typically”


Page 9. Line 27 – replace “conditions. Wetlands generally include” with “conditions, including”
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Is this an internal policy or an aspirational statement, or a rule? If it’s not a rule, repeal it. If it is a rule, what precisely must the Division do to assure that “the water quality standards and best usage of receiving waters and all downstream waters will not be impaired”?


Line 5 – replace “will” with “shall” and “usage” with “uses”
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Line 4 – delete “Locations of Sampling Sites:” and capitalize “In”


Line 5 – replace “conformity or noncomformity with” with “whether they conform with” and delete “the limits”


Line 6 – what does “where appropriate” mean?  Are these words necessary? If so, what factors or standards are applied in determining what is appropriate?


Lines 8-9 – delete these lines.


Lines 10 and 11 – replace “defined” with “designated”


Line 13 – replace “determined” with “designated”


Line 13 – replace “discharges shall” with “discharges will”


Line 14 – show the added comma as follows: “life life,”


Line 17 – what does “undesirable” mean?


Lines 20 and 22 – replace “assigned” with “designated”


Lines 21 and 22 – add a comma after “SA”


Line 24 – either add a comma after “Act” or delete the comma after “amended”
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Revise this rule as follows:


Water quality standards shall not be deemed violated if values outside the normal range are caused by natural conditions. If wastes are discharged to such waters, the discharger shall not be deemed a contributor to substandard conditions if treatment in compliance with permit requirements is maintained.
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Lines 4-16 – these lines are confusing because they include a mix of explanation and regulation. Consider replacing them with the following if this preserves the intended meaning:


(a)  Water quality based effluent limitations for categories of water quality standards shall be calculated using the following flow design criteria:


and add after (a)(5):


More complex modeling techniques may also be used to set effluent limitations directly based on frequency and duration criteria if the techniques are published by the U.S. Environmental Protection Agency, available free of charge at http://water.epa.gov/scitech/swguidance/standards/criteria/current/index.cfm and incorporated by reference including subsequent amendments and editions, and the Commission has determined, on a case-by-case basis, that the techniques will protect the designated uses of receiving waters.


Lines 21 -22 – delete “to the satisfaction of the Director” or replace “the discharger or permit applicant provides evidence that establishes to the satisfaction of the Director that” with “the Director determines that”


Page 2, lines 1 and 2 – replace “In cases where” with “If”


Page 2, lines 2 and 2-3 – what does “there are acute toxicity concerns” mean? Is there no measure or standard that can be cited here? 


Page 2, lines 3-4 – replace “by the Director on a case-by-case basis so that” with “if Director determines, on a case-by-case basis, that”


Page 2, line 5 – do you mean “and for the design” or “in the design”?


Page 2, line 7 – delete or define “affirmatively”


Page 2, line 8 – delete or define “significantly”


Page 2, line 9 – replace “In cases where” with “If”


Page 2, line 11 – replace “Where” with “If”


Page 2, lines 12 and 19 – delete “(additional)”


Page 2, line15 – replace “in cases where” with “if”


Page 2, line 17 – delete the comma and replace “where” with “if”


Page 2, lines 20-22 – what standards or factors will guide the determination of requirements un these circumstances - protection of water quality standards, protection of uses, or something else?


Page 2, lines 20-22 – what standards or factors will guide the determination that “other methods” are “appropriate”?
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Line 5 – replace “activities, public health, or impair” with “activities, or public health, nor shall it impair”


Lines 6-7 – delete the sentence beginning “Specific standards”


Lines 7-8 – revise as follows: “The narrative standard for toxic substances and numerical standards applicable to all waters shall be interpreted as follows:”


Line 9 – revise the first sentence as follows: “The concentration of toxic substances shall not result in chronic toxicity to aquatic life.”


Line 10 – what is the “chronic value – the “direct measurement of chronic toxicity”?


Line 13 – delete the parentheses.


Lines 13-14 – what is the “acute/chronic ratios” – is it a term of art that is well-accepted? Could it be rephrased as the “ratio of acute to chronic values”? What is an “acceptable” ratio and how is such a ratio “available”?


Line 15 – add commas after “or” and “hours”


Line 15 – delete or define “affirmatively”


Line 16 – replace the semicolon with a period.


Line 17 – replace “Human health standards: the” with “The”


Line 19 – what routes are “appropriate” for a water body?  What factors or standards guide the identification of “appropriate” routes of exposure?


Line 19 – replace “includes” with “shall include”


Line 20 – replace the semicolon with a period, then add “these concentrations of toxic substances shall be determined as follows:”


Line 23 – replace “or” with a comma


Line 24 – add a comma after “file”


Line 27 – replace “are” with “shall be”


Line 35 – delete the comma after “factor”.  How does one know which factor is “appropriate”?


Line 36 – add a comma after “amended”


Page 2, lines 1 and 2 – replace “are” with “shall be”


Page 2, line 8 – what does “multiple criteria are relevant to the chemical” mean?


Page 2, line 16 – delete the comma after “factor”.  How does one know which factor is “appropriate”?


Page 2, line 20 – replace “is” with “shall be”


Page 2, line 22 – delete the brackets and add a comma after “Act”


Page 2, lines 22-28 – delete these lines from “For non-carcinogens…” through “of this Section;”


Page 2, line 28 – replace “the equations listed in this Subparagraph shall be” with “The equation set forth in this Subpart shall be” if you mean to refer only to the equation in (a)(2)(A)(ii). If you mean to refer to other equations also, this sentence probably should be moved out of this Subpart.


Page 2, line 31 – delete “considered”


Page 2, line 35 – delete “considered to be”


Page 2, line 36 – replace “10-6” with either “10-6” or “10E-6”


Page 3, lines 2-3 – delete the brackets and add a comma after “Guidelines”


Page 3, lines 4 and 5 – replace “are” with “shall be”


Page 3, line 4 – replace “Subparagraphs (A) and (B)” with “Subparagraphs (a)(2)(A) and (B)”


Page 3, line 3-7 – delete these lines from “Water quality…” through “of this Section;”


Page 3, lines 7-8 – revise as follows: “Water quality standards to protect human health from carcinogens through the consumption of fish (and shellfish) only shall be applicable to all waters as follows:”


Page 3, lines 25-27 – can the basis for, standards governing, or circumstances under which these values “may be adjusted” be clearly stated?


Page 3, lines 29 and 30 – delete the commas


Page 3, line 31 – what does “reasonable” mean?


Page 3, line 32 – replace “must” with “shall” and add a comma after “Act”


Page 3, line 33 – replace “listing of existing thermal revisions” with “list of such revisions”
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Line 4 – delete “General.” and add “following” after “The” and replace “be the basic standards applicable” with “apply”


Lines 5-8 – delete these lines, beginning with “Water quality standards…”


Line 10 – replace “Best Usage of Waters: aquatic” with “The best uses of fresh surface waters shall be aquatic”


Line 14 – replace “usage” with “use”


Line 16 – delete “at a minimum”


Lines 17-19 – revise as follows, if this is what is meant: “The best uses of fresh surface waters shall be maintained as follows.”


Line 20 – replace “considered to be violating” with “deemed to violate”


Lines 21 and 22 – replace the colon with “shall not exceed” 


Line 23 – replace “: not greater than” with “shall not exceed” 


Line 23 – what does “(corrected)” mean – is this parenthetical needed?


Lines 24-25 – replace “not greater than” with “shall not exceed” 


Lines 23-24 and 25-26 – is the phrase “subject to growths of macroscopic or microscopic vegetation” needed?  Are there lakes, reservoirs, or other waters that are not subject to such growths?


Line 28 – replace “would” with “will”


Line 30 – replace “usage” with “use”


Line 31 – place “total” in parentheses and replace the colon with “shall not exceed” 


Line 32 – delete the colon and replace “not” with “shall not be” (twice in this line)


Line 33 – delete “minimum”


Line 36 – delete “at least”


Line 38 – page 2, line 2 – what does this sentence mean – that exceeding the standard shall not be deemed a violation under these conditions? As written, this sentence is vague and ambiguous.


Page 2, line 4 – what does “In case of controversy over results” mean? A dispute in court? A concern expressed by a third party? A dispute between DEQ and a facility owner?


Page 2, lines 6-8 – this item is ambiguous. Does it mean that solids and sludge from sewage, industrial wastes or other wastes may be discharged so long as these materials do not make the waters unsafe, unsuitable, or impaired, even if solids and sludge from other sources do have these effects?


Page 2, line 9 – replace the colon with “shall not exceed” 


Page 2, line 10 – place “total dissolved” in parentheses and replace “: not greater than” with “shall not exceed” 


Page 2, line 16 – replace “be as follows” with “not exceed the following”


Page 2, line 27 – replace “Subparagraph” with “Sub-Item shall”


Page 2, lines 31 – delete “to the Division’s satisfaction”


Page 2, line 31 – why is the demonstration required to be “in a permit proceeding”? What is a “permit proceeding”?  What about a request for declaratory ruling or a petition for rulemaking? What statute authorizes this requirement?


Page 2, line 34 – delete “hereby”


Page 2, line 35 – delete “any”


Page 2, line 37 – delete “demonstrate to the Division’s satisfaction that they were”


Page 3, line 2 – delete “hereby”


Page 3, lines 5-6 – delete these lines.


Page 3, line 26 – add “shall” after “Table A”


Page 3, lines 28 and 29 – replace “Sub-Item (b)” with “Sub-Item (12)(b)”


Page 3, line 32 – replace “under Sub-Item (d)” with “pursuant to this Sub-Item (12)(d)” or “pursuant to this Sub-Item”


Page 5, lines 1 and 3 – delete “only”


Page 5, line 3 – delete “a minimum of” and add “or more” after “four”


Page 5, line 4 – add “four” before “consecutive” and delete “, or as a 96-hour average” if these changes do not alter the intended meaning.


Page 5, lines 16 and 19 – assuming “colored” refers to “colored wastes,” revise the phrase “oils, deleterious substances, colored, or other wastes” to read “oils, deleterious substances, or colored or other wastes”


Page 5, line 16 – replace “: only” with “shall be present only in”


Page 5, line 21 – add a comma after “shorelines” and replace “pursuant to” with “as described in”


Page 5, line 21 – add a comma after “110.3(a)(-(b)” and delete “which are hereby”


Page 5, line 22 – delete “any”


Page 5, lines 25-37 and page 6, lines 1, 6, 23, and 24 – replace the colon with “shall not exceed” 


Page 6, line 2 – delete the colon What does “normal for the waters in the area” mean – within a certain range of the average for that area?  Can this standard not be stated more clearly?


Page 6, line 5 – replace “usage” with “uses”


Page 6, lines 14 and 16 – replace the semicolons with comas


Page 6, line 18 – replace “: not to” with “shall not” and add “shall” after “and”


Page 6, line 19 – delete “to”


Page 6, line 20 – replace the semicolon with a comma


Page 6, line 21 – replace “but in no case to” with “and shall not”


Page 6, line 29 – replace “can be met” with “shall be deemed met”


Page 6, lines 30 and 31 – replace the open and closed brackets with commas


Page 6, line 32 – delete the closed bracket
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Line 5 – add “shall” before “apply”


Lines 10-11 – replace “Best Usage of Waters: a source” with “The best use of surface waters within water supply watersheds classified as WS-I shall be as a source”


Line 11 – the phrase “those users desiring maximum protection” suggests that the best use of this category of water varies with the preferences of individuals who use the water. Is that what this means? Also, what does “maximum protection” mean, exactly?


Line 12 – replace “usage” with “use”


Line 13 – as used in this Item, does “Class C waters; waters located on land in public ownership and in undeveloped watersheds” mean “Class C waters that are located on land in public ownership and in undeveloped watersheds”?  If so, revise accordingly.  If not, what does it mean?


Lines 18-19 – revise as follows, if this is what is meant: “The best uses of surface waters within water supply watersheds classified as WS-I shall be maintained as follows:”


Lines 21, 23, and 24 – replace “requirements as” with “the requirements”


Line 26 – replace “The waters, following treatment required by the Division, shall” with “Following treatment required by the Division, the waters shall”


Lines 27-28 – is the limitation “considered safe for drinking, culinary, and food-processing purposes” a standard in addition to “the national drinking water regulations and in the North Carolina Rules Governing Public Water Supplies, 15A NCAC 18C .1500, or is that phrase merely descriptive of those rules and regulations? If the latter, delete “considered safe for drinking, culinary, and food-processing purposes.”


Line 30 – delete “which are hereby”


Line 33 – replace “considered to be violating” with deemed to violate”


Lines 34-35 – delete the first sentence.


Line 36 – replace “the more protective classification” with “a WS-I classification that is”


Line 37 – replace “when” with “if”


Line 38 – replace “area(s)” with “areas” and delete or define “the appropriate”


Page 2, line 1 – add “if” after “or” and replace “when” with “and” if that is what is meant


Page 2, line 2 – what is a “necessary” protection measure?


Page 2, lines 5,11, 15, and 16  - replace “: not greater than” with “shall not exceed”


Page 2, lines 5-6 – if MBAS exceeded 0.5 mg/l but the aesthetic properties were protected and foam was prevented, would the exceedance violate the to protect this standard?  If so, delete “aesthetic qualities of water supplies and to prevent foaming”


Page 2, line 9 – replace “Organisms of coliform group: total coliforms not to exceed” with “Total coliforms shall not exceed”


Page 2, line 15 – put “total dissolved” in parentheses


Page 2, lines 17 – page 3, line 9 – why is Sub-Item (f) divided into carcinogenetic and non-carcinogenetic substances? 


If this is unnecessary, combine the Sub-Item into a single, alphabetized list and replace lines 17-20 with “Toxic and other deleterious substances shall not exceed the following concentrations:”  


If the distinction is necessary, revise lines 18-20 to read “Water quality standards for non-carcinogens shall be as follows:” and in lines 21-27 replace the colon with “concentrations shall not exceed” and revise Lines 28 to read “Water quality standards for carcinogens shall be as follows:” and in lines 31- page 3, line 9 replace the colon with “concentrations shall not exceed”


Page 3, lines 10- 11 – delete “meet the following requirements: Point source discharges shall”


Page 3, lines 13- 14 – delete “shall meet the following requirements: Nonpoint sources of pollution”


Page 3, line 15 – what “class” – WS-I? Or should it read “within this watershed”?





.0214


Line 5 – Page 6, line 21 – apply the notes from Rule .0212 to these lines.


Page 6, line 30 either add a comma after “industrial” or revise as follows: “sewage or industrial or other wastes”


Page 6 – lines 31-33 – does this mean the discharges “allowed by Sub-Items (4)(a) through (4)(c) of this Rule or Rule .0104 of this Subchapter will be allowed regardless whether they “have an adverse effect on human health or that are not treated…”?  Or will discharges allowed by these Sub-Items be foreclosed if they have an adverse effect?


Page 6, lines 33-34 – what specific standards or rules govern whether certain treatment “satisfies” the Commission”? Are the “requirements of the Division” set forth in rule or statute? If so, cite them.


Page 6, lines 34-35 – revise as follows: “Upon request by the Commission, a discharger shall disclose…”


Page 7, line 1 – what factors, standards or rules determine whether a facility “may be required to have spill and treatment failure control plans as well as perform special monitoring for toxic substances”?


Page 7, line 3 – what is a “new” discharge – one that is not yet permitted?  Are you saying that no new permits will be issued?


Page 7, line 7 – what is a “new permitted site” – are you saying that no new permits will be issued?


Page 7, lines 10-11 – how does the Division prevent such nonpoint source pollution? How would this prohibition be enforced? Spell it out in the rule or refer to another rule that details how this prohibition is implemented.


Page 7, line 12 – what “class” – WS-II?





.0215, .0216, and .0218


Apply the notes from Rules .0212 and .0214 to these lines.


In addition, in Rule ,0218, lines 34-36 – what specific standards or rules govern whether the Commission “may apply management requirements”?
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Line 4 – add “shall” before “apply”


Lines 4-5 – do these standards apply only to waters that are both used for primary recreation and are Class B, or do the standards apply to all Class B waters?  If the later, delete “for primary contact recreation including frequent organized swimming as defined in Rule .0202 of this Section, and are”


Lines 5-6 – delete the sentence beginning with “Water quality standards…”


Line 8-9 – replace “Best Usage of Waters: Primary contact recreation” with “The best uses of Class B surface waters shall be primary contact recreation”


Line 9 – replace “usage” with “use” and “by the "C" classification” with “for Class C waters”


Lines 10-17 – revise as follows, if this is what is meant:


(2)	Class B waters shall meet the standards of water quality for outdoor bathing places specified in Item (3) of this Rule and shall be of sufficient size and depth for primary contact recreation. In assigning the B classification to waters intended for primary contact recreation, the Commission shall consider the relative proximity of sources of water pollution and the potential hazards involved in locating swimming areas close to sources of water pollution and shall not assign this classification to waters in which such water pollution could result in a hazard to public health. Sources of water pollution which preclude any of these uses shall be deemed to violate a water quality standard.


Lines 19-25 – revise as follows, if this is what is meant:


(a) 	Sewage, industrial wastes, or other wastes shall not be discharged in the immediate vicinity of Class B waters unless the discharge is treated to ensure the protection of primary contact recreation after considering the degree of treatment required for such waste when discharged into waters to be used for bathing;


Line 20 – is the “degree of treatment required for such waste” the subject of another Rule that could be cited here? If not, how is the “degree of treatment” determined?


Line 23 – what does “immediate vicinity” mean?


Line 26 – replace “Organisms of coliform group: fecal coliforms not to exceed” with “Fecal coliforms shall not exceed”


Line 27 – delete “at least”


Lines 29 and 31 – replace “will” with “shall”
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Line 4 – Add “following” after “The” and replace “be the basic standards applicable” with “apply”


Lines 5-7 – delete these lines, beginning with “Water quality standards…”


Line 12 – replace “Best Usage of Waters: aquatic…” with “The best uses of tidal salt waters shall be aquatic…”


Line 13 – add a comma after “fish”


Line 15 – replace “usage” with “use”


Line 16 – delete “at a minimum”


Lines 17-19 – revise as follows, if this is what is meant: “The best uses of tidal salt waters shall be maintained as set forth in this Rule.”


Lines 20-21 – replace “considered to be violating” with “deemed to violate”


Line 22 – what does “(corrected)” mean – is this parenthetical needed?


Line 22 – replace “: not greater than” with “shall not exceed” 


Line 24 – delete “, in the opinion of the Director,”


Line 27 – replace “usage” with “uses”


Line 28 – replace the colon with “shall not exceed” 


Lines 29 and 34 – delete the colon and replace “not” with “shall not be”


Line 35 – delete “a minimum of”


Page 2, line 1 – delete “hereby” and “any”


Page 2, line 3 – replace “: only” with “shall be present only in”


Page 2, line 6 – replace “: not greater than” with “shall not exceed” 


Page 2, lines 11 and 13 – delete “only”


Page 2, line 13 – delete “a minimum of” and add “or more” after “four”


Page 2, line 14 – add “four” before “consecutive” and delete “, or as a 96-hour average” if these changes do not alter the intended meaning.


Page 2, line 26 – replace “are as follows” with “shall not exceed the following”


Page 3, line 9 – add “shall” before “apply”


Page 3, line 13 – delete “to the Division’s satisfaction”


Page 3, line 13 – why is the demonstration required to be “in a permit proceeding”? What is a “permit proceeding”?  What about a request for declaratory ruling or a petition for rulemaking? What statute authorizes this requirement?


Page 3, line 16 – delete “hereby”


Page 3, lines 17 and 31 – delete “any”


Page 3, line 19 – delete “demonstrate to the Division’s satisfaction that they were”


Page 3, line 21 – delete “hereby”


Page 3, line 25 – assuming “colored” refers to “colored wastes,” revise the phrase “oils, deleterious substances, colored, or other wastes” to read “oils, deleterious substances, or colored or other wastes”


Page 3, line 25 – replace “: only” with “shall be present only in”


Page 3, line 26 – do you mean “and” or “or”?


Page 3, line 30 – add a comma after “shorelines” and replace “pursuant to” with “as described in”


Page 3, line 30 – add a comma after “110.3” and delete “which are”


Page 3, line 31 – delete “any”


Page 3, lines 34-37 and page 4, lines 1-10 – replace the colon with “shall not exceed” 


Page 4, line 11 – delete the colon. What does “normal for the waters in the area” mean – within a certain range of the average for that area?  Can this standard not be stated more clearly?


Page 4, line 13 – replace “: only” with “shall be present only in”


Page 4, line 15 – revise as follows: “Polychlorinated biphenyls (total of all PCBs and congeners identified) shall not exceed 0.001 ug/l;”


Page 4, line 14 – replace “usage” with “uses”


Page 4, lines 23 and 25 – replace the semicolons with comas


Page 4, line 28 – delete “are determined by the Director to”


Page 4, lines 29-30 – what “water management practices’? Can a Rule be cited? Perhaps delete “employ water management practices to”


Page 4, line 31 – delete the colon 


Page 4, line 32 – add a comma after “August” and replace “nor more than” with “shall not exceed”


Page 4, lune 33 – add a comma after “months” and replace “in no cases to” with shall never”


Page 4, lines 33-34 – what does “due to the discharge of heated liquids” modify? If it modifies all of Item (17), add a comma before “due”


Page 4, line 35 – replace the colon with “shall not exceed” 


Page 4, line 36 – delete “: the turbidity”


Page 5, line 1 – replace “can be met” with “shall be deemed met”


Page 5, lines 2 and 3 – replace the open and closed brackets and parentheses with commas


Page 6, line 4 – delete the closed parenthesis





.0221


Lines 4 and 6 – add “shall” before “apply”


Line 7 – replace “Best Usage of Waters: shellfishing…” with “The best uses of class SA tidal salt waters shall be shellfishing…”


Line 7 – replace “usage” with “use


Lines 9-15 – revise as follows, if this is what is meant: “The best uses of Class SA tidal salt waters shall be maintained as set forth in this Rule. In adopting these water quality standards, the Commission shall be guided by the existing water quality of the area, the potential contamination of the area from both point and nonpoint sources of pollution, and the presence of harvestable quantities of shellfish or the potential for the area to have harvestable quantities through management efforts of the Division of Marine Fisheries.”


Line 17 – replace “which” with “that”


Lines 17-18 – did you intend to delete “Primary Nursery Areas”? It make no sense as it is presently written.


Line 18 – replace “considered to be violating” with “deemed to violate”


Line 19 – replace “will” with “shall”


Line 21 – replace “Quality Standards applicable” with “The following water quality standards shall apply”


Line 22 – replace “: none” with “shall not be present if”


Line 24 - “: none” with “shall not be present”


Lines 25-27 – revise as follows: “Industrial wastes or other wastes shall not be present unless they are effectively treated in accordance with the requirements of the Division; and”


Lines 26-27 – what Rule states the requirements of the Division – can you cite it here?


Line 28 – replace “Organisms of coliform group: fecal coliform group not to exceed” with “Organisms of the fecal coliform group shall not exceed”


Lines 30-31 – how does one know what areas are “most probably exposed to fecal contamination during the most unfavorable hydrographic and pollution conditions”?





.0222


Lines 4 and 6 – add “shall” before “apply”


Line 8 – replace “Best Usage of Waters: primary…” with “The best uses of class SB tidal salt waters shall be primary…”


Line 8 – add commas after “recreation” and “Section”


Line 9 – replace “usage” with “use


Lines 10-14 – revise as follows, if this is what is meant: “The best uses of Class SB tidal salt waters shall be maintained as set forth in this Rule. In adopting these water quality standards, the Commission shall consider the relative proximity of sources of water pollution and the potential hazards involved in locating swimming areas close to sources of water pollution, and shall not assign this classification to waters in which such water pollution could result in a hazard to the public health.”


Line 15 – replace “will” with “shall”


Line 16 – replace “which” with “that”


Lines 17 – did you intend to delete “Primary Nursery Areas”? It make no sense as it is presently written.


Line 18 – replace “considered to be violating” with “deemed to violate”


Line 19 – replace “Quality Standards applicable” with “The following water quality standards shall apply”


Line 20 – replace “: none” with “shall not be present if”


Lines 22-28 – consider revising revise as follows: 


(b)	Sewage, industrial wastes, or other wastes shall not be present unless they are effectively treated. For the purposes of this rule, effective treatment shall be determined taking into consideration the quantity and quality of the sewage and other wastes involved and the proximity of such discharges to the waters in this class. Discharges in the immediate vicinity of bathing areas shall not be allowed if the waste cannot be treated to ensure the protection of primary contact recreation; 


Line 26-27 – what does “immediate vicinity” mean?


Line 30 – replace “: not to” with “shall not”


Line 30 – delete “a minimum of” and, only if really necessary, add “or more” after “five”


Lines 31-32 – delete “In accordance with Federal Clean Water Act, 33 U.S.C. 1313”


Line 32 – add “the” before “purposes”


Line 34 – delete “hereby”


Line 35 – delete “any”


Line 36 – replace “will” with “shall”


Page 2, line 1 – delete “is determined by the Director to be” and replace “will be required” with “shall”





.0223


Line 6 – replace “which” with “that”


Lines 6-7 – delete “the Commission determines”


Line 7 – replace “use” with “best use” and delete “for its best usage”


Line 8 – replace “as the Commission deems” with “if”


Line 8 – what does “effectively” mean?


Lines 10-11 – replace “chemical parameter or combination of parameters which the commission determines to be contributing” with “chemical or combination of chemicals that contribute”


Line 13 – capitalize “State” and delete “additionally”


Line 13 – replace “nutrient sensitive” with “NSW” 





.0224


Lines – 4-7 – delete Paragraph (a) and renumber accordingly.


Lines 8-14 – consider revising as follows:


(b)  High Quality Waters (HQW) shall include:


(1)	water supply watersheds that are classified as WS I or WS II 


(2)	waters classified as Class SA waters; and


(c)	surface waters of the State that are: 


(A) 	rated excellent based on biological, physical, and chemical characteristics through monitoring or special studies; or 


(B) 	primary nursery areas (PNA) or other functional nursery areas designated by the Marine Fisheries Commission or the Wildlife Resources Commission.


	Consider moving this to a definition rule.


Line 16 – delete “Those”


Line 17 – replace “which” with “that”


Line 18 – add a comma after “disinfection”


Line 20 – replace “discharges (except single family residences) shall be required to provide” with “discharge permits, except permits for single family residences, shall require” if that is what is meant.


Lines 22, 29, 33, etc. – renumber as (A), (B), (C), and so on.


Lines 22-23 – replace “BOD5= 5 mg/l, NH3-N = 2 mg/l and DO = 6 mg/l.” with “BOD5 shall not exceed 5 mg/l, NH3-N shall not exceed 2 mg/l, and DO shall not be less than 6 mg/l.” if that is what is meant.


Line 23 – delete the comma around “if necessary”


Line 27 – delete “determined by staff to be”


Line 28 – how does one know what saturation is “generally applicable”?


Line 29 – replace “be limited to” with “not exceed”


Line 32 – what “alternatives” will be required?


Line 43 – what does “not economically feasible” mean?


Line 34 – replace “Domestic discharges are prohibited to SA waters” with “Domestic discharges to SA waters shall be prohibited”


Page 2, lines 3-4 – this is more aspiration than rule. Exactly what is being required, and under what specific circumstances will it be required? 


Page 2, line 8 – delete “allocated at”


Page 2, lines 9-11 – replace these two sentences with: “Whole effluent toxicity shall be twice the normal standard at design conditions. Notwithstanding this Part, no effluent discharge shall have an acute toxicity of 90 percent or more.”


Page 2, line 17 – delete “hereby” and “any,” and add “editions” after “amendments and”


Page 2, line 23 – replace “Sub-Item” with “Subparagraph”


Page 2, lines 25 and 27 – replace “which” with “that”


Page 2, lines 27-28 – replace “be required to follow” with “comply with”


Page 2, lines 31-35 – replace Paragraph (e) with the following:


(e)  The Thorpe Reservoir [Little Tennessee River Basin, Index No. 2-79-23-(1)], including its tributaries, shall be managed with respect to wastewater discharges as required by Paragraph (c) of this Rule. Paragraph (d) of this Rule shall not apply to the Thorpe Reservoir and its tributaries.
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Lines 4-10 – revise as follows if this is what is meant:


(a) The Commission shall classify unique and special surface waters of the State as outstanding resource waters (ORW) if:


(1)	such waters are of exceptional State or national recreational or ecological significance that require special protection to maintain existing uses;


(2)	the characteristics that make these waters unique and special may not be protected by the assigned narrative and numerical water quality standards;


(3)	the waters have exceptional water quality; and


(4)	the water quality is rated as excellent based on physical, chemical or biological information.





Line 6 – what does “special protection” mean?


Line 7 – what does “exceptional water quality” mean?


Line 8 – who “rates” the water quality as “exceptional”?


Lines 11-13 – revise as follows:


(b)  For the purposes of this Rule, a water body shall be deemed to be of exceptional state or national recreational or ecological significance if it exhibits one or more of the following ORW uses:


Line 14 – how does one know whether a water has “outstanding … habitat and fisheries”?


Line 15 – how does one know whether a water has “unusually high” recreational use?


Line 17 – replace “, or” with “or a”


Line 19 – how does one know whether a water is an “important component” of a park or forest?


Line 20 – add a comma before “such as”


Line 24 – what rules govern the development of “Management strategies to protect resource values”? 


Line 29 – replace “shall be required to follow the stormwater provisions as specified in 15A NCAC 02H .1000” with “shall comply with the stormwater provisions set forth in 15A NCAC 02H .1000.”


Lines 29-30 – delete this sentence or add the following to the previous sentence: “15A NCAC 02H .1000, including the specific stormwater requirements for ORW areas set forth in 15A NCAC 02H .1007.”


Line 32 – what rules govern the development of “Management strategies to protect resource values”? 


Line 34 – replace “as specified” with “set forth”


Lines 34-35 – delete this sentence or add the following to the previous sentence: “15A NCAC 02H .1000, including the specific stormwater management requirements for ORW areas set forth in 15A NCAC 02H .1007.”


Line 35 – why is “management” used here and not in line 30?


Page 2, line 2 – delete “habitat” once.


Page 2, line 2 – replace “that are” with a comma


Page 2, line 3 – replace “, hereby” with “and”


Page 2, line 5 – add a comma after “areas”


Page 2, line 6 – replace “A hearing is mandatory for any proposed permits…” with “The Commission shall hold a public hearing before granting a permit…”


Page 2, line 7 – replace “Additional actions to protect resource values shall be considered on a site specific basis…” with “Additional, site specific actions to protect resource values shall be considered …”


Page 2, lines 8-9 – delete the sentence that begins “These actions may…”


Page 2, line 10 – replace “appropriate state protection options” with “appropriate additional, site specific actions”


Page 2, lines 27-28 – replace “Waters classified as ORW with specific actions to protect exceptional resource values are listed as follows:” with “The following waters shall be classified as ORW with specific actions to protect exceptional resource values:”


Page 2, line 29 – add a comma after “20-36-9.5-(2)]”


Page 2, line 30 – add a comma after “area”


Page 2, lines 29-33 – revise as follows:


(1)  Roosevelt Natural Area [White Oak River Basin, Index Nos. 20-36-9.5-(1) and 20-36-9.5-(2)], including all fresh and saline waters within the property boundaries of the natural area: New development within 575 feet of the Roosevelt Natural Area that naturally drains to the Roosevelt Natural Area shall comply with the low density option in the stormwater rules set forth in 15A NCAC 2H .1005(2)(a);


Page 2, line 36 – delete “in order to protect the designated waters as per Rule .0203 of this Section”


Page 3, line 1 – replace “these” with “the following”


Page 3, lines 10-11 – delete “in order to protect the designated waters as per Rule .0203 of this Section”


Page 3, line 14 – what does “associated tributaries” mean – associated with Ivy and Rock Creek?


Page 3, line 16 – replace “specified” with “set forth”


Page 3, line 17 – delete “protect”


Page 3, lines 21-22 – revise as follows if this is what is meant (if not, what is meant by this parenthetical?):


permitted wastewater discharges located upstream of the North Fork New River ORW area, as listed in Subparagraph (14) of this Paragraph, shall be permitted


Page 3, lines 30 and 32 – what does “normal standard” mean – the water quality standard that would otherwise be applicable? “Normal standard” is ambiguous.


Page 3, lines 34-35 – delete “to protect for chronic toxicity in the ORW segment”


Page 4, lines 3-5 – revise as follows if this is what is meant (if not, what is meant by this parenthetical?):


permitted wastewater discharges located upstream of the North Fork New River ORW area, as listed in Subparagraph (14) of this Paragraph, shall comply with the following requirements


Page 4, lines 6-7 – replace “Effluent limitations shall be as follows: BOD = 5 mg/1, and NH3-N = 2 mg/1;” with “BOD shall not exceed 5 mg/1 and NH3-N shall not exceed 2 mg/1;”


Page 4, line 14 –  replace “where” with “If”


Page 4, line 14 – what does “projected to be a concern” mean? Is there no measure or standard that can be cited here? 


Page 4, line 15 – replace “phosphorus or nitrogen, or both” with “phosphorus, nitrogen, or both”


Page 4, lines 16-17 – delete the parentheses but not the text within them.


Page 4, lines 17-18 – delete “in order to protect the designated waters as per Rule .0203 of this Section”


Page 4, line 22 – add commas before “extending and after “bridge”


Page 4, line 30 replace “less” with “fewer”


Page 4, lines 30-31 – what does this phrase modify: “having no boats over 21 feet in length and no boats with heads”?  If only the immediately preceding phrase “or those with less than 10 slips” then delete the comma after “slips.”


Page 4, line 35 – what “1935 Presidential Proclamation”?  Are you incorporating this document by reference?  How can one obtain a copy?


Page 4, line 36 – replace the period with a semicolon


Page 5, lines 5, 9, 13, 16, 30, and 35 – replace the period with a semicolon


Page 5, line 6 – add a comma between “Core” and “and”


Page 5, line 8 – replace “Little Port Branch and Atlantic Harbor” with “Little Port Branch, Atlantic Harbor”


Page 5, line 11 – add a comma before “including”


Page 5, line 13 – replace the comma with “and”


Page 5, line 14 – add a comma before “including”


Page 5, line 16 – add a comma after “Area” and add “and” at the end of this line (after the semicolon that replaces the period)


Page 5, line 17 – add a comma before “including”


Page 5, line 18 – replace the comma with “and”


Page 5, line 21 – replace “less” with “fewer”


Page 5, line 21 – delete the comma after “slips.”


Page 5, line 23 – add a comma before “including”


Page 5, line 25 – add a comma after “Swanquarter” unless it is a bay. If it is a bay, revise as follows: “Shell, Swanquarter, and Juniper Bays”


Page 5, line 27 – what “1935 Presidential Proclamation”?  Are you incorporating this document by reference?  How can one obtain a copy?


Page 5, lines 29-30 – revise as follows: “Blowout, Hydeland, Juniper, and Quarter Canals.”


Page 5, line 31 – add a comma after “Core”


Page 5, line 32 – add a comma before “including”


Page 5, lines 31-35 – it’s not clear that these coordinates define an enclosed area – please check.


Page 5, lines 33 and 37 – replace “western most” with “westernmost”


Page 6, line 6 – replace the period with a semicolon and add “and” at the end of this line


Page 6, line 7 – add a comma before “including”


Page 6, lines 10-13 – revise as follows after the bracket: “the following management strategies shall be required in addition to the discharge requirements set forth in Subparagraph (c)(1) of this Rule:”


Page 6, lines 19-20 – replace “Effluent limitations shall be as follows: BOD = 5 mg/1, and NH3-N = 2 mg/1;” with “BOD shall not exceed 5 mg/1 and NH3-N shall not exceed 2 mg/1;”


Page 6, line 26 –  replace “where” with “If”


Page 6, line 26 – what does “projected to be a concern” mean? Is there no measure or standard that can be cited here? 


Page 6, line 27 – replace “phosphorus or nitrogen, or both” with “phosphorus, nitrogen, or both”


Page 6, line 28 –  replace “In cases where” with “If”


Page 6, lines 31-32 – what does “normal standard” mean – the water quality standard that would otherwise be applicable? “Normal standard” is ambiguous.


Page 7, lines 2-3 – delete “in order to protect the designated waters as per Rule .0203 of this Section”


Page 7, lines 6-8 – delete “in order to protect the designated waters as per Rule .0203 of this Section and to protect outstanding resource values found in the designated waters as well as in the undesignated waters that drain to the designated waters”


Page 7, line 11 – do you need a close bracket after “Fontana Lake)”?


Page 7, line 13 – replace “specified in” with “of” or “set forth in”


Page 7, lines 15-16 – delete “to protect the outstanding resource values of the designated ORW and downstream waters”


Page 7, lines 17-18 – delete “by exploratory drilling or other means”


Page 7, line 20 – what does “maximum extent practical” mean?


Page 7, line 23 – delete the comma


Page 7, lines 24-25 – replace “and for any period thereafter not less than two years as determined by the Division as part of a certification” with “and thereafter for a period, not less than two years, required in a certification”


Page 7, line 29 – delete “generated”


Page 7, line 30 – add a comma after “rainfall”


Page 7, line 31 add “after development,” before “replicate” and delete “and unique”


Page 7, line 32 – delete “, post development”


Page 7, lines 35-36 – delete “in order to protect the designated waters as per Rule .0203 of this Section and to protect outstanding resource values found throughout the watershed”


Page 8, line 1 – replace “may” with “shall” if that is what is meant.  If not, state the bases, factors, or standards that guide whether these discharges will be allowed.


Page 8, lines 3-4 – replace “Effluent limitations shall be as follows: BOD = 5 mg/1, and NH3-N = 2 mg/1;” with “BOD shall not exceed 5 mg/1 and NH3-N shall not exceed 2 mg/1;”


Page 8, line 7 – replace “will” with “shall”


Page 8, line 8 – replace “Where” with “If”


Page 8, line 8 – what does “projected to be a concern” mean? Is there no measure or standard that can be cited here? 


Page 8, line 9 – replace “phosphorus or nitrogen, or both” with “phosphorus, nitrogen, or both”


Page 8, line 12 – replace “which are” with “as”


Page 8, line 14 – add a comma before “including”


Page 8, line 15 – add a comma before “that”


Page 8, line 16 – delete “in order to protect the ORW designated waters”
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From: Bill Hines
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Tuesday, July 17, 2018 8:36:49 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Bill Hines 
bill.hines@ec.rr.com 
1108 Link Lane 
Oriental, North Carolina 28571








From: Angellica Creighton
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Tuesday, July 17, 2018 5:53:59 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and life cycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals that are not monitored. The Commission should propose and adopt updated or
new standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
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downstream drinking water sources. 
Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinian access to clean
water by implementing up to date and protective water quality standards. Thank you.


Angellica Creighton 
asc7592@yahoo.com 
1917 Jupiter Hills Court 
Raleigh, North Carolina 27604








From: Corinne Everett Belch
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Monday, July 16, 2018 1:18:22 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Corinne Everett Belch 
corinne.ev@gmail.com 
104 Greenside Court 
Trent Woods, North Carolina 28562








From: Jack Hollingsworth
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Sunday, July 29, 2018 9:02:27 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Jack Hollingsworth 
marjack871@msn.com 
5 lori lane 
Oriental, North Carolina 28571








From: Johnathan Eshleman
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Monday, July 16, 2018 9:26:09 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me as a fisherman and supporter of outdoor activities in NC,
and I am writing today regarding updates to North Carolina’s water quality standards. It is
crucial that our waterways are protected using the best available science and EPA
requirements and recommendations, for we all depend on clean water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Johnathan Eshleman 
johnathan.eshleman@gmail.com 
8009 New London Ln. 
Raleigh, North Carolina 27613








From: Hunter Turnage
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Saturday, July 14, 2018 11:08:34 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Hunter Turnage 
hunterturnage@nc.rr.com 
4204 oak park rd 
Raleigh, North Carolina 27612








From: Charles Allen
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Saturday, July 14, 2018 10:02:32 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Charles Allen 
chucka.nc@gmail.com 
8120 Windsor Ridge Dr 
Raleigh, North Carolina 27615








From: Edward Rhine
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Saturday, July 14, 2018 3:47:34 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Edward Rhine 
edwardrhine@yahoo.com 
420 Harbour View Dr 
Chocowinity, North Carolina 27817








From: Lydia Tuch
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Saturday, July 14, 2018 10:59:17 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Lydia Tuch 
lydia.tuch@gmail.com 
3545 S Beaver Lane 
Raleigh, North Carolina 27604








From: Casey Oliver
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Saturday, July 14, 2018 10:59:15 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water. Not only do we need clean water to live and stay healthy, our waterways are important
attractions for tourists and natives. Such an asset for health and happiness ought to be
protected.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
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drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Casey Oliver 
oliverc815@gmail.com 
1802 Opera ct 
Greenville, NC, North Carolina 27858








From: Tara Edwards
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Saturday, July 14, 2018 10:28:35 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, as a human and especially as a mom of 3 boys, and I am
writing today regarding updates to North Carolina’s water quality standards. It is crucial that our
waterways are protected using the best available science and EPA requirements and
recommendations, for we all depend on clean water.


A number of items in particular need attention and updates. 
Metals: NC has failed to meet the minimum standards required by the EPA in the past for
dissolved metals. The Commission should adopt all the changes required by EPA and stop
wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
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both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Tara Edwards 
tara.nicole.edwards@gmail.com 
2516 Spruce Shadows Lane 
Raleigh, North Carolina 27614








From: Pam Welker
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Saturday, July 14, 2018 10:23:34 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Pam Welker 
pnw1us@yahoo.com 
12324 Canolder 
Raleigh, North Carolina 27614








From: Dale Tilson
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Saturday, July 14, 2018 10:23:20 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Dale Tilson 
d.tilson@utexas.edu 
319 Durham Creek Lane 
Edward, North Carolina 27821








From: Lynn Varn
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Saturday, July 14, 2018 10:14:55 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Lynn Varn 
lynniekrayon@yahoo.com 
123 Creek Hollow Trail 
Belmont, North Carolina 28012








From: Thomas Christensen
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Friday, July 27, 2018 5:19:30 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Thomas Christensen 
Thomas.Christensen@synteracthcr.com 
4124 Brook Cross Dr 
Apex, North Carolina 27539








From: Aaron Tuch
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Saturday, July 14, 2018 9:55:09 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Aaron Tuch 
aarontuch@gmail.com 
3545 S Beaver Lane 
Raleigh, North Carolina 27604








From: Andrea Van Ness
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Saturday, July 14, 2018 8:42:40 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


I retired to coastal North Carolina four years ago because of the water. I am a paddler and love
all forms of boating so clean water is very important to me. It is important that updates are
made to North Carolina’s water quality standards. It is crucial that our waterways are protected
using the best available science and EPA requirements and recommendations, for we all
depend on clean water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
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downstream drinking water sources. 
Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you, Andrea
Van Ness


Andrea Van Ness 
looney6017@gmail.com 
6017 Pelican Drive 
New Bern, North Carolina 28560








From: Judith Lynch
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Saturday, July 14, 2018 1:27:23 AM
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attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Judith Lynch 
wanderinjudith2@yahoo.com 
238 Lakeshore Drive 
Arapahoe, North Carolina 28510








From: James and Kathleen Smith
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Friday, July 13, 2018 9:52:03 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


The Clean Water Act protects waterways throughout the country, and how North Carolina
implements those protections is critical. As you know the opportunity to update water quality
standards only comes around once every 3 years, and North Carolina is lagging far behind in
addressing a number of pollutants.These standards control the amount of various types
pollution, including toxic heavy metals and pesticides, that can be dumped into our public
waterways. Based on these standards, limits on the discharges from factories, industrial animal
production facilities, and other sources are controlled to move towards levels healthy for our
waterways and for North Carolinians. We need your support.


Thank you. 
James and Kathleen Smith


James and Kathleen Smith 
AppliedEconomics@att.net 
110 S Reed Dr 
Washington, North Carolina 27889
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To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
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Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Bill Hines 
bill.hines@ec.rr.com 
1108 Link Lane 
Oriental, North Carolina 28571








From: Dianna Francisco
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Friday, July 13, 2018 8:11:37 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Dianna Francisco 
littlecisco05@yahoo.com 
5129 Watkinsdale Ave 
Raleigh, North Carolina 27613








From: Fred Stanback
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
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Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Fred Stanback 
stanbackf@aol.com 
507 W Innes St. #270 
Salisbury, North Carolina 28144








From: William Collins
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Friday, July 13, 2018 1:13:19 PM
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Triennial Review,


I think the following article says a lot and is bad enough and inexcusable, but is not the whole
story: http://www.reflector.com/News/2018/07/07/Sound-Rivers-monitoring-bacteria-along-Tar-
Pam.html.


I am writing today regarding updates to North Carolina’s water quality standards. It is crucial
that our waterways are protected using the best available science and EPA requirements and
recommendations, for we all depend on clean water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public.


The Commission's standards for drinking water and recreation should base pollution levels
considering the most vulnerable populations such as infants and children.


Aquatic life standards: These support health and local economies. Standards designed to
protect fish and other aquatic life should not only prevent levels of pollution that are lethal, but
also levels that impair and disrupt species behavior and lifecycle.


Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. Again both a health and economic issue.


Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. See how our river has been degraded by
fecal matter: http://www.reflector.com/News/2018/07/07/Sound-Rivers-monitoring-bacteria-
along-Tar-Pam.html


Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.
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Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources.


Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. 
Thank you.


William Collins 
collinsw@ecu.edu 
1311 Fantasia St/ 
Greenville, North Carolina 27858








From: Carol Collins
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Friday, July 13, 2018 1:04:09 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is important to our health and local economy. Thus, I am writing today regarding
updates to North Carolina’s water quality standards. It is crucial that our waterways are
protected using the best available science and EPA requirements and recommendations, for
we all depend on clean water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. This situation is bad for individuals' health and also bad for the
economy. (Did you know that pharmaceutical firms, offering good quality jobs need water
supplies free of metals and toxins?) The Commission should adopt all the changes required by
EPA and stop wasting the time of agency staff and the public.


Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children.


Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
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1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Carol Collins 
collinsc@ecu.edu 
1311 Fantasia St. 
Greenville, North Carolina 27858








From: Nicole Abbenante
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Friday, July 13, 2018 12:27:44 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me and my family. As a mother of 3 children that love to play
in the Neuse River and Falls Lake it is imperative to me that my family have safe water. As our
state and federal governments continue to attack rules and regulations that protect our water it
is important that our standards are updated and this is not just a box checking exercise. It is
crucial that our waterways are protected using the best available science.


A number of items in particular need attention and updates.


Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored which are showing up in our Rivers. The Commission should
propose and adopt updated or new standards for atrazine, chlorpyrifos, glyphosate, and the
neonicotinoid class of insecticides.


Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed from OUR water. The
commission should adopt a class standard for total allowed concentrations of these pollutants.


Nicole Abbenante 
1in100mom@gmail.com 
2308 Florida Ct 
Raleigh, North Carolina 27615
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From: Laura Holley
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Friday, July 27, 2018 12:37:51 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Below is a very slightly edited stock message, but one that I read through and fully endorse.
Thank you for reading and considering.


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. Please adopt all the changes required by EPA. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children and chronically ill. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
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drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Laura Holley 
lauraholleync@gmail.com 
925, Branch Line Ln 
Apex, North Carolina 27502








From: Jennifer Butterworth
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Friday, July 13, 2018 10:37:52 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Jennifer Butterworth 
jennybutterworth@yahoo.com 
2324 Stevens road 
Raleigh, North Carolina 27610








From: Greg Hamby
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Friday, July 13, 2018 9:18:23 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Greg Hamby 
cypressmooninn@mindspring.com 
1206 Harbor Ct. 
Kitty Hawk, North Carolina 27949








From: Patti Phelps
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Friday, July 13, 2018 5:25:35 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Patti Phelps 
frankandpatti@yahoo.com 
136 paddle wheel cir 
Washington , North Carolina 27889








From: Scott Underwood
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Thursday, July 12, 2018 11:21:42 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Scott Underwood 
Sdu1057@Gmail.com 
919 Simmons st., 
New Bern, North Carolina 28560








From: Dr. David Desrochers
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Thursday, July 12, 2018 9:51:50 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Dr. David Desrochers 
daveandelsa@embarqmail.com 
599 Blackbeard's View 
Bath, North Carolina 27808








From: Elsa Desrochers
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Thursday, July 12, 2018 9:49:57 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Elsa Desrochers 
daveandelsa@embarqmail.com 
599 Blackbeard's View 
Bath, North Carolina 27808








From: jeff bohan (jejo@bellsouth.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 7:23:01 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


jeff bohan
900 teague rd
Winston-Salem, NC 27107
jejo@bellsouth.net
(336) 784-6148


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Pat Anthony (pittypat36@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Monday, July 16, 2018 6:14:49 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Pat Anthony
140 Glenda Drive, Apt C
Beaufort, NC 28516
pittypat36@gmail.com
(252) 838-1350


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Sharon Pullen (drsharonpullen@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 7:14:45 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


Please help North Carolinians to have the unpolluted and high quality water that meets EPA standards!!!  It's very
important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Sharon Pullen
915 Washington Street
Cary, NC 27511
drsharonpullen@gmail.com
(919) 467-7112


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Amy Barnes (abarnes003@nc.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 7:12:09 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Amy Barnes
202 Vivian Lane
Pikeville, NC 27863
abarnes003@nc.rr.com
(919) 394-9914


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Barbra Roberman (barbra.roberman@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 7:02:08 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Barbra Roberman
2015 WILSON STREET
Durham, NC 27705
barbra.roberman@gmail.com
(919) 641-9102


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Cynthia Bernett (cvalderrey@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 6:58:05 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Cynthia Bernett
10636 Rippling Stream Drive NW
Concord, NC 28027
cvalderrey@gmail.com
(808) 265-6631


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Pauline Endo (pauline.endo@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 6:52:18 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Pauline Endo
7414 Lucky Fish Ln.
Wilmington, NC 28411
pauline.endo@gmail.com
(614) 296-4410


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Nina Marable (ninam@atmc.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 6:20:22 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Nina Marable
502 N Shore Dr. W
Sunset Beach, NC 28468
ninam@atmc.net
(910) 575-4350


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: ISABEL CERVERA (isabellacer@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 3:48:37 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


ISABEL CERVERA
2118 s main st
Salisbury Rowan County, NC 28147
isabellacer@hotmail.com
(234) 336-6150


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Destinee Gillis (ddm0706@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 2:03:26 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Destinee Gillis
510 N Wilmington St #509
Raleigh, NC 27604
ddm0706@gmail.com
(252) 259-5668


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Lynne C. (catslc@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 1:43:34 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Lynne C.
5012 Lipscomb Dr
Garner, NC 27529
catslc@aol.com
(919) 553-8612


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Robert Larick (creativesource007@msn.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 1:28:53 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Robert Larick
5440 Allison Ln
Charlotte, NC 28277
creativesource007@msn.com
(704) 321-1450


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Joel Marchesoni (jmarchesoni@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Sunday, July 29, 2018 11:39:22 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Joel Marchesoni
48 Running Water Circle
Sylva, NC 28779
jmarchesoni@gmail.com
(828) 507-7200


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: H Phthisic
To: 15ANCAC02B_TriRev_Rule_Comments
Cc: Brower, Connie; Dan McLawhorn; Barry Parks; Donald.Smith@TownofCary.org; James Warren;


meiburgemc@gmail.com
Subject: [External] LNBA/NRCA Comments on Proposed Modification to Water Quality Standards & Classifications; 15A


NCAC 02B .0211 (4) and 15A NCAC 02B .0220 (3)
Date: Tuesday, July 31, 2018 2:55:00 PM
Attachments: LNBA~NRCA Comments on Proposed Water Quality Standards 73118f.pdf


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Public Comments Portal:


On behalf of the Lower Neuse Basin Association and the Neuse River Compliance Association the
following comments 
are being submitted as requested by the public notice in the N. C. Register, Volume 32, Issue 22. May
15, 2018.


Best Regards,


Haywood


Haywood M. Phthisic, III
Executive Director
LNBA/NRCA
P.O. Box 1410
Clayton, N.C.  27528
919.796.8049
http://lnba.net
 
 



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:connie.brower@ncdenr.gov

mailto:dan.mclawhorn@raleighnc.gov

mailto:bparks@wilsonnc.org

mailto:Donald.Smith@TownofCary.org

mailto:jowarren@townofclaytonnc.org

mailto:meiburgemc@gmail.com

mailto:report.spam@nc.gov

http://lnba.net/






Lower Neuse Basin Association® 
Neuse River Compliance Association® 



P.O. Box 1410 
Clayton, N.C. 27528 - 1410 



July 31, 2018 



Mrs. Connie Brower 
Division of Water Resources, Water Planning Section 
1611 Mail Service Center 
Raleigh, N.C. 27699 - 1611 



Dear Connie: 



On behalf of the Lower Neuse Basin Association ("LNBA") and the Neuse River Compliance Association 
("NRCA") we respectfully submit the attached comments on the "Proposed Modification 
to Draft Water Quality Standards & Classifications; 15A NCAC 02B .0211 (4) and 15A NCAC 02B .0220 (3) 



This year represents the 24th year the LNBA and its members have participated in a voluntary NPDES 
coalition program based on cooperation between the NC Division of Water Resources (DWR) and our 
members. Our extensive water quality monitoring data has been collected and analyzed in concert with the 
NC DWR to provide an abundant amount of water quality assessment data for the Neuse River Basin. The 
NRCA's members, formed in 2002, have invested/expended over $400 million to successfully meet and 
exceed the point source nutrient loading TMDL reductions required for the attainment of the chlorophyll-a 
water quality standard in the Neuse River estuary. This successful effort has been quantitatively reported to 
the DWR for many years. The LNBA/NRCA members and their local governments have provided broad 
based public support for our efforts to reduce the point source load of both nitrogen and phosphorus to the 
Neuse River Estuary. The designation of water quality impairment for the Neuse River estuary was based 
on a combination of factors that included excessive levels of chlorophyll-a, massive fish kills, and nuisance 
algal blooms. These combined factors — exceedance of numerical water quality standards and the direct 
impairment of designated uses — provided the stimulus for widespread public support for responsive 
improvements in nutrient management. The proactive and reactive benefits of local government support is 
thus a key driver in the lessons learned comments that we offer to the proposed 2B rules concerning the 
chlorophyll-a water quality standard 



North Carolina's chlorophyll-a water quality standard of 40 ug/L was first approved by the EMC on August 
9, 1979. Much has changed in North Carolina during this time and much has been learned about the 
management and science of nutrient over enrichment. 



The attached list of members of the LNBA/NRCA offer the following comments to the proposed chlorophyll-
a standard in order to provide for a meaningful level of water quality protection so that the designated uses 
of receiving waters are protected and to appropriately stimulate public support for any necessary and 
reasonable management strategies to restore those designated uses that are considered impaired. 











Comments on Proposed Modification of Water Quality Standards 
July 31, 2018 
Page 2. 



Thank you for the opportunity to submit our comments. If you require any additional information please let 
us know. 



Sincere y, V 



  



  



Haywood M. Phthisic, Ill 



Enclosure 
cc: LNBA/NRCA Board 











Lower Neuse Basin Association/Neuse River Compliance Association 
Membership 



 



Town of Apex     City of Goldsboro 
Town of Benson     Town of Havelock 
Town of Cary     Johnston County 
Town of Clayton     Town of Kenly 
Contentnea MSD     Town of LaGrange 
Town of Farmville     City of New Bern 
Dupont-Kinston     City of Raleigh     
Duke Energy Progress     City of Wilson 
Town of Fuquay-Varina    City of Kinston 
Aqua, North Carolina    Craven County 
South Granville Water & Sewer Authority CWS Systems, Inc. 
 
 
 
 
 
 
 
 
 
 
 











LNBA/NRCA Comments on Proposed Water Quality Standards 



1. There is no clear description of a compliance measurement, duration, assessment period, or 
frequency and thus these interpretation issues are likely to change based on the dynamics of the 
EMC membership and DWR staff applying the rules. The proposed chlorophyll-a standard could 
be greatly improved by adding specificity to these issues. Does the current proposal mean that 
the 40 ug/L numeric criteria cannot be exceeded in any month between April and October? 
What happens if the standard is exceeded for only 3 months during a five year assessment 
period? Does this mean that the 303(d) impairment status is meeting the criteria because it 
represents <10% of the months (3 out of 35 months) for the five year assessment period (7 
months per year for 5 years)? Similarly if 4 months are exceeded in the first year but no other 
months are exceeded in the remaining years is the water impaired? (4 out of 35 months). 



2. There is no language offering the ability to develop a site-specific standard. Site specific 
standards can greatly enhance the knowledge of how a chlorophyll-a standard is appropriate for a 
specific waterbody and how compliance can be determined appropriately for site specific needs 
and the protection of site-specific designated uses. The actual concentration of chlorophyll-a is 
dependent on the individual hydrology, morphology, and retention time characteristics of the 
waterbody. These site-specific factors would greatly help define appropriate chlorophyll-a levels 
for the protection of designated uses. One of the reasons that EPA and the states continue to 
struggle with developing numerical criteria for nutrient over enrichment is that no one solution to 
establishing numerical criteria can fit all of the various site specific types of water bodies. 
Artificial piedmont reservoirs (aka drowned rivers) are ecologically very different than estuaries 
and estuaries are very different than natural lakes. The EMC should explicitly recognize the 
advantages of establishing site specific criteria from chlorophyll-a based on a detailed evaluation 
of science, appropriate designated uses, and feasible, cost effective management strategies. 
Recent research by the NC Collaboratory has shown the very different conditions in Jordan 
Lake, especially the New Hope Creek arm, from Falls Lake. 



3. The proposed water quality chlorophyll-a standard as applied to individual stations does not 
incorporate the additional knowledge gained by applying the standard to appropriate water 
quality segments based on multiple stations to determine the central tendency of chlorophyll-a to 
the segment. An appropriate statistical averaging of chlorophyll-a results over an entire segment 
of the waterbody over the entire growing season is a reasonable approach. April through 
October is a reasonable reflection of the growing season. A geometric mean of the growing 
season is a reasonable statistical evaluation of the highly variable chlorophyll-a concentration. 



4. The chlorophyll-a standard as is currently applied using the current 303(d) listing 
methodology is not appropriately related to the attainment of designated uses. It is difficult to 
find broad based public support for expensive and often onerous management strategies based on 
the concentration of a nebulous individual water quality parameter such as chlorophyll-a. 
Chlorophyll-a is not a definitive measurement of aquatic life thresholds. It is a relative measure 
of ecosystem richness. Exceedance of the current chlorophyll standard does not require insults 
to the designated uses of recreation, fish and wildlife, impairment from algal toxins, fish kills or 











other challenges to actual designated uses. In order to be an effective standard for both 
assessment and management strategies, the chlorophyll-a standard should use a combined criteria 
approach. Bolstering the numerical criteria of 40 ug/L with the addition of considerations for 
impairment decisions based on eutrophication impact factors that include assessments of 
impairment to specific designated uses. 



The exceedance of the chlorophyll-a numerical criteria does not necessarily mean that the 
designated uses of a water body are impaired. Thus, Eutrophication Impact Factors help to 
support numerical chlorophyll-a criteria and enhance the confidence in making designated use 
support attainment decisions and appropriate 303(d) listings. Water Quality assessment units 
that exceed numerical criteria values for Chlorophyll-a, are to be deemed impaired if any of the 
following eutrophication impact factors are documented for the respective designated uses within 
the same year. Eutrophication impacts include: 



(I) Eutrophication-related mortality or morbidity events for fish and other aquatic organisms; 
(II) Cyanobacteria counts in excess of 100,000 cells per milliliter (cells/nil); 
(III) Significant shifts in aquatic animal diversity attributed to eutrophication; and 
(IV) Excessive levels of algal toxins that impair any of the designated uses. 



The Commission should encourage the development of alternative site specific standards in 
rule for the control of chlorophyll-a concentrations based on a detailed analysis of designated 
uses and water quality variables which may include site specific conditions for climatic, 
hydrologic residence time, geology, drainage areas, water clarity, water retention structures, 
power generation, and other controlling factors. This robust and site specific analysis should 
also include the evaluation of specific water body segments and the appropriate uses and 
classification for those segments. Proposals for establishing site specific criteria must follow 
the petition for rule making process. 



5. Successful water quality assessment and accounting for chlorophyll-a values should use a 
consistent and rational segmentation and geo-referencing approach for all segments including 
rivers, streams, lakes, wetlands, estuaries, and coastal waters.  Frequent changes to water quality 
assessment segments based on the highly variable chlorophyll-a concentration levels is 
perplexing to the public and local governments. It is important that the selected segmentation 
approach be capable of providing a spatial scale that is adequate to characterize the attainment 
status of the entire segment not just a specific station. Water segments should represent a priori 
knowledge of factors such as flow, channel morphology, substrate, riparian condition, adjoining 
land uses, confluence with other waterbodies, and potential sources of pollutant loadings (both 
point and nonpoint). Segments should be larger than a single sampling station where ever 
possible. (See EPA 2006 Guidance Section V on implementation of 303(d) program). US EPA, 
through its December 2016 changes to the MS4 NPDES permit program, is requiring local 
governments to address impairments within the waters of each jurisdiction. A responsive 
program cannot be implemented if DWR constantly is switching the segments by which 
attainment is determined. 
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6. The methods (303d) of interpreting compliance with the chlorophyll-a standard are dynamic 
and have changed based on EMC/DWR decisions often without formal opportunities for public 
involvement. Because the adoption of new water quality standards requires both public 
involvement, and an appropriate rule making procedure that includes EPA oversight approval, 
the proposed chlorophyll-a standard should explicitly establish how attainment or non-attainment 
with the standard is to be determined. The current proposed rule is silent on how attainment can 
be shown for waters listed as impaired. An appropriate addition to the proposed rule should be 
made on how attainment can be shown after a designation of nonattainment. 
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FOREWORD 



In June 2015 USEPA revised its recommendations for human health water quality criteria (HHWQC) for 



94 substances. In doing so, USEPA changed most of the exposure-related assumptions used to derive 



the criteria, including the fish consumption rate, relative source contribution (RSC), bioaccumulation 



factors (BAFs), body weight, and drinking water consumption rate. Some of these changes do not reflect 



the best science, and  nearly all States that have reviewed USEPA’s revised criteria recommendations 



either have departed from them or are considering doing so in light of the better science provided by 



stakeholders and their urging that States use more representative assumptions for their States.  



The Clean Water Act gives States the flexibility to reconsider the various assumptions used by USEPA for 



criteria development. The materials provided in this package are designed to encourage States to 



contemplate the criteria derivation process and thoughtfully consider designing criteria that provide a 



reasoned and transparent balance between theoretical risk, risk realities, and the implementation costs 



associated with potentially excessive conservatism in the criteria. Some of the areas where State-specific 



science choices may be preferred are highlighted below. 



• Health Protection Targets. USEPA recommends a health protection target to protect the general 



population at between a one in one million (1x10-6) and one in one hundred thousand (1x10-5) 



increased lifetime cancer risk and that highly exposed sub-populations not exceed a one in ten 



thousand (1x10-4) increased lifetime cancer risk. We encourage States to be specific about their 



health protection targets for at least the mean of the general population and higher-end exposure 



segment(s). Doing so recognizes the reality of the link between risk and exposure and allows 



more transparency and greater appreciation of actual risk associated with calculated HHWQC 



relative to other risks.  



• Fish Consumption Rate. USEPA’s 2015 HHWQC are based on a fish consumption rate of 22.0 



grams per day (g/day). The prior recommendations were based on a fish consumption rate of 



17.5 g/day. The difference in consumption rate is based primarily on two changes, neither of 



which suggests people are eating more fish in 2015 than they were in 2000. The first change 



results from an improved statistical method developed by the Centers for Disease Control that 



more accurately estimates lifetime fish consumption rates obtained from relatively short-term 



(several day) consumption surveys. The more accurate estimates are lower than USEPA’s prior 



estimates. The second change involves adding marine fish and a portion of salmon consumption 



to the fish consumption rate. The basis for this addition is tenuous (at best), not transparent 



because USEPA will not release the data supporting its recommendation, and does not represent 



consumption of fish from waters of inland States that have no marine or estuarine waters.  



• Relative Source Contribution. USEPA’s recommended criteria for non-carcinogenic compounds 



include a relative source contribution (RSC) of between 20 and 80 percent. The value used for 



nearly all criteria before 2015 was 100 percent. The RSC acts to lower the HHWQC to account 



for exposures from other sources such that total exposure does not exceed toxicity thresholds. 



For most substances, the effect is to reduce (i.e., make more stringent) HHWQC by 5 times (if an 



RSC of 0.2 is used) compared to pre-2015 HHWQC. While ensuring that toxicity thresholds are 



not exceeded is important, USEPA’s approach may be extreme and unwarranted in light of the 



numerous other conservative assumptions used to derive the criteria and especially when 
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substance-specific exposure data show little reasonable likelihood of other significant exposure 



pathways.  



• Bioaccumulation Factor. USEPA’s revised criteria are derived using substance-specific BAFs 



whereas the pre-2015 criteria were based on bioconcentration factors (BCFs). While a transition 



from BCFs to BAFs is consistent with accepted scientific consensus, the methodology USEPA 



used is not applicable to the waters of many States because it relies too heavily on models based 



on accumulation of polychlorinated biphenyls (PCBs) in the Great Lakes. PCBs are not 



representative of most of the substances for which criteria were revised, particularly in terms of 



metabolism and bioaccumulation potential, and USEPA has consistently stated that the Great 



Lakes are unique in their size, food web, temperature, historical pollutant loading and many other 



factors. States should evaluate whether USEPA’s BAFs are appropriate for their waters.  



• Drinking Water Ingestion. USEPA’s revised criteria used an updated drinking water ingestion rate 



of 2.4 L/person/day. Thus, USEPA assumes that people drink this amount of water every day 



from untreated surface waters (or that treated drinking water contains substances at the criteria 



concentrations 100% of the time over a lifetime). States might consider whether this assumption 



is rational and appropriate for purposes of ambient water criteria. 



• Other, Less Obvious, Exposure Assumptions. The revised criteria include several “implicit 



assumptions” (i.e., assumptions that affect the calculated criteria but are not parameterized in the 



criteria derivation equation). Examples include assuming that:  all waters have a constant 



chemical concentration equal to the HHWQC; chemical concentrations are not reduced during 



cooking; people drink untreated surface water; and people consume fish and water with the 



maximum allowed contamination level continuously over their lifetime. These assumptions 



contribute to overstating exposure and risk. States should consider whether these assumptions 



are appropriate.  



• Compounded Conservatism. Combining the conservative explicit and implicit assumptions 



described above leads to a phenomenon referred to as “compounded conservatism” wherein the 



level of protection afforded by HHWQC is far greater than stated health protection targets. This 



phenomenon should be recognized and thoughtfully considered in light of the implementation 



costs and potential for misallocation of public and private resources associated with excessive 



conservatism in the criteria.  



• Probabilistic Risk Assessment. The 2015 National HHWQC use a decades-old risk assessment 



approach for which alternatives both exist and are preferred by the modern risk assessment 



community. The preferred approach, now adopted by at least one State in deriving HHWQC, is 



probabilistic risk assessment (PRA). Among the advantages of PRA is that it uses more of the 



available data and that it creates a rational and transparent link between the criteria and specific 



health protection targets. Thus, PRA allows States to confirm that they have achieved their stated 



health protection goals.  



The level of effort required to address many of the most critical of the above issues is not large. For 



example: 



• Long-term fish consumption rates for different regions of the country are available (see, for 



example, Estimated Fish Consumption Rates for the U.S. Population and Selected 



Subpopulations (NHANES 2003-2010), Final Report. EPA-820-R-14-002. April 2014) 
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• Florida has reviewed exposure data for 26 compounds and developed RSCs and other 



researchers have published RSCs (see, for example, Appendix D of the Technical Support 



Document:  Derivation of Human Health-Based Criteria and Risk Impact Statement. Florida 



Department of Environmental Protection, June 2016); 



• BAFs are a critical input only for bioaccumulative compounds and information is available for 



several inputs to refine USEPA’s procedure to make it more applicable to State waters (see, for 



example, Attachment F:  Review of PAH Bioaccumulation and Bioconcentration Factors used by 



USEPA in Derivation of 2015 Human Health Water Quality Criteria; and Attachment L: 



Refinement of Foodchain Multipliers and Bioaccumulation Factors used by USEPA to Derive 



2015 Water Quality Criteria 



• Software tools are available that enable the use of PRA to derive HHWQC (see, for example, 



Attachment J to this report:  Probabilistic Approach to Deriving Ambient Water Quality Criteria 



White Paper. 
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EXECUTIVE SUMMARY 



USEPA’s 2015 National Human Health Water Quality Criteria (HHWQC) included revisions to many of the 



inputs used to derive the pre-2015 National HHWQC. Some of the revisions were based on new science 



and data, others were based on science policy decisions, and others were a mix of the two. This report 



presents background information on many of those inputs with a focus on new data and science. The 



goal of the background information is to provide State regulators a broader perspective of the data and 



science surrounding these inputs and, in the process, identify areas where the assumptions used by 



USEPA to develop the 2015 National HHWQC may not reflect the best science and/or may not be 



applicable to the waters of specific States. States may wish to consider this information when establishing 



State-specific HHWQC that meet their human health protection targets and are based on the best science 



available. The remainder of the Executive Summary provides an overview of the information discussed in 



each of the sections of this report. 



Health Protection Targets 



USEPA’s 2015 National HHWQC are based on a health protection target of a one in one million (1x10-6) 



increased lifetime cancer risk, over and above background (an increase from about 40.0000% to 



40.0001%). USEPA’s guidance recommends HHWQC protect the general population at between a 1x10-6 



and one in one hundred-thousand (1x10-5) increased lifetime cancer risk. It further recommends that 



highly exposed populations not exceed a one-in-ten-thousand (1x10-4) increased lifetime cancer risk. 



Given that these health protection targets are very small compared to the daily risk of accidental 



(involuntary) death faced by everyone in the United States and will result in immeasurable changes in 



overall cancer incidence, they confer a high level of protection. Yet a choice of 1x10-6 versus 1x10-5 will 



result in a 10-fold difference in HHWQC. This represents a larger change in HHWQC than is likely to be 



associated with any other individual assumption that affects HHWQC.  



Selection of the health protection target is primarily a risk management decision and not exclusively a 



science decision. Each State may have its own health protection targets consistent with its own risk 



management and public health protection policies. This report provides background on the use of one in 



one million and other allowable risk levels in other regulatory programs. Accepting that the Clean Water 



Act may have unique risk management considerations compared to other statutes and regulations, it 



remains informative to compare allowable risk levels used by a range of statutes and regulations. The 



report also provides information on the predicted increase in cancer incidence in the exposed population 



associated with different allowable risk levels and compares that increase to background cancer 



incidence associated with other causes. Such comparisons provide perspective regarding the overall 



improvement in public health achieved by HHWQC using different allowable risk levels. States may wish 



to carefully consider the cumulative effect of all the assumptions used to derive State-specific HHWQC 



when selecting health protection targets.  



Fish Consumption Rate 



USEPA’s 2015 National HHWQC assume a fish consumption rate (FCR) of 22.0 grams per day (g/day). 



The pre-2015 HHWQC were based on a fish consumption rate (FCR) of 17.5 g/day. The difference in 











DERIVATION OF HHAWQC: REVIEW OF KEY ASSUMPTIONS AND APPROACHES 



arcadis.com 
HHWQC Key Assumptions and Approaches_2nd Edition ES-2 



consumption rate appears to be based primarily on two changes. Interestingly, neither of those changes 



suggests that people are eating more fish in 2015 than they were during the prior 15 years. The first 



change involves the methodology used to estimate long-term (lifetime) consumption rates from relatively 



short-term (several day) consumption surveys. Pre-2015 HHWQC used FCRs reported by short-term 



surveys. In the past decade researchers realized short-term fish consumption rate information is not 



representative of long-term consumption rates. Short-term surveys overpredicted long-term consumption 



of the upper percentiles of the population and underpredicted long-term consumption of lower percentiles. 



Scientists at the National Cancer Institute (NCI) developed a methodology to correct this bias and predict 



long-term consumption from short-term survey information. USEPA applied a similar methodology to 



develop the FCRs used to establish the 2015 National HHWQC1. The effect of applying the method is to 



improve the accuracy of the FCR for the upper percentiles. 



The second change was to include some marine fish and a portion of salmon consumption in the overall 



fish consumption rate. Prior to 2015, marine fish and salmon were excluded from the consumption rate 



used to establish National HHWQC because such fish were assumed to accumulate little or none of their 



body burden from estuarine and freshwaters (i.e., the waters in which chemicals concentrations can be 



affected by HHWQC). When developing the FCR for the 2015 National HHWQC, USEPA included some 



marine fish based on the assumption that some marine species spend a portion of their life history in 



near-shore waters and during that time accumulate chemicals from such waters. For similar reasons a 



portion of salmon consumption was also included. However, USEPA has provided long-term consumption 



rates for various groups of species and not individual species, which makes it impossible to determine 



how much of the increase in fish consumption rate (from 17.5 g/day to 22 g/day) is related to application 



of the NCI methodology and how much is due to inclusion of marine species. Given that the NCI 



methodology reduces the high bias in the upper percentiles (e.g., 90th, 95th) of fish consumption rates 



from short-term surveys, it is likely that application of the NCI methodology alone would have led to a 



decrease in the estimated 90th percentile fish consumption rate to a rate of less than 17.5 g/day. Inclusion 



of salmon and other marine species may, therefore, explain why the 90th percentile FCR used by USEPA 



to derive the 2015 National HHWQC increased from 17.5 g/day to 22 g/day. USEPA’s lack of 



transparency regarding species-specific FCRs will create a challenge for States to use the USEPA FCR 



data and develop FCRs representative of the fish species consumed from a State’s waters. However, it 



bears pointing out that USEPA (2014a) does provide information on the long-term FCR of just freshwater 



finfish and shellfish (summarized for different regions of the US in Table 2); these rates may be applicable 



to States with no estuarine or near-shore waters.  



Relative Source Contribution  



For most chemicals, when evaluating the non-carcinogenic endpoint, USEPA’s 2015 National HHWQC 



use a default relative source contribution (RSC) of 0.2. For most of the same chemicals, USEPA used an 



RSC of 1.0 when setting HHWQC prior to 2015. The effect of the change is to decrease the HHWQC for 



                                                      
1 To distinguish between fish consumption rates reported by fish consumption surveys from long-term fish 
consumption rates derived using the NCI (or similar) method, USEPA has developed the term Usual Fish 
Consumption Rate (UFCR). UFCR is used to represent long-term fish consumption rates derived using the NCI 
method. Thus, fish consumption rates used in HHWQC prior to 2015 are referred to by USEPA as FCRs and those 
used in the 2015 HHWQC are referred to as UFCRs. For simplicity, this report uses FCR, even when referring to 
long-term fish consumption rates derived using the NCI method.  
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such chemicals by five-fold. The concept of the RSC has a long history starting in the 1970s with the 



National Academy of Sciences considering how to set drinking water standards and as early as 1980 with 



the USEPA setting HHWQC. The concept of an RSC has been applied to drinking water standards for 



several decades. However, prior to 2015, USEPA used an RSC of 1 for most chemicals when setting 



HHWQC, despite having developed in 2000 an extensive discussion and framework for application of 



RSCs when deriving HHWQC. That framework describes two different methods (i.e., the subtraction and 



the percentage methods) that can be used to derive RSCs as well as conditions under which one or the 



other method is preferred. RSCs resulting from the two methods can vary a great deal and the basis for 



the conditions set forth by USEPA is not always clear. That means States may need to consider carefully 



whether available data support the RSCs used by USEPA to derive the 2015 National HHWQC and 



whether USEPA’s RSCs should be used when deriving State-specific HHWQC. 



Bioaccumulation Factors 



To estimate the accumulation of chemicals in fish and shellfish USEPA’s 2015 National HHWQC use 



bioaccumulation factors (BAFs) rather than bioconcentration factors (BCFs). Theoretically, BCFs account 



for uptake from just water, whereas BAFs account for uptake from all pathways (e.g., water, diet, and 



sediment). The switch from BCFs to BAFs is consistent with the consensus in the scientific community 



that accumulation of most chemicals can be better predicted by accounting for uptake from all exposure 



pathways rather than just from water. However, the complicating factor with BAFs is that they depend 



upon many water body-specific characteristics including dissolved and particulate carbon, temperature, 



sediment profiles and food web structure. All of these conditions can vary greatly between waters and, 



thus, so too can BAFs. To estimate National BAFs for the 2015 HHWQC, USEPA used a methodology 



that relies heavily on a model of PCB accumulation in the Great Lakes. USEPA stated repeatedly when 



discussing the need for the Great Lakes Initiative in the 1990’s, that the Great Lakes represent a set of 



waters and food web so unique that they need their own unique criteria. Compared to other state waters, 



differences in the species present in the food web, ambient water temperatures, and the ratio of regulated 



substances found in the sediment versus the water column may all substantially affect the development of 



regionally specific BAFs. As well, the assumptions made regarding metabolism in the Great Lakes PCB 



model lead to the overestimation of bioaccumulation for most other substances. Thus, a bioaccumulation 



model based on PCBs in the Great Lakes is not applicable to all waters in the United States. To address 



this deficiency, and ease the burden in re-running USEPA’s bioaccumulation model, information is 



provided in this report that can be easily applied by a State or interested party to generate state-specific 



BAFs that better represent chemical behavior and local conditions. 



Assumed Concentration of Receiving Waters 



USEPA’s derivation of HHWQC assumes that all surface water has a chemical concentration equal to the 



HHWQC at all times. The assumption is unlikely to be true for freshwater and is even less likely to be true 



for estuarine and near-shore waters for several reasons. First, typical regulatory permit requirements 



result in chemical concentrations at the compliance point that are lower than the HHWQC. Because of 



additional dilution beyond the compliance point, concentrations will be even lower in the receiving water 



beyond the compliance point. Second, once flowing waters reach an estuary or near shore water, 



additional dilution will occur based just on the volume of saltwater compared to freshwater inputs. Third, 
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beyond volume, additional mixing occurs because of tides, wind driven currents, and currents associated 



with larger oceanic circulation. Thus, the assumption of a constant surface water concentration equal to 



the HHWQC adds conservatism that is not explicitly accounted for by the parameters listed in the 



HHWQC derivation equations. When setting State-specific HHWQC, States may wish to consider whether 



and how to account for the overestimation of exposure and risk associated with this implicit assumption.  



Other Assumptions and Parameters 



USEPA updated several other assumptions when establishing the 2015 National HHWQC. Those include 



increasing the drinking water ingestion rate from 2.0 liters per day (L/day) used by the pre-2015 HHWQC 



to 2.4 L/day and increasing body weight from 70 kilograms (kg) to 80 kg. Those changes are consistent 



with updates USEPA has made in other regulatory programs for those two parameters. However, it 



should be noted that use of this value to derive HHWQC embodies the assumption that all people 



effectively use untreated surface water as a drinking water supply which, of course, is far from realistic. 



With the exception of the assumed concentration of a chemical in surface water, all of the assumptions 



discussed in this paper are explicitly shown in the equations used to calculate HHWQC. However, several 



assumptions are implicit in the calculation of HHWQC, in addition to the assumption that all waters have a 



concentration equal to the HHWQC all the time. Other implicit assumptions include that the chemical 



concentration in fish does not change during cooking and that all water that people drink is obtained from 



untreated surface water, among others. Both of those assumptions add to the conservatism of HHWQC. 



Recognizing the existence of implicit assumptions that add to the conservatism of HHWQC has the 



potential to affect how some States manage the overall conservatism inherent in HHWQC.  



Compounded Conservatism and PRA 



Collectively, using multiple conservative assumptions results in HHWQC that may be far more protective 



than necessary to meet the risk management goal used to derive the HHWQC. This phenomenon of 



greater conservatism embodied by the whole rather than the conservatism of each individual part is 



referred to as "compounded conservatism." In the HHWQC derivation process, compounded 



conservatism plays a role both in the determination of individual factors of the derivation equations (i.e., in 



the toxicity factors and explicit and implicit exposure elements) and in the equations’ use of multiple 



factors, most based on upper bound limits and/or conservative assumptions.  



Estimating the degree of conservatism inherent to HHWQC is impossible using the standard deterministic 



risk assessment approach. In that approach, a single value is used for each parameter and then the 



standard equation is solved for the surface water concentration that results from those inputs. The 



resulting surface water concentration is the HHWQC. From that calculation, it is impossible to know to 



which percentile of the population the estimated risk applies (e.g., the 90th, 99th, 99.99th, etc.) and, 



therefore, whether and by how much the resulting HHWQC is over- or under-protective relative to the 



stated health protection targets.  



Application of probabilistic risk assessment methods can help quantify the level of protection afforded 



different segments of the exposed population and, consistent with USEPA’s goals regarding 



transparency, makes the HHWQC process far more transparent than the standard deterministic 



approach. In the past, the information and computational requirements associated with probabilistic 
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methods would have posed a challenge to most States. However, as discussed in this report, data on the 



input distributions of most of the key inputs are available as are computational tools to facilitate derivation 



of HHWQC using probabilistic methods.  



Summary 



In summary, a priori, one cannot predict whether consideration of the information presented in this report, 



and other information States may have available to them to establish scientifically defensible inputs, will 



result in State-specific HHWQC that are higher or lower than USEPA’s 2015 National HHWQC. Given the 



large number of inputs upon which HHWQC depend, the diversity of waters, food webs, and 



characteristics of State-populations across the United States, and the large number of chemicals 



involved, it is likely that some State-specific HHWQC will be higher than USEPA’s 2015 National HHWQC 



and others will be lower. The goal of this report is to provide States with information that allows them to 



establish State-specific HHWQC that meet each States’ human health protection targets and are based 



on the best science available. 
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1 INTRODUCTION 



This report is intended assist States in their review and consideration of USEPA’s recommended water 



quality criteria for protection of human health (USEPA 2015a). The focus of this report is on technical and 



not policy/legal issues, though some of the information presented could be used by States to inform their 



policy/legal choices, particularly with respect to selecting human health risk protection targets (i.e., 



allowable risk levels) and addressing matters related to compounded conservatism in USEPA’s 



recommended criteria. 



As described in USEPA (2015a), HHWQC are derived using one of four standard equations, depending 



upon whether the chemical is assumed to cause non-cancer or cancer effects, and depending upon 



whether the HHWQC are being set to protect against adverse effects associated with consumption of 



water and organisms or to protect against adverse effects associated with consumption of organisms 



only. The equations and inputs are shown below. 



Non-cancer effects, water and organisms: 



HHWQC = THQ x RfD x RSC x (
BW



DI+∑ (FCRi x BAFi)
4
i=2



) 



Non-cancer effects, organisms only: 



HHWQC = THQ x RfD x RSC x (
BW



∑ (FCRi x BAFi)
4
i=2



) 



Cancer effects, water and organisms: 



HHWQC = TELCR x 
1



CSF
 x(



BW



DI+∑ (FCRi x BAFi)
4
i=2



) 



Cancer effects, organisms only: 



HHWQC = TELCR x 
1



CSF
 x(



BW



∑ (FCRi x BAFi)
4
i=2



) 



Where: 



HHWQC = human health water quality criterion (mg/L); 



THQ = target hazard quotient (unitless); 



TELCR = target excess lifetime cancer risk (unitless); 



DI = drinking water intake (L/day); 



FCRi = trophic level-specific fish consumption rate (kg/day); 



BAFi = trophic level-specific bioaccumulation factor (L/kg tissue); 



BW = bodyweight (kg); 



RSC = relative source contribution (unitless); 



RfD = reference dose (mg/kg-day); and 



CSF = cancer slope factor (mg/kg-day)-1. 



Each section of this report discusses one or more of the inputs shown in the above equations. Section 2 



discusses the fish consumption rate, Section 3 the relative source contribution, Section 4 the 
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bioaccumulation factor (BAF), Section 6 the drinking water intake and bodyweight, and Section 9 the 



human health protection targets. This report does not discuss the basis and background of toxicity 



parameters (i.e., the reference dose and cancer slope factor) given that those are derived by USEPA 



outside of the Clean Water Act and are generally accepted and used by all USEPA programs. That does 



not preclude States from deriving and using their own toxicity factors (e.g., CalEPA 2009, 2015), though 



for most States the resources required to do so may be prohibitively large. The report also discusses 



some assumptions that are not explicitly included in the above equations but are implicit in the derivation 



of HHWQC. Those include assumptions about the concentration of chemicals in receiving water 



(discussed in Section 5), the absence of a change in chemical concentration during cooking and that 



drinking water is untreated (both of the latter assumptions are discussed in Section 6).  



In addition to discussion of the input assumptions, Section 7 describes how the typical approach to 



derivation of HHWQC (used by USEPA when deriving the 2015 National HHWQC as well as by virtually 



all States, with the exception of Florida, when setting their current HHWQC) leads to compounded 



conservatism, which results in HHWQC that are more protective than indicated by the human health 



protection target used to set the HHWQC. This report then discusses the benefits of using a probabilistic 



approach (Section 8) when deriving HHWQC to address and quantify the effects of compounded 



conservatism and improve transparency. Section 9 summarizes some information on background risk to 



provide perspective on the selection of health protection targets. Finally, this report includes a series of 



attachments. The attachments provide more detailed discussion of many of the input parameters 



discussed in the main body of the report. 



2 FISH CONSUMPTION RATE 



Derivation of HHWQC depends upon many input assumptions. Likely none have received more attention 



than selection of the fish consumption rate (FCR). This section (and associated attachments) review 



recent developments in our understanding of FCRs. The section identifies key issues that States may 



wish to consider when deciding whether to base a State-specific HHWQC on the same FCR that USEPA 



used in the 2015 National HHWQC (USEPA 2015a), or whether to use State-specific or other data to 



develop a FCR representative of the fish consumption habits of State residents.  



2.1 Fish Consumption Rate 



HHWQC are developed to protect people from lifetime exposure to chemicals in surface water. Over the 



last decade or two, scientists have come to realize that FCRs observed during short-term dietary surveys 



are not representative of a person’s lifetime FCR. Variations over time in the consumption habits of 



individuals can be substantial, particularly for episodically consumed foods such as fish. Because 



HHWQC are derived based on a lifetime of exposure, developing long-term average FCRs from short-



term dietary survey data is critical2. Researchers at the National Cancer Institute (NCI) developed a 



statistical methodology to estimate FCRs from repeated short-term dietary surveys. The NCI method 



                                                      
2 As noted above, USEPA refers to long-term fish consumption rates (i.e., those that may be representative of a 
lifetime of consumption) as usual fish consumption rates (UFCRs). However, for consistency with the parameters 
used in the HHWQC derivation equations, this report will refer to such long-term fish consumption rates simply as fish 
consumption rates (FCRs).  











DERIVATION OF HHAWQC: REVIEW OF KEY ASSUMPTIONS AND APPROACHES 



arcadis.com 
HHWQC Key Assumptions and Approaches_2nd Edition 3 



provides distinct advantages over previously proposed methods by accounting for days without 



consumption, distinguishing within-person variability from between-person variation, allowing for the 



correlation between the probability of consuming a food and the consumption per day amount, and 



relating covariate information to usual intake (Tooze et al. 2006). USEPA in its 2015 update and Idaho 



Department of Environmental Quality (IDEQ) have recently used the NCI method to develop estimates of 



fish consumption (USEPA 2014a, NWRG 2016); USEPA, IDEQ, and Florida Department of 



Environmental Protection (FDEP) have recently employed FCRs (i.e., consumption rates assumed to 



represent long-term consumption behavior rather than consumption rates from short-term surveys that 



may result in biased estimates of consumption) to derive HHWQC (USEPA 2015a, IDEQ 2016, FDEP 



2016).  



USEPA has developed national FCRs as well as FCRs for 14 regions of the country (Table 1). The FCRs 



for various regions of the country differ from the 22.0 grams per day (g/day) FCR for freshwater and 



estuarine fish and shellfish used by USEPA to derive the 2015 National HHWQC (USEPA 2015a). The 



FCRs for coastal regions tend to be greater than the FCR of 22.0 g/day used by USEPA to represent the 



whole country; the FCRs for inland regions tend to be lower – for some regions, substantially lower (13.5 



g/day for the Inland Midwest at the 90th percentile versus 22.0 g/day for the nation as a whole (Table 1). 



These data suggest that even if States do not have recent fish consumption rate survey data that could 



be used to develop State-specific FCRs (as did Idaho), States can use region-specific FCRs rather than 



the national FCR of 22 g/day to better represent fish consumption within a State. States that have areas 



with varying fish consumption habits (e.g., coastal counties and inland counties) could consider 



developing a State-specific FCR based on weighting FCRs according the size of population in counties 



with applicable regional FCRs. Florida employed such an approach when deriving State-specific HHWQC 



(FDEP 2016). 
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Table 1. National and Regional Fish Consumption Rate Estimates for Freshwater and Estuarine 



Finfish and Shellfish 



Population 
Mean 



(grams/day) 



Percentile (grams/day) 



25th 50th 75th 90th 95th 97th 99th 



National                 



National 9.2 1.8 5.0 11.4 22.0 31.8 40.2 61.1 



Region1                 



Northeast 9.7 2.1 5.8 12.6 23.1 32.3 39.9 58.5 



Midwest 6.0 1.2 3.2 7.4 14.3 20.8 26.3 41.1 



South 11.0 2.4 6.4 14.0 26.3 37.5 46.7 69.0 



West 9.5 1.9 5.1 11.4 22.4 32.7 42.0 66.9 



Coastal Status2                 



Noncoastal 7.9 1.5 4.2 9.8 19.0 27.4 34.6 52.8 



Coastal 11.5 2.6 6.6 14.4 27.1 38.6 48.4 72.7 



Coastal/Inland Region3               



Pacific 11.6 2.4 6.3 14.0 27.3 39.7 51.2 81.2 



Atlantic 13.3 3.5 8.3 17.0 30.8 42.8 52.3 75.8 



Gulf of Mexico 12.2 2.8 7.3 15.7 28.6 40.1 50.3 73.8 



Great Lakes 6.9 1.5 4.0 8.7 16.5 23.6 29.4 44.5 



Inland Northeast 8.7 1.7 5.0 11.3 21.0 29.5 36.5 54.4 



Inland Midwest 5.7 1.1 3.0 6.9 13.5 19.8 25.1 39.5 



Inland South 9.5 1.9 5.3 12.0 22.8 32.7 40.9 61.0 



Inland West 7.7 1.7 4.3 9.4 18.2 26.3 33.3 51.6 



Notes: 



Fish consumption rate estimates are total freshwater and estuarine finfish and shellfish usual fish consumption rate 



estimates, raw weight, edible portion, for adults.         



1. U.S. Census Regions         



Midwest = OH, MI, IN, WI, IL, MO, IA, MN, SD, ND, NE, and KS         



Northeast = PA, NY, NJ, CT, RI, MA, NH, VT, and ME         



South = DE, MD, DC, VA, WV, KY, TN, NC, SC, GA, AL, MS, FL, LA, AR, OK, and TX 



West = NM, CO, WY, MT, ID, UT, AZ, NV, CA, OR, WA, AK, and HI         



2. All counties that bordered the Pacific or Atlantic Oceans, the Gulf of Mexico or any of the Great Lakes were 



defined as coastal. Additionally, counties that bordered estuaries and bays were defined as coastal as were 



counties whose centroid was within approximately 25 miles of any coast even if not directly bordering a coast.  



3. Coastal and Inland Regions 



Pacific Coast = coastal counties in CA, OR, WA, AK, and HI 



Atlantic Coast = coastal counties in CT, DE, DC, FL (bordering Atlantic Ocean), GA, ME, MD, MA, NH, NJ, NY, 



NC, PA, RI, SC, and VA 



Gulf of Mexico Coast = coastal counties in AL, FL (bordering Gulf of Mexico), LA, MS, and TX 



Great Lakes Coast = counties bordering the Great Lakes in MI, WI, OH, NY, MN, IN, IL, and PA 



Inland West = remaining counties in CA, OR, WA, AK, and HI and all of NM, CO, WY, MT, ID, UT, AZ, and NV 



Inland South = remaining non-coastal counties in DE, MD, DC, VA, NC, SC, GA, AL, MS, FL, LA, and TX and all 



of WV, KY, TN, AR, and OK 



Inland Northeast = remaining counties in PA, NY, NJ, CT, RI, MA, NH, and ME and all of VT  



Inland Midwest = remaining counties in OH, MI, IN, WI, IL, and MN and all of MO, IA, SD, ND, NE, and KS 
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2.2 USEPA National Fish Consumption Rate 



USEPA has historically excluded marine fish from the fish consumption rate used to derive its 



recommended HHWQC. However, the FCR used to derive the 2015 HHWQC incorporates marine 



species based on the assumption that fish classified as marine but caught in near shore waters represent 



“local” fish that could be affected by chemicals at a concentration equal to the HHWQC. The key 



assumption is that near shore waters (within approximately three miles of the shoreline) have 



concentrations of chemicals equal to the HHWQC (i.e., the maximum allowed in fresh waters) and that 



the fraction of marine species assumed to be harvested from such near shore waters have spent 



sufficient time in such waters to have their tissue concentrations in equilibrium with the concentration in 



the near shore waters, where the equilibrium concentration in fish is defined by the BAF. Neither of these 



assumptions is likely to be representative of marine fish in near shore waters and, thus, of marine fish 



harvested from such waters.  



As described in more detail in Section 5, below, to the extent near shore waters are affected by 



concentrations of chemicals regulated by HHWQC, those chemicals are present in such waters because 



they were discharged in a freshwater environment, transported to the near shore waters by way of a river, 



and then released into the near shore waters at the mouth of the river. Even if one assumes that the 



concentration of the chemical in the river water at its mouth prior to release to the ocean is equal to the 



HHWQC, which is a very unrealistic assumption given that most discharges are diluted by river flow, the 



concentration in the near shore waters will be greatly diluted by the volume of the ocean, tidal exchange, 



and ocean currents. The concentration of chemicals in near shore waters as defined by USEPA will be 



lower than HHWQC and, therefore, also lower in marine fish caught from such waters than assumed by 



the 2015 HHWQC. Indeed, the concentrations may be so much lower as to not to lead to a material 



increase in exposure. Moreover, concentrations of many chemicals in mussels and oysters collected from 



near shore waters have been decreasing over the past two decades or more (O’Conner and Lauenstein 



2006), raising the question of why the list of fish species included in the FCRs used to derive the 2015 



national HHWQC was expanded to include marine fish.  



As described above, the NCI methodology reduces the high bias in the upper percentiles of fish 



consumption rates from short-term surveys. Given that reduction in bias, use of the NCI methodology 



might have been expected to result in a decrease in the 90th percentile fish consumption rate of 17.5 



g/day used by USEPA to derive the pre-2015 National HHWQC. Inclusion of marine species and some 



salmon (see next section) may, therefore, explain why the 90th percentile FCR used by USEPA to derive 



the 2015 National HHWQC increased from 17.5 g/day to 22 g/day. USEPA’s lack of transparency 



regarding species-specific FCRs will create a challenge for States to use the USEPA FCR data and 



develop FCRs representative of the fish species consumed from a State’s waters. However, it bears 



pointing out that USEPA (2014a) does provide information on the long-term FCR of just freshwater finfish 



and shellfish (summarized for different regions of the US in Table 2). These freshwater only FCRs are 



substantially lower than the 90th percentile FCR of 22 g/day used by USEPA that included salmon and 



some marine fish. They are also more representative of the species of fish that may be consumed by 



residents of inland states whose waters do not contain estuarine and marine fish.  
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Table 2. National and Regional Fish Consumption Rate Estimates for Total, Freshwater and 



Estuarine, and Freshwater Finfish and Shellfish 



Population 



All Finfish and Shellfish 
Freshwater and Estuarine 



Finfish and Shellfish 
Freshwater Finfish and 



Shellfish 



Mean 
(grams/day) 



90th 
Percentile 



(grams/day) 



Mean 
(grams/day) 



90th 
Percentile 



(grams/day) 



Mean 
(grams/day) 



90th 
Percentile 



(grams/day) 



National             



National 23.8 52.8 9.2 22.0 4.4 6.7 



Region1             



Northeast 30.2 65.2 9.7 23.1 1.6 2.8 



Midwest 17.6 39.2 6.0 14.3 5.1 7.5 



South 23.7 52.1 11.0 26.3 6.5 10.7 



West 25.9 55.7 9.5 22.4 2.5 4.0 



Coastal Status2             



Noncoastal 21.7 48.3 7.9 19.0 4.3 6.5 



Coastal 27.5 59.9 11.5 27.1 4.4 7.0 



Coastal/Inland Region3           



Pacific 28.5 61.2 11.6 27.3 3.0 4.8 



Atlantic 31.4 67.2 13.3 30.8 4.7 7.8 



Gulf of Mexico 25.2 55.0 12.2 28.6 5.5 9.3 



Great Lakes 19.2 41.8 6.9 16.5 5.4 7.4 



Inland Northeast 27.9 60.7 8.7 21.0 1.6 2.6 



Inland Midwest 17.1 38.3 5.7 13.5 4.9 7.4 



Inland South 21.2 46.9 9.5 22.8 6.8 10.9 



Inland West 23.7 50.6 7.7 18.2 2.1 3.4 



Notes: 



Fish consumption rate estimates are total freshwater and estuarine finfish and shellfish usual fish consumption rate 



estimates, raw weight, edible portion, for adults. 



1. U.S. Census Regions         



Midwest = OH, MI, IN, WI, IL, MO, IA, MN, SD, ND, NE, and KS 



Northeast = PA, NY, NJ, CT, RI, MA, NH, VT, and ME  



South = DE, MD, DC, VA, WV, KY, TN, NC, SC, GA, AL, MS, FL, LA, AR, OK, and TX 



West = NM, CO, WY, MT, ID, UT, AZ, NV, CA, OR, WA, AK, and HI  



2. All counties that bordered the Pacific or Atlantic Oceans, the Gulf of Mexico or any of the Great Lakes were 



defined as coastal. Additionally, counties that bordered estuaries and bays were defined as coastal as were 



counties whose centroid was within approximately 25 miles of any coast even if not directly bordering a coast. 



3. Coastal and Inland Regions 



Pacific Coast = coastal counties in CA, OR, WA, AK, and HI 



Atlantic Coast = coastal counties in CT, DE, DC, FL (bordering Atlantic Ocean), GA, ME, MD, MA, NH, NJ, NY, 



NC, PA, RI, SC, and VA 



Gulf of Mexico Coast = coastal counties in AL, FL (bordering Gulf of Mexico), LA, MS, and TX 



Great Lakes Coast = counties bordering the Great Lakes in MI, WI, OH, NY, MN, IN, IL, and PA 



Inland West = remaining counties in CA, OR, WA, AK, and HI and all of NM, CO, WY, MT, ID, UT, AZ, and NV 



Inland South = remaining non-coastal counties in DE, MD, DC, VA, NC, SC, GA, AL, MS, FL, LA, and TX and all 



of WV, KY, TN, AR, and OK 



Inland Northeast = remaining counties in PA, NY, NJ, CT, RI, MA, NH, and ME and all of VT 



Inland Midwest = remaining counties in OH, MI, IN, WI, IL, and MN and all of MO, IA, SD, ND, NE, and KS 
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2.3 Inclusion of Anadromous Fish 



Unlike true freshwater species, anadromous fish spend a substantial fraction of their life in marine or 



ocean environments that are outside States’ jurisdiction. If a substantial fraction of the chemical-specific 



body burden (mass per fish) found in returning adult salmon is acquired during time spent in the ocean, 



there is effectively nothing a State will be able to do to reduce risks to humans resulting from exposure to 



chemicals in the salmon they eat. For this reason, the FCR of 17.5 g/day used by USEPA to derive 



HHWQC prior to 2015 classified salmon as a marine fish and excluded salmon3 from the FCR (USEPA 



2000). While USEPA (2014) recognizes that habitat apportionment is complicated by the fact that some 



species live in multiple habitat types at different life stages, the method used to apportion consumption of 



anadromous fish to estuarine/near shore and marine habitats is unclear. For example, an apportionment 



of 15% estuarine and 85% marine is assigned to both chum salmon and coho salmon, with a note simply 



indicating that “some populations spend many months in estuaries.” In the past, USEPA has designated 



Pacific salmon as marine species, effectively excluding them from the FCR used to derive HHWQC 



(USEPA 2000, 2002a), as it was commonly accepted that salmon accrue most of their body mass and 



chemical body burden in marine waters. However, in recent years, the treatment of salmon and other 



anadromous species in the FCR used to derive HHWQC has been called into question (e.g., WDOE 



2013). Not only are salmon of particular cultural significance in the Pacific Northwest, but their life 



histories are varied and complex. While all current research supports a conclusion that the majority (i.e., 



>90%) of the bioaccumulative chemical body burden in adult Pacific salmon is acquired in the marine 



phase of their life (Cullon et al. 2009, O’Neill and West 2009), this has not necessarily been proven for all 



anadromous fish. Therefore, there is some debate about the best approach to apportionment for these 



species. The ultimate question is what fraction of the final chemical burden in a State’s returning adult 



salmon is acquired in the State vs. in the ocean. 



It is to be expected that if salmon spend time in both freshwater and saltwater habitats, they will 



accumulate contaminants in both types of habitats. The scientific literature (e.g., Johnson et al. 2007a,b) 



shows that juvenile salmon caught in freshwater contain some mass of persistent bioaccumulative toxins 



(PBT; i.e., chemicals such as PCBs) prior to outmigration to the ocean. However, unless these 



observations are paired with measurements of PBT burdens in returning adults, the relative significance 



of the mass accumulated by juveniles in freshwater cannot be assessed. Thus, standalone 



measurements in juvenile fish are not directly relevant to the central question of where adult salmon 



accumulate their cumulative PBT body burdens. 



A review of the scientific literature shows only a handful of studies providing results relevant to this 



question, with the work of O’Neill, West, and Hoeman (1998), West and O’Neill (2007), and O’Neill and 



West (2009) constituting the most thorough examination of the issue. O’Neill and West (2009) found that 



PCB levels in adult Chinook salmon (fillets) collected from a wide range of geographic locations are 



relatively uniform except for fish taken from Puget Sound, which show three to five times higher levels of 



PCBs than fish taken from other locations. As discussed by the authors, these data can be interpreted as 



indicating accumulation of PCBs in Puget Sound and/or along the migratory routes of these fish, which, 



depending on the specific runs, can pass through some highly-contaminated Superfund sites (e.g., 



                                                      
3 Landlocked and farm-raised salmon were included in the 17.5 g/day FCR, even though they represented a small 



fraction of total salmon consumed (USEPA 2000).  
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Duwamish Waterway). Ultimately, however, O’Neill and West (2009) concluded that, on average, greater 



than 96% of the total body burden (mass) of PCBs in these Puget Sound Chinook was accumulated in 



the Sound and not in natal river(s) based on a comparison of PCB concentrations and body burdens in 



out-migrating Chinook smolts collected from the Duwamish River and adults returning to the Duwamish. 



Even the most contaminated out-migrating smolts contained no more than 4% of the body burden (mass) 



of PCBs found in returning adults. Thus, greater than 96% of the PCB mass (burden) found in the 



returning adults was accumulated in marine or ocean waters (including Puget Sound). Even allowing for 



an order of magnitude underestimate in the body burden of out-migrating smolts, O’Neill and West (2009) 



concluded that accumulation in freshwater would account for less than 10% of the average PCB burden 



ultimately found in adults returning to the Duwamish River. By extension, this analysis supports the 



conclusion that Chinook salmon passing through uncontaminated estuaries during outmigration 



accumulate a dominant fraction of their ultimate PCB body burdens in the open ocean. Other researchers 



have also reached this conclusion using their own data, and Cullon et al. (2009) concluded that 97% to 



99% of the body burdens of various PBT chemicals were acquired during the time at sea (based on 



measurements in out-migrant juvenile and returning adult Chinook from multiple natal rivers). 



Overall, measurements support the position that, as a general rule, the predominant fraction of the 



ultimate PBT burden found in harvested adult salmon, even salmon passing through highly contaminated 



fresh and estuarine waters during outmigration, is accumulated while in the ocean phase of their life cycle 



(e.g., Cullon et al. 2009; O’Neill and West 2009). This conclusion is supported by modeling as well (Hope 



2012). States with near shore waters may want to consider these data when determining how, if at all, to 



count anadromous fish in the calculation of their fish consumption rates. 



2.4 Trends in Fish Consumption Rates 



FCRs used by USEPA to derive HHWQC have increased over the years, from 6.5 g/day in 1980 to 17.5 



g/day in 2000 and finally 22.0 g/day in 2015 (USEPA 1980, 2000, 2015a). However, the increases in 



FCRs used by USEPA to derive HHWQC are primarily due to policy decisions (e.g., changes in 



calculation methodology, change in percentile/statistic of the distribution used to represent fish 



consumption, and inclusion/exclusion of certain species) and do not reflect a national trend of increasing 



FCRs over time. 



The per capita consumption of all fish and shellfish tracked by the National Marine Fisheries Service 



(NMFS) has remained essentially unchanged since 1985. NMFS data show only a slight step increase 



from approximately 15 g/day in the early 1980s to approximately 19 g/day in the mid-1980s (Figure 1). 



The NMFS calculation of per capita consumption is based on a “disappearance” model. Per NMFS 



(2016), “The total U.S. supply of imports and landings is converted to edible weight; decreases in supply, 



such as exports and industrial uses, are subtracted. The remaining total is divided by the U.S. population 



to estimate per capita consumption.” Because the NMFS fish consumption rates include data for all 



freshwater, estuarine, and marine species, the per capita rate of about 19 g/day is higher than the 



national average FCR estimated by USEPA of 9.2 g/day (Tables 1 and 2) which does not include marine 



fish. When USEPA includes marine fish, the FCR for all fish and shellfish is 23.8 g/day (USEPA 2014a), 



similar to the 19 g/day reported by NMFS.  



Given the relatively constant consumption rate of fish over the past thirty years, as States consider 



whether to modify the fish consumption rates they have used when deriving State-specific HHWQC, it is 
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important that States identify and be transparent about the basis for such modifications. Changes could 



be based on new science (e.g., new consumption rate surveys, application of the NCI methodology) 



and/or changes in policy (e.g., inclusion of anadromous and marine species, selection of the population to 



which the FCR applies, which percentile or other statistical metric to use).  



Figure 1. NMFS Fish Consumption Rate Trend 



 
Notes:   



National Marine Fisheries Service (NMFS). 2016. Fisheries of the United States, 2015. U.S. Department of 



Commerce, NOAA Current Fishery Statistics No. 2015. Available at:  https://www.st.nmfs.noaa.gov/commercial-



fisheries/fus/fus15/index 



3 RELATIVE SOURCE CONTRIBUTION 



The relative source contribution (RSC) is an explicit parameter in USEPA’s derivation of HHWQC. It 



applies only to HHWQC based on toxicological endpoints with a mode of action assumed to have a 



threshold (e.g., most non-cancer endpoints, non-linear cancer endpoints). The concept embodied by the 



RSC is that a person’s total exposure to a chemical should not exceed the allowable exposure (i.e., the 



reference dose [RfD]). Exposure can come from a variety of pathways in addition to drinking of surface 



water or consumption of fish from waters regulated by HHWQC. The other pathways most frequently 



mentioned are exposures through inhalation and consumption of food. The RSC is used by USEPA to 



derive or establish the fraction of the RfD that can be apportioned to exposures from surface water when 



deriving HHWQC. 
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3.1 Origins of the RSC 



The concept of the RSC has a long history. When developing national drinking water criteria in the mid-



1970’s as part of a collaboration with USEPA under the Safe Drinking Water Act (SDWA), the National 



Academy of Sciences (NAS) appears to have been one of the first to recognize that the combination of 



drinking water exposures regulated by drinking water standards combined with exposures from other 



sources (e.g., inhalation of air, consumption of food) could cause a person’s total exposure to exceed the 



RfD (NAS 1977): 



Since the calculation of the [acceptable daily intake (ADI)] values is based on the total amount of a 



chemical that is ingested, the ADI values calculated in this report do not represent a safe level for 



drinking water. However, a suggested no-anticipated-adverse-effect level has been calculated for 



these chemicals in drinking water using two hypothetical exposures (where water constitutes 1% and 



20% of the total intake of the agent), and similar calculations can readily be made for other 



exposures.  



Though the NAS did not refer to the 1% and 20% as an RSC, the percentages serve the same purpose; 



assuming that either 1% or 20% of the acceptable daily intake (ADI) (the equivalent of the RfD) can be 



allotted to exposures from drinking water. The remainder (either 99% or 80%) was allotted to other 



sources of exposure.  



Shortly thereafter, in 1980, the RSC concept was included by USEPA in the derivation of surface water 



quality criteria (USEPA 1980). For surface water quality criteria USEPA proposed to address exposures 



from other sources by subtracting exposures from diet and inhalation using the equation shown below 



(USEPA 1980). 



 C = ADI - (DT + IN) / [2 L + (0.0065 kg X R)] 



Where:   



C is the criterion; 



ADI is the acceptable daily intake (now called the reference dose (RfD)); 



2 L is the assumed daily water consumption; 



0.0065 kg is the assumed daily fish consumption; 



R is the bioconcentration factor (units of liters per kilogram [L/kg]); 



DT is the estimated non-fish dietary intake; and 



IN is the estimated daily intake by inhalation.  



USEPA goes on to state “If estimates of IN and DT cannot be provided from experimental data, an 



assumption must be made concerning total exposure. It is recognized that either the inability to estimate 



DT and IN due to lack of data or the wide variability in DT and IN in different states may add an additional 



element of uncertainty to the criteria formulation process. In terms of scientific validity, the accurate 



estimate of the Acceptable Daily Intake is the major factor in satisfactory derivation of water quality.” 



(USEPA 1980). Review of the criteria proposed by USEPA in 1980 indicates that for most, if not all 



compounds, both DT and IN were set to zero. In other words, non-fish dietary exposures and inhalation 



exposures were assumed to be zero. In 1991, USEPA discussed this assumption more explicitly stating 



“Where dietary and/or inhalation exposure values are unknown, these factors can be deleted from the 



above calculation.” (USEPA 1991a). 
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Prior to 2015, HHWQC for most compounds were derived assuming the contribution from non-fish dietary 



sources and inhalation was assumed to be zero, the equivalent of setting the RSC to 1. The RSC was 



assumed to be 1 despite USEPA developing an extensive Decision Tree Approach (with 10 pages of 



supporting discussion) about the use of the RSC when deriving HHWQC (USEPA 2000). That decision 



tree distinguishes between RSCs derived using the subtraction method and the percentage method4. The 



subtraction method is essentially the same5 as described in earlier USEPA HHWQC support documents 



(USEPA 1980, 1991a) and drinking water standard support documents (USEPA 1985, 1989a). What 



exactly USEPA intended when applying the percentage method is not as clear because, prior to 2000, 



HHWQC guidance referred to only the subtraction method. However, drinking water standards referred to 



both the subtraction method and the percentage method (USEPA 1985, 1989a). 



In 1985, USEPA proposed national primary drinking water standards that used an RSC when deriving 



drinking water standards, though it was not yet referred to as the RSC at that time (USEPA 1985). In that 



proposal, USEPA describes two different approaches for deriving the equivalent of RSCs. When sufficient 



data about the magnitude of other sources of exposure are available, the drinking water standard is set 



by subtracting the exposure from other sources (e.g., air and food) from the RfD. This is referred to as the 



subtraction method. It is essentially the same as the subtraction method referred to by the USEPA (1980) 



for deriving HHWQC differing only in structure of the equations used to derive the standards/criteria. 



When sufficient data on exposure from sources other than drinking water are not available, USEPA 



proposes deriving the drinking water standard by multiplying the RfD by the assumed percentage of the 



RfD that is contributed by drinking water (USEPA 1985). This is referred to as the percentage method.  



USEPA (1985) also establishes 20% as the assumed contribution of drinking water to allowable exposure 



when comprehensive data on exposure from other sources are not available. USEPA states that “this 



exposure factor is judgmental and is adjusted when mitigating information exists” and that “use of a 20% 



contribution is considered to be reasonably conservative.” Four years later, USEPA also established a 



maximum RSC of 80% (USEPA 1989a). USEPA states “If data indicate that drinking water is responsible 



for a large part of total exposure to a chemical (i.e., 80 to 100 percent), EPA believes that it is prudent to 



allow for the contingency that exposure via air, food and other sources that may not be reflected in the 



available data is likely to occur. Utilizing the 80% “ceiling” for drinking water exposures ensures that the 



maximum contaminant level goal (MCLG) will be low enough to provide adequate protection for 



individuals whose total exposure to a contaminant is, due to dietary or other exposure, higher than 



currently indicated by available data. This approach, in effect, introduces an additional uncertainty 



factor…it ensures that the MCLG will result in no adverse effect with an adequate margin of safety.” 



(USEPA 1989a). 



When describing the subtraction and percentage methods, USEPA suggests that data about the 



magnitude of sources of exposure other than drinking water are likely available for inorganic compounds 



and are unlikely to be available for many organic compounds (USEPA 1985, 1989a). 



                                                      
4 In the subtraction method, the exposure supported by the RfD is allocated among various sources by first 
subtracting all exposure routes other than drinking water and fish consumption and then allocating the remainder of 
the RfD to drinking water and fish consumption. The percentage method is a simple ratio of exposure via drinking 
water and fish consumption to the total exposure. 
5 The equation is slightly different but the concept of reducing the portion of the RfD available for deriving HHWQC 
based on non-fish dietary and inhalation exposures is the same.  
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3.2 RSC Decision Tree 



A detailed discussion of the application of the subtraction and percentage methods when developing 



HHWQC is provided in USEPA (2000). That discussion includes a recommended Decision Tree 



Approach for when each method is applicable. The scientific and policy basis for several of the decision 



points in the Decision Tree are worthy of more detailed consideration to determine whether the approach 



is applicable and relevant to individual States. 



• The description of the subtraction approach is consistent with descriptions in prior USEPA 



guidance (USEPA 1980, 1985, 1989a, 1991a). However, the description of the percentage 



approach differs from previous descriptions presented in drinking water standard guidance 



(USEPA 1985, 1989a). When describing the percentage approach in 1989, USEPA states “When 



data did not exist, EPA then estimated drinking water’s contribution at 20 percent of total 



exposure.” (USEPA 1989a). In other words, when USEPA did not have information on the 



magnitude of exposure from other sources, it selected 20% as the default RSC. The description 



of the percentage method in USEPA (2000) assumes information about other sources is 



available. The percentage method is described as “This simply refers to the percentage of overall 



exposure contributed by an individual exposure source. For example, if for a particular chemical, 



drinking water were to represent half of total exposure and diet were to present the other half, 



then the drinking water contribution (or RSC) would be 50 percent.” (USEPA 2000). This 



definition assumes information about total exposure is available. The presumption that 



information on total exposure is available is further reinforced by a recent description of the 



percentage method (USEPA 2015b, see Attachment C). Previous descriptions of the percentage 



method state the method is to be used when information on other exposure sources is absent. If 



total exposure can be quantified, then information on other sources must be available. If such 



information is available and is reliable enough to develop an estimate of total exposure, then the 



percentage method (at least as described prior to 2000) would not need to be used to estimate an 



RSC.  



• Given the descriptions in the 2000 HHWQC guidance, the health protection achieved by the two 



alternative approaches to the percentage method differ. In the approach used to establish 



drinking water standards, where the contribution of drinking water to the RfD is simply set at a 



specific percentage, drinking water exposures can be as high as the set percentage, but will not 



exceed that percentage. As long as that percentage is less than 100% (i.e., the RSC is less than 



1), drinking water exposures will not exceed the RfD. And as long as exposure from other 



sources is no more than the 80% of the RfD, total exposure will not exceed the RfD. In the 



approach described by USEPA (2000) where the RSC is determined by the percentage that 



surface water exposures represent of total exposure, relatively small surface water exposures will 



remain small. However, relatively large drinking water exposures will remain large (see 



Attachment C). As long as total exposure is less than the RfD, exposures from surface water will 



also be less than the RfD. However, it is possible for this application of the percentage method to 



result in total exposures that exceed the RfD. One example is a situation where total exposure is 



equal to the RfD, surface water exposures are a relatively large proportion of that total exposure 



and new toxicity data become available that lead to a decrease in the RfD such that the existing 



total exposure now exceeds the new RfD. Because the percentage that surface water comprises 



of total exposure remains the same (exposures did not change, only the RfD), the RSC remains 
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the same and can result in a situation where total exposure exceeds the RfD (see Attachment C). 



This is an example of where the percentage method would not meet the stated goal of using a 



RSC “…the purpose of the RSC is to ensure that the level of chemical allowed by a criterion or 



multiple criteria…will not result in exposure that exceed the RfD…” (USEPA 2000). States should 



recognize that unlike the subtraction method, the percentage may not meet the fundamental goal 



of the RSC under certain conditions. 



• The Decision Tree Approach indicates that the subtraction method should not be used for 



compounds that have criteria or standards for other environmental media. That distinction was 



not raised when the two methods were discussed in drinking water standards guidance (USEPA 



1985,1989a). Nor is it clear why the distinction is being made in the 2000 HHWQC guidance. 



USEPA states “When more than one criterion is relevant to a particular chemical, apportioning 



the RfD…via the percentage method is considered appropriate to ensure that the combination of 



health criteria, and thus the potential for resulting exposures, do not exceed the RfD…” (USEPA 



2000). That statement fails to explain how applying the percentage method to HHWQC would 



keep total exposure from exceeding the RfD. The RSC is only applied to surface water criteria or 



drinking water standards. Apportioning the RfD in only one medium (e.g., surface water or 



drinking water) and not the others (e.g., air, foodstuffs) can still lead to the potential for total 



exposure to exceed the RfD. Each medium for which standards/criteria are based on an 



unapportioned RfD could by themselves have exposures equal to the RfD. When all exposures 



are combined, the RfD could be exceeded. Such an interpretation also assumes that 



concentrations in all environmental media are always equal to applicable criteria/standards. Given 



that criteria/standards are often enforced in a manner that leads to media concentrations well 



below concentrations allowed by criteria/standards (see Attachment G), the assumption that 



media concentrations will always be equal to the criteria/standards adds another uncertainty 



factor that may not be necessary. If data for the chemical in environmental media indicate that 



concentrations are lower than allowed by criteria/standards and are expected to remain that way, 



States should consider whether it is reasonable and necessary to use the more recent 2000 



description of the percentage method and effectively assume concentrations are equal to 



criteria/standards, particularly if the enforcement methodology will continue to preclude such 



concentrations.  



• The Decision Tree Approach also recommends evaluation of data adequacy and sufficiency. The 



associated discussion describes quite rigorous thresholds for data adequacy, though it does start 



out by recognizing application of professional judgment (USEPA 2000). Whether it represents 



professional judgment on USEPA’s part or some alternative decision process to arrive at RSCs, it 



is important for States to recognize that some of the existing RSCs that differ from USEPA’s 



default floor of 0.2 were derived prior to publication of the Decision Tree Approach and are 



unlikely to be consistent with all the data thresholds described therein. For example, when setting 



drinking water standards, USEPA uses a RSC of 0.8 for barium (USEPA 2016a). That RSC was 



derived by USEPA in 1985 (USEPA 1985). In that derivation, USEPA states “Little data are 



available on the level of barium in the U.S. food supply...Studies of four individuals indicated the 



dietary intake of barium ranged from 440 to 1,800 ug/day. The “average” value of 900 ug/day 



reportedly includes intake from beverages. The ICRP reports an “average” daily dietary intake of 



750 ug/day for an adult male from food and fluids, of which 80 ug/day comes from drinking water. 



Based on these data, the diet contributes approximately 670 ug barium to the adult human intake 
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each day.” (USEPA 1985). USEPA then goes on to use that estimate of exposure to derive the 



RSC of 0.8 for barium that is still used today. USEPA also uses a RSC of 0.4 when deriving the 



HHWQC and MCLG for antimony (USEPA 2002b, 1992). That RSC was derived in 1992 and is 



based on a survey of antimony in drinking water and a Food and Drug Administration (FDA) study 



of contaminants in food. Review of these studies should provide States a sense of the data 



requirements USEPA relies upon for HHWQC RSCs and the kind of deviations from data 



adequacy thresholds in the Decision Tree Approach that USEPA may find acceptable when 



deriving State-specific RSCs. 



Note as well that inclusion of salmon in the FCR (discussed above in Sections 2.1 and 2.2) can lead to a 



“double counting” of potential exposure to a compound in the derivation of HHWQC if the RSC is used to 



account for exposures from consumption of fish such as salmon that accumulated their body burden of a 



compound while in the marine environment. The goal of the RSC is to account for exposures not affected 



by HHWQC. Including salmon increases the FCR and reduces the HHWQC. The potential exposure from 



consumption of salmon is accounted for by such inclusion. However, if HHWQC are further reduced 



through the application of a RSC to account for exposures of salmon in the marine environment, then the 



HHWQC is reduced further. That further reduction is not necessary because the exposure from such 



salmon was already addressed by the inclusion of salmon in the FCR used to derive the HHWQC. Such 



double counting can be prevented by either not including salmon in the FCR or not including exposures 



associated with consumption of salmon in the RSC.  



3.3 Application of RSCs 



When using RSCs to derive state-wide criteria, States should appreciate and carefully consider at least 



five points.  



First, are RSCs needed at all? The concept embodied by the RSC was recognized by USEPA in 1980, 



but it was not until 2015, 35 years later, that USEPA included an RSC of less than 1 when deriving 



HHWQC for most compounds. USEPA has referred to these as an “additional uncertainty factor.” As 



discussed in other sections of this document and attachments, numerous conservative assumptions are 



already used to estimate exposure and toxicity when deriving HHWQC. Is another one necessary? Have 



data come to light in those intervening 35 years to suggest that exposures from other sources have been 



increasing or are larger than USEPA and States have been assuming for the past 35 years and, 



therefore, is application of an RSC and an added uncertainty factor to account for such exposures 



necessary? 



Second, if an RSC is needed, should it be developed using the subtraction or percentage method? The 



Decision Tree Approach in USEPA (2000) sets forth a series of conditions that lead to selection of one 



approach over the other. The basis for some of those conditions is unclear (such as the recommendation 



to use the percentage method if the compound is regulated in other environmental media) and should be 



carefully considered and the applicability to a particular State understood before deciding upon the 



method. Additionally, as noted above, under certain conditions, the percentage method may not meet the 



original goal of the RSC; to assure the total exposure from all sources remains below the RfD. Finally, 



USEPA also points out that situations may exist where the decision tree “is not practicable or may simply 



be irrelevant after considering the properties, uses, and sources of the chemical in question” and goes on 



to state “EPA endorses such flexibility…to choose other procedures that are more appropriate for setting 
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health-based criteria and, perhaps, apportioning the RfD…as long as reasons are given as to why it is not 



appropriate to follow the Exposure Decision Tree approach and as long as the steps taken to evaluate the 



potential sources and levels of exposure are clearly described.” (USEPA 2000).  



Third, regardless whether the percentage or subtraction method is used to derive an RSC, should the 



default of 20% used by USEPA for most compounds be employed? As noted above under the first 



consideration, many more data are available now than were available 30 years ago on the potential 



exposure to many of the compounds for which HHWQC may be proposed. These data may indicate that 



exposures from other sources are lower than assumed by a default RSC of 20% (i.e., sources other than 



surface water contribute less than 80% of the RfD) and that a data-derived RSC is scientifically defensible 



and appropriate. Examples of such RSCs are provided in Attachment D.  



Fourth, when deriving a State-specific RSC, must the data requirements set forth in USEPA (2000) be 



adhered to, or is the totality of data that have been collected on environmental concentrations of 



compounds in the past three decades (since USEPA [1985] raised the data-based distinction between the 



subtraction and percentage methods) sufficient to make well-informed assessments of exposure from the 



diet and air? USEPA (2000) contains rather extensive requirements for data to be considered usable 



when deriving a State-specific RSC. However, review of the data used by USEPA to derive RSCs for 



some drinking water standards, and in a few instances for HHWQC, suggests that those same data 



quality thresholds would not be met by several of the current RSCs that differ from the default of 20%. 



USEPA (2000) does note that a “case-by-case determination may be necessary” and that “data may, 



therefore, be adequate for some decisions and inadequate for others; this determination require some 



professional judgment (USEPA 2000).  



Fifth, if a default RSC is determined to be appropriate, should USEPA’s uniform range of default RSCs of 



20% to 80% be used for all compounds? The original default floor and ceiling of 20% and 80%, 



respectively, were developed for drinking water standards, not surface water quality criteria (USEPA 



1989a). Surface water quality criteria include both drinking water and dietary (fish consumption) exposure 



pathways. In other words, a portion of the dietary exposure accounted for the by the default RSC range of 



20% to 80% used to establish drinking water standards is regulated by HHWQC. For bioaccumulative 



compounds, the portion of a person’s total dietary exposure regulated by HHWQC may be quite large if 



high fish consumption rates are used to derive HHWQC6. States should consider whether the default 



RSCs developed for drinking water only exposures are applicable to HHWQC developed to regulate 



exposures from ingestion of surface water and consumption of fish from surface water. 



                                                      
6 Consider a simple example using the subtraction method where the total exposure is known and that exposure and 



the allowable exposure are both 100 milligrams per day (mg/day). Further, assume that drinking water contributes 25 
mg/day, consumption of fish contributes 50 mg/day and consumption of other dietary items contributes 25 mg/day. 
The compound is not present in air. Therefore, inhalation does not contribute to total exposure. The amount of the 
RfD available for drinking water exposure is 25 mg/day (RfD – total dietary intake – inhalation; 100 – 75 – 0 = 25 
mg/day) equivalent to an RSC of 0.25. The RSC for surface water exposure that includes exposures through 
ingestion of water and consumption of fish will be different. The portion of the dietary intake comprised of fish is 
regulated by the criterion and should not be subtracted from the RfD. For surface water, the amount of the RfD 
available for drinking water ingestion and fish consumption is 75 mg/day (RfD – non-fish dietary intake – inhalation; 
100 – 25 – 0 = 75 mg/day) equivalent to a RSC of 0.75. This is a simple example pointing to what seems a common-
sense realization that the default RSC for criteria regulating only one pathway (drinking water) should be different 
from the default RSC for criteria regulating multiple pathways (drinking water and fish consumption). 
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4 BIOCONCENTRATION AND BIOACCUMULATION 



FACTORS 



Estimating bioaccumulation of substances from ambient surface water into fish is a critical component in 



USEPA’s derivation of HHWQC. USEPA’s Technical Support Document, Volume 2 (USEPA 2003) 



defines bioaccumulation as “the uptake and retention of a chemical by an aquatic organism from all 



surrounding media (e.g., water, food, sediment)” and bioconcentration as “the uptake and retention of a 



chemical by an aquatic organism from water only”. USEPA’s (2000) Human Health Methodology gives 



preference to BAFs over bioconcentration factors (BCFs) because a BAF considers the potential 



chemical accumulation from all exposure pathways, not just water. However, relative to BCFs, which are 



typically derived in controlled laboratory studies, measured BAFs are rare and more difficult to estimate 



owing to the added complexity associated with the influence of food sources, sediment factors, and 



variable ambient conditions. Thus, USEPA’s 2000 Human Health Methodology includes use of BCFs to 



estimate BAFs for criteria derivation. When USEPA updated its national HHWQC in 2015, a key change 



was using BAFs instead of BCFs to predict the uptake of substances by fish from surface water.  



This section provides States and other stakeholders with two important pieces of information. First it 



provides an overview of the key aspects of the procedures USEPA followed to derive national BAFs used 



in the development of the 2015 national HHWQC. Second, it illustrates alternative procedures that can be 



used by States to develop BAFs that are more appropriate and that reflect ambient conditions more 



closely linked to those that exist outside of the Great Lakes. 



For most substances7, the USEPA methodology involves estimating a baseline BAF (i.e., a BAF based on 



the dissolved fraction and adjusted for lipid concentration) based on field or laboratory studies if available. 



When measured BAFs are available USEPA’s procedure uses those to estimate bioaccumulation. When 



measured BAFs are not available USEPA estimates BAFs by multiplying either measured or modeled 



BCFs by a foodchain multiplier (FCM). The FCM is intended to account for exposure of fish and shellfish 



from the non-water exposure pathways. A detailed discussion of the derivation and application of FCMs is 



presented in Attachment L. Exceptions to this process include inorganic compounds that are not expected 



to biomagnify, ionized organic compounds, organic compounds with log Kow of less than 4, and organic 



compounds that are highly metabolized. For compounds that fall into any of these four categories, 



USEPA’s procedure suggests using a field measured BAF and, if such is not available, a laboratory 



derived BCF. 



Many BAFs used by USEPA for derivation of the 2015 HHWQC were developed from data for 



polychlorinated biphenyls (PCBs) in the Great Lakes. As described in Attachment L, incorporation of 



assumptions that might be more representative of surface waters outside of the Great Lakes requires 



developing alternative inputs and running a bioaccumulation model. Recognizing that not all States will 



have the resources, expertise, or time, to become familiar with and run the model, alternative sets of 



FCMs are developed in Attachment L. The different sets capture the FCMs for substances that have 



metabolic transformation rates that differ from PCBs and surface waters that have foodwebs and 



characteristics (e.g., temperature, sediment-water ratio) that differ from the Great Lakes. This information 



                                                      
7 BCFs, and not BAFs, were developed and used to derive the proposed HHWQC for some substances. 
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should allow States to select and apply FCMs to the derivation of BAFs that are more applicable and 



representative of surface waters in their States without having to run the bioaccumulation model.  



Attachment L describes USEPA’s BAF derivation in substantial detail with the goal of allowing interested 



States to develop alternative, State-specific BAFs for several of the substances USEPA considers 



bioaccumulative. The remainder of this section provides brief summaries of the key technical issues 



discussed in more detail in the three attachments referred to below.  



4.1 Development of State-Specific FCMs and BAFs 



USEPA’s BAF methodology specifically allows for the conversion of USEPA’s default National BAFs to 



State-specific BAFs using State-specific assumptions about the concentration of dissolved organic carbon 



(DOC) and particulate organic carbon (POC) in surface water, parameters used to calculate the freely 



dissolved fraction in surface. USEPA’s methodology also allows the incorporation of State-specific 



assumptions for the lipid content of fish and shellfish in each trophic level. A more thorough evaluation of 



these aspects of the USEPA methodology as it was applied by FDEP when developing Florida-specific 



HHWQC is included in Attachment E.  



Review of the applicability of national FCMs and resulting BAFs indicated that several of the other default 



assumptions used by USEPA to derive national FCMs are unlikely to be representative of many 



chemicals and State-specific conditions. Recognizing that not all States will have the resources, 



expertise, or time, to run the model USEPA used to derive national BAFs, alternative sets of FCMs are 



developed in Attachment L that account for various combinations of conditions that represent the range of 



surface water conditions in the United State better than do USEPA’s defaults. The different sets of FCMs 



account for substances that have metabolic transformation rates that differ from PCBs and surface waters 



that have foodwebs and characteristics (e.g., temperature, sediment-water ratio) that differ from the Great 



Lakes. This information should allow States to select and apply FCMs to the derivation of BAFs that are 



more applicable and representative of surface waters in their States without having to run USEPA’s 



bioaccumulation model. The four parameters that are varied to develop the different sets of FCMs in 



Attachment L (foodweb structure, sediment-water ratio, metabolic transformation rate, temperature) are 



briefly described below. 



First, the model used by USEPA to derive national FCMs is based on and calibrated for a Great Lakes 



foodweb using PCB data. A State-specific foodweb may have substantially different inputs and structure 



and could result in different FCMs. As an example, Florida waters do not support alewives, smelt, or 



salmonids and the lipid content of many fresh water species appears to be lower in Florida than in the 



Great Lakes (Attachment E). Given the existence of a variety of foodwebs throughout the United States, 



the methodology presented in Attachment L presents FCMs for three different foodwebs (Great Lakes, 



warmwater benthic, warmwater pelagic) allowing States to develop refined State-specific FCMs and BAFs 



more representative of the conditions in their surface waters than those assumed by USEPA’s national 



default BAFs. 



Second, USEPA’s model assumes that surface waters have had a long history of loading of substances 



followed by a relatively recent reduction in such loading (such as PCBs in the Great Lakes and Hudson 



River in the 1980’s and 1990’s). That scenario of high historic loading leads to a high proportion of a 



substances in sediments compared to conditions closer to equilibrium. The effect of that model 



assumption is to increase FCMs. FCMs decrease substantially when substance loading expected to be 
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representative of most waters in the United States are employed in USEPA’s FCM model. The 



methodology presented in Attachment L presents FCMs for three different sediment-water ratios (23, 10, 



and 2) allowing States to develop refined State-specific FCMs and BAFs more representative of the 



conditions in their surface waters than those assumed by USEPA’s national default BAFs. 



Third, USEPA uses FCMs developed using the assumption of no metabolic transformation to derive 



HHWQC for many substances that are likely to be metabolized to some degree by fish or shellfish or 



both. The potential effect on FCMs of incorporating metabolism was previously investigated for 



pentachlorophenol, heptachlor, and 1,3-dichlorobenzene in Florida waters (Attachment E). When the 



substance-specific metabolic transformation rate constants were incorporated into the FCM model, the 



FCMs dropped substantially for all three chemicals (Attachment E). Given the large effect of metabolism 



seen for the above three substances, the methodology in Attachment L presents FCMs for four different 



metabolic transformation rates (0, 0.001, 0.01, and 0.1 day-1) that States can use to develop refined 



substance-specific FCMs and BAFs that account for metabolism. 



Fourth, the temperature used in the USEPA model is cooler than might occur in State-specific waters. 



Use of a higher temperature in the FCM model can increase FCMs because the higher temperature 



results in an increase in dietary intake in the model. Because the model assumes no metabolic 



transformation, the increased dietary intake is not balanced by what one might expect to be an increased 



rate of metabolic transformation as temperature increases. As with foodweb structure, sediment-water 



ratio, and metabolic transformation described above, the methodology presented in Attachment L 



presents FCMs for two different temperatures (8 and 16 C) thereby allowing States to develop refined 



State-specific FCMs and BAFs more representative of the conditions in their surface waters than those 



assumed by USEPA’s national default BAFs. 



4.2 Other Technical Issues Associated with USEPA’s Application of 



the BAF Methodology 



For bioaccumulative substances that do not have measured BAFs, a key step of USEPA’s process for 



deriving a baseline BAF is multiplying a BCF by a FCM. As noted above, USEPA’s guidance lists certain 



characteristics of a substance that preclude the application of a FCM. One of those characteristics is 



“high metabolism”, which is how USEPA classified polycyclic aromatic hydrocarbons (PAHs). However, 



for PAHs, USEPA failed to correctly account for high metabolic transformation rates and multiplied 



laboratory BCFs by FCMs, which is not consistent with its guidance for highly metabolized compounds. 



Attachment F provides a review of USEPA’s application of the methodology when deriving National BAFs 



for the 12 PAHs for which USEPA updated HHWQC in 2015.  



The USEPA database includes invertebrate species (e.g., the water flea (Daphnia magna), an amphipod 



(Pontoporeia hoyi), and a mayfly (Hexagenia limbata)) that are not representative of shellfish consumed 



by the general population. Whether the accumulation of substances in typically consumed shellfish is well 



represented by BAFs and BCFs from amphipods, mayflies and water fleas is unknown. What is known is 



that these organisms are very different from those that are regularly consumed. Until it has been shown 



that their BAFs and BCFs are representative of regularly consumed species, States should consider 



whether it might be best to exclude them when estimating the BAFs and BCFs of regularly consumed 



shellfish species, particularly for substances for which such species have a strong influence on the 



Baseline BAF. 
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USEPA’s methodology requires BAFs for each of three trophic levels (trophic levels 2, 3 and 4). When 



bioaccumulation data specific to each trophic level are available, national trophic level-specific BAFs are 



developed by USEPA and applied only to the trophic level from which each BAF was derived. For some 



substances, data to develop national BAFs were available for only one or two trophic levels. When a 



trophic level-specific BAF could be developed for only one trophic level, that BAF was applied to all three 



trophic levels. When trophic level-specific BAFs were available for two trophic levels, USEPA applied the 



geometric mean BAF of those two BAFs to all three trophic levels. Depending upon trophic level and a 



substance’s metabolic transformation rate, application of BAFs across trophic levels can lead to an under- 



or over-estimate of bioaccumulation. For example, applying a trophic level 2 BAF two all three trophic 



levels for a substance that undergoes metabolic transformation will overestimate the BAF for trophic 



levels 2 and 3. However, in that same situation, if the substance undergoes little metabolic 



transformation, the BAF for trophic levels 3 and 4 will be underestimated.  



5 CHEMICAL CONCENTRATION IN RECEIVING WATER 



The derivation of the HHWQC assumes that all species included in the FCR are continuously exposed to 



water that has a chemical concentration equal to the HHWQC. As noted above, the fish consumption rate 



used to derive the 2015 HHWQC includes not only freshwater and estuarine species, just as have earlier 



national HHWQC, but also marine species that spend some portion of their time in near-shore waters. For 



several reasons, the assumption that surface water has a concentration of chemicals equal to HHWQC is 



unlikely to be true for freshwater and is even less likely to be true for estuarine and near shore waters for 



several reasons.  



Typical regulatory requirements obligate discharges to achieve water quality criteria in the vicinity of the 



discharge and discharges operate at levels sufficiently below required levels to provide a margin of safety 



with respect to permit limits based on those criteria. In turn, that means the concentration at the 



compliance point, likely the edge of the mixing zone (assuming such is allowed), will be less than the 



HHWQC. How much less will vary depending upon the nature of the receiving water and characteristics of 



the discharge. Further, because mixing zones are limited in extent, additional dilution occurs outside of 



the mixing zone before chemicals reach an estuary or near shore waters.  



Once a discharge reaches an estuary or near shore waters, dilution will occur based just on volume 



because of the volume of saltwater compared to freshwater inputs. Beyond volume, additional mixing 



occurs because of tides, wind driven currents, and currents associated with larger oceanic circulation. 



Attachment G uses data on salinity for Florida rivers and the estuaries to which rivers discharge to 



estimate that the standard default assumption of all surface water being equal to the HHWQC 



overestimates exposure from fish consumption by between 30% to nearly 50%. This estimate is not 



specific to any single species included in the FCR employed by FDEP to derive HHWQC. It applies to the 



composite of species included in the FDEP FCR, which means it includes freshwater species. Such 



species are assumed to be in equilibrium with surface water at the HHWQC and comprised only about 



30% (6.7 g/day, Table 2) of the 22 g/day FCR used by USEPA to derive the 2015 National HHWQC. It 



also includes estuarine and marine species that are assumed to be in equilibrium with chemical 



concentrations in estuarine and near shore waters. Such waters are assumed to have a chemical 



concentration less than the HHWQC based on the salinity-based dilution model presented in Attachment 



G.  
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When setting State-specific HHWQC, States should consider whether and how to account for the 



overestimation of exposure and risk associated with the implicit assumption of all waters having chemical 



concentrations equal to the HHWQC. It can simply be viewed and acknowledged as an additional safety 



factor that ameliorates in part the need to use conservative values for some of the other inputs to the 



equation used to set HHWQC. Alternatively, the assumption could be explicitly accounted for by including 



an input parameter regarding assumed receiving water dilution in the equation used to derive HHWQC.  



6 OTHER ASSUMPTIONS AND PARAMETERS 



Several other exposure parameters are also explicitly included in the equation used to derive HHWQC, 



including drinking water intake and bodyweight. (As noted above in the introduction, the equation used to 



derive HHWQC also includes parameters that describe the toxicity of a chemical. This report does not 



discuss the basis and background of toxicity parameters.) USEPA has established default values to use 



for these explicit exposure parameters that are generally accepted and used to derive HHWQC as well as 



other criteria and standards.  



6.1 Drinking Water Ingestion  



The default drinking water intake is 2.4 liters per day (L/day), representing the per capita estimate of 



community water ingestion at the 90th percentile for adults ages 21 and older based on National Health 



and Nutrition Examination Survey (NHANES) data from 2003 to 2006 (USEPA 2015a). Prior to 2015, 



National HHWQC used a drinking water intake of 2 L/day, which represented the per capita community 



water ingestion rate at the 86th percentile for adults surveyed in the United States Department of 



Agriculture’s 1994-1996 Continuing Survey of Food Intake by Individuals (CSFII) analysis and the 88th 



percentile of adults in the National Cancer Institute study of the 1977-1978 Nationwide Food 



Consumption Survey (USEPA 2015a). The full distribution of drinking water intakes is presented in Figure 



2.  
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Figure 2. Drinking Water Intake Distribution 



 
Notes: 



Drinking water intake distribution based on per capita estimates of combined direct and indirect community water 



ingestion based on NHANES 2003–2006 (USEPA 2011). 



USEPA. 2011. Exposure Factors Handbook:  2011 Edition. EPA/600/R-090/052F. Office of Research and 



Development, Washington, DC. 



6.2 Bodyweight 



The default bodyweight is 80 kilograms (kg), representing the mean bodyweight for adults ages 21 and 



older, based on NHANES data from 1999 to 2006 (USEPA 2015a). Prior to 2015, National HHWQC used 



a bodyweight of 70 kg, which was based on the mean body weight of adults from the NHANES III 



database (1988-1994) (USEPA 2015a). The full distribution of bodyweights is presented in Figure 3.  
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Figure 3. Bodyweight Distribution 



 
Notes: 



Bodyweight distribution derived from NHANES (1999−2006) for adult males and females combined (USEPA 2011). 



USEPA. 2011. Exposure Factors Handbook:  2011 Edition. EPA/600/R-090/052F. Office of Research and 



Development, Washington, DC. 



6.3 Other Implicit Assumptions 



In addition to the explicit parameters that are the focus of this report, the process used to derive HHWQC 



makes implicit assumptions about exposure and risk. One such implicit assumption, discussed above, is 



that the concentration of chemicals in all surface water is equal to the HHWQC. Another implicit 



assumption mentioned above, is that all fish included in the FCR used to derive the HHWQC have 



concentrations that are in equilibrium with such surface water concentrations (i.e., fish spend their entire 



life in surface water with a concentration equal to the HHWQC). Several other implicit assumptions are 



present as well including the assumption that the concentration of a chemical in fish is not affected (i.e., 



does decrease or increase) by cooking and other aspects of preparing fish. Available data suggest that 



some bioaccumulative compounds are lost during cooking (see discussion in Attachments H and I). 



HHWQC also assume that people effectively use untreated surface water as a drinking water supply 



because the HHWQC equation contains no explicit parameter to account for any removal of a compound 



that might occur as a result of treatment by a drinking water supply.  



For a more complete list and discussion of implicit exposure assumptions inherent in the HHWQC 



derivation process see Attachments H and I. 
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7 COMPOUNDED CONSERVATISM 



To date, national HHWQC have been established using predominantly upper bound or maximum values 



for variables that govern human exposure and toxicity of the compounds that are being regulated. Bogen 



(1994) pointed out that “safety or conservatism initially assumed for each risk component may typically 



magnify, potentially quite dramatically, the resultant safety level of a corresponding final risk prediction 



based on upper-bound inputs.” Collectively, using multiple conservative assumptions results in HHWQC 



that may be far more protective than necessary to meet risk management goal(s) used to derive the 



HHWQC. This phenomenon of greater conservatism embodied by the whole than the conservatism of 



each individual part is referred to as "compounded conservatism" (Nichols and Zeckauser 1986). In the 



HHWQC derivation process, compounded conservatism plays a role both in the determination of 



individual factors of the derivation equations (i.e., in the toxicity factors and explicit and implicit exposure 



elements) and in the equations’ use of multiple factors, each based on upper bound limits and/or 



conservative assumptions. 



In addition to the conservatism embodied in the selection of individual components of the calculations 



(both explicit and implicit), the fundamental underlying assumption, which is that the most sensitive 



subpopulations will be exposed to maximum allowable concentrations over a full lifetime, is a highly 



unlikely and highly protective scenario. For example, the derivation of HHWQC is based on the 



assumptions that an individual will live in the same place for their entire life (70 years) and that 100% of 



the drinking water will be untreated and that all of the locally caught fish during those 70 years will come 



from the local water body, and that local water body will contain regulated substances at the HHWQC 



concentrations 100% of the time.  



The suggestion that the use of multiple default factors based on upper bound limits and/or conservative 



assumptions lead to a situation of compounded conservatism has been the subject of considerable 



discussion. However, in a staff paper, USEPA suggests that “when exposure data or probabilistic 



simulations are not available, an exposure estimate that lies between the 90th percentile and the 



maximum exposure in the exposed population [should] be constructed by using maximum or near-



maximum values for one or more of the most sensitive variables, leaving others at their mean values” 



(USEPA 2004). This appears to be an acknowledgement that adequately protective assessments do not 



require that each, or even most, component parameter(s) be represented by a 90th or 95th percentile (or 



maximum) value. 



Similarly, in the 2005 Cancer Risk Assessment Guidelines, USEPA (2005) stated: 



Overly conservative assumptions, when combined, can lead to unrealistic estimates of risk. This 



means that when constructing estimates from a series of factors (e.g., emissions, exposure, and unit 



risk estimates) not all factors should be set to values that maximize exposure, dose, or effect, since this 



will almost always lead to an estimate that is above the 99th-percentile confidence level and may be of 



limited use to decision makers. 



Viscusi et al. (1997) provided a simple example to illustrate compounded conservatism. In Superfund 



exposure assessments, USEPA states that they consider “reasonable worst case” exposures to be in the 



90th to 95th percentile range (Viscusi et al. 1997). However, the use of just three conservative default 



variables (i.e., 95th percentile values) yields a reasonable worst-case exposure in the 99.78th percentile. 



Adding a fourth default variable increases the estimate to the 99.95th percentile value. In a survey of 141 
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Superfund sites, the authors reported that the use of conservative risk assessment parameters in site 



assessments yields estimated risks that are 27 times greater than those estimated using mean values for 



contaminant concentrations, exposure durations, and ingestion rates.  



In a recent report on the economics of health risk assessment, Lichtenberg (2010) noted that the use of 



conservative default parameters is intended to deliberately introduce an upward bias into estimates of 



risk. Lichtenberg (2010) also stated that “the numbers generated by such procedures can’t really be 



thought of as estimates of risk, since they bear only a tenuous relationship to the probability that 



individuals will experience adverse health consequences or to the expected prevalence of adverse health 



consequences in the population.” Indeed, he pointed out that the number of actual cancer deaths that can 



be attributed to all environmental and occupational causes is much lower than the number that is 



predicted by risk assessments (Doll and Peto 1981, as cited by Lichtenberg 2010). Lichtenberg (2010) 



describes concerns about compounded conservatism by saying: 



...regulators continue to patch together risk estimates using a mix of “conservative” estimates and 



default values of key parameters in the risk generation process. Such approaches give rise to the 



phenomenon of compounded conservatism:  The resulting estimates correspond to the upper bound of 



a confidence interval whose probability is far, far greater than the probabilities of each of the 



components used to construct it and which depends on arbitrary factors like the number of parameters 



included in the risk assessment. 



The conservatism embodied in the derivation of HHWQC is discussed in greater depth in Attachments H 



and I. As States consider changing the values used for the various parameters used to derive HHWQC 



(even when choosing values that, by themselves, are less stringent than those used by USEPA to derive 



the 2015 HHWQC), they should keep in mind the effect of compounded conservatism and whether they 



are meeting or exceeding the risk management goals upon which their State-specific HHWQC are based. 



Application of probabilistic risk assessment, see Section 8 below, can help States demonstrate that risk 



management goals are being met.  



8 PROBABILISTIC RISK ASSESSMENT 



Traditionally, HHWQC have been derived by regulatory agencies using deterministic risk assessment 



methods (e.g., USEPA 2000). Those methods assign a single value (from a range of possible values) to 



each parameter in an equation that yields an HHWQC. Parameters include those used to estimate 



exposure, potential toxicity, and allowable risk level. Many people view the selection of the allowable risk 



level as the only risk management decision in the setting of HHWQC. That is incorrect. Selecting a single 



value from a range entails an element of subjectivity and is often a topic of debate (Finley and 



Paustenbach 1994, Burmaster et al. 1995). In the context of setting criteria, selection of a single input 



value from a range of values represents a risk management decision or science policy choice. 



Unfortunately, the effect of the choice relative to the intended risk management goal is not always 



apparent.  



Because regulatory agencies tend to err on the side of protecting public health, the derivation process 



typically incorporates the selection of conservative values (i.e., high-end or maximum values) for several 



parameters establishing the HHWQC (USEPA 1989b, 1991b, 2011), which leads to compounded 



conservatism (see Section 7). When using a deterministic risk assessment approach, it is impossible to 



discern the degree to which HHWQC are more protective than implied by the risk management goal and 
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the actual level of protection afforded different segments of the population. Probabilistic risk assessment 



(PRA) is an alternative to the traditional deterministic risk assessment methods. It uses a range of values 



for one or more input parameters thereby reducing the need for risk management decisions inherent to 



the selection of a single value for each parameter. Because the outcome of PRA is a distribution of risk, it 



makes the risk management decisions (i.e., the level of protection afforded different segments of the 



population) more transparent within the HHWQC derivation process. 



The commonly used deterministic HHWQC derivation process uses equations that estimate exposure and 



risk associated with consumption of water and fish from surface water. Deterministic HHWQC are derived 



using equations that include both exposure and toxicity parameters combined with a risk management 



goal (i.e., an acceptable risk level for either carcinogenic or non-carcinogenic effects). Probabilistic 



HHWQC are derived by using these same equations, combined with distributions for one or more 



parameters representing the inherent variability in a population’s physical characteristics and behaviors, 



or the uncertainty surrounding a parameter, to generate a distribution of risk. The HHWQC derived using 



probabilistic methods is the water concentration that has associated with it a distribution of potential risk 



that has better alignment with the risk management goal(s) selected by the regulatory agency. In some 



cases, a regulatory agency may select a single risk management goal. For example, a regulatory agency 



might require that the hazard quotient (HQ) for the 90th percentile of the population be equal to or less 



than 1.0 (e.g., FDEP 2016). Alternatively, a regulatory agency may select multiple risk management goals 



that need to be met by an HHWQC. For example, that the arithmetic mean of the population must have 



an excess lifetime cancer risk (ELCR) equal to or less than 1x10-6, that the 90th percentile of the 



population must have an ELCR equal to or less than 1x10-5, and that highly exposed populations have an 



ELCR no greater than 1x10-4, as did FDEP (2016). 



Monte Carlo Analysis (MCA) is used to generate a distribution of risk when one or more input variables 



are defined as probability distributions. This technique has been widely used in engineering, finance, and 



insurance as an alternative to solving equations with probability distributions analytically, which is 



mathematically complex (USEPA 2001). MCA is easily accomplished using commercial software (e.g., 



@Risk or Crystal Ball). The computer randomly selects input values from each probability distribution and 



solves the equation to calculate risk; this process is called an iteration. Typically, a large number of 



iterations are performed (e.g., 10,000 or more). One set of iterations is called a simulation. After the 



simulation is complete, the resulting risk estimates form a distribution of potential risk that can be 



compared to the target risk management goal(s). 



Deriving HHWQC using PRA does not mean that HHWQC will necessarily be higher (or lower) than a 



deterministically derived HHWQC. A key determinant of whether probabilistically derived HHWQC are 



higher or lower than deterministically derived HHWQC is the choice of health protection target. Using the 



same input distributions, two risk managers could derive two entirely different sets of probabilistically 



based HHWQC, varying only in the target risk level and target population percentile chosen.  



USEPA (2000) indicates that “An important part of risk characterization…is to make risk assessment 



transparent. This means that conclusions drawn from science are identified separately from policy 



judgements and risk management decisions, and that the use of default values or methods, as well as the 



use of assumptions in risk assessments, are clearly articulated.” Because PRA can employ the full the 



range of values for parameters that determine HHWQC and the output is the full range of potential risk, 



decisions about the level of protection afforded different segments of the population is transparent, and 



the transparency of the distinction between science and policy is better achieved than when using 
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deterministic approaches. When deriving HHWQC, States should consider the benefits of using PRA. 



Many of these benefits have been documented by USEPA (USEPA 2014b). As demonstrated by FDEP 



(2016), the necessary inputs for key parameters are available as are the computational tools to run 



probabilistic analyses. The use of PRA to derive HHWQC is discussed in further detail in Attachment J.  



9 HUMAN HEALTH PROTECTION TARGETS 



As noted in Section 8, the selection of acceptable risk targets has a large effect on the final value of 



HHWQC. Deciding what level of risk is acceptable is a multi-faceted decision and reflects many smaller 



choices about both how to merge scientific knowledge and public policy on health protection. These 



choices should consider such decisions within the broader context of other the sources of risks to our 



health and the many consequences of excessive conservatism in environmental standards. A more 



detailed discussion of various perspectives that States may wish to consider when selecting human 



health protection targets is presented in Attachment K. 



The risk of getting cancer from a lifetime of exposure to a chemical is expressed as a probability of 



developing cancer above and beyond the background risk that already exists, also known as the ELCR. A 



1x10-4 risk (or 1E-04) is a one in ten thousand chance of getting cancer over and above the background 



risk assuming a lifetime of exposure; a 1x10-6 risk (or 1E-06) is a one in one million chance. These risk 



levels represent the upper bound probability that an individual exposed to the chemical in the 



environment will develop cancer as a result of that exposure. Various statutes and associated regulations 



define acceptable risks differently. Standards set under the Occupational Safety and Health Act to protect 



workers on the job reflect an ELCR on the order of 1x10-3. The limits on the concentrations of chemicals 



in our drinking water at the maximum contaminant levels (MCLs) allowed reflect a range of ELCRs 



between1x10-7 and 1x10-3. As a result of the different ways of thinking about acceptable risk and the 



factors that must be taken into account when regulating exposure to chemicals, regulators have defined 



goals for limiting cancer risks in different ways in various regulatory programs. Table 3 summarizes 



benchmark criteria.  



Table 3. Benchmarks for Acceptable Risk 



Law / Regulation Focus Risk Standard Criterion for Carcinogens 



Clean Water Act Surface water Adverse health 
impacts 



1x10-4 to 1x10-6 



Safe Drinking Water Act Public drinking 
water 



Any adverse effect Goal:  0 



Enforceable standard:  >1x10-4 
to 1x10-7 



Toxic Substances Control 
Act 



Chemicals 
manufactured or 
imported into the 
United States 



Unreasonable risk 1x10-4 
(inferred, absent clear policy) 



Occupational Safety and 
Health Act 



Worker protection Significant risk 
over 45-year 
working life 



1x10-3 



Comprehensive 
Environmental Response, 
Compensation, and 
Liability Act, or Superfund 



Uncontrolled 
hazardous waste 
sites 



No significant risk 1x10-4 to 1x10-6 
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Regarding HHWQC, USEPA (2000) states: 



EPA also believes that criteria based on a 10-5 risk level are acceptable for the general population as 



long as States and authorized Tribes ensure that the risk to more highly exposed subgroups 



(sportfishers or subsistence fishers) does not exceed the 10-4 level. 



Deterministic HHWQC are set at a single acceptable risk level. When using the deterministic approach, a 



common interpretation is that everyone is protected at the chosen acceptable risk level. However, the 



reality is that for any exposed population, there exists a distribution of risk, because risk varies with each 



person’s attributes and lifestyle. With a probabilistic approach, a regulatory agency has the ability to set 



acceptable risk levels for one or more segments of the population, as discussed in Section 8. This leads 



to an increased level of transparency regarding which segments of the population are protected at which 



levels. Use of the probabilistic approach instead of the deterministic approach does not necessarily 



change the level of risk for members of the population, it just makes the various risk levels clear to the 



user rather than being hidden behind a single value. 



USEPA, in its probabilistic risk assessment guidance for Superfund sites (USEPA 2001), suggests that 



risk managers target population percentiles between the 90th and 99.9th (with a preference for the 95th) at 



acceptable risk levels between 1x10-6 and 1x10-4. Oregon, the only State with its own PRA guidance,  



Table 4. Odds of Dying from Various Causes 



Cause of Death Odds of Dying Lifetime Risk 



Heart Disease and Cancer 1 in 7 1.4x10-1 



Chronic Lower Respiratory Disease 1 in 27 3.7x10-2 



Intentional Self-harm 1 in 97 1.0x10-2 



Unintentional Poisoning by and Exposure to Noxious Substances 1 in 103 9.7x10-3 



Motor Vehicle Crash 1 in 113 8.8x10-3 



Fall 1 in 133 7.5x10-3 



Assault by Firearm 1 in 358 2.8x10-3 



Pedestrian Incident 1 in 672 1.5x10-3 



Unintentional Drowning and Submersion 1 in 1,183 8.5x10-4 



Exposure to Fire, Flames or Smoke 1 in 1,454 6.9x10-4 



Choking from Inhalation and Ingestion of Food 1 in 3,408 2.9x10-4 



Pedacyclist Incident 1 in 4,337 2.3x10-4 



Exposure to Excessive Natural Heat 1 in 10,784 9.3x10-5 



Exposure to Electric Current, Radiation, Temperature and Pressure 1 in 14,695 6.8x10-5 



Cataclysmic Storm 1 in 63,679 1.6x10-5 



Contact with Hornets, Wasps and Bees 1 in 64,706 1.5x10-5 



Being Bitten or Struck by a Dog 1 in 114,622 8.7x10-6 



Lightning Strike 1 in 174,426 5.7x10-6 



Notes: 



National Safety Council. 2016. Injury Facts:  Odds of Dying. Retrieved from http://www.nsc.org/learn/safety-



knowledge/Pages/injury-facts-odds-of-dying.aspx 



requires that an ELCR of 1x10-6 be met at the 90th percentile and an ELCR of 1x10-5 be met at the 95th 



percentile (ODEQ 1998). Florida, the only State to have employed PRA to derive HHWQC, did so by 



targeting a 1x10-6 risk level for the mean of the population, 1x10-5 for the 90th percentile, and ensuring that 



the most exposed Floridians do not exceed an ELCR of 1x10-4.  











DERIVATION OF HHAWQC: REVIEW OF KEY ASSUMPTIONS AND APPROACHES 



arcadis.com 
HHWQC Key Assumptions and Approaches_2nd Edition 28 



To develop a more concrete sense of 1x10-6 or one in one million, researchers have compiled data on 



various causes of death (Table 4)8, from ones that are common to ones that are rare.  



Table 5. Background Cancer Incidence Compared to Hypothetical  



Lifetime Cancer Incidence Associated with a Range of Target Risks 



Population 
Background  



Hypothetical Increased Lifetime Cancer Incidence 



1x10-7 1x10-6 1x10-5 1x10-4 



40% 40.00001% 40.0001% 40.001% 40.01% 



 



Another perspective when thinking about allowable risk is to consider the change in lifetime cancer 



incidence associated with a particular, allowable risk level. In the United States, about 40% of the 



population is expected to develop some kind of cancer over the course of his or her lifetime. The 



comparison illustrated in Table 5 shows the lifetime increased incidence of cancer associated with various 



alternative allowable cancer risks. In terms of biologically measurable impacts on cancer incidence or on 



public health, the various allowable risk levels shown in Table 5 are indistinguishable. 



10 SUMMARY 



USEPA’s 2015 National HHWQC revised many of the inputs used to derive the pre-2015 national 



HHWQC. Some of the revisions USEPA used when deriving the 2015 HHWQC were based on new 



science and data, others were based on science policy decisions, and others were a mix of the two. This 



report has presented background information on many of those inputs with a focus on new data and 



science. The goal of the background information is to provide State regulators a broader perspective of 



the data and science surrounding the inputs discussed in this report and, in the process, identify areas 



where the assumptions used by USEPA to develop the 2015 National HHWQC may not be applicable to 



the waters of specific States.  



USEPA’s assumptions may not be applicable for a variety of reasons. They may not be representative of 



a State’s surface waters (e.g., State-specific DOC and POC concentrations may differ from national 



averages). The fish consumption rates of a State’s population may differ from the national average. The 



BAF methodology, which is based on the bioaccumulation of PCBs in the Great Lakes and its food web, 



may not be representative of the waters in a State. A State’s waters may not support the kinds of fish 



used by USEPA in the national FCR or when estimating the National BAF. Both the national FCR and the 



National BAF include trophic level 2 species comprised exclusively of invertebrates/shellfish such as 



shrimp, clams and lobster. These species are not present and consumed from inland waters.  



                                                      



8 It is important to keep in mind that the comparisons presented in this section are to risk of death from other causes. 



The allowable risks used to derive HHWQC represent the hypothetical increased risk of getting cancer, not of dying of 



cancer. The latter risk would be smaller. In other words, if an HHWQC is based on an allowable risk of 1x10-6 of 



getting cancer, the chance of dying of cancer might be one third of that (3x10-7), if one assumes that one third of all 



cancers are fatal.  
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Additionally, some of the procedures used by USEPA to develop the inputs used to derive the 2015 



National HHWQC are not transparent and may not be appropriate. The lack of transparency is particularly 



evident when trying to discern the effect on the National FCR of the apportioning of species between 



marine and nearshore habitats. USEPA has not provided sufficient information (specifically, species-



specific FCRs) for States and other interested parties to develop FCRs with different apportionment of 



species to include in a FCR. Examples of potentially inappropriate assumptions from the BAF 



methodology include; the assumption that accumulation of chemicals in invertebrates such as water fleas 



and mayflies is representative of accumulation in shellfish consumed by humans (e.g., shrimp); and the 



application of a foodchain multiplier to PAHs and other substances when those compounds are known to 



be metabolized by fish.  



A priori, one cannot predict whether consideration of the information presented in this report, and other 



information States may have available to them, to establish scientifically defensible inputs will result in 



State-specific HHWQC that are higher or lower than USEPA’s 2015 National HHWQC. Given the large 



number of inputs upon which HHWQC depend, the diversity of waters, food webs, and characteristics of 



State-populations across the United States, and the large number of chemicals involved, it is likely that 



some State-specific HHWQC will be higher than USEPA’s 2015 National HHWQC and others will be 



lower. The goal of this report is to provide States with information that allows them to establish State-



specific HHWQC that meet each States’ human health protection targets and are based on the best 



science available.  
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Report on Selected Aspects of EPA’s Draft 2014 Update of Human 
Health Ambient Water Quality Criteria  
  











In May 2014, USEPA released draft updated recommended HHAWQC for 94 chemical 
substances. This attachment contains excerpts from an Arcadis report entitled Report on 
Selected Aspects of EPA’s Draft 2014 Update of Human Health Ambient Water Quality Criteria. 
The remaining sections of Report on Selected Aspects of EPA’s Draft 2014 Update of Human 
Health Ambient Water Quality Criteria are not relevant to the methodology USEPA used to 
derive the 2015 National HHAWQC and are not included in this attachment. 
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Comment 1. Marine species should not be included in the fish consumption 



rate used to develop the draft updated HHWQC. 



Summary:  Dilution provided by the large volume of water, tides, and ocean currents 



present in most near shore waters indicates that concentrations of chemicals regulated 



by HHWQC in near shore waters will be small compared to concentrations present in 



fresh and estuarine waters. Additionally, marine species caught in such waters may not 



have been present in such waters for a long enough time to have accumulated tissue 



concentrations assumed by the HHWQC. As a result, concentrations of chemicals in 



marine fish caught in near shore waters are likely to be much lower than assumed by 



the draft updated HHWQC. Regardless, the chemical-specific body burdens in true 



marine species reflect bioaccumulation in the marine environment, which is outside the 



jurisdictional control of States and authorized Tribes. This means that including any 



marine species in the UFCR would result in HHWQC that, almost by definition, can 



never be achieved based on actions any one state, or any group of states, could take. 



Based on these observations we recommend that EPA continue its past practice of 



excluding marine fish from the UFCR used to derive the draft updated HHWQC. If 



marine fish are to be included we recommend EPA provide data and analyses 



demonstrating that tissue concentrations in marine fish caught in near shore waters are 



larger than tissue concentrations of such fish caught in open oceans. 



Discussion:  The UFCR used to develop the draft updated HHWQC incorporates 



marine species under the pretext that fish classified as marine but caught in near shore 



waters represent “local” fish that could be affected by chemicals at a concentration 



equal to the draft updated HHWQC. The key assumption is that near shore waters 



(within approximately three miles of the shoreline) have concentrations of chemicals 



equal to the draft updated HHWQC and that the fraction of marine species harvested 



from such near shore waters have spent sufficient time in such waters to have their 



tissue concentrations be in equilibrium with the concentration in the near shore waters, 



where the equilibrium concentration is defined by the BAF. Neither of these 



assumptions is likely to be representative of near shore waters and, thus, of marine fish 



harvested from such waters. In fact, the chemical concentrations in such waters and 



marine fish caught from such waters are likely to be much lower than assumed by the 



draft updated HHWQC.  



To the extent near shore waters are affected by concentrations of chemicals regulated 



by HHWQC, those chemicals are present in such waters because they were 



discharged in a freshwater environment, transported to the near shore waters by way 



of a river, and then released into the near shore waters at the mouth of the river. Even 
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if one assumes that the concentration of the chemical in the river water at its mouth 



prior to release to the ocean is equal to the HHWQC, which is a very unrealistic 



assumption given that most discharges are diluted by river flow, the concentration in 



the near shore waters will be greatly diluted by the volume of the ocean, tidal 



exchange, and ocean currents. Therefore, the concentration of chemicals in near shore 



waters as defined by EPA will be substantially lower than the HHWQC. Indeed, the 



concentrations may be so much lower as to not to lead to a material increase in 



exposure.  



Moreover, concentrations of many chemicals in mussels and oysters collected from 



near shore waters have been decreasing over the past two decades or more 



(O’Conner and Lauenstein 2006).  EPA should provide data justifying the need to 



include potential exposures associated with fish caught from near shore waters in the 



draft updated HHWQC when such fish were not included when the existing HHWQC 



were established and concentrations of chemicals in near shore biota were higher. 



We recommend that EPA provide an evaluation of the potential contribution of 



freshwater releases to near shore waters to document the need for inclusion of marine 



fish. If near shore waters are shown to be affected by freshwater releases approaching 



the HHWQC, EPA should then document that the marine species caught in those 



waters have or are expected to have concentrations that are in equilibrium with the 



water concentrations. This will depend upon assumptions about uptake and depuration 



and time spent in the near shore waters versus open ocean waters. EPA needs to 



provide specific examples of species for which this is a concern and why those 



examples are likely to be representative of other (all) marine species harvested in near 



shore waters.  



We acknowledge that ocean discharges represent a possible special, localized 



condition. EPA should examine how many such discharges occur and how the volume 



compares to freshwater discharges. EPA should also document that harvesting of 



marine fish occurs near such discharges. If such discharges are frequent enough and 



of a large enough magnitude to warrant consideration when setting HHWQC, we 



recommend that EPA develop a process that is transparent enough and flexible 



enough that regulatory agencies responsible for establishing allowable water 



concentrations can use the approach recommended by EPA to establish more 



stringent site-specific HHWQC for such situations. The special case of ocean 



discharges should not be the basis for including marine fish in the UFCR, assuming 



such discharges require such inclusion in the first place.  
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The above comments suggest that it is very unlikely that marine fish caught in near 



shore waters can be considered to have the same potential to accumulate chemicals 



as fish that reside in and are caught in fresh and estuarine waters. Based on the 



reduced potential, we recommend that EPA exclude marine fish from the UFCR, and 



that if marine fish are to be included, EPA provide data and analyses that demonstrate 



such exposures are material and need to be accounted for by HHWQC.  



Comment 2.  EPA has not adequately documented its methodology for 



estimating fish consumption rate and life-cycle apportionment 



for marine species. 



Summary:  The apportionment of species to freshwater, estuarine, and marine 



habitats is not thoroughly documented by EPA. We recommend that EPA make 



transparent the process by which the apportionment was conducted such that 



members of the public interested in the process can duplicate EPA’s findings and 



determine the fraction of the overall fish consumption rate that is comprised of 



freshwater and estuarine fish versus marine fish. To facilitate this we recommend that 



EPA provide a summary of the commercial landings data, species-specific life history 



data, and species-specific fish consumption data EPA used to arrive at the 



apportionments shown in Table 1 of EPA (2014).  



Discussion: In contrast to EPA’s existing HHWQC that do not include marine fish 



when deriving HHWQC, EPA’s draft updated HHWQC are based on a fish 



consumption rate that includes a contribution from marine fish. That contribution is 



based on apportioning the fraction of marine species that are harvested in estuarine 



and near shore waters versus open ocean waters. The habitat apportionment process 



is poorly documented. Furthermore, for anadromous fish (i.e., those that spend part of 



their lives in marine waters and part of their lives in estuarine and near shore waters), 



this assumption oversimplifies the process by which the chemical body burdens of fish 



are accumulated. 



EPA (2014) states that the assignments of species to freshwater, estuarine, and 



marine habitats were completed by a fisheries biologist. While Appendix A of EPA 



(2014) provides the results of this analysis, the methodology that was used to arrive at 



these assignments is not clear. For select species, EPA (2014) states that it used 



NOAA landings data to apportion the species-specific consumption rate to various 



habitats. However, for a number of species, what appear to be generalized habitat 



apportionments are assigned without a strong scientific basis. For example, grouper 



are apportioned 50% estuarine and 50% marine, with the note that there are “150 











 
 
 
 
 
 
 
 
 
 



arcadis report on epa draft 2014 hhwqc - shortened.docx 5 



Report on Selected 
Aspects of EPA’s Draft 
2014 Update of Human 
Health Ambient Water 
Quality Criteria  



Federal Water Quality 
Coalition (FWQC) 



species”, some of which are “marine only, some estuarine and marine.” Similarly, 



rockfish are apportioned 50% estuarine and 50% marine, with a similar note simply 



indicating that “approximately half are found in estuaries (in addition to marine 



habitats).”  Scallops are assigned as entirely estuarine. However the NMFS landings 



data referred to by EPA (2014) indicate that about 99% of scallops are ocean scallops 



and not bay scallops (57,540,043 pounds of ocean scallops landed in 2010 and 



376,827 pounds of bay scallops). Based on the landings data, scallops should be 



weighted almost entirely marine and not estuarine. Because species specific 



consumption rates are not provided, the effect of this misclassification on the UFCR 



used to derive the draft updated HHWQC cannot be determined. In these cases and 



others, the technical justification for habitat assignments needs to be clearly 



documented including references to life history information used to make judgments 



about habitat use. 



While EPA (2014) recognizes that habitat apportionment is complicated by the fact that 



some species live in multiple habitat types at different life stages, the method used to 



apportion consumption of anadromous fish to estuarine/near shore and marine habitats 



is unclear. For example, an apportionment of 15% estuarine and 85% marine is 



assigned to both chum salmon and coho salmon, with a note simply indicating that 



“some populations spend many months in estuaries.” In the past, EPA has designated 



Pacific salmon as marine species, effectively excluding them from the UFCR used to 



derive HHWQC (EPA 2002), as it was commonly accepted that salmon accrue most of 



their body mass and chemical body burden in marine waters. However, in recent years, 



the treatment of salmon and other anadromous species in the FCR used to derive 



WQC has been called into question (e.g., WDOE 2013). Not only are salmon of 



particular cultural significance in the Pacific Northwest, but their life histories are varied 



and complex. While all current research supports a conclusion that the majority (i.e., 



>90%) of the bioaccumulative chemical body burden in adult Pacific salmon is acquired 



in the marine phase of their  life (Cullon et al. 2009, O’Neill and West 2009), this has 



not necessarily been proven for all anadromous fish. Therefore, there is some debate 



about the best approach to apportionment for these species. If EPA wishes to include 



some consumption of anadromous fish in the UFCR it needs to carefully weight 



apportionment based on residence time (i.e., apportionment of consumption based on 



relative amount of time each species spends in marine waters) vs. growth patterns 



(i.e., apportionment of consumption based on where and when each species accrues 



body mass) vs. catch location (i.e., apportionment of consumption based on where fish 



are caught). Whichever method is ultimately used, EPA should provide clear 



justification for it’s selection, and the process as executed should be clearly and 



thoroughly documented so that reviewers can understand and reproduce the results. 
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EPA needs to provide all necessary information to enable stakeholders to reproduce 



the apportionment upon which the draft updated HHWQC are based. To that end, we 



recommend that EPA provide a summary of the landings data used in the habitat 



apportionment process. We also request that EPA provide the species specific UFCRs 



that were combined with the habitat apportionment estimates to determine the overall 



freshwater, estuarine, and near shore consumption rates.  
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A BRIEF REVIEW OF ISSUES RELEVANT TO THE ACCUMULATION OF 
PERSISTENT, BIOACCUMULATIVE, AND TOXIC (PBT) CHEMICALS BY SALMON 



INTRODUCTION 



In September 2011 Washington State Department of Ecology (WDOE) issued Publication 
No. 11-09-050, Fish Consumption Rates Technical Support Document, A Review of Data and 
Information about Fish Consumption in Washington.  This technical support document (TSD) 
was generated to support decision making regarding how to obtain an appropriate fish 
consumption rate (FCR) for use in calculating water quality standards for protecting human 
health (HHWQS).  One of the issues WDOE raised in this TSD was whether consumption of 
salmon should be included in whatever FCR is ultimately used in these calculations, and if it is 
concluded that salmon should be included in an FCR, how to do so. 



The driver behind this is human exposure to toxic chemicals, specifically via consumption of fish 
(or aquatic tissue in general).  The greatest risk to human health from consumption of fish is 
generally understood to result from the presence of persistent, bioaccumulative, and toxic (PBT) 
chemicals.  Thus the primary factor in determining the appropriateness of including consumption 
of salmon in an FCR is where salmon actually pick up these contaminants.  A brief review of 
what is known about this subject is presented herein. 



WHERE SALMON ACCUMULATE PBT CHEMICALS 



As discussed by NOAA (2005), different runs of salmon exhibit different life histories.  More 
specifically, NOAA described stream-type and ocean-type life histories.  Behavioral attributes of 
these two general types of salmon are summarized in Table 1. 



Table 1.   A Summary of the Juvenile Characteristics of Stream and Ocean Life History Types 



Stream-Type Fish Ocean-Type Fish 
Species 



Coho salmon Coho salmon 
Some Chinook populations Some Chinook populations 
Steelhead Chum 
Sockeye Pink 
  



Attributes 
Long period of freshwater rearing (>1 yr) Short period of freshwater rearing 
Shorter ocean residence Longer ocean residence 
Short period of estuarine residence Longer period of estuarine residence 
Larger size at time of estuarine entry Smaller size at time of estuarine entry 
Mostly use deeper, main channel estuarine 



habitats 
Mostly use shallow water estuarine 



habitats, especially vegetated ones 
[SOURCE:  NOAA 2005] 



From Table 1, different species of salmon and different runs of the same species can exhibit 
distinctly different life histories, including how much time is spent in freshwater and where in 
freshwater systems this time is spent.  These differences are potentially significant in that they 
may lead to differences in the mass (burden) of chemical contaminants (e.g., PBT chemicals) 











ultimately accumulated by the salmon, and in the fraction of this ultimate burden accumulated in 
freshwater vs. saltwater.  Although the latter may not be relevant when assessing the risk to 
human health resulting from eating contaminated fish in general, it is relevant when considering 
what fraction of this overall risk results from accumulation of contaminants in freshwater 
systems vs. saltwater systems. 



This last point is directly relevant to the question of whether there is any utility in including 
consumption of salmon in an FCR that will be used to drive remedial action(s) on the 
geographically limited scale of a single state.  If a significant fraction of the contaminant burden 
found in salmon is accumulated in true freshwater systems it makes sense that the consumption 
of salmon be included in an FCR.  However, if accumulation in the open ocean dominates, 
inclusion of salmon in an FCR makes no sense because there is no action the state can take that 
will have a significant effect on the contaminant burden found in returning adult salmon. 



Exclusion of salmon from an FCR does not imply that human exposure to contaminants due to 
consumption of salmon should not be accounted for when assessing overall risks to human 
health.  Instead, these issues should be weighed when deciding whether salmon are accounted for 
when assessing the risks resulting from consumption of freshwater fish (by including 
consumption of salmon in an FCR) or when assessing the risks resulting from consumption of 
saltwater or marine fish (salmon would be backed out of the risk assessment for deriving a 
freshwater HHWQS via the relative source contribution or RSC).  Ultimately, the issue of where 
the risks from consumption of salmon are counted appears to be an academic question.  The 
more important factor (from the perspective of characterizing risk) is to ensure that consumption 
of salmon is not double counted by including it in both an FCR and as a component of the RSC. 



In any case, the issue of salmon (or anadromous fish in general) is unique in that it is quite likely 
that a generic salmon will accumulate contaminants in both freshwater and saltwater habitats, 
and that the relative fraction accumulated in one habitat vs. the other will vary with species, run, 
and even individual.  Taken to the extreme, this implies that each run needs to be evaluated 
independently to determine where contaminants are accumulated.  However, much of the 
scientific literature supports accumulation in the open ocean as the dominant pathway for uptake 
of PBT chemicals by salmon, with the work of O’Neill, West, and Hoeman (1998), West and 
O’Neill (2007), and O’Neill and West (2009) providing perhaps the most through examination of 
the issue. 



Figure 1 is taken from O’Neill and West (2009) and shows that levels of polychlorinated 
biphenyls (PCBs) in adult Chinook salmon (fillets) collected from a wide range of geographic 
locations are relatively uniform except for fish taken from Puget Sound, which show three to five 
times higher levels of PCBs than fish taken from other locations.  As discussed by the authors, 
these data can be interpreted as indicating accumulation of PCBs in Puget Sound and/or along 
the migratory routes of these fish, which, depending on the specific runs, can pass through some 
highly contaminated Superfund sites (e.g., Duwamish Waterway).  However, O’Neill and West 
(2009) concluded that, on average, >96% of the total body burden (mass) of PCBs in these Puget 
Sound Chinook was accumulated in the Sound and not in natal river(s). 











 
Figure 1.   Average (±SE) PCB Concentration in Chinook Salmon Fillets 



Data for Puget Sound were based on 204 samples collected by the Washington Department of 
Fish and Wildlife from 1992 to 1996; data for other locations were taken from the following 



(indicated by superscript numbers): 1Rice and Moles (2006), 2Hites et al. (2004; estimated from 
publication), 3Missildine et al. (2005), and 4United States Environmental Protection Agency 



(USEPA 2002) 
[SOURCE: O’Neill and West 2009] 



The basis for this conclusion is presented in Table 2, which compares PCB concentrations and 
body burdens in out migrating Chinook smolts collected from the Duwamish River and adults 
returning to the Duwamish. 



 
[SOURCE: O’Neill and West 2009] 











These data show that even the most contaminated out migrating smolts contained no more than 
4% of the body burden (mass) of PCBs found in returning adults.  Thus, >96% of the PCB mass 
(burden) found in the returning adults was accumulated in Puget Sound.  Even allowing for an 
order of magnitude underestimate in the body burden of out migrating smolts, O’Neill and West 
(2009) concluded that accumulation in freshwater would account for <10% of the average PCB 
burden ultimately found in adults returning to the Duwamish.  By extension, this analysis 
supports the conclusion that Chinook salmon passing through uncontaminated estuaries during 
out migration accumulate a dominant fraction of their ultimate PCB body burdens in the open 
ocean.  Other researchers have also reached this conclusion using their own data (e.g., Johnson 
et al. 2007; Cullon et al. 2009). 



However, this analysis does not explain why Chinook salmon collected in Puget Sound exhibit 
higher concentrations of PCBs than Chinook salmon collected from other locations (Figure 1).  
Ultimately, O’Neill and West (2009) attributed this to a combination of factors, specifically PCB 
contamination of the Puget Sound food web (e.g., West, O’Neill, and Ylitalo 2008) combined 
with a high percentage of Chinook displaying resident behavior.  That is, a large fraction of out 
migrating Chinook smolts take up permanent residence in the Sound, where they feed from a 
more contaminated food web than found in the open ocean.  These factors would not affect 
Chinook runs or runs of any other species associated with natal rivers that discharge to saltwater 
outside Puget Sound. 



Overall, these data support the position that, as a general rule, the predominant fraction of the 
ultimate PCB burden found in harvested adult fish is accumulated while in the ocean-phase of 
their life cycle (e.g., Cullon et al. 2009; Johnson et al. 2007; O’Neill and West 2009).  Although 
this conclusion is specific to PCBs, there is no reason to suppose that it would not also hold for 
other legacy PBTs (e.g., DDT, dioxins) or globally ubiquitous PBTs (e.g., PBDEs, 
methylmercury) in general (e.g., Cullon et al. 2009).  Because concerns about human 
consumption of fish are driven by risks from exposure to PBTs, driving the FCR higher by 
including salmon would thus appear to be of limited utility from the perspective of protecting 
human health simply because these contaminants are accumulated in the ocean. 



With that said, there are sufficient data to conclude that the food web in Puget Sound is 
contaminated with PCBs to a greater degree than the food web in the open ocean.  To the extent 
that this is a result of true local sources (e.g., sediment hotspots), there may in fact be some 
“local” action that can be taken to reduce PCBs, or potentially other PBTs, in Puget Sound 
salmon.  However, this is totally dependent on identification of localized sources amenable to 
remediation, and not simply a conclusion that the food web is contaminated (e.g., West and 
O’Neill 2007). 



Again, simply increasing the FCR by including salmon will have essentially no positive effect on 
human health given that the dominant fraction of PBT body burdens in salmon appears to be 
accumulated in the open ocean, and not in waters immediately subject to in-state loadings. 



PBT ACCUMULATION BY DIFFERENT SALMON SPECIES 



As discussed, there is ample evidence that the body burdens of PBTs found in returning adult 
Chinook salmon depend to a significant extent on the life history of the specific run.  Beyond 
this, there are interspecies differences in migratory and feeding behavior that suggest Coho, 
sockeye, pink, and chum salmon will not accumulate PBTs to the same extent as Chinook 











salmon under similar exposure scenarios (Groot and Margolis 1991; Higgs et al. 1995).  Perhaps 
the most significant factor differentiating Chinook from the other salmon species is that Chinook 
tend to eat more fish (Higgs et al. 1995).  Thus they effectively feed at a higher trophic level than 
the other species of salmon, and would be expected to accumulate greater burdens of PBT 
chemicals even when sharing the same habitat.  This is in fact observable.  For example, when 
looking at adult Chinook and Coho returning to the same rivers, O’Neill, West, and Hoeman 
(1998) found that Chinook muscle contained, on average, almost twice the total PCB 
concentrations found in Coho muscle.  This was also true for adults collected in Puget Sound 
proper (O’Neill, West, and Hoeman 1998). 



Differences between species can also manifest in sub-adults.  For example, Johnson et al. (2007) 
reported ΣPCB concentrations in juvenile wild Coho collected from five different estuaries 
ranging from 5.9 to 27 ng/g (wet weight; whole body minus stomach contents).  The 
corresponding range for wild Chinook juveniles collected from the same estuaries was 11 to 
46 ng/g (wet weight; whole body minus stomach contents).  Overall, PCB concentrations in 
juvenile Coho were, on average, equivalent to nominally 50% of those found in the paired 
Chinook juveniles.  This is essentially the same ratio observed by O’Neill, West, and Hoeman 
(1998) in adult fish. 



All this indicates that PBT residues in salmon will vary within species depending on the specific 
run, and between species regardless (i.e., even when different species share the same general 
habitat).  Thus, grouping all salmon together does not provide an accurate assessment of PBT 
doses delivered to human consumers due to consumption of salmon.  This suggests that human 
health risk assessments should, as a general rule, incorporate salmon on a species-specific basis, 
if not a run-specific basis. 



Certainly, none of this is supportive of adopting a single default value for the dose of any 
contaminant received by humans via consumption of salmon.  Thus adoption of a single default 
FCR for salmon is also not supported. 
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Background 



Some equations used to derive human health-based water quality criteria (HHWQC) include a 
parameter termed the Relative Source Contribution (RSC).  The RSC describes the contribution 
of a contaminant from one or more sources relative to a total exposure from all sources.  The 
Agency’s justification for including RSCs in criteria for drinking water and HHWQC is provided 
in several documents.  Related statements from some of these are as follows:   



“To determine the RMCL [Recommended Maximum Contaminant Level], the 
contribution from other sources of exposure, including air and food, should be taken into 
account.”  (EPA 1985) 



 “The 1980 AWQC National Guidelines recommended that contributions from non-water 
sources, namely air and non-fish dietary intake, be subtracted from the Acceptable Daily 
Intake (ADI), thus reducing the amount of the ADI ‘available’ for water-related sources 
of intake.” (EPA 2000). 



“EPA emphasizes that the purpose of the RSC is to ensure that the level of a chemical 
allowed by a criterion or multiple criteria, when combined with other identified sources 
of exposure common to the population of concern, will not result in exposures that 
exceed the RfD or the POD/UF”. (EPA 2000). 



“. . . to ensure that the level of a contaminant in drinking water, when combined with 
other sources of exposure (e.g. food and air) will not result in a total exposure for an 
individual that exceeds the reference dose.”  (GAO 2011). 



Consistent with the above statements, the RSC is a factor multiplied by the reference dose (RfD) 
for the purpose of apportioning only part the RfD to, in the case of HHWQC, exposure through 
consumption of drinking water and fish.  This parameter has been discussed as part of HHWQC 
derivation since 2000 (EPA 2000), though between 2000 and 2015 a value of 1.0 (i.e., 100% and 
effectively negating the RSC) was most commonly used when calculating EPA’s recommended 
HHWQC criteria (EPA 2002).  Only recently did EPA incorporate the RSC for most of the 
relevant criteria (EPA 2015a) and also apply upper and lower-bound limits on the RSC, 80% and 
20%, respectively. 



For purposes of deriving HHWQC, EPA has established two procedures for calculating the RSC, 
the “subtraction” method and the “percentage” method.  In the subtraction method, the exposure 
supported by the RfD is allocated among various sources by first subtracting all exposure routes 
other than drinking water and fish consumption and then allocating the remainder of the RfD to 
drinking water and fish consumption.  The percentage method is a simple ratio of exposure via 











drinking water and fish consumption to the total exposure.  EPA has developed a  
decision tree for choosing both the method and ultimate value of the RSC (Table 4.1 in EPA 
2000).  In most cases, EPA recommends the use of the percentage method.  EPA’s policy 
preference for the percentage method is evident (EPA 2000, GAO 2011, EPA 2015b), though the 
justification, particularly as it relates to the existence of other media criteria, is unclear.   



The purpose of this paper is to contrast these methods mathematically and in context with the 
purpose for establishing an RSC. 



The Subtraction Method 



EPA’s 2000 HHWQC guidance (EPA 2000) does not contain an equation for calculating the 
RSC using the subtraction method.  Rather it is described as: “In the subtraction method, other 
sources of exposure (i.e., those other than the drinking water and fish exposures) are subtracted 
from the RfD (or POD/UF).”  Thus, it would appear that the intent of this method is to apportion 
the remainder of the RfD (i.e., the RfD-supported exposure less other, non-drinking water and 
fish exposures) to drinking water and fish exposures.  Examples of the calculation methodology 
are provided in two, more recent documents (GAO 2011, USEPA 2015b). 



The example described in GAO 2011 (for drinking water) is: 



1. subtract all non-drinking-water exposures from the reference dose to determine the 
amount of the reference dose “available” for exposure through drinking water,  



2. determine what percentage of the reference dose that remainder represents, and  
3. apply the resulting percentage as the relative source contribution. 



The example described in EPA 2015b is: 



1. Calculate the RfD-supported exposure for the population of interest, 
2. Subtract the exposures for drinking water + fish/shellfish 
3. Determine the percentage of the RfD-supported exposure represented by the remainder 
4. Apply the upper/lower bound limitation, if necessary. 



Based on the descriptions of the subtraction method in both EPA (2000) and GAO 2011, the 
example provided in EPA 2015b appears to have been calculated incorrectly. Specifically, step 2 
should show the subtraction of exposures from non-drinking water, non-fish/shellfish sources 
instead of the subtraction of exposures from drinking water+fish/shellfish.   



Example calculations using the method described in GAO 2011 (applied to a HHWQC 
derivation) and the incorrect equations shown on slide No. 9 of EPA 2015b are provided in 
Table 1.  The calculation procedure described in GAO 2011 is consistent with the stated intent of 
the subtraction method.   











Table 1.   Example of RSC Values Calculated by the Subtraction Method 



Exposures ug/day 
RfD-supported 200 
drinking water 20 
fish/shellfish 30 



all other foods 80 
air (inhalation) 0 



  
RSC % 



Method GAO 2011 (200-80)/200 = 60% 
Method EPA 2015 (200-20-30)/200 = 75% 



  
 



The Percentage Method 



EPA’s 2000 HHWQC guidance (EPA 2000) does not contain an equation for calculating the 
RSC using the percentage method.  Rather it is described as: “the percentage of total exposure 
typically accounted for by the exposure source for which the criterion is being determined, . . . 
applied to the RfD to determine the maximum amount of the RfD ‘apportioned’ to that source.” 



Both GAO 2011 and EPA 2015b contain descriptions of the calculation procedure.  These are 
summarized below: 



The example described in GAO 2011 (for drinking water) is: 



1. calculate the relative proportion of exposure from water as a percent of the total observed 
exposure and then  



2. apply that percentage as the relative source contribution 



The example described in EPA 2015b is: 



1. sum the exposure from drinking water and fish/shellfish, and then 
2. divide by the total of all know exposures 



The two descriptions of the percentage method appear to be the same, that is: (drinking 
water+fish/shellfish exposure)/(total exposure).  Using this equation, the data in Table 1 would 
yield a RSC value of (20+30)/(20+30+80) = 38%.   



There are two noteworthy observations about the percentage method.  First is that the equation 
does not include, and thus is unrelated to, the RfD.  Second is that as the proportion of exposure 
due to drinking water+fish/shellfish decreases relative to the total exposure, the RSC gets 
smaller.  The latter outcome appears counterintuitive relative to the justification for using RSC 
values in deriving HHWQC. 











Discussion 



EPA descriptions of the subtraction method, and at least one example of its application, indicate 
that the intent of the method is to ensure that the RfD is not exceeded.  This is accomplished by 
allocating only the residual part of the exposure after non-drinking water+fish/shellfish 
exposures are removed.  The subtraction method would allocate the entire RfD via this procedure 
absent EPA’s existing policy to cap the RSC at 80%.  Intrinsic to the subtraction method, is that 
as the relative exposure from other (i.e., non-drinking water+fish/shellfish) sources increases, the 
RSC value decreases in a manner such that the RfD value is never exceeded. 



In contrast to the subtraction method, the percentage method is not linked to the RfD.  This 
creates two important distinctions between RSCs calculated using the two methods. These are 
illustrated in the examples shown in Table 2.  One of these relates to situations where the total 
exposures are well below the RfD-supported exposure and the drinking water+fish/shellfish 
contribution is small relative to other exposures (first grey highlighted row).  In this case the 
percentage method calculates a very small RSC when this would seem not to be justified in the 
context of ensuring that the RfD is not exceeded.  The implication appears to be one of ensuring 
that low exposures remain low irrespective of health risk. 



Table 2.  Examples of RSC Values Calculated by the Percentage and Subtraction Methods 



RfD-
supported 
Exposure 



Water + 
Fish 



Exposure 
Other 



Exposures 



RSC,  
Percent 
method 



RSC 
Subtrctn. 
Method 



Total 
exposure 



before 
RSC 



Allowed 
exposure 
after RSC 



(% 
method)a 



Allowed 
exposure 
after RSC 
(Subtrctn. 
Method)a 



100 5 90 0.05 0.10 95 95 100 
100 5 50 0.09 0.50 55 59 100 
100 50 5 0.91 0.95 55 96 100 
100 90 5 0.95 0.95 95 100 100 
100 90 50 0.64 0.50 140 114 100 
100 50 90 0.36 0.10 140 126 100 



a calculated as RfD*RSC+Other Exposures 



The other distinction between the two methods is that the subtraction method always provides 
that the RfD is never exceeded, while the percentage method does not (see the lower two gray 
rows in Table 2).  In situations where exposures from drinking water+fish/shellfish are a 
significant proportion of the RfD-supported exposure and exposure from other sources is also 
significant, the percentage method allows the total exposure after the application of the RSC to 
exceed the RfD-supported exposure. As such, the disconnect between the percentage method and 
the RfD can lead to exposures greater than the RfD. 
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In February 2014, FDEP released a draft technical support document (TSD) for its proposed 
HHAWQC. This attachment contains a draft appendix developed in support of that TSD entitled 
Appendix D. Relative Source Contribution (RSC) Derivation for Non-carcinogenic Parameters 
Evaluated for Chapter 62-302, FAC Human Health Criteria Revision. 
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 (DRAFT)Relative Source Contribution (RSC) Derivation for Non-carcinogenic 



Parameters Evaluated for Chapter 62-302, FAC Human Health Criteria Revision 



Purpose 



The Relative Source Contribution (RSC) is a numeric value important to the derivation of human 



health ambient water quality criteria. Calculation of the RSC allows for a percentage of the non-



carcinogen reference dose (RfD) exposure to be attributed to ambient water and freshwater and 



estuarine fish consumption.  Through this calculation, the RSC can also account for exposures from 



sources other than water and freshwater/estuarine fish and shellfish ingestion such as inhalation of 



airborne sources or consumption of food/treated drinking water.  The RSC is intended to ensure 



that total exposure for individuals does not exceed the RfD.  The Florida Department of 



Environmental Protection has chosen to develop protective RSC values for non-carcinogenic 



compounds lacking a specific recommended RSC value generated by the United States 



Environmental Protection Agency.  However, RSC values were not developed for endosulfan, 



endosulfan sulfate, endrin, or lindane because criteria to protect aquatic life uses are significantly 



more stringent than the human health-based criteria.  Parameter-specific RSC values between 0.2 



and 1.0 were developed where FDEP determined that there were adequate data to describe the 



exposure sources and pathways. 



Methods 



The USEPA’s Exposure Decision Tree for Defining Proposed RfD Apportionment (Fig. 4-1, USEPA, 



2000B) was used as the basis for the development of protective RSCs for non-carcinogenic 



compounds. To calculate an RSC, exposure information was assembled from literature sources to 



characterize the various potential exposure routes, including surface water sources (ambient 



sources e.g. surface water and fish) and non-surface water sources.  



Parameter-specific relative source contribution (RSC) values between 0.2 and 1.0 were developed 



where FDEP determined that there were adequate data to describe the exposure sources and 



pathways.  In some cases the RSC values exceed the 0.8 ceiling recommended in the EPA Decision 



Tree guidance. However, FDEP believes that RSC values up to 1.0 are appropriate in cases where 



the robustness of the data and weight of evidence support higher values.  There is considerable 



conservatism built into the estimates and RSC values above 0.8 are fully protective of the majority 



of the general population.  



Literature Search Process Outline for Relative Source Contribution Derivation 



The first step in the literary review process was to identify major entities that a) are responsible for 



or play a role in the protection of public health in relation to exposure science and risk assessment 



and b) would have reliable peer-reviewed data pertaining to population exposures to the chemicals 



that were the focus of this analysis. The primary entities targeted for literature/information 



searches were: 



 
• The Agency for Toxic Substances and Disease Registry (ATSDR) 
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• The World Health Organization (WHO) 



• The Centers for Disease Control and Prevention (CDC) 



• The United States Environmental Protection Agency (USEPA) 



• The United States Environmental Protection Agency’s Toxic Release Inventory Explorer Tool 



• The United States National Library of Medicine’s Hazardous Substances Data Bank (HSDB) 



• The International Programme on Chemical Safety (IPCS) 



• The United States Geological Survey (USGS) 



• The United States Food and Drug Administration (USFDA) 



• The California Office of Environmental Health Hazard Assessment (OEHHA) 



• Peer reviewed literature sources 



• FDEP technical reports and technical support documents 



To begin the analysis, the toxicological profile created by the ATSDR was reviewed for each 



chemical/compound for which this type of documentation was available.  This source was chosen 



to begin the analysis because it provided a comprehensive overview of information such as 



chemical/physical characteristics, exposure routes, health effects by exposure route, average 



concentrations of chemicals received through each exposure route and levels monitored in the 



environment, how the chemicals/compounds are released into the environment and the ultimate 



fate associated with that release, and how exposures differ between the general population and 



occupational exposures. 



To fill in informational and data gaps that existed, online resources and documents provided by the 



Centers for Disease Control and Prevention (CDC), the United States Environmental Protection 



Agency (USEPA), the World Health Organization (WHO), the International Programme on Chemical 



Safety (IPCS), the United States Geological Survey (USGS), the United States Food and Drug 



Administration (USFDA), the California Office of Environmental Health Hazard Assessment 



(OEHHA), FDEP technical reports/technical support documents, and the United States National 



Library of Medicine’s Hazardous Substances Data Bank (HSDB)  were reviewed. 



 The types of documents reviewed for each major source include: 



• Centers for Disease Control and Prevention:  National Reports of Human Exposure to 



Environmental Chemicals 



• The Agency for Toxic Substances and Disease Registry (ATSDR) toxicological profiles were used 



as the primary and initial literature resource.  The documents were downloaded from the ATSDR 



website (http://www.atsdr.cdc.gov/toxprofiles/index.asp).  Toxicological profiles are prepared in 



accordance with guidelines developed by the ATSDR and the EPA.  The ATSDR toxicological 



profiles are intended to succinctly characterize the toxicological and adverse health effects 



information for the hazardous substance being described.  Each profile identifies and reviews 



the key peer reviewed literature that describes a substance’s toxicological properties. 



• United States Environmental Protection Agency: Technical fact sheets, Ambient Water Quality 



Criteria Documents, National Air Toxics Assessment data, Contaminant Occurrence documents, 





http://www.atsdr.cdc.gov/toxprofiles/index.asp
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IRIS, Exposure Factors Handbooks (1997 and 2011) for exposure/intake rates and body weight, 



and other chemical-specific documents and studies. 



• The United States Environmental Protection Agency’s Toxic Release Inventory Tool was utilized 



to obtain data associated with on-site disposal and release of the chemicals included in our RSC 



derivation analysis.  This source was chosen due to the fact that these data represent the most 



current and complete account of chemical disposal and release monitored by the EPA that is 



available, even though it is acknowledged as a non-exhaustive list of releases/disposals due to 



the fact that reporting requirements for facilities are not all-inclusive 



• The World health Organization (WHO):  Chemical-specific background documents for the 



development of WHO guidelines for drinking water quality.  These WHO documents were 



reviewed after the ATSDR documents to support the information summarized by the ATSDR or 



to identify more recent data/information.  The WHO documents were used to start the analysis, 



in cases where the ATSDR had not developed a toxicological profile. 



• The International Programme on Chemical Safety (IPCS):  Chemical-specific Concise 



International Chemical Assessment Documents, chemical-specific Environmental Health Criteria, 



and chemical-specific Health and Safety Guides 



• The United States Geological Survey (USGS):  Chemical-specific water-based studies 



• The United States Food and Drug Administration: Total Diet Study Market Baskets 1991-3 



through 2003-4, 21 CFR 175.105 U.S. SubChapter B-Food for Human Consumption; Part 175-



Indirect Food Additives 



• The California Office of Environmental Health Hazard Assessment:  Public Health Goals for 



Chemicals in Drinking Water (chemical-specific documents) 



• FDEP technical reports/technical support documents:  Final Technical Report: Development of 



Cleanup Target Levels (CTLs) for Chapter 62-777, F.A.C., March 2013 Technical Support 



Document: Derivation of Human Health-Based Criteria and Risk Assessment; In a number of 



instances the soil residential direct exposure target clean-up levels developed for Chapter 62-



777, F.A.C.  (Contaminant Cleanup Target Levels) were utilized to represent exposure received 



through the soil ingestion pathway. These values were utilized under the assumption that they 



represent a level above which the state would initiate clean-up protocols and are characterized 



as a high-end exposure estimates instead of central tendencies, thus denoting conservatism.  



• The United States National Library of Medicine’s Hazardous Substances Data Bank:  Provides a 



variety of chemical-specific information such as human health effects, environmental fate and 



exposure, chemical/physical properties etc. 



Data and information relevant to human exposures, particularly in the United States and Florida, 



were extracted from these resources as the primary or initial literature resources.  The reference 



and citation lists from these resources were also analyzed, particularly from a number of the major 



source documents (i.e. Toxicological Profiles, IPCS documents, HSDB overviews).  These references 



were then queried in the State Library of Florida’s electronic database and requested for retrieval.  



The references were thoroughly reviewed to help substantiate information and data that were 
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chosen to be included in the RSC derivation document; that is, these references were reviewed to 



ensure that the summaries provided in the major source documents were accurately characterized 



and interpreted by FDEP.  Additionally, pertinent and often more recent peer reviewed literature 



that referenced these sources were also queried and reviewed to determine whether new or 



revised information had become available since the publication of the major source documents. 



Additional queries were conducted to find quality literature to further support the estimated 



average daily exposure dose calculated for each exposure route, which is subsequently utilized to 



calculate the chemical-specific RSCs.  A defined key word list was not used during this state library 



of Florida literature review as this was an interactive process where searches would often build 



upon themes previously queried.  Searches primarily included mention of the chemical/compound 



under analysis and the exposure route of focus (e.g., diet, fish, seafood, drinking water, air, 



atmospheric) and/or author’s names/titles of articles referenced in other sources.  Literature either 



citing or cited by key resources was also reviewed for relevance. 



Information/data was then compiled individually for each exposure route.  To determine the 



exposure-based concentration that would be used a number of elements were taken into account 



such as the source date associated with the exposure concentration, sample size, regionality, the 



level of conservatism of the exposure estimate, and the overall availability of data concerning 



chemical concentrations associated with exposure routes.  A concerted effort was made to utilize 



the most current applicable data available, taking into account whether sample size was sufficient, 



exposure concentrations were measured in the United States or Florida, and the most conservative 



estimate of exposure was utilized to ensure that the public’s health is fully protected.   



In a few cases, exposure data, particularly dietary, from outside the United States (Europe) were 



used if sufficient data were lacking for the United States.  In the cases when foreign population data 



were used, it was apparent that either the foreign population had similar exposure patterns as in 



the U.S. or were highly likely to be conservative (i.e., overestimate exposure).  When data adequacy 



was a concern and/or a major exposure route could not be quantified, the EPA’s default RSC values 



of 0.8 or 0.2 were applied depending on the information available for that chemical/compound.  In 



a few cases, a 10 fold factor was applied to a particular exposure route (e.g., dietary) to take into 



account uncertainty or variability. 



The major non-surface water sources (non-ambient sources) include dietary uptake (including 



marine fish), inhalation, soil, and drinking water.  Dermal absorption was generally not 



characterized because FDEP's methodology for calculating human health criteria already accounts 



for dermal exposures.  All exposure estimates were either taken from literature or calculated using 



chemical-specific concentrations in environmental media combined with standard exposure 



assumptions (e.g., body weight, daily food intake) from USEPA Exposure Factors Handbooks (2011 



or 1997). Calculated average daily doses (ADDm) through each of the media were calculated as 



ADDm=Cm x DEm x AFm/BW 



where, 
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Cm   = concentration for the media (e.g., air, food, water, soil); 



DEm = Daily exposure (ingestion or inhalation) of the media; 



AFm = Absorption factor of the parameter via the media, if available; and, 



BW = Average body weight (70 kg).   Body weight was not included if the DEm is   



       expressed in terms of mg/kg-day. 



 



Unless otherwise noted for a given parameter the most recent exposure factors (USEPA, 2011A) 



were used in the calculations for RSC determination (Table 1).   



Table 1.   Exposure assumptions used to calculate relative source contribution values for individual 
non-carcinogenic human health parameters.  Selected values are per capita means for the U.S. 
population. 



Variable Exposure 
Assumption 



Value  Units Source 



BW Body Weight 70 Kg Chapter 7, USEPA (1997) 



DEm Drinking Water 2.0 L/day NRC (1977) 



DEm Daily Breathing rate 16 m3/day Table 6-1, USEPA (2011A) 



DEm Indoor Breathing 
rate 



12.878 m3/day Calculated1 



DEm Outdoor Breathing 
rate 



3.122 m3/day Calculated2 



DEm Soil Ingestion 20 mg/day Chapter 4, USEPA (2011A) 



DEm Dust Ingestion 30 mg/day Chapter 4, USEPA (2011A) 



DEm Soil and Dust 
combined  



50 mg/day Chapter 4, USEPA (2011A) 



DEm Total Food Intake 29 g/kg-day3  Table 14-1, , USEPA (2011A) 



DEm Fruit 1.6 g/kg-day Table 19-3, USEPA (2011A) 



DEm Vegetable 2.9 g/kg-day Table 19-3, USEPA (2011A) 



DEm Meat 2 g/kg-day Table 11-3, USEPA (2011A) 



DEm Dairy 6.6 g/kg-day Table 11-3, USEPA (2011A) 



DEm Grain 2.6 g/kg-day Table 12-3, USEPA (2011A) 



DEm Fish 0.22 g/kg-day Table 11-1, USEPA (2011A) 



DEm Fats 1.2 g/kg-day Table 11-31, USEPA (2011A) 



1.  Calculated based on the faction of time indoors (0.8) multiplied by daily inhalation (16 m3/day).  



The multiplier of 80% was generated from Table 16-22 (USEPA, 2011A) and was based on an 



average time spent indoors of 1159 minutes out of a 1440 minute day. 



2.  Calculated based on the faction of time outdoors (0.2) multiplied by daily inhalation (16 



m3/day).  The multiplier of 20% was generated from Table 16-22 (USEPA, 2011A) and was 



based on an average time spent outdoors of 281 minutes out of a 1440 minute day. 



3.  Food-based intakes in the table above are represented in units of grams per kilogram 



bodyweight per day 
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The average daily doses for all non-surface water sources or media were summed (ADDtotal) and 



compared to the parameter specific RfD.  An RSC was calculated as 



RSC = 1 - (ADDtotal/RfD). 



The calculated RSC was used, for purposes of human health criteria development, if exposure 



information for all non-surface water sources was available.  In some cases, exposure routes could 



not be quantified, but available information on the compound strongly indicated that contamination 



via these routes was highly unlikely and that exposures could be safely and conservatively 



considered negligible.  In these cases, the RSC was calculated based on the other, quantifiable 



exposure routes. 



Beryllium 



Background 



Beryllium (CASRN 7440-41-7) is a naturally occurring metallic element found in environmental 



media such as rocks, soil, and coal (ATSDR, 2002). Mineral rocks are mined for beryllium, which is a 



component of many commercial products in its pure metallic form.  It is also used in many alloys 



and as a constituent of certain compounds. Beryllium is an important element of the manufacturing 



process and production of military, aerospace, electronic, medical and nuclear-based commodities 



(Taylor et al., 2003). Exposure to beryllium can occur through oral routes (food and water-based 



consumption), inhalation (through breathing ambient air or through incidental inhalation of 



beryllium-laden dust particles) and minimally through dermal exposures.  The primary exposure 



route for the general population is oral ingestion through food-based consumption and drinking 



water intake; however, the most important pathway from an occupational exposure prospective is 



through inhalation (IPCS, 2001A). It is through this route that the U.S. Environmental Protection 



Agency has denoted beryllium as a group 2B probable human carcinogen (USEPA, 2013C).  



 



Beryllium frequently forms covalently bonded compounds, many of which lack solubility in neutral 



environments and possess low mobility in sediments due to high sediment-water distribution 



coefficients (kd) (ATSDR, 2002). According to Taylor et al. (2003), beryllium can be used as a pure 



metal, mixed with other metals to form high strength alloys, processed to form salts that dissolve in 



water, or processed to form oxides and ceramic materials. Beryllium can enter the environment 



through natural and anthropogenic sources. This element and associated beryllium-based 



compounds can be introduced to waterways through natural erosion and weathering of beryllium-



containing rocks and through anthropogenic industrial wastewater discharges (USEPA, 2013A). 



Beryllium enters the atmosphere primarily through coal-burning power plants and fossil fuel 



combustion. According to Koolanz (2001), a study conducted by the U.S. EPA estimated 97% of 



beryllium released to the atmosphere is generated through these sources. 



 



Exposure Source Determinations 



Manufacturing and release 
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According to the U.S. EPA’s Toxic Release Inventory (TRI) Explorer, total reported on-site disposal 



or other releases1 of beryllium in 2011 accounted for 498.85 pounds with the majority of 



release/disposal occurring through fugitive air emissions and “other surface impoundments” 



(TRI2011, 2013A). Total reported off-site disposal or other releases2 in 2011 accounted for 



1,036.53 pounds of beryllium, with the majority of disposal/release occurring through 



solidification/stabilization and “other land disposal” (TRI2011, 2013A). The total reported on- and 



off-site disposal or other releases for beryllium in 2011 was 1,535.38 pounds (TRI2011, 2013A). 



Total reported on-site disposal or other releases in 2012 accounted for 253.318 pounds of 



beryllium with the majority of disposal/release occurring through fugitive and point source air 



emissions (TRI2012, 2013B). Total reported off-site disposal or other releases in 2012 accounted 



for 1,299.70 pounds of beryllium with the majority of disposal/release occurring through 



solidification/stabilization (TRI2012, 2013B). The total reported on- and off-site disposal or other 



releases for beryllium in 2012 was 1,553.02 pounds (TRI2012, 2013B).  Information/data retrieved 



from the USEPA’s TRI explorer tool does not represent an exhaustive list of disposals/releases of 



chemicals due to the fact that only certain types of facilities are required to report this type of 



information. 



The United States Environmental Protection Agency has noted that environmental release of 



beryllium waste is a significant issue requiring proper assessment and documentation to control 



further hazard.  According to the ATSDR (2002), beryllium has been found in at least 535 of the 



1,613 current or former National Priority List (NPL) sites, which are denoted as the most severely 



contaminated hazardous waste sites across the United States.  



 



Non-ambient Exposure Sources 



Treated drinking water 



Exposure to beryllium through drinking water is minimal. The United States Environmental 



Protection Agency has set the Maximum Contaminant Level (MCL) for beryllium in drinking water 



at 0.004 mg/L (USEPA, 2013A).  According to the ATSDR (2002), a study conducted by the U.S. EPA 



showed that drinking water samples collected across the United States generally contained less 



than 2 trillionths of a gram for every liter of water with an average concentration of 0.19 µg/L. In 



                                                           
 



1  Total  reported on-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C  landfills, other on-site landfills ( those not authorized under Subtitle C of RCRA to accept 
hazardous wastes), fugitive air emissions, point source air emissions, surface water discharges, underground injection 
Class II-V wells, land treatment, RCRA Subtitle C surface impoundments, other surface impoundments ( those not 
authorized under RCRA to accept hazardous waste for disposal), and other land disposal ( disposal to land that does not 
fall into one of the other on-site land release categories found in section 5.5.1 through 5.5.3 on the TRI From R). 
2  Total reported off-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C landfills, other landfills (those not authorized under Subtitle C of RCRA to accept hazardous 
wastes), storage only, solidification/stabilization (metals only), wastewater treatment (metals only), POTWs (metal and 
metal compounds), underground injection Class II- V wells, RCRA Subtitle C surface impoundments, other surface 
impoundments (those not authorized under RCRA to accept hazardous waste for disposal), land treatment, other land 
disposal ( disposal to land that does not fall into one of the other on-site land release categories found in section 5.5.1 
through 5.5.3 on the TRI From R), other off-site management ( chemicals in waste managed by techniques not specifically 
listed in section 6.2 of TRI Form R), waste broker, and unknown. 
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addition, the ATSDR (2002) reported that the average concentration of beryllium in the United 



States for bottled water and tap water were < 0.1 µg/L and 0.013 µg/L, respectively. The tap water 



value of 0.013 µg/L was used for RSC calculation because it represents the most likely exposure 



value/ dose of beryllium in treated drinking water received by the general public. A standard water 



ingestion rate of 2.0 L/day and a standard body weight of 70 kg were also utilized in this calculation 



(NRC, 1977; USEPA, 1997). The resultant estimated average daily dose of beryllium received 



through treated drinking water was 3.71 x10−7 mg/kg-day. 



 



Air 



Although occupational inhalation of beryllium represents a higher risk to individuals due to the 



potential for exposure to higher beryllium concentrations at the workplace, the inhalation pathway 



for the general public breathing ambient air represents a more minimal risk. The United States 



Environmental Protection Agency’s Integrated Risk Information System (IRIS) reported a reference 



concentration (RfC) for beryllium of 2 x10−2 µg/m3 (USEPA, 2013C). According to the World Health 



Organization (2009), ambient beryllium concentrations in rural areas range from 0.03-0.06 ng/m3, 



from 0.04-0.07 ng/m3 in suburban areas, and 0.1-0.2 ng/m3 in urban areas. The ATSDR (2002) 



reported an average air-based beryllium concentration of 0.03 ng/m3 and an average urban 



beryllium air-based concentration of 0.2 ng/m3. According to U.S. EPA’s 2005 National Air Toxics 



Assessment data, the total ambient beryllium concentration for the state of Florida was 2.65 x10−5 



µg/ m3(USEPA, 2005A). To calculate the RSC, the beryllium-based air concentration of 0.2 ng/m3 



was utilized because it represents the most conservative estimate. A standard inhalation rate of 16 



m3/day and a standard body weight of 70 kg were also utilized in this calculation (USEPA, 2011A; 



USEPA, 1997). The resultant estimated average daily dose of beryllium received through inhalation 



of ambient air was 4.57 x10−8 mg/kg-day. 



 



Soil 



Beryllium is found naturally in the earth’s crust, soils, rocks, and minerals. According to the ATSDR 



(2002), the mean concentration of beryllium in soils in the United States is 0.6 mg/kg. Florida-



specific soils were reported to contain slightly lower beryllium concentrations, with values ranging 



from 0.01-5.92 mg/kg and an average concentration of 0.46 mg/kg (ATSDR, 2002). However, for 



the purposes of RSC calculation, the average concentration of 0.6 mg/kg was utilized to calculate 



the dose received through soil ingestion because it represents the most conservative mean 



estimate. A standard soil ingestion rate of 50 mg/day and a standard body weight of 70 kg were 



also utilized in this calculation (USEPA, 2011A; USEPA, 1997).  The resultant estimated average 



daily dose of beryllium received through soil ingestion was 4.29 x10−7 mg/kg-day. 



 



Diet (other than fresh or estuarine fish)  



Literature reviewing the beryllium concentrations in various foodstuffs is highly variable. 



According to Vaessen and Szteke (2000), the most likely route of introduction of beryllium into the 



food chain is via root, tuber, and forage crops grown in acidic soil. A value of 22.5 µg/kg wet weight 



was utilized in the calculation of the RSC. This value represents the median beryllium concentration 
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of 38 different food types compiled by Vaessen and Szteke and is a conservative estimate of dietary 



beryllium exposure (ATSDR, 2002; Vaessen and Szteke, 2000). This conservatism is evident 



through the fact that the U.S. EPA’s Health Assessment Document for Beryllium reports that dietary 



exposure to beryllium is estimated to be less than 1 µg/day for the general public because 



beryllium is only slightly available for absorption in the gut (USEPA, 1987). A standard food intake 



rate of 29 g/kg-day was also utilized in this calculation (USEPA, 2011A).  The resultant estimated 



average daily dose of beryllium received through dietary intake was 0.000653 mg/kg-day. 



 



Exposures for potentially highly exposed populations 



Certain individuals may be at risk for receiving higher levels of exposure to beryllium than the 



general population. Occupational exposure represents a major pathway through which individuals 



are in contact with higher beryllium concentrations and the inhalation exposure pathway 



represents the most significant route of occupational beryllium exposure. However, the dermal 



route also has the capacity to play a role in beryllium exposure, especially if the dermally exposed 



area contains an open wound or injury. Deubner et al. (2001), reported that dermal beryllium 



loading of approximately 0.000043 mg/cm2 for beryllium machine workers can occur on a daily 



basis. Dermal and inhalation exposures can contribute to beryllium sensitization which can 



subsequently generate chronic beryllium disease.  According to a study by the CDC’s National 



Institute for Occupational Safety and Health (NIOSH) (2012), workers who have been exposed to 



beryllium and smoke cigarettes are potentially increasing their probability of developing lung 



cancer over their lifetime. Proximity to industrial sites that release beryllium wastes may also put 



individuals at higher risk of exposure.  



 



Ambient Exposure Sources  



According to the ATSDR (2002), beryllium does not readily bioaccumulate in aquatic biota or 



biomagnify through successively higher trophic chains in neutral environments. The IPCS (2001A) 



reported, an estimated geometric mean concentration of total beryllium in U.S. surface waters of 70 



ng/L. Through a collaborative partnership between the USGS and the United States Environmental 



Protection Agency, national water quality assessment data from 1992-2001 were analyzed for their 



beryllium content. For ambient surface waters, a total of 2,379 samples were taken from 394 sites 



of which 0.5% of samples detected beryllium representing 2.8% of the sites under analysis (USEPA, 



2009C). A median beryllium concentration of 0.0445 µg/L and a 99th percentile beryllium 



concentration of 11 µg/L were produced from the ambient surface water samples under analysis 



(USEPA, 2009C). 



 



RSC Calculation 



 The estimated doses received through average daily exposure to beryllium were then utilized to 



estimate the total average daily dose received by the general population. The results are 



summarized in Table 1 below. 
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Table 1. Estimated average daily beryllium exposure received through non-ambient sources by the 
general population. 



Exposure Route Estimated Exposure 



(mg/kg-day) 



Inhalation of air 4.57 x10−8 



Soil ingestion 4.29 x10−7 



Treated drinking water ingestion 3.71 x10−7 



Diet  0.000653 



Estimated total daily dose 6.54x10−4 



 



The reference dose for beryllium is 2 x10−3mg/kg-day (USEPA, 2013C) and the estimated total 



non-ambient exposure of 6.54 x10−4  mg/kg-day represents 32.7% of the RfD. The remaining 



67.3% is available for allocation to surface water exposures through routes such as estuarine fish 



consumption. Thus, a chemical-specific RSC of 0.67 is suggested to be protective of human health 



and representative of beryllium exposures received through ambient sources. 



 



Chloroform 



Background 



Chloroform (CASRN 67-66-3) is a colorless liquid with a pleasant, non-irritating odor and a slightly 



sweet taste.  The majority of chloroform found in the environment comes from industry.  



Chloroform was one of the first inhaled anesthetics to be used during surgery, but is no longer used 



for that purpose today. Nearly all of the chloroform manufactured in the United States today is used 



in the synthesis of other chemicals.  The primary application for chloroform is the production of 



HCFC-22 (R-22), which is used as a refrigerant and an intermediate in the production of the Teflon 



fluoropolymer (PTFE) (Glauser et al., 2011).  In 2011, an estimated 96% of the global consumption 



of chloroform was used in the manufacture of hydrochlorofluorocarbons.  The remaining 4% of 



chloroform produced globally is used in the synthesis of pharmaceuticals, agricultural products, 



and as laboratory reagents. The potential for environmental release of chloroform is low since it is 



utilized as a chemical intermediate in closed systems.  



 



Potential exposure to chloroform can occur through drinking water intake, food-based 



consumption, inhaling contaminated air, and through dermal contact with water (e.g., while 



showering, bathing, cleaning, washing, swimming).  Incidental dermal contact during recreational 



activities is considered minor.   The USEPA (2003A) evaluated general population exposure to 



Chloroform and provides a basis for a protective RSC. 



 



Exposure Source Determinations 



Manufacturing and release 
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Chloroform is found in waste water from sewage treatment plants, drinking water, and paper mills 



to which chlorine has been added. Chlorine is added to most drinking water and many waste waters 



to kill bacteria.  Small amounts of chloroform are formed as an unwanted by-product during the 



process of adding chlorine to water.  Chloroform can enter the air directly from factories that 



produce or utilize it in manufacturing processes and via evaporation from contaminated water and 



soils.  Chloroform can enter water and soil when waste water that contains chlorine is released into 



these types of environmental media.  Chloroform may also enter water and soil from spills and 



waste site/storage tank leakage.   



 



According to the United States Environmental Protection Agency’s Toxic Release Inventory (TRI) 



Explorer, total reported on-site disposal or other releases3 of chloroform in 2011 accounted for 



416,704.14 pounds with the majority of release/disposal occurring through point source air 



emissions, fugitive air emissions, and underground injection into Class I wells (TRI2011, 2013A). 



Total reported off-site disposal or other releases4 in 2011 accounted for 39,799.41 pounds of 



chloroform with the majority of disposal/release occurring through unknown methods (TRI2011, 



2013A). The total reported on- and off-site disposal or other releases for chloroform in 2011 was 



456,503.54 pounds (TRI2011, 2013A). Total reported on-site disposal or other releases in 2012 



accounted for 407,943 pounds of chloroform with the majority of disposal/release occurring 



through point source emissions, fugitive air emissions, and underground injection into Class I wells 



(TRI2012, 2013B). Total reported off-site disposal or other releases in 2012 accounted for 



25,102.25 pounds of chloroform with the majority of disposal/release occurring through unknown 



methods (TRI2012, 2013B). The total reported on- and off-site disposal or other releases for 



chloroform in 2012 was 433,045.25 pounds (TRI2012, 2013B). Information/data retrieved from 



the USEPA’s TRI explorer tool does not represent an exhaustive list of disposals/releases of 



chemicals due to the fact that only certain types of facilities are required to report this type of 



information. 



 



Non-ambient Exposure Sources 



                                                           
 



3  Total  reported on-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C  landfills, other on-site landfills ( those not authorized under Subtitle C of RCRA to accept 
hazardous wastes), fugitive air emissions, point source air emissions, surface water discharges, underground injection 
Class II-V wells, land treatment, RCRA Subtitle C surface impoundments, other surface impoundments ( those not 
authorized under RCRA to accept hazardous waste for disposal), and other land disposal ( disposal to land that does not 
fall into one of the other on-site land release categories found in section 5.5.1 through 5.5.3 on the TRI From R). 
4  Total reported off-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C landfills, other landfills (those not authorized under Subtitle C of RCRA to accept hazardous 
wastes), storage only, solidification/stabilization (metals only), wastewater treatment (metals only), POTWs (metal and 
metal compounds), underground injection Class II- V wells, RCRA Subtitle C surface impoundments, other surface 
impoundments (those not authorized under RCRA to accept hazardous waste for disposal), land treatment, other land 
disposal ( disposal to land that does not fall into one of the other on-site land release categories found in section 5.5.1 
through 5.5.3 on the TRI From R), other off-site management ( chemicals in waste managed by techniques not specifically 
listed in section 6.2 of TRI Form R), waste broker, and unknown. 
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Non-ambient sources of chloroform exposure considered as important and quantified by the USEPA 



(2003A) include treated drinking water, indoor inhalation exposure, inhalation while showering, 



dermal exposure while showering, inhalation of outdoor air, and dietary exposures.  Chloroform 



concentrations for the various media were taken from USEPA (2003A).   



Treated drinking water 



The United States Environmental Protection Agency has estimated that a mean chloroform 



concentration of 24 µg/L exists in treated drinking water (USEPA, 2001). For the purposes of RSC 



calculation, this concentration was utilized to estimate an average daily exposure dose. A standard 



drinking water intake rate of 2.0L/day and a standard body weight of 70 kg were also utilized in 



this calculation (NRC, 1977; USEPA, 1997). The resultant estimated average daily dose of 



chloroform received through drinking water intake was 6.86 x 10−4 mg/kg-day. 



Air 



Revised indoor and outdoor inhalation rates were calculated using information from USEPA 



(2011A).  Average time spent indoors and outdoors of 19.32 and 4.68 hours/day, respectively and 



average breathing rate of 16 m3/day were used by FDEP to recalculate a total daily exposure for 



chloroform.   



General indoor air exposure to chloroform was estimated at 0.35 µg/kg-day (3.5 x 10−4 mg/kg-



day).  The assumptions utilized to calculate this exposure dose were a mean indoor air chloroform 



concentration of 3.0 µg/m3, an indoor breathing rate of 12.88 m3/day, a 0.63 inhalation fraction, 



and standard body weight of 70 kg (USEPA, 2003A; USEPA, 2011A; USEPA, 1997).  



Outdoor air exposure to chloroform was estimated at 0.04 µg/kg-day (4.0 x 10−5 mg/kg-day). The 



assumptions utilized to calculate this exposure dose were a mean outdoor concentration of 1.6 



µg/m3, an outdoor breathing rate of 3.12 m3/day, a 0.63 inhalation fraction, and a standard body 



weight of 70 kg (USEPA, 2003A; USEPA, 2011A; USEPA, 1997).   



Inhalation and dermal exposure through showering 



 Inhalation and dermal exposures while showering of 0.14 and 0.12 µg/kg-day (1.4 x 10−4 and 1.2 x 



10−4 mg/kg-day), respectively, were calculated by the USEPA (2003A).  The showering inhalation 



exposure was calculated based on assumptions of a mean concentration of chloroform in the air 



while showering of 190 µg/m3; an average breathing rate of 0.67 m3/hr; average shower duration 



of 0.12 hr/day (7.3 minutes)  ; an inhalation absorption factor of 0.63; and mean body weight of 70 



kg.  The estimate of showering time includes both actual shower duration and exposure to 



chloroform in the bathroom air immediately following the showering activity.  The calculation of 



dermal exposure was based on a mean chloroform concentration of 24 µg/L, dermal absorption of 



water 3.52x10-6 µg per µg/L per cm2-min., 5 minute shower duration, and an average body surface 



of 290 cm2/kg.  



Diet (other than fresh or estuarine fish)  
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 The USEPA (2003A) summarized dietary exposure to chloroform from a variety of major food 



items. FDEP averaged these foods into several broader categories including fruits, vegetables, total 



meat, dairy, grain, and (marine) fish.  The food items were averaged to correspond with food 



categories provided in the latest edition of the United States Environmental Protection Agency’s 



Exposure Factors Handbook (USEPA, 2011A).  The estimates were based on mean contamination 



levels and ingestion rates (Table 1).  The total estimated dose from dietary items, excluding fresh 



and estuarine fish, was 8.21 x 10−4 mg/kg-day.  Dairy and grain products were estimated to 



contribute the largest intakes.   



Table 1.  Dietary exposures to chloroform (from USEPA, 2003A). 



Food Category Mean 
Concentration 



µg/g 



Ingestion 
Rate 



g/kg-day 



Average Daily 
Dose 



mg/kg-day 



Fruits 0.010 1.6 1.6 x10−5 



Vegetables 0.020 2.9 5.8  x 10−5 



Meat 0.0486 2 9.72 x10−5 



Dairy 0.079 6.6 5.21 x 10−4 



Grain 0.045 2.6 1.17 x 10−4 



Marine Fish 0.052 0.22 1.1 x 10−5 



Total 8.21 x 10−4 



 



Ambient Exposure Sources 



Staples et al., (1985) summarized priority pollutant concentrations in the United States using the 



STORET Database.  They reported a median chloroform (trichlormethane) concentration of 0.3 



µg/L based on 11,928 samples with a 64% detection rate.  Staples et al., (1985) additionally 



reported median sediment and biota tissue concentrations of <5.0 µg/kg and 0.032 mg/kg, 



respectively.  Ambient surface water data were queried from the IWR Run 47 database and the 



range of measured concentrations over the ten-year period from 2002-2011 were summarized 



(n=420).  The mean concentration for Florida surface waters is 0.22 µg/L with 10th and 90th 



percentiles of 0.03 and 0.3 µg/L, respectively.  The maximum observed concentration was 2.0 µg/L.   



RSC Calculation 



The exposure estimates described above were used to estimate a total non-surface water exposure 



dose of 2.11 x 10−3 mg/kg-day, as summarized below in Table 2. 



 



Table 2.   Estimated average daily chloroform exposure received through non-ambient sources by 
the general population. 



Exposure Route Estimated Exposure 











 16 | P a g e  
 



(mg/kg-day) 



Inhalation of Air:  



Indoor air inhalation 3.5 x 10−4 
Outdoor air inhalation 4.0 x 10−5 
Inhalation while showering 3.2 x 10−4 
Treated drinking water ingestion 6.86 x 10−4 



Diet 8.2 x 10−4 



Dermal during showering 1.2 x 10−4 



Estimated total daily dose 2.34 x 10−3 



 



The reference dose (RfD) for chloroform is 0.01 mg/kg-day (USEPA, 2013C). The total non-ambient 



water exposure (2.34 x 10−3mg/kg-day) accounts for 23.4% of the RfD.  The remaining 76.6% of 



the RfD is available for allocation to surface water exposure routes; that is, the consumption of fresh 



and estuarine fish and ingestion of ambient water.  Thus, an RSC value of 0.76 is suggested to be 



protective of human health and representative of chloroform exposures received through non-



ambient sources. 



1,2-Dichlorobenzene 



Background 



1,2-Dichlorobenzene (CASRN 95-50-1) is an anthropogenically-produced chemical that possesses a 



pale yellow color and exists in a liquid state at room temperature. 1,2-Dichlorobenzene is primarily 



used as a chemical intermediate, solvent for waxes, gums, resins, tars, rubbers, oils and asphalts, a 



degreaser for metals, component of deodorizers for garbage and sewage applications, as a 



constituent of a variety of herbicides such as diuron, and as an insecticide/fumigant used in the 



control of peach tree borers, bark beetles, grubs, and termites (ATSDR, 2006; OEHHA, 1997) 



 



The primary route of exposure to 1,2-dichlorobenzene for the general population is through 



inhalation, although exposure can also occur through ingestion of contaminated foods and drinking 



water. According to the ATSDR (2006), volatilization, sorption, biodegradation, and 



bioaccumulation are potentially competing environmental processes and notes that the dominant 



fate of 1,2-dichlorobenzene is often determined by local/site-specific environmental conditions. 



According to the Hazardous Substances Data Bank (HSDB; No. 521), high log octanol-water 



partition coefficient (log Kow) values of 3.43–3.53 suggest that dichlorobenzenes have a moderate 



to high potential for bioaccumulation. 



 



Exposure Source Determinations 



Manufacturing and release 



1,2-Dichlorobenzes are released to the environment through anthropogenic activities.  One of the 



main estimated sources of release is through the production and use of 1,2-dichlorobenzene-based 



insecticides and herbicides. In addition, 1,2-dichlorobenzene is produced in large quantities as a by-



product during the production of 1,4-dichlorobenzene and can be released into the environment 
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during the disposal of unused supplies (ATSDR, 2006).  Production of 1,2-dichlorobenzene has been 



subject to fluctuation since the mid-1980s. In 2002, companies reported production within the 



range of <10 million pounds to 50 million pounds (<5,000–23,000 metric tons) (ATSDR, 2006).  As 



of 2005, 1,4-dichlorobenzene and 1,2-dichlorobenzene were currently produced by 2 companies in 



the United States at 2 different locations: Solutia Inc., in Sauget, Illinois and PPG Industries, Inc., in 



Natrium, West Virginia (SRI, 2005).  



 



According to the United States Environmental Protection Agency’s Toxic Release Inventory (TRI) 



Explorer, total reported on-site disposal or other releases5 of 1,2-dichlorobenzene in 2011 



accounted for 49,193.21 pounds with the majority of release/disposal occurring through point 



source air emissions and fugitive air emissions. (TRI2011, 2013A). Total reported off-site disposal 



or other releases6 in 2011 accounted for 431 pounds of 1,2-dichlorobenzene with the majority of 



disposal/release occurring through “other off-site management” (TRI2011, 2013A). The total 



reported on- and off-site disposal or other releases for 1,2-dichlorobenzene in 2011 was 49,624.21 



pounds (TRI2011, 2013A). Total reported on-site disposal or other releases in 2012 accounted for 



53,548.35 pounds of 1,2-dichlorobenzene with the majority of disposal/release occurring through 



point source emissions and fugitive air emissions (TRI2012, 2013B). Total reported off-site 



disposal or other releases in 2012 accounted for 4,747.05 pounds of 1,2-dichlorobenzene with the 



majority of disposal/release occurring through landfill-based disposal (TRI2012, 2013B). The total 



reported on- and off-site disposal or other releases for 1,2-dichlorobenzene in 2012 was 58,295.40 



pounds (TRI2012, 2013B). Information/data retrieved from the USEPA’s TRI explorer tool does not 



represent an exhaustive list of disposals/releases of chemicals due to the fact that only certain 



types of facilities are required to report this type of information. 



 



Non-ambient Exposure Sources 



 Treated drinking water 



1,2-Dichlorobenzene has been detected at trace levels in drinking waters. An investigation 



conducted by Oliver et al. (1982)  to assess chlorobenzene concentrations in various environmental 



                                                           
 



5  Total  reported on-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C  landfills, other on-site landfills ( those not authorized under Subtitle C of RCRA to accept 
hazardous wastes), fugitive air emissions, point source air emissions, surface water discharges, underground injection 
Class II-V wells, land treatment, RCRA Subtitle C surface impoundments, other surface impoundments ( those not 
authorized under RCRA to accept hazardous waste for disposal), and other land disposal ( disposal to land that does not 
fall into one of the other on-site land release categories found in section 5.5.1 through 5.5.3 on the TRI From R). 
6  Total reported off-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C landfills, other landfills (those not authorized under Subtitle C of RCRA to accept hazardous 
wastes), storage only, solidification/stabilization (metals only), wastewater treatment (metals only), POTWs (metal and 
metal compounds), underground injection Class II- V wells, RCRA Subtitle C surface impoundments, other surface 
impoundments (those not authorized under RCRA to accept hazardous waste for disposal), land treatment, other land 
disposal ( disposal to land that does not fall into one of the other on-site land release categories found in section 5.5.1 
through 5.5.3 on the TRI From R), other off-site management ( chemicals in waste managed by techniques not specifically 
listed in section 6.2 of TRI Form R), waste broker, and unknown. 
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media and biota originating from the Great Lakes region revealed a mean 1,2-dichlorobenzene 



concentration of 0.003 ppb detected in drinking water samples from 3 cities near Lake Ontario in 



1980.  According to a preliminary assessment conducted by the United States Environmental 



Protection Agency (1975), a concentration of 1 ppb was detected in Miami, FL drinking water and 



qualitative detections were reported for Philadelphia, PA and Cincinnati, OH. A maximum 



contaminant level (MCL) of 0.6 mg/L has been established by the United States Environmental 



Protection Agency for 1,2-dichlorobenzene (USEPA, 2009D).  



 



1,2-Dichlorobenzene is regulated as a VOC in drinking water and all non-purchased community 



water systems (CWSs) and non-transient non-community water systems (NTNCWSs) are required 



to sample for VOCs ( USEPA, 2009C). In the Contaminant Occurrence Support Document for Category 



2 Contaminants for the Second Six- Year Review of National Primary Drinking Water Regulations, the 



United States Environmental Protection Agency analyzed the reported VOC data from 49,969 public 



water systems (PWSs) during the period from 1998 to 2005 (USEPA, 2009C).  For drinking water 



originating from ground water sources, a median concentration of 0.9 µg/L and a 90th percentile 



concentration of 3 µg/L were detected (USEPA, 2009C). For drinking water originating from surface 



water sources, a median concentration of 0.5 µg/L and a 90th percentile concentration of 1.3 µg/L 



were detected (USEPA, 2009C).  



 



 For the purposes of RSC calculation, the MCL of 0.6 mg/L was utilized because it represents the 



most conservative estimate of general population exposure through the ingestion of drinking water. 



In addition, a standard drinking water intake rate of 2.0 L/day and a standard body weight of 70 kg 



were also used in the calculation (NRC, 1977; USEPA, 1997). The resultant estimated average daily 



dose of 1,2-dichlorobenzene received through the consumption of drinking water was 0.0171 



mg/kg-day. 



 



Air 



Although inhalation is considered the main exposure route for 1,2-dichlorobenzene, ambient and 



indoor air concentrations are minimal when compared to 1,4-dichlorobenzene. According to the 



ATSDR (2006), indoor inhalation of 1,2- or 1,3-dichlorobenzene is not expected to be a significant 



route of exposure due to the fact that these chemicals are not as prevalently detected in household 



and consumer products as 1,4-dichlorobenzene. 1,2-Dichlorobenzene concentrations in ambient 



outdoor air typically range from 0.01 to 0.1 ppb (ATSDR, 2006). According to an atmospheric VOC 



assessment conducted by Brodzinsky and Singh (1982), the mean 1,2-dichlorobenzene 



concentrations from 226 source-dominant points and 674 urban/suburban points in the United 



States have been reported to be 200 and 56 parts per trillion, respectively. Wallace et al. (1989), 



reported that 1,2-dichlorobenzene was detected at median concentrations ranging from 0.1-2.2 



µg/m3 in homes in the United States. Field et al. (1992) reported an indoor air 1,2-dichlorobenzene 



concentration of 1.4 x10−4 ppm. Indoor air concentrations of 1,2-dichlorobenzene have also been 



shown to seasonally fluctuate. Pellizzari et al. (1986) reported an indoor residence-based 1,2-



dichlorobenzene concentration of 3.48 x 10−6ppm during the summer and an indoor residence-



based 1,2-dichlorobenzene concentration of 1.39 x10−5 ppm during the winter.  The ATSDR (2006) 



reports that the average daily adult respiratory exposure to 1,2-dichlorobenzene is approximately 
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1.8 μg. For the purposes of RSC calculation, the average daily adult respiratory exposure value of 



1.8 µg/day was used. A standard body weight of 70 kg was also used to calculate dose (USEPA, 



1997). The resultant estimated average daily dose of 1,2-dichlorobenzene received through 



inhalation was 2.57 x10−5 mg/kg-day. 



 



Groundwater 



Through a collaborative partnership between the USGS and the United States Environmental 



Protection Agency, national water quality assessment (NWQA) data from the years ranging from 



1992-2001 were analyzed for their 1,2-dichlorobenzene content. For groundwaters, a total of 4,660 



samples were taken from 4,159 sites of which 0.6% of samples detected 1,2-dichlorobenzene 



representing 0.7% of the sites under analysis (USEPA, 2009C). A median 1,2-dichlorobenzene 



concentration of 0.036 µg/L and a 99th percentile 1,2-dichlorobenzene concentration of 1.502 µg/L 



were produced from the groundwater samples under analysis (USEPA, 2009C). 



 



Oceanic/marine concentrations 



Information concerning oceanic/marine concentrations of 1,2-dichlorobenzene could not be 



located. 



 



Soil/sediment 



Information and data concerning 1,2-dichlorobenzene concentrations in typical soils are scarce. 



According to Wang et al. (1995), chlorobenzene levels in uncontaminated soils are generally less 



than 0.4 mg/kg for dichlorobenzene congeners and less than 0.1 mg/kg for other chlorobenzene 



congeners. Biodegradation by a number of distinct soil microbial species does have the capacity to 



decrease 1,2-dichlorobenzene concentrations under aerobic conditions. Sorption to soils with a 



greater organic content negatively influences the ability of 1,2-dichlorobenzene to volatilize. 



Application of sewage sludge possesses the capacity to increase concentrations of 1,2-



dichlorobenzene in soils (ATSDR, 2006). The Florida Department of Environmental Protection has 



established a residential (direct exposure) soil clean-up target level of 880 mg/kg as per Chapter 



62-777, F.A.C. (FDEP, 2005). For the purposes of RSC calculation, a soil concentration of 0.40 mg/kg 



was utilized. In addition, a standard soil ingestion rate of 50 mg/day and a standard body weight of 



70 kg were also used (USEPA, 2011A; USEPA, 1997). The resultant estimated average daily dose of 



1,2-dichlorobenzene received through soil ingestion was 2.86 x10−7  mg/kg-day. 



 



 1,2-Dichlorobenzene has also been detected in sediments. According to Oliver et al. (1982), mean 



1,2-dichlorobenzene concentrations of 1, 8, 2, and 11 ppb were detected in the superficial 



sediments from Lakes Superior, Huron, Erie, and Ontario, respectively.  



 



Diet (other than fresh or estuarine fish) 



Information and data concerning 1,2-dichlorobenzene concentrations detected in different food 



types are very limited. The United States Food and Drug Administration conducted an analysis of 



pesticide residuals in specific food types through their Total Diet Study program. The information 



summarized in this analysis pertains to Total Diet Study market baskets 1991-3 through 2003-4 



collected between September 1991 and October 2003 (USFDA, 2006).   Table 1 below displays the 
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food types analyzed in the total diet study that can be separated into food-based categories 



associated with specific intake rates found in the United States Environmental Protection Agency’s 



2011 Exposure Factors Handbook. 



 



Table 1. Limited Selection of Food Types Analyzed for 1,2-Dichlorobenzene in FDA’s Total Diet 



Study Program 



 



Food Type Mean Concentration (ppm) 



Beef, ground, regular, pan-cooked 0.00016 



Beef roast, chuck, oven-roasted 0.00027 



Frankfurter (beef/pork), boiled 0.00005 



Bologna (beef/pork) 0.00014 



Fish sticks or patty, frozen, oven-cooked 0.00007 



Eggs, scrambled w/ oil 0.00020 



Muffin, fruit or plain 0.00091 



Meatloaf, beef, homemade 0.00030 



Ice cream, light, vanilla 0.00014 



Crackers, graham 0.00005 



Potato, french-fried, fast-food 0.00025 



 



*As per the United States Environmental Protection Agency’s 2011 Exposure Factors Handbook 



(Chapter 14 Total Food Intake) beverages, sugar, candy, and sweets, and nuts (and nut products) 



were not included because they could not be categorized into the major food groups. In addition, 



foods analyzed such as “Quarter-pound cheeseburger on bun, fast-food” were not included in the 



analysis due to the fact that they represented composite foods containing food types separately 



categorized into food groups. 



 



 According to an analysis conducted by Hiatt et al. (2004), 1,2-dichlorobenzene was detected at 



average concentrations of 4 x10−5, 5 x10−5, and 4 x10−5 mg/L in whole milk, 2% milk, and 1% 



milk, respectively.  Wang et al. (1994) also reported 1,2-dichlorobenzene was detected in potato 



cores at a concentrations of 0.328 µg/kg and pea seeds at a concentration of 0.112 µg/kg.  For the 



purpose of RSC calculation, an overall average of the food concentrations presented above was 



taken to estimate total intake. A standard dietary intake rate of 29 g/kg-day was used to calculate 



dietary exposure dose (USEPA, 2011A). An estimated average daily dose of 5.63 x10−6 mg/kg-day 



received through dietary intake was subsequently generated.  To ensure that the estimated dietary 



exposure dose accurately represented a realistic dietary exposure scenario for the general public, 



an additional multiplication factor of 10 was applied providing added conservatism to this dose 



estimate; that is, the exposure was conservatively increased by an order of magnitude.  The 



additional factor was used to account for the uncertainty in the estimate associated with the 



somewhat limited database on foods, particularly related to fruits and vegetables.  Thus, with the 



addition of this uncertainty factor, the resultant estimated average daily dose of 1,2-



dichlorobenzene received through dietary intake was 5.63 x10−5 mg/kg-day. 



 



Ambient Exposure Sources 
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In water, the major dichlorobenzene-removal processes are likely to be adsorption onto sediments 



and bioaccumulation in aquatic organisms (WHO, 2003B). The United States Environmental 



Protection Agency conducted a concurrent analysis of NAWQA data from the years 1992-2001, for 



detections of 1,2-dichlorobenzene in ambient surface waters. For ambient surface waters a total of 



1,419 samples were taken from 191 sites of which 3.2% of samples detected 1,2-dichlorobenzene 



representing 9.4% of the sites under analysis (USEPA, 2009C). A median 1,2-dichlorobenzene 



concentration of 0.04µg/L and a 99th percentile 1,2-dichlorobenzene concentration of 0.447µg/L 



were produced from the ambient surface water samples under analysis (USEPA, 2009C). According 



to Staples et al. (1985), 1,2-dichlorobenzene was detected in 0.6% of 1,077 surface water samples 



recorded in the STORET database at a median concentration of <10 ppb. 



 



Due to the large bioconcentration factor and log Kow of 1,2-dichlorobenzene, it is expected that this 



chemical possesses the potential to bioaccumulate in aquatic biota. According to Oliver et al.  



(1982), 1,2-dichlorobenzene concentrations detected in lake and rainbow trout from the Great 



Lakes ranged from 0.3  to 1.0 ppb.  According to the ATSDR (2006), respective 1,2-dichlorobenzene 



concentrations of 0.08, 0.26, 0.06, and 0.06 ppm were detected in Atlantic croakers, blue crabs, 



spotted sea trout, and blue catfish collected from the Calcasien River estuary. 



 



RSC calculation 



The estimated doses received through daily exposure to1,2-dichlorobenzene were then utilized to 



estimate the total average daily dose received by the general population. The results are 



summarized in Table 2 below. 



 



Table 2.  Estimated average daily 1,2-dichlorobenzene exposure received through non-ambient 
sources by the general population. 



Exposure Route Estimated Exposure 



(mg/kg-day) 



Inhalation of Air 2.57 x10−5  



Soil ingestion 2.86 x10−7 



Treated drinking Water ingestion 0.0171 



Diet1 5.63 x10−5 



Estimated total daily dose 0.0172 



1.  Includes a 10-fold conservative adjustment to account for limitations in dietary data. 



 



The reference dose for 1,2-dichlorobenzene is 9 x 10−2 mg/kg-day (USEPA, 2013C). The estimated 



total non-ambient exposure 0.0172 mg/kg-day represents 19.1% of the RfD. The remaining 80.9% 



is available for allocation to surface water exposures through routes such as estuarine fish 



consumption. Thus, a chemical specific RSC of 0.80 is suggested to be protective of human health 



and representative of 1,2-dichlorobenzene exposures received through ambient sources. 
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Endrin and Endrin Aldehyde 



Background 



Endrin (CASRN 72-20-8) is a solid, white, almost odorless substance that was used as an insecticide, 



rodenticide, and avicide (OEHHA, 1999A; ATSDR, 1996B). Production and sale of endrin for use by 



the general public in the United States has not occurred since 1986. Little is known about the 



properties of endrin aldehyde (an impurity and breakdown product of endrin) or endrin ketone (a 



product of endrin when it is exposed to light) (ATSDR, 1996B). No studies specific to the 



environmental fate of endrin aldehyde or endrin ketone could be found in the available literature.  



Limited information on the physical and/or chemical properties of endrin aldehyde indicates that it 



is highly insoluble in water (USEPA, 1981), highly immobile in soil, and will not volatilize 



significantly from water or soil.  Any endrin aldehyde in air should exist predominantly in the 



adsorbed phase (Eisenreich et al., 1981).  Atmospheric endrin aldehyde will be transported to soil 



and surface water via wet and dry deposition of associated particles. Endrin aldehyde may react 



with photochemically generated hydroxyl radicals in the atmosphere, with an estimated half-life of 



3.6 hours (SRC, 1995). In water, adsorption to sediments and bioconcentration are likely to be 



significant transport processes. Neither hydrolysis nor oxidation (via peroxy radicals or singlet 



oxygen) of endrin aldehyde is expected to be significant in aquatic systems (USEPA 1979, 1981). 



The estimated half-life for endrin aldehyde is more than four years (USEPA, 1979).  Neither 



hydrolysis nor oxidation is expected to be a significant transformation process for endrin aldehyde 



in soil. No information could be found on the biodegradation of endrin aldehyde in aquatic systems, 



sediment, or soil. 



 



Information on current levels of endrin in the environment is limited; however, the available data 



indicate that concentrations in all environmental media are generally negligible or below levels of 



concern (ATSDR, 1996B).  The FDA has concluded that endrin is no longer present in the 



environment to the extent that it may be contaminating food or feed at levels of regulatory concern 



(USDA, 1995).  No information could be found in the available literature on levels of endrin 



aldehyde or endrin ketone in the environment. The main sources for potential human exposure to 



endrin are residues on imported food items, unused stocks, unregistered use, inappropriate 



disposal, and hazardous waste sites (ATSDR, 1996B); however, there is no current evidence of 



significant exposures from any of these sources.  Furthermore, it should be noted that in 



environmental media, especially in contaminated soils and sediments, the amount of endrin 



chemically identified by analysis is not necessarily the amount that is toxicologically available.   



 



Exposure Source Determinations 



Manufacturing and Release 



According to the ATSDR (1996B), sales of endrin in the United States were estimated at 2.345 



million kg (5.1-9.9 million pounds) in 1962, while less than 450,000 kg (990,000 pounds) were 



produced in 1971. Information on endrin could not be retrieved from the Toxic Release Inventory 



(TRI) database due to the fact that facilities are not required to report endrin-related releases. 



According to the ATSDR (1996B), the use of endrin ended in the mid-1980s and consequently, there 



are no longer any significant releases of endrin (and its breakdown product, endrin aldehyde) to 



the environment in the United States.  
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 Non-ambient Exposure Sources 



Treated drinking water 



Data and/or information concerning current endrin aldehyde residues in treated drinking water 



samples could not be located. However, exposure to endrin and endrin aldehyde through the 



drinking water exposure pathway is considered negligible due to the fact that use of the parent 



compound, endrin, has been discontinued since the 1980’s. 



 



Air 



Endrin aldehyde is a minor impurity of the pesticide endrin which is no longer produced.  



Production and use of endrin may have resulted in endrin aldehyde's release to the environment. 



This potential release could have resulted from direct release to the environment, through direct 



release of endrin, or from various production-related endrin waste streams.  If released to air, an 



estimated vapor pressure of 2.0 x10-7 mm Hg at 25° C indicates endrin aldehyde will exist in both 



the vapor and particulate phases in the ambient atmosphere. Vapor-phase endrin aldehyde will be 



degraded in the atmosphere by reaction with photochemically-produced hydroxyl radicals; the 



half-life for this reaction in air is estimated to be 3.8 hours. Particulate-phase endrin aldehyde will 



be removed from the atmosphere by wet and dry deposition.  Current data on ambient air 



concentrations containing endrin or any of its breakdown products could not be located.  According 



to the ATSDR (1996B), during extensive agricultural use, 33% of the applied endrin was found to 



volatilize within 11 days, after which time further evaporation ceased.   Thus, exposure to endrin 



and endrin aldehyde through inhalation of ambient air is considered negligible due to the fact that 



use of the parent compound was discontinued in the 1980s. 



 



Soil 



If released to soil, endrin aldehyde is expected to have slight mobility based upon an estimated Koc 



of 4,300. According to the ATSDR (1996B), a conservative estimate of its half-disappearance time in 



sandy loam soils is approximately 14 years. Therefore, the exposure risks from endrin to the 



general population of the United States are likely to steadily decrease over time. Note that endrin 



aldehyde concentrations (a breakdown product) are expected to be significantly lower (perhaps an 



order of magnitude) than endrin itself.  According to Nash (1983), endrin has been found to 



volatilize significantly (20-30%) from soils within days after application. Volatilization from moist 



soil surfaces is expected to be slower than other soil types based upon an estimated Henry's Law 



constant of 4.2X10-6 atm-cu m/mole. Because endrin has not been in use for many years, this 



exposure route is no longer significant in the state of Florida. Endrin aldehyde is not expected to 



adsorb to suspended solids and sediment based upon the estimated Koc. Sherblom et al. (1995) 



analyzed sediment from nine sites in Sarasota Bay for endrin, as well as other organic 



contaminants.  Endrin was less than either the detection limit or the quantification limit at all sites 



sampled, although endrin was found in one of three replicate samples from Hudson Bayou at a level 



of 1 ng/g, while endrin was below the detection limit or quantification limit in the other two 



replicates from this site. Thus, exposure to endrin and endrin aldehyde through the soil ingestion 



pathway is considered negligible. 
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Diet (other than fresh or estuarine fish)  



Oral exposure to endrin and endrin aldehyde through food-based consumption is considered to be 



a negligible route due to the discontinued agricultural use of this product. According to the ATSDR 



(1996B), no endrin was detected in food samples from a Texas survey and only 0.084% of over 



13,000 food samples were found to contain endrin in 1989 after cancellation of endrin use. 



Moreover, a study conducted by the U.S. Food and Drug Administration in 1991 revealed endrin 



was found in less than 1% of all food sampled (ATSDR, 1996B).  Significant accumulation of endrin 



in the human body has not been documented to occur after exposure (IPCS, 1991A). 



 



Ambient Exposure Sources 



During the period when endrin was utilized, the most prominent route of contamination of surface 



water was run-off from soil (WHO working group, 1992). Volatilization from water surfaces is not 



expected to be an important fate process based upon this compound's Henry's Law constant. 



Estimated volatilization half-lives for a model river and model lake are 17 days and 132 days, 



respectively. However, volatilization from water surfaces is expected to be attenuated by 



adsorption to suspended solids and sediment in the water column. The estimated volatilization 



half-life from a model pond is 540 months if adsorption is considered. An estimated BCF of 5,000 



suggests the potential for bioconcentration in aquatic organisms is very high. According to the 



OEHHA (1999A), maximum endrin concentrations in whole fish in the United States for the periods 



1976-77, 1978-79, 1980-1981, and 1984 were 0.4, 0.11, 0.30 and 0.22 ppm, respectively with 



corresponding geometric means less than 0.01 ppm. The United States Environmental Protection 



Agency  reviewed the National Coastal Assessment (NCA) Fish Tissue Survey Data from 1997-2000 



which analyzed data  from 653 estuary sites throughout the United States in their 2008 report on 



the environment. Analysis of this data revealed that coastal fish tissue contaminant concentrations 



for endrin were below EPA’s guideline ranges (0.35-0.70 ppm) for all fish sampled in the NCA (US 



EPA, 2008A). Hydrolysis is not expected to be an important environmental fate process since this 



compound lacks functional groups that hydrolyze under environmental conditions.   



 



RSC Calculation 



EPA used a default RSC value of 20 percent for endrin based on a recommendation from EPA’s 



drinking water program.  Oregon DEQ proposed criteria for endrin using a RSC value of 80 percent 



(Matzke et al., 2011), which is an RSC value that Florida DEP supports.  Likewise, FDEP does not 



anticipate exposure to endrin aldehyde from means other than water and fish ingestion and 



therefore, proposes to use a RSC of 0.8 for the parameter. This is consistent with EPA guidance, 



which states using a default RSC Percentage Floor Value of 20% and a Ceiling of 80% (USEPA, 



2000B).  



 



EPA has recommended using the 20% RSC default when routes of water exposures other than oral 



or sources of exposure other than fish and water are anticipated, but adequate data are lacking to 



quantify those exposures.  EPA guidance states that if it can be demonstrated that other sources and 



routes of exposure are not anticipated for the chemical in question (based on information about 



its known/anticipated uses and chemical/physical properties), then the 80% ceiling is 
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recommended.  This 80% ceiling is a way to provide adequate protection for those who experience 



exposures (from any or several sources) higher than available data may indicate.  As seen in this 



discussion, FDEP has strong evidence that exposure to endrin aldehyde is expected to be negligible. 



Thus, an RSC of 0.80 for both endrin and endrin aldehyde is proposed to be protective of the 



general population with respect to ambient exposures.  This value is likely to be highly conservative 



given that the parent compound has been banned for a considerable time.   



 



Methyl Bromide (Bromomethane) 



Background 



Methyl bromide (CASRN 74-83-9) is an odorless, colorless gas that has been used as a soil fumigant 



and structural fumigant to control pests across a wide range of agricultural sectors. Soil fumigation 



was the primary use of methyl bromide in the U.S and accounted for approximately 65% of total use 



(ATSDR, 1992), estimated at 25,500 metric tons (56 million pounds) at the height of use in 1991 



(USEPA, 2013E). Historical use of leaded gasoline with bromine-containing additives also resulted 



in the release of methyl bromide in automotive exhaust fumes, although current releases from 



exhaust fumes are estimated to be much lower. 



 



Because methyl bromide depletes the stratospheric ozone layer, the amount produced and 



imported in the United States was reduced incrementally until it was phased out on January 1st, 



2005, pursuant to obligations under the Montreal Protocol on Substances that Deplete the Ozone 



Layer (Protocol) and the Clean Air Act (CAA). Critical use exemptions (CUEs) are permitted under 



Section 604(d) of the Clean Air Act and the Montreal Protocol on Substances that Deplete the Ozone 



Layer.  Each year, EPA solicits applications for CUEs from methyl bromide users. The U.S. 



Government, after reviewing the applications, seeks authorization for those uses from the Parties to 



the Montreal Protocol. Once the Parties authorize an amount of methyl bromide for those critical 



uses, EPA publishes a rule allowing for the production of critical use methyl bromide.   Annual 



methyl bromide exemptions are summarized in Table 1.   



Table 1.  2005-2014 Critical Use Exemption Authorizations.  Amount authorized is based on a 1991 



baseline level. 



Calendar Year Amount Nominated 
(percent of baseline) 



Amount Authorized 
(percent of baseline) 



2005 39 37 
2006 35 32 



2007 29 26 



2008 23 21 



2009 19.5 16.7 



2010 13.4 12.7 



2011 9.4 8.1 



2012 4.6 4.0 



2013 2.5 2.2 





http://www.epa.gov/ozone/mbr/2006_nomination.html


http://www.epa.gov/ozone/mbr/2007_nomination.html


http://www.epa.gov/ozone/mbr/2008_nomination.html


http://www.epa.gov/ozone/mbr/2009_nomination.html


http://www.epa.gov/ozone/mbr/2010_nomination.html


http://www.epa.gov/ozone/mbr/2011_nomination.html


http://www.epa.gov/ozone/mbr/2012_nomination.html


http://www.epa.gov/ozone/mbr/2013_nomination.html
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Calendar Year Amount Nominated 
(percent of baseline) 



Amount Authorized 
(percent of baseline) 



2014 1.7 1.7 



2015 1.5 To be determined  



 



Methyl bromide is not persistent in soil due to rapid evaporation, with a soil half-life ranging from 



0.2 to 0.5 days depending on depth (Jury et al., 1984).   Methyl bromide is soluble in water and is 



present at low concentrations in ocean waters, likely due to natural production by marine 



organisms (IARC, 1986). However, due to rapid volatilization, the half-life in water is estimated to 



be on the order of hours to days depending on depth, temperature, and mixing (USEPA, 1986).   



Additionally, due to its low octanol/water partition coefficient (Kow), methyl bromide is not 



expected to bioaccumulate in aquatic organisms; the estimated bioconcentration factor is 



approximately 3 (ATSDR, 1993).   



 



Exposure Source Determinations 



Manufacturing and release 



According to the United States Environmental Protection Agency’s Toxic Release Inventory (TRI) 



Explorer, total reported on-site disposal or other releases7 of methyl bromide in 2011 accounted for 



307,749.12 pounds with the majority of release/disposal occurring through point source air 



emissions, fugitive air emissions, and underground injection into Class I wells. (TRI2011, 2013A). 



Total reported off-site disposal or other releases8 in 2011 accounted for 23 pounds of methyl 



bromide with the majority of disposal/release occurring through RCRA Subtitle C Landfill-based 



disposal (TRI2011, 2013A). The total reported on- and off-site disposal or other releases for methyl 



bromide in 2011 was 307,772.12 pounds (TRI2011, 2013A). Total reported on-site disposal or 



other releases in 2012 accounted for 189,200.43 pounds of methyl bromide with the majority of 



disposal/release occurring through point source emissions and fugitive air emissions (TRI2012, 



2013B). Total reported off-site disposal or other releases in 2012 accounted for 10.61 pounds of 



                                                           
 



7  Total  reported on-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C  landfills, other on-site landfills ( those not authorized under Subtitle C of RCRA to accept 
hazardous wastes), fugitive air emissions, point source air emissions, surface water discharges, underground injection 
Class II-V wells, land treatment, RCRA Subtitle C surface impoundments, other surface impoundments ( those not 
authorized under RCRA to accept hazardous waste for disposal), and other land disposal ( disposal to land that does not 
fall into one of the other on-site land release categories found in section 5.5.1 through 5.5.3 on the TRI From R). 
8  Total reported off-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C landfills, other landfills (those not authorized under Subtitle C of RCRA to accept hazardous 
wastes), storage only, solidification/stabilization (metals only), wastewater treatment (metals only), POTWs (metal and 
metal compounds), underground injection Class II- V wells, RCRA Subtitle C surface impoundments, other surface 
impoundments (those not authorized under RCRA to accept hazardous waste for disposal), land treatment, other land 
disposal ( disposal to land that does not fall into one of the other on-site land release categories found in section 5.5.1 
through 5.5.3 on the TRI From R), other off-site management ( chemicals in waste managed by techniques not specifically 
listed in section 6.2 of TRI Form R), waste broker, and unknown. 



 
 
 





http://www.epa.gov/ozone/mbr/2014_nomination.html


http://www.epa.gov/ozone/mbr/2015_nomination.html
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methyl bromide with the majority of disposal/release occurring through RCRA Subtitle C landfill-



based disposal (TRI2012, 2013B). The total reported on- and off-site disposal or other releases for 



methyl bromide in 2012 was 189,211.04 pounds (TRI2012, 2013B). Information/data retrieved 



from the USEPA’s TRI explorer tool does not represent an exhaustive list of disposals/releases of 



chemicals due to the fact that only certain types of facilities are required to report this type of 



information. 



 



Non-ambient Exposure Sources 



Air 



Methyl bromide concentrations in air are available from several sources and range from 0.002- 5.1 



µg/m3 in rural, suburban, and urban air in the United States in the 1970s and 1980s (Table 5-2; 



ATSDR, 1992). The highest mean concentration reported was 2.2 µg/m3 for urban air, and this 



value was selected to represent air concentrations for the RSC calculation. A standard inhalation 



rate of 16 m3/day and body weight of 70 kg (USEPA 2011A; USEPA 1997) were used to generate an 



inhalation dose of 5.03 x10-4 mg/kg-day. This air exposure estimate is assumed to be conservative, 



as it is the highest reported mean concentration and includes inputs from leaded gasoline, which 



has subsequently been phased out across the entire United States. 



 



Treated drinking water 



Methyl bromide concentrations in drinking water are low. In municipally-supplied water, methyl 



bromide is an assumed chlorination by-product; however, only trace concentrations are detected in 



tap water (ATSDR, 1992). It was detected in groundwater near two of 450 hazardous waste sites 



where it was investigated (CLSPD, 1989) with a geometric mean concentration of 17 µg/L; 



however, methyl bromide was not detected above 1 ppb in drinking water supply wells (Lim, 



2002). The drinking well detection limit of 1 µg/L for groundwater was used to estimate an 



exposure through drinking water of 0.000029 mg/kg-day, assuming a water consumption rate of 



2.0 L/day for a 70 kg adult (NRC, 1977; USEPA 1997). This drinking water exposure is assumed to 



be conservative, as it assumes a methyl bromide tap water concentration equal to the detection 



limit, whereas drinking water supply wells and most wells do not likely contain detectable 



concentrations of methyl bromide. 



Oceanic/marine concentrations 



In ocean waters, concentrations ranging from 1 to 2 ng/L are typically reported (Lovelock, 1975; 



Singh et al., 1983b). Based on its low log Kow value, methyl bromide is not expected to significantly 



bioconcentrate.  However, to conservatively estimate methyl bromide concentrations in ocean fish 



tissue, a bioconcentration factor of 3.75 was multiplied by an ocean water concentration of 2 ng/L, 



resulting in an estimated ocean fish tissue concentration of 7.5 ng/kg. A marine fish consumption 



rate of 0.22 g/kg-day was conservatively assumed.  The resulting fish ingestion exposure estimate 



is 1.65 x 10−9 mg/kg-day and assumes all fish eaten are deep water ocean fish. 



 



Soil 
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In soil, methyl bromide was not detected in any of the 455 hazardous waste sites where it was 



investigated (CLPSD, 1989). Due to rapid volatilization in soils, exposure via contact with soils and 



sediment is expected to be negligible (ATSDR, 1993; Lim, 2002). 



 



Diet (other than fresh or estuarine fish) 



In food, methyl bromide residues ranged from below the detection limit to about 15 ppm, with the 



highest residues associated with nuts and nut-based products.  Tissue residue data were provided 



to USEPA by the Methyl Bromide Industry Panel for over 230 commodities and their food forms 



(i.e., raw, baked, frozen, cooked).  Lim (2002) used these data to estimate chronic dietary exposure 



for the US population of 0.000127 mg/kg-day using consumption data from the Nationwide Food 



Consumption Survey (USDA, 1989-1991; cited in Lim 2002).  



Ambient Exposure Sources 



Methyl bromide was not detected in surface waters near any of 405 waste sites where it was 



investigated, and is not a common contaminant in fresh waters of the United States (ATSDR, 1992).  



Some methyl bromide may leach from fumigated soil into surface water (USEPA, 1986; IARC, 1986); 



however, most of this would be expected to quickly volatilize into air. Concentrations due to surface 



water exposures (either consumption of water or fish) were not estimated, but are assumed to be 



low based on available data.  Ambient surface water data were queried from the IWR Run 47 



database and the range of measured concentrations over the ten-year period from 2002-2011 were 



summarized (n=379).  The mean concentration for Florida surface waters is 0.50 µg/L with 10th 



and 90th percentiles of 0.25 and 0.82 µg/L, respectively.  The maximum observed concentration 



was 1.3 µg/L.   



RSC Calculation 



The exposure estimates described above were used to estimate a total non-surface water exposure 



dose of 6.6 x 10-4 mg/kg-day, as summarized below in Table 2. 



 



Table 2.  Estimated average daily methyl bromide exposure received through non-ambient sources 



by the general population. 



Exposure Route Estimated Exposure 
(mg/kg-day) 



Inhalation of air 5.03 x10-4 



Soil ingestion Negligible 



Treated drinking water ingestion 2.9 x10-5 



Diet 1.3 x10-4 



Marin fish 1.65 x 10−9 



Estimated total daily dose 6.6 x 10-4 
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The total non-surface water exposure dose accounts for 47% of the methyl bromide RfD of 1.4 x10-3 



mg/kg-day (USEPA, 2013C). Therefore, surface water sources can be allotted the remainder of the 



allowable exposure dose, resulting in a chemical-specific RSC of 0.53, or 53%.  



The chemical-specific RSC calculated for methyl bromide is likely very conservative, as exposure 



estimates for inhalation and in food residues do not account for recent decreases in the use of this 



compound and are based on maximum or upper percentile concentrations likely measured when 



the methyl bromide was in wider use. Beginning in 1992, use of methyl bromide was phased out in 



the U.S. to reduce stratospheric ozone layer depletion. In 2005, methyl bromide use was ended 



except for allowable critical use exemptions. These exempt uses accounted for just 1,022,826 kg in 



2012 (4% of the 1991 use baseline). Thus, the exposure estimates presented above for non-surface 



water sources are an overestimate. As current non-surface water exposures are likely a fraction of 



those estimated herein, an RSC for methyl bromide based on only recent environmental 



concentration data would be greater than 0.53, likely substantially so. Use of this RSC value is 



therefore highly protective. 



 



Di-n-Butyl Phthalate 



Background 



Di-n-butyl phthalate (DBP; CASRN 84-74-2) is a phthalate ester used as a plasticizer. It is found in 



many common consumer products including home furnishings, paints, clothing, and cosmetics. It is 



widespread in the environment because of its many uses, and has been identified at low levels in all 



environmental media. Exposure of the general population to DBP may occur through contact with 



contaminated air, water, food, soil, and/or products which contain di-n-butyl phthalate (ATSDR, 



2001). 



 



In air, di-n-butyl phthalate may be adsorbed to particulate matter or occur as a vapor. It is expected 



to decompose in air, or be transported to water and/or soil by wet (snow or rain) or dry (wind and 



settling) deposition (ATSDR, 2001). It is taken up by a variety of aquatic organisms (ATSDR, 2001). 



In water and soil, it is subject to microbial degradation; both aerobic and anaerobic degradation 



have been reported (ATSDR, 2001). Di-n-butyl phthalate is expected to have limited mobility in soil 



based on a reported Log Koc of 3.14 (Russell and McDuffie, 1986) and also, 4.17 (Sullivan et al., 



1982). 



 



Exposure Source Determinations 



Manufacturing and release 



According to the United States Environmental Protection Agency’s Toxic Release Inventory (TRI) 



Explorer, total reported on-site disposal or other releases9 of di-n-butyl phthalate in 2011 



                                                           
 



9  Total  reported on-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C  landfills, other on-site landfills ( those not authorized under Subtitle C of RCRA to accept 
hazardous wastes), fugitive air emissions, point source air emissions, surface water discharges, underground injection 
Class II-V wells, land treatment, RCRA Subtitle C surface impoundments, other surface impoundments ( those not 
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accounted for 170,474.26 pounds with the majority of release/disposal occurring through 



underground injection to Class I wells and point source air emissions (TRI2011, 2013A). Total 



reported off-site disposal or other releases10 in 2011 accounted for 11,385.56 pounds of di-n-butyl 



phthalate with the majority of disposal/release occurring through landfill-based disposal and waste 



brokers (TRI2011, 2013A). The total reported on- and off-site disposal or other releases for di-n-



butyl phthalate in 2011 was 181,859.83 pounds (TRI2011, 2013A). Total reported on-site disposal 



or other releases in 2012 accounted for 40,114.80 pounds of di-n-butyl phthalate with the majority 



of disposal/release occurring through underground injection to Class I wells and fugitive air 



emissions (TRI2012, 2013B). Total reported off-site disposal or other releases in 2012 accounted 



for 13,693.76 pounds di-n-butyl phthalate with the majority of disposal/release occurring through 



RCRA Subtitle C landfill-based disposal and disposal to other landfills (TRI2012, 2013B). The total 



reported on- and off-site disposal or other releases for di-n-butyl phthalate in 2012 was 164,774.56 



pounds (TRI2012, 2013B). Information/data retrieved from the USEPA’s TRI explorer tool does not 



represent an exhaustive list of disposals/releases of chemicals due to the fact that only certain 



types of facilities are required to report this type of information. 



 



Non-ambient Exposure Sources 



Air 



Di-n-butyl phthalates in outdoor air have been recorded at concentrations ranging from 2.3 x 10-7 to 



4.99 x 10-5 mg/m3 in Sweden and the United States (Thurén and Larsson, 1990) and Canada (Otson 



et al., 1991). Concentrations over New York City were measured at 3.2 x 10-6 to 5.7 x 10-6 mg/m3 



(Bove et al., 1978), and in industrialized areas along the Niagara River at 6.2 x 10-6 mg/m3 in 



particulate matter and 4.5x10- 6 mg/m3 as vapor (Hoff and Chan, 1987).  Concentrations of di-n-



butyl phthalate in indoor air in Canada was measured at >1.0x10-5mg/m3 (Otson et al., 1991). 



Estimated daily intake of DBP from indoor air by the Canadian population ranged from 0.68 to1.1 



μg/kg body weight/day (Chan and Meek, 1994). Compared to the exposure calculated for just 



outdoor air as part of the same study (0.00021-0.00041 μg/kg body weight/day), the contribution 



of DBP from outdoor air is likely negligible.  For the purposes of RSC calculation, 1.06 and 0.012 



mg/m3 were used as estimates of concentrations found in indoor and outdoor air, respectively,  



which originate from  the Clark et al. (2011) analysis. The values were taken from the American 



Chemistry Council database and represent the most conservative measurements found in the 



                                                           
 



authorized under RCRA to accept hazardous waste for disposal), and other land disposal ( disposal to land that does not 
fall into one of the other on-site land release categories found in section 5.5.1 through 5.5.3 on the TRI From R). 
10  Total reported off-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C landfills, other landfills (those not authorized under Subtitle C of RCRA to accept hazardous 
wastes), storage only, solidification/stabilization (metals only), wastewater treatment (metals only), POTWs (metal and 
metal compounds), underground injection Class II- V wells, RCRA Subtitle C surface impoundments, other surface 
impoundments (those not authorized under RCRA to accept hazardous waste for disposal), land treatment, other land 
disposal ( disposal to land that does not fall into one of the other on-site land release categories found in section 5.5.1 
through 5.5.3 on the TRI From R), other off-site management ( chemicals in waste managed by techniques not specifically 
listed in section 6.2 of TRI Form R), waste broker, and unknown. 
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literature.  An indoor inhalation rate of 12.878 m3/day, an outdoor inhalation rate of 3.122 m3/day, 



and a standard body weight of 70 kg were also utilized (USEPA, 2011A; USEPA, 1997). The 



resultant estimated average daily dose of DBP received through indoor inhalation exposures was 



1.95 x10−4 mg/kg-day and the resultant estimated average daily dose of DBP received through 



inhalation of outdoor air was 5.35 x 10−7 mg/kg-day. 



 Treated drinking water   



In Keith et al. (1976), DBP was detected in drinking water in 6 of 10 city water supplies at 



concentrations ranging from 0.1- 0.2 μg/L, while the concentration from one city was measured at 



5.0 μg/L. It should be noted that from 1988-2011, 4,480,085 pounds of DBP have been released to 



underground injection wells by Ascend Performance Materials in northwest Florida (TRI2011, 



2013A). This release continued through 2011, with 135,406 pounds released to injection wells that 



year.  For the purpose of RSC calculation, a DBP concentration of 0.2 µg/L was utilized due to the 



fact that this value represents the most conservative estimate of exposure to DBP received through 



drinking water that could be located. A standard water ingestion rate of 2.0 L/day and a standard 



body weight of 70 kg were also utilized (NRC, 1977; USEPA, 1997). The resultant estimated average 



daily dose of DBP received through the ingestion of drinking water was 5.71 x 10−6 mg/kg-day. 



Oceanic/marine concentrations 



No information could be located on the concentrations found in or exposure from marine waters. 



Soil and dust  



DBP rapidly degrades in soil and sediments (ATSDR, 2001; Staples et al., 1997). A concentration of 



500 μg/L was found to take 1-5 days to degrade to one-half the initial concentration (ATSDR, 2001; 



USEPA, 1984). DBP in four different soil types was shown to degrade by greater than 80% within 



80 days in nearly every case (ATSDR, 2001; Inman et al., 1984). Degradation has been shown to be 



retarded near an oil field waste water discharge. DBP was identified in 280 soil samples from the 



471 NPL hazardous waste sites (ATSDR, 2001; HazDat, 2001). Concentrations ranging from <0.1 to 



1.4 µg/g were found in soil from three cities in Ontario. Additionally, Clark et al. (2011) used a 



concentration of 0.011 µg/g to calculate exposure from soil. For the purposes of RSC calculation, the 



conservative concentration of 1.4 µg/g was used. A standard soil ingestion rate of 20 mg/day and a 



standard body weight of 70 kg were also utilized (U.S. EPA, 2011A; USEPA, 1997). The resultant 



estimated average daily dose of DBP received through soil ingestion was 4.0 x10−7mg/kg-day.   



Due to the ubiquitous nature of phthalates in consumer products, these chemicals are often 



detected in household dusts. Clark et al. (2011) reported an ingested dust DBP concentration of 132 



µg/g. For the purposes of RSC calculation, the above Clark et al. (2011) concentration was utilized 



to estimate exposure. A standard dust ingestion rate of 30 mg/day and a standard body weight of 



70 kg were also utilized (USEPA, 2011A; USEPA, 1997).  The resultant estimated average daily dose 



of DBP received through dust ingestion was 5.66 x 10−5 mg/kg-day.  



Diet 
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Based on a review of existing literature and data, the greatest risk of exposure to di-n-butyl 



phthalate is from food, specifically dairy products, fish, and seafood, if these foods comprise a large 



part of the diet. If dairy products, fish, and seafood are not a large part of the diet, inhalation of 



contaminated air is likely to present the greatest risk associated with exposure (ATSDR, 2001). DBP 



is an FDA-approved indirect food additive, meaning that it is used in food containers.  It was found 



in food packaged in paper and board packing materials in the range of <0.02-62 μg/g food (ATSDR, 



2001).  Clark et al. (2011) estimated a mean exposure of 0.033 μg/g from food derived from 



composite diet samples.  Mean concentrations for several food groups were calculated based on 



reported DBP levels from four sources.  These mean values were used to calculate exposure to  di-n-



butyl phthalate from food (Table 1).  A summary of each study and the assumptions made are given 



below the table.  



 



Table 1.  Summary of mean DBP levels in major food categories from four studies and estimated 



dietary exposures from each item and through overall diet. 



 Food Item1 Schecter 
et al. 



(2013) 
(µg/g) 



Chan and 
Meek 



(1994) 
(µg/g) 



ATSDR 
(2001) 
(µg/g) 



Wormuth 
et al. 



(2006) 
(µg/g) 



Average 
(µg/g) 



Intake 
rates 



(g/kg-
day) 



Exposure 
(mg/kg-day) 



Dairy 0.05325 1.5  0.0104 0.5212 6.6 3.44 x 10−3 



Fruit/Veggies 0.0007 0.2225  0.0117 0.0783 4.5 3.52 x 10−4 



Grain 0.0159 0.62  0.0612 0.232 2.6 6.04153x10−4  



Meat  0.0007   0.0123 0.0065 2 1.3033x10−5 



Fats 0.0035 0.64  0.025 0.223 1.2 2.67x10−4 



Condiments 0.0154    0.0154 0.2 3.08 x10−6 



Fish2 0.011 0.5 0.2 0.001 0.178 0.22 3.916x10−5 



Total       4.7 x 𝟏𝟎−𝟑 



1. Intake rate for each food group (in g/kg-day) were taken from EPA’s 2011 Exposure Factor Handbook as 



noted in the methods section, with the exception of condiments. The condiments intake rate is from 



Dinovi and Brookmire (2011). 



2. Fish included in this dietary estimate due to the fact they are assumed not to have come from fresh or 



estuarine waters. 



Chan and Meek (1994) 



DBP was measured in 98 different foods from Canada. DBP was detected in butter, freshwater fish, 



cereal products, baked potatoes, coleslaw, bananas, blueberries, pineapples, margarine, white 



sugar, and gelatin desert. The concentrations measured in butter, margarine, cereal products, 



freshwater fish and the fruits/veggies were used in exposure calculations. The concentrations from 



coleslaw and gelatin desert were not used due to the difficulty in assigning an appropriate intake 



rate, and in the case of coleslaw, uncertainty in knowing what and how much of each ingredient 



went into making the coleslaw tested. The minimum detection limit for foods with measures of DBP 



below detect were not given so no concentration went into the mean calculations. The foods from 
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this study were placed into a group as follows: fats (butter, margarine), grain (cereal), and 



fruit/veggies (baked potatoes, bananas, blueberries, and pineapples). 



Schecter et al. (2013) 



Schecter et al. (2013) measured DBP in 65 foods, grouped into beverages, milk, other dairy, fish, 



fruits/vegetables, grain, beef, pork, poultry, meat/meat products, vegetable oils, and condiments.  



DBP was not detected in any of the 8 beverages tested or in any of the meats (beef, pork, poultry, 



meat/meat products).  For the calculations described herein, milk and other dairy were grouped 



into a single ‘dairy’ category. The concentrations are means, with one-half the LOD conservatively 



used for measures below detect. Vegetable oils were placed in the ‘fats’ food category.  



Wormuth et al. (2006) 



Mean concentrations of DBP in food from various sources (North America, Asia, and Europe) are 



presented in Table IV of Wormuth et al. (2006). A mean concentration was calculated for each food 



group using the reported means.  The following food categories from this study were not used due 



to the difficulty in assigning them to an appropriate food group: cakes/buns/puddings, 



bakeries/snacks, nuts/nut spreads, preserves/sugar, confectionary, spices, soups/sauces, and 



tea/coffee. It should be noted that DBP was not detected in milk/milk beverages, ice cream, yogurt, 



cheese, sausages, vegetables, preserves/sugar, juices, soups/sauces, soft drinks, beer, wine, spirits, 



tap water, bottled water, commercial infant food, infant formulas, and mother’s milk.  



ATSDR (2001) 



 The ATSDR (2001) provided a range of concentrations for fish from several sources of 0.078 to 0.2 



µg/g.  FDEP conservatively used the upper end of the range. 



Personal care and consumer products 



Several million tons of phthalates are used each year in the production of soft polyvinyl chloride 



and other plastics that are used in many consumer and personal care products (e.g., makeup, 



deodorant, perfume, nail polish). Phthalates are not chemically bound to the products they are 



constituents of, which subsequently promotes continuous release to ambient air and the potential 



for increased permeation throughout the parent consumer product. Although DBP is not among the 



most commonly used phthalate plasticizers, it still may be used in many manufactured goods.  Thus, 



exposure via consumer products is a potential significant source. 



Measured concentrations from indoor air would take into consideration some of the exposure from 



consumer products encountered by the general population. However, these indoor air estimates do 



not consider short-term and (likely greater) exposures associated with the direct use of consumer 



products.  Additionally, indoor air estimates do not account for dermal or oral exposures, 



particularly for at-risk populations, such as children and women.  Children, especially very young 



children, may be at a greater risk of exposure due their behavioral patterns. They drink more fluids, 



have a larger skin surface in proportion to their body volume, they may consume more dairy 



products, they crawl on the floor/ground, put things in their mouths, and/or may eat inappropriate 
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things (like dirt or paint chips) (ATSDR, 2001).  Women, in general, may use more personal care 



products, such as makeup, perfume, or nail polish, than do men.   



Wormuth et al. (2006) conducted an extensive analysis of exposure to eight phthalate esters, 



including DBP, for Europeans.  The analysis included exposures from inhalation of indoor air, 



outdoor air, and while using spray paints; dermal exposure from personal care products, gloves, 



and textiles; and, oral exposure from food, dust, mouthing (young children) and ingestion of 



personal care products.  They estimated daily exposures for seven age and gender groups 



(consumer groups):  infants (0-12 months, 5.5 kg bw); toddlers (1-3 years, 13 kg bw); children (4-



10 years, 27 kg bw); female adolescents (11-18 years, 57.5 kg bw); male adolescents (11-18 years, 



57.5 kg bw); female adults (18-80 years, 60 kg bw); and, male adults (18-80 years, 70 kg bw).  FDEP 



used the mean exposures for each consumer group as an additional line of evidence in evaluating 



the RSC for DBP. This additional line of evidence provided information on the protectiveness of the 



RSC calculated using the typical exposure routes (diet, inhalation, drinking water, and soil and dust 



ingestion), when additional potential exposure through consumer products is also considered.  



Koo and Lee (2004) conducted a review of three phthalates in cosmetics available on the South 



Korean market.  Their study included a wide range of personal care products, including perfume, 



nail polish, hair products, and deodorant.  They estimated a mean total daily exposure to DBP from 



these products of 3.935 µg/kg-day (3.953 x10−3 mg/kg-day).  The estimate was based on exposure 



via both dermal absorption and inhalation and was used, by FDEP, to represent personal care 



product exposure within the tabulation of total non-ambient exposure to DBP for purposes of RSC 



determination. 



Ambient Exposure Sources 



The National Drinking Water Contaminant Occurrence Database (NDOD), which contains data from 



ambient water samples, detected DBP at 2 of 15 lake/reservoir sites with a range and average 



concentration of 2.5-10.7 and 6.6 μg/L, respectively. In other surface waters, it was detected at 9 of 



253 sites, with a range and average concentration of 0.2-150 and 17.1 μg/L, respectively (USEPA, 



2000A). DeLeon et al. (1986) showed that concentrations of DBP along the Mississippi River are 



very consistent regardless of other inputs. Staples et al. (1997) reported that DBP degrades 50-



100% aerobically within 1-28 days in both fresh and marine water, and anaerobically to over 90% 



within 30 days in fresh water. In the Netherlands, it was shown to degrade by greater than 90% 



during a river die-away test in 3 days. In fresh and estuarine waters in the U.S., half-lives ranging 



from 1.7 to 13 days have been reported (ATSDR, 2001).  



DBP is not expected to volatilize rapidly from water to the atmosphere (Lyman, 1982). In water, it 



is found in both dissolved forms and adhered to suspended particles (Germain and Langlois, 1988 



and Staples et al., 1997). Many studies have shown that accumulation of DBP in the aquatic and 



terrestrial food chain is limited by biotransformation (Staples et al., 1997). However, it was shown 



to accumulate in fish and invertebrates, in the form of the primary metabolite, mono-n-butyl 



phthalate (Sanders et al., 1973; Wofford et al., 1981). DBP has been reported in fish ranging from 78 



to 200 μg/kg (Giam and Wong, 1987; Stalling et al., 1973; Williams, 1973). DBP was found in fish 











 35 | P a g e  
 



from the Great Lakes harbors and tributaries ranging from <2x10-5 to 3.5x10-2 μg/kg wet weight 



(DeVault, 1985). 



RSC Calculation 



FDEP tabulated estimated exposures via inhalation of air, ingestion of soil and dust, treated 



drinking water consumption, personal care products, and diet. The estimated exposures for each 



source were then used to calculate an overall total exposure for the general population to DBP of 



8.90 x10−3 mg/kg-day (Table 2).  The calculated estimate of exposure to DBP accounts for 8.9 



percent of the RfD (of 0.1 mg/kg-day).  



Table 2.  Estimated average daily di-n-butyl-phthalate exposure received through non-ambient 
sources by the general population. 



Exposure Route 
(Non-Surface Water Sources) 



Estimated Exposure 
(mg/kg-day) 



Indoor air inhalation 1.95 x10−4  
Outdoor air inhalation 5.35 x 10−7 



Soil ingestion 4.0 x10−7 



Dust ingestion 5.66 x 10−5 



Treated drinking water ingestion 5.71 x 10−6 



Diet 4.7 x 10−3 



Personal care products 3.935 x 10−3 



Estimated total daily dose 8.90 x𝟏𝟎−𝟑 



 



In addition to the exposure summarized in Table 2, FDEP reviewed literature reported on exposure 



to DBP from several large comprehensive studies.  The findings of these studies are summarized 



below. 



Chan and Meek (1994) estimated the daily intake of DBP by the Canadian population. The ranges of 



intake are shown by source (substrate/medium) and by age group in Figure 1. The study 



concluded that food contributed the greatest amount to daily intake.  Outdoor air and soil pose a 



small, nearly negligible amount of exposure when compared to the other sources. The estimated 



daily intakes range from 1.9 to 5.0 μg/kg-day with ages 0.5-4 years having the highest risk of 



exposure.  
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Figure 1. Estimated intake by the Canadian population taken from Chan and Meek (1994). 



Clark et al., (2011) compiled exposure estimates from several intake and primary metabolite 



studies. Intake studies use the concentrations found in each exposure medium and the intake rate 



of that medium to calculate a total exposure. Primary metabolite studies use measurements of the 



primary metabolite to extrapolate exposure to the original phthalate ester. The primary metabolite 



of DBP is monobutyl phthalate. Mean or median daily exposures from four intake and five primary 



metabolite studies, reported by Clark et al., (2011), are shown in Table 3. The ranges given in the 



table are across all age groups and genders (if applicable).  The intake rates used to calculate 



exposure are from Health and Welfare Canada (1993) and Health Canada (1995).  



Clark et al. (2011) suggests that for the low molecular weight phthalates (like DBP), primary 



metabolite studies provide a better quantification of exposure. They also note that intake studies 



are plagued by contamination issues and require rigorous sample handling to exclude phthalate 
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ester contamination from sources inside and outside the analytical laboratory. They then go on to 



argue that these contamination issues can lead to false high values; that is, intake studies have a 



high likelihood of overestimating exposure. However, primary metabolite studies are not without 



complications. A thorough understanding of the metabolites of each phthalate ester is needed. It is 



also necessary to normalize urinary metabolite concentrations to a constant, like creatinine. 



However, creatinine concentrations can vary based upon age and gender, and maybe even race 



(Clark et al. 2011; Barr et al. 2005).   



The mean or median exposures from intake studies  summarized in Clark et al. (2011) range from 



0.78-14 μg/kg-day with ages 0.5-4 years having the greatest risk (14 μg/kg-day). It should be noted 



that the researchers who published the total exposure of 14 μg/kg-day for toddlers (Clark et al. 



2003), more recently published an updated total exposure of 3.6 μg/kg-day using different 



concentrations (from the American Chemistry Council) (Clark et al. 2011). The exposures calculated 



from primary metabolite studies range from 0.39-2.45 μg/kg-day. As with the intake studies, the 



results of the primary metabolite study show that young children (ages 11.8-16.5 months) have the 



greatest exposure to DBP at 2.45 μg/kg-day.   



Table 3. Summary of exposure estimates given in Clark et al. (2011).  



Study Study Type Geographical 
Area 



Exposure 
Routes  



Intake/Exposure 
(µg/kg-day) 



Clark et al. 
(2011); update to 
Clark et al. (2003) 



Intake Various Ingestion of food, 
drinking water, 
soil/dust; 
inhalation of air 



0.78-3.4 (medians 
across five age 
groups; range 
from 0-70 y) 



Clark et al., 
(2003) 



Intake Various Ingestion of food, 
drinking water, 
soil/dust; 
inhalation of air 



1.5-14 (medians 
across five age 
groups; range 
from 0-70 y) 



Franco et al. 
(2007) 



Intake Various Ingestion of food, 
drinking water, 
soil/dust; 
inhalation of air 



2.7 (median; age 
20-70 years only) 



Wilson et al. 
(2003) 



Intake United States Ingestion of food, 
drinking water, 
soil/dust; 
inhalation of 
indoor and 
outdoor air 



1.4 (mean; age 2-5 
years only) 



CDC (Centers for 
Disease Control 
and Prevention) 
(2005); NHANES 
data 2001-2002 



Primary 
metabolite 



United States - 0.39-0.71 (geo 
means across 4 
age groups and 
genders; 6-20+ 
years) 



Marsee et al., 
(2006) 



Primary 
metabolite 



United States - 0.84 (median); 
pregnant women 
in 2000-2003 
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CDC 
(2003)(1999-
2000 NHANES 
data) 



Primary 
metabolite 



United States - 0.72-0.93 (geo 
means across age 
groups and 
genders; 6-20+ 
years) 



Brock et al., 
(2002) 



Primary 
metabolite 



United States - 2.45 (geo mean; 
age 11.8-16.5 
months) 



David (2000)  Primary 
metabolite 



United States - 1.56 (geo mean; 
age 20-60 years; 
NHANES III 1988-
1994) 



 



Based on the available data, it appears that while DBP may be found in many media (air, water, 



food, soil, and consumer personal care products), it is found at such low levels, that the overall 



exposure to the general population is minimal. FDEP calculated an estimated average daily total 



exposure of 5.5 µg/kg-day. Estimates from other studies, detailed above, support the calculation.   



Wormuth et al. (2006) conducted an extensive analysis of exposure to eight phthalate esters, 



including DBP for European populations.  The analysis included exposures from inhalation of 



indoor air, outdoor air, and while using spray paints; dermal exposure from personal care products, 



gloves, and textiles; and oral exposure from food, dust, mouthing (young children) and ingestion of 



personal care products.  They concluded that all consumer groups experienced similar exposure 



patterns to DBP.  Food was the dominant (40-90%) exposure route.  In infants, toddlers, and 



children, indoor air (20-40%) and dust were also important sources.  Additionally, for teenagers 



and female adults, personal care products accounted for an estimated 14 to 22% of the total 



exposure.  Mean total daily exposures for seven consumer groups reported by Wormuth et al. 



(2006) are summarized in Table 4.  Infants (<1 year) were the most highly exposed group at 7.0 



µg/kg-day.  



Table 4.  Mean daily exposure to di-n-butyl phthalate in seven consumer groups taken from 



Wormuth et al. (2006). 



Consumer 
Group 



Mean Total Daily Exposure 
(µg/kg-day) 



Infant 7.0 



Toddlers 2.6 



Children 1.2 



Female Teen 1.3 



Male Teens 1.1 



Female adults 3.6 



Male Adults 3.6 
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FDEP calculated a total exposure to DBP of 8.90 x10−3 mg/kg-day.  Literature estimates from intake 



studies range from 0.78 to 14 μg/kg-day.  The estimate of 14 µg/kg-day was later reduced to 3.6 



µg/kg-day, as described above.  Primary metabolite studies, which would account for all exposures, 



are consistent with FDEP's estimate of exposure; that is a total exposure less than 10 µg/L. 



Furthermore, the study by Wormuth et al. (2006), which did include consumer products, supports a 



conclusion that exposure for the general population is in the range of 1.1 to 9.45 µg/kg-day, 



consistent with FDEP's estimate.  The preponderance of evidence strongly supports a conclusion 



that all combined non-ambient exposure routes account for less than 10% of the DBP RfD.  The 



Department recommends an RSC for di-n-butyl phthalate of 0.9.   



Diethyl Phthalate (DEP) 



Background 



Diethyl phthalate (DEP; CASRN: 84-66-2) is a phthalate ester used as a plasticizer in many 



consumer products including cosmetics (fragrances, hair sprays, nail polishes), time-released 



pharmaceuticals, insecticides, aspirin, tools, automobile parts, toothbrushes, toys, and medical 



treatment tubing. Because it is not part of the chain of polymers that makes up plastic, it can be 



easily released from the products that contain it (ATSDR, 1995A). DEP is also used as a camphor 



substitute, in solid rocket propellants, wetting agents, as a dye application agent, as a diluent in 



polysulfide dental impressions, and as a surface lubricant in food and pharmaceutical packaging 



and prescription drug coatings to enhance delivery (Schettler, 2006). 



 



The greatest risk of exposure of the general population to DEP is from consumer products and 



contaminated foods (seafood, drinking water, and foods that become contaminated from packaging 



materials) (IPCS, 2003A). DEP is an anthropogenically-produced colorless liquid with a distinctly 



bitter taste (ATSDR, 1995A).  According to the ATSDR (1995A), diethyl phthalate is considered to 



be lipophilic based on a log octanol water partition coefficient (Kow) ranging from 1.40 to 3.3, 



which could have implications for bioaccumulation in aquatic biota. According to the National 



Center for Biotechnology Information (2013A), diethyl phthalate is expected to exist in the vapor 



phase if released to the atmosphere with a half-life of approximately 4.6 days, has low mobility in 



soils, and adsorbs to suspended solids and sediments if released to a water body. 



 



 



Exposure Source Determinations 



Manufacturing and release  



DEP is released to the environment through a variety of anthropogenic sources such as industrial 



discharge, disposal of consumer products, burning of consumer or household products containing 



DEP, and improperly contained landfill leachate that percolates through soils, reaches ground 



water, and subsequently contaminates both types of environmental media.  Natural environmental 



cycling also plays a role in the redistribution of diethyl phthalate through evaporation from landfills 



containing DEP products, precipitation containing DEP that subsequently influences soil 



concentrations of DEP, and adherence of DEP to dust particles which are distributed throughout the 



environment by wind. 
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According to the U.S. National Library of Medicine’s Toxic Release Inventory, there have not been 



any releases of DEP to the environment since 1994 (TRI2011, 2013A). However, the Toxicological 



Profile for Diethyl Phthalate (ATSDR, 1995) states that under the Super-fund Amendments and 



Reauthorization Act Section 313, releases of DEP are not required to be reported. Therefore, release 



of DEP into the environment could potentially still occur. Moreover, Chemical Data Reporting (CDR) 



information derived from EPA’s Chemical Data Access Tool (USEPA, 2013F), which reports 



information on manufacturers (including importers), processing, and use of certain chemicals, 



reported that there are eight companies (four in NJ, one in MA, one in TN, one in MN, and one not 



reported) that produced more than 25,000 pounds of DEP in 2011. Nationwide, 5,594,535 pounds 



were produced in 2011 (USEPA, 2013F).  



 



Non-ambient Exposure Sources 



 Treated drinking water 



Concentrations of diethyl phthalate in treated drinking water are estimated to be low. According to 



the IPCS (2003A), diethyl phthalate concentrations ranging from 0.01 µg/L (in 6 of 10 US cities) to 



1.0 µg/L (in Miami, Florida) were found in drinking-water samples from water treatment plants in 



the United States.  According to the ATSDR (1995A), diethyl phthalate has been found in drinking 



water with concentrations ranging from 0.00001 to 0.0046 mg/L.  Clark et al. (2011) reported a 



mean drinking water concentration of 0.12 µg/L.  In 2008, the USGS conducted a reconnaissance 



study to determine the concentrations of targeted organic compounds in 7 water treatment plants 



in Miami-Dade County, Florida. The analysis found an average concentration of diethyl phthalate in 



finished (treated) drinking water of 2.0 µg/L (USGS, 2008).  For the purposes of RSC calculation, a 



diethyl phthalate concentration of 2.0 µg/L was utilized to estimate average daily dose through 



water ingestion because it represents the most conservative mean estimate of diethyl phthalate 



concentrations previously detected in Florida’s treated drinking water supply that could be located. 



A standard daily water intake rate of 2.0 L/day and a standard body weight of 70 kg were also 



utilized (NRC, 1977; USEPA, 1997). The resultant estimated average daily diethyl phthalate dose 



received through drinking water ingestion was 5.71 x 10−5  mg/kg-day.   



 



Groundwater 



Landfill leachate and improper disposal are major sources of diethyl phthalate that can potentially 



contaminate groundwater. As an artifact of anthropogenic contamination, a typical mean diethyl 



phthalate groundwater concentration could not be located.  However, Stiles et al. (2008) reported 



that diethyl phthalate was detected in raw and treated New Jersey groundwater through the use of 



solid phase microextraction. Moreover, the ATSDR (1995A) reported that diethyl phthalate has 



been measured at hazardous waste sites in the groundwater at 0.0125 ppm. 



 



Oceanic/marine concentrations 



Information concerning a typical oceanic/marine concentration of diethyl phthalate could not be 



located. However, marine sediments in the San Luis Pass located in West Galveston Bay have been 



analyzed. Diethyl phthalate concentrations in marine sediments were reported at 9 ng/g dry wt., 



less than 2 ng/g dry wt., and 7 ng/g dry weight with a mean concentration of 5 ng/g dry weight 



(Murray et al., 1981). 
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Soil and dust 



Mobility of diethyl phthalate in soils is dependent on soil type. Microbial degradation of DEP has 



also been found to occur at varying rates. According to the ATSDR’s public health statement 



(1995A), diethyl phthalate concentrations of 0.039 ppm have been found in soils at hazardous 



waste sites. Clark et al. (2011) reported a mean ingested soil diethyl phthalate concentration of 



0.0023 µg/g.  For the purposes of RSC calculation, the mean ingested soil diethyl phthalate 



concentration of 0.0023 µg/g was used. In addition, a soil ingestion rate of 20 mg/day and a 



standard body weight of 70 kg were also utilized (USEPA, 2011A; USEPA, 1997). The resultant 



estimated average daily diethyl phthalate dose received through soil ingestion was 6.57x 10−10 



mg/kg-day. 



 



Given the extensive presence of phthalates in consumer goods, diethyl phthalate concentrations can 



also be detected in indoor dusts. Orecchio et al. (2013) analyzed the concentrations of a targeted 



number of phthalate esters in indoor dusts in Palermo, Italy and reported average concentrations of 



DEP in dusts for a number of additional countries. Mean DEP concentrations of 31 mg/kg in 



Palermo, Italy, 170 mg/kg in Bulgary, 2 mg/kg in Denmark, 3.1 mg/kg in Germany, 10 mg/kg in 



Norway, and 5 mg/kg in the United States were reported (Orecchio et al., 2013). Clark et al. (2011) 



also reported a mean ingested dust diethyl phthalate concentration of 25 µg/g. For the purposes of 



RSC calculation, the mean ingested dust diethyl phthalate concentration of 25 µg/g was used 



because it represents the most conservative estimate concerning DEP dust exposures received in 



the United States. A dust ingestion rate of 30 mg/day and a standard body weight of 70 kg were also 



utilized (USEPA, 2011A; USEPA, 1997). The resultant estimated average daily dose of diethyl 



phthalate received through the dust ingestion pathway was 1.07 x 10−5 mg/kg-day.  



Diet (other than fresh/estuarine fish) 



Phthalates are found in a wide variety of foodstuffs. Concentrations of these compounds within 



foods can also be externally influenced by the packaging surrounding each food item. Diethyl 



phthalate concentrations ranging from 2 to 5 ppm have been detected in packaged food (ATSDR, 



1995A). Pies, crackers, and chocolate bars packaged in DEP-containing packaging where shown to 



contain concentrations of 1.8, 1.2, and 5.3 µg/kg DEP.  Schecter et al. (2013), conducted an analysis 



of 72 different foods collected from the Albany, New York area to determine phthalate 



concentrations in different food groups.  Food group concentrations from this study in addition to 



intake rates from EPA’s 2011 exposure factors handbook were utilized to calculate exposure dose 



as a component of RSC analysis.  Results of this analysis can be found in Table 1 below. 



Table 1 Estimated diethyl phthalate exposure through diet 



Food Category  Mean Food Group 
Concentrations      



(ng/g whole 
weight) 



Intake Rate ( g/kg-
day) 



Exposure Dose          
( mg/kg-day) 



Dairy 1.54 6.6 1.02 x10−5 
Fruits/vegetables 0.12 4.5 5.4x10−7 
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Grain 12.6 2.6 3.28x10−5 
Meats 2.09 2.0 4.18x10−6 
Fats 0.1 1.2 1.2x10−7 



*Concentrations utilized in calculations were adapted from Schecter, A., Lorber, M., Guo, Y., Wu, Q., Yun, S.H., 
Kannan, K., Hommel, M., Imran, N., Hynan, L.S., Cheng, D., Colacino, J.A., Birnbaum, L.S. (2013). Phthalate 
Concentrations and Dietary Exposure from Food Purchased in New York State. Environmental Health 
Perspectives 121(4): 473-479. Milk and other dairy concentrations were combined to form one dairy group, 
beef, pork, poultry, and meat and meat product concentrations were combined to form one meats category, 
fruits and vegetable concentrations were kept as a composite singular group and vegetable oils were 
analyzed as fats. The food concentrations listed above are means with one half the LOD conservatively used 
for measures below detect. 



 



Air 



Shields and Weschler (1987) conducted an investigation to analyze the concentrations of certain 



volatile organic compounds in New Jersey indoor and outdoor air through the use of passive 



sampling. Concentrations of diethyl phthalate in outdoor air were found to range from 0.40 to 0.52 



µg/m3 with a mean concentration of 0.47 µg/m3and indoor air concentrations were found to range 



from 1.60 to 2.03 µg/m3  with a mean concentration of 1.81 µg/m3 (Shields and Weschler, 1987). 



Clark et al. (2011), reported a mean outdoor air concentration: 0.013 µg/m3 and a mean indoor air 



concentration: 0.91 µg/m3. For the purpose of RSC calculation, a mean outdoor air concentration of 



0.47 µg/m3 and a mean indoor air concentration of 1.81 µg/m3 were used. An indoor inhalation 



rate of 12.878 m3/day, an outdoor inhalation rate of 3.122 m3/day, and a standard body weight of 



70 kg were also used (USEPA, 2011A; USEPA, 1997). The resultant estimated average daily dose of 



diethyl phthalate received through indoor inhalation was 3.33x 10−4 mg/kg-day and the resultant 



estimated average daily dose of diethyl phthalate received through outdoor inhalation was 2.10 x 



10−5  mg/kg-day.  



Cosmetics and personal care products 



 Individuals have the potential to be exposed to diethyl phthalate through a wide variety of 



consumer products, many of which are cosmetics, fragrances, and personal care products. The 



Institute of Medicine reported that in vitro testing by the Research Institute on Fragrance Materials 



has led to establishing a human skin steady-state absorption rate of 1.27 ± 0.11 mg/cm2/hr (IOM, 



2004).  According to the IPCS (2003A), diethyl phthalate is listed as an ingredient in a variety of 



cosmetic formulations at concentrations ranging from <0.1% to 28.6% (97.5th percentile of use 



based on data from the International Fragrance Association), although most products contain less 



than 1% diethyl phthalate.  Koo and Lee (2004) conducted an investigation that analyzed phthalate 



concentrations in a variety of different commonly used cosmetic products including 42 perfumes, 



21 nail polishes, 31 hair products, and 8 deodorants. This analysis resulted in a reported DEP mean 



concentration of 3044.236 µg/ml for tested perfumes, a mean concentration of 1.585 µg/ml for 



tested nail polishes, a mean concentration of 3.280 µg/ml for tested hair products, and a mean 



concentration of 1473.154 µg/ml for tested deodorants.  They estimated a total exposure to diethyl 



phthalate from the use of consumer care products of 24.879 µg/kg-day, based on both dermal and 



inhalation exposure routes.  FDEP used this value in the computation of total estimated non-



ambient exposure to diethyl phthalate. 
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Wormuth et al. (2006) conducted an extensive analysis of exposure to eight phthalate esters, 



including DEP for European populations.  The analysis included exposures from inhalation of 



indoor air, outdoor air, and while using spray paints; dermal exposure from personal care products, 



gloves, and textiles; and, oral exposure from food, dust, mouthing (young children) and ingestion of 



personal care products.  They estimated daily exposures for seven age and gender groups 



(consumer groups):  infants (0-12 months, 5.5 kg bw); toddlers (1-3 years, 13 kg bw); children (4-



10 years, 27 kg bw); male adolescents (11-18 years, 57.5 kg bw); male adolescents (11-18 years, 



57.5 kg bw); female adults (18-80 years, 60 kg bw); and, male adults (18-80 years, 70 kg bw).  FDEP 



used the mean exposures for each consumer group as an additional line of evidence in evaluating 



the RSC for DEP.  This additional line of evidence provided information on the protectiveness of the 



RSC calculated using the typical exposure routes (diet, inhalation, drinking water, and soil and dust 



ingestion), when additional potential exposure through consumer products is also considered. 



Medical Devices 



DEP has been shown to leak from PVC dialysis tubing containing aqueous electrolyte solution 



perfused for 22-96 hours and was subsequently detected at levels ranging from 18 to 26 mg/L 



(ATSDR, 1995A).  Additionally, tubing perfused with human blood for 8 hours showed elevated 



levels of DEP approximately 2-4 times greater than normal blood levels (ATSDR, 1995A). 



Ambient Exposure Sources 



Diethyl phthalate has shown a potential to accumulate in the tissues of certain aquatic biota. 



Diethyl phthalate was detected in edible fish from Wisconsin lakes and rivers at concentrations 



ranging from less than 0.02 mg/kg to 0.20 mg/kg (NCBI, 2013A).  According to the ATSDR (1995A), 



fish taken from Siskiwit Lake on Isle Royale, Michigan, an area relatively undisturbed by 



anthropogenic influence, had relatively high concentrations of diethyl phthalate in their tissues: 0.4 



μg/g for lake trout and 1.7 μg/g for whitefish.  Literature indicates that diethyl phthalate 



concentrations in organism tissues are dependent on the animal and depuration, type of aquatic 



environment, and inputs to that system. 



 



According to Kolpin et al. (2002), in a study conducted spanning the years from 1999 to 2000 



diethyl phthalate was found in 11.1% of 54 stream samples collected from 30 states.   As reported 



by  the IPCS (2003A), a compilation of concentrations (1984–1997) of diethyl phthalate in North 



American and western European surface waters (USA, Canada, United Kingdom, Germany, 



Netherlands, Sweden), revealed geometric mean concentrations ranging from approximately 0.01 



to 0.5 µg/L.  



 



RSC Calculation 



The Clark et al. study (2011) gives total exposures to DEP from two intake studies and several 



primary metabolite studies. A summary of each is shown below.  Intake rates utilized to calculate 



exposure within this Clark et al. (2011) analysis were primarily sourced from Health and Welfare 



Canada and Health Canada.  Table 2 below is provided here solely as a secondary reference. 



Table 2 Clark et al. (2011) Diethyl Phthalate Exposure Studies 
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Study Study Type Geographical 
Area 



Exposure 
Routes  



Intake/Exposure 
(µg/kg-day) 



Clark et al. 
(2011) 



Intake Various Ingestion of food, 
drinking water, 
dust/soil and 
inhalation of air 



0.34-1.2 (medians 
across 5 age 
groups spanning 
0-70 years of age) 



Clark et al. 
(2003) 



Intake Various Ingestion of food, 
drinking water, 
dust/soil and 
inhalation of air 



0.2-10.6 (medians 
across 5 age 
groups spanning 
0-70 years) 



Calafat and 
McKee (2006)  



Primary 
metabolite 



United States - 1.8-6.2 (across 3 
age groups 
spanning 6 to >20 
years) 



Marsee et al. 
(2006) 



Primary 
metabolite 



United States - 6.64 (median; 
pregnant women) 



CDC (2003) Primary 
metabolite 



United States - 1.7-5.9 (geo 
means across four 
age groups and 
genders) 



Brock et al. 
(2002) 



Primary 
metabolite 



United States - 6.3 (geo mean; 
age 11.8-16.5 
months) 



David (2000) Primary 
metabolite 



United States - 12.34 (geo mean; 
age 20-60 years) 



Kohn et 
al.(2000) 



Primary 
metabolite 



United States - 12.0 (geo mean; 
age 20-60) 



 
*Table adapted from Clark, K., David, R., Guinn, R., Kramarz, K.W., Lampi, M.A., and Staples, C.A. (2011). 
Modeling Human Exposure to Phthalate Esters: A Comparison of Indirect and Biomonitoring Estimation 
Methods. Human and Ecological Risk Assessment: An International Journal. Volume 17, Edition 4. pp. 923-
965.  



 
As described above, Wormuth et al. (2006) evaluated total DEP exposure in seven consumer 



groups.  Their analysis included additional exposure from consumer and personal care products.  



They concluded that infants were the most highly exposed group followed by toddlers (Table 3).  



More than 80 percent of the exposure to DEP was caused by dermal application of personal care 



products for all consumer groups.  The main products of concern were fragrances and aftershaves, 



deodorants, and skin creams or by incidental ingestion of personal care products.  Additionally, 



contaminated air was another important source (30%) of DEP exposure. 



Table 3.  Mean daily exposure to DEP for seven consumer groups taken from Wormuth et al. 



(2006). 



Consumer 
Group 



Mean Total Daily Exposure 
(µg/kg-day) 



Infant 3.41 
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Toddlers 1.58 



Children 0.74 



Female Teen 1.58 



Male Teens 1.58 



Female adults 1.47 



Male Adults 1.17 



 



The estimated doses received through daily exposure to diethyl phthalate preceding the Clark et al. 



(2011) table above were then utilized to estimate the total average daily dose received by the 



general population. The results are summarized in Table 4. 



 
Table 4.  Estimated average daily diethyl phthalate exposure received through non-ambient 
sources by the general population. 



Exposure Route Estimated Exposure 



(mg/kg-day) 



Indoor air inhalation 



 



3.33x 10−4 



 
Outdoor air inhalation 2.10 x 10−5 



Soil ingestion 6.57x 10−10 
 Dust ingestion 1.07 x 10−5 
 Treated drinking water ingestion 5.71 x 10−5 



Diet:  Fruits/vegetables 5.4 x10−7 



Diet:  Meats 4.18x 10−6 



Diet:  Dairy 1.02x10−5 



Diet:  Grains 3.28x 10−5 



Diet:  Fats 1.2x10−7 



Personal care products 0.024879 



Estimated total daily dose 0.0254 



 



The reference dose (RfD) for diethyl phthalate is 0.8 mg/kg-day (USEPA, 2013C). The estimated 



total non-ambient exposure of 0.0254  mg/kg-day represents 3.2% of the RfD. The remaining 



96.8% is available for allocation to surface water exposures through routes such as estuarine fish 



consumption. This value is supported by other studies of total exposure to DEP, including those that 



considered exposure to personal care and consumer products, which may not be fully represented 



in the total provided in Table 4.  The most sensitive population (infants) reported by Wormuth et 



al. (2006) had a total dose of 0.0034 mg/kg-day.  This dose is an order of magnitude lower than the 



one calculated by FDEP, suggesting that FDEP's exposure estimate is highly conservative.  Thus, a 



chemical specific RSC of 0.96 is suggested to be protective of human health and representative of 



diethyl phthalate exposures received through ambient sources. 



 



2-Chloronaphthalene 



Background 
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2-chloronaphthalene (CASRN 91-58-7) is one of 75 congeners of chlorinated naphthalenes.  



Commercial products are generally mixtures of multiple congeners, and are substances that range 



from thin liquids to hard waxes to high melting point solids.  Their main uses have been in cable 



insulation, wood preservation, engine oil additives, electroplating masking compounds, capacitors, 



refractive index testing oils, and as feedstock for dye production (IPCS, 2001B).  Occupational 



exposure to 2-chloronaphthalene may occur through inhalation and dermal contact in workplaces 



where 2-chloronaphthalene is produced or used.  The manufacturing of chlorinated naphthalenes 



(Halowax is the primary commercial product, which comes in different forms, each made up of 



different proportions of various polychlorinated naphthalenes) ceased in the U.S. in 1977.  



Polychlorinated naphthalenes (PCNs) are also no longer produced in Europe.  There are no data on 



whether PCNs are produced in other countries (IPCS, 2001B).  The current major sources of release 



of chlorinated naphthalenes in the environment are from waste incineration and disposal of items 



containing chlorinated naphthalenes to landfills (HSDB, No. 4014).    



Monitoring data indicate that the general population may be exposed to 2-chloronapthalene via 



inhalation of ambient air, and ingestion of food and drinking water (HSDB, No. 4014).  If released to 



air, 2-chloronapthalene will be degraded by reaction with photochemically-produced hydroxyl 



radicals.  The half-life in air is estimated at 2.1 days.  2-chloronaphthalene is expected to have slight 



mobility in soil.  Volatilization of 2-chloronaphthalene from moist soil surfaces is expected to be an 



important fate process.  However, adsorption to soil is expected to attenuate volatilization.  2-



chloronaphthalene is not expected to volatilize from dry soil surfaces based upon its vapor 



pressure.  Biodegradation half-lives were 59 and 79 days for 2-chloronaphthalene contained in a 



mixture of oil sludge that was added to soil columns along with nitrogen and phosphorus (HSDB, 



No. 4014). Volatilization from water surfaces is expected.  Using Henry’s Law constant and a model 



estimate, volatilization for a model river and model lake are 7.2 hours and 6.1 days, respectively.  



However, volatilization is expected to be attenuated by adsorption to suspended solids and 



sediment in the water column, based on the estimated soil organic carbon to water partitioning 



coefficient (Koc). The estimated half-life for a model lake is 38 days, taking into account the 



adsorption potential.  The potential for bioaccumulation in aquatic organisms is very high, with a 



bioconcentration factor (BCF) of 4600 (HSDB, No. 4014).     



Exposure Source Determinations 



Manufacturing and release 



Information and/or data could not be located concerning the manufacturing and environmental 



release of 2-chloronaphthalene. 



 



Non-ambient Exposure Sources  



Air 



 Information and data concerning 2-chloronaphthalene concentrations in air are scarce.  A study of 



organic chemicals (including 2-chloronaphthalene) in ambient air in New Bedford, MA in 1982 did 



not detect 2-chloronaphthalene (Hunt et al., 1982). Thirty-four PAHs (including 2-



chloronaphthalene) were measured in ambient air around the Great Lakes in 1990, although 2-



chloronaphthalene was not detected (Foster et al, 1991).  According to Harner et al. (1997) mean 



atmospheric PCN concentrations at an urban site (Chicago, USA) and a semi-urban site (Toronto, 
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Canada) were 68 and 17 pg/m3, respectively.  In the past, 2-chloronaphthalene has also been 



detected at industrial sites and as a component of industrial by-products.  For example, 2-



chloronaphthalene has been detected in fly ash from municipal incinerators in the United States at 



levels up to 3 µg/kg and a concentration of up to 19.6 µg 2-chloronaphthalene/m3 was detected at 



the scrubber inlet during incineration of sewage sludge (corresponding to an emission of 0.0011 



kg/hr), but no 2-chloronaphthalene was detected in the scrubber outlet gases (IPCS, 2001B). For 



the purposes of calculating inhalation exposure for RSC determination, the mean atmospheric value 



of 68 pg/m3 was utilized due to the fact that this value was the most conservative estimate that 



could be located. A standard inhalation rate of 16 m3/day and a standard body weight of 70 kg 



were also used to calculate dose received through inhalation (USEPA, 2011A; USEPA, 1997).  The 



resultant estimated average daily dose of 2-chloronaphthalene received through inhalation was 



1.55 x10−8 mg/kg-day.  



 



Treated drinking water  



2-Chloronaphthalene was listed as a contaminant found in drinking water for a survey of US cities 



including Pomona, Escondido, Lake Tahoe and Orange County, CA, Dallas, Washington, DC, 



Cincinnati, Philadelphia, Miami, New Orleans, Ottumwa, IA, and Seattle (Lucas, 1984).  In a study of 



11 water utilities in the Ohio River Valley, 2-chloronaphthalene was detected in 4 of 150 raw water 



extracts and 30 of 120 finished drinking water extracts, suggesting that 2-chloronaphthalene is 



formed as a product of chlorination during water treatment (Ohio River Valley Water Sanitation 



Commission, 1980). 



 



A Canadian laboratory study has shown that chloronaphthalenes may be formed from naphthalenes 



(an observed aquatic pollutant) under conditions similar to those used to disinfect drinking water 



and wastewater.  This observation has led to speculation that treatment and the release in cooling 



water discharges and to drinking water supplies may be an ongoing source of chloronaphthalenes 



in the environment, despite the manufacture of chloronaphthalenes being discontinued in the 



1970s. (Health and Welfare Canada, 1982).  Current 2-chloronaphthalene concentrations in treated 



drinking water could not be located and an MCL does not exist for 2-chloronaphthalene. 



Oceanic/marine levels 



No information could be located concerning 2-chloronaphthalene concentrations in ocean waters, 



or bioconcentration factors in deep water ocean fish. 



 



Soil and Sediments 



On-site soil concentrations of 2-chloronaphthalene collected from a New Jersey landfill in 1987 



averaged 3185 µg/kg, with a maximum of 12,000 µg/kg (USEPA,1988).   The Florida Department of 



Environmental Protection has established a residential soil clean-up target level for 2-



chloronaphthalene of 5000 mg/kg in accordance with Chapter 62-777, F.A.C (FDEP, 2005). The soil 



cleanup target concentration of 5000 mg/kg was used for RSC calculation under that assumption 



that it represents a highly conservative estimate of potential soil contamination levels.   It 



represents a level above which the state would initiate cleanup protocols.  Furthermore, it 



represents a high-end, as opposed to a central tendency, exposure level for the general population.  











 48 | P a g e  
 



A standard soil ingestion rate of 50 mg/day and a standard body weight of 70 kg were also utilized 



(USEPA, 2011A; USEPA, 1997). The resultant estimated average daily dose of 2-chloronaphthalene 



received through soil ingestion was 3.57 x10−3  mg/kg-day.  



 



A 1992-1995 study to assess the occurrence of semi-volatile organic compounds in streambed 



sediments from 20 major river basins across the United States did not detect 2-chloronaphthalene 



at the 516 sites sampled (Lopes and Furlong, 2001).  A survey of EPA's STORET database found that 



340 sampling stations reported unspecified isomers of chloronaphthalene as present in sediments, 



of which 0.3% contained detectable levels of the chemical with a median concentration of less than 



500 µg/kg by dry weight (Staples et al., 1985).  Water and suspended solids samples were collected 



during June and August 1988 at four stations along the Rainy River on the Canada-Minnesota 



border and from two pulp and paper mill final effluents and were analyzed for a variety of organic 



contaminates.  2-Chloronaphthalene was detected in the suspended solids from one of the pulp and 



paper mill’s final effluent at 18.0 and 21.0 ng/g in June and August, respectively.  2-



Chloronaphthalene was not detected at the other five sites; the detection limit was 10.0 ng/g 



(Merriman et al., 1991).    



  



Diet (other than fresh or estuarine fish) 



Information and data concerning the concentrations of 2-chloronaphthalene detected in different 



food types are scarce.  A number of incidental exposure reports associated with ingestion of 



polychlorinated naphthalenes (PCNs) exist, but are more representative of acute-type exposure 



scenarios and not what would necessarily represent exposure through chronic dietary intake.  



Incidents of consumption of contaminated rice oil occurred in Taiwan and China, with multiple 



contaminants identified, including PCNs, PCBs, PCDFs, PCQs, and PCDDs. (Kuratsune, 1989; 



Haglund et al., 1995).   PCNs were also reported in blood and adipose tissue specimens from the 



same events (Ryan and Masuda, 1994).  Those effected experienced general systemic symptoms 



and severe chloracne.  As reported by Falandysz (2003), Domingo et al. (2003), conducted a dietary 



intake study to determine the concentrations of polychloronaphthalenes in certain foods consumed 



by individuals in Catalonia, Spain. Table 1 below includes the mean polychloronaphthalene 



concentrations for each food category, the intake rate for each associated food group obtained from 



EPA’s 2011 exposure factors handbook, and the calculated dose received through ingestion of each 



food group. 



 



Table 1.  Exposure to polychloronaphthalenes through food-based dietary intake 



Food Category Average 



Concentration  



(pg/g) 



Intake Rate  



(g/kg-day) 



Dose received 



through Exposure  



(mg/kg-day) 



Fruits  0.71 1.6 1.136 x10−9 



Vegetables 6.3 2.9 1.83 x10−8 



Meats 18 2.0 3.6 x10−8 



Dairy 59.37 6.6 3.92 x10−7 



Grains 71 2.6 1.85x 10−7 
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Fats 450 1.2 5.4 x10−7 



*Average food concentrations obtained from:  Falandysz, J. (2003). Chloronaphthalenes as Food-



Chain Contaminants: A Review.  Food Additives and Contaminants, 20 (11): 995–1014. These 



concentrations are likely to represent a conservative assessment of chloronaphthalene 



concentrations in foods due to the fact that Domingo et al.’s (2003) analysis focused on 



polychloronaphthalenes, which possess a higher degree of chlorination, thus having a greater 



potential to accumulate in foods. 



Ambient Exposure Sources 



A survey of EPA’s STORET database found 863 sampling stations that reported chloronaphthalenes 



(unspecified isomers) present in ambient waters, of which 1.4% contained detectable levels of the 



chemical with a median concentration of less than 10 µg/l. (Staples et al., 1985).  2-



Chloronaphthalene was detected at <2 µg/l in the Potomac River at Quantico, Virginia, in spring 



1986 (Hall et al., 1987).  In September of 2005, the United States Environmental Protection Agency 



and the Mississippi Department of Environmental Quality conducted a water quality analysis of 



Bangs Lake, Bayou Casotte, the Pascagoula and West Pascagoula River systems, the Back Bay of 



Biloxi, St. Louis Bay, and the Pearl River to determine the effects of Hurricanes Katrina and Rita 



(USEPA, 2005B).  Concentrations of 2-chloronaphthalene were below detection in both water and 



sediment sample analyses and the values reported represented the minimum limits of quantitation 



which are 10 ppb for water and 330 ppb for soils/sediments (USEPA, 2005B). 



 
Levels of 2-chloronaphthalene were evaluated in oysters (Crassostrea virginica) and clams (Rangia 



cuneata) from Lake Pontchartrain, Louisiana.  2-Choronaphthalene levels were 34 µg/kg wet 



weight in oysters, and 140 and 970 g/kg wet weight in clams (IPCS, 2001B).  2-Chloronaphthalene 



was detected in multiple fish species in the Lake Michigan watershed, in White Lake and multiple 



river systems (Camanzo et al., 1987).  2-Chloronaphthalene was also detected in fish collected from 



multiple Great Lake harbors and tributary mouths (DeVault, 1985).   According to the IPCS (2001B), 



chloronaphthalenes can be absorbed through the skin, lung, and gut, and tend to deposit in fat 



depots. These characteristics in combination with 2-chloronaphthalene’s high BCF have the 



potential to positively impact the ability of chloronaphthalenes to bioaccumulate in fish species, 



especially those with a high lipid content. 



 



RSC Calculation 



The RfD for 2-chloronaphthalene for chronic oral exposure is 0.08 mg/kg-day (USEPA, 2013C). The 



inhalation of ambient air is expected to be a minimal to negligible source of exposure, based on 



studies in the United States that  have shown that after the use of 2-chloronaphthalene was 



discontinued the compound was not detected in the air (Hunt et al., 1982 and Foster et al., 1991, 



see above).  If 2-chloronaphthalene is formed as a by-product during chlorination, as a few studies 



suggest, then drinking water could be a significant exposure route.   The exposure of the general 



population to soils at solid waste sites, and suspended sediments in pulp and paper effluent 



streams, where 2-chloronaphthalene has been detected, is unknown.   The exposure estimates 



described above were used to estimate a total non-ambient exposure dose of 3.57 x10−3 mg/kg-day 



as summarized in Table 2.  
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Table 2.   Estimated average daily 2-chloronaphthalene exposure received through non-ambient 
sources by the general population. 



Exposure Route Estimated Exposure 
(mg/kg-day) 



Inhalation of air 1.55 x10−8 



Soil ingestion 3.57 x10−3 



Treated drinking water ingestion No information available 



Diet:  Fruits 1.14 x10−9 



Diet:  Vegetables 1.83 x10−8 



Diet:  Meats 3.6 x10−8 



Diet:  Dairy 3.92 x10−7 



Diet:  Fats 5.4 x10−7 



Diet:  Grains 1.85x 10−7 



Estimated total daily dose 3.57 x10−3 



 



The total non-surface water exposure dose accounts for 4.5% of the 2-chloronaphthalene RfD of 



0.08 mg/kg-day (USEPA, 2013C). Therefore, surface water sources can be allotted the remainder of 



the allowable exposure dose, resulting in a chemical-specific RSC of 0.955, or 95.5%.  The chemical-



specific RSC calculated for 2-chloronaphthalene is likely very conservative, as exposure estimates 



for soil and food do not account for the United States and Europe ceasing manufacture of Halowax 



in the late 1970s and due to the fact that FDEP’s Chapter 62-777, F.A.C target soil clean up value 



was used to calculate the estimated exposure received through soil ingestion.  Despite the 



conservative nature of the exposure estimate, it does not represent a full assessment of all potential 



exposure routes because it does not include treated drinking water exposures.  Given the lack of 



information on this potential exposure route, FDEP recommends that a more conservative RSC 



value of 0.8 (i.e., EPA ceiling) be used.  Using this value assumes that treated drinking water 



exposures could potentially be as high as 5.35 x 10-3 mg/kg-day or at levels 1.5 times greater than 



exposures from all other exposures combined.   



 



Toluene 



Background 



Toluene (CASRN108-88-3) exists as a clear liquid absent of any distinguishable color. Under 



circumstances where toluene exists at higher concentrations, this substance can be identified 



through a distinct smell distinguishable at air concentrations of 8 ppm and taste in water at 



concentrations ranging from 0.04 to 1.0 ppm (ATSDR, 2000).  Toluene is produced in the process of 



making gasoline and other fuels from crude oil, in making coke from coal, and as a by-product in the 



manufacture of styrene (ATSDR, 2000). This substance is utilized in a wide variety of commercial 



products such as paints, paint thinners, fingernail polishes, lacquers, adhesive, rubbers, glues, 



solvents, and has been promoted as a safer alternative to the use of benzene (Fishbein, 1988).  



Individuals can be exposed to toluene through ingestion of foods or drinking water, inhalation of 



volatilized toluene from gasoline, consumer products, or dermal adsorption.  However, according to 
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the ATSDR (1993), dermal exposure usually only causes skin irritation. When contact with the 



solvent is unusually extensive and prolonged, some systemic absorption can occur (ATSDR, 1993). 



The primary pathway of exposure to toluene is through inhalation. Toluene is a significantly volatile 



lipid-soluble substance that is also subject to microbial degradation in soils. Atmospheric 



degradation of toluene occurs through reactions with atomic oxygen, peroxy or hydroxyl radicals 



and ozone (WHO, 2004). Due to these characteristics, which occur in multiple types of 



environmental media (air, soil, water), the tendency for toluene to build up in the environment is 



minimal (ATSDR, 2000).   



 



Exposure Source Determinations 



Manufacturing and release 



 Toluene is a substance common to the manufacturing of many products and is released to the 



environment through anthropogenic activities.  The largest source of toluene release occurs during 



the production, transport, and use of gasoline (OEHHA, 1999B).  EPA’s Chemical Data Access Tool 



(CDAT) reported that 3 producers in the United States have a national production volume of 



2,467,872,276 lbs toluene/yr and have past production volumes of 1,202,631,333 lbs toluene/yr, 



1,385,662,048 lbs toluene/yr, and 272,410,000 lbs toluene/yr (USEPA, 2013F).  



 



According to the United States Environmental Protection Agency’s Toxic Release Inventory (TRI) 



Explorer, total reported on-site disposal or other releases11 of toluene in 2011 accounted for 



28,006,459.09 pounds with the majority of release/disposal occurring through point source air 



emissions and fugitive air emissions (TRI2011, 2013A). Total reported off-site disposal or other 



releases12 in 2011 accounted for 1,354,258.87 pounds of toluene with the majority of 



disposal/release occurring through RCRA Subtitle C landfill-based disposal and waste brokers 



(TRI2011, 2013A). The total reported on- and off-site disposal or other releases for toluene in 2011 



was 29,360,717.96 pounds (TRI2011, 2013A). Total reported on-site disposal or other releases in 



2012 accounted for 25,421,711.03 pounds of toluene with the majority of disposal/release 



                                                           
 



11  Total  reported on-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C  landfills, other on-site landfills ( those not authorized under Subtitle C of RCRA to accept 
hazardous wastes), fugitive air emissions, point source air emissions, surface water discharges, underground injection 
Class II-V wells, land treatment, RCRA Subtitle C surface impoundments, other surface impoundments ( those not 
authorized under RCRA to accept hazardous waste for disposal), and other land disposal ( disposal to land that does not 
fall into one of the other on-site land release categories found in section 5.5.1 through 5.5.3 on the TRI From R). 
12 Total reported off-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C landfills, other landfills (those not authorized under Subtitle C of RCRA to accept hazardous 
wastes), storage only, solidification/stabilization (metals only), wastewater treatment (metals only), POTWs (metal and 
metal compounds), underground injection Class II- V wells, RCRA Subtitle C surface impoundments, other surface 
impoundments (those not authorized under RCRA to accept hazardous waste for disposal), land treatment, other land 
disposal ( disposal to land that does not fall into one of the other on-site land release categories found in section 5.5.1 
through 5.5.3 on the TRI From R), other off-site management ( chemicals in waste managed by techniques not specifically 
listed in section 6.2 of TRI Form R), waste broker, and unknown. 



 
 
 











 52 | P a g e  
 



occurring through point source air emissions and fugitive air emissions (TRI2012, 2013B). Total 



reported off-site disposal or other releases in 2012 accounted for 1,305,250.74 pounds toluene 



with the majority of disposal/release occurring through “other off-site management”, RCRA Subtitle 



C landfill-based disposal and waste brokers (TRI2012, 2013B). The total reported on- and off-site 



disposal or other releases for toluene in 2012 was 26,726,961.77 pounds (TRI2012, 2013B). 



Information/data retrieved from the USEPA’s TRI explorer tool does not represent an exhaustive 



list of disposals/releases of chemicals due to the fact that only certain types of facilities are 



required to report this type of information. 



 



Non-ambient Exposure Sources 



Treated drinking water 



According to Fishbein (1988), low levels of toluene, generally ranging from 1-5 µg/L, have been 



found in a number of American surface, tap, and drinking waters, although levels up to 12 µg/L 



have been reported in the drinking water and tap water of New Orleans, Louisiana.  Literature and 



data pertaining to mean toluene concentrations typically found in treated drinking water are 



scarce.  Therefore, to calculate the RSC for the drinking water ingestion route the Maximum 



Contaminant level (MCL), which defines the threshold above which water is not suitable for 



drinking, of 1000 µg/L was utilized because it represents a very conservative estimate of exposure. 



A standard water intake rate of 2.0 L/day and a standard body weight of 70 kg were also utilized in 



this calculation (NRC, 1977; USEPA, 1997).  The resultant estimated average daily dose of toluene 



received through drinking water ingestion was 0.029 mg/kg-day.  



 



Groundwater 



Toluene in groundwater exists as an artifact of improper/uncontained waste disposal, chemical 



spills, or leaks originating from apparatuses such as underground gasoline storage tanks. According 



to the WHO (2004) point source contamination of groundwater can cause toluene concentrations to 



spike with previously reported concentrations ranging from 0.2–1.1 mg/L.  In approximately 1% of 



all groundwater-derived public drinking-water systems in the USA, toluene levels are above 0.5 



μg/L (WHO, 2004).  In 2009, the United States Environmental Protection Agency released their 



Contaminant Occurrence Support Document for Category 1 Contaminants for the Second Six-Year 



Review of National Primary Drinking Water Regulations.  This support document contains and 



analyzes the national drinking water occurrence estimates for category 1 contaminants, toluene 



included, from  the National Water Quality Assessment Program from 1992-2001.  For 



groundwater, 4,545 samples were collected from 4,061 sites of which 13.1% of the samples 



detected toluene representing 13.9% of the sites sampled (USEPA, 2009B).  Analysis of this data 



resulted in a median toluene concentration of 0.0356 μg/L, a 95th percentile concentration of 



0.8845 μg/L, and a 99th percentile concentration of 12 μg/L (USEPA, 2009B). 



 



Air 



Toluene is a significantly volatile substance, thus ambient air exposures are of particular concern.  



This substance is estimated to have an atmospheric half-life of approximately 13 hours (ATSDR, 



2000).  Automobile emissions are the primary source of toluene in ambient air (ATSDR, 2000).  
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However, given the extensive presence of toluene in consumer and household products, indoor air 



possesses higher toluene concentrations than ambient outdoor air.  For California in 1996, the 



mean statewide concentration for airborne toluene was measured as 2.26 ppb (OEHHA, 1999B). 



According to the United States Environmental Protection Agency’s National Air Toxics Assessment 



(USEPA, 2005A), the 2005 report revealed that the total air concentration of toluene for the state of 



Florida was 2.63 µg/m3. The United States Environmental Protection Agency reports that levels of 



toluene measured in rural, urban, and indoor air average 1.3, 10.8, and 31.5 micrograms per cubic 



meter (µg/m3), respectively ( USEPA, 2012C).  For the purposes of RSC calculation, an outdoor air 



concentration of 10.8 µg/m3 and an indoor air concentration of 31.5 µg/m3 were utilized, based on 



the USEPA (2012C) values. An outdoor inhalation rate of 3.122 m3/day, an indoor inhalation rate of 



12.878 m3/day, and a standard body weight of 70 kg were also utilized (USEPA, 2011A; USEPA, 



1997).  The resultant estimated average daily dose of toluene received through indoor inhalation 



was 5.80 x 10−3 mg/kg-day and the resultant estimated average daily dose of toluene received 



through outdoor inhalation was 4.82 x 10−4 mg/kg-day.   



 



Oceanic/ marine levels  



 Information on typical concentrations of toluene detected in oceanic environments could not be 



located. 



 



Soil 



 The tendency for toluene to exist in the adsorbed state within soils is dependent upon soil pH     



(IPCS, 1985).  According to the WHO (2004), the extent to which toluene is biodegraded in soil 



ranges from 63% to 86% after 20 days.  Information regarding typical toluene concentrations in 



soils could not be located.  According to the ATSDR (2000), in the absence of continuous releases 



from a waste site, it is expected that toluene would not persist for long periods in soil, due to its 



volatility, susceptibility to biodegradation, and water solubility. Therefore, under typical exposure 



scenarios, exposure through soil ingestion is estimated to be negligible. 



 



Diet (other than fresh or estuarine fish) 



Residual concentrations of toluene are detected in a wide variety of food types.  The United States 



Food and Drug Administration conducted an analysis of pesticide residuals in specific food types 



through their Total Diet Study program. The information summarized in this analysis pertains to 



Total Diet Study market baskets 1991-3 through 2003-4 collected between September 1991 and 



October 2003 (USFDA, 2006).  FDEP analyzed each specific food type for reported toluene 



concentrations.  Each food type was then separated into a distinct category: fruits, vegetables, 



meats, dairy, grain, fish (marine), and fats.  Foods not included from the analysis were considered to 



be composite foods (e.g., Quarter-pound hamburger on bun; Frozen dinner of Salisbury steak with 



gravy, potatoes, and vegetables; beef chow mein, from Chinese carry-out) covered by each 



previously delineated category.  Toluene concentrations for each food category were then averaged 



and standard intake rates (USEPA, 2011A) were then utilized to calculate doses from exposure to 



each food group. Table 1 provides the results of these calculations. 
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 Table 1.   Estimated exposure to toluene through food-based dietary intake. 



Food Category Average 



Concentration (ppm) 



Intake Rate  



( g/kg-day) 



Dose received 



through Exposure  



(mg/kg-day) 



Fruits  0.00204 1.6 3.27 x 10−6 



Vegetables 0.00587 2.9 1.70  x 10−5 



Meats 0.0179 2.0 3.59 x 10−5 



Dairy 0.0215 6.6 1.42 x 10−4 



Fish (marine) 0.0267 0.22 5.80 x 10−6 



Grains 0.006272 2.6 1.63 x 10−5 



Fats 0.0155 1.2 1.85 x 10−5 



 



Exposures for potentially highly exposed individuals 



Certain individuals may be exposed to higher concentrations of toluene than received by the 



general public.  Occupations that require individuals to work with gasoline, paints, lacquers, or 



solvents may be exposed to higher concentrations of toluene on a daily basis due to the 



composition of these substances and the inherent nature of toluene to volatilize.  Individuals who 



smoke cigarettes expose themselves to higher concentrations of toluene than found in ambient air. 



Smoking may contribute 1,000 µg/day or more of toluene to an individual’s daily exposure (ATSDR, 



2000). The dangerous and abusive habit of sniffing glues may increase an individual’s exposure to 



toluene.  Moreover, proximity to hazardous waste sites may also increase exposures to toluene. 



 



Ambient Exposure Sources 



Toluene exposures can also occur through ambient sources.  According to the WHO (2004), toluene 



concentrations of 1 mg/kg have been reported in fish.  Toluene is often taken up by aquatic 



organisms, but metabolism by aquatic biota often limits tissue accumulation of toluene (ATSDR, 



2000).  Bioaccumulation of toluene is ultimately dependent on the metabolic mechanisms and lipid 



content of the organism due to the fact that toluene is lipid-soluble.  The National Water Quality 



Assessment Program data analysis shows that for surface water 1,394 samples were collected at 



182 sites of which 69.4% of samples detected toluene associating 60.4% of sites sampled with 



positive detections (USEPA, 2009B).  This analysis also reported a median surface water toluene 



concentration of 0.06 μg/L, 95th percentile concentration of 0.42 μg/L, and a 99th percentile 



concentration of 1.289 μg/L (USEPA, 2009B). 



 



RSC calculation 



The estimated doses received through daily exposure to toluene were then utilized to estimate the 



total average daily dose received by the general population.  The results are summarized in Table 2 



below. 
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Table 2. .  Estimated average daily toluene exposure received through non-ambient sources by the 
general population. 



Exposure Route Estimated Exposure 



(mg/kg-day) 



Indoor air inhalation 5.80 x 10−3 
Outdoor air inhalation 4.82 x 10−4 



Treated Drinking Water  ingestion 
 



Negligible 
 Soil ingestion 0.029  
 Diet:  Fruits 3.27 x 10−6  



Diet:  Vegetables 1.70 x 10−5  



Diet:  Meats 3.59 x 10−5  



Diet:  Dairy 1.42 x 10−4  



Diet:  Fish 5.80 x 10−6  



Diet:  Grains 1.63 x 10−5  



Diet:  Fats 1.85 x 10−5 



Estimated total daily dose 0.0355 



 



The reference dose for toluene is 0.08 mg/kg-day (USEPA, 2013C). The estimated total non-ambient 



exposure of 0.0355 mg/kg-day represents 44.4% of the RfD.  The remaining 55.6% is available for 



allocation to surface water exposures through routes such as estuarine fish consumption. Thus, a 



chemical specific RSC of 0.55 is suggested to be protective of human health and representative of 



toluene exposures received through ambient sources. 



 



Polycyclic Aromatic Hydrocarbons: Acenaphthene, Anthracene, Fluoranthene, 



Fluorene, and Pyrene 



Background 



Polycyclic aromatic hydrocarbons (PAHs) constitute a large class of approximately 100 compounds.  



The U.S. EPA regulates 17 of these compounds and considers 5 to be primarily non-carcinogenic.  



PAHs are typically formed during incomplete combustion or pyrolysis of organic matter (e.g., coal, 



oil, gas, wood, garbage, tobacco, charbroiled meat) and generally occur as complex mixtures, not as 



single compounds.  As pure chemicals, PAHs generally exist as colorless, white, or pale yellow-green 



solids.  They can have a faint, pleasant odor.  A few PAHs are used in medicines and to make dyes, 



plastics, and pesticides.  Others are contained in asphalt used in road construction.  They can also 



be found in substances such as crude oil, coal, coal tar pitch, creosote, and roofing tar and are found 



throughout the environment in the air, water, and soil.  They can occur in the air, either attached to 



dust particles or as solids in soil or sediment.   At ambient temperatures, PAHs are solids. The 



general characteristics common to this class of compounds are high melting- and boiling-points, 



low vapor pressure, and very low water solubility, which tends to decrease with increasing 



molecular mass.  PAHs are soluble in many organic solvents and are highly lipophilic.  
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Anthropogenic activities, such as combustion of fossil fuels, wood, and solid wastes, are the main 



inputs of PAHs to the environment (Baek et al., 1991).   The annual emissions of PAHs have been 



estimated to be 8,600 tons in the USA and 14,100 ton in Europe (Kabziński, et al., 2002).  Natural 



sources of PAHs, such as volcanic eruptions, forest fires, diagenesis of organic matter, and 



biochemical synthesis, are minor contributors of PAHs to the environment (Wilcke, 2000 and 



2007).  Among the anthropogenic sources, the petrogenic sources of PAHs include unburned 



petroleum and its products (gasoline, kerosene, diesel, and lubricating oil), whereas pyrogenic 



sources include high-temperature combustion products such as incomplete combustion of organic 



materials (combustion of fossil fuel, vehicular engine combustion, smelting, waste incinerators).  



The main anthropogenic sources of PAHs are power plants and house heating (51%).  Incinerating 



plants and outdoor combustion are responsible for 28% emission to the atmosphere, industry 



(aluminum and steel foundries and gas engineering) for 20%, and (car) transportation is 



responsible for 0.9% of emissions (Skupinska et al., 2004).  Zang and Tao (2009) reported that 



similar to other developed countries, consumer product use (including personal care products, 



household products, automotive aftermarket products, adhesives and sealants, FIFRA-regulated 



products, and coatings, 35.1%) and traffic oil (23%) combustion were the major PAH emission 



sources in the United States, followed by waste incineration (9.5%), biofuel combustion (9.1%) and 



petroleum refining (8.7%). 



 



Since PAHs have low vapor pressure and high octanol/air partition coefficients (log Kow ~3 to 6), 



they tend to sorb strongly onto the soil mass and persist for a longer period of time (Wilcke, 2000).  



PAH concentrations in water tend to be extremely low (<100 ng/L) and instead accumulate in 



sediments and aquatic organisms (Skupinska et al., 2004).  For instance, Wild and Jones (1995) 



reported that 90% of the PAHs are strongly fixed and hence stored in the soils.   



The greatest sources of exposure to PAHs for most Americans is through active or passive 



inhalation of the compounds in tobacco smoke, wood smoke, and contaminated air, and ingestion of 



these compounds in foodstuffs.   Smoking one pack of cigarettes a day has been estimated to result 



in exposure to carcinogenic PAHs of up to 5 µg/day (Menzie et al., 1992).  These compounds are in 



the exhaust from automobiles, coal, coal tar, and at hazardous waste sites.  Exposure to other PAHs 



can occur by eating foods grown in contaminated soil or by eating meat or other food that is grilled.  



Contribution of motor vehicles to global PAH emissions is less than biomass burning and wildfires 



(Zhang and Tao, 2009).   However, motor vehicle emissions occur mostly in urban areas where 



population densities are much higher.  Consequently, relative contribution of PAHs from motor 



vehicles to human exposure risk is much greater than its contribution to total emissions.  



 



Exposure Source Determinations 



Manufacturing and release 



Manufacturing and environmental release information/data for the individual polycyclic aromatic 



hydrocarbons under analysis could not be located utilizing the USEPA’s Toxic Release Inventory 



(TRI) explorer tool. 



 



Non-ambient Exposure Sources 
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Air 



PAHs occur in the atmosphere in both the particle phase and the vapor phase.  Three-ring PAH 



compounds are found in the atmosphere primarily in the gaseous phase, whereas, five- and six-ring 



PAHs are found mainly in the particle phase; four-ring PAH compounds are found in both phases.  



To fully characterize atmospheric PAH levels, both particle- and vapor-phase samples must be 



collected.  Many early monitoring studies used filter sampling methods, which provided 



information on particle-phase PAH concentrations only and did not account for losses of some of 



the lower molecular weight PAHs by volatilization.  As a result, the early use of particulate samples 



may have resulted in an underestimation of total PAH concentrations.   More recent monitoring 



studies often use sampling methods that collect both particle- and vapor-phase PAHs that prevent 



or minimize volatilization losses, thus providing more reliable characterization of total atmospheric 



PAH concentrations (ATSDR, 1995D).   



 



Deposition of PAH compounds directly to Tampa Bay was studied by Poor (2002) and Poor et al., 



(2004).  In the 2002 study, measurements were made from March to October 2001. The average 



concentration for the total PAH in the ambient air was 14 ng/m3.  Dry deposition of gas and 



particles was estimated to be about 2 µg/m2-day, and wet deposition of gas and particles was 



estimated to be about 0.1 µg/m2-day, assuming no flux of PAHs from the water to the air.  A 



comparison of these rates with others reported in the literature indicated that the rates in Tampa 



Bay are in the range of deposition rates at both rural and urban sites in the eastern coastal U.S. 



(Poor, 2002).  The 2004 study used a sampling method, which improved capture of gas and 



particle-phase PAH compounds with lower molecular weights.  Based on sampling between May 



and August 2002, the concentrations of total PAHs were between 80 and 190 ng/m3, and dry 



deposition flux of gas and particles was estimated to be 11.5 µg/m2-day, assuming no flux of PAH 



from the water to the air.  The 2004 study reported both gas-phase and particle-phase ambient air 



concentrations for individual PAHs.  The mean values are reproduced in Table 1.  Additionally, 



FDEP calculated daily exposures for the general population using the total concentration for each 



PAH.  The air concentration values listed in Table 1 are comparable, although higher if summed, to 



the total PAH ambient air concentration of 10.9 ng/m3 provided by Santodonato et al., (1981).  The 



differences may be related to the fact that the value reported by Santodonato was based on the sum 



of annual geometric means, rather than arithmetic means, only included 14 individual PAHs, and 



did not include acenaphthene or fluorene. 



 
Table 1.  Average daily ambient air concentrations of gas- and particle-phase PAHs measure by 
Poor et al., (2004) at the Grandy Bridge in Tampa, FL. 
 



PAH Mean gas-phase 
(ng/m3) 



Mean particle-
phase (ng/m3) 



Total gas- and 
particle-phase 



(ng/m3) 



Intake1 



(mg/kg-day) 



Acenaphthene 4.07 0.20 4.27 1.90∙10-7 
Anthracene 0.50 0.00 0.50 2.23∙10-8 
Fluoranthene 4.91 0.99 5.90 2.63∙10-7 
Fluorene 6.15 0.27 6.42 2.86∙10-7 
Pyrene 1.74 0.61 2.35 1.05∙10-7 
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1.  Calculated from total gas- and particle-phase concentration and an assumption of a daily outdoor 
inhalation volume of 3.122 m3. 



 
Sheldon et al., (1993) summarized a 1992 study of indoor air pollution in 280 California homes.  



Housing units were selected to represent homes in specific source categories based on both the 



presence and expected use of several combustion sources, including fireplaces, woodstoves, gas 



heating, and tobacco smokers (Table 2).  Li et al., (2005) conducted a survey of indoor PAHs in 



residential air of ten Chicago area non-smoker homes.  Mean indoor air concentrations were 



interpolated from a figure presented in Li et al., (2005) and are summarized in Table 3.  They also 



reported that the mean total indoor air PAH concentration, excluding naphthalene (15 compounds), 



was 36 ng/m3.  Following naphthalene, anthracene was found to have the second highest indoor air 



concentration.  FDEP calculated daily indoor inhalation exposures for the general population using 



the total concentration provided by both Sheldon et al., (1993) and Li et al., (2005) for each PAH.  



The highest daily intake rate for each compound was used in subsequent RSC calculations. 



 
Table 2.  Average indoor PAH air concentrations (ng/m3) by combustion source category from 
Sheldon et al., (1993).   



Compound Smoking 
 (ng/m3) 



Smoking/ 
Fireplace 



(ng/m3) 



Fireplace 
(ng/m3) 



Woodstove 
(ng/m3) 



Woodstove/ 
Gas Heat 



(ng/m3) 



Gas 
Heat 



(ng/m3) 



No 
Source 
(ng/m3) 



Max 
(ng/m3) 



Intake1 
(mg/kg-



day) 



Anthracene 2.3 2.2 2.9 3.2 2.4 2.2 2.7 3.2 5.89∙10-7 



Fluoranthene 5.3 4.5 5.3 7 4.6 4.7 5.2 7 1.29∙10-6 



Pyrene 5.3 4.9 5.1 6.5 4.2 4.5 5 6.5 1.20∙10-6 



1.  Calculated from total gas- and particle-phase concentration and an assumption of a daily indoor inhalation 
volume of 12.878 m3. 



 
 
Table 3.  Average indoor air PAH concentrations by combustion source category from Li et al., 
(2005).   
 



Compound Mean Indoor Air 
Concentration 



(ng/m3) 



Intake1 



(mg/kg-day) 



Acenaphthene 3.8 6.99∙10-7 



Fluorene 4.6 8.46∙10-7 



Anthracene 9.7 1.78∙10-6 



Fluoranthene 2.2 4.05∙10-7 



Pyrene 1.2 2.21∙10-7 



Total PAH 36 6.62∙10-6 



1.  Calculated from total gas- and particle-phase concentration and an assumption of a daily indoor inhalation 
volume of 12.878 m3. 



 
Diet (other than fresh or estuarine fish) 
Food is the main source of non-occupational exposure to PAHs for humans.  Unprocessed foods do 



not typically contain high levels of PAHs.  In areas isolated from urban or industrial activities, the 



levels of total PAHs found in unprocessed foods (0.01-1 μg/kg) reflect the background 
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contamination, which originates from long distance airborne transportation of contaminated 



particles and natural emissions from volcanoes and forest fires.  In the vicinity of industrial areas or 



along highways, the contamination of vegetation can be ten-fold higher than in rural areas (Larsson 



and Sahlberg, 1982). 



 



Processing of food (e.g., cooking, drying, smoking) and cooking of foods at high temperatures (e.g., 



grilling, roasting, frying) are major sources generating PAHs (Guillen et al., 1997; Phillips, 1999).  



Although not precisely known, it is likely that there are several mechanisms associated with the 



formation of PAHs. These mechanisms could include examples such as melted fat that undergoes 



pyrolysis when dripping onto the heat and pyrolysis of the meat due to the high temperature. 



(Lijinsky and Shubik, 1965A, 1965B).  Individual PAH concentrations as high as 200 μg/kg have 



been detected in smoked fish and meat.  PAH concentrations of 130 μg/kg have been reported in 



barbecued meats, whereas the average background values are usually in the range of 0.01-1 μg/kg 



in uncooked foods.  A comparison of PAH levels in duck breast steaks, undergoing various 



processing and cooking treatments for 0.5 hours to 1.5 hours, showed that charcoal-grilled samples 



without skin contained the highest amount of total PAHs (320 μg/kg), followed by charcoal grilling 



with skin (300 μg/kg), smoking (210 μg/kg), roasting (130 μg/kg), steaming (8.6 μg/kg) and liquid 



smoke flavoring (0.3 μg/kg).   



 Gomaa et al., (1993) reported the results of a study to screen smoked foods, including turkey, pork, 



chicken, beef, fish products, and commercial liquid smoke flavorings, for carcinogenic and non-



carcinogenic PAHs.  All smoked meat products and liquid smoke seasonings were purchased from 



local supermarkets in Michigan.  Total PAH concentrations in smoked red meat products ranged 



from 2.6 µg/kg in cooked ham to 29.8 µg/kg in grilled pork chops, while those in smoked poultry 



products ranged from 2.8 µg/kg in smoked turkey breast to 22.4 µg/kg in barbecued chicken wings. 



Total PAH concentrations in smoked fish products ranged from 9.3 µg/kg in smoked shrimp to 86.6 



µg/kg in smoked salmon.  Total PAH concentrations in liquid smoke flavorings and seasonings 



ranged from 6.3 to 43.7 µg/kg.  Smoked meat products processed with natural wood smoke had 



higher total PAH and total carcinogenic PAH concentrations than those processed with liquid 



smoke flavorings.   Contamination of vegetable oils with PAHs usually occurs during technological 



processes like direct fire drying, where combustion products may come into contact with the oil 



seeds or oil (Speer et al., 1990; EC, 2002).  It is clear that PAH concentrations in food range 



considerably depending on the preparation.  Likewise, exposure to individuals within the 



population likely also varies considerably, perhaps over an order of magnitude, depending on an 



individual's diet and food preferences.   The final RSC calculations included a consideration of this 



order of magnitude variation in exposure related to diet; that is, dietary exposure was increased by 



a factor of 10 as an added level of conservatism.   



The EC (2002) compiled comparative intake data for individual PAHs. Intake data was gathered 



from five total diet studies conducted in the United Kingdom (two studies: Dennis et al., 1983; COT, 



2002), Italy (Turrio-Baldassarri et al., 1996), the Netherlands (De Vos et al., 1990) and Austria 



(Pfannhauser, 1991).   Benzo[a]pyrene intakes were also available for Sweden (Beckman Sundh et 



al., 1998), Germany (IPCS, 1998) and the USA (Butler et al., 1993; Kazerouni et al., 2001).  EC 
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(2002) provided mean daily intake of individual PAHs via food consumption (Table 4).   The 



estimates presented in Table 4 are based on European rather than U.S. or Floridian populations.  



However, EC (2002) provides a comparison between U.S. benzo[a]pyrene food intake rates to 



European countries.  Mean benzo[a]pyrene intake in the U.S. (mean=0.14 µg/day) was estimated to 



be similar yet slightly lower than the European Union (0.05-0.29 µg/day), suggesting that European 



intake rates could be used as representative estimates for the U.S. population and may in fact be 



slightly conservative.  Santodonato et al., (1981) estimated that total PAH (including carcinogenic 



PAHs) concentrations in food typically range from 0.1 to 10 ppb (ng/g).  The total PAH exposure 



estimates are an order of magnitude greater than individual PAHs, and can be used as conservative 



estimates of food-related exposures for PAHs lacking individual estimates (i.e., acenaphthene and 



fluorene). 



 
Table 4.  Estimated daily exposure intake of individual non-carcinogenic PAHs via dietary (food) 
intake.  Daily intake was estimated using the upper end of the exposure range. 



PAH Daily per Capita 
Exposure 



 (ng/person-day) 



Daily Intake 



(mg/kg-day) 



Acenaphthene N/A 0.000291 



Anthracene <30-640 0.0000092 



Fluoranthene 600-1660 0.0000242 



Fluorene N/A 0.000291 



Pyrene 600-1090 0.0000162 



Total PAH1 2030-20,300 0.000291 



1.  Estimated from Santodonato et al., (1981) based on average body weight of 70 kg and total daily food 
consumption of 29 g/kg-day. 



2.  Estimated daily average adult intakes from EC (2002). 



 
 
Soil 
PAHs are ubiquitous in soil.  Because anthropogenic combustion processes are a major source of 



PAHs in soils, soil concentrations have tended to increase over the last 100-150 years, especially in 



urban areas (Jones et al., 1989A, 1989B).  Background concentrations for rural, agricultural, and 



urban soils (from the United States and other countries) are given in Table 5.  In general, 



concentrations ranked as follows: urban > agricultural > rural.  Evidence of the global distribution 



of PAHs was given by Thomas (1986) who detected benzo[g,h,i]perylene and fluoranthene at 



concentrations above 150 μg/kg in arctic soils.  Soil samples collected from remote wooded areas of 



Wyoming contained total PAH concentrations of up to 210 μg/kg. 



 
Table 5.  Background soil concentrations of polycyclic aromatic hydrocarbons (PAHs).  Table 
recreated after ATSDR (1995). 



Compound Rural Soil 
(µg/kg) 



Agricultural Soil 
(µg/kg) 



Urban Soil 
(µg/kg) 



Acenaphthene 1.7 6  
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Anthracene  11-13  



Fluoranthene 0.3-40 120-210 200-166,000 



Fluorene 9.7   



Pyrene 1-19.7 99-150 145-147,000 



 
Several researchers have observed a greater amount of PAHs in urban soils as these areas are more 



exposed than rural areas to the PAHs produced by both stationary (power plants, industries, and 



residential heating) and diffused sources (traffic emissions, and road byproducts such as wearing of 



tires and asphalt constituents).  For instance, Maisto et al., (2006) reported that total PAHs were 2-



20 times greater in the urban areas of Naples, Italy, than park soils that were 12 km away.  



Similarly, Baek et al. (1991) reported that the urban soils near the highways were highly 



contaminated.  In New Orleans, Wang et al. (2008) observed the higher amounts of PAHs in soils 



close to the roads (7,189 µg/kg) than in open spaces that were 10 m away from the roads (2,404 



µg/kg).  Similar results were shown by Wilcke (2000), who reported that PAH levels declined 



exponentially with increase in distance from the roads due to the reduced vehicular emissions.  In 



Northern Germany, Krauss and Wilcke (2003) found that the PAHs in gardens and industrial soils 



(> 10 µg/kg) were eightfold greater than the park soils (1.9 µg/kg) while the lowest amounts were 



observed in agricultural soils (0.64 µg/kg).   



 



Chahal et al., (2010) determined PAH contamination levels in urban residential soils in Pinellas 



County, FL.  They reported mean soil levels for all non-carcinogenic PAHs under consideration, 



except acenaphthene (Table 6).  Wang et al., (2008) reported PAHs from two major US cities, New 



Orleans and Detroit.  Sampling sites included house foundations, open spaces, and soils bordering 



residential (light to moderate traffic) and busy (heavy traffic) streets.  Results from soils in the 



vicinity of busy streets are not reproduced here under the reasoning that although the 



contamination level may be higher than other areas, the general population exposure to soils from 



these areas is negligible given that few people will spend much time, particularly engaging in 



activities that might lead to soil ingestion, in these areas due to safety concerns.  The soil 



concentrations from New Orleans and Detroit tend to be higher than Pinellas County, FL; however, 



the estimated daily doses are within an order of magnitude for all parameters.  Both studies 



represent conservative estimates of general population exposure to PAHs through incidental soil 



consumption.   They are conservative in that both studies represent urban areas with extensive and 



long-term motor vehicle traffic as well as industrial development.  Less developed and less highly 



traveled areas of the state are likely to have lower contamination levels.  Use of the daily intake 



values listed in Tables 6 and 7 are therefore conservative for the general population while also 



being protective and representative of potential exposures for urban and suburban populations.  



The Florida-specific exposures from Chahal et al., (2010) were used to calculate RSC values for 



anthracene, fluoranthene, flourene and pyrene, while Wang et al., (2008) was used for 



acenaphthene. 



 



Table 6. Mean soil concentrations for individual PAHs in Pinellas County, FL as reported by Chahal 
et al., (2010).   Daily intakes were calculated from the mean soil concentrations.   
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PAH Mean Soil 
(µg/kg) 



Daily Intake 
(mg/kg-day) 



Acenaphthene N/A  



Anthracene 110 7.86∙10-8 



Fluoranthene 133 9.50∙10-8 



Fluorene 33 2.36∙10-8 



Pyrene 297 2.12∙10-7 



 
Table 7. Mean soil concentrations for individual PAHs in New Orleans and Detroit as reported by 
Wang et al., (2008).   Daily intakes were calculated from the overall mean soil concentrations.   



Soil Location Units Acenaphthene Anthracene Fluoranthene Fluorene Pyrene 



Open Space:  
New Orleans 



(µg/kg) 11.5 36.5 365 13.7 378 



Open Space: 
Detroit 



(µg/kg) 15.6 24.1 447 3.4 408 



Foundation: 
New Orleans 



(µg/kg) 23.6 76.5 949 27.9 751 



Foundation: 
Detroit: 



(µg/kg) 7.2 29.8 451 5.5 366 



Street Side:  
New Orleans 



(µg/kg) 26.5 63.1 936 20.6 793 



Street Side: 
Detroit 



(µg/kg) 14.5 49.3 926 5.4 740 



Range (µg/kg) 7.2-26.5 365-949 3.4-27.9 24.1-76.5 366-793 



Mean (µg/kg) 16.5 679 12.8 46.6 573 



Daily Intake (mg/kg-day) 1.18∙10-8 4.85∙10-7 9.14∙10-9 3.33∙10-8 4.09∙10-7 



  



 



Treated drinking water 



Santodonato et al., (1981) summarized work by Basu and Saxena (1978) and reported that the 



average total PAH level in U.S. drinking water is 13.5 ng/L.  Santodonato noted that EPA also 



conducted the Nation Organic Monitoring Survey to determine the frequency of occurrence and the 



levels of PAHs in U.S. drinking water supplies.  Of the 110 water samples analyzed, none showed 



any PAHs other than fluoranthene.  Seventeen out of 110 samples analyzed showed positive 



fluoranthene values with an average of 20 ng/L concentration.  Kabziński et al., (2002) provided 



estimates of individual PAH concentrations in drinking water from several Polish Cites (Table 8).  



Although the level of fluoranthene in Polish drinking water is very similar to the EPA calculated 



average for the US, the individual PAH values from the Polish study are all greater than the total 



PAH estimate provided by Santodonato et al., (1981) for the United States.  The drinking water 



concentrations provided by Kabziński et al., (2002) were used to calculate estimated daily intake 



values for each PAH (Table 8).   Alternatively, a total PAH intake rate of 0.000386 µg/kg-day can be 



estimated from the drinking water concentration provided in Santodonato et al., (1981).   
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Table 8.  Mean drinking water PAH concentrations (ng/L) reported by Kabziński et al., (2002).   
The average concentrations were calculated from the reported means and an estimate of parameter 
specific intake was calculated from this average. 



PAH Łódź-
Chojny 



Area 
(ng/L) 



Łódź-Stoki 
Area 



(ng/L) 



Tomaszów 
Mazowiecki 



Area 
(ng/L) 



Average 
(ng/L) 



Intake1 



 (mg/kg-day) 



Acenaphthene 38 25 39 34 9.71∙10-7 



Anthracene 69 56 71 65 1.87∙10-6 



Fluoranthene 22 19 20 20 5.81∙10-7 



Fluorene 175 133 141 150 4.28∙10-6 



Pyrene 22 19 20 20 5.81∙10-7 



1. Calculated based on average concentration, 70 kg body weight, and daily drinking water intake of 2.0 L 
(USEPA 1997; NRC, 1977). 
 



Ambient Exposure Sources 



Staples et al., (1985) summarized priority pollutant concentration in the United States using results 



from the STORET Database.  They reported median ambient surface water concentrations of <10.0 



µg/L with a four percent detection rate for all five non-carcinogenic PAHs.  National sample sizes 



ranged from 776 for anthracene to 904 for pyrene.   Ambient surface water data were queried from 



the IWR Run 47 database and the range of measured concentrations over the ten-year period from 



2002-2011 were summarized (Table 9).  None of the five PAHs under consideration were detected 



in Florida surface waters based on average detection limits of approximately 2.0 µg/L.   



 



Table 9.  Summary of PAH concentrations in Florida surface waters.  Data were taken from the IWR 



Run 47 database for the period from 2002 to 2010. 



PAH Number of 
Samples 



Minimum 
Detection Limit 



(µg/L) 



Average 
Detection Limit 



(µg/L) 



Acenaphthene 314 0.04 2.26 



Anthracene 353 0.03 2.09 



Fluoranthene 351 0.022 2.14 



Fluorene 282 0.04 1.25 



Pyrene 352 0.021 2.15 



 



Staples et al., (1985) reported biota tissue priority pollutant concentrations using STORET data.  



They reported median tissue concentrations of <2.5 mg/kg for each acenaphthene, anthracene, 



fluoranthene, fluorene, and pyrene with no detections.   In 2011, FDEP undertook a study to 



determine if the water quality of Clam Bayou located in Pinellas County, has degraded over time.  



The Department assessed the biological, chemical, sediment, and physical characteristics of Clam 



Bayou. A total of 63 chemicals, including PAHs, were analyzed for in 36 fish tissue samples (12 



individual fish samples of three different species from Clam Bayou fish representing the different 
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trophic levels and feeding strategies).  Average fish tissue concentrations for the non-carcinogenic 



PAH concentrations are summarized in Table 10.   



Table 10.  Chemical analysis of fish tissue samples collected from Clam Bayou on September 29, 



2011. 



 PAH Archosargus 
probatocephalus 



(Sheepshead) 
(mg/Kg) 



Centropomus 
undecimalis 



(Common 
snook) 



(mg/Kg) 



Mugil 
cephalus 
(Striped 
mullet) 



(mg/Kg) 



Acenaphthene 0.00063 0.00055 0.00193 



Anthracene 0.00054 0.00050 0.00067 



Fluoranthene 0.00200 0.00089 0.00475 



Fluorene 0.00145 0.00150 0.00255 



Naphthalene 0.00137 0.00196 0.00183 



Pyrene 0.00176 0.00066 0.00182 



 



RSC Calculation 



The exposure estimates described above were used to estimate a total non-surface water exposure 



dose as summarized below in Table 11.  In all cases, the total non-ambient exposure to non-



carcinogenic PAHs accounted for less than 1 percent of the applicable RfD.   Additionally, because 



there is likely to be significant variability in PAH exposures, particularly related to diet, FDEP 



investigated the effects of increasing the total dietary exposure by an order of magnitude (factor of 



10).  Even under this scenario non-ambient exposures would account for only 0.03 to 7.3% of the 



applicable RfDs (Table 12).  FDEP used the available exposure data to support protective RSC 



values for all five PAHs in excess of 92% with clear margin of safety, including individuals who 



consume greater quantities of smoked or grilled foods.  Therefore, FDEP will use RSC values listed 



in Table 12 for the non-carcinogenic PAHs. 



 



Table 11. Tabulation of non-surface water exposures (mg/kg-day) to non-carcinogenic PAHs for 
the general population.   



Exposure Acenaphthene Anthracene Fluoranthene Fluorene Pyrene 



Outdoor air inhalation 1.90∙10-7 2.23∙10-8 2.63∙10-7 2.86∙10-7 1.05∙10-7 



Indoor air inhalation 6.99∙10-7 1.78∙10-6 1.29∙10-6 8.46∙10-7 1.20∙10-6 



Soil ingestion 1.18∙10-8 7.86∙10-8 9.50∙10-8 2.36∙10-8 2.12∙10-7 



Treated drinking water 
ingestion 



9.71∙10-7 1.87∙10-6 5.81∙10-7 4.28∙10-6 5.81∙10-7 



Diet 2.90∙10-4 9.00∙10-6 2.40∙10-5 2.90∙10-4 1.60∙10-5 



Estimated total  
daily dose 



2.92∙10-4 1.28∙10-5 2.62∙10-5 2.95∙10-4 1.81∙10-5 
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Table 12.  Summary of lower and upper range total non-surface water source exposure to five 



PAHs and selected RSC values.  The lower range exposures were tabulated in Table 11 above.  The 



upper range estimates were calculated by increasing dietary (food) exposures by a factor 10.  The 



selected RSCs were calculated from the upper end exposure estimate. 



Parameter Exposure Lower 
Estimate 



(mg/kg-day) 



Exposure Upper 
Estimate  



(mg/kg-day) 



Percent RfD RSC 



Acenaphthene 2.92∙10-4 2.90∙10-3 0.49-4.84% 0.95 



Anthracene 1.28∙10-5 9.38∙10-5 0.004-0.03% 1.0 



Fluoranthene 2.62∙10-5 2.42∙10-4 0.07-0.61% 0.99 



Fluorene 2.95∙10-4 2.91∙10-3 0.74-7.26% 0.92 



Pyrene 1.81∙10-5 1.62∙10-4 0.06-0.54% 0.99 



 



 



Nitrobenzene 



Background 



Nitrobenzene (CASRN 98-95-3) is a synthetic colorless to pale yellow, oily liquid with an odor 



resembling that of bitter almonds or shoe polish.  Ninety-five percent of nitrobenzene is used in the 



production of aniline, a major chemical intermediate that is used in the manufacture of 



polyurethanes.  Nitrobenzene is also used as a solvent in petroleum refining, as a solvent in the 



manufacture of cellulose ethers and acetates, in the manufacture of dinitrobenzenes and 



dichloroanilines, and in the synthesis of other organic compounds, including acetaminophen.  



Nitrobenzene had some use, in the early 20th century, as a food additive (substitute for almond 



essence) as well as extensive use as a solvent in various proprietary products, including boot polish, 



inks and several disinfectants.   Most (97% to 98%) of the nitrobenzene produced is retained in 



closed systems for use in synthesis of aniline and other substituted nitrobenzenes and anilines, thus 



limiting its release into air (ATSDR, 1990). 



 



There was a significant increase in annual production of nitrobenzene between the 1950's and 



1990's (ATSDR, 1990).   The demand for nitrobenzene has increased steadily from 73,000 metric 



tons) in 1960 to 1,390,000 metric tons by 2007 (IARC, 1996; Bizzari and Kishi, 2007).  In 1995, 



nitrobenzene ranked 49th in volume among chemicals produced in the United States (Kirschner, 



1996).  In 2009, there were 5 U.S. producers and 20 U.S. suppliers of nitrobenzene (SRI, 2009).  



Imports and exports of nitrobenzene are reported to be negligible (ATSDR, 1990; HSDB, No.104). 



 



Nitrobenzene has a vapor pressure of 0.245 mm Hg at 25° C indicating that the compound exists 



solely as a vapor in the atmosphere.  Vapor-phase nitrobenzene will be degraded in the atmosphere 



by reaction with photochemically-produced hydroxyl radicals.  The half-life for this reaction in air is 



estimated to be 115 days.  In the atmosphere, nitrobenzene should degrade primarily by photolysis 



(38% degradation in 5 hr).  If released to soil, nitrobenzene is expected to have very high to 



moderate mobility based upon Koc values of 30.6 to 370.  Volatilization from moist soil surfaces is 



expected to be an important fate process based upon a Henry's Law constant of 2.4x10-5 atm-
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m3/mole.  Nitrobenzene is expected to biodegrade under both aerobic and anaerobic conditions in 



both soil and water.  Nitrobenzene had a half-life of 56 days in an aerobic soil column.   



Nitrobenzene was rapidly biodegraded after a lag phase of 70 to 85 days in an aerobic aquifer test 



done with groundwater and sediment from 8 locations over a 149 day incubation period.  



Nitrobenzene is not expected to adsorb to suspended solids and sediment in water based upon a Koc 



of 89 measured in river sediment.  Nitrobenzene may be degraded in water by photolysis (a half-life 



of 133 days), by reaction with hydrated electrons in eutrophic lakes (a half-life of 22 days), or by 



reaction with sunlight and nitrate (a measured half-life of 11 hours).  Volatilization from water 



surfaces is expected to be an important fate process based upon this compound's Henry's Law 



constant.  Estimated volatilization half-lives for a model river and model lake are 44 hours and 17 



days, respectively.  Bioconcentration values ranging from 1.47 to 28.32 suggest that 



bioconcentration in aquatic organisms is low (HSDB, No.104).  



The general population can be exposed to nitrobenzene in air and possibly drinking-water.  There is 



also potential exposure from consumer products, but accurate information is lacking.   Based on air 



studies and on estimates of releases during manufacture, only populations in the vicinity of 



manufacturing activities and petroleum refining plants are likely to have any significant exposure to 



nitrobenzene (ATSDR, 1990).  However, people living in and around abandoned hazardous waste 



sites may also have the potential for higher exposure, due to possible groundwater and soil 



contamination and uptake of nitrobenzene by plants.  Exposure is mitigated by environmental 



degradation, including photolysis and microbial biodegradation. Nitrobenzene is poorly 



bioaccumulated and not biomagnified through the food chain (ATSDR, 1990). 



Exposure Source Determinations 



Manufacturing and release 



According to the United States Environmental Protection Agency’s Toxic Release Inventory (TRI) 



Explorer, total reported on-site disposal or other releases13 of nitrobenzene in 2011 accounted for 



303,286.83 pounds with the majority of release/disposal occurring through underground injection 



to Class I wells and point source air emissions (TRI2011, 2013A).  Total reported off-site disposal or 



                                                           
 



13  Total  reported on-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C  landfills, other on-site landfills ( those not authorized under Subtitle C of RCRA to accept 
hazardous wastes), fugitive air emissions, point source air emissions, surface water discharges, underground injection 
Class II-V wells, land treatment, RCRA Subtitle C surface impoundments, other surface impoundments ( those not 
authorized under RCRA to accept hazardous waste for disposal), and other land disposal ( disposal to land that does not 
fall into one of the other on-site land release categories found in section 5.5.1 through 5.5.3 on the TRI From R). 
14  Total reported off-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C landfills, other landfills (those not authorized under Subtitle C of RCRA to accept hazardous 
wastes), storage only, solidification/stabilization (metals only), wastewater treatment (metals only), POTWs (metal and 
metal compounds), underground injection Class II- V wells, RCRA Subtitle C surface impoundments, other surface 
impoundments (those not authorized under RCRA to accept hazardous waste for disposal), land treatment, other land 
disposal ( disposal to land that does not fall into one of the other on-site land release categories found in section 5.5.1 
through 5.5.3 on the TRI From R), other off-site management ( chemicals in waste managed by techniques not specifically 
listed in section 6.2 of TRI Form R), waste broker, and unknown. 
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other releases14 in 2011 accounted for 756.57 pounds of nitrobenzene with the majority of 



disposal/release occurring through RCRA Subtitle C landfill-based disposal and other landfills 



(TRI2011, 2013A).  The total reported on- and off-site disposal or other releases for nitrobenzene 



in 2011 was 304,043.40 pounds (TRI2011, 2013A).  Total reported on-site disposal or other 



releases in 2012 accounted for 240,302.25 pounds of nitrobenzene with the majority of 



disposal/release occurring through underground injection to Class I wells and point source air 



emissions (TRI2012, 2013B).  Total reported off-site disposal or other releases in 2012 accounted 



for 227 pounds nitrobenzene with the majority of disposal/release occurring through “other land 



disposal” and RCRA Subtitle C landfill-based disposal (TRI2012, 2013B).  The total reported on- and 



off-site disposal or other releases for nitrobenzene in 2012 was 240,529.25 pounds (TRI2012, 



2013B).  Information/data retrieved from the USEPA’s TRI explorer tool does not represent an 



exhaustive list of disposals/releases of chemicals due to the fact that only certain types of facilities 



are required to report this type of information. 



 



Non-ambient Exposure Sources 



Air 



Direct release of nitrobenzene to air during its manufacture is minimized by the passage of 



contaminated air through activated charcoal (USEPA, 1983), and its subsequent use in closed 



systems as an intermediate similarly limits direct exposure during industrial processing.  Much of 



the information on nitrobenzene levels in air is derived from a series of reports from New Jersey, 



USA, in which ambient air in urban, rural, and waste disposal areas was monitored extensively.  In 



the initial study by Bozzelli et al., (1980), nitrobenzene was not detected above the level of 0.05 



µg/m3 in about 260 samples collected in 1979.  In 1978, nitrobenzene levels averaged 2.0 µg/m3 in 



industrial areas and 0.1 µg/m3 and 0.46 µg/m3 in two residential areas; in 1982, levels in 



residential areas were approximately 1.5 µg/m3 or less, whereas levels in industrial areas were 46 



µg/m3 or more (Bozzelli and Kebbekus, 1982).  Nitrobenzene was not detected in most samples. 



Little information is available for other areas of the United States.  Pellizzari (1978) found only one 



positive value of 107 ng/m3 at a plant site in Louisiana.  The USEPA (1985) summarized data 



showing that less than 25% of US air samples were positive, with a median concentration of about 



0.05 µg/m3.  Mean levels measured in urban areas are generally low (<1 µg/m3), whereas slightly 



higher levels (mean 2.0 µg/m3) have been measured in industrial areas. 



Harkov et al., (1983, 1984) carried out a comparison of the concentrations of nitrobenzene at 



several urban sites in New Jersey, USA.  In the summer, the geometric mean levels detected at three 



sites were 0.35, 0.35 and 0.5 µg/m3, with 80–90% of the samples being above the detection limit of 



0.25 µg/m3.  In contrast to this, nitrobenzene was detected in only 6–14% of the samples taken in 



the winter.  Hunt et al.,  (1986), using the data collected by Harkov et al. (1984), calculated the 



arithmetic means for the three sites as 0.96, 1.56 and 2.1 µg/m3 in the summer and 0.050, 0.050 



                                                           
 



14  
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and 0.10 µg/m3 in the winter.  In another study (Lioy et al., 1983), nitrobenzene was not detected 



during the winter.   



Table 1 summaries air-based nitrobenzene concentrations from a number of studies.  The overall 



mean of U.S. studies is 0.742 µg/m3, which translates to a daily inhalation exposure of 0.17 µg/kg-



day.  The inhalation exposure was calculated based on 70 kg body weight and 16 m3/day inhalation 



volume (USEPA, 1997; USEPA, 2011A).  This inhalation exposure estimate represents an extremely 



conservative value for Florida because it is biased towards highly industrialized areas in New 



Jersey.   



Table 1.  Measured levels of nitrobenzene in air from various literature sources. 



Location (samples) Mean level (µg/m3) Reference 



Camden, USA, July–August 1981  
(24-h average) 



0.96 (max. 10.0) Hunt et al., 1986 



Camden, USA, January–February 1982  
(24-h average) 



0.050 (max. 0.75) Hunt et al., 1986 



Elizabeth, USA, July–August 1981  
(24-h average) 



1.56 (max. 24.1) Hunt et al., 1986 



Elizabeth, USA, January–February 1982  
(24-h average) 



0.050 (max. 0.35) Hunt et al., 1986 



Newark, USA, July–August 1981  
(24-h average) 



2.1 (max. 37.5) Hunt et al., 1986 



Newark, USA, July–August 1982  
(24-h average) 



0.10 (max. 1.26) Hunt et al., 1986 



Six sites in New Jersey, USA  
(sampled every 6 days for 1–2 years) 



<0.050 Bozzelli & Kebbekus, 
1982 



Industrial site, New Jersey, USA  
(241 samples) 



2.0 Bozzelli & Kebbekus, 
1982 



Residential site, New Jersey, USA  
(49 samples) 



0.10 Bozzelli & Kebbekus, 
1982 



Residential site, New Jersey, USA  
(40 samples) 



0.45 Bozzelli & Kebbekus, 
1982 



Japan 0.14 (range 0.0022–0.16) Environment Agency 
Japan, 1992 



 



Emissions and modeled nitrobenzene concentrations were queried from the EPA National-Scale Air 



Toxics Assessment (NATA; USEPA, 2013D).  NATA is EPA's ongoing comprehensive evaluation of 



air toxics in the United States.  EPA developed NATA as a state-of-the-science screening tool for 



state/local/tribal agencies to prioritize pollutants, emission sources, and locations of interest for 



further study in order to gain a better understanding of risks.  NATA assessments do not 



incorporate refined information about emission sources, but rather, use general information about 



sources to develop estimates of risks which are more likely to overestimate impacts than 



underestimate them.  The resulting risk estimates are purposefully more likely to be overestimates 



of health impacts than underestimates, and thus they are health protective.   
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FDEP downloaded the most recent NATA results (USEPA, 2005A).  Data for all Florida and New 



Jersey counties were queried from the database 



http://www.epa.gov/ttn/atw/nata2005/tables.html.   New Jersey was queried because the 



majority of nitrobenzene studies have been conducted in the state and there was thus an interest in 



evaluating the degree by which New Jersey-based estimates would overestimate conditions in 



Florida.   Table 2 summarizes the statewide total (combined point and nonpoint sources) and 



maximum by county nitrobenzene air concentration estimate for each state. Average daily 



exposures were additionally calculated for both Florida and New Jersey (Table 2).  These estimates 



suggest that average and maximum nitrobenzene in the air are 17 and 132 times, respectively, 



greater in New Jersey than in Florida (Table 2).   



Table 2.  Average and maximum air concentrations across all Florida and New Jersey Counties 



based on data from NATA (2005).  Average concentrations are based on the statewide estimates 



while the maxima represent the highest county value reported in NATA (2005).  Average daily 



intakes were calculated based on average concentrations, a daily inhalation volume of 16 m3/day, 



and a body weight of 70 kg (USEPA, 2011A; USEPA, 1997).   



 



State Average Air 
Concentration 



(µg/m3) 



Maximum Air 
Concentration 



(µg/m3) 



Average Intake 
(µg/kg-day) 



FL 2.10x10-6 5.32x10-6 4.79 x10-7 



NJ 3.56x10-5 7.04x10-4 1.37x10-5 



 
 
Groundwater 
Nitrobenzene is infrequently reported in groundwater.  It was detected in groundwater at 3 of 862 



hazardous waste sites in the USA at a geometric mean concentration of 1400 µg/L, according to the 



Contract Laboratory Program Statistical Database (CLPSD, 1988). Nitrobenzene was not detected 



(<1.13 µg/L) in groundwater at an explosives manufacturing site in the U.S., although the aquifer at 



the site was known to be contaminated with explosives residues (Dennis et al., 1990; Wujcik et al., 



1992).  Nitrobenzene was also detected at a level of 210–250 µg/L in groundwater from Gibbstown, 



New Jersey (Rosen et al., 1992). The IPCS (2003B) reported that nitrobenzene, measured at a 



concentration of 4.2 mg/L, was detected in groundwater at a coal gasification site in the U.S.  



 
Treated drinking water 
Kopfler et al. (1977) listed nitrobenzene as one of the chemicals found in finished tap water in the 



USA, but did not report its concentrations or locations. Nitrobenzene was detected in 1 of 14 



samples of treated water in the United Kingdom. The positive sample was water derived from an 



upland reservoir (Fielding et al., 1981B).  In a survey of 30 Canadian potable water treatment 



facilities, nitrobenzene was not detected in either raw or treated water (detection limit 5 µg/L) 



(Otson et al., 1982).  According to the BUA (1994) as cited in IPCS (2003B), the nitrobenzene 



content in potable water was 0.1 µg/L (mean), with maximum values of 0.7 µg/L in 50 samples 



taken from the river Lek at Hagestein, Netherlands, in 1986.  FDEP used the 0.1 µg/L value from 



BUA (1994) as a conservative estimate of tap water concentration. Estimated daily exposure via 
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ingestion of tap water (0.00286 µg/kg-day) was calculated based on the concentration, a standard 



body weight of 70 kg, and daily water intake of 2.0 liters (USEPA, 1997; NRC, 1977). 



 



Soil 



As a potential nitrobenzene exposure source, soil is less important than air or groundwater.  Nelson 



& Hites (1980) reported a nitrobenzene concentration of 8 mg/kg in the soil of a former dye 



manufacturing site along the bank of the industrially polluted Buffalo River in New York, USA, but 



failed to detect nitrobenzene in river sediments.  Exposure via soil intake is unlikely to be a source 



for the general population given that only low concentrations have been detected at former 



manufacturing sites at which the general population has extremely limited access.  Additionally, 



given the extremely low atmospheric concentrations (1.05x10-6 µg/m3), atmospheric deposition is 



expected to be negligible outside of manufacturing areas; thus, soils outside of manufacturing sites 



are highly unlikely to be contaminated and the estimated exposure can be assumed to be negligible. 



Other sources 



 Nitrobenzene has not been found in other environmental media.  Data on nitrobenzene occurrence 



in foods were not located in the available literature.  No monitoring of plant tissues has been 



reported, even though uptake of nitrobenzene by plants has been observed (McFarlane et al. 1987A, 



1987B).  General population exposure via their diets is expected to negligible for the same reasons 



as soils. 



 



Oceanic/marine levels 



Information on nitrobenzene levels in marine fish and shellfish was not found in the literature.  



Likewise, data and information on nitrobenzene levels in marine waters is also limited.  Weigal et 



al., (2005) quantified pesticides and industrial chemicals in the North Sea.  They reported 



nitrobenzene concentrations ranging from 0.26 to 4.4 ng/L.  The highest concentrations (2.5-4.4 



ng/L) were in areas influenced by the river Elbe.  Concentrations within the central regions of the 



North Seas were typically around 0.7 ng/L. A conservative estimate of nitrobenzene concentrations 



in marine fish tissue can be calculated using the EPA bioconcentration factor of 2.89 multiplied by a 



conservative ocean water concentration of 4.4 ng/L, resulting in an estimated ocean fish tissue 



concentration of 12.72 ng/kg.  A marine fish consumption rate of 0.22 g/kg-day was conservatively 



assumed to estimate daily exposure via marine fish ingestion of 2.8x10-6 mg/kg-day.  This 



estimated exposure is highly conservative for the general population and assumes that all fish 



consumed originate from the most highly contaminated waters.   



 



Ambient Exposure Sources 



Staples et al., (1985) summarized priority pollutant concentrations in the United States using the 



STORET Database.  A median nitrobenzene concentration of <10 µg/L based on 836 samples with a 



0.04% detection rate was reported.  Ambient surface water data were queried from the IWR Run 47 



database and the range of measured concentrations over the ten-year period from 2002-2011 were 



summarized (n=303).   There were no detections over the period of record based on detection 



limits ranging from 0.19 to 10 µg/L (mean=2.5 µg/L).   The IPCS (2003B) reviewed available data 
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and reports and concluded that surface water concentrations were generally low ranging from 0.1 



to 1 μg/L.   



 



Nitrobenzene is infrequently reported in fish tissue.  It has not been detected as a bioaccumulated 



material in fish samples based on a review of STORET data (Staples et al. 1985).  Surveys of 



nitrobenzene in fish were carried out in Japan in 1991. Nitrobenzene was detected in 4 of 147 fish 



samples at a level of 11–26 µg/kg (detection limit 8.7 µg/kg) (Environment Agency Japan, 1992).    



RSC Calculation 



Exposure of the general population to nitrobenzene is limited to air and possibly drinking water at 



extremely low levels.  Air levels can be high in the vicinity of manufacturing or production facilities 



(especially petroleum refining, leather finishing and some chemical manufacturers).  Based on air 



studies and on estimates of releases during manufacture, only populations in the vicinity of 



manufacturing activities (i.e., producers and industrial consumers of nitrobenzene for subsequent 



synthesis) and petroleum refining plants are likely to have any significant exposure to 



nitrobenzene.   



 



Table 3 provides a tabulation of all quantified non-ambient exposure routes for the general 



population to nitrobenzene.  The total non-surface water exposure dose accounts for 0.28 to 8.8 



percent of the nitrobenzene RfD of 0.002 mg/kg-day.  Therefore, surface water sources potentially 



can be allotted the remainder of the allowable exposure dose, resulting in a chemical-specific RSC of 



0.912 to 0.997.  However, information on several potential exposure routes is lacking.  These 



exposures are most likely negligible given the facts that nitrobenzene is typically contained within 



closed industrial processes and the extremely low (and infrequently detected) concentrations in air 



and water.  Thus, it is highly unlikely that food or soil is contaminated at levels that would 



significantly alter the RSC.  FDEP selected the lower (0.91) RSC estimate for use in development of 



human health criteria.  The lower (more conservative) value was selected because not all potential 



exposure routes could be quantified, although it is highly likely that these are negligible and the 



selected RSC is therefore highly conservative. The RSC value is largely based on the range of 



exposure estimates developed for inhalation of air, which were developed from data collected in 



highly industrialized areas. 



Table 3.  Estimated average daily nitrobenzene exposure received through non-ambient sources by 
the general population. 



Exposure Route 
(Non-Surface Water Sources) 



Estimated Exposure 
(mg/kg-day) 



Inhalation of Air 1.70E x10-4 - 4.79 x10-10 



 Soil ingestion Negligible 



Treated drinking water ingestion 2.86 x10-6 



Diet Negligible 



Diet:  Marine fish 2.8 x10-6 



Estimated total daily dose 1.75 x 10-4 - 5.66 x 10-6 
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Butylbenzyl Phthalate (BBP) 



Background 



Butylbenzyl phthalate (BBP) (CASRN 85-68-7) is a phthalate ester used as a plasticizer to add 



flexibility to plastics. BBP is more specifically used in PVC-based flooring products (foam flooring 



tiles), polyvinyl acetate emulsion adhesives, cellulose resins, sealants, foams, adhesives, inks, car 



care products, and cosmetics (HSDB, No. 2107).  It has been found in traffic cones, food conveyor 



belts, and artificial leather (NTP-CERHR, 2003). 



 



According to the U.S. Department of Health and Human Service’s National Toxicology Program 



(NTP-CERHR, 2003), the most likely route of exposure to the general population is from food that 



has come into contact with BBP during processing.  Although, Clark et al., (2011) notes accidental 



ingestion of dust and inhalation of air also contribute to total exposure.  The given information 



suggests that toddlers have the greatest exposure risk.  In terms of environmental fate, 



photooxidation is the most important process for the breakdown of BBP in the atmosphere and 



biodegradation under aerobic conditions represents the most important degradation pathway for 



surface waters, soils, and sediments (IPCS, 1999). 



 



Exposure Source Determinations 



Manufacturing and release 



According to the U.S. National Library of Medicine’s Toxic Release Inventory, there have not been 



any releases of BBP to the environment since 1993 (TRI2011, 2013A).  However, according to EPA’s 



Chemical Data Access Tool (USEPA, 2013F), there are 4 producers of BBP in the U.S., each 



manufacturing between 50,000,000 and 100,000,000 lbs. of BBP/year.  



 



Non-ambient Sources 



Diet (other than fresh or estuarine fish) 



Out of 100 foods tested, the International Program on Chemical Safety (IPCS) found BBP in four 



foods: yogurt, cheddar cheese, butter, and crackers (IPCS, 1999).  They estimate a total daily intake 



of 2 µg/kg with the threat to infants and children possibly being 3 times higher (NTP-CERHR, 



2003).  The UK’s Ministry of Agriculture, Fisheries, and Food (MAFF), measured BBP in formula 



from below detect to 0.24 µg/g.  However, infants in the U.S. are likely exposed to lower levels 



according to a 1996 study in the U.S. measuring BBP in formula (NTP-CERHR, 2003).  BBP is 



approved by the FDA as an indirect food additive in the manufacturing and processing of food 



provided that the butyl benzyl phthalate contains no more than 1 percent by weight of dibenzyl 



phthalate (USFDA, 2013).  A 2000-2001 study from the USEPA (2011B) looked at total exposure to 



BBP in preschool aged children from Ohio and North Carolina. They estimated daily intake to be 10 



µg/kg-day based on median estimates from individual sources (based on Ohio children; NC 



exposure was reported as lower).  Sources included in the study were indoor and outdoor air, soil, 



dust, drinking water, food, and dermal absorption. This estimate was used to conservatively 



represent exposure through food.   



 



Drinking Water and Soil 
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Estimated total exposure calculated by the IPCS considered exposures from drinking water and soil 



intake are negligible (NTP-CERHR, 2003). 



 



Air 



Due to butyl benzyl phthalate’s low vapor pressure, exposure from air is expected to be minimal 



(NTP-CERHR, 2003).  In a survey of 125 California homes, the median air levels of BBP ranged from 



0.034-0.035 ng/m3 (IPCS, 1999). At 65 of the California homes, samples of outdoor air were also 



collected. The median outdoor air concentration was below the detected limit of 0.051 ng/m3, while 



the 90th percentile values ranged from 5.3 to 6.7 ng/m3.  For the purposes of RSC calculation, the 



90th percentile exposure range (5.3 to 6.7 ng/m3) was utilized.  A conservative daily (90th 



percentile) exposure range from 1.21 x10-6 to 1.53x10-6 mg/kg-day was calculated based on a 



standard daily inhalation rate of 16 m3 and a standard body weight of 70 kg ( USEPA, 2011A; 



USEPA, 1997).   



 



Dermal contact 



Studies in rats have shown that absorption through dermal contact is possible but fairly slow at 



27% in 7 days (Elsisi, 1989).  Also, it has been demonstrated that the permeability of human skin to 



other ester phthalates (DBP and DEHP) is much lower than that of rat skin (Scott, 1987). 



 



Other Media 



BBP is reportedly not in children’s toys (NTP-CERHR, 2003).  One study measuring BBP in 17 toys 



showed that only one contained BBP at 0.02% by weight (Rastogi, 1998).  BBP is not approved by 



the FDA for use in medical devices (NTP-CERHR, 2003). 



 



Consumer and personal care products 



Several million tons of phthalates are used each year in the production of soft polyvinyl chloride 



and other plastics that are used in many consumer and personal care products (e.g., makeup, 



deodorant, perfume, nail polish).  Due to the fact that phthalates are not chemically-bound 



constituents of the products they are incorporated within, potential release to ambient air can 



occur.  Although BBP is not among the most commonly used phthalate plasticizers, it still may be 



used in many products that consumers may come in contact with.  Thus, exposure through 



consumer product contact could possibly be an additional significant exposure route. 



 



Measured concentrations from indoor air would take into consideration some of the exposure from 



consumer products encountered by the general population.  However, these indoor air estimates do 



not consider short-term and likely greater exposures associated with the direct use of consumer 



products.  Additionally, indoor air estimates do not account for dermal or oral exposures, 



particularly for at risk populations, such as children and women.  Children, especially very young 



children may be at a greater risk of exposure due their behavioral patterns.  They drink more fluids, 



have a larger skin surface in proportion to their body volume, they may consume more dairy 



products, they crawl on the floor/ground, put things in their mouths, and/or may eat inappropriate 



things (like dirt or paint chips) (ATSDR, 2001).  Women, in general, may use more personal care 



products, such as makeup, perfume, or nail polish, than do men.   
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Wormuth et al. (2006) conducted an extensive analysis of exposure to eight phthalate esters, 



including BBP, for European populations.  The analysis included exposures from inhalation of 



indoor air, outdoor air, and while using spray paints; dermal exposure from personal care products, 



gloves, and textiles; and oral exposure from food, dust, mouthing (young children) and ingestion of 



personal care products.  They estimated daily exposures for seven age and gender groups 



(consumer groups):  infants (0-12 months, 5.5 kg bw); toddlers (1-3 years, 13 kg bw); children (4-



10 years, 27 kg bw); male adolescents (11-18 years, 57.5 kg bw); male adolescents (11-18 years, 



57.5 kg bw); female adults (18-80 years, 60 kg bw); and, male adults (18-80 years, 70 kg bw).  FDEP 



used the mean exposures for each consumer group as an additional line of evidence in evaluating 



the RSC for BBP.  This additional line of evidence provided information on the protectiveness of the 



RSC calculated using the typical exposure routes (diet, inhalation, drinking water, and soil and dust 



ingestion), when additional potential exposure through consumer products is also considered.  



Ambient Exposure Sources 



Bioconcentration factors in bluegill sunfish (Lepomis macrochirus) were estimated by Carr et al., 



(1997) to be 9.4 for the whole fish and only 1.7 for the fillet.  These estimates were much lower 



than predicted based on previously published BCFs based on the whole fish (Carr et al., 1997). In 



addition, BBP was detected in 3% of 1,220 of U.S. waters with a median of <10.0 µg/L using 



STORET data (Staples et al., 1985). 



 



RSC Calculation 



Based on the information gathered by the IPCS (1999), they concluded that food is the only 



significant source of BBP.  They estimated total exposure to be approximately 2 µg/kg-day.  Clark et 



al., (2011) estimates exposure from food to make up 68-77% of the total exposure for adults, teens, 



children, and toddlers with the remaining exposure from ingestion of dust and inhalation of indoor 



air.  For infants, ingestion of dust accounts for 94% of total exposure with the remainder from food.  



Wormuth et al., (2006) found that in adults 60% of exposure was from food, while the remainder 



was from the inhalation of spray paint (and vice versa for teens).  Clark et al., (2011) agree that for 



children, food is the dominant exposure pathway.  The Clark et al. study (2011) summarizes total 



exposures from both intake and primary metabolite studies, shown below. 



 



Table 1.  Summary of total estimated exposure studies (intake and biomarker) from Clark et al. 



(2011). 



Study Study Type Geographical 



Area 



Exposure 



Routes  



Intake/Exposure 



(µg/kg-day) 



Clark et al., 



(2003) 



Intake Various Diet, air, dust 0.49-1.5 (medians 



across age 



groups) 
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Study Study Type Geographical 



Area 



Exposure 



Routes  



Intake/Exposure 



(µg/kg-day) 



Wormuth et al. 



(2006) + 



supplemental 



data 



Intake Europe Oral, inhalation, 



and dermal 



0.11-1.6 



(intermediate 



estimates across 



age groups) 



Wilson et al. 



(2003) 



Intake United States Composite diet, 



dust, soil, 



inhalation of 



indoor and 



outdoor air 



1.9 (mean; age 2-



5 years only) 



CDC 



(2005)(2001-



2002 NHANES 



data) 



Primary 



metabolite 



United States - 0.33-0.70 (geo 



means across age 



groups and 



genders) 



Marsee et al. 



(2003) (pregnant 



women) 



Primary 



metabolite 



United States - 0.50 (median) 



Brock et al. 



(2002) 



Primary 



metabolite 



United States - 1.5 (geo mean; 



age 11.8-16.5 



months) 



CDC 



(2003)(1999-



2000 NHANES 



data) 



Primary 



metabolite 



United States - 0.32-0.73 (geo 



means across age 



groups and 



genders) 



 



As described above, Wormuth et al., (2006) evaluated total BBP exposure in seven consumer 



groups.  Their analysis included additional exposure from consumer and personal care products.  



They concluded that infants were the most highly exposed group followed by toddlers (Table 2).  



Dust was reported as the main source of exposure to BBP in infants and toddlers (>70%) followed 



by food (20%) and air (5%).  Food was reported as the major source in children (73%) with indoor 



air accounting for 26% of exposure for this group.  Spray paints were reported as major exposure 



routes in teenagers (>70%) and adults.  Food accounted for 20 and 60 percent of exposures in 



teenagers and adults, respectively.  



Table 2.  Mean daily exposure to for butylbenzyl phthalate in seven consumer groups taken from 



Wormuth et al. (2006).   
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Consumer 
Group 



Mean Total Daily Exposure 
(mg/kg-day) 



Infant 0.00073 



Toddlers 0.00031 



Children 0.00004 



Female Teen 0.00015 



Male Teens 0.00019 



Female adults 0.00028 



Male Adults 0.00031 



 



Table 3 provides the estimated average daily exposure of the general public to butyl benzyl 



phthalate. Even though all exposure routes were analyzed, dietary exposure through food-based 



consumption is the dominant exposure route.  All other environmental media/sources of exposure 



had a minimal to negligible influence on the total calculated exposure.   



Table 3.  Estimated average daily butyl benzyl phthalate exposure received through non-ambient 
sources by the general population. 



Exposure Route 
(Non-Surface Water Sources) 



Estimated Exposure 
(mg/kg-day) 



Inhalation of air 1.05 x10-6 to 2.22x10-6 



Soil ingestion Negligible 



Treated drinking water ingestion Negligible 



Diet 0.010 



Estimated total daily dose 0.010 



 



The estimates of total exposure represents a very small fraction of the RfD (200 µg/kg-day) for 



butylbenzyl phthalate. Including diet, which is the most significant source, the highest exposure 



estimate (10 µg/kg-day; exposure to preschool children from USEPA, 2011B) makes up 5 percent of 



the RfD.  The 5% value is highly likely to be a conservative estimate based on several 



considerations.  First, extreme care must be taken with phthalate ester samples to avoid false high 



values.  Clark et al. (2011) notes that the analysis of phthalate esters is plagued by contamination 



issues and requires rigorous sample handling and quality control to exclude phthalate ester 



contamination from sources inside and outside the analytical laboratory.  Thus, care must be taken 



during analysis as not to overestimate exposure in the various sampled mediums due internal or 



external factors that have the potential to confound the outcomes of analysis.  Secondly, BBP has 



not been released to the environment in the United States since 1993, although large amounts are 



still manufactured.  Third, estimates from Wormuth et al., (2006) showed much lower levels of 



exposure in all consumer groups, including infants and toddlers, even when additional exposures 



from consumer and personal care products were considered (Table 2).   Furthermore, it is also 



expected to volatilize rapidly from water due to its Henry’s Law constant estimation of 1.3x10-6 
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atm- m3/mole, thus minimizing exposures through water.  The information supports a conservative 



RSC for butylbenzyl phthalate of 0.95. 



Dimethyl phthalate (DMP) 



Background 



Dimethyl phthalate (DMP) ( CASRN 131-11-3) is a phthalate ester used in manufacturing solid 



rocket propellant and consumer products such as insect repellants, lacquers, safety glasses, rubber 



coating agents, molding powders, pesticides, and plastics (Lewis, 2007).  Acute exposure via 



inhalation in humans, results in irritation of the eyes, nose, and throat (HSDB, No. 1641; New Jersey 



DOH, 1986).  DMP can be breathed in and may be absorbed through the skin.  Data suggests that the 



general population may be exposed to dimethyl phthalate through inhalation of ambient air, 



ingestion of drinking water, and dermal contact with products containing DMP (HSDB, No. 1641).  



Its former use as an insect repellent resulted in its direct release to the environment (Lewis, 2007). 



DMP occurs in nature as a metabolite of Gibberella fujikuroi (O’Neil, 2006), which is a fungus that 



causes ‘cotton boll rot’ and is found in Florida.   



DMP is a colorless oily liquid with a slightly sweet odor (New Jersey DOH, 1986).  Its vapor pressure 



is 3.09 x 10-3 mm Hg at 25°C (Daubert, 1989), which indicates it can be found in both vapor and 



particulate phases in the atmosphere (Bidleman, 1988). Vapor phase DMP is degraded in the air by 



reaction with photochemically-produced hydroxyl radicals.  It’s half-life in the air is expected to be 



28 days (HSDB, No. 1641).  While the particulate phase of DMP is removed by wet or dry 



deposition, it is also subject to direct photolysis by sunlight since it contains chromophores that 



absorb at wavelengths greater than 290 nm (HSDB, No. 1641).  



In soil, DMP is expected to have high to moderate mobility based on its log Koc of 55-360 (Osipoff, 



1981).  It has a Henry’s Law Constant of 2.0 x 10-7 atm-m3/mole, which makes volatilization from 



moist soil surfaces unexpected (HSDB, No. 1641).  Biodegradation half-lives in contaminated soil 



ranging from 15 to 123 days (Kincannon and Lin, 1985) suggest that biodegradation is dependent 



on prior exposure and subsequent acclimation (HSDB, No. 1641).  



If released into water, dimethyl phthatlate is expected to adsorb to suspended solids and sediment 



based upon its mean Koc value of greater than 5.2 (Ritsema, 1989).  A 50 percent biodegradation in 



1 to 5 days with complete disappearance obtained in 2 to 13 days in sediment-water estuarine and 



freshwater sites suggest that biodegradation may be an important environmental fate process in 



water (Walker, 1984; HSDB, No. 1641).  Volatilization from water surfaces is not expected to be an 



important fate process (Lyman, 1990) based upon this compound’s estimated Henry’s Law constant 



(HSDB, No. 1641).  



Bioconcentration factors of 5.4 and 4.7 for sheepshead minnows (Wofford, 1981) and 57 in bluegill 



sunfish (Barrows, 1980) suggest bioconcentration in aquatic organisms is low to moderate (HSDB, 



No. 1641).  Bioaccumlation in Peneaus aztecus (brown shrimp) were 3.1 and 6.3 (Giam, 1984).  



Aerobic degradation studies indicated primary degradation for the lower molecular weight 



phthalate esters (which include DMP) occurred rapidly, typically exceeding 90% degradation 



within a week (Staples et al., 1997).  Microorganisms isolated from soil are capable of utilizing 



dimethyl phthalate (Williams, 1983).  Microorganisms from natural waters are also able to use DMP 
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(Taylor, 1981).  Ritsema (1989) showed that DMP was completely degraded in 2 to 13 days in 



sediment-water systems obtained from 6 different estuarine and freshwater sites bordering the 



Gulf of Mexico.  



Exposure Source Determinations 



Manufacturing and release 



There were no releases of DMP in 2011 to surface waters (TRI2011, 2013A).  482 pounds were 



released to the air in Florida in 2011. There is also a very large release to the atmosphere by Ruskin 



Co., in Geneva, Alabama, which is just over the Florida-Alabama state line (TRI2011, 2013A). They 



released 13,685 pounds in 2011, the largest amount by any facility nationwide.  



At a national level, total reported on-site disposal or other releases15 of dimethyl phthalate in 2011 



accounted for 99,248.17 pounds with the majority of release/disposal occurring through point 



source air emissions and fugitive air emissions (TRI2011, 2013A).  Total reported off-site disposal 



or other releases16 in 2011 accounted for 6674.16 pounds of dimethyl phthalate with the majority 



of disposal/release occurring through “ other landfills” and “other off-site management” (TRI2011, 



2013A).  The total reported on- and off-site disposal or other releases for dimethyl phthalate in 



2011 was 105,922.34 pounds (TRI2011, 2013A). Total reported on-site disposal or other releases 



in 2012 accounted for 88,558.74 pounds of dimethyl phthalate with the majority of 



disposal/release occurring through point source air emissions and fugitive air emissions (TRI2012, 



2013B).  Total reported off-site disposal or other releases in 2012 accounted for 4,021.57 pounds 



dimethyl phthalate with the majority of disposal/release occurring through landfill-based disposal 



(TRI2012, 2013B).  The total reported on- and off-site disposal or other releases for dimethyl 



phthalate in 2012 was 92,580.31 pounds (TRI2012, 2013B).  Information/data retrieved from the 



USEPA’s TRI explorer tool does not represent an exhaustive list of disposals/releases of chemicals 



due to the fact that only certain types of facilities are required to report this type of information. 



 



Non-ambient Exposure Sources 



Treated drinking water 



                                                           
 



15  Total  reported on-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C  landfills, other on-site landfills ( those not authorized under Subtitle C of RCRA to accept 
hazardous wastes), fugitive air emissions, point source air emissions, surface water discharges, underground injection 
Class II-V wells, land treatment, RCRA Subtitle C surface impoundments, other surface impoundments ( those not 
authorized under RCRA to accept hazardous waste for disposal), and other land disposal ( disposal to land that does not 
fall into one of the other on-site land release categories found in section 5.5.1 through 5.5.3 on the TRI From R). 
16  Total reported off-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C landfills, other landfills (those not authorized under Subtitle C of RCRA to accept hazardous 
wastes), storage only, solidification/stabilization (metals only), wastewater treatment (metals only), POTWs (metal and 
metal compounds), underground injection Class II- V wells, RCRA Subtitle C surface impoundments, other surface 
impoundments (those not authorized under RCRA to accept hazardous waste for disposal), land treatment, other land 
disposal ( disposal to land that does not fall into one of the other on-site land release categories found in section 5.5.1 
through 5.5.3 on the TRI From R), other off-site management ( chemicals in waste managed by techniques not specifically 
listed in section 6.2 of TRI Form R), waste broker, and unknown. 
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DMP was detected in drinking water at 3 New Orleans plants ranging from 0.13 to 0.27 µg/L (Keith 



et al., 1976).  DMP has been detected in other sources in Philadelphia (Suffet, 1976), England 



(Fielding et al., 1981A), Japan (Akiyama, 1980), and Cincinnati, OH (Lucas, 1984).  Note that many 



of the concentrations mentioned above, were determined over 20 years ago.  Clark et al., (2011) 



provided an estimated mean concentration of 0.027 µg/L for drinking water.  For the purposes of 



RSC calculation, the Clark et al. (2011) estimate of 0.027 µg/L was used to calculate exposure via 



drinking water for the general population.  A standard drinking water intake rate of 2.0 L/day and a 



standard body weight of 70 kg were also used in the calculation (NRC, 1977; USEPA, 1997).  The 



resultant estimated average daily dose of DMP received through ingestion of drinking water was 



7.71 x 10−7 mg/kg-day.   



 



Groundwater 



 Little information could be located regarding dimethyl phthalate concentrations in groundwater.  



However, a DMP concentration was reported as detected in groundwater in Massachusetts at 0.10 



µg/L (Bedient, 1983). 



 



Air 



DMP was not detected in 70 samples collected outside of office buildings in US cities in Kansas, 



Texas, New Jersey, Wisconsin, or Montana (Shields, 1996).  In indoor air, DMP was detected in 



Wisconsin (0.43 to 0.60 µg/m3) and New Jersey (1.54 to 1.74 µg/m3) in 1987 (Shields, 1987).  In 



1988, it was detected in an office building also in Wisconsin, at concentrations ranging from 0.7 to 



1.2 µg/m3.  Clark et al. (2011) reported a mean DMP indoor air concentration of 0.923 µg/m3 and a 



mean DMP outdoor air concentration of 0.0033 µg/m3.  For the purposes of RSC calculation, the 



mean DMP values of 0.923 µg/m3 for indoor air and 0.0033 µg/m3 for outdoor air were utilized 



because they represent the most recent mean concentrations of DMP the general population would 



be exposed to through inhalation.  An indoor inhalation rate of 12.878 m3/day, an outdoor 



inhalation rate of 3.122 m3/day, and a standard body weight of 70 kg were also utilized (USEPA, 



2011A; USEPA, 1997).  The resultant estimated average daily dose of DMP received through 



inhalation of indoor air was 1.70 x 10−4 mg/kg-day and the resultant estimated average daily dose 



of DMP received through inhalation of outdoor air was 1.47 x 10−7 mg/kg-day.  



 



Soil and dust 



Due to the ubiquitous nature of phthalates in consumer products, these chemicals can become 



incorporated into soils and household dusts.  Various DMP soil concentrations were located within 



literature.  DMP was detected in 6 out of 10 soils in Canada.  Results were not quantified, but the 



detection limit was 0.03 mg/kg dry weight (Webber, 1995).  Clark et al. (2011) reported a mean 



ingested soil concentration of 0.0002 µg/g, Mcfall (1985) reported DMP soil concentrations of 



0.002 and 0.0002 (µg/g) and Lopes and Furlong (2001) reported a DMP soil concentration of 0.12 



(µg/g).  For the purposes of RSC calculation, an average incorporating each of these concentrations 



was taken.  Thus, a DMP soil concentration of 0.0306 µg/g was tabulated for RSC purposes.  A soil 



ingestion rate of 20 mg/day and a standard body weight of 70 kg were also utilized (USEPA, 2011A; 



USEPA, 1997).  The resultant estimated average daily dose of DMP received through soil ingestion 



was 8.74 x 10−9 mg/kg-day. Clark et al. (2011) reported a mean DMP ingested dust concentration 
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of 2.0 µg/g.  For the purposes of RSC calculation, this concentration was utilized to represent DMP 



dust exposure. A dust ingestion rate of 30 mg/day and a standard body weight of 70 kg were also 



utilized (USEPA, 2011A; USEPA, 1997).  The resultant estimated average daily dose of DMP 



received through dust ingestion was 8.57 x 10−7 mg/kg-day.  



 



Diet (other than fresh or estuarine fish) 



Dimethyl phthalate concentrations were measured for but not detected in 57 vodka and spirit 



bottles (Leibowitz, 1995).  DMP was also measured for but not detected in corn grain, carrot, and 



cabbage samples collected at a coal refuse reclamation site in Illinois (Webber, 1994).  In a study 



which tested coffee filters, it was detected in 1 of 10 filters at a concentration of 2.0 µg/g (Fricker, 



1990).  Clark et al. (2011) analyzed but did not detect DMP in a variety of foods, including water, 



cereals, dairy, eggs, fats and oils, fruit, grains, meats, nuts and beans, poultry, processed meats, 



vegetable products, and others.  DMP was detected in fish and milk at 0.0012 µg/g and 0.7 µg/L, 



respectively.   The concentration estimates associated with fish and milk originating from the Clark 



et al., (2011) study were used as a line of evidence to calculate DMP exposure associated with 



dietary intake of these items.  



Personal care and consumer products 



Several million tons of phthalates are used each year in the production of soft polyvinyl chloride 



and other plastics that are used in many consumer and personal care products (e.g., makeup, 



deodorant, perfume, nail polish).  Phthalates are not chemically bound to the products they are 



constituents of and are released continuously into the air.  Although DMP is not among the most 



commonly used phthalate plasticizers, it still may be used in many products thus creating a 



pathway for potential exposure especially for women who often utilize personal care products 



more so than men and children who possess a lower threshold of exposure.  



Wormuth et al. (2006) conducted an extensive analysis of exposure to eight phthalate esters, 



including DBP, for European populations.  The analysis included exposures from inhalation of 



indoor air, outdoor air, and while using spray paints; dermal exposure from personal care products, 



gloves, and textiles; and, oral exposure from food, dust, mouthing (young children) and ingestion of 



personal care products.  They estimated daily exposures for seven age and gender groups 



(consumer groups):  infants (0-12 months, 5.5 kg bw); toddlers (1-3 years, 13 kg bw); children (4-



10 years, 27 kg bw); male adolescents (11-18 years, 57.5 kg bw); male adolescents (11-18 years, 



57.5 kg bw); female adults (18-80 years, 60 kg bw); and, male adults (18-80 years, 70 kg bw).  Mean 



daily dimethyl phthalate exposures for these groups reported by Wormuth et al. (2006) are 



reported below in Table 1.  FDEP used the mean exposures for each consumer group as an 



additional line of evidence in evaluating the RSC for DMP.  This additional line of evidence provided 



information on the protectiveness of the RSC calculated using the typical exposure routes (diet, 



inhalation, drinking water, and soil and dust ingestion), when additional potential exposure 



through consumer products is also considered.  



Table 1.   Total Mean Daily Exposure to Dimethyl Phthalate in Seven Consumer Groups taken from 



Wormuth et al. (2006). 
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Consumer Group Mean Total Daily Exposure 
(µg/kg-day) 



Infant 1.99∙10-3 



Toddlers 7.40∙10-4 



Children 5.10∙10-4 



Female Teen 2.20∙10-4 



Male Teens 2.50∙10-4 



Female adults 2.30∙10-4 



Male Adults 2.30∙10-4 



 



Ambient Exposure Sources 



DMP was detected in the Mississippi River at 0.002 and 0.005 µg/L (DeLeon, 1986). Using data in 



STORET, DMP was detected in 6% of samples at concentrations below 10 µg/L (Staples et al., 



1985).  Sediment samples from Lake Ponchartrain, LA contained 0.2 and 2.0 ng/g dry weight 



dimethyl phthalate (McFall, 1985).  DMP was detected in 0.6% of 521 sites sampled in 20 major 



river basins across the United States from 1992-1995 with a maximum concentration of 120 µg/kg 



dry weight (Lopes and Furlong, 2001).  DMP has been detected in oysters and clams from Lake 



Pontchartrain, LA at concentrations of 8.4 ng/g and 44 ng/g wet weight (McFall, 1985).  DMP 



concentrations ranging from 0.58- 2.28 ng/g lipid were measured in a variety of marine organisms 



(invertebrates and fish) in 1999 from British Columbia (MacKintosh, 2004).  



 



RSC Calculation 



Considering the RfD for dimethyl phthalate is 10 mg/kg-day (USEPA, 1980D), the total documented 



exposure is extremely small and may be characterized as negligible. The most comprehensive and 



recent assessment of general population exposure to DMP was provided by Clark et al., (2011).  



Their estimates were used to calculate a total non-ambient exposure.  Table 2 summarizes the 



concentrations, daily intake, and total exposure. The total non-surface water exposure dose 



accounts for less than 0.002% percent of the DMP RfD of 10 mg/kg-day.  The total exposures 



calculated by FDEP are slightly higher, for the general population, than those reported by Wormuth 



et al. (2006) when consumer and personal care products are additionally considered.  Infants are 



potentially exposed at a greater rate (approximately 10 times); however, almost 100% of this 



exposure was caused by indoor air rather than exposures regulated under the Clean Water Act (i.e., 



drinking water and fish consumption).  Furthermore, total exposures for all consumer groups 



reported by Wormuth et al. (2006) account for the less than 0.02% of the RfD.  FDEP concluded that 



although a total non-ambient dose could be quantified it is negligible or trivial in comparison to the 



RfD; therefore, FDEP recommends an RSC of 1.0 for DMP.   



 



Table 2.  Tabulation of non-surface water exposures to dimethyl phthalate for the general 



population.  All exposures, with the exception of marine fish, were calculated based on a body 



weight of 70 kg.  A body weight was not used for marine fish because the intake is provided on per 



kilogram basis. 
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Source Mean 



concentration 



Intake rate Estimated 



Exposure 



(mg/kg-day) 



Indoor air1 0.923 µg/m3 12.878 m3/day 1.70 x10−4 



Outdoor air2 0.0033 µg/m3 3.122 m3/day 1.47 x10−7 



Drinking water3 0.027 µg/L 2 L/day 7.71 x 10−7 



Soil4 0.0306 µg/g 20  mg/day 8.74 x10-9 



Dust5 2.0 µg/g 30  mg/day 8.57x10-7 



Fish6 0.012 µg/g 0.22 g/kg-day 2.64 x10-6 



Milk7 0.7 µg/L 0.226 L/day 2.26 x10-6 



Total   1.76 x 10−4 



1.  The concentration used for indoor air was taken from the mean given in Clark et al. (2011).  



2.  Little information on outdoor air concentrations could be found so the concentration from Clark et al. (2011) was used.  



3.  The drinking water concentration given in Clark et al. (2011) of 0.027 µg/L was lower than the estimates given on the HSDB of 0.13-



0.27ug/L (1976).  However, the estimate from Clark et al. (2011) was chosen to be utilized due to the fact that it is more recent.   



4.  Concentrations found in soil varied, the mean of four measured concentrations (from Clark et al., 2011; McFall 1985; and, Lopes and 



Furlong, 2001) was used for calculations.  



5.  Clark et al. (2011). 



 6.  Concentrations found in fish varied greatly. The mean of five concentrations (from McFall 1985, MacKintosh 2004, and the mean 



given in Clark et al. (2011) was used in calculations.  Fish were included in this dietary exposure estimate due to the fact that they were 



assumed not to have come from Florida waters. 



7.  Milk intake (232.5 g/day) came from Table 11-12 of EPA’s 2011 Exposure Factors Handbook adjusted to liters per day based on the 



density of homogenized milk at 20°C (1.029 kg/L). Milk concentration came from Clark et al. (2011).  



 



Clark et al., (2011) noted that for the low molecular weight phthalates (like DMP), biomarker 



studies provide a better estimate of intake than do intake studies.  Several different biomarker 



studies specific to data collected in the United States are summarized.  They provide estimated 



geometric mean intakes ranging from 0.021 to 0.034 μg/kg-day, based on a study from the CDC 



(2005), using data from the NHANES database (2001-2002).  These biomarker studies provide 



additional evidence that general population exposure to DMP is extremely low (i.e., negligible) 



relative to the RfD of 10,000 µg/kg-day.  Other intake-based exposure estimates for the U.S. 



summarized in Clark et al., (2011) range from 0.05 to 1.6 µg/kg-day as median values, which 



further demonstrate that exposure is negligible compared to the 10,000 µg/kg-day RfD.  Based on 



the available information, it seems that the exposure to dimethyl phthalate for the general 



population is very low.  



Selenium 



Background 



Selenium (CASRN 7782-49-2) is classified as a naturally occurring, solid metalloid substance within 



the earth’s crust, rocks, and soil (IPCS, 1987).  Distribution of selenium varies regionally and it is 



found more commonly at higher concentrations in drier regions of the western and mid-western 



United States (ATSDR, 2003).  In the environment, pure elemental selenium is rare, while selenium 



compounds incorporating substances such as oxygen and sulfides predominate.  According to the 



ATSDR (2003), selenium is produced commercially, primarily as a byproduct of copper refining. 
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Selenium is also found in a wide range of consumer products such as plastics, paints, dietary 



supplements and anti-dandruff shampoos and is important to a wide variety of industries including 



electronic, pharmaceutical, and agricultural sectors (Barceloux, 1999). 



 



Selenium is an essential micronutrient supporting human life and primary exposure occurs orally 



through food-based consumption followed by water intake and air exposure (Barceloux, 1999).  



Environmental processes such as weathering and erosion play a role in the distribution of selenium 



in the environment. These processes lead to the dispersion of airborne particulate matter/ aerosols 



and deposition of selenium into waterways which has the capacity to promote subsequent 



vegetative uptake and/or bioaccumulation in aquatic species.  Sodium selenate is the most water 



soluble selenium species (ATSDR, 2003).  Anthropogenic release triggered by activities such as the 



burning of coal discharges selenium compounds to the atmosphere. According to the OEHHA 



(2010), selenium has the capacity to exist in three distinct states within the atmosphere: the vapor 



phase, as a gas, or as a component of precipitation. The mobility and ultimate fate and transport of 



selenium and selenium compounds within soils is reliant on soil acidity and oxygen interactions 



(ATSDR, 2003).  Dose and responses to selenium exposures are also influenced by factors such as 



profession/occupational setting, dietary consumption patterns, and place of residence.  



  



Exposure Source Determinations 



Manufacturing and release 



Release of selenium to the environment is generated through anthropogenic and natural sources. 



Many sectors utilize selenium and/or selenium-based compounds as a component of their 



manufacturing processes including applications such as manufacturing of ceramics, steel, 



vulcanization of rubber, and the production of pigments (Barceloux, 1999). According to the 



USEPA’s Chemical Data Access Tool (CDAT) 4 producers in the United States have a national 



production volume of selenium ranging from 500,000 to 1,000,000 lbs selenium/year and each 



have past production volumes of over 100,000 lbs selenium/year ( USEPA, 2013F).  



 



According to the United States Environmental Protection Agency’s Toxic Release Inventory (TRI) 



Explorer, total reported on-site disposal or other releases17 of selenium in 2011 accounted for 



                                                           
 



17  Total  reported on-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C  landfills, other on-site landfills ( those not authorized under Subtitle C of RCRA to accept 
hazardous wastes), fugitive air emissions, point source air emissions, surface water discharges, underground injection 
Class II-V wells, land treatment, RCRA Subtitle C surface impoundments, other surface impoundments ( those not 
authorized under RCRA to accept hazardous waste for disposal), and other land disposal ( disposal to land that does not 
fall into one of the other on-site land release categories found in section 5.5.1 through 5.5.3 on the TRI From R). 
18  Total reported off-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C landfills, other landfills (those not authorized under Subtitle C of RCRA to accept hazardous 
wastes), storage only, solidification/stabilization (metals only), wastewater treatment (metals only), POTWs (metal and 
metal compounds), underground injection Class II- V wells, RCRA Subtitle C surface impoundments, other surface 
impoundments (those not authorized under RCRA to accept hazardous waste for disposal), land treatment, other land 
disposal ( disposal to land that does not fall into one of the other on-site land release categories found in section 5.5.1 
through 5.5.3 on the TRI From R), other off-site management ( chemicals in waste managed by techniques not specifically 
listed in section 6.2 of TRI Form R), waste broker, and unknown. 
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309,679.87 pounds with the majority of release/disposal occurring through RCRA Subtitle C 



landfills, point source air emissions, and fugitive air emissions (TRI2011, 2013A).  Total reported 



off-site disposal or other releases18 in 2011 accounted for 82,647.44 pounds of selenium with the 



majority of disposal/release occurring through “other landfills” and “other land disposal” (TRI2011, 



2013A).  The total reported on- and off-site disposal or other releases for selenium in 2011 was 



392,327.31 pounds (TRI2011, 2013A).  Total reported on-site disposal or other releases in 2012 



accounted for 232,595.80 pounds of selenium with the majority of disposal/release occurring 



through RCRA Subtitle C landfills and point source air emissions (TRI2012, 2013B).  Total reported 



off-site disposal or other releases in 2012 accounted for 49,984.96 pounds selenium with the 



majority of disposal/release occurring through “other land disposal” and solidification/stabilization 



(TRI2012, 2013B).  The total reported on- and off-site disposal or other releases for selenium in 



2012 was 282,580.76 pounds (TRI2012, 2013B).  Information/data retrieved from the USEPA’s TRI 



explorer tool does not represent an exhaustive list of disposals/releases of chemicals due to the fact 



that only certain types of facilities are required to report this type of information. 



 



Non-ambient Exposure Sources 



Treated drinking water 



Selenium concentrations in treated/municipal drinking water tend to be very low.  The U.S. EPA has 



established a Maximum Contaminant Level (MCL) for selenium in drinking water of 0.05 mg/L (US 



EPA, 2012B).  According to the ATSDR (2003) in 99.5% of drinking water sources tested, selenium 



levels were less than 10 µg/L.  According to the United States Environmental Protection Agency, 



selenium concentrations in trace amounts ranging from non-detect to 0.01 mg/L are routinely 



found in drinking water (USEPA, N.D.).  For the purposes of RSC calculation a value of 0.01 mg/L of 



selenium in treated drinking water was used.  A standard drinking water intake of 2.0 L/day and a 



standard body weight of 70 kg were also utilized in this calculation (NRC, 1977; USEPA, 1997). The 



resultant estimated average daily dose of selenium received through ingestion of treated drinking 



water was 2.86 x10−4 mg/kg-day.  



 



Groundwater 



 In select cases, groundwater wells in seleniferous areas of the United States seem to possess higher 



levels of selenium.  Seleniferous soils and areas that are susceptible to selenium contamination in 



water bodies due to mobilization from soils are concentrated in the Western United States. 



Underlying geology that influences the composition of parent materials generated from bed rock 



and evaporative indexes influence susceptibility to selenium contamination (USGS, 1997).  The 



Eastern United States have evaporative indexes of less than 2.0 making selenium contamination 



through this pathway negligible (USGS, 1997).  However, in combination with their underlying 



geology, the Western United States have evaporative indexes greater than 2.5, thus putting states 
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such as Texas, North Dakota, Oklahoma, Kansas, South Dakota, New Mexico, Colorado, Wyoming, 



Montana, Utah, California, and Arizona at much higher risk of  selenium contamination in water 



bodies generated from soil mobilization ( USGS, 1997).  Agricultural drainage has been shown to 



increase selenium levels in groundwater in low lying areas (Su et al., 2007).  Moreover, processes 



involved in natural gas extraction have been shown to increase selenium levels in private wells in 



the north Texas area (Fontenot et al., 2013).  Thus, geochemical processes and anthropogenic 



activities possess the potential to influence and increase selenium concentrations in drinking water 



above trace amounts that are not expected to generate adverse effects coinciding with exposure, 



especially when pumped from well-based systems.  



 



Air 



 Multiple sources provided a range of recordings of atmospheric selenium concentrations. 



According to the ATSDR (2003) exposure to ambient air through the inhalation pathway is minimal 



due to the fact that ambient air concentrations  are generally less than 10 ng/m3.  As documented 



by the World Health Organization (2011), Zoller and Reamer (1976) conducted a study which 



found that urban air concentrations of selenium ranged from 0.1 to 10 ng/m3.  Dose received 



through the inhalation exposure route seems to be dependent upon location with respect to 



proximity to industrial sites such as copper smelters and regions of the world.  According to U.S. 



EPA’s 2005 National Air Toxics Assessment data, the total ambient selenium concentration for the 



state of Florida was 9.69 x 10−5µg/ m3 (USEPA, 2005A).  In Birmingham, Alabama from 2005 to 



2006, a large-scale air toxics study was conducted for chemicals of concern.  For each of the four 



study sites which were noted for their industrial proximity or proximity to high traffic areas, 



selenium did not exceed the chronic non-cancer hazard threshold (Jefferson County Health 



Department, 2009).  However, studies in overseas countries such as China and Turkey have shown 



selenium concentrations in ambient air far exceeding concentrations measured in the United States 



(ATSDR, 2003; OEHHA, 2010).  The majority of selenium found in ambient air is removed by wet 



and dry deposition (ATSDR, 2003).  For the purposes of RSC calculation, a value of 10 ng/m3 was 



utilized due to the conservativeness of this estimate. A standard inhalation rate of 16 m3/day and a 



standard body weight of 70 kg were also utilized in this calculation (USEPA, 2011A; USEPA, 1997). 



The resultant estimated average daily dose of selenium received through inhalation was 2.29 x10−6 



mg/kg-day.  



 



 Oceanic/ marine levels  



Selenium concentrations in sea water range from 0.052-0.50 µg/L (USEPA, 2013B) with an average 



of 9.0 x 10−5mg/L (0.09 μg selenium/L) (ATSDR, 2003).  Higher concentrations are suspected to 



occur in marine biota due to the accumulative nature of selenium.  According to the United States 



Environmental Protection Agency (N.D.), samples of marine fish meal have been documented to 



contain selenium concentrations of approximately 2 ppm. 



 



Soil 



Adsorption and retention of selenium in soils is dependent on pH, redox conditions within soils and 



composition of the soil (McLean and Bledsoe, 1992).   Selenium becomes more mobile as soil 



alkalinity increases which positively influences the risk of human exposure (Breckenridge and 
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Crockett, 1995).  According to Su et al. (2007), the majority of soils in the United States contain a 



selenium concentration ranging from 0.1-2.0 mg/kg; however, certain soils generated from Upper 



Cretaceous marine sedimentary rocks (shale) show regionally elevated selenium concentrations in 



about 80,000 km2of land in the 17 western states of the United States.  Additionally, by-products 



and waste discharges from uranium mills, surface coal mining, and waste rock from phosphate 



mining have been found to increase soil selenium and subsequently groundwater selenium 



concentrations (Su et al., 2007).  According to the ATSDR (2003), a study of over 400 Florida-based 



surface soil samples revealed selenium concentrations ranged from 0.01–4.62 μg/g and possessed 



an arithmetic mean selenium concentration of 0.25 μg/g.  For the purposes of RSC calculation, the 



Florida-specific arithmetic mean selenium concentration of 0.25 μg/g was utilized. A standard soil 



ingestion rate of 50 mg/day and a standard body weight of 70 kg were also utilized in this 



calculation (USEPA, 2011A; USEPA, 1997). The resultant estimated average daily dose of selenium 



received through soil ingestion was 1.79 x10−4 mg/kg-day.  



 



Diet (other than fresh or estuarine fish) 



Dietary consumption of selenium through food sources is considered to be the primary route of 



exposure with estimated daily intake ranging from 0.071 to 0.152 milligrams (USEPA, 2013G).  



Many studies have attempted to quantify the selenium content of individual food types.  Selenium 



content is dependent on the type of foodstuff and the place of production of that food source. 



Selenium is present in many different types of foodstuffs with the highest concentrations in foods 



with higher protein levels (Finley, 2006).  The World Health Organization (2011) suggests the most 



important dietary sources of selenium are meats and seafood (0.3-0.5 mg/kg) and cereals (0.1-10 



mg/kg).  The recommended daily allowance for selenium is 55 µg/day for adult males and females ( 



Finley, 2006), 60 or 70 µg/day for pregnant/ lactating women respectively, 15 µg/day for young 



infants, and 30 µg/day for children between the ages of 4 and 8 years old (WHO, 2011).  According 



to the ATSDR (2003) the Tolerable Upper Intake Level (UL) is 0.4 mg/day for adult-based selenium 



consumption.   According to Bialostosky, et al. (2002), NHANES III dietary intake data spanning the 



years from 1988 to 1994 revealed that the mean selenium intake for the total population sampled 



was 114 µg/day.  The U.S. EPA’s Integrated Risk Information System (IRIS) reported the oral 



reference dose (RfD) for selenium as 0.005 mg/kg-day with a NOAEL of 0.015 mg/kg-day and 



LOAEL of 0.023 mg/kg-day (USEPA, 2013C).  For the purposes of RSC calculation, a value of 114 



µg/day was utilized to represent dietary dose due to the conservativeness of the estimate.  A 



standard body weight of 70 kg a day was also utilized in this calculation (USEPA, 1997). The 



resultant estimated average daily dose of selenium received through dietary intake was 1.63 x10−3 



mg/kg-day.  



 



Exposures for potentially highly exposed individuals 



 A number of factors make certain individuals more sensitive to selenium exposure and/or 



susceptible to receiving higher levels of exposure to selenium than the general public. Individuals 



living in close proximity to hazardous waste sites or in the western United States which more 



commonly possess seleniferous soils have the potential to receive higher selenium exposures. 



Individuals in certain occupations such as coal mining possess the potential to be exposed to 



greater selenium levels.  Diets consisting primarily of locally grown or self-caught foodstuffs in 
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areas of high selenium concentrations have the potential to receive higher exposure.  Children, 



which have a recommended daily allowance of 30 µg/day, possess a lower threshold for selenium 



exposure and may be more sensitive to selenium doses that distinguish between deficiency and 



toxicity.  



 



Ambient Exposure Sources 



Aquatic biota have the potential to bioaccumulate selenium within their own tissues and 



biomagnify selenium concentrations through hierarchical trophic chains (ATSDR, 2003).  According 



to Presser (2010), selenium toxicity arises when dissolved Se is transformed to organic Se after 



uptake by bacteria, algae, fungi, and plants and then passed through food webs.  Selenium levels in 



the majority of United States surface water bodies are relatively low.  As documented by the ATSDR 



(2003), Lakin and Davidson 1967 conducted a study of selenium concentrations in major 



watersheds of the United States and detected selenium in only 2 of 535 samples (<0.5%) at a 



concentration greater than the lowest detection limit of 0.010 mg/L.  However, geochemical 



processes involving the interaction between seleniferous rocks such as shale and ambient waters 



and agricultural and industrial discharges have the potential to greatly increase selenium 



concentrations, which adversely affect wildlife populations as seen at Kesterson national wildlife 



refuge (ATSDR, 2003). 



RSC calculation 



The estimated doses received through daily exposure to selenium were then utilized to estimate the 



total average daily dose received by the general population. The results are summarized in Table 1 



below. 



 



Table 1. .  Estimated average daily selenium exposure received through non-ambient sources by 
the general population. 



Exposure Route Estimated Exposure 



(mg/kg-day) 



Inhalation of Air 2.28571x10−6 



Soil ingestion 1.78571x10−4 



Treated drinking water ingestion 2.85714x 10−4 



Diet  1.62857x10−3 



Estimated total daily dose 2.09514x𝟏𝟎−𝟑 



 



The reference dose for selenium is 0.005 mg/kg-day (USEPA, 2013C).  The estimated total non-



ambient exposure of 2.095 x10−3 mg/kg-day represents 41.9% of the RfD. The remaining 58.1% is 



available for allocation to surface water exposures through routes such as estuarine fish 



consumption.  Thus, a chemical specific RSC of 0.58 is suggested to be protective of human health. 
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Ethylbenzene 



Background 



Ethylbenzene is an aromatic hydrocarbon naturally present in crude petroleum.  It is also a 



combustion byproduct of biomass.  It is widely distributed in the environment because of human 



activities such as the use of fuels and solvents (which account for the bulk of emissions) and 



through chemical manufacturing and production activities.  It is primarily used for the production 



of styrene, which is the monomeric unit for polystyrene materials.  Ethylbenzene is also used as a 



solvent and in the manufacture of several organic compounds other than styrene; however, these 



uses are very minor in comparison to the amounts used for styrene production.  Consumer 



products containing ethylbenzene include gasoline, paints, inks, pesticides, carpet glues, varnishes, 



paints, tobacco products, and other automotive products.  The production volume of ethylbenzene 



is typically among the highest of all chemicals manufactured in the United States.  In 2005, nearly 



12 billion pounds of ethylbenzene were produced domestically, with historical levels ranging 



anywhere from approximately 7 to 13 billion pounds annually (ATSDR, 2010).  Routine human 



activities, such as driving automobiles, boats, or aircraft, and using gasoline-powered tools and 



equipment as well as paints, varnishes, and solvents release ethylbenzene to the environment.  



 



 Environmental and background levels of ethylbenzene are generally small and therefore, have 



minimal impact on public health.  Trace levels of ethylbenzene are found in internal combustion 



engine exhaust, food, soil, water, and tobacco smoke, but usually at levels well below those that 



have been shown to exhibit toxic effects in laboratory animals or human exposure studies (ATSDR, 



2010).  Ethylbenzene is not considered highly persistent in the environment.  It partitions primarily 



to air and removal via photochemically generated hydroxyl radicals is an important degradation 



mechanism.  The half-life for this reaction in the atmosphere is approximately 1–2 days. 



Biodegradation under aerobic conditions and indirect photolysis are important degradation 



mechanisms for ethylbenzene in soil and water.  Based on a vapor pressure of 9.53 mm Hg and 



Henry’s law constant of 7.9x10-3 atm-m3/mol, volatilization from water and soil surfaces is 



expected to be an important environmental fate process for ethylbenzene.  If released to soil, 



ethylbenzene is expected to possess moderate mobility based on a soil adsorption coefficient (Koc) 



value of 240. 



 



Ethylbenzene tends to partition to the atmosphere when it is released to the environment, due to 



the compound’s volatile nature; therefore, exposure to this chemical is most likely to occur through 



inhalation.  However, it is also present in trace amounts in some water supplies and food items. 



Thus, ingestion also may be an important exposure pathway in some cases.  The general population 



is primarily exposed to ethylbenzene from the inhalation of ambient air. This is due to the direct 



release of ethylbenzene into the air by the burning of fossil fuels or industrial processes, and 



partitioning into the air from other media (e.g., soil, surface water).  This partitioning of 



ethylbenzene into the air or water would play a role in exposure to populations living near 



hazardous waste sites.  In addition to inhalation exposure, ingestion of ethylbenzene may also occur 



because trace amounts have been found in water supplies and various food items. 
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Exposure Source Determinations 



Manufacturing and release 



According to the United States Environmental Protection Agency’s Toxic Release Inventory (TRI) 



Explorer, total reported on-site disposal or other releases19 of ethylbenzene in 2011 accounted for 



3,511,425.97 pounds with the majority of release/disposal occurring through point source air 



emissions, fugitive air emissions, and underground injection to Class I wells (TRI2011, 2013A). 



Total reported off-site disposal or other releases20 in 2011 accounted for 202,381.35 pounds of 



ethylbenzene with the majority of disposal/release occurring through “other off-site management” 



and waste brokers (TRI2011, 2013A).  The total reported on- and off-site disposal or other releases 



for ethylbenzene in 2011 was 3,713,807.31 pounds (TRI2011, 2013A).  Total reported on-site 



disposal or other releases in 2012 accounted for 3,431,928.38 pounds of ethylbenzene with the 



majority of disposal/release occurring through point source air emissions, fugitive air emissions, 



and underground injection to Class I wells (TRI2012, 2013B).  Total reported off-site disposal or 



other releases in 2012 accounted for 263,944.28 pounds of ethylbenzene with the majority of 



disposal/release occurring through “other off-site management” and RCRA Subtitle C Landfills 



(TRI2012, 2013B). The total reported on- and off-site disposal or other releases for ethylbenzene in 



2012 was 3,695,872.66 pounds (TRI2012, 2013B).  Information/data retrieved from the USEPA’s 



TRI explorer tool does not represent an exhaustive list of disposals/releases of chemicals due to the 



fact that only certain types of facilities are required to report this type of information. 



  



Non-ambient Exposure Sources 



Treated drinking water 



Concentrations of ethylbenzene are not frequently detected in treated drinking water supplies. 



Ethylbenzene is regulated as a VOC in drinking water and all non-purchased community water 



systems (CWSs) and non-transient non-community water systems (NTNCWSs) are required to 



sample for VOCs (USEPA, 2009C).  In the Contaminant Occurrence Support Document for Category 2 



Contaminants for the Second Six- Year Review of National Primary Drinking Water Regulations, the 



                                                           
 



19  Total  reported on-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C  landfills, other on-site landfills ( those not authorized under Subtitle C of RCRA to accept 
hazardous wastes), fugitive air emissions, point source air emissions, surface water discharges, underground injection 
Class II-V wells, land treatment, RCRA Subtitle C surface impoundments, other surface impoundments ( those not 
authorized under RCRA to accept hazardous waste for disposal), and other land disposal ( disposal to land that does not 
fall into one of the other on-site land release categories found in section 5.5.1 through 5.5.3 on the TRI From R). 
20  Total reported off-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C landfills, other landfills (those not authorized under Subtitle C of RCRA to accept hazardous 
wastes), storage only, solidification/stabilization (metals only), wastewater treatment (metals only), POTWs (metal and 
metal compounds), underground injection Class II- V wells, RCRA Subtitle C surface impoundments, other surface 
impoundments (those not authorized under RCRA to accept hazardous waste for disposal), land treatment, other land 
disposal ( disposal to land that does not fall into one of the other on-site land release categories found in section 5.5.1 
through 5.5.3 on the TRI From R), other off-site management ( chemicals in waste managed by techniques not specifically 
listed in section 6.2 of TRI Form R), waste broker, and unknown. 
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United States Environmental Protection Agency analyzed the reported VOC data from 49,969 public 



water systems (PWSs) during the period from 1998 to 2005 ( USEPA, 2009C).  For drinking water 



originating from ground water sources, a median concentration of 0.9 µg/L and a 90th percentile 



concentration of 4.4 µg/L were detected (USEPA, 2009C).  For drinking water originating from 



surface water sources, a median concentration of 0.9 µg/L and a 90th percentile concentration of 6 



µg/L were detected (USEPA, 2009C).  According to the ATSDR (2010), ethylbenzene concentrations 



of 1.6, 1.8, and 2.3 μg/L were previously detected at drinking water treatment plants in New 



Orleans, Louisiana.  The IPCS (1996) reported a study conducted by Otson et al. (1982) which found 



that ethylbenzene concentrations ranging from less than 1 to 10 µg/L were previously detected in 



Canadian potable drinking water.  The IPCS (1996) also reported a study conducted by Coleman et 



al. (1984) which investigated ethylbenzene concentrations in drinking water from Cincinnati, Ohio 



and detected a level of 0.036 µg/L.  The United States Environmental Protection Agency has 



established a maximum contaminant level (MCL) of 0.7 mg/L for ethylbenzene (USEPA, 2012A).  



For the purposes of RSC calculation, an ethylbenzene concentration of 0.7 mg/L was utilized due to 



the fact that this concentration represents the most conservative estimate of exposure.  A standard 



drinking water intake rate of 2.0 L/day and a standard body weight of 70 kg were also utilized 



(NRC, 1977; USEPA, 1997).  The resultant estimated average daily dose of ethylbenzene received 



through treated drinking water intake was 0.02 mg/kg-day.  



 



Air 



The Toxic Release Inventory  (TRI) provided an estimated release of 4,586,441 pounds (~2,081 



metric tons) of ethylbenzene to the atmosphere from 1,485 domestic manufacturing and processing 



facilities in 2006 (TRI2006, 2008).  These air releases accounted for about 82% of the estimated 



total environmental releases from facilities required to report to the TRI (TRI2006, 2008).   The 



total atmospheric release from reported Florida facilities during 2006 was 104,231 pounds or 



99.7% of ethylbenzene releases in Florida.  The TRI data should be used with caution since only 



certain types of facilities are required to report.  



 



Ethylbenzene evaporates at room temperature and can be detected in ambient air by smell when 



concentrations reach 2 ppm (ATSDR, 2010).  Ambient air levels of volatile organic compounds, 



including ethylbenzene, were monitored as a part of a multi-media study known as the Lower Rio 



Grande Valley Environmental Scoping Study.  Monitoring was performed at a “central” site and at a 



“border” site in the Brownsville, Texas, airshed in the spring and summer of 1993.  The median 



ambient concentration of ethylbenzene at the central site was 0.80 μg/m3 (n=22; range=0.20–1.7 



μg/m3) in the spring and 0.4 μg/m3 (n=14; range=0.2–1.0 μg/m3) in the summer.  These 



concentrations are either lower or comparable to those found in previous EPA and other 



monitoring investigations (Ellenson et al., 1997).  The median indoor concentration of ethylbenzene 



for nine Rio Grande Valley residences measured in the spring was 1.00 μg/m3 compared to a 



median outdoor concentration of  0.70 μg/m3; in the summer, the median indoor concentration of 



ethylbenzene for five residences was 1.40 μg/m3 compared to a median outdoor concentration of 



0.35 μg/m3 (Ellenson et al., 1997).   The mean indoor concentration of ethylbenzene at the homes of 



46 high school students residing in New York City was 3.57 μg/m3 in the winter months as 
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compared to a mean indoor concentration of 1.99 μg/m3 during the summer months (Kinney et al. 



2002).  The corresponding mean outdoor levels of ethylbenzene were 1.27 and 1.88 μg/m3 in the 



winter and summer months, respectively.  Kim et al. (2001), conducted an investigation of VOC 



concentrations in urban domestic and public microenvironments in Birmingham, United Kingdom. 



Through the use of adsorbent tubing fitted to a personal pump operated at a flow rate of ca. 40 



mL/min concentrations of 15 VOCs, including ethylbenzene, were monitored in homes, offices, 



laboratories, cinemas, department stores, perfume shops, libraries, pubs, restaurants, train stations, 



coach stations, trafficked roadside locations, automobiles, buses, and trains.  Table 1 below 



provides the mean concentrations (µg/m3) of ethylbenzene in each of the previously mentioned 



microenvironments. 



 



Table 1. Mean Concentrations of Ethylbenze from the Kim et al. (2001) VOC Microenvironment 



Study. 



Type of Microenvironment Number of Samples 
Collected 



Mean Concentration 
of Ethylbenzene 



(µg/m3) 



Homes 64 2.3 
Offices 12 2.4 
Laboratories 8 0.7 
Cinemas 6 5.9 
Department stores 8 3.4 
Perfume shops 3 2.4 
Libraries 6 3.5 
Pubs 6 7.3 
Restaurants 6 6.2 
Train stations 12 7.4 
Coach stations 12 3.8 
Trafficked roadside locations 12 12.4 
Automobiles 35 51.9 
Buses 18 8.0 
Trains 18 5.6 



 



 



Emissions and modeled ethylbenzene concentrations were queried from the USEPA National-Scale 



Air Toxics Assessment http://www.epa.gov/ttn/atw/natamain/index.html (NATA; USEPA, 2013D).  



NATA is EPA's ongoing comprehensive evaluation of air toxics in the United States.  The USEPA 



developed NATA as a state-of-the-science screening tool for state/local/tribal agencies to prioritize 



pollutants, emission sources, and locations of interest for further study in order to gain a better 



understanding of risks.  NATA assessments do not incorporate refined information about emission 



sources, but rather, use general information about sources to develop estimates of risks which are 



more likely to overestimate impacts than underestimate them.  The resulting risk estimates are 



purposefully more likely to be overestimates of health impacts than underestimates, and thus they 



are health protective.   
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FDEP downloaded the most recent NATA results (USEPA, 2005A).  Data for all Florida counties 



were queried from the database http://www.epa.gov/ttn/atw/nata2005/tables.html.   The 



estimated total statewide atmospheric ethylbenzene concentration was 0.281 µg/m3 from point 



and non-point sources.  Individual county concentrations ranged from 0.0086 µg/m3 in Lafayette 



County to 0.461 µg/m3 in Miami-Dade.  The median atmospheric concentration across all counties 



was 0.088 µg/m3.  The ATSDR (2010) reports that median ethylbenzene concentrations in air in 



city and suburban locations is 0.62 ppb, 0.01 ppb in rural locations, and 1 ppb for indoor air.  To 



convert these concentrations into a usable format for RSC calculation, the following equation was 



utilized and then subsequently converted into mg/m3:  



 



Concentration in (ppb) = 
24.45 x concentration (µg/m3)



molecular weight
 



 
*Equation utilized originates from Understanding units of Measure (October 2008) which was developed by Terrie K. 



Boguski, P.E., Assistant Technical Director of the Center for Hazardous Substance Research (CHSR) at Kansas State 



University. 



 



The molecular weight of ethylbenzene utilized was 106.17 (ATSDR, 2010).  Thus, the city/suburban 



concentration was subsequently calculated to be 2.69 x 10−3 mg/m3, the rural concentration was 



subsequently calculated to be 4.3 x 10−5 mg/m3, and the indoor air concentration was 



subsequently calculated to be 4.34 x 10−3 mg/m3.  For the purpose of RSC calculation, the median 



concentration of 2.69 x 10−3 mg/m3 was utilized to represent outdoor air exposure and the 



concentration of 4.34 x 10−3 mg/m3 was utilized to calculate indoor air exposure to ethylbenzene.  



In addition, an outdoor inhalation rate of 3.122 m3/day, an indoor inhalation rate of 12.878 m3/day 



and a standard body weight of 70kg were also utilized (USEPA, 2011A; USEPA, 1997).  The 



resultant estimated average daily dose of ethylbenzene received through outdoor inhalation was 



1.20 x10−4 mg/kg-day and the resultant estimated average daily dose of ethylbenzene received 



through inhalation of indoor air was 7.98 x 10−4 mg/kg-day.  



 



Soil 



Ethylbenzene is predicted to have moderate mobility in soils.  Soils with greater organic matter 



content are estimated to slow the movement of ethylbenzene through this medium by a minimal 



amount.  When ethylbenzene is introduced to soils that possess a lower organic matter content, 



ethylbenzene possesses a greater capacity to leach into groundwaters (ATSDR, 2010).  Information 



and data concerning typical concentrations of ethylbenzene detected in soils are scarce. According 



to the ATSDR’s 2011 ToxGuide for ethylbenzene, this chemical is rarely detected in soil (ATSDR, 



2011).  Soukup et al. (2007) analyzed ethylbenzene concentrations in contaminated soil samples 



obtained from the site of a former crude oil and natural gas production facility near Los Angeles, 



California.  Concentrations ranged from the limit of detection (0.005 mg/kg) to 160 mg/kg.  For the 



purposes of RSC calculation, the range of reported soil concentrations from the California study was 



used.  A standard soil ingestion rate of 50 mg/day and a standard body weight of 70 kg were also 



utilized in this calculation (USEPA, 2011A; USEPA, 1997).  The resultant estimated average daily 



dose range of ethylbenzene received through soil ingestion was 3.57 x10−9  to 1.14 x10−4  mg/kg-
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day. The upper end of this range represents an extremely unlikely exposure rate for the vast 



majority of the general population given that it represents a level from a contaminated site and the 



opinion of the ATSDR that ethylbenzene is at detectable levels in soil.  Therefore, the lower 



estimation, based on the detection limit, was used for RSC computation purposes. 



 



Groundwater 



Common sources of ethylbenzene-based groundwater contamination are industrial discharge, fuel 



leakages, and improper waste disposal.  According to the IPCS (1996), concentrations of 



ethylbenzene in uncontaminated groundwaters are typically less than 0.1 µg/L. Through a 



collaborative partnership between the USGS and the United States Environmental Protection 



Agency, national water quality assessment (NWQA) data from the years ranging from 1992-2001 



were analyzed for their ethylbenzene content.  For ground waters a total of 4,653 samples were 



taken from 4,153 sites of which 2.3% of samples detected ethylbenzene (USEPA, 2009C).  A median 



ethylbenzene concentration of 0.01 µg/L and a 99th percentile ethylbenzene concentration of 270 



µg/L were produced from the groundwater samples under analysis (USEPA, 2009C). 



 



Oceanic/marine levels 



As reported by the ATSDR (2010), Gschwend et al. (1982) reported a Massachusetts-based average 



ethylbenzene seawater concentration range of 0.0018–0.022 μg/L (ppb) and Sauer et al. (1978) 



reported an ethylbenzene concentration range of 0.0004–0.0045 μg/L (ppb) detected in the Gulf of 



Mexico. 



 



Diet (other than fresh or estuarine fish)  



Residual concentrations of ethylbenzene are detected in a wide variety of food types.  The United 



States Food and Drug Administration conducted an analysis of pesticide residuals in specific food 



types through their Total Diet Study program.  The information summarized in this analysis 



pertains to Total Diet Study market baskets 1991-3 through 2003-4 collected between September 



1991 and October 2003 (USFDA, 2006).   FDEP analyzed each specific food type for reported 



ethylbenzene concentrations.  Each food type was then separated into a distinct category: fruits, 



vegetables, meats, dairy, grain, fish (non-estuarine), and fats.  Foods not included from the analysis 



were considered to be composite foods (e.g., “taco/tostada with beef and cheese from Mexican 



carry out”; “quarter pound cheeseburger on bun, fast food”; and “cheese and pepperoni pizza 



regular crust from pizza carry out”) covered by each previously delineated category.  Ethylbenzene 



concentrations for each food category were then averaged and standard intake rates (USEPA, 



2011A) were then utilized to calculate doses from exposure to each food group. Table 2 provides 



the results of these calculations. 



 



Table 2. Estimated exposure to ethylbenzene through food-based dietary intake. 
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Food Category Average 



Concentration (ppm) 



Intake Rate  



(g/kg-day) 



Dose received 



through Exposure  



(mg/kg-day) 



Fruits  0.000768 1.6 1.23 x 10−6 



Vegetables 0.00141 2.9 1.01 x 10−5 



Meats 0.001424167 2.0 2.85 x 10−6 



Dairy 0.0008425 6.6 5.56 x 10−6 



Fish (non-estuarine) 0.00159 0.22 3.50 x 10−7 



Grains 0.002365 2.6 6.15 x 10−6 



Fats 0.00416 1.2 4.99 x 10−6 



*As per the United States Environmental Protection Agency’s 2011 Exposure Factors Handbook (Chapter 14 



Total Food Intake) beverages, sugar, candy, and sweets, and nuts (and nut products) were not included 



because they could not be categorized into the major food groups. 



 



 According to the ATSDR (2010), trace concentrations of ethylbenzene have been reported in split 



peas (0.013 mg/kg [ppm]), lentils (0.005 mg/kg [ppm]), and beans (mean concentration 0.005 



mg/kg [ppm]; maximum concentration 0.011 mg/kg [ppm]).  These concentrations were factored 



into the exposure calculation associated with vegetable intake.  Ethylbenzene also has the capacity 



to migrate from polymer-based packaging material containing foodstuffs, subsequently 



contaminating those foods.  The rate of migration of ethylbenzene from food packaging material, 



predominantly polystyrene depends on the fat content of the food type enclosed in the packaging 



(Tang et al., 2000).  Based upon a literature analysis, Tang et al. (2000) estimated the average daily 



intake of ethylbenzene through diet ranges from 0.01 to 0.03 µg/kg body weight for adults.  When 



converted to µg/kg-day the FDEP estimated dietary exposure using the USFDA Total Diet Study 



data, the total estimated dietary intake generated is 0.03123 µg/kg-day which lies at the upper end 



of the range proposed by Tang et al. (2000) and is thus considered to be a conservative estimate of 



dietary exposure. 



 



Exposures for potentially highly exposed populations 



Individuals who smoke tobacco-based products could be at a potentially higher risk of 



ethylbenzene exposure.  In addition individuals living in close proximity to high traffic areas, gas 



stations, petroleum or chemical refineries, or have wells down gradient of leaking gasoline storage 



tanks could be at a potentially higher risk of ethylbenzene exposure than the general population      



(ATSDR, 2010).  



 



Ambient Exposure Sources  



 According to the ATSDR (2010), the United States Environmental Protection Agency has set a 



recommendation that if you eat fish and drink water from a body of water, the water should contain 



no more than 0.53 ppm ethylbenzene.  The United States Environmental protection Agency 



conducted a concurrent analysis of NAWQA data from the years 1992-2001, for detections of 



ethylbenzene in ambient surface waters. For ambient surface waters a total of 1,402 samples were 



taken from 182 sites of which 17.3% of samples detected ethylbenzene representing 31.3% of the 
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sites under analysis (USEPA, 2009C).  A median ethylbenzene concentration of 0.0132 µg/L and a 



99th percentile ethylbenzene concentration of 1.9 µg/L were produced from the ambient surface 



water samples under analysis (USEPA, 2009C).  Based upon an analysis of STORET data, Staples et 



al. (1985) reported that out of 1,101 ambient surface water samples a median concentration of less 



than 5.0 µg/L was detected.  



 



RSC Calculation 



 The estimated doses received through average daily exposure to ethylbenzene were then utilized 



to estimate the total average daily dose received by the general population. The results are 



summarized in Table 3 below. 



 



Table 3: Estimated average daily ethylbenzene exposure received through non-ambient sources by 
the general population. 



Exposure Route Estimated Exposure 



(mg/kg-day) 



Indoor air inhalation 7.98 x 10−4 
Outdoor air inhalation 1.20 x10−4 



Soil ingestion 3.57 x10−9   
 Treated drinking water ingestion 0.02 



Diet:  Vegetables 1.01 x 10−5 



Diet:  Fruit 1.23 x 10−6 



Diet:  Meats 2.85 x 10−6 



Diet:  Fish ( non-estuarine) 3.50 x 10−7 



Diet:  Dairy 5.56 x 10−6 



Diet:  Grains 6.15 x 10−6 



Diet:  Fats 4.99 x 10−6 



Estimated total daily dose 0.0210 



 



The oral Reference dose (RfD) for ethylbenzene is 1 x 10−1 mg/kg-day (USEPA, 2013C). The 



estimated non-ambient exposure of 0.021 mg/kg-day represents 20.95% of the RfD.  The remaining 



79.05% is available for allocation to surface water exposures through routes such as estuarine fish 



consumption.  Estimates of soil concentrations are scarce.  However, the literature suggests that 



ethylbenezene is rarely at detectable levels in soils.  The estimated total non-ambient exposure 



summarized in Table 3 included an exposure value from soil based on the detection limit from a 



study conducted at a contaminated site.  Using the maximum soil concentration reported from that 



same study would have had minimal influence on the calculated RSC; the total non-ambient 



exposure would have been estimated at 21% rather than 20.95% under the most conservative 



scenario of soil contamination.  There is no basis for believing that the general population is 



exposed at this extreme level.  The potential exposure through soil ingestion is minor or even 



negligible when compared to other routes.  Thus, a chemical-specific RSC of 0.79 is suggested to be 
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protective of human health and representative of ethylbenzene exposures received through 



ambient sources. 



 



2,4-Dichlorophenol 



Background 



2,4-Dichlorophenol ( CASRN 120-83-2) is a chemical that possesses two chlorines added to an 



aromatic phenol and exists as a solid at room temperature. 2,4-dichlorophenol is primarily utilized 



as an intermediate constituent in the production of 2,4-dichlorophenoxyacetic acid which is used in 



pesticide applications. 2,4-Dichlorophenol is also utilized as a mothproofing agent, germicide, and 



antiseptic (WHO,2003A). According to the ATSDR (1999), chlorophenols are produced during the 



chlorination of organic material present in industrial and municipal waste waters. In addition, 



chlorination of drinking water at treatment plants can result in detectable levels of chlorophenols if 



the required precursors are available in the raw water (ATSDR, 1999).  Exposure to 2,4-



dichlorophenol can occur through ingestion of contaminated water (resulting as a byproduct of 



drinking water chlorination/treatment processes), consumption of contaminated foods, or 



inhalation of contaminated air. The primary exposure route for the general public is through 



ingestion of either contaminated water or foods. Sorption, volatilization, degradation, and leaching 



are the primary processes governing the fate and transport of chlorophenols (ATSDR, 1999).  pH 



also plays an important role in determining the availability and mobility of chlorophenols in soils 



and water. 2,4-Dichlorophenol is a lipid-soluble substance that is analyzed through a major  



National Health and Nutrition Examination Survey (NHANES) biomonitoring initiative conducted 



by the United States Centers for Disease Control and Prevention. According to the CDC’s Fourth 



National Report on Human Exposure to Environmental Chemicals (2013) the creatinine-corrected 



urinary 2,4-dichlorophenol geometric mean concentration for NHANES survey years 2009-2010 



was 0.838 µg/g verifying human exposure. 



 



Exposure Source Determinations 



Manufacturing and release 



2,4-Dichlorophenol is released to the environment through anthropogenic activities, 



manufacturing, and production. According to the United States Environmental Protection Agency’s 



Toxic Release Inventory (TRI) Explorer, total reported on-site disposal or other releases21 in 2011 



                                                           
 



21  Total  reported on-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C  landfills, other on-site landfills ( those not authorized under Subtitle C of RCRA to accept 
hazardous wastes), fugitive air emissions, point source air emissions, surface water discharges, underground injection 
Class II-V wells, land treatment, RCRA Subtitle C surface impoundments, other surface impoundments ( those not 
authorized under RCRA to accept hazardous waste for disposal), and other land disposal ( disposal to land that does not 
fall into one of the other on-site land release categories found in section 5.5.1 through 5.5.3 on the TRI From R). 
22 Total reported off-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C landfills, other landfills (those not authorized under Subtitle C of RCRA to accept hazardous 
wastes), storage only, solidification/stabilization (metals only), wastewater treatment (metals only), POTWs (metal and 
metal compounds), underground injection Class II- V wells, RCRA Subtitle C surface impoundments, other surface 
impoundments (those not authorized under RCRA to accept hazardous waste for disposal), land treatment, other land 
disposal ( disposal to land that does not fall into one of the other on-site land release categories found in section 5.5.1 
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accounted for 15,177.07 pounds of 2,4-dichlorophenol with the majority of disposal/release 



occurring through underground injection to Class I wells and fugitive air emissions (TRI2011, 



2013A).  Total reported off-site disposal or other releases22 in 2011 accounted for 4,964 pounds of 



2,4-dichlorophenol with the majority of disposal/release occurring through  underground injection 



to Class I wells and disposal to RCRA Subtitle C landfills (TRI2011, 2013A).  The total reported on- 



and off-site disposal or other releases for 2,4-dichlorophenol in 2011 was 20,141.07 pounds 



(TRI2011, 2013A). Total reported on-site disposal or other releases of 2,4-dichlorophenol in 2012 



accounted for 276,677.37 pounds with the majority of release/disposal occurring through 



underground injection to Class I wells and fugitive air emissions (TRI2012, 2013B).  Total reported 



off-site disposal or other releases in 2012 accounted for 173 pounds of 2,4-dichlorophenol with the 



majority of disposal/release occurring through RCRA Subtitle C landfills (TRI2012, 2013B).  The 



total reported on- and off-site disposal or other releases for 2,4-dichlorophenol in 2012 was 



276,850.37 pounds (TRI2012, 2013B).  Information/data retrieved from the USEPA’s TRI explorer 



tool does not represent an exhaustive list of disposals/releases of chemicals due to the fact that 



only certain types of facilities are required to report this type of information. 



 



Non-ambient Exposure Sources 



Treated drinking water 



In 1982, the United States Environmental Protection Agency estimated average daily drinking 



water exposure to chlorophenols, based on concentrations reported for 2,4-dichlorophenol, to be 



0.4 µg/day ( USEPA, 1982).  According to Exon (1984), the highest level of polychlorinated phenols 



found in drinking water in the United States was 1.4 µg/L and levels ranged downward to 0.06 



µg/L.  As reported by  the ATSDR (1999), the United States Environmental Protection Agency 



recommends that drinking water concentrations of 2,4-dichlorophenol should not exceed 0.02 ppm, 



the level at which this chemical can be tasted.  To mitigate chemical-specific taste, the U.S. EPA 



recommends 2,4-dichlorophenol concentrations should not exceed 0.3 ppb.  For the purposes of 



RSC calculation, a 2,4- dichlorophenol concentration of 0.3 ppb ( 0.3 µg/L) was used to calculate 



dose received through drinking water due to the fact that it represents the most conservative  



recommended estimate.  A standard drinking water intake rate of 2.0 L/day and a standard body 



weight of 70 kg were also utilized (NRC, 1977; USEPA, 1997).  The resultant estimated average 



daily dose of 2,4-dichlorophenol received through drinking water was 8.57 x 10−6 mg/kg-day.  



 



Groundwater 



2,4-dichlorophenol may enter groundwater sources through leaching from landfills, 



industrial/hazardous waste sites, or through improper disposal. According to the ATSDR (1999), 



                                                           
 



through 5.5.3 on the TRI From R), other off-site management ( chemicals in waste managed by techniques not specifically 
listed in section 6.2 of TRI Form R), waste broker, and unknown. 
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chlorophenol groundwater contamination will occur if sufficient quantities of the chemical are 



present to exceed the sorption capacity of the vadose zone saturated soils.  Groundwater 



concentrations of 2,4-dichlorophenol tend to be greater when in close proximity to hazardous 



waste sites.  For example, Forst et al. (1993) reported an average 2,4-dichlorophenol concentration 



of 248 µg/L found in leachate samples from a hazardous waste landfill.  However, Beltis et al. 



(1982) reported that samples collected on September 9th, 1980 from an uncontaminated well 



bordering a US Army installation site in Bristol, RI revealed that the average concentration of 2,4-



dichlorophenol was 26 µg/L. 



 



Air 



 Information and data concerning 2,4-dichlorophenol concentrations in ambient air are scarce. 



Available literature suggests that 2,4-dichlorophenol exhibits a slow rate of volatilization therefore 



failing to represent a significant transport/fate process.  When detected in ambient air, typical 



concentrations have been measured in trace amounts.  For example, 2,4-dichlorophenol  was 



detected at an average concentration of  1.5 ng/m3 (0.23 ppt) associated with seven separate rain 



events that occurred in Portland, Oregon in 1984 (ATSDR, 1999).  2,4-Dichlorophenol has a distinct 



odor that can be detected in water at a concentration of 0.35 µg/L (ATSDR, 1999).  According to the 



National Air Toxics Information Clearinghouse’s (NAITCH) Report of Federal, State, and Local Air 



Toxics Activities (1992), Florida developed and adopted an acceptable annual ambient air 2,4-



dichlorophenol concentration of 3.0  µg/m3.  For the purposes of RSC calculation, a 2,4-



dichlorophenol concentration of 3.0 µg/m3 was used to estimate dose received through inhalation 



due to the fact that this value represents the most conservative estimate.  A standard inhalation rate 



of 16 m3/day and a standard body weight of 70 kg were also utilized (USEPA, 2011A; USEPA, 



1997).  The resultant estimated average daily 2,4-dichlorophenol dose received through inhalation 



was 6.86 x10−4 mg/kg-day.  



 



Soil 



It is predicted that 2,4-dichlorophenol occurs in soils as a breakdown product originating from the 



pesticide-based application of 2,4-dichlorophenoxyacetic acid.  Biodegradation of 2,4-



dichlorophenol by soil microbes is also expected to occur under aerobic conditions. 



Photodegradation is also an important degradation pathway influencing the fate of 2,4-



dichlorophenol in soils.  Data and information concerning average concentrations of 2,4-



dichlorophenol in typical soils are scarce.  Many of the soil concentrations that could be located 



were associated with sawmills as an artifact of treatment and processing.  For example, according 



to Kitunen and Salkinoja-Salonen (1990) a 2,4-dichlorophenol concentration of 1200 µg/kg dry soil 



was detected at an abandoned Finnish sawmill.  In addition, Valo et al. (1984) reported that 2,4-



dichlorophenol concentrations ranging from 10 to 2580 µg/kg  were detected in two separate 



Finnish sawmills that utilized chlorophenolic fungicides.  



 



As per Chapter 62-777, FAC, the Florida Department of Environmental Protection has established a 



residential direct exposure target soil clean-up level of 190 mg/kg for 2,4-dichlorophenol ( FDEP, 



2005).  For the purposes of RSC calculation, a concentration of 190 mg/kg was used under the 
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assumption that it represents a highly conservative estimate of potential soil contamination levels.  



This concentration represents a level above which the state would initiate clean-up protocols and is 



characterized as a high-end exposure estimate instead of a central tendency.  A standard soil 



ingestion rate of 50 mg/day and a standard body weight of 70 kg were also utilized in this 



calculation (USEPA, 2011A; USEPA, 1997).  The resultant estimated average daily dose of 2,4-



dichlorophenol received through soil ingestion was 1.36 x 10−4 mg/kg-day.   



 



Oceanic/marine Levels 



Information/data concerning oceanic/marine concentrations of 2,4-dichlorophenol could not be 



located. 



 



Diet (other than fresh or estuarine fish)  



 Current information/data concerning dietary exposure or distinct concentrations of 2,4-



dichlorophenol in different food types could not be located.  At high enough concentrations, 2,4-



dichlorophenol has the capacity to alter/taint the taste of foods.  2,4-Dichlorophenol is analyzed in 



the United States Food and Drug Administration’s Total Diet Study/Market Basket Program as a 



chlorophenoxy acid residue.  However concentrations of 2,4-dichlorophenol in foods analyzed were 



not present in either the 1991-2003 or 2004-2005 Total Diet Study analytical results.  Residual 2,4- 



dichlorophenoxyacetic acid concentrations were detected in grain-based products in both the 



1991-2003 and 2004-2005 Total Diet Study analytical results.  As previously mentioned, 2,4-



dichlorophenol can occur as a breakdown product of 2,4-dichlorophenoxyacetic acid.  Exon (1984) 



reported that polychlorinated phenol levels in foods generally range from 0.01 to 0.04 ppm.  For the 



purposes of RSC calculation, the midpoint (0.025 ppm) of the range mentioned above was used to 



estimate a typical exposure received through dietary consumption.  The upper end of the range was 



considered, but was determined to be unrealistic for the general population based on information 



in ATSDR (1999), which notes that although food monitoring data are lacking, exposure to 2,4-



dichlorophenol through the ingestion of food is expected to be relatively minor.  A standard total 



food intake rate of 29 g/kg-day was also used (USEPA, 2011A).   The resultant estimated average 



daily dose of 2,4-dichlorophenol received through dietary ingestion was 7.25 x 10−4  mg/kg-day.   



 



Ambient Exposure Sources 



Upon analysis of U.S. EPA STORET data, Staples et al. (1985) determined that 2,4-dichlorophenol 



was positively detected in 0.4% of 876 ambient water sample reporting stations at a median level of 



less than 10 ppb.  Concentrations of 2,4-dichlorophenol have also been detected in storm water 



run-off ranging from 0.00019 to 0.0032 mg/L ( Wilson et al. 1992).   



 



Significant bioaccumulation of 2,4-dichlorophenol in fish species is not expected to occur due to 



rapid metabolism and excretion (ATSDR, 1999).  According to the U.S. EPA (1982), maximum 



exposure through consumption of fish was estimated to be 26 µg/day for 2,4-dichlorophenol. 



 



RSC Calculation 
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The estimated doses received through daily exposure to 2,4-dichlorophenol were then utilized to 



estimate the total average daily dose received by the general population. The results are 



summarized in Table 1 below. 



 



Table 1: Estimated average daily 2,4-dichlorophenol exposure received through non-ambient 
sources by the general population. 



Exposure Route Estimated Exposure 



(mg/kg-day) 



Inhalation of air 6.86 x10−4 



Soil ingestion 1.36 x 10−4 



Treated drinking water ingestion 8.57 x 10−6 



Diet 7.25 x 10−4 



Estimated total daily dose 1.55 x10−3 



 



The reference dose for 2,4-dichlorophenol is 3 x10−3mg/kg-day.  The estimated exposure is likely 



to be highly conservative and is greater than estimates provided by the IPCS (1989).  The IPCS 



estimates, for a 70 kg individual, exposure ranged from 3.14 x 10-5 mg/kg-day based on diet and 



drinking water exposures to 5.71 x 10-5 mg/kg-day assuming indoor rooms were treated with a 



chlorophenol preservative.  The estimated total non-ambient exposure of 1.53 x10−3  mg/kg-day 



represents 52% of the RfD. The remaining 48% is available for allocation to surface water 



exposures through routes such as estuarine fish consumption.  Thus, a chemical specific RSC of 0.48 



is proposed to be protective of human health and representative of 2,4-dichlorophenol exposures 



received through ambient sources. 



 



2-Chlorophenol 



Background  



2-Chlorophenol (CASRN 95-57-8) is a yellow-brown chemical that exists as a liquid at room 



temperature and possesses a distinct odor.  The odor threshold for 2-chlorophenol is 10 µg/L and 



the taste threshold is 0.1 µg/L (WHO, 2003A).  The primary applications of 2-chlorophenol are as a 



precursor in the production of higher chlorophenols and dyestuffs and as a preserving agent. 



According to the USEPA (1980B), 2-chlorophenol is slightly soluble at a neutral pH.   Microbial 



degradation is predicted to play a role as a 2-chlorophenol degradation pathway.  Due to the fact 



that 2-chlorophenol is used almost exclusively as an intermediate in the production of other 



chemicals, there is a greater risk associated with exposure to individuals occupationally involved 



with 2-chlorophenol than the general public.  Exposure to the general population is most likely to 



occur through the consumption of contaminated foods or contaminated drinking water which 



contains chlorophenols as a byproduct of disinfection or deodorization. 



 



Exposure Source Determinations 



Manufacturing and release 
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Little information is available concerning the manufacturing and release of 2-chlorophenol.  



According to the ATSDR (1999) monochlorophenol concentrations ranging from 10-20 µg/L have 



been released in waste water produced during the manufacture of specialty chemicals. 2-



chlorophenol has also been reported but not quantified in municipal landfill leachate and runoff 



from 1 of 15 cities under analysis by Cole et al. (1984). 



 



Non-Ambient Exposure Sources 



 Treated drinking water 



Chlorophenols are present in drinking-water as a result of the chlorination of phenols, as by-



products of the reaction of hypochlorite with phenolic acids, as biocides or as degradation products 



of phenoxy herbicides.  According to the ATSDR (1999), the United States Environmental Protection 



Agency recommends that drinking water concentrations of 2-chlorophenol should not exceed 0.04 



parts per million (ppm), the level at which this chemical can be tasted in drinking water.  To 



mitigate chemical-specific taste, the U.S. EPA recommends that 2-chlorophenol concentrations in 



drinking water should not exceed 0.1 ppb. A study of Canadian potable water treatment facilities 



conducted in summer revealed a maximum 2-chlorophenol concentration of 65 ng/L (ATSDR, 



1999).  For the purposes of RSC calculation, a 2-chlorophenol concentration of 0.1 ppb was utilized 



to estimate exposure through drinking water intake. A standard drinking water intake rate of 2.0 



L/day and a standard body weight of 70 kg were also utilized in the calculation (NRC, 1977; USEPA, 



1997). The resultant estimated average daily dose of 2-chlorophenol received through drinking 



water ingestion was 2.86 x 10−6  mg/kg-day.  



 



Air 
Typical concentrations of 2-chlorophenol found in ambient air could not be located.   The ATSDR 



(1999) reports of a train derailment and rupture of a train tanker that led to accidental release and 



subsequent 2-chlorophenol air concentrations ranging from 0.02 to 0.7 mg/m3.  Eighteen days after 



the spill, air levels were <2 μg/m3.  A conservative estimate of inhalation exposure was calculated 



using the post spill air level of <2 µg/m3, daily inhalation rate of 16 m3/day, and a standard body 



weight of 70kg (ATSDR, 1999; USEPA, 2011A; USEPA, 1997).   The calculated daily exposure was 



<4.57 x 10-4 mg/kg-day.  The representativeness of this value of typical exposures to the general 



population is unknown.   The value is based on information from a single unusual event and actually 



represents the detection limit rather than a measured concentration.  Therefore, this value most 



likely represents an overestimate of exposure.   



 



Soil 
Data and information concerning typical concentrations of 2-chlorophenol found in soils is scarce. 



Concentrations of 2-chlorophenol ranging from 1.1 to 12,350 µg/kg were detected in soil at 12 



different Ville Mercier sites in Quebec, Canada (Valo et al., 1984).  As per Chapter 62-777, FAC, the 



Florida Department of Environmental Protection has established a residential direct exposure soil 



clean-up target level of 130 mg/kg for 2-chlorophenol (FDEP, 2005).  For the purposes of RSC 



calculation, a 2-chlorophenol concentration of 130 mg/kg was utilized under the assumption that it 



represents a highly conservative estimate of potential soil contamination levels.  It represents a 



level above which the state would initiate clean-up protocols and is characterized as a high end 
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exposure instead of a central tendency.  A standard soil ingestion rate of 50 mg/day and a standard 



body weight of 70 kg were also utilized (USEPA, 2011A; USEPA, 1997).  The resultant estimated 



average daily dose of 2-chlorophenol received through soil ingestion was 9.29 x10−5 mg/kg-day.  



 



Diet (other than fresh or estuarine fish) 
Information and data could not be located concerning 2-chlorophenol concentrations associated 



with total food intake or concentrations associated with specific food types.  However, the literature 



strongly suggests that monochlorophenols such as 2-chlorophenol do not biomagnify and have 



short biological half-lives (ATSDR, 1999).  Veith et al. (1980) reported a half-life of less than one day 



in bluegill sunfish exposed to 2-chlorophenol.  Therefore, dietary exposure from sources other than 



fresh and estuarine fish for the majority of the general population are expected to be insignificant 



and were therefore considered negligible for purposes of RSC calculation.   



 
Ambient Exposure Sources 
Chlorophenol concentrations in sediments are generally greater than those in the overlying water. 



Photolysis and microbial degradation of 2-chlorophenol are expected to be significant degradation 



pathways (ATSDR, 1999).  With respect to bioaccumulation potential, a bioconcentration factor was 



found only for the blue gill and was determined to be 214 with a rapid depuration rate and a half-



life of less than one day (USEPA, 1980B).  Monochlorophenols at concentrations ranging from 2 to 



20 µg/L were found in surface waters in the Netherlands (Piet and Grunt, 1975).  According to the 



USEPA STORET database, of 814 samples, 0.2% tested positive, median concentration of <10 ppb 



(Staples et al., 1985) 
 
RSC Calculation 



The estimated doses received through daily exposure to 2-chlorophenol were then utilized to 



estimate the total average daily dose received by the general population.  The results are 



summarized in Table 1 below. 



 



Table 1: Estimated average daily 2-chlorophenol exposure received through non-ambient sources 
by the general population. 



Exposure Route Estimated Exposure 



(mg/kg-day) 



Inhalation of Air <4.57 x 10-4 



Soil ingestion 9.29 x10−5 



Treated drinking water ingestion 2.86 x 10−6 



Diet Negligible 



Estimated total daily dose <5.53 x 10-4 



 



The oral Rfd for 2-chlorophenol is 5 x 10−3mg/kg-day (USEPA, 2013C).  The estimated exposure 



from non-surface water sources was calculated to account for less than 11 percent of the 2-



chlorophenol reference dose.  However, the estimated exposure was calculated based on limited 



data or surrogate estimates (i.e., drinking water); therefore, it only serves as one line of evidence 
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supporting an RSC.  DEP also considered the fact that 2-chlorophenol, like most chlorophenols, 



exhibits objectionable taste and odor at very low concentrations.  The ATSDR (1999) noted that 



potential exposure, for the general population, to chlorophenols tends to be limited because of the 



pronounced odor and taste imparted by the presence of these substances.  Taste and odor 



thresholds for 2-Chlorophenol have been noted in the range of 2 to 4 ppb and have been noted to 



affect the flavor of fish at concentrations of about 2 to 43 times lower than the odor thresholds for 



these compounds in water.  Thus, it is highly unlikely that the general population is exposed to 



significant levels of the compound.  An RSC of 0.8 (EPA ceiling) was selected based on a 



consideration of both the characteristics of the compound (i.e., objectionable taste and odor) and 



the estimated low total non-ambient exposure.   



 



2,4-Dimethylphenol 



Background  



2,4-Dimethylphenol (CASRN 105-67-9) is a naturally occurring substituted phenol derived from the 



cresol fraction of petroleum or coal tars (USEPA, 1980C).  This chemical has a wide variety of 



applications as a solvent, insecticide, plasticizer, additive in gasoline and lubricants, constituent in 



pharmaceutical products, and is important to commercial, industrial, and agricultural sectors (US 



EPA, 1980C).  2,4-Dimethylphenol possesses a distinct odor threshold recognizable in air at a 



concentration of 0.001 mg/m3, detectable in air at concentrations ranging from 0.0005 to 0.4 



mg/m3, and detectable in water at concentrations of 0.4 mg/L (Spectrum Laboratories, N.D.) 



According to the Hazardous Substances Data Bank ( HSDB; No. 4253), the general public may be 



exposed to 2,4-dimethylphenol through inhalation of ambient air influenced by probable sources 



such as tobacco smoke and automobile exhaust, consumption of foods contaminated with 2,4-



dimethylphenol, or through contact with 2,4-dimethylphenol containing products. 



Exposure Source Determinations 



Manufacturing and release 



According to the United States Environmental Protection Agency’s Toxic Release Inventory (TRI) 



Explorer, total reported on-site disposal or other releases23 in 2011 accounted for 36,036.62 



                                                           
 



23  Total  reported on-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C  landfills, other on-site landfills ( those not authorized under Subtitle C of RCRA to accept 
hazardous wastes), fugitive air emissions, point source air emissions, surface water discharges, underground injection 
Class II-V wells, land treatment, RCRA Subtitle C surface impoundments, other surface impoundments ( those not 
authorized under RCRA to accept hazardous waste for disposal), and other land disposal ( disposal to land that does not 
fall into one of the other on-site land release categories found in section 5.5.1 through 5.5.3 on the TRI From R). 
24  Total reported off-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C landfills, other landfills (those not authorized under Subtitle C of RCRA to accept hazardous 
wastes), storage only, solidification/stabilization (metals only), wastewater treatment (metals only), POTWs (metal and 
metal compounds), underground injection Class II- V wells, RCRA Subtitle C surface impoundments, other surface 
impoundments (those not authorized under RCRA to accept hazardous waste for disposal), land treatment, other land 
disposal ( disposal to land that does not fall into one of the other on-site land release categories found in section 5.5.1 
through 5.5.3 on the TRI From R), other off-site management ( chemicals in waste managed by techniques not specifically 
listed in section 6.2 of TRI Form R), waste broker, and unknown. 
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pounds of 2,4-dimethylphenol with the majority of disposal/release occurring through 



underground injection to Class I wells and point source air emissions (TRI2011, 2013A).  Total 



reported off-site disposal or other releases24 in 2011 accounted for 516 pounds of 2,4-



dimethylphenol with the majority of disposal/release occurring through disposal to RCRA Subtitle 



C landfills and “other landfills” (TRI2011, 2013A).  The total reported on- and off-site disposal or 



other releases for 2,4-dimethylphenol in 2011 was 36,552.62 pounds (TRI2011, 2013A).  Total 



reported on-site disposal or other releases of 2,4-dimethylphenol in 2012 accounted for 48,207.38 



pounds with the majority of release/disposal occurring through underground injection to Class I 



wells and point source air emissions (TRI2013, 2013B).  Total reported off-site disposal or other 



releases in 2012 accounted for 525 pounds of 2,4-dimethylphenol with the majority of 



disposal/release occurring through RCRA Subtitle C landfills  and storage only (TRI2013, 2013B).  



The total reported on- and off-site disposal or other releases for 2,4-dimethylphenol in 2012 was 



48,732.38 pounds (TRI2013, 2013B).  Information/data retrieved from the USEPA’s TRI explorer 



tool does not represent an exhaustive list of disposals/releases of chemicals due to the fact that 



only certain types of facilities are required to report this type of information. 



 



Non-ambient sources of exposure 



Treated drinking water 



Information and/or data concerning 2,4-dimethylphenol concentrations typically detected in 



treated  drinking water could not be located.  2,4-dimethylphenol has been qualitatively identified 



in drinking water in the United States and detected in 5 finished drinking water samples in the 



1970’s ( HSDB, No.4253). 



 



Groundwater 



Groundwater concentrations of 2,4-dimethylphenol are often strongly influenced by industrial 



discharge and manufacturing byproduct release.  Many of the of 2,4-dimethylphenol concentrations 



reported for groundwater are associated with wood-preserving plants and pine tar manufacturing. 



For example, Cabot/Koppers an NPL superfund site located in Gainesville, FL, was the site of former 



wood treating/pine-tar manufacturing and charcoal production facilities and experienced 



groundwater detection hits for 2,4-dimethylphenol.  According to McCreary et al. ( 1983), 10 of 11 



wells underlying a former pine-tar manufacturing facility in Gainesville, FL were found to contain 



2,4-dimethylphenol ranging in concentration from 1-9400 µg/L (including 2,5-dimethylphenol).  



Through their analysis of groundwater contamination surrounding United States superfund sites 



Canter et al. (1994) detected a 2,4-dimethylphenol concentration of 110 µg/L in their Biscayne, FL 



Aquifer study area.  By comparison, 2,4-dimethylphenol concentrations are typically  lower in areas 



not in close proximity to these types of sites.  For example, Beltis et al. (1982) reported detecting a 



2,4-dimethylphenol concentration of 26 µg/L from samples collected at an uncontaminated well 



bordering a US Army installation site in Bristol, RI during September of 1980. 
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Air 



2,4-Dimethylphenol  is expected to exist solely in the vapor phase in the ambient atmosphere. 



Information and/or data concerning 2,4-Dimethylphenol concentrations typically detected in 



ambient air could not be located. 



 



Soil 



Biodegradation by soil microbes and volatilization from most soils are predicted to be important 



degradation/loss pathways for 2,4-dimethylphenol ( HSDB, No. 4252). As per Chapter 62-777, FAC, 



the Florida Department of Environmental Protection has established a residential direct exposure 



soil clean-up target level of 1300 mg/L for 2,4-dimethylphenol ( FDEP, 2005). 



 



Diet (other than fresh or estuarine fish) 



Information and data could not be located concerning 2,4-dimethylphenol concentrations 



associated with total food intake or concentrations associated with specific food types. 



 



Exposures for potentially highly exposed individuals 



Individuals who smoke cigarettes and/or marijuana may be at higher risk of 2,4-dimethylphenol 



exposure. 



 



Ambient Exposure Sources 



Volatilization from surface waters is considered an important loss pathway for 2,4-dimethylphenol 



based upon its Henry’s Law Constant of 1.7 x 10-5 atm-cu m/mole ( HSDB, No. 4253). A 



bioconcentration factor of 150 was estimated in the bluegill sunfish which potentially indicates a 



moderate ability to bioaccumulate in aquatic biota (HSDB, No. 4253). According to Staples et al. 



(1985), upon STORET analysis, 2,4-dimethylphenol was detected in 1% of 804 samples. 



 



RSC Calculation 



The oral Rfd for 2,4-dimethylphenol is 2 x10−2 mg/kg-day (USEPA, 2013C).  An RSC of 0.2 (EPA 



floor) was used for 2,4-dimethylphenol due to the unavailability of scientific literary-based 



evidence and data specific to 2,4-dimethylphenol concentrations in environmental media and 



food stuffs. 



 



2,4-Dinitrophenol 



Background 



2,4-Dinitrophenol (CASRN 51-28-5) is an anthropogenically-produced organic chemical that 



possesses a yellowish coloring and exists as a solid at room temperature.  2,4-Dinitrophenol is used 



primarily in the synthesis of dyes, picric acid, picramic acid, wood preservatives, photographic 



developers, explosives, and insecticides (ATSDR, 1995C).  2,4-Dinitrophenol was also used as a 



weight loss drug in the 1930s, but was discontinued in 1938 because of reported adverse effects. 



2,4-Dinitrophenol was labeled extremely dangerous and not fit for human consumption by the 



Federal Food, Drug, and Cosmetics Act of 1938 (Grundlingh and Dargan, 2011).  Exposure of the 



general population to 2,4-dinitrophenol can occur through consumption of contaminated foods or 



drinking water, inhalation of contaminated air or by contact with contaminated soils. 
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Exposure Source Determinations 



Manufacturing and release 



2,4-Dinitrophenol is released to the environment through anthropogenic use, manufacturing and 



production.  According to the United States Environmental Protection Agency’s Toxic Release 



Inventory (TRI) Explorer, total reported on-site disposal or other releases25 in 2011 accounted for 



14,324 pounds of 2,4-dinitrophenol with the majority of disposal/release occurring through point 



source air emissions and surface water discharges (TRI2011, 2013A).  Total reported off-site 



disposal or other releases26 in 2011 accounted for 60 pounds of 2,4-dinitrophenol with the majority 



of disposal/release occurring through “other land disposal” (TRI2011, 2013A).  The total reported 



on- and off-site disposal or other releases for 2,4-dinitrophenol in 2011 was 14,384 pounds 



(TRI2011, 2013A).  Total reported on-site disposal or other releases of 2,4-dinitrophenol in 2012 



accounted for 7,658.07 pounds with the majority of release/disposal occurring through point 



source air emissions and surface water discharge (TRI2012, 2013B).  Total reported off-site 



disposal or other releases in 2012 accounted for 73 pounds of 2,4-dinitrophenol with the majority 



of disposal/release occurring through “other land disposal” (TRI2012, 2013B).  The total reported 



on- and off-site disposal or other releases for 2,4-dinitrophenol in 2012 was 7,731.07 pounds 



(TRI2012, 2013B).  Information/data retrieved from the USEPA’s TRI explorer tool does not 



represent an exhaustive list of disposals/releases of chemicals due to the fact that only certain 



types of facilities are required to report this type of information. 



 



Non-ambient Exposure Sources 



Air 



Manufacturing and processing, automobile exhaust, the use of 2,4-dinitrophenol-based pesticides, 



and combustion of hazardous waste containing 2,4-dinitrophenol facilitate the release of this 



chemical to the atmosphere.  In addition, dinitrophenols also form from the atmospheric reactions 



between benzene and NOx in ambient air (ATSDR, 1995C).  2,4-Dinitrophenol is expected to  exist 



solely as a vapor in ambient air and is susceptible to photolysis by contact with sunlight (HSDB, No. 



                                                           
 



25  Total  reported on-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C  landfills, other on-site landfills ( those not authorized under Subtitle C of RCRA to accept 
hazardous wastes), fugitive air emissions, point source air emissions, surface water discharges, underground injection 
Class II-V wells, land treatment, RCRA Subtitle C surface impoundments, other surface impoundments ( those not 
authorized under RCRA to accept hazardous waste for disposal), and other land disposal ( disposal to land that does not 
fall into one of the other on-site land release categories found in section 5.5.1 through 5.5.3 on the TRI From R). 
25 Total reported off-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C landfills, other landfills (those not authorized under Subtitle C of RCRA to accept hazardous 
wastes), storage only, solidification/stabilization (metals only), wastewater treatment (metals only), POTWs (metal and 
metal compounds), underground injection Class II- V wells, RCRA Subtitle C surface impoundments, other surface 
impoundments (those not authorized under RCRA to accept hazardous waste for disposal), land treatment, other land 
disposal ( disposal to land that does not fall into one of the other on-site land release categories found in section 5.5.1 
through 5.5.3 on the TRI From R), other off-site management ( chemicals in waste managed by techniques not specifically 
listed in section 6.2 of TRI Form R), waste broker, and unknown. 
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529).  Data concerning 2,4-dinitrophenol concentrations in ambient air are scare.  2,4-



Dinitrophenol concentrations ranging from 0.1 ng/m3 to 0.54 ng/m3 have been reprted in Great 



Dun Fell, Germany (Luttke and Levsen, 1997).  According to the U.S. EPA’s 2005 National Air Toxics 



Assessment data, the total ambient 2,4-dinitrophenol concentration for the state of Florida was 



2.00986 x10−10 µg/ m3(USEPA, 2005A).  For the purposes of RSC calculation, an ambient air 



concentration of 2.00986 x10−10 µg/ m3 was utilized because this value represents the most 



current Florida-based 2,4-dinitrophenol air concentration that could be located.  A standard 



inhalation rate of 16 m3/day and a standard body weight of 70 kg were also utilized (USEPA, 



2011A; USEPA, 1997).  The resultant estimated average daily dose of 2,4-dinitrophenol received 



through inhalation was 4.59 x10−14 mg/kg-day, which is predicted to be a minimal if not negligible 



exposure to the general population, was subsequently generated. 



 



 Treated drinking water 



Information/data concerning 2,4-dinitrophenol concentrations typically detected in treated 



drinking water supplies could not be located. 



Groundwater 



Industrial discharge and run-off from agricultural applications of 2,4-dinitrophenol based 



pesticides have the capacity to leach through soils and contaminate groundwaters.  According to 



the ATSDR (1995C), the amount of dinitrophenol leached depends on the dinitrophenol adsorption 



capability of soils.  Adsorption of phenols in soil increases with a decrease in pH and an increase in 



organic carbon, goethite (one of the most common iron oxides in soil), and clay content.  Canter et 



al. (1994) detected 2,4-dinitrophenol in the Biscayne Aquifer at 14 µg/L.  



 



Soil 



The fate of 2,4-dinitrophenol in soil is often dependent on the soil characteristics.  According to 



Kaufman (1976), the mobility of dinitrophenols in soils is inversely related to parameters such as 



acidity, clay, and organic matter content moving slower through soils as these parameters increase.  



Pakdel et al. (1992) detected 2,4-dinitrophenol at a concentration of 11.7 µg/kg in the soil of Ville 



Mercier, Quebec, Canada.  As per Chapter 62-777, FAC, the Florida Department of Environmental 



Protection established a residential direct exposure soil clean up target level of 110 mg/kg for 2,4-



dinitrophenol (FDEP, 2005).  For the purposes of RSC calculation, a 2,4-dinitrophenol concentration 



of 110 mg/kg was utilized under the assumption that it represents a highly conservative estimate of 



potential soil contamination levels.  It represents a level above which the state would initiate clean-



up protocols and is characterized as a high end exposure instead of a central tendency.  A standard 



soil ingestion rate of 50 mg/day and a standard body weight of 70 kg were also utilized (USEPA, 



2011A, USEPA, 1997).  The resultant estimated average daily dose of 2,4-dinitrophenol received 



through soil ingestion was 7.86 x10−5 mg/kg-day.  



Diet 



Information and data could not be located concerning 2,4-dinitrophenol concentrations associated 



with total food intake or concentrations associated with specific food types. 



 



Ambient Exposure Sources 
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According to Callahan et al. (1979), significant losses of 2,4-dinitrophenol from surface water  are 



not predicted to occur through volatilization.  Instead, biodegradation is predicted to be the most 



important degradation/loss pathway for 2,4-dinitrophenol in surface waters.  Upon analysis of 2,4-



dinitrophenol data monitored at U.S. EPA STORET stations, Staples et al. (1985) found that 0.4% of 



the 812 ambient water samples positively detected 2,4-dinotrophenol.  The United States 



Environmental Protection Agency recommends that not more than 70 ppb be present in lakes or 



streams used for swimming where water may be swallowed (ATSDR ToxFAQs, 1996A).  The USEPA 



also recommends that a dinitrophenol concentration of 0.765 mg/L should not be exceeded in 



waters where people catch fish to eat, but there is no swimming (ATSDR, 1995C). Bioaccumulation 



of dinitrophenols in fish is not predicted to occur. 



 



RSC Calculation 



The estimated doses received through daily exposure to 2,4-dinitrophenol were then utilized to 



estimate the total average daily dose received by the general population.  The results are 



summarized in Table 1 below. 



 



Table 1: Estimated average daily 2,4-dinitrophenol exposure received through non-ambient 
sources by the general population. 



Exposure Route Estimated Exposure 



(mg/kg-day) 



Inhalation of Air 4.59 x10−14 



Soil Ingestion 7.86 x10−5 



Drinking Water Ingestion No Information Located 



Diet No Information Located 



Estimated total daily dose Insufficient Information 



 



The oral Rfd for 2,4-dinitrophenol is 2 x 10−3mg/kg-day (USEPA, 2013C).  The exposure routes that 



were able to be quantified represent less than 4% of the 2,4-dinitrophenol reference dose.  



However, exposure and contamination level data are lacking for both drinking water and dietary 



exposure routes.  Therefore, an RSC of 0.2 (EPA floor) was used for 2,4-dinitrophenol due 



information adequacy considerations.   



2-Methyl-4,6-Dinitrophenol 



Background 



2-Methyl-4,6-Dinitrophenol (CASRN 534-52-1) also known as 4,6-Dinitro-o-cresol (DNOC) is the 



most commercially important dinitrocresol isomer.  4,6-dinitro-o-cresol is a non-systemic stomach 



poison and was formerly utilized as a contact insecticide until 1991 when the United States 



Environmental Protection Agency canceled its registration as a pesticide agent (ATSDR, 1995B). 



DNOC is strongly phytotoxic and has been limited to dormant sprays for insecticide-based 



applications commonly utilized on fruit trees and use as a contact herbicide that was frequently 



utilized to extricate broad-leaved weeds interspersed in agricultural crops (ATSDR, 1995B).  
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According to the IPCS (2000),  the primary use of DNOC has shifted to the plastics industry as an 



inhibitor of polymerization in styrene and vinyl aromatic compounds, although still used as a 



pesticide in a number of other countries.  The main source of exposure individuals would have had 



to 4,6-dinitro-o-cresol was through contact during  manufacturing processes and agricultural use 



such as herbicide application.  Volatilization of DNOC is not predicted to be a significant loss 



pathway for soil or water.  According to the ATSDR (1995B), the adsorption of DNOC to soil increases 



with a decrease in soil pH and an increase in clay and organic carbon contents of soil thus ultimately 



influencing mobility. 



 



Exposure Source Determinations 



Manufacturing and release 



According to USEPA Toxic Release Inventory (TRI) data for 2011 and 2012 one cement corporation 



located in Logansport, Indiana reported their 4,6-Dinitro-O-Cresol waste production (TRI2011, 



2013A; TRI2012, 2013B).  



 



Non-ambient Exposure Sources 



Environment Canada has completed an assessment of DNOC to assess the potential of this chemical 



to cause undue risk associated with human exposure to this chemical.  This study analyzed 



estimated exposures to air, drinking water, and soil as quantitative data was not available for DNOC 



concentrations in food items. 



 



Air 



Measured and reported concentrations of DNOC in ambient air are scarce.  One of the main routes 



through which DNOC is released to ambient air is the application of this chemical as a pesticide. 



DNOC also forms in the atmosphere when 2-methylphenol reacts with NOx present in ambient air 



(Leuenberger et al., 1988).  To calculate the general population’s exposure through inhalation of 



ambient air, the Environment Canada assessment utilized a concentration of 0.05 µg/m3.  This 



concentration originated from a study completed by Leuenberger et al. (1988) in Switzerland and 



was derived through the use of a rainwater to air partition coefficient of 5.6 x 104.  According to the 



National Air Toxics Information Clearinghouse’s (NAITCH) Report of Federal, State, and Local Air 



Toxics Activities (1992), Florida developed and adopted an acceptable annual ambient air 4,6-



dinitro-o-cresol concentration of 0.48 µg/m3 based on a 24 hour averaging time.  For the purposes 



of RSC calculation, an ambient air concentration of 0.48 µg/m3 was utilized due to the fact that this 



value represents the most conservative Florida-based estimate that could be located.  A standard 



inhalation rate of 16 m3/day and a standard body weight of 70 kg were also utilized (USEPA, 



2011A; USEPA, 1997).  The resultant estimated average daily dose of DNOC recieved through 



inhalation was 1.10 x 10−4 mg/kg-day.  This estimate is predicted to be highly conservative due to 



the fact that the USEPA canceled 4,6-dinitro-o-cresol’s registration as a pesticide agent 



approximately 22 years ago. 



 



 Treated drinking water 



The only information on drinking water levels is a Canadian Report based on a very limited dataset.  



For drinking water exposure, Environment Canada utilized the detection limit of 0.4 µg/L for DNOC 
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in 19 samples of tap water from Toronto, Ontario in 2002 (Environment Canada/Health Canada, 



2009).  Information on drinking water is too limited to confidently estimate an exposure for the 



general population. 



Soil 



The primary ways DNOC is introduced to soils is through pesticide-based applications from the 



agricultural sector, runoff, and manufacturing–based release.  DNOC exists primarily in the particle 



phase within the atmosphere and is potentially susceptible to precipitation-based washout which 



can also lead to the reintroduction of DNOC to soils.  The length of time DNOC is predicted to persist 



is influenced by underlying soil characteristics and can range from 14 days to greater than l month 



(ATSDR, 1995B).  Environment Canada chose to utilize the method detection limit of 100 ng/g to 



calculate estimated DNOC exposure through soil ingestion.  As per chapter 62-777, FAC the Florida 



Department of Environmental Protection has established a residential direct exposure soil clean-up 



target level of 8.4 mg/kg.  For the purposes of RSC calculation, the concentration of 8.4 mg/kg was 



utilized under the assumption that it represents a highly conservative estimate of potential soil 



contamination levels.  This concentration represents a level above which the state would initiate 



clean-up protocols and is characterized as a high end exposure instead of a central tendency.  A 



standard soil ingestion rate of 50 mg/day and a standard body weight of 70 kg were also utilized 



(USEPA, 2011A; USEPA, 1997).  The resultant estimated average daily dose of DNOC received 



through soil ingestion was 6.0 x 10−6 mg/kg-day.  



 



Diet (other than fresh or estuarine fish) 



Information and data could not be located concerning 4,6-dinitro-o-cresol concentrations 



associated with total food intake or concentrations  associated with specific food types. 



 



Ambient Exposure Sources 



Volatilization of DNOC is estimated to be a minimal if not a negligible degradation pathway (ATSDR, 



1995B).  Various DNOC concentrations detected in surface water bodies were reported with the 



primary source of contamination noted as influences from run-off through DNOC-based agricultural 



applications.  According to, Klecka et al. (2010) summary statistics for the concentrations of 



pesticides in surface waters from three US systems that border the Great Lakes list 4,6-dinitro-o-



cresol as detected in 98% of 165 samples with a 50th percentile concentration of 0.06 µg/L and 



minimum and maximum concentrations of 0.002 µg/L and 0.190 µg/L, respectively.  Hall et al. 



(1987) also reported DNOC concentrations detected in the Potomac River near Quantico, Virginia of 



less than 10 μg/L. IPCS (2000) reported that DNOC is not expected to bioaccumulate in aquatic 



organisms due to a rapid degradation time.  According to Environment Canada/Health Canada 



(2009), DNOC readily forms water-soluble sodium, potassium, and ammonium salts and virtually 



100% of dissolved DNOC will be in the ionized form at environmentally relevant pHs (pH 6-8). 



 
RSC Calculation 



The estimated doses received through daily exposure to 2,4-dinitrophenol were then utilized to 



estimate the total average daily dose received by the general population. The results are 



summarized in Table 1 below. 
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Table 1.  Estimated average daily 2-methyl-4,6-dinitrophenol exposure received through non-
ambient sources by the general population. 



Exposure Route Estimated Exposure 



(mg/kg-day) 



Inhalation of Air 1.10 x 10−4 



Soil ingestion 6.0 x 10−6 



Treated Drinking Water ingestion Limited Information 



Diet No Information Located 



Estimated total daily dose Insufficient Information 



 



The reference dose for 2-methyl-4,6-dinitrophenol  is 0.00039 mg/kg-day (FDEP, 2013).  An RSC of 



0.2 (EPA floor) was used for 2-methyl-4,6-dinitrophenol  due to the unavailability of scientific 



literary-based evidence and data specific to 2-methyl-4,6-dinitrophenol  concentrations in all 



environmental media and food stuffs. 



Acrolein 



Background 



Acrolein is a volatile liquid with a burnt, sweet, pungent odor that vaporizes rapidly and easily into 



the atmosphere, particularly with rising temperatures.  It is also a very reactive compound and is 



highly flammable (IPCS, 1992; ATSDR, 2007).  Acrolein is primarily used to make other chemicals, 



such as acrylic acid and its esters, but may be produced by other sources, including the manufacture 



of methionine (animal feed supplement), burning of trees and other plants (including tobacco), 



heating of animal and vegetable fats at high temperatures, and when fossil fuels are burned (IPCS, 



1991B; IPCS, 1992; ATSDR, 2007).  It is also registered for use as an aquatic biocide in agricultural 



and industrial water supply systems to control growth of aquatic plants and algae, but only in the 



western United States (IPCS, 1992; ATSDR, 2007; USEPA, 2008B).  When applied to a water body 



for aquatic plant control, acrolein may persist for as long as six days (ATSDR, 2007).  



 



The primary exposure route for humans is through the air.  However, acrolein decomposes into 



other substances rapidly (within days).  Vehicle fuel emissions contain 3 – 10 % of total vehicle 



exhaust aldehydes.  Smoking one cigarette produces between 3 and 228 micrograms of acrolein 



(IPCS, 1992).  Acrolein has not been found in drinking water supplies nor is it common in surface 



waters (ATSDR, 2007).  Acrolein dissolves easily into water, but a significant portion vaporizes to 



the atmosphere rapidly.  Other portions break down in the water column into other substances or 



bind to solids (ATSDR, 2007).  Although the primary exposure pathway is through the air, acrolein 



levels are very low.  However, acrolein levels can be higher in large cities and in environments such 



as households with people who smoke.  In 2007, the ATSDR found that no significant acrolein 



exposure is expected from ingestion of drinking water or from dermal contact during bathing or 



showering. 
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Based on its physical/chemical properties, acrolein is unlikely to partition out of air when released 



into that medium.  Non-pesticidal sources in water, sediment, and soil have not been identified, and 



acrolein is degraded in these media.  Lack of focus on these media is also supported by air 



monitoring data in Canada and the lack of detectable concentrations of acrolein in water, sediment, 



and soil.  Acrolein does not bioaccumulate in organisms (IPCS, 2002).  



 



Exposure Source Determinations 



Manufacturing and release 



According to the United States Environmental Protection Agency’s Toxic Release Inventory (TRI) 



Explorer, total reported on-site disposal or other releases27 of acrolein in 2011 accounted for 



895,283.14 pounds with the majority of release/disposal occurring through underground injection 



to Class I wells and point source air emissions (TRI2011, 2013A).  Total reported off-site disposal or 



other releases28 in 2011 accounted for 14 pounds of acrolein with the majority of disposal/release 



occurring through “other off-site management” and “other landfills” (TRI2011, 2013A).  The total 



reported on- and off-site disposal or other releases for acrolein in 2011 was 895,297.14 pounds 



(TRI2011, 2013A).  Total reported on-site disposal or other releases in 2012 accounted for 



829,145.79 pounds of acrolein with the majority of disposal/release occurring through 



underground injection to Class I wells and point source air emissions (TRI2012, 2013B).  Total 



reported off-site disposal or other releases in 2012 accounted for 21.07 pounds of acrolein with the 



majority of disposal/release occurring through disposal to “other landfills” (TRI2012, 2013B).  The 



total reported on- and off-site disposal or other releases for acrolein in 2012 was 829,166.86 



pounds (TRI2012, 2013B).  Information/data retrieved from the USEPA’s TRI explorer tool does 



not represent an exhaustive list of disposals/releases of chemicals due to the fact that only certain 



types of facilities are required to report this type of information. 



Non-ambient exposure sources 



Air 



                                                           
 



27  Total  reported on-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C  landfills, other on-site landfills ( those not authorized under Subtitle C of RCRA to accept 
hazardous wastes), fugitive air emissions, point source air emissions, surface water discharges, underground injection 
Class II-V wells, land treatment, RCRA Subtitle C surface impoundments, other surface impoundments ( those not 
authorized under RCRA to accept hazardous waste for disposal), and other land disposal ( disposal to land that does not 
fall into one of the other on-site land release categories found in section 5.5.1 through 5.5.3 on the TRI From R). 
28  Total reported off-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C landfills, other landfills (those not authorized under Subtitle C of RCRA to accept hazardous 
wastes), storage only, solidification/stabilization (metals only), wastewater treatment (metals only), POTWs (metal and 
metal compounds), underground injection Class II- V wells, RCRA Subtitle C surface impoundments, other surface 
impoundments (those not authorized under RCRA to accept hazardous waste for disposal), land treatment, other land 
disposal ( disposal to land that does not fall into one of the other on-site land release categories found in section 5.5.1 
through 5.5.3 on the TRI From R), other off-site management ( chemicals in waste managed by techniques not specifically 
listed in section 6.2 of TRI Form R), waste broker, and unknown. 
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Acrolein occurs in the air as a byproduct of volatilization of the liquid, burning of fossil fuels 



(including vehicle emissions), burning of plant material (e.g., forest fires), cooking fumes, and other 



sources.  The half-life of acrolein in air is estimated to be < 10 hours (Mackay et al., 1995).  Other 



sources (Atkinson, 1985; Grosjean, 1990; USEPA, 2003B; ATSDR, 2007) indicate that the half-life of 



acrolein in air is estimated to be between 4 – 20 hours.  



 



In the National Air Quality and Toxics Report, 1998, the USEPA (2000C) found that concentrations of 



acrolein in ambient air averaged 0.12 µg/m3 (rural) and 0.20 µg/m3 (urban).  As reported by the 



ATSDR (2007), a Canadian study conducted by Environment Canada (2000) estimated that the 



general population is exposed to an average acrolein concentration of 1.3 μg/m3  
with a median 



value of 0.6 μg/m3.  The ATSDR (2007) determined that, based on the mean estimate for acrolein 



concentration derived from the Canadian study (1.3 μg/m3)
 
and a standard inhalation volume of 20 



m3 of air per day, an average adult will inhale 26 μg acrolein/day.   



 



Emissions and modeled acrolein concentrations were queried from the USEPA National-Scale Air 



Toxics Assessment http://www.epa.gov/ttn/atw/natamain/index.html (NATA; USEPA, 2013D).  



NATA is EPA's ongoing comprehensive evaluation of air toxics in the United States.  The USEPA 



developed NATA as a state-of-the-science screening tool for state/local/tribal agencies to prioritize 



pollutants, emission sources, and locations of interest for further study in order to gain a better 



understanding of risks.  NATA assessments do not incorporate refined information about emission 



sources, but rather, use general information about sources to develop estimates of risks which are 



more likely to overestimate impacts than underestimate them.  The resulting risk estimates are 



purposefully more likely to be overestimates of health impacts than underestimates, and thus they 



are health protective.  FDEP downloaded the most recent NATA results (USEPA, 2005A).  Data for 



all Florida counties were queried from the database: 



http://www.epa.gov/ttn/atw/nata2005/tables.html.   The estimated total statewide atmospheric 



acrolein concentration was 0.06755031307 µg/m3 from point and non-point sources. 



 



For the purpose of retaining consistency in calculating exposure for RSC determination the 



inhalation rate of 16 m3/day (USEPA, 2011A) and a standard body weight of 70 kg (USEPA, 1997) 



were utilized in the exposure calculation.  The average acrolein-based air concentration utilized to 



estimate average daily exposure was 0.20 µg/m3 due to the fact that it represents the most 



conservative estimate located within the United States.  The resultant estimated average daily dose 



of acrolein received through inhalation was 4.5 x10 -5 mg/kg-day.  



 



Soil 



Acrolein volatilizes from soil (half-life of 7.5 – 10.2 hours) and is easily metabolized within soil, 



being mineralized to carbon dioxide.  Microbes also contribute to acrolein’s degradation (HSDB, No. 



177).  Data and information associated with typical concentrations of acrolein in soils could not be 



located.  It is estimated that exposure to acrolein though soil ingestion is minimal if not negligible 



due to the volatility of acrolein. 



 



Treated drinking water 
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Acrolein has not been detected in drinking water (IPCS, 1992).  Concentrations of acrolein in 



treated drinking water supplies could not be located.  It is estimated that exposure to acrolein 



through treated drinking water ingestion is minimal if not negligible due to the volatility of acrolein. 



According to USEPA (2008B), acrolein would likely volatilize before and during the aeration stages 



of drinking water treatment. 



 



Oceanic/marine concentrations 



Information and data concerning typical acrolein concentrations detected in oceanic/marine 



environments could not be located. 



 



Diet (other than fresh or estuarine fish) 



Acrolein is present in a variety of foodstuffs.  It occurs naturally in the human body in small 



quantities as a metabolic byproduct.  Assessing acrolein exposure through diet, however, is 



complicated by analytical difficulties and the lack of reliable content measurements (Abraham et al. 



2011). According to Stevens and Maier (2008), acrolein is ubiquitously detected in cooked foods 



due to the fact that acrolein is inherently formed from carbohydrates, vegetable oils, animal fats, 



and amino acids during the process of heating.  Various sources report a wide range of acrolein 



concentrations in different food types.  The IARC (1995), the ATSDR (2007), and the IPCS (2002) 



report acrolein concentrations for various fruits, vegetables, meats, cheeses, food items cooked in 



oil/fats at different temperatures, alcohol, tea,  and coffee.  According to the IPCS (2002), the 



concentration of acrolein detected in food is typically <40 μg/g and in most instances is <1 μg/g. 



For example, the IARC (1995) reported that acrolein has been detected in cheeses at concentrations 



ranging from 290-1300 ppb (µg/kg) and the ATSDR (2007) reported acrolein  has been detected  at 



concentrations ranging from  <0.01–0.05 ppm in various fruits and up to 0.59 ppm in cabbage, 



carrots, potatoes, and tomatoes.  As reported by the IPCS (2002), research conducted by Robles 



(1968) and Zitting & Heinonen (1980) has found that acrolein is also produced as a thermal 



degradation product of cellophane and polystyrene thermoplastics used to package foods although 



data on the extent of migration to packaged food items have not been identified.  Even though 



acrolein is detected in a large variety of different food types and is considered ubiquitous in cooked 



foods not enough data could be located to quantify a reliable  holistic acrolein-based dietary 



exposure estimate that the general population would be exposed to when consuming a typical diet. 



Ambient exposure sources 



Acrolein is produced naturally by fermentation processes, as a volatile component of oils within oak 



trees, in biogenic emissions from pine and deciduous forests, as a product of incomplete 



combustion of organic matter (e.g., forest fires), and by the photochemical oxidation of 



hydrocarbons in the atmosphere (Ciccioli et al., 1993; USEPA, 2009A).   



Acrolein volatilizes from surface waters fairly rapidly (half-life, 23 hours from a model river that is 



one meter deep) (ATSDR, 2007).  Consequently, bioaccumulation is not expected to significantly 



occur (IPCS, 1992; IPCS, 2002; HSDB, No. 177).  The estimated bioconcentration factor of 3 (USEPA, 



2003) lends further support to a lack of potential for bioconcentration in aquatic organisms.  
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Furthermore, comparing various measured and estimated BCF values, acrolein does not 



bioaccumulate significantly in fish (Bysshe, 1982; Hansch and Leo, 1995; Veith et al., 1980). 



 



RSC Calculation 



The exposure estimates described above were used to estimate total non-surface water exposure as 



summarized below in Table 1. 



 



Table 1. Estimated average daily acrolein exposure received through non-ambient sources by the 
general population. 



Exposure Route Estimated Exposure 



(mg/kg bw-d) 



Inhalation of air 4.5 x 10−5 



Soil ingestion Negligible 



Treated drinking water ingestion Negligible 



Diet Unable to quantify 



Estimated total daily dose Insufficient information 



 



The oral Rfd for acrolein is 5 x 10-4 mg/kg-day (USEPA, 2013C).  The inhalation exposure route 



represents 9% of the acrolein reference dose.  Inhalation represents one of the main routes of 



acrolein exposure an individual may encounter due to the volatile nature of this chemical.  It is clear 



that individuals can also be potentially exposed to acrolein through diet given its ubiquitous 



existence in cooked foods, detected existence in different types of raw (uncooked) foods and 



beverages, and potential existence in certain types of food packaging.  However, data were lacking 



to quantify a holistic dietary exposure.  Therefore, due to the fact that there is evidence that the 



general public is exposed to acrolein through sources other than ambient sources (e.g., surface 



waters, freshwater/estuarine fish consumption) and evidence suggesting a lack of  significant 



bioaccumulation in aquatic biota an RSC of 0.2 (EPA floor) was used for acrolein due to information 



adequacy considerations. 



Bis (2-chloroisopropyl) Ether (BCPE) 



Background 



Bis (2-chloroisopropyl) ether (CASRN 108-60-1) has several synonyms, including BCPE, bis (2-



chloro-1-methylethyl) ether, dichlorodiisopropyl ether, dichloroisopropyl ether, 2,2'-oxybis(2-



chloropropane), BCMEE, and a number of other names (USEPA, 2013C).  For the purposes of this 



summary, the abbreviation BCPE will be used.  BCPE is used in a variety of manufacturing processes 



and products, including paint and varnish removers, spotting agents, cleaning solutions, dyes, 



resins, and pharmaceuticals.  As an additive to certain soap solutions, it is used in cleaning textiles.  



It is also an important by-product in the manufacture of propylene oxide and propylene glycol 
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(NTP, 1982).  BCPE has been found in industrial plant effluents and in tap water, particularly those 



with intakes below dischargers.  



 
BCPE releases to air exist as vapor concentrations, degrading in the presence of photochemically-



produced hydroxyl radicals with an estimated half-life of 28 hours.  BCPE is expected to be highly 



mobile in soils and may be resistant to biodegradation (NCBI, 2013B).  Volatilization from moist 



soils and water is an important fate process.  The volatilization half-life of BCPE is estimated at 19 



hours (river model) and 10 days (lake model) (NCBI, 2013B).  However, other sources note that 



BCPE will hydrolyze rapidly if released to water or moist soil with an estimated hydrolysis half-life 



of < 38.4 seconds in water, further noting that biodegradation, bioconcentration (in aquatic 



organisms), and adsorption to soil and sediment are not expected to be significant fate processes 



(Mabey et al., 1982; HSDB, No. 503).  It is predicted that the primary exposure routes to BCPE are 



through inhalation of contaminated air and ingestion of contaminated drinking water (NCBI, 



2013A).  Bioconcentration factors ranging from 5.2 to 12 suggest that bioconcentration in aquatic 



organisms is low (NCBI, 2013B). 



 



Exposure Source Determinations 



Manufacturing and release 



According to the United States Environmental Protection Agency’s Toxic Release Inventory (TRI) 



Explorer, total reported on-site disposal or other releases29 of BCPE in 2011 accounted for 345 



pounds with the majority of release/disposal occurring through fugitive air emissions and surface 



water discharges (TRI2011, 2013A).  Total reported off-site disposal or other releases30 in 2011 



accounted for zero pounds of BCPE (TRI2011, 2013A).  The total reported on- and off-site disposal 



or other releases for BCPE in 2011 was 345 pounds (TRI2011, 2013A).  Total reported on-site 



disposal or other releases in 2012 accounted for 101.9 pounds of BCPE with the majority of 



disposal/release occurring through fugitive air emissions (TRI2012, 2013B).  Total reported off-site 



disposal or other releases in 2012 accounted for zero pounds of BCPE (TRI2012, 2013B).  The total 



                                                           
 



29  Total  reported on-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C  landfills, other on-site landfills ( those not authorized under Subtitle C of RCRA to accept 
hazardous wastes), fugitive air emissions, point source air emissions, surface water discharges, underground injection 
Class II-V wells, land treatment, RCRA Subtitle C surface impoundments, other surface impoundments ( those not 
authorized under RCRA to accept hazardous waste for disposal), and other land disposal ( disposal to land that does not 
fall into one of the other on-site land release categories found in section 5.5.1 through 5.5.3 on the TRI From R). 
30  Total reported off-site disposal or other releases associated with TRI data include: underground injection to Class I 
wells, RCRA Subtitle C landfills, other landfills (those not authorized under Subtitle C of RCRA to accept hazardous 
wastes), storage only, solidification/stabilization (metals only), wastewater treatment (metals only), POTWs (metal and 
metal compounds), underground injection Class II- V wells, RCRA Subtitle C surface impoundments, other surface 
impoundments (those not authorized under RCRA to accept hazardous waste for disposal), land treatment, other land 
disposal ( disposal to land that does not fall into one of the other on-site land release categories found in section 5.5.1 
through 5.5.3 on the TRI From R), other off-site management ( chemicals in waste managed by techniques not specifically 
listed in section 6.2 of TRI Form R), waste broker, and unknown. 
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reported on- and off-site disposal or other releases for BCPE in 2012 was 101.9 pounds (TRI2012, 



2013B).  Information/data retrieved from the USEPA’s TRI explorer tool does not represent an 



exhaustive list of disposals/releases of chemicals due to the fact that only certain types of facilities 



are required to report this type of information. 



Non-ambient Exposure Sources 



 Treated drinking water 



Information and data concerning concentrations of bis (2-chloroisopropyl) ether detected in 



drinking water is scarce.  In 1976 the United States Environmental Protection Agency conducted 



Phase II of its National Organic Monitoring Survey, an initiative to analyze drinking water in the 



United States for detections of specific chemicals.  Data from this study was published by the U.S. 



EPA in the 1980 Ambient Water Quality Criteria Document for Chloroalkyl Ethers.  From this study, 



BCPE was detected in the finished (treated) drinking water of 8 cities out of the 113 cities under 



study.  The mean BCPE concentration generated from the 8 positively detect sites was 0.17 µg/L, 



which indicated a 7.1% incidence among cities surveyed (USEPA, 1980A).  The Ambient Water 



Quality Criteria Document for Chloroalkyl Ethers also reported a variety of BCPE concentrations 



detected in additional finished drinking water samples from facilities around the United States.  For 



example, BCPE was detected in finished drinking water samples at a concentration of 0.8 µg/L in 



Evansville, Indiana and in finished drinking water samples at the Carrollton Station and two 



facilities in Jefferson Parish, Louisiana at concentrations of 0.18, 0.08, and 0.03 µg/L, respectively     



(USEPA, 1980A).  According to the Hazardous Substance Data Bank (HSDB; No. 503), BCPE has also 



been detected in drinking water in New Orleans, Louisiana at an average concentration of 0.10 



ng/m3. Although various concentration of BCPE has been detected in treated drinking water, 



information on drinking water is too limited to confidently estimate an exposure for the general 



population. 



Air 



Information and/or data could not be located concerning typical bis (2-chloroisopropyl) ether 



concentrations in ambient air. 



 



Soil/sediments 



Information and/or data could not be located concerning bis (2-chloroisopropyl) ether 



concentrations detected in typical soils.  However, according to an analysis of STORET data 



conducted by staples et al. (1985), BCPE has been detected in sediments at a median concentration 



of < 500 µg/kg. 



 



Diet 



Information and/or data could not be located concerning bis (2-chloroisopropyl) ether 



concentrations detected in different food types or average dietary exposure measurements 



associated with bis (2-chloroisopropyl) ether. 



 



Ambient Exposure Sources 
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BCPE has been found in rivers as a result of industrial discharges from propylene glycol production 



in amounts ranging from 0.2 to 5 µg/L (HSDB, No. 503).  According to Staples et al.’s (1985) analysis 



of STORET data, BCPE has been detected in ambient surface waters at a median concentration of < 



10 µg/L (Staples et al., 1985). In addition, BCPE has been detected in ambient waters at mean 



concentrations of 0.10 µg/L in the New Orleans/Baton Rouge, Louisiana area and 19 µg/L in the 



Houston, TX area (HSDB, No. 503).  It is predicted that BCPE will not significantly bioaccumulate in 



aquatic biota due to its low BCF. 



 



RSC Calculation 



The exposure estimates described above were used to estimate a total non-surface water exposure 



as summarized below in Table 1. 



Table 1. Estimated average daily bis (2-chloroisopropyl) ether exposure received through non-
ambient sources by the general population. 



Exposure Route Estimated Exposure 



(mg/kg bw-day) 



Inhalation of Air No information located 



Soil ingestion No information located 



Treated drinking water ingestion Limited information 



Diet No information located 



Estimated total daily dose Insufficient information 



 



The oral RfD for bis (2-chloroisopropyl) ether is 0.04 mg/kg-day (USEPA, 2013C).  Exposure and 



contamination level data are lacking for the exposure routes of interest needed to calculate a 



chemical-specific RSC for this chemical.  Therefore, an RSC of 0.2 (EPA floor) was used for bis (2-



chloroisopropyl) ether due information adequacy considerations.   
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EXECUTIVE SUMMARY 
This white paper presents preliminary findings of a review and evaluation of the methods used by the 
Florida Department of Environmental Protection (FDEP) to estimate bioaccumulation of compounds from 
Florida surface waters into fish and shellfish consumed by Floridians. The estimation of such 
bioaccumulation is a key component in developing the human health-based surface water quality criteria 
(HHC) proposed by FDEP in May 2016. FDEP relied primarily, with exceptions noted in the white paper, 
on the methods and models developed and used by United States Environmental Protection Agency 
(USEPA) to derive the national 2015 Human Health Water Quality Criteria (HHWQC).  



It is important to understand that USEPA has an expressed preference for developing HHC based on 
bioaccumulation factors (BAFs) rather than bioconcentration factors (BCFs) because BAFs account for 
exposure of fish and shellfish from all exposure pathways (e.g., water, diet, sediment) while BCFs 
account for exposure from only water. When measured BAFs are available USEPA’s procedure uses 
those to estimate bioaccumulation. When measured BAFs are not available USEPA estimates BAFs by 
multiplying either measured or modeled BCFs by a food chain multiplier (FCM). The FCM is intended to 
account for exposure of fish and shellfish from the non-water exposure pathways.  



This white paper focuses on two aspects of USEPA’s procedure as it was used by FDEP. The first is the 
process and data used to develop measured BCFs for compounds that do not have field measured BAFs. 
This white paper uses an example compound and focuses on the process and data used to estimate the 
BCF for benzo(a)pyrene (BaP) a polycyclic aromatic hydrocarbon (PAH) that is used as a surrogate by 
USEPA and FDEP to estimate the bioaccumulation of six other PAHs. The second aspect of USEPA’s 
process addressed in this white paper is the applicability of national FCMs to surface waters in Florida. 
The FCMs used by USEPA (and FDEP) are based on a model developed to estimate bioaccumulation of 
compounds in a food web representative of the Great Lakes. This white paper examines some of the 
assumptions used by USEPA to characterize surface water and food webs in the Great Lakes and 
compares them to surface waters and food webs in Florida to determine the applicability of the FCMs to 
Florida surface waters.  



Review of the approach used by USEPA (and FDEP) to develop the BAF for BaP identified three key 
concerns that affect the final BAF (or in the case of FDEP, the BCF) used to derive the proposed HHC.  



 The USEPA database includes three invertebrate species that are not representative of shellfish 
consumed by Floridians (i.e., the water flea (Daphnia magna), an amphipod (Pontoporeia hoyi), 
and a mayfly (Hexagenia limbata). Whether the accumulation of BaP in typically consumed 
shellfish is well represented by BCFs from amphipods, mayflies and water fleas is unknown. 
What is known is that these three organisms are very different from those that are regularly 
consumed. Until it has been shown that their BCFs are representative of regularly consumed 
species, it might be best to exclude them when estimating the BCFs of regularly consumed 
shellfish species. Excluding these three species causes the final BCF for BaP to increase. 



 USEPA’s (and FDEP’s) BAF derivation process includes establishing something USEPA refers to 
as a baseline BAF. A baseline BAF is expressed on a 100% lipid basis and assumes that all of a 
compound is dissolved in water (i.e., none of the compound in the water column is bound to 
organic carbon, so all of the compound is available to be accumulated). Most studies reporting 
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BCFs do not provide information on the fraction of BaP dissolved in the water column versus the 
fraction sorbed to organic carbon suspended in the water column. To estimate the fraction of BaP 
dissolved in the water column USEPA needed to make assumptions about how much organic 
carbon was present in the experiments reporting BCFs. USEPA assumed all of those 
experiments had organic carbon equal to the median measured in U.S. surface waters. However 
two thirds of the BaP BCF studies used filtered water. Such water will likely have a much lower 
organic carbon concentration than that assumed by USEPA. When an organic carbon 
concentration more representative of filtered water is used to derive baseline BAFs, the baseline 
BAF for BaP decreases by about 40%.  



 For compounds that do not have measured BAFs, a key step of USEPA’s process for deriving a 
baseline BAF is multiplying a BCF by a FCM. USEPA’s guidance lists certain characteristics of a 
compound that preclude the application of a FCM. One of those characteristics is “high 
metabolism” which is how USEPA classified BaP. Thus, USEPA should not have multiplied the 
BaP BCFs by FCMs to derive a baseline BAF. FDEP recognized this incorrect application of a 
FCM and did not apply a FCM to the BCF of BaP when developing the proposed HHC. The effect 
of not including the FCM is substantial, baseline BAFs decrease by several-fold. 



When all of the above factors are accounted for, the Florida-specific BAF for BaP becomes 484 kilograms 
per liter (L/kg); lower than the BAF of 600 L/kg used by FDEP in the proposed HHC and lower than 
USEPA’s national BAF for BaP of 3,900 L/kg.  



Review of the applicability of national FCMs to Florida surface waters and food webs revealed numerous 
reasons to believe the national default assumptions used by USEPA to derive national FCMs are unlikely 
to be representative of Florida conditions.  



 The model used by USEPA to derived national FCMs is based on and calibrated for a Great 
Lakes food web using PCB data. A Florida based food web will have substantially different inputs 
and structure and could result in a very different FCMs. For example Florida waters do not 
support alewives, smelt or salmonids and the lipid content of many fresh water species appears 
to be lower in Florida than in the Great Lakes. At this point it is unknown whether food webs more 
representative of Florida surface waters will have higher or lower FCMs than those derived for the 
Great Lakes but the components and structure will clearly be very different. 



 USEPA’s model assumes that surface waters have had a long history of loading of compounds 
followed by a relatively recent reduction in such loading (such as PCBs in the Great Lakes and 
Hudson River in the 1980’s and 1990’s). That scenario of high historic loading leads to a high 
proportion of a compound in sediments compared to conditions closer to equilibrium. The effect of 
that high proportion of a compound in sediments is to increase FCMs. FCMs decrease 
substantially when compound loadings expected to be representative of most waters in the U.S. 
and Florida are employed in the FCM model.  



 The FCMs developed by USEPA assume no metabolic transformation of a compound by fish and 
shellfish. Yet USEPA (and FDEP) are using the FCMs developed using the assumption of no 
metabolic transformation to derive HHC for many compounds that are likely to be metabolized to 
some degree by fish or shellfish or both. The potential effect on FCMs of incorporating 
metabolism was investigated for pentachlorophenol, heptachlor, and 1,3-dichlorobenzene. When 
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the compound-specific metabolic transformation rate constants were incorporated into the FCM 
model, the FCMs dropped substantially for all three chemicals. 



 Finally, the temperature used in the USEPA model is much cooler than might be expected in 
Florida waters. Use of a higher temperature in the FCM model increases FCMs because the 
higher temperature results in an increase in dietary intake in the model. Because the model 
assumes no metabolic transformation, the increased dietary intake is not balanced by what one 
might expect to be an increased rate of metabolic transformation as temperature increases.  



In summary, the preliminary evaluations presented in this white paper provide several lines of strong 
evidence that the application of USEPA’s national BAF procedure to estimate bioaccumulation in Florida 
surface waters is premature and does not represent good science. Additional evaluation is necessary to 
identify those aspects of USEPA’s national BAF methodology that are applicable to Florida and those that 
need Florida-specific modification before they can be used to derive human health-based criteria for 
Florida surface waters. While the preliminary evaluation of some of the individual parameters of the FCM 
model suggest that BAFs in Florida may be lower than estimated by USEPA for the Great Lakes, the 
combined effect of all such modifications, and whether those will lead to higher or lower estimates of 
bioaccumulation, is unknown at this time.  
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Introduction 



To estimate the bioaccumulation of substances from surface water into fish and shellfish the Florida 
Department of Environmental Protection (FDEP) relied primarily, with exceptions as noted below, on the 
methods and models developed and used by United States Environmental Protection Agency (USEPA) to 
derive the national 2015 Human Health Water Quality Criteria (HHWQC) and as further explained by 
USEPA in their January 2016 supplemental information for development of national bioaccumulation 
factors (USEPA 2016). See Table 1 for a comparison of Florida and National bioaccumulation factors 
(BAFs). 



USEPA’s process has an expressed preference for basing HHWQC on BAFs rather than 
bioconcentration factors (BCFs) because BAFs account for exposure of fish and shellfish from all 
exposure pathways (e.g., water, diet, sediment) while BCFs account for exposure from only water. When 
measured BAFs are available USEPA’s procedure uses those to estimate bioaccumulation. When 
measured BAFs are not available USEPA estimates BAFs by multiplying either measured or modeled 
BCFs by a food chain multiplier (FCM). The FCM is intended to account for exposure of fish and shellfish 
from the non-water exposure pathways. Exceptions to this process include inorganic compounds that are 
not expected to biomagnify, ionized organic compounds, organic compounds with log Kow of less than 4, 
and organic compounds that are highly metabolized. For compounds that fall into either of these four 
categories USEPA’s procedure suggests using a field measured BAF and if such is not available, a 
laboratory derived BCF.  



This white paper focuses on two aspects of USEPA’s procedure as it was used by FDEP to estimate 
bioaccumulation of substances from Florida surface waters into fish and shellfish. The first is the process 
and data used to develop measured BCFs for compounds that do not have field measured BAFs. 
Measured BCFs are used to estimate accumulation of 20 of 88 compounds for which revised HHC are 
proposed. This white paper focuses on the process and data used to estimate the BCF for 
benzo(a)pyrene (BaP) a polycyclic aromatic hydrocarbon (PAH) that is used as a surrogate to estimate 
the bioaccumulation of six other PAHs (benzo(a)anthracene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, indeno(1,2,3-cd) pyrene). Whether the 
comments presented below for the derivation of the BCF for BaP apply to all the other compounds for 
which measured BCFs are used is not known; what is known is that they do apply to a total of seven 
PAHs, which represents slightly more than a third of the compounds for which measured BCFs were 
used.  



The second aspect of USEPA’s process to estimate bioaccumulation that is addressed in this white paper 
is the applicability of the FCMs to surface waters in Florida. A FCM is used by FDEP to estimate the 
accumulation of 60 of 88 compounds for which revised HHWQC are proposed. The FCMs used by 
USEPA (and FDEP) to adjust BCFs to account for exposures other than water, are based on a model 
adopted by USEPA in 1993 (Gobas 1993). That model was developed to estimate bioaccumulation of 
compounds such as polychlorinated biphenyls (PCBs) in a food web representative of the Great Lakes. 
This white paper examines some of the assumptions used by USEPA to characterize surface water and 
food webs in the Great Lakes and compares them to surface waters and food webs in Florida to 
determine the applicability of the FCMs to Florida surface waters. For some model parameters, the white 
paper also presents a sensitivity analysis demonstrating whether FCMs specific to Florida surface waters 
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would be different (either higher or lower) from Great Lakes-based FCMs. The sensitivity analysis does 
not address all parameters used in the Great Lakes FCM model. Thus, it remains unknown whether 
FCMs based on a model that truly represents Florida surface waters and food webs, would be higher or 
lower than the FMCs used to derive the currently proposed HHWQC. 



Background: Derivation of Surface Water Quality Criteria for 
Protection of Human Health 



FDEP used USEPA guidance (USEPA 2000) to derive surface water quality criteria (FDEP 2016). The 
equation for non-carcinogenic compounds for consumption of water and organisms is as follows: 



 
Where: 



SWQC = surface water quality criterion (µg/L); 



RfD = compound-specific reference dose (mg/kg-d); 



RSC = Relative source contribution factor to account for non-water sources of exposure (not used for 
linear carcinogens); 



BW = body weight (kg); 



DI = drinking water intake (L/d); 



FCRi = fish consumption rate for aquatic trophic levels (TLs) 2, 3, and 4 (kg/day); 



BAFi = bioaccumulation factor for aquatic TLs 2, 3, and 4 (L/kg); and 



Σ4
i=2 = summation of values for aquatic TLs, where the letter i stands for the TLs to be considered, 



starting with TL2 and proceeding to TL4. 



For carcinogenic compounds, the reference dose term in the denominator is replaced by [Target 
Risk/CSF (mg/kg-d)] where: 



CSF = Cancer slope factor (mg/kg-d); and 



Target Risk = Allowable incremental life-time increased cancer risk (usually either 1x10-6 of 1x10-5). 



For SWQC developed to protect human health from exposures associated with consumption of 
organisms only, the drinking water intake term is removed from the equation. 
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FDEP used a probabilistic approach (Monte Carlo simulation) to solve these equations and calculate 
HHC1. This was accomplished by specifying a distribution for some of the parameters (e.g. body weight, 
fish consumption rate, drinking water rate) rather than using a point estimate for that parameter, randomly 
choosing from that distribution and solving the equation in multiple iterations to ensure that specific 
segments of the population are protected at specified target risk levels. Other parameters were 
characterized using point estimates (e.g. bioaccumulation factors, reference doses, cancer slope factors, 
relative source contribution (RSC)). The general categories of parameters are summarized briefly below. 



Toxicity Parameters – FDEP used values from the IRIS database and alternative sources for reference 
doses and cancer slope factors similar to the approach used by USEPA in the calculation of their 2015 
HHWQC. These were entered as point estimates in the equations. FDEP used a default value of 0.2 for 
the RSC. 



Exposure Parameters – FDEP developed state specific probability distributions for exposure parameters 
for the probabilistic approach. The distributions for drinking water intake and body weight are based on 
national recommendations from the 2011 USEPA Exposure Factors Handbook. The fish consumption 
rate (FCR) distribution is based on USEPA’s 2014 Estimated Fish Consumption Rates for the U.S. 
Population and Selected Subpopulations. FDEP created FCR distributions for the probabilistic analysis 
based on the geographic regions representative of Florida, Atlantic Coast, Gulf Coast, and Inland South. 



Bioaccumulation Parameters – In general, FDEP’s approach followed the methodology described by 
USEPA (2003) but used Florida-specific values for lipid content of fish species and organic carbon 
content in surface waters. Other critical parameters used in the BAF calculations, particularly food chain 
multipliers (FCMs), were not Florida-specific and were based on the national default values. The final 
calculated BAFs were entered as point estimates in the HHC equations. A detailed analysis of the 
methodology used by FDEP to calculate BAFs is described below and includes a comparison of Florida-
specific and National BAFs.  



FDEP’s Derivation of BCFs and BAFs for Florida Surface Waters 



In general FDEP followed the USEPA methodology to derive BCFs/BAFs for use in WQC calculations 
(USEPA, 2000, 2003, 2016) and used the same methods and the same studies to derive BCFs/BAFs as 
USEPA. For most compounds2 the methodology involves estimating a baseline BAF (i.e. a BAF based on 
the dissolved fraction and adjusted for lipid concentration) based on field or laboratory studies if available. 
If field or laboratory studies are not available, the baseline BAF is estimated from a compound’s n-
octanol-water partition coefficient. The baseline BAFs are averaged by species and trophic level 
(geometric mean) and a food chain multiplier (FCM) is applied to each trophic level for chemicals 
classified as non-metabolized. With the exception of PAHs, FDEP used the baseline BAFs provided in the 
supplemental information provided by USEPA (USEPA, 2016). The baseline BAFs were then converted 
to Florida BAFs using state specific assumptions about the concentration of dissolved organic carbon 
(DOC) and particulate organic carbon (POC) is surface water, parameters used to calculate the freely 



                                                      
1 The May 2016 FDEP technical support document refers to the proposed criteria as HHC. These are the same as 
the SWQC referred to in the formula above. USEPA refers to such criteria as ambient water quality criteria (AWQC). 
Such criteria have also been referred to as HHWQC. Depending upon citation, all of these terms may appear in this 
white paper and refer to surface water quality criteria for protection of human health. 
2 BCFs and not BAFs were developed and used to derive the proposed HHC for some compounds.  
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dissolved fraction in Florida waters, and Florida-specific assumptions for the lipid content in each trophic 
level. FDEP assumed lipid contents of 1.8%, 1.5% and 2% for TL2, TL3 and TL4 respectively. For PAHs, 
FDEP determined that USEPA (2015a) failed to correctly account for high metabolic transformation rates. 
Specifically, USEPA calculated the BAFs for 12 PAHs by multiplying laboratory BCFs by FCMs. FDEP 
noted that this is not consistent with USEPA guidance for highly metabolized compounds and therefore 
they recalculated the baseline BAFs for 12 PAHs based on the laboratory BCF results provided by 
USEPA (2016) but without applying FCMs. There was another inconsistency with guidance on the part of 
USEPA’s baseline BAF calculations. Baseline BAFs are supposed to be calculated based on the study 
specific measurements of the freely dissolved fraction of a chemical during the experiment. However, 
USEPA used default values of DOC and POC to calculate baseline BAFs from field or laboratory based 
BAFs or BCFs. FDEP did not recognize this departure from guidance in USEPA’s calculations and used 
the baseline BAFs as presented in the supplemental material (USEPA 2016). A discussion of the 
potential implications of this departure from guidance is further discussed below.  



The USEPA methodology prescribes four methods for deriving BAFs presented below in order of 
preference given the amount of available information from literature. 



1. Measured BAFs derived from data obtained from a field study (i.e., field measured BAFs). 



2.  BAFs predicted from biota-sediment accumulation factors (BSAFs) obtained from a field study (i.e., 
field-measured BSAFs). 



3.  BAFs predicted from laboratory-measured BCFs, with or without adjustment by a FCM. 



4.  BAFs predicted from a compound’s n-octanol-water partition coefficient (Kow), with or without 
adjustment by a FCM. 



The methods are to be chosen preferentially in the order shown depending on the amount of information 
available in the literature and based on the properties of the compound and whether or not the compound 
is metabolized as shown in the flow chart below. BAFs and BCF were not combined in calculations. Each 
method results in an estimate of a baseline BAF for each trophic level using one of the following 
equations: 



(Baseline BAF)TL n = [BAFT
t/ffd – 1] • 1/fl 



(Baseline BAF)TL n = (FCM)TL n • [BCFT
t/ffd – 1] • 1/fl 



(Baseline BAF)TL n = Kow • (FCM)TL n 



Where: 



(Baseline BAF)TL n = baseline BAF for TL “n” (L/kg-lipid); 



BAFT
t = total BAF from field sample (i.e., total concentration of chemical in tissue / total concentration 



of chemical in water [L/kg-tissue]); 



BCFT
t = total BCF from laboratory measure (i.e., total concentration of chemical) 



in tissue / total concentration of chemical in water [L/kg-tissue]); 



ffd = fraction of the total concentration of chemical in water that is freely dissolved (in field or 
laboratory sample); 
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fl = fraction of tissue that is lipid (in tested species); 



FCM = FCM for TL “n”; and 



Kow = n-octanol-water partition coefficient. 
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For compounds that fall under procedures #1 and #6 and when the log Kow is greater than or equal to 4, 
the species is assigned to a particular TL (i.e., 2, 3, or 4) and an FCM is applied. For other cases, the 
FCM is dropped from the equation (or equivalently set to 1.0). FCMs were developed by USEPA using a 
food web model further described below. FDEP applied the USEPA-derived FCMs where appropriate to 
calculate baseline BAFs (i.e. all baseline BAFs used by FDEP are the same as USEPA baseline BAFs 
with the exception of the 12 PAHs mentioned above). 



Multiple baseline BAFs, either from laboratory or field studies (but not both), are averaged by species and 
then by trophic level using the geometric mean to calculate a final baseline BAF for each TL. For study-
based baseline BCFs/BAFs, estimates of ffd and fl are supposed to be study specific. However, in the 
Excel spreadsheet provided by USEPA as part of the supplemental information, it is clear that USEPA did 
not enter ffd from the specific studies but rather estimated it using the national default values for DOC and 
POC and the following equation: 



Ffd = 1 / [1 + POC • Kow + DOC • 0.08 • Kow] 



This departure by USEPA from their own guidance calls into question the validity of all the study-based 
baseline BAFs. Potential implications of this departure from guidance are further discussed below. 



The final Florida BAFs were calculated in the same way as national BAFs except with Florida specific 
assumptions as follows:  



Florida BAF = [(Final Baseline BAF)TL n • (fl)TL n + 1] • (ffd) 



Where: 



Florida BAF = final Florida BAF (L/kg-tissue); 



Final Baseline BAFTL n = mean baseline BAF for TL “n” (L/kg-lipid); 



(fl)TL n = Florida specific estimate of lipid fraction at TL “n”, assumed to be 1.8%, 1.5% and 2.0% for 
TLs 2, 3, and 4, respectively, compared to the national lipid contents assumed by USEPA 1.9%. 2.6% 
and 3.0%, respectively; and 



ffd = fraction of total concentration freely dissolved based on Florida specific estimates of DOC and 
POC, assumed to be 12 mg/L and 0.6 mg/L, respectively, compared to the national concentrations 
assumed by USEPA of 2.9 mg/L and 0.5 mg/L, respectively. 



Table 1 shows a comparison of the Florida derived BAFs and the USEPA derived national BAFs and 
which of the above four methods was used in the derivation. There are a total of 88 compounds for which 
Florida used BCFs/BAFs. The following methods were used: Log Kow*FCM (n=54); Field BAFs (n=6); 
BCF*FCM, (n=3); Alternative BAF/(BCF*FCM)" (n=3); Alternative BAF (n=5); BCF (n = 12 PAHs); 1980 
BCF for beryllium; and 2002 BCF (n=4). Alternative BAFs refer to a method of calculating one BAF to 
represent all three trophic levels. This is applied when data are not available to estimate BAFs for all 3 
TLs. In general, FDEP used the same methods, field studies, and assumptions as USEPA. However, as 
noted above, unlike USEPA, FDEP did not apply FCMs when calculating baseline BAFs for 12 PAHs, 
((Acenaphthene, Anthracene, Benzo (a) Anthracene, Benzo (a) Pyrene, Benzo (b) Fluoranthene, Benzo 
(k) Fluoranthene, Chrysene, Dibenzo (a,h) Anthracene, Fluoranthene, Fluorene, Indeno (1,2,3-cd) 
Pyrene, and Pyrene)). FDEP’s approach is correct because these compounds have been classified by 
USEPA as highly metabolized and, therefore, FCMs should not have been applied by USEPA.  
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For all other compounds FDEP used the same methodology as USEPA and for methods 1 through 3, 
FDEP used the same set of field BAFs or laboratory BCFs as USEPA to derive baseline. In these cases 
the differences between Florida BAFs and National BAFs are wholly attributable to the differences in 
Florida’s assumptions for lipid content at each trophic level (which are lower than the national default 
assumptions) and their assumptions of POC and DOC of Florida surface waters (which are higher than 
the national default assumptions and result in lower estimates of the dissolved fraction). Florida’s 
assumptions for both lipid and organic carbon concentration result in lower final BAF calculations as 
compared to national final BAFs. The degree of difference depends on hydrophobicity for organic 
compounds. Florida TL2 BAFs are about half as large as national BAFs when log Kow > 6.5 but are not 
much different when log Kow < 5.  



Review of the Florida BAF for BaP 



As noted above, this white paper focuses on the process and data used to estimate the BCF for BaP as 
an example of some of the short comings in that process and those data. Whether the shortcomings 
described below for the derivation the BCF for BaP apply to all the other compounds for which measured 
BCFs are used is not known. Arcadis has not review the underlying data and publications for the other 
compounds for which revised HHC are proposed. What is known is that the shortcomings do apply to a 
total of seven PAHs (BaP and the six PAH for which BaP is used as a surrogate (i.e., 
benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, 
indeno(1,2,3-cd) pyrene). These seven PAH represent slightly more than a third of the compounds for 
which measured BCFs were used. 



The general process that USEPA followed to estimate a national BCF for a specific species from a 
specific study had four steps. FDEP adopted most of these steps when estimating accumulation of BaP in 
fish and shellfish (and the other six PAHs for which BaP is assumed to be a surrogate) with a very 
important exception. As a final step, USEPA multiplied the trophic level 2 and 3 BCFs for BaP by FCMs of 
1 and 10.2, respectively to derive a BAF of 3900 for BaP even though USEPA classified BaP as having 
“high metabolism” (USEPA 2015). According to USEPA’s supplemental information released in January 
2016 (USEPA 2016), and consistent with the text describing the derivation of the BAF for BaP in USEPA 
(2015a), the BCF for BaP should not have been multiplied by a FCM because of the high metabolism 
classification. Use of FCMs is inappropriate for metabolized compounds because USEPA’s FCM model 
assumed compounds are not metabolized3. Such an assumption does not apply to BaP or to the other 
PAHs. FDEP recognized this incorrect application of a FCM and did not apply a FCM to the BCF of BaP 
when developing the proposed HHC.  



                                                      
3 According to USEPA (2016) other chemical characteristics also preclude the use of FCMs when using BCFs to 
derive baseline BAFs. One such characteristic is ionization. If a compound is expected to be ionized, an FCM should 
not be applied to a BCF to derive a baseline BAF. USEPA classified pentachlorophenol as an “ionic organic chemical, 
with ionization not negligible” (USEPA 2015b). Nevertheless, when deriving the baseline BAF for pentachlorophenol, 
and contrary to their guidance, USEPA used FCMs.  
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The first step in deriving a BCF for BaP was identifying and summarizing the BCFs reported in peer-
reviewed literature for BaP4. At this point Arcadis has not conducted a comprehensive review of the 
available literature on BaP BCFs and, therefore, this white paper is not commenting on the completeness 
of the data set used by USEPA to derive the BCF for BaP. Other peer-reviewed studies reporting valid 
BCFs for BaP may be available. As part of the review of the peer-reviewed studies included in the 
USEPA database, Arcadis identified one study that reported a BCF that appears to have been entered 
incorrectly in the database. Jimenez et al. (1987) report a BCF of 608 L/kg but the database lists a BCF of 
842 mg/L5. Arcadis was not able to identify an explanation for the discrepancies between the BCF 
reported by the study and the BCF listed in the database. The BCFs for BaP reported by the other studies 
agree with the database entries.  



Of note regarding the 26 measured BCFs for BaP included in the database is a BCF for a water flea 
(Daphnia magna), a BCF for an amphipod (Pontoporeia hoyi), which is close relative of beach lice, and a 
BCF for a mayfly (Hexagenia limbata). These species are used to estimate the accumulation of BaP into 
shellfish that Floridians regularly consume (e.g., crabs, shrimp, lobster, clams) but these species are very 
different from shellfish regularly consumed by Floridians. Whether the accumulation of BaP in typically 
consumed shellfish is well represented by BCFs from water fleas, amphipods and mayflies is unknown. 
What is known is that these three organisms are very different from those that are regularly consumed 
and until it has been shown that their BCFs are representative of regularly consumed species, it might be 
best to exclude them when estimating the BCFs of regularly consumed shellfish species. Other species 
for which BCFs are reported include three for Bluegill sunfish (Lepomis marochirus), one for shrimp 
(Mysis relicta), and 19 for zebra mussels (Dreissena polymorpha). 



The second step in deriving a BCF for BaP is converting the BCFs reported for each species in each of 
the studies to what USEPA refers to as a baseline BAF6. The baseline BAF is expressed on a freely 
dissolved and 100% lipid basis. Some peer-reviewed studies report the lipid content of the species for 
which a BCF is presented, precluding the need to make assumptions about the lipid content of the test 
organisms. Other studies do not report the lipid contents and a default national species-specific lipid 
content (USEPA 2003) is used.  



In almost all cases, the peer-reviewed study does not measure or estimate the freely dissolved 
concentration of a BaP in the setting from which the BCF was derived. The study simply reports the 
nominal concentration of BaP in the setting and reports the BCF on the basis of the nominal 
concentration. One exception to this is Landrum and Poore (1988). Landrum and Poore (1988) correct 
BaP uptake by mayflies for the fraction of the BaP that was bound to dissolved organic matter (DOM) in 
the test setting, recognizing that the increase in DOM can ultimately reduce the bioavailability of non-polar 
organics such as BaP measured in water. Thus, the BCFs for BaP reported by Landrum and Poore 



                                                      
4 The database upon which USEPA and FDEP rely to develop BCFs/BAFs for BaP report both measured BCFs and 
measured BAFs from peer-reviewed literature for BaP. Because many more peer-reviewed BCFs are reported than 
are BAFs, USEPA relies on the reported BCFs and not the reported BAFs to derive a baseline BAF. Hence, the BaP 
example refers to peer-reviewed literature reporting BCFs. 
5 During Arcadis’s review of the BaP dataset we also identified a discrepancy for one of the studies reporting a BAF 
for BaP. Frank et al. (1986) report a BAF of 676 mg/L, however a BAF of 3,236 mg/L is listed in USEPA’s database.  
6 To be consistent with the terminology used by USEPA and FDEP this white paper uses the term “baseline BAF” 
when referring to either literature-derived BCFs or BAFs, even though in the case of BaP (and other chemicals as 
well) that baseline BAF is based on BCFs reported in the literature.  
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(1988) are expressed on based on a freely dissolved basis and, therefore, the fraction freely dissolved 
factor should not be applied. USEPA (and FDEP because they used the USEPA BCF) incorrectly applied 
a fraction freely dissolved correction factor to the BCF reported by Landrum and Poore (1998). The effect 
of removing the fraction freely dissolved correction factor of the BCF for BaP is discussed at the end of 
this section.    



The freely dissolved fraction depends upon chemical-specific characteristics (log Kow) as well as 
characteristics unique to the setting in which the BCF was measured (concentration of dissolved organic 
carbon (DOC) and particulate organic carbon (POC)). One can imagine that in a laboratory setting, using 
synthetic or filtered water, the amount of organic material in the water is much lower than it would be in a 
naturally occurring surface water. Additionally, and as USEPA (2000) states, POC is eliminated from the 
laboratory test water that is filtered prior to use in BCF and BAF experiments. Three of the five studies 
that report BaP BCFs used filtered lake waters: Gossiaux et al. (1996) and Landrum and Poore (1988) 
used water from Lake St. Clair, and Murray et al. (1991) used water collected from sites in Port Phillip 
Bay, Victoria , Australia. Assuming that the concentration of DOC in these filtered lake waters would be 
comparable to the national median DOC used by USEPA for all waters (i.e., 2.9 mg/L) does not seem 
unreasonable as the mean DOC concentration in lake waters was 2.9 mg/L as well (USEPA 2003). 
However, assuming that the concentration of POC in filtered lake water is the same as that present in 
ambient waters (i.e., 0.5 mg/L) is unlikely to be appropriate given that the filtering of lake water would 
remove most if not all of the POC present in ambient lake water. A POC concentration of 0 mg/L might be 
more appropriate for studies using filtered lake water. The effect of such an assumption on the BCF for 
BaP is discussed at the end of this section.  



The third step in deriving a BCF for BaP is converting the national baseline BCFs reported for each 
species in each of the studies to a Florida-specific BCF. The process entails adjusting the baseline BCF 
which assumes all of the BaP is freely dissolved and is expressed on a 100% lipid content-basis to 
account for the amount of BaP that is expect to be freely dissolved in Florida surface water and for the 
lipid content of fish in Florida surface water. In developing its updated 2015 HHWQC USEPA used 
national DOC and POC concentrations and national lipid contents for fish in each of the three trophic 
levels. FDEP correctly recognized that the national averages were not appropriate for Florida surface 
waters and Florida fish and utilized Florida-specific DOC/POC and lipid concentrations. The Florida-
specific DOC and POC concentrations were 12 mg/L and 0.6 mg/L, respectively, compared to the 
national median of 2.9 mg/L and 0.5 mg/L, respectively. The Florida-specific lipid content was 0.018, 
0.015, and 0.02 in trophic levels 2, 3 and 4, respectively, compared to national average lipid contents of 
0.019, 0.026, and 0.03.  



USEPA’s fourth step for deriving a BAF for BaP was to multiply the national BCF by a FCM. As described 
above, FDEP correctly recognized that application of a FCM to BaP (and to the other PAHs) is 
inappropriate and did not adjust the BaP BCFs beyond accounting for Florida-specific DOC and POC 
concentration and lipid content.  



The effect of making the corrections described above (i.e., estimating fraction freely dissolved using a 
POC concentration of 0 mg/L, assuming the mayfly BCF reported by the study is on a freely dissolved 
basis) on the baseline BAF calculated by USEPA and FDEP for each species is presented in Table 2 and 
for the BAFs for each trophic level and the final BAF for combined trophic levels in Table 3. When all 
adjustments are applied, the Florida-specific BCF for BaP decreases from 596 L/kg (rounded to 600 L/kg 
by FDEP) to 383 L/kg. The national BAF developed by USEPA, which included the incorrect application 
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of FCMs, decreases from 3,875 L/kg (rounded to 3,900 L/kg by USEPA) to 2,483 L/kg. The largest 
contributor to the decrease in Florida-specific BCFs and the national BAFs is correcting the assumption 
about the concentration of POC in filtered lake water. If the three invertebrate species that are not 
representative of shellfish consumed by Floridians (i.e., water flea (Daphnia magna), amphipod 
(Pontoporeia hoyi), and mayfly (Hexagenia limbata) are removed from the derivation of the Florida-
specific BCF, the corrected Florida specific BCF increases from 383 L/kg (Table 2) to 484 L/kg, which is 
still less than the Florida-specific BCF of 600 used in the proposed HHC for BaP and the other six PAH to 
which the BaP BCF was applied.  



Applicability of National FCMs to Florida Surface Waters and Food 
Webs 



USEPA used a food web model (Gobas 1993) parameterized to a Great Lakes food web and fish tissue 
data to calculate FCMs for TLs 2, 3, and 4 (USEPA 2003). USEPA (2003) defines food chain multipliers 
as “a measure of the chemical’s tendency to biomagnify in aquatic food webs” and provides the following 
equation: 



ܯܥܨ ൌ	
ܨܣܤ	݈݁݊݅݁ݏܽܤ



௢௪ܭ
		
ܨܣܤ	݈݁݊݅݁ݏܽܤ
ܨܥܤ	݈݁݊݅݁ݏܽܤ



 



USEPA considered the models of both Gobas (1993) and Thomann et al. (1992) for development of 
FCMs, ultimately deciding to use the Gobas (1993) model for reasons described in USEPA (2003). Many 
of the values and assumptions used to parameterize the model for the Great Lakes are likely very 
different from the values and assumptions that would be used to represent surface waters and food webs 
in Florida.  



The key input parameters are described below. Arcadis input the values and assumptions for these key 
parameters as described in Gobas (1993) into the spreadsheet model which is available online in an 
effort to reproduce the FCMs published by USEPA (USEPA 2016). Arcadis was not able to reproduce all 
of the FCMs and it is unclear why. Table 4 shows a comparison of the FCMs calculated using the 
spreadsheet model vs. those published by USEPA. In general the agreement is very close (within 5%) at 
log Kows less than 7, but the difference increases at higher Kows.  



Sediment-Water Concentration Quotient  



USEPA describes the sediment-water concentration quotient (socw) as “the ratio of the chemical 
concentrations in the sediments (expressed on an organic carbon basis) to those in the water column 
(expressed on a freely dissolved basis)”. USEPA reviewed data sets from Lake Ontario, Hudson River, 



and Green Bay in the Lake Michigan ecosystem to determine socw. This review concluded that socw is 



strongly dependent on the Kow and calculated an average value of 23 for the socw/Kow ratio.  



USEPA acknowledges there is very large variability in socw across ecosystems. USEPA also presents 



simulations showing that constant loading results in a maximum socw/Kow of 4.9 (see Figure 4-5 of 
USEPA (2003)). USEPA also states that with continued loading, sediment concentration will increase until 



a steady state condition is reached with a socw/Kow in the 2 to 10 range. It would seem that the socw/Kow 
estimate of 23 is only applicable to chemicals that have high historic loading followed by a large reduction 
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in loading (e.g., PCBs in the Hudson River). Therefore, it is likely not applicable to most Florida waters. 



The socw/Kow ratio has a substantial effect on the FCMs (Table 5) because the increase in benthic tissue 
concentrations from sediment cause an increase in tissue concentrations that cascade up the food web.  



Chemical Concentrations in Sediment and Water Column 



In deriving the FCMs, 1 ng/L (concentration of chemical freely dissolved in the water column, Cw
fd) is 



used. USEPA (2003) states that the corresponding chemical concentration in the sediment is calculated 



by using the socw/Kow = 23 relationship, or Cs (ng/kg) = 23 (L/kg oc) * Kow * (1 ng/L) * foc (kg oc/kg) * 
0.001 (kg/g). The parameter is not affected by the Florida-specific values. 



Organic Content of Water 



To avoid using the Gobas (1993) model’s method of accounting for bioavailability, USEPA (2003) set the 
concentration of the DOC in the model to an extremely small number, 1.0x10-30 kilograms per liter. The 
Gobas (1993) model takes the total concentration of the chemical in the water that is input to the model 
and, before doing any predictions, performs a bioavailability correction by calculating the Cw



fd. The Cw
fd is 



then used in all subsequent calculations by the model. By setting the concentration of the DOC to 
1.0x10-30 kilograms per liter, the total concentration of the chemical input into the model becomes 
essentially equal to the Cw



fd, because the bioavailability correction employed by the method of Gobas 
(1993) becomes extremely small. 



Rate of Metabolism in Forage and Piscivorous Fish 



The FCMs developed by USEPA (USEPA 2003, 2016) assume no metabolic transformation of a 
compound by fish and shellfish. That is, the metabolic transformation constant (km) is set to zero in the 
model when FCMs are calculated in part because information on metabolic transformation was lacking for 
many compounds when the model was parameterized (i.e., in the early 1990’s) and also because the 
model was parameterized for PCBs which are assumed to have relatively low metabolic transformation so 
the assumption of zero for the metabolic transformation rate constant is not unreasonable (Gobas 1993). 
However USEPA and FDEP are using the FCMs developed using the assumption of zero for the 
metabolic transformation constant to derive HHC for many compounds that differ from PCBs and are 
likely to be metabolized by fish or shellfish or both. Additionally a great deal more information on 
metabolic transformation rate constants is now available than was in the early 1990’s. Arnot et al. (2008) 
produced a database of metabolic transformation rate constants for organic chemicals. Therefore the 
assumption of zero metabolism is not only incorrect, but data are available to make more appropriate 
assumptions, including for halogenated organics, phenyls, dioxins, and furans, hydrocarbons, amines, 
imides, alcohols, phenols, ethers, ketones, and esters.  



To evaluate the effect of incorporating metabolism into the Gobas (1993) model used to calculate FCMs, 
metabolic transformation rate constants (km) were obtained for pentachlorophenol, heptachlor, and 1,3-
dichlorobenzene (see footnotes to Table 6 for source of transformation rate constants). When the 
compound-specific kms are incorporated into the Gobas (1993) model, the FCMs for trophic levels 3 and 4 
drop substantially for all three chemicals (Table 6). For pentachlorophenol and heptachlor, FDEP used 
FCMs greater than 1 for trophic levels 3 and 4. Because 1,3-dichlorobenzene has a log Kow less than 4, 
FDEP defaulted to FCMs of 1 for all trophic levels. In reality, many (if not most) chemicals undergo 
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transformation. When transformation is accounted for and is substantial, it appears that FCMs can be less 
than 1.0, as demonstrated for the above three compounds. 



When the FCMs calculated with metabolism are incorporated into the FDEP derivation of Florida-specific 
BAFs, the resulting trophic level 3 and 4 BAFs drop substantially for all three compounds (Table 6), 
demonstrating that incorporating metabolism, even for those chemicals that are not flagged as “highly 
metabolized”, has a notable effect on the Florida-specific BAFs. 



Additional Environmental Parameters and Conditions 



USEPA (2003) used the following environmental parameters and conditions to determine FCMs: 



 Mean water temperature: 8° C 



 Organic carbon content of the sediment: 2.7% 



 Density of lipids: 0.9 kg/L 



 Density of organic carbon: 0.9 kg/L 



The water temperature used by USEPA (8° C) is substantially cooler than all Florida waters. Water 
temperature is used in an equation that calculates the dietary uptake constant (kd) in the model. The 
effect of increasing temperature tends to increase the FCMs because it increases the dietary uptake 
(Table 5). Sediment organic carbon does not affect FCMs. Density of lipids and density of organic carbon 
are not water body specific assumptions and are not expected to vary between the Great Lakes and 
Florida surface waters.  



Food Web Structure 



USEPA (2003) uses the mixed food web structure from the Lake Ontario ecosystem (Flint 1986; Gobas 
1993) as the representative food web for determining FCMs for the national methodology. USEPA notes 
that there are large differences in food webs across the country and for this reason, strongly encourages 
States and Tribes to make site-specific modifications to USEPA’s national BAFs (USEPA 2000). Table 7 
summarizes some of the key inputs used by USEPA to parameterize the food web of the Great Lakes.  



Table 8 summarizes hypothetical inputs that are likely to be more representative of a food web in a 
Florida freshwater lake or river. Ideally, a Florida-specific food web would be calibrated to measured data. 
However, this hypothetical food web is presented to evaluate the potential effect of alternate food web 
parameters on calculated FCMs. 



When the Gobas model is parameterized with assumptions and values representative of a hypothetical 
Florida food web rather than a Great Lakes food web, and a water temperature and sediment-water 
concentration quotient more representative of Florida surface waters but still assuming no metabolic 
transformation, the calculated FCMs increase for trophic level 3 and decrease for trophic level 4, 
particularly at higher Kow (Table 9). Note that all of the hypothetical more Florida-specific FCMs are 
substantially lower than the national FCMs developed by USEPA using assumptions and values 
representative of surface water and food webs of the Great Lakes. While the hypothetical Florida food 
web and associated FCMs are presented herein purely for illustrative purposes, the results indicate that 
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developing a food web structure representative of Florida lakes and streams has the potential to 
substantially alter the calculated FCMs. 



In summary, the national default assumptions used by USEPA to derive FCMs are unlikely to be 
representative of Florida conditions. The model is based on and calibrated for a Great Lakes food web 
using PCB data. As indicated above, a Florida based food web will have substantially different inputs and 
structure and could result in a very different outcome. In addition, assumptions of sediment contamination 
are based on areas that have a high historic loading followed by substantial reduction (e.g. PCBs in the 
Hudson River). The parameter that estimates sediment concentrations from water concentrations, 



socw/Kow, is, therefore, higher than what would be expected in Florida waters resulting in larger FCMs 
than are representative of conditions in Florida. Of the parameters evaluated in the preliminary sensitivity 



analysis, the socw/Kow ratio has the most substantial effect of all the parameters evaluated to date (Table 
5). Finally, the temperature used in the USEPA model is much cooler than might be expected in Florida 
waters. Inputting a higher temperature, however, tends to increase FCMs because the higher 
temperature results in an increase in dietary intake in the model. This increased dietary intake is not 
balanced by what one might expect to be an increased rate of metabolism because metabolism is 
assumed to be zero in USEPA’s FCM model.  



Summary 



In summary, the preliminary evaluations presented in this white paper provide several lines of strong 
evidence that the application of USEPA’s national BAF procedure to estimate bioaccumulation in Florida 
surface waters is premature and does not represent good science. Additional evaluation is necessary to 
identify those aspects of USEPA’s national procedure that are applicable to Florida and those that need 
Florida-specific modification before they can be used to derive human health-based criteria for Florida 
surface waters. While the preliminary evaluation of some of the individual parameters of the FCM model 
suggest that BAFs in Florida may be lower than estimated by USEPA for the Great Lakes, the combined 
effect of all such modifications, and whether those will lead to higher or lower estimates of 
bioaccumulation, is unknown at this time. 
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TL2 TL3 TL4 Alternative TL2 TL3 TL4 Alternative
71-55-6 1,1,1-Trichloroethane 2.49 Log Kow*FCM 6 5.6 7.2 ND 6.9 9 10 ND
79-34-5 1,1,2,2-Tetrachloroethane 2.39 Log Kow*FCM 5 4.7 5.9 ND 5.7 7.4 8.4 ND
79-00-5 1,1,2-Trichloroethane 2.42 Log Kow*FCM 5.7 4.9 6.3 ND 6 7.8 8.9 ND
75-35-4 1,1-Dichloroethylene 1.73 Log Kow*FCM 2 1.8 2.1 ND 2 2.4 2.6 ND
120-82-1 1,2,4-Trichlorobenzene 4.02 Field BAFs 2,600 870 280 ND 2,800 1,500 430 ND
95-50-1 1,2-Dichlorobenzene 3.43 Log Kow*FCM 49 41 55 ND 52 71 82 ND
107-06-2 1,2-Dichloroethane 1.48 Log Kow*FCM 1.5 1.5 1.6 ND 1.6 1.8 1.9 ND
78-87-5 1,2-Dichloropropane 1.99 Log Kow*FCM 2.8 2.5 3 ND 2.9 3.5 3.9 ND
122-66-7 1,2-Diphenylhydrazine 2.94 Log Kow*FCM 17 14 18 ND 18 24 27 ND
156-60-5 1,2-Trans-Dichloroethylene 2.09 Log Kow*FCM 3 3 4 ND 3.3 4.2 4.7 ND
541-73-1 1,3-Dichlorobenzene 3.53 BCF*FCM 30 72 130 ND 31 120 190 ND
542-75-6 1,3-Dichloropropene 1.82 Log Kow*FCM 2.2 2 2.3 ND 2.3 2.7 3 ND
106-46-7 1,4-Dichlorobenzene 3.44 BCF*FCM 26 38 56 ND 28 66 84 ND
88-06-2 2,4,6-Trichlorophenol 3.69 Log Kow*FCM 88 74 98 ND 94 130 150 ND
120-83-2 2,4-Dichlorophenol 3.2 Log Kow*FCM 29 25 33 ND 31 42 48 ND
105-67-9 2,4-Dimethylphenol 2.3 Log Kow*FCM 4.6 4 5 ND 4.8 6.2 7 ND
51-28-5 2,4-Dinitrophenol 1.54 ernative BAF (BCF*FC ND ND ND 3.7 ND ND ND 4.4
121-14-2 2,4-Dinitrotoluene 1.98 Log Kow*FCM 3 2 3 ND 2.8 3.5 3.9 ND
91-58-7 2-Chloronaphthalene 3.9 Log Kow*FCM 140 120 160 ND 150 210 240 ND
95-57-8 2-Chlorophenol 2.17 Log Kow*FCM 3.7 3.2 4 ND 3.8 4.8 5.4 ND
534-52-1 2-Methyl-4,6-Dinitrophenol 2.49 Log Kow*FCM 6.5 5.6 7.1 ND 6.8 8.9 10 ND
91-94-1 3,3'-Dichlorobenzidine 3.36 Log Kow*FCM 42 35 46 ND 44 60 69 ND
59-50-7 3-Methyl-4-Chlorophenol 3.1 Log Kow*FCM 24 20 26 ND 25 34 39 ND
50-29-3 4,4'-DDT 6.91 Field BAFs 17,000 70,000 3.9E+05 ND 35,000 240,000 1.1E+06 ND
107-02-8 Acrolein -0.01 Log Kow*FCM 1 1 1 ND 1 1 1 ND
107-13-1 Acrylonitrile -0.92 Log Kow*FCM 1 1 1 ND 1 1 1 ND
309-00-2 Aldrin 6.5 Log Kow*FCM 9,600 1.0E+05 2.4E+05 ND 18,000 3.1E+05 6.5E+05 ND
959-98-8 alpha-Endosulfan 3.83 Log Kow*FCM 120 100 130 ND 130 180 200 ND
71-43-2 Benzene 2.13 Log Kow*FCM 3.4 3 3.7 ND 3.6 4.5 5 ND
92-87-5 Benzidine 1.34 Log Kow*FCM 1.4 1.3 1.4 ND 1.4 1.6 1.7 ND
319-85-7 beta-BHC 3.78 Log Kow*FCM 110 91 120 ND 110 160 180 ND
33213-65-9 beta-Endosulfan 3.62 Log Kow*FCM 76 63 84 ND 80 110 130 ND
108-60-1 Bis(2-Chloro-1-Methylethyl) Eth 2.48 Log Kow*FCM 6.4 5.5 7 ND 6.7 8.8 10 ND
111-44-4 Bis(2-Chloroethyl) Ether 1.34 Log Kow*FCM 1.4 1.3 1.4 ND 1.4 1.6 1.7 ND
117-81-7 Bis(2-Ethylhexyl) Phthalate 7.5 Alternative BAF ND ND ND 210 ND ND ND 710



National BAF/BCF (L/kg-tissue)



Table 1. Comparison of Florida BAFs and National BAFs and Derivation Methods



CAS Number Chemical Name
Mean Log 



KOW



Derivation 
Method (for 



baseline BAF/BCF)



Florida BAF/BCF (L/kg-tissue)
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TL2 TL3 TL4 Alternative TL2 TL3 TL4 Alternative



National BAF/BCF (L/kg-tissue)



Table 1. Comparison of Florida BAFs and National BAFs and Derivation Methods



CAS Number Chemical Name
Mean Log 



KOW



Derivation 
Method (for 



baseline BAF/BCF)



Florida BAF/BCF (L/kg-tissue)



75-25-2 Bromoform 2.4 Log Kow*FCM 5.5 4.8 6 ND 5.8 7.5 8.5 ND
85-68-7 Butylbenzyl Phthalate 4.73 Alternative BAF ND ND ND 11000 ND ND ND 19000
56-23-5 Carbon Tetrachloride 2.64 Log Kow*FCM 9 8 10 ND 9.3 12 14 ND
57-74-9 Chlordane 5.54 Log Kow*FCM 4,100 21,000 32,000 ND 5,300 44,000 60,000 ND
108-90-7 Chlorobenzene 2.84 Log Kow*FCM 13 11 15 ND 14 19 22 ND
124-48-1 Chlorodibromomethane 2.16 Log Kow*FCM 3.6 3.2 3.9 ND 3.7 4.8 5.3 ND
67-66-3 Chloroform 1.97 Log Kow*FCM 2.7 2.4 2.9 ND 2.8 3.4 3.8 ND



93-72-1
Chlorophenoxy Herbicide (2, 
4, 5-TP)



3.8
Alternative BAF 



(BCF*FCM)
ND ND ND 34 ND ND ND 58



94-75-7
Chlorophenoxy Herbicide (2,4-
D)



2.81
Alternative BAF 



(BCF*FCM)
ND ND ND 10 ND ND ND 13



75-27-4 Dichlorobromomethane 2.1 Log Kow*FCM 3.3 2.9 3.5 ND 3.4 4.3 4.8 ND
60-57-1 Dieldrin 6.2 Log Kow*FCM 8,200 77,000 1.7E+05 ND 14,000 210,000 4.1E+05 ND
84-66-2 Diethyl Phthalate 2.35 Alternative BAF ND ND ND 580 ND ND ND 920
131-11-3 Dimethyl Phthalate 1.6 Alternative BAF ND ND ND 2500 ND ND ND 4000
84-74-2 Di-n-Butyl Phthalate 4.21 Alternative BAF ND ND ND 1700 ND ND ND 2900
1031-07-8 Endosulfan Sulfate 3.66 Log Kow*FCM 83 69 92 ND 88 120 140 ND
72-20-8 Endrin 5.47 Log Kow*FCM 3,600 17,000 25,000 ND 4,600 36,000 46,000 ND
100-41-4 Ethylbenzene 3.74 Log Kow*FCM 98 82 110 ND 100 140 160 ND
58-89-9 gamma-BHC (Lindane) 3.72 Field BAFs 1,200 1,400 1,700 ND 1,200 2,400 2,500 ND
76-44-8 Heptachlor 6.1 Log Kow*FCM 7,600 67,000 1.4E+05 ND 12,000 180,000 3.3E+05 ND
1024-57-3 Heptachlor Epoxide 5.4 Log Kow*FCM 3,200 14,000 20,000 ND 4,000 28,000 35,000 ND
87-68-3 Hexachlorobutadiene 4.78 Field BAFs 21,000 1,500 710 ND 23,000 2,800 1,100 ND
77-47-4 Hexachlorocyclopentadiene 4.52 Log Kow*FCM 570 820 850 ND 620 1500 1300 ND
67-72-1 Hexachloroethane 3.58 Field BAFs 1100 160 400 ND 1200 280 600 ND
78-59-1 Isophorone 1.67 Log Kow*FCM 1.8 1.7 1.9 ND 1.9 2.2 2.4 ND
72-43-5 Methoxychlor 4.88 Log Kow*FCM 1,200 2,600 2,800 ND 1,400 4,800 4,400 ND
74-83-9 Methyl Bromide 1.1 Log Kow*FCM 1.2 1.2 1.3 ND 1.2 1.3 1.4 ND
75-09-2 Methylene Chloride 1.3 Log Kow*FCM 1.4 1.3 1.4 ND 1.4 1.5 1.6 ND
98-95-3 Nitrobenzene 1.84 Log Kow*FCM 2.2 2 2.4 ND 2.3 2.8 3.1 ND
608-93-5 Pentachlorobenzene 5.18 Field BAFs 3,000 2,300 6,100 ND 3,500 4,500 10,000 ND
87-86-5 Pentachlorophenol 5.01 BCF*FCM 38 150 320 ND 44 290 520 ND
108-95-2 Phenol 1.46 Log Kow*FCM 1.5 1.4 1.6 ND 1.5 1.7 1.9 ND
127-18-4 Tetrachloroethylene 3.4 Log Kow*FCM 46 39 51 ND 49 66 76 ND
108-88-3 Toluene 2.72 Log Kow*FCM 10 9 11 ND 11 15 17 ND
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TL2 TL3 TL4 Alternative TL2 TL3 TL4 Alternative



National BAF/BCF (L/kg-tissue)



Table 1. Comparison of Florida BAFs and National BAFs and Derivation Methods



CAS Number Chemical Name
Mean Log 



KOW



Derivation 
Method (for 



baseline BAF/BCF)



Florida BAF/BCF (L/kg-tissue)



8001-35-2 Toxaphene 4.97 Log Kow*FCM 1,500 3,500 3,900 ND 1,700 6,600 6,300 ND
79-01-6 Trichloroethylene 2.61 Log Kow*FCM 8.3 7.1 9.1 ND 8.7 12 13 ND
75-01-4 Vinyl Chloride 1.36 Log Kow*FCM 1.4 1.3 1.5 ND 1.4 1.6 1.7 ND
83-32-9 Acenaphthene 3.98 BCF ND ND ND 290 ND ND ND 510
120-12-7 Anthracene 4.45 BCF ND ND ND 340 ND ND ND 610
56-55-3 Benzo (a) Anthracene 5.61 BCF ND ND ND 600 ND ND ND 3900
50-32-8 Benzo (a) Pyrene 6.06 BCF ND ND ND 600 ND ND ND 3900
205-99-2 Benzo (b) Fluoranthene 6.04 BCF ND ND ND 600 ND ND ND 3900
207-08-9 Benzo (k) Fluoranthene 6.06 BCF ND ND ND 600 ND ND ND 3900
218-01-9 Chrysene 5.16 BCF ND ND ND 600 ND ND ND 3900
53-70-3 Dibenzo (a,h) Anthracene 6.84 BCF ND ND ND 600 ND ND ND 3900
206-44-0 Fluoranthene 4.9 BCF ND ND ND 1300 ND ND ND 1500
86-73-7 Fluorene 4.18 BCF 210 190 420 260 230 450 710 ND
193-39-5 Indeno (1,2,3-cd) Pyrene 6.58 BCF ND ND ND 600 ND ND ND 3900
129-00-0 Pyrene 4.88 BCF ND ND ND 370 ND ND ND 860
7440-41-7 Beryllium N/A 1980 BCF ND ND ND 18.9 N/A N/A N/A N/A
7440-36-0 Antimony N/A 2002 BCF ND ND ND 1 N/A N/A N/A N/A
57-12-5 Cyanide 0.865 2002 BCF ND ND ND 1 ND ND ND 1



N/A 2002 BCF ND ND ND 31,200 N/A N/A N/A N/A
7782-49-2 Selenium N/A 2002 BCF ND ND ND 4.8 N/A N/A N/A N/A
Polychlorinated Biphenyls (PCBs)
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Table 2. Geometric Mean of Original and Corrected Baseline BAF Values (L/kg-lipid)



TL Species N
EPA Baseline 



(Original)
EPA Baseline 
(Corrected)



FL Baseline 
(Original)



FL Baseline 
(Corrected)



Amphipod 
(Pontoporeia hoyi)
Mayfly 
(Hexagenia limbata)



2 Shrimp (Mysis relicta) 1 808,223 439,118 808,223 439,118
Water flea 
(Daphnia magna)
Zebra mussel 
(Dreissena polymorpha)
Bluegill sunfish 
(Lepomis macrochirus)



8,132



2 19 2,252,602 1,549,961 2,252,602 1,549,961



2 4 120,798 83,079 11,824



202,600



2 1 360,081 195,633 360,081 195,633



2 1 294,452 202,600 294,452



1,342,4672 1 2,470,769 1,342,467 2,470,769











1 of 1



Table 3. Geometric Mean of Original and Corrected Final BAF Values (L/kg-tissue)



TL EPA (Final)
EPA Final 



(Corrected)
FL (Final)



FL Final 
(Corrected)



2 8,848 5,284 5,562 3,321
3 1,697 1,167 64 44



2/3 3,875 2,483 596 383
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Log Kow 4 5 6 7 8 9
Water Temperature
SOWC/Kow
TL2 1 1 1 1 1 1
TL3 1.23 3.01 9.87 13.8 9.19 1.99
TL4 1.07 2.49 14.7 25.6 10.6 0.44
TL2 1 1 1 1 1 1
TL3 1.23 3 9.79 13.2 7.6 1.38
TL4 1.07 2.51 14.9 24.3 7.23 0.21



Food Chain 
Multipliers, EPA 
(2003) Table 4-6



Table 4. Comparsison of Gobas Speadsheet Results and USEPA Published Values



Gobas Model 
Parameter



8⁰ C (National Default Temperature)
23



Model Calculated 
Food Chain 
Multipliers
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Table 5.  Sensitivity of Various Gobas Model Parameters With Respect to Calculated Food Chain Multipliers
Log Kow
Water temperature
SOWC/Kow 23 (Default) 10 5 2 23 (Default) 10 5 2
TL2 1 1 1 1 1 1 1 1
TL3 3.01 1.86 1.42 1.15 4.08 2.34 1.66 1.26
TL4 2.49 1.82 1.57 1.41 3.99 2.60 2.06 1.74



Log Kow
Water temperature
SOWC/Kow 23 (Default) 10 5 2 23 (Default) 10 5 2
TL2 1 1 1 1 1 1 1 1
TL3 9.87 4.81 2.85 1.66 12.5 5.97 3.47 1.94
TL4 14.7 7.45 4.67 3.00 22.8 11.2 6.80 4.14



Log Kow
Water temperature
SOWC/Kow 23 (Default) 10 5 2 23 (Default) 10 5 2
TL2 1 1 1 1 1 1 1 1
TL3 13.8 6.4 3.6 1.9 16.1 7.5 4.2 2.2
TL4 25.6 12.2 7.1 4.0 36.0 17.1 9.8 5.5



16⁰ C (Alternative Florida)



Model Calculated Food 
Chain Multipliers



5



Model Calculated Food 
Chain Multipliers



Gobas Model Parameter
7



8⁰ C (National Default Temperature) 16⁰ C (Alternative Florida)



Model Calculated Food 
Chain Multipliers



Gobas Model Parameter
6



8⁰ C (National Default Temperature) 16⁰ C (Alternative Florida)



Gobas Model Parameter 8⁰ C (National Default Temperature)
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Parameter Trophic Level Without Metabolism With Metabolism



Pentachlorophenol log kow = 5.01
TL2 1.0 1.0
TL3 3.0 0.13
TL4 2.6 0.0037
TL2 38 38
TL3 150 7.4
TL4 320 1.3



Heptachlor log kow = 6.10
TL2 1.0 1.0
TL3 11 4.1
TL4 17 0.91
TL2 7600 7600
TL3 67000 26000
TL4 140000 7700



1,3-Dichlorobenzene log kow = 3.53
TL2 1.0 1.0
TL3 1.0 0.82
TL4 1.0 0.22
TL2 30 30
TL3 72 59
TL4 130 29



b. Arnot et al. (2008)



a. Hazardous Substances Data Bank
(https://toxnet.nlm.nih.gov/cgi-bin/sis/search2/r?dbs+hsdb:@term+@DOCNO+894)



BAF/BCF



km = 0.578 day-1 [b]



FCM



BAF/BCF



FCM



Table 6. Comparison of FCMs and BAFs Calculated With and Without Metabolism



km = 1.66 day-1 [a]



FCM



BAF/BCF



km = 0.025 day-1 [b]
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Table 7. Lake Ontario Based Food Web Model Used to Derive National Food Chain Multipliers Adopted by FDEP
Species Trophic Level Lipid Content Weight Diet
Phytoplankton 1 0.5% -- --
Zooplankton (mysids [Mysis relicta]) 2 5% 100 mg --
Benthic Invertebrates (Diporeia) 2 3% 12 mg --
Sculpin (Cottus cognatus) 3 8% 5.4 g 18% zooplankton, 82% Diporeia
Alewife (Alosa pseudoharengus) 3 7% 32 g 60% zooplankton, 40% Diporeia



Smelt (Osmerus mordax ) 3-4 4% 16 g 54% zooplankton, 21% Diporeia , 25% sculpin



Salmonids (Salvelinus namaycush, 
Oncorhynchus mykiss, Oncorhynchus 
velinus namaycush



4 11% 2,410 g 10% sculpin, 50% alewife, 40% smelt
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Table 8. Hypothetical Florida-Based Food Web Model Parameters
Species Trophic Level Lipid Content Weight Diet
Phytoplankton 1 0.5% -- --
Zooplankton (mysids [Mysis relicta]) 2 5% 100 mg --
Crayfish 2 1% 6 g  --
Panfish (sunfish) 3 3% 200 g 20% zooplankton, 80% crayfish
Largemouth bass 4 4% 2,000 g 20% crayfish, 80% panfish
Freshwater catfish 4 8% 5,000 g 20% crayfish, 80% panfish 
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Log Kow 4 5 6 7
Water Temperature
SOWC/Kow
TL2 1 1 1 1
TL3 1.1 1.7 3.5 4.2
TL4 1.1 2.1 6.8 9.8
TL2 1 1 1 1
TL3 1.1 1.7 3.8 4.9
TL4 1.1 1.7 5.2 7.1



Hypothetical 
Florida Food Web



Table 9. Comparison of FCMs Calculated With Great Lakes and Hypothetical Florida Food Web Parameters



Gobas Model 
Parameter



16⁰ C (Alternative Florida)
5



Great Lakes Food 
Web











 



 



 



Arcadis U.S., Inc.  



1 Executive Drive 



Suite 303 



Chelmsford, Massachusetts  01824 



Tel 978 937 9999 



Fax 978 937 7555 



 



www.arcadis.com 



 











 



 



 



 



ATTACHMENT F 



 



Review of PAH Bioaccumulation and Bioconcentration Factors used 
by USEPA in Derivation of 2015 Human Health Water Quality Criteria 
  











This attachment presents annotated slides from a platform presentation on November 10, 2017 
at the 37th Annual Meeting of the Society of Environmental Toxicology and Chemistry held in 
Orlando, Florida.  The slides are the same as those presented at the conference. The text 
associated with each slide has been added since the platform presentation to provide context 
and explanation. 











REVIEW OF PAH BIOACCUMULATION AND 
BIOCONCENTRATION FACTORS USED BY 
USEPA IN DERIVATION OF 2015 HUMAN HEALTH 
WATER QUALITY CRITERIA



Paul Anderson, Jacqueline Iannuzzi, Michele Buonanduci



November 10, 2016



This presentation reviews the bioaccumulation/bioconcentration methodology employed by USEPA to derive the 
2015 human health ambient water quality criteria (HHAWQC) and released by USEPA in January 2016.  The 
presentation uses polynuclear aromatic hydrocarbons (PAH) as example compounds. However, many of the 
topics described in the presentation are applicable to other compounds for which USEPA derived HHAWQC in 
2015. 



1











© Arcadis 2016



Goals Today



• Overview of process USEPA followed to develop the BAFs/BCFs used to 
derive the 2015 Human Health Ambient Water Quality Criteria (HHAWQC)



• Application of that process to polynuclear aromatic hydrocarbons (PAH)



• Deviations from the process



• Food chain multipliers (FCMs)



• Example of effect of other adjustments to the USEPA’s default 
assumptions



• Comparison of BCFs/BAFs derived using alternative assumptions and 
effect on HHAWQC



The presentation will review the overall process followed by USEPA to develop bioaccumulation factors (BAFs) 
and bioconcentration factors (BCFs) used to derive the 2015 HHAWQC.  PAH are used as the example class of 
compounds to which BAF/BCF methodology was applied.  The application to PAH will document ways in which 
USEPA deviated from the process it describes in the January 2016 methodology.  The presentation also 
touches on the purpose, application and applicability of food chain multipliers (FCMs) to PAH.  It also presents a 
summary of some of the other assumptions that might be appropriate to adjust before using the 2015 
BAFs/BCFs when setting State-specific HHAWQC.  The presentation concludes by showing how the 
BAFs/BCFs used by USEPA in the 2015 PAH HHAWQC can change when some of these changes are 
incorporated into the derivation process. 
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Framework for Selecting Methods for Deriving National 
BAFs: Acenaphthene
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Classify 
Chemical 



of 
Concern



Nonionic 
Organic



Ionic 
Organic



Inorganic & 
Organometallic



Bio-
magnification?



Ionization 
Negligible?



Hydrophobicity?



No



Yes



Yes



No



Procedure #5:
1. Field BAF or 



Lab BCF



Procedure #6:
1. Field BAF
2. Lab BCF*FCM



Moderate-High 
(Log Kow > 4)



Low
(Log Kow < 4)



Metabolism?



Metabolism?



Low/
Unknown



High



Low/
Unknown



High



Procedure #1:
1. Field BAF
2. BSAF
3. Lab BCF*FCM
4. Kow*FCM Procedure #2:



1. Field BAF
2. BSAF
3. Lab BCFProcedure #3:



1. Field BAF or 
Lab BCF



2. Kow Procedure #4:
1. Field BAF or 



Lab BCF



Nonionic 
Organic



Low
(Log Kow < 4)



High
Procedure #4:
1. Field BAF or 



Lab BCF



USEPA’s framework for selecting a method to derive national BAFs is presented in this slide.  The framework 
contains three decision points.  



• The first is identifying whether the chemical is organic and, if it is organic, whether it is ionized in ambient 
surface waters. 



• Second, if the compound is an organic and it is not ionized in ambient surface waters, whether the chemical 
has a low or moderate-high Kow, where the threshold between the two categorizations of low versus 
moderate-high is a log Kow of 4.



• Third, for non-ionized organic chemicals the degree of metabolism affects the procedure that is selected to 
estimate the BAF.  



The boxes highlighted in green present the outcome of the above decision points for acenaphthene.  USEPA 
classifies acenaphthene as a nonionic organic chemical with low Kow and high metablolism.  That results in the 
national BAF being based on Procedure #4, in which the national BAF is based either on a field-measured BAF 
or a laboratory-measured BCF.  USEPA used Procedure #4 to derive the National BAF for acenaphthene.
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Framework for Selecting Methods for Deriving National 
BAFs: Other PAHs



26 January 2017 4



Classify 
Chemical 



of 
Concern



Nonionic 
Organic



Ionic 
Organic



Inorganic & 
Organometallic



Bio-
magnification?



Ionization 
Negligible?



Hydrophobicity?



No



Yes



Yes



No



Procedure #5:
1. Field BAF or 



Lab BCF



Procedure #6:
1. Field BAF
2. Lab BCF*FCM



Moderate-High 
(Log Kow > 4)



Low
(Log Kow < 4)



Metabolism?



Metabolism?



Low/
Unknown



High



Low/
Unknown



High



Procedure #1:
1. Field BAF
2. BSAF
3. Lab BCF*FCM
4. Kow*FCM Procedure #2:



1. Field BAF
2. BSAF
3. Lab BCFProcedure #3:



1. Field BAF or 
Lab BCF



2. Kow Procedure #4:
1. Field BAF or 



Lab BCF



Nonionic 
Organic



Moderate-High 
(Log Kow > 4) High



Procedure #2:
1. Field BAF
2. BSAF
3. Lab BCF



?



USEPA’s framework for selecting a method to derive national BAFs is presented in this slide with boxes 
highlighted for seven PAH for which benzo(a)pyrene is assumed to be a surrogate. USEPA classifies these 
seven PAH as nonionic organic chemicals with moderate-high Kow and high metabolism.  Based on the 
framework, that should result in the national BAF being based on Procedure #2, in which the national BAF is 
based either on a field-measured BAF, a BSAF, or a laboratory-measured BCF.  However, despite the above 
classifications, when developing national BAFs for these seven PAH, USEPA elected to use Procedure #1 
(circled in red on the slide).  In that procedure, the national BAF is based either on a field-measured BAF, a 
BSAF, a laboratory-measured BCF multiplied by a FCM, or the Kow multiplied by the FCM.  USEPA does not 
provide an explanation for the deviation from the framework, though as described in subsequent slides, the 
effect on the final national BAF can be quite large. 
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Food Chain Multipliers



• BCFs theoretically account for uptake from only water



• FCMs used to account for uptake from other exposure pathways (e.g. diet, sediment)



Inset table of FCMS for EPA 2016 Guidance



• USEPA 2016 FCMs based on modeling of 
Great Lakes foodweb



• Great Lakes are unique and may not be 
representative of many other US waters



• USEPA 2016 FCMs do not include 
metabolic transformation, hence why 
USEPA’s process indicates FCMs should 
not be used for highly metabolized 
compounds



This slide provides some background on FCMs.  The embedded table presents the FCMs used by USEPA to 
derive national BAFs.  The concept of the FCM arose from the realization that, theoretically, BCFs only account 
for uptake of a chemical by aquatic biota directly from water.  For many chemicals, other exposure pathways 
are present and can make a substantial contribution to uptake from the aquatic environment, such as diet and 
sediment. FCMs were developed to account for these other uptake pathways.  The FCMs were based on a 
model of the accumulation of polychlorinated biphenyls (PCBs) in the Great Lakes food web. 



As shown in the table, FCMs are close to 1 for chemicals with a log Kow of about 4 (i.e., pathways other than 
direct uptake from water contribute little to overall exposure meaning that total accumulation is only slightly 
greater than that predicted by a BCF).  FCMs increase with increasing log Kow, to a maximum about 13 for 
trophic level 3 and 25 for trophic level 4 near a log Kow of 7 (i.e., pathways other than direct uptake from water 
contribute about 13 and 25 times more to overall exposure for these two trophic levels than just direct uptake 
from water). At log Kows of greater than 7, FCMs decrease with increasing log Kow and approach or are less 
than 1 at a log Kow of 9.  The effect of Kow on predicted FCM is why USEPA’s framework contains a Kow-based 
decision point; at log Kows of less than 4, exposure from exposure pathways other than direct uptake from water 
do not need to be account for.



In addition to Kow, metabolism also plays a significant role in bioaccumulation of chemicals in aquatic biota.  
Specifically, accumulation of metabolized chemicals can be substantially lower than accumulation of non-
metabolized chemicals.  The model used by USEPA to develop the FCMs is based on PCBs and assumes no 
metabolism of PCBs.  Thus, the FCMs are applicable to only compounds that have no or little metabolism and is 
the reason the framework includes a metabolism-based decision point.  FCMs for metabolized compounds, 
such as PAHs, would be expected to be lower, perhaps substantially lower, than the FCMs shown in the above 
table.
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Schematic of EPA 2015 BCF/BAF Derivation Process 
for PAHs
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A schematic of USEPA’s application of the framework to derive national BAFs for PAHs is presented in this 
slide. 
• The process starts with a listing of all laboratory BCFs for a specific PAH included in USEPA’s database.  



Each measured BCF is categorized by species and trophic level.
• Each laboratory measured BCF is then converted to a Baseline BAF (expressed on a freely dissolved, 100% 



lipid basis).  If called for by the framework, a laboratory measured BCF is multiplied by a FCM.
• For each species that has more than one Baseline BAF, the species-specific Baseline BAF is estimated by 



taking the geometric mean of all the Baseline BAFs measured for that species.
• For each trophic level that has more than one species-specific Baseline BAF, a Trophic Level-specific 



Baseline BAF is estimated by taking the geometric mean of all the species-specific BAFs measured for that 
trophic level.



• Trophic level-specific Baseline BAFs are converted to Trophic Level-specific National BAFs by adjusting the 
Baseline BAFs to account for the trophic level-specific lipid content of fish in national surface waters and 
fraction freely dissolved of each chemical in national surface waters. When National BAFs are available for 
all trophic levels, they are used to develop National HHAWQC. As discussed in subsequent slides, USEPA’s 
framework identifies fraction freely dissolved and trophic level-specific lipid adjustments to make BAFs more 
water body-specific. 



• If National BAFs are absent for one or more trophic levels, the geometric mean of the available Trophic 
Level-specific National BAFs is used to derive National HHAWQC. 
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This graph shown on the slide plots several different BCFs/BAFs (as described below) for 12 PAH.  The value 
of the BCF/BAF is shown on the y-axis and the name of each PAH is shown on the x-axis. Note that fluorene is 
shown three times on the x-axis corresponding the availability of BAFs for all three trophic levels. 
• The green circles present the BCF used to derive National HHAWQC prior to issuance of the new 2015 



HHAWQC.  For all PAH, these are the lowest BCF/BAFs shown on the figure. With the exception of 
acenaphthene and fluoranthene, the BCFs were uniform and low (30 L/kg).



• The orange diamonds present the BAF used to derive the 2015 National HHAWQC.  For all PAH, these are 
the highest BAFs shown on the figure. For seven PAH, these are identical because the bioaccumulation of 
benzo(a)pyrene is used as a surrogate to represent the bioaccumulation of the other six PAH.



• The blue squares present the BAFs that would result if the FCM was not applied to the derivation of the 
National BAF.  As described above, USEPA classifies all 12 PAH as having high metabolism.  Based on the 
BAF framework presented in USEPA’s BAF guidance (USEPA 2016) a FCM should not have been applied 
in the derivation of the National BAFs for PAH.  The National BAF for the seven PAH represented by 
benzo(a)pyrene would be about three times lower than the National BAF used by USEPA in the 2015 
HHAWQC, and the resulting HHAWQC would have been about three times higher. The effect of the FCM is 
less for the other three PAH to which it was applied (i.e., anthracene, fluorene, pyrene).



• Green diamonds present the BAF used by the Florida Department of Environmental Protection (FDEP) to 
derive their proposed State-specific HHAWQC.  In addition to not applying a FCM when deriving BAFs for 
PAH, FDEP also used Florida-specific information on the lipid content of fish and dissolved and particulate 
organic carbon (DOC and POC) in Florida waters to derive a Florida-specific BAF from USEPA’s baseline 
BAF for each PAH.  The Florida-specific BAFs are lower for all PAH than National BAFs derived without 
using a FCM.  The largest difference occurs for the seven PAH represented by benzo(a)pyrene. The Florida-
specific BAFs are about 6.5 times lower than the National BAF used by USEPA in the 2015 HHAWQC.



• The purple diamonds represent National BAFs for the Trophic Level 3 derived without using a FCM.  For 
most PAH, these BAFs end up being the lowest of all the BAFs based on the information used by USEPA to 
derive BAFs for the 2015 HHAWQC.  The purpose of these BAFs is to demonstrate the effect on the 
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National BAF of excluding the accumulation of PAH measured for Trophic Level 2 aquatic biota which consist 
of invertebrates (e.g. shellfish).  While consumption of invertebrates in ambient waters is likely from estuaries 
of coastal states, consumption of invertebrates from local freshwaters is infrequent in inland states. It turns out 
that because most invertebrates do not metabolize PAH, they bioaccumulate PAH at substantially higher rates 
than finfish.  Consequently, when Trophic Level 2 BAFs (i.e., most invertebrates) are excluded from the 
derivation of a National BAF, the National BAF decreases substantially.  A combined Trophic Level 3 and 4 
National BAF is not shown on the figure because USEPA’s database does not contain data on BCFs for PAH 
measured in Trophic Level 4 species. 
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Potential Adjustments to PAH BCFs



• State-specific DOC/POC (Florida)



• State-specific lipid fraction of trophic level species (Florida)



• State-specific trophic level-specific consumption rates (e.g., freshwater 
invertebrates)



As suggested by the previous slide, several adjustments to the National BAFs could make them more 
applicable to a State’s surface waters.  The list shown on this slide is not comprehensive.  It focuses on 
adjustments that could be made based on State-specific information.  
• The concentration of DOC and POC in surface water can be used to develop a State-specific estimate of the 



fraction of freely dissolved chemical in surface waters.   Many States are likely to have such data (see FDEP 
2016).  Such data can be applied to estimate a State-specific fraction freely dissolved for all organic 
chemicals, not just PAH. 



• Some States may also have data on the lipid content of species in different trophic levels.  The State-specific 
lipid data can be used to develop State-specific lipid fractions for each trophic level (see FDEP 2016).  



• Although not a specific adjustment called out by USEPA’s BAF framework, the National BAFs assume 
consumption of a specific amount of fish from each of three trophic levels. As noted above, trophic level 2 
consists of invertebrates but consumption of aquatic invertebrates from freshwater is a relatively rare 
occurrence, certainly much less frequent than the consumption of shellfish such as shrimp, crabs, clams and 
lobster that comprise the majority of trophic level 2 species included in the National BAF trophic level 2 fish 
consumption rate.  States should consider deriving State-specific HHAWQC based on trophic level-specific 
fish consumption rates that reflect the species present in and consumed from State waters. 
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EPI SUITE BAFs Compared to National BAFs
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The graph shown on the slide plots two sets of BAFs for the 12 PAH for which USEPA proposed HHAWQC in 
2015.  The value of the BAF is shown on the y-axis and the name of each PAH on the x-axis. The green circles 
present the trophic level-specific BAF derived using EpiSuite for each of the PAH.  The orange diamonds 
present the National BAF used by USEPA to derive the 2015 HHAWQC.  EpiSuite is a model used by USEPA 
to estimate bioaccumulation for different compounds across the three trophic levels.  The EpiSuite model 
accounts for metabolism and some other parameters that may make it a better predictor of BAFs than the FCM 
model USEPA used in the framework to derive the National BAFs used to develop the 2015 HHAWQC.  The 
EpiSuite BAFs are presented in the supporting documentation for each individual PAH. 



Review of the 2015 National BAFs and the EpiSuite BAFs for PAH reveals some general trends and 
observations.
• For most PAH, fluorene being the exception, EpiSuite BAFs decrease with increasing trophic level.  This is 



consistent with the expectation that PAH are metabolized and points to why FCMs, which predict increasing 
concentrations of PAH (and all other chemicals) with increasing trophic level, are not appropriate to use for 
chemicals such as PAH that are metabolized.



• For five PAH, all three trophic level-specific BAFs are lower than the 2015 National BAF.  For most PAH the 
trophic level 3 and 4 EpiSuite BAFs are lower than the 2015 National BAF.  Only fluorene has 2015 National 
BAFs lower than the EpiSuite BAFs for all trophic levels.  The comparison suggests that the 2015 National 
BAFs overestimate bioaccumulation of PAH and may lead to lower HHAWQC than would be derived if  
USEPA’s 2016 BAF methodology had been followed by USEPA when developing the 2015 HHAWQC.



Individual PAH supporting documentation:
• USEPA. 2015. Update of Human Health Ambient Water Quality Criteria: Acenaphthene, 83-32-9. EPA 820-



R-15-002. Office of Water, Office of Science and Technology. June. 
https://www.regulations.gov/document?D=EPA-HQ-OW-2014-0135-0234



• USEPA. 2015. Update of Human Health Ambient Water Quality Criteria: Anthracene, 120-12-7. EPA 820-R-
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15-008. Office of Water, Office of Science and Technology. June. 
https://www.regulations.gov/document?D=EPA-HQ-OW-2014-0135-0236



• USEPA. 2015. Update of Human Health Ambient Water Quality Criteria: Benzo(a)anthracene, 56-55-3. EPA 
820-R-15-011. Office of Water, Office of Science and Technology. June. 
https://www.regulations.gov/document?D=EPA-HQ-OW-2014-0135-0176



• USEPA. 2015. Update of Human Health Ambient Water Quality Criteria: Benzo(a)pyrene, 50-32-8. EPA 820-
R-15-012. Office of Water, Office of Science and Technology. June. 
https://www.regulations.gov/document?D=EPA-HQ-OW-2014-0135-0177



• USEPA. 2015. Update of Human Health Ambient Water Quality Criteria: Benzo(b)fluoranthene, 205-99-2. EPA 
820-R-15-013. Office of Water, Office of Science and Technology. June. 
https://www.regulations.gov/document?D=EPA-HQ-OW-2014-0135-0178



• USEPA. 2015. Update of Human Health Ambient Water Quality Criteria: Benzo(k)fluoranthene, 207-08-9. EPA 
820-R-15-014. Office of Water, Office of Science and Technology. June. 
https://www.regulations.gov/document?D=EPA-HQ-OW-2014-0135-0179



• USEPA. 2015. Update of Human Health Ambient Water Quality Criteria: Chrysene, 218-01-9. EPA 820-R-15-
030. Office of Water, Office of Science and Technology. June. https://www.regulations.gov/document?D=EPA-
HQ-OW-2014-0135-0184



• USEPA. 2015. Update of Human Health Ambient Water Quality Criteria: Dibenzo(a,h)anthracene, 53-70-3. 
EPA 820-R-15-032. Office of Water, Office of Science and Technology. June. 
https://www.regulations.gov/document?D=EPA-HQ-OW-2014-0135-0185



• USEPA. 2015. Update of Human Health Ambient Water Quality Criteria: Fluoranthene, 206-44-0. EPA 820-R-
15-043. Office of Water, Office of Science and Technology. June. 
https://www.regulations.gov/document?D=EPA-HQ-OW-2014-0135-0220



• USEPA. 2015. Update of Human Health Ambient Water Quality Criteria: Fluorene, 86-73-7. EPA 820-R-15-
044. Office of Water, Office of Science and Technology. June. https://www.regulations.gov/document?D=EPA-
HQ-OW-2014-0135-0221



• USEPA. 2015. Update of Human Health Ambient Water Quality Criteria: Indeno(1,2,3-cd)pyrene, 193-39-5. 
EPA 820-R-15-053. Office of Water, Office of Science and Technology. June. 
https://www.regulations.gov/document?D=EPA-HQ-OW-2014-0135-0187



• USEPA. 2015. Update of Human Health Ambient Water Quality Criteria: Pyrene, 129-00-0. EPA 820-R-15-
062. Office of Water, Office of Science and Technology. June. https://www.regulations.gov/document?D=EPA-
HQ-OW-2014-0135-0248
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Potential Adjustments to PAH BCFs (cont.) 



• Applicability of Great Lakes FCMs to other waters



• Assumed fraction freely dissolved (Ffd) in laboratory studies



• Applicability of literature BCFs to species consumed by humans (e.g., 
daphnids)



States may want to consider other adjustments to the framework and USEPA’s application of the framework 
that do not require State-specific data but, rather, involve refinements to the data used by USEPA or the 
framework itself. 



• As described in other attachments, the most important consideration may be the applicability of the food 
chain model USEPA used to derive FCMs.  That model was based on PCBs in the Great Lakes.  PCBs are 
not representative of all compounds to which FCMs may be applied and the Great Lakes are not 
representative of all waters of the United States. 



• In the absence of data on the fraction of freely dissolved chemicals in laboratory BCF experiments, USEPA 
assumed the concentration of DOC and POC in test aquaria was the same as the average concentration in 
national ambient waters.  If water in the test aquaria was filtered or treated in some way prior to use, it is 
possible, if not likely, that DOC and especially POC concentrations are lower than found in natural waters.  If 
that were to be the case, then the fraction freely dissolved would be greater than USEPA estimated and the 
Baseline BAFs lower than USEPA reports.  



• Several of the BCFs that USEPA includes in its database are measured in invertebrate species (such as 
daphnids) that are not consumed by humans.  Before using such data, States may want to confirm BCFs 
reported for such species are representative BCFs in species regularly consumed by people.



• The completeness of USEPA’s BCF/BAF database and the frequency at which it is updated is unclear.  
States may wish to review and update the data for key compounds of interest when deriving or updating 
State-specific HHAWQC.  



Although not an adjustment used to derive National BAFs from the information presented in USEPA’s database 
or a refinement of that process, some States may have State-specific information on bioaccumulation of 
chemicals in their waters.  As indicated in the framework, a field BAF is the preferred measure of 
bioaccumulation when deriving HHAWQC.  Such BAFs could be used in place of the BAFs estimated using the 
BAF derivation process presented in USEPA’s 2016 guidance. 
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Effect on HHAWQC
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Compound
Pre-2015 National 
HHAWQC (ug/L)



2015 National HHAWQC (ug/L)



Using 2015 National 
BAFs



Using 2015 National 
BAFs Without FCMs



Using 2015 
National TL3 BAFs 



Without FCMs
Acenaphthene 670 70 70 70
Anthracene 8300 300 370 360
Benzo(a)anthracene 0.0038 0.0012 0.0037 0.018
Benzo(a)pyrene 0.0038 0.00012 0.00037 0.0018
Benzo(b)fluoranthene 0.0038 0.0012 0.0037 0.018
Benzo(k)fluoranthene 0.0038 0.012 0.037 0.18
Chrysene 0.0038 0.12 0.37 1.8
Dibenzo(a,h)anthracene 0.0038 0.00012 0.00037 0.0018
Fluoranthene 130 20 20 NA
Fluorene 1100 50 60 67
Indeno(1,2,3-cd)pyrene 0.0038 0.0012 0.0037 0.018
Pyrene 830 20 30 63



This table presents a comparison pf the pre-2015 HHAWQC to the 2015 HHAWQC for 12 PAH.  The first 
column presents the name of each PAH included in the comparison. The second column presents the pre-2015 
HHAWQC for 12 PAH.  The third column presents the 2015 HHAWQC as derived by USEPA. The fourth 
column presents the 2015 HHAWQC without the FCM.  The fifth column presents the 2015 HHAWQC without 
the FCM and based on only the Trophic Level 3 BAF.  With the exception of benzo(k)fluoranthene and 
chrysene, the 2015 HHAWQC are lower than the pre-2015 HHAWQC. For about half of the PAH, the decrease 
is about 10-fold (or more).  HHAWQC based on BAFs that do not include the FCM or that are based on only 
Trophic Level 3 BAFs are greater than the 2015 HHAWQC for most PAH, but are still lower than the pre-2015 
HHAWQC for about seven of the 12 PAH.
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Summary



• USEPA did not follow its own guidance when deriving BAFs/alternative BCFs 
for PAH and the 2015 national HHAWQC



• USEPA used FCMs to adjust BCFs of 11 of 12 PAH even though guidance 
indicates FCMs should not be used for highly metabolized compounds



• 2015 national HHAWQC for most PAH increase when FCMs are removed from 
derivation – about 3.5 times higher for 7 of 12 PAH



• Other refinements also likely warranted (e.g., state-specific DOC/POC 
concentrations and trophic level lipid content) 



• Combined, these could lead to substantially lower HHAWQC



In summary, USEPA did not follow the framework presented in its own guidance when deriving BAFs for 11 of 
the 12 PAH for which updated HHAWQC were recommended in 2015 because it used FCMs to adjust BCFs for 
those PAH even though guidance indicates FCMs should not be used for highly metabolized compounds. The 
2015 national HHAWQC for most PAH increase when FCMs are removed from the HHAWQC derivation and 
increase by slightly more than 3-fold for the seven PAH whose bioaccumulation is represented by 
benzo(a)pyrene.  In addition to reconsidering USEPA’s application of an FCM to PAH, USEPA’s framework and 
generally acknowledged scientific understanding of the parameters that affect bioaccumulation suggest that 
States should use State-specific data, if available, to develop State-specific DOC/POC concentrations and 
State-specific trophic level lipid contents, as well as considering the applicability to State waters and scientific 
basis of other aspects of USEPA’s 2016 bioaccumulation methodology.
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Summary 



 



A procedure relating fish habitat and oceanic dilution to salinity is developed in order to estimate the 



degree of conservatism introduced by not considering dilution in the fish exposure calculations used to 



generate human health water quality criteria (HHWQC).  Using lower boundary values of estuarine and 



marine salinities, this procedure estimates that the rate of fish exposure is overstated by 31‐41% 



(depending upon the substance’s BAF) by not considering oceanic dilution.  Sensitivity analysis suggests 



that using more realistic, species specific, salinities to define estuarine habitat would add 10% or more 



to this estimate.    



 



Background 



 



The most recent version (FDEP 2016) of FDEP’s technical support document for derivation of human 



health criteria indicates that risk is calculated by one of two equations depending upon the 



carcinogenicity of the evaluated compound. 



  



For non‐carcinogens: 



 



ܳܪ ൌ
ூೢାூಷ



஻ௐ∗ோ௙஽
    Equation 1 



 



Where: HQ = Hazard Quotient 



  IW = Drinking water exposure (mg/day) 



  IF = Fish ingestion exposure (mg/day) 



  BW = Body weight (kg) 



  RfD = Reference dose (mg/kg day) 



 



Carcinogens: 



 



݇ݏܴ݅ ൌ 	
ሺூೈାூಷା஽ೄሻ∗஼ௌி



஻ௐ
    Equation 2 



 



Where:  DS = Dermal contact intake (mg/day) 



  CSF = Cancer slope factor (1/(mg/kg day)) 



 



Focusing on the fish consumption exposure route (IF), the daily intake of a particular compound is 



estimated by:  











ிܫ        ൌ ∑ ௜ܴܥܨ ∗ ௜ܨܣܤ ∗ ସܥܹܵ
௜ୀଶ   Equation 3 



  IF = exposure through fish consumption (mg/day) 



  i = aquatic trophic level of fish species (2, 3, or 4) 



  SWC = surface water concentration (mg/L) 



  FCRi = fish ingestion rate for aquatic trophic level i (gm/day) 



  BAFi = bioaccumulation factor for aquatic trophic level i (L/day) 



 



Equation 3 estimates the daily rate of exposure to a compound as a function of fish consumption from 



each of three aquatic trophic levels, the BAF for each trophic level and the concentration of the 



compound in surface waters.  Note that BAF values unique to the aquatic trophic levels (which 



necessitates FCRs corresponding to those tropic levels) are a new feature of the latest TSD. 



In equation 3, surface water concentration (SWC) of the compound is constant, implying that 



throughout the fresh water, estuarine, and near shore marine environs, no concentration change takes 



place (i.e. all species, regardless of habitat,  would be exposed at the water quality criteria 



concentration).  However, in a previous report, NCASI (2016) demonstrated that in at least two estuaries 



(and based on the prevailing science, it is expected that all estuaries would show similar traits) the SWC 



of a compound originating from the freshwater source would be diluted with ocean water (containing a 



negligible amount of the compound) as it entered and moved through an estuary system.  Thus, species 



living in increasingly saline environments would be expected to be exposed at concentrations which 



would be increasingly diluted relative to the water quality criteria concentration. The assumption that 



SWC is constant throughout the estuary overstates the human exposure via the consumption of fish that 



spend most or all of their life histories in marine or estuarine environments. 



Objective 



Estimate the degree of conservatism introduced to the fish consumption exposure calculation by not 



accounting for oceanic dilution. 



Methods 



The basis for the following estimation calculations is the concept that in transitional 



freshwater/estuarine/marine systems, salinity can define both fish habitat and the degree of oceanic 



dilution.  Fish typically stay within relatively narrow salinity ranges due to specific physiological 



adaptations required to survive in either a more or less saline environment.  While juvenile fish species 



may migrate to a different salinity environment as they mature, adult species (which are most 



commonly taken as seafood) generally remain within the same salinity range for their remaining 



lifespan.  



Salinity also can be used to calculate the extent of oceanic dilution occurring at a particular location.  A 



transitional freshwater/estuarine/marine system has two major sources of water flow; the freshwater 



river and the saltwater ocean.  Given that these water sources have a well‐known (less than 0.5 ppt for 











freshwater and about 35 ppt for ocean water) salinity, long term average mixing calculations using salt 



as a conservative tracer can provide the ratio of ocean water to freshwater at an intermediate location 



where salinity is known.  Therefore, if a certain fish species only lives in salinities greater than 10 ppt, 



the oceanic dilution of the freshwater source at that 10 ppt location can be calculated.  This dilution can 



then be applied to the exposure calculations via a dilution factor, DF (i.e. the ratio of a substance’s 



concentration at the intermediate location to the concentration in the freshwater).  The development of 



DF is presented in Appendix I and the incorporation of DF into the fish exposure calculation (Equation 3) 



is shown in Equation 4.      



ிܫ ൌ ∑ ൣ∑ ௜,௝ܴܥܨ ∗ ܥܹܵ ∗ ௝ܨܦ
ଷ
௝ୀଵ ൧ ∗ ௜ܨܣܤ



ସ
௜ୀଶ     Equation 4 



Where i = aquatic trophic level 2, 3 or 4 



             j = salinity habitat, where 1 = freshwater, 2 = estuarine, 3 = marine 



 



The remainder of this paper is a direct comparison of Equation 3 and Equation 4.  The only difference 



between the equations is that Equation 4 includes a term (DF) that adjusts the exposure concentration 



(SWC) to account for oceanic dilution.  Thus, the difference between Equations 3 and 4 is an estimation 



of the effect of not considering oceanic dilution when calculating fish consumption exposure. 



 



Implementation of Equations 3 and 4 



 



In order to implement Equations 3 and 4, several pieces of information are required to populate the 



variables with realistic values, including: 



 



 Daily fish consumption information. 



o Total amount fish consumed. 



o Species of fish. 



o Fraction of each species consumed relative to the total consumption. 



 The trophic level or levels to which each species is assigned.  



 The BAF for each trophic level or levels for each species. 



 The water concentration of the pollutant of concern, assumed in this example to be 1 mg/L in 



freshwater and 0.01 mg/L in ocean water. 



 



The source of information for the above requirements is FDEP’s most recent technical support 



document (FDEP 2016). The fraction of each species consumed was back‐calculated from the data 



provided in Table 3.5.  In addition to the information required for Equation 3, Equation 4 also needs 



each species to be apportioned to a salinity habitat.  This was done using EPA’s Habitat Apportionment 



Document (EPA 2016) to assign each fish species to freshwater, estuarine or marine (or some 



combination of two).  Salinity definitions of these habitats were based upon the USGS (2016) where 



freshwater is < 0.5 ppt, estuarine:  0.5 – 25 ppt, and marine: > 25 ppt. Because it was recognized that the 



salinity definitions provided by USGS may not match with most species actual salinity preference (i.e. a 



salinity of 0.5 ppt may be classified as “estuarine” but many estuarine adult species require significantly 











higher salinity), this is considered a rough, likely conservative, approximation.  In order to understand 



the sensitivity of the estimate to the estuarine salinity definition, Equation 4 was also evaluated using an 



estuarine salinity of 8.5 ppt, which is the lower range of the most freshwater tolerant Florida shrimp 



species; brown shrimp (USFWS 1989).    



 



Results  



 



Fish exposure rates (mg/day) were calculated for a selection of different compounds with varying BAFs 



using Equation 3, Equation 4 with the USGS definition of estuarine salinity and Equation 4 using the 



brown shrimp salinity preference as the definition of estuarine salinity conditions.  The results are 



presented in Table 1 for randomly selected compounds in order of highest to lowest BAF along with the 



percent difference between Equation 3 and Equation 4. 



 



Table 1.  Fish Exposure Rates (mg/kg) and Percent Difference for a Selection of Compounds Calculated 



by Equations 3 and 4 



Compound 
 (Trophic Level 4 BAF, L/kg) 



Equation 3  Equation 4 (Estuarine 
Salinity @ 0.5 ppt) 



Equation 4 (Estuarine 
Salinity @ 8.5 ppt) 



4,4'‐DDT (390000)  4196  2462 (41%)  2198 (48%) 



Aldrin (240000)  2953  1800 (39%)  1601 (46%) 



Toxaphene (3900)  68.0  45 (34%)  39.2 (42%) 



Vinyl Chloride(1.5)  0.031  0.021 (31%)  0.018 (41%) 



 



These results suggest that not considering oceanic dilution in the fish exposure calculation of HHWQC 



can lead to significant over‐estimation of the actual exposure.  This overestimate ranges from 30% to 



nearly 50% in the above example.  However, the sensitivity analysis of estuarine salinity suggests that 



this value is likely higher due to conservative assumptions regarding habitat for the fish species: 



 



 Brown shrimp (used to define estuarine salinity in Table 1) are the most freshwater tolerant of 



the major Florida shrimp species, adult white and pink shrimp prefer salinities greater than 25 



ppt. 



 Some species classified as marine (i.e. adult red snapper), prefer salinities higher than the USGS 



definition of marine salinity. 



 The oceanic concentration of pollutant was assumed to be 100x less than the freshwater 



concentration; however it is likely in many cases much less. 
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Appendix I. Derivation of Dilution Factor 



 



If two sources (1 and 2) of water are mixing, the concentration and flow at any point (3) are defined by 



the boundary concentrations and relative flow contribution via materials balance: 



ܳଵݏଵ ൅ ܳଶݏଶ െ ܳଷݏଷ ൌ 0    Equation A1 



ܳଵ ൅ ܳଶ െ ܳଷ ൌ 0      Equation A2 



 



Where: Q = flow (V/T) 



               s = salinity (M/V) 



  subscript 1 = denotes upstream “freshwater” location boundary 



  subscript 2 = denotes downstream “oceanic” location boundary 



  subscript 3 = denotes location of interest 



 



Rearranging and substituting (A2) into (A1) gives (A3): 



ܳଵݏଵ ൅ ܳଶݏଶ ൌ ሺܳଵ ൅ ܳଶሻݏଷ  Equation A3 



 



If the boundary salinities s1 and s2 and the salinity at position 3 in the estuary are known, the flow ratio 



(Q1/Q2) at position 3 can be derived: 



 
ொభ
ொమ
ൌ



௦యି௦మ
௦భି௦య



  Equation A4 



 



To calculate the concentration of a substance other than salt at position 3, new boundary conditions (p1 



and p2) must be established, but the flow ratio calculated using salinity remains constant for that 



position.  Substituting p for s to denote a new substance and algebraically solving for p3 in Equation A4 



yields: 
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    Equation A5 



 



A dilution factor, DF (i.e. the ratio of the substance concentration at position 3 to the concentration in 



the freshwaters) p3/p1, can be calculated by rearranging the terms in (A5). 
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    Equation A6 
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AN OVERVIEW OF PARAMETERS USED IN THE DERIVATION OF 



EPA HUMAN HEALTH AMBIENT WATER QUALITY CRITERIA 



1.0 EXECUTIVE SUMMARY 



Consistent with the requirements of the Clean Water Act, states are obligated to establish numeric 



water quality criteria for toxic substances and to periodically consider the need for revisions to those 



criteria. Toxics criteria are designed to protect both resident aquatic life and humans exposed via 



drinking water, consumption of fish, and/or dermal contact. Criteria for the protection of human 



health (i.e., Human Health Ambient Water Quality Criteria, or HHAWQC) are traditionally derived 



using EPA-recommended equations that include parameters for risk, toxicity, and exposure. The 



values used for these parameters are revisited and adjusted periodically in response to the availability 



of new science and shifts in policy.   



The material presented in this paper includes an overview of the derivation procedures for 



HHAWQC, focusing especially on the selection of values for the parametric components in the 



HHAWQC derivation equations. Particular attention is given to the use of conservative (i.e., over-



protective) choices for multiple parameter values and the overall effect of compounded conservatism 



on the resulting criteria relative to health protection targets established by state and federal agencies. 



1.1 Parameters Used in HHAWQC Derivation and Frequently Used Values 



The equations used to derive HHAWQC are composed of explicit parameters (i.e., those that are 



listed and defined), and implicit parameters (i.e., those that are embodied with the application of the 



explicit parameters). The equations and rationales for selection of specific parameter values were 



developed by EPA more than twenty years ago and while updates in parameter values have been 



made periodically, the basic methodology remains unchanged. Table 1.1 lists the explicit and implicit 



parameters used in the HHAWQC derivation. Also shown are typical parameter values recommended 



by EPA. The third column in the table provides an indication regarding whether the typical value 



reflects a central, upper-end, or maximum in the range of values that could be chosen for each 



parameter. It is clear from the table that, in nearly every case, the typical values used for explicit and 



implicit parameters are selected from the upper end of the range of possible values.  



It is well-known, and mathematically intuitive, that the practice of selecting “upper end of range” 



values for multiple parameters in a risk equation will lead to over-conservative estimates of risk or, in 



the case of HHAWQC, overly restrictive criteria. Indeed, EPA’s Risk Assessment Task Force has 



suggested that “when several parameters are assessed, upper-end values and/or central tendency 



values are generally combined to generate a risk estimate that falls within the higher end of the 



population risk range” and “an exposure estimate that lies between the 90
th
 
 



percentile and the 



maximum exposure in the exposed population [should] be constructed by using maximum or near-



maximum values for one or more of the most sensitive variables, leaving others at their mean values” 



(EPA 2004). This concept, however, has not been embraced in the current practice for deriving 



HHAWQC.   
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Table 1.1 Parameter Values used in HHAWQC Derivation and 



Location in the Range of Possible Values 



 



 



 



 



 



Parameter 



 



 



 



 



 



Typical Value 



 



Location in Range of 



Possible Values
1 



(maximum possible, 



upper-end, or central 



tendency) 



Explicit Parameters   



substance toxicity  substance-specific upper-end 



body weight of a person 70 kg (actual mean is 80kg) central tendency  



 



drinking water intake 



2 L/day (86
th
 percentile), but 



assumes drinking water is 



untreated surface water  



 



(extreme) upper-end 



fish ingestion/consumption rate 17.5 g/day (90
th
 percentile of 



sport fishers) 



upper-end 



substance exposure from other 



sources 



80% upper-end 



 



Implicit Parameters 



  



cooking loss 0% (no loss due to cooking) maximum possible 



duration of exposure 70 years (extreme) upper end  



exposure concentration at HHAWQC 100% of the time maximum possible 



relative bioavailability 1 maximum possible 



bioaccumulation/concentration  



factor of fish 



substance-specific substance-specific (not 



evaluated) 
1
“maximum possible” would be the most conservative (over protective) choice possible, “upper-end” 



a very conservative choice, and “central tendency” a typical or average value for a population.  



“Extreme” denotes a value that is very near maximum. 



 



1.2 Degree of Conservatism in HHAWQC 



Section 6 of this report details the degree of protectiveness, conservatism, and the combined effect of 



conservative parameter value choices in the derivation of HHAWQC. The information provided 



shows that the values commonly used for each parameter can have the effect of lowering the 



calculated HHAWQC by large factors. For example: 



 substance toxicity values are commonly reduced by 10 to 3000 times below demonstrated 



toxicity thresholds as a means of ensuring protection of human health 



 assumptions about chemical exposure via drinking water results in some criteria being as 



much as 30 times lower than needed to afford the degree of protection targeted by most states 



and EPA 
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 the assumption that a person lives in the same place and is exposed to the same level of 



contamination for a 70 year lifetime results in criteria that are up to 8 times more stringent 



than if a median exposure period were assumed 



 the assumption that waters would exist at the allowable HHAWQC for 70 years is in 



opposition to water management policies in virtually all states and results in criteria values 



that are 1.5 to 6 times more stringent than would be the case if actual water quality 



management practices were considered 



Each of the factors listed above, and several others discussed in more detail in the following sections, 



can combine (i.e., compound) when applied in the same calculation, such as that used for deriving 



HHAWQC. The result is criteria that are many times lower than would be the case if the advice of the 



Risk Assessment Task Force regarding use of upper range values for one or more sensitive values and 



leaving others at their mean values (EPA 2004) were followed.   



1.3 Comparison of HHAWQC with other Regulatory Mechanisms for Human Health 



Protection 



The summary above, and supporting sections of this report, offer observations suggesting that 



HHAWQC are considerably more protective (i.e., lower in concentration, or over-protective) than are 



necessary to achieve the health protection targets described by EPA and many state environmental 



agencies. Section 7 of this report considers other evidence that might confirm or refute this 



observation. It contains a comparison of fish tissue concentrations corresponding to EPA 



recommended HHAWQC with (a) existing fish tissue concentration data, (b) concentrations found in 



other foods, and (c) allowable concentrations (such as fish consumption advisory “trigger levels”) set 



by other US and international health agencies.   



Findings from this comparison support the observation that HHAWQC are over-protective.  



Specifically: 



 For higher assumed fish consumption rates and based on EPA fish tissue data, virtually all 



surface waters in the US would exceed the HHAWQC for PCB, mercury, and likely a number 



of other substances. In contrast, for example, health agencies have established fish 



consumption advisories for PCBs on only about 15% of water bodies (Appendix C) 



indicating that assumptions used by EPA are more conservative than the assumptions used by 



state agencies to derive fish consumption advisories. 



 A comparison of the daily intake of several example substances for which HHAWQC exist, 



showed that intakes from other foodstuffs was greater than from fish and was already 



exceeding the allowable intakes used to establish HHAWQC. Thus, establishment and 



enforcement of more stringent HHAWQC may not provide a measureable public health 



benefit.   



 Various federal and international agencies have established concentration limits for fish as a 



food in commerce. Levels set by these agencies (whose goal is to insure the safety of edible 



fish) show that EPA HHAWQC are limiting fish tissue concentrations to levels substantially 



(10s to 1000s of times) below those considered to be without significant risk. 



1.4 Other Observations 



Other observations from this review are noted as follows.   



 Target cancer risk levels between 10
-6



 and 10
-4



 have become widely accepted among the 



different EPA programs, including the derivation of HHAWQC. The HHAWQC 



methodology document states that a risk level of 10
-4



 for highly exposed populations is 



acceptable (EPA 2000a). This is sometimes interpreted as meaning that highly exposed 
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populations are not as well protected by the HHAWQC. However, as noted by Kocher (1996) 



“if only a small population would be at greatest risk, the expected number of excess cancers 



corresponding to individual risks at the de minimis level of 10
-4



 would still be [essentially] 



zero.”  



 The fish consumption rates used in calculating HHAWQC can have a significant impact on 



the resulting HHAWQC. This is because the HHAWQC are proportional to the fish 



consumption rates - as the rate increases, the HHAWQC decreases, and the decrease is 



particularly pronounced for high BAF/BCF substances. Potential exposure through the fish 



consumption pathway is dependent upon a number of different variables including the types 



of fish consumed, the sources of those fish (particularly anadromous fish such as salmon, see 



Appendix B), and the rates at which they are consumed, all of which vary widely among the 



population. The quantification of fish consumption rates is complicated by the methods used 



to collect consumption information, the interpretation of such data (particularly extremes in 



the distribution of individual consumption rates obtained from survey data), the availability of 



fish from regulated sources, and the habits of the targeted population of fish consumers. 



Without extreme diligence in data interpretation, most of these complications are likely to 



manifest in overestimations of fish consumption rates. 



 The selection of some exposure parameters are unrealistic because, as a practical matter, 



other environmental management programs would ensure that such conditions did not occur 



(or would not persist for a person’s lifetime). Assumptions concerning ambient water column 



concentrations (and related fish tissue concentrations) and drinking water concentrations are 



examples.   



Finally, it is noteworthy that the values used for parameters in a health risk equation like that for 



deriving HHAWQC involve a combination of science and policy choices. And, while evolving 



science and policy may sometimes indicate that revisiting these choices is warranted, responsible 



evaluation of risk (and thus protection of health) is best considered in total rather than by simple 



alteration of a single parameter value without due consideration of the others. The information 



presented herein suggests that the degree of protection embodied in the current HHAWQC derivation 



method, using typically applied values for each parameter, exceeds by a large margin the health 



protection targets expressed by EPA and many states.    



2.0 INTRODUCTION  



Section 304(a) (1) of the Clean Water Act (CWA) requires the United States Environmental 



Protection Agency (EPA) to develop and publish recommended numeric ambient water quality 



criteria (AWQC) for limiting the impact of pollutants on human health and aquatic life. These 



recommended human health-based AWQC (HHAWQC) are intended to provide guidance for states 



and tribes to use in adopting their own water quality standards and are meant to “minimize the risk of 



adverse effects occurring to humans from chronic (lifetime) exposures to substances through the 



ingestion of drinking water and consumption of fish obtained from surface waters” (EPA 2000a).  



Water quality criteria recommendations  are derived by EPA using equations that express a risk 



analysis. The value of each parametric component of the criteria equations represents policy choices 



made by the Agency, though several of those choices are derived from scientific data (EPA 2011a).  



In a staff policy paper from the Office of the Science Advisor, EPA discussed the bases for these 



policy choices (EPA, 2004). They noted that “Congress establishes legal requirements that generally 



describe the level of protectiveness that EPA regulations must achieve” and that individual statutes 



identify the risks that should be evaluated and protected against and also mandate the required levels 



of protection (EPA 2004). The Clean Water Act, which mandates the development of AWQC, simply 
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requires that AWQC must “protect the public health or welfare, enhance the quality of water and 



serve the purposes of this Act” and “be adequate to protect public health and the environment from 



any reasonably anticipated adverse effects of each pollutant.” In order to meet these requirements, 



EPA “attempts to protect individuals who represent high-end exposures (typically around the 90
th 



percentile and above) or those who have some underlying biological sensitivity” (but not 



hypersensitive individuals) (EPA 2004). EPA (2004) notes that “[p]rograms may approach the 



problem semi-quantitatively (e.g., selecting individual parameter values at specified percentiles of a 



distribution) or qualitatively (e.g., making conservative assumptions to ensure protection for most 



individuals), though no overall degree of protection can be explicitly stated.”  



While EPA is obligated to develop and publish AWQC guidance, adoption and implementation of 



criteria for most fresh waters in the U.S. is an activity mandated to states. Many states choose to adopt 



EPA’s AWQC guidance values but states are free to depart from EPA’s criteria guidance provided 



that there is a scientifically valid rationale for doing so. Departure from the EPA AWQC guidance 



values is commonly accomplished by altering one or more of the values used to represent the 



parametric components of the risk analysis equation used to derive the criteria guidance values.   



This document contains a discussion of each parametric component of the risk analysis equation that 



is used to derive HHAWQC. As noted earlier, selection of parameter values for risk analyses is 



primarily a policy choice and it is typical that such choices are conservative in favor of protecting 



public health. The combined degree of conservatism embodied in the final AWQC guidance is not 



usually expressed quantitatively by EPA. The primary purpose of this document is to provide an 



exploration of the combined conservatism that may be embodied in AWQC calculated using typically 



chosen values for the explicit parametric components of the HHAWQC equation and use of implicit 



assumptions also embodied in the criteria derivation. 



3.0 EQUATIONS USED FOR THE DERIVATION OF HHAWQC  



In calculating HHAWQC, EPA differentiates between carcinogenic and noncarcinogenic effects.  



Three risk analysis equations are used, the first for noncarcinogenic effects, the second for 



carcinogenic effects that are assumed to have a nonlinear dose-response, and the third for 



carcinogenic effects that are assumed to have a linear dose-response. These are shown in Table 3.1. 



 



Table 3.1 Equations for Deriving Human Health Water Quality Criteria 



 



Substance Category 



 



HHAWQC Equation 



 



Eq. # 



   



Noncarcinogenic effects RfD*RSC*(BW/(DI + (ΣFIi*BAFi))) Eq. 3.1 



Carcinogenic effects (non-linear) (POD/UF)*RSC*(BW/(DI + (ΣFIi*BAFi))) Eq. 3.2 



Carcinogenic effects (linear) RSD*(BW/(DI + (ΣFIi*BAFi))) Eq. 3.3 



   



where: 



HHAWQC = human health ambient water quality criterion (mg/L); 



RfD = reference dose for noncancer effect (mg/kg-day); 



RSC = relative source contribution factor to account for non-water sources of exposure (typically 



expressed as a fraction of the total exposure); 
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POD = point of departure for carcinogenic effects based on a nonlinear low-dose extrapolation 



(mg/kg-day), usually a LOAEL, NOAEL, or LED10; 



UF = uncertainty factor for carcinogenic effects based on a nonlinear low-dose extrapolation 



(unitless); 



RSD = Risk-specific dose for carcinogenic effects based on a linear low-dose extrapolation 



(mg/kg-day) and on the selected target risk level; 



BW = human body weight (kg); 



DI = drinking water intake (L/day); 



FIi = fish intake at trophic level (TL) i (i = 2, 3, and 4); this is the fish consumption rate (kg/d); 



and 



BAFi = bioaccumulation factor at trophic level i, lipid normalized (L/kg) 



The first portion of each equation in Table 3.1 contains parameters that represent a measure of the 



toxicity of a substance and are unique to each equation. The latter portion of each equation is 



common for the three substance categories and describes assumed human exposure to a substance.  



Implicit, and not obvious, with the practice of using these equations are other assumptions concerning 



exposure (i.e., a duration of exposure equal to a full lifetime, an average ambient water concentration 



equal to the HHAWQC, and bioavailability of chemicals from fish and water equal to that observed in 



the toxicity experiment). Finally, and also not obvious, is that an assumed incremental risk of illness 



is also part of the overall algorithms. Taken collectively, these explicit and implicit elements yield a 



risk analysis in the form of an acceptable water column concentration for a substance.  



Although the parameters in the risk equations used for deriving a HHAWQC are most accurately 



represented by a range or distribution of values, it has been typical for EPA to select a single value for 



each parameter.  EPA has recognized that there are elements of both variability and uncertainty in 



each parametric value but has generally not implemented specific procedures to account for 



variability and uncertainty.  However in some cases, EPA has intentionally chosen parametric values 



that are conservative (i.e., over-, rather than under-, protective of human health) with respect to the 



general population.   



The sections below discuss the parametric components of the toxicity portion (Section 4) and the 



exposure portion (Section 5) of each equation in Table 3.1.  Section 6 includes discussion of 



variability and uncertainty in parameter values and, where evident, conservatism embodied in typical 



choices made for parameter values.  Also in Section 6, consideration is given to the combined effect 



on conservatism of typical parameter value choices in HHAWQC derivation. 



4.0 TOXICITY PARAMETERS USED FOR DERIVATION OF HHAWQC 



Each of the three equations used to develop HHAWQC contains a factor that represents the toxicity 



of the substance of concern.  Equation 3.1 (Table 3.1), which is used for non-carcinogenic effects, 



employs the reference dose (RfD), the derivation of which incorporates various uncertainty factors 



(UFs) and sometimes an additional modifying factor (MF).  Equation 3.2 (Table 3.1), which is used 



for carcinogenic effects that have a nonlinear dose-response curve (i.e., there exists some level of 



exposure below which no carcinogenic response is expected to occur), employs a factor calculated by 



dividing the “point of departure” (POD) by UFs. Equation 3.3 (Table 3.1), which is used for 



substances that are assumed to have a linear dose-response (i.e., some probability of a carcinogenic 



response is presumed to exist at any level of exposure), employs a Risk-Specific Dose (RSD).  It is 



EPA’s policy to assume that all carcinogenic effects can be described using a linear dose response 
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unless non-linearity has been clearly demonstrated.  Typically, if a compound is considered to have 



both carcinogenic and non-carcinogenic health effects, HHAWQC are calculated for both the cancer 



and noncancer endpoints and the lower of the two concentrations is selected as the HHAWQC.  The 



derivation of these components is described in the “Methodology for Deriving Ambient Water 



Quality Criteria for the Protection of Human Health (EPA 2000a) (hereafter referred to as the 



“HHAWQC methodology document”) and its Technical Support Document Volume 1: Risk 



Assessment” (EPA 2000b).   



4.1 Reference Dose (RfD) 



A reference dose (RfD) is defined as “an estimate (with uncertainty spanning approximately an order 



of magnitude) of a daily exposure to the human population (including sensitive subgroups) that is 



likely to be without appreciable risk of deleterious effects over a lifetime” (EPA 2000b).   



The development of an RfD begins with a review of all available toxicological data. Relevant studies 



are evaluated for quality and a “critical effect” is identified. The critical effect is defined as “the first 



adverse effect, or its known precursor, that occurs to the most sensitive species as the dose rate of an 



agent increases” (EPA 2002a). The underlying assumption is that if the RfD is derived to prevent the 



critical effect from occurring, then no other effects of concern will occur (EPA 2002a).  



The next step is the identification of a POD based on the study in which the selected critical effect has 



been identified. The POD may be derived from a No Observed Adverse Effect Level (NOAEL), a 



Lowest Observed Adverse Effect Level (LOAEL) or Benchmark Dose Lower Confidence Level 



(BMDL). The NOAEL is defined by USEPA as “the highest exposure level at which there are no 



biologically significant increases in the frequency or severity of an adverse effect between the 



exposed population and its appropriate control; some effects may be produced at this level, but they 



are not considered adverse or precursors of adverse effects.”
1
 If a NOAEL cannot be identified, a 



LOAEL may be used instead. The LOAEL is defined by USEPA as “the lowest exposure level at 



which there are biologically significant increases in frequency or severity of adverse effects between 



the exposed population and its appropriate control group.”
2
 



When study data are suitable, the Benchmark Dose BMD approach is sometimes used as an 



alternative to the NOAEL/LOAEL approach. The BMD is the dose at which the critical effect occurs 



at a rate 5-10% above the rate observed in the control group (other rates could possibly be used, but 



5% or 10% are most common). The BMDL, which is typically the lower 95% confidence limit of the 



BMD, is used as the POD when the BMD approach is used. 



Once the POD is identified, the RfD is derived according to equation 4.1:  



RfD = POD/(UFi * MF)        Eq. 4.1 



where: 



RfD = reference dose for noncancer effect (mg/kg-day); 



POD  = NOAEL, LOAEL, or BMDL (mg/kg-day); 



UFi = uncertainty factors for various circumstances (see Table 4.1) (unitless) ; and 



MF = modifying factor (unitless) 



                                                      



1 Taken from USEPA’s online IRIS glossary (http://www.epa.gov/iris/help_gloss.htm#n) 
2 Taken from USEPA’s online IRIS glossary (http://www.epa.gov/iris/help_gloss.htm#n) 
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Uncertainty factors are used to reduce the dose in order to account for areas of scientific uncertainty 



in the supporting toxicity databases (EPA 2000b). The standard UFs are 1, 3, and 10. A modifying 



factor further adjusts the dose in order to provide for additional uncertainty not explicitly included in 



the UFs, such as the completeness of the overall database (EPA 2000b). The MF is a matter of 



professional judgment and ranges between 0 and 10, with the standard values being 0.3, 1, 3, and 10 



and the default value being 1 (EPA 2000b). Table 4.1 defines the various UFs.  



 



Table 4.1 Uncertainty Factors (adapted from EPA 2000b) 



 



Uncertainty Factor 



 



Description 



  



Intraspecies variation (UFH) Accounts for uncertainty associated with variations in sensitivity 



among members of the same species (e.g., differences in age, 



disease status, susceptibility to disease due to genetic differences)  



 



Interspecies variation (UFA) Accounts for uncertainty involved in extrapolating from animal 



data to humans; used when the POD is derived from an animal 



study  



 



Subchronic-to-chronic (UFS) Accounts for uncertainty involved in extrapolating from studies 



with a less-than-chronic
1
 duration of exposure; used when the 



POD is derived from a study in which exposures did not occur 



over a significant fraction of the animal's or the individual's 



lifetime 



 



LOAEL-to-NOAEL (UFL) Accounts for uncertainty associated with the use of a POD derived 



from a LOAEL rather than a NOAEL or BMDL  



 



Incomplete database (UFD) Accounts for uncertainty associated with the use of an incomplete 



database to derive the POD, for example, the lack of a study of 



reproductive toxicity  



 
1
 Chronic Exposure: Repeated exposure for more than approximately 10% of the life span in humans 



(more than approximately 90 days to 2 years in typically used laboratory animal species). 



 



 



In application, the various UFs and any MF are multiplied to obtain the final factor by which the POD 



is to be divided. In general, EPA follows a policy that a final factor greater than 3000 indicates that 



the existing toxicity database is inadequate to support the derivation of an RfD. In this case, no RfD is 



calculated (EPA 2002a). 



Although instructions for calculating an RfD are provided in the documentation for HHAWQC, in 



actual practice, the RfD is typically obtained from EPA’s IRIS database (http://www.epa.gov/iris/).  



4.2 Cancer Effects:  Nonlinear Low-Dose Extrapolation 



In deriving a HHAWQC, a nonlinear low-dose extrapolation may be used for carcinogenic effects 



when there are sufficient data available to understand the mode of action (MOA) and conclude that it 



is nonlinear at low doses (EPA 2005). In practical application, this is interpreted to mean that a 



threshold of exposure exists below which no carcinogenic response will occur.  
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For nonlinear carcinogenic effects, the factor representing toxicity in Equation 3.2 is calculated by 



dividing the POD by UFs. The recommended POD is the Lower Limit on Effective Dose10, or LED10, 



which is determined by calculating the lower 95 percent confidence limit on a dose associated with an 



estimated 10 percent increased tumor or tumor precursor response (EPA 2000b). A NOAEL or 



LOAEL value from a precursor response may also be used in some cases (EPA 2000b). When animal 



data are used to determine the POD, the selected dose is converted to a human equivalent dose using a 



default interspecies dose adjustment factor or a toxicokinetic model. However, as noted above, it is 



EPA’s policy to assume that all carcinogenic effects have a linear dose response unless non-linearity 



has been clearly demonstrated. Thus, the non-linear low dose extrapolation procedure is rarely used.   



The HHAWQC methodology document provides no specific guidance on the selection of UFs (EPA 



2000a). Instead, it defers to the “upcoming cancer risk assessment guidelines,” which were 



subsequently released in 2005.  



The 2005 Cancer Risk Assessment Guidelines took a somewhat different approach than anticipated 



by EPA in 2000 when the HHAWQC methodology guidelines were developed. The 2005 guidelines 



instead recommended that for nonlinear carcinogenic effects, “an oral reference dose…should be 



developed in accordance with EPA’s established practice for developing such values” (EPA 2005). 



This does not have much practical impact on HHAWQC calculation, as comparison of equations 3.2 



and 4.1 reveals that the process for calculating the factor that represents the toxicity of nonlinear 



carcinogenic effects in HHAWQC derivations is essentially the same as that for calculating an RfD.  



Given that (1) the documentation for HHAWQC derivation does not provide complete guidance on 



the calculation of the POD/UF factor, and (2) the 2005 Cancer Risk Assessment Guidelines took a 



somewhat different approach than anticipated by the HHAWQC methodology guidelines, in actual 



practice, the POD/UF factor will be typically be replaced by an RfD for some noncancer endpoint 



(e.g., a cancer precursor event) obtained from EPA’s IRIS database (http://www.epa.gov/iris/).   



4.3 Cancer Effects: Linear Low-Dose Extrapolation 



In deriving a HHAWQC, a linear low-dose extrapolation is used for compounds that are believed to 



have carcinogenic potential when the chemical has direct effects on DNA, the MOA analysis 



indicates that the dose-response relationship will be linear, human exposures or body burdens are 



already near the doses associated with key events in the carcinogenic process, or there is an absence 



of sufficient data to elucidate the MOA. 



The RSD, which is used in Equation 3.3 (Table 3.1), is derived according to Equation 4.2: 



 RSD = Target Incremental Cancer Risk/m         Eq. 4.2 



where: 



RSD =  Risk-Specific dose (mg/kg-day); 



Target Incremental Cancer Risk = Typically a value ranging from10
-6



 to 10
-4



; and  



m = cancer potency factor (mg/kg-day)
-1



 



The HHAWQC methodology document (EPA 2000a) states that the Agency will calculate 



recommended HHAWQC using at a Target Incremental Cancer Risk level of 10
-6



. However, in 



deriving their own HHAWQC, states and authorized tribes may choose a risk level as low as 10
-7



 or 



as high as 10
-5



, as long as the risk to more highly exposed subgroups (e.g., sport or subsistence 



anglers) does not exceed 10
-4



. (The rationale for this is discussed further in Section 6.1.3.) 



The cancer potency factor may be calculated by first modeling the relationship between tumor 



incidence and dose and then selecting a POD (generally the LED10). When animal data are used to 
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determine the POD, the selected dose is converted to a human equivalent dose using a default 



interspecies dose adjustment factor or a toxicokinetic model. Finally, a straight line is drawn between 



the POD and the origin (zero). The slope of that line, which will be “m” in Equation 4.2, is calculated.  



If the LED10 is used as the POD, m is equal to 0.10/LED10 (EPA 2000b). 



Instructions for calculating m are provided in the documentation for HHAWQC. In actual practice, 



however, the value of m is typically obtained from EPA’s IRIS database (http://www.epa.gov/iris/). 



Note that EPA terminology has changed somewhat since the HHAWQC methodology document was 



released and what was referred to as “m” or “cancer potency factor” in the methodology document is 



more commonly identified as “slope factor” in the IRIS database.     



5.0 EXPOSURE PARAMETERS USED FOR DERIVATION OF HHAWQC  



As noted above, both explicit and implicit elements are used to yield a risk analysis in the form of an 



acceptable water column concentration for a substance. This section summarizes each of these 



elements and the manner in which they are used for deriving HHAWQC. 



5.1 Relative Source Contribution (RSC) 



When deriving a HHAWQC for noncarcinogenic or nonlinear carcinogenic effects, a factor is 



included in the equation to account for non-water sources of exposure to a substance. For example, a 



particular chemical may be found not only in water sources, but also in some food items or in ambient 



air (from which it could be inhaled). This factor is known as the Relative Source Contribution (RSC) 



and it acts to reduce the amount of the RfD that is apportioned to water and fish consumption. The 



rationale for using the RSC factor in calculating a HHAWQC is to ensure that an individual’s total 



exposure does not exceed the threshold level (EPA 2000a). 



The HHAWQC methodology document (EPA 2000a) creates an “Exposure Decision Tree” procedure 



to be used in the selection of an RSC. In the absence of sufficient data to support the use of the 



Exposure Decision Tree, EPA uses 20% as a default RSC (EPA 2000a). The methodology also sets 



80% as the maximum allowable RSC and 20% as the minimum (EPA 2000a). EPA encourages states 



and authorized tribes to develop alternate RSC values based on local data (EPA 2000a). Although the 



Exposure Decision Tree approach does theoretically allow for the use of an RSC other than the 20% 



default, in actual practice, use of values other than the default is very rare. 



Note that while the methodology (EPA 2000a) specifies that the RSC value must be between 20 and 



80% and states that “EPA intends to use 20 percent of the RfD (or POD/UF), which has also been 



used in past water program regulations, as the default value,” the current EPA HHAWQC are 



calculated using RSCs ranging from 20 to 100%. This is because many of the HHAWQC remain 



unchanged from earlier years or have been updated to reflect changes in fish consumption rates or 



RfD, but were not recalculated using the 2000 methodology.   



The RSC factor is not used in the derivation of HHAWQC for carcinogenic effects with linear low-



dose extrapolation. For these substances, the only sources considered are drinking water and fish 



ingestion. This is because for these substances, the HHAWQC is being determined with respect to the 



incremental lifetime risk posed by a substance’s presence in water, and is not being set with regard to 



an individual’s total risk from all sources of exposure (EPA 2000a). Thus, the HHAWQC for any 



substance represents the concentration of that substance in water that would be expected to increase 



an individual’s lifetime cancer risk by no more than the target risk level, regardless of any additional 



lifetime cancer risk contributed by potential exposures from other sources (EPA 2000a).   





http://www.epa.gov/iris/
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5.2 Body Weight (BW) 



The HHAWQC methodology document (EPA 2000a) recommends using a default body weight of 70 



kg for calculating HHAWQC. This is considered to be a representative average body weight for male 



and female adults, combined. Adult values are used because the HHAWQC are intended to be 



protective over the full lifespan. The methodology also notes that 70 kg is used in the derivation of 



cancer slope factors and unit risks that appear in IRIS and advocates maintaining consistency between 



the dose-response relationship and exposure factors (EPA 2000a).   



5.3 Drinking Water Intake (DI) 



EPA recommends using a default drinking water intake rate of 2 L/day, which is believed to represent 



a majority of the population over the course of a lifetime (EPA 2000a).  



The basis for the drinking water intake rate is the 1994-96 Continuing Survey of Food Intake by 



Individuals (CSFII) conducted by the U.S. Department of Agriculture (EPA 2000a). The CSFII 



survey collected dietary intake information from nationally representative samples of non-



institutionalized persons residing in United States households (EPA 2000a). Households in these 



national surveys were sampled from the 50 states and the District of Columbia (EPA 2000a). Each 



survey collected daily consumption records for approximately 10,000 food codes across nine food 



groups (EPA 2000a). This included the number of fluid ounces of plain drinking water consumed and 



also information on the household source of plain drinking water, water used to prepare beverages, 



and water added during food preparation (EPA 2000a). 



The results of the 1994-96 CSFII analysis indicated that the arithmetic mean, 75th, and 90th 



percentile values for adults 20 years and older were 1.1, 1.5, and 2.2 L/day, respectively (EPA  



2000a). The 2 L/day value selected by EPA represents the 86
th
 percentile for adults (EPA 2000a). 



5.4 Fish Ingestion Rate (FI)  



Because the level of fish intake in highly exposed populations varies by geographical location, EPA 



suggests a four preference hierarchy for states and authorized tribes to follow when deriving 



consumption rates that encourages use of the best local, state, or regional data available (EPA 2000a). 



The four preference hierarchy is: (1) use of local data; (2) use of data reflecting similar 



geography/population groups; (3) use of data from national surveys; and (4) use of EPA’s default 



intake rates (EPA 2000a). 



EPA’s first preference is that states and authorized tribes use the results from fish intake surveys of 



local watersheds within the state or tribal jurisdiction to establish fish intake rates that are 



representative of the defined populations being addressed for the particular waterbody (EPA 2000a). 



EPA also recommends that the fish consumption rate used to develop the HHAWQC be based only 



on consumption of freshwater/estuarine species (EPA 2000a). In addition, for noncarcinogens and 



nonlinear carcinogens, any consumption of marine species of fish should be accounted for in the 



calculation of the RSC (EPA 2000a). States and authorized tribes may use either high-end values 



(such as the 90th or 95th percentile values) or average values for the population that they plan to 



protect (e.g., subsistence fishers, sport fishers, or the general population) (EPA 2000a). 



If surveys conducted in the geographic area of the state or tribe are not available, EPA’s second 



preference is that states and authorized tribes consider results from existing fish intake surveys that 



reflect similar geography and population groups (e.g., from a neighboring state or tribe or a similar 



watershed type) (EPA 2000a). As with the use of fish intake surveys of local watersheds, 



consumption rates based on data collected from similar geographic and population groups should be 



based only on consumption of freshwater/estuarine species with any consumption of marine species 



accounted for in the calculation of the RSC (EPA 2000a).  











12 



National Council for Air and Stream Improvement 



If applicable consumption rates are not available from local, state, or regional surveys, EPA’s third 



preference is that states and authorized tribes select intake rate assumptions for different population 



groups from national food consumption surveys (EPA 2000a). The HHAWQC methodology document 



(EPA 2000a) references a document titled “Estimated Per Capita Fish Consumption in the United 



States” (EPA 2000c) as the source for this information, however, there is a more recent document, 



“Exposure Factors Handbook: 2011 Edition” (EPA 2011b) that provides more current regional and 



subpopulation data and is also useful for this purpose. Again, EPA recommends that fish consumption 



rates be based on consumption of freshwater and estuarine species only and any consumption of 



marine species of fish should be accounted for in the calculation of the RSC (EPA 2000a). 



As their fourth and last preference, EPA recommends the use of a default fish consumption value for 



the general adult population of 17.5 grams/day (EPA 2000a). This default value is used by EPA in its 



derivation of HHAWQC. This represents an estimate of the 90th percentile per capita consumption 



rate for the U.S. adult population based on the CSFII 1994-96 data (EPA 2000a). EPA believes that 



this default value will be protective of the majority of the general population (EPA 2000a). If a state 



or authorized tribe identifies specific populations of sportfishers or subsistence fishers that may 



represent more highly exposed individuals, EPA recommends default fish consumption rates of 17.5 



grams/day and 142.4 grams/day, respectively, though in such cases a subpopulation risk level may 



also be appropriate (EPA 2000a) as explained in Section 6.1.3.  



5.5 Bioaccumulation Factors (BAF) and Trophic Level 



Bioaccumulation is the process in which aquatic organisms accumulate certain chemicals in their 



tissues when exposed to those chemicals through water, their diet, and other sources, such as 



sediments. In order to account for potential exposures to these chemicals through the consumption of 



fish and shellfish, EPA uses national bioaccumulation factors (BAFs) in the derivation of HHAWQC. 



The HHAWQC methodology document (EPA 2000a) defines BAF as the ratio (in L/kg tissue) of a 



concentration of a chemical in the tissues of commonly consumed aquatic organisms to its 



concentration in the surrounding water in situations where the organisms and their food are exposed 



and the ratio does not change substantially over time (i.e., the ratio which reflects bioaccumulation at 



or near steady-state).  



The HHAWQC methodology document (EPA 2000a), the “Technical Support Document Volume 2: 



Development of National Bioaccumulation Factors” (EPA 2003a), and the “Technical Support 



Document Volume 3: Development of Site-Specific Bioaccumulation Factors” (EPA 2009) describe 



procedures for deriving national and site-specific BAFs. Separate procedures are provided for 



different types of chemicals (i.e., nonionic organic, ionic organic, inorganic and organometallic) 



(EPA 2000a). Also, EPA states that national BAFs should be derived separately for each trophic level 



because the concentrations of certain chemicals may increase in aquatic organisms of each successive 



trophic level due to increasing dietary exposures (e.g., increasing concentrations from algae, to 



zooplankton, to forage fish, to predatory fish) (EPA 2000a). In addition, because lipid content of 



aquatic organisms and the amount of organic carbon in the water column have been shown to affect 



bioaccumulation of nonionic organic chemicals, the national BAFs should be adjusted to reflect the 



lipid content of commonly consumed fish and shellfish and the freely dissolved fraction of the 



chemical in ambient water for these chemicals (EPA 2000a). 



Even though the 2000 Methodology (EPA 2000a) and subsequent Technical Support documents 



(EPA 2003a, 2009) provide directions for the derivation of national BAF factors, EPA has, as yet, not 



calculated any BAFs for individual chemicals. Instead, when calculating national HHAWQC, EPA 



has replaced the factor “ΣFIi*BAFi” with the factor “FI*BCF,” where BCF is the bioconcentration 



factor. A BCF is defined in the HHAWQC methodology document (2000a) as the ratio (in L/kg 



tissue) of the concentration of a substance in tissue of an aquatic organism to its concentration in the 



ambient water, in situations where the organism is exposed through the water only and the ratio does 











 13 



National Council for Air and Stream Improvement 
 



not change substantially over time. Like the BAF, the BCF represents a ratio that relates the 



concentration of a chemical in water to its expected concentration in commonly consumed aquatic 



organisms, but unlike the BAF, it does not consider uptake from the diet or potential sources such as 



sediments. BAFs are intended to be reflective of real environmental exposures and thus also reflect 



factors such as bioavailability and biodegradation.  Thus, BAFs can be higher or lower than BCFs. 



The factor FI*BCF is a single calculation rather than the summing of multiple trophic levels. In the 



most recent National Recommended Water Quality Criteria: 2002, Human Health Criteria Calculation 



Matrix tables, the BCF values used are accompanied by a footnote that reads, “The fish tissue 



bioconcentration factor (BCF) from the 1980 criteria documents was retained unless otherwise noted” 



(EPA 2002b).    



States are free to calculate their own site-specific BAFs or follow the current EPA practice of using 



BCFs. 



5.6 Implicit Elements in the Derivation of HHAWQC 



The derivation of HHAWQC incorporates assumptions about exposure that are not explicitly 



recognized in the formal equations shown in Table 3.1. These include bioavailability, cooking loss, 



exposure duration, and exposure concentration.   



5.6.1 Relative Bioavailability 



Bioavailability may be defined as the degree to which a substance contained in water, food, soil, air, 



or other media can be absorbed by living organisms. Bioavailability is an important component of 



toxicity assessment since absorption is an essential prerequisite to systemic toxicity and the degree of 



bioavailability is an important determinant of the ultimate exposure level. EPA’s recommendations 



for the derivation of HHAWQC do not account for the bioavailability of substances and thus implicit 



is the assumption that the bioavailability of chemical substances in drinking water and fish tissue 



obtained from regulated waterbodies is the same as the bioavailability of those chemical substances in 



the studies from which the toxicity parameters (RfD, POD, cancer potency factor) were derived.  



5.6.2 Cooking Loss 



Chemical substances that may be present in fish tissue can be lost as part of the cooking process. 



Many substances that accumulate in fish tissues are associated with the lipid (i.e., fatty) content in the 



tissues. Most cooking practices result in partial loss of lipid and associated chemical substances. 



Other substances may be volatilized during the cooking process.  



EPA’s recommendations for the derivation of HHAWQC do not account for chemical loss during 



cooking. Thus implicit is the assumption that 100% of chemical substances present in raw fish remain 



in edible portions of fish tissue after cooking.  



5.6.3 Exposure Duration 



EPA’s intentions for HHAWQC are to “minimize the risk of adverse effects occurring to humans 



from chronic (lifetime) exposures to substances through the ingestion of drinking water and 



consumption of fish obtained from surface waters” (EPA 2000a). Lifetime exposure is assumed to be 



70 years. Thus the derivation of HHAWQC implicitly assumes that exposure to the criteria substance 



occurs continuously over 70 years.  



5.6.4 Exposure Concentration 



The combination of explicit toxicity and exposure elements as typically used in the HHAWQC 



derivation equation act to form an implicit assumption that the average concentration of regulated 
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substances in water and fish tissue exist in the environment at their maximum allowed concentrations 



at all times over the course of a person’s lifetime (presumed to be 70 years).  



6.0 PROTECTIVENESS, CONSERVATISM, AND THE COMBINED EFFECT OF 



CONSERVATIVE PARAMETER VALUE CHOICES IN DERIVATION OF 



HHAWQC  



The Clean Water Act, from which authority for the designation of HHAWQC is derived, specifies, in 



a very broad sense, the level of protectiveness that should be embodied in the HHAWQC. The Clean 



Water Act includes language such as “protect the public health and welfare,” “protect public health… 



from any reasonably anticipated adverse effects of each pollutant,” and “[not] pose an unacceptable 



risk to human health.” 



In its HHAWQC methodology document, EPA provides another fairly broad description of its desired 



level of protectiveness: “Water quality criteria are derived to establish ambient concentrations of 



pollutants which, if not exceeded, will protect the general population from adverse health impacts 



from those pollutants due to consumption of aquatic organisms and water, including incidental water 



consumption related to recreational activities” (EPA 2000a). They also note that HHAWQC are 



usually derived to protect the majority of the general population from chronic adverse health effects 



and that they consider their target protection goal to be satisfied if the population as a whole will be 



adequately protected by the human health criteria when the criteria are met in ambient water (EPA 



2000a). 



In order to derive HHAWQC that are “adequately protective,” EPA states that they have selected 



default parameter values that are “a combination of median values, mean values, and percentile 



estimates [that target] the high end of the general population” (EPA 2000a). EPA (2000a) “believes 



that this is reasonably conservative and appropriate to meet the goals of the CWA…”  



The term “conservatism,” in the context of derivation of HHAWQC, is used to describe the use of 



assumptions and defaults that are likely to overstate the true risks from exposure to substances in 



drinking water and fish tissues. The policy choice to use such overstatements is rooted in EPA’s 



approach to dealing with uncertainty and variability in the data upon which defaults and assumptions 



are based.    



Uncertainty is an inherent property of scientific data and thus of the process of risk assessment and 



the derivation of HHAWQC. Since uncertainty is due to lack of knowledge, it can be reduced by the 



collection of additional data, but never eliminated completely. Variability is an inherent characteristic 



of a population because people vary in their levels and types of exposures and their susceptibility to 



potentially harmful effects of the exposures (NRC 2009). Unlike uncertainty, variability cannot be 



reduced but can be better characterized with improved information (NRC 2009). 



In a staff paper
3
 on risk assessment principles and practices, EPA (2004) discussed its approach to 



dealing with uncertainty and variability:  



Since uncertainty and variability are present in risk assessments, EPA usually incorporates a 



“high-end” hazard and/or exposure level in order to ensure an adequate margin of safety for 



most of the potentially exposed, susceptible population, or ecosystem. EPA’s high-end levels 



are around 90% and above… 



                                                      



3 Staff paper prepared by the Risk Assessment Task Force through the Office of the Science Advisor at EPA. 



The document presents an analysis of EPA’s general risk assessment practices.  
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…EPA’s policy is that risk assessments should not knowingly underestimate or grossly 



overestimate risks. This policy position prompts risk assessments to take a more “protective” 



stance given the underlying uncertainty with the risk estimates generated. Another framing 



policy position is that EPA will examine and report on the upper end of a range of risks or 



exposures when we are not very certain about where the particular risk lies… Further, when 



several parameters are assessed, upper-end values and/or central tendency values are 



generally combined to generate a risk estimate that falls within the higher end of the 



population risk range. 



[The] issue regarding the appropriate degree of “conservatism” in EPA’s risk assessments has 



been a concern from the inception of the formal risk assessment process and has been a major 



part of the discussion and comments surrounding risk assessment… 



Given the attention focused on the issue of “the appropriate degree of conservatism,” it is not 



surprising that many researchers have studied ways in which uncertainty and variability can be better 



characterized and reduced, with the ultimate goal of developing risk estimates that better achieve 



EPA’s stated goals of neither underestimating nor grossly overestimating risk without the use of 



highly conservative default assumptions. The sections below summarize some of these efforts and, 



where data are available, attempt to quantify the level of conservatism embodied in EPA’s current 



policy choices related to the selection of parameters for use in calculating HHAWQC.  



As means of examining the implications of conservatism embodied in the HHAWQC derivation 



process, several examples are presented in the following sections. The example substances, which 



include mercury, arsenic, methyl bromide, chlordane, bis (2-ethylhexyl)-phthalate (or BEHP), and 



polychlorinated biphenyls (PCBs), were chosen for illustration purposes because they represent broad 



chemical categories (e.g., metals and organics), current and legacy substances, and substances with 



low and high bioconcentration factors.  



6.1 Toxicity Factors 



Derivation of an RfD, selection of a POD and UFs, modeling the dose-response for carcinogens, and 



calculating the slope factor (m) are based on science, but also involve a variety of policy decisions. 



These policy decisions all embody some degree of conservatism. This section addresses in greater 



detail the conservatism associated with the lack of consideration of bioavailability and the selection of 



default values for uncertainty factors and cancer risk levels.     



6.1.1 Relative Bioavailability 



As noted in Section 5, an implicit assumption in the HHAWQC derivation equation is that the 



bioavailability of chemical substances in drinking water and fish tissue obtained from regulated 



waterbodies is the same as the bioavailability of those chemical substances in the studies from which 



the toxicity parameters (RfD, POD, cancer potency factor) were derived. However, a RfD is often 



based on an animal toxicity study in which exposures occurred via drinking water and for some 



substances, the bioavailability from fish tissue will be different from that from drinking water. In 



some cases, bioavailability from foods might be reduced by, for example, the formation of 



indigestible complexes with other food components or conversion to ionized forms that cannot pass 



through biological membranes and thus cannot be absorbed. For example, arsenic in drinking water is 



primarily inorganic arsenic, which is absorbed well, but almost all of the arsenic in fish tissues is 



organic arsenic, which is not highly bioavailable. Arsenic may also form insoluble complexes with, 



for example, iron, aluminum, and magnesium oxides, which limits bioavailability. For these 



substances, any particular dose consumed in fish tissue would result in a lower absorbed dose than the 



same dose consumed in drinking water. Thus, a RfD based on a drinking water study would be lower 



than a RfD based on a dose administered in fish tissue. Use of this lower RfD will overestimate the 
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potential hazards associated with the ingestion of fish tissue and will yield a lower HHAWQC (see, 



e.g., EPA 2000b).  



EPA rarely provides information on the potential impacts of bioavailability on their RfDs and does 



not typically calculate alternative RfDs that might be used when expected exposures are via a route 



that is likely to result in reduced bioavailability. For example, most inorganic contaminants, 



particularly divalent cations, have bioavailability values of 20 percent or less from a food matrix, but 



are much more available (about 80 percent or higher) from drinking water (EPA 2000b). The 



Technical Support Document Volume 1: Risk Assessment (EPA 2000b) for the HHAWQC 



methodology document (EPA 2000a) does allow for the selection of an alternative RfD in cases 



where there is lower bioavailability of the contaminant when ingested in fish than when ingested in 



water and the existing RfD is based on a study in which the contaminant was administered through 



drinking water. However, in actual practice, this has not been done. 



6.1.2 Uncertainty Factors 



The UF methodology, which has its origins in the concept of “safety factors,” has been the subject of 



discussion among scientists in many forums over the years. One of the most common issues of 



discussion is the scientific basis for the default factor of 10. It is generally accepted that selection of 



the first safety factors was based on qualitative judgment (Nair et al. 1995). Subsequently, however, 



attempts were made to justify the use of 10-fold factors based on data collected to characterize the 



uncertainty and variability associated with parameters such as intra- and interspecies differences. 



One commonly accepted justification for the selection of 10 as the standard default uncertainty factor 



is that for any given chemical, the dose at which the endpoint of concern will be observed in the 



population of concern (e.g., the most sensitive subpopulation of humans) will be less than 10 times 



higher than the dose at which the endpoint of concern will be observed in the population that serves 



as a surrogate (e.g., average humans) for the purposes of deriving an RfD (Dourson et al. 1996).  



The degree of conservatism embodied in the use of default factors of 10 has been examined by 



researchers who have summarized published data and determined the actual distributions of these 



ratios. Dourson et al. (1996) noted that “there is growing sentiment that …routine application [of 10-



fold UFs] often results in overly conservative risk assessments.”  



For example, Nessel et al. (1995) were interested in the scientific basis for the application of an 



uncertainty factor of 10 when using a sub-chronic study instead of a chronic study to derive the RfD. 



The underlying assumption is that for any given chemical, the NOAELs and LOAELs of sub-chronic 



studies will be within a factor of 10 of the NOAELs and LOAELs of chronic studies. So, Nessel et al. 



(1995) compared NOAELs and LOAELs from 23 different sub-chronic oral toxicity studies to the 



NOAELs and LOAELs of chronic studies that were identical except for the study duration. The mean 



and median NOAELsubchronic/NOAELchronic ratios were 2.4 and 2.0, respectively. Twenty-two of the 23 



studies had NOAEL ratios of 5 or less; only one had a ratio of 10. The LOAEL ratios’ mean and 



median were also 2.4 and 2.0, with all 23 studies having LOAELsubchronic/LOAELchronic ratio of 5 or 



less. So, based on this study, an uncertainty factor of 5 is sufficient to account for differences between 



sub-chronic and chronic studies in 98% of studies. Kadry et al. (1995) reported similar findings as did 



the review conducted by Dourson et al. (1996).  



Similarly, differences between LOAELs and NOAELs are typically less than 10 fold. Ninety-six 



percent of all LOAEL-to-NOAEL ratios in one study were 5 or less and 91% were 6 or less in another 



(summarized by Dourson et al. 1996). Kadry et al. (1995) reported similar findings. 



The decision to use conservative default UFs has particular significance on the overall conservatism 



of the RfD that is derived using the UFs. Gaylor and Kodell (2000) examined this issue and 



quantified the increasing degree of conservatism as the number of default UFs applied increases. 
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When ratios are calculated for UFs as described in the two previous paragraphs, the distributions of 



these ratios are lognormal, with the value of 10 typically representing the 95
th
 percentile (Swartout et 



al. 1998). Gaylor and Kodel (2000) calculated the uncertainty factors that would be required to 



maintain an overall 95
th
 percentile level when multiple default uncertainty factors are applied. They 



found that for the use of any two UFs, for which the current default total UF would be 100, the UF 



required to maintain the 95
th
 percentile level ranged from 46 to 85. For the use of any three UFs, for 



which the current default total UF would be 1000, the UF required to maintain the 95
th
 percentile 



level ranged from 190 to 340. Swartout et al. (1998) conducted a similar analysis using a different 



technique and reported similar findings, concluding that default UFs of 100, 1000, and 3000, for 



application of two, three, and four UFs, respectively, can be replaced with UFs of 51, 234, and 1040, 



while maintaining the 95
th
 percentile level.  



If a composite UF calculated to maintain the desired 95
th
 percentile level is used instead of the default 



values of 100, 1000, and 3000, the resultant RfD and subsequently calculated HHAWQC could be as 



much as 5x higher. For example, if the RfD for methyl bromide was calculated using an UF of 340 



(the top of the range calculated by Gaylor and Kodel (2000)) instead of 1000, the RfD would be 



0.0041 mg/kg/day rather than the existing value of 0.0014 mg/kg/day. This would yield a HHAWQC 



of 139 µg/L rather than 47 µg/L. 



6.1.3 Cancer Risk Levels 



EPA chose to use the one-in-one-million (10
-6



) risk level as the default value when calculating 



HHAWQC because it believes this risk level “reflects an appropriate risk for the general population” 



(EPA 2000a). However, EPA (2000a) also notes that risk levels of 10
-5



 for the general population and 



10
-4



 for highly exposed populations are acceptable.  



The frequent use of the 10
-6



 risk level to represent “an appropriate risk for the general population” 



appears to be simply a policy choice with no solid scientific basis. In a paper
4
 presented at the 84th 



Annual Meeting of the Air & Waste Management Association in 1991, Kelly reported that: 



  …despite its widespread use: no agencies we contacted could provide documentation on the 



origins of 10
-6



; its origin was determined to be a completely arbitrary figure adopted by the 



FDA as an “essentially zero” level of risk for residues of animal drugs; there was virtually no 



public debate on the appropriateness of this level despite requests by the FDA; this legislation 



stated that 10
-6



 was specifically not intended to be used as a definition of acceptable risk; 10
-6



 



is almost exclusively applied to contaminants perceived to be of great risk (hazardous waste 



sites, pesticides); and 10
-6



 as a single criterion of "acceptable risk" is not and has never been 



in any EPA legislation or guidance documents. 



The decision of which cancer risk level to use in any particular circumstance is, for the most part, 



something that has evolved over many years through policy positions put forth in various EPA reports 



and legislation, but the idea that cancer risk levels between 10
-6



 and 10
-4



 are acceptable have become 



widely accepted among the different EPA programs. For example, the 1990 Clean Air Act 



Amendments endorse a 1989 EPA assessment for benzene in which EPA identified 1 in 10 thousand 



(10
-4



) as being an "acceptable" risk level and 1 in a million (10
-6



) as representing "an ample margin of 



safety.” An EPA Region 8 superfund site discussion
5
 stated that: 



In general, the USEPA considers excess cancer risks that are below about 1 chance in 



1,000,000 (1×10
-6



 or 1E-06) to be so small as to be negligible, and risks above 1E-04 to be 



                                                      



4 Available online at http://www.deltatoxicology.com/pdf/10-6.pdf 
5 http://www.epa.gov/region8/r8risk/hh_risk.html  



 





http://www.epa.gov/region8/r8risk/hh_risk.html
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sufficiently large that some sort of remediation is desirable. Excess cancer risks that range 



between 1E-06 and 1E-04 are generally considered to be acceptable, although this is 



evaluated on a case-by-case basis and EPA may determine that risks lower than 1E-04 are not 



sufficiently protective and warrant remedial action. 



Jones-Otazo et al. (2005) compared screening level risk assessment practices among different 



regulatory agencies and found that most have adopted acceptable risk levels in the same range as 



EPA. The European Union (EU) and World Health Organization (WHO) both identify risks in the 



range of 10
-6



 to 10
-4



 as acceptable, while Health Canada uses 10
-5



 as their acceptable risk level (Jones-



Otazo et al. 2005). With respect to cancer risks associated with pollutants in drinking water, WHO 



uses a 10
-5



 risk level: “In this and previous editions of the Guidelines [for Drinking Water Quality], an 



upper-bound excess lifetime risk of cancer of 10
-5



 has been used, while accepting that this is a 



conservative position and almost certainly overestimates the true risk” (WHO 2008). 



Population Risk - One factor that has a significant effect on the magnitude of acceptable risk is the 



size of the affected population. Exposure of a population of 1 million to a carcinogen at the risk level 



of 1 in a million theoretically results in one additional case of cancer among those 1 million people 



over the course of 70 years. If the size of the population of concern is decreased to 100,000 instead of 



1 million, the theoretical additional cases of cancer among those 100,000 individuals decreases to 



only 0.1 case over the course of 70 years. Population risk is an important consideration in selecting a 



fish intake rate for use in developing AWQC because as the size of the exposed population decreases, 



the population risks also decrease when the same target risk level is used. The higher the FI rate 



selected for a particular population, the smaller the population to which that rate applies. For 



example, if the FI rate selected is a 95th percentile rate, it is assumed that it is protective of all but 5 



percent of the exposed population or 50,000 of the 1 million people provided in the example above. 



Thus, if the same target risk level of 1E-06 is used with this reduced population, the resulting 



population risk is 0.05 excess cancers within a population of 1 million people. In other words, in 



order to reach the target risk of 1 excess cancer, it would be necessary for a population of 20 million 



people to have lifetime exposures equivalent to the estimated exposure conditions. This topic is 



discussed in much greater detail in Appendix A, Section 4.0 Population Risk. 



This concept is particularly relevant to HHAWQC derivation because very small populations of fish 



consumers with high intake rates are frequently identified as being of special concern during the 



HHAWQC derivation process. The HHAWQC methodology document states that a risk level of 10
-4



 



for highly exposed populations is acceptable (EPA 2000a). This is sometimes interpreted as meaning 



that highly exposed populations are not as well protected by the HHAWQC. However, as noted by 



Kocher (1996) in a discussion of cancer risks at hazardous waste sites, “if only a small population 



would be at greatest risk, the expected number of excess cancers corresponding to individual risks at 



the de minimis level of 10
-4



 would still be [essentially] zero.” Travis et al. (1987) reviewed 132 



federal regulatory decisions and concluded that in actual practice, for small population risks, the de 



minimis lifetime risk was considered to be 10
-4



.  



Given that the 10
-4



 risk level has been identified as an acceptable/de minimis risk level for highly 



exposed populations, it may be useful to consider exactly what that risk level represents in terms of 



FI. If the default FI of 17.5 g/day represents a 10
-6



 target risk level, then a highly exposed population 



that eats as much as 1750 g/day will still be protected at a 10
-4



 risk level.  



6.2 Explicit and Implicit Exposure Factors 



The specific exposure factors that EPA uses in the derivation of HHAWQC include human body 



weight, drinking water consumption rates, and fish ingestion rates. In the HHAWQC methodology 



document, EPA states that the selection of specific exposure factors is “based on both science policy 



decisions that consider the best available data, as well as risk management judgments regarding the 
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overall protection afforded by the choice in the derivation of AWQC” (EPA 2000a). This section 



addresses the levels of conservatism represented by the default values selected by EPA for individual 



explicit and implicit exposure factors.  



6.2.1 RSC 



The RSC determines what portion of the RfD will be allocated to the consumption of water and fish 



from regulated waterbodies. For example, if the RfD for a particular substance is 1 mg/kg/day and the 



RSC is 20%, then the HHAWQC must be set such that exposures to that substance via water and fish 



can be no more than 0.2 mg/kg/day. Thus, the lower the RSC, the lower the HHAWQC that will be 



derived.  



Although EPA (2000a) does provide a decision tree methodology for calculating chemical- or site-



specific RSCs, the lowest allowable value, 20%, is specified as the default RSC by EPA in its 



calculations of HHAWQC. EPA explains this in the HHAWQC methodology document (EPA 2000a) 



with the statement that “[the default value of 20%] is likely to be used infrequently with the Exposure 



Decision Tree approach, given that the information [required to calculate a chemical-specific 



RSC]…should be available in most cases. However, EPA intends to use 20 percent…” This statement 



clearly indicates that for most chemicals, an RSC greater than 20% is appropriate, but EPA has 



chosen to use the most conservative 20% default value. Use of an RSC of 20% when data indicate 



that a larger percentage is more appropriate can result in as much as a 4-fold reduction in the 



HHAWQC. 



The California Office of Environmental Health Hazard Assessment (OEHHA) concluded that the 



default use of an RSC of 20% is “unreasonably conservative for most chemicals” (Howd et al. 2004). 



For 22 of the 57 chemicals listed by Howd et al. (2004), a RSC value greater than 20% was used in 



the calculation of California Public Health Goals for those chemicals in drinking water. Howd et al. 



(2004) also noted that “[a] default RSC of 0.2 is based on tradition, not data.” 



A recent Government Accountability Office report (GAO (2011) calculated the effect of using 



different RSC factors on the determination of drinking water health reference levels (HRLs) for a 



hypothetical chemical with an RfD of 0.5 µg/kg/day. While holding all other variables constant, RSC 



values of 20%, 50%, and 80% were inserted into the equation. The corresponding HRLs were 3.5 ppb 



(20%), 8.8 ppb (50%), and 14 ppb (80%).  



A RSC may be calculated in two ways. The subtraction method allocates 100% of the RfD among the 



various sources of exposure. So, the daily exposure from all exposure routes other than drinking water 



and fish consumption are first subtracted from the RfD, then the remainder of the RfD is allocated to 



drinking water and fish consumption. The percentage method does not attempt to quantify exposures 



from other sources, but rather simply allocates a percentage of total exposure to drinking water plus 



fish consumption and to other sources. 



EPA has chosen to use the percentage method as the default approach. EPA states that in most cases, 



they lack adequate data to use the subtraction method and that the percentage method is more 



appropriate for situations in which multiple media criteria exist (EPA 2000a). The GAO report (GAO 



2011) notes that the percentage method is considered to be the more conservative option and 



generally yields a lower water quality criteria value. The GAO illustrated the difference in outcome 



by using the data for a hypothetical chemical to calculate drinking water health reference values 



(HRV) using both methods. Using the subtraction method, the HRV was 12.3 ppb. Using the 



percentage method, the HRV was 8.8 ppb, a 1.4-fold reduction.  
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6.2.2 Body Weight 



The HHAWQC methodology document (EPA 2000a) recommends using a BW of 70 kg. This 



number was chosen in part because it is in the range of average values for adults reported in several 



studies and in part because it is the default body weight used in IRIS calculations. However, in 2011, 



EPA released an updated edition of the Exposure Factors Handbook (EPA 2011b). Based on data 



from the National Health and Nutrition Examination Survey (NHANES) 1999-2006, the new 



handbook recommends a mean BW value of 80 kg for adults. 



The RfD is defined as “an estimate (with uncertainty spanning approximately an order of magnitude) 



of a daily exposure to the human population (including sensitive subgroups) that is likely to be 



without appreciable risk of deleterious effects over a lifetime” (EPA 2000b). The RfD expresses this 



daily exposure as a function of body weight (mg of chemical per kg of body weight), so the daily 



exposure that is likely to be without appreciable risk will be lower for an individual with a lower body 



weight than for an individual with a higher body weight. Thus, the lower the body weight used in the 



calculation of the HHAWQC, the lower the resulting criteria. For this reason, the choice to use 70 kg 



as the default body weight adds to the conservatism of the HHAWQC and yields criteria values 



approximately 12.5% lower than those calculated using the more accurate population mean of about 



80 kg BW recommended by EPA in the latest Exposure Factors Handbook (EPA 2011b). 



6.2.3 Drinking Water Intake 



EPA (2000a) cites several reasons for including the drinking water exposure pathway in the 



derivation of HHAWQC: 



(1)  Drinking water is a designated use for surface waters under the CWA and, therefore, criteria 



are needed to assure that this designated use can be protected and maintained.  



(2)  Although rare, there are some public water supplies that provide drinking water from surface 



water sources without treatment.  



(3)  Even among the majority of water supplies that do treat surface waters, existing treatments 



may not necessarily be effective for reducing levels of particular contaminants. 



(4)  In consideration of the Agency’s goals of pollution prevention, ambient waters should not be 



contaminated to a level where the burden of achieving health objectives is shifted away from 



those responsible for pollutant discharges and placed on downstream users to bear the costs 



of upgraded or supplemental water treatment. 



These reasons make it clear that 2 L/day was selected as the default water consumption rate in support 



of larger goals related to pollution prevention and maintenance of designated use and does not 



represent a consideration of actual direct risk of adverse effect to any individual consumer. As EPA 



itself noted, it would be rare for anyone to use untreated surface water as a source of drinking water. 



The only direct consumption of untreated surface waters that might be considered to be routine is 



incidental ingestion during swimming, for which the EPA (2011b) recommended upper percentile 



default rates are 120 mL/hr for children and 71 mL/hour for adults. Using the 95
th
 percentile estimate 



for time spent swimming each month (181 minutes) (EPA 2011b), annual daily average water 



consumption rates of 0.012 L/day (children) and 0.007 L/day (adults) can be calculated.        



The default water consumption rate of 2L/day represents reported consumption of water from 



“community water,” which is defined as tap water from a community or municipal water source. It 



does not represent a realistic level of consumption of untreated surface waters, which is likely to 



occur only as an incidental event of water-related recreational activities. However, by using 2 L/day 



in the calculation of the HHAWQC, EPA is deriving criteria values that are based on the assumption 
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that the general population is indeed consuming 2 L/day of untreated surface water. Thus, the use of 2 



L/day in the HHAWQC can insert a significant level of conservatism into the calculations. 



The impact of the use of 2 L/day varies according to the BAF/BCF of the chemical. For chemicals 



with high BAFs/BCFs, the impact of drinking water intake on the ultimate HHAWQC is minimal due 



to the much larger contribution of the “fish intake x BAF” factor in the equation. However, for 



substances with low BAFs/BCFs, the impact is much greater. Table 6.1 shows the effect of changing 



drinking water intake rates on the HHAWQC of some example compounds with different BCFs. 



 



Table 6.1 Human Health Ambient Water Quality Criteria Calculated 



for Varying Drinking Water Intakes 



   



HHAWQC (µg/L) 



 



 



Compound 



 



 



BCF 



 



DI = 2L/day 



(current default) 



DI = 1L/day 



(mean DI for 



adults
1
) 



DI = 0.007L/day 



(ingestion while 



swimming) 



     



Methyl bromide 3.75 47.4 91.96 1,349.40 



Arsenic 44 0.017 0.031 0.137 



BEHP
2
 130 1.17 1.53 2.19 



Chlordane 14100 0.000804 0.000807 0.000811 



PCBs 31200 0.0000639 0.0000640 0.0000641 



     
1
EPA 2011 



2
Bis(2-ethylhexyl)-phthalate   



 



 



6.2.4 Fish Consumption 



Note:  Appendix A of this document contains a thorough treatment of topics related to the collection 



and interpretation of data used for deriving fish intake rates (FIs) (or fish consumption rates, FCRs) 



and applied in the derivation of HHAWQC. The appendix was prepared by Ellen Ebert, a recognized 



expert on interpretation of fish collection and consumption survey data. 



Surveys of Fish Consumption - FIs tend to be overestimated in most surveys for a number of reasons. 



Individuals who respond to surveys with long recall periods tend to overestimate their participation in 



activities that are pleasurable to them. Creel surveys tend to be biased toward higher representation of 



more avid anglers who have high success rates and, thus, may consume at higher rates than the typical 



angler population. Short-term diet recall surveys tend to incorrectly classify people who eat a 



particular type of food infrequently as “non-consumers” and overestimate consumption by 



“consumers.” Often people classified as “non-consumers” are excluded from the summary statistics 



of short-term diet recall survey resulting in an overestimate for ingestion rates for the entire survey 



population. Finally, when specific information is lacking from survey data, decisions are generally 



made during analysis of the survey data to ensure that consumption will not be underestimated (e.g., 



relatively large meal sizes will be substituted for unknown meal sizes, frequency of meals reported 



will be assumed to be consistent throughout the year regardless of fishing season, etc.) More detailed 



discussion of surveys used to determine FIs may be found in Appendix A. 



Consumption of Marine and Imported Fish - As noted in Section 5.4 above, EPA’s HHAWQC 



methodology document recommends that fish consumption rates be based on consumption of 
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freshwater and estuarine species only and that any consumption of marine species of fish should be 



accounted for in the calculation of the RSC (EPA 2000a). However, the surveys used as the basis for 



EPA’s recommended default fish consumptions rates collected information on the total consumption 



of fish of any species and from all sources, e.g., purchased or sport-caught fresh, frozen, or canned 



fish from local, domestic, or international sources (EPA 2011b). Surveys that collect information on 



the specific species consumed reveal that the majority of finfish consumed by Americans are marine 



species (Table 6.2). Also, as reported by the NOAA Fisheries Service
6
, most of the seafood consumed 



in the U.S. is not caught in U.S. waters. In fact, about 86 percent of the seafood consumed in the U.S. 



is imported. Thus, the fish consumption rate used in the calculation of HHWQC significantly 



overestimates consumption of fish from regulated freshwater/estuarine waters by the majority of the 



population. 



Table 6.2 Per Capita Consumption of Seafood in the U.S. – Top 10 Species (MBA 2011) 



 



 



Type of Seafood 



 



Pounds Consumed per 



Person/Year 



 



 



Additional Comments 



 



Shrimp 



 



4 



 



85% imported, mostly farmed,  



some wild caught 



 



Canned tuna 2.7 Marine species 



 



Salmon 2 Marine species 



 



Tilapia 1.5 Farmed fish, most are imported 



 



Pollack 1.2 Marine species 



 



Catfish 0.8 Farmed fish, from both domestic  



and imported sources 



 



Crab 0.6 



 



 



Cod 0.5 Marine species 



 



Pangasius 0.4 Primary source is fish farms in Asia 



 



Clams 0.3  



 



 



Additional discussion of the basis for excluding marine fish from fish consumption rate 



determinations may be found in Appendix B, which addresses issues relevant to the accumulation of 



persistent, bioaccumulative, and toxic chemicals by salmon in the context of the development of fish 



consumption rates in the state of Washington.  



Consumption of Fish from Regulated Waters - Default assumptions that the general population 



consumes fish taken from contaminated water bodies every day and year of their entire life represent 



additional conservative assumptions. When applied to establishing permit limits or the risk 



                                                      



6 http://www.noaanews.noaa.gov/stories2011/20110907_usfisheriesreport.html 
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assessment of a specific site or waterbody, the HHAWQC inherently assumes that 100 percent of the 



fish consumed over a lifetime are taken from that waterbody. This may be a reasonable assumption 



when the chemical constituents of concern are ubiquitous so that it is possible that individuals might 



receive similar levels of exposure even if they fish multiple waterbodies, but is likely to overestimate 



potential risk when applied to a single waterbody or one that is unique in terms of its chemical 



concentration or sources of the chemical in question. While it is possible individuals could obtain 100 



percent of their fish from a single waterbody, this is not typical unless the waterbody is very large or 



represents a highly desirable fishery. In addition, individuals are likely to move many times during 



their lifetimes and, as a result of those moves, may change their fishing locations and the sources of 



the fish they consume. Finally, it is likely that most anglers will not fish every year of their lives. 



Health issues and other demands, like work and family obligations, will likely result in no fishing 



activities or reduced fishing activities during certain periods of time that they live in a given area. 



Thus, these assumptions add conservatism to the derivation of HHAWQC. 



Implied Harvest Rate - EPA’s default rate of 17.5 g/day indicates the amount of fish that is actually 



consumed. In order to achieve that rate, one must harvest 58 g/day of whole fish [assuming EPA’s 



recommended edible portion of 30 percent (EPA 1989)] to yield 17.5 g/day of edible fish. When 



annualized, this results in 21,300 grams of fish per person or 47 pounds of fish per consumer per year. 



When considered over the 70-year exposure period (as assumed in the HHAWQC calculation), this 



results in the total removal of 3,300 pounds of fish/person during that period. In addition, if that 



individual is providing fish to a family of four, it would be necessary to remove roughly 13,000 



pounds of fish from a single waterbody during that 70-year span. This represents a significant level of 



fishing effort and harvest and likely represents a substantial overestimate of any actual fish that is 



likely to be harvested from a single waterbody by a single individual. 



Source of HHAWQC Default FIs - The food intake survey upon which the default fish consumption 



rates were based were short-term surveys. Numerous researchers have reported that the long-term 



average daily intake of a food cannot be determined using these short-term cross-sectional surveys 



(Tran et al. 2004). The use of short-term surveys has been shown to overestimate long-term food 



intakes in the upper percentile ranges (Tran et al. 2004) that are typically used by EPA in exposure 



assessments, especially for infrequently consumed foods (Lambe and Kearney 1999) like fish. 



Additional discussion of the limitations of the use of short-term survey data on fish consumption may 



be found in Appendix A, Section 3.2.2. 



Summary - The fish consumption rates used in calculating HHAWQC can have a significant impact 



on the resulting HHAWQC. This is because the HHAWQC are proportional to the fish consumption 



rates (as the rate increases, the HHAWQC decreases) and there is substantial variability in the rates of 



fish consumption among the consuming population. In addition, the potential exposure through the 



fish consumption pathway is dependent upon a number of different variables including the types of 



fish consumed, the sources of those fish, and the rates at which they are consumed. The quantification 



of fish consumption rates is complicated by the methods used to collect consumption information, the 



availability of fish from regulated sources, and the habits of the targeted population of fish 



consumers.  



The selection of fish consumption rates when calculating HHAWQC is discussed in more detail in 



Appendix A.  



6.2.5 Cooking Loss 



The derivation of HHAWQC is based on the assumption that there will be no loss of chemicals from 



fish tissues during the cooking process. However, numerous studies have shown that cooking reduces 



the levels of some chemicals. For example, Zabik et al. (1995) reported that cooking significantly 



reduced levels of the DDT complex, dieldrin, hexachlorobenzene, the chlordane complex, toxaphene, 
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heptachlor epoxide, and total PCBs. Similarly, Sherer and Price (1993), in a review of published 



studies, reported that cooking processes such as baking, broiling, microwaving, poaching, and 



roasting removed 20-30% of the PCBs while frying removed more than 50%.  



In its development of Fish Contaminant Goals (FCGs) and Advisory Tissue Levels, the State of 



California uses a cooking reduction factor to account for cooking loses for some chemicals: 



FCGs take into account organochlorine contaminant loss during the cooking process. The 



concentration of PCBs and other organic contaminants in fish are generally reduced by at 



least 30 percent, depending on cooking method… As such, a cooking reduction factor of 0.7 



was included in the FCG equation for organic compounds (allowing for 70 percent of the 



contaminant to remain after cooking) (CA 2008).  



By not incorporating a chemical-specific factor to adjust for cooking loss, the exposure level from 



fish consumption will be overestimated for organic compounds, thus lending an additional layer of 



conservatism to the resulting HHAWQC. 



6.2.6 Exposure Duration 



As noted in Section 5, exposure duration is an implicit element in the derivation of HHAWQC and a 



value of 70 years, or an approximate lifetime, is assumed. While average lifetimes may be 



approximated by 70 years, it is generally considered conservative to assume that an individual would 



be continuously exposed to substances managed through the development of HHAQWC because 



waters contaminated with such substances do not exist everywhere and it is unlikely that many 



persons would reside only in contaminated areas, and drink and fish only in these waters for an entire 



lifetime. Choosing to assume a 70-year exposure duration may be justified in cases where a pollutant 



is ubiquitous in the environment and thus it could reasonably be assumed that ingestion of drinking 



water and locally caught fish from essentially all freshwater locations would lead to similar levels of 



exposure. There is little evidence, however, supporting the ubiquity of most substances for which 



HHAWQC have been established (though an exception might be justified for mercury or other 



pollutants for which atmospheric deposition is the dominant mechanism contributing substances to 



surface waters).  



Perhaps more significantly, however, it is uncommon for people to reside in a single location for their 



entire life. EPA’s Exposure Factors Handbook (EPA 2011) contains activity factors, including data 



for residence time, from several US studies. Table 6.3 summarizes some of these results. 



Table 6.3 Values for Population Mobility 



  



Mean 



 



90
th
 Percentile 



 



95
th
 Percentile 



    



Residential Occupancy Period 



(Johnson and Capel 1992) 



 



12 years 26 years 33 years 



Current Residence Time  



(US Census Bureau 2008) 



8 years (median) 



13 years (mean) 
32 years 46 years 



    



 



As with other survey results, there is some uncertainty and potentially some bias associated with the 



residency periods reported in these studies. Additional studies are discussed (EPA 2011) concerning 



the distance people move, when they do move. However, the data clearly suggest that the central 



tendency (mean or median) and upper percentile values are substantially less than the 70 year 
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exposure period assumed by EPA. The assumption of a 70 exposure duration overestimates median 



exposure duration by 8-fold, mean exposure duration by approximately 6-fold and the 90
th
 percentile 



by 2- to 3-fold. Thus, the choice to use 70 years is conservative for most non-ubiquitous chemicals. 



Table 6.4 shows the effect on some example HHAWQC when assuming  exposure durations of 70 



and 30 years.  



 



Table 6.4 HHAWQC Calculated Based on 70 and 30 Year Exposure Durations 



  



HHAWQC (µg/L) 



Compound 70 year exposure duration 30 year exposure duration 



   



Arsenic 0.017 0.040 



BEHP 1.17 2.73 



Chlordane 0.000804 0.00187 



PCBs 0.0000639 0.000149 



   



  



6.2.7 Exposure Concentration 



As noted in Section 5, implicit with the derivation of HHAQWC is the assumption that both the water 



column and fish tissue concentrations exist at their maximum allowed values for the entire 70 year 



exposure duration. In reality, water column concentrations vary over time and space. The  assumption 



that concentrations are always the maximum allowed is unnecessarily conservative as a practical 



matter because, as described in the following paragraphs, regulations governing water quality in the 



US would not allow a substance to persist in a water body at the HHAQWC concentration for such a 



period.  



EPA’s Impaired Waters and Total Maximum Daily Load Program provides guidance to states 



concerning when waters are considered to be impaired. The EPA guidance is not specific as to 



recommendations for identifying stream impairments due to exceedances of HHAWQC and many 



state impaired stream listing methodologies lack specific provisions unique to the basis for 



establishing HHAWQC (i.e., exposure over a 70 year lifetime). However, it is common that states 



will consider listing a stream that exceeds WQC for chronic aquatic life (i.e., the CCC) and human 



health more than 10% of the time (i.e., the “10% rule”). Indeed, EPA guidance for listing impaired 



surface waters (EPA 2003b) states:   



“Use of the ‘10% rule’ in interpreting water quality data in comparison with chronic WQC 



will generally be more appropriate than its use when making attainment determinations where 



the relevant WQC is expressed “concentration never to exceed ___, at any time.” Chronic 



WQC are always expressed as average concentrations over at least several days. (EPA’s 



chronic WQC for toxics in freshwater environments are expressed as 4-day averages. On the 



other extreme, EPA’s human health WQC for carcinogens are calculated based on a 70-year 



lifetime exposure period.)  Using the ‘10% rule’ to interpret data for comparison with chronic 



WQC will often be consistent with such WQC because it is unlikely to lead to the conclusion 



that water conditions are better than WQC when in fact, they are not.” 



The guidance above suggests that listing of waters using the 10% rule is likely to be over protective 



for chronic aquatic life criteria. That is, it is considered unlikely that a water exceeding the chronic 



WQC 10% or less of the time would exist, on average, at the criterion value for the 4-day averaging 



period on which chronic WQC are based. By this same logic, it is an essentially impossible scenario 
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that a water exceeding a HHAWQC 10% or less of the time would average at the criterion value for 



the 70 year averaging period on which HHAWQC are based. 



It may be more realistic, instead, to predict a mean or median water column concentration using the 



HHAWQC as an upper percentile value occurring in the stream. Considering the 10% rule, one might 



predict the average water column concentration by assuming that the HHAWQC is the 90
th
 percentile 



value in a distribution of water column concentrations existing over 70 years. By way of example, 



Table 6.5 illustrates the effect of variable stream concentrations on the ratio of the 90
th
 percentile 



concentration to the mean concentration. An approximately normal distribution is assumed for these 



examples. 



Table 6.5 Ratio of 90
th
 Percentile Upper Bound Concentration to the Mean 



(normal distribution) 



  



 



 



Assumed 



Distribution 



 



 



 



 



HHAWQC 



 



Standard 



Deviation and 



Coefficient of 



Variation
1
 



 



 



 



Estimated 



Mean
2 



 



 



 



Ratio 



HHAWQC/Mean 



      



Substance X Normal 1 0.25 0.68 1.5x 



Substance Y Normal 1 0.50 0.36 2.8x 



Substance Z Normal 1 0.60 0.23 4.3x 



      
1
The coefficient of variation (or relative standard deviation) is the ratio of the standard deviation to 



the mean and represents the degree of relative variability of the data around the mean. 
2
The 90



th
 upper percentile of a normal distribution lies about 1.28 standard deviations from the mean. 



The same general characteristic would be expected for stream concentrations that are log-normally 



distributed, which is a more common situation. Assuming that the values used in the normal 



distribution case in the previous table apply to the logarithms of the original data, a ratio of the 



antilogs of the HHAWQC (90
th
 percentile value) and mean values in the normal distribution case can 



be calculated. Results are shown below in Table 6.6. 



 



Table 6.6 Ratio of 90
th
 Percentile Upper Bound Concentration to the Mean 



(lognormal distribution) 



  



 



 



Assumed 



Distribution 



 



 



 



Antilog of 



HHAWQC 



 



Standard 



Deviation of 



log 



concentrations 



 



 



Estimated 



Geometric 



Mean
1 



 



 



Ratio 



HHAWQC/Geometric 



Mean 



      



Subst. X Lognormal 10 0.25 4.8 2.1x 



Subst. Y Lognormal 10 0.50 2.3 4.4x 



Subst. Z Lognormal 10 0.60 1.7 5.9x 



      
1
The geometric mean is equal to the antilog of the Estimated Mean in the normal distribution table.  



 



 











 27 



National Council for Air and Stream Improvement 
 



As can be seen in Tables 6.5 and 6.6, the actual mean can be a small fraction of the upper 90
th
 



percentile value. In these examples the degree of conservatism embodied in the HHAWQC value 



ranges between 1.5x and  5.9x.  



6.3 Compounded Conservatism 



Compounded conservatism is the term used to describe the “impact of using conservative, upper-



bound estimates of the values of multiple input variables in order to obtain a conservative estimate of 



risk…” (Bogen 1994). Bogen (1994) pointed out that “safety or conservatism initially assumed for 



each risk component may typically magnify, potentially quite dramatically, the resultant safety level 



of a corresponding final risk prediction based on upper-bound inputs.” In the HHAWQC derivation 



process, compounded conservatism plays a role both in the determination of individual factors of the 



Equations 3.1, 3.2, and 3.3 (i.e., in the toxicity factors and explicit and implicit exposure elements) 



and in the equations’ use of multiple factors, each based on upper bound limits and/or conservative 



assumptions. 



In addition to the conservatism embodied in the selection of individual components of the 



calculations (both explicit and implicit), the fundamental underlying assumption, which is that the 



most sensitive subpopulations will be exposed to maximum allowable concentrations over a full 



lifetime, is a highly unlikely and highly protective scenario. For example, the derivation of 



HHAWQC is based on the assumptions that an individual will live in the same place for their entire 



life (70 years) and that 100% of the drinking water and fish consumed during those 70 years will 



come from the local water body being regulated.  



The suggestion that the use of multiple default factors based on upper bound limits and/or 



conservative assumptions lead to a situation of compounded conservatism has been the subject of 



considerable discussion (see Section 6.0). However, in a staff paper, EPA suggests that “when 



exposure data or probabilistic simulations are not available, an exposure estimate that lies between the 



90
th
 
 



percentile and the maximum exposure in the exposed population [should] be constructed by 



using maximum or near-maximum values for one or more of the most sensitive variables, leaving 



others at their mean values” (EPA 2004). This appears to be an acknowledgement that adequately 



protective assessments do not require that each, or even most, component parameter(s) be represented 



by a 90
th
 or 95



th
 percentile value. 



Similarly, in the 2005 Cancer Risk Assessment Guidelines, EPA (2005) stated: 



Overly conservative assumptions, when combined, can lead to unrealistic estimates of risk. 



This means that when constructing estimates from a series of factors (e.g., emissions, 



exposure, and unit risk estimates) not all factors should be set to values that maximize 



exposure, dose, or effect, since this will almost always lead to an estimate that is above the 



99th-percentile confidence level and may be of limited use to decision makers. 



Viscusi et al. (1997) provided a simple example to illustrate compounded conservatism. In Superfund 



exposure assessments, EPA states that they consider “reasonable worst case” exposures to be in the 



90-95
th
 percentile range (Viscusi et al. 1997). However, the use of just three conservative default 



variables (i.e. 95
th
 percentile values) yields a reasonable worst case exposure in the 99.78



th
 percentile. 



Adding a fourth default variable increases the estimate to the 99.95
th
 percentile value. In a survey of 



141 Superfund sites, the authors reported that the use of conservative risk assessment parameters in 



site assessments yields estimated risks that are 27 times greater than those estimated using mean 



values for contaminant concentrations, exposure durations, and ingestion rates.  



In a recent report on the economics of health risk assessment, Lichtenberg (2010) noted that the use 



of conservative default parameters is intended to deliberately introduce an upward bias into estimates 



of risk. Lichtenberg (2010) also stated that “the numbers generated by such procedures can’t really be 
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thought of as estimates of risk, since they bear only a tenuous relationship to the probability that 



individuals will experience adverse health consequences or to the expected prevalence of adverse 



health consequences in the population.” Indeed, he pointed out that the number of actual cancer 



deaths that can be attributed to all environmental and occupational causes is much lower than the 



number that is predicted by risk assessments (Doll and Peto 1981, as cited by Lichtenberg 2010). 



Lichtenberg (2010) describes concerns about compounded conservatism by saying: 



…regulators continue to patch together risk estimates using a mix of “conservative” estimates 



and default values of key parameters in the risk generation process. Such approaches give rise 



to the phenomenon of compounded conservatism: The resulting estimates correspond to the 



upper bound of a confidence interval whose probability is far, far greater than the 



probabilities of each of the components used to construct it and which depends on arbitrary 



factors like the number of parameters included in the risk assessment. 



6.4 Summary 



Most of the components of the equations used to calculate HHAWQC contain some level of 



conservatism. The toxicity factors in and of themselves contain multiple conservative parameters, 



leading to a compounding of conservatism in their derivation. The default RSC is the most 



conservative allowable level derived using the more conservative of two possible approaches. The 



default body weight of 70 kg is 10 kg less than the EPA currently recommended value of 80 kg. The 



derivation process for the HHAWQC does not take into account expected cooking losses of organic 



chemicals. The compounded conservatism that results from the use of multiple conservative factors 



yields a HHAWQC that provides a margin of safety that is considerably larger than EPA suggests is 



required to be protective of the population, even when sensitive or highly exposed individuals are 



considered. Tables 6.7 and 6.8 illustrate the impact of replacing just two default parameters, body 



weight and drinking water intake, with average values and allowing for cooking loss on the 



HHAWQC for methyl bromide and bis(2-ethylhexyl)-phthalate (BEHP). 



Table 6.7 Impact of Multiple Conservative Defaults/Assumption on 



Methyl Bromide HHAWQC 



 



Parameters Used 



 



HHAWQC (µg/L) 



  



Default 47 



 



Factor of 0.7 included for cooking loss 



 



48 



 



Factor of 0.7 included for cooking loss + DI default (2 L/day) 



replaced by mean value of 1 L/day 



 



94 



 



Factor of 0.7 included for cooking loss + DI default (2 L/day) 



replaced by mean value of 1 L/day + Default BW of 70 kg 



replaced by current EPA recommended BW of 80 kg 



 



 



107 
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Table 6.8 Impact of Multiple Conservative Defaults/Assumption on 



BEHP HHAWQC 



 



Parameters Used 



 



HHAWQC (µg/L) 



  



Default 1.17 



 



Factor of 0.7 included for cooking loss 



 



1.39 



 



Factor of 0.7 included for cooking loss + DI default (2 L/day) 



replaced by mean value of 1 L/day 



 



1.93 



 



Factor of 0.7 included for cooking loss + DI default (2 L/day) 



replaced by mean value of 1 L/day + Default BW of 70 kg 



replaced by current EPA recommended BW of 80 kg 



 



 



2.20 



    



Not only do the individual components of the equations represent a variety of conservative 



assumptions, the underlying premise upon which calculations of HHAWQC are based is itself highly 



conservative. It assumes that 100 percent of the fish and drinking water consumed by an individual 



over a 70 year period is obtained from a single waterbody (or that a chemical is ubiquitous in all 



water), that the chemical is present at the HHAWQC at all times, an individual consumes fish every 



year at the selected upper bound consumption rate, and that no loss of the chemical of interest occurs 



during cooking.   



In addition, the toxicological criteria used to develop the HHAWQC have been selected to be 



protective of the most sensitive individuals within the exposed population and have been combined 



with conservative target risks. It is unlikely that this combination of assumptions is representative of 



the exposures and risks experienced by many, if any, individuals within the exposed population. 



Tables 6.9 and 6.10 summarize the primary sources of conservatism found in both the explicit and 



implicit toxicity and exposure parameters of HHAWQC derivation and, for some parameters, 



quantify the extent of that conservatism. 
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Table 6.9 Conservatism in Explicit Toxicity and Exposure Parameters 



 



 



 



Explicit Exposure 



Parameter 



 



 



 



 



Default Value 



 



 



 



 



Represents: 



 



 



 



Default is conservative 



because: 



 



Impact of 



conservatism on 



HHAWQC (if 



known) 



 



RfD 



 



N/A 



 



Estimate of daily 



exposure likely to be 



without appreciable 



risk of adverse 



effects over a lifetime  



 



Bioavailability not 



typically considered, 



effects of compounded 



conservatism in use of 



multiple UFs 



 



Larger RfD yields 



higher HHAWQC, 



magnitude uncertain 



and varies between 



compounds 



RSD N/A Dose associated with 



incremental risk level 



of 10
-6 



based on upper bound 



risk estimate 



Magnitude uncertain, 



varies between 



compounds 



Relative Source 



Contribution 



(RSC) 



20% Fraction of total 



exposure attributable 



to freshwater/ 



estuarine fish 



For most chemicals, 



available data support a 



larger RSC 



Larger RSC yields 



1.5x to 4x higher 



HHAWQC 



Body Weight 



(BW) 



70 kg Adult weight, 



average for the 



general population 



Mean body weight for 



adults is now 80 kg  



Use of 80 kg yields 



1.125x higher 



HHAWQC 



Drinking Water 



Intake (DI) 



2 L/day 86
th



 percentile of 



general population 



Assumes all water 



consumed is at 



HHAWQC and that all 



drinking water is 



untreated surface water 



Magnitude is 



compound specific
7
  



Fish Intake (FI) 17.5 grams/ 



day for 



general 



population 



and 



sportfishers 



142.4 grams/ 



day for 



subsistence 



fishers 



90th percentile per 



capita consumption 



rate for the U.S. adult 



population 



Represents an upper 



percentile, most people 



eat less fish 



Magnitude is 



compound specific
8
 



Bioconcentration 



Factor (BCF)  



Substance 



specific 



Tissue:water ratio at 



3% tissue lipid 



NA  NA 



     



                                                      



7 HHAQWC are inversely proportional to DI value for substances with low BCFs.  The DI value has very little 



influence on HHAWQC for substances with high BCFs. 
8 HHAQWC are inversely proportional to FI value for substances with high BCFs.  The FI value has very little 



influence on HHAWQC for substances with low BCFs. 











 31 



National Council for Air and Stream Improvement 
 



Table 6.10 Conservatism in Implicit Exposure Parameters 



 



Implicit 



Exposure 



Parameter 



 



 



Default 



Value 



 



 



 



Represents: 



 



 



Default is conservative 



because: 



Impact of 



conservatism on 



HHAWQC (if 



known) 



 



Cooking Loss 



 



zero 



 



loss of organic 



chemical during 



cooking 



 



Does not account for the 



known 20-50% 



reduction in 



concentration of organic 



chemical in fish tissues 



following cooking 



 



 



Inclusion of a factor 



to account for 



cooking loss yields 



1.25x to 2x higher 



HHAWQC 



Exposure 



Duration 



70 years Length of time a 



person is 



exposed 



Assumes 100% of 



drinking water and fish 



consumed over the 



course of 70 years will 



come from a regulated 



water body 



For non-ubiquitous 



compounds, 



recognizing that 



residency periods are 



much shorter than 70 



years yields 



HHAQWC that are 



2x to 8x higher. 



 



Exposure 



Concentration 



HHAWQC Concentration in 



water body of 



interest equal to 



HHAWQC 



Assumes concentration 



is always equal to 



HHAWQC without 



regard for changes in 



input or in flow 



characteristics  



 



Magnitude uncertain 



but could easily be 



1.5x to more than 4x 



Relative 



Bioavailability 



1 Bioavailability 



from fish and 



water compared 



to bioavailability 



in the 



experiment from 



which the 



toxicity 



benchmark was 



derived. 



 



Some chemicals are less 



bioavailable in water or 



fish tissue than in the 



experiments from which 



toxicity benchmarks 



were derived. 



Magnitude is 



chemical specific 



 



7.0 IMPLICATIONS OF HHAWQC FOR FISH TISSUE CONCENTRATIONS AND 



CHEMICAL EXPOSURES VIA FISH CONSUMPTION 



7.1 Fish Tissue Concentrations 



The purpose for including factors for fish intake and bioaccumulation/bioconcentration in the 



derivation of HHAWQC is to account for consumption of chemicals that are contained within fish 



tissues. An underlying assumption of this approach is that the HHAWQC correspond to a chemical 



concentration in edible fish tissue that yields an acceptable daily intake when fish from surface waters 
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are consumed at the default intake rates (e.g., 17.5 g/day general population or 142 g/day subsistence 



anglers). Once a HHAWQC is calculated, the allowable fish tissue concentration (FTC) associated 



with that HHAWQC can be easily derived using the same equation. One way of assessing the overall 



conservatism of the process through which HHAWQC are derived is to compare the associated 



allowable fish tissue concentrations to existing fish tissue concentration data and concentrations 



found in other foods, as well as other guidelines or risk-based levels used to regulate chemical 



concentrations in edible fish tissues (e.g., fish consumption advisory “trigger levels,” US Food and 



Drug Administration (FDA) tolerances). 



Appendix C, “Fish Tissue Concentrations Allowed by USEPA Ambient Water Quality Criteria 



(AWQC): A Comparison with Other Regulatory Mechanisms Controlling Chemicals in Fish,” 



illustrates this type of analysis using six example compounds: arsenic, methyl bromide, mercury 



(total, inorganic, organic), PCBS (total), chlordane, and bis-(2-ethylhexyl)phthalate (BEHP). The 



analysis revealed that: 



 Concentrations of PCBs and mercury in fish from virtually all surface waters in the U.S. 



exceed FTCs associated with HHAWQC derived using the FI rate for subsistence anglers 



(142 g/day). 



 FTCs associated with HHAWQC derived using the FI rate for the general public (17.5 



g/day) are 20 times to 4,000 times lower (more stringent) than fish consumption advisory 



“trigger levels” commonly used by state programs. 



 Although about 50% of fish samples collected during a national survey had PCB levels 



greater than the allowable PCB FTC associated with the HHAWQC, only about 15% of 



the nation’s reservoirs and lakes (on a surface area basis) are subject to a fish 



consumption advisory. When the FI for subsistence anglers is used to calculate a 



HHAWQC for PCBs, the percentage of samples exceeding the associated FTC increases 



to 95%. 



 The FDA food tolerances for PCBs, chlordane, and mercury in fish are, respectively, 500, 



27, and 2.5 times greater than the FTCs associated with the HHAWQC for those 



chemicals. If the subsistence angler FI rate (142 g/day) is used to calculate the 



HHAWQC, the FDA food tolerances for those chemicals are, respectively, 4,000, 214, 



and 20 times greater. 



 



These results indicate that, with respect to FTCs, the HHAWQC as they are  currently calculated, 



with a default FI rate of 17.5 g/day, provides a wide margin of safety below the FTCs considered 



acceptable by states (as indicated by FCA trigger levels) and by the FDA (as indicated by food 



tolerances). 



7.2 Chemical Exposures via Fish Consumption 



Once the FTC associated with a HHAWQC is calculated, that value can also be used to estimate the 



allowable daily dose of that chemical. Comparing the allowable daily dose associated with 



HHAWQC with actual exposures to the general population via other sources provides an indication of 



the potential health benefits that might be gained by increasing the default fish consumption rate and 



thus lowering the HHAWQC. Appendix C shows the results of such a comparison for six example 



compounds (arsenic, methyl bromide, mercury (total, inorganic, organic), PCBS (total), chlordane, 



and BEHP and indicates that for all of these chemicals, exposure via consumption of fish from 



surface waters to which HHAWQC apply represents only a small percentage of the total exposure 



from all sources. Therefore, reducing exposures to chemicals via fish consumption by lowering 



HHAWQC may not provide any measurable health benefits. 
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8.0 CONCLUSIONS 



HHAWQC are derived by EPA, or by authorized states or tribes, under the authority of Section 



304(a) (1) of the Clean Water Act (CWA). The methodology by which HHAWQC are derived is 



based on equations that express a risk analysis. The values used in the HHAWQC equation are based 



on scientific observations (generally a range of observations) and, thus, have a scientific basis. 



However, the selection of a single value to represent the full range of observations represents a policy 



choice and is a subjective decision. Therefore, HHAWQC, though based on science, represent a 



policy (i.e., non-scientific) choice (EPA 2011a). EPA has stated that their goal in setting HHAWQC 



is to “protect individuals who represent high-end exposures (typically around the 90
th 



percentile and 



above) or those who have some underlying biological sensitivity” (EPA 2004). To that end, its 



selections for individual default parameter values are typically upper percentiles of a distribution 



(e.g., a 90
th
 percentiles value for fish consumption rate) or conservative assumptions (e.g., 100% of 



water used for drinking and cooking during a 70 year lifespan is untreated surface water).  



The parameters used in the derivation of HHAWQC may be divided into two categories, toxicity 



parameters and exposure parameters. Toxicity parameters fall into three categories: 1.) non-



carcinogenic effects, for which the parameter is the RfD, 2.) non-linear carcinogenic effects, for 



which the parameters are the POD and UF, and 3.) linear carcinogenic effects, for which the 



parameter is the RSD, which is derived from the slope factor and the target incremental cancer risk. 



Derivation of an RfD, selection of a POD and UFs, modeling the dose-response for carcinogenic 



effects, and calculating the slope factor (m) are based on science, but also involve a variety of policy 



decisions. These policy decisions all embody some degree of conservatism, such as the use of 



multiple 95
th
 percentiles and upper bound confidence limits. Thus, the factors representing toxicity in 



the HHAWQC derivation equation certainly represent conservative (i.e., selected to more likely 



overestimate than underestimate risks) estimates of toxicity and act to drive HHAWQC toward lower 



concentrations. 



Explicit exposure parameters include the RSC, BW, DI, FI, and BAF. There are also implicit 



parameters that, while not components of the equations used to calculate HHAWQC, are assumptions 



that underlie HHAWQC derivation. As with the toxicity parameters, most of the exposure parameters 



are based on scientific observations, generally a range of observations and thus have a scientific basis. 



However, selection of a single value to represent the full range of observations is a policy choice. 



Default values for these parameters and the degree of conservatism associated with them are 



summarized in Tables 6.9 and 6.10, which shows that these parameter values represent upper 



percentile values and highly conservative assumptions that act to drive HHAWQC toward lower 



concentrations.  



EPA acknowledges in more recent guidance that the existence of the phenomenon of compounded 



conservatism, which occurs when the combination of multiple highly conservative assumptions leads 



to unrealistic estimates of risk. It suggests that in order to avoid this problem when constructing 



estimates from a series of factors (e.g., exposure and toxicity estimates), not all factors should be set 



to values that maximize exposure, dose, or effect (e.g., EPA 2005). However, in spite of that, most of 



the parameters used for the derivation of HHAWQC are set at the 90
th
 (or higher) percentile level. 



The overall level of conservatism embodied within the HHAWQC derivation process is illustrated by 



comparing the allowable fish tissue concentration implied by the designation of HHAWQC to 



existing guidelines or risk-based levels used to regulate chemical concentrations in edible fish tissues, 



such as fish consumption advisory “trigger levels” and US Food and Drug Administration (FDA) 



tolerances. Fish tissue concentrations associated with HHAWQC derived using the fish intake rate for 



the general public (17.5 g/day) are 20 times to 4,000 times lower (more stringent) than fish 



consumption advisory “trigger levels” commonly used by state programs. Similarly, FDA food 



tolerances for PCBs, chlordane, and mercury in fish are, respectively, 500, 27, and 2.5 times greater 
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than the HHAWQC-associated fish tissue concentrations and if the subsistence angler fish intake rate 



(142 g/day) is used to calculate the HHAWQC, the FDA food tolerances for those chemicals are, 



respectively, 4,000, 214, and 20 times greater. 



Following a consideration of the overall level of conservatism contained within the HHAWQC, the 



level of protectiveness that EPA has indicated that states should achieve, and concerns that have been 



expressed by certain segments of the public and some state regulators and elected officials, three 



issues in particular seem to stand out. The first is the idea that HHAWQC represent an estimate of 



likely actual exposures to the public, such that, for example, if a HHAWQC is set at 42 ppb, the 



general public will be exposed to 42 ppb and therefore, any subgroups that may, e.g., consume more 



fish than average, will not be adequately protected by a 42 ppb HHAWQC. However, a consideration 



of the sources of the various parameters used to calculate the HHAWQC, as provided in preceding 



sections of this report, clearly shows that this is not the case.  



The second is the idea that, because the HHAWQC for carcinogens are based on a 10
-6



 risk level for 



the general population, highly exposed subgroups whose risk level might be 10
-5



 or 10
-4



 are not being 



adequately protected. A consideration of the concept of population risk, as described in Section 6.1.3 



demonstrates that this is not the case. Even if a small subgroup of the general population has higher 



exposures (e.g., higher rates of fish consumption), the expected number of excess cancers 



corresponding to individual risks at the 10
-4



 risk level is essentially zero. Indeed, in actual practice, in 



Federal regulatory decisions related to small population risks, the de minimis lifetime risk is typically 



considered to be 10
-4



.   



Finally, there is the belief that increasing the fish consumption rates used to derive HHAWQC which 



will, in turn, lower HHAWQC, will benefit public health, particularly for populations of high level 



consumers of fish from regulated surface waters. However, an analysis of six chemicals, selected to 



represent a range of chemical classes, clearly shows that exposures via consumption of fish from 



regulated water bodies is only a small percentage of the total dietary exposure from all sources. Thus, 



the establishment of more stringent HHAWQC may not provide any measurable public health benefit.        
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APPENDIX A 



 



FISH CONSUMPTION RATE (FCR) 



Ellen Ebert, Integral Corp. 



1.0 INTRODUCTION 



A key component of the equation used to derive ambient water quality criteria (AWQC) is the long-



term fish consumption rate (FCR). Selection of an appropriate FCR can be challenging for a number 



of reasons. In certain cases, there may not be relevant, local or regional fish consumption data 



available from which to select rates. In other instances, numerous studies of fish consumption 



behaviors may have been conducted, but the studies report a wide range of FCRs for similar 



consumer populations. Often, in light of the variability in FCRs, there is a tendency for regulators to 



select the most conservative (highest) of the available rates to ensure that HHAWQC will be 



protective of potentially exposed populations, thereby adding considerable conservative bias to the 



HHAWQC. While there is always variability in consumption rates due to differing behaviors among 



the consumers, in many cases, the variability among the reported rates for similar populations is a 



consequence of the survey design, methodology, and approach used to analyze the data, rather than 



actual variability in consumption rates. It is important to understand how the approaches used to 



collect and analyze fish consumption data may bias results so that the most appropriate and 



representative rates can be selected for the development of HHAWQC.  



2.0 CURRENT EPA GUIDANCE    



EPA’s (2000) methodology for deriving AWQC recommends that, when available, consumption rates 



for populations of concern should be drawn from local or regional survey data. The consideration of 



local and regional survey data is important in deriving AWQC because these data may vary widely 



depending upon the waterbodies to which the AWQC will be applied, the population of individuals 



who may consume fish from those waterbodies, seasonal influences on fishing, availability of 



desirable species, and the particular consumption habits of those individuals. In many situations, the 



population of consumers may be the general population who consume fish from commercial sources; 



in other situations, the only consumers may be the population of fishermen who catch and consume 



their own fish from a particular waterbody. Typically, recreational fishermen are the population that 



is likely to consume the most fish from a specific waterbody as they may repeatedly fish that 



waterbody over time.  This is a common rationale for using the habits of this population as a basis for 



deriving an FCR to be used in developing AWQC.  



When local or regional survey data are not available, EPA has historically recommended that a 



default FCR of 17.5 g/day be used (EPA 2000). This rate is an estimate of the 90
th
 percentile rate of 



consumption of freshwater and estuarine finfish and shellfish by adults in the general population of 



the United States. It is an annualized, long-term rate that indicates that the targeted population may 



consume roughly one half-pound fish meal every two weeks (28 meals/year) from the waterbodies to 



which the AWQC will be applied. It is based on the USDA’s Continuing Food Studies data (USDA 



1998) and is recommended by EPA for deriving AWQC because it represents an estimate of high end 



fish consumption by the general population and average consumption among sport anglers. If 



subsistence populations are present, EPA (2000) states that a default consumption rate of 142.4 g/day 



may be used. This rate indicates that this population may consume roughly 229 half-pound meals of 



fish per year or more than four meals per week. 



In addition, EPA (2011) has evaluated a substantial portion of the fish consumption literature and has 



presented the results of its analysis in its revised Exposure Factors Handbook. This guidance presents 
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the findings of the studies and the estimates that EPA has derived based on its analysis of the data. A 



variety of recommended FCRs are presented for the general population of the United States, 



individuals who consume sport-caught fish from marine waters, individuals who consume sport-



caught fish from freshwaters, and various subpopulations of fishermen. While the previous version of 



the Exposure Factors Handbook made specific recommendations of FCRs to be used, the revised 



version does not provide specific recommendations. Instead, it presents a range of values from studies 



that it identified as being relevant and reliable and instructs readers to select the value that is most 



relevant to their needs.  



One difficulty with the way that the FCRs are presented in EPA’s tables of recommendations is that 



not all studies are conducted in the same way. While the text of that guidance discusses the 



methodologies, strengths and weaknesses of each of those studies, it presents the resulting rates as if 



they are equivalent. However, the choices made in study design, target population, and approach to 



data analysis result in a wide range of FCRs. This variability among the FCRs presented can be 



confusing, resulting in a tendency for risk managers to select rates at the high end of those ranges to 



ensure protection of public health. The variability, however, is primarily the result of differences in 



the types of populations and fisheries studied, and the study designs employed. It is important to 



consider all of these factors in selecting an FCR (Ebert et al. 1994). When setting AWQC, it is 



important to select values that are representative of the target population to ensure that public health 



is being protected without putting unmanageable or unnecessary burdens on those who must comply 



with the AWQC (Ebert et al. 1994).  



3.0 ANALYSIS OF FCR SURVEY DATA 



While there are many studies of fishing consumption behavior available, it is important to consider 



the quality of the studies for the purpose of estimating FCRs. Many fishing surveys include collection 



of some data related to consumption of fish but often that is not the purpose for which the surveys 



were designed. Instead they may have been designed to determine dietary preferences, assess 



compliance with advisories, estimate fishing effort and success, determine angler preferences, etc. As 



such, while they may contain some information about consumption by the surveyed individuals, the 



data collected may not be adequately detailed or comprehensive to permit the estimation of reliable, 



long-term FCRs for that population.  



For example, Connelly et al. (1992) conducted a survey of New York recreational anglers that 



provided information about sport-caught fish consumption but the study was designed for the purpose 



of providing information about anglers’ knowledge of fishing advisories in New York and the 



impacts of the advisories on their fishing and consumption behavior. While it collected information 



about the number of meals and species consumed, it did not collect information about the size of fish 



meals. In order to use these data, one must make an assumption about the size of each meal, which in 



turn affects the rates derived from the study. When EPA (2011) analyzed these data to derive 



consumption rates, they assumed that each meal was 150 g in size based on a study of the general 



population conducted by Pao et al. (1982). Had EPA made different assumptions about meal size, 



they might have derived substantially higher or lower consumption rate estimates. It cannot be 



determined from the available data whether the rates derived by EPA were actually representative of 



consumption rates for the surveyed population.  



There are a number of other survey design and analysis issues that affect the estimation of FCRs that 



may be considered in deriving AWQC. To better understand the nuances of FCRs derived from 



surveys of target populations, it is important to understand the influence that survey design and 



analysis can have on consumption rate estimates. These issues are discussed below.   
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3.1 Survey Methods 



Fish consumption surveys can be conducted in a number of different ways. These methods include 



creel (or intercept) surveys, recall mail and telephone surveys, fishing diaries, and dietary recall 



studies. Each of these methods can be designed to provide information based on short- or long-term 



periods of recall (periods of time over which individuals are asked to remember their fish 



consumption behaviors). 



While each of the survey methods can be used to estimate rates of consumption, each method has 



particular strengths and weaknesses and the survey design can greatly affect the resulting FCR 



estimates. Thus, the survey method used, the recall period, and the target population all need to be 



considered carefully when comparing FCRs that are reported. Many times the magnitude of the 



estimated FCRs are an artifact of the study methodology rather than a reflection of actual differences 



in fish consumption behaviors. 



3.1.1 Creel Surveys 



Historically, creel surveys have been used by fisheries managers to collect information about catch 



and harvest rates and determine the adequacy and characteristics of fishery stock. In some cases, 



however, creel surveys are modified to collect specific information about fish consumption based on 



individual fishing trips to a particular waterbody. Generally, survey clerks make contact with 



individuals who are fishing on a particular survey day to ask them what they have caught and what 



they intend to eat. Typically individuals are only interviewed once during a survey period (no repeat 



interview) although sometimes repeat interviews are part of the survey design and the responses on 



multiple interview days are combined for the individual. 



Creel surveys are very effective for collecting information about consumption from a specific 



waterbody by the individuals who use that waterbody. In addition, if there is a particular 



subpopulation that uses the fishery differently from the general angler population, those individuals 



will be identified and their consumption habits captured. 



While creel surveys provide reliable information about the fish catch on the day of the interview, they 



are subject to a number of limitations when attempting to estimate long-term average FCRs, which 



are the rates that are generally used in developing AWQC.  



 Consumption rates based on creel surveys are subject to avidity bias; that is, there is a greater 



chance of interviewing more avid anglers because they are present at the fishery more 



frequently. More avid anglers are likely to be more successful anglers and, if they harvest 



fish for consumption, their rates of consumption are likely to be higher than the typical 



anglers’ consumption rates. In order to use creel survey data to estimate consumption habits 



of the total user population, it is necessary to make a correction for avidity bias so that the 



results are representative of the entire angler population that uses the fishery (EPA 2011). 



EPA (2011) discusses this phenomenon in its discussion of FCRs in its 2011 Exposure 



Factors Handbook, stating that “in a creel study, the target population is anyone who fishes at 



the locations being studied. Generally in a creel study, the probability of being sampled is not 



the same for all members of the target population. For instance, if the survey is conducted for 



one day at a site, then it will include all persons who fish there daily but only about 1/7 of the 



people who fish there weekly, 1/30
th
 of the people who fish there monthly, etc. In this 



example, the probability of being sampled … is seen to be proportional to the frequency of 



fishing...[B]ecause the sampling probabilities in a creel survey, even with repeated 



interviewing at a site, are highly dependent on fishing frequency, the fish intake distributions 



reported for these surveys are not reflective of the corresponding target populations. Instead, 



those individuals with high fishing frequencies are given too big a weight and the distribution 
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is skewed to the right, i.e., it overestimates the target population distribution.” (EPA 2011, p. 



10-3) 



To correct for avidity bias, the survey sample is typically weighted based on the reported frequency of 



fishing by survey participants (EPA 2011; Price et al. 1994). For example, a single day of surveying 



may have encountered three individuals:  1) one individual who fished with a frequency of one day 



per year; 2) one individual who fished with a frequency of one day per month; and 3) one individual 



who fished daily. If those individuals ate one half pound (227 g) fish meal on each day of fishing, 



their annualized average daily FCRs would be 0.62, 7.5 and 227 g/day, respectively. Based on this 3-



person sample, one would conclude that the average consumption rate for these three individuals was 



78 g/day. However, if the survey were to be conducted at that location daily throughout the year, it is 



likely that it might have encountered 365 individuals who fished once per year, 12 individuals who 



fished once per month, and one individual who fished daily. Thus, the total user population would be 



396 individuals, representing 396 points on the fish consumption distribution for the total user 



population. If their FCRs were identical to the rates for the individuals interviewed during the single 



day of the survey, the result would be 365 individuals consuming 0.62 g/day, 30 individuals 



consuming 7.5 g/day, and 1 individual consuming 227 g/day. Thus, for this total angler population, 



the average rate would be 1.7 g/day. This is substantially lower than the average of 78 g/day based on 



the actual sample of three individuals. This demonstrates the considerable conservative bias 



introduced to the FCR estimate if avidity bias is not corrected. Actual corrections depend on the 



frequency of sampling and the population sampled and so need to be made on a study-by-study basis. 



While it is now recognized that avidity bias needs to be considered when analyzing survey data to 



derive estimates that are representative of the total consuming population, this was not generally done 



for historical surveys and is still often not done by current study authors. Instead, the consumption 



rates presented in many survey reports reflect the consumption rates derived from only those 



individuals who were sampled and thus are biased toward more frequent anglers and consumers. 



Sometimes it is possible to make these corrections retroactively if the raw data are still available, but 



often this is not the case. As a result, many consumption estimates that are presented based on creel 



survey data have not been adjusted to reduce this conservative bias and consequently overestimate 



consumption rates for the total target population. 



 Short-term behavior captured during a single snapshot in time may not be representative of 



long-term behavior because of variability in fishing effort and success. There may be 



substantial seasonal variations in the habits of anglers due to fishing regulations, climate, and 



the availability of target species. Consequently, information collected during a single 



interview may not be representative of activity on previous or subsequent trips or at other 



times of the year. Because of limited time for conducting interviews, it is difficult to ask 



enough detailed questions to allow development of a reliable estimate of the long-term rates 



of consumption. In addition, the assumptions that must generally be made to extrapolate 



from short-term data to estimate long-term behaviors add greatly to the uncertainties 



associated with those estimates.  



Creel surveys are effective at characterizing the consumption habits of individuals who use a 



specific fishery and are helpful in identifying any subpopulations of fish consumers that are 



present. It is more challenging, however, to derive a long-term estimate of consumption or to 



expand the results to a larger geographic area unless very detailed information is collected 



and there is an appropriate correction for avidity bias. 



3.1.2 Mail Surveys 



Mail surveys are a good tool for collecting detailed information about fishing and consumption 



behaviors. Generally, mail surveys are designed to randomly sample the target population. Often, for 
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fish consumption, the target population is recreational anglers and mailing addresses are obtained 



from fishing licenses sold within the target area. Mail surveys can generally collect more detailed 



information over a longer period of recall, ranging from months to a year. There are, however, some 



limitations associated with the use of mail surveys. 



 Response rates may be low, unless there is a concerted follow-up effort. If rates are very low, 



then the resulting FCRs may not be representative of the entire target population. In this case, 



rates are generally overestimated due to the fact that individuals who choose to respond to the 



survey tend to self-select; that is, the individuals who are most likely to return a mail survey 



are those for which fishing is an important activity. These individuals tend to be more avid 



anglers who fish more frequently than the typical angler population and have a higher rate of 



success in catching fish. Thus, consumption rates based on data collected in a survey with a 



low response rate may be biased higher than rates that would be estimated if the entire angler 



population was equally represented in the survey data. 



 Because mail surveys often focus on a longer period of recall, the resulting FCRs are subject 



to recall bias. It is possible that difficulties in recalling specific information about fishing 



activity may result in the omission of some meals; however, data on the biases associated 



with long-term recall periods for recreational activities indicate that individuals tend to 



overestimate their participation, particularly if the issue being investigated is salient for them 



(Westat 1989). Thus, the tendency is for FCRs to be overestimated with longer recall periods. 



 It can be difficult to target certain subpopulations of fish consumers (e.g., high end 



consumers, specific ethnic groups, individuals who fish a particular waterbody, etc.) with a 



mail survey. Individuals who are homeless or migrant will not be captured, and those 



individuals who have limited language skills and/or low levels of literacy may not understand 



the survey questions and, thus, may choose not to complete and return it. Thus, these groups 



may be under-represented in the survey sample. 



Mail surveys are often conducted to collect information on a statewide or regional basis. If well 



designed, they can provide detailed information about the fish consumption behaviors of study 



participants as they can be completed at the respondent’s leisure rather than requiring instantaneous 



recall of past events. However, FCRs derived from mail surveys may be overestimated if recall 



periods are long. They may also be overestimated if response rates are low because often non-



respondents are less interested in the subject of the survey and, therefore, choose not to participate. In 



this case, however, data collected through follow-up contact with non-respondents can be used to 



adjust survey results. 



3.1.3 Telephone Surveys 



Telephone surveys generally consist of the one-time collection of data from a survey participant by 



telephone. Lists of telephone numbers of individuals within the target population are developed either 



through the random selection of telephone numbers from all telephone listings in a given area (e.g., 



statewide, population within certain counties, or population within certain zip codes near a specific 



waterbody or fishery) or, in the case of surveys of recreational anglers, may be based on information 



obtained from fishing licenses purchased. Survey respondents are asked to recall information about 



past fishing trips and fish consumption behavior.  



Telephone surveys are rarely used in isolation, however, and are often a follow-up to surveys that 



have been previously sent to the targeted individuals, thereby providing an opportunity for those 



individuals to review the survey questions before being asked to respond to them (EPA 1992). They 



may also be conducted to provide information about non-response bias (for those individuals who did 
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not respond to a mail survey effort) or to confirm or add to data that were collected in the field during 



a creel survey (EPA 1992). 



Telephone surveys are effective in evaluating regional information and can reach large numbers of 



individuals (EPA 1992) but also have limitations, including the following: 



 Individuals who are being interviewed by telephone are rarely willing to spend more than 10 



or 15 minutes participating in a telephone interview, particularly when they have had no 



warning that they will be called. This limits the amount of information that can be captured 



from them and is likely to result in recall bias due to the fact that individuals may not recall 



information completely or accurately when they are unprepared to do so. In addition, 



because of limited time, they can only be asked general information about their long-term 



fish consumption habits or specific information about their most recent activities.  



 Because telephone surveys generally only include a single interview with an individual, they 



are subject to bias due to the fact that the responses of the participants may only reflect their 



most recent activities. Thus, if the telephone interview occurs at a time that the respondent is 



actively fishing or consuming fish, the resulting data may over-estimate his long term level 



of activity. At the same time, if the telephone interview occurs during a period of inactivity, 



his long term consumption activity may be under-estimated. 



 Individuals who do not have telephones cannot be included in the sample population. 



Because those individuals are likely to be low income individuals who cannot afford the cost 



of a telephone, this segment of the population is likely to be under-represented in the survey 



sample. Similarly, individuals with unlisted numbers will not be included in the survey.  



 Recent telephone surveys may be biased toward an older, higher income population if they 



have not included the sampling of cell phones in addition to land lines, as younger people 



are more likely than older individuals to rely completely on cell phones. In addition, even if 



cell phones are sampled, it is not always possible to accurately sample the geographic 



location targeted because cell phones are not tied to specific addresses (individuals may 



move to a different home or area but retain the same cell phone number). 



 Telephone surveys can be useful if the general population of a given area is being targeted or 



if anglers are being targeted and the telephone numbers have been obtained from recent 



fishing licenses. However, if the target population is a particular socioeconomic 



subpopulation (e.g., ethnicity or income level), it is very difficult to identify those 



individuals in advance when selecting a list of telephone numbers. Thus, the smaller the 



target population, the larger the survey effort necessary to gain enough data about the 



subpopulation or group of interest. 



All of these issues can affect the FCR estimates that are derived based on a telephone survey. The 



most important considerations are the way that the short-term recall information has been used to 



estimate long term consumption rates and the attention to avoiding the bias introduced in survey 



results if certain segments of the population are not well represented in the sampling. 



3.1.4 Fishing Diaries 



Diary studies are an excellent means of collecting detailed information about specific fishing trips and 



fish meals. In these studies, individuals from the targeted population are recruited to participate in the 



study and are asked to keep a diary of the fishing trips taken. These studies can be short- or long-term 



studies. For long-term studies, individuals are generally asked to complete monthly diaries and can 



record very detailed information about every trip taken and every harvested fish that was consumed. 



If the individuals complete the diaries in a timely fashion, these studies minimize the potential for 
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recall bias and also increase the level of detail that the person is able to recall (e.g., the size of a fish 



meal, the species consumed, the number of people who shared in the meal, etc.). If this information is 



collected over a long time period (e.g., for example, monthly diaries completed over a one year 



period), it can result in very accurate estimates of long-term fish consumption. 



One difficulty with long-term diary studies is that there can be a high level of attrition because people 



tire of recording their information and so stop completing the diaries. However, while the information 



gathered may only be partial (e.g., several months of the targeted one-year period for the study), the 



level of detail provided in the diary and the partial data can still yield valid estimates of long-term fish 



consumption behaviors by the study participants (Balogh et al. 1971).  



3.1.5 Diet Recall Studies 



Diet recall studies are a form of diary study but are generally shorter term. In these studies, 



individuals are commonly asked to record all foods eaten during a one- or two-day period. The days 



may be consecutive days or two different days during the study period. These recall studies work well 



for foods that are consumed on a regular basis (i.e., foods that are consumed daily or at least once 



every two days) and when evaluating population-level trends, but are not as effective for developing 



reliable estimates of long-term consumption behavior of foods that are consumed less regularly (as 



discussed in more detail in Section 3.2.2)). Thus, for those individuals who consume fish daily or 



several times per week, the estimated rates of consumption based on these data may be representative 



of their behavior.  



However, for many individuals, fish is not consumed on a daily or regular basis. This is particularly 



true of sport-caught fish, which may only be consumed occasionally (e.g., once per week or less or 



only during a specific time of the year) (Ebert et al. 1994). As discussed in more detail in Section 



3.2.2, short-term recall periods may substantially bias the results by incorrectly assuming that 



individuals who did not consume during the recall period are non-consumers, and leaving them out of 



the consumption rate distribution, thereby skewing that distribution toward more frequent consumers. 



This results in overestimated consumption rates for the total population. In addition, the timing of the 



diet recall study can substantially affect the resulting consumption estimates if there is a seasonal 



component to the consumption habits of sport-fishermen. For example, in most states, fishing 



regulations limit the harvest for individual fish species to certain times of the year. Some individuals 



have a strong preference for a certain species and only consume fish when those species are available. 



Thus, while they may consume those fish regularly during that season, they may not consume fish at 



all during the remainder of the year. If the diet recall survey is conducted during the season when they 



are regularly consuming those fish, and the survey is not carefully designed to address seasonal 



variations, their annualized, average FCRs will be overestimated. Conversely, if the diet recall study 



is conducted during the time when these fish are not being consumed, their FCR will be 



underestimated as it will, by necessity (due to lack of consumption information) be assumed that they 



are non-consumers. Because of this, their consumption will not be included in the consumption rate 



distribution from the survey, thereby biasing that distribution to more frequent consumers and higher 



consumption rates. 



3.2 Analysis of Survey Data to Derive FCRs 



Data from surveys can be analyzed a number of different ways and the approach to analysis will 



depend, in part, on survey design. The key consumption metric for deriving AWQC is to derive an 



annualized average daily FCR. When estimating these FCRs, it is necessary to understand the size of 



each meal consumed and the frequency with which those meals are consumed.  
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There are two common approaches for estimating consumption rates. These include an approach 



based on reported meal frequency and size, and an approach based on the amount of fish harvested 



and consumed on a yearly basis. 



The meal frequency approach requires that information on the number and size of meals consumed by 



the surveyed individual over a period of time be collected and then extrapolated to the extent 



necessary to derive an annualized daily average FCR. Thus, for example, if the survey respondent 



indicates that he or she eats 26 half-pound [227 gram (g)] fish meals per year, the ingestion rate 



would be calculated as follows: 



FCR = 26 meals/yr * 227 g/meal * 1 yr/365 days = 16.2 g/day 



Similarly, if the respondent indicates that she eats 1 meal every two weeks, her FCR is calculated as 



follows: 



FCR = 0.5 meal/week * 227 g/meal * 52 weeks/year * 1 yr/365 days = 16.2 g/day 



Alternatively, the harvest rate approach uses information about the mass of fish actually harvested by 



the survey participant over time, adjusts that mass by the edible portion of the fish (total mass minus 



the mass of the parts not consumed by the angler, such as viscera, head, bones, etc.) and the number 



of people to share in the fish meal. Thus, if a survey respondent indicates that he or she harvested 40 



kg (88 pounds) of fish during a year, the default edible fraction of 30 percent (EPA 1989) is used, and 



it is reported that a total of 2 adults consumed the fish, the FCR would be calculated as follows: 



FCR = 40,000 g whole fish/yr * 0.30 g edible/g whole * 1/2 persons * 1yr/365 days = 16.4 g/day 



Depending upon the survey approach used and the questions asked, one method may be more 



appropriate than the other. There are some limitations of each of these approaches, however, that need 



to be considered. 



 There are uncertainties about the meal method due to the fact that the size of fish meals may 



vary considerably. Meals of store-purchased fish are likely to be fairly consistent due to the 



fact that a consistent amount of fish may be purchased for consumption. The same is not true 



for sport-caught fish. Meal sizes will vary depending upon the mass of fish harvested on a 



given day and the number of individuals consuming it. Thus, because individuals are 



generally asked to estimate the size of fish meals consumed, they may or may not accurately 



represent the variety of meal sizes that are actually consumed over time if the fish are sport-



caught fish. While individuals involved in the surveys are often provided with photographs of 



meals of different sizes, these estimated meal weights may not be representative of the fish 



actually consumed due to differences in mass resulting from cooking, the way the fish were 



prepared, and the density of the fish tissue. In addition, although they may provide their 



estimated average weekly rate of consumption, this weekly rate may vary considerably by 



season due to changes in weather, fishing time, or availability of target species. Unless data 



are collected to specifically capture these variations, there is substantial uncertainty 



introduced by this approach.  



 There are also uncertainties introduced when using the harvest method because individuals 



may not recall exactly how much fish they have harvested over time, and the portion sizes of 



the individuals who share in the consumption of the fish may vary. Thus, if two people share 



in the catch it will normally be assumed that the total mass should be divided by two; 



however, the portions consumed by those individuals may not be equivalent. In addition, 



there may be some variability around the edible portion of the fish depending on the parts 



consumed by the survey participants, the fact that edible portions vary somewhat by species, 



and the number of individuals who share in individual fish meals. 
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3.2.1 Identifying “Consumers” and “Non-Consumers” 



When determining the population to be targeted in selecting an FCR for use in developing AWQC, it 



is important to determine who is likely to be exposed to that chemical via the consumption of fish. 



Clearly, individuals who never consume fish will have no potential for exposure via this pathway so 



that the emphasis needs to be on the individuals who actually consume fish as this will be the 



potentially exposed population. However, depending upon the waterbodies to which the AWQC will 



be applied, the fish consuming population will vary. If the AWQC will be applied to waterbodies that 



are commercially fished, then there is potential for exposure to the general population, because they 



will have access to that fish through commercial sources such as fish markets, grocery stores and 



restaurants. However, if the waterbodies that are the focus of the AWQC are not commercially fished, 



then the fish from those waterbodies will not be available to the general population. The only sources 



of those fish are the recreational anglers who fish those waterbodies. 



Once the target population has been identified, it is necessary to identify the FCRs for the individuals 



within that population who consume fish. Depending upon the survey approach used, this 



determination can be challenging. For example, if the AWQC are to be applied to commercially 



fished waterbodies, then the general population who have access to those fish is the target population. 



However, most surveys of the general population collect information about total fish consumption 



including consumption of fresh, frozen, canned and prepared fish and shellfish obtained from stores 



and restaurants, which are most often  imported from locations outside of the area of influence of the 



AWQC, as well as sport-caught fish and shellfish from local sources.  



Even if the survey has distinguished among different sources of fish, the identification of consumers 



may be affected by the survey method. As discussed in more detail in Section 3.2.2 below, short-term 



diet recall studies, which are often used to evaluate food consumption within the general population, 



often misclassify individuals as non-consumers. Thus, while the rates are reportedly based on 



consumers of those fish, they are likely to be excluding a large proportion of actual consumers who 



have lower frequency of consumption. 



3.2.2 Limitations on the Use of Short Recall Period Survey Data 



Attempting to extrapolate long-term FCRs based on short recall period survey data presents a number 



of problems. These include the potential misclassification of non-consumers, the overestimation of 



FCRs based on data collected as a snapshot in time, and the lack of consideration of variation over 



time. 



In general, the length of recall period affects the resulting estimated rates of consumption with shorter 



term studies resulting in higher estimated rates of consumption than studies with longer recall periods. 



The higher rates of consumption from the short-term studies may not be a reflection of actual 



differences in the behaviors within the surveyed populations but may instead be an artifact of the 



short recall period (EPA 2011; Ebert et al. 1994). 



Short-term dietary recall studies can result in misclassification of participants as non-consumers and 



consequently overestimate consumption rates for true consumers within the surveyed population. 



Essentially, when a diet recall survey is conducted, if an individual does not indicate that fish was 



consumed during the recall period, that individual is identified as a non-consumer and is assumed to 



have zero consumption. When this occurs, rates are reported as either “per capita” rates (which 



include the non-consumers and their estimated rates of 0 g/day) or as “consumers only” rates, which 



means that all of the individuals who did not consume fish during that period of time are excluded 



from the reported results and only those individuals who did consume fish during that period are 



counted in the consumption rates.  
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The USDA dietary data that form the basis for EPA’s (2000) default FCR of 17.5 g/day were 



collected using a dietary recall study of survey participants during two non-consecutive 24-hour 



periods (EPA, 2000). Because of the way in which sampling was conducted, the actual fish 



consumption behaviors reported are strongly biased toward those respondents who consume fish with 



a high frequency. All of the individuals included as fish consumers in the USDA estimate consumed 



fish at least once during the 2-day sampling period. To use these data to estimate long-term 



consumption rates, EPA assumes that the consumption behavior that occurred during the 2-day period 



is the same as the consumption behavior that occurs throughout every other 2-day period during the 



year. Thus, if an individual reported eating one fish meal during the sampling period, the 



extrapolation used to estimate long-term consumption was the assumption that the individual 



continues to eat fish with a frequency of one meal every two days, or as many as 183 meals per year. 



If it is assumed that an individual eats one-half pound (227 g) of fish per meal, this results in a 



consumption rate of 114 g/day. However, the individual who consumed fish during that sampling 



period may not actually be a regular fish consumer. In fact, that fish meal could have been the only 



fish meal that the individual consumed in an entire year. Thus, that person’s FCR would be 



substantially overestimated using this extrapolation method.  



Conversely, individuals who did not consume fish during the 2-day sampling period were assumed to 



be non-consumers of fish, despite the fact that those individuals may simply have been fish 



consumers who coincidentally did not consume fish during the 2-day sampling period. Because there 



are no data upon which to base consumption estimates for these individuals, they were assumed to 



consume 0 g/day. However, they may in fact consume fish with a frequency ranging from as little as 



zero meals per year to as much as one meal per day (or even more than one meal per day) on all days 



except the two that USDA conducted the survey.  As with the high consumers identified in the USDA 



database, there is no way to determine whether 0 g/day consumers are actually non-consumers or just 



individuals who did not consume fish during the 2-day survey period.  



There can be enormous variability in the frequency of consumption of specific foods (Balogh et al. 



1971; Garn et al. 1976), and the variability in the number of fish meals may be further enhanced by 



seasonal effects. For example, recreational fishermen in many states are only permitted to fish during 



certain months due to fishing regulations. Thus, it is possible that their sport-caught fish ingestion 



rates are substantially higher during the fishing season, when fresh fish are readily available, than 



they are during the remainder of the year. In addition, many anglers target specific species and only 



fish when those species are available. For example, many anglers in the Pacific Northwest target 



salmon, which are only available during their time-limited spawning runs. Thus, they may not fish at 



all or consume sport-caught fish during other times of the year when the salmon are not available. 



Because of this phenomenon, there is a tendency, if only “consumers” are considered, for short-term 



recall surveys to report substantially higher FCRs than do surveys with longer periods of recall. This 



is well demonstrated in EPA’s (2011) tables of relevant fish consumption studies. For example, when 



reviewing EPA’s relevant studies of statewide
9
 freshwater recreational fish intake (EPA 2011, Table 



10-5), FCRs appear to be highly variable, with means for “consuming” anglers ranging from 5.8 to 53 



g/day and 95
th
 percentile (95



th
 %ile) values ranging from 26 to 61 g/day.



10
  However, one of those 



studies collected data from individuals on a single day (ADEM 1994), one involved a single interview 



but also included a 10-day dietary diary component (Balcom et al. 1999), one involved a 90-day 



recall period (Williams et al. 1999), one included a 7-day recall period but also collected some 



                                                      



9 There are additional studies provided on EPA’s table of relevant studies but those studies are waterbody 



specific and thus are not directly comparable with the statewide studies. 
10 95



th
 percentiles are not available for all studies listed in EPA’s Table 10-5.  For example, EPA reports the 



highest mean rates for studies conducted in Alabama and Connecticut but provides no 95
th



 percentile values 



from those studies.  Thus, those studies cannot be included in the comparison of 95
th



 %ile rates. 
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information on seasonal variation for the remainder of the year (West et al. 1989), and the remainder 



of the studies collected data for a 1-year recall period. When the statewide studies are segregated by 



recall period, the bias toward higher consumption rates based on shorter recall periods is apparent, as 



shown below. 



 



Rates for Sport-caught Freshwater Fish Consumption (Adult consumers) from Statewide 



Studies by Recall Period (Table 10-5, EPA 2011) 



 



Recall 



Period 



 



 



1-day 



 



1-day interview and 



10-day diary 



 



 



90 day 



  



 



1 year 



Metric Mean 95th %ile Mean 95th %ile Mean 95th %ile Mean 95th %ile Mean 95th %ile 



FCR (g/day) 53 NA 53 NA 20 61 14 39 5.8-14 26-43 



Study ADEM 1994 Balcom et al. 1999 Williams et al. 1999 West et al. 1989 Ebert et al. 1993; 



Benson et al. 2001, 



Connelly et al. 



1996, Fiore et al. 



1989 



 



NA: Not available.  This value was not presented by EPA (2011) 
a
The West et al. 1989 study requested information about a 7 day recall period but also collected some 



information on variation in behavior during different seasons of the year which were used to estimate long-term 



FCRs. 
b
A subsequent West et al. (1993) study collected information for a 7-day recall period but collected no longer 



term information that could be used to annualize the rates.  While the means from the 1989 and 1993 surveys 



were nearly identical, the 95
th



 percentile for the 1993 study (78 g/day; EPA 1997) was substantially higher than 



the 95
th



 percentile of 39 g/day that was derived from the 1989 survey data. 



 



Consumption of sport-caught fish is likely to have a seasonal component, particularly in states where 



fishing may occur for only a portion of the year. Like other seasonal foods, it is likely that these foods 



are eaten more frequently during their seasons than they are at other times of the year. For example, 



fresh, local strawberries are only available in the northeastern United States for a few weeks during 



the summer. When they are available locally, it is likely that strawberries are consumed in greater 



quantities than they are when they are out of season and can only be imported from other locations 



and purchased from supermarkets. That is not to say that they are never eaten when they are out of 



season but rather that if individuals were to be asked about their strawberry consumption during the 



time that fresh strawberries are in-season, it is likely that they would overestimate their consumption 



for other times of the year when local strawberries are not available. At the same time, if they were 



asked in the winter to report their strawberry consumption, it is likely that they would underestimate 



their strawberry consumption during the summer when fresh, local strawberries are readily available. 



These seasonal variations are important in terms of their affect on estimating long term consumption 



rates. While the USDA survey (upon which EPA’s rate of 17.5 g/day is based) collected data on two 



different days, the survey days were no more than 10 days apart. Thus, the rates of consumption for 



all foods that are seasonally affected would have been dependent upon the timing of those survey 



days and would not necessarily reflect the participants’ long-term average consumption rates.    



EPA (2011) has acknowledged that short-term dietary records are problematic when attempting to 



estimate long-term rates of consumption, particularly for upper bound FCR estimates. In its review of 



NHANES 2003-2006 study data, EPA (2011, p. 10-16) stated, “the distribution of average daily 



intake rates generated using short-term data (e.g., 2-day) does not necessarily reflect the long-term 



distribution of average daily intake rates.” In addition, in its discussion of the limitation of the West et 



al. (1993) study of Michigan anglers EPA (2011, p. 10-38) stated: “However, because this survey 
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only measured fish consumption over a short (1 week) interval, the resulting distribution will not be 



indicative of the long-term fish consumption distribution, and the upper percentiles reported from the 



U.S. EPA analysis will likely considerably overestimate the corresponding long-term percentiles. The 



overall 95
th
 percentile calculated by U.S. EPA (1995) was 77.9; this is about double the 95



th
 percentile 



estimated using yearlong consumption data from the 1989 Michigan survey.” In addition, when 



discussing the USDA methodology, EPA (1998, p. 10-107) stated that “[t]he non-consumption of 



finfish or shellfish by a majority of individuals, combined with consumption data from high-end 



consumers, resulted in a wide range of observed fish consumption. This range of fish consumption 



data would tend to produce distributions of fish consumption with larger variances than would be 



associated with a longer survey period, such as 30 days.” As a result, upper-bound fish consumption 



estimates based on these data will be biased high and overestimate actual upper-bound consumption 



rates for the total population of consumers. 



Short-term recall periods generally result in an overestimate of consumption behavior, particularly for 



foods that are not eaten on a daily basis. While this does not appear to greatly affect central tendency 



values for the populations studied (EPA 2011; Garn et al. 1976), the inverse relationship between 



upper-bound FCRs and the length of survey recall period has been clearly demonstrated (Ebert et al. 



1994). 



3.2.3 Estimating Means and Upper Percentiles 



Once FCRs have been calculated for the individual survey respondents, they are typically evaluated 



statistically to define a central tendency or upper-bound estimate of consumption to be used in 



deriving AWQC. The central tendency may be an arithmetic mean, geometric mean, or a median (50
th
 



percentile value) of the range of consumption rates derived. Because the estimated FCR distribution 



(the range of rates) is generally very highly skewed, as are consumption rates for most foods (Garn et 



al. 1976), with a very large number of individuals consuming fish at very low FCRs and a few 



individuals consuming at high rates, the arithmetic mean is typically not a good estimate of actual 



central tendency. For example, in the statewide survey of Maine’s recreational anglers, which 



included rates ranging from 0.02 to 183 g/day, the median rate of consumption by individuals who ate 



at least one fish meal from Maine’s freshwater bodies during the year was 2 g/day but the arithmetic 



mean FCR for this same population was 6.4 g/day and represented the 77
th
 percentile of the 



distribution of FCRs from that survey (Ebert et al. 1993).  



Upper-bound FCRs may be calculated in a number of ways. For some surveys, they may be 



calculated as the 95
th
 upper confidence limit of the arithmetic mean consumption rate. Alternatively, 



for some surveys, FCR results are ranked in order of magnitude and then the upper-bound value is 



selected as the 95
th
 percentile of that distribution. Thus, for example, in the same Maine survey for 



which there were 1,053 FCRs calculated, the 95
th
 percentile value of 26 g/day represented the FCR 



reported for angler 1,000 after order ranking of the results (Ebert et al., 1993). 



3.2.4 Consumption of Resident and Anadromous Fish Species 



It is important that the FCR used in deriving AWQC reflects consumption of the fish species that will 



be affected by the AWQC. This will ensure that FCRs are not overestimated.  



Estimated FCRs are generally based on the total consumption of fish, and may include fish of a 



variety of types, including resident finfish, anadromous finfish, and shellfish. For example, the FCR 



recently adopted by Oregon Department of Environmental Quality was supported by state-specific 



data on consumption for which a substantial portion of the consumption was the ingestion of 



anadromous species such as salmon and steelhead. Anadromous species are not substantially affected 



by local water quality in estuaries and rivers because they are only present in those waterbodies when 



they are juveniles and when they return as adults to spawn. They spend the majority of their lives in 
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marine waters and are typically harvested during their return spawning runs. As a result, any chemical 



constituents that are present in their bodies are predominantly the result of exposures they have 



received during their time in marine waters. Thus, changes in AWQC for local waterbodies will not 



affect the concentrations of those chemicals in their edible tissues. Instead the fish that are sensitive to 



changes in local water quality are the resident species that spend their entire life stages in local 



waters. 



This is an important consideration for states, such as Oregon and Washington, where a substantial 



portion of the fish harvested for consumption are anadromous fish. For example, the Columbia River 



tribes consume, on average, nearly three times more anadromous fish (including salmon, trout, 



lamprey and smelt) as they do resident species (CRITFC 1994). Similarly, Toy et al. (1996) reported 



that at the 95
th
 %ile consumption rate for the combined Tulalip and Squaxin tribes, who fish Puget 



Sound, 95% of the total finfish consumed were anadromous species.  



Because the AWQC approach incorporates a chemical-specific bioaccumulation factor, it essentially 



assumes that fish are in equilibrium with constituent concentrations in the water bodies of interest. 



This is not likely to be the case for anadromous species because of the short time period during which 



they are in fresh and estuarine waters. For example, after hatching, juvenile Chinook salmon spend 



several months in the Columbia River before they begin their out-migration to marine feeding areas. 



They generally return to the river to spawn between the ages of two and six years (ODFW, 1989) and 



do not generally feed during their spawning run. These fish, which provide a substantial portion of the 



freshwater fish harvested both commercially and recreationally from the river, are clearly not at 



equilibrium with their surroundings.  



Because migrating fish do not spend adequate time in a particular river reach to achieve equilibrium 



with concentrations in the water column and sediments there, the bioaccumulation factor used in 



developing the AWQC overestimates the tissue concentrations in such fish that can be attributed to 



that reach. It is only the resident species that will be impacted by local water quality. Consequently, 



the use of an FCR that includes anadromous fish substantially overestimates exposure to local 



chemicals. For example, if an individual has a total FCR of 20 g/day and 90 percent of the fish 



consumed during the year are anadromous fish, only 10 percent of the fish consumed, or 2 g/day, are 



resident fish that are likely to be affected by changes in local water quality. Thus, to use a total FCR 



of 20 g/day overestimates the individuals’ actual potential for exposure due to local contaminants by a 



factor of 10. Instead, it is the consumption rates for resident species that should be used to derive 



AWQC because it is these species that will be affected by changes in water quality. 



Not all states have the type of access to anadromous species that occurs in the Pacific Northwest. 



Thus, these fish will not constitute a substantial fraction of consumers’ diets in many areas of the 



country. This makes it extremely important to ensure that the FCRs that are used in developing 



AWQC for a specific region are based on fish consumption information for that region and not simply 



based on a one-size-fits-all approach for selecting consumption rates. 



3.2.5 Consumption of Freshwater and Estuarine Species 



In developing AWQC in coastal states, the FCRs that are used typically do not differentiate between 



the ingestion of freshwater and estuarine finfish and shellfish. This is because AWQC need to be 



applied to a number of different types of water bodies. However, this assumption is very conservative 



when one considers permitting of individual discharges that occur in specific areas of individual 



water bodies and may only affect freshwater areas. If there is a permitted discharge to a freshwater 



body, the consumption of estuarine fish and shellfish is likely to be irrelevant. Similarly, if there is a 



discharge to an estuarine area, the freshwater fish upstream will likely not be affected by that 



discharge. Thus, inclusion of rates of consumption of freshwater and estuarine finfish and shellfish is 











A14 



National Council for Air and Stream Improvement 



a very conservative assumption for these specific applications, providing an additional level of health 



protection when AWQC are applied to specific waterbodies. 



 4.0 POPULATION RISK 



AWQC are typically derived using a target individual risk level of 1 in 1,000,000 million (1E-06) risk 



for carcinogens and a hazard index of 1 for non-carcinogens. For carcinogens, this target risk 



represents the increased probability that an individual will develop cancer as a result of exposure 



through the consumption of fish tissue. The background rate for contracting cancer is roughly 30 



percent; thus, when a 1E-06 risk level is selected as the target risk, this means that the probability of 



an individual contracting cancer increases from 30 percent to 30.0001 percent.  



There is, however, another risk metric that should be considered in selecting an FCR. This risk metric 



is known as the population risk. It is calculated by multiplying the target risk level by the size of the 



affected population to predict the number of excess cancer cases that might result from that exposure. 



Thus, if the target risk is 1 in one million, and the size of the population is one million people, the 



population risk will be calculated as 1 excess cancer over the combined lifetimes of 1 million 



individuals who are actually exposed as a result of the modeled exposures. 



Population risk is an important consideration in selecting an FCR for use in developing AWQC 



because as the size of the exposed population decreases, the population risks also decrease when the 



same target risk level is used. The higher the FCR selected for a particular population, the smaller the 



population to which that FCR applies. For example, if the FCR selected is a 95
th
 percentile rate, it is 



assumed that it is protective of all but 5 percent of the exposed population or 50,000 of the 1 million 



people provided in the example above. Thus, if the same target risk level of 1E-06 is used with this 



reduced population, the resulting population risk is 0.05 excess cancers within a population of 1 



million people. In other words, in order to reach the target risk of 1 excess cancer, it would be 



necessary for a population of 20 million people to have lifetime exposures equivalent to the estimated 



exposure conditions. 



EPA (2000) states that both a 1E-06 and 1 in 100,000 (1E-05) target risk level may be acceptable for 



the general population as long as highly exposed populations do not exceed a target risk level of 1E-



04 or 1 in 10,000. In other words, if an AWQC is based on a 1E-06 risk level and an FCR if 17.5 



g/day is used, this means that if there is a subpopulation of individuals who consume fish at a rate of 



175 g/day, they will be protected at a risk level of 1E-05, and in order for a subpopulation to exceed 



the recommended upper bound risk level of 1E-04 outlined in EPA’s (2000) methodology, they 



would have to consume more than 1,750 g of fish daily throughout their lifetimes.  



EPA (2000) states that “[a]doption of a 10-6 or 10-5 risk level, both of which States and authorized 



Tribes have chosen in adopting water quality standards to date, represents a generally acceptable risk 



management decision, and EPA intends to continue providing this flexibility to States and Tribes. 



EPA believes that such State or Tribal decisions are consistent with Section 303(c) if the State or 



authorized Tribe has identified the most highly exposed subpopulation, has demonstrated that the 



chosen risk level is adequately protective of the most highly exposed subpopulation, and has 



completed all necessary public participation” (EPA 2000). 



Selection of an FCR to be used in developing AWQC is as much a policy decision as a technical 



decision. There are wide ranges of FCRs available depending upon the population targeted for study 



and it is important that the target population be identified so that the selection of an FCR rate can be 



based on that target population and the target risk level can consider both individual and population 



risks for that population.  
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5.0 DISCUSSION 



When selecting an FCR for establishing HHAWQC, it is critical that a number of important issues be 



considered. These include: 1) identifying the target population of fish consumers and the waterbodies 



that will be affected by changes in HHAWQC; 2) evaluating and selecting FCRs based on fish 



consumption studies that provide reliable, long-term information on the fish consumption habits of 



the target populations and waterbodies; and 3) consideration of both individual and population risks 



in selecting an FCR. 



Generally speaking, the population of interest for the development of HHAWQC consists of those 



individuals who consume freshwater or estuarine finfish and/or shellfish from the area of interest. If 



the waters to which HHAWQC are to be applied are commercially fished, then this population will 



include members of the general population who may consume fish from a wide variety of commercial 



and recreational sources. In this case, FCRs should be based on general population studies of good 



quality. If, however, the waterbodies of interest are not commercially fished, then the target 



population includes those anglers who catch and consume their own fish from those waterbodies and 



the FCR should be selected from regionally-appropriate studies of consumption by recreational 



anglers. 



HHAWQC are used as environmental benchmarks and as objectives in the development of 



environmental permits. While they are applicable to all ambient waters in a state, they are most often 



considered for individual water bodies when state regulatory agencies are developing permitting and 



effluent limits. Thus, assumptions that are already judged and selected to be conservative when one is 



attempting to develop statewide criteria, become extremely conservative when considering individual 



water bodies. 



In light of the way in which HHAWQC are applied in permitting, the approach used to develop 



HHAWQC includes a number of highly conservative assumptions, particularly for constituents that 



are limited and localized. The conservative assumptions used in the development of HHAWQC and 



subsequently applied to permitting typically include: 



 FCRs that include the combined consumption of freshwater and estuarine fish and shellfish 



and, in some areas, include anadromous species that are not impacted by local water quality 



conditions; 



 100 percent of the fish consumed in a lifetime are obtained from a single, impacted 



waterbody; 



 There is no reduction in chemical concentration that occurs as a result of cooking or 



preparation methods; 



 Concentrations of compounds in fish are in equilibrium with compound concentrations in the 



water body; and, 



 The allowable risk level upon which they are typically based is one in one million. This 



means that the probability of developing cancer over a lifetime increases from 30% to 



30.0001%. 



There are a very small number of individuals, if any, to whom all of these conservative assumptions 



would apply.  



EPA’s recommended FCR of 17.5 g/day can reasonable be judged as  conservative and protective 



when used in establishing AWQC for a number of reasons.  
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 It is based on survey data collected by the USDA, which are surveys of the general 



population, and includes information about many species and meals of fish that would not be 



found in the waterbodies that are subject to the HHAWQC. The reported fish meals were 



obtained from numerous sources and included fresh, frozen, prepared and canned fish 



products that may have been produced in other regions of the United States or other countries 



and, consequently, not derived from local waterbodies. Thus, the USDA data overestimate 



the consumption of locally caught fish, particularly if there are no commercial fisheries, and 



certainly overstate consumption from individual waterbodies that are regulated under the 



HHAWQC.  



 As discussed previously, this rate is based on 24-hour dietary recall data. Use of such data to 



estimate long term consumption rates for any population results in biased and highly 



uncertain estimates.  



 HHAWQC based on that consumption rate, combined with other very conservative 



assumptions that are included in the HHAWQC calculation, ensure that risks of consuming 



fish from a single regulated waterbody are likely to be substantially overestimated and, 



therefore, will also be protective of individuals who are at the high end of the consumption 



distribution.   
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APPENDIX B 



A BRIEF REVIEW OF ISSUES RELEVANT TO THE  



ACCUMULATION OF PERSISTENT, BIOACCUMULATIVE,  



AND TOXIC (PBT) CHEMICALS BY SALMON 



Jeff Louch, NCASI, Inc. 



1.0 INTRODUCTION 



In September 2011 Washington State Department of Ecology (WDOE) issued Publication 



No. 11-09-050, Fish Consumption Rates Technical Support Document, A Review of Data and 



Information about Fish Consumption in Washington. This technical support document (TSD) was 



generated to support decision making regarding how to obtain an appropriate fish consumption rate 



(FCR) for use in calculating water quality standards for protecting human health (HHWQS). One of 



the issues WDOE raised in this TSD was whether consumption of salmon should be included in 



whatever FCR is ultimately used in these calculations, and if it is concluded that salmon should be 



included in an FCR, how to do so. 



The driver behind this is human exposure to toxic chemicals, specifically via consumption of fish (or 



aquatic tissue in general). The greatest risk to human health from consumption of fish is generally 



understood to result from the presence of persistent, bioaccumulative, and toxic (PBT) chemicals. 



Thus the primary factor in determining the appropriateness of including consumption of salmon in an 



FCR is where salmon actually pick up these contaminants. A brief review of what is known about this 



subject is presented herein. 



2.0 WHERE SALMON ACCUMULATE PBT CHEMICALS 



As discussed by NOAA (2005), different runs of salmon exhibit different life histories. More 



specifically, NOAA described stream-type and ocean-type life histories. Behavioral attributes of these 



two general types of salmon are summarized in Table B1.  



From Table B1, different species of salmon and different runs of the same species can exhibit 



distinctly different life histories, including how much time is spent in freshwater and where in 



freshwater systems this time is spent. These differences are potentially significant in that they may 



lead to differences in the mass (burden) of chemical contaminants (e.g., PBT chemicals) ultimately 



accumulated by the salmon, and in the fraction of this ultimate burden accumulated in freshwater vs. 



saltwater. Although the latter may not be relevant when assessing the risk to human health resulting 



from eating contaminated fish in general, it is relevant when considering what fraction of this overall 



risk results from accumulation of contaminants in freshwater systems vs. saltwater systems. 



This last point is directly relevant to the question of whether there is any utility in including 



consumption of salmon in an FCR that will be used to drive remedial action(s) on the geographically 



limited scale of a single state. If a significant fraction of the contaminant burden found in salmon is 



accumulated in true freshwater systems it makes sense that the consumption of salmon be included in 



an FCR. However, if accumulation in the open ocean dominates, inclusion of salmon in an FCR 



makes no sense because there is no action the state can take that will have a significant effect on the 



contaminant burden found in returning adult salmon. 
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Table B1 A Summary of the Juvenile Characteristics of Stream and Ocean Life History Types 



 



Stream-Type Fish 



 



Ocean-Type Fish 



 



Species 



Coho salmon Coho salmon 



 



Some Chinook populations 



 



Some Chinook populations 



  



Steelhead Chum 



  



Sockeye Pink 



  



Attributes 



Long period of freshwater rearing (>1 yr) Short period of freshwater rearing 



  



Shorter ocean residence Longer ocean residence 



  



Short period of estuarine residence Longer period of estuarine residence 



  



Larger size at time of estuarine entry Smaller size at time of estuarine entry 



  



Mostly use deeper, main channel estuarine 



habitats 



Mostly use shallow water estuarine 



habitats, especially vegetated ones 



 



[SOURCE:  NOAA 2005] 



 



Exclusion of salmon from an FCR does not imply that human exposure to contaminants due to 



consumption of salmon should not be accounted for when assessing overall risks to human health. 



Instead, these issues should be weighed when deciding whether salmon are accounted for when 



assessing the risks resulting from consumption of freshwater fish (by including consumption of 



salmon in an FCR) or when assessing the risks resulting from consumption of saltwater or marine fish 



(salmon would be backed out of the risk assessment for deriving a freshwater HHWQS via the 



relative source contribution or RSC). Ultimately, the issue of where the risks from consumption of 



salmon are counted appears to be an academic question. The more important factor (from the 



perspective of characterizing risk) is to ensure that consumption of salmon is not double counted by 



including it in both an FCR and as a component of the RSC. 



In any case, the issue of salmon (or anadromous fish in general) is unique in that it is quite likely that 



a generic salmon will accumulate contaminants in both freshwater and saltwater habitats, and that the 



relative fraction accumulated in one habitat vs. the other will vary with species, run, and even 



individual. Taken to the extreme, this implies that each run needs to be evaluated independently to 



determine where contaminants are accumulated. However, much of the scientific literature supports 



accumulation in the open ocean as the dominant pathway for uptake of PBT chemicals by salmon, 



with the work of O’Neill, West, and Hoeman (1998), West and O’Neill (2007), and O’Neill and West 



(2009) providing perhaps the most thorough examination of the issue. 



Figure B1 is taken from O’Neill and West (2009) and shows that levels of polychlorinated biphenyls 



(PCBs) in adult Chinook salmon (fillets) collected from a wide range of geographic locations are 



relatively uniform except for fish taken from Puget Sound, which show three to five times higher 
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levels of PCBs than fish taken from other locations. As discussed by the authors, these data can be 



interpreted as indicating accumulation of PCBs in Puget Sound and/or along the migratory routes of 



these fish, which, depending on the specific runs, can pass through some highly contaminated 



Superfund sites (e.g., Duwamish Waterway). However, O’Neill and West (2009) concluded that, on 



average, >96% of the total body burden (mass) of PCBs in these Puget Sound Chinook was 



accumulated in the Sound and not in natal river(s). 



 



Figure B1 Average (±SE) PCB Concentration in Chinook Salmon Fillets 



Data for Puget Sound were based on 204 samples collected by the Washington Department of Fish 



and Wildlife from 1992 to 1996; data for other locations were taken from the following (indicated by 



superscript numbers): 
1
Rice and Moles (2006), 



2
Hites et al. (2004; estimated from publication), 



3
Missildine et al. (2005), and 



4
United States Environmental Protection Agency (USEPA 2002) 



[SOURCE: O’Neill and West 2009] 



 



 



The basis for this conclusion is presented in Table B2, which compares PCB concentrations and body 



burdens in out migrating Chinook smolts collected from the Duwamish River and adults returning to 



the Duwamish. 
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Table B2 Concentration of PCBs (ng/g) and Body Burden of PCBs (total ng/fish) in 



Out-migrating Chinook Salmon Smolts and Returning Adults from 



the Contaminated Duwamish River, Washington 



 



[SOURCE: O’Neill and West 2009] 



 



These data show that even the most contaminated out migrating smolts contained no more than 4% of 



the body burden (mass) of PCBs found in returning adults. Thus, >96% of the PCB mass (burden) 



found in the returning adults was accumulated in Puget Sound. Even allowing for an order of 



magnitude underestimate in the body burden of out migrating smolts, O’Neill and West (2009) 



concluded that accumulation in freshwater would account for <10% of the average PCB burden 



ultimately found in adults returning to the Duwamish. By extension, this analysis supports the 



conclusion that Chinook salmon passing through uncontaminated estuaries during out migration 



accumulate a dominant fraction of their ultimate PCB body burdens in the open ocean. Other 



researchers have also reached this conclusion using their own data (e.g., Johnson et al. 2007; Cullon 



et al. 2009). 



However, this analysis does not explain why Chinook salmon collected in Puget Sound exhibit higher 



concentrations of PCBs than Chinook salmon collected from other locations (Figure B1). Ultimately, 



O’Neill and West (2009) attributed this to a combination of factors, specifically PCB contamination 



of the Puget Sound food web (e.g., West, O’Neill, and Ylitalo 2008) combined with a high percentage 



of Chinook displaying resident behavior. That is, a large fraction of out migrating Chinook smolts 



take up permanent residence in the Sound, where they feed from a more contaminated food web than 



found in the open ocean. These factors would not affect Chinook runs or runs of any other species 



associated with natal rivers that discharge to saltwater outside Puget Sound. 



Overall, these data support the position that, as a general rule, the predominant fraction of the ultimate 



PCB burden found in harvested adult fish is accumulated while in the ocean-phase of their life cycle 



(e.g., Cullon et al. 2009; Johnson et al. 2007; O’Neill and West 2009). Although this conclusion is 



specific to PCBs, there is no reason to suppose that it would not also hold for other legacy PBTs (e.g., 



DDT, dioxins) or globally ubiquitous PBTs (e.g., PBDEs, methylmercury) in general (e.g., Cullon 



et al. 2009). Because concerns about human consumption of fish are driven by risks from exposure to 



PBTs, driving the FCR higher by including salmon would thus appear to be of limited utility from the 
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perspective of protecting human health simply because these contaminants are accumulated in the 



ocean. 



With that said, there are sufficient data to conclude that the food web in Puget Sound is contaminated 



with PCBs to a greater degree than the food web in the open ocean. To the extent that this is a result 



of true local sources (e.g., sediment hotspots), there may in fact be some “local” action that can be 



taken to reduce PCBs, or potentially other PBTs, in Puget Sound salmon. However, this is totally 



dependent on identification of localized sources amenable to remediation, and not simply a 



conclusion that the food web is contaminated (e.g., West and O’Neill 2007). 



Again, simply increasing the FCR by including salmon will have essentially no positive effect on 



human health given that the dominant fraction of PBT body burdens in salmon appears to be 



accumulated in the open ocean, and not in waters immediately subject to in-state loadings. 



3.0 PBT ACCUMULATION BY DIFFERENT SALMON SPECIES 



As discussed, there is ample evidence that the body burdens of PBTs found in returning adult 



Chinook salmon depend to a significant extent on the life history of the specific run. Beyond this, 



there are interspecies differences in migratory and feeding behavior that suggest Coho, sockeye, pink, 



and chum salmon will not accumulate PBTs to the same extent as Chinook salmon under similar 



exposure scenarios (Groot and Margolis 1991; Higgs et al. 1995). Perhaps the most significant factor 



differentiating Chinook from the other salmon species is that Chinook tend to eat more fish (Higgs 



et al. 1995). Thus they effectively feed at a higher trophic level than the other species of salmon, and 



would be expected to accumulate greater burdens of PBT chemicals even when sharing the same 



habitat. This is in fact observable. For example, when looking at adult Chinook and Coho returning to 



the same rivers, O’Neill, West, and Hoeman (1998) found that Chinook muscle contained, on 



average, almost twice the total PCB concentrations found in Coho muscle. This was also true for 



adults collected in Puget Sound proper (O’Neill, West, and Hoeman 1998). 



Differences between species can also manifest in sub-adults. For example, Johnson et al. (2007) 



reported ΣPCB concentrations in juvenile wild Coho collected from five different estuaries ranging 



from 5.9 to 27 ng/g (wet weight; whole body minus stomach contents). The corresponding range for 



wild Chinook juveniles collected from the same estuaries was 11 to 46 ng/g (wet weight; whole body 



minus stomach contents). Overall, PCB concentrations in juvenile Coho were, on average, equivalent 



to nominally 50% of those found in the paired Chinook juveniles. This is essentially the same ratio 



observed by O’Neill, West, and Hoeman (1998) in adult fish. 



All this indicates that PBT residues in salmon will vary within species depending on the specific run, 



and between species regardless (i.e., even when different species share the same general habitat). 



Thus, grouping all salmon together does not provide an accurate assessment of PBT doses delivered 



to human consumers due to consumption of salmon. This suggests that human health risk assessments 



should, as a general rule, incorporate salmon on a species-specific basis, if not a run-specific basis. 



Certainly, none of this is supportive of adopting a single default value for the dose of any contaminant 



received by humans via consumption of salmon. Thus adoption of a single default FCR for salmon is 



also not supported. 



  











B6 



National Council for Air and Stream Improvement 



REFERENCES 



Cullon, D.L., Yunker, M.B., Alleyne, C., Dangerfield, N.J., O’Neill, S., Whiticar, M.J., and Ross, 



P.S. 2009. Persistent organic pollutants in Chinook salmon (Oncorhynchus tshawytscha): 



Implications for resident killer whales of British Columbia and adjacent waters. Environmental 



Toxicology and Chemistry 28(1):148-161. 



Groot, C., and Margolis, L. 1991. Pacific Salmon Life Histories. Vancouver, BC, Canada: UBC Press. 



Higgs, D.A., MacDonald, J.S., Levings, C.D., and Dosanjih, B.S. 1995. Nutrition and feeding habits 



in relation to life history stage. 157-315 in Physiological Ecology of Pacific Salmon. Groot, C., 



Margolis, L., and Clarke, W.C. (Eds.). Vancouver, BC, Canada: UBC Press. 



Hites, R.A., Foran, J.A., Carpenter, D.O., Hamilton, B.A., Knuth, B.A., and Schwager, S.J. 2004. 



Global assessment of organic contaminants in farmed salmon. Science 303:226-229. 



Johnson, L.L., Ylitalo, G.M., Arkoosh, M.R., Kagley, A.N., Stafford, C., Bolton, J.L., Buzitis, J., 



Anulacion, B.F., and Collier, T.K. 2007. Contaminant exposure in outmigrant juvenile salmon 



from Pacific Northwest estuaries of the United States. Environmental Monitoring and Assessment 



124:167-194.  



Missildine, B.R., Peters, R.J., Chin-Leo, G., and Houck, D. 2005. Polychlorinated biphenyl 



concentrations in adult Chinook salmon (Oncorhynchus tshawytscha) returning to coastal and 



Puget Sound hatcheries of Washington State. Environmental Science and Technology 



39:6944-6951. 



National Oceanic and Atmospheric Administration (NOAA). 2005. Role of the Estuary in the 



Recovery of Columbia River Basin Salmon and Steelhead: An Evaluation of the Effects of 



Selected Factors on Salmonid Population Viability. Technical Memo NMFS-NWFSC-69. Seattle, 



WA: National Oceanic and Atmospheric Administration, Northwest Fisheries Science Center. 



O’Neill, S.M., and West, J.E. 2009. Marine distribution, life history traits, and the accumulation of 



polychlorinated biphenyls in Chinook salmon from Puget Sound, Washington. Transactions of 



the American Fisheries Society 138:616-632. 



O’Neill, S.M., West, J.E., and Hoeman, J.C. 1998. Spatial trends in the concentration of 



polychlorinated biphenyls (PCBs) in Chinook (Oncorhynchus tshawytscha) and Coho salmon (O. 



kisutch) in Puget Sound and factors affecting PCB accumulation: Results from the Puget Sound 



Ambient Monitoring Program. Puget Sound Research ’98 312-328. 



Rice, S., and Moles, A. 2006. Assessing the potential for remote delivery of persistent organic 



pollutants to the Kenai River in Alaska. Alaska Fishery Research Bulletin 12(1):153-157. 



United States Environmental Protection Agency (USEPA). 2002. Columbia River Basin Fish 



Contaminant Survey, 1996-1998. EPA 910/R-02-006. Seattle, WA: United States Environmental 



Protection Agency, Region 10. 



West, J.E., and O’Neill, S.M. 2007. Thirty years of persistent bioaccumulative toxics in Puget Sound: 



Time trends of PCBs and PBDE flame retardants in three fish species. 2007 Research in the 



Georgia Basin and Puget Sound Conference. Vancouver, BC: Puget Sound Action Team. 



West, J.E., O’Neill, S.M., and Ylitalo, G.M. 2008. Spatial extent, magnitude, and patterns of 



persistent organochlorine pollutants in Pacific herring (Clupea pallasi) population in the Puget 



Sound (USA) and Strait of Georgia (Canada). Science of the Total Environment 394:369-378.  











 



National Council for Air and Stream Improvement 
 



APPENDIX C 



FISH TISSUE CONCENTRATIONS ALLOWED BY USEPA AMBIENT WATER 



QUALITY CRITERIA (AWQC):   A COMPARISON WITH OTHER 



REGULATORY MECHANISMS CONTROLLING CHEMICALS IN FISH 



Kevin Connor And Paul Anderson, ARCADIS-US 



 



1.0 INTRODUCTION 



For chemicals that are capable of concentrating in fish, Ambient Water Quality Criteria for the 



Protection of Human Health (HH-WQC) are derived based on the uptake of the chemical by edible 



fish and an assumed level of fish consumption by anglers (USEPA 2000). It follows that for these 



chemicals, there is an allowable fish tissue concentration corresponding with each HH-WQC. The 



associated allowable concentrations are risk-based benchmarks analogous to other risk-based 



thresholds applied to edible fish in other circumstances and, therefore, the comparison with the more 



formal screening levels or guidelines is of interest. This appendix first describes how these allowable 



fish tissue concentrations, which are an integral component of the HH-WQCs, are derived. Next, 



several comparisons are presented between these allowable fish tissue concentrations and existing 



fish concentration data, concentrations found in other foods, as well as other guidelines or risk-based 



levels used for regulating chemical concentrations in edible fish, such as fish consumption advisory 



(FCA) “trigger levels” issued by state and federal agencies, and U.S. Food and Drug Administration 



(USFDA) tolerances, illustrating the differences in these values. 



These comparisons will focus on a short list of chemicals for which an HH-WQC has been 



established and for which fish tissue concentration data are likely to be available. This list is 



comprised of the following chemicals:   



 arsenic 



 methyl bromide 



 mercury (total, inorganic and organic) 



 PCBs (total) 



 chlordane; and 



 bis-(2-ethylhexyl)phthalate (DEHP) 



These six chemicals were selected based on several considerations:  1) propensity for accumulating in 



fish; 2) inclusion in fish tissue monitoring programs; 3) inclusion in recent studies measuring  



chemicals in other foods; 4) inclusion in specific analyses estimating human (dietary) intake; and 5) 



subject of FCAs in at least one state. Not all of these criteria were satisfied for each of the six 



example chemicals; nor did the available data allow comparisons to be made for all six chemicals; 



however, in general, at least four of the six chemicals could be included in each of the comparisons 



that were undertaken as part of this analysis.  



2.0 ALLOWABLE FISH TISSUE CONCENTRATIONS DERIVED FROM  



THE HH-WQCS 



The HH-WQCs are established based on two exposure pathways:  use of surface water as a source of 



drinking water; and the consumption of fish that may be caught and eaten from the surface water. The 
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same algorithms that are used to calculate the HH-WQC can be rearranged to “back-calculate” an 



allowable fish tissue concentration.
11



  Such values could be termed a water quality-based fish tissue 



concentration (FTCWQ). These values are therefore a function of the same exposure assumptions, 



toxicity values and target risk level of 1 x 10
-6



 (for carcinogenic effects) used in calculating the HH-



WQC.  



The fish consumption rate (FCR) is an important factor in determining the HH-WQCs for chemicals 



having a moderate or high bioaccumulation potential. This analysis employs three different FCRs. As 



intended for the general population of fish consumers, we used the U.S. Environmental Protection 



Agency’s (USEPA’s) previously recommended default FCR of 6.5 grams/day or the current USEPA-



recommended FCR of 17.5 grams/day. The choice between these two FCRs for each of the six 



chemicals was based on the derivation of the current HH-WQC, as published by USEPA. 



Specifically, the FCR used by USEPA to derive the current WQC for each chemical was selected for 



this analysis. For all but one chemical, this FCR was 17.5 grams/day. The exception was arsenic, 



where the HH-WQC is still based on an FCR of 6.5 grams/day. (The FTCs based on a FCR of 17.5 



grams/day are referred to as the FTCWQ-17.5 in the remainder of this appendix. Note that the 



recreational consumption rate FTC for arsenic is also referred to as FTCWQ-17.5 despite being based on 



a FCR of 6.5 grams/day.) 



Applying a FCR of 142.4 grams/day produced another set of FTCWQ (referred to as the FTCWQ-142 in 



this appendix); this FCR represents a higher-end fish intake, which USEPA specifically recommends 



for subsistence anglers and is similar to the FCR recently adopted by the state of Oregon for state-



wide ambient water quality criteria (Oregon DEQ 2011). The resulting FTCWQ for the six chemicals 



represent concentrations a regulatory agency might use to restrict consumption of fish in areas where 



there was reason to believe that subsistence fishing was known to occur. FTCWQ calculated for the six 



chemicals are summarized in Tables C1a (based on a FCR of 6.5 or 17.5 gram/day) and C1b (based 



on a FCR of 142 gram/day).  



FTCWQ were derived from both the “water + organism” and the “organism only” HH-WQC. The 



former assumes that a surface water body is used as a source of drinking water and a source of fish 



consumption. The latter assumes that a surface water body is used only for consumption of fish. The 



influence of the drinking water consumption pathway is minor, or negligible for chemicals with a 



high bioconcentration factor (BCF), such as polychlorinated biphenyls (PCBs) and chlordane; 



however, it is important for chemicals with lower BCFs, such as methyl bromide, arsenic, and BEHP. 



For these chemicals, the use of the water and organism HH-WQC means that the allowable fish tissue 



concentration (i.e., FTCWQ) will be substantially lower, because the target risk levels must be split 



between these pathways. However, the resulting FTCWQ would be assumed to be applicable in most 



areas because most states require that surface water bodies be protected for use as a source of 



drinking water. 



                                                      



11 Mathematically, this is the equivalent of multiplying the HH-WQC by the BCF, as long as a pathway-specific HH-WQC 



is used, i.e., based on the “organism only” or “water+organism” HH-WQC values. 
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Table C1a Allowable Fish Tissue Concentrations Derived from HH-WQC (FTCWQ-17.5) 



for Six Chemicals:  FCR = 17.5 g/day
1
 



 



HH-WQC Category
2
 



Water+Organism Organism Only 



Chemical 
BCF 



(L/kg) 



HH-WQC 



(µg/L, ppb) 



FTCWQ-17.5 



(µg/kg, ppb) 



HH-WQC 



(µg/L, ppb) 



FTCWQ-17.5 



(µg/kg, ppb) 



PCBs 31,200 6.4E-05 2.0 6.4E-05 2.0 



Methyl 



bromide 
3.75 47 178 1,493 5,600 



Arsenic 44 0.018 0.77
(1)



 0.14 6.2 



Mercury 7,343 0.054 394
(3)



 0.054 400 



Chlordane 14,100 8.0E-04 11.3 8.1E-04 11.4 



BEHP 130 1.2 15 2.2 286 



Notes: 
1
 Tissue concentration for arsenic was calculated based on former FCR of 6.5 g/day, because 



current HH-WQC still uses this value. 
2
 Assumed use of the surface water body 



3
 USEPA has established a Fish Tissue WQC for methylmercury of 300 ppb, which would be 



expected to supersede this value. 



 



Despite the limited applicability of “organism only” FTCWQ concentrations, they are still presented in 



some of the comparisons below because some regulatory agencies have derived FCA trigger levels 



based on fish consumption only or such triggers may be applied to waters not designated as a drinking 



water source (e.g., estuaries). 



 



Table C1b Allowable Fish Tissue Concentrations Derived from HH-WQC (FTCWQ-142) 



for Six Chemicals:  FCR = 142 g/day 



 



HH-WQC Category
1
 



Water+Organism Organism Only 



Chemical 
BCF 



(L/kg) 



HH-WQC 



(µg/L, ppb) 



FTCWQ-142 



(µg/kg, ppb) 



HH-WQC 



(µg/L, ppb) 



FTCWQ-142 



(µg/kg, ppb) 



PCBs 31,200 7.9E-6 0.25 7.9E-6 0.25 



Methyl 



bromide 
3.75 38.7 145 184 690 



Arsenic 44 4.9E-3 0.21 6.4E-3 0.28 



Mercury 7,343 6.7E-3 49.2
(2)



 6.7E-3 49.3
(2)



 



Chlordane 14,100 1.0E-04 1.4 1.0E-04 1.4 



BEHP 130 0.24 31.8 0.27 35.2 



Notes: 
1
 Assumed use of the surface water body 



2
 USEPA has established a Fish Tissue WQC for methylmercury of 300 ppb; this value does not 



apply to subsistence levels of fish consumption, but the unique approach applied to mercury by 



USEPA could have an effect on these values.   



 











C4 



National Council for Air and Stream Improvement 



3.0 MEASURED FISH TISSUE CONCENTRATIONS IN U.S. LAKES AND 



RESERVOIRS:  COMPARISON WITH FTCWQ   



Several federal and state programs have provided data on the fish tissue concentrations of 



environmental chemicals in U.S. lakes and rivers. In addition to nationwide programs sponsored by 



USEPA, such as the National Study of Chemical Residues in Fish (USEPA 1992), some states have 



ongoing fish monitoring programs or have sponsored targeted studies. Many of these programs are 



focused on a particular set of compounds or a particular area. 



The National Study of Chemical Residues in Lake Fish Tissue (or “National Lake Fish Tissue Study”, 



or NLFTS) was a statistically-based study conducted by USEPA Office of Water, with an objective of 



assessing mean levels of selected bioaccumulative chemicals in fish on a national scale. The results 



represent concentrations throughout the U.S. based on samples collected from 500 lakes and 



reservoirs in 48 states (USEPA 2009; Stahl et al. 2009). The sampling phase was carried out from late 



1999 through 2003. The focus on lakes and reservoirs, rather than rivers and streams, was based on 



the greater tendency of lakes for receiving and accumulating environmental chemicals. A National 



Rivers and Streams Assessment
12



 is currently in progress, and it would be of interest to examine the 



fish tissue concentration data from this survey when the data become available. It is likely that any 



fresh water survey of a national scope, whether it included bound or flowing water bodies would find 



a broad range of fish tissue concentrations, with the concentrations being more highly influenced by 



the location and history of the water body.     



The NLFTS included PCBs, dioxins, polycyclic aromatic hydrocarbons (PAHs), 46 pesticides, 



arsenic and mercury. Adult fish were collected from two categories:  predator and bottom-dwelling, 



with the predatory fish comprised of largemouth bass (50%), walleye (10%) and northern pike (7%), 



and bottom-dwelling species comprised of common carp (26%), white sucker (20%) and channel 



catfish (16%). A summary of the results from this study is shown in Table C2a. 



 



Table C2a Concentrations in Fish as Reported by the  



National Lake Fish Tissue Study (USEPA 2009) 



 



Predator (Fillets) FTCWQ Water+Organism 



(µg/kg, ppb) (µg/kg, ppb) 



Chemical Mean 50
th
 %ile 90



th 
%ile FTCWQ-17.5 FTCWQ-142 



PCBs 13.2 2.2 18.2 2.0 0.25 



Arsenic ND
(2)



 ND
(2)



 ND
(2)



 0.77 0.21 



Mercury 352 285 562 394 49 



Chlordane ND
(2)



 ND
(2)



 3.6 11.3 1.4 



Notes: 
1
 National Lake Fish Tissue Study (NLFTS) (USEPA 2009); data from 486 predator fillet 



samples 
2
 Infrequent detection in fish.  Arsenic was detected at <1% of sampling locations, for 



predatory fish with a detection limit of 30 ppb.  Chlordane was detected at 1-5% of sampling 



locations (for predatory fish) with a detection limits of 0.02 (alpha) and 0.49 (gamma) ppb.  



BEHP was detected at 1-5% of sampling locations (for predatory fish) and results are not 



provided by USEPA (2009).   



 



                                                      



12 http://water.epa.gov/type/rsl/monitoring/riverssurvey/index.cfm 
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The NLFTS was not focused on areas specifically affected by industrial activities or historic releases. 



The water bodies included in this survey were selected at random with an objective of capturing 



typical levels of the chemicals analyzed. In fact, many lakes were included that could be regarded as 



pristine, likely to have been affected by only minimal human activity. Therefore, the resulting data 



could be representative of ‘background’ concentrations, which are from unavoidable depositional 



inputs of the chemicals of interest. However, because many of the water bodies included the NLFTS 



may have been affected by specific discharges or historic releases, we refer to the resulting data being 



only representative of typical levels for U.S. lakes. For simplicity, only the data representing 



predatory fish were included in this analysis, because these are the species likely to be targeted by 



anglers. The bottom-dwelling fish, which were included in the NLFTS to represent ecological 



(wildlife) exposures, contained substantially higher concentrations of PCBs (6 times greater at the 



median) and chlordane (1.7 ppb vs. ND), but lower concentrations of mercury ( 4 times lower at the 



median). 



As shown in Table C2a, this study provided data for PCBs and mercury, as well as for arsenic and 



chlordane. Arsenic and chlordane were reported at very low frequencies of detection making 



quantitative comparisons between fish concentrations and FTCs challenging. Nevertheless, because 



the detection limits for chlordane (0.02 ppb for alpha and 0.5 ppb for gama) are less than the FTCWQ-



17.5 (11.3 ppb), and the 90
th
 percentile of the distribution of chlordane concentrations is roughly 3 



times lower than the FTCWQ-17.5, NLFTS data do demonstrate that chlordane concentrations in 



predatory fish from the large majority of U.S. surface waters are below the FTCWQ-17.5. This also 



suggests that current concentrations of chlordane in most U.S. surface waters are unlikely to be above 



the HH-WQC derived based on the consumption rate of recreational anglers. 



A similar evaluation could not be conducted for arsenic. The reported arsenic detection limits was 



above the FTCWQ-17.5 derived from the HH-WQC, precluding a comparison with the FTCWQ-17.5 absent 



making assumptions about the concentration of arsenic in fish samples with non-detectable 



concentrations. As a specific example, the NLFTS reported a method detection limit (MDL) for 



inorganic arsenic of 30 ppb, even using a state-of-the-art analysis, Method 1632A for the speciation 



of arsenic. Given that the FTCWQ-17.5 for arsenic is  0.77 ppb, it is not possible to determine whether 



concentrations in predator fillets are above or below that FTCWQ. Assuming detection limits for 



arsenic cannot be easily refined, this comparison does suggest that it is not possible to demonstrate 



compliance with the arsenic FTCWQ-17.5.  



For PCBs, the NLFTS data indicate that a substantial portion of predatory fish from U.S. lakes exceed 



the FTCWQ-17.5 for PCBs (2 ppb). The extent of this exceedance depends on whether the data are 



represented by the mean concentration (13.2 ppb), which exceeds the FTCWQ-17.5 by a factor of about 



6x, or the median (i.e., 50
th
 percentile) concentration (2.3 ppb), which is nearly equivalent to the 



FTCWQ-17.5. While this comparison indicates the average concentration of PCBs in fish throughout the 



U.S. is substantially higher than the FTCWQ-17.5, it does not follow that fish in most surface waters of 



the U.S. have PCB concentrations greater than both of the FTCWQs. The difference between the mean 



and median concentration comparisons for this data set likely arises because the data are skewed, with 



the majority of samples having relatively low concentrations. As noted above, the 50
th
 percentile of 



the distribution of PCB concentrations in predatory fish from U.S. lakes is approximately equal to the 



FTCWQ-17.5. Assuming the BCF accurately reflects the relationship between the PCB concentration in 



fish and water, the comparison of the FTCWQ-17.5 to the 50
th
 percentile indicates that roughly half of 



sampled U.S. waters had PCB concentrations that met or were below the HH-WQC derived based on 



the consumption of recreational anglers. .  



The mean mercury concentration of the NLFTS data (352 ppb) is slightly lower than the FTCWQ-17.5 



for mercury (394 ppb). The percentile data provided by USEPA (2009) indicate the distribution of 
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mercury concentrations in predatory fish is also skewed, though a smaller proportion of the samples 



(approximately 25%) exceed the mercury FTCWQ-17.5 than exceeded the PCB FTCWQ-17.5.  



The results of parallel comparisons with FTCs derived based on subsistence anglers (i.e., FTCWQ-142) 



lead to a different conclusion for three for the four compounds (chlordane, PCBs and mercury). The 



arsenic FTCWQ-142 is about four times lower than the FTCWQ-17.5  and is also below the typical detection 



limits for inorganic arsenic, precluding any meaningful quantitative comparisons with the FTCWQ-142.  



The detection limit for alpha chlordane is slightly above the FTCWQ-142 and the detection limit for 



gamma is slightly below (see footnotes to Table C2a). Additionally, the 90
th
 percentile of the 



distribution of chlordane concentrations is only about 2.5 times higher than the FTCWQ-142. These 



comparisons suggest that typical concentrations of chlordane may be similar to or less than the 



FTCWQ-142 in many U.S. surface waters, though the upper percentiles of the distribution do exceed the 



FTCWQ-142, in some cases, substantially (Table C2a). 



The FTCWQ-142 is about 10 times lower than the FTCWQ-17.5 for PCBs and mercury (Table C2a). With 



the increase in FCR, the average fish tissue concentration exceeds the FTCWQ-142 by approximately 



50x and 7x for PCBs and mercury, respectively (Table C2a). Additionally, the majority of the 



distribution of PCB and mercury concentrations is above the FTCWQ-142. For both chemicals, the 



concentration at the 5
th
 percentile of the distribution exceeds the FTCWQ-142. These comparisons 



indicate that if HH-WQC were to be revised using an FCR of 142 grams/day, assumed to be 



representative of subsistence anglers, the concentrations of PCBs and mercury in fish from virtually 



all surface waters in the U.S. would exceed the allowable fish concentration associated with such an 



HH-WQC.  



Several state programs have surveyed fish tissue concentrations, often including PCBs, metals and/or 



pesticides. The state data assembled for our analyses included surveys conducted by Washington 



State Department of Ecology (WA-DOE) and by the Florida St. Johns River Water Management 



District (SJRWMD). Overall, the state programs include more recent data (through 2011) than those 



presented in the NLFTS (through 2003). These are much more limited data sets compared to the data 



from the NLFTS. Additionally, the number of observations from each state varies by chemical and in 



some instances all the data points are from a single state (e.g., all PCB data are from Washington).  



 



Table C2b Measured Concentrations in Fish Samples from Washington and Florida 



 



Data from State Programs 



(µg/kg, ppb) 



FTCWQ
1
 



(µg/kg, ppb) 



Chemical Mean
2
 50



th
 %ile 90



th
 %ile FTCWQ-17.5 FTCWQ-142 



PCBs 27.4 22.1 49.8 2.0 0.25 



Mercury 191 120 408 394 49 



Chlordane 1.4 0.62 2.8 11.3 1.4 



Notes: 



Based on data provided by J. Beebe (NCASI) and comprised of data from Washington State 



WA-DOE (2011), WA-EIMS, http://www.ecy.wa.gov/eim), and St. Johns River Water 



Management District (SJRWMD), Florida (http://sjr.state.fl.us). 
1
 FTCWQ derived from water and organism HH-WQC. 



2
 Data included:  for PCBs, 45 samples from WA-EIMS; for mercury, 1598 samples from  WA-



EIMS and SJRWMD; and for chlordane, 382 samples from SJRWMD. 



 





http://www.ecy.wa.gov/eim


http://sjr.state.fl.us/
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The mean concentration of PCBs in predatory fish (27.4 ppb), is about 14 times and 100 times higher 



than the FTCWQ-17.5 and FTCWQ-142, respectively. In fact, both FTCWQs are well below the minimum 



reported concentration (9.7 ppb) from this data set. Assuming these data were collected from waters 



potentially affected by PCB releases suggests that meeting the HH-WQC, based on either the 



recreational of subsistence FCR, in such waters is likely to be a challenge. To the extent these data are 



only from Washington, this finding may only apply to waters of that state.  



The mean concentrations of mercury and chlordane from state programs are below their respective 



FTCWQ-17.5 by approximately 2x- and 8x-, respectively (Table 4-2b) suggesting that a substantial 



portion of the surface waters in these states would meet an HH-WQC derived based on an FCR 



assumed to be representative of a recreational angler. The mean concentration of chlordane is equal to 



the FTCWQ-142. If the chlordane distribution from these two states has a similar “shape” to the 



distribution in the national survey, this comparison suggests that a substantial portion of surface 



waters in these two states would meet an HH-WQC based on an FCR representative of a subsistence 



angler. Fewer waters are likely to meet such an HH-WQC for mercury, given that the mean 



concentration exceeds the FTCWQ-142 by approximately 4x.   



Arsenic was included in several of the state databases, however, inorganic arsenic was not detected at 



measurable concentrations. As discussed above for the NLFTS data, meaningful comparison of 



inorganic arsenic concentrations to FTCs is precluded because MDLs are greater than the FTCs.  



4.0 COMPARISON OF FTCWQ TO FCA TRIGGER LEVELS ESTABLISHED BY STATE 



OR OTHER PUBLIC HEALTH AGENCIES 



Most states and various federal agencies have programs for the protection of anglers who may eat fish 



containing trace amounts of chemicals. These programs are responsible for issuing FCAs for lakes 



and reservoirs where particular chemicals have been detected at levels in fish that exceed some risk-



based “trigger level.” While the approach to setting FCAs may differ, most programs use a risk-based 



approach to develop guidelines that are intended to be protective of the health of the angler 



communities with a wide margin of safety. USEPA (2000) issued guidance that could be used to 



establish some uniformity in the methods used to derive FCAs, but most states are maintaining 



programs and guidelines that have served them for many years. A common feature of both federal and 



state guidelines is the movement away from a single trigger level and towards a progression of trigger 



levels, each associated with an increasing level of restricted intake for the fish (and chemical) in 



question. Despite this increased complexity, USEPA (2000) also provided screening values (SV) 



based on moderate (recreational) and high (subsistence) levels of fish consumption,  termed SVrec 



and SVsub, respectively, and shown in Table 4-3 for PCBs, arsenic, chlordane, and mercury.  



Also shown in Table 4-3 are examples of FCA trigger levels from state programs that publish 



numerical benchmarks for this purpose. For states that have adopted a series of trigger levels, this 



analysis presents the levels based on either a “no more than 2 meal per month” restriction (noted as 



“L2” in Table 4-3), or a ‘do not eat’ advisory (complete restriction, notes as “R” in Table 4-3). Two 



8-ounce (227 g) meals per month is assumed to be comparable to the 17.5 gram/day FCR applied by 



USEPA to the derivation of HH-WQC.
13



   



                                                      



13 The guidelines from WI-DNR and MI-DCH, however, only included a one meal per month advisory level, and the 



concentrations accompanying this advisory level are shown for these two agencies (noted as “L1” in Table 4-3). 
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Table C3 USEPA Screening Values for Fish and FCA Trigger Levels 



Used by Select State Agencies
1
 



 



Federal USEPA 



(2000)
2 



(µg/kg, ppb) 



Select State Programs 



(µg/kg, ppb) 



FTCWQ 



Organism Only Values 



(µg/kg, ppb) 



Chemical SV(rec)
3
 SV(sub)



3
 WI-DNR MI-DCH WV-DHHS FTCWQ-17.5 FTCWQ-142 



PCBs 20 2.5 
220 (L1) 



2,000 (R) 



200 (L1) 



2,000 (R) 



150 (L2) 



1,340 (R) 
2.0 0.25 



Arsenic 26 3.3 -- NA 
140 (L2) 



1,250 (R) 
6.2 0.28 



Mercury 400 50 
500-1000 



(NS) 



500 (L) 



1,500 (R) 



220 (L2) 



1,880 (R) 
400 49 



Chlordane 114 14 
660 (L1) 



5,620 (R) 
300 (NS) 



880 (L2) 



7,660 (R) 
2.2 1.4 



Notes:  



R:  Restricted, referring to ‘do not eat’ advisory.   



L:  Limited, or a limited amount of consumption is advised.  



L1:  Limited to 1 meal per month. 



L2:  Limited to 2 meals per month. 



NS:  Not stated whether the value represents a restriction or a limit. 
1
 Wisconsin Department of Natural Resources (WI-DNR), 2007, 2011; Michigan Department of 



Community Health (MI-DCH), 2008; West Virginia Department of Health and Human Services 



(WV-DHHS). 
2
 USEPA, 2000. Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories, 



Volume 1. 
3
 Screening values (SV) for the recreational and subsistence angler. 



 



When compared to these FCA trigger levels, the FTCWQ-17.5 for PCBs, arsenic and chlordane are 20-



4,000 times lower (more stringent) (Table C3). For mercury, the FTCWQ-17.5 is comparable to the 



trigger levels prompting some restriction on fish consumption, but is as much as 4x lower than the 



level where a ‘do not eat’ advisory is prompted. FTCWQ-142 are between 200-8,000 times lower than 



the FCA trigger levels for PCBs, arsenic, and chlordane, and 4 to 40 times lower than the trigger 



levels for mercury (Table C3). 



As shown in Table C3, the USEPA SVs are either similar or 10x higher than the FTCWQ derived from 



the HH-WQC. Because these USEPA values are intended to be generic screening-level benchmarks, 



they are very conservative compared to the trigger levels used by the most state programs (discussed 



further below).  



Comparing the USEPA SVs to FTCWQ for chemicals for which noncancer endpoints are the driver, 



such as mercury, SVs are the same as the FTCWQs. For the other three constituents, for which the 



cancer endpoint is most sensitive, the SVs are approximately 10 times higher, because SVs are 



derived based on a 1x10
-5



 target risk level, rather than a 1x10
-6



 target risk level.  



In contrast, fish advisory trigger levels used by public health agencies in Wisconsin, Michigan, and 



West Virginia (Table C3) are less stringent, and in general, would require substantially higher 



concentrations of  arsenic, chlordane and PCBs than allowed by the HH-WQC before issuing even a 



moderate restriction on fish consumption. Based on our survey of state “trigger levels” and recent 
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reviews comparing the FCAs between states (IWG-ACA, 2008; Scherer et al. 2008), we believe that 



the FCAs from Wisconsin, Michigan, and West Virginia are likely to be representative of the FCAs 



from many state programs. Scherer et al. (2008) found the FCAs among states to be quite similar, 



despite some variation in the methods used to develop the FCAs. Many state programs rely on less-



stringent food tolerance levels as the basis for their trigger levels; this choice is consistent with the 



desire by States to consider the value of their recreational fisheries and the benefits of fish 



consumption, while protecting the public from potential chemical risks. The difference in the State vs. 



EPA trigger levels is due to several factors. As noted previously, state guidelines are typically based 



on a series of FCA trigger levels, giving the States the ability to partially restrict fish consumption at 



many concentration levels. Further, the ability to issue consumption limits for specific target fish 



species also permits states to allow higher fish tissue concentrations. Lastly, state agencies are more 



likely to apply lower assumed fish consumption rates based on local or regional surveys conducted 



within the state.  



A key illustration of the conservative nature of the FTCs is provided by a comparison of the 



proportion of samples in the NLFTS data set that exceed an FTCWQ to the proportion of waters in the 



U.S. that have a fish consumption advisory. As described above approximately 50% of fish samples 



have PCB concentrations that exceed the FTCWQ-17.5 and over 95% exceed the FTCWQ-142. Yet, only 



about 15% of the nation’s lakes are subject to a fish consumption advisory (USEPA 2009). Given that 



a goal of both an HH-WQC and an FCA is protection of the health of anglers, the much larger 



proportion of waters estimated to potentially pose an unacceptable risk when an HH-WQC is used 



than measured by the posting of an FCA, suggests that the derivation of HH-WQC by USEPA is 



substantially more conservative than the derivation of FCAs by state agencies.  



5.0 COMPARISON OF FTCWQS TO HEALTH-BASED LIMITS FOR FISH 



OR OTHER FOODS 



Other federal and global agencies charged with protection of food safety have established guidelines 



for ensuring the safety of foods in commerce. The most notable examples in the U.S. are the food 



tolerances established by USFDA. These tolerances have been used as a guideline for assessing the 



safety of food, largely animal products, such as beef, chicken, fish, milk and eggs. These tolerances 



are typically less stringent than analogous values derived using USEPA methods for risk assessment. 



Unlike the USEPA, the USFDA must balance potential economic concerns with the potential benefits 



to public health; in other words, the USFDA must consider the consequences of its actions on the U.S 



food supply. USEPA exposure limits and screening levels may also be considered for their economic 



consequences, but this review is conducted outside of the Agency and only after the value has been 



derived. Regardless, USFDA tolerances are risk-based concentrations and many risk assessors and 



scientists support the idea  that the tolerances are protective of the public health (Cordle et al. 1982; 



Maxim and Harrington 1984; Boyer et al. 1991). Due to recent incidents in Europe in which PCBs 



were accidentally introduced into animal feeds, the European Commission (EC) has set maximum 



levels for PCBs in foods and feedstuffs, including fish (EC, 2011). The limits were based on a report 



of the European Food Safety Authority (EFSA) deriving allowable exposure levels, and on 



monitoring data compiled throughout the European Union (EU). The EU considered both the public 



health protection and the feasibility of attaining these limits, based on current levels measured in 



foods.         



FTCWQ derived from the HH-WQC are in all cases well below both the USFDA and EU food 



tolerance levels (Table C4). The USFDA tolerance for PCBs in fish of 2,000 ppb is 1,000 times 



higher than the FTCWQ-17.5 and 8,000 times higher than the FTCWQ-142.  
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Table C4 Comparison of FTCWQ to Food Safety Guidelines  



for Chemical Concentrations in Fish 



 
Food Safety Standards 



HH-WQC-Based Threshold 



for Fish 



Chemical 



USFDA Tolerance 



for Fish
1 



(µg/kg, ppb) 



EU Limit for 



Fresh Fish
2 



(µg/kg, ppb) 



FTCWQ 



FCR = 17.5 



(µg/kg, ppb) 



FTCWQ 



FCR=142 



(µg/kg, ppb) 



PCBs 
1,000 (action level) 



2,000 (limit) 
250



(3)
 2.0 0.25 



Mercury 1,000 (action limit) -- 394 49.2 



Chlordane 300 -- 11.3 1.4 



Notes: 
1
 USFDA (1998, 2011); Values are based on wet weight. 



2
 European Commission (EC) 2011.  Commission Regulation No. 1259/2011. 



3
 EC Limit for PCBs is 125 ng/g wet wt. for the sum of 6 ‘marker’ congeners, which comprise 



about 50% of the PCBs in fish.  Therefore, to be applicable to a measure of total PCBs, this 



value was multiplied by a factor of 2 (EC, 2011).   



 



6.0 TYPICAL INTAKES OF THE CHEMICALS IN THE U.S. POPULATION:  



COMPARISON TO THE ALLOWABLE DAILY INTAKES DERIVED FROM THE 



HH-WQC 



The goal of an HH-WQC is to limit exposure of the population to chemicals in water such that an 



allowable dose (or risk) is not exceeded. If the dominant exposure pathway for a chemical is direct 



contact or use of  surface water, then compliance with the AWQC may, indeed, limit overall exposure 



to allowable levels. However, if other pathways also contribute to overall exposure and, in particular, 



if the other pathways represent larger exposures than surface water, then establishment and 



enforcement of a stringent surface water criterion may not provide a measurable public health benefit. 



This section compares exposures allowed by the HH-WQC to the potential exposures from a limited 



set of other exposure sources or pathways for five chemicals. 



One of the key assumptions used to derive FTCWQ is an allowable daily intake of each constituent in 



question. This allowable daily intake is a toxicologically-derived value and is represented by a 



reference dose (RfD) (for noncancer endpoints) or a risk-specific dose (RSD) (when cancer is the 



endpoint). The RSD is equal to the target risk level (typically 1 x 10
-6



) divided by the cancer slope 



factor (CSF) for a particular constituent.  



As shown in Table C5, the RfDs and RSDs for the six chemicals evaluated in this appendix range 



from 0.35 µg/day for PCBs to 98 µg/day for methyl bromide.
14



  These are the toxicity values chosen 



by USEPA for the derivation of HH-WQC.  



Another way to estimate the allowable daily dose associated with the HH-WQC, and the FTCWQ in 



particular, is to multiply the allowable fish tissue concentrations (i.e., the FTCWQ) by the assumed 



FCR of 17.5 grams/day. The results, as shown in Table C5 as “Fish Dose”, represent the dose of each 



chemical that someone would receive who ate fish containing chemicals at concentrations equal to the 



FTCWQ.  



                                                      



14 Traditional units of dose in mg/kg-day are converted to units of intake (µg/day) by multiplying by an adult body weight of 



70 kg and a conversion factor of 1000 µg/mg. 
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For PCBs, mercury and arsenic, very low, but measurable daily intakes by the U.S. population are 



based on releases of these substances into the environment and their presence in trace quantities in the 



food supply. Arsenic occurs naturally in soils and groundwater and, therefore, there is a normal daily 



intake that varies by region. For BEHP, the presence of trace amounts in food stems from its use in 



plastic food packaging materials (Fromme et al. 2007). A summary of the data used to provide an 



estimate of the typical daily intake of each chemical is presented below.  



PCBs:  The intake of PCBs through foods, mainly animal products, has declined dramatically in the 



last 30 years. However, Schecter et al. (2010) recently carried out a market-basket survey of several 



types of foods and found measurable levels in enough foods to propose a daily intake of about 0.1 



µg/day for a typical resident of the U.S. Other studies in Europe have proposed slightly higher intake 



levels (as high as 0.8 µg/day), but overall, corroborate the findings of Schecter et al. (2010). This 



range of typical dietary intakes of PCBs is 3 times to as much as 20 times  greater  than the risk-



specific dose (RSD) used to derive the HH-WQC (0.035 µg/day) (Table C5). Thus, the HH-WQC is 



based on an exposure limit for PCBs that is routinely exceeded by the typical PCB intake that occurs 



through dietary exposures.  



BEHP:  Considerable effort has been made to estimate the human exposure to phthalate esters, which 



arises from food packaging materials, e.g., plastic food wraps. A German study by Fromme et al. 



(2007) provides the most reliable estimates of intake, based on a study using both samples of dietary 



items and biomonitoring data. Because phthalate ester exposures are derived from plastic 



packaging/wrapping that is sold across the globe, intakes estimated by this study for a German 



population are likely to be comparable to those in U.S. The authors report a median BEHP intake of 



2.4 µg/kg-day (162 µg/day) which is approximately 30 times greater than the RSD used by the HH-



WQC (Table C5). Thus, the HH-WQC is based on an exposure limit for BEHP that is routinely 



exceeded by the typical intake that occurs through dietary exposures.  
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Table C5 Allowable vs. Actual Daily Intakes for Select Chemicals 



 



Allowable Daily Intakes Used 



as the Basis for the HH-WQCs 



Measured or Estimated Average 



Daily Intakes Derived 



from Food 



Value [RfD or RSD] 



(µg/day) 



Fish Dose
1 



(µg/day) 



Intake 



(µg/day) 
Group Note 



PCBs 0.035 [RSD] 0.035 0.1-0.8 all (a) 



Methyl 



bromide 
98 [RfD] 3.1 



6.5 (mean); 



310 (95th %ile) 
male 



(b) 
10 (mean); 



350 (95th %ile) 
female 



Arsenic 0.04 [RSD] 0.014 



3.6 / 2.7 (avg.); 



9.4 (90th %ile) 
male 



(c) 
2.8 / 2.4 (avg.); 



11.4 (90th %ile) 
female 



Mercury 7 [RfD] 7 



8.6 (mean); 



166 (90th %ile) 
male 



(d) 
8.2 (avg.); 



204 (90th %ile) 
female 



BEHP 5 [RSD] 0.26 
162 (median); 



309 (95th %ile) 
all (e) 



Notes: 



RfD, Reference Dose; RSD, Risk-Specific Dose 
1
 Computed as FTCWQ [from Table C1a] x FCR [17.5 g/day] 



(a) Range is based on the results of several studies (Darnerud et al. 2006; Arnich et al. 2009; 



Roosens et al. 2010; Schecter et al. 2010). 



(b) Cal-EPA 2002; assumed body weight of 70 kg for adults. 



(c) Meacher et al. 2002; assumed body weight of 70 kg for adults. 



(d) MacIntosh et al. 1996. 



(e) Fromme et al. 2007. 



 



Arsenic:  A study by Meacher et al. (2002) represents a comprehensive evaluation of total inorganic 



arsenic exposure in the U.S. population. The authors discuss other studies with a similar aim and 



conclude that the average daily intake, primarily from food and drinking water, is in the range of 1 to 



10 µg/day. Estimates of average daily intakes are 60 to 90 times greater than the RSD. Thus, the HH-



WQC is based on an exposure limit for arsenic that is exceeded by a wide margin, by typical dietary 



intakes of arsenic.  



Methyl bromide:  The concentrations detected in foods are mainly in animal products, such as milk, 



which makes estimates of a one-time exposure as high as 4-5 µg/kg-day, but with average daily 



exposures likely to be less than 1 µg/kg-day, according to a study by Cal-EPA (2002). While 95th 



percentile values (310-350 µg/day) are more than 40 times higher that the mean intake estimates, it 



can be concluded that typical methyl bromide intakes based on diet are likely to be below the RfD of 



98 µg/day. Thus, for methyl bromide, dietary intakes would not appear to hinder the objective of 



limiting the exposures based on fish consumption. 
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Mercury:  The predominant human intake is from concentrations in predatory and deep-sea fish such 



as tuna. Average daily intakes are estimated to be about 8 µg/day (MacIntosh et al. 1996) and are 



comparable to the RfD of 7 µg/day (Table C5). Thus, for mercury, it is not uncommon for the 



consumption of store-bought tuna to provide an intake equivalent to the RfD; achieving this level of 



exposure would at least appear to be an achievable public health objective. 



In summary, estimated daily intakes for five of the six chemicals could be obtained from the literature 



(Table C5). For PCBs, arsenic and BEHP, the chemicals for which potential cancer risk is the most 



sensitive endpoint, the estimated daily intake for the U.S. population is between 3 times to 90 times 



greater than the RSD. In surface waters with fish that have concentrations that are no more than a 2-



times lower than the FTC, based on the comparisons shown in Table C5, decreasing exposures to the 



levels associated with HH-WQC would be likely to have no discernible effect on the intake of these 



chemicals in the community.  



7.0 SUMMARY AND CONCLUSIONS 



This paper described the derivation of allowable fish tissue concentrations (referred to as FTCWQ) 



associated with HH-WQC for a select group of chemicals. FTCWQ are based on the same exposure 



and toxicity factors used to derive the HH-WQC. Separate FTCWQ were derived for USEPA’s 



recommended fish consumption rate for recreational anglers (17.5 grams/day, FTCWQ-17.5) and 



subsistence anglers (142 grams/day, FTCWQ-142). Given the nearly 10x higher consumption rate 



assumed for subsistence anglers compared to recreational anglers, FTCWQ-142 were lower than the 



FTCWQ-17.5 for every chemical by about 10x. FTCWQ were compared to: (1) concentrations measured 



in fish from U.S. water bodies; (2) trigger levels used by State agencies to set fish consumption 



advisories; and (3) allowable concentrations set by other US and international health agencies. 



Additionally, ADIs used to derive FTCWQ were compared to estimated daily dietary intakes from all 



sources.     



PCB concentrations in about half of the fish from the NLFTS exceeded the FTCWQ-17.5 and PCB 



concentrations in essentially all fish from the NLFTS exceeded the FTCWQ-142. (Additionally, all of 



the fish from two state-specific surveys had PCB concentrations above the FTCWQ-17.5 and the FTCWQ-



142.)   The mercury concentrations for the majority of fish in the NLFTS were below the FTCWQ-17.5 but 



most fish had mercury concentrations above the FTCWQ-142. Chlordane was not detected in the 



majority of NLFTS samples with detection limits below the FTCWQ-17.5 and the FTCWQ-142 suggesting 



the majority of fish have chlordane concentrations below either FTCWQ. Arsenic was not detected in 



majority of NLFTS; however, unlike chlordane, the method detection limit for arsenic exceeds both 



the FTCWQ-17.5 and the FTCWQ-142 by more than 30x, precluding the possibility of determining whether 



arsenic concentrations meet the HH-WQC. Thus, whether nationwide fish tissue concentrations meet 



the FTCWQ depends upon the chemical of interest and whether recreational or subsistence angler 



consumption rates are used to derive the FTCWQ. It does appear that if HH-WQC were to be revised 



using an FCR of 142 grams/day, the concentrations of PCBs and mercury in fish from virtually all 



surface waters in the U.S. would exceed the allowable fish concentration associated with such HH-



WQC. 



FTCWQ-17.5 for PCBs, arsenic, and chlordane were 20 to 4,000 times lower (more stringent) than FCA 



trigger levels commonly used by state programs.  For mercury, the FTCWQ-17.5 was comparable to 



typical state trigger levels prompting some restriction on fish consumption, but it was as much as 4 



times lower than the level where a ‘do not eat’ advisory is prompted. Again, the comparisons were 



much more remarkable using the FTCWQ-142.  FTCWQ-142 were between 200 times and 8,000 times 



lower than the FCA trigger levels for PCBs, arsenic, and chlordane, and 4 times to 40 times lower 



than the state trigger levels for mercury. These comparisons were based on the guidelines from a 



select number of states, including Wisconsin, Michigan, and West Virginia; however, the FCA trigger 
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levels were comparable among this small group of states, and based on our review of guidelines in 



many other states not included in this analysis, we believe that these states can be considered 



representative of many other state programs.    



A comparison of FCAs to the NLFTS data provides another comparison that highlights the 



conservatism of the FTCWQ (and the HH-WQC from which they were derived).  Approximately 50% 



of fish samples from the NLFTS had PCB concentrations that exceeded the FTCWQ-17.5 and over 95% 



exceeded the FTCWQ-142. However, only about 15% of the nation’s lakes and reservoirs (on a surface 



area basis) are subject to a FCA based on PCBs (USEPA 2009).  Thus, use of HH-WQC indicated 



that a much larger proportion of US surface waters pose an unacceptable risk than indicated by FCA 



postings.  This comparison further illustrates that the assumptions used by USEPA to derive HH-



WQC are more conservative than the assumptions used by state agencies to derive FCAs.  



Various agencies, both Federal and international, have established concentration limits for fish as a 



food in commerce. The FDA food tolerances are the most notable example. FTCWQ were compared to 



FDA tolerance limits and a recently established EU limit for PCBs in fish. The FTCWQ-17.5 for PCBs 



of 2 ppb is 500 times lower than the FDA action limit of 1,000 ppb and 125 times lower than an EU 



limit of 250 ppb. The FTCWQ-142 is 1,000x and 4,000x lower than the EU and FDA action limits, 



respectively. The FDA tolerance of 300 ppb for chlordane is similarly much less stringent than either 



the FTCWQ-17.5 (11.3 ppb) or the FTCWQ-142 (1.4 ppb) for chlordane. The FDA action level for mercury 



of 1,000 ppb is similar to but still higher than either the FTCWQ-17.5 (394 ppb) or the FTCWQ-142 (49 



ppb) for mercury. These comparisons indicate that HH-WQCs are limiting fish tissue concentrations 



to levels substantially below those considered to be without significant risk by public health agencies 



whose goal is to ensure the safety of edible fish.   



Lastly, allowable daily intakes (RfDs for noncancer endpoints, RSDs for the cancer endpoint) 



assumed by the FTCWQ were compared to estimates of the daily intake of arsenic, BEHP, mercury 



and PCBs obtained from the open literature. Specifically, daily intakes were taken from studies that 



measured concentrations in various foodstuffs. Typical daily dietary intakes of arsenic, BEHP and 



PCBs exceeded the allowable daily intakes used to derive HH-WQC by a substantial margin.  The 



typical daily dietary intake of mercury, mostly from tuna, is comparable to the RfD used to derive the 



HH-WQC. Thus, for those compounds whose daily dietary intake is greater than the intake associated 



with surface water and already exceeds the allowable daily intakes used to establish HH-WQC, the 



establishment and enforcement of a more stringent HH-WQC may not provide a measurable public 



health benefit.  
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ABSTRACT
Under the terms of the Clean Water Act, criteria for the protection of human health (Human Health Ambient Water Quality



Criteria [HHWQC]) are traditionally derived using US Environmental Protection Agency (USEPA) recommended equations that
include parameters for exposure assessment. To derive “adequately protective” HHWQC, USEPA proposes the use of default
values for these parameters that are a combination of medians, means, and percentile estimates targeting the high end (90th
percentile) of the general population. However, in practice, in nearly all cases, USEPA's recommended default assumptions
represent upper percentiles. This article considers the adequacy of the exposure assessment component of USEPA
recommended equations to yield criteria that are consistent with corresponding health protection targets established in
USEPA recommendations or state policies, and concludes that conservative selections for exposure parameters can result
in criteria that are substantially more protective than the health protection goals for HHWQC recommended by USEPA, due in
large part to the compounding effect that occurs when multiple conservative factors are combined. This situation may
be mitigated by thoughtful selection of exposure parameter values when using a deterministic approach, or by using a
probabilistic approach based on data distributions for many of these parameters. Integr Environ Assess Manag 2014;9999:
XX‐‐XX. © 2014 SETAC
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INTRODUCTION
Section 304(a)(1) of the Clean Water Act (CWA) requires



the US Environmental Protection Agency (USEPA) to develop
and publish recommended numeric ambient water quality
criteria (AWQC) for limiting the impact of pollutants on
human health and aquatic life. These recommended human
health‐based ambient water quality criteria (HHWQC) are
intended to provide guidance for states and tribes to use in
adopting their own water quality standards and are meant to
“minimize the risk of adverse effects occurring to humans
from chronic (lifetime) exposures to substances through the
ingestion of drinking water and consumption of fish obtained
from surface waters” (USEPA 2000a).



During the course of recent regular reviews of water quality
criteria, a number of states have received stakeholder opinions,
via public meetings or during open comment periods,
suggesting that certain water quality criteria may be insuffi-
ciently protective of human health. For the most part, such
assertions have been related to rates of fish consumption, which
is only one of several parameters of the exposure assessment
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component in criteria derivation. However, consideration has
seldom been given to the adequacy of the entire exposure
assessment component of themethodology to yield criteria that
are consistent with corresponding health protection targets
established in USEPA recommendations or state policies. This
article discusses the level of protectiveness mandated by the
CleanWater Act, USEPA’s interpretation of that mandate, and
the approaches USEPA recommends to achieve protection
targets. An attempt is made to assess consistency between
USEPA’s recommended approaches and health protection
targets using a quantitative assessment of the level of
conservatism embodied in the default exposure parameters
used in USEPA’s HHWQC derivation methodology. Finally,
alternative approaches that derive HHWQC that more directly
correspond to specified levels of protectiveness are discussed.



USEPA APPROACH TO ACHIEVING CWA‐MANDATED
PROTECTIVENESS



The CWA specifies, in a broad sense, the level of
protectiveness that should be embodied in the HHWQC. It
includes language such as “protect the public health and
welfare,” “protect public health… from any reasonably
anticipated adverse effects of each pollutant,” and “[not] pose
an unacceptable risk to human health.” In its HHWQC
methodology document, USEPA notes that HHWQC are
usually derived to protect the majority of the general
population from chronic adverse health effects and that it
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considers the target protection goal to be satisfied if the
population as a whole will be adequately protected by the
human health criteria when the criteria are met in ambient
water (USEPA 2000a). USEPA (2004) further clarifies its
overall protectiveness goals by stating that “EPA typically
cannot protect every individual but rather attempts to protect
individuals who represent high‐end exposures (typically
around the 90th percentile and above) or those who have
someunderlying biological sensitivity; in doing so, EPAprotects
the rest of the population as well.”
HHWQC are traditionally derived using USEPA recom-



mended equations (Eqns. 1, 2, and 3) that include explicit
parameters for allowable risk and toxicity, and several
parameters that determine exposure, including body weight,
drinking water intake, fish intake, bioaccumulation, and a
relative source contribution factor for noncarcinogens. Inherent
to HHWQC are other assumptions not shown in the equations,
referred to as implicit assumptions in this article, including
duration of exposure, cooking loss, relative absorption, and
the concentration of a chemical in water. The exposure
assessment portion of the analyses, “BW/(DIþ (SFIi�BAFi),”
which is the primary focus of this article, is the same in all
3 equations.
For noncarcinogenic effects



RfD� RSC� ðBW=ðDIþ ð
X



FIi� BAFiÞÞÞ; ð1Þ



for carcinogenic effects (nonlinear)



ðPOD=UFÞ � RSC� ðBW=ðDIþ ð
X



FIi� BAFiÞÞÞ; and
ð2Þ



for carcinogenic effects (linear)



RSD� ðBW=ðDIþ ð
X



FIi� BAFiÞÞÞ; ð3Þ



where RfD¼ reference dose for noncancer effect (mg/kg‐d),
RSC¼ relative source contribution factor for sources of
exposure not accounted for by DI or FIi, POD¼point of
departure for carcinogenic effects based on a nonlinear low‐



dose extrapolation, UF¼uncertainty factor for carcinogenic
effects based on a nonlinear low‐dose extrapolation, RSD¼
risk‐specific dose for carcinogenic effects based on a linear
low‐dose extrapolation, BW¼human body weight (kg), DI¼
drinking water intake (L/day), FIi¼ fish intake at trophic level
(TL) i (i¼ 2, 3, and 4), and BAFi¼bioaccumulation factor at
trophic level i, lipid normalized (L/kg).
USEPA (2000a) states that to derive HHWQC that are



“adequately protective,” it selects default parameter values that
are “a combination of median values, mean values, and
percentile estimates [that target] the high end of the general
population.”



CONSERVATISM IN INDIVIDUAL EXPOSUE
ASSESSMENT PARAMETERS
Although USEPA recommends the use of parameter values



that are “a combination of median values, mean values, and
percentile estimates [that target] the high end of the general
population” (USEPA 2000a), examination of the default values
recommended by USEPA reveals that in fact, the selection of
the recommended explicit exposure parameters and the
assumptions that are implicit in the criteria derivation represent
values taken from the upper end of the range of available data in


nearly all cases. We have compared, to the extent possible,
HHWQC calculated using currently recommended default
exposure parameter values and those calculated using mean or
median values, or, in the case of BW, more recent data.



Relative source contribution



The relative source contribution (RSC), which is used in the
derivation of HHWQC for substances with noncarcinogenic
effects, determines what portion of the RfD will be allocated to
the consumption of water and fish from regulated waterbodies
(USEPA 2000a). USEPA (2000a) provides a decision tree
methodology for calculating chemical‐ or site‐specific RSCs,
notes that the information required to calculate those RSCs
“should be available in most cases,” and concludes that the
default value of 20% “is likely to be used infrequently with
the Exposure Decision Tree approach.” However, rather than
develop chemical‐specific RSC values, USEPA (2000a) has
chosen to rely on 20%, the most conservative allowable value,
in its recent draft update of HHWQC (USEPA 2014a).
The California Office of Environmental Health Hazard



Assessment (OEHHA) has concluded that the default use of an
RSC of 20% is “unreasonably conservative for most chemicals”
(Howd et al. 2004). For 22 of 57 chemicals listed byHowd et al.
(2004), a RSC value greater than 20% was used in the
calculation of California Public Health Goals for those
chemicals in drinking water. Howd et al. (2004) also noted
that “[a] default RSC of 0.2 is based on tradition, not data.”
Recently, the state of Florida developed specific RSC values for
21 of 35 noncarcinogenic compounds for which it derived
HHWQC (FDEP 2014). Sixty‐three percent of the RSC values
used by Florida were greater than 0.2 (FDEP 2014).
The use of the 20% default value for RSCwhen a higher RSC



value is warranted can result in as much as a 4‐fold reduction in
the HHWQC.



Body weight



The HHWQC methodology document (USEPA 2000a)
recommends using a body weight (BW) of 70 kg. This weight
was chosen in part because it is in the range of average weights
for adults reported in several studies and in part because it is the
default body weight used by USEPA’s Integrated Risk
Information System (IRIS) in dose extrapolation. However,
in the updated edition of the Exposure Factors Handbook
(USEPA 2011), USEPA recommends a mean BW of 80 kg for
adults based on data from the National Health and Nutrition
Examination Survey (NHANES) 1999 to 2006.
Because the toxicity parameters used in HHWQCderivation



express exposure or risk as a function of body weight (e.g., mg
of chemical per kg of body weight), the daily exposure that is
likely to be without appreciable risk will be lower for an
individual with a lower body weight than for an individual with
a higher body weight. For this reason, the choice of 70 kg as the
default body weight yields HHWQC that are approximately
12.5% lower than HHWQC calculated using the more
representative current population mean of approximately
80 kg BW. In a recent draft proposed update of HHWQC,
USEPA (2014a) acknowledged the increase in mean body
weight and proposed to adopt 80 kg as the new default value for
body weight.



Drinking water intake



The default drinking water intake (DI) used by USEPA in
calculating HHWQC has been 2 L/d, which represents the
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86th percentile for adults in a USEPA analysis of the 1994 to
1996 US Department of Agriculture (USDA) Continuing
Survey of Food Intakes by Individuals (CSFII) data (USEPA
2000a). In the recently released draft update of HHWQC,
USEPA (2014a) proposes increasing the default DI to 3 L/d,
which is the 90th percentile for adults based on NHANES data
from 2003 to 2006. The default water intake rate was selected
in support of larger goals related to pollution prevention and
maintenance of designated use (USEPA 2000a) and does not
represent exposure that individuals are likely to receive from a
regulated waterbody. A consumption rate of 2 or 3 L/d is based
on estimates of direct and indirect water ingestion, primarily
from municipal sources, groundwater, and bottled water, but
not from untreated surface water. As USEPA (2000a) noted, it
would be rare for anyone to use untreated surface water as a
source of drinking water. Typically, direct consumption of
untreated surface waters is limited to incidental ingestion
during swimming, for which USEPA (2011) recommended
upper percentile default intake rates of 120mL/h for children
and 71mL/h for adults. Assuming the 95th percentile estimate
for time spent swimming each month (181min) (USEPA
2011) results in annual daily average incidental water
consumption rates of 0.012 L/d (children) and 0.007 L/d
(adults).



The effect on HHWQC of assuming 2 or 3 L/d varies
according to the bioaccumulation factor (BAF) or bioconcen-
tration factor (BCF) of the chemical. The HHWQC derivation
equations consider exposures through both the direct con-
sumption of a chemical in drinking water through the
parameter “DI” and consumption of the chemical in fish tissues
through the parameter “fish intake�BAF.” Chemicals with
high BAFs (or BCFs if BAFs are not available)will accumulate in
fish tissues to a greater degree than chemicals with lower BAFs
or BCFs. For chemicals with high BAFs or BCFs, the effect of
drinking water intake on the ultimate HHWQC is minimal
due to the much larger contribution of the “fish intake�BAF”
factor in the equation. However, for substances with low
BAFs or BCFs, the effect is much greater. For example, for
methyl bromide, with a BCF of only 3.75 L/kg, the HHWQC
calculated using a mean DI of 1 L/d (USEPA 2011) is 1.9 times
greater than that calculated using 2 L/d and 2.8 times greater
than when using 3 L/d.



Fish intake



The current USEPA Exposure Factors Handbook (USEPA
2011) contains summaries of a variety of surveys that have
collected information on the consumption of fish, both by the
general public and among specific subpopulations. The
Handbook does not identify any single, specific fish consump-
tion rate (FCR) that should be used for activities such as
HHWQCderivation, but rather recommends that FCRs for the
general population be based on a USEPA analysis of the 2003
to 2006 National Health and Nutrition Examination Survey
(NHANES). USEPA (2011) provides a table containing per
capita and “consumers only” mean and 95th percentile FCRs
for “finfish,” “shellfish,” and “total finfish and shellfish” for all
individuals, 9 different age classes, and females of reproductive
age. Users are advised to select the FCR that best meets their
needs from that data set.



However, USEPA (2011) also states that other relevant data
on general population fish intake may be used if such data are
more appropriate to the scenarios being assessed and notes
that older data from the USEPA’s analysis of data from the


1994 to 1996 and 1998 Continuing Survey of Food Intake by
Individuals (CSFII) provide intake rates for freshwater or
estuarine fish and shellfish, marine fish and shellfish, and total
fish and shellfish that are not available from the NHANES
analysis.



The default FCR used by USEPA in its derivation of
HHWQC is 17.5 g/d, which represents an estimate of the 90th
percentile per capita consumption rate of freshwater and
estuarine fish for the general US adult population, based on
1994 to 1996 data from the CSFII (USEPA 2000a). In the
2014 proposed update to HHWQC, USEPA (2014a) has
proposed to increase the default FCR to 22 g/d, which USEPA
states represents the 90th percentile consumption of fresh-
water and estuarine fish for adults, based on 2003 to 2010 data
from NHANES. FCR has received considerable attention
during recent HHWQC revisions and reviews conducted by
various states, with much discussion focused on how well the
USEPA default value represents actual consumption of fish
and shellfish and which fish and shellfish should be included
in calculation of the FCR. Issues that have been raised
include whether or not fish and shellfish harvested outside
a state’s jurisdiction should be included, whether or not
marine species should be included, and how well the short‐
term food consumption surveys used by USEPA and some
states as the basis for the default FCR represent long‐term fish
consumption rates (Polissar et al. 2012; FDEP 2014; USEPA
2014b).



The use of short‐term data to represent long‐term consumption of
fish and shellfish. Both the CFSII and NHANES are short‐term
dietary intake surveys. Attempting to extrapolate long‐term
FCRs based on short recall period survey data presents a
number of challenges. These include the potential misclassifi-
cation of consumers as nonconsumers, the overestimation of
upper percentile FCRs based on data collected as a snapshot
in time, and the lack of consideration of variation over time
(Ebert et al. 1994, WDOE 2013).



USEPA (2011) has acknowledged that short‐term dietary
records are problematic when attempting to estimate long‐
term rates of consumption, particularly for upper‐bound FCR
estimates. For example, in its review of NHANES 2003‐2006
study data, USEPA (2011) stated that “the distribution of
average daily intake rates generated using short‐term data (e.g.,
2‐day) does not necessarily reflect the long‐term distribution of
average daily intake rates.” Similarly, in a discussion of the
limitations of a study of Michigan anglers (West et al. 1993),
USEPA (2011) concluded that “because this survey only
measured fish consumption over a short (1 wk) interval, the
resulting distribution will not be indicative of the long‐term
fish consumption distribution, and the upper percentiles
reported from the USEPA analysis will likely considerably
overestimate the corresponding long‐term percentiles.” In
addition, when discussing the methodology used by USDA in
the CFSII, USEPA (1998) stated that “[t]he nonconsumption
of finfish or shellfish by a majority of individuals, combined
with consumption data from high‐end consumers, resulted in a
wide range of observed fish consumption. This range of fish
consumption data would tend to produce distributions
of fish consumption with larger variances than would be
associated with a longer survey period, such as 30 days.” The
effect would be expected to be even larger for multiyear
exposures and the lifetime consumption estimate that is
implied using the currently recommended methodology for
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deriving HHWQC. As a result, upper‐bound fish consumption
estimates based on these data are biased high and overestimate
actual upper‐bound consumption rates for the total population
of consumers.
Some researchers have developed methodologies to address



the biases associated with using short‐term data to estimate
long‐term consumption (Tran et al. 2004, 2013; Tooze et al.
2006). In support of the state of Washington’s ongoing review
and revision of their HHWQC, Polissar et al. (2012) derived
FCRs based on the 2003 to 2006 NHANES data using 2
methodologies. The first used only the data as collected and
standard survey estimation procedures. The second used the
method developed by Tooze et al. (2006), commonly referred
to as the National Cancer Institute (NCI) method, to provide
more accurate estimates of long‐term consumption for foods
like fish that tend to be consumed on a more intermittent basis.
USEPA (2014b) recently acknowledged the value of the NCI
approach, stating that it is “the preferred method for estimating
fish consumption rates.” The state of Florida, in the most recent
draft Technical Support Document (TSD) developed in
support of its current HHWQC revision process, also adjusted
the 2003 to 2006 NHANES FCR data using the NCI method
(FDEP 2014). FCRs for consumers derived using the NCI
method are approximately 3‐fold lower than those based on
unadjusted NHANES data and would yield HHWQC that
could be as much as 3‐fold greater, although the magnitude of
the increase is a function of the BAF or BCF.



Source of fish consumed. USEPA (2000a), in the guidance for
derivation of HHWQC that was issued in 2000, encourages
states and authorized tribes to derive HHWQC using FCRs
based on actual data if such data are available. This may be
particularly important in the case of coastal states or in interior
states with limited water resources, where national data may
not accurately reflect typical consumption patterns. USEPA’s
first preference is the use of results from fish consumption
surveys of local watersheds within the state or tribal jurisdiction
to establish fish consumption rates that are representative of the
defined populations being addressed for the particular water-
body (USEPA 2000a). However, USEPA has recently provided
additional information on what sources should be considered in
the determination of FCR via a “Frequently Asked Questions”
(FAQ) document (USEPA 2013). According to the FAQ, “[b]
ecause the overall goal of the criteria is to allow for a consumer
to safely consume from local waters the amount of fish they
would normally consume from all fresh and estuarine waters,
the [fish consumption rate] does include fish and shellfish from
local, commercial, aquaculture, interstate, and international
sources.” Thus, rather than a reflection of actual consumption
of fish from waterbodies that are regulated by a state’s
HHWQC, USEPA (2013) recommended that the fish
consumption rate represent the total consumption of freshwa-
ter and estuarine fish and shellfish regardless of location of
harvest, or whether or not the source is aquaculture or harvest
from the wild.
The consequence of this policy decision byUSEPA is that the



fish consumption rate used in the calculation of HHWQCmay
substantially overestimate consumption of fish from regulated
freshwater and estuarine waters by the majority of the
population. For example, according to the National Oceanic
and Atmospheric Administration (NOAA) 2011 report on
“Fisheries of the United States,” 91% of the seafood consumed
in the United States is imported (i.e., harvested or processed


outside the United States or US territorial waters), although a
small portion of that was harvested in US waters, exported
overseas for processing, and then reimported (NOAA 2012).
Approximately 93% of shrimp, which is by far the most
frequently consumed seafood in the United States, is imported
(NOAA 2012).
Eight of the top 10 types of seafood consumed in the United



States are either marine species or the product of aquaculture,
and thus are not harvested from regulated freshwater or
estuarine waters (MBA 2011). Tilapia, catfish, and pangasius,
which are the most commonly consumed freshwater fish, are
the products of aquaculture and, for the most part, imported
from outside the United States (MBA 2011).



Excluding marine fish and shellfish from the FCR. USEPA
(2000a) recommends that the fish consumption rate used to
develop the HHWQC be based only on consumption of
freshwater or estuarine species, with exposures via consump-
tion of marine species being accounted for through the RSC,
although coastal states and authorized tribes that believe
including marine species in the total FCR is more appropriate
for protecting the population of concern may do so. The CFSII
(source of the current USEPA default FCR) does differentiate
between freshwater, estuarine, and marine species, but
NHANES (recommended source of fish consumption data in
the 2011 USEPA Exposure Factors Handbook) does not. Thus,
if a FCR is selected based on NHANES data, consumption of
marine species will unavoidably be included in the FCR. As an
alternative, USEPA (2014b) recently obtained nonpublicly
available 24h recall files with raw data from NHANES from
2007 to 2008, which it used to apportion fish intake among
marine, estuarine, and freshwater sources to inform the
selection of a default freshwater plus estuarine FCR for its
draft update of HHWQC.
To both base its HHWQC on the most recently available



FCR data, and exclude consumption of marine species when
appropriate, the state of Florida, as part of its ongoingHHWQC
revision process, developed a 2‐part approach for adjusting
FCR data. As described above, the state first adjusted 2003 to
2006 NHANES FCR data using the NCI method to more
accurately reflect long‐term consumption patterns. Then the
NCI‐NHANES FCRs were further adjusted (reduced) by
applying an adjustment factor of 0.377, which is based on a
ratio derived from 1994 CFSII data on combined freshwater
and estuarine consumption and total consumption (freshwater,
estuarine, and marine) (FDEP 2014).



Fish tissue concentration



An implicit assumption in the derivation of HHWQC is
that any given HHWQC corresponds to some specific fish
tissue concentration. However, the amount of any particular
substance to which consumers are exposed through
the consumption of fish will be affected not only by the
concentration of that substance in surface waters and the
quantity of fish consumed, but also by the type of fish consumed
and how that fish has been prepared.



Cooking loss. The derivation of HHWQC is based on the
weight of raw fish consumed and the implicit assumption that
there will be no reduction in chemical concentrations in fish
tissues as a result of cooking and preparation processes.
However, numerous studies have shown that cooking reduces
the levels of some chemicals (Skea et al. 1979; Sherer and Price
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1993; Zabik et al. 1995, 1996; Zabik and Zabik 1995, 1996).
For example, Zabik et al. (1995) reported that cooking
significantly reduced levels of the DDT complex, dieldrin,
hexachlorobenzene, the chlordane complex, toxaphene, hep-
tachlor epoxide, and total PCBs. Similarly, Sherer and Price
(1993), in a review of published studies, reported that cooking
processes such as baking, broiling, microwaving, poaching, and
roasting removed 20% to 30% of the PCBs whereas frying
removed more than 50%.



In its development of Fish Contaminant Goals (FCGs) and
Advisory Tissue Levels, the State of California uses a cooking
reduction factor to account for cooking losses for some
chemicals (Cal/EPA 2008). Because the concentration of
PCBs and some other organic chemicals in fish are generally
reduced by at least 30%, depending on cooking method, the
state included a cooking reduction factor of 0.7 in the FCG
equation for organic compounds, which assumes 70% of the
chemical remains after cooking (Cal/EPA 2008). USEPA also
recommends that cooking loss be taken into account when
setting fish advisories (USEPA 2000b). Although fish advisories
are typically based on fish tissue levels rather than water
concentrations, the same principle applies, because any
HHWQC does translate to an equivalent fish tissue concentra-
tion for that substance.



By not incorporating a chemical‐specific factor to adjust for
cooking loss in HHWQC derivation, exposure associated with
fish consumption may be overestimated for certain organic
compounds, yielding lower HHWQC.



Lipid content of fish tissue. For nonionic chemicals, the lipid
content of fish tissues is an important determinant of the degree
to which those chemicals will accumulate in fish tissues. As part
of outlining a process for developing national BAFs, USEPA
(2003a) recommended national default lipid contents of 1.9%,
2.6%, and 3.0% for tropic level 2, 3, and 4 fish, respectively.
These specific values were cited (USEPA 2003a) as being the
consumption‐weightedmeans for aquatic organisms commonly
consumed throughout the United States. Florida recently
examined this issue using state‐specific data, and determined
that the consumption weighted average lipid content for
Florida consumers was 1.7%.



USEPA (2014b), in its recent HHWQC draft update, used
BCFs based on the assumption that all fish consumed contain
3% lipid. This implies the assumption that 100% of fish
consumed are from trophic level 4, based on the previous
defaults recommended by USEPA (2003a). Based on the
FDEP (2014) determination that the consumption weighted
average lipid content for Florida consumers was 1.7%, use of
a single BCF based on 3% lipids overstates bioconcentration
in fish consumed by Florida residents, and thus overstates the
risk associated with consuming fish caught in Florida (FDEP
2014). Similarly, the assumption of 3% lipid content likely
overstates bioconcentration and risk for the general public,
given that several of the most commonly consumed types of
seafood in the United States (MBA 2011) are lower trophic
level species (e.g., shrimp, tilapia, crab). For example, the most
commonly consumed seafood in the United States is shrimp
(MBA 2011), which has a lipid content of 1% to 2% (FDEP
2014).



Exposure duration



Exposure duration is an implicit element in the derivation
of HHWQC for carcinogens and a value of 70 y, or an


approximate lifetime, is assumed. Although average lifetimes
may be approximated by 70 y, few people will drink and fish
only one set of waters for an entire lifetime. Choosing to assume
a 70 y exposure duration may be appropriate in cases where a
chemical is ubiquitous in the environment (e.g., chemicals for
which atmospheric deposition is the dominant mechanism
for entry into surface waters) and it could reasonably be
assumed that ingestion of drinking water and locally caught fish
from all freshwater locations would lead to similar levels of
exposure. There is little evidence, however, supporting the
ubiquity of most substances for which HHWQC have been
established.



However, many individuals move one or more times during
their lifetimes and, as a result of those moves, may change
their fishing locations and the sources of the fish they
consume, thus changing their potential exposure profile.
For example, a Pew Research Center study (Taylor et al.
2008) found that 63% of Americans have moved to a new
community at least once in their lives and 43% of Americans
have lived in 2 or more different states. In addition, it is likely
that most anglers will not fish every year of their lives. Health
issues and other demands, like work and family obligations,
will likely result in no fishing activities or reduced fishing
activities during certain periods of time that they live in a
given area.



It is difficult to quantify the impacts of mobility and fishing
habits on actual duration of exposure, especially because it
seems reasonable to suspect that tribal, subsistence, and
low income fishers (high level consumers) might be less
mobile relative to the general population. However, the
assumption of a 70 y exposure duration for all members of
the population clearly adds conservatism to the derivation
of HHWQC.



Surface water concentration



Implicit in the derivation of HHWQC is the assumption that
both the water column and fish tissue concentrations exist at
their maximum allowed for the entire implied 70 y exposure
duration. In reality, water column concentrations vary over
time and space. The assumption that water concentrations are
always equal to the HHWQC and fish tissue concentrations
are equal to those expected following continuous exposure
to the HHWQC adds an additional layer of protectiveness
because, as a practical matter, regulations governing water
quality in the United States would not allow most regulated
chemicals to persist in a water body at the HHQWC
concentration for such an extended period. Exceptions to
this may be chemicals whose primary sources are beyond the
reach of water quality regulatory programs (e.g., airborne Hg,
naturally‐occurring As).



USEPA’s Impaired Waters and Total Maximum Daily Load
Program provides guidance to states concerning when waters
are to be listed as impaired under the terms of the CleanWater
Act. The USEPA guidance does not provide specific recom-
mendations for identifying stream impairments due to exceed-
ances of HHWQC, and state impaired stream listing
methodologies often do not include specific provisions. In
general, states seem to adopt 1 of 2 approaches: a specific limit
on the number of exceedances of water quality limits for some
fixed duration or the “10% Rule.” Alabama Department of
Environmental Management (2012), for example, considers
listing a waterbody if “[t]here is more than one exceedance of a
particular toxic pollutant criterion in [the] previous six years.”
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West Virginia Department of Environmental Protection
(2012), on the other hand, applies the “10% Rule,” stating
that “if an ample data set exists and exceedances of…human
health protection criteria occur more than 10 percent of the
time, the water is considered to be impaired.”
No matter which approach is adopted, average concen-



trations must be lower than the HHWQC to ensure that
exceedances do not occur. This situation is acknowledged in the
USEPA (2003b) guidance for listing impaired surface waters,
which states that “[u]sing the ‘10% rule’ to interpret data for
comparison with chronic WQC will often be consistent with
such WQC because it is unlikely to lead to the conclusion that
water conditions are better than WQC when in fact, they are
not.” Based on the 10% rule, it would be more accurate to
identify the HHWQC as the 90th percentile value in a
distribution of water column concentrations existing over 70 y
rather than a concentration to which living organisms are
continuously exposed.



COMPOUNDED CONSERVATISM IN DERIVATION OF
HHWQC
Most of the USEPA‐recommended default values represent-



ing exposure parameters and implicit assumptions used in the
derivation of HHWQC are selected from the upper percentiles
of available data ranges (USEPA 2000a). The overall con-
sequences of such choices have been acknowledged and
addressed by regulatory agencies and individual researchers.
For example, in its Cancer Risk Assessment Guidelines USEPA
(2005) cautioned that combining multiple overly conservative
assumptions is likely to lead to risk estimates that are above
the 99th percentile of the distribution of potential risk andmay
be of limited use to decision makers. Similarly, Lichtenberg
(2010) noted that the use of conservative default parameters
introduces an upward bias into estimates of risk, and concluded
that “the numbers generated by such procedures cannot really
be thought of as estimates of risk, because they bear only a
tenuous relationship to the probability that individuals will
experience adverse health consequences or to the expected
prevalence of adverse health consequences in the population.”
A sense of what compounded conservatism means in the



context of HHWQC derivation may be gained by estimating
the proportion of the total population composed of individuals
exposed at the levels represented by the default parameter
values. Ten percent of the general population consumes the
default 17.5 g/d ormore of freshwater or estuarine fish (USEPA
2000a). Fourteen percent of the population consumes the
default 2 L/d or more of water (USEPA 2000a). However, only
1.4% of the population is likely to consume at least 17.5 g/d of
fish and drink at least 2 L/d of water.
This shows the effect of compounded conservatism for just



2 exposure assumptions. When other factors that affect the
exposure assumptions are considered, such as that most of the
fish consumed in the United States are imported and that it is
unlikely that any individual will use untreated surfacewater as a
regular source of drinking water, it is clear that HHWQC are
based on exposures that are relevant for much less than 1% of
the population, which is substantially more conservative than
the goals (90th percentile, 10�6 risk level) recommended by
USEPA.
Although the toxicity factors used in derivation of HHWQC



have not been a focus of this article, they also contribute to the
compounding of conservatism in HHWQC. Consider, for
example, the UFs that are used by USEPA in the derivation of


RfDs, which are in turn used in the calculation of HHWQC for
substances with noncarcinogenic effects and substances such as
chloroform, which has a nonlinear dose–response for carcino-
genic effects. In RfD derivation, UFs are used to adjust the
selected dose level from the underlying toxicological study to
account for scientific uncertainties related to variations in
sensitivity among humans (UFH), extrapolation from animal
studies to humans (UFA), extrapolation from less than
chronic (i.e., subchronic) no observed adverse effect levels
(NOAELs) to chronic NOAELs (UFS) or use of a lowest
observed adverse effect level (LOAEL) rather than a NOAEL
(UFL) to define the RfD (USEPA 2000c). A default UF of 10
is typically used for each source of uncertainty noted above,
although in some cases, a reduced UF of 3 is applied when
available data or scientific understanding indicate that there is
more certainty as a result of the availability of more data or
a greater understanding of mode of action (USEPA 2000c).
As noted by Gaylor and Kodell (2000), multiplying several
uncertainty factors, each of which represents an upper bound
estimate, results in an unnecessary compounding of conserva-
tism, because it is unlikely that each uncertainty factor needs to
be simultaneously at the maximum value. Similarly, Swartout
et al. (1998) pointed out that themultiplication of conservative
UFs acts to “repeat” conservative assumptions at each step of
the process. For example, Swartout et al. (1998) concluded that
default UFs of 100, 1000, and 3000, for application of 2, 3, and
4 UFs, respectively, could be replaced with UFs of 51, 234, and
1040 and still maintain a 95th percentile level.
USEPA (2000a) recommends the use of parameter values



that are a combination of medians, means, and upper percentile
estimates that target the high end of the general population to
derive HHWQC. In actual practice, however, the selection of
values representing explicit exposure parameters and the
assumptions embodied by implicit parameters in the criteria
derivation methodology represent upper‐bound values in
nearly all cases, resulting in HHWQC that greatly exceed the
level of protectiveness identified by USEPA (2000a) as the
basis for the HHWQC.



ALTERNATIVE APPROACHES
HHWQC that are more closely aligned with USEPA’s stated



protectiveness goals might be derived by selecting default
parameter values from distributions that more accurately
reflect current data or better represent long‐term behavior,
such as using NCI method‐adjusted NHANES data on fish
consumption. In the recently released draft update of
HHWQC, USEPA (2014a) has adopted this approach. For
example, the agency has proposed to increase the default value
for BW to 80 kg and adjust fish consumption data to reduce bias
due to the use of short‐term consumption data as a surrogate
for long‐term fish consumption rates (USEPA 2014a).
Another alternative would be to replace some of the upper‐



end default values with mean and median values, and explicitly
address some of the implicit parameters by selecting specific
values for those parameters from the published scientific
literature and regional studies. For some exposure parameters,
sufficient data are available to provide complete distributions
fromwhich mean, median, or alternative percentile values may
be selected for use. For example, the most recent Exposure
Factors Handbook (USEPA 2011) contains complete data
distributions, based on large national surveys, for drinkingwater
intake. The primary obstacle to application of this approach is
a lack of guidance on which upper‐end percentile default
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exposure parameter values should be replaced with mean or
median values, or accepted guidance upon which such choices
should be based.



Another optionwould be to replace the current deterministic
approach toHHWQCderivationwith a probabilistic approach,
such as that proposed by the state of Florida (FDEP 2014). In
the Florida approach, distributions rather than point estimates
were used for body weight, drinking water intake, and fish
consumption rate (FDEP 2014). FDEP (2014) explained their
preference for the probabilistic approach:



“Reliance on point values discards valuable information on
variability within population. Furthermore, use of the deter-
ministic approach has led to a focus on the wrong endpoints.
The focus of criteria development should not be selection of a
fish consumption rate or any other point value, but rather on
setting criteria at the concentration of a pollutant inwater that is
not expected to pose a significant risk to human health over a
lifetime. The probabilistic approach allows the focus to be
shifted back to the true concern, specifically, the risk of
exceeding the RfD or risk‐specific dose (10�6/cancer slope
factor, RSD).”



Under Florida’s probabilistic approach, body weight,
drinking water intake, and fish consumption rate data are
inserted into the equation as probability distributions based on
variability in the target population (FDEP 2014). The analysis
treats the exposure distributions as random variables and
allows for an evaluation of risk to both the entire population
and to higher risk subpopulations (FDEP 2014). This allows
the risk assessor to specify the desired risk management
endpoint and then demonstrate that the endpoint is met by
the HHWQC. For example, for carcinogens, FDEP (2014)
proposed HHWQC ensuring that average Floridians will be
protected at greater than the 10�6 risk level, regular (weekly)
consumers of Florida fish will protected at the 10�5 level,
and that all Floridians, including subsistence fishers, will be
protected at better than 10�4. For noncarcinogens, FDEP
(2014) calculated a Hazard Quotient (HQ) (total intake
from fish and drinking water divided by the RfD, and then
multiplied by body weight), then proposed HHWQC that
achieve a HQ of 1.0 at the 90th percentile, which ensures that
exposures to a large majority of the population will not exceed
the RfD.



CONCLUSION
Despite USEPA (2000a) guidance to use “combinations of



median values, mean values and percentile estimates that target
the high end of the general population” when deriving
HHWQC for the protection of public health, most states and
tribes have calculated criteria using values from the upper ends
of distributions for the exposure parameters. Also, several
parameters, for which upper percentiles or maximums are
employed, are implicit in the derivation methodology (e.g.,
assuming zero loss due to cooking) and contribute additional
conservatism. Such conservative selections for these exposure
parameters, combined with conservative toxicity parameters,
can result in criteria that are substantially more protective than
implied by USEPA’s recommended health protection goals
because of the compounding effect that occurs when multiple
conservative factors are combined. This situation may be
mitigated by thoughtful selection of exposure parameter values
when using a deterministic approach, or by using a probabilistic
approach based on data distributions for many of these
parameters.
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Executive Summary 



To date, national ambient water quality criteria (AWQC), including those proposed by 



the United States Environmental Protection Agency (USEPA) in May 2014, have been 



established using deterministic risk assessment methods using almost exclusively 



upper bound or maximum values for variables that govern human exposure and 



toxicity of the compounds that are being regulated. This leads to a phenomenon that 



has been termed “compounded conservatism.” The effect is to overestimate potential 



risk associated with exposure to chemicals in surface waters and, as a result, to 



develop AWQC that are more stringent than necessary to achieve USEPA’s stated risk 



management goals. USEPA recognized this potential in its 2000 AWQC methodology 



yet uses repeated conservative assumptions to derive the proposed 2014 AWQC. 



USEPA has also recognized the ability of probabilistic risk assessments (PRA) to 



characterize the level of conservatism in risk assessments and has identified 



conditions for which PRAs are applicable and useful. The setting of national AWQC 



meets those conditions. This paper describes how PRA can be used to set AWQC and 



includes three case studies to demonstrate that the level of protection associated with 



USEPA’s proposed AWQC is greater, in some cases substantially greater, than implied 



by USEPA’s stated risk management goals. The case studies document other 



advantages of PRA over the deterministic approach. One such advantage is the ability 



to use as inputs to the derivation of AWQC all data associated with a particular variable 



(e.g., fish consumption, water ingestion, body weight) instead of selecting a single 



value as is necessary for deterministic assessments. Use of all data allows inclusion of 



all segments of the population in the derivation of AWQC and focuses the discussion 



surrounding the derivation of AWQC on the overall protectiveness of the AWQC and 



not on individual parameters used to derive the AWQC as has often been the case 



historically (e.g., selection of a single fish consumption rate). A second advantage is 



increased transparency regarding the protectiveness of the AWQC. In its 2000 AWQC 



methodology USEPA acknowledges that a deterministic approach precludes a 



quantitative assessment of the level of protection afforded different segments of the 



population. Because USEPA and others have now developed distributions for most of 



the key variables that determine exposure and risk to chemicals in surface water, PRA 



can be used to estimate the distribution of risk for the entire population and AWQC can 



be developed that afford specified levels of protection to different segments of the 



population.  
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1. Introduction 



Traditionally, ambient water quality criteria (AWQC) have been derived by regulatory 



agencies using deterministic risk assessment methods (e.g., USEPA 2000). Those 



methods assign a single value (from a range of possible values) to each parameter in 



an equation that yields an AWQC. Parameters include those that represent an 



exposure scenario, toxicity, and allowable risk level. Some view the selection of the 



allowable risk level as the only risk management decision in the setting of AWQC. That 



is incorrect.  Selecting a single value from a range entails an element of subjectivity 



and is often a topic of debate (Finley and Paustenbach 1994, Burmaster 1995). In the 



context of setting criteria, selection of a single input value from a range of values 



represents a risk management decision or policy choice. Unfortunately, the effect of the 



choice relative to the intended risk management goal is not always apparent.  



Because regulatory agencies tend to err on the side of protecting public health, the 



derivation process typically incorporates the selection of conservative values (i.e., high-



end or maximum values) for several parameters establishing the AWQC (USEPA 



1989, 1991a, 2011). Collectively, using multiple conservative assumptions for AWQC 



may be far more protective than necessary to meet a risk management goal. This 



phenomenon of greater conservatism embodied by the whole than the conservatism of 



each individual part is referred to as "compounded conservatism" (Nichols and 



Zeckauser 1986). When using a deterministic risk assessment approach, it is 



impossible to discern the degree to which AWQC are more protective than implied by 



the risk management goal and the actual level of protection afforded different 



segments of the population. Probabilistic risk assessment (PRA) is an alternative to the 



traditional deterministic risk assessment methods. It uses the range of values for a 



particular parameter thereby reducing the need for risk management decisions tied to 



each parameter. Because the outcome of PRA is a distribution of risk, it makes the risk 



management decisions (i.e., the level of protection afforded different segments of the 



population) more transparent within the AWQC derivation process.  



The concept of probabilistic assessment is not a new one; the United States 



Environmental Protection Agency (USEPA) has issued formal guidance for conducting 



probabilistic risk assessments (USEPA 2001) as well as a white paper encouraging the 



use of probabilistic risk assessment in decision making (USEPA 2014a,b). However, 



many agencies, including USEPA, have continued to use the traditional deterministic 



approach to deriving AWQC, despite criticism that the deterministic approach is overly 



conservative and can lead to unrealistic estimates of risk (Nichols and Zeckauser 1986, 



Burmaster and Harris 1993). Furthermore, although USEPA guidance recommends 
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basing deterministic risk assessments on exposure assumptions representing a 



combination of median values, mean values, and upper percentile estimates to avoid 



compounded conservatism (USEPA 2005), agencies continue to derive AWQC using 



conservative upper-percentile defaults for most of the derivation parameters (e.g., 



USEPA 2014c). 



The USEPA Risk Assessment Forum states that PRA can “facilitate better 



characterization of uncertainty and improve the overall transparency and quality of EPA 



assessments” and describes the following situations in which PRA is useful (USEPA 



2014a,b). 



1. A specified target level of protection in a population is identified by the manager 



(e.g., the 95th percentile), and it is necessary to demonstrate that this goal is met. 



2. Significant equity or environmental justice issues are raised by variation in risks 



among the exposed population of concern. 



3. Screening‐level point estimates of risk are higher than an accepted level of 



concern. 



4. Uncertainty in some aspect of the risk assessment is high, and decisions are 



contentious or have large resource implications. 



5. Specific critical risk estimates and assumptions point to different management 



options. 



6. The scientific rigor and quality of the assessment is critical to the credibility of the 



EPA decision. 



7. When a screening‐level deterministic risk assessment indicates that risks are 



possibly higher than a level of concern and a more refined assessment is needed. 



8. When the consequences of using point estimates of risk are unacceptably high. 



9. When significant equity or environmental justice issues are raised by interindividual 



variability. 



10. When exploring the impact of the probability distributions of the data, model and 



scenario uncertainties as well as variability together to compare potential decision 



alternatives. 



Many of the situations described by USEPA (2014a,b) apply directly to the 



establishment of national AWQC. Recently, the benefits of using the probabilistic 



approach to derive AWQC have been recognized by state regulatory agencies. For 



example, the Florida Department of Environmental Protection (FDEP) has developed 



proposed state criteria using probabilistic methods that allow the State to demonstrate 



all segments of the population, including high end consumers, are protected at 



appropriate acceptable risk levels.  
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The purpose of this white paper is to describe the probabilistic approach to deriving 



AWQC. In contrast to the deterministic approach, the probabilistic approach accounts 



for variability within populations and uncertainty surrounding parameters by allowing 



one or more of the exposure parameters to be defined as distributions of potential 



values (i.e., probability density functions). The paper describes the benefits of PRA 



compared to the traditional deterministic approach, presents three case studies 



demonstrating those benefits, and documents the effect of compounded conservatism 



in USEPA’s proposed AWQC which leads to substantially more stringent AWQC than 



necessary to achieve USEPA’s stated risk management goals. 



2. Background 



The general AWQC derivation process uses equations that account for the key 



exposure pathways (i.e., consumption of water and fish). Deterministic AWQC are 



derived using equations that include both exposure and toxicity parameters combined 



with a risk management goal (i.e., an acceptable risk level). Probabilistic AWQC are 



derived by using these same equations, combined with distributions for one or more 



parameters representing the inherent variability in a population’s physical 



characteristics and behaviors, or the uncertainty surrounding a parameter, to generate 



a distribution of risk. The AWQC derived using probabilistic methods is the water 



concentration that has associated with it a distribution of potential risk that meets (i.e., 



does not exceed) the risk management goal(s) selected by the regulatory agency. In 



some cases, a regulatory agency may select a single risk management goal. For 



example, a regulatory agency might require that the hazard quotient (HQ) for the 90th 



percentile of the population be equal to or less than 1.0. Alternatively, a regulatory 



agency may select multiple risk management goals that need to be met by an AWQC. 



For example, that the 50th percentile of the population (the median) must have an 



excess lifetime cancer risk (ELCR) equal to or less than 1x10-5 and that the 99th 



percentile of the population must have an ELCR equal to or less than 1x10-4.  



2.1 Monte Carlo Analysis 



Monte Carlo Analysis (MCA) is used to generate a distribution of risk when one or 



more input variables are defined as probability distributions. This technique has been 



widely used in engineering, finance, and insurance as an alternative to solving 



equations with probability distributions analytically, which is mathematically complex 



(USEPA 2001). MCA is easily accomplished using commercial software (e.g., @Risk 



or Crystal Ball). The computer randomly selects input values from each probability 



distribution and solves the equation to calculate risk; this process is called an iteration. 
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Typically, a large number of iterations are performed (e.g., 10,000 or more). One set of 



iterations is called a simulation. After the simulation is complete, the resulting risk 



estimates form a distribution of potential risk that can be compared to the target risk 



management goal(s). The MCA process is shown schematically in Figure 1.  



2.2 Equations 



AWQC are derived using the fundamental human health risk equations employed by 



(USEPA 2014c). The USEPA equation for chemicals with noncarcinogenic endpoints 



is: 



ܥܹܳܣ  ൌ ்ுொ	௫	஻ௐ	௫	ோௌ஼	௫	ோ௙஽



஽ூା	∑ ሺி஼ோ೔		௫	஻஺ி೔ሻర
మ



           (Equation 1) 



The USEPA equation for chemicals with carcinogenic endpoints is: 



ܥܹܳܣ ൌ ்ா௅஼ோ	௫	஻ௐ



ൣ஽ூା	∑ ሺி஼ோ೔	௫	஻஺ி೔ሻర
మ ൧	௫	஼ௌி



           (Equation 2) 



Where: 



THQ = target hazard quotient (unitless); 



TELCR = target excess lifetime cancer risk (unitless); 



DI = drinking water intake (L/day); 



FCRi = trophic level-specific fish consumption rate (kg/day); 



BAFi = trophic level-specific bioaccumulation factor (L/kg tissue); 



BW = body weight (kg); 



RSC = relative source contribution (unitless); 



RfD = reference dose (mg/kg-day); and 



CSF = cancer slope factor (mg/kg-day)-1. 



In addition to the parameters explicitly listed in the USEPA equations, additional implicit 



parameters also affect the characterization of risk and can be included in the AWQC 



derivation equations. The expanded equation for chemicals with noncarcinogenic 



health endpoints is: 



ܥܹܳܣ ൌ	
்ுொ	௫	஻ௐ	௫	஺ ೙்೎	௫	ோௌ஼	௫	ோ௙஽



ቂሺோ஻஺ೢ	௫	஽ூሻା	ቀோ஻஺೑	௫	 ∑ ሺி஼ோ೔	௫	஼௅ி೔	௫	௅ுி೔	௫	஻஺ி೔ሻర
మ 	௫	ሺଵି஼௅ሻቁቃ	௫	ா஽



         (Equation 3) 



The expanded equation for chemicals with carcinogenic health endpoints is: 
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ܥܹܳܣ ൌ	
்ா௅஼ோ	௫	஻ௐ	௫	஺ ೎்



ቂሺோ஻஺ೢ	௫	஽ூሻା	ቀோ஻஺೑	௫	 ∑ ሺி஼ோ೔	௫	஼௅ி೔	௫	௅ுி೔	௫	஻஺ி೔ሻర
మ 	௫	ሺଵି஼௅ሻቁቃ	௫	ா஽	௫	஼ௌி



   (Equation 4) 



Where the additional implicit parameters include: 



RBAw = relative bioavailability, water (unitless); 



RBAf = relative bioavailability, fish (unitless); 



CLFi = trophic level-specific catch location factor (unitless); 



LHFi = trophic level-specific life history factor (unitless); 



CL = cooking loss (unitless); 



ED = exposure duration (years); 



ATnc = averaging time for noncarcinogenic effects (years); and 



ATc = averaging time for carcinogenic effects (years). 



When AWQC are derived using Equations 1 and 2, these implicit parameters are each 



effectively incorporated at their highest possible value, thereby resulting in AWQC with 



additional layers of conservatism. For example, excluding the relative bioavailability 



and cooking loss terms assumes that the chemical in water and fish is 100% 



bioavailable and that none of the chemical in fish is lost during the cooking process. 



Excluding the exposure duration and averaging time terms assumes that exposure 



duration is equal to averaging time – in other words, it assumes an exposed individual 



will live in the same place for their entire life (e.g., 70 years) and that 100% of the water 



and fish they consume during those 70 years will come from the regulated water body. 



Excluding the catch location factor and life history factor terms assumes that 100% of 



fish consumed are caught from local regulated waters and spend the entirety of their 



lives in the same regulated waters. While USEPA has indirectly accounted for life 



history by excluding marine and a portion of anadromous fish from the overall fish 



consumption rate (e.g., USEPA 2014c), the remaining implicit parameters are often left 



unaddressed. These parameters should be included in the AWQC derivation equations 



to make the level of conservatism embodied in AWQC clear. 



2.3 Sources of Data 



Developing parameter distributions for use in a probabilistic assessment has at times 



historically been viewed as a challenge due to a perceived lack of robust sources of 



data. However, numerous sources of robust statistical data now exist and can be used 



to characterize the variability and uncertainty in parameters that determine AWQC. 



Simply put, if sufficient data exist to establish a distribution from which a point estimate 



representing a specific percentile can be selected (e.g., the 95th), then the data should 
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be available to define a full probability distribution (USEPA 2014b). Sources for national 



exposure data include: 



 USEPA Exposure Factors Handbook (USEPA 2011) – Provides a summary of 



statistical data describing a number of behavioral and physiological factors 



commonly used in human health risk assessment, including but not limited to 



drinking water intake, fish consumption rate, body weight, and exposure duration; 



and 



 USEPA Estimated Fish Consumption Rates for the U.S. Population and 



Selected Subpopulations (USEPA 2014d) – Provides an analysis of long-term 



average fish consumption rates for the general U.S. population using data from the 



National Health and Nutrition Examination Survey (NHANES) 2003-2010. 



State-specific or regional data may also be available to characterize various aspects of 



exposure. Some examples include: 



 Oregon Department of Environmental Quality (ODEQ) Guidance for Use of 
Probabilistic Analysis in Human Health Risk Assessments (ODEQ 1998) – 



Provides distributions for numerous exposure factors commonly used in risk 



assessment; 



 Washington Department of Ecology (WDOE) Fish Consumption Rates 



Technical Support Document: A Review of Data and Information about Fish 
Consumption in Washington (WDOE 2013) – Provides an evaluation of 



available information on fish consumption in Washington State; and  



 FDEP Draft Technical Support Document: Derivation of Human Health-Based 



Criteria and Risk Impact Statement (FDEP 2014) – Provides national and state-



specific distributions used to derive AWQC for the State of Florida. 



2.4 Using PRA to Derive AWQC 



The equations presented in Section 2.2 are sometimes referred to as “backward” risk 



equations. That is, USEPA uses equations that predict an allowable water 



concentration (i.e., the AWQC) based on an allowable risk, exposure scenario, and 



toxicity. These equations are typically used for deterministic calculation of risk-based 



acceptable media concentrations (e.g., AWQC or preliminary remediation goals at 



waste sites). 
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As described by Burmaster et al. (1995) and Ferson (1996), deriving AWQC using 



probabilistic methods requires “forward” equations. That is, the equations estimate risk 



from a chemical concentration, exposure scenario, and toxicity. In essence, the forward 



equation will yield a distribution of risks dependent on several inputs that are also 



distributions. If the equation is “flipped” to solve for one of the inputs, the resulting 



distribution and the original input distribution may have similar means, but the spread of 



the distributions will be different. Because the tails of a distribution (e.g., highly 



exposed individuals) are often of interest when setting acceptable risk or acceptable 



media concentrations, this disparity has marked effects on the outcome of the 



calculation. Therefore, USEPA recommends using forward equations when conducting 



probabilistic assessments to avoid the mathematical limitations associated with back-



calculation (USEPA 2001). 



For probabilistic derivation of AWQC, the process of estimating risk by selecting from 



the input point estimates or distributions is repeated until the number of desired 



iterations (e.g., 100,000 iterations for the case studies presented herein) is complete. 



As long as one or more of the input parameters are distributions, the final output of a 



simulation will be a distribution of risks associated with a particular concentration of a 



chemical in water. If the estimate of risk matches the desired risk management goal(s), 



the chemical concentration that was used to generate the output is the AWQC.  



Typically, multiple simulations are required to derive probabilistic AWQC. Two methods 



can be used to develop the AWQC: the iterative approach and systematic linear 



derivation. Both require that allowable risk goals be established for at least one, and 



possibly several, statistics of the risk distribution (e.g., the mean, median, 90th 



percentile, 95th percentile). 



 In the iterative approach (shown schematically in Figure 2), a water 



concentration is selected and the resulting risk distribution is compared to risk 



management goal(s). If one or more goals is exceeded, the process is repeated 



using alternative chemical concentrations until a concentration is identified that 



results in a risk distribution that meets all risk management goals. That 



concentration is the AWQC. 



 The systematic linear derivation approach is recommended by USEPA (2001) 



as a “shortcut” for the trial-and-error method when using probabilistic methods to 



calculate risk-based acceptable media concentrations. Typically, simulations are 



run at three alternative chemical concentrations. The estimated risks at the 



percentile of the risk distribution corresponding to the risk management goal 
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versus the chemical concentration used for each simulation are plotted (Figure 3). 



(The example in Figure 3 is for the carcinogenic endpoint, but a similar process 



would be used for the non-cancer endpoint.) A least-squares linear regression line 



is fit to the paired excess lifetime cancer risk and concentrations for each statistic 



of the distribution corresponding to the risk management goal. The equation for 



each statistic is used to solve for the chemical concentration that corresponds to 



the risk management goal (e.g., allowable risk level) for that statistic. If only one 



risk management goal needs to be met (e.g., excess lifetime cancer risk at the 90th 



percentile must be equal to or less than 1x10-5), the concentration that meets that 



goal is the AWQC. When more than one risk management goal needs to be met, 



the AWQC is the lowest of the concentrations derived from all of the risk 



management goals. The example shown in Figure 3 requires that two risk 



management goals be met. In this example the mean of the risk distribution must 



be equal to or less than 1x10-6 which occurs at a concentration of 9.9 micrograms 



per liter (ug/L) and the 90th percentile must be equal to or less than 1x10-5 which 



occurs at 44 ug/L. In this case the AWQC would be set at 9.9 ug/L such that both 



goals are met. Commonly, risk associated with one of the descriptors of the risk 



distribution is below its risk management goal. In this case, while the risk to the 



average member of the population is equal to the risk management goal of 1x10-6 



at a concentration of 9.9 ug/L the risk associated with the 90th percentile at that 



same concentration is approximately 2x10-6, which is about five times lower (more 



stringent) than required by the risk management goal of 1x10-5 for the 90th 



percentile. 



3. Key Concepts of Probabilistic Approach 



The probabilistic approach to deriving AWQC offers numerous advantages over the 



deterministic approach. Perhaps the clearest advantage of the probabilistic approach is 



that it provides risk managers with more information than the traditional deterministic 



approach. Three case studies are presented below demonstrating how variables can 



be represented by distributions of values capturing not only observed variability but 



also uncertainty associated with exposure and risk. Two additional considerations, the 



potential correlation between variables and the uncertainty associated with the tails of 



the risk distribution, are also discussed. The case studies illustrate that the ability to 



use as inputs to the derivation of AWQC all data associated with a particular parameter 



that affects exposure (e.g., fish consumption, water ingestion, body weight) increases 



transparency about the protectiveness of AWQC and helps focus stakeholders on the 



overall process and the ultimate public health protection afforded by AWQC and not 



any single assumption used to derive AWQC.  
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3.1 Case Study: Variability of Exposure Parameters 



To illustrate the transparency afforded by the probabilistic approach, a case study is 



presented using USEPA’s May 2014 draft updated AWQC for benzo(a)pyrene, 



chlordane, and benzene (i.e., 0.00077, 0.0000068, and 0.45 ug/L, respectively, for 



intake of water and fish). According to USEPA, these criteria are “meant to be 



protective of human health for the general [emphasis added] adult population from an 



increased cancer risk…at a 10-6 or 1 in 1,000,000 risk level” (USEPA 2014e,f,g). To 



better understand the range of potential risk associated with these criteria, distributions 



were initially defined for three exposure parameters: body weight, drinking water 



intake, and fish consumption rate. Using the same datasets used by USEPA to select 



point estimates for these parameters, distributions were developed using @Risk (Table 



1). These distributions represent all ranges of behavior, including highly exposed 



members of the population. For example, the drinking water intake distribution 



assumes that 1% of the population ingests more than 5 liters of untreated surface 



water for every day of their lifetime. While the maximum drinking water intake rate 



varies between simulations, it is approximately 15 liters per day (L/day) on average 



over a lifetime. Similarly the fish consumption distribution assumes that 1% of the 



population consumes more than 58 grams of fish for every day of their lifetime. The 



maximum consumption rate is consistently greater than USEPA’s subsistence 



consumption rate of 142 grams per day (g/day) (USEPA 2000) and is, on average over 



a lifetime, approximately 184 g/day.  In other words, the PRA includes people who are 



assumed to eat approximately 184 grams of fish per day, every day of the year, for 



every year of their assumed 70 year lifetime.  



A probabilistic assessment was conducted using these three distributions along with 



the point estimates selected by USEPA for the remaining input parameters. The results 



of this analysis show that the median (50th percentile) excess lifetime cancer risk 



ranges from 2.3x10-7 to 5.1x10-7 for the three chemicals. Similarly, the mean excess 



lifetime cancer risk ranges from 4.4x10-7 to 5.9x10-7. Excess lifetime cancer risk for the 



90th percentile is approximately 1.0x10-6 for all chemicals (Figure 4). On average, the 



maximum risk is slightly less than 1x10-5 for all chemicals. The shape of the risk 



distribution varies between chemicals because the relative contribution of the drinking 



water and fish consumption pathways varies between chemicals. Exposure associated 



with the drinking water pathway will be identical for all chemicals because the 



distribution of water consumption is the same for all chemicals. However, exposure 



associated with the fish consumption pathway will vary. Chemicals with higher 



bioaccumulation factors (BAFs) (e.g., benzo(a)pyrene and chlordane) will have a 



higher risk contribution from the fish consumption pathway than chemicals with lower 
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BAFs (e.g., benzene), altering the shape of the cumulative risk distribution associated 



with drinking water and fish combined. 



The distributions of risk, based just on input distributions for body weight, water 



ingestion and fish consumption, find that the excess lifetime cancer risk of the average 



member of the population is more than two-fold lower than the stated goal of protecting 



the general adult population at a risk level of 1x10-6, assuming the definition of the 



“general adult population” is the average member of the population. If the “general 



adult population” is assumed to be the median (50th percentile) member, then the level 



of protection associated with the proposed criteria are closer to 4-fold more stringent 



than USEPA’s stated goal. Additionally, the proposed criteria are substantially more 



stringent than necessary to be consistent with USEPA’s 2000 methodology, which 



states “EPA believes that both 10-6 and 10-5 may be acceptable for the general 



population and that highly exposed populations should not exceed a 10-4 risk level” 



(USEPA 2000). As discussed above, the exposure distributions include high-end 



behaviors for both water ingestion and fish consumption, and people with body weights 



of less than 50 kilograms. Thus, highly exposed populations are included and shown to 



have excess lifetime cancer risk of about 1x10-5, or about an order of magnitude (10-



fold) less than suggested by USEPA (2000).  



These PRA results indicate that the proposed AWQC for benzo(a)pyrene, chlordane, 



and benzene, based on consideration of just these three exposure variables alone, 



could be increased by at least four-fold, and perhaps as much as 10-fold and still have 



the potential risks associated with the general adult population fall within USEPA’s 



stated goal of 1x10-6 and 1x10-5 being acceptable risk levels for the general population 



and to limit the excess lifetime cancer risk of highly exposed populations to less than 



1x10-4.   



As shown above in the equations used to estimate AWQC, many parameters in 



addition to bodyweight, fish consumption and water ingestion affect exposure and risk 



and the numerical value of AWQC.  Because USEPA uses high-end or maximum 



values for many of these other parameters, expanding the PRA to incorporate 



distributions for one or more of these other parameters is likely to demonstrate that 



USEPA’s proposed AWQC are even more conservative than suggested by using 



distributions for just bodyweight, fish consumption and water ingestion.  The effect of 



incorporating distributions for two other parameters is presented and discussed below.  
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3.2 Case Study: Variability of Bioaccumulation 



In addition to the three exposure parameters evaluated in Section 3.1, distributions can 



be included for other parameters as well. For example, numerous conservative 



assumptions are used to develop the trophic level-specific BAFs used by USEPA to 



derive the proposed AWQC. If distributions are used to represent the input parameters 



that determine the BAFs, a distribution of predicted BAFs can be generated. BAFs are 



only one of several other exposure parameters that could be represented using 



distributions (e.g., cooking loss, chemical concentration in surface water). 



Expanding the case study, distributions were developed for the trophic level-specific 



benzo(a)pyrene and chlordane BAFs. First, distributions were developed for several 



parameters that affect BAFs. Next, distributions were developed for the BAFs 



associated with each trophic level using the equations presented in the Estimation 



Program Interface (EPI) Suite BCFBAFTM model (USEPA 2012). 



Distributions of lipid content in edible portions of trophic level 2, 3, and 4 fish were 



developed using the observations obtained from the online Environmental Monitoring 



and Assessment Program (EMAP) and Storet databases maintained by USEPA (Table 



2). EMAP was designed to store data for use in ecological monitoring and risk 



assessment. The Storet database includes water quality and toxicity obtained from 



government agencies, Indian Tribes, volunteer organizations, academia, and other 



organizations. It provides a large quantity of lipid data from several regions throughout 



the U.S. and for numerous species and thus enables the development of national fish 



lipid distributions based on trophic level. Lipid data were subdivided into trophic levels 



2, 3, and 4, based on trophic levels classified in USEPA (2014d). Specific species not 



included in the USEPA (2014d) trophic level classification were obtained from Froese 



and Pauley (2014). Trophic level values from Froese and Pauley (2014) were provided 



to one decimal place and were rounded to the next trophic level at decimal values of 



x.5 and higher. Distributions were then developed for proportion lipid in each of the 



three trophic levels using @Risk (Table 2).  



Distributions of dissolved organic content (DOC) and particulate organic content (POC) 



were also developed using data obtained from the United States Geological Survey 



(USGS) National Water Quality Assessment Program (NAWQA). This monitoring 



program, started in 1991, collects chemical and physical water quality data from 51 



study sites nationwide and stores this information in an online database (USGS 2001). 



Distributions were developed for both DOC and POC using @Risk (Table 2). 
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Distributions for lipid content of trophic level 1 organisms, organism weight, and 



temperature were developed by selecting a range of values for each parameter. For 



lipid content of lowest trophic level organisms and organism weight, the range was 



defined as half the USEPA default at the low end and two times the USEPA default at 



the high end. Lipid content of lowest trophic level organisms therefore was defined as a 



uniform distribution ranging from 0.005 to 0.02. Organism weight ranged from 0.048 to 



0.192 kilograms (kg), 0.092 to 0.368 kg, and 0.765 to 3.06 kg for trophic level 2, 3, and 



4 organisms, respectively (Table 2). Temperature was defined as a uniform distribution 



ranging from 5 to 28oC, a range selected to reflect the range of surface water 



temperatures across the United States (Table 2). 



An Excel spreadsheet version of the EPI Suite BCFBAFTM model was created using 



the equations and assumptions listed in the BCFBAFTM Help File. An MCA was 



conducted using the three trophic level-specific lipid distributions along with the point 



estimates defined by USEPA for the remaining input parameters. In this way, 



distributions were developed for bioaccumulation in each of the three trophic levels 



using @Risk (Table 2). Most of the BAFs included in the distribution of BAFs are lower 



than the BAFs used by USEPA to derive the proposed AWQC.  



Using the exposure parameter distributions described in Section 3.1, along with the 



distributions developed for bioaccumulation, a PRA was again conducted using the 



draft updated AWQC for benzo(a)pyrene and chlordane. The results of this analysis 



show that incorporating variability for an additional element – in this case, 



bioaccumulation – not only increases variability in the risk distribution but reduces risk 



estimates even further. The effect is relatively small for benzo(a)pyrene (Figure 5) but 



larger for chlordane (Figure 6). The 95th percentile chlordane excess lifetime cancer 



risk drops from 1.5x10-6 to 6.5x10-7 and the mean drops from 4.4x10-7 to 1.8x10-7. On 



average, the maximum risk drops from approximately 9x10-6 to 5x10-6. These results 



demonstrate that the proposed criteria are even more stringent than suggested by a 



PRA based on distributions for only three exposure parameters and that the proposed 



AWQC for chlordane could perhaps be increased by as much a 20 times (from 



0.0000068 ug/L to 0.00014 ug/L) and still remain protective of the general population 



as well as highly exposed populations.  



3.3 Case Study: Uncertainty in Toxicity 



Generally, the distributions used in probabilistic risk assessments are limited to 



parameters that determine exposure because of a reluctance on the part of USEPA to 



incorporate uncertainty and variability associated with toxicity assumptions in PRA. 
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However, distributions can also be developed for parameters used to estimate toxicity 



[i.e., the reference dose (RfD) or cancer slope factor (CSF)]. Given that these are 



selected to overpredict response for a given exposure, for example because cancer 



slope factors are an upper bound estimate of response as opposed to the best 



estimate of response, using a distribution for toxicity estimates is likely to lead to a 



further decrease in potential risk for the general adult population. While the distributions 



for most exposure parameters represent primarily variability among the population for 



that particular parameter, the distributions representing toxicity reflect variability in 



response between animals but also uncertainty about the extrapolation of response in 



the human population based on studies in animals. Depending upon chemical, that 



uncertainty has the potential to be large.  



To illustrate the effect of toxicity uncertainty, a distribution of CSFs associated with oral 



exposure to benzo(a)pyrene was developed. Benzo(a)pyrene was selected as one 



example for this final case study, though toxicity distributions could be developed for 



most other chemicals using distributions of CSFs for the cancer endpoint and 



distributions of RfDs for the non-cancer endpoint. 



Numerous rodent bioassays report tumorigenicity results associated with oral exposure 



to benzo(a)pyrene, mainly in tissues of the alimentary tract (USEPA 2013). Of these 



studies, the rat bioassay by Kroese et al. (2001) and the female mouse bioassay by 



Beland and Culp (1998) provided the best available dose-response data for 



extrapolating to lifetime cancer risk. Both studies were conducted in accordance with 



Good Laboratory Practices, included controls, three dose levels, sufficient numbers of 



test animals per dose group, appropriate exposure durations, and included 



histopathological evaluation in multiple tissue types. Other bioassays which have been 



used previously by USEPA to estimate CSFs (USEPA 1991b), such as Brune et al. 



(1981), Neal and Rigdon (1967), and Chouroulinkov et al. (1967), were not considered 



in this analysis due to shortcomings in experimental design compared to the Kroese et 



al. (2001) and Beland and Culp (1998) studies. 



USEPA (2013), California EPA (2010), and ARCADIS (2013) relied on the 



tumorigenicity data reported by Kroese et al. (2001) and Beland and Culp (1998) to 



calculate CSFs. USEPA (2013) developed dose-response relationships for the 



combined incidence of forestomach, esophagus, tongue, and larynx squamous cell 



tumors from Beland and Culp (1998) and for each tumor response site reported by 



Kroese et al. (2001). The multistage-Weibull model, which incorporates time-to-tumor 



incidence, was used to estimate points of departure (POD) as the lower 95% bound 



benchmark doses at the 10% extra risk level. CSFs were then calculated using linear 
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low-dose extrapolation as it was assumed that benzo(a)pyrene has a mutagenic mode 



of action (USEPA 2013). California EPA (2010) modeled the combined incidence of 



tumors of the esophagus, forestomach or tongue from Beland and Culp (1998) and the 



liver and combined forestomach and oral cavity adenomas or carcinomas from Kroese 



et al. (2001) using the multistage-Weibull time-to-tumor model. CSFs were then 



calculated using linear low-dose extrapolation from the POD, which was set to the 



lower 95% confidence bound for the dose associated with a 10% increased cancer 



risk. ARCADIS (2013) independently modeled the combined esophageal papilloma 



and carcinoma data from Beland and Culp (1998) using a multistage cancer model, 



where the POD was estimated as the lower bound 95% confidence interval on the 



dose level associated with a 10% extra cancer risk, and using linear low-dose 



extrapolation to calculate the CSF.  



ARCADIS used the esophageal tissue tumor incidence data from Beland and Culp 



(1998) to calculate the benzo(a)pyrene CSF. USEPA and California EPA also relied on 



data from Beland and Culp (1998) to calculate CSFs, but only after combining tumor 



incidence data for multiple organs and tissue types, including the forestomach. The 



forestomach is an organ in rodents that holds ingested food before entry into the 



stomach. When benzo(a)pyrene-incorporated food is fed to rodents, benzo(a)pyrene 



has a longer contact time with the forestomach membranes than it does with the 



membranes of the stomach or intestines. Humans do not have a forestomach or other 



organ that holds food prior to entry to the stomach. Thus, forestomach tumorigenicity 



data is not relevant to human health assessments. However, benzo(a)pyrene in food 



travels through the esophagus quickly following ingestion in both rodents and humans, 



resulting in similar food-tissue contact times. USEPA has argued that esophageal 



tissue is similar in nature to rodent forestomach tissue and hence, rodent forestomach 



tumor data is relevant to human health risk assessment. In many rodent studies, only 



forestomach tumor data are available. However, for this example, rodent esophageal 



tissue data were used to estimate human health risks. 



Calculating CSFs based on the results from multiple studies provides a means of 



aggregating sources of response variability and uncertainty. The Kroese et al. (2001) 



rat bioassay and Beland and Culp (1998) mouse bioassays each display within-study 



variability in dose-response and subsequent CSF estimates. This is attributed to 



physiological differences between sexes in the Kroese et al. (2001) study, the 



approach used to group tissue-specific responses and/or tumors with differing 



histopathologies, and the mathematical modeling procedures used to estimate CSFs. 



In addition, interspecies differences in sensitivity between rats and mice, differences 



between exposing test animals to benzo(a)pyrene via gavage or diet, differences in 
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treatment designs, and differences in study protocols between laboratories produce 



between-study variability in CSF estimates. Taken together, the studies included here 



capture uncertainties associated with 1) the relevance of using rodent/tissue-specific 



tumorigenicity responses in the forestomach, an organ that humans do not possess, to 



estimate human risks, 2) the range of CSF magnitudes calculated using different target 



organ and response-site groupings, and 3) extrapolating from tumorigenicity data in 



rodents to risks in humans.  



The final distribution of CSFs was developed using values calculated by USEPA 



(2013), California EPA (2010), and ARCADIS-US (2013), which all relied on data from 



the Kroese et al. (2001) and Beland and Culp (1998) bioassays (Table 3). The input 



values derived from Beland and Culp (1998) were weighted more heavily in MCA 



(66%) than the input values calculated from the Kroese et al. (2001) bioassay (33%). 



This was done to reflect USEPA’s selection of the Beland and Culp (1998) alimentary 



tract-based CSF as the most sensitive tumorigenic end-point in their recent 



toxicological review of benzo(a)pyrene (USEPA 2013).    



The CSF distribution includes seven CSFs adjusted using age sensitivity factors 



(ASFs) for early lifestage exposure and seven CSFs without this adjustment. The use 



of ASF-adjusted CSFs introduces another layer of uncertainty. All of the exposure 



assumptions used by USEPA to derive the proposed benzo(a)pyrene AWQC are 



representative of adults or assume a lifetime of exposure. Body weight, drinking water 



intake, and fish consumption rate are all derived from data for adults 21 years of age or 



older. Because exposure duration and averaging time are not explicitly included in the 



equation used to derive USEPA’s proposed AWQC, the implicit assumption is a 



duration of exposure equal to a full lifetime. Exposure assumptions that are 



representative of adults may not be representative of children. Therefore, using a 



toxicity benchmark adjusted for the potential increased sensitivity of children may not 



be appropriate when estimating the potential risks associated with adult lifetime 



exposures. To capture this uncertainty, the distribution includes CSFs with and without 



the ASF adjustment. 



Using the exposure parameter and bioaccumulation distributions described in Sections 



3.1 and 3.2, along with the distribution developed for toxicity, a 2-dimensional MCA 



(2D-MCA) was conducted using the draft updated AWQC for benzo(a)pyrene. The 2D-



MCA used nested computational loops (i.e., 100 outer loop simulations and 5,000 inner 



loop iterations) where the exposure and bioaccumulation distributions were repeatedly 



sampled for each iteration but the toxicity distribution was only sampled once for each 



simulation. The 2D-MCA was conducted this way to assess how the risk distribution 
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might shift upward or downward with varying assumptions for toxicity. The 5% and 95% 



confidence intervals (i.e., the lower 5% and upper 95% confidence bounds) associated 



with the best estimate (i.e., arithmetic mean) of potential risk were plotted alongside the 



individual simulation results (Figure 7).  



The results of this assessment show that the uncertainty associated with 



benzo(a)pyrene toxicity causes risk estimates to vary by more than an order of 



magnitude from the high to low end. For example, the upper bound estimate of the 90th 



percentile risk (i.e., 1.0x10-6) is over ten times greater than the lower bound estimate 



(i.e., 7.2x10-8) (Figure 7). These PRA results indicate that depending upon the level of 



confidence associated with the estimated risk at a particular percentile of the 



distribution of risk, the proposed AWQC for benzo(a)pyrene could potentially be 



increased by several fold and still meet USEPA’s stated risk management goals.  For 



example, the best estimate of risk associated with the distribution of cancer slope 



factors is approximately three-fold lower than the upper 95th percentile confidence 



bound (Figure 7).  



3.4 Correlation Between Variables 



In addition to concerns about the adequacy of data to develop robust input 



distributions, other concerns have been raised about PRA. Those include the effect of 



failing to account for correlations between input variables and model uncertainty. As 



discussed above, robust data are now available to develop input distributions for key 



variables. The effect of correlation is discussed below, as is model uncertainty.  



Correlation is a measure of dependence between random variables. In the case of 



probabilistic risk assessment, correlation refers to the strength of association between 



exposure parameters. For example, it has been suggested that the probabilistic 



approach to deriving AWQC should take into account the possibility that larger people 



(i.e., those with higher body weights) may be more likely to consume larger amounts of 



both water and fish. In its July 2012 Technical Support Document: Derivation of Human 



Health Criteria and Risk Assessment (TSD), FDEP accounted for both of these 



correlations in its calculations (FDEP 2012).  



To evaluate the implications of accounting for correlations in the derivation of AWQC, 



FDEP’s July 2012 methodology, selected as a readily available example of correlations 



between exposure parameters, was applied to a single chemical. Using the 



distributions defined by FDEP in its July 2012 TSD for drinking water intake, body 



weight, fish consumption rate, and fraction lipid, potential ELCR distributions were 
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generated for benzo(a)pyrene at USEPA’s 2009 national recommended water quality 



criterion level of 0.0038 ug/L (USEPA 2009). Two simulations were run, each using 



100,000 Monte Carlo iterations. One simulation accounted for correlations between 



body weight and both drinking water intake and fish consumption rate, as defined in 



FDEP’s July 2012 TSD. The second simulation used the same input distributions but 



did not account for any correlations between variables. 



The results of this evaluation show that accounting for correlation between variables 



reduces the probability of extreme high or low exposure estimates (e.g., a very large 



person consuming a very small amount of fish or vice versa). The overall spread of the 



ELCR distribution when accounting for correlations is reduced compared to the ELCR 



distribution when not accounting for correlations (Figure 8). For example, the 5th 



percentile ELCR when accounting for correlations is higher (2.5x10-7 versus 2.2x10-7) 



and the 95th percentile ELCR is lower (1.0x10-6 versus 1.1x10-6). That being said, the 



50th percentile of the two distributions (5.0x10-7) is virtually the same. Therefore, when 



deriving AWQC using the probabilistic approach, not accounting for correlations 



appears to be a conservative approach, at least in the case of the assumed positive 



correlation of ingestion of water or fish and body weight. Increasing the spread of the 



risk distribution in both directions effectively increases the risk estimates at the low- 



and high-end percentiles of the distribution, thereby lowering the resultant AWQC when 



risk management goals are focused on these percentiles (Table 4). 



3.5 Instability of Extreme Percentiles 



When establishing risk management criteria, an important consideration is the 



decreasing stability of risk estimates at extreme percentiles. USEPA recommends the 



90th to 99.9th percentiles as the reasonable maximum exposure (RME) range for 



decision-making purposes (USEPA 2001). However, caution should be exercised 



when relying on extreme upper-end percentiles for risk management purposes. These 



higher percentiles (e.g., the 99.9th) tend to be highly uncertain due to the limited 



number of data points in these ranges.  



To illustrate this point, a 2D-MCA was used to estimate the uncertainty associated with 



random selection of input values from predefined input distributions (i.e., model 



uncertainty). For continuity, the input distributions from FDEP’s July 2012 TSD were 



once again used to assess potential ELCR for benzo(a)pyrene in this analysis (FDEP 



2012). Because the selection of input values for each iteration is random, the resulting 



estimate of potential risk associated with each iteration is unique. Consequently, the 



risk distributions resulting from each set of simulation will be very similar but will not be 
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identical. The 2D-MCA used nested computational loops (i.e., a 2D-MCA with 100 



outer loop simulations and 5,000 inner loop iterations) to repeatedly sample the input 



distributions to quantify the effect of the random selection of input values and estimate 



the 5% and 95% confidence intervals (i.e., the lower 5% and upper 95% confidence 



bounds) associated with the best estimate (i.e., arithmetic mean) of potential risk 



resulting from that random selection. The results of this analysis show that there is a 



high degree of certainty associated with risk estimates at the 50th percentile (i.e., there 



is a narrow confidence interval associated with risk estimates at the 50th percentile) 



(Figure 9). The degree of certainty decreases slightly (i.e., the confidence interval 



widens) at the 95th percentile and decreases significantly at the 99.9th percentile. 



4. Discussion and Conclusions 



The case studies have demonstrated that sufficient information is available for several 



key exposure parameters to develop input distributions that represent the range of 



exposures in the population and that those can be incorporated in a PRA to develop a 



distribution of potential risks for the population. Though presented only for 



benzo(a)pyrene in this white paper, sufficient information about the toxicity of most 



compounds is available to establish distributions for toxicity parameters as well. 



Evaluation of some of the more commonly cited concerns about PRA (i.e., correlation 



between input variables, model uncertainty) indicates that those are unlikely to have a 



large effect on the outcome and interpretation of the results of a PRA, though it is clear 



from the evaluation of model uncertainty that the highest and lowest percentiles of the 



risk distribution (i.e., below the 1st and above the 99th percentiles, the extreme tails) are 



less stable than the majority of the distribution and that setting AWQC based on such 



percentiles should be undertaken with great caution, or not at all.   



The case studies have also confirmed that a deterministic risk assessment approach 



that used primarily high-end assumptions and one or two central tendency 



assumptions results in AWQC that are substantially more stringent than implied by the 



risk management goals upon which the criteria are based (e.g., in the case of USEPA’s 



2014 proposed AWQC, protecting the general adult population at a 1x10-6 allowable 



risk level). The degree to which the stated risk management goals are exceeded 



depends upon the chemical but also on the risk management goals used. PRA makes 



the level of protection far more transparent than do deterministic risk assessment 



methods. This is perhaps the greatest value of PRA; it allows for a much clearer 



separation of risk assessment and risk management than is possible with deterministic 



risk assessment methods.  
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The distribution of risk developed using the probabilistic approach is determined 



primarily by the distributions defined for each input parameter. (As indicated in this 



white paper, model uncertainty also makes a small contribution to the range of risk.) So 



long as the input distributions are based on sound science and data, and capture the 



range of variability and uncertainty in each parameter – both at the high end low end, 



the resulting distribution will represent an unbiased characterization of potential risk. 



Conversely, the risk estimated using the deterministic approach is determined entirely 



by the selection of point estimates for each parameter and the policy decisions 



embodied therein. By the very nature of the deterministic approach, therefore, risk 



assessment and risk management are intertwined. The probabilistic approach helps 



separate the two.  



The derivation of AWQC using the probabilistic approach depends on a combination of 



the science (which is more robust) and risk management assumptions (which are more 



transparent). Using the same input distributions, two risk managers could derive two 



entirely different sets of AWQC, varying only in the target risk level and target 



population percentile chosen. Risk managers  must explicitly choose to protect certain 



segments of the population, recognizing that the entire population cannot be afforded 



“equal protection” because highly exposed individuals will, by definition, always have a 



higher exposure and thus higher risk.  



To illustrate the importance of risk management assumptions, three hypothetical 



AWQC for benzo(a)pyrene were derived using the same input distributions but different 



risk management criteria. All three hypothetical AWQC used the distributions for body 



weight, drinking water intake, and fish consumption rate described in Section 3.1. All 



three hypothetical AWQC used a target risk of one in a million (i.e., 1x10-6); however, 



one targeted the mean of the distribution, one targeted the 90th percentile, and one 



targeted the 99th percentile. Despite using the same exposure parameter assumptions 



in all three cases, the resulting AWQC targeting the mean, 90th percentile, and 99th 



percentile (i.e., 0.0017, 0.00076, and 0.00028 ug/L, respectively) vary by nearly an 



order of magnitude from the high to low end (Figure 10). This hypothetical example 



demonstrates how great an effect the risk management assumptions have on the 



resulting AWQC.   



In some cases, states have elected to select the equivalent of an extreme upper 



percentile of the risk distribution and apply a stringent risk management goal to such 



an extreme percentile. One example is Oregon’s selection of a 175 g/day fish 



consumption rate and an allowable cancer risk of 1x10-6. The effect of these risk 



management choices can be estimated using the case studies presented above. If one 
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were to assume Oregon’s consumption rate of 175 g/day represents the maximum risk 



within the case study, then the 90th percentile and median risks are approximately 



1x10-7 and 3x10-8, respectively. This is about 10 times more stringent than the risk 



management goal Oregon uses for the application of PRA at waste sites [i.e, protecting 



the 90th percentile at 1x10-6 (ODEQ 1998)]. 



In conclusion, the probabilistic approach to deriving AWQC makes both risk 



assessment and risk management more transparent. Robust statistical data are readily 



available for key exposure parameters and programs are available to adopt the PRA 



approach. By allowing inclusion of all segments of the population in the derivation of 



AWQC, the probabilistic approach focuses the discussion surrounding the derivation of 



AWQC on the overall protectiveness of the AWQC and not on individual parameters 



used to derive the AWQC. Regulators using the probabilistic approach can make 



explicit and clear choices about risk management and can describe what level of 



protection is afforded across the entire population of exposed individuals. 
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Table 1. Exposure Factor Distributions



Percentile
Body Weight 



(kg)
Drinking Water 
Intake (L/day)



Fish 
Consumption 
Rate (g/day)



Distribution Type Weibull Weibull Pearson V



Mean 80.547 [a] 1.7227 9.319
1% 48.8 0.1096 1.295
5% 53.522 0.3583 1.374



10% 57.326 0.552 1.533
15% 60.428 0.7034 1.747
20% 63.196 0.8354 2.013
25% 65.777 0.957 2.334
30% 68.252 1.0729 2.714
35% 70.672 1.1863 3.16
40% 73.076 1.2993 3.681
45% 75.497 1.414 4.289
50% 77.966 1.5323 5.002
55% 80.518 1.6562 5.842
60% 83.19 1.788 6.84
65% 86.033 1.9309 8.041
70% 89.111 2.0894 9.514
75% 92.523 2.2699 11.366
80% 96.425 2.4833 13.782
85% 101.099 2.7498 17.12
90% 107.157 3.1151 [b] 22.213 [c]
95% 116.456 3.7259 31.853
99% 134.757 5.1474 58.056



Notes:
g/day = grams per day
kg = kilogram
L/day = liters per day
[a] Consistent with mean body weight of 80 kg used to derive May 2014 draft updated AWQC.
[b] Consistent with 90th percentile drinking water intake of 3 L/day used to derive May 2014 draft 
updated AWQC.
[c] Consistent with 90th percentile fish consumption rate of 22 g/day used to derive May 2014 draft 
updated AWQC.
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Table 2. Bioaccumulation Factor Input and Output Distributions



Trophic Level 1 Trophic Level 2 Trophic Level 3 Trophic Level 4 Trophic Level 2 Trophic Level 3 Trophic Level 4
USEPA Default 0.01 0.0598 0.0685 0.107 0.096 0.184 1.53 10 0.5 0.5



Distribution Type Uniform Log-Logistic Pearson V Inverse Gaussian Uniform Uniform Uniform Uniform Log-Logistic Lognormal



Mean 0.0125 0.0096 0.0107 0.0135 0.120 0.230 1.913 16.5 5.22 1.66
1% 0.0052 0.0008 0.0014 0.0015 0.049 0.095 0.788 5.23 0.51 0.06
5% 0.0058 0.0016 0.0024 0.0022 0.055 0.106 0.880 6.15 1.04 0.11
10% 0.0065 0.0022 0.0031 0.0029 0.062 0.120 0.995 7.3 1.43 0.16
15% 0.0073 0.0028 0.0037 0.0034 0.070 0.133 1.109 8.45 1.75 0.22
20% 0.0080 0.0032 0.0043 0.0040 0.077 0.147 1.224 9.6 2.04 0.27
25% 0.0088 0.0037 0.0048 0.0046 0.084 0.161 1.339 10.75 2.31 0.33
30% 0.0095 0.0042 0.0053 0.0052 0.091 0.175 1.454 11.9 2.57 0.39
35% 0.0103 0.0047 0.0059 0.0059 0.098 0.189 1.568 13.05 2.84 0.46
40% 0.0110 0.0052 0.0064 0.0067 0.106 0.202 1.683 14.2 3.12 0.55
45% 0.0118 0.0057 0.0071 0.0075 0.113 0.216 1.798 15.35 3.41 0.64
50% 0.0125 0.0063 0.0077 0.0084 0.120 0.230 1.913 16.5 3.72 0.74
55% 0.0133 0.0069 0.0085 0.0095 0.127 0.244 2.027 17.65 4.06 0.87
60% 0.0140 0.0076 0.0093 0.0108 0.134 0.258 2.142 18.8 4.44 1.02
65% 0.0148 0.0084 0.0102 0.0123 0.142 0.271 2.257 19.95 4.88 1.20
70% 0.0155 0.0094 0.0113 0.0141 0.149 0.285 2.372 21.1 5.39 1.43
75% 0.0163 0.0106 0.0127 0.0164 0.156 0.299 2.486 22.25 6.01 1.73
80% 0.0170 0.0122 0.0145 0.0193 0.163 0.313 2.601 23.4 6.82 2.14
85% 0.0178 0.0145 0.0169 0.0235 0.170 0.327 2.716 24.55 7.94 2.74
90% 0.0185 0.0182 0.0206 0.0298 0.178 0.340 2.831 25.7 9.72 3.74
95% 0.0193 0.0262 0.0282 0.0419 0.185 0.354 2.945 26.85 13.49 5.94
99% 0.0199 0.0589 0.0535 0.0750 0.191 0.365 3.037 27.77 27.80 14.19



Notes:
kg = kilogram
L/kg tissue = liters per kilogram of tissue
mg/L = milligrams per liter
USEPA = United States Environmental Protection Agency



Percentile
Proportion Lipid Organism Weight (kg) Temperature 



(oC)



Dissolved Organic 
Content (mg/L)



Particulate Organic 
Content (mg/L)
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Table 2. Bioaccumulation Factor Input and Output Distributions



Trophic Level 2 Trophic Level 3 Trophic Level 4 Trophic Level 2 Trophic Level 3 Trophic Level 4
USEPA Default 2,736 983.7 395.6 688,200 1,318,000 3,205,000



Distribution Type Inverse Gaussian Pearson V Weibull Inverse Gaussian Inverse Gaussian Gamma
Mean 3,011 913 264 230,601 505,167 1,398,021
1% 492 182 48 10,661 29,712 146,548
5% 845 320 107 30,247 79,235 244,432
10% 1,097 407 142 46,645 118,954 342,579
15% 1,301 473 166 60,880 152,594 433,601
20% 1,484 530 186 74,458 184,085 522,643
25% 1,659 582 202 87,995 214,987 612,087
30% 1,831 631 217 101,862 246,192 703,488
35% 2,004 680 231 116,348 278,356 798,122
40% 2,181 728 243 131,719 312,057 897,209
45% 2,366 777 256 148,261 347,885 1,002,064
50% 2,561 827 267 166,307 386,507 1,114,218
55% 2,770 881 279 186,274 428,738 1,235,568
60% 2,998 937 291 208,712 475,638 1,368,588
65% 3,250 999 303 234,385 528,664 1,516,667
70% 3,535 1,068 315 264,412 589,930 1,684,694
75% 3,868 1,147 328 300,537 662,713 1,880,171
80% 4,269 1,240 343 345,714 752,532 2,115,576
85% 4,780 1,358 359 405,564 869,822 2,414,166
90% 5,495 1,520 379 492,942 1,038,314 2,827,871
95% 6,713 1,796 408 649,971 1,335,167 3,521,359
99% 9,562 2,451 459 1,045,555 2,063,083 5,091,150



Notes:
kg = kilogram
L/kg tissue = liters per kilogram of tissue
mg/L = milligrams per liter
USEPA = United States Environmental Protection Agency



Chlordane Bioaccumulation Factor (L/kg tissue)Benzo(a)pyrene Bioaccumulation Factor (L/kg tissue)
Percentile
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Table 3. Benzo(a)pyrene Cancer Slope Factor Distribution



Study
Distribution 
Weight (%) Modeling group



CSF value 



(mg/kg-d)-1



ASF adjusted CSF 



value (mg/kg-d)-1 [a] Basis



USEPA (2013) 1.0 1.7
Combined forestomach, esophagus, tongue, 
larynx (alimentary tract): squamous cell tumors 



California EPA (2010) 1.7 2.9
Combined forestomach, esophagus, tongue 
tumors



ARCADIS US (2013) 0.2 0.3
Esophageal tumors (papillomas and 
carcinomas)



USEPA (2013), High - Male 0.4 0.7
Combined forestomach and oral cavity, 
squamous cell tumors



USEPA (2013), High - Female 0.3 0.5
Combined forestomach and oral cavity, 
squamous cell tumors



California EPA (2010), High - Male 0.36 0.6
Combined forestomach and oral cavity, 
squamous cell tumors



California EPA (2010), High - Female 0.33 0.6
Combined forestomach and oral cavity, 
squamous cell tumors



Notes:
ASF = age sensitivity factor
CSF = cancer slope factor
mg/kg-d = milligrams per kilogram per day
[a] The same ASF used by California EPA (2010) of 1.7x was used here.



Beland and Culp (1998) 66



Kroese et al., (2001) 33
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Table 4. Hypothetical AWQC Derived for Benzo(a)pyrene With and Without Correlations



Without 
Correlations 



[a]



With 
Correlations 



[b]
50th 0.0076 0.0076
75th 0.0055 0.0058
90th 0.0042 0.0045



Notes:
AWQC = ambient water quality criteria
ELCR = excess lifetime cancer risk
ug/L = micrograms per liter
[a] No correlations defined between exposure parameters.
[b] Correlations defined between body weight and both drinking water intake and fish consumption rate.



Percentile of 
Population 



Protected at ELCR 



of 1.0x10-6



AWQC (ug/L)
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Executive Summary 



This white paper provides perspective on how we protect human health through the choices reflected in 



environmental regulations. Limits on the concentrations of chemicals in the environment reflect a 



combination of science and policy. Regulators estimate the risks to human health from exposure to 



chemicals and then decide, as a matter of policy, what level of risk is acceptable. Those decisions are multi-



faceted and reflect many smaller choices about both how to apply scientific knowledge and our values as a 



society. Wise choices must consider such decisions within the broader context of all the sources of risks to 



our health and the consequences of over-regulation. 



Laying the groundwork: risk assessment concepts  



Regulators estimate the potential risks to human health from exposure to chemicals in the environment by 



considering two factors: toxicity and exposure. The amount of a chemical to which people are exposed 



depends on how much of the chemical is in the air, water, soil, or food. It also depends on the amount of 



contact that people have with those media. The degree of contact – for example, the amount water that 



people drink or the amount of fish that people eat – can vary widely between people. Whether assessing the 



possible risks from environmental exposure or in setting limits on the acceptable concentrations in 



environmental media, regulators must decide what assumptions to make about the degree of exposure.  



The risk of getting cancer from a lifetime of exposure to a chemical is expressed as a probability of 



developing cancer above and beyond the background risk that already exists, also known as the excess 



lifetime cancer risk. A 1x10-4 risk (or 1E-04) is a one in ten thousand chance of getting cancer over and 



above the background risk assuming a lifetime of 



exposure; a 1x10-6 risk (or 1E-06) is a one in a million 



chance. These risk levels represent the upper bound 



probability that an individual exposed to the chemical in 



the environment will develop cancer as a result of that 



exposure. 



Putting risks into perspective 



The debate over Human Health Water Quality Criteria 



(HHWQC) in Washington concerns in part the level of 



acceptable risk. This white paper discusses three 



factors that bear on this debate. 



1. Acceptable risk from exposure to chemicals in 



the environment 



4%
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Various statutes and associated regulations define acceptable risks differently. Standards set under the 



Occupational Safety and Health Act to protect workers on the job reflect an excess lifetime cancer risk on 



the order of 1x10-3. The limits on the concentrations of chemicals in our drinking water at the Maximum 



Contaminant Levels (MCLs) allowed reflect a range of excess lifetime cancer risks as depicted in the pie 



chart. Regarding HHWQC, the United States Environmental Protection Agency (USEPA) says this (USEPA 



2000): 



EPA also believes that criteria based on a 10-5 risk level are acceptable for the general population 
as long as States and authorized Tribes ensure that the risk to more highly exposed subgroups 
(sportfishers or subsistence fishers) does not exceed the 10-4 level.  



2. Comparison between risk of cancer from environmental exposure to regulated chemicals and risk of 



cancer from all causes 



The risk of cancer from all 



causes far outweighs the 



possible risk of cancer from 



exposure to chemicals in the 



environment. The figure to the 



right shows how these risks 



translate to an estimated 



number of cancer occurrences 



per year in Washington State1. 



Compared to total cancer 



incidence in Washington, the 



increase in cancers associated 



with the excess lifetime cancer 



risks between 1x10-4 and 1x10-6 



are far smaller (on the order of a thousandth of percent at an allowable excess lifetime cancer risk of 1x10-4 



or less) than other causes of cancer. This finding is consistent with the comparisons of mortality risk 



associated with various allowable risk levels to mortality risk from various activities that are part of everyday 



life, as discussed below. 



1 Note that the in order to make the hypothetical excess cancers visible on the bar graph, the Y axis was set 



to start at 20,000 rather than 0. 
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3. Comparison between risk of cancer from environmental exposure and everyday risks 



We face risks every day. When risk assessors want to be able to compare the relative risks from various 



activities they sometimes describe those risks in terms of “micromorts”. A micromort is an activity that 



typically occurs over time or distance which presents a risk of 1x10-6 (one in one million). As illustrated 



below, we routinely accept – whether we realize it or not – risks that far exceed an excess lifetime cancer 



risk of 1x10-4 to 1x10-6. The average American faced an unintentional injury-related mortality risk of 



approximately 467 micromorts per year in 2010, or 1.3 micromorts per day. In the U.S. population of 318 



million people, the unit of 1.3 micromorts per day means that about 413 people die each day from an 



unintentional injury. This means that every day, every American has a risk of slightly greater than 1x10-6 of 



dying from unintentional injury. This every day, accepted risk provides context for discussions about 



protecting the general population and highly exposed subgroups.  
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Assumptions underlying risk characterization 



Risk assessors must make many assumptions to estimate the possible risks from exposure to chemicals in 



the environment. These include assumptions about the degree of exposure. Assumptions about the amount 



of fish Washingtonians eat each day are particularly critical to the discussion about HHWQC though many 



other assumptions are important as well.  



Water quality criteria based on the mean fish consumption rate in Washington and an excess lifetime cancer 



risk of 1x10-5 present a risk that, even to the most highly exposed populations, is within the acceptable range 
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[a] Murphy et al. (2013)



[b] NOAA (2015a)



[c] NOAA (2015b)



[d] Blastland and Spiegelhalter (2014)



[e] Assuming organism-only AWQC are based on a fish consumption rate 
of 175 grams per day and risk level of 1x10-6.
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as defined by USEPA (2000). The default fish consumption rate does not need to be raised to 175 grams 



per day to protect the people of Washington State from unreasonable risk. Why? Because conservative 



assumptions add up. If a decision maker chooses a conservative value for every variable in a risk 



calculation, the results will be far more protective than intended. Consider the hypothetical example of a risk 



assessment that is based on three independent and log-normally distributed parameters. In the case of a 



fish consumption calculation, those parameters might be the amount of fish eaten each day, the source of 



the fish, and the number of years over the course of a lifetime that people live in a certain place and eat fish 



from a local source. Each value represents the 95th percentile, or in other words that 9,500 out of 10,000 



people have a lower exposure: they eat less fish, do not only eat fish from local waters, or do not eat local 



fish for their entire life, for example. Combining those three variables would result in a risk estimate that 



would fall at the 99.78th percentile of the resulting distribution. The risk to 9,978 out of 10,000 people would 



be lower than the allowable risk level used to establish the standard. So, if 1x10-5 was selected as the 



allowable risk level for a criterion based on those assumptions, 9,978 people would have a risk less than 



1x10-5 and only 22 would have a risk greater than 1x10-5. Decisions made on the basis of this hypothetical 



calculation, which compounds conservative factors, are far more protective than intended if the goal was to 



protect the average member of the population (or the 90th percentile or even the 95th percentile of the 



population) at the selected allowable risk level. 



This may look like an academic calculation. Some readers may think that overestimating risks is a good 



thing because it allows us to be extra-cautious, and that regulatory decisions based on risk estimates should 



be as conservative and protective as possible. But the consequences of such choices also need to be 



considered. There’s a cost to reducing the levels of chemicals in the environment to meet more-stringent 



limits, a cost that may be measured in dollars, energy usage, or the risk of injury to workers who have the 



job of reducing the levels of those chemicals. Chemicals may be used to treat wastewater to meet lower 



standards, for example, and the sludge that results has to be trucked to a landfill or incinerated. Generating 



the power used to operate the wastewater treatment plant uses natural resources and creates air emissions. 



Each of these aspects of the life cycle of wastewater treatment operations, and their related risks, should be 



weighed against the value of regulatory decisions based on the combination of several conservative 



assumptions, referred to as compounded conservatism. 



Compounding conservative values for multiple variables (including a high fish consumption rate, long 



duration of residence, and upper percentile drinking water rate) to estimate risks with a low target excess 



lifetime cancer risk will have an unintended consequence. It will result in HHWQC that are far more 



protective of the vast majority of the population than reflected by the target excess lifetime cancer risk. That 



additional degree of protection must be weighed against the risks and environmental impacts that would 



result from the additional treatment needed to meet such criteria. 
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1. Risk assessment concepts 



This section provides some background information relevant to the topics discussed in this white paper. It 



begins with a general discussion of how both cancer and non-cancer risks are evaluated by the United 



States Environmental Protection Agency (USEPA) (Section 1.1). It then puts those risks into perspective by 



describing what risk assessment conclusions mean with respect to an individual or a larger group of people, 



and how cancers resulting from exposure to chemicals in the environment, if they occur, compare to the 



general incidence of cancer (Section 1.2). 



1.1 Evaluation of cancer and noncancer health endpoints 



Risk generally depends on the following factors (USEPA 2012A): 



• Amount of exposure, which depends on 



– How much of a chemical is present in an environmental medium, such as soil, water, air, or fish;  



– How much contact (exposure) a person has with the environmental medium, containing the 
chemical; and  



– The toxicity of the chemical. 



Scientists consider two types of toxic effects, cancer and noncancer, when they assess the possible risks to 



human health from exposure to chemicals in the environment. The ways in which most United States 



regulatory agencies evaluate these risks differ because of one fundamental assumption, that the human 



body can tolerate some low dose of a chemical that causes harm other than cancer but that no dose of a 



carcinogen (a chemical that may cause cancer) is entirely safe. 



Chemicals that may cause cancer – or, in scientific terminology, those with a carcinogenic endpoint – are, 



with a very few exceptions, conservatively assumed to have some probability of causing an adverse health 



effect (cancer) at any dose, by typical regulatory risk assessment practice. There is no safe dose. Thus, any 



exposure to a chemical believed to cause cancer has associated with it a risk.  
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Carcinogenic risk is expressed as a probability of developing cancer as 



a result of a given level of exposure over a lifetime (USEPA 1989) 



above and beyond the background risk that already exists. This 



additional risk of getting cancer associated with exposure to chemicals 



is often referred to as the excess lifetime cancer risk. The excess 



lifetime cancer risk is usually described in scientific notation. A 1x10-4 



risk (or 1E-04) is a one in ten thousand chance of getting cancer over 



and above the background risk assuming a lifetime of exposure; a 



1x10-6 risk (or 1E-06) is a one in a million chance. These risk levels 



represent the upper bound probability that an individual exposed to the 



chemical in the environment will develop cancer as a result of that exposure. It’s important to note that the 



probability pertains to the risk of getting cancer, not the risk of dying from cancer. These probabilities apply 



only to people who are exposed to the chemicals under the conditions and to the extent that was assumed 



in estimating the risk. (Typically, these risk levels correspond to 70 years of exposure and represent the risk 



over an entire lifetime.) It is also important to recognize that these are upper-bound estimates of risk that 



depend on numerous assumptions. The actual risks are expected to be lower and may be even be zero 



(USEPA 1986). Public health policy makers must choose some “acceptable” excess lifetime cancer risk 



(also referred to in this white paper as an allowable risk) when developing limits for chemicals in the 



environment. 



Chemicals that cause non-cancer adverse health effects are assumed to have some threshold dose below 



which no adverse health effects are expected to occur. In other words, test data show that there is a safe (or 



allowable) dose. Scientists use the hazard quotient (HQ) to indicate the degree of risk from exposure to a 



noncarcinogenic chemical: 



HQ = (estimated exposure or dose) / (allowable dose). 



An HQ of less than or equal to one indicates that the estimated exposure is less than or equal to the 



allowable dose (referred to by the USEPA as a reference dose or RfD) and that no adverse health effects 



are expected, even over a lifetime of continuous exposure. In other words, such exposures are considered 



safe. An HQ of greater than one indicates that estimated exposure is greater than the RfD. An exceedance 



of the RfD indicates that the potential exists for an adverse health effect to occur. However, because of the 



multiple conservative assumptions used to estimate exposures and to derive RfDs, an HQ somewhat 



greater than one is generally not considered to represent a substantial public health threat. The USEPA has 



offered this perspective (USEPA 1996): 



Because many reference [doses] incorporate protective assumptions designed to provide a margin of 
safety, a hazard quotient greater than one does not necessarily suggest a likelihood of adverse 
effects. A hazard quotient less than one, however, suggests that exposures are likely to be without an 



Scientific Notation 
One in a million is the same as… 
1 in 1,000,000 or 
1/1,000,000, or 
0.000001, or 
1x10-6, or 
1E-6, or  
0.0001% 
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appreciable risk of noncancer effects during a lifetime. Furthermore, the hazard quotient cannot be 
translated into a probability that an adverse effects [sic] will occur, and is not likely to be proportional 
to risk. A hazard quotient greater than one can be best described as only indicating that a potential 
may exist for adverse health effects. 



The United States Department of Health and Human Services (2013) provides further perspective: 



If the hazard quotient exceeds unity, the toxicant may produce an adverse effect but normally this will 
require a hazard quotient of several times unity; a hazard quotient of less than one indicates that no 
adverse effects are likely over a lifetime of exposure. 



In short, while an HQ less than one provides substantial certainty that exposure will not result in a risk, 



exposure that results in an HQ of somewhat greater than one (even up to several times one) is also unlikely 



to result in an adverse effect. 



1.2 Perspective on cancer risks 



The excess lifetime cancer risk that may occur as a result of exposure to a carcinogen in the environment, 



as described above, is the excess risk above and beyond the background risks that we all face. The 



American Cancer Society provides perspective on background risks. It estimates that in 2014, 1,665,540 



new cancer cases were diagnosed in the United States and 585,720 people died of cancer. These numbers 



include 38,230 new diagnoses and 12,550 deaths in the state of Washington. Table 1 summarizes the 



incidence of cancer in the United States and in the state of Washington in 2014. 



Table 1 Incidence of Cancer in 2014, from all causes 



Geography 
Cancer Cases 



Diagnosed in 2014* 



Estimated Population 



in 2014** 



Annual Cancer 



Incidence Rate 



U.S. (national) 1,665,540 318,857,056 5.22x10-3 



Washington State 38,230 7,061,530 5.41x10-3 



* American Cancer Society 2014. 



** U.S. Census Bureau 2014. 



 



 As the data in Table 1 show, a person living in the United States has about a 5/1,000 chance, per year, 
equal to about a 3.7 in 10 chance (37%) over a 70-year lifetime, of being diagnosed with cancer. In contrast, 



many regulatory agencies believe that an “acceptable” excess lifetime cancer risk that should be used to set 



limits on chemicals in the environment should correspond to a risk of 1/10,000 (1x10-4) to 1/1,000,000 (1x10-



6) over the course of a lifetime. Table 2 shows how the annual risk of cancer from all causes, based on the 



2014 data shown in Table 1, compares to the annual cancer risk that would result from exposure to 
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compounds in the environment that met environmental standards based on a lifetime cancer risk of 1x10-4 to 



1x10-6. The cancer risk from exposures to environmental pollutants at or below their environmental 



standards is a tiny fraction (0.028% to 0.00028%) of the background cancer risk we all face. 



Table 2 Incidence of Cancer in 2014 Compared to Acceptable Risk under Environmental Regulations 



Geography 



Annual Cancer 



Incidence Rate based 



on 2014 Data 



Annual Risk of Cancer 



associated with 



Lifetime Excess 



Lifetime Cancer Risk 



1x10-4 



Annual Risk of Cancer 



associated with 



Lifetime Excess 



Lifetime Cancer Risk 



1x10-6 



United States (national) 5.2x10-3 (0.52%) 1.4x10-6 (0.00014%) 1.4x10-8 (0.0000014%) 



Washington State 5.4x10-3 (0.54%) 1.4x10-6 (0.00014%) 1.4x10-8 (0.0000014%) 



 



2. Risk assessment choices in federal regulatory programs 



We’ve been assessing the risks from exposure to chemicals in the United States for just over half a century. 



In 1958, scientists knew of just four human carcinogens; by 1978, they knew of 37 human carcinogens and 



over 500 animal carcinogens (Wilson 1978). The National Toxicology Program (NTP) currently lists 243 



agents, substances, mixtures, and exposure circumstances that are known or reasonably anticipated to 



cause cancer in humans (NTP 2014). Environmental legislation that developed in the United States in 



parallel to the study of what could cause cancer reflected both our scientific understanding of the hazards of 



chemical exposure and the socioeconomic factors of the times. Much of the legislation requiring assessment 



of risks of exposure to chemicals in the environment originated between 1972 and 19802. 



This perspective is important when considering the risk assessment choices expressed in federal regulatory 



programs. Congress and regulators had to articulate their thinking about risk and what levels of risk were 



acceptable over a relatively short period of time. We had little time to test and debate ideas, as a society, 



about how what levels of risk are acceptable to us. It is useful, then, to take the “big picture” view of 



acceptable risk as we discuss risk based water quality criteria in Washington State. 



Various federal laws and regulations define ‘acceptable risk’ in different ways. These definitions typically fall 



into one or more of the general categories shown in Table 3 (Schroeder 1990). 



2 Includes: Clean Water Act (1972), Clean Air Act (1972), Safe Drinking Water Act (1974), Resource Conservation and 



Recovery Act (1976), Comprehensive Environmental Response, Compensation, and Liability Act (1980). 
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Table 3 Ways of Reflecting Risk Considerations in Environmental Laws 



Type of standard Variation Premise 



Health based standards 
Zero risk Risk should be reduced to zero or to some other 



level that is acceptable to society Significant risk 



Balancing standards Cost-benefit 



Possible risks must be balanced against the 



economic benefits of using a chemical or the costs of 



controlling risks 



Technology based 



standards 
Feasibility analysis 



Limits are set based on the levels achievable by the 



best available treatment technology that the 



regulated industry can afford to install. 



 



As a result of the different ways of thinking about acceptable risk and the factors that must be taken into 



account when regulating exposure to chemicals, regulators have defined goals for limiting cancer risks in 
different ways in various regulatory programs. Table 4 summarizes benchmark criteria. Those criteria and 



some of the striking differences between programs are described below.  



Table 4 Benchmarks for “Acceptable” Risk 



Law / Regulation Focus Risk Standard Criterion for Carcinogens 



Clean Water Act Surface water Adverse health impacts 1x10-4 to 1x10-6 



Safe Drinking Water Act 
Public drinking 



water  
Any adverse effect 



Goal: 0 



Enforceable standard:  



1x10-4 to 1x10-7 



Toxic Substances Control 



Act 



Chemicals 



manufactured or 



imported into the 



United States 



Unreasonable risk 



1x10-4  



(inferred, absent clear 



policy) 



Occupational Safety and 



Health Act 
Worker protection 



Significant risk over 45-



year working life 
1x10-3 



Comprehensive 



Environmental Response, 



Compensation, and 



Liability Act, or Superfund 



Uncontrolled 



hazardous waste 



sites 



No significant risk 1x10-4 to 1x10-6 
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2.1 The beginning of “minimal risk” discussions: the Delaney Clause 



The debate over what level of exposure to a carcinogen could be 



considered safe began in the United States when people became 



concerned about pesticide residues in processed foods. This debate 



produced the 1958 Food Additives Amendment (section 409) to the 



1954 Federal Food, Drug and Cosmetic Act (FFDCA), which said: 



…no additive shall be deemed to be safe if it is found to induce cancer when ingested by man or 
animal, or if it is found, after tests which are appropriate for the evaluation of the safety of food 
additives, to induce cancer in man or animal… 



This “zero risk” clause, named for Congressman James Delaney, was a landmark decision in the regulation 



of compounds that might cause cancer. The Delaney Clause sounds simple enough, but soon ran into 



practical limitations: How low of a dose do we need to test to assure ourselves that a chemical does not 



cause cancer? And how, given the limits of analytical chemistry, do we know when a chemical that can 



induce cancer is present in a food product? 



The United States Food and Drug Administration (USFDA) faced this challenge in regulations proposed in 



1973 (USFDA 1973), saying: 



If the results of the test for carcinogenicity establish that the compound or its metabolites will induce 
cancer in test animals, the required sensitivity of the regulatory assay method will be determined 
based on the Mantel-Bryan procedure …. 



Absolute safety can never be conclusively demonstrated experimentally. The level defined by the 
Mantel-Bryan procedure is an arbitrary but conservative level of maximum exposure resulting in a 
minimal probability of risk to an individual (e.g., 1/100,000,000), under those exposure conditions of 
the basic animal studies. 



In describing the benchmark (1/100,000,000 or 10-8) provided as an example of minimal probability of risk to 



an individual, the USFDA cited a groundbreaking paper by Mantel and Bryan (1961) that said: 



We may, for example, assume that a risk of 1/100 million is so low as to constitute “virtual safety.” 
Other arbitrary definitions of “virtual safety” may be employed as conditions require. 



Many of the comments on the regulation proposed in 1973 pertained to how the proposed regulation dealt 



with the risk of cancer and the 1/100,000,000 benchmark. After considering those comments the USFDA 



promulgated a final regulation in 1977. In doing so it re-defined the benchmark risk level. The preamble to 



Delaney Clause – 1958 
Health based standards  
Balancing standards  
Technology based standards  
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the final rule explains that tests for carcinogens must be able to measure the concentration corresponding to 



the 1/1,000,000 (or 10-6) risk level, which the USFDA described as an “insignificant public health concern”. 



(USFDA 1977) 



In this rulemaking, the USFDA was careful to point out that it was not making an explicit judgment on an 



acceptable level of risk, simply seeking to set a practical benchmark that could be used to design animal 



experiments: 



[10-6] does not represent a level of residues “approved” for introduction into the human diet. The 
purpose of these regulations is to establish criteria for the evaluation of assays for the measurement 
of carcinogenic animal drugs. These criteria must include some lowest level of reliable measurement 
that an assay is required to meet. In defining a level of potential residues that can be considered 
“safe”, therefore, the Commissioner is establishing a criterion of assay measurement that, if it can be 
met for a compound, will ensure that any undetected residues resulting from the compound’s use will 
not increase the risk of human cancer. 



Despite this caution, many people took this regulatory action as a precedent for defining an “acceptable” 



level of risk as 1x10-6. In fact, the Delaney Clause was replaced in 1996 by legislation that specifies 10-6 as 



an acceptable level of risk3 (Moran 1977).  



2.2 Clean Water Act 



Under the Clean Water Act (CWA), States and authorized Native 



American tribes set water quality standards for the surface water 



bodies under their jurisdiction. A water quality standard has two parts: 



the designated uses of a body of water, and the criteria (or 



concentration limits for specific chemical compounds) necessary to 



protect those uses. The USEPA develops Human Health Water Quality 



3 The Delaney Clause is no longer in effect. The Food Quality Protection Act of 1996 changed the standard for the 



residues of carcinogens in foods from the “zero risk” criterion implicit in the Delaney Clause to a standard of "reasonable 



certainty that no harm will result from aggregate exposure to the pesticide chemical residue.” The law allows for chemical 



residues if the risk of causing cancer in less than one-in-a-million people over the course of a typical life-span. The 



USEPA must consider the benefits of pesticides in supporting an adequate, wholesome, and economical food supply in 



determining an acceptable level of risk. 



CWA – 1972 
Health based standards  



Balancing standards  



Technology based standards  
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Criteria (HHWQC) that States and Native American tribes can use to set those concentration limits (USEPA 



2000). In general (USEPA 2000), 



Water quality criteria are derived to establish ambient concentrations of pollutants which, if not 
exceeded, will protect the general population from adverse health impacts from those pollutants due 
to consumption of aquatic organisms and water, including incidental water consumption related to 
recreational activities. 



For compounds that may cause cancer in people exposed to surface water, those criteria must correspond 



to some level of risk that is thought to be acceptable.  



The USEPA’s 1980 HHWQC National Guidelines simply represented a range of risks. In other words, the 



guidance presented a range of chemical concentrations corresponding to incremental cancer risks of 10-7 to 



10-5. Revised guidelines published in 2000 corresponded to the 10-6 risk level, with this explanation (USEPA 



2000):  



With [HHWQC] derived for carcinogens based on a linear low-dose extrapolation, the Agency will 
publish recommended criteria values at a 10-6 risk level. States and authorized Tribes can always 
choose a more stringent risk level, such as 10-7. EPA also believes that criteria based on a 10-5 risk 
level are acceptable for the general population as long as States and authorized Tribes ensure that 
the risk to more highly exposed subgroups (sportfishers or subsistence fishers) does not exceed the 
10-4 level. 



The Agency elaborated on this policy with respect to more highly exposed people, saying 



EPA understands that highly exposed populations may be widely distributed geographically 
throughout a given State or Tribal area. EPA recommends that priority be given to identifying and 
adequately protecting the most highly exposed population. Thus, if the State or Tribe determines that 
a highly exposed population is at greater risk and would not be adequately protected by criteria based 
on the general population, and by the national … criteria in particular, EPA recommends that the 
State or Tribe adopt more stringent criteria using alternative exposure assumptions…. 



EPA understands that fish consumption rates vary considerably, especially among subsistence 
populations, and it is such great variation among these population groups that may make either 10-6 
or 10-5 protective of those groups at a 10-4 risk level. Therefore, depending on the consumption 
patterns in a given State or Tribal jurisdiction, a 10-6 or 10-5 risk level could be appropriate. In cases 
where fish consumption among highly exposed population groups is of a magnitude that a 10-4 risk 
level would be exceeded, a more protective risk level should be chosen. 
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…changing the exposure parameters also changes the risk. Specifically, the incremental cancer risk 
levels are relative, meaning that any given criterion associated with a particular cancer risk level is 
also associated with specific exposure parameter assumptions (e.g., intake rates, body weights). 
When these exposure parameter values change, so does the relative risk. For a criterion derived on 
the basis of a cancer risk level of 10-6, individuals consuming up to 10 times the assumed fish intake 
rate would not exceed a 10-5 risk level. Similarly, individuals consuming up to 100 times the assumed 
rate would not exceed a 10-4 risk level. Thus, for a criterion based on EPA’s default fish intake rate 
(17.5 gm/day) and a risk level of 10-6, those consuming a pound per day (i.e., 454 grams/day) would 
potentially experience between a 10-5 and a 10-4 risk level (closer to a 10-5 risk level). 



In other words, the USEPA generally sets HHWQC at the 10-5 to 10-6 risk level, but allows states and tribes 



flexibility in setting enforceable criteria. In regions where some groups may eat more fish than is typical and 



by doing so perhaps increase their exposure to chemicals in fish, the Agency advises that the criterion set 



for the general population should not result in a risk to those who eat more fish that is greater than 10-4. 



2.3 Safe Drinking Water Act 



The USEPA sets two kinds of criteria for chemicals in public water supplies, Maximum Contaminant Level 



Goals (MCLGs) and Maximum Contaminant Levels (MCLs). Here’s how the Agency describes the process 



of determining those criteria (USEPA 2013A):  



If there is evidence that a chemical may cause cancer, and there is no dose below which the chemical 
is considered safe, the MCLG is set at zero. If a chemical is carcinogenic and a safe dose can be 
determined, the MCLG is set at a level above zero that is safe…. 



Once the MCLG is determined, EPA sets an enforceable standard. In most cases, the standard is a 
Maximum Contaminant Level (MCL), the maximum permissible level of a contaminant in water which 
is delivered to any user of a public water system. …The MCL is set as close to the MCLG as 
feasible….. EPA may adjust the MCL for a particular class or group of systems to a level that 
maximizes health risk reduction benefits at a cost that is justified by the benefits. 



The USEPA also determines non-enforceable Drinking Water Specific 



Risk Level Concentrations. It has described the Drinking Water 



Specific Risk Level Concentration as being based on the 1x10-4 excess 



lifetime cancer risk (USEPA 2012B). In some cases, as illustrated in 
Table 5, adjustments to the MCL have resulted in a concentration limit 



that corresponds to a higher risk. In other cases, the MCL for a 



chemical is lower than the concentration corresponding to the 10-4 risk 



level and therefore represents a lower risk level.  



SDWA – 1972 
Health based standards  



Balancing standards  



Technology based standards  
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Table 5 Comparison of Drinking Water MCLs and Cancer Risk Levels for Potential Carcinogens 



Compound MCL* (mg/L) 
Concentration (mg/L) 



at 10-4 Cancer Risk* 



Approximate Risk 



Level of MCL 



Arsenic 0.01 0.002 5x10-4 



Benzene 0.005 1 to 10 5x10-7 to 5x10-6 



Benzo(a)pyrene 0.0002 0.0005 4x10-5 
Bromodichloromethane (THM**) 0.1 0.08 10-4 
Bromate 0.01 0.005 2x10-4 



Bromoform (THM**) 0.08 0.08 10-4 



Carbon tetrachloride 0.005 0.05 10-5 



Chlordane 0.002 0.01 2x10-5 



Di(2-ethylhexyl)adipate 0.4 3 10-5 
Dibromochloromethane (THM**) 0.08 0.08 10-4 
Dibromochloropropane (DBCP) 0.0002 0.003 7x10-6 
Dichloroacetic acid+ 0.06 0.07 10-4 



Dichloroethane (1,2-) 0.005 0.04 10-5 



Dichloroethylene (1,1-) 0.007 0.006 10-4 



Dichloromethane 0.005 0.5 10-6 



Dichloropropane (1,2-) 0.005 0.06 10-5 



Epichlorohydrin  TT++ 0.3 7x10-7 



Ethylene dibromide 0.00005 0.002 2.5x10-6 



Heptachlor 0.0004 0.0008 5x10-5 



Heptachlor epoxide 0.0002 0.0004 5x10-5 



Hexachlorobenzene 0.001 0.002 5x10-5 



Pentachlorophenol 0.001 0.009 10-5 



Polychlorinated biphenyls 



(PCBs) 
0.005 0.01 5x10-5 



2,3,7,8-TCDD (dioxin) 3x10-8 2x10-8 10-4 



Toxaphene 0.003 0.003 10-4 



Trichloroethylene 0.005 0.3 10-6 



Vinyl chloride 0.002 0.002 10-4 



* USEPA 2012B.  



** Total trihalomethane (THM) concentration should not exceed 0.08 mg/L. 
+ The total for five haloacetic acids is 0.06. 
++ When epichlorohydrin is used in drinking water systems, the combination (or product) of dose and 



monomer level shall not exceed that equivalent to an epichlorohydrin-based polymer containing 0.01% 



monomer dosed at 20 mg/L. (0.01/100 * 20 mg/L = 0.002 mg/L) 
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As these examples show and as illustrated in Figure 1, the excess lifetime cancer risks associated with a 



single drinking water contaminant present in a water supply at its MCL may fall within a range of several 



orders of magnitude. Forty-eight percent of MCLs correspond to an estimated lifetime risk of 1x10-4 to 



1x10-3; 29% of MCLs represent a potential risk of cancer after a lifetime of exposure of 1x10-5 to 1x10-4. 



While the USEPA may consider the benchmark excess lifetime cancer risk of 10-4 in setting a standard, the 



requirement to set the MCL as close to the MCLG as feasible or to adjust the MCL to a level that "maximizes 



health risk reduction benefits at a cost that is justified by the benefits" may result in a MCL that represents a 



very different risk level for that compound. And the combined risks of exposure to multiple chemicals, if they 



are present in the water supply, may increase the potential risk further.  



Figure 1 Approximate Risk Levels associated with MCLs in Drinking Water 



 



 



2.4 Occupational Safety and Health Act 



The United States Occupational Safety and Health Administration (OSHA) develops standards to protect 



workers under the Occupational Safety and Health Act of 1970. OSHA first promulgated standards in 1974 



to regulate the industrial use of 13 chemicals identified as potential occupational carcinogens. Those 



standards did not set limits on exposure, simply mandated the use of engineering controls, work practices, 



and personal protective equipment to limit exposure.  



OSHA has since promulgated standards for certain carcinogens, including the regulations at 1910 Subpart 



Z, Toxic and Hazardous Substances. Those standards reflect a landmark decision by the Supreme Court 
known as the “Benzene Decision”, more formally known as Industrial Union Department v. American 
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Petroleum Institute, 448 U.S. 607, in 1980,   At issue was whether setting worker protection standards for 



carcinogens such as benzene at the lowest technologically feasible level that would not impair the viability of 



the industries regulated conformed to the statutory requirement that such standards be "reasonably 



necessary or appropriate to provide safe and healthful employment". The decision read, in part, 



… "safe" is not the equivalent of "risk-free." A workplace can hardly be considered "unsafe" unless it 
threatens the workers with a significant risk of harm…. [T]he requirement that a "significant" risk be 
identified is not a mathematical straitjacket. It is the Agency's responsibility to determine, in the first 
instance, what it considers to be a "significant" risk. Some risks are plainly acceptable and others are 
plainly unacceptable. If, for example, the odds are one in a billion that a person will die from cancer by 
taking a drink of chlorinated water, the risk clearly could not be considered significant. On the other 
hand, if the odds are one in a thousand that regular inhalation of gasoline vapors that are 2% 
benzene will be fatal, a reasonable person might well consider the risk significant and take 
appropriate steps to decrease or eliminate it. Although the Agency has no duty to calculate the exact 
probability of harm, it does have an obligation to find that a significant risk is present before it can 
characterize a place of employment as "unsafe." 



The Supreme Court essentially stated that a risk of fatality of 1 x 10-3 in an occupational setting was 



unacceptable. OSHA applied this benchmark to excess lifetime cancer risk. (Again, it is worth noting that not 



all cancers are fatal: an excess lifetime cancer risk of 1 x 10-3 corresponds to a far lower risk of cancer-



related death.) For example, when OSHA set the Permissible Exposure Limit (PEL) for methylene chloride 



as a time weighted average (TWA) concentration, it offered an explanation that indicated how it thought 



about acceptable risk and acknowledged the level of risk associated with the standard being replaced 



(OSHA 1997):  



OSHA's final estimate of excess cancer risks at the current PEL of 500 [parts per million] ppm (8-hour 
TWA) is 126 per 1000. The risk at the new PEL of 25 ppm is 3.62 per 1000. The risk at 25 ppm is 
similar to the risk estimated in OSHA's preliminary quantitative risk assessment based on applied 
dose of [methylene chloride] on a mg/kg/day basis (2.3 per 1000 workers) and clearly supports a PEL 
of 25 ppm. Risks greater than or equal to 10(-3) are clearly significant and the Agency deems them 
unacceptably high. However, OSHA did not collect the data necessary to document the feasibility of a 
PEL below 25 ppm across all affected industry sectors, and so the Agency has set the PEL at 25 ppm 
in the final rule. 



Further guidance for the Agency in evaluating significant risk and narrowing the million-fold range 
provided in the "Benzene decision" is provided by an examination of occupational risk rates, 
legislative intent, and the academic literature on "acceptable risk" issues. For example, in the high risk 
occupations of mining and quarrying, the average risk of death from an occupational injury or an 
acute occupationally-related illness over a lifetime of employment (45 years) is 15.1 per 1,000 
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workers. The typical occupational risk of deaths for all manufacturing industries is 1.98 per 1,000. 
Typical lifetime occupational risk of death in an occupation of relatively low risk, like retail trade, is 
0.82 per 1,000. (These rates are averages derived from 1984-1986 Bureau of Labor Statistics data for 
employers with 11 or more employees, adjusted to 45 years of employment, for 50 weeks per year). 



The National Institute of Occupational Safety and Health, or NIOSH, is the research and development 



counterpart to OSHA. Part of the organization’s mission is to develop recommendations for health and 



safety standards. Their work provides guidance on limits for occupational exposures that supplements and 



informs OSHA rulemaking.  



In 1976, NIOSH published its first guidelines on carcinogens in the workplace. Those guidelines called for 



"no detectable exposure levels for proven carcinogenic substances" (NIOSH 2014). NIOSH set 



Recommended Exposure Limits (RELs) for most carcinogens at the "lowest feasible concentration (LFC)." 



In 1995, NIOSH revised its policy (NIOSH 2010): 



NIOSH recommended exposure limits (RELs) will be based on risk evaluations using human or 
animal health effects data, and on an assessment of what levels can be feasibly achieved by 
engineering controls and measured by analytical techniques. To the extent feasible, NIOSH will 
project not only a no-effect exposure, but also exposure levels at which there may be residual risks. 



The effect of this new policy will be the development, whenever possible, of quantitative RELs that are 
based on human and/or animal data, as well as on the consideration of technological feasibility for 
controlling workplace exposures to the REL..  



In 2013, NIOSH issued a new carcinogen policy for public comment. This policy explicitly addresses the 



acceptable level of risk from exposure to carcinogens in the workplace. In a document titled NIOSH Current 
Intelligence Bulletin: Update of NIOSH Carcinogen Classification and Target Risk Level Policy for Chemical 
Hazards in the Workplace, NIOSH proposed the following (NIOSH 2013). 



NIOSH will set RELs to keep exposures below the 95% lower confidence limit estimate of the dose 
expected to produce 1 in 1,000 excess risk of cancer as a result of a 45-year working lifetime 
exposure (section 6). Although NIOSH recommends keeping occupational carcinogen exposures 
below the concentrations that produce a working lifetime risk of 1 in 1,000, this should be considered 
the minimum level of protection. Controlling exposures to lessen risk is always warranted…. 



The 1 in 1,000 risk level comes from interpreting the 1980 U.S. Supreme Court “benzene” decision, 
which determined a 1 in 1,000 excess risk to be significant. 
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In summary, the levels of risk considered to be acceptable for workers have varied over time at OSHA and 



at NIOSH. In the latest evolution of policy, an excess risk of 1/1000 (1x10-3) over a working lifetime of 45 



years of exposure has been proposed as the basis for workplace standards, although some standards, 



former and current, have exceeded that limit. By comparison to the other definitions of acceptable risk 



described in this white paper, this risk equates to an annual risk of 2x10-5 or an excess lifetime cancer risk 



(70 years) of approximately 2x10-3. 



2.5 Toxic Substances Control Act 



The Toxic Substances Control Act, abbreviated TSCA, regulates most chemical substances manufactured 



or imported into the United States. Under this law the USEPA can require reporting, record-keeping and 



testing of chemical substances, and may impose restrictions on their manufacture or use. The law defines 



the conditions under which the USEPA can take action. If an “unreasonable risk of injury to health or the 



environment” from a chemical substance has been proven, for example, the Agency can require risk-



abatement action such as labeling chemical substances, regulating uses, restrictions on disposal, and 



prohibiting or limiting manufacture. But neither the law nor the regulations that implement the law define 



“unreasonable risk” clearly. 



The USEPA has not published explicit guidance on how it reaches a finding of “unreasonable risk” but has 



described it generally as follows (USEPA 2013B): 



EPA's determination that manufacture, processing, use, distribution in commerce, or disposal of an 
individual substance which has been the subject of a notice under section 5 of the TSCA may present 
an unreasonable risk of injury to human health or the environment is based on consideration of (i) the 
size of the risks identified by EPA; (ii) limitations on risk that would result from specific safeguards 
(generally, exposure and release controls) sought based on Agency review and (iii) the benefits to 
industry and the public expected to be provided by new chemical substances intended to be 
manufactured after Agency review. In considering risk, EPA considers factors including environmental 
effects, distribution, and fate of the chemical substance in the environment, disposal methods, waste 
water treatment, use of protective equipment and engineering controls, use patterns, and market 
potential of the chemical substance. 



What does this mean with respect to the acceptable level of cancer 



risk for workers manufacturing a new chemical or consumers who 



might be exposed to it? The USEPA has not published a clear 



statement on acceptable risk under TSCA, but the cases described 



TSCA – 1976 
Health based standards  
Balancing standards  
Technology based standards  
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below shed some light on the question4. The first is a publication by an Agency official early in the TSCA 



program regarding the determination of acceptable risks under TSCA, and the second, the USEPA’s 



explanation of how it derives limits for worker exposure to new chemicals under TSCA. 



In 1983, a USEPA official indicated that the objective is to reduce risks to an “insignificant” level but that the 



USEPA did “not employ any predetermined statistical risk level since this will vary depending on a variety of 



factors.” (Todhunter 1983). In other words, at that time “unreasonable risk” did not correspond to a 



benchmark level or range (such as 10-4 to 10-6). The USEPA has not apparently published anything since 



that time to suggest that a benchmark level exists under TSCA, with one exception. 



The Agency sometimes sets New Chemical Exposure Limits (NCELs) for new chemicals regulated under 



TSCA. An NCEL is the concentration that a worker who makes or uses a chemical can be exposed to 



safely. To derive an NCEL for a potential carcinogen, the USEPA reportedly begins with the policy that a 



cancer risk of 10-4 is acceptable (USEPA 1995). But in some cases the Agency finds that the calculated 



NCEL may be difficult to attain or monitor. In such cases the risks to workers may be higher than 10-4 



(Sellers 2015). 



2.6 Superfund 



The Comprehensive Environmental Response, Compensation, and 



Liability Act (CERCLA), also known as Superfund, defines the 



significant risks at uncontrolled hazardous waste sites that must be 



cleaned up. The regulations at 40 CFR 300.430(e)(2)(i)(A) specify that 



remediation goals shall consider the following: 



For known or suspected carcinogens, acceptable exposure levels are generally concentration levels 
that represent an excess upper bound lifetime cancer risk to an individual of between 10-4 and 10-6 
using information on the relationship between dose and response. The 10-6 risk level shall be used as 
the point of departure for determining remediation goals …. 



4 This discussion is adapted from: Sellers, K., 2015 (in press). Product Stewardship, Life Cycle Analysis, and the 
Environment. (Taylor & Francis/ CRC Press) 



CERCLA/ SARA – 1980 / 1986 
Health based standards  
Balancing standards  
Technology based standards  
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2.7 Inconsistent results 



The different benchmarks for acceptable risks have led to some striking inconsistencies in the ways in which 



some chemicals are regulated in the United States Consider the example below, which contrasts risk 



management decisions under TSCA and the Safe Drinking Water Act (SDWA). 



While the USEPA has not published a direct statement under TSCA on what level of risk is acceptable, it is 



interesting to compare risk-related benchmarks under TSCA to those under the SDWA5.  



When the exposure to a new chemical will be quite limited – or more specifically ‘low release and exposure’ 



(LoREX) – the manufacturer or importer can be exempt from TSCA regulations. Regulations at 40 CFR 



723.50(2) specify the criteria for the LoREX exemption. They include the case where no exposure in drinking 



water would exceed a 1 milligram per year (mg/yr) estimated average dosage. While this exemption does 



not define serious human health effects or significant environmental effects to a degree that helps to explain 



the concept of “unacceptable risk” under TSCA, it does provide a point of reference: the risks from exposure 



to any compound at 1 mg/yr in drinking water are anticipated to be acceptable.  



The USEPA has also considered the possible risk from chemicals in drinking water under the SDWA. A risk 



assessor working under USEPA guidelines has typically assumed that an adult drinks 2 liters of water per 



day (USEPA 2011). An adult drinking 2 liters of water per day for an entire year could drink water containing 



up to 0.0014 milligrams per liter (mg/L) of a chemical before reaching the LoREX criterion of 1 mg/yr of 



exposure: 



2 liters water / day * 365 days/year * 1 year * 0.0014 milligrams / liter * = 1 mg/yr 



The MCLs for 10 chemical (nonradionuclide) substances are below 0.0014 mg/L (USEPA 2013C). Put 



another way, for 13% of the chemicals regulated under the SDWA (that is, 10/76) the USEPA has found that 



exposure to 1 mg/yr in drinking water – which is considered to be a negligible exposure under the TSCA 



New Chemicals program – was not acceptable. If such chemicals were brought onto the market now, they 



could be exempted from regulation under TSCA. 



5 This discussion is adapted from: Sellers, K., 2015 (in press). Product Stewardship, Life Cycle Analysis, and 
the Environment. (Taylor & Francis/ CRC Press) 
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2.8 Summary 



The level of risk considered to be acceptable varies widely between different federal regulatory programs. 



The risks we experience at work or by drinking from a public water supply can be on the order of 1x10-4 or 



even higher. Under other programs, such as the cleanup of hazardous waste sites, a risk level of 1x10-6 is 



the point of departure for determining the goals for cleanup though as long as excess lifetime cancer risk is 



equal to or less than 1x10-4 a site generally does not require cleanup. Perhaps most relevant to this 



discussion are the risk goals set under the Clean Water Act. Federal water quality criteria are typically based 



on a risk of 1x10-6; the USEPA has noted that criteria based on a 1/100,000 risk are acceptable for the 



general population as long as groups of people who may be more highly exposed (such as subsistence 



anglers) would encounter a risk less than or equal to 1x10-4. 



3. Estimating risks: importance of underlying assumptions 



The preceding paragraphs described the variation in one important assumption, the level of acceptable risk. 



That value may vary from 10-7 to more than 10-3, depending upon the regulatory program and the context of 



the decision. Risk assessors must make other assumptions to estimate the possible risks from exposure to 



chemicals in the environment. These include assumptions about the degree of exposure. To illustrate the 



range of assumptions that can be factored into calculations of risks, Section 3.1 describes fish consumption 



estimates. Section 3.2 describes the effects of compounding a series of assumptions, if the assessor selects 



the most conservative value for each. 



3.1 A closer look at one critical assumption: fish consumption 



Calculations of the risk from eating fish containing chemicals in the environment typically reflect a simple 



assumption about the amount of fish eaten by each person per day or 



per year. But such values represent some complicated variables. 



Different people eat different amounts of fish. Those fish may come 



from different places, some very far from the area being considered in 



the risk assessment. The ways in which fish are cooked can decrease 



the amount of chemicals in the fish. The assumptions that are made to 



account for these variables and simplify the calculations can have a big 



effect on the calculated risk. 



The amount of fish a person eats every day depends in part on geographic region, age, gender, and body 



size (USEPA 2011), as well as cultural or taste preferences. Estimates of fish consumption can also vary 



based on the way in which the fish consumption rate is estimated. A detailed discussion of all of those 



factors and their effect on fish consumption is beyond the scope of this white paper. But consider the values 
listed in Table 6 (Washington State Department of Ecology 2013) for illustration.  



95th Percentile Values 
The 95th percentile value for a variable 
like fish consumption means that 95 out 
of 100 people eat less fish than that 
amount. 
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Table 6 Variations in fish ingestion rates 



Population Key Variable Fish 
Mean fish 



ingestion (g/day) 



95% Percentile 



(g/day) 



Washington’s Model Toxics Control 



Act (MTCA) Cleanup Regulation 



Default fish 



consumption rate 
All 54 



General population, Washington 



State, consumers only 



NCI estimation 



method 
All 19 57 



Columbia River Tribes All sources of fish All 63 194 



Tulalip Tribes All sources of fish All 82 268 



Squaxin Island Tribe All sources of fish All 84 280 



Suquamish Tribe All sources of fish All 214 797 



Recreational Fishers, Washington 



State 
Freshwater All 6.0 to 22 42 to 67 



 



How do we account for such varying rates of fish consumption in estimating risk and setting protective 



environmental standards? One way is to incorporate the range of values into risk calculations in a method 



known as probabilistic risk assessment. Another way is to pick a value for fish consumption that protects the 



majority of the population at the target excess lifetime cancer risk in order to set a criterion, and then to 



make sure that the standard represents a reasonable level of risk for more highly exposed groups of people. 
Table 7 illustrates the results of a series of hypothetical calculations. It shows how the calculated risk varies 



with the amount of fish eaten, as described below.  



Table 7 Excess Lifetime Cancer Risk versus Fish Consumption Rates 



  
MTCA 
Default 



Washington 
State, mean 



Washington 
State, 95th 
Percentile 



Proposed 
regulation 



Suquamish 
Tribe, 95th 
percentile 



Fish consumption 
rate (grams per 
day) 



54 19 57 175 797 



Excess Lifetime 
Cancer Risk  
  



1E-05 4E-06 1E-05 3E-05 1E-04 
3E-05 1E-05 3E-05 9E-05 4E-04 
9E-06 3E-06 1E-05 3E-05 1E-04 
3E-06 1E-06 3E-06 1E-05 5E-05 
7E-07 2E-07 7E-07 2E-06 1E-05 



  



Five values are shown for fish consumption rate. These five values for the amount of fish that people in 



Washington might eat every day cover the range of values shown previously in Table 6. Included in Table 7 



are the amounts eaten by fish consumers throughout Washington as represented by the MTCA default 
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value, fish consumers throughout Washington as represented by the mean rate of consumption and the 95th 



percentile, and the value of fish consumption included in the proposed criteria. The table also includes the 



amount eaten by members of the Suquamish tribe at the 95th percentile, who eat the largest amounts of fish 



of all the people in Washington State (Washington State Department of Ecology 2013).  



The rows labelled excess lifetime cancer risk in Table 7 show how the calculated risk varies with the amount 



of fish eaten. In each row, the shaded box shows the group that was “assigned” a 1x10-5 (or 1E-05) risk. For 



example, calculations summarized in the first excess lifetime cancer risk row started with the assumption 



that the risk to people eating 54 grams per day of fish (Washington State MTCA default value) should be no 



more than 1x10-5 or 1E-05. The risk to the group that eats the most fish (Suquamish Tribe, 95th percentile) 



would then be no more than 1x10-4 or 1E-04 if all of the other variables in the calculation remained the 



same. Similarly, the last row in the table shows that if one were to base a standard on a 1x10-5 (or 1E-05) 



risk level to the most highly exposed people in the Suquamish Tribe (95th percentile) then the general 



population of fish eaters would be protected at the 7x10-7 level. 



What do these calculations mean with respect to public policy? Water quality criteria based on the mean fish 



consumption rate in Washington and an excess lifetime cancer risk of 1E-05 present a risk that, even to the 



most highly exposed populations, is within the acceptable range as defined by USEPA (2000). The default 



fish consumption rate does not need to be raised to 175 grams per day to protect the people of Washington 



State from unreasonable risk.  



3.2 Compounded conservatism 



Conservative assumptions add up. If a decision maker chooses a conservative value for every variable in a 



risk calculation, the results will be far more protective than intended. Consider the hypothetical example of a 



risk assessment that is based on three independent and log-normally distributed parameters (Burmaster and 



Harris 1993). In the case of a fish consumption calculation, those parameters might be the amount of fish 



eaten each day, body weight, and the number of years over the course of a lifetime that people live in a 



certain place and eat fish from a local source. Each value represents the 95th percentile, or in other words 



that 9,500 out of 10,000 people have a lower exposure: they eat less fish, or do not eat fish from a stream 



for as many years, for example. Combining those three variables would result in a risk estimate that would 



fall at the 99.78th percentile of the resulting distribution. The risk to 9,978 out of 10,000 people would be 



lower than the allowable risk level used to establish the standard. Decisions made on the basis of this 



hypothetical calculation, which compounds conservative factors, would be far more protective than perhaps 



originally planned by the decision maker who intended to protect the average member of the population (or 



the 90th percentile or even the 95th percentile of the population) at the selected allowable risk level. 



This may look like an academic calculation. Some readers may think that overestimating risks is a good 



thing because it allows us to be extra-cautious, and that regulatory decisions based on risk estimates should 
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be as conservative and protective as possible. But the consequences of such choices also need to be 



considered. There’s a cost to reducing the levels of chemicals in the environment to meet more-stringent 



limits, a cost that may be measured in dollars, energy usage, or the risk of injury to workers who have the 



job of reducing the levels of those chemicals. Chemicals may be used to treat wastewater to meet lower 



standards, for example, and the sludge that results has to be trucked to a landfill or incinerated. Generating 



the power used to operate the wastewater treatment plant uses natural resources and creates air emissions. 



Each of these aspects of the life cycle of wastewater treatment operations, and their related risks, should be 



weighed against the value of regulatory decisions based on compounded conservatism. 



Compounding the use of a high fish consumption rate, long duration of residence, upper percentile drinking 



water rate, and other high-end assumptions to estimate risks with a low target excess lifetime cancer risk will 



result in a water quality standard that is far more protective of the vast majority of the population than 



reflected by the target excess lifetime cancer risk. That additional degree of protection must be weighed 



against the risks and environmental impacts that would result from the additional treatment needed to meet 



such a standard. 



4. Environmental Justice considerations 



Environmental justice is, in the words of USEPA (2014), 



… the fair treatment and meaningful involvement of all people regardless of race, color, national 
origin, or income with respect to the development, implementation, and enforcement of environmental 
laws, regulations, and policies. …. It will be achieved when everyone enjoys the same degree of 
protection from environmental and health hazards and equal access to the decision-making process 
to have a healthy environment in which to live, learn, and work. 



But how do we know what’s fair treatment? The USEPA (2006) has developed guidelines relevant to risk-



based decision-making. After defining the problem to be solved and collecting relevant information, we are 



to assess the potential for “adverse” environmental and human health effects or impacts, and to assess the 



potential for “disproportionately high and adverse” effects or impacts before deciding on a course of action. 



Within the context of setting HHWQC within the State of Washington and the discussion in this white paper, 



the adverse human health effect of particular concern is cancer. At issue is whether the higher rates of fish 



consumption by Native Americans could lead to a disproportionate and unfair risk. The proposed criteria 



reflect two key assumptions: that citizens in Washington State consume 175 g/day of fish, and that 1x10-5 is 



the maximum acceptable level of risk. These two assumptions are each conservative and they need not be 



compounded in order to achieve environmental justice. 
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As demonstrated in Table 7, a standard based on the premise that those eating an average amount of fish 



each day would be protected to 1x10-5 risk level would assure that even the most highly exposed population, 



represented by the 95th percentile of the Suquamish Tribe, would encounter a risk of 1x10-4. Such a risk 



would not be “disproportionately high and adverse”. As indicated in Section 2.2,  



EPA also believes that criteria based on a 10-5 risk level are acceptable for the general population as 
long as States and authorized Tribes ensure that the risk to more highly exposed subgroups 
(sportfishers or subsistence fishers) does not exceed the 10-4 level. 



Further, the 10-4 risk level is embedded in many other standards, including drinking water; our standards for 



protecting workers on the job reflect the judgment that a 10-3 risk is acceptable. As a society, we accept that 



level of risk as reasonable. 



Increasing the assumed amount of fish consumption or capping the acceptable level of risk is not necessary 



to develop standards that correspond to risks within acceptable bounds. Nor is it necessary to achieve 



environmental justice.  



5. Putting environmental risks in perspective: every day risks 



Consider how a 1x10-6 lifetime risk of developing cancer compares to risks we face in our daily lives. For 



ease of discussion, we can refer to mortality risks in terms of micromorts6, units representing a one in one 



million chance of death. For example, one micromort is the risk incurred by the average person driving 240 



miles in the United States. The micromort allows different kinds of risk to be compared on a similar scale. 



Motorcycling 20 miles or undergoing anesthesia are equivalent to 5 micromorts apiece, skydiving or running 



a marathon are equivalent to 7 micromorts apiece, and giving birth in the United States is equivalent to 210 



micromorts (Blastland and Spiegelhalter 2014). When we compare a lifetime risk of developing cancer to 



such micromorts, we need to keep two important distinctions in mind. Not all cancers are fatal. And many of 



the micromort statistics described below represent the risk of death each year, not over the course of a 



lifetime. 



In 2010, approximately 140,000 people died in the United States from unintentional injury-related deaths 



(e.g., poisoning, motor vehicle traffic, firearms, falls) (Murphy et al. 2013). This means that given a total 



population of 300 million people, the average American faced an unintentional injury-related mortality risk of 



approximately 467 micromorts per year in 2010, or 1.3 micromorts per day. In other words, about 413 



6 A micromort is a unit of risk that represents a one-in-a-million (1x10-6) probability of death. Risk assessors use 



micromorts to characterize and compare the riskiness of various day-to-day activities. 
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people die each day from an unintentional injury. This means that every day, every American has a risk of 



slightly greater than 1x10-6 of dying from unintentional injury.  



Compare this to an excess lifetime cancer risk of 1x10-6, which (if we assume a lifetime corresponds to 70 



years as does USEPA) translates to a worse-case 0.01 micromorts per year or 0.00004 micromorts per day; 



this is worse case from the perspective that not all cancers are fatal and the risks estimated by risk 



assessments are upper bound estimates of risk and do not represent actual risks. Thus, USEPA’s definition 



of “acceptable” risk is several orders of magnitude below the average American’s daily risk of dying from an 



unintentional injury; it is also approximately 3,500 times lower than the 2010 risk of dying from a 



murder/homicide (16,259 deaths or 0.1 micromorts per day), 20 times lower than the 2010 risk of dying from 



a flood (103 deaths or 0.001 micromorts per day) and 10 times lower than the 2010 risk of dying from a 



lightning strike (29 deaths or 0.0003 micromorts per day) in the United States (Murphy et al. 2013; NOAA 



2014a,b) (Figure 2). This is consistent with the concept of 1x10-6 being a de minimus level of risk, because 



risks within this range are not risks that most members of the general public are concerned with and attempt 



to actively avoid. 



Consider next that many regulatory agencies employ the USEPA-recommended 1x10-6 risk level to deriving 



HHWQC that relies on conservative upper-end values to estimate exposure. If one were to derive organism-



only HHWQC by selecting a fish consumption rate of 175 g/day and targeting a risk level of 1x10-6, this 



means that a person would need to consume approximately 4,500 kilograms of locally-caught fish in his or 
her lifetime just to reach this de minimus level of risk, assuming ambient water always contains chemicals 



present at the resulting HHWQC. This also means that the risk associated with a single meal of fish would 



be 5x10-11, or 0.00005 micromorts, which for perspective should be noted is 20,000 times lower than the risk 
an average person faces when driving 250 miles in the United States (1 micromort) (Figure 2). Given that 



175 g/day is an upper-end consumption rate estimate, the average member of the population would have an 



excess lifetime cancer risk lower than 1x10-6. For example, if we assume the average member of the 



population eats 8 g/day of fish, he or she would have an excess lifetime cancer risk of 5x10-8, roughly 20 



times lower than the high-end consumer. If, on the other hand, one were to derive organism-only HHWQC 



by selecting an average fish consumption rate of 8 g/day and targeting a risk level of 1x10-6, the high-end 



consumer eating 175 g/day would have an excess lifetime cancer risk of 2x10-5, higher than 1x10-6 but still 



nearly an order of magnitude below the level USEPA (2000) recommends for highly exposed populations. 



Risk managers must make decisions such as these, recognizing that if highly exposed individuals are 



protected at 1x10-6, the average member of the population – and in fact the majority of the population itself – 



will have risks well below this de minimus level. 
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Figure 2 Common Risks Expressed as Micromorts 



 



 



Another perspective when thinking about allowable risk is to consider the reduction or change in cancers 



associated with a particular allowable risk level. Allowable risk levels that result in large reductions in 



expected cancers clearly have a greater public health benefit than allowable risk levels that result in little 
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change. The average excess lifetime cancer risk can be combined with the estimated size of the population 



of Washington (7,061,530 in 2014) and the cancer rate in Washington in 2014 (38,230 new cancers) to see 



how large of a change in incidence is associated with using various allowable risk levels to set regulatory 



standards such as water quality criteria7. Figure 3 shows that comparison. 



The comparison illustrated in Figure 3 demonstrates that the annual increased incidence of cancer in the 



state of Washington associated with various alternative allowable cancer risks is very small when compared 



to the baseline incidence of cancer. This is true even at an allowable lifetime risk of 1x10-4 where 1 (and for 



the reasons described above, almost certainly less than 1) additional cancer may occur in the State 



compared to the 38,230 cased diagnosed in 2014. The change is two thousandths of a percent in overall 



incidence. Clearly, compared to total cancer incidence, the increases in cancers associated with the above 



allowable risk levels are small and are swamped by other causes of cancer. This finding is consistent with 



the comparisons of mortality risk associated with various allowable risk levels to mortality risk from various 



activities that are part of everyday life shown above. 



7 Assumptions used when deriving most criteria represent an upper percentile of the exposed population, not the 



average person in the population. To estimate the increased state-wide cancer incidence an average excess lifetime 



cancer risk needs to be used otherwise increased state-wide incidence will be overestimated. Based on the work we 



have completed using probabilistic approaches, criteria derived using the typical deterministic approach may 



overestimate the potential risk to an average member of the population by 10, 100, or more fold. Because a 



probabilistic evaluation of the proposed Washington criteria is beyond the scope of this paper an exact estimate of the 



excess lifetime cancer risk for an average Washingtonian could not be developed. However, we do know that the 



average Washingtonian eats about 19 grams of fish per day, not 175 as assumed by the proposed criteria. Therefore, 



that assumption by itself, results in a nearly 10-fold overestimate of excess lifetime cancer risk for the average 



Washingtonian. Use of other conservative assumptions in the derivation of the proposed criteria means that the 



excess lifetime cancer risk for the average Washingtonian is more than 10-fold lower than the allowable excess 



lifetime cancer risk used to derive the proposed criteria. Based on the difference between the average fish 



consumption rate and the 175 grams per day assumed by proposed criteria, the increased incidence of cancers 



associated with different excess lifetime cancer risks was estimated by multiplying the expected annual cancer 



incidence associated with each of the excess lifetime cancer risks by the ratio of consumption rates (19 g/d/175 g/d = 



0.109). The adjusted incidence of cancers based on a conservative estimate of excess lifetime cancer risk for the 



average Washingtonian are shown in Figure 3.  
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Figure 3 Comparison between Total Cancer Incidence and the Hypothetical Excess Annual Cancer Incidence 
Associated with Various Allowable Risk Levels 



 



 



6. Health benefits of fish consumption 



Finally, risk managers should also consider how the risks incurred from eating fish compare to the benefits 



gained. Researchers and public health officials have been aware for several decades that consumption of 



fish has associated with it many benefits. Early comparisons of those benefits to the potential risks 



associated with exposure to possible chemicals in the environment suggested that the benefits (specifically 



the reduced risk of mortality from coronary heart disease) far outweighed any increased cancer risks that 



might be associated with the allowable risk levels used in the derivation of HHWQC (e.g., 1x10-6, 1x10-5, and 



1x10-4) (Anderson and Weiner 1995, Patterson 2002, Daviglus et al. 2002, Dourson et al. 2002, Anderson et 



al. 2002). A great deal of research continues on the health benefits and risks of consuming fish with 



measurable levels of chemicals. A literature search of publications since 2005 revealed over 400 citations, 



including three recent reviews by expert panels or recommendations by regulatory agencies (Nesheim and 



Yaktine 2007, WHO 2011, EFSA 2014). All of those recent expert reviews and regulatory agency 



recommendations continue to urge that people regularly consume fish. In fact, in the recommendation is that 
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the general population eat 1 to 2 meals per week and that pregnant women eat 2 to 4 meals per week 



because of the benefits to the infants they are carrying (EFSA 2014). Such benefits almost always outweigh 



the possible risks of chemical exposure.  
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1 BACKGROUND 



Estimating bioaccumulation of chemicals from ambient surface water into fish is a critical component in 



United States Environmental Protection Agency’s (USEPA) derivation of national human health water 



quality criteria (HHWQC). USEPA’s Technical Support Document, Volume 2 (USEPA 2003) defines 



bioaccumulation as “the uptake and retention of a chemical by an aquatic organism from all surrounding 



media (e.g., water, food, sediment)” and bioconcentration as “the uptake and retention of a chemical by 



an aquatic organism from water only” (USEPA 2003). USEPA’s (2000) Human Health Methodology gives 



preference to bioaccumulation factors (BAFs) over bioconcentration factors (BCFs) because a BAF 



considers the potential chemical accumulation from all exposure pathways, not just water. However, 



relative to BCFs, which are typically derived in controlled laboratory studies, measured BAFs are rare and 



more difficult to estimate owing to the added complexity associated with the influence of food sources, 



sediment factors, and variable ambient conditions. Thus, USEPA’s 2000 Human Health Methodology 



includes use of BCFs to estimate BAFs for criteria derivation. When USEPA updated its national HHWQC 



in 2015, a key change was using BAFs instead of BCFs to predict the uptake of a chemical by fish from 



surface water.  



This report was developed to provide States and other stakeholders with additional background on the 



procedures USEPA followed to derive national BAFs used in the development of the 2015 national 



HHWQC (USEPA 2015a-e). The report begins with an overview of USEPA’s BAF development 



methodology (Section 2). The report then presents in detail how USEPA developed national BAFs for four 



chemicals: benzo(a)pyrene, fluoranthene, di-n-butyl phthalate, and dieldrin (Section 3). Those four 



chemicals were selected to capture several of the different approaches used by USEPA to derive BAFs. 



The description of the BAF derivation process for each chemical is intended to be sufficiently detailed to 



allow interested readers to replicate USEPA’s calculations for those four chemicals.  



Many BAFs used by USEPA for derivation of the 2015 HHWQC were developed from data for 



polychlorinated biphenyls (PCBs) in the Great Lakes. As described in Section 4, incorporation in the BAF 



derivation procedure of assumptions that might be more representative of surface waters outside of the 



Great Lakes requires developing alternative inputs and running a bioaccumulation model. Recognizing 



that not all states will have the resources, expertise, or time, to become familiar with and run the model, 



alternative sets of foodchain multipliers (FCMs) are developed in Section 5 and presented in Appendix A. 



The different sets capture the FCMs for chemicals that have metabolic transformation rates that differ 



from PCBs and surface waters that have foodwebs and characteristics (e.g., temperature, sediment-water 



ratio) that differ from the Great Lakes. This information should allow states to select and apply FCMs to 



the derivation of BAFs that are more applicable and representative of surface waters in their states 



without having to run the bioaccumulation model. 



2 USEPA BAF CALCULATIONS – OVERVIEW OF 



METHODOLOGY 



USEPA estimated BAFs for updated 2015 HHWQC using USEPA’s 2000 Methodology (USEPA 2000), its 



associated Technical Support Document, Volume 2: Development of National Bioaccumulation Factors 



(Technical Support Document, Volume 2) (USEPA 2003), and information distributed later as the 2016 
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Supplemental Information for USEPA’s 2015 Human Health Criteria Update (USEPA 2016). USEPA 



followed the approach shown in Figure 1 (reproduced from Figure 3-1 of USEPA’s Technical Support 



Document, Volume 2 [USEPA 2003]). USEPA used peer-reviewed, publicly available information to 



classify each chemical using this framework to derive BAFs, with some exceptions as noted in the 



following subsections. The framework provides guidance based on a chemical’s properties and behavior 



in an aquatic environment. From the framework a procedure, and then one of up to four methods within a 



procedure, is selected for calculating a BAF for each trophic level within a foodweb. The four methods, in 



order of preference, are: 



• Measured BAFs from a field study;  



• BAFs derived from biota-sediment accumulation factors (BSAFs) from a field study; 



• BAFs derived from BCFs from a laboratory study and, if necessary, multiplied by a foodchain 



multiplier (FCM); and 



• BAFs calculated from a chemical’s Kow (n-Octanol/Water partitioning coefficient) and, if 



necessary, multiplied by a FCM.  



USEPA’s BAF derivation process normalizes measured BAFs and BCFs to predict accumulation 



assuming 100% of a chemical is dissolved in water and that fish are 100% lipid. USEPA refers to such 



normalized BAFs as “baseline BAFs”. Because only a fraction of a chemical may be dissolved in ambient 



waters and because only a small fraction of the tissue of fish species in United States waters is 



comprised of lipid, USEPA then converts baseline BAFs to what it refers to as “national BAFs” by using 



national measured data on dissolved and particulate organic carbon in surface water to estimate the 



dissolved fraction of a chemical in United States surface waters and the lipid content of fish in each 



trophic level in United States surface waters.  



Section 2.1 describes the BAF calculation methods used by USEPA and Section 2.2 provides a brief 



background for several of the key assumptions used to calculate BAFs.  



2.1 BAF Calculation Methods 



USEPA’s stated preference is to use field-measured BAFs to estimate bioaccumulation of chemicals 



when deriving national HHWQC (USEPA 2003). However, field-measured BAFs are not available for 



most chemicals. In the absence of field-measured BAFs, USEPA relies on BCFs measured in laboratory 



studies or the Kow of a chemical to predict a BCF and then uses a FCM to derive a BAF for a chemical 



from the BCF. USEPA (2000, 2003) identified log Kow ≥ 4 as the threshold for classifying a chemical as 



“moderately to highly hydrophobic” and for which exposure to chemicals through diet and other routes in 



addition to water can become important when estimating bioaccumulation. In other words, for chemicals 



with a log Kow < 4, the BAF can be assumed to be equal to the BCF and FCMs are not used. For 



chemicals with log Kow ≥ 4, BAFs need to be developed and, depending upon USEPA method, FCMs may 



be needed. For each of the 94 chemicals for which USEPA updated HHWQC in 2015, Table 1 presents 



the log Kow, the method USEPA used to derive the national BAF, the FCM for each trophic level and the 



BAF for each trophic level. Thirty-three chemicals had a log Kow ≥ 4 indicating that a FCM may be needed 



to derive a national BAF. For 12 of these 33 chemicals, USEPA used the field-measured BAF method. 



Four of the chemicals used the BCF method, eight used the BCF*FCM method, and nine used the 



Kow*FCM method (Table 1). Of the four chemicals used as examples in this report, one had a field-
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measured BAF (di-n-butyl phthalate), two had BCFs measured in a laboratory setting (BaP and 



fluoranthene), and the BCF for the fourth (dieldrin) was estimated based on Kow.  



The next three sections describe the methods used by USEPA to calculate baseline BAFs followed by a 



section that describes how baseline BAFs are converted into national BAFs1. The national BAFs are 



used in the derivation of the 2015 national HHWQC.  



2.1.1  Field BAF 



The BAF Method uses measured BAFs derived from data obtained from field studies. A field-measured 



BAF is normalized by accounting for the portion of the chemical that is freely dissolved in the water in 



which the fish lives (referred to as fraction freely dissolved or ffd) and the lipid content of the fish species 



(referred to as fraction lipid or fℓ). A normalized BAF is called a “baseline” BAF. The equation for 



calculating a baseline BAF using the BAF method is: 



(Baseline BAF)i =  �
BAFTt
ffd



− 1�  × 1
fℓ



eqn 1 



Where: 



(Baseline BAF)i = baseline BAF for field sample i (L/kg-lipid); 



BAFTt = total BAF from field sample (i.e. total concentration of chemical in tissue / total concentration 



of chemical in water [L/kg-tissue]); 



ffd = fraction of the total concentration of chemical in ambient water that is freely dissolved; and 



fℓ = fraction of tissue in ambient fish that is lipid. 



For some chemicals multiple baseline BAFs were available for a specific species or for several species 



within a trophic level. When more than one baseline BAF was available for a specific species, USEPA 



computed a species-specific baseline BAF using the geometric mean. If baseline BAFs were available 



for more than one species within a trophic level, then USEPA further averaged the BAFs across species 



within a trophic level to compute a trophic level-specific baseline BAF, again using the geometric mean. 



USEPA refers to the resulting BAF as the “trophic level-mean baseline BAF”. 



2.1.2 Lab BCF 



The Lab BCF Method derives a national BAF from laboratory-measured BCFs and, depending upon 



chemical, with or without adjustment by a FCM. As with field-measured BAFs, a laboratory-measured 



BCF is normalized to account for the lipid fraction of the test species and the fraction of the chemical in 



water that is freely dissolved. For chemicals with log Kow < 4, the baseline BAF is equal to the normalized 



BCF (i.e., the trophic level-specific FCMs are assumed to be equal to 1.0). For chemicals with log Kow ≥ 4 
but that are assumed by USEPA to have high metabolism, the baseline BAF is also equal to the 



normalized BCF. For chemicals with log Kow ≥ 4 and that are assumed by USEPA to have low or unknown 



metabolism, the normalized BCF is multiplied by an FCM to derive the baseline BAF. The FCM varies 



1 The fourth method, the BSAF method, is not described because it was not used by USEPA to calculate national 



BAFs. The two compilations of data necessary to use the BSAF method – USEPA’s Biota-Sediment Accumulation 
Factor Data Set, Version 1.0 (USEPA 2015a), and the U.S. Army Corps of Engineers’ BSAF database (USACE 2015) 
– have not been peer-reviewed.
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depending upon the Kow of the chemical and trophic level. The equation for calculating a baseline BAF 



using the Lab BCF method is: 



 (Baseline BAF)i = (FCM)TL n  ×  �
BCFTt
ffd



− 1�  × 1
fℓ



  eqn 2 



Where: 



(Baseline BAF)i = baseline BAF for laboratory sample i (L/kg-lipid); 



FCM = foodchain multiplier for the trophic level associated with species from laboratory 



measurement; 



BCFTt= total BCF measured in the laboratory (i.e. total concentration of chemical in tissue ÷ total 



concentration of chemical in water [L/kg-tissue]); 



ffd = fraction of the total concentration of chemical in water that is freely dissolved; and 



fℓ = fraction of tissue that is lipid. 



Multiple Lab BCF method derived baseline BAFs are averaged using a geometric mean across species 



and then across trophic level to compute trophic level-mean baseline BAFs for each trophic level 



following the same procedure as described above for multiple field-measured BAFs. 



2.1.3 Kow 



The Kow Method derives a national BAF from a chemical’s Kow and, depending upon chemical, with or 



without adjustment by an FCM. For chemicals with log Kow < 4, the baseline BAF is assumed to be equal 



to the Kow ( i.e., the trophic level-specific FCMs are assumed to be equal to 1.0). For chemicals with log 



Kow ≥ 4 but that are assumed by USEPA to have high metabolism, the baseline BAF is also assumed to 



be equal to the Kow. For chemicals with log Kow ≥ 4 and that are assumed by USEPA to have low or 
unknown metabolism, the normalized BCF is multiplied by an FCM to derive the baseline BAF. The FCM 



varies depending upon the Kow of the chemical and the trophic level. The equation for calculating a 



baseline BAF using the Kow method is: 



 (Baseline BAF)𝑛𝑛 = (FCM)TL n  ×  Kow eqn 3 



Where: 



(Baseline BAF)n = baseline BAF for trophic level n (L/kg-lipid); 



(FCM)TL n = foodchain multiplier specific to trophic level n; and 



Kow = n-octanol-water partition coefficient (L/kg). 



2.1.4 Converting Baseline to National BAFs 



Sections 2.1.1 through 2.1.3 above describe the methods USEPA used to calculate trophic level-mean 



baseline BAFs. Trophic level-mean baseline BAFs are then converted to trophic level-specific national 



BAFs by accounting for national default values for lipid content of fish in each trophic level and a national 



default level for fraction of a chemical that is freely dissolved. Estimation of ffd depends upon default 



concentrations of dissolved organic carbon (DOC) and particulate organic carbon (POC) in United States 



surface waters and the Kow of each chemical (see equation 5, used to estimate ffd below in Section 2.3.3). 



USEPA used the 50th percentile (median) DOC and POC concentrations as the national-level defaults. 



The equation for converting a trophic level-specific baseline BAF to a trophic level-specific national BAF 



is: 



 National BAF(TL n) = [(Baseline BAF)TL n  ×  (fℓ)TL n + 1]  ×  (ffd)  eqn 4 
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Where: 



National BAF(TL n) = national trophic level-specific BAF (L/kg-tissue); 



(Baseline BAF)TL n = mean baseline BAF for trophic level “n” (L/kg-lipid); 



fℓ(TL n) = fraction of tissue that is lipid in aquatic organisms in trophic level “n”; and 



ffd = fraction of the total concentration of chemical in ambient surface water that is freely dissolved. 



When national trophic level-mean BAFs are not available for all three trophic levels, USEPA applies the 



available national trophic level-mean BAFs to all trophic levels. If a single national trophic level-mean BAF 



is available, that is used to predict bioaccumulation in all trophic levels. If two national trophic level-mean 



BAFs are available, the geometric of those two national trophic level-mean BAFs is used to predict 



bioaccumulation in all trophic levels.  



2.2 Key Assumptions Used to Derive BAFs 



2.2.1 Kow  



Bioaccumulation of non-ionic hydrophobic chemicals is assumed to be closely related to a parameter 



known as the n-octanol-water partition coefficient, or Kow. The Kow is the ratio of a chemical's 



concentration in the octanol phase to its concentration in the aqueous phase of a two-phase 



octanol/water system. An increase in Kow represents an increase in lipophilicity and the increased 



potential for bioaccumulation. In the absence of measured BAFs and BCFs a chemical’s Kow can be used 



to estimate BAFs and BCFs. USEPA selected Kows from the Agency for Toxic Substances and Disease 



Registry (ATSDR) or The United States National Library of Medicine’s Hazardous Substances Data Bank 



(HSDB) with preference given to ATSDR. An average Kow was computed if a range or multiple Kows were 



reported from the selected source.  



2.2.2 Foodchain Multiplier 



The FCM is selected from Table 4-6 in USEPA’s Technical Support document (USEPA 2003), also 



provided in Table 1 in USEPA (2016) and in this report (Table 2), using the chemical’s log Kow and linear 



interpolation (USEPA 2003, p. 4-39; USEPA 2016, p. 8). Chemicals with a log Kow < 4 are assumed by 



USEPA to have an FCM equal to 1.0. Additional detail regarding the derivation of FCMs is provided in 



Section 4 of this report.  



2.2.3 Fraction Freely Dissolved 



The fraction of the concentration of chemical in water that is freely dissolved (ffd) is included in both the 



BCF method and the national BAF equations. Distinguishing the freely dissolved fraction from the total 



concentration in the water column (which can include chemical bound to particulate that is not, or is less, 



bioavailable) is important when estimating BCFs and BAFs. To estimate ffd in ambient United States 



surface water, USEPA uses national default DOC and POC concentrations. The assumed national default 



concentration of DOC is 2.9×10-6 kg/L [= 2.9 mg/L] and of POC is 0.5×10-6 kg/L [= 0.5 mg/L] (USEPA 



2003, 2016). The equation used to compute ffd is: 



 ffd =  1
1+POC × Kow+ DOC ×0.08 ×Kow



  eqn 5 
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Where: 



ffd = fraction freely dissolved;  



POC = concentration of particulate organic carbon in water (kg of POC per liter of water) (kg/L); 



DOC = concentration of dissolved organic carbon in water (kg of DOC per liter of water) (kg/L); and 



Kow  = n-octanol-water partition coefficient. 



USEPA’s HHWQC procedure includes the ability of States to use alternate, State-specific DOC and POC 



concentrations to derive State-specific HHWQC. The focus of this report is on refinement of FCMs used 



to derive HHWQC; this report does not review the process used by USEPA to develop alternate HHWQC 



based on DOC and POC concentrations that differ from the national default DOC and POC 



concentrations. An example of such State-specific refinement can be found in FDEP (2016).  



2.2.4 Lipid Content 



Lipid content is the fraction of fish tissue that is assumed to be comprised of lipid. Because USEPA’s goal 



was to establish trophic level-specific BAFs for each trophic level, assuming available data allow, USEPA 



needed to develop estimates of the lipid content of fish in each trophic level. USEPA followed the 



hierarchical steps listed below to determine the default national trophic level-specific lipid content.  



1. Use measured values if provided.  



2. Select a lipid content based on species from Tables 4-5 and 6-3 in the TSD (USEPA 2003, p. 4-37, 6-



18).  



3. Use an average species value from all studies in database with reported values.  



4. Apply national lipid fractions based on assigned tropic level (fℓ(TL2) = 0.019, fℓ(TL3) = 0.026, fℓ(TL4) = 



0.030). 



USEPA’s HHWQC procedure includes the ability of States to use alternate, trophic level-specific lipid 



fractions to derive State-specific HHWQC. The focus of this report is on refinement of FCMs used to 



derive HHWQC; this report does not review the process used by USEPA to develop alternate HHWQC 



based on alternate trophic level-specific lipid fractions. An example of such State-specific refinement can 



be found in FDEP (2016). 



2.2.5 Trophic Level 



Trophic level assignment information was primarily obtained from the USEPA (2014) NHANES Fish 



Consumption Rate Report and Fishbase.org and used to determine trophic levels of organisms in the 



BCF and BAF data sources (USEPA 2014; Froese and Pauly 2015). When no primary source was 



available, an expert fishery biologist and an expert invertebrate zoologist provided trophic level 



identifications. These experts checked all trophic level identifications for correctness and consistency. 



3 NATIONAL BAF CALCULATIONS FOR FOUR 



CHEMICALS 



The steps USEPA used to calculate national BAFs for benzo(a)pyrene, fluoranthene, di-n-butyl phthalate, 



and dieldrin are described in this section.  
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USEPA searched peer-reviewed journal articles, federal and state reports, and databases to obtain input 



parameters for each chemical. USEPA was not able to locate peer-reviewed, field-measured BAFs, 



BSAFs, or lab-measured BCFs for all three trophic levels (TL2, TL3, and TL4) for any of the four 



chemicals discussed in the subsequent sections. The BAF calculation method for each chemical was 



selected using the procedures and methods outlined in Figure 1 based on each individual chemical’s 



physical properties and based on that chemical’s behavior (i.e., it’s ionic and hydrophobic tendencies, 



Kow, and ability to be metabolized). Specific calculations of each BAF are outlined in Sections 3.1 to 3.5. 



3.1 Benzo(a)pyrene 



Benzo(a)pyrene (BaP) is a nonionic organic chemical (USDHHS 2010a) and was classified by USEPA as 



having moderate-high hydrophobicity with a log Kow of 6.06 (ATSDR 1995) and to have high metabolism 



(USEPA 2015). USEPA was unable locate peer-reviewed field-measured BAFs for BaP but was able to 



locate peer-reviewed lab BCF data. Given those physical characteristics and the availability of laboratory 



measured BCFs, according to USEPA’s BAF method selection framework, USEPA should have used the 



Lab BCF method in Procedure #2 to develop national BAFs for BaP (Figure 1). However, for reasons that 



remain unclear, USEPA instead used the Lab BCF*FCM method within Procedure #1 (Figure 1) to derive 



a national BAF of 3900 (L/kg) for all three trophic levels. Because USEPA was only able to locate 



laboratory BCFs for TL2 and TL3, but not TL4, USEPA used the geometric mean of the national TL2 and 



TL3 BAFs as the national BAF for all three trophic levels. The specific steps used by USEPA to derive the 



national BAF for BaP are briefly described below and presented in Tables 3a and 3b: 



1. Twenty-seven laboratory measured BCFs were identified from five peer-reviewed papers (Landrum 



and Poore 1988; McCarthy 1983; Gossiaux et al 1996; Jimenez et al 19872; Spacie et al 1983). 



Twenty-three BCFs were from TL2 organisms including amphipod (Pontoporeia hoyi), mayfly 



(Hexagenia limbate), shrimp (Mysis relicta), water flea (Daphnia magna), and zebra mussel 



(Dreissena polymorpha) (Table 3a). Four BCFs were from bluegill sunfish (Lepomis macrochirus), a 



TL3 organism. 



2. Each of the 27 laboratory measured BCFs was converted to a baseline BAF using equation 2 shown 



above. (Table 3a). The process includes normalizing each laboratory measured BCF such that it is 



expressed on a freely dissolved and 100% lipid basis. If the laboratory study reported the freely 



dissolved concentration or the lipid content of the species tested in the laboratory, or both, those 



values were used to express the laboratory BCF on a freely dissolved and 100% lipid basis. If freely 



dissolved concentrations were not reported and concentrations of DOC and POC in the laboratory 



test water were not reported, USEPA estimated a freely dissolved concentration by assuming the 



concentration of DOC and POC in laboratory water was equal to the median concentrations reported 



in ambient waters of the United States (DOC= 2.9 mg/L and POC = 0.5 mg/L] using equation 5 shown 



above3. If lipid content was not reported, USEPA used the step-wise process described in Section 



                                                      
2 Jimenez et al. (1987) report a BCF of 608 L/kg but the database used by USEPA lists a BCF of 842 L/kg for that 



study. The calculations presented in this section are based on the BCF of 608 L/kg used by USEPA and not the BCF 
842 L/kg reported in Jimenez et al. (1987). 



3 As discussed in more detail near the end of Section 5, USEPA’s assumption that laboratory water had a median 



DOC and POC concentration equal to ambient water likely overestimates BCFs if filtered was used in the laboratory 
study, which in turn, could result in lower than necessary HHWQC. Accounting for this potential bias would require 
making a more accurate estimate of the DOC and POC in laboratory waters and adjusting the BCF accordingly. 
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2.3.4 above to select a lipid fraction. The FCMs used by USEPA in the baseline BAF equation are 



described in more detail in Section 2.3.2 above. The resulting normalized BCFs for each of the 27 



laboratory measured BCFs are shown in Table 3a.  



3. Geometric mean baseline BAFs were then calculated first by species resulting in six species-specific 



baseline BAFs (five in TL2 and one in TL3, Table 3a) and then by trophic level (Table 3a), resulting in 



a trophic level-specific baseline BAF of 862,368 L/kg-lipid for TL2 and a trophic level-specific baseline 



BAF 120,798 L/kg-lipid for TL3. 



4. National BAFs for TL2 and TL3 were then calculated from the baseline BAFs using equation 4 using 



a default national fraction freely dissolved of 0.5433 and national default fraction lipid of 0.019 and 



0.026 for TL2 and TL3, respectively (Table 3b). 



5. The final national BAF for benzo(a)pyrene of 3,900 L/kg was calculated as the geometric mean of the 



TL2 (8,900 L/kg) and TL3 (1,700 L/kg) national BAFs (Table 3b). 



3.2 Fluoranthene 



Fluoranthene is a non-ionic chemical (USDHHS 2010b) and was classified by USEPA as having 



moderate-high hydrophobicity with log Kow = 4.9 (ATSDR 1995) with high metabolism (NOAA n.d.). 



USEPA was not able to locate peer-reviewed, field-measured BAFs, BSAFs, or lab-measured BCFs for 



all three trophic levels (TL2, TL3, and TL4) but was able to locate lab-measured BCFs for trophic level 2 



organisms. Therefore, USEPA used the BCF method within Procedure #2 (Figure 1) with the TL2 BCFs 



available for fluoranthene to derive a national BAF of 1,500 (L/kg) for all three trophic levels. The specific 



steps USEPA used to derive the national BAF for fluoranthene are briefly described below and in Tables 



4a and 4b. 



1. Three BCFs were derived from one literature study (Sheedy et al 1998) on an oligochaete 



(Lumbriculus variegatus) a TL2 organism4.  



2. Each of the normalized laboratory BCFs was converted to a baseline BAF using equation 2 shown 



above. (Table 4a). The process includes normalizing each laboratory measured BCF such that it is 



expressed on a freely dissolved and 100% lipid basis. If the laboratory study reported the freely 



dissolved concentration or the lipid content of the species tested in the laboratory, or both, those 



values were used to express the laboratory BCF on a freely dissolved and 100% lipid basis. If freely 



dissolved concentrations were not reported and concentrations of DOC and POC in the laboratory 



test water were not reported, USEPA estimated a freely dissolved concentration using the same 



process described above for BaP. If lipid content was not reported, USEPA used the step-wise 



process described in Section 2.3.4 above to select a lipid fraction. The FCMs used by USEPA in the 



baseline BAF equation are described in more detail in Section 2.3.2 above. The resulting normalized 



BCFs for each of the three measured BCFs are shown in Table 4a.  



3. A geometric mean baseline BAF was then calculated (Table 4a) resulting in a baseline BAF of 80,714 



L/kg-lipid (Table 4a).  



                                                      
4 Sheedy et al (1998) exposed the study organism to fluoranthene for a relatively short duration (96 hours) 



suggesting that the resulting BCFs may be biased low. 
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4. A national BAF for TL2 of 1,500 L/kg was then calculated from the baseline BAF using equation 4 



with a default national fraction freely dissolved of 0.9451 and national default fraction lipid of 0.019 



(Table 4b). 



5. The final national BAF for fluoranthene for trophic levels was set equal to 1,500 L/kg, the national 



BAF based on TL2 organisms (Table 4b). 



3.3 Di-n-Butyl Phthalate 



Di-n-Butyl is a non-ionic organic chemical (USDHHS 2010c) and was classified by USEPA as having 



moderate-high hydrophobicity with log Kow = 4.21 (ATSDR 2001) with high metabolism (Gobas et al. 



2003; Mankidya et al. 2013). USEPA was not able to locate peer-reviewed, field-measured BAFs or lab-



measured BCFs for all three trophic levels (TL2, TL3, and TL4) but USEPA was able to locate field-



measured BAFs for trophic levels 3 and 4. Therefore, USEPA used the BAF method to estimate for the 



reported trophic levels by calculating the geometric mean of the TL3 and TL4 BAFs for di-n-butyl 



phthalate (Arnot and Gobas 2006; Environment Canada 2006) to derive the national BAF of 2,900 L/kg 



for this chemical. The specific steps in this procedure are described below and in Table 5a and 5b. 



1. Eight BAFs were derived from two literature studies (Gobas et al 2003; Mackintosh 2002). Two BAFs 



were from TL3 organisms including whitespotted greenling (Hexogrammos stelleri) and English Sole 



(Pleuronectes ventulus) (Table 5a). Six BAFs were from TL4 organisms including Pacific staghorn 



sculpin (Leptocottus armatus), pile perch (Rhacochilus vaccu), spiny dogfish (Squalus acanthias), 



and striped seaperch (Embiotoea lateralis). 



2. Each of the eight laboratory measured BAFs was converted to a baseline BAF using equation 1 



shown above. (Table 5a). The process includes normalizing each measured BAF such that it is 



expressed on a freely dissolved and 100% lipid basis. If the study reported the freely dissolved 



concentration or the lipid content of the species, or both, those values were used to express the BAF 



on a freely dissolved and 100% lipid basis. If freely dissolved concentrations were not reported and 



concentrations of DOC and POC in ambient water were not reported, USEPA estimated a freely 



dissolved concentration using the same process described above for BaP. If lipid content was not 



reported, USEPA used the step-wise process described in Section 2.3.4 above to select a lipid 



fraction. The resulting normalized BAFs for each of the eight measured BAFs are shown in Table 5a.  



3. The baseline BAF for each data point was calculated using equation 1 (Table 5a). 



4. Geometric mean baseline BAFs were then calculated first by species (Table 5a) and then by trophic 



level (Table 5a), resulting in a trophic level-specific baseline BAF of 142,876 L/kg-lipid for TL3 and of 



74,484 L/kg-lipid for TL4. 



5. National BAFs for TL3 and TL4 were then calculated from the baseline BAFs using equation 4 (Table 



5b) with a default national fraction freely dissolved of 0.988 and national default fraction lipid of 0.026 



for TL3 and 0.03 for TL4. 



6. The final national BAF for di-n-butyl phthalate of 2,900 L/kg was calculated as the geometric mean of 



the TL3 (3,700 L/kg) and TL4 (2,200 L/kg) national BAFs (Table 5b). 
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3.4 Dieldrin 



Dieldrin is a nonionic organic chemical (USDHHS 2014) and was classified by USEPA as having 



moderate-high hydrophobicity with a log Kow of 6.2 (ATSDR 2002) and to have low or unknown 



metabolism. Given those characteristics, and because USEPA was unable to find any field-measured 



BAFs or laboratory-measured BCFs, USEPA used the Kow*FCM method within Procedure #1 (Figure 1) to 



derive national BAFs for dieldrin of 14,000 (L/kg) for TL2, 210,000 (L/kg) for TL3, and 410,000 (L/kg) for 



TL4 (Table 6). The specific steps USEPA used to derive the national BAF for dieldrin are briefly described 



below and in Table 6. 



1. The baseline BAF for each trophic level was calculated using equation 3, assuming a log Kow of 6.2 



and FCMs of 1, 11.2, and 18.5 for TL2, TL3, and TL4, respectively (Table 6). The derivation of FCMs 



used by USEPA are described in Section 2.3.2 above. 



2. National BAFs of 14,000 (L/kg), 210,000 (L/kg), and 410,000 (L/kg) for TL2, TL3, and TL4, 



respectively, were calculated using equation 4 (Table 6). The freely dissolved concentration of 



dieldrin in ambient surface water was estimated using equation 5 and assuming a log Kow of 6.2 and 



national default median concentrations of DOC (2.9 mg/L) and POC (0.5 mg/L). The lipid content of 



fish was assumed to be equal to the national default lipid fractions of 0.019, 0.026 and 0.030 for TL2, 



TL3 and TL4, respectively (Table 6).  



4 REFINING FOODCHAIN MULTIPLIERS AND 



BIOACCUMULATON FACTORS 



This section describes the process and some of the key assumptions used by USEPA to develop FCMs. 



This section also discusses why some of those assumptions are not representative of the characteristics 



of many of the chemicals to which USEPA applied FCMs nor to many waters of the United States. The 



section concludes by showing how assumptions more representative of the characteristics of the three 



example chemicals5 for which USEPA used FCMs to derive national trophic level-specific BAFs affect the 



FCM and the resulting national trophic level-specific BAF and resulting HHWQC.  



USEPA used a foodweb model (Gobas 1993) parameterized for PCBs in a Great Lakes foodweb and fish 



tissue data to calculate FCMs for TL2, TL3, and TL4 (USEPA 2003). USEPA (2003) defines foodchain 



multipliers as “a measure of the chemical’s tendency to biomagnify in aquatic foodwebs” and provides the 



following equation: 



𝐹𝐹𝐹𝐹𝐹𝐹 =  
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐵𝐵𝐵𝐵𝐵𝐵



𝐾𝐾𝑜𝑜𝑜𝑜
 ≈ 
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐵𝐵𝐵𝐵𝐵𝐵
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑖𝑖𝑛𝑛𝑛𝑛 𝐵𝐵𝐵𝐵𝐵𝐵



 



USEPA considered the models of both Gobas (1993) and Thomann et al. (1992) for development of 



FCMs, ultimately deciding to use the Gobas (1993) model for reasons described in USEPA (2003). Many 



                                                      
5 Section 3 describes USEPA’s derivation of national BAFs for four chemicals (benzo(a)pyrene, fluoranthene, di-n-



butyl phthalate, and dieldrin). This section, and the remainder of the report, develops alternative FCMs, BAFs and 
HHWQC for only three of the four example chemicals (benzo(a)pyrene, fluoranthene, and dieldrin) because those are 
the only three example chemicals for which USEPA used FCMs to develop national BAFs. Field-measured BAFs 
were available for di-n-butyl phthalate precluding the need to use FCMs to develop a national BAF for di-n-butyl 
phthalate.  
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of the values and assumptions used to parameterize the model for PCBs in the Great Lakes are likely 



different from the values and assumptions that would be used to represent other chemicals in surface 



waters and foodwebs in other locations in the United States.  



The key input parameters are described below and summarized in Table 7. Arcadis input the values and 



assumptions for these key parameters as described in Gobas (1993) into the spreadsheet model, which 



is available online, in an effort to reproduce the FCMs published by USEPA (USEPA 2016).  



4.1 Sediment-Water Ratio  



USEPA describes the sediment-water concentration quotient (∏socw) as “the ratio of the chemical 



concentrations in the sediments (expressed on an organic carbon basis) to those in the water column 



(expressed on a freely dissolved basis)”. USEPA reviewed data sets from Lake Ontario, Hudson River, 



and Green Bay in the Lake Michigan ecosystem to determine ∏socw. USEPA’s review concluded that 



∏socw is strongly dependent on the Kow and calculated an average value of 23 for the ∏socw/Kow ratio 



(referred to in this report as the “sediment-water ratio”).  



USEPA acknowledges there is very large variability in ∏socw across ecosystems. USEPA also presents 



simulations showing that constant loading of a chemical with a log Kow of 6 results in a maximum 



∏socw/Kow
 ratio of 4.9 (see Figure 4-5 of USEPA 2003). USEPA also states that with continued loading, 



sediment concentration will increase until a steady state condition is reached with a ∏socw/Kow ratio in the 



2 to 10 range. It would seem that the estimated ∏socw/Kow ratio of 23 is only applicable to chemicals that 



have high historic loading followed by a large reduction in loading (e.g., PCBs in the Hudson River). 



Therefore, it is likely not applicable to other waterbodies in other areas of the United Sates. The ∏socw/Kow 



ratio has a substantial effect on the FCMs of the three example chemicals in this report (Table 8) because 



the increase in benthic tissue concentrations from sediment cause an increase in tissue concentrations 



that cascade up the foodweb.  



USEPA used three datasets to determine a default sediment-water ratio. These data sets were from 



areas of high historical loadings: Lake Ontario (Oliver and Niimi 1988), Hudson River (USEPA 1997, 



USEPA 1998), and Green Bay in the Lake Michigan ecosystem (www.epa.gov/grtlakes/gbdata/). The 



Green Bay and Hudson River data sets contained data for PCBs only, and the Lake Ontario data set 



contained data for chlorinated pesticides and PCBs (USEPA 2003, Table 4-4). For these three waters, 



USEPA identified a range of average sediment-water ratios: from 4.49 to 10.3 for Green Bay, and 14.3 to 



48.4 for the Hudson River. The sediment-water ratio for Lake Ontario was 23.4. USEPA selected 23 as 



the default sediment-water ratio, which is the overall average of the sediment-water ratios from the above 



datasets. However, the default of 23 is likely high for most waters of the United States given that it is 



based on waters that are known to have had substantial historical loadings of contaminants and the 



sediment-water ratio is likely not at equilibrium.  



Based on the information summarized above, this report uses sediment-water ratios of 23, 10, and 2 



(Table 7) to represent the range of ratios that may be present in waters of the United States.  











REVIEW OF USEPA 2015 BAF METHODS 



arcadis.com 
Extension Addendum_Arcadis_2018-04-20 12 



4.2 Chemical Concentrations in Sediment and Water 



Column 



In deriving the FCMs, 1 ng/L (concentration of chemical freely dissolved in the water column, Cw
fd) is 



used. USEPA (2003) states that the corresponding chemical concentration in the sediment is calculated 



by using the ∏socw/Kow ratio = 23 relationship, or Cs (ng/kg) = 23 (L/kg oc) * Kow * (1 ng/L) * foc (kg oc/kg) * 



0.001 (kg/g). 



4.3 Organic Content of Water 



The Gobas (1993) model takes the total concentration of the chemical in the water that is input to the 



model and, before doing any predictions, performs a bioavailability correction by calculating the Cw
fd. The 



Cw
fd is then used in all subsequent calculations by the model. The bioavailability correction relies on the 



DOC concentration in the water column. The smaller the DOC concentration, the greater the fraction of 



the chemical that is freely dissolved in the water column, and more of the chemical is considered to be 



bioavailable. When developing FCMs, USEPA needed to run the Gobas model assuming all of a 



chemical was dissolved in the water column. USEPA (2003) set the concentration of the DOC in the 



model to an extremely small number, 1.0x10-30 kilograms per liter (Table 7). By setting the concentration 



of the DOC to 1.0x10-30 kilograms per liter, the total concentration of the chemical input into the model 



becomes essentially equal to the Cw
fd. 



4.4 Rate of Metabolism in Forage and Piscivorous Fish 



The FCMs developed by USEPA (2003, 2016) assume no metabolic transformation of a compound by 



fish and shellfish6. That is, the metabolic transformation constant (km) is set to zero in the model when 



FCMs are calculated in part because information on metabolic transformation was lacking for many 



compounds when the model was parameterized (i.e., in the early 1990’s) and also because the model 



was parameterized for PCBs, which are assumed to have relatively low metabolic transformation. Thus, 



the assumption of zero for the metabolic transformation rate constant is not unreasonable for PCBs 



(Gobas 1993). However, USEPA applies the FCMs developed using the assumption of zero for the 



metabolic transformation constant to derive HHWQC for many compounds that differ from PCBs and are 



likely to be metabolized by fish or shellfish or both. Additionally, a great deal more information on 



metabolic transformation rate constants is now available than was in the early 1990’s. Arnot et al. (2008) 



produced a database of metabolic transformation rate constants for organic chemicals. Therefore, the 



assumption of zero metabolism is not only incorrect for many compounds, but data are available to 



estimate metabolic transformation of many compounds including for halogenated organics, phenyls, 



dioxins, furans, hydrocarbons, amines, imides, alcohols, phenols, ethers, ketones, and esters.  



To evaluate the effect of incorporating metabolism into the Gobas (1993) model used to calculate FCMs, 



kms were obtained for benzo(a)pyrene, fluoranthene, and dieldrin. These chemical-specific kms were 



                                                      
6 Because the FCMs assume no metabolism, USEPA’s BAF derivation procedure (Figure 1) includes a 
decision point based on metabolism. That decision point precludes the use of FCMs when developing 
BAFs for chemicals that have high metabolism. In other words, for such chemicals, the BAF can be 
assumed to be equal to the BCF.  
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obtained from the database in Arnot and Gobas (2008) and normalized to the specific water temperature 



used in the model and the weights of each species in the foodweb. Table 9 summarizes Kms available in 



Arnot and Gobas (2008) for the three example compounds. Table 10 presents the organism weight and 



temperature normalized Kms for the three example compounds in all three foodwebs.  



Many (if not most) chemicals undergo transformation. When transformation is accounted for and is 



substantial, it appears that FCMs can be less than 1.0, as demonstrated for the above three compounds 



(Table 8) and even for those chemicals that were not identified as “highly metabolized” by USEPA.  



4.5 Additional Environmental Parameters and Conditions 



USEPA (2003) used the following environmental parameters and conditions to determine FCMs (Table 



7): 



• Mean water temperature: 8°C; 



• Organic carbon content of the sediment: 2.7%; 



• Density of lipids: 0.9 kg/L; and 



• Density of organic carbon: 0.9 kg/L. 



The water temperature used by USEPA (8°C) is cooler than waters in other areas of the United States, 



particularly in the south. Water temperature is used in an equation that calculates the dietary uptake 



constant (kd) in the model. Using USEPA’s set of default assumptions, the effect of increasing water 



temperature is to increase the FCMs because the increased temperature increases the dietary uptake 



(Table 8). Metabolic transformation rate also increases with increasing temperature, but because 



USEPA’s default assumptions assume no metabolic transformation, FCMs can only increase with 



increasing temperature (compare FCMs in Appendix A tables at 8° and 16°C that assume no metabolism 



[km=0]). When metabolic transformation is included in the bioaccumulation model, FCMs can decrease 



with increasing temperature. The amount of decrease depends upon the magnitude of metabolic 



transformation. Because temperature varies across surface water in the United States, the effect of two 



different temperatures (8°C and 16°C) on FCMs are evaluated for the three example chemicals. Sediment 



organic carbon concentration does not affect FCMs. Density of lipids and density of organic carbon are 



not water body specific assumptions and are not expected to vary among surface waters. The latter three 



model parameters were not changed as part of the FCM refinement presented in this report. 



4.6 Foodweb Structure 



USEPA (2003) uses the mixed foodweb structure from the Lake Ontario ecosystem (Flint 1986; Gobas 



1993) as the representative foodweb for determining FCMs for the national methodology. USEPA notes 



that there are large differences in foodwebs across the country and, for this reason, strongly encourages 



States and Tribes to make site-specific modifications to USEPA’s national BAFs (USEPA 2000).  



Consistent with that USEPA encouragement, this report evaluates FCMs using the Lake Ontario foodweb 



and two alternative foodwebs: a pelagic and a benthic based warm freshwater foodweb (Tables 11a and 



11b). A warmwater foodweb comprised of warmwater species (e.g., sunfish, largemouth bass, catfish) 



was developed to better represent ambient waters in other parts of the United States. The base of one 



version of the warmwater foodweb is primarily benthic species (e.g., crayfish). This foodweb is referred to 
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as warmwater benthic. The base of the other version of the warmwater foodweb is primarily pelagic 



species (e.g., zooplankton) and is referred to as warmwater pelagic. Ideally, a location or State-specific 



foodweb would be calibrated to measured data. However, these hypothetical foodwebs are presented to 



evaluate the potential effect of alternate foodweb parameters on calculated FCMs and resulting HHWQC. 



When the Gobas model is parameterized with assumptions and values representative of alternative 



warmwater hypothetical foodwebs rather than a Great Lakes foodweb, and a water temperature and 



sediment-water ratio more representative of warm surface waters but still assuming no metabolic 



transformation, the calculated FCMs for the three example chemicals increase for TL3 and decrease for 



TL4 (Table 8). Note that all of the hypothetical warmwater FCMs are substantially lower than the national 



FCMs developed by USEPA using assumptions and values representative of surface water and foodwebs 



of the Great Lakes. While the hypothetical warmwater foodwebs and associated FCMs are presented 



herein purely for illustrative purposes, the results indicate that developing a foodweb structure 



representative of state-specific lakes and streams in other locations throughout the United States has the 



potential to substantially alter the calculated FCMs. 



Tables 8 and 12 show the resulting FCMs and national BAFs, respectively, for the three example 



chemicals (benzo(a)pyrene, fluoranthene, and dieldrin) from alternative model parameters and foodweb 



models. The differences can be quite large. For example, for BaP USEPA’s national BAF is 3,900 L/kg 



based on the Great Lakes foodweb and no metabolism (Table 12). Simply accounting for metabolism, 



which is well known to occur, the BAF drops by more than four-fold to 900 L/kg, even assuming a Great 



Lakes foodweb (Table 12). In a warmwater benthic foodweb with a sediment-water ratio of 2 



(representative of limited historical contamination), the BAF decreases to 400 L/kg, or nearly 10 times 



lower than USEPA’s national BAF based on default assumptions (Table 12). In a warmwater pelagic food 



web with a sediment-water ratio of 2, the BAF is 500 L/kg, or nearly eight times lower than USEPA’s 



default (Table 12). These relatively large decreases in BAF result in relatively large increases in HHWQC 



(Table 13).  



In summary, the national default assumptions used by USEPA to derive FCMs are unlikely to be 



representative of conditions in all areas of the United States. USEPA’s model is based on and calibrated 



for a Great Lakes foodweb using PCB data. As indicated above, hypothetical warm-water foodwebs will 



have substantially different inputs and structure and could result in different FCMs. In addition, 



assumptions of sediment contamination are based on areas that have a high historic loading followed by 



substantial reduction (e.g., PCBs in the Hudson River). USEPA’s assumption for sediment-water ratio, the 



parameter that apportions the concentrations between sediment and the water column, is therefore higher 



than what would be expected in most waters of the United States resulting in larger FCMs than are likely 



representative of most United States surface waters. The sediment-water ratio has the most substantial 



effect on FCMs of the four model parameters varied in this report (Table 7). Finally, the temperature used 



in the USEPA model is cooler than might be expected in many United States waters. However, if 



metabolic transformation is not accounted for, an increase in temperature tends to increase FCMs 



because the higher temperature results in an increase in dietary intake in the model. This increased 



dietary intake is not balanced by what one might expect to be an increased rate of metabolism given that 



metabolism is assumed to be zero in USEPA’s FCM model.  
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5 DERIVATION AND APPLICATION OF REFINED FCMS 



The previous section reviewed in some detail the process used to derive FCMs and BAFs for the three 



example compounds. Finding the appropriate inputs to run the model USEPA used to derive FCMs and 



then to find and run the model to derive alternative FCMs can require substantial resources. Such 



resources may not be available to regulators charged with establishing State-specific HHWQC even 



though those same regulators know that the default assumptions used by USEPA to derive FCMs and 



BAFs are not representative of their State’s waters or of the chemicals for which they are updating 



HHWQC. To assist such regulators in deriving more representative and applicable BAFs, this section 



describes the basis of alternative sets of FCMs derived to represent sets of conditions that differ from the 



single set of default conditions used by USEPA to derive the single set of FCMs it used when deriving 



BAFs to establish national HHWQC.  



As with the table of default FCMs developed by USEPA, the alternative sets of FCMs are presented for a 



range of log Kow (from 3 to 9) and for three trophic levels (TL2, TL3, and TL4). Seventy-two sets of 



alternative FCMs are presented (Appendix A). These correspond to different combinations of foodwebs, 



surface water temperature, sediment-water ratio, and metabolic transformation rate. The range of each 



assumption is described below followed by a brief description of the effect of some of the alternative 



assumptions (or combinations of assumptions) on FCMs (and resulting BAFs). This section concludes by 



describing how a State can easily use the alternative FCMs to refine the BAFs used by USEPA and 



develop BAFs and HHWQC that are more State-specific than USEPA’s national defaults.  



5.1 Foodweb  



FCMs are presented for three different foodwebs. The first is the Lake Ontario foodweb used by USEPA 



to derive its default FCMs. As described above in Section 4.1.6, a foodweb comprised of warmwater 



species was also developed. FCMs are developed for two versions of the foodweb: a warmwater benthic 



foodweb in which the base of the foodweb is primarily benthic species (e.g., crayfish) and a second 



version in which the base of the foodweb is primarily pelagic species (e.g., zooplankton). The former 



foodweb is referred to as warmwater benthic and the latter as warmwater pelagic. The goal of providing 



FCMs for three foodwebs is to allow interested States and stakeholders to derive BAFs and HHWQC 



based on foodwebs that are more representative of surface waters in their states than Lake Ontario, the 



water body on which USEPA’s BAFs and HHWQC are based. 



5.2 Surface Water Temperature  



Within each foodweb, FCMs are presented for two temperatures, 8° and 16°C. Eight degrees C is the 



temperature USEPA uses to derive its default FCMs and is intended to represent Lake Ontario. Because 



many surface waters throughout the United States are warmer than Lake Ontario, FCMs were also 



developed assuming a surface water temperature of 16°C, with the goal of allowing interested States and 



stakeholders to derive BAFs and HHWQC based on a temperature that is representative of surface 



waters in their states. 
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5.3 Sediment-Water Ratio  



Within each foodweb and for each of the two temperatures, FCMs are presented for three sediment-water 



ratios: 23, 10, and 2. USEPA used a value of 23 to represent the ratio for compounds like PCBs in Lake 



Ontario. As described above, USEPA (2003) reports a range of ratios for waters with a history of high 



chemical loading and acknowledges that waters without such loading may have substantially lower ratios. 



Indeed, lower ratios may be the norm for most United States surface waters and waters with high historic 



chemical loading and relatively high ratios (e.g., Fox River and Green Bay, Lake Ontario, Hudson River) 



may be the exception. Ratios of 10 and 2 are used to develop FCMs to allow interested States and 



stakeholders to derive BAFs and HHWQC based on a sediment-water ratio that is representative of 



surface waters in their states. 



5.4 Metabolic Transformation Rate Constant  



Within each foodweb, for each of the four temperatures and for each of the three sediment water column 



quotients, FCMs are presented for three metabolic transformation rate constants: 0, 0.001, 0.01, and 0.1 



(day-1). USEPA assumed no metabolic transformation (i.e., a metabolic transformation rate constant of 0) 



when deriving default FCMs used to derive national BAFs. Most compounds undergo at least some 



metabolic transformation (Arnot et al. 2008). For some compounds the transformation is substantial. To 



allow States and interested stakeholders to derive BAFs and HHWQC that better represent the potential 



metabolism of chemicals, FCMs are presented that are based on four different metabolic transformation 



rate constants (i.e., 0. 0.001, 0.01, and 0.1 [day-1]).  



5.5 Effect of Varying FCM Parameters 



Of the four parameters that are varied to refine FCMs and BAFs, the sediment-water ratio and metabolic 



transformation rate constant have the largest effect on FCMs and BAFs.  



Decreasing the sediment-water ratio decreases trophic level-specific FCMs. This occurs because the 



base of all of the foodwebs includes benthic organisms. A high sediment-water ratio indicates that a large 



portion of the mass of a chemical in a surface water resides in sediments and not the water column. In 



such a case, sediments contribute the majority of a chemical to the foodweb. This is particularly true of 



the cold water and warmwater benthic foodwebs in which benthic and not pelagic organisms make up 



most of the base of the foodweb. As the sediment-water ratio decreases, the portion of a chemical in 



sediment decreases and the portion in the water column increases. This leads to less of the chemical 



entering the foodweb and that in turn leads to a decrease in the FCM. The decrease in FCM with 



decreasing sediment-water ratio is less pronounced in the warmwater pelagic foodweb because in that 



foodweb pelagic organisms make up a larger portion of the base of the foodweb than do benthic 



organisms. Decreases in the sediment-water ratio increase the mass of a chemical in the water column 



making more of the chemical available to pelagic organisms and the remainder of the foodweb.  



Increasing the metabolic transformation rate constant leads to a decrease in the FCM. The decrease in 



FCM is expected because increased metabolism results in removal of a chemical from the foodweb 



leaving less of the chemical to be accumulated by higher trophic levels. In fact, when metabolic 



transformation is accounted for, FCMs can be less than 1.0 (see FCM summary tables that include a non-



zero metabolic transformation rate constant in Appendix A). In developing its national trophic level-
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specific FCMs, USEPA assumed no metabolic transformation thereby restricting the lowest FCM to a 



value of 1.0. For chemicals that undergo substantial metabolic transformation, FCMs, particularly for TL4, 



can be substantially less than 1.0 (see FCM tables that include a metabolic transformation rate constant 



of 1.0 in Appendix A).  



Changing temperature or foodweb has a limited effect on FCMs. It is worth noting that temperature and 



metabolic transformation rate constant can interact such that refined FCMs can be larger than those 



based on USEPA’s default assumptions. The interaction can occur if temperature is assumed to be 



higher than USEPA’s default of 8°C and the metabolic transformation rate constant is assumed to be zero 



(i.e., metabolic transformation is assumed to not occur). In such cases the increased temperature results 



in increased uptake of a chemical by aquatic biota but without a corresponding increase in metabolism. 



For compounds that are metabolized, the increase uptake with increased temperature is “balanced” by 



increased metabolism as both uptake and metabolism (depuration) are biological processes affected by 



temperature.  



5.6 Process for Refining FCMs, BAFs, and HHWQC 



The process of refining the FCM, national BAF and ultimately the HHWQC to better represent conditions 



in the surface waters of a State than are represented by USEPA’s default FCMs and national BAFs is 



relatively straightforward given the information summarized in Table 1 and the alternative FCMs 



presented in Appendix A. Table 1 presents the log Kow, national BAF derivation method, the trophic level-



specific national BAFs for TL2, TL3, and TL4, and the default FCMs USEPA used to derive the trophic 



level-specific national BAFs. National trophic level-specific BAFs can be refined and made more 



applicable to a specific State’s surface waters, or to account for metabolism of a specific compound, by 



following the steps described below. (Note that this refinement is only applicable to national trophic level-



specific BAFs derived using FCMs.)  



1. Divide the default national trophic level-specific BAF by the default trophic level-specific FCM USEPA 



used to derive the national trophic level-specific BAF. 



2. Select from Tables 2-73 in Appendix A, a trophic level-specific FCM that better represents a State’s 



surface waters, or a chemical’s metabolic transformation, or both; 



3. Multiply the BAF that resulted from Step 1 above by the trophic level-specific FCM selected in Step 2. 



The resulting BAF is a State (and/or chemical)-specific and trophic level-specific BAF. 



4. Recalculate USEPA’s national HHWQC using the State-specific BAF for that chemical. 



A hypothetic application of this methodology is presented below for chlordane7. The national trophic level-



specific BAFs for chlordane of 5,300, 44,000, and 60,000 for TL2, TL3, and TL4, respectively (Table 1), 



are derived using the log Kow*FCM method and national trophic level-specific FCMs of 1, 6.15, and 7.194 



for TL2, TL3, and TL4, respectively (Table 1). Dividing each of the trophic level-specific BAFs by the 



trophic level-specific FCMs results in trophic level-specific BAFs (unadjusted for accumulation from the 



foodweb or metabolism) of 5,300, 7,154, and 8,340 for TL2, TL3, and TL4, respectively. (Note that the 



                                                      
7 While this methodology could have been applied to one of the example chemicals described in Sections 3 and 4 



(benzo(a)pyrene, fluoranthene, and dieldrin), alternative FCMs, BAFs and HHWQC using chemical-specific Kows and 
Kms have already been derived and presented in Section 4. Thus, chlordane was selected to illustrate another 
example of how local conditions might be reflected in BAF estimates. 
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resulting unadjusted BAFs are not all identical because the national trophic level-specific BAFs included 



trophic level-specific differences in assumed lipid content of fish and shellfish.)  



For this example, assume that the HHWQC are being a developed by a State with warm waters (relative 



to the Great Lakes temperature assumption of 8ºC) dominated by benthic foodwebs, no history of 



historical loading of chlordane, and that we have no information on metabolic transformation rates for 



chlordane. In such a case, a more representative FCM can be found on Table 31 of Appendix A. That 



table presents FCMs for warmwater benthic foodwebs, with an annual temperature of 16°C, a sediment-



water ratio of 2 and no metabolic transformation. USEPA reports that chlordane has a log Kow of 5.54. 



The trophic level-specific FCMs at log Kow of 5.5 shown on Table 31 are 1, 1.64, and 1.99 and at log Kow 



of 5.6 are 1, 1.74, and 2.17 for TL2, TL3, and TL4, respectively. Using linear interpolation, refined trophic 



level-specific FCMs of 1, 1.68, and 2.06 can be derived for TL2, TL3, and TL4, respectively. Multiplying 



the unadjusted trophic level-specific BAFs from Step 1 by the refined trophic level-specific FCMs results 



in refined trophic level-specific BAFs for chlordane of 5,300, 12,020, and 17,180 (L/kg) for TL2, TL3, and 



TL4, respectively. For TL2 the refined BAF and the national BAF are identical, but for TL3 and TL4 the 



refined trophic level-specific BAFs are three times and five times, respectively, lower than the 



corresponding national trophic level-specific BAFs. That in turn leads to a refined HHWQC for organisms 



and water of 0.00098 ug/L and for consumption of organisms only of 0.00099 ug/L, compared to national 



recommended HHWQC derived by USEPA using default FCMs of 0.00031 and 0.00032 ug/L, 



respectively. 



The above example does not include metabolic transformation. The differences between HHWQC based 



on default and refined BAFs can be even larger when metabolism is accounted for. To provide a sense of 



the change in HHWQC using different combinations of assumptions, Table 13 and Figures 2 and 3 



present alternative HHWQC for the BaP and dieldrin (the two example chemicals discussed above for 



which USEPA used FCMs to estimate national BAFs). For these two chemicals, HHWQC can vary by up 



to 10-fold. The one set of assumptions that generally leads to HHWQC that are lower than USEPA’s 



national HHWQC uses all of USEPA’s defaults except temperature, which is changed from 8 to 16°C. 



That change increases uptake of a chemical without a corresponding increase in metabolic 



transformation. However, all the refined scenarios presented in Table 13 and Figures 2 and 3 include 



chemical specific metabolic transformation and as a result all the refined HHWQC are higher than 



USEPA’s national HHWQC.  



USEPA (2016) describes modifications to the national BAF based on State-specific lipid fraction of fish 



and shellfish and DOC and POC concentrations in ambient water. When Florida made those two 



adjustments, Florida-specific HHWQC increased because Florida-specific DOC and POC concentrations 



were higher than the national defaults and Florida-specific lipid fractions were lower than national defaults 



(FDEP 2016). The magnitude of the decrease varied between chemicals because the freely dissolved 



concentration depends on the Kow of a chemical as well as the DOC and POC concentration. Whether a 



similar increase occurs in other States when local lipid content and DOC and POC concentrations are 



used will depend on how the State-specific concentrations compare to USEPA’s national defaults. It is 



unlikely that State-specific lipid and DOC and POC concentrations will have an effect on HHWQC as 



large as the effect of some of the assumptions used to derive alternative FCMs.  



As summarized in Arcadis (2018), other assumptions and aspects of the method used by USEPA to 



derive national trophic level-specific BAFs can also be refined. One example is USEPA’s assumption that 



laboratory water used to estimate BCFs had a DOC and POC concentration equal to the median of the 
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DOC and POC concentration in ambient United States surface water for laboratory studies that did not 



report DOC and POC concentrations. However, many laboratories use filtered water. Filtered water has 



lower concentrations of DOC and POC than ambient water. The effect of accounting for filtration of 



laboratory water is to increase the dissolved concentration of a chemical in the laboratory study. That in 



turn decreases the BCF, which leads to a lower national BAF and a higher HHWQC. That effect too, 



however, is relatively small compared to the changes in HHWQC based on changes to assumptions used 



to derive FCMs.  



In summary, the information presented above makes clear that alternative FCMs and BAFs are likely to 



be more representative of many surface waters in the United States than USEPA’s default FCMs and 



national BAFs. Further, the differences between USEPA’s national BAFs and the refined BAFs can be 



substantial leading to similarly substantial changes in HHWQC. Lastly, the alternative FCMs provided in 



Appendix A combined with information summarized in Table 1 and the straightforward procedure 



described in this section can be used by States and interested stakeholders to develop refined State- and 



chemical-specific, FCMs, BAFs and HHWQC.  
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TL2 TL3 TL4 TL2 TL3 TL4



107-13-1 Acrylonitrile -0.92 Log Kow -- -- -- 1 1 1



542-88-1 Bis(Chloromethyl)Ether -0.38 Log Kow -- -- -- 1 1 1



107-02-8 Acrolein -0.01 Log Kow -- -- -- 1 1 1
57-12-5 Cyanide 0.87 2003 BCF -- -- -- 1 1 1
74-83-9 Methyl Bromide 1.1 Log Kow -- -- -- 1.2 1.3 1.4



75-09-2 Methylene Chloride 1.3 Log Kow -- -- -- 1 2 2



92-87-5 Benzidine 1.34 Log Kow -- -- -- 1.4 1.6 1.7



111-44-4 Bis(2-Chloroethyl) Ether 1.34 Log Kow -- -- -- 1.4 1.6 1.7



75-01-4 Vinyl Chloride 1.36 Log Kow -- -- -- 1.4 1.6 1.7



108-95-2 Phenol 1.46 Log Kow -- -- -- 1.5 1.7 1.9



107-06-2 1,2-Dichloroethane 1.48 Log Kow -- -- -- 1.6 1.8 1.9



51-28-5 2,4-Dinitrophenol 1.54 Alternative BAFa -- -- -- 4.4 4.4 4.4
25550-58-7 Dinitrophenols 1.55 2002 BCF -- -- -- 1.51 1.51 1.51
131-11-3 Dimethyl Phthalate 1.6 Alternative BAFb -- -- -- 4,000 4,000 4,000



78-59-1 Isophorone 1.67 Log Kow -- -- -- 1.9 2.2 2.4



75-35-4 1,1-Dichloroethylene 1.73 Log Kow -- -- -- 2 2.4 2.6



542-75-6 1,3-Dichloropropene 1.82 Log Kow -- -- -- 2.3 2.7 3



98-95-3 Nitrobenzene 1.84 Log Kow -- -- -- 2.3 2.8 3.1



67-66-3 Chloroform 1.97 Log Kow -- -- -- 2.8 3.4 3.8



121-14-2 2,4-Dinitrotoluene 1.98 Log Kow -- -- -- 2.8 3.5 3.9



78-87-5 1,2-Dichloropropane 1.99 Log Kow -- -- -- 2.9 3.5 3.9



156-60-5
1,2-Trans-
Dichloroethylene



2.09 Log Kow -- -- -- 3.3 4.2 4.7



75-27-4 Dichlorobromomethane 2.10 Log Kow -- -- -- 3.4 4.3 4.8



71-43-2 Benzene 2.13 Log Kow -- -- -- 3.6 4.5 5



124-48-1 Chlorodibromomethane 2.16 Log Kow -- -- -- 3.7 4.8 5.3



95-57-8 2-Chlorophenol 2.17 Log Kow -- -- -- 3.8 4.8 5.4



105-67-9 2,4-Dimethylphenol 2.3 Log Kow -- -- -- 5 6.2 7



84-66-2 Diethyl Phthalate 2.35 Alternative BAFb -- -- -- 920 920 920



79-34-5
1,1,2,2-
Tetrachloroethane



2.39 Log Kow -- -- -- 5.7 7.4 8.4



75-25-2 Bromoform 2.4 Log Kow -- -- -- 5.8 7.5 8.5



79-00-5 1,1,2-Trichloroethane 2.42 Log Kow -- -- -- 6 7.8 8.9



108-60-1
Bis(2-Chloro-1-
Methylethyl) Ether



2.48 Log Kow -- -- -- 7 8.8 10



534-52-1
2-Methyl-4,6-
Dinitrophenol



2.49 Log Kow -- -- -- 6.8 8.9 10



71-55-6 1,1,1-Trichloroethane 2.49 Log Kow -- -- -- 6.9 9 10



79-01-6 Trichloroethylene 2.61 Log Kow -- -- -- 8.7 12 13



56-23-5 Carbon Tetrachloride 2.64 Log Kow -- -- -- 9.3 12 14



108-88-3 Toluene 2.72 Log Kow -- -- -- 11 15 17



94-75-7
Chlorophenoxy 
Herbicide (2,4-D)



2.81 Alternative BAFc -- -- -- 58 58 58



108-90-7 Chlorobenzene 2.84 Log Kow -- -- -- 14 19 22



122-66-7 1,2-Diphenylhydrazine 2.94 Log Kow -- -- -- 18 24 27



59-50-7
3-Methyl-4-
Chlorophenol



3.1 Log Kow -- -- -- 25 34 39



120-83-2 2,4-Dichlorophenol 3.2 Log Kow -- -- -- 31 42 48



Table 1 - Summary of Chemical Characteristics, Methods, and Parameters used by USEPA for the Derivation of HHWQCs for 94 
Chemicals



National BAF/BCF (L/kg-tissue)
CAS Number Chemical Name



Mean Log 
Kow



Method (for 
baseline BAF/BCF)



Foodchain Multiplier
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Table 1 - Summary of Chemical Characteristics, Methods, and Parameters used by USEPA for the Derivation of HHWQCs for 94 
Chemicals



National BAF/BCF (L/kg-tissue)
CAS Number Chemical Name



Mean Log 
Kow



Method (for 
baseline BAF/BCF)



Foodchain Multiplier



91-94-1 3,3'-Dichlorobenzidine 3.36 Log Kow -- -- -- 44 60 69



127-18-4 Tetrachloroethylene 3.4 Log Kow -- -- -- 49 66 76



95-50-1 1,2-Dichlorobenzene 3.43 Log Kow -- -- -- 52 71 82
106-46-7 1,4-Dichlorobenzene 3.44 BCF -- -- -- 28 66 84
541-73-1 1,3-Dichlorobenzene 3.53 BCF -- -- -- 31 120 190
67-72-1 Hexachloroethane 3.58 Field BAFs -- -- -- 1,200 280 600
33213-65-9 beta-Endosulfan 3.62 Log Kow -- -- -- 80 110 130



1031-07-8 Endosulfan Sulfate 3.66 Log Kow -- -- -- 88 120 140



88-06-2 2,4,6-Trichlorophenol 3.69 Log Kow -- -- -- 94 130 150



95-95-4 2,4,5-Trichlorophenol 3.72 Log Kow -- -- -- 100 140 160
58-89-9 gamma-BHC (Lindane) 3.72 Field BAFs -- -- -- 1,200 2,400 2,500
100-41-4 Ethylbenzene 3.74 Log Kow -- -- -- 100 140 160



319-85-7 beta-BHC 3.78 Log Kow -- -- -- 110 160 180



93-72-1
Chlorophenoxy 
Herbicide (2, 4, 5-TP)



3.8 Alternative BAFa -- -- -- 13 13 13



319-84-6
alpha-
Hexachlorocyclohexane 
(HCH)



3.8 Field BAF -- -- -- 1,700 1,400 1,500



959-98-8 alpha-Endosulfan 3.83 Log Kow -- -- -- 130 180 200



91-58-7 2-Chloronaphthalene 3.9 Log Kow -- -- -- 150 210 240



608-73-1 Hexachlorocyclohexane 3.93 Log Kow -- -- -- 160 220 250



83-32-9 Acenaphthene 3.98 BCF -- -- -- 510 510 510
120-82-1 1,2,4-Trichlorobenzene 4.02 Field BAF -- -- -- 2,800 1,500 430
86-73-7 Fluorene 4.18 BCF -- -- -- 230 450 710
84-74-2 Di-n-Butyl Phthalate 4.21 Field BAFb -- -- -- 2,900 2,900 2,900
7421-93-4 Endrin Aldehyde 4.373 Field BAF -- -- -- 440 920 850
120-12-7 Anthracene 4.45 BCF -- -- -- 610 610 610



77-47-4
Hexachlorocyclopentadi
ene



4.52 Log Kow*FCM 1 1.734 1.344 620 1,500 1,300



95-94-3
1,2,4,5-
Tetrachlorobenzene



4.6 Field BAF -- -- -- 17,000 2,900 1,500



85-68-7 Butylbenzyl Phthalate 4.73 Field BAFb -- -- -- 19,000 19,000 19,000
87-68-3 Hexachlorobutadiene 4.78 Field BAF -- -- -- 23,000 2,800 1,100
129-00-0 Pyrene 4.88 BCFa -- -- -- 860 860 860



72-43-5 Methoxychlor 4.88 Log Kow*FCM 1 2.578 2.06 1,400 4,800 4,400
206-44-0 Fluoranthene 4.9 BCF -- -- -- 1,500 1,500 1,500
8001-35-2 Toxaphene 4.97 Log Kow*FCM 1 2.892 2.393 1,700 6,600 6,300
87-86-5 Pentachlorophenol 5.01 BCF*FCM 1 3.043 2.561 44 290 520
218-01-9 Chrysene 5.16 BCF*FCMe 1 10.216 15.98 3,900 3,900 3,900
608-93-5 Pentachlorobenzene 5.18 Field BAFs -- -- -- 3,500 4,500 10,000
1024-57-3 Heptachlor Epoxide 5.4 Log Kow*FCM 1 5.14 5.48 4,000 28,000 35,000



72-20-8 Endrin 5.47 Log Kow*FCM 1 5.637 6.299 4,600 36,000 46,000



57-74-9 Chlordane 5.54 Log Kow*FCM 1 6.15 7.194 5,300 44,000 60,000



56-55-3 Benzo (a) Anthracene 5.61 BCF*FCMe 1 10.216 15.98 3,900 3,900 3,900
118-74-1 Hexachlorobenzene 5.73 Field BAF -- -- -- 18,000 46,000 90,000
72-54-8 4,4'-DDD 6.02 Field BAF -- -- -- 33,000 140,000 240,000



205-99-2 Benzo (b) Fluoranthene 6.04 BCF*FCMe 1 10.216 15.98 3,900 3,900 3,900



50-32-8 Benzo (a) Pyrene 6.06 BCF*FCMb,d 1 10.216 15.98 3,900 3,900 3,900



207-08-9 Benzo (k) Fluoranthene 6.06 BCF*FCMe 1 10.216 15.98 3,900 3,900 3,900











TL2 TL3 TL4 TL2 TL3 TL4



Table 1 - Summary of Chemical Characteristics, Methods, and Parameters used by USEPA for the Derivation of HHWQCs for 94 
Chemicals



National BAF/BCF (L/kg-tissue)
CAS Number Chemical Name



Mean Log 
Kow



Method (for 
baseline BAF/BCF)



Foodchain Multiplier



76-44-8 Heptachlor 6.1 Log Kow*FCM 1 10.5 16.7 12,000 180,000 330,000



60-57-1 Dieldrin 6.2 Log Kow*FCM 1 11.2 18.5 14,000 210,000 410,000



309-00-2 Aldrin 6.5 Log Kow*FCM 1 12.6 22.8 18,000 310,000 650,000
72-55-9 4,4'-DDE 6.51 Field BAFs -- -- -- 270,000 1,100,000 3,100,000



193-39-5
Indeno (1,2,3-cd) 
Pyrene



6.58 BCF*FCMe 1 10.216 15.98 3,900 3,900 3,900



53-70-3
Dibenzo (a,h) 
Anthracene



6.84 BCF*FCMe 1 10.216 15.98 3,900 3,900 3,900



50-29-3 4,4'-DDT 6.91 Field BAF -- -- -- 35,000 240,000 1,100,000



117-81-7
Bis(2-Ethylhexyl) 
Phthalate



7.5 Field BAFb -- -- -- 710 710 710



ageometric mean of the TL2 and TL3 BCFs
bgeometric mean of the TL3 and TL4 BAFs
cBCF method estimate with the BCF value availabel for 2,4,5-TP 
dUSEPA procedure calls for BCF method but USEPA used BCF*FCM method
eBenzo(a)Pyrene BAFs used to represent this PAH



Notes
BAF = Bioaccumulation factor
BCF = Bioconcentration factor
FCM = Food chain multiplier
-- = FCM not used in the derivation of BAF values for chemicals with Kow < 4 or if ≥  4 and known to have high metabolism



 HHWQC = human health water quality criteria 
Kow = n-octanol-water partition coefficient











Table 2 - USEPA Published Foodchain Multipliers (from USEPA (2003), Table 4-6, p 4-39)



Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
4.0 1.00 1.23 1.07
4.1 1.00 1.29 1.09
4.2 1.00 1.36 1.13
4.3 1.00 1.45 1.17
4.4 1.00 1.56 1.23
4.5 1.00 1.70 1.32
4.6 1.00 1.87 1.44
4.7 1.00 2.08 1.60
4.8 1.00 2.33 1.82
4.9 1.00 2.64 2.12
5.0 1.00 3.00 2.51
5.1 1.00 3.43 3.02
5.2 1.00 3.93 3.68
5.3 1.00 4.50 4.49
5.4 1.00 5.14 5.48
5.5 1.00 5.85 6.65
5.6 1.00 6.60 8.01
5.7 1.00 7.40 9.54
5.8 1.00 8.21 11.20
5.9 1.00 9.01 13.00
6.0 1.00 9.79 14.90
6.1 1.00 10.50 16.70
6.2 1.00 11.20 18.50
6.3 1.00 11.70 20.10
6.4 1.00 12.20 21.60
6.5 1.00 12.60 22.80
6.6 1.00 12.90 23.80
6.7 1.00 13.20 24.40
6.8 1.00 13.30 24.70
6.9 1.00 13.30 24.70
7.0 1.00 13.20 24.30
7.1 1.00 13.10 23.60
7.2 1.00 12.80 22.50
7.3 1.00 12.50 21.20
7.4 1.00 12.00 19.50
7.5 1.00 11.50 17.60
7.6 1.00 10.80 15.50
7.7 1.00 10.10 13.30
7.8 1.00 9.31 11.20
7.9 1.00 8.46 9.11
8.0 1.00 7.60 7.23
8.1 1.00 6.73 5.58
8.2 1.00 5.88 4.19
8.3 1.00 5.07 3.07
8.4 1.00 4.33 2.20
8.5 1.00 3.65 1.54
8.6 1.00 3.05 1.06
8.7 1.00 2.52 0.72
8.8 1.00 2.08 0.48
8.9 1.00 1.70 0.32
9.0 1.00 1.38 0.21



Notes
Kow = n-octanol-water partition coefficient



Reference



USEPA. 2003. Methodology for Deriving Ambient Water Quality Criteria for the Protection of Human Health (2000). Technical 
Support Document Volume 2: Development of National Bioaccumulation Factors. EPA-822-R-03-030











Table 3a - USEPA Calculation of Baseline BAFs by Trophic Level using the BCF Method for Benzo(a)pyrene



Baseline BAF (L/kg-
lipid) 



=FCM*(BAF/ffd-1)/fℓ



Landrum and Poore 1988 Amphipod 40,275 2 1 10.216 15.98 0.5433 0.03 2,470,769 2,470,769



Landrum and Poore 1988 Mayfly 5,870 2 1 10.216 15.98 0.5433 0.03 360,081 360,081



Landrum and Poore 1988 Shrimp 7,466 2 1 10.216 15.98 0.5433 0.017 808,223 808,223



McCarthy 1983 Water flea 8,000 2 1 10.216 15.98 0.5433 0.05 294,452 294,452



Gossiaux et al 1996 Zebra mussel 24,000 2 1 10.216 15.98 0.5433 0.13 339,767



Gossiaux et al 1996 Zebra mussel 40,000 2 1 10.216 15.98 0.5433 0.1 736,169



Gossiaux et al 1996 Zebra mussel 49,000 2 1 10.216 15.98 0.5433 0.08 1,127,262



Gossiaux et al 1996 Zebra mussel 61,000 2 1 10.216 15.98 0.5433 0.0925 1,213,690



Gossiaux et al 1996 Zebra mussel 62,000 2 1 10.216 15.98 0.5433 0.0925 1,233,587



Gossiaux et al 1996 Zebra mussel 77,000 2 1 10.216 15.98 0.5433 0.09 1,574,595



Gossiaux et al 1996 Zebra mussel 83,000 2 1 10.216 15.98 0.5433 0.0925 1,651,419



Gossiaux et al 1996 Zebra mussel 107,000 2 1 10.216 15.98 0.5433 0.0925 2,128,940



Gossiaux et al 1996 Zebra mussel 116,000 2 1 10.216 15.98 0.5433 0.07 3,049,872



Gossiaux et al 1996 Zebra mussel 132,000 2 1 10.216 15.98 0.5433 0.15 1,619,588



Gossiaux et al 1996 Zebra mussel 147,000 2 1 10.216 15.98 0.5433 0.1 2,705,449



Gossiaux et al 1996 Zebra mussel 150,000 2 1 10.216 15.98 0.5433 0.07 3,943,804



Gossiaux et al 1996 Zebra mussel 165,000 2 1 10.216 15.98 0.5433 0.07 4,338,186



Gossiaux et al 1996 Zebra mussel 167,000 2 1 10.216 15.98 0.5433 0.0925 3,322,745



Gossiaux et al 1996 Zebra mussel 191,000 2 1 10.216 15.98 0.5433 0.08 4,394,058



Gossiaux et al 1996 Zebra mussel 197,000 2 1 10.216 15.98 0.5433 0.07 5,179,533



Gossiaux et al 1996 Zebra mussel 215,000 2 1 10.216 15.98 0.5433 0.1 3,956,954



Gossiaux et al 1996 Zebra mussel 220,000 2 1 10.216 15.98 0.5433 0.07 5,784,252



Gossiaux et al 1996 Zebra mussel 273,000 2 1 10.216 15.98 0.5433 0.0925 5,431,799



Jimenez et al 1987 Bluegill sunfish 377 3 1 10.216 15.98 0.5433 0.08366667 84,599



Jimenez et al 1987 Bluegill sunfish 842 3 1 10.216 15.98 0.5433 0.08366667 189,106



Spacie et al 1983 Bluegill sunfish 490 3 1 10.216 15.98 0.5433 0.08366667 109,993



Spacie et al 1983 Bluegill sunfish 539 3 1 10.216 15.98 0.5433 0.08366667 121,005



Notes



FCM = foodchain multiplier



TL = trophic level



ffd = fraction freely dissolved



fℓ = lipid fraction



BCF = bioconcentration factor



BAF = bioaccumulation factor



L = liter



kg = kilogram



geomean = geometric mean, defined as the nth root of the product of n numbers



120,798 120,798
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Geomeans 
Calculated by 



Species



Geomeans 
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862,368
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 Table 3b - USEPA Calculation of National BAF from Baseline BAF for Benzo(a)pyrene



National BAF (L/kg)a



=(BAF*fℓ+1)*ffd



TL 2 862,368 8,848 8,900
TL 3 120,798 1,697 1,700



a default national lipid fraction TL2 = 0.019, TL3 - 0.026; benzo(a)pyrene ffd = 0.5433



Notes
TL = trophic level
ffd = fraction freely dissolved



fℓ = lipid fraction



BAF = bioaccumulation factor
L = liter
kg = kilogram
geomean = geometric mean, defined as the nth root of the product of n numbers



Trophic 
Level



Baseline BAF by TL 
(L/kg-lipid) 



National BAF (L/kg) 
Rounded



Geomean of National 
BAF (L/kg) by TL



3,900











Table 4a - USEPA Calculation of Baseline BAFs by Trophic Level using the BCF Method for Fluoranthene



Baseline BAF (L/kg-
lipid) 



=FCM*(BAF/ffd-1)/fℓ



Sheedy et al  1998 Oligochaete 1510 2 1 2.64 2.12 0.945050219 0.03 53,227
Sheedy et al  1998 Oligochaete 2580 2 1 2.64 2.12 0.945050219 0.03 90,967
Sheedy et al  1998 Oligochaete 3080 2 1 2.64 2.12 0.945050219 0.03 108,603



Notes
FCM = foodchain multiplier
TL = trophic level
ffd = fraction freely dissolved



fℓ = lipid fraction
BCF = bioconcentration factor
BAF = bioaccumulation factor
L = liter
kg = kilogram
geomean = geometric mean, defined as the nth root of the product of n numbers



Foodchain 
Multiplier TL 
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Lipid 
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80,714
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Multiplier TL 



3
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2











 Table 4b - USEPA Calculation of National BAF from Baseline BAF for Fluoranthene



National BAFa



=(BAF*fℓ+1)*ffd



TL 2 80,714 1,450 1,500



a default national lipid fraction TL2 = 0.019; fluoranthene ffd   = 0.945050219



Notes
TL = trophic level
ffd = fraction freely dissolved



fℓ = lipid fraction



BAF = bioaccumulation factor
L = liter
kg = kilogram
geomean = geometric mean, defined as the nth root of the product of n numbers



Trophic Level
Baseline BAF by TL (L/kg-



lipid) 
National BAF (L/kg) 



Rounded











Table 5a - USEPA Calculation of Baseline BAFs by Trophic Level using the BAF Method for Di-n-Butyl Phthalate



Baseline BAF (L/kg-
lipid) 



=(BAF/ffd-1)/fℓ



Gobas et al 2003 Pacific Staghorn Sculpin 1119.36057 4 1 1.369 1.134 0.988267633 0.003 377,216
Mackintosh 2002 Pacific Staghorn Sculpin 1119.36057 4 1 1.369 1.134 0.988267633 0.003 377,216
Mackintosh 2002 Pile Perch 353.972892 4 1 1.369 1.134 0.988267633 0.007 51,025 51,025
Gobas et al 2003 Spiny Dogfish 285.819108 4 1 1.369 1.134 0.988267633 0.083 3,472
Mackintosh 2002 Spiny Dogfish 95.2730359 4 1 1.369 1.134 0.988267633 0.083 1,149
Mackintosh 2002 Striped Seaperch 1345.7674 4 1 1.369 1.134 0.988267633 0.0017 800,438 800,438
Mackintosh 2002 Whitespotted Greenling 587.448777 3 1 1.369 1.134 0.988267633 0.006 98,904 98,904
Mackintosh 2002 English Sole 1020.86897 3 1 1.369 1.134 0.988267633 0.005 206,398 206,398



Notes
FCM = foodchain multiplier
TL = trophic level
ffd = fraction freely dissolved



fℓ = lipid fraction
BCF = bioconcentration factor
BAF = bioaccumulation factor
L = liter
kg = kilogram
geomean = geometric mean, defined as the nth root of the product of n numbers



142,876
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 Table 5b - USEPA Calculation of National BAF from Baseline BAF for Di-n-Butyl Phthalate



National BAF (L/kg)a



=(BAF*fℓ+1)*ffd



TL3 142,876 3,672 3,700
TL4 74,484 2,209 2,200



a default national lipid fraction TL3 = 0.026 and TL4 = 0.03; di-n-butyl phthalate ffd = 0.988267632645215



Notes
TL = trophic level
ffd = fraction freely dissolved



fℓ = lipid fraction



BAF = bioaccumulation factor
L = liter
kg = kilogram
geomean = geometric mean, defined as the nth root of the product of n numbers



Trophic Level
Baseline BAF by TL 



(L/kg-lipid) 
National BAF by TL 



(L/kg) Rounded
National BAF (L/kg) 



Rounded



2900











Table 6 - USEPA Calculation of Baseline BAFs by Trophic Level using the Kow Method for Dieldrin



Baseline BAF (L/kg-
lipid) 



National BAF 
(L/kg) 



=FCM*Kow =(BAF*fℓ+1)*ffd



2 1584893.19 1 1584893.192 0.019 0.462932569 13941 14000
3 1584893.19 11.2 17750803.76 0.026 0.462932569 213654 210000
4 1584893.19 18.5 29320524.06 0.03 0.462932569 407203 410000



Notes
FCM = foodchain multiplier
TL = trophic level
ffd = fraction freely dissolved



fℓ = lipid fraction



BAF = bioaccumulation factor
L = liter
kg = kilogram



National BAF 
(L/kg) 



Rounded



Trophic 
Level



Kow FCM
Default National 



Lipid Fraction (fℓ)



Fraction 
Freely 



Dissolved 
(ffd)











Model Parameter Default USEPA value Units Range of values evaluated in this report



Water Temperature 8 ° C 8; 16



Organic content of water 1.00E-30 kg/L Not changed



Organic carbon content of sediment 2.70% % Not changed



Density of lipids 0.9 kg/L Not changed



Density of organic carbon 0.9 kg/L Not changed
ΠSOCW/Kow 23 -- 23; 10; 2



Km
a 0 -- 0; chemical-specific



Foodweb Coldwater (Great Lakes) --
Coldwater (Great Lakes); Warmwater - benthic; Warmwater -



pelagic



aSee Tables 9 and 10 for chemical-specific normalized Kms evaluated in this report



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



-- = unitless



L = liter



kg = kilogram



References



Table 7 - Summary of USEPA Model Input Parameters to the Gobas (1993) Model to Calculate Foodchain Multipliers and Alternative 
Model Inputs Evaluated in the Report



Gobas, F.A.P. 1993.  A Model for Predicting the Bioaccumulation Hydrophobic Organic Chemicals in Aquatic Food-webs: Application to Lake 
Ontario. Ecological Modelling, 69:1-17.











Table 8 - Foodchain Multipliers Resulting from Alternative Foodweb Model Scenarios



TL 2 TL 3 TL 4 TL 2 TL 3 TL 4 TL 2 TL 3 TL 4



USEPA Default/Coldwater (Great Lakes) 0 8 23 1.00 10.32 15.80 1.00 2.64 2.10 1.00 11.29 18.35



Coldwater (Great Lakes) Chemical-specific 8 23 1.00 0.30 0.02 1.00 0.29 0.05 1.00 6.31 5.74



Coldwater (Great Lakes) Chemical-specific 8 10 1.00 0.15 0.01 1.00 0.19 0.05 1.00 3.03 2.88



Coldwater (Great Lakes) Chemical-specific 8 2 1.00 0.05 0.01 1.00 0.12 0.05 1.00 0.99 1.12



Coldwater (Great Lakes) Chemical-specific 16 23 1.00 0.44 0.03 1.00 0.32 0.06 1.00 8.37 10.05



Coldwater (Great Lakes) Chemical-specific 16 10 1.00 0.21 0.02 1.00 0.19 0.05 1.00 3.98 4.94



Coldwater (Great Lakes) Chemical-specific 16 2 1.00 0.07 0.01 1.00 0.11 0.04 1.00 1.24 1.79



Warmwater - benthic Chemical-specific 8 23 1.00 14.2 19.8 1.00 3.44 3.14 1.00 15.49 22.09



Warmwater - benthic Chemical-specific 8 10 1.00 6.77 9.40 1.00 2.06 2.00 1.00 7.33 10.41



Warmwater - benthic Chemical-specific 8 2 1.00 2.19 3.00 1.00 1.22 1.30 1.00 2.31 3.22



Warmwater - benthic Chemical-specific 16 23 1.00 0.66 0.15 1.00 0.65 0.18 1.00 10.44 10.73



Warmwater - benthic Chemical-specific 16 10 1.00 0.31 0.07 1.00 0.39 0.12 1.00 4.94 5.05



Warmwater - benthic Chemical-specific 16 2 1.00 0.10 0.02 1.00 0.23 0.08 1.00 1.56 1.14



Warmwater - pelagic Chemical-specific 8 23 1.00 6.5 10.4 1.00 2.01 2.48 1.00 7.02 11.38



Warmwater - pelagic Chemical-specific 8 10 1.00 4.62 6.78 1.00 1.67 1.82 1.00 4.98 7.43



Warmwater - pelagic Chemical-specific 8 2 1.00 3.48 4.58 1.00 1.46 1.41 1.00 3.72 5.01



Warmwater - pelagic Chemical-specific 16 23 1.00 0.30 0.13 1.00 0.38 0.17 1.00 4.73 5.80



Warmwater - pelagic Chemical-specific 16 10 1.00 0.21 0.06 1.00 0.32 0.12 1.00 3.36 3.68



Warmwater - pelagic Chemical-specific 16 2 1.00 0.16 0.02 1.00 0.28 0.08 1.00 2.51 1.75



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



TL = trophic level



DieldrinFluoranthene
Foodweb Metabolism (Km)



Water 
Temperature 



(⁰ C)
ΠSOCW/Kow



Benzo(a)pyrene











Chemical
Log Km



a [Arnot et al 



(2008)]
Study Species Reference [from Arnot et al (2008)]



Benzo(a)pyrene 0.04 Rainbow trout Niimi, AJ and V Palazzo. 1986. Wat. Res. 20(4):503-507



Benzo(a)pyrene -0.46 Rainbow trout http://www.hesiglobal.org/Committees/ProjectCommittees/Bioaccumulation/



Benzo(a)pyrene -0.20 Bluegill sunfish Spacie, A., P. F. Landrum, and G. J. Leversee. 1983. Ecotox. Env. Saf. 7:330-341



Fluoranthene -0.46 Rainbow trout Niimi, AJ and V Palazzo. 1986. Wat. Res. 20(4):503-507



Fluoranthene 0.05 Rainbow trout http://www.hesiglobal.org/Committees/ProjectCommittees/Bioaccumulation/



Fluoranthene -0.02 Common carp http://www.hesiglobal.org/Committees/ProjectCommittees/Bioaccumulation/



Dieldrin -1.75 Common carp NITE. 2005. http://www.nite.go.jp/index-e.html



Dieldrin -2.01 Common carp NITE. 2005. http://www.nite.go.jp/index-e.html



aValues selected are the log kM, N from the Arnot et al (2008) database.



Notes



KM, N = KM, I (WN/Wi)
-0.25exp[0.01(TN-Ti)]



where:
kM, i = chemical-specific metabolic transformation rate from the literature



WN = normalized mass of organism (10g)



Wi = study-specific mass of organisms



TN = normalized water temperature (15 °C)



Ti = original study-specific temperature



References



Chemical-specific metabolic transformation rate constants (Km) for each chemical were obtained from Arnot et al (2008). The Kms were then normalized to water 
temperature and the mass of the organisms in each foodweb (see Tables 8a and 8b for species weights used in the foodwebs in this report) using the equation in Arnot 
et al (2008). If more than one chemical specific Km was available in Arnot et al (2008), the geometric mean value was used.



Table 9 - Summary of Chemical-specific Metabolic Transformation Rate Constants (Km) Used in the Gobas (1993) Model to Calculate Alternative Foodchain 



Multipliers for Three Chemicals



Arnot, J.A., D. MacKay, T.F. Parkerton, M. Bonnell. 2008.  A database of fish biotransformation rates for organic chemicals. Environmental Toxicology and Chemistry 27: 
2263-2270.
Gobas, F.A.P. 1993.  A Model for Predicting the Bioaccumulation Hydrophobic Organic Chemicals in Aquatic Food-webs: Application to Lake Ontario. Ecological 
Modelling, 69:1-17.











8 °C 16 °C 8 °C 16 °C 8 °C 16 °C
Sculpin 5.4 0.6758 0.7321 1.1477 1.2433 0.0143 0.0155
Alewife 32 0.4332 0.4692 0.5012 0.7969 0.0092 0.0100
Smelt 16 0.5151 0.5580 0.5960 0.6456 0.0109 0.0118
Salmonids 2,410 0.1470 0.1593 0.1701 0.1843 0.0031 0.0034
Panfish (sunfish) 200 0.2968 0.2740 0.3434 0.3170 0.0063 0.0058
Largemouth bass 2,000 0.1669 0.1541 0.1931 0.1782 0.0035 0.0033
Freshwater catfish 5,000 0.1327 0.1225 0.1536 0.1418 0.0028 0.0026



Notes
Km = metabolic transformation rate constant



C = Celsius



References
Arnot, J.A., D. MacKay, T.F. Parkerton, M. Bonnell. 2008.  A database of fish biotransformation rates for organic chemicals. Environmental Toxicology and Chemistry 27: 
2263-2270.



Gobas, F.A.P. 1993.  A Model for Predicting the Bioaccumulation Hydrophobic Organic Chemicals in Aquatic Food-webs: Application to Lake Ontario. Ecological 
Modelling, 69:1-17.



Table 10 - Summary of Normalized (to Water Temperature and Organism Weight)  Metabolic Transformation Rate Constant (Km) Inputs Used in the Gobas 



(1993) Model to Calculate Alternative Foodchain Multipliers



Normalized Km
a



Foodweb 
Component



Foodweb



aSee Table 9 for description of Km equation and literature Km values for each chemical. Values shown are the geometric means of the normalized (to water temperature 
and organism weight) Kms for available chemical-specific Kms from Arnot et al (2008)



Species 
Weight (g)



Benzo(a)pyrene Fluoranthene Dieldrin



Coldwater (Great 
Lakes)



Warmwater











Table 11a - USEPA and Gobas (1993) Foodweb Model Parameters (Based on Great Lakes Foodweb)



Species Trophic Level Lipid Content Weight Diet - Benthic Foodweb Model
Phytoplankton 1 0.5% -- --
Zooplankton (i.e. Mysis relicta ) 2 5% -- --
Pontoporeia affinis 2 3% -- --
Oligochaetes (Tubifex tubifex ) 2 1% -- --
Sculpin 3 8% 5.4 g 18% zooplankton, 82% Pontoporeia
Alewife 3 7% 32 g 60% zooplankton, 40% Pontoporeia
Smelt 3-4 4% 16 g 54% zooplankton, 21% Pontoporeia , 25% sculpin
Salmonids 4 11% 2,410 g 10% sculpin, 50% alewife, 40% smelt



Table 11b - Hypothetical Benthic and Pelagic Warmwater-based Foodweb Model Parameters



Species Trophic Level Lipid Content Weight Diet - Benthic Foodweb Model Diet - Pelagic Foodweb Model
Phytoplankton 1 0.5% -- -- --
Zooplankton 2 5% 100 mg -- --
Crayfish 2 1% 6 g -- --
Panfish (sunfish) 3 3% 200 g 20% zooplankton, 80% crayfish 80% zooplankton, 20% crayfish
Largemouth bass 4 4% 2,000 g 20% crayfish, 80% panfish 20% crayfish, 80% panfish
Freshwater catfish 4 8% 5,000 g 20% crayfish, 80% panfish 20% crayfish, 80% panfish 



Reference



Gobas, F.A.P. 1993.  A Model for Predicting the Bioaccumulation Hydrophobic Organic Chemicals in Aquatic Food-webs: Application to Lake Ontario. Ecological Modelling, 69:1-17.











Table 12 - National BAFs Resulting from Alternative Foodweb Model Scenarios



TL 2 TL 3 TL 4
USEPA Default/Coldwater (Great Lakes) 0 8 23 3,900 1,500 14,000 215,000 404,000
Coldwater (Great Lakes) Chemical-specific 8 23 900 1,500 14,000 120,000 126,000
Coldwater (Great Lakes) Chemical-specific 8 10 500 1,500 14,000 58,000 63,000
Coldwater (Great Lakes) Chemical-specific 8 2 300 1,500 14,000 19,000 25,000
Coldwater (Great Lakes) Chemical-specific 16 23 800 1,500 14,000 160,000 221,000
Coldwater (Great Lakes) Chemical-specific 16 10 600 1,500 14,000 76,000 109,000
Coldwater (Great Lakes) Chemical-specific 16 2 300 1,500 14,000 24,000 40,000
Warmwater - benthic Chemical-specific 8 23 800 1,400 14,000 151,000 150,000
Warmwater - benthic Chemical-specific 8 10 600 1,400 14,000 72,000 71,000
Warmwater - benthic Chemical-specific 8 2 300 1,400 14,000 24,000 17,000
Warmwater - benthic Chemical-specific 16 23 1,000 1,400 14,000 199,000 236,000
Warmwater - benthic Chemical-specific 16 10 700 1,400 14,000 94,000 111,000
Warmwater - benthic Chemical-specific 16 2 400 1,400 14,000 30,000 25,000
Warmwater - pelagic Chemical-specific 8 23 600 1,400 14,000 69,000 85,000
Warmwater - pelagic Chemical-specific 8 10 500 1,400 14,000 50,000 54,000
Warmwater - pelagic Chemical-specific 8 2 400 1,400 14,000 38,000 25,000
Warmwater - pelagic Chemical-specific 16 23 700 1,400 14,000 90,000 128,000
Warmwater - pelagic Chemical-specific 16 10 600 1,400 14,000 64,000 81,000
Warmwater - pelagic Chemical-specific 16 2 500 1,400 14,000 48,000 39,000



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius
BAF = Bioaccumulation factor



National BAFs (L/kg)



Foodweb Metabolism (Km)
Water 



Temperature   
(⁰ C)



ΠSOCW/Kow Dieldrin
FluorantheneBenzo(a)pyrene











Table 13 - HHWQC Resulting from Alternative Foodweb Scenarios



Water and 
Organisms



Organisms 
Only



Water and 
Organisms



Organisms 
Only



Water and 
Organisms



Organisms 
Only



USEPA Default/Coldwater (Great Lakes) 0 8 23 1.24E-04 1.28E-04 18.1 19.4 1.24E-06 1.25E-06
Coldwater (Great Lakes) Chemical-specific 8 23 4.94E-04 5.53E-04 18.1 19.4 2.80E-06 2.81E-06
Coldwater (Great Lakes) Chemical-specific 8 10 8.18E-04 9.96E-04 18.1 19.4 5.38E-06 5.40E-06
Coldwater (Great Lakes) Chemical-specific 8 2 1.22E-03 1.66E-03 18.1 19.4 1.25E-05 1.26E-05
Coldwater (Great Lakes) Chemical-specific 16 23 5.48E-04 6.23E-04 18.1 19.4 1.91E-06 1.92E-06
Coldwater (Great Lakes) Chemical-specific 16 10 7.02E-04 8.30E-04 18.1 19.4 3.79E-06 3.80E-06
Coldwater (Great Lakes) Chemical-specific 16 2 1.22E-03 1.66E-03 18.1 19.4 9.63E-06 9.67E-06
Warmwater - benthic Chemical-specific 8 23 5.48E-04 6.23E-04 19.3 20.8 2.30E-06 2.30E-06
Warmwater - benthic Chemical-specific 8 10 7.02E-04 8.30E-04 19.3 20.8 4.59E-06 4.60E-06
Warmwater - benthic Chemical-specific 8 2 1.22E-03 1.66E-03 19.3 20.8 1.24E-05 1.25E-05
Warmwater - benthic Chemical-specific 16 23 4.49E-04 4.98E-04 19.3 20.8 1.65E-06 1.65E-06
Warmwater - benthic Chemical-specific 16 10 6.16E-04 7.12E-04 19.3 20.8 3.37E-06 3.38E-06
Warmwater - benthic Chemical-specific 16 2 9.78E-04 1.25E-03 19.3 20.8 1.01E-05 1.02E-05
Warmwater - pelagic Chemical-specific 8 23 7.02E-04 8.30E-04 19.3 20.8 4.40E-06 4.41E-06
Warmwater - pelagic Chemical-specific 8 10 8.18E-04 9.96E-04 19.3 20.8 6.14E-06 6.16E-06
Warmwater - pelagic Chemical-specific 8 2 9.78E-04 1.25E-03 19.3 20.8 8.88E-06 8.92E-06
Warmwater - pelagic Chemical-specific 16 23 6.16E-04 7.12E-04 19.3 20.8 3.26E-06 3.26E-06
Warmwater - pelagic Chemical-specific 16 10 7.02E-04 8.30E-04 19.3 20.8 6.15E-06 6.17E-06
Warmwater - pelagic Chemical-specific 16 2 8.18E-04 9.96E-04 19.3 20.8 6.94E-06 6.96E-06



aCarcinogenic HHWQCs shown for benzo(a)pyrene
bNon-carcinogenic HHWQCs shown for fluoranthene. Carcinogenic HHWQCs not available.
cCarcinogenic HHWQCs shown for dieldrin



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius
HHWQC = human health water quality criteria



HHWQC



Foodweb Metabolism (Km)
Water 



Temperature   
(⁰ C)



ΠSOCW/Kow
Fluorantheneb DieldrincBenzo(a)pyrenea
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Figure 1. Framework for selection of methods for deriving national BAFs 
from USEPA TSD Volume 2. (Figure 3-1 in USEPA 2003).
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USEPA. 2003. Methodology for Deriving Ambient Water 
Quality Criteria for the Protection of Human Health 
(2000). Technical Support Document Volume 2: 
Development of National Bioaccumulation Factors. EPA-
822-R-03-030
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APPENDIX A 



 



Foodchain Multipliers at Specific Kow for Alternative Sets of 



Assumptions 



 











8 °C 16 °C 8 °C 16 °C 8 °C 16 °C
Sculpin 5.4 0.0011 0.0012 0.0109 0.0118 0.1088 0.1178
Alewife 32 0.0007 0.0008 0.0070 0.0076 0.0697 0.0755
Smelt 16 0.0008 0.0009 0.0083 0.0090 0.0829 0.0898
Salmonids 2,410 0.0002 0.0003 0.0024 0.0026 0.0237 0.0256
Panfish (sunfish) 200 0.0004 0.0005 0.0044 0.0048 0.0441 0.0478
Largemouth bass 2,000 0.0002 0.0003 0.0025 0.0027 0.0248 0.0269
Freshwater catfish 5,000 0.0002 0.0002 0.0020 0.0021 0.0197 0.0214



1Kms were normalized to water temperature and the mass of the organisms in each foodweb using the equation in Arnot et al (2008):



KM, N = KM, I (WN/Wi)
-0.25exp[0.01(TN-Ti)]



where:
kM, i = chemical-specific metabolic transformation rate from the literature



WN = normalized mass of organism (10g)



Wi = study-specific mass of organisms



TN = normalized water temperature (15 °C)



Ti = original study-specific temperature



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



SOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius
FCM = Foodchain multiplier
TL = trophic level



References
Arnot, J.A., D. MacKay, T.F. Parkerton, M. Bonnell. 2008.  A database of fish biotransformation rates for organic chemicals. Environmental Toxicology and Chemistry 27: 
2263-2270.



Gobas, F.A.P. 1993.  A Model for Predicting the Bioaccumulation Hydrophobic Organic Chemicals in Aquatic Food-webs: Application to Lake Ontario. Ecological 
Modelling, 69:1-17.



Coldwater (Great 
Lakes)



Warmwater



Table 1 - Summary of Normalized (to Water Temperature and Organism Weight)  Metabolic Transformation Rate Constant (Km) Inputs Used in the Gobas 



(1993) Model to Calculate Alternative Foodchain Multipliers



Foodweb
Foodweb 



Component
Species 



Weight (g)



Normalized Km
1



0.001 0.01 0.1











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 1.012 0.997
3.1 0.984 1.021 1.000
3.2 0.987 1.031 1.003
3.3 0.990 1.042 1.007
3.4 0.992 1.055 1.011
3.5 0.994 1.072 1.015
3.6 0.995 1.091 1.021
3.7 1.00 1.116 1.028
3.8 1.00 1.146 1.038
3.9 1.00 1.057 0.829
4.0 1.00 1.231 1.067
4.1 1.00 1.289 1.091
4.2 1.00 1.362 1.122
4.3 1.00 1.452 1.166
4.4 1.00 1.565 1.227
4.5 1.00 1.703 1.312
4.6 1.00 1.874 1.428
4.7 1.00 2.082 1.588
4.8 1.00 2.336 1.806
4.9 1.00 2.386 1.611
5.0 1.00 3.006 2.486
5.1 1.00 3.436 2.989
5.2 1.00 3.937 3.629
5.3 1.00 4.511 4.427
5.4 1.00 5.157 5.399
5.5 1.00 5.867 6.553
5.6 1.00 6.633 7.892
5.7 1.00 7.436 9.404
5.8 1.00 8.258 11.066
5.9 1.00 8.637 11.290
6.0 1.00 9.870 14.690
6.1 1.00 10.613 16.543
6.2 1.00 11.295 18.352
6.3 1.00 11.901 20.053
6.4 1.00 12.423 21.595
6.5 1.00 12.858 22.932
6.6 1.00 13.206 24.030
6.7 1.00 13.467 24.865
6.8 1.00 13.645 25.417
6.9 1.00 13.696 25.488
7.0 1.00 13.752 25.637
7.1 1.00 13.684 25.291
7.2 1.00 13.533 24.635
7.3 1.00 13.297 23.672
7.4 1.00 12.973 22.409
7.5 1.00 12.559 20.864
7.6 1.00 12.052 19.069
7.7 1.00 11.454 17.074
7.8 1.00 10.770 14.947
7.9 1.00 10.375 14.493
8.0 1.00 9.189 10.626
8.1 1.00 8.325 8.608
8.2 1.00 7.443 6.784
8.3 1.00 6.565 5.204
8.4 1.00 5.716 3.889
8.5 1.00 4.915 2.836
8.6 1.00 4.177 2.022
8.7 1.00 3.513 1.414
8.8 1.00 2.928 0.971
8.9 1.00 2.660 0.925
9.0 1.00 1.986 0.439
9.1 1.00 1.620 0.290
9.2 1.00 1.315 0.190
9.3 1.00 1.063 0.124
9.4 1.00 0.857 0.080
9.5 1.00 0.688 0.051
9.6 1.00 0.552 0.033
9.7 1.00 0.442 0.021
9.8 1.00 0.353 0.013
9.9 1.00 0.315 0.013



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 2 - Foodchain Multipliers for USEPA Default Scenario, Great Lakes Foodweb Model 
(Gobas 1993; ΠSOCW/Kow = 23, Temperature = 8⁰ C, Km = 0)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.998 0.996
3.1 0.984 1.003 1.000
3.2 0.987 1.008 1.003
3.3 0.990 1.014 1.006
3.4 0.992 1.021 1.010
3.5 0.994 1.028 1.014
3.6 0.995 1.037 1.019
3.7 1.00 1.048 1.025
3.8 1.00 1.061 1.033
3.9 1.00 1.078 1.042
4.0 1.00 1.098 1.055
4.1 1.00 1.123 1.072
4.2 1.00 1.155 1.093
4.3 1.00 1.194 1.122
4.4 1.00 1.242 1.159
4.5 1.00 1.301 1.209
4.6 1.00 1.375 1.275
4.7 1.00 1.464 1.363
4.8 1.00 1.573 1.478
4.9 1.00 1.704 1.629
5.0 1.00 1.861 1.823
5.1 1.00 2.046 2.070
5.2 1.00 2.261 2.378
5.3 1.00 2.508 2.758
5.4 1.00 2.785 3.214
5.5 1.00 3.091 3.750
5.6 1.00 3.420 4.367
5.7 1.00 3.765 5.059
5.8 1.00 4.118 5.815
5.9 1.00 4.469 6.619
6.0 1.00 4.810 7.450
6.1 1.00 5.129 8.283
6.2 1.00 5.421 9.090
6.3 1.00 5.680 9.847
6.4 1.00 5.903 10.530
6.5 1.00 6.088 11.119
6.6 1.00 6.235 11.598
6.7 1.00 6.344 11.958
6.8 1.00 6.416 12.189
6.9 1.00 6.451 12.287
7.0 1.00 6.449 12.247
7.1 1.00 6.411 12.068
7.2 1.00 6.336 11.746
7.3 1.00 6.222 11.282
7.4 1.00 6.067 10.678
7.5 1.00 5.871 9.944
7.6 1.00 5.633 9.093
7.7 1.00 5.352 8.148
7.8 1.00 5.032 7.139
7.9 1.00 4.676 6.106
8.0 1.00 4.292 5.089
8.1 1.00 3.888 4.129
8.2 1.00 3.475 3.260
8.3 1.00 3.065 2.506
8.4 1.00 2.669 1.876
8.5 1.00 2.295 1.371
8.6 1.00 1.950 0.979
8.7 1.00 1.640 0.686
8.8 1.00 1.367 0.472
8.9 1.00 1.130 0.320
9.0 1.00 0.927 0.214
9.1 1.00 0.756 0.142
9.2 1.00 0.614 0.093
9.3 1.00 0.496 0.061
9.4 1.00 0.400 0.039
9.5 1.00 0.321 0.025
9.6 1.00 0.258 0.016
9.7 1.00 0.206 0.010
9.8 1.00 0.165 0.007
9.9 1.00 0.131 0.004



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 3 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
10, Temperature = 8⁰ C, Km = 0)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.989 0.996
3.1 0.984 0.992 0.999
3.2 0.987 0.995 1.002
3.3 0.990 0.997 1.006
3.4 0.992 0.999 1.009
3.5 0.994 1.002 1.013
3.6 0.995 1.004 1.018
3.7 1.00 1.006 1.023
3.8 1.00 1.009 1.030
3.9 1.00 1.012 1.038
4.0 1.00 1.016 1.048
4.1 1.00 1.021 1.060
4.2 1.00 1.027 1.075
4.3 1.00 1.034 1.094
4.4 1.00 1.043 1.117
4.5 1.00 1.053 1.146
4.6 1.00 1.066 1.181
4.7 1.00 1.082 1.224
4.8 1.00 1.101 1.276
4.9 1.00 1.125 1.339
5.0 1.00 1.152 1.414
5.1 1.00 1.185 1.504
5.2 1.00 1.222 1.609
5.3 1.00 1.265 1.730
5.4 1.00 1.314 1.869
5.5 1.00 1.367 2.025
5.6 1.00 1.424 2.198
5.7 1.00 1.483 2.386
5.8 1.00 1.544 2.584
5.9 1.00 1.604 2.790
6.0 1.00 1.660 3.000
6.1 1.00 1.716 3.199
6.2 1.00 1.765 3.391
6.3 1.00 1.807 3.566
6.4 1.00 1.843 3.721
6.5 1.00 1.871 3.849
6.6 1.00 1.892 3.948
6.7 1.00 1.906 4.015
6.8 1.00 1.911 4.048
6.9 1.00 1.909 4.046
7.0 1.00 1.898 4.008
7.1 1.00 1.879 3.930
7.2 1.00 1.850 3.814
7.3 1.00 1.812 3.657
7.4 1.00 1.763 3.459
7.5 1.00 1.703 3.224
7.6 1.00 1.632 2.953
7.7 1.00 1.549 2.654
7.8 1.00 1.455 2.335
7.9 1.00 1.351 2.007
8.0 1.00 1.239 1.682
8.1 1.00 1.122 1.374
8.2 1.00 1.003 1.092
8.3 1.00 0.884 0.845
8.4 1.00 0.769 0.638
8.5 1.00 0.662 0.469
8.6 1.00 0.562 0.338
8.7 1.00 0.473 0.238
8.8 1.00 0.394 0.165
8.9 1.00 0.326 0.112
9.0 1.00 0.267 0.076
9.1 1.00 0.218 0.050
9.2 1.00 0.177 0.033
9.3 1.00 0.143 0.022
9.4 1.00 0.115 0.014
9.5 1.00 0.093 0.009
9.6 1.00 0.074 0.006
9.7 1.00 0.059 0.004
9.8 1.00 0.047 0.002
9.9 1.00 0.038 0.002



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 4 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
2, Temperature = 8⁰ C, Km = 0)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 1.028 1.002
3.1 0.984 1.041 1.006
3.2 0.987 1.055 1.011
3.3 0.990 1.073 1.017
3.4 0.992 1.093 1.024
3.5 0.994 1.119 1.032
3.6 0.995 1.150 1.043
3.7 1.00 1.189 1.058
3.8 1.00 1.238 1.077
3.9 1.00 1.299 1.103
4.0 1.00 1.374 1.139
4.1 1.00 1.467 1.188
4.2 1.00 1.584 1.256
4.3 1.00 1.727 1.350
4.4 1.00 1.904 1.480
4.5 1.00 2.122 1.659
4.6 1.00 2.386 1.903
4.7 1.00 2.707 2.233
4.8 1.00 3.092 2.672
4.9 1.00 3.548 3.247
5.0 1.00 4.083 3.987
5.1 1.00 4.700 4.919
5.2 1.00 5.401 6.069
5.3 1.00 6.180 7.454
5.4 1.00 7.029 9.084
5.5 1.00 7.931 10.956
5.6 1.00 8.867 13.052
5.7 1.00 9.811 15.338
5.8 1.00 10.740 17.761
5.9 1.00 11.628 20.259
6.0 1.00 12.460 22.760
6.1 1.00 13.208 25.184
6.2 1.00 13.874 27.467
6.3 1.00 14.449 29.547
6.4 1.00 14.932 31.378
6.5 1.00 15.327 32.927
6.6 1.00 15.637 34.177
6.7 1.00 15.868 35.115
6.8 1.00 16.023 35.740
6.9 1.00 16.106 36.048
7.0 1.00 16.119 36.038
7.1 1.00 16.063 35.705
7.2 1.00 15.935 35.042
7.3 1.00 15.732 34.041
7.4 1.00 15.450 32.696
7.5 1.00 15.083 31.005
7.6 1.00 14.626 28.978
7.7 1.00 14.075 26.639
7.8 1.00 13.427 24.036
7.9 1.00 12.684 21.237
8.0 1.00 11.853 18.337
8.1 1.00 10.946 15.443
8.2 1.00 9.982 12.667
8.3 1.00 8.985 10.112
8.4 1.00 7.980 7.856
8.5 1.00 6.995 5.942
8.6 1.00 6.053 4.383
8.7 1.00 5.176 3.157
8.8 1.00 4.378 2.227
8.9 1.00 3.665 1.542
9.0 1.00 3.042 1.050
9.1 1.00 2.506 0.705
9.2 1.00 2.051 0.468
9.3 1.00 1.669 0.308
9.4 1.00 1.352 0.201
9.5 1.00 1.092 0.130
9.6 1.00 0.878 0.084
9.7 1.00 0.705 0.054
9.8 1.00 0.565 0.035
9.9 1.00 0.451 0.022



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 5 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
23, Temperature = 16⁰ C, Km = 0)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 1.005 1.001
3.1 0.984 1.012 1.006
3.2 0.987 1.019 1.010
3.3 0.990 1.028 1.015
3.4 0.992 1.037 1.021
3.5 0.994 1.049 1.029
3.6 0.995 1.063 1.038
3.7 1.00 1.080 1.049
3.8 1.00 1.102 1.064
3.9 1.00 1.128 1.083
4.0 1.00 1.161 1.108
4.1 1.00 1.202 1.141
4.2 1.00 1.252 1.184
4.3 1.00 1.315 1.241
4.4 1.00 1.392 1.316
4.5 1.00 1.486 1.416
4.6 1.00 1.601 1.548
4.7 1.00 1.740 1.721
4.8 1.00 1.907 1.946
4.9 1.00 2.105 2.233
5.0 1.00 2.338 2.596
5.1 1.00 2.606 3.045
5.2 1.00 2.910 3.592
5.3 1.00 3.248 4.243
5.4 1.00 3.617 5.003
5.5 1.00 4.009 5.869
5.6 1.00 4.415 6.832
5.7 1.00 4.825 7.876
5.8 1.00 5.228 8.977
5.9 1.00 5.614 10.108
6.0 1.00 5.970 11.230
6.1 1.00 6.299 12.325
6.2 1.00 6.588 13.347
6.3 1.00 6.837 14.276
6.4 1.00 7.046 15.090
6.5 1.00 7.216 15.777
6.6 1.00 7.349 16.327
6.7 1.00 7.446 16.736
6.8 1.00 7.510 17.003
6.9 1.00 7.543 17.125
7.0 1.00 7.543 17.103
7.1 1.00 7.512 16.932
7.2 1.00 7.449 16.610
7.3 1.00 7.352 16.133
7.4 1.00 7.218 15.495
7.5 1.00 7.045 14.698
7.6 1.00 6.830 13.743
7.7 1.00 6.571 12.642
7.8 1.00 6.268 11.417
7.9 1.00 5.921 10.099
8.0 1.00 5.532 8.731
8.1 1.00 5.109 7.365
8.2 1.00 4.659 6.052
8.3 1.00 4.193 4.840
8.4 1.00 3.724 3.768
8.5 1.00 3.264 2.856
8.6 1.00 2.825 2.111
8.7 1.00 2.416 1.524
8.8 1.00 2.043 1.077
8.9 1.00 1.710 0.747
9.0 1.00 1.420 0.510
9.1 1.00 1.169 0.343
9.2 1.00 0.957 0.228
9.3 1.00 0.779 0.150
9.4 1.00 0.631 0.098
9.5 1.00 0.509 0.064
9.6 1.00 0.410 0.041
9.7 1.00 0.329 0.026
9.8 1.00 0.263 0.017
9.9 1.00 0.211 0.011



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 6 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
10, Temperature = 16⁰ C, Km = 0)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.990 1.001
3.1 0.984 0.993 1.005
3.2 0.987 0.997 1.010
3.3 0.990 1.000 0.998
3.4 0.992 1.003 1.000
3.5 0.994 1.006 1.027
3.6 0.995 1.009 1.035
3.7 1.00 1.013 1.044
3.8 1.00 1.018 1.056
3.9 1.00 1.023 1.071
4.0 1.00 1.030 1.089
4.1 1.00 1.030 1.110
4.2 1.00 1.048 1.139
4.3 1.00 1.060 1.035
4.4 1.00 1.075 1.047
4.5 1.00 1.093 1.267
4.6 1.00 1.115 1.330
4.7 1.00 1.142 1.407
4.8 1.00 1.174 1.499
4.9 1.00 1.211 1.609
5.0 1.00 1.255 1.739
5.1 1.00 1.239 1.832
5.2 1.00 1.364 2.067
5.3 1.00 1.428 1.518
5.4 1.00 1.497 1.639
5.5 1.00 1.571 2.738
5.6 1.00 1.647 3.004
5.7 1.00 1.723 3.284
5.8 1.00 1.799 3.572
5.9 1.00 1.871 3.861
6.0 1.00 1.940 4.140
6.1 1.00 1.768 4.004
6.2 1.00 2.050 4.658
6.3 1.00 2.095 3.035
6.4 1.00 2.133 3.149
6.5 1.00 2.162 5.223
6.6 1.00 2.184 5.343
6.7 1.00 2.198 5.426
6.8 1.00 2.205 5.472
6.9 1.00 2.205 5.481
7.0 1.00 2.198 5.451
7.1 1.00 1.897 4.786
7.2 1.00 2.160 5.268
7.3 1.00 2.128 3.165
7.4 1.00 2.087 3.040
7.5 1.00 2.034 4.662
7.6 1.00 1.971 4.367
7.7 1.00 1.895 4.028
7.8 1.00 1.806 3.651
7.9 1.00 1.705 3.244
8.0 1.00 1.593 2.820
8.1 1.00 1.275 2.138
8.2 1.00 1.341 1.980
8.3 1.00 1.207 0.988
8.4 1.00 1.071 0.775
8.5 1.00 0.939 0.957
8.6 1.00 0.813 0.713
8.7 1.00 0.695 0.519
8.8 1.00 0.588 0.370
8.9 1.00 0.492 0.258
9.0 1.00 0.408 0.177
9.1 1.00 0.292 0.109
9.2 1.00 0.275 0.080
9.3 1.00 0.224 0.033
9.4 1.00 0.181 0.022
9.5 1.00 0.146 0.023
9.6 1.00 0.118 0.015
9.7 1.00 0.095 0.009
9.8 1.00 0.076 0.006
9.9 1.00 0.061 0.004



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 7 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
2, Temperature = 16⁰ C, Km = 0)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 1.012 0.996
3.1 0.984 1.021 0.999
3.2 0.987 1.031 1.002
3.3 0.990 1.042 1.006
3.4 0.992 1.055 1.009
3.5 0.994 1.071 1.014
3.6 0.995 1.091 1.019
3.7 1.00 1.115 1.026
3.8 1.00 1.145 1.035
3.9 1.00 1.056 0.827
4.0 1.00 1.229 1.063
4.1 1.00 1.287 1.085
4.2 1.00 1.359 1.115
4.3 1.00 1.449 1.157
4.4 1.00 1.560 1.215
4.5 1.00 1.696 1.296
4.6 1.00 1.864 1.407
4.7 1.00 2.070 1.560
4.8 1.00 2.318 1.767
4.9 1.00 2.366 1.576
5.0 1.00 2.972 2.409
5.1 1.00 3.390 2.881
5.2 1.00 3.873 3.477
5.3 1.00 4.424 4.214
5.4 1.00 5.039 5.103
5.5 1.00 5.710 6.151
5.6 1.00 6.428 7.354
5.7 1.00 7.174 8.697
5.8 1.00 7.931 10.157
5.9 1.00 8.274 10.339
6.0 1.00 9.390 13.277
6.1 1.00 10.055 14.843
6.2 1.00 10.656 16.346
6.3 1.00 11.184 17.736
6.4 1.00 11.633 18.971
6.5 1.00 12.000 20.015
6.6 1.00 12.285 20.843
6.7 1.00 12.490 21.435
6.8 1.00 12.616 21.779
6.9 1.00 12.641 21.802
7.0 1.00 12.634 21.688
7.1 1.00 12.526 21.244
7.2 1.00 12.339 20.533
7.3 1.00 12.069 19.559
7.4 1.00 11.715 18.334
7.5 1.00 11.274 16.882
7.6 1.00 10.748 15.241
7.7 1.00 10.140 13.461
7.8 1.00 9.458 11.611
7.9 1.00 9.070 11.238
8.0 1.00 7.926 7.993
8.1 1.00 7.113 6.368
8.2 1.00 6.298 4.938
8.3 1.00 5.503 3.729
8.4 1.00 4.748 2.746
8.5 1.00 4.049 1.976
8.6 1.00 3.415 1.393
8.7 1.00 2.853 0.964
8.8 1.00 2.363 0.656
8.9 1.00 2.142 0.626
9.0 1.00 1.588 0.293
9.1 1.00 1.291 0.192
9.2 1.00 1.045 0.126
9.3 1.00 0.843 0.081
9.4 1.00 0.677 0.053
9.5 1.00 0.543 0.034
9.6 1.00 0.435 0.022
9.7 1.00 0.348 0.014
9.8 1.00 0.278 0.009
9.9 1.00 0.248 0.008



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 8 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
23, Temperature = 8⁰ C, Km = 0.001)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.997 0.996
3.1 0.984 1.003 0.999
3.2 0.987 1.008 1.002
3.3 0.990 1.014 1.005
3.4 0.992 1.020 1.009
3.5 0.994 1.028 1.012
3.6 0.995 1.037 1.017
3.7 1.00 1.047 1.023
3.8 1.00 1.060 1.030
3.9 1.00 1.077 1.039
4.0 1.00 1.097 1.051
4.1 1.00 1.121 1.066
4.2 1.00 1.152 1.086
4.3 1.00 1.191 1.113
4.4 1.00 1.238 1.148
4.5 1.00 1.296 1.195
4.6 1.00 1.368 1.257
4.7 1.00 1.455 1.339
4.8 1.00 1.561 1.447
4.9 1.00 1.689 1.587
5.0 1.00 1.840 1.764
5.1 1.00 2.018 1.997
5.2 1.00 2.225 2.281
5.3 1.00 2.459 2.628
5.4 1.00 2.722 3.042
5.5 1.00 3.008 3.525
5.6 1.00 3.314 4.075
5.7 1.00 3.632 4.685
5.8 1.00 3.955 5.344
5.9 1.00 4.272 6.037
6.0 1.00 4.576 6.375
6.1 1.00 4.859 7.441
6.2 1.00 5.115 8.108
6.3 1.00 5.339 8.722
6.4 1.00 5.528 9.265
6.5 1.00 5.682 9.720
6.6 1.00 5.800 10.077
6.7 1.00 5.884 10.327
6.8 1.00 5.932 10.464
6.9 1.00 5.945 10.483
7.0 1.00 5.925 9.115
7.1 1.00 5.869 10.158
7.2 1.00 5.777 9.811
7.3 1.00 5.647 9.342
7.4 1.00 5.479 8.757
7.5 1.00 5.271 8.066
7.6 1.00 5.023 7.286
7.7 1.00 4.738 6.441
7.8 1.00 4.418 5.561
7.9 1.00 4.070 4.682
8.0 1.00 3.702 3.404
8.1 1.00 3.322 3.064
8.2 1.00 2.941 2.380
8.3 1.00 2.570 1.800
8.4 1.00 2.217 1.328
8.5 1.00 1.890 0.958
8.6 1.00 1.595 0.676
8.7 1.00 1.332 0.469
8.8 1.00 1.103 0.320
8.9 1.00 0.907 0.215
9.0 1.00 0.741 0.139
9.1 1.00 0.603 0.094
9.2 1.00 0.488 0.061
9.3 1.00 0.393 0.040
9.4 1.00 0.316 0.026
9.5 1.00 0.254 0.017
9.6 1.00 0.203 0.011
9.7 1.00 0.162 0.007
9.8 1.00 0.130 0.004
9.9 1.00 0.103 0.003



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 9 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
10, Temperature = 8⁰ C, Km = 0.001)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.988 0.996
3.1 0.984 0.992 0.999
3.2 0.987 0.994 1.002
3.3 0.990 0.997 1.005
3.4 0.992 0.999 1.008
3.5 0.994 1.001 1.012
3.6 0.995 1.003 1.016
3.7 1.00 1.006 1.021
3.8 1.00 1.008 1.027
3.9 1.00 1.011 1.034
4.0 1.00 1.015 1.043
4.1 1.00 1.019 1.054
4.2 1.00 1.025 1.068
4.3 1.00 1.031 1.085
4.4 1.00 1.039 1.107
4.5 1.00 1.049 1.133
4.6 1.00 1.061 1.164
4.7 1.00 1.076 1.203
4.8 1.00 1.093 1.250
4.9 1.00 1.114 1.306
5.0 1.00 1.139 1.373
5.1 1.00 1.169 1.453
5.2 1.00 1.202 1.545
5.3 1.00 1.241 1.652
5.4 1.00 1.284 1.773
5.5 1.00 1.330 1.908
5.6 1.00 1.380 2.057
5.7 1.00 1.431 2.216
5.8 1.00 1.483 2.383
5.9 1.00 1.533 2.553
6.0 1.00 1.581 2.723
6.1 1.00 1.625 2.886
6.2 1.00 1.665 3.039
6.3 1.00 1.698 3.175
6.4 1.00 1.726 3.292
6.5 1.00 1.746 3.385
6.6 1.00 1.760 3.452
6.7 1.00 1.767 3.491
6.8 1.00 1.767 3.500
6.9 1.00 1.759 3.478
7.0 1.00 1.744 3.424
7.1 1.00 1.720 3.336
7.2 1.00 1.687 3.213
7.3 1.00 1.645 3.055
7.4 1.00 1.592 2.864
7.5 1.00 1.529 2.641
7.6 1.00 1.455 2.391
7.7 1.00 1.371 2.120
7.8 1.00 1.277 1.838
7.9 1.00 1.176 1.556
8.0 1.00 1.069 1.283
8.1 1.00 0.959 1.031
8.2 1.00 0.848 0.806
8.3 1.00 0.741 0.614
8.4 1.00 0.639 0.456
8.5 1.00 0.545 0.331
8.6 1.00 0.460 0.235
8.7 1.00 0.384 0.164
8.8 1.00 0.318 0.112
8.9 1.00 0.261 0.076
9.0 1.00 0.214 0.051
9.1 1.00 0.174 0.034
9.2 1.00 0.141 0.022
9.3 1.00 0.113 0.014
9.4 1.00 0.091 0.009
9.5 1.00 0.073 0.006
9.6 1.00 0.059 0.004
9.7 1.00 0.047 0.002
9.8 1.00 0.037 0.002
9.9 1.00 0.030 0.001



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 10 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
2, Temperature = 8⁰ C, Km = 0.001)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 1.028 1.001
3.1 0.984 1.041 1.006
3.2 0.987 1.055 1.010
3.3 0.990 1.072 1.016
3.4 0.992 1.093 1.023
3.5 0.994 1.118 1.031
3.6 0.995 1.150 1.041
3.7 1.00 1.189 1.055
3.8 1.00 1.237 1.074
3.9 1.00 1.297 1.099
4.0 1.00 1.372 1.134
4.1 1.00 1.465 1.182
4.2 1.00 1.580 1.248
4.3 1.00 1.723 1.339
4.4 1.00 1.898 1.465
4.5 1.00 2.113 1.638
4.6 1.00 2.374 1.874
4.7 1.00 2.690 2.191
4.8 1.00 3.068 2.613
4.9 1.00 3.515 3.163
5.0 1.00 4.036 3.849
5.1 1.00 4.636 4.748
5.2 1.00 5.313 5.829
5.3 1.00 6.063 7.122
5.4 1.00 6.874 8.632
5.5 1.00 7.730 10.353
5.6 1.00 8.612 12.262
5.7 1.00 9.496 14.325
5.8 1.00 10.358 16.492
5.9 1.00 11.177 18.702
6.0 1.00 11.934 19.428
6.1 1.00 12.616 22.990
6.2 1.00 13.215 24.942
6.3 1.00 13.727 26.696
6.4 1.00 14.153 28.216
6.5 1.00 14.494 29.474
6.6 1.00 14.755 30.456
6.7 1.00 14.941 31.155
6.8 1.00 15.053 31.564
6.9 1.00 15.096 31.683
7.0 1.00 15.069 27.351
7.1 1.00 14.972 31.031
7.2 1.00 14.802 30.249
7.3 1.00 14.555 29.156
7.4 1.00 14.228 27.749
7.5 1.00 13.815 26.037
7.6 1.00 13.311 24.038
7.7 1.00 12.716 21.791
7.8 1.00 12.030 19.354
7.9 1.00 11.260 16.806
8.0 1.00 10.416 12.192
8.1 1.00 9.515 11.757
8.2 1.00 8.579 9.449
8.3 1.00 7.633 7.391
8.4 1.00 6.702 5.629
8.5 1.00 5.809 4.179
8.6 1.00 4.975 3.029
8.7 1.00 4.213 2.149
8.8 1.00 3.532 1.495
8.9 1.00 2.935 1.023
9.0 1.00 2.419 0.655
9.1 1.00 1.982 0.460
9.2 1.00 1.614 0.303
9.3 1.00 1.308 0.198
9.4 1.00 1.056 0.129
9.5 1.00 0.850 0.083
9.6 1.00 0.683 0.053
9.7 1.00 0.547 0.034
9.8 1.00 0.437 0.022
9.9 1.00 0.349 0.014



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 11 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
23, Temperature = 16⁰ C, Km = 0.001)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 1.005 1.001
3.1 0.984 1.011 1.005
3.2 0.987 1.019 1.009
3.3 0.990 1.027 1.014
3.4 0.992 1.037 1.020
3.5 0.994 1.049 1.027
3.6 0.995 1.063 1.036
3.7 1.00 1.080 1.047
3.8 1.00 1.101 1.061
3.9 1.00 1.127 1.079
4.0 1.00 1.159 1.103
4.1 1.00 1.200 1.134
4.2 1.00 1.250 1.176
4.3 1.00 1.311 1.230
4.4 1.00 1.387 1.303
4.5 1.00 1.480 1.399
4.6 1.00 1.593 1.525
4.7 1.00 1.729 1.691
4.8 1.00 1.892 1.904
4.9 1.00 2.085 2.177
5.0 1.00 2.311 2.509
5.1 1.00 2.570 2.942
5.2 1.00 2.863 3.452
5.3 1.00 3.187 4.058
5.4 1.00 3.537 4.758
5.5 1.00 3.907 5.550
5.6 1.00 4.288 6.424
5.7 1.00 4.670 7.362
5.8 1.00 5.043 8.343
5.9 1.00 5.396 9.340
6.0 1.00 5.723 9.656
6.1 1.00 6.017 11.263
6.2 1.00 6.275 12.134
6.3 1.00 6.496 12.914
6.4 1.00 6.678 13.587
6.5 1.00 6.824 14.142
6.6 1.00 6.934 14.571
6.7 1.00 7.011 14.871
6.8 1.00 7.056 15.040
6.9 1.00 7.069 15.076
7.0 1.00 7.052 13.128
7.1 1.00 7.002 14.742
7.2 1.00 6.919 14.365
7.3 1.00 6.802 13.844
7.4 1.00 6.647 13.178
7.5 1.00 6.452 12.369
7.6 1.00 6.216 11.426
7.7 1.00 5.937 10.366
7.8 1.00 5.616 9.217
7.9 1.00 5.256 8.013
8.0 1.00 4.862 5.890
8.1 1.00 4.441 5.624
8.2 1.00 4.004 4.528
8.3 1.00 3.562 3.549
8.4 1.00 3.128 2.708
8.5 1.00 2.711 2.015
8.6 1.00 2.322 1.463
8.7 1.00 1.966 1.040
8.8 1.00 1.648 0.725
8.9 1.00 1.369 0.497
9.0 1.00 1.129 0.320
9.1 1.00 0.925 0.224
9.2 1.00 0.753 0.148
9.3 1.00 0.610 0.097
9.4 1.00 0.493 0.063
9.5 1.00 0.397 0.041
9.6 1.00 0.319 0.026
9.7 1.00 0.255 0.017
9.8 1.00 0.204 0.011
9.9 1.00 0.163 0.007



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 12 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
10, Temperature = 16⁰ C, Km = 0.001)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.990 1.000
3.1 0.984 0.993 1.004
3.2 0.987 0.997 1.009
3.3 0.990 1.000 0.997
3.4 0.992 1.003 0.999
3.5 0.994 1.006 1.025
3.6 0.995 1.009 1.033
3.7 1.00 1.013 1.042
3.8 1.00 1.017 1.053
3.9 1.00 1.022 1.067
4.0 1.00 1.028 1.084
4.1 1.00 1.028 1.104
4.2 1.00 1.046 1.132
4.3 1.00 1.057 1.027
4.4 1.00 1.071 1.037
4.5 1.00 1.088 1.252
4.6 1.00 1.109 1.311
4.7 1.00 1.134 1.382
4.8 1.00 1.164 1.468
4.9 1.00 1.200 1.570
5.0 1.00 1.241 1.690
5.1 1.00 1.222 1.773
5.2 1.00 1.342 1.990
5.3 1.00 1.400 1.456
5.4 1.00 1.464 1.564
5.5 1.00 1.531 2.595
5.6 1.00 1.599 2.831
5.7 1.00 1.668 3.078
5.8 1.00 1.735 3.329
5.9 1.00 1.798 3.579
6.0 1.00 1.856 3.820
6.1 1.00 1.689 3.676
6.2 1.00 1.953 4.253
6.3 1.00 1.991 2.759
6.4 1.00 2.021 2.850
6.5 1.00 2.044 4.706
6.6 1.00 2.061 4.795
6.7 1.00 2.070 4.850
6.8 1.00 2.072 4.871
6.9 1.00 2.067 4.856
7.0 1.00 2.055 4.806
7.1 1.00 1.769 4.202
7.2 1.00 2.007 4.590
7.3 1.00 1.969 2.738
7.4 1.00 1.921 2.607
7.5 1.00 1.863 3.958
7.6 1.00 1.793 3.665
7.7 1.00 1.712 3.336
7.8 1.00 1.618 2.978
7.9 1.00 1.514 2.602
8.0 1.00 1.400 2.221
8.1 1.00 1.109 1.655
8.2 1.00 1.152 1.500
8.3 1.00 1.025 0.733
8.4 1.00 0.900 0.564
8.5 1.00 0.780 0.683
8.6 1.00 0.668 0.500
8.7 1.00 0.565 0.358
8.8 1.00 0.474 0.251
8.9 1.00 0.394 0.173
9.0 1.00 0.325 0.118
9.1 1.00 0.231 0.071
9.2 1.00 0.217 0.052
9.3 1.00 0.176 0.021
9.4 1.00 0.142 0.014
9.5 1.00 0.114 0.015
9.6 1.00 0.092 0.009
9.7 1.00 0.073 0.006
9.8 1.00 0.059 0.004
9.9 1.00 0.047 0.002



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 13 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
2, Temperature = 16⁰ C, Km = 0.001)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 1.011 0.992
3.1 0.984 1.019 0.994
3.2 0.987 1.029 0.996
3.3 0.990 1.039 0.998
3.4 0.992 1.052 1.000
3.5 0.994 1.067 1.002
3.6 0.995 1.086 1.004
3.7 1.00 1.108 1.007
3.8 1.00 1.137 1.011
3.9 1.00 1.047 0.808
4.0 1.00 1.215 1.026
4.1 1.00 1.269 1.038
4.2 1.00 1.335 1.055
4.3 1.00 1.416 1.081
4.4 1.00 1.517 1.118
4.5 1.00 1.639 1.169
4.6 1.00 1.786 1.241
4.7 1.00 1.963 1.340
4.8 1.00 2.173 1.471
4.9 1.00 2.202 1.306
5.0 1.00 2.701 1.863
5.1 1.00 3.022 2.135
5.2 1.00 3.379 2.463
5.3 1.00 3.766 2.847
5.4 1.00 4.177 3.284
5.5 1.00 4.602 3.766
5.6 1.00 5.030 4.282
5.7 1.00 5.447 4.816
5.8 1.00 5.845 5.353
5.9 1.00 6.003 5.372
6.0 1.00 6.540 6.365
6.1 1.00 6.825 6.807
6.2 1.00 7.064 7.189
6.3 1.00 7.256 7.501
6.4 1.00 7.401 7.737
6.5 1.00 7.498 7.890
6.6 1.00 7.550 7.958
6.7 1.00 7.557 7.938
6.8 1.00 7.517 7.827
6.9 1.00 7.470 7.784
7.0 1.00 7.297 7.332
7.1 1.00 7.113 6.950
7.2 1.00 6.879 6.482
7.3 1.00 6.593 5.939
7.4 1.00 6.257 5.334
7.5 1.00 5.874 4.687
7.6 1.00 5.449 4.022
7.7 1.00 4.992 3.365
7.8 1.00 4.514 2.741
7.9 1.00 4.259 2.651
8.0 1.00 3.544 1.679
8.1 1.00 3.079 1.264
8.2 1.00 2.643 0.928
8.3 1.00 2.242 0.666
8.4 1.00 1.883 0.469
8.5 1.00 1.567 0.324
8.6 1.00 1.294 0.220
8.7 1.00 1.061 0.148
8.8 1.00 0.865 0.098
8.9 1.00 0.778 0.094
9.0 1.00 0.567 0.042
9.1 1.00 0.456 0.027
9.2 1.00 0.367 0.018
9.3 1.00 0.294 0.011
9.4 1.00 0.235 0.007
9.5 1.00 0.188 0.005
9.6 1.00 0.150 0.003
9.7 1.00 0.119 0.002
9.8 1.00 0.095 0.001
9.9 1.00 0.085 0.001



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 14 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
23, Temperature = 8⁰ C, Km = 0.01)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.996 0.992
3.1 0.984 1.001 0.994
3.2 0.987 1.006 0.996
3.3 0.990 1.011 0.997
3.4 0.992 1.017 0.999
3.5 0.994 1.024 1.000
3.6 0.995 1.032 1.002
3.7 1.00 1.041 1.004
3.8 1.00 1.053 1.006
3.9 1.00 1.067 1.010
4.0 1.00 1.084 1.014
4.1 1.00 1.105 1.020
4.2 1.00 1.132 1.028
4.3 1.00 1.164 1.040
4.4 1.00 1.204 1.057
4.5 1.00 1.252 1.080
4.6 1.00 1.310 1.112
4.7 1.00 1.380 1.155
4.8 1.00 1.463 1.211
4.9 1.00 1.560 1.285
5.0 1.00 1.673 1.379
5.1 1.00 1.799 1.494
5.2 1.00 1.941 1.633
5.3 1.00 2.094 1.795
5.4 1.00 2.256 1.979
5.5 1.00 2.424 2.181
5.6 1.00 2.593 2.397
5.7 1.00 2.758 2.620
5.8 1.00 2.915 2.844
5.9 1.00 3.059 3.061
6.0 1.00 3.187 3.263
6.1 1.00 3.298 3.445
6.2 1.00 3.391 3.601
6.3 1.00 3.464 3.725
6.4 1.00 3.517 3.816
6.5 1.00 3.551 3.871
6.6 1.00 3.565 3.888
6.7 1.00 3.560 3.865
6.8 1.00 3.535 3.802
6.9 1.00 3.489 3.697
7.0 1.00 3.422 3.550
7.1 1.00 3.333 3.362
7.2 1.00 3.220 3.134
7.3 1.00 3.085 2.871
7.4 1.00 2.926 2.579
7.5 1.00 2.746 2.267
7.6 1.00 2.547 1.946
7.7 1.00 2.333 1.630
7.8 1.00 2.109 1.329
7.9 1.00 1.881 1.055
8.0 1.00 1.655 0.816
8.1 1.00 1.438 0.615
8.2 1.00 1.234 0.452
8.3 1.00 1.047 0.325
8.4 1.00 0.879 0.229
8.5 1.00 0.732 0.158
8.6 1.00 0.604 0.108
8.7 1.00 0.495 0.072
8.8 1.00 0.404 0.048
8.9 1.00 0.327 0.032
9.0 1.00 0.265 0.021
9.1 1.00 0.213 0.013
9.2 1.00 0.171 0.009
9.3 1.00 0.137 0.006
9.4 1.00 0.110 0.004
9.5 1.00 0.088 0.002
9.6 1.00 0.070 0.001
9.7 1.00 0.056 0.001
9.8 1.00 0.044 0.001
9.9 1.00 0.035 0.000



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 15 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
10, Temperature = 8⁰ C, Km = 0.01)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.987 0.992
3.1 0.984 0.990 0.994
3.2 0.987 0.992 0.995
3.3 0.990 0.994 0.997
3.4 0.992 0.996 0.998
3.5 0.994 0.997 0.999
3.6 0.995 0.999 1.001
3.7 1.00 1.000 1.002
3.8 1.00 1.001 1.003
3.9 1.00 1.002 1.005
4.0 1.00 1.003 1.007
4.1 1.00 1.005 1.009
4.2 1.00 1.006 1.012
4.3 1.00 1.008 1.015
4.4 1.00 1.010 1.019
4.5 1.00 1.013 1.025
4.6 1.00 1.016 1.032
4.7 1.00 1.020 1.041
4.8 1.00 1.024 1.051
4.9 1.00 1.030 1.065
5.0 1.00 1.035 1.081
5.1 1.00 1.042 1.100
5.2 1.00 1.049 1.122
5.3 1.00 1.056 1.148
5.4 1.00 1.064 1.176
5.5 1.00 1.072 1.206
5.6 1.00 1.080 1.237
5.7 1.00 1.086 1.269
5.8 1.00 1.093 1.300
5.9 1.00 1.098 1.329
6.0 1.00 1.101 1.355
6.1 1.00 1.103 1.376
6.2 1.00 1.104 1.392
6.3 1.00 1.102 1.402
6.4 1.00 1.098 1.404
6.5 1.00 1.091 1.398
6.6 1.00 1.082 1.383
6.7 1.00 1.069 1.359
6.8 1.00 1.053 1.325
6.9 1.00 1.032 1.279
7.0 1.00 1.007 1.222
7.1 1.00 0.977 1.153
7.2 1.00 0.940 1.073
7.3 1.00 0.898 0.982
7.4 1.00 0.850 0.883
7.5 1.00 0.797 0.777
7.6 1.00 0.738 0.669
7.7 1.00 0.675 0.562
7.8 1.00 0.610 0.460
7.9 1.00 0.543 0.367
8.0 1.00 0.478 0.285
8.1 1.00 0.415 0.215
8.2 1.00 0.356 0.159
8.3 1.00 0.302 0.115
8.4 1.00 0.254 0.081
8.5 1.00 0.211 0.056
8.6 1.00 0.174 0.039
8.7 1.00 0.143 0.026
8.8 1.00 0.116 0.017
8.9 1.00 0.094 0.011
9.0 1.00 0.076 0.008
9.1 1.00 0.061 0.005
9.2 1.00 0.049 0.003
9.3 1.00 0.040 0.002
9.4 1.00 0.032 0.001
9.5 1.00 0.025 0.001
9.6 1.00 0.020 0.001
9.7 1.00 0.016 0.000
9.8 1.00 0.013 0.000
9.9 1.00 0.010 0.000



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 16 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
2, Temperature = 8⁰ C, Km = 0.01)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 1.027 0.997
3.1 0.984 1.039 1.000
3.2 0.987 1.053 1.003
3.3 0.990 1.069 1.007
3.4 0.992 1.089 1.012
3.5 0.994 1.114 1.017
3.6 0.995 1.144 1.025
3.7 1.00 1.181 1.034
3.8 1.00 1.227 1.048
3.9 1.00 1.284 1.066
4.0 1.00 1.355 1.091
4.1 1.00 1.442 1.126
4.2 1.00 1.550 1.176
4.3 1.00 1.682 1.245
4.4 1.00 1.842 1.340
4.5 1.00 2.036 1.469
4.6 1.00 2.269 1.643
4.7 1.00 2.545 1.872
4.8 1.00 2.868 2.167
4.9 1.00 3.240 2.541
5.0 1.00 3.661 3.001
5.1 1.00 4.129 3.553
5.2 1.00 4.637 4.198
5.3 1.00 5.176 4.932
5.4 1.00 5.733 5.742
5.5 1.00 6.293 6.613
5.6 1.00 6.841 7.521
5.7 1.00 7.364 8.440
5.8 1.00 7.847 9.342
5.9 1.00 8.284 10.199
6.0 1.00 8.666 10.988
6.1 1.00 8.992 11.688
6.2 1.00 9.260 12.284
6.3 1.00 9.473 12.765
6.4 1.00 9.630 13.125
6.5 1.00 9.736 13.359
6.6 1.00 9.790 13.466
6.7 1.00 9.794 13.443
6.8 1.00 9.748 13.288
6.9 1.00 9.651 12.998
7.0 1.00 9.501 12.571
7.1 1.00 9.294 12.006
7.2 1.00 9.029 11.307
7.3 1.00 8.703 10.481
7.4 1.00 8.315 9.543
7.5 1.00 7.867 8.517
7.6 1.00 7.362 7.436
7.7 1.00 6.809 6.339
7.8 1.00 6.218 5.268
7.9 1.00 5.604 4.263
8.0 1.00 4.984 3.359
8.1 1.00 4.374 2.578
8.2 1.00 3.790 1.928
8.3 1.00 3.244 1.408
8.4 1.00 2.746 1.006
8.5 1.00 2.302 0.704
8.6 1.00 1.912 0.485
8.7 1.00 1.576 0.329
8.8 1.00 1.290 0.220
8.9 1.00 1.051 0.146
9.0 1.00 0.852 0.096
9.1 1.00 0.687 0.062
9.2 1.00 0.553 0.040
9.3 1.00 0.444 0.026
9.4 1.00 0.356 0.017
9.5 1.00 0.285 0.011
9.6 1.00 0.227 0.007
9.7 1.00 0.181 0.004
9.8 1.00 0.145 0.003
9.9 1.00 0.115 0.002



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 17 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
23, Temperature = 16⁰ C, Km = 0.01)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 1.003 0.996
3.1 0.984 1.010 0.999
3.2 0.987 1.017 1.003
3.3 0.990 1.025 1.006
3.4 0.992 1.034 1.010
3.5 0.994 1.044 1.014
3.6 0.995 1.057 1.019
3.7 1.00 1.073 1.026
3.8 1.00 1.092 1.035
3.9 1.00 1.116 1.046
4.0 1.00 1.145 1.062
4.1 1.00 1.181 1.082
4.2 1.00 1.226 1.109
4.3 1.00 1.280 1.146
4.4 1.00 1.346 1.194
4.5 1.00 1.426 1.258
4.6 1.00 1.522 1.342
4.7 1.00 1.636 1.451
4.8 1.00 1.769 1.589
4.9 1.00 1.922 1.760
5.0 1.00 2.096 1.969
5.1 1.00 2.289 2.217
5.2 1.00 2.498 2.505
5.3 1.00 2.720 2.831
5.4 1.00 2.950 3.188
5.5 1.00 3.181 3.571
5.6 1.00 3.406 3.968
5.7 1.00 3.621 4.368
5.8 1.00 3.820 4.760
5.9 1.00 3.999 5.131
6.0 1.00 4.156 5.471
6.1 1.00 4.289 5.771
6.2 1.00 4.397 6.025
6.3 1.00 4.482 6.227
6.4 1.00 4.544 6.376
6.5 1.00 4.583 6.468
6.6 1.00 4.601 6.503
6.7 1.00 4.596 6.478
6.8 1.00 4.569 6.394
6.9 1.00 4.520 6.248
7.0 1.00 4.446 6.038
7.1 1.00 4.347 5.765
7.2 1.00 4.221 5.428
7.3 1.00 4.067 5.033
7.4 1.00 3.885 4.584
7.5 1.00 3.674 4.094
7.6 1.00 3.438 3.578
7.7 1.00 3.179 3.053
7.8 1.00 2.903 2.540
7.9 1.00 2.616 2.059
8.0 1.00 2.326 1.624
8.1 1.00 2.042 1.248
8.2 1.00 1.769 0.935
8.3 1.00 1.514 0.684
8.4 1.00 1.282 0.489
8.5 1.00 1.074 0.343
8.6 1.00 0.892 0.236
8.7 1.00 0.735 0.160
8.8 1.00 0.602 0.107
8.9 1.00 0.490 0.071
9.0 1.00 0.397 0.047
9.1 1.00 0.321 0.030
9.2 1.00 0.258 0.020
9.3 1.00 0.207 0.013
9.4 1.00 0.166 0.008
9.5 1.00 0.133 0.005
9.6 1.00 0.106 0.003
9.7 1.00 0.085 0.002
9.8 1.00 0.067 0.001
9.9 1.00 0.054 0.001



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 18 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
10, Temperature = 16⁰ C, Km = 0.01)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.989 0.996
3.1 0.984 0.991 0.999
3.2 0.987 0.994 1.002
3.3 0.990 0.997 0.989
3.4 0.992 0.999 0.988
3.5 0.994 1.001 1.012
3.6 0.995 1.004 1.016
3.7 1.00 1.006 1.021
3.8 1.00 1.009 1.027
3.9 1.00 1.012 1.035
4.0 1.00 1.016 1.044
4.1 1.00 1.012 1.053
4.2 1.00 1.025 1.068
4.3 1.00 1.032 0.959
4.4 1.00 1.040 0.954
4.5 1.00 1.049 1.129
4.6 1.00 1.060 1.158
4.7 1.00 1.073 1.192
4.8 1.00 1.088 1.233
4.9 1.00 1.106 1.280
5.0 1.00 1.126 1.334
5.1 1.00 1.088 1.353
5.2 1.00 1.171 1.464
5.3 1.00 1.196 1.042
5.4 1.00 1.221 1.076
5.5 1.00 1.246 1.698
5.6 1.00 1.271 1.781
5.7 1.00 1.293 1.862
5.8 1.00 1.314 1.940
5.9 1.00 1.333 2.012
6.0 1.00 1.348 2.076
6.1 1.00 1.204 1.943
6.2 1.00 1.369 2.173
6.3 1.00 1.374 1.376
6.4 1.00 1.375 1.385
6.5 1.00 1.373 2.227
6.6 1.00 1.367 2.217
6.7 1.00 1.357 2.192
6.8 1.00 1.342 2.151
6.9 1.00 1.322 2.094
7.0 1.00 1.296 2.018
7.1 1.00 1.098 1.726
7.2 1.00 1.224 1.811
7.3 1.00 1.177 1.041
7.4 1.00 1.123 0.950
7.5 1.00 1.061 1.372
7.6 1.00 0.992 1.203
7.7 1.00 0.917 1.031
7.8 1.00 0.836 0.862
7.9 1.00 0.754 0.702
8.0 1.00 0.670 0.557
8.1 1.00 0.510 0.388
8.2 1.00 0.509 0.324
8.3 1.00 0.436 0.148
8.4 1.00 0.369 0.106
8.5 1.00 0.309 0.121
8.6 1.00 0.257 0.084
8.7 1.00 0.211 0.057
8.8 1.00 0.173 0.038
8.9 1.00 0.141 0.025
9.0 1.00 0.114 0.017
9.1 1.00 0.080 0.010
9.2 1.00 0.074 0.007
9.3 1.00 0.060 0.003
9.4 1.00 0.048 0.002
9.5 1.00 0.038 0.002
9.6 1.00 0.030 0.001
9.7 1.00 0.024 0.001
9.8 1.00 0.019 0.001
9.9 1.00 0.015 0.000



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 19 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
2, Temperature = 16⁰ C, Km = 0.01)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.998 0.952
3.1 0.984 1.003 0.946
3.2 0.987 1.008 0.937
3.3 0.990 1.014 0.926
3.4 0.992 1.021 0.911
3.5 0.994 1.028 0.894
3.6 0.995 1.036 0.873
3.7 1.00 1.046 0.849
3.8 1.00 1.058 0.821
3.9 1.00 0.967 0.656
4.0 1.00 1.089 0.756
4.1 1.00 1.109 0.719
4.2 1.00 1.132 0.681
4.3 1.00 1.158 0.643
4.4 1.00 1.188 0.605
4.5 1.00 1.221 0.570
4.6 1.00 1.257 0.537
4.7 1.00 1.295 0.508
4.8 1.00 1.335 0.484
4.9 1.00 1.302 0.417
5.0 1.00 1.413 0.447
5.1 1.00 1.450 0.434
5.2 1.00 1.484 0.424
5.3 1.00 1.515 0.416
5.4 1.00 1.542 0.410
5.5 1.00 1.565 0.406
5.6 1.00 1.584 0.402
5.7 1.00 1.599 0.399
5.8 1.00 1.610 0.396
5.9 1.00 1.605 0.385
6.0 1.00 1.621 0.389
6.1 1.00 1.621 0.385
6.2 1.00 1.617 0.380
6.3 1.00 1.609 0.373
6.4 1.00 1.596 0.365
6.5 1.00 1.579 0.356
6.6 1.00 1.556 0.345
6.7 1.00 1.528 0.331
6.8 1.00 1.492 0.315
6.9 1.00 1.469 0.312
7.0 1.00 1.398 0.276
7.1 1.00 1.338 0.252
7.2 1.00 1.269 0.227
7.3 1.00 1.192 0.200
7.4 1.00 1.106 0.172
7.5 1.00 1.015 0.145
7.6 1.00 0.920 0.119
7.7 1.00 0.822 0.095
7.8 1.00 0.725 0.074
7.9 1.00 0.676 0.072
8.0 1.00 0.543 0.041
8.1 1.00 0.462 0.030
8.2 1.00 0.389 0.021
8.3 1.00 0.324 0.015
8.4 1.00 0.268 0.010
8.5 1.00 0.220 0.007
8.6 1.00 0.179 0.005
8.7 1.00 0.146 0.003
8.8 1.00 0.118 0.002
8.9 1.00 0.106 0.002
9.0 1.00 0.076 0.001
9.1 1.00 0.061 0.001
9.2 1.00 0.049 0.000
9.3 1.00 0.039 0.000
9.4 1.00 0.031 0.000
9.5 1.00 0.025 0.000
9.6 1.00 0.020 0.000
9.7 1.00 0.016 0.000
9.8 1.00 0.013 0.000
9.9 1.00 0.011 0.000



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 20 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
23, Temperature = 8⁰ C, Km = 0.1)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.983 0.952
3.1 0.984 0.985 0.946
3.2 0.987 0.986 0.937
3.3 0.990 0.987 0.925
3.4 0.992 0.987 0.911
3.5 0.994 0.986 0.893
3.6 0.995 0.985 0.872
3.7 1.00 0.983 0.847
3.8 1.00 0.980 0.818
3.9 1.00 0.976 0.785
4.0 1.00 0.972 0.748
4.1 1.00 0.966 0.708
4.2 1.00 0.959 0.666
4.3 1.00 0.952 0.622
4.4 1.00 0.943 0.577
4.5 1.00 0.933 0.534
4.6 1.00 0.922 0.491
4.7 1.00 0.911 0.452
4.8 1.00 0.899 0.415
4.9 1.00 0.887 0.382
5.0 1.00 0.875 0.356
5.1 1.00 0.863 0.326
5.2 1.00 0.852 0.304
5.3 1.00 0.842 0.284
5.4 1.00 0.833 0.268
5.5 1.00 0.824 0.254
5.6 1.00 0.817 0.242
5.7 1.00 0.810 0.232
5.8 1.00 0.803 0.223
5.9 1.00 0.796 0.216
6.0 1.00 0.790 0.251
6.1 1.00 0.783 0.203
6.2 1.00 0.776 0.198
6.3 1.00 0.768 0.192
6.4 1.00 0.758 0.186
6.5 1.00 0.748 0.180
6.6 1.00 0.735 0.173
6.7 1.00 0.720 0.166
6.8 1.00 0.702 0.157
6.9 1.00 0.680 0.147
7.0 1.00 0.655 0.187
7.1 1.00 0.627 0.125
7.2 1.00 0.594 0.112
7.3 1.00 0.558 0.098
7.4 1.00 0.517 0.085
7.5 1.00 0.475 0.071
7.6 1.00 0.430 0.058
7.7 1.00 0.384 0.047
7.8 1.00 0.339 0.036
7.9 1.00 0.295 0.028
8.0 1.00 0.254 0.026
8.1 1.00 0.216 0.015
8.2 1.00 0.181 0.010
8.3 1.00 0.151 0.007
8.4 1.00 0.125 0.005
8.5 1.00 0.103 0.003
8.6 1.00 0.084 0.002
8.7 1.00 0.068 0.001
8.8 1.00 0.055 0.001
8.9 1.00 0.044 0.001
9.0 1.00 0.036 0.000
9.1 1.00 0.029 0.000
9.2 1.00 0.023 0.000
9.3 1.00 0.018 0.000
9.4 1.00 0.015 0.000
9.5 1.00 0.012 0.000
9.6 1.00 0.009 0.000
9.7 1.00 0.007 0.000
9.8 1.00 0.006 0.000
9.9 1.00 0.005 0.000



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 21 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
10, Temperature = 8⁰ C, Km = 0.1)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.974 0.952
3.1 0.984 0.974 0.945
3.2 0.987 0.973 0.936
3.3 0.990 0.970 0.925
3.4 0.992 0.966 0.910
3.5 0.994 0.961 0.892
3.6 0.995 0.953 0.871
3.7 1.00 0.944 0.845
3.8 1.00 0.932 0.815
3.9 1.00 0.917 0.781
4.0 1.00 0.899 0.743
4.1 1.00 0.878 0.701
4.2 1.00 0.853 0.656
4.3 1.00 0.824 0.609
4.4 1.00 0.792 0.560
4.5 1.00 0.755 0.511
4.6 1.00 0.715 0.463
4.7 1.00 0.673 0.417
4.8 1.00 0.629 0.373
4.9 1.00 0.585 0.331
5.0 1.00 0.542 0.294
5.1 1.00 0.500 0.260
5.2 1.00 0.461 0.230
5.3 1.00 0.425 0.203
5.4 1.00 0.393 0.180
5.5 1.00 0.365 0.160
5.6 1.00 0.340 0.143
5.7 1.00 0.319 0.129
5.8 1.00 0.301 0.117
5.9 1.00 0.286 0.107
6.0 1.00 0.273 0.099
6.1 1.00 0.262 0.092
6.2 1.00 0.253 0.086
6.3 1.00 0.244 0.081
6.4 1.00 0.237 0.076
6.5 1.00 0.230 0.072
6.6 1.00 0.223 0.068
6.7 1.00 0.216 0.064
6.8 1.00 0.209 0.059
6.9 1.00 0.201 0.055
7.0 1.00 0.193 0.051
7.1 1.00 0.184 0.046
7.2 1.00 0.173 0.041
7.3 1.00 0.162 0.036
7.4 1.00 0.150 0.031
7.5 1.00 0.138 0.026
7.6 1.00 0.124 0.021
7.7 1.00 0.111 0.017
7.8 1.00 0.098 0.013
7.9 1.00 0.085 0.010
8.0 1.00 0.073 0.007
8.1 1.00 0.062 0.005
8.2 1.00 0.052 0.004
8.3 1.00 0.044 0.003
8.4 1.00 0.036 0.002
8.5 1.00 0.030 0.001
8.6 1.00 0.024 0.001
8.7 1.00 0.020 0.001
8.8 1.00 0.016 0.000
8.9 1.00 0.013 0.000
9.0 1.00 0.010 0.000
9.1 1.00 0.008 0.000
9.2 1.00 0.007 0.000
9.3 1.00 0.005 0.000
9.4 1.00 0.004 0.000
9.5 1.00 0.003 0.000
9.6 1.00 0.003 0.000
9.7 1.00 0.002 0.000
9.8 1.00 0.002 0.000
9.9 1.00 0.001 0.000



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 22 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
2, Temperature = 8⁰ C, Km = 0.1)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 1.012 0.954
3.1 0.984 1.021 0.948
3.2 0.987 1.031 0.939
3.3 0.990 1.042 0.929
3.4 0.992 1.054 0.916
3.5 0.994 1.070 0.901
3.6 0.995 1.088 0.882
3.7 1.00 1.110 0.862
3.8 1.00 1.136 0.839
3.9 1.00 1.168 0.814
4.0 1.00 1.205 0.788
4.1 1.00 1.249 0.762
4.2 1.00 1.300 0.737
4.3 1.00 1.358 0.714
4.4 1.00 1.424 0.695
4.5 1.00 1.495 0.681
4.6 1.00 1.573 0.672
4.7 1.00 1.653 0.669
4.8 1.00 1.736 0.670
4.9 1.00 1.818 0.676
5.0 1.00 1.897 0.707
5.1 1.00 1.972 0.698
5.2 1.00 2.040 0.712
5.3 1.00 2.102 0.726
5.4 1.00 2.155 0.739
5.5 1.00 2.201 0.751
5.6 1.00 2.239 0.761
5.7 1.00 2.269 0.769
5.8 1.00 2.292 0.775
5.9 1.00 2.309 0.778
6.0 1.00 2.319 1.010
6.1 1.00 2.323 0.777
6.2 1.00 2.320 0.771
6.3 1.00 2.312 0.763
6.4 1.00 2.297 0.751
6.5 1.00 2.275 0.734
6.6 1.00 2.244 0.713
6.7 1.00 2.205 0.688
6.8 1.00 2.157 0.657
6.9 1.00 2.097 0.620
7.0 1.00 2.025 0.848
7.1 1.00 1.941 0.531
7.2 1.00 1.844 0.479
7.3 1.00 1.735 0.423
7.4 1.00 1.614 0.366
7.5 1.00 1.484 0.310
7.6 1.00 1.347 0.255
7.7 1.00 1.207 0.205
7.8 1.00 1.067 0.160
7.9 1.00 0.931 0.122
8.0 1.00 0.802 0.125
8.1 1.00 0.684 0.066
8.2 1.00 0.576 0.047
8.3 1.00 0.481 0.032
8.4 1.00 0.398 0.022
8.5 1.00 0.327 0.015
8.6 1.00 0.267 0.010
8.7 1.00 0.217 0.007
8.8 1.00 0.176 0.004
8.9 1.00 0.142 0.003
9.0 1.00 0.114 0.002
9.1 1.00 0.091 0.001
9.2 1.00 0.073 0.001
9.3 1.00 0.058 0.000
9.4 1.00 0.047 0.000
9.5 1.00 0.037 0.000
9.6 1.00 0.030 0.000
9.7 1.00 0.024 0.000
9.8 1.00 0.019 0.000
9.9 1.00 0.015 0.000



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 23 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
23, Temperature = 16⁰ C, Km = 0.1)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.989 0.953
3.1 0.984 0.992 0.947
3.2 0.987 0.995 0.939
3.3 0.990 0.998 0.928
3.4 0.992 1.000 0.914
3.5 0.994 1.003 0.898
3.6 0.995 1.005 0.878
3.7 1.00 1.008 0.855
3.8 1.00 1.011 0.829
3.9 1.00 1.015 0.800
4.0 1.00 1.019 0.768
4.1 1.00 1.023 0.734
4.2 1.00 1.028 0.700
4.3 1.00 1.034 0.664
4.4 1.00 1.040 0.630
4.5 1.00 1.047 0.597
4.6 1.00 1.055 0.567
4.7 1.00 1.063 0.539
4.8 1.00 1.071 0.515
4.9 1.00 1.079 0.495
5.0 1.00 1.086 0.489
5.1 1.00 1.093 0.463
5.2 1.00 1.099 0.451
5.3 1.00 1.105 0.441
5.4 1.00 1.109 0.433
5.5 1.00 1.112 0.426
5.6 1.00 1.115 0.420
5.7 1.00 1.116 0.415
5.8 1.00 1.116 0.410
5.9 1.00 1.115 0.405
6.0 1.00 1.112 0.506
6.1 1.00 1.108 0.395
6.2 1.00 1.102 0.389
6.3 1.00 1.094 0.382
6.4 1.00 1.084 0.374
6.5 1.00 1.071 0.364
6.6 1.00 1.055 0.353
6.7 1.00 1.035 0.339
6.8 1.00 1.011 0.323
6.9 1.00 0.982 0.305
7.0 1.00 0.948 0.404
7.1 1.00 0.908 0.260
7.2 1.00 0.862 0.234
7.3 1.00 0.811 0.207
7.4 1.00 0.754 0.179
7.5 1.00 0.693 0.152
7.6 1.00 0.629 0.125
7.7 1.00 0.564 0.100
7.8 1.00 0.498 0.078
7.9 1.00 0.435 0.060
8.0 1.00 0.375 0.060
8.1 1.00 0.319 0.032
8.2 1.00 0.269 0.023
8.3 1.00 0.224 0.016
8.4 1.00 0.186 0.011
8.5 1.00 0.153 0.007
8.6 1.00 0.125 0.005
8.7 1.00 0.101 0.003
8.8 1.00 0.082 0.002
8.9 1.00 0.066 0.001
9.0 1.00 0.053 0.001
9.1 1.00 0.043 0.001
9.2 1.00 0.034 0.000
9.3 1.00 0.027 0.000
9.4 1.00 0.022 0.000
9.5 1.00 0.017 0.000
9.6 1.00 0.014 0.000
9.7 1.00 0.011 0.000
9.8 1.00 0.009 0.000
9.9 1.00 0.007 0.000



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 24 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
10, Temperature = 16⁰ C, Km = 0.1)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.975 0.953
3.1 0.984 0.974 0.947
3.2 0.987 0.974 0.938
3.3 0.990 0.971 0.912
3.4 0.992 0.967 0.895
3.5 0.994 0.962 0.896
3.6 0.995 0.955 0.875
3.7 1.00 0.945 0.851
3.8 1.00 0.934 0.823
3.9 1.00 0.920 0.792
4.0 1.00 0.903 0.756
4.1 1.00 0.876 0.717
4.2 1.00 0.860 0.677
4.3 1.00 0.834 0.570
4.4 1.00 0.803 0.521
4.5 1.00 0.770 0.545
4.6 1.00 0.735 0.502
4.7 1.00 0.697 0.460
4.8 1.00 0.659 0.420
4.9 1.00 0.620 0.383
5.0 1.00 0.583 0.349
5.1 1.00 0.520 0.310
5.2 1.00 0.515 0.290
5.3 1.00 0.485 0.195
5.4 1.00 0.459 0.176
5.5 1.00 0.436 0.226
5.6 1.00 0.416 0.210
5.7 1.00 0.399 0.197
5.8 1.00 0.384 0.185
5.9 1.00 0.371 0.176
6.0 1.00 0.361 0.167
6.1 1.00 0.311 0.148
6.2 1.00 0.343 0.154
6.3 1.00 0.335 0.095
6.4 1.00 0.328 0.091
6.5 1.00 0.321 0.136
6.6 1.00 0.313 0.131
6.7 1.00 0.306 0.124
6.8 1.00 0.297 0.118
6.9 1.00 0.287 0.110
7.0 1.00 0.276 0.102
7.1 1.00 0.229 0.085
7.2 1.00 0.250 0.084
7.3 1.00 0.235 0.046
7.4 1.00 0.218 0.040
7.5 1.00 0.200 0.054
7.6 1.00 0.182 0.045
7.7 1.00 0.162 0.036
7.8 1.00 0.144 0.028
7.9 1.00 0.125 0.021
8.0 1.00 0.108 0.016
8.1 1.00 0.080 0.011
8.2 1.00 0.077 0.008
8.3 1.00 0.065 0.004
8.4 1.00 0.053 0.002
8.5 1.00 0.044 0.003
8.6 1.00 0.036 0.002
8.7 1.00 0.029 0.001
8.8 1.00 0.024 0.001
8.9 1.00 0.019 0.001
9.0 1.00 0.015 0.000
9.1 1.00 0.011 0.000
9.2 1.00 0.010 0.000
9.3 1.00 0.008 0.000
9.4 1.00 0.006 0.000
9.5 1.00 0.005 0.000
9.6 1.00 0.004 0.000
9.7 1.00 0.003 0.000
9.8 1.00 0.003 0.000
9.9 1.00 0.002 0.000



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 25 - Foodchain Multipliers for Great Lakes Foodweb Model (Gobas 1993; ΠSOCW/Kow = 
2, Temperature = 16⁰ C, Km = 0.1)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.990 0.994
3.1 0.984 1.003 1.001
3.2 0.987 1.015 1.008
3.3 0.990 1.028 1.015
3.4 0.992 1.043 1.023
3.5 0.994 1.059 1.033
3.6 0.995 1.079 1.044
3.7 1.00 1.103 1.057
3.8 1.00 1.131 1.074
3.9 1.00 0.928 0.868
4.0 1.00 1.211 1.122
4.1 1.00 1.266 1.156
4.2 1.00 1.334 1.199
4.3 1.00 1.419 1.255
4.4 1.00 1.525 1.327
4.5 1.00 1.656 1.421
4.6 1.00 1.817 1.544
4.7 1.00 2.017 1.703
4.8 1.00 2.261 1.910
4.9 1.00 2.070 1.699
5.0 1.00 2.917 2.525
5.1 1.00 3.346 2.968
5.2 1.00 3.854 3.525
5.3 1.00 4.446 4.216
5.4 1.00 5.127 5.057
5.5 1.00 5.896 6.055
5.6 1.00 6.745 7.209
5.7 1.00 7.663 8.506
5.8 1.00 8.630 9.919
5.9 1.00 8.513 9.757
6.0 1.00 10.615 12.932
6.1 1.00 11.577 14.434
6.2 1.00 12.485 15.866
6.3 1.00 13.317 17.186
6.4 1.00 14.057 18.359
6.5 1.00 14.695 19.360
6.6 1.00 15.225 20.174
6.7 1.00 15.645 20.792
6.8 1.00 15.957 21.210
6.9 1.00 15.931 21.171
7.0 1.00 16.264 21.438
7.1 1.00 16.261 21.245
7.2 1.00 16.154 20.845
7.3 1.00 15.942 20.235
7.4 1.00 15.621 19.414
7.5 1.00 15.189 18.384
7.6 1.00 14.645 17.155
7.7 1.00 13.988 15.749
7.8 1.00 13.223 14.198
7.9 1.00 13.218 14.192
8.0 1.00 11.411 10.854
8.1 1.00 10.401 9.181
8.2 1.00 9.355 7.590
8.3 1.00 8.301 6.134
8.4 1.00 7.269 4.852
8.5 1.00 6.284 3.762
8.6 1.00 5.368 2.867
8.7 1.00 4.536 2.155
8.8 1.00 3.795 1.601
8.9 1.00 3.794 1.601
9.0 1.00 2.591 0.868
9.1 1.00 2.119 0.637
9.2 1.00 1.724 0.469
9.3 1.00 1.396 0.346
9.4 1.00 1.126 0.257
9.5 1.00 0.906 0.192
9.6 1.00 0.727 0.144
9.7 1.00 0.582 0.109
9.8 1.00 0.465 0.083
9.9 1.00 0.465 0.083



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 26 - Foodchain Multipliers for USEPA Default Scenario, Warmwater Benthic Foodweb 
Model (Gobas 1993; ΠSOCW/Kow = 23, Temperature = 8⁰ C, Km = 0)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.977 0.987
3.1 0.984 0.986 0.993
3.2 0.987 0.995 0.998
3.3 0.990 1.003 1.002
3.4 0.992 1.011 1.007
3.5 0.994 1.020 1.012
3.6 0.995 1.030 1.018
3.7 1.00 1.041 1.025
3.8 1.00 1.054 1.033
3.9 1.00 1.070 1.044
4.0 1.00 1.090 1.056
4.1 1.00 1.114 1.072
4.2 1.00 1.144 1.093
4.3 1.00 1.181 1.119
4.4 1.00 1.227 1.153
4.5 1.00 1.284 1.196
4.6 1.00 1.354 1.252
4.7 1.00 1.441 1.325
4.8 1.00 1.547 1.420
4.9 1.00 1.676 1.542
5.0 1.00 1.831 1.698
5.1 1.00 2.018 1.897
5.2 1.00 2.238 2.147
5.3 1.00 2.495 2.455
5.4 1.00 2.790 2.829
5.5 1.00 3.124 3.270
5.6 1.00 3.492 3.780
5.7 1.00 3.890 4.351
5.8 1.00 4.309 4.972
5.9 1.00 4.740 5.626
6.0 1.00 5.170 6.292
6.1 1.00 5.586 6.948
6.2 1.00 5.979 7.573
6.3 1.00 6.339 8.148
6.4 1.00 6.659 8.657
6.5 1.00 6.933 9.089
6.6 1.00 7.160 9.439
6.7 1.00 7.339 9.701
6.8 1.00 7.471 9.874
6.9 1.00 7.555 9.957
7.0 1.00 7.592 9.949
7.1 1.00 7.583 9.848
7.2 1.00 7.527 9.653
7.3 1.00 7.423 9.363
7.4 1.00 7.270 8.977
7.5 1.00 7.066 8.495
7.6 1.00 6.811 7.923
7.7 1.00 6.503 7.269
7.8 1.00 6.146 6.549
7.9 1.00 5.744 5.784
8.0 1.00 5.303 5.000
8.1 1.00 4.833 4.225
8.2 1.00 4.346 3.490
8.3 1.00 3.857 2.817
8.4 1.00 3.377 2.225
8.5 1.00 2.919 1.723
8.6 1.00 2.494 1.311
8.7 1.00 2.107 0.983
8.8 1.00 1.763 0.729
8.9 1.00 1.462 0.536
9.0 1.00 1.203 0.393
9.1 1.00 0.984 0.287
9.2 1.00 0.801 0.211
9.3 1.00 0.648 0.155
9.4 1.00 0.523 0.115
9.5 1.00 0.421 0.085
9.6 1.00 0.338 0.064
9.7 1.00 0.270 0.048
9.8 1.00 0.216 0.037
9.9 1.00 0.173 0.028



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 27 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 10, Temperature = 8⁰ C, Km = 0)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.969 0.983
3.1 0.984 0.976 0.987
3.2 0.987 0.982 0.991
3.3 0.990 0.987 0.994
3.4 0.992 0.992 0.997
3.5 0.994 0.995 1.000
3.6 0.995 0.999 1.002
3.7 1.00 1.003 1.005
3.8 1.00 1.006 1.008
3.9 1.00 1.010 1.012
4.0 1.00 1.015 1.016
4.1 1.00 1.020 1.021
4.2 1.00 1.027 1.027
4.3 1.00 1.034 1.035
4.4 1.00 1.044 1.045
4.5 1.00 1.055 1.057
4.6 1.00 1.069 1.073
4.7 1.00 1.086 1.093
4.8 1.00 1.107 1.118
4.9 1.00 1.133 1.150
5.0 1.00 1.163 1.189
5.1 1.00 1.200 1.238
5.2 1.00 1.244 1.298
5.3 1.00 1.294 1.371
5.4 1.00 1.352 1.457
5.5 1.00 1.418 1.557
5.6 1.00 1.490 1.670
5.7 1.00 1.568 1.794
5.8 1.00 1.651 1.928
5.9 1.00 1.735 2.066
6.0 1.00 1.819 2.206
6.1 1.00 1.900 2.342
6.2 1.00 1.976 2.470
6.3 1.00 2.045 2.585
6.4 1.00 2.106 2.686
6.5 1.00 2.157 2.769
6.6 1.00 2.198 2.833
6.7 1.00 2.228 2.876
6.8 1.00 2.248 2.899
6.9 1.00 2.257 2.900
7.0 1.00 2.256 2.879
7.1 1.00 2.243 2.834
7.2 1.00 2.218 2.766
7.3 1.00 2.181 2.673
7.4 1.00 2.131 2.554
7.5 1.00 2.067 2.410
7.6 1.00 1.990 2.241
7.7 1.00 1.898 2.051
7.8 1.00 1.792 1.842
7.9 1.00 1.673 1.622
8.0 1.00 1.544 1.397
8.1 1.00 1.406 1.176
8.2 1.00 1.264 0.967
8.3 1.00 1.121 0.776
8.4 1.00 0.982 0.609
8.5 1.00 0.848 0.468
8.6 1.00 0.725 0.352
8.7 1.00 0.612 0.261
8.8 1.00 0.512 0.191
8.9 1.00 0.425 0.139
9.0 1.00 0.350 0.100
9.1 1.00 0.286 0.072
9.2 1.00 0.233 0.052
9.3 1.00 0.188 0.037
9.4 1.00 0.152 0.027
9.5 1.00 0.122 0.020
9.6 1.00 0.098 0.015
9.7 1.00 0.079 0.011
9.8 1.00 0.063 0.008
9.9 1.00 0.050 0.006



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 28 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 2, Temperature = 8⁰ C, Km = 0)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 1.005 1.003
3.1 0.984 1.021 1.012
3.2 0.987 1.038 1.022
3.3 0.990 1.056 1.032
3.4 0.992 1.078 1.045
3.5 0.994 1.103 1.060
3.6 0.995 1.133 1.078
3.7 1.00 1.170 1.100
3.8 1.00 1.216 1.129
3.9 1.00 1.273 1.165
4.0 1.00 1.344 1.212
4.1 1.00 1.431 1.272
4.2 1.00 1.540 1.349
4.3 1.00 1.675 1.450
4.4 1.00 1.843 1.582
4.5 1.00 2.049 1.754
4.6 1.00 2.302 1.979
4.7 1.00 2.612 2.272
4.8 1.00 2.986 2.653
4.9 1.00 3.437 3.143
5.0 1.00 3.972 3.765
5.1 1.00 4.601 4.545
5.2 1.00 5.328 5.504
5.3 1.00 6.155 6.656
5.4 1.00 7.078 8.006
5.5 1.00 8.086 9.545
5.6 1.00 9.160 11.247
5.7 1.00 10.276 13.073
5.8 1.00 11.406 14.968
5.9 1.00 12.519 16.874
6.0 1.00 13.586 18.730
6.1 1.00 14.581 20.482
6.2 1.00 15.486 22.086
6.3 1.00 16.287 23.511
6.4 1.00 16.979 24.737
6.5 1.00 17.559 25.756
6.6 1.00 18.032 26.568
6.7 1.00 18.400 27.175
6.8 1.00 18.670 27.583
6.9 1.00 18.847 27.797
7.0 1.00 18.934 27.818
7.1 1.00 18.934 27.646
7.2 1.00 18.845 27.276
7.3 1.00 18.667 26.702
7.4 1.00 18.394 25.915
7.5 1.00 18.021 24.906
7.6 1.00 17.542 23.670
7.7 1.00 16.952 22.208
7.8 1.00 16.247 20.534
7.9 1.00 15.427 18.674
8.0 1.00 14.497 16.670
8.1 1.00 13.468 14.583
8.2 1.00 12.360 12.482
8.3 1.00 11.198 10.445
8.4 1.00 10.011 8.541
8.5 1.00 8.831 6.829
8.6 1.00 7.690 5.345
8.7 1.00 6.613 4.104
8.8 1.00 5.622 3.099
8.9 1.00 4.730 2.309
9.0 1.00 3.942 1.704
9.1 1.00 3.259 1.248
9.2 1.00 2.675 0.912
9.3 1.00 2.183 0.666
9.4 1.00 1.772 0.488
9.5 1.00 1.433 0.359
9.6 1.00 1.154 0.265
9.7 1.00 0.928 0.198
9.8 1.00 0.744 0.148
9.9 1.00 0.595 0.112



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 29 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 23, Temperature = 16⁰ C, Km = 0)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.983 0.992
3.1 0.984 0.994 0.998
3.2 0.987 1.005 1.005
3.3 0.990 1.015 1.011
3.4 0.992 1.026 1.018
3.5 0.994 1.039 1.026
3.6 0.995 1.054 1.036
3.7 1.00 1.071 1.047
3.8 1.00 1.092 1.062
3.9 1.00 1.117 1.079
4.0 1.00 1.148 1.102
4.1 1.00 1.187 1.131
4.2 1.00 1.235 1.168
4.3 1.00 1.294 1.216
4.4 1.00 1.368 1.279
4.5 1.00 1.458 1.359
4.6 1.00 1.569 1.464
4.7 1.00 1.704 1.600
4.8 1.00 1.868 1.775
4.9 1.00 2.065 1.999
5.0 1.00 2.299 2.282
5.1 1.00 2.574 2.635
5.2 1.00 2.892 3.066
5.3 1.00 3.253 3.583
5.4 1.00 3.657 4.185
5.5 1.00 4.097 4.870
5.6 1.00 4.566 5.626
5.7 1.00 5.054 6.435
5.8 1.00 5.548 7.273
5.9 1.00 6.034 8.114
6.0 1.00 6.500 8.932
6.1 1.00 6.935 9.703
6.2 1.00 7.329 10.408
6.3 1.00 7.679 11.034
6.4 1.00 7.980 11.571
6.5 1.00 8.232 12.016
6.6 1.00 8.437 12.368
6.7 1.00 8.596 12.630
6.8 1.00 8.711 12.802
6.9 1.00 8.784 12.887
7.0 1.00 8.818 12.886
7.1 1.00 8.812 12.797
7.2 1.00 8.766 12.618
7.3 1.00 8.680 12.347
7.4 1.00 8.550 11.977
7.5 1.00 8.375 11.507
7.6 1.00 8.150 10.931
7.7 1.00 7.875 10.253
7.8 1.00 7.546 9.476
7.9 1.00 7.165 8.614
8.0 1.00 6.732 7.686
8.1 1.00 6.254 6.720
8.2 1.00 5.739 5.748
8.3 1.00 5.199 4.806
8.4 1.00 4.648 3.926
8.5 1.00 4.100 3.136
8.6 1.00 3.570 2.451
8.7 1.00 3.070 1.879
8.8 1.00 2.610 1.416
8.9 1.00 2.196 1.053
9.0 1.00 1.830 0.775
9.1 1.00 1.513 0.566
9.2 1.00 1.242 0.412
9.3 1.00 1.013 0.300
9.4 1.00 0.823 0.219
9.5 1.00 0.665 0.161
9.6 1.00 0.536 0.118
9.7 1.00 0.431 0.088
9.8 1.00 0.345 0.066
9.9 1.00 0.276 0.050



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 30 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 10, Temperature = 16⁰ C, Km = 0)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.970 0.985
3.1 0.984 0.977 0.990
3.2 0.987 0.984 0.994
3.3 0.990 0.990 0.993
3.4 0.992 0.995 0.996
3.5 0.994 1.000 1.006
3.6 0.995 1.004 1.010
3.7 1.00 1.009 1.015
3.8 1.00 1.015 1.020
3.9 1.00 1.021 1.027
4.0 1.00 1.028 1.035
4.1 1.00 1.029 1.040
4.2 1.00 1.047 1.057
4.3 1.00 1.060 1.031
4.4 1.00 1.075 1.040
4.5 1.00 1.094 1.117
4.6 1.00 1.117 1.148
4.7 1.00 1.146 1.186
4.8 1.00 1.180 1.235
4.9 1.00 1.221 1.295
5.0 1.00 1.269 1.369
5.1 1.00 1.262 1.399
5.2 1.00 1.392 1.566
5.3 1.00 1.468 1.422
5.4 1.00 1.551 1.523
5.5 1.00 1.643 1.993
5.6 1.00 1.740 2.167
5.7 1.00 1.841 2.350
5.8 1.00 1.943 2.537
5.9 1.00 2.044 2.723
6.0 1.00 2.140 2.903
6.1 1.00 1.987 2.729
6.2 1.00 2.310 3.222
6.3 1.00 2.381 2.656
6.4 1.00 2.442 2.741
6.5 1.00 2.493 3.560
6.6 1.00 2.532 3.630
6.7 1.00 2.562 3.678
6.8 1.00 2.582 3.706
6.9 1.00 2.592 3.712
7.0 1.00 2.592 3.697
7.1 1.00 2.263 3.189
7.2 1.00 2.564 3.598
7.3 1.00 2.534 2.765
7.4 1.00 2.492 2.677
7.5 1.00 2.438 3.261
7.6 1.00 2.371 3.092
7.7 1.00 2.289 2.895
7.8 1.00 2.192 2.671
7.9 1.00 2.080 2.423
8.0 1.00 1.954 2.157
8.1 1.00 1.587 1.632
8.2 1.00 1.665 1.604
8.3 1.00 1.508 1.051
8.4 1.00 1.348 0.855
8.5 1.00 1.189 0.863
8.6 1.00 1.035 0.670
8.7 1.00 0.890 0.510
8.8 1.00 0.757 0.381
8.9 1.00 0.637 0.280
9.0 1.00 0.531 0.203
9.1 1.00 0.383 0.125
9.2 1.00 0.360 0.105
9.3 1.00 0.294 0.059
9.4 1.00 0.238 0.042
9.5 1.00 0.193 0.039
9.6 1.00 0.155 0.028
9.7 1.00 0.125 0.020
9.8 1.00 0.100 0.015
9.9 1.00 0.080 0.011



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 31 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 2, Temperature = 16⁰ C, Km = 0)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.990 0.994
3.1 0.984 1.003 1.001
3.2 0.987 1.015 1.007
3.3 0.990 1.028 1.015
3.4 0.992 1.043 1.023
3.5 0.994 1.059 1.032
3.6 0.995 1.079 1.043
3.7 1.00 1.102 1.056
3.8 1.00 1.131 1.072
3.9 1.00 0.928 0.867
4.0 1.00 1.210 1.119
4.1 1.00 1.265 1.152
4.2 1.00 1.333 1.195
4.3 1.00 1.417 1.249
4.4 1.00 1.522 1.320
4.5 1.00 1.652 1.411
4.6 1.00 1.812 1.530
4.7 1.00 2.009 1.685
4.8 1.00 2.250 1.886
4.9 1.00 2.060 1.677
5.0 1.00 2.896 2.478
5.1 1.00 3.317 2.901
5.2 1.00 3.814 3.432
5.3 1.00 4.391 4.087
5.4 1.00 5.051 4.877
5.5 1.00 5.791 5.808
5.6 1.00 6.605 6.876
5.7 1.00 7.478 8.067
5.8 1.00 8.392 9.352
5.9 1.00 8.278 9.199
6.0 1.00 10.246 12.054
6.1 1.00 11.134 13.380
6.2 1.00 11.964 14.632
6.3 1.00 12.717 15.772
6.4 1.00 13.380 16.772
6.5 1.00 13.944 17.610
6.6 1.00 14.405 18.274
6.7 1.00 14.761 18.757
6.8 1.00 15.014 19.056
6.9 1.00 14.989 19.021
7.0 1.00 15.214 19.093
7.1 1.00 15.164 18.828
7.2 1.00 15.011 18.370
7.3 1.00 14.756 17.718
7.4 1.00 14.394 16.875
7.5 1.00 13.925 15.847
7.6 1.00 13.349 14.648
7.7 1.00 12.667 13.305
7.8 1.00 11.888 11.854
7.9 1.00 11.884 11.849
8.0 1.00 10.094 8.830
8.1 1.00 9.121 7.368
8.2 1.00 8.130 6.011
8.3 1.00 7.151 4.798
8.4 1.00 6.209 3.753
8.5 1.00 5.325 2.883
8.6 1.00 4.515 2.182
8.7 1.00 3.789 1.632
8.8 1.00 3.151 1.210
8.9 1.00 3.151 1.210
9.0 1.00 2.131 0.658
9.1 1.00 1.737 0.485
9.2 1.00 1.408 0.359
9.3 1.00 1.138 0.267
9.4 1.00 0.916 0.199
9.5 1.00 0.736 0.150
9.6 1.00 0.589 0.114
9.7 1.00 0.471 0.087
9.8 1.00 0.377 0.067
9.9 1.00 0.377 0.067



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 32 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 23, Temperature = 8⁰ C, Km = 0.001)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.977 0.987
3.1 0.984 0.986 0.992
3.2 0.987 0.995 0.997
3.3 0.990 1.003 1.002
3.4 0.992 1.011 1.006
3.5 0.994 1.020 1.012
3.6 0.995 1.029 1.017
3.7 1.00 1.040 1.024
3.8 1.00 1.054 1.032
3.9 1.00 1.069 1.042
4.0 1.00 1.089 1.054
4.1 1.00 1.113 1.069
4.2 1.00 1.142 1.089
4.3 1.00 1.179 1.114
4.4 1.00 1.225 1.146
4.5 1.00 1.281 1.188
4.6 1.00 1.350 1.242
4.7 1.00 1.435 1.312
4.8 1.00 1.540 1.402
4.9 1.00 1.666 1.518
5.0 1.00 1.818 1.667
5.1 1.00 2.000 1.856
5.2 1.00 2.215 2.091
5.3 1.00 2.464 2.380
5.4 1.00 2.749 2.729
5.5 1.00 3.068 3.138
5.6 1.00 3.420 3.606
5.7 1.00 3.796 4.127
5.8 1.00 4.191 4.688
5.9 1.00 4.592 5.274
6.0 1.00 4.990 5.865
6.1 1.00 5.372 6.441
6.2 1.00 5.730 6.983
6.3 1.00 6.054 7.476
6.4 1.00 6.338 7.906
6.5 1.00 6.579 8.266
6.6 1.00 6.775 8.548
6.7 1.00 6.925 8.749
6.8 1.00 7.029 8.869
6.9 1.00 7.088 8.906
7.0 1.00 7.102 8.858
7.1 1.00 7.071 8.724
7.2 1.00 6.994 8.503
7.3 1.00 6.871 8.195
7.4 1.00 6.699 7.799
7.5 1.00 6.478 7.319
7.6 1.00 6.208 6.761
7.7 1.00 5.889 6.137
7.8 1.00 5.526 5.464
7.9 1.00 5.124 4.764
8.0 1.00 4.691 4.063
8.1 1.00 4.238 3.388
8.2 1.00 3.777 2.760
8.3 1.00 3.322 2.200
8.4 1.00 2.884 1.718
8.5 1.00 2.473 1.318
8.6 1.00 2.097 0.995
8.7 1.00 1.760 0.742
8.8 1.00 1.464 0.549
8.9 1.00 1.208 0.404
9.0 1.00 0.990 0.297
9.1 1.00 0.807 0.218
9.2 1.00 0.654 0.161
9.3 1.00 0.528 0.119
9.4 1.00 0.425 0.089
9.5 1.00 0.342 0.067
9.6 1.00 0.274 0.050
9.7 1.00 0.219 0.038
9.8 1.00 0.175 0.029
9.9 1.00 0.140 0.023



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 33 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 10, Temperature = 8⁰ C, Km = 0.001)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.969 0.983
3.1 0.984 0.976 0.987
3.2 0.987 0.982 0.991
3.3 0.990 0.987 0.994
3.4 0.992 0.991 0.996
3.5 0.994 0.995 0.999
3.6 0.995 0.999 1.001
3.7 1.00 1.002 1.004
3.8 1.00 1.006 1.007
3.9 1.00 1.010 1.010
4.0 1.00 1.014 1.014
4.1 1.00 1.019 1.018
4.2 1.00 1.025 1.024
4.3 1.00 1.033 1.031
4.4 1.00 1.042 1.039
4.5 1.00 1.053 1.050
4.6 1.00 1.066 1.064
4.7 1.00 1.082 1.082
4.8 1.00 1.102 1.104
4.9 1.00 1.126 1.132
5.0 1.00 1.155 1.168
5.1 1.00 1.190 1.212
5.2 1.00 1.231 1.265
5.3 1.00 1.278 1.330
5.4 1.00 1.332 1.406
5.5 1.00 1.393 1.494
5.6 1.00 1.459 1.594
5.7 1.00 1.531 1.703
5.8 1.00 1.605 1.818
5.9 1.00 1.681 1.937
6.0 1.00 1.756 2.056
6.1 1.00 1.827 2.170
6.2 1.00 1.893 2.276
6.3 1.00 1.953 2.371
6.4 1.00 2.004 2.451
6.5 1.00 2.047 2.515
6.6 1.00 2.079 2.562
6.7 1.00 2.102 2.591
6.8 1.00 2.115 2.600
6.9 1.00 2.118 2.590
7.0 1.00 2.110 2.559
7.1 1.00 2.091 2.506
7.2 1.00 2.061 2.432
7.3 1.00 2.019 2.334
7.4 1.00 1.964 2.214
7.5 1.00 1.895 2.071
7.6 1.00 1.813 1.907
7.7 1.00 1.718 1.726
7.8 1.00 1.611 1.532
7.9 1.00 1.492 1.331
8.0 1.00 1.366 1.130
8.1 1.00 1.233 0.938
8.2 1.00 1.099 0.760
8.3 1.00 0.966 0.602
8.4 1.00 0.838 0.466
8.5 1.00 0.719 0.354
8.6 1.00 0.609 0.265
8.7 1.00 0.511 0.195
8.8 1.00 0.425 0.142
8.9 1.00 0.351 0.103
9.0 1.00 0.288 0.074
9.1 1.00 0.234 0.054
9.2 1.00 0.190 0.039
9.3 1.00 0.153 0.028
9.4 1.00 0.124 0.021
9.5 1.00 0.099 0.015
9.6 1.00 0.080 0.011
9.7 1.00 0.064 0.009
9.8 1.00 0.051 0.006
9.9 1.00 0.041 0.005



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 34 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 2, Temperature = 8⁰ C, Km = 0.001)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 1.005 1.003
3.1 0.984 1.021 1.012
3.2 0.987 1.038 1.021
3.3 0.990 1.056 1.032
3.4 0.992 1.077 1.044
3.5 0.994 1.103 1.059
3.6 0.995 1.133 1.077
3.7 1.00 1.170 1.099
3.8 1.00 1.216 1.127
3.9 1.00 1.272 1.163
4.0 1.00 1.342 1.209
4.1 1.00 1.430 1.268
4.2 1.00 1.538 1.344
4.3 1.00 1.673 1.443
4.4 1.00 1.839 1.572
4.5 1.00 2.044 1.741
4.6 1.00 2.295 1.961
4.7 1.00 2.601 2.247
4.8 1.00 2.972 2.618
4.9 1.00 3.416 3.093
5.0 1.00 3.943 3.695
5.1 1.00 4.561 4.446
5.2 1.00 5.272 5.363
5.3 1.00 6.079 6.461
5.4 1.00 6.974 7.739
5.5 1.00 7.947 9.187
5.6 1.00 8.979 10.778
5.7 1.00 10.046 12.473
5.8 1.00 11.120 14.221
5.9 1.00 12.171 15.965
6.0 1.00 13.172 17.652
6.1 1.00 14.100 19.232
6.2 1.00 14.939 20.667
6.3 1.00 15.676 21.930
6.4 1.00 16.306 23.005
6.5 1.00 16.830 23.885
6.6 1.00 17.249 24.569
6.7 1.00 17.568 25.060
6.8 1.00 17.791 25.362
6.9 1.00 17.923 25.477
7.0 1.00 17.966 25.406
7.1 1.00 17.920 25.147
7.2 1.00 17.785 24.694
7.3 1.00 17.558 24.041
7.4 1.00 17.233 23.180
7.5 1.00 16.807 22.107
7.6 1.00 16.273 20.821
7.7 1.00 15.628 19.333
7.8 1.00 14.871 17.663
7.9 1.00 14.008 15.848
8.0 1.00 13.046 13.941
8.1 1.00 12.005 12.003
8.2 1.00 10.905 10.106
8.3 1.00 9.776 8.316
8.4 1.00 8.647 6.691
8.5 1.00 7.549 5.269
8.6 1.00 6.508 4.069
8.7 1.00 5.545 3.089
8.8 1.00 4.674 2.313
8.9 1.00 3.903 1.713
9.0 1.00 3.231 1.260
9.1 1.00 2.656 0.924
9.2 1.00 2.169 0.676
9.3 1.00 1.763 0.496
9.4 1.00 1.427 0.366
9.5 1.00 1.150 0.271
9.6 1.00 0.925 0.202
9.7 1.00 0.742 0.152
9.8 1.00 0.594 0.115
9.9 1.00 0.474 0.088



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 35 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 23, Temperature = 16⁰ C, Km = 0.001)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.983 0.992
3.1 0.984 0.994 0.998
3.2 0.987 1.004 1.004
3.3 0.990 1.015 1.011
3.4 0.992 1.026 1.017
3.5 0.994 1.039 1.025
3.6 0.995 1.053 1.035
3.7 1.00 1.070 1.046
3.8 1.00 1.091 1.060
3.9 1.00 1.116 1.077
4.0 1.00 1.147 1.099
4.1 1.00 1.186 1.127
4.2 1.00 1.233 1.164
4.3 1.00 1.292 1.210
4.4 1.00 1.365 1.271
4.5 1.00 1.454 1.350
4.6 1.00 1.564 1.451
4.7 1.00 1.697 1.583
4.8 1.00 1.859 1.752
4.9 1.00 2.053 1.968
5.0 1.00 2.282 2.204
5.1 1.00 2.551 2.578
5.2 1.00 2.861 2.989
5.3 1.00 3.213 3.478
5.4 1.00 3.603 4.046
5.5 1.00 4.027 4.688
5.6 1.00 4.477 5.392
5.7 1.00 4.941 6.140
5.8 1.00 5.409 6.909
5.9 1.00 5.866 7.677
6.0 1.00 6.302 7.591
6.1 1.00 6.706 9.110
6.2 1.00 7.071 9.738
6.3 1.00 7.391 10.290
6.4 1.00 7.664 10.759
6.5 1.00 7.890 11.140
6.6 1.00 8.071 11.435
6.7 1.00 8.207 11.644
6.8 1.00 8.301 11.768
6.9 1.00 8.354 11.809
7.0 1.00 8.367 9.940
7.1 1.00 8.340 11.637
7.2 1.00 8.273 11.420
7.3 1.00 8.164 11.113
7.4 1.00 8.011 10.710
7.5 1.00 7.810 10.210
7.6 1.00 7.561 9.612
7.7 1.00 7.260 8.921
7.8 1.00 6.908 8.147
7.9 1.00 6.506 7.306
8.0 1.00 6.059 4.908
8.1 1.00 5.575 5.527
8.2 1.00 5.064 4.649
8.3 1.00 4.539 3.822
8.4 1.00 4.015 3.072
8.5 1.00 3.505 2.416
8.6 1.00 3.022 1.863
8.7 1.00 2.575 1.412
8.8 1.00 2.170 1.055
8.9 1.00 1.812 0.779
9.0 1.00 1.500 0.444
9.1 1.00 1.233 0.418
9.2 1.00 1.007 0.305
9.3 1.00 0.818 0.223
9.4 1.00 0.662 0.164
9.5 1.00 0.534 0.121
9.6 1.00 0.429 0.090
9.7 1.00 0.344 0.067
9.8 1.00 0.276 0.051
9.9 1.00 0.220 0.039



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 36 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 10, Temperature = 16⁰ C, Km = 0.001)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.970 0.985
3.1 0.984 0.977 0.989
3.2 0.987 0.984 0.994
3.3 0.990 0.990 0.993
3.4 0.992 0.995 0.995
3.5 0.994 0.999 1.005
3.6 0.995 1.004 1.009
3.7 1.00 1.009 1.013
3.8 1.00 1.014 1.018
3.9 1.00 1.020 1.024
4.0 1.00 1.027 1.032
4.1 1.00 1.028 1.037
4.2 1.00 1.046 1.053
4.3 1.00 1.058 1.026
4.4 1.00 1.073 1.034
4.5 1.00 1.091 1.108
4.6 1.00 1.114 1.137
4.7 1.00 1.141 1.174
4.8 1.00 1.174 1.219
4.9 1.00 1.214 1.275
5.0 1.00 1.260 1.344
5.1 1.00 1.251 1.369
5.2 1.00 1.378 1.527
5.3 1.00 1.449 1.382
5.4 1.00 1.528 1.474
5.5 1.00 1.614 1.919
5.6 1.00 1.706 2.077
5.7 1.00 1.800 2.242
5.8 1.00 1.894 2.410
5.9 1.00 1.987 2.576
6.0 1.00 2.075 2.734
6.1 1.00 1.922 2.561
6.2 1.00 2.229 3.013
6.3 1.00 2.292 2.475
6.4 1.00 2.346 2.547
6.5 1.00 2.389 3.298
6.6 1.00 2.422 3.353
6.7 1.00 2.446 3.388
6.8 1.00 2.460 3.403
6.9 1.00 2.465 3.398
7.0 1.00 2.460 3.371
7.1 1.00 2.142 2.896
7.2 1.00 2.420 3.252
7.3 1.00 2.383 2.485
7.4 1.00 2.335 2.390
7.5 1.00 2.274 2.888
7.6 1.00 2.199 2.714
7.7 1.00 2.110 2.514
7.8 1.00 2.007 2.291
7.9 1.00 1.889 2.049
8.0 1.00 1.759 1.797
8.1 1.00 1.414 1.336
8.2 1.00 1.469 1.292
8.3 1.00 1.317 0.832
8.4 1.00 1.164 0.665
8.5 1.00 1.016 0.660
8.6 1.00 0.876 0.505
8.7 1.00 0.746 0.379
8.8 1.00 0.629 0.280
8.9 1.00 0.525 0.204
9.0 1.00 0.435 0.148
9.1 1.00 0.312 0.090
9.2 1.00 0.292 0.076
9.3 1.00 0.237 0.043
9.4 1.00 0.192 0.031
9.5 1.00 0.155 0.029
9.6 1.00 0.124 0.021
9.7 1.00 0.100 0.015
9.8 1.00 0.080 0.011
9.9 1.00 0.064 0.009



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 37 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 2, Temperature = 16⁰ C, Km = 0.001)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.989 0.991
3.1 0.984 1.002 0.998
3.2 0.987 1.014 1.004
3.3 0.990 1.027 1.010
3.4 0.992 1.041 1.017
3.5 0.994 1.057 1.025
3.6 0.995 1.075 1.034
3.7 1.00 1.098 1.044
3.8 1.00 1.126 1.058
3.9 1.00 0.924 0.855
4.0 1.00 1.202 1.096
4.1 1.00 1.254 1.122
4.2 1.00 1.318 1.156
4.3 1.00 1.398 1.200
4.4 1.00 1.496 1.256
4.5 1.00 1.617 1.328
4.6 1.00 1.764 1.421
4.7 1.00 1.944 1.539
4.8 1.00 2.161 1.690
4.9 1.00 1.978 1.503
5.0 1.00 2.725 2.117
5.1 1.00 3.081 2.409
5.2 1.00 3.488 2.760
5.3 1.00 3.946 3.173
5.4 1.00 4.451 3.647
5.5 1.00 4.994 4.176
5.6 1.00 5.565 4.748
5.7 1.00 6.147 5.347
5.8 1.00 6.725 5.954
5.9 1.00 6.633 5.853
6.0 1.00 7.805 7.108
6.1 1.00 8.279 7.619
6.2 1.00 8.696 8.064
6.3 1.00 9.049 8.436
6.4 1.00 9.335 8.726
6.5 1.00 9.553 8.931
6.6 1.00 9.703 9.049
6.7 1.00 9.786 9.077
6.8 1.00 9.800 9.015
6.9 1.00 9.784 8.998
7.0 1.00 9.626 8.616
7.1 1.00 9.434 8.278
7.2 1.00 9.172 7.849
7.3 1.00 8.838 7.334
7.4 1.00 8.434 6.743
7.5 1.00 7.963 6.090
7.6 1.00 7.431 5.395
7.7 1.00 6.849 4.681
7.8 1.00 6.230 3.977
7.9 1.00 6.228 3.975
8.0 1.00 4.952 2.693
8.1 1.00 4.327 2.151
8.2 1.00 3.733 1.688
8.3 1.00 3.183 1.306
8.4 1.00 2.685 0.998
8.5 1.00 2.243 0.757
8.6 1.00 1.857 0.571
8.7 1.00 1.527 0.430
8.8 1.00 1.248 0.323
8.9 1.00 1.248 0.323
9.0 1.00 0.821 0.185
9.1 1.00 0.662 0.141
9.2 1.00 0.532 0.108
9.3 1.00 0.427 0.083
9.4 1.00 0.342 0.064
9.5 1.00 0.273 0.049
9.6 1.00 0.218 0.039
9.7 1.00 0.174 0.030
9.8 1.00 0.139 0.024
9.9 1.00 0.139 0.024



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 38 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 23, Temperature = 8⁰ C, Km = 0.01)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.976 0.985
3.1 0.984 0.985 0.989
3.2 0.987 0.993 0.993
3.3 0.990 1.001 0.997
3.4 0.992 1.009 1.001
3.5 0.994 1.017 1.004
3.6 0.995 1.026 1.008
3.7 1.00 1.037 1.013
3.8 1.00 1.049 1.018
3.9 1.00 1.063 1.024
4.0 1.00 1.081 1.032
4.1 1.00 1.103 1.042
4.2 1.00 1.130 1.054
4.3 1.00 1.163 1.070
4.4 1.00 1.204 1.091
4.5 1.00 1.254 1.118
4.6 1.00 1.315 1.153
4.7 1.00 1.389 1.199
4.8 1.00 1.478 1.258
4.9 1.00 1.585 1.333
5.0 1.00 1.711 1.427
5.1 1.00 1.858 1.544
5.2 1.00 2.026 1.685
5.3 1.00 2.214 1.852
5.4 1.00 2.422 2.045
5.5 1.00 2.646 2.261
5.6 1.00 2.881 2.494
5.7 1.00 3.120 2.739
5.8 1.00 3.358 2.987
5.9 1.00 3.587 3.229
6.0 1.00 3.801 3.458
6.1 1.00 3.995 3.665
6.2 1.00 4.164 3.845
6.3 1.00 4.307 3.993
6.4 1.00 4.422 4.107
6.5 1.00 4.507 4.184
6.6 1.00 4.564 4.223
6.7 1.00 4.591 4.224
6.8 1.00 4.588 4.185
6.9 1.00 4.556 4.106
7.0 1.00 4.493 3.985
7.1 1.00 4.400 3.823
7.2 1.00 4.274 3.621
7.3 1.00 4.115 3.379
7.4 1.00 3.925 3.104
7.5 1.00 3.704 2.800
7.6 1.00 3.456 2.478
7.7 1.00 3.184 2.148
7.8 1.00 2.896 1.822
7.9 1.00 2.599 1.513
8.0 1.00 2.301 1.230
8.1 1.00 2.010 0.981
8.2 1.00 1.734 0.768
8.3 1.00 1.479 0.593
8.4 1.00 1.247 0.452
8.5 1.00 1.042 0.342
8.6 1.00 0.863 0.257
8.7 1.00 0.709 0.193
8.8 1.00 0.580 0.145
8.9 1.00 0.471 0.109
9.0 1.00 0.381 0.082
9.1 1.00 0.307 0.062
9.2 1.00 0.247 0.048
9.3 1.00 0.198 0.036
9.4 1.00 0.159 0.028
9.5 1.00 0.127 0.022
9.6 1.00 0.101 0.017
9.7 1.00 0.081 0.013
9.8 1.00 0.064 0.010
9.9 1.00 0.051 0.008



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 39 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 10, Temperature = 8⁰ C, Km = 0.01)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.968 0.980
3.1 0.984 0.975 0.984
3.2 0.987 0.981 0.987
3.3 0.990 0.985 0.989
3.4 0.992 0.989 0.991
3.5 0.994 0.993 0.992
3.6 0.995 0.996 0.993
3.7 1.00 0.999 0.993
3.8 1.00 1.001 0.993
3.9 1.00 1.004 0.993
4.0 1.00 1.007 0.992
4.1 1.00 1.010 0.994
4.2 1.00 1.014 0.991
4.3 1.00 1.019 0.990
4.4 1.00 1.024 0.989
4.5 1.00 1.030 0.989
4.6 1.00 1.038 0.989
4.7 1.00 1.047 0.989
4.8 1.00 1.058 0.992
4.9 1.00 1.072 0.996
5.0 1.00 1.087 1.002
5.1 1.00 1.105 1.024
5.2 1.00 1.126 1.024
5.3 1.00 1.149 1.040
5.4 1.00 1.174 1.059
5.5 1.00 1.201 1.082
5.6 1.00 1.229 1.107
5.7 1.00 1.258 1.134
5.8 1.00 1.286 1.161
5.9 1.00 1.313 1.187
6.0 1.00 1.337 1.211
6.1 1.00 1.359 1.271
6.2 1.00 1.376 1.248
6.3 1.00 1.389 1.259
6.4 1.00 1.398 1.264
6.5 1.00 1.402 1.262
6.6 1.00 1.401 1.254
6.7 1.00 1.394 1.237
6.8 1.00 1.381 1.212
6.9 1.00 1.361 1.179
7.0 1.00 1.335 1.135
7.1 1.00 1.301 1.127
7.2 1.00 1.259 1.019
7.3 1.00 1.209 0.946
7.4 1.00 1.150 0.864
7.5 1.00 1.084 0.776
7.6 1.00 1.010 0.683
7.7 1.00 0.929 0.589
7.8 1.00 0.844 0.496
7.9 1.00 0.757 0.409
8.0 1.00 0.670 0.330
8.1 1.00 0.585 0.276
8.2 1.00 0.504 0.202
8.3 1.00 0.430 0.154
8.4 1.00 0.363 0.116
8.5 1.00 0.303 0.086
8.6 1.00 0.251 0.064
8.7 1.00 0.206 0.047
8.8 1.00 0.168 0.035
8.9 1.00 0.137 0.026
9.0 1.00 0.111 0.019
9.1 1.00 0.089 0.015
9.2 1.00 0.072 0.011
9.3 1.00 0.058 0.008
9.4 1.00 0.046 0.006
9.5 1.00 0.037 0.005
9.6 1.00 0.029 0.004
9.7 1.00 0.023 0.003
9.8 1.00 0.019 0.002
9.9 1.00 0.015 0.002



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 40 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 2, Temperature = 8⁰ C, Km = 0.01)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 1.004 1.000
3.1 0.984 1.020 1.008
3.2 0.987 1.036 1.017
3.3 0.990 1.054 1.027
3.4 0.992 1.075 1.038
3.5 0.994 1.100 1.051
3.6 0.995 1.129 1.066
3.7 1.00 1.165 1.086
3.8 1.00 1.210 1.111
3.9 1.00 1.264 1.142
4.0 1.00 1.332 1.182
4.1 1.00 1.416 1.233
4.2 1.00 1.520 1.298
4.3 1.00 1.648 1.383
4.4 1.00 1.805 1.492
4.5 1.00 1.998 1.633
4.6 1.00 2.231 1.814
4.7 1.00 2.513 2.045
4.8 1.00 2.848 2.338
4.9 1.00 3.244 2.704
5.0 1.00 3.703 3.153
5.1 1.00 4.228 3.694
5.2 1.00 4.818 4.330
5.3 1.00 5.465 5.060
5.4 1.00 6.160 5.872
5.5 1.00 6.887 6.749
5.6 1.00 7.628 7.666
5.7 1.00 8.362 8.595
5.8 1.00 9.071 9.505
5.9 1.00 9.734 10.367
6.0 1.00 10.339 11.158
6.1 1.00 10.874 11.858
6.2 1.00 11.335 12.456
6.3 1.00 11.717 12.945
6.4 1.00 12.021 13.320
6.5 1.00 12.249 13.581
6.6 1.00 12.403 13.729
6.7 1.00 12.485 13.763
6.8 1.00 12.495 13.682
6.9 1.00 12.434 13.485
7.0 1.00 12.301 13.169
7.1 1.00 12.093 12.732
7.2 1.00 11.807 12.171
7.3 1.00 11.441 11.488
7.4 1.00 10.993 10.690
7.5 1.00 10.463 9.789
7.6 1.00 9.854 8.805
7.7 1.00 9.176 7.767
7.8 1.00 8.440 6.710
7.9 1.00 7.663 5.673
8.0 1.00 6.866 4.692
8.1 1.00 6.069 3.798
8.2 1.00 5.295 3.014
8.3 1.00 4.562 2.349
8.4 1.00 3.885 1.802
8.5 1.00 3.273 1.366
8.6 1.00 2.731 1.026
8.7 1.00 2.260 0.767
8.8 1.00 1.857 0.572
8.9 1.00 1.516 0.426
9.0 1.00 1.232 0.318
9.1 1.00 0.997 0.239
9.2 1.00 0.803 0.180
9.3 1.00 0.646 0.137
9.4 1.00 0.518 0.104
9.5 1.00 0.415 0.080
9.6 1.00 0.331 0.062
9.7 1.00 0.264 0.048
9.8 1.00 0.211 0.037
9.9 1.00 0.168 0.029



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 41 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 23, Temperature = 16⁰ C, Km = 0.01)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.982 0.989
3.1 0.984 0.993 0.995
3.2 0.987 1.003 1.000
3.3 0.990 1.013 1.006
3.4 0.992 1.024 1.011
3.5 0.994 1.036 1.018
3.6 0.995 1.050 1.025
3.7 1.00 1.066 1.034
3.8 1.00 1.086 1.044
3.9 1.00 1.109 1.058
4.0 1.00 1.139 1.075
4.1 1.00 1.175 1.096
4.2 1.00 1.219 1.124
4.3 1.00 1.273 1.160
4.4 1.00 1.340 1.207
4.5 1.00 1.421 1.266
4.6 1.00 1.520 1.344
4.7 1.00 1.640 1.442
4.8 1.00 1.782 1.567
4.9 1.00 1.949 1.723
5.0 1.00 2.143 1.915
5.1 1.00 2.365 2.145
5.2 1.00 2.615 2.417
5.3 1.00 2.889 2.728
5.4 1.00 3.182 3.073
5.5 1.00 3.490 3.447
5.6 1.00 3.803 3.837
5.7 1.00 4.113 4.231
5.8 1.00 4.412 4.617
5.9 1.00 4.692 4.982
6.0 1.00 4.947 5.316
6.1 1.00 5.172 5.612
6.2 1.00 5.365 5.862
6.3 1.00 5.524 6.066
6.4 1.00 5.650 6.220
6.5 1.00 5.743 6.324
6.6 1.00 5.803 6.378
6.7 1.00 5.832 6.383
6.8 1.00 5.830 6.336
6.9 1.00 5.795 6.237
7.0 1.00 5.729 6.085
7.1 1.00 5.628 5.878
7.2 1.00 5.492 5.615
7.3 1.00 5.320 5.296
7.4 1.00 5.110 4.925
7.5 1.00 4.862 4.506
7.6 1.00 4.579 4.050
7.7 1.00 4.263 3.570
7.8 1.00 3.920 3.081
7.9 1.00 3.559 2.602
8.0 1.00 3.188 2.150
8.1 1.00 2.818 1.738
8.2 1.00 2.459 1.377
8.3 1.00 2.118 1.071
8.4 1.00 1.804 0.820
8.5 1.00 1.520 0.620
8.6 1.00 1.268 0.464
8.7 1.00 1.049 0.346
8.8 1.00 0.862 0.257
8.9 1.00 0.704 0.191
9.0 1.00 0.572 0.142
9.1 1.00 0.463 0.106
9.2 1.00 0.373 0.080
9.3 1.00 0.300 0.060
9.4 1.00 0.240 0.046
9.5 1.00 0.192 0.035
9.6 1.00 0.154 0.027
9.7 1.00 0.123 0.021
9.8 1.00 0.098 0.016
9.9 1.00 0.078 0.013



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 42 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 10, Temperature = 16⁰ C, Km = 0.01)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.969 0.982
3.1 0.984 0.976 0.986
3.2 0.987 0.983 0.990
3.3 0.990 0.988 0.988
3.4 0.992 0.993 0.989
3.5 0.994 0.997 0.997
3.6 0.995 1.001 0.999
3.7 1.00 1.005 1.001
3.8 1.00 1.009 1.004
3.9 1.00 1.014 1.006
4.0 1.00 1.019 1.009
4.1 1.00 1.018 1.008
4.2 1.00 1.033 1.017
4.3 1.00 1.043 0.984
4.4 1.00 1.054 0.983
4.5 1.00 1.067 1.041
4.6 1.00 1.083 1.054
4.7 1.00 1.102 1.071
4.8 1.00 1.125 1.092
4.9 1.00 1.152 1.119
5.0 1.00 1.183 1.152
5.1 1.00 1.160 1.143
5.2 1.00 1.259 1.239
5.3 1.00 1.303 1.093
5.4 1.00 1.350 1.128
5.5 1.00 1.399 1.414
5.6 1.00 1.449 1.480
5.7 1.00 1.498 1.546
5.8 1.00 1.545 1.609
5.9 1.00 1.589 1.669
6.0 1.00 1.628 1.722
6.1 1.00 1.482 1.570
6.2 1.00 1.691 1.805
6.3 1.00 1.713 1.453
6.4 1.00 1.729 1.465
6.5 1.00 1.739 1.858
6.6 1.00 1.742 1.855
6.7 1.00 1.738 1.841
6.8 1.00 1.728 1.815
6.9 1.00 1.710 1.777
7.0 1.00 1.684 1.725
7.1 1.00 1.445 1.443
7.2 1.00 1.606 1.580
7.3 1.00 1.553 1.170
7.4 1.00 1.489 1.084
7.5 1.00 1.416 1.255
7.6 1.00 1.332 1.124
7.7 1.00 1.239 0.987
7.8 1.00 1.139 0.848
7.9 1.00 1.033 0.713
8.0 1.00 0.925 0.585
8.1 1.00 0.715 0.404
8.2 1.00 0.713 0.369
8.3 1.00 0.614 0.224
8.4 1.00 0.523 0.169
8.5 1.00 0.441 0.161
8.6 1.00 0.368 0.119
8.7 1.00 0.304 0.087
8.8 1.00 0.250 0.063
8.9 1.00 0.204 0.046
9.0 1.00 0.166 0.034
9.1 1.00 0.117 0.021
9.2 1.00 0.108 0.018
9.3 1.00 0.087 0.011
9.4 1.00 0.070 0.008
9.5 1.00 0.056 0.008
9.6 1.00 0.045 0.006
9.7 1.00 0.036 0.004
9.8 1.00 0.028 0.003
9.9 1.00 0.023 0.003



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 43 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 2, Temperature = 16⁰ C, Km = 0.01)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.982 0.968
3.1 0.984 0.992 0.969
3.2 0.987 1.002 0.968
3.3 0.990 1.011 0.966
3.4 0.992 1.022 0.962
3.5 0.994 1.033 0.957
3.6 0.995 1.045 0.951
3.7 1.00 1.060 0.942
3.8 1.00 1.077 0.932
3.9 1.00 0.884 0.753
4.0 1.00 1.123 0.908
4.1 1.00 1.152 0.893
4.2 1.00 1.188 0.878
4.3 1.00 1.230 0.863
4.4 1.00 1.278 0.848
4.5 1.00 1.334 0.835
4.6 1.00 1.398 0.823
4.7 1.00 1.469 0.815
4.8 1.00 1.546 0.810
4.9 1.00 1.415 0.718
5.0 1.00 1.712 0.809
5.1 1.00 1.798 0.814
5.2 1.00 1.882 0.820
5.3 1.00 1.961 0.828
5.4 1.00 2.035 0.837
5.5 1.00 2.102 0.845
5.6 1.00 2.161 0.853
5.7 1.00 2.211 0.859
5.8 1.00 2.251 0.864
5.9 1.00 2.221 0.846
6.0 1.00 2.307 0.867
6.1 1.00 2.323 0.865
6.2 1.00 2.330 0.861
6.3 1.00 2.329 0.854
6.4 1.00 2.320 0.843
6.5 1.00 2.303 0.829
6.6 1.00 2.276 0.812
6.7 1.00 2.239 0.789
6.8 1.00 2.191 0.762
6.9 1.00 2.188 0.760
7.0 1.00 2.060 0.692
7.1 1.00 1.974 0.649
7.2 1.00 1.876 0.601
7.3 1.00 1.764 0.549
7.4 1.00 1.641 0.494
7.5 1.00 1.508 0.437
7.6 1.00 1.368 0.381
7.7 1.00 1.224 0.326
7.8 1.00 1.082 0.276
7.9 1.00 1.081 0.276
8.0 1.00 0.812 0.189
8.1 1.00 0.692 0.154
8.2 1.00 0.583 0.124
8.3 1.00 0.486 0.100
8.4 1.00 0.402 0.080
8.5 1.00 0.330 0.064
8.6 1.00 0.270 0.051
8.7 1.00 0.219 0.040
8.8 1.00 0.177 0.032
8.9 1.00 0.177 0.032
9.0 1.00 0.115 0.020
9.1 1.00 0.092 0.016
9.2 1.00 0.074 0.013
9.3 1.00 0.059 0.010
9.4 1.00 0.047 0.008
9.5 1.00 0.037 0.006
9.6 1.00 0.030 0.005
9.7 1.00 0.024 0.004
9.8 1.00 0.019 0.003
9.9 1.00 0.019 0.003



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 44 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 23, Temperature = 8⁰ C, Km = 0.1)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.968 0.961
3.1 0.984 0.975 0.961
3.2 0.987 0.981 0.958
3.3 0.990 0.986 0.954
3.4 0.992 0.990 0.947
3.5 0.994 0.994 0.938
3.6 0.995 0.997 0.927
3.7 1.00 1.000 0.914
3.8 1.00 1.004 0.897
3.9 1.00 1.007 0.877
4.0 1.00 1.010 0.855
4.1 1.00 1.014 0.829
4.2 1.00 1.018 0.801
4.3 1.00 1.023 0.770
4.4 1.00 1.029 0.738
4.5 1.00 1.035 0.704
4.6 1.00 1.042 0.671
4.7 1.00 1.049 0.638
4.8 1.00 1.058 0.607
4.9 1.00 1.066 0.578
5.0 1.00 1.075 0.552
5.1 1.00 1.084 0.529
5.2 1.00 1.093 0.509
5.3 1.00 1.101 0.491
5.4 1.00 1.108 0.476
5.5 1.00 1.114 0.463
5.6 1.00 1.119 0.453
5.7 1.00 1.122 0.443
5.8 1.00 1.124 0.435
5.9 1.00 1.125 0.428
6.0 1.00 1.124 0.421
6.1 1.00 1.121 0.414
6.2 1.00 1.116 0.408
6.3 1.00 1.109 0.401
6.4 1.00 1.099 0.393
6.5 1.00 1.086 0.384
6.6 1.00 1.070 0.374
6.7 1.00 1.050 0.362
6.8 1.00 1.026 0.348
6.9 1.00 0.996 0.332
7.0 1.00 0.962 0.314
7.1 1.00 0.921 0.294
7.2 1.00 0.874 0.272
7.3 1.00 0.821 0.248
7.4 1.00 0.764 0.222
7.5 1.00 0.701 0.197
7.6 1.00 0.636 0.171
7.7 1.00 0.569 0.146
7.8 1.00 0.503 0.123
7.9 1.00 0.438 0.102
8.0 1.00 0.378 0.084
8.1 1.00 0.321 0.068
8.2 1.00 0.271 0.055
8.3 1.00 0.226 0.044
8.4 1.00 0.187 0.035
8.5 1.00 0.153 0.028
8.6 1.00 0.125 0.022
8.7 1.00 0.102 0.018
8.8 1.00 0.082 0.014
8.9 1.00 0.066 0.011
9.0 1.00 0.053 0.009
9.1 1.00 0.043 0.007
9.2 1.00 0.034 0.006
9.3 1.00 0.027 0.004
9.4 1.00 0.022 0.003
9.5 1.00 0.017 0.003
9.6 1.00 0.014 0.002
9.7 1.00 0.011 0.002
9.8 1.00 0.009 0.001
9.9 1.00 0.007 0.001



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 45 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 10, Temperature = 8⁰ C, Km = 0.1)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.960 0.957
3.1 0.984 0.965 0.956
3.2 0.987 0.969 0.952
3.3 0.990 0.971 0.946
3.4 0.992 0.971 0.938
3.5 0.994 0.970 0.927
3.6 0.995 0.968 0.913
3.7 1.00 0.964 0.896
3.8 1.00 0.958 0.875
3.9 1.00 0.951 0.851
4.0 1.00 0.941 0.822
4.1 1.00 0.929 0.790
4.2 1.00 0.914 0.753
4.3 1.00 0.896 0.713
4.4 1.00 0.875 0.670
4.5 1.00 0.850 0.624
4.6 1.00 0.822 0.577
4.7 1.00 0.791 0.530
4.8 1.00 0.757 0.483
4.9 1.00 0.721 0.437
5.0 1.00 0.683 0.394
5.1 1.00 0.645 0.354
5.2 1.00 0.607 0.317
5.3 1.00 0.571 0.284
5.4 1.00 0.537 0.254
5.5 1.00 0.505 0.229
5.6 1.00 0.477 0.207
5.7 1.00 0.452 0.188
5.8 1.00 0.431 0.172
5.9 1.00 0.412 0.158
6.0 1.00 0.395 0.147
6.1 1.00 0.381 0.137
6.2 1.00 0.369 0.129
6.3 1.00 0.358 0.122
6.4 1.00 0.348 0.115
6.5 1.00 0.338 0.110
6.6 1.00 0.328 0.104
6.7 1.00 0.319 0.099
6.8 1.00 0.309 0.093
6.9 1.00 0.298 0.088
7.0 1.00 0.286 0.082
7.1 1.00 0.272 0.076
7.2 1.00 0.258 0.069
7.3 1.00 0.241 0.063
7.4 1.00 0.224 0.056
7.5 1.00 0.205 0.049
7.6 1.00 0.186 0.042
7.7 1.00 0.166 0.035
7.8 1.00 0.147 0.029
7.9 1.00 0.128 0.024
8.0 1.00 0.110 0.020
8.1 1.00 0.094 0.016
8.2 1.00 0.079 0.012
8.3 1.00 0.066 0.010
8.4 1.00 0.054 0.008
8.5 1.00 0.045 0.006
8.6 1.00 0.036 0.005
8.7 1.00 0.030 0.004
8.8 1.00 0.024 0.003
8.9 1.00 0.019 0.002
9.0 1.00 0.015 0.002
9.1 1.00 0.012 0.001
9.2 1.00 0.010 0.001
9.3 1.00 0.008 0.001
9.4 1.00 0.006 0.001
9.5 1.00 0.005 0.001
9.6 1.00 0.004 0.000
9.7 1.00 0.003 0.000
9.8 1.00 0.003 0.000
9.9 1.00 0.002 0.000



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 46 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 2, Temperature = 8⁰ C, Km = 0.1)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.995 0.974
3.1 0.984 1.009 0.977
3.2 0.987 1.023 0.978
3.3 0.990 1.038 0.978
3.4 0.992 1.054 0.978
3.5 0.994 1.073 0.977
3.6 0.995 1.095 0.975
3.7 1.00 1.122 0.973
3.8 1.00 1.154 0.970
3.9 1.00 1.192 0.968
4.0 1.00 1.238 0.967
4.1 1.00 1.294 0.967
4.2 1.00 1.360 0.970
4.3 1.00 1.438 0.975
4.4 1.00 1.528 0.985
4.5 1.00 1.631 1.001
4.6 1.00 1.747 1.022
4.7 1.00 1.874 1.049
4.8 1.00 2.011 1.082
4.9 1.00 2.154 1.121
5.0 1.00 2.301 1.163
5.1 1.00 2.446 1.208
5.2 1.00 2.587 1.253
5.3 1.00 2.720 1.297
5.4 1.00 2.842 1.338
5.5 1.00 2.950 1.376
5.6 1.00 3.045 1.408
5.7 1.00 3.125 1.435
5.8 1.00 3.191 1.457
5.9 1.00 3.243 1.473
6.0 1.00 3.281 1.483
6.1 1.00 3.307 1.487
6.2 1.00 3.321 1.485
6.3 1.00 3.323 1.477
6.4 1.00 3.313 1.463
6.5 1.00 3.291 1.441
6.6 1.00 3.256 1.412
6.7 1.00 3.207 1.375
6.8 1.00 3.142 1.328
6.9 1.00 3.061 1.272
7.0 1.00 2.962 1.206
7.1 1.00 2.844 1.131
7.2 1.00 2.707 1.046
7.3 1.00 2.552 0.954
7.4 1.00 2.379 0.856
7.5 1.00 2.191 0.756
7.6 1.00 1.993 0.656
7.7 1.00 1.789 0.559
7.8 1.00 1.585 0.469
7.9 1.00 1.386 0.388
8.0 1.00 1.197 0.316
8.1 1.00 1.021 0.255
8.2 1.00 0.862 0.204
8.3 1.00 0.720 0.162
8.4 1.00 0.597 0.128
8.5 1.00 0.491 0.101
8.6 1.00 0.401 0.080
8.7 1.00 0.326 0.063
8.8 1.00 0.264 0.049
8.9 1.00 0.213 0.039
9.0 1.00 0.171 0.031
9.1 1.00 0.138 0.024
9.2 1.00 0.110 0.019
9.3 1.00 0.088 0.015
9.4 1.00 0.070 0.012
9.5 1.00 0.056 0.010
9.6 1.00 0.045 0.008
9.7 1.00 0.036 0.006
9.8 1.00 0.028 0.005
9.9 1.00 0.023 0.004



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 47 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 23, Temperature = 16⁰ C, Km = 0.1)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.974 0.964
3.1 0.984 0.983 0.964
3.2 0.987 0.990 0.962
3.3 0.990 0.997 0.958
3.4 0.992 1.004 0.953
3.5 0.994 1.011 0.946
3.6 0.995 1.018 0.937
3.7 1.00 1.026 0.926
3.8 1.00 1.035 0.912
3.9 1.00 1.046 0.897
4.0 1.00 1.058 0.883
4.1 1.00 1.073 0.861
4.2 1.00 1.090 0.841
4.3 1.00 1.111 0.820
4.4 1.00 1.134 0.799
4.5 1.00 1.160 0.779
4.6 1.00 1.190 0.761
4.7 1.00 1.223 0.745
4.8 1.00 1.258 0.732
4.9 1.00 1.294 0.722
5.0 1.00 1.331 0.810
5.1 1.00 1.368 0.710
5.2 1.00 1.404 0.707
5.3 1.00 1.438 0.706
5.4 1.00 1.468 0.706
5.5 1.00 1.495 0.707
5.6 1.00 1.518 0.707
5.7 1.00 1.537 0.707
5.8 1.00 1.552 0.707
5.9 1.00 1.563 0.705
6.0 1.00 1.570 1.207
6.1 1.00 1.573 0.699
6.2 1.00 1.572 0.693
6.3 1.00 1.567 0.686
6.4 1.00 1.557 0.676
6.5 1.00 1.543 0.663
6.6 1.00 1.523 0.648
6.7 1.00 1.498 0.629
6.8 1.00 1.466 0.607
6.9 1.00 1.427 0.580
7.0 1.00 1.379 1.144
7.1 1.00 1.324 0.514
7.2 1.00 1.259 0.475
7.3 1.00 1.186 0.432
7.4 1.00 1.106 0.387
7.5 1.00 1.018 0.341
7.6 1.00 0.926 0.295
7.7 1.00 0.831 0.251
7.8 1.00 0.736 0.211
7.9 1.00 0.644 0.174
8.0 1.00 0.556 0.329
8.1 1.00 0.474 0.114
8.2 1.00 0.400 0.091
8.3 1.00 0.334 0.072
8.4 1.00 0.277 0.057
8.5 1.00 0.228 0.045
8.6 1.00 0.186 0.035
8.7 1.00 0.152 0.028
8.8 1.00 0.123 0.022
8.9 1.00 0.099 0.017
9.0 1.00 0.080 0.023
9.1 1.00 0.064 0.011
9.2 1.00 0.051 0.008
9.3 1.00 0.041 0.007
9.4 1.00 0.033 0.005
9.5 1.00 0.026 0.004
9.6 1.00 0.021 0.003
9.7 1.00 0.017 0.003
9.8 1.00 0.013 0.002
9.9 1.00 0.010 0.002



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 48 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 10, Temperature = 16⁰ C, Km = 0.1)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.961 0.957
3.1 0.984 0.966 0.955
3.2 0.987 0.970 0.952
3.3 0.990 0.972 0.942
3.4 0.992 0.973 0.932
3.5 0.994 0.973 0.927
3.6 0.995 0.971 0.914
3.7 1.00 0.967 0.897
3.8 1.00 0.963 0.877
3.9 1.00 0.956 0.853
4.0 1.00 0.948 0.826
4.1 1.00 0.930 0.792
4.2 1.00 0.925 0.761
4.3 1.00 0.909 0.699
4.4 1.00 0.891 0.656
4.5 1.00 0.871 0.643
4.6 1.00 0.848 0.601
4.7 1.00 0.822 0.558
4.8 1.00 0.794 0.517
4.9 1.00 0.765 0.477
5.0 1.00 0.735 0.439
5.1 1.00 0.671 0.388
5.2 1.00 0.676 0.372
5.3 1.00 0.648 0.299
5.4 1.00 0.623 0.274
5.5 1.00 0.599 0.295
5.6 1.00 0.578 0.276
5.7 1.00 0.560 0.259
5.8 1.00 0.544 0.245
5.9 1.00 0.529 0.233
6.0 1.00 0.517 0.223
6.1 1.00 0.451 0.189
6.2 1.00 0.495 0.206
6.3 1.00 0.486 0.159
6.4 1.00 0.477 0.153
6.5 1.00 0.467 0.185
6.6 1.00 0.457 0.178
6.7 1.00 0.446 0.170
6.8 1.00 0.434 0.162
6.9 1.00 0.421 0.154
7.0 1.00 0.406 0.144
7.1 1.00 0.340 0.115
7.2 1.00 0.368 0.123
7.3 1.00 0.346 0.088
7.4 1.00 0.322 0.078
7.5 1.00 0.296 0.086
7.6 1.00 0.269 0.074
7.7 1.00 0.242 0.062
7.8 1.00 0.214 0.051
7.9 1.00 0.187 0.042
8.0 1.00 0.161 0.034
8.1 1.00 0.120 0.022
8.2 1.00 0.116 0.021
8.3 1.00 0.097 0.013
8.4 1.00 0.080 0.010
8.5 1.00 0.066 0.010
8.6 1.00 0.054 0.008
8.7 1.00 0.044 0.006
8.8 1.00 0.036 0.005
8.9 1.00 0.029 0.004
9.0 1.00 0.023 0.003
9.1 1.00 0.016 0.002
9.2 1.00 0.015 0.002
9.3 1.00 0.012 0.001
9.4 1.00 0.009 0.001
9.5 1.00 0.008 0.001
9.6 1.00 0.006 0.001
9.7 1.00 0.005 0.001
9.8 1.00 0.004 0.000
9.9 1.00 0.003 0.000



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 49 - Foodchain Multipliers for Warmwater Benthic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 2, Temperature = 16⁰ C, Km = 0.1)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.976 0.994
3.1 0.984 0.986 1.001
3.2 0.987 0.994 1.008
3.3 0.990 1.002 1.015
3.4 0.992 1.010 1.023
3.5 0.994 1.018 1.032
3.6 0.995 1.028 1.043
3.7 1.00 1.038 1.055
3.8 1.00 1.051 1.071
3.9 1.00 0.848 0.865
4.0 1.00 1.085 1.115
4.1 1.00 1.108 1.145
4.2 1.00 1.137 1.182
4.3 1.00 1.172 1.229
4.4 1.00 1.215 1.288
4.5 1.00 1.270 1.362
4.6 1.00 1.336 1.453
4.7 1.00 1.419 1.567
4.8 1.00 1.519 1.708
4.9 1.00 1.328 1.497
5.0 1.00 1.790 2.096
5.1 1.00 1.966 2.355
5.2 1.00 2.176 2.668
5.3 1.00 2.420 3.040
5.4 1.00 2.701 3.476
5.5 1.00 3.017 3.976
5.6 1.00 3.367 4.538
5.7 1.00 3.745 5.154
5.8 1.00 4.143 5.812
5.9 1.00 4.026 5.650
6.0 1.00 4.960 7.181
6.1 1.00 5.356 7.851
6.2 1.00 5.729 8.484
6.3 1.00 6.071 9.061
6.4 1.00 6.374 9.570
6.5 1.00 6.635 10.001
6.6 1.00 6.850 10.346
6.7 1.00 7.020 10.604
6.8 1.00 7.144 10.771
6.9 1.00 7.118 10.732
7.0 1.00 7.258 10.832
7.1 1.00 7.249 10.723
7.2 1.00 7.195 10.520
7.3 1.00 7.095 10.219
7.4 1.00 6.949 9.820
7.5 1.00 6.754 9.323
7.6 1.00 6.509 8.732
7.7 1.00 6.215 8.057
7.8 1.00 5.874 7.310
7.9 1.00 5.869 7.304
8.0 1.00 5.068 5.690
8.1 1.00 4.619 4.873
8.2 1.00 4.154 4.089
8.3 1.00 3.686 3.365
8.4 1.00 3.227 2.718
8.5 1.00 2.790 2.160
8.6 1.00 2.383 1.693
8.7 1.00 2.013 1.313
8.8 1.00 1.684 1.010
8.9 1.00 1.684 1.010
9.0 1.00 1.150 0.591
9.1 1.00 0.941 0.451
9.2 1.00 0.765 0.345
9.3 1.00 0.620 0.265
9.4 1.00 0.500 0.204
9.5 1.00 0.402 0.158
9.6 1.00 0.323 0.122
9.7 1.00 0.258 0.095
9.8 1.00 0.207 0.074
9.9 1.00 0.206 0.074



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 50 - Foodchain Multipliers for USEPA Default Scenario, Warmwater Pelagic Foodweb 
Model (Gobas 1993; ΠSOCW/Kow = 23, Temperature = 8⁰ C, Km = 0)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.973 0.987
3.1 0.984 0.981 0.993
3.2 0.987 0.989 0.997
3.3 0.990 0.995 1.002
3.4 0.992 1.002 1.007
3.5 0.994 1.008 1.012
3.6 0.995 1.015 1.018
3.7 1.00 1.023 1.025
3.8 1.00 1.032 1.033
3.9 1.00 1.042 1.042
4.0 1.00 1.055 1.054
4.1 1.00 1.070 1.069
4.2 1.00 1.089 1.088
4.3 1.00 1.112 1.112
4.4 1.00 1.141 1.142
4.5 1.00 1.177 1.180
4.6 1.00 1.221 1.227
4.7 1.00 1.275 1.288
4.8 1.00 1.341 1.364
4.9 1.00 1.421 1.460
5.0 1.00 1.518 1.579
5.1 1.00 1.634 1.727
5.2 1.00 1.772 1.909
5.3 1.00 1.932 2.128
5.4 1.00 2.116 2.389
5.5 1.00 2.324 2.693
5.6 1.00 2.554 3.038
5.7 1.00 2.802 3.420
5.8 1.00 3.063 3.831
5.9 1.00 3.331 4.260
6.0 1.00 3.599 4.695
6.1 1.00 3.858 5.120
6.2 1.00 4.103 5.522
6.3 1.00 4.326 5.891
6.4 1.00 4.524 6.215
6.5 1.00 4.694 6.489
6.6 1.00 4.834 6.709
6.7 1.00 4.944 6.871
6.8 1.00 5.023 6.975
6.9 1.00 5.071 7.019
7.0 1.00 5.091 7.003
7.1 1.00 5.080 6.925
7.2 1.00 5.038 6.785
7.3 1.00 4.966 6.581
7.4 1.00 4.861 6.312
7.5 1.00 4.723 5.978
7.6 1.00 4.551 5.583
7.7 1.00 4.344 5.132
7.8 1.00 4.105 4.636
7.9 1.00 3.836 4.108
8.0 1.00 3.541 3.565
8.1 1.00 3.227 3.029
8.2 1.00 2.902 2.517
8.3 1.00 2.574 2.048
8.4 1.00 2.254 1.632
8.5 1.00 1.949 1.278
8.6 1.00 1.664 0.984
8.7 1.00 1.406 0.749
8.8 1.00 1.176 0.564
8.9 1.00 0.976 0.423
9.0 1.00 0.803 0.316
9.1 1.00 0.657 0.236
9.2 1.00 0.534 0.176
9.3 1.00 0.433 0.132
9.4 1.00 0.349 0.100
9.5 1.00 0.281 0.076
9.6 1.00 0.225 0.058
9.7 1.00 0.180 0.044
9.8 1.00 0.144 0.034
9.9 1.00 0.115 0.027



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 51 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 10, Temperature = 8⁰ C, Km = 0)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.971 0.983
3.1 0.984 0.979 0.988
3.2 0.987 0.986 0.991
3.3 0.990 0.992 0.994
3.4 0.992 0.997 0.997
3.5 0.994 1.002 1.000
3.6 0.995 1.008 1.003
3.7 1.00 1.013 1.006
3.8 1.00 1.020 1.009
3.9 1.00 1.027 1.013
4.0 1.00 1.036 1.017
4.1 1.00 1.047 1.023
4.2 1.00 1.060 1.030
4.3 1.00 1.076 1.040
4.4 1.00 1.095 1.052
4.5 1.00 1.119 1.067
4.6 1.00 1.149 1.088
4.7 1.00 1.186 1.116
4.8 1.00 1.231 1.152
4.9 1.00 1.285 1.199
5.0 1.00 1.351 1.261
5.1 1.00 1.430 1.341
5.2 1.00 1.523 1.441
5.3 1.00 1.632 1.567
5.4 1.00 1.757 1.721
5.5 1.00 1.898 1.903
5.6 1.00 2.053 2.115
5.7 1.00 2.221 2.353
5.8 1.00 2.398 2.612
5.9 1.00 2.580 2.886
6.0 1.00 2.761 3.165
6.1 1.00 2.937 3.439
6.2 1.00 3.102 3.700
6.3 1.00 3.253 3.939
6.4 1.00 3.386 4.151
6.5 1.00 3.500 4.329
6.6 1.00 3.593 4.471
6.7 1.00 3.666 4.574
6.8 1.00 3.717 4.639
6.9 1.00 3.747 4.663
7.0 1.00 3.756 4.646
7.1 1.00 3.744 4.588
7.2 1.00 3.711 4.487
7.3 1.00 3.655 4.342
7.4 1.00 3.576 4.153
7.5 1.00 3.473 3.920
7.6 1.00 3.345 3.645
7.7 1.00 3.193 3.333
7.8 1.00 3.016 2.990
7.9 1.00 2.818 2.628
8.0 1.00 2.601 2.258
8.1 1.00 2.370 1.894
8.2 1.00 2.131 1.550
8.3 1.00 1.891 1.237
8.4 1.00 1.655 0.964
8.5 1.00 1.431 0.735
8.6 1.00 1.222 0.548
8.7 1.00 1.033 0.402
8.8 1.00 0.864 0.290
8.9 1.00 0.716 0.207
9.0 1.00 0.590 0.146
9.1 1.00 0.482 0.103
9.2 1.00 0.392 0.072
9.3 1.00 0.318 0.051
9.4 1.00 0.256 0.036
9.5 1.00 0.206 0.026
9.6 1.00 0.165 0.018
9.7 1.00 0.132 0.013
9.8 1.00 0.106 0.010
9.9 1.00 0.085 0.007



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 52 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 2, Temperature = 8⁰ C, Km = 0)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.983 1.003
3.1 0.984 0.993 1.012
3.2 0.987 1.003 1.021
3.3 0.990 1.014 1.031
3.4 0.992 1.024 1.043
3.5 0.994 1.037 1.058
3.6 0.995 1.050 1.075
3.7 1.00 1.067 1.096
3.8 1.00 1.087 1.122
3.9 1.00 1.111 1.154
4.0 1.00 1.141 1.194
4.1 1.00 1.178 1.245
4.2 1.00 1.223 1.308
4.3 1.00 1.280 1.387
4.4 1.00 1.349 1.486
4.5 1.00 1.435 1.609
4.6 1.00 1.541 1.763
4.7 1.00 1.669 1.954
4.8 1.00 1.825 2.190
4.9 1.00 2.012 2.479
5.0 1.00 2.235 2.831
5.1 1.00 2.496 3.253
5.2 1.00 2.798 3.752
5.3 1.00 3.142 4.332
5.4 1.00 3.525 4.993
5.5 1.00 3.944 5.727
5.6 1.00 4.390 6.524
5.7 1.00 4.853 7.364
5.8 1.00 5.323 8.224
5.9 1.00 5.785 9.079
6.0 1.00 6.228 9.905
6.1 1.00 6.641 10.678
6.2 1.00 7.016 11.381
6.3 1.00 7.348 12.002
6.4 1.00 7.634 12.533
6.5 1.00 7.874 12.972
6.6 1.00 8.068 13.318
6.7 1.00 8.219 13.573
6.8 1.00 8.328 13.739
6.9 1.00 8.397 13.818
7.0 1.00 8.429 13.811
7.1 1.00 8.423 13.716
7.2 1.00 8.379 13.532
7.3 1.00 8.296 13.253
7.4 1.00 8.171 12.876
7.5 1.00 8.004 12.396
7.6 1.00 7.789 11.810
7.7 1.00 7.526 11.117
7.8 1.00 7.212 10.322
7.9 1.00 6.847 9.438
8.0 1.00 6.434 8.483
8.1 1.00 5.977 7.483
8.2 1.00 5.485 6.472
8.3 1.00 4.969 5.485
8.4 1.00 4.442 4.554
8.5 1.00 3.918 3.708
8.6 1.00 3.412 2.966
8.7 1.00 2.934 2.335
8.8 1.00 2.494 1.814
8.9 1.00 2.098 1.395
9.0 1.00 1.749 1.066
9.1 1.00 1.446 0.811
9.2 1.00 1.187 0.617
9.3 1.00 0.968 0.469
9.4 1.00 0.786 0.357
9.5 1.00 0.636 0.273
9.6 1.00 0.512 0.210
9.7 1.00 0.412 0.162
9.8 1.00 0.330 0.125
9.9 1.00 0.264 0.097



Notes
Kow = n-octanol-water partition coefficient
Km = metabolic transformation rate constant
ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 53 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 23, Temperature = 16⁰ C, Km = 0)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.977 0.992
3.1 0.984 0.987 0.998
3.2 0.987 0.995 1.004
3.3 0.990 1.003 1.011
3.4 0.992 1.012 1.018
3.5 0.994 1.021 1.026
3.6 0.995 1.031 1.035
3.7 1.00 1.042 1.046
3.8 1.00 1.056 1.060
3.9 1.00 1.072 1.076
4.0 1.00 1.092 1.097
4.1 1.00 1.117 1.124
4.2 1.00 1.147 1.157
4.3 1.00 1.184 1.199
4.4 1.00 1.231 1.252
4.5 1.00 1.287 1.319
4.6 1.00 1.357 1.404
4.7 1.00 1.442 1.512
4.8 1.00 1.545 1.647
4.9 1.00 1.669 1.815
5.0 1.00 1.816 2.023
5.1 1.00 1.989 2.276
5.2 1.00 2.189 2.580
5.3 1.00 2.416 2.937
5.4 1.00 2.670 3.348
5.5 1.00 2.946 3.810
5.6 1.00 3.241 4.314
5.7 1.00 3.548 4.849
5.8 1.00 3.858 5.399
5.9 1.00 4.164 5.949
6.0 1.00 4.456 6.481
6.1 1.00 4.729 6.980
6.2 1.00 4.977 7.435
6.3 1.00 5.196 7.837
6.4 1.00 5.384 8.181
6.5 1.00 5.542 8.464
6.6 1.00 5.669 8.688
6.7 1.00 5.767 8.851
6.8 1.00 5.838 8.956
6.9 1.00 5.882 9.004
7.0 1.00 5.900 8.995
7.1 1.00 5.892 8.928
7.2 1.00 5.859 8.800
7.3 1.00 5.799 8.611
7.4 1.00 5.710 8.356
7.5 1.00 5.592 8.032
7.6 1.00 5.441 7.637
7.7 1.00 5.257 7.172
7.8 1.00 5.037 6.639
7.9 1.00 4.781 6.048
8.0 1.00 4.492 5.412
8.1 1.00 4.173 4.748
8.2 1.00 3.830 4.079
8.3 1.00 3.469 3.428
8.4 1.00 3.101 2.819
8.5 1.00 2.736 2.269
8.6 1.00 2.382 1.790
8.7 1.00 2.048 1.387
8.8 1.00 1.741 1.059
8.9 1.00 1.465 0.799
9.0 1.00 1.221 0.598
9.1 1.00 1.009 0.445
9.2 1.00 0.828 0.330
9.3 1.00 0.676 0.246
9.4 1.00 0.549 0.183
9.5 1.00 0.444 0.137
9.6 1.00 0.358 0.103
9.7 1.00 0.287 0.078
9.8 1.00 0.230 0.059
9.9 1.00 0.184 0.046



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 54 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 10, Temperature = 16⁰ C, Km = 0)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.974 0.985
3.1 0.984 0.982 0.990
3.2 0.987 0.990 0.994
3.3 0.990 0.997 0.993
3.4 0.992 1.004 0.996
3.5 0.994 1.011 1.006
3.6 0.995 1.018 1.010
3.7 1.00 1.027 1.015
3.8 1.00 1.036 1.021
3.9 1.00 1.048 1.028
4.0 1.00 1.062 1.037
4.1 1.00 1.077 1.045
4.2 1.00 1.100 1.064
4.3 1.00 1.126 1.039
4.4 1.00 1.157 1.053
4.5 1.00 1.197 1.141
4.6 1.00 1.244 1.183
4.7 1.00 1.303 1.240
4.8 1.00 1.373 1.312
4.9 1.00 1.458 1.406
5.0 1.00 1.559 1.525
5.1 1.00 1.661 1.644
5.2 1.00 1.814 1.858
5.3 1.00 1.970 1.727
5.4 1.00 2.143 1.918
5.5 1.00 2.333 2.630
5.6 1.00 2.535 2.954
5.7 1.00 2.745 3.301
5.8 1.00 2.957 3.661
5.9 1.00 3.166 4.022
6.0 1.00 3.366 4.374
6.1 1.00 3.492 4.587
6.2 1.00 3.722 5.006
6.3 1.00 3.871 4.164
6.4 1.00 4.000 4.341
6.5 1.00 4.107 5.690
6.6 1.00 4.193 5.838
6.7 1.00 4.259 5.945
6.8 1.00 4.306 6.013
6.9 1.00 4.334 6.042
7.0 1.00 4.343 6.031
7.1 1.00 4.255 5.829
7.2 1.00 4.308 5.889
7.3 1.00 4.262 4.528
7.4 1.00 4.196 4.386
7.5 1.00 4.108 5.346
7.6 1.00 3.996 5.069
7.7 1.00 3.860 4.744
7.8 1.00 3.698 4.373
7.9 1.00 3.510 3.962
8.0 1.00 3.298 3.522
8.1 1.00 3.006 2.978
8.2 1.00 2.811 2.606
8.3 1.00 2.546 1.702
8.4 1.00 2.276 1.378
8.5 1.00 2.008 1.383
8.6 1.00 1.748 1.067
8.7 1.00 1.503 0.805
8.8 1.00 1.278 0.595
8.9 1.00 1.075 0.432
9.0 1.00 0.896 0.310
9.1 1.00 0.727 0.208
9.2 1.00 0.608 0.154
9.3 1.00 0.496 0.085
9.4 1.00 0.403 0.060
9.5 1.00 0.326 0.053
9.6 1.00 0.262 0.037
9.7 1.00 0.211 0.026
9.8 1.00 0.169 0.019
9.9 1.00 0.135 0.014



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 55 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 2, Temperature = 16⁰ C, Km = 0)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.980 0.990
3.1 0.980 0.990 1.000
3.2 0.990 0.990 1.010
3.3 0.990 1.000 1.010
3.4 0.990 1.010 1.020
3.5 0.994 1.018 1.031
3.6 0.995 1.027 1.042
3.7 1.00 1.038 1.054
3.8 1.00 1.051 1.070
3.9 1.00 0.848 0.864
4.0 1.00 1.080 1.110
4.1 1.00 1.107 1.142
4.2 1.00 1.135 1.178
4.3 1.00 1.170 1.224
4.4 1.00 1.213 1.281
4.5 1.00 1.266 1.352
4.6 1.00 1.332 1.441
4.7 1.00 1.413 1.551
4.8 1.00 1.512 1.687
4.9 1.00 1.322 1.479
5.0 1.00 1.780 2.060
5.1 1.00 1.950 2.306
5.2 1.00 2.153 2.602
5.3 1.00 2.390 2.953
5.4 1.00 2.660 3.360
5.5 1.00 2.964 3.824
5.6 1.00 3.297 4.342
5.7 1.00 3.655 4.906
5.8 1.00 4.029 5.502
5.9 1.00 3.915 5.349
6.0 1.00 4.788 6.725
6.1 1.00 5.151 7.314
6.2 1.00 5.490 7.870
6.3 1.00 5.797 8.362
6.4 1.00 6.067 8.793
6.5 1.00 6.296 9.150
6.6 1.00 6.481 9.429
6.7 1.00 6.623 9.627
6.8 1.00 6.722 9.741
6.9 1.00 6.697 9.706
7.0 1.00 6.790 9.716
7.1 1.00 6.760 9.574
7.2 1.00 6.686 9.344
7.3 1.00 6.568 9.023
7.4 1.00 6.403 8.613
7.5 1.00 6.192 8.115
7.6 1.00 5.933 7.536
7.7 1.00 5.629 6.887
7.8 1.00 5.281 6.184
7.9 1.00 5.277 6.179
8.0 1.00 4.483 4.707
8.1 1.00 4.050 3.985
8.2 1.00 3.610 3.308
8.3 1.00 3.175 2.695
8.4 1.00 2.756 2.159
8.5 1.00 2.364 1.705
8.6 1.00 2.004 1.331
8.7 1.00 1.682 1.030
8.8 1.00 1.399 0.792
8.9 1.00 1.398 0.792
9.0 1.00 0.946 0.465
9.1 1.00 0.771 0.357
9.2 1.00 0.625 0.274
9.3 1.00 0.505 0.211
9.4 1.00 0.407 0.164
9.5 1.00 0.327 0.127
9.6 1.00 0.262 0.099
9.7 1.00 0.209 0.077
9.8 1.00 0.167 0.061
9.9 1.00 0.167 0.061



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 56 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 23, Temperature = 8⁰ C, Km = 0.001)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.970 0.990
3.1 0.980 0.980 0.990
3.2 0.990 0.990 1.000
3.3 0.990 1.000 1.000
3.4 0.990 1.000 1.010
3.5 0.994 1.008 1.011
3.6 0.995 1.015 1.017
3.7 1.00 1.022 1.023
3.8 1.00 1.031 1.031
3.9 1.00 1.041 1.040
4.0 1.00 1.050 1.050
4.1 1.00 1.069 1.066
4.2 1.00 1.088 1.084
4.3 1.00 1.110 1.107
4.4 1.00 1.139 1.135
4.5 1.00 1.174 1.171
4.6 1.00 1.217 1.217
4.7 1.00 1.270 1.274
4.8 1.00 1.334 1.347
4.9 1.00 1.413 1.437
5.0 1.00 1.510 1.550
5.1 1.00 1.620 1.690
5.2 1.00 1.753 1.860
5.3 1.00 1.908 2.065
5.4 1.00 2.085 2.307
5.5 1.00 2.283 2.587
5.6 1.00 2.501 2.902
5.7 1.00 2.734 3.249
5.8 1.00 2.979 3.619
5.9 1.00 3.228 4.001
6.0 1.00 3.474 4.384
6.1 1.00 3.711 4.756
6.2 1.00 3.930 5.100
6.3 1.00 4.131 5.418
6.4 1.00 4.307 5.690
6.5 1.00 4.454 5.916
6.6 1.00 4.574 6.091
6.7 1.00 4.664 6.213
6.8 1.00 4.726 6.282
6.9 1.00 4.758 6.295
7.0 1.00 4.762 6.253
7.1 1.00 4.737 6.154
7.2 1.00 4.682 5.996
7.3 1.00 4.596 5.780
7.4 1.00 4.479 5.504
7.5 1.00 4.330 5.171
7.6 1.00 4.148 4.785
7.7 1.00 3.934 4.354
7.8 1.00 3.691 3.889
7.9 1.00 3.422 3.404
8.0 1.00 3.132 2.918
8.1 1.00 2.829 2.448
8.2 1.00 2.522 2.010
8.3 1.00 2.218 1.616
8.4 1.00 1.925 1.276
8.5 1.00 1.651 0.990
8.6 1.00 1.400 0.759
8.7 1.00 1.175 0.575
8.8 1.00 0.977 0.433
8.9 1.00 0.806 0.325
9.0 1.00 0.661 0.243
9.1 1.00 0.538 0.182
9.2 1.00 0.437 0.137
9.3 1.00 0.353 0.104
9.4 1.00 0.284 0.079
9.5 1.00 0.228 0.060
9.6 1.00 0.183 0.046
9.7 1.00 0.146 0.036
9.8 1.00 0.117 0.028
9.9 1.00 0.093 0.022



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 57 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 10, Temperature = 8⁰ C, Km = 0.001)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.970 0.980
3.1 0.980 0.980 0.990
3.2 0.990 0.990 0.990
3.3 0.990 0.990 0.990
3.4 0.990 1.000 1.000
3.5 0.994 1.002 0.999
3.6 0.995 1.007 1.002
3.7 1.00 1.013 1.004
3.8 1.00 1.019 1.007
3.9 1.00 1.027 1.011
4.0 1.00 1.040 1.010
4.1 1.00 1.046 1.020
4.2 1.00 1.058 1.026
4.3 1.00 1.074 1.035
4.4 1.00 1.093 1.046
4.5 1.00 1.117 1.060
4.6 1.00 1.146 1.079
4.7 1.00 1.182 1.104
4.8 1.00 1.225 1.137
4.9 1.00 1.278 1.181
5.0 1.00 1.340 1.240
5.1 1.00 1.418 1.311
5.2 1.00 1.507 1.404
5.3 1.00 1.612 1.519
5.4 1.00 1.731 1.659
5.5 1.00 1.864 1.825
5.6 1.00 2.011 2.016
5.7 1.00 2.168 2.229
5.8 1.00 2.332 2.460
5.9 1.00 2.500 2.701
6.0 1.00 2.665 2.944
6.1 1.00 2.824 3.181
6.2 1.00 2.970 3.400
6.3 1.00 3.106 3.606
6.4 1.00 3.223 3.781
6.5 1.00 3.321 3.925
6.6 1.00 3.400 4.036
6.7 1.00 3.459 4.112
6.8 1.00 3.497 4.153
6.9 1.00 3.516 4.156
7.0 1.00 3.514 4.122
7.1 1.00 3.492 4.049
7.2 1.00 3.448 3.936
7.3 1.00 3.383 3.784
7.4 1.00 3.295 3.591
7.5 1.00 3.184 3.360
7.6 1.00 3.049 3.093
7.7 1.00 2.892 2.795
7.8 1.00 2.712 2.477
7.9 1.00 2.514 2.147
8.0 1.00 2.301 1.817
8.1 1.00 2.078 1.502
8.2 1.00 1.852 1.210
8.3 1.00 1.629 0.952
8.4 1.00 1.414 0.732
8.5 1.00 1.212 0.551
8.6 1.00 1.028 0.407
8.7 1.00 0.863 0.295
8.8 1.00 0.717 0.212
8.9 1.00 0.592 0.151
9.0 1.00 0.485 0.106
9.1 1.00 0.395 0.075
9.2 1.00 0.321 0.053
9.3 1.00 0.259 0.037
9.4 1.00 0.208 0.027
9.5 1.00 0.167 0.019
9.6 1.00 0.134 0.014
9.7 1.00 0.107 0.010
9.8 1.00 0.086 0.007
9.9 1.00 0.068 0.006



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 58 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 2, Temperature = 8⁰ C, Km = 0.001)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.980 1.000
3.1 0.980 0.990 1.010
3.2 0.990 1.000 1.020
3.3 0.990 1.010 1.030
3.4 0.990 1.020 1.040
3.5 0.994 1.036 1.057
3.6 0.995 1.050 1.074
3.7 1.00 1.066 1.094
3.8 1.00 1.086 1.120
3.9 1.00 1.110 1.152
4.0 1.00 1.140 1.190
4.1 1.00 1.176 1.241
4.2 1.00 1.222 1.303
4.3 1.00 1.277 1.380
4.4 1.00 1.347 1.477
4.5 1.00 1.432 1.598
4.6 1.00 1.536 1.748
4.7 1.00 1.663 1.934
4.8 1.00 1.816 2.162
4.9 1.00 2.000 2.442
5.0 1.00 2.220 2.780
5.1 1.00 2.474 3.185
5.2 1.00 2.769 3.662
5.3 1.00 3.103 4.213
5.4 1.00 3.473 4.837
5.5 1.00 3.876 5.527
5.6 1.00 4.303 6.269
5.7 1.00 4.745 7.047
5.8 1.00 5.189 7.839
5.9 1.00 5.624 8.620
6.0 1.00 6.038 9.368
6.1 1.00 6.422 10.064
6.2 1.00 6.770 10.690
6.3 1.00 7.072 11.240
6.4 1.00 7.332 11.704
6.5 1.00 7.546 12.081
6.6 1.00 7.718 12.370
6.7 1.00 7.847 12.573
6.8 1.00 7.936 12.692
6.9 1.00 7.986 12.726
7.0 1.00 7.998 12.677
7.1 1.00 7.972 12.543
7.2 1.00 7.907 12.319
7.3 1.00 7.803 12.004
7.4 1.00 7.656 11.591
7.5 1.00 7.464 11.080
7.6 1.00 7.226 10.468
7.7 1.00 6.938 9.760
7.8 1.00 6.601 8.964
7.9 1.00 6.217 8.097
8.0 1.00 5.790 7.182
8.1 1.00 5.327 6.247
8.2 1.00 4.839 5.326
8.3 1.00 4.338 4.450
8.4 1.00 3.837 3.645
8.5 1.00 3.349 2.932
8.6 1.00 2.888 2.321
8.7 1.00 2.460 1.813
8.8 1.00 2.074 1.401
8.9 1.00 1.732 1.074
9.0 1.00 1.434 0.820
9.1 1.00 1.178 0.625
9.2 1.00 0.962 0.477
9.3 1.00 0.782 0.364
9.4 1.00 0.633 0.279
9.5 1.00 0.510 0.214
9.6 1.00 0.410 0.166
9.7 1.00 0.329 0.128
9.8 1.00 0.263 0.100
9.9 1.00 0.211 0.078



Notes
Kow = n-octanol-water partition coefficient
Km = metabolic transformation rate constant
ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 59 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 23, Temperature = 16⁰ C, Km = 0.001)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.980 0.990
3.1 0.980 0.990 1.000
3.2 0.990 0.990 1.000
3.3 0.990 1.000 1.010
3.4 0.990 1.010 1.020
3.5 0.994 1.020 1.025
3.6 0.995 1.030 1.034
3.7 1.00 1.042 1.045
3.8 1.00 1.055 1.058
3.9 1.00 1.071 1.074
4.0 1.00 1.090 1.090
4.1 1.00 1.115 1.120
4.2 1.00 1.145 1.152
4.3 1.00 1.182 1.193
4.4 1.00 1.228 1.245
4.5 1.00 1.284 1.310
4.6 1.00 1.353 1.392
4.7 1.00 1.437 1.496
4.8 1.00 1.538 1.626
4.9 1.00 1.659 1.787
5.0 1.00 1.800 1.960
5.1 1.00 1.972 2.228
5.2 1.00 2.166 2.516
5.3 1.00 2.386 2.854
5.4 1.00 2.631 3.240
5.5 1.00 2.896 3.671
5.6 1.00 3.178 4.139
5.7 1.00 3.469 4.632
5.8 1.00 3.761 5.137
5.9 1.00 4.048 5.636
6.0 1.00 4.320 5.552
6.1 1.00 4.573 6.563
6.2 1.00 4.800 6.970
6.3 1.00 5.001 7.321
6.4 1.00 5.171 7.619
6.5 1.00 5.312 7.861
6.6 1.00 5.423 8.047
6.7 1.00 5.506 8.175
6.8 1.00 5.563 8.249
6.9 1.00 5.593 8.267
7.0 1.00 5.598 7.013
7.1 1.00 5.577 8.136
7.2 1.00 5.529 7.983
7.3 1.00 5.454 7.769
7.4 1.00 5.350 7.491
7.5 1.00 5.215 7.146
7.6 1.00 5.048 6.736
7.7 1.00 4.846 6.262
7.8 1.00 4.610 5.730
7.9 1.00 4.342 5.153
8.0 1.00 4.043 3.543
8.1 1.00 3.720 3.928
8.2 1.00 3.379 3.322
8.3 1.00 3.029 2.748
8.4 1.00 2.679 2.226
8.5 1.00 2.338 1.767
8.6 1.00 2.016 1.377
8.7 1.00 1.718 1.057
8.8 1.00 1.448 0.801
8.9 1.00 1.209 0.602
9.0 1.00 1.001 0.366
9.1 1.00 0.823 0.335
9.2 1.00 0.672 0.249
9.3 1.00 0.546 0.186
9.4 1.00 0.442 0.140
9.5 1.00 0.356 0.105
9.6 1.00 0.286 0.080
9.7 1.00 0.230 0.061
9.8 1.00 0.184 0.047
9.9 1.00 0.147 0.036



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 60 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 10, Temperature = 16⁰ C, Km = 0.001)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.970 0.980
3.1 0.980 0.980 0.990
3.2 0.990 0.990 0.990
3.3 0.990 1.000 0.990
3.4 0.990 1.000 1.000
3.5 0.994 1.011 1.005
3.6 0.995 1.018 1.009
3.7 1.00 1.026 1.014
3.8 1.00 1.036 1.020
3.9 1.00 1.047 1.026
4.0 1.00 1.060 1.030
4.1 1.00 1.076 1.042
4.2 1.00 1.098 1.060
4.3 1.00 1.124 1.034
4.4 1.00 1.155 1.047
4.5 1.00 1.193 1.132
4.6 1.00 1.240 1.173
4.7 1.00 1.298 1.226
4.8 1.00 1.367 1.295
4.9 1.00 1.450 1.384
5.0 1.00 1.550 1.500
5.1 1.00 1.647 1.608
5.2 1.00 1.795 1.811
5.3 1.00 1.945 1.677
5.4 1.00 2.112 1.855
5.5 1.00 2.293 2.529
5.6 1.00 2.485 2.828
5.7 1.00 2.683 3.146
5.8 1.00 2.883 3.474
5.9 1.00 3.078 3.800
6.0 1.00 3.264 4.115
6.1 1.00 3.377 4.298
6.2 1.00 3.590 4.680
6.3 1.00 3.726 3.877
6.4 1.00 3.841 4.029
6.5 1.00 3.936 5.265
6.6 1.00 4.011 5.386
6.7 1.00 4.066 5.469
6.8 1.00 4.103 5.515
6.9 1.00 4.121 5.523
7.0 1.00 4.121 5.493
7.1 1.00 4.027 5.284
7.2 1.00 4.066 5.315
7.3 1.00 4.009 4.063
7.4 1.00 3.931 3.909
7.5 1.00 3.831 4.726
7.6 1.00 3.707 4.439
7.7 1.00 3.559 4.109
7.8 1.00 3.385 3.740
7.9 1.00 3.187 3.341
8.0 1.00 2.968 2.923
8.1 1.00 2.680 2.427
8.2 1.00 2.480 2.088
8.3 1.00 2.223 1.339
8.4 1.00 1.966 1.064
8.5 1.00 1.716 1.049
8.6 1.00 1.480 0.796
8.7 1.00 1.261 0.592
8.8 1.00 1.063 0.432
8.9 1.00 0.887 0.311
9.0 1.00 0.734 0.221
9.1 1.00 0.592 0.147
9.2 1.00 0.493 0.110
9.3 1.00 0.401 0.061
9.4 1.00 0.324 0.042
9.5 1.00 0.261 0.038
9.6 1.00 0.210 0.027
9.7 1.00 0.169 0.019
9.8 1.00 0.135 0.014
9.9 1.00 0.108 0.010



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 61 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 2, Temperature = 16⁰ C, Km = 0.001)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.980 0.990
3.1 0.980 0.980 1.000
3.2 0.990 0.990 1.000
3.3 0.990 1.000 1.010
3.4 0.990 1.010 1.020
3.5 0.994 1.016 1.024
3.6 0.995 1.024 1.032
3.7 1.00 1.034 1.043
3.8 1.00 1.046 1.055
3.9 1.00 0.844 0.852
4.0 1.00 1.080 1.090
4.1 1.00 1.097 1.112
4.2 1.00 1.123 1.141
4.3 1.00 1.154 1.176
4.4 1.00 1.192 1.220
4.5 1.00 1.240 1.273
4.6 1.00 1.297 1.339
4.7 1.00 1.368 1.419
4.8 1.00 1.452 1.516
4.9 1.00 1.269 1.329
5.0 1.00 1.670 1.770
5.1 1.00 1.811 1.932
5.2 1.00 1.969 2.119
5.3 1.00 2.148 2.329
5.4 1.00 2.344 2.563
5.5 1.00 2.556 2.815
5.6 1.00 2.778 3.081
5.7 1.00 3.004 3.353
5.8 1.00 3.229 3.623
5.9 1.00 3.137 3.522
6.0 1.00 3.647 4.125
6.1 1.00 3.830 4.341
6.2 1.00 3.990 4.530
6.3 1.00 4.125 4.680
6.4 1.00 4.233 4.796
6.5 1.00 4.313 4.873
6.6 1.00 4.366 4.910
6.7 1.00 4.391 4.907
6.8 1.00 4.388 4.862
6.9 1.00 4.372 4.845
7.0 1.00 4.296 4.645
7.1 1.00 4.206 4.471
7.2 1.00 4.085 4.253
7.3 1.00 3.934 3.994
7.4 1.00 3.752 3.696
7.5 1.00 3.540 3.367
7.6 1.00 3.303 3.014
7.7 1.00 3.043 2.651
7.8 1.00 2.768 2.288
7.9 1.00 2.766 2.286
8.0 1.00 2.199 1.615
8.1 1.00 1.921 1.323
8.2 1.00 1.658 1.068
8.3 1.00 1.413 0.853
8.4 1.00 1.192 0.675
8.5 1.00 0.996 0.530
8.6 1.00 0.825 0.415
8.7 1.00 0.678 0.324
8.8 1.00 0.554 0.253
8.9 1.00 0.554 0.253
9.0 1.00 0.364 0.154
9.1 1.00 0.294 0.121
9.2 1.00 0.236 0.095
9.3 1.00 0.190 0.074
9.4 1.00 0.152 0.058
9.5 1.00 0.121 0.046
9.6 1.00 0.097 0.036
9.7 1.00 0.077 0.029
9.8 1.00 0.062 0.023
9.9 1.00 0.061 0.023



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 62 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 23, Temperature = 8⁰ C, Km = 0.01)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.970 0.980
3.1 0.980 0.980 0.990
3.2 0.990 0.990 0.990
3.3 0.990 0.990 1.000
3.4 0.990 1.000 1.000
3.5 0.994 1.006 1.004
3.6 0.995 1.012 1.008
3.7 1.00 1.019 1.012
3.8 1.00 1.027 1.017
3.9 1.00 1.036 1.023
4.0 1.00 1.050 1.030
4.1 1.00 1.060 1.039
4.2 1.00 1.076 1.050
4.3 1.00 1.095 1.063
4.4 1.00 1.119 1.081
4.5 1.00 1.149 1.103
4.6 1.00 1.185 1.131
4.7 1.00 1.229 1.166
4.8 1.00 1.281 1.210
4.9 1.00 1.344 1.264
5.0 1.00 1.420 1.330
5.1 1.00 1.505 1.411
5.2 1.00 1.604 1.507
5.3 1.00 1.715 1.618
5.4 1.00 1.837 1.744
5.5 1.00 1.969 1.883
5.6 1.00 2.107 2.031
5.7 1.00 2.247 2.185
5.8 1.00 2.387 2.339
5.9 1.00 2.521 2.489
6.0 1.00 2.646 2.629
6.1 1.00 2.759 2.754
6.2 1.00 2.860 2.860
6.3 1.00 2.940 2.950
6.4 1.00 3.005 3.015
6.5 1.00 3.052 3.056
6.6 1.00 3.081 3.074
6.7 1.00 3.092 3.065
6.8 1.00 3.085 3.031
6.9 1.00 3.058 2.970
7.0 1.00 3.013 2.882
7.1 1.00 2.947 2.766
7.2 1.00 2.861 2.622
7.3 1.00 2.753 2.452
7.4 1.00 2.625 2.257
7.5 1.00 2.476 2.044
7.6 1.00 2.309 1.817
7.7 1.00 2.127 1.584
7.8 1.00 1.934 1.353
7.9 1.00 1.736 1.133
8.0 1.00 1.536 0.931
8.1 1.00 1.342 0.751
8.2 1.00 1.158 0.596
8.3 1.00 0.987 0.467
8.4 1.00 0.833 0.362
8.5 1.00 0.695 0.279
8.6 1.00 0.576 0.214
8.7 1.00 0.474 0.163
8.8 1.00 0.387 0.125
8.9 1.00 0.314 0.096
9.0 1.00 0.254 0.074
9.1 1.00 0.205 0.057
9.2 1.00 0.165 0.044
9.3 1.00 0.132 0.034
9.4 1.00 0.106 0.027
9.5 1.00 0.085 0.021
9.6 1.00 0.068 0.016
9.7 1.00 0.054 0.013
9.8 1.00 0.043 0.010
9.9 1.00 0.034 0.008



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 63 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 10, Temperature = 8⁰ C, Km = 0.01)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.970 0.980
3.1 0.980 0.980 0.980
3.2 0.990 0.980 0.990
3.3 0.990 0.990 0.990
3.4 0.990 0.990 0.990
3.5 0.994 1.000 0.992
3.6 0.995 1.004 0.993
3.7 1.00 1.009 0.993
3.8 1.00 1.015 0.994
3.9 1.00 1.021 0.994
4.0 1.00 1.030 0.990
4.1 1.00 1.036 0.995
4.2 1.00 1.047 0.994
4.3 1.00 1.059 0.994
4.4 1.00 1.074 0.995
4.5 1.00 1.093 0.998
4.6 1.00 1.116 1.002
4.7 1.00 1.143 1.009
4.8 1.00 1.176 1.021
4.9 1.00 1.216 1.037
5.0 1.00 1.260 1.060
5.1 1.00 1.317 1.104
5.2 1.00 1.379 1.130
5.3 1.00 1.448 1.180
5.4 1.00 1.525 1.240
5.5 1.00 1.608 1.309
5.6 1.00 1.694 1.385
5.7 1.00 1.782 1.466
5.8 1.00 1.869 1.550
5.9 1.00 1.953 1.631
6.0 1.00 2.030 1.708
6.1 1.00 2.100 1.834
6.2 1.00 2.160 1.840
6.3 1.00 2.210 1.885
6.4 1.00 2.249 1.919
6.5 1.00 2.275 1.939
6.6 1.00 2.290 1.943
6.7 1.00 2.293 1.932
6.8 1.00 2.283 1.905
6.9 1.00 2.260 1.860
7.0 1.00 2.223 1.797
7.1 1.00 2.173 1.788
7.2 1.00 2.107 1.618
7.3 1.00 2.027 1.503
7.4 1.00 1.931 1.372
7.5 1.00 1.821 1.230
7.6 1.00 1.698 1.080
7.7 1.00 1.563 0.927
7.8 1.00 1.421 0.778
7.9 1.00 1.275 0.637
8.0 1.00 1.129 0.510
8.1 1.00 0.986 0.423
8.2 1.00 0.850 0.305
8.3 1.00 0.725 0.229
8.4 1.00 0.611 0.170
8.5 1.00 0.511 0.124
8.6 1.00 0.423 0.090
8.7 1.00 0.348 0.065
8.8 1.00 0.284 0.046
8.9 1.00 0.231 0.033
9.0 1.00 0.187 0.024
9.1 1.00 0.151 0.019
9.2 1.00 0.121 0.013
9.3 1.00 0.097 0.009
9.4 1.00 0.078 0.007
9.5 1.00 0.062 0.005
9.6 1.00 0.050 0.004
9.7 1.00 0.040 0.003
9.8 1.00 0.032 0.002
9.9 1.00 0.025 0.002



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 64 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 2, Temperature = 8⁰ C, Km = 0.01)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.980 1.000
3.1 0.980 0.990 1.010
3.2 0.990 1.000 1.020
3.3 0.990 1.010 1.030
3.4 0.990 1.020 1.040
3.5 0.994 1.034 1.049
3.6 0.995 1.047 1.063
3.7 1.00 1.062 1.081
3.8 1.00 1.081 1.104
3.9 1.00 1.103 1.131
4.0 1.00 1.130 1.160
4.1 1.00 1.165 1.207
4.2 1.00 1.207 1.259
4.3 1.00 1.259 1.323
4.4 1.00 1.322 1.403
4.5 1.00 1.399 1.501
4.6 1.00 1.493 1.621
4.7 1.00 1.606 1.766
4.8 1.00 1.741 1.941
4.9 1.00 1.899 2.149
5.0 1.00 2.080 2.390
5.1 1.00 2.294 2.677
5.2 1.00 2.530 2.998
5.3 1.00 2.789 3.355
5.4 1.00 3.068 3.741
5.5 1.00 3.359 4.149
5.6 1.00 3.656 4.567
5.7 1.00 3.950 4.984
5.8 1.00 4.233 5.387
5.9 1.00 4.498 5.764
6.0 1.00 4.739 6.107
6.1 1.00 4.952 6.407
6.2 1.00 5.140 6.660
6.3 1.00 5.286 6.865
6.4 1.00 5.405 7.018
6.5 1.00 5.493 7.121
6.6 1.00 5.549 7.172
6.7 1.00 5.576 7.172
6.8 1.00 5.573 7.120
6.9 1.00 5.540 7.014
7.0 1.00 5.476 6.853
7.1 1.00 5.379 6.636
7.2 1.00 5.249 6.359
7.3 1.00 5.084 6.025
7.4 1.00 4.883 5.634
7.5 1.00 4.647 5.192
7.6 1.00 4.376 4.708
7.7 1.00 4.074 4.196
7.8 1.00 3.746 3.670
7.9 1.00 3.401 3.150
8.0 1.00 3.047 2.653
8.1 1.00 2.693 2.193
8.2 1.00 2.350 1.784
8.3 1.00 2.024 1.429
8.4 1.00 1.724 1.131
8.5 1.00 1.452 0.887
8.6 1.00 1.212 0.691
8.7 1.00 1.003 0.536
8.8 1.00 0.824 0.415
8.9 1.00 0.673 0.321
9.0 1.00 0.547 0.249
9.1 1.00 0.442 0.193
9.2 1.00 0.356 0.151
9.3 1.00 0.287 0.117
9.4 1.00 0.230 0.092
9.5 1.00 0.184 0.072
9.6 1.00 0.147 0.057
9.7 1.00 0.117 0.045
9.8 1.00 0.094 0.035
9.9 1.00 0.075 0.028



Notes
Kow = n-octanol-water partition coefficient
Km = metabolic transformation rate constant
ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 65 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 23, Temperature = 16⁰ C, Km = 0.01)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.980 0.990
3.1 0.980 0.990 0.990
3.2 0.990 0.990 1.000
3.3 0.990 1.000 1.010
3.4 0.990 1.010 1.010
3.5 0.994 1.018 1.017
3.6 0.995 1.027 1.024
3.7 1.00 1.038 1.032
3.8 1.00 1.050 1.042
3.9 1.00 1.065 1.055
4.0 1.00 1.080 1.070
4.1 1.00 1.105 1.089
4.2 1.00 1.132 1.113
4.3 1.00 1.165 1.144
4.4 1.00 1.206 1.182
4.5 1.00 1.255 1.230
4.6 1.00 1.315 1.290
4.7 1.00 1.388 1.364
4.8 1.00 1.474 1.457
4.9 1.00 1.575 1.569
5.0 1.00 1.690 1.700
5.1 1.00 1.828 1.863
5.2 1.00 1.979 2.047
5.3 1.00 2.145 2.254
5.4 1.00 2.323 2.482
5.5 1.00 2.510 2.724
5.6 1.00 2.699 2.976
5.7 1.00 2.887 3.228
5.8 1.00 3.068 3.473
5.9 1.00 3.237 3.704
6.0 1.00 3.391 3.913
6.1 1.00 3.527 4.097
6.2 1.00 3.640 4.250
6.3 1.00 3.738 4.377
6.4 1.00 3.812 4.469
6.5 1.00 3.866 4.529
6.6 1.00 3.900 4.557
6.7 1.00 3.913 4.552
6.8 1.00 3.907 4.513
6.9 1.00 3.880 4.440
7.0 1.00 3.833 4.331
7.1 1.00 3.763 4.184
7.2 1.00 3.671 4.000
7.3 1.00 3.554 3.778
7.4 1.00 3.413 3.520
7.5 1.00 3.247 3.229
7.6 1.00 3.057 2.912
7.7 1.00 2.845 2.578
7.8 1.00 2.617 2.237
7.9 1.00 2.375 1.902
8.0 1.00 2.128 1.583
8.1 1.00 1.881 1.292
8.2 1.00 1.641 1.035
8.3 1.00 1.413 0.815
8.4 1.00 1.203 0.633
8.5 1.00 1.014 0.487
8.6 1.00 0.846 0.371
8.7 1.00 0.700 0.282
8.8 1.00 0.575 0.214
8.9 1.00 0.470 0.162
9.0 1.00 0.382 0.123
9.1 1.00 0.309 0.094
9.2 1.00 0.249 0.072
9.3 1.00 0.200 0.055
9.4 1.00 0.160 0.043
9.5 1.00 0.128 0.033
9.6 1.00 0.103 0.026
9.7 1.00 0.082 0.020
9.8 1.00 0.065 0.016
9.9 1.00 0.052 0.012



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 66 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 10, Temperature = 16⁰ C, Km = 0.01)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.970 0.980
3.1 0.980 0.980 0.990
3.2 0.990 0.990 0.990
3.3 0.990 1.000 0.990
3.4 0.990 1.000 0.990
3.5 0.994 1.008 0.998
3.6 0.995 1.015 1.000
3.7 1.00 1.022 1.002
3.8 1.00 1.031 1.005
3.9 1.00 1.041 1.008
4.0 1.00 1.050 1.010
4.1 1.00 1.066 1.013
4.2 1.00 1.086 1.024
4.3 1.00 1.107 0.992
4.4 1.00 1.134 0.994
4.5 1.00 1.167 1.063
4.6 1.00 1.206 1.086
4.7 1.00 1.253 1.117
4.8 1.00 1.310 1.158
4.9 1.00 1.376 1.212
5.0 1.00 1.450 1.280
5.1 1.00 1.527 1.336
5.2 1.00 1.640 1.461
5.3 1.00 1.749 1.316
5.4 1.00 1.865 1.408
5.5 1.00 1.987 1.848
5.6 1.00 2.111 1.997
5.7 1.00 2.234 2.148
5.8 1.00 2.351 2.296
5.9 1.00 2.462 2.436
6.0 1.00 2.562 2.564
6.1 1.00 2.604 2.603
6.2 1.00 2.720 2.770
6.3 1.00 2.785 2.250
6.4 1.00 2.832 2.291
6.5 1.00 2.865 2.935
6.6 1.00 2.884 2.948
6.7 1.00 2.890 2.939
6.8 1.00 2.882 2.909
6.9 1.00 2.859 2.855
7.0 1.00 2.822 2.778
7.1 1.00 2.718 2.598
7.2 1.00 2.699 2.548
7.3 1.00 2.612 1.886
7.4 1.00 2.508 1.747
7.5 1.00 2.385 2.021
7.6 1.00 2.245 1.807
7.7 1.00 2.090 1.582
7.8 1.00 1.921 1.355
7.9 1.00 1.744 1.133
8.0 1.00 1.562 0.925
8.1 1.00 1.355 0.709
8.2 1.00 1.204 0.574
8.3 1.00 1.037 0.344
8.4 1.00 0.883 0.257
8.5 1.00 0.744 0.240
8.6 1.00 0.621 0.174
8.7 1.00 0.514 0.125
8.8 1.00 0.422 0.090
8.9 1.00 0.345 0.064
9.0 1.00 0.280 0.045
9.1 1.00 0.222 0.029
9.2 1.00 0.183 0.023
9.3 1.00 0.147 0.013
9.4 1.00 0.118 0.010
9.5 1.00 0.094 0.009
9.6 1.00 0.075 0.007
9.7 1.00 0.060 0.005
9.8 1.00 0.048 0.004
9.9 1.00 0.038 0.003



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 67 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 2, Temperature = 16⁰ C, Km = 0.01)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.968 0.968
3.1 0.984 0.975 0.969
3.2 0.987 0.981 0.968
3.3 0.990 0.985 0.966
3.4 0.992 0.989 0.962
3.5 0.994 0.993 0.957
3.6 0.995 0.996 0.950
3.7 1.00 0.998 0.941
3.8 1.00 1.001 0.930
3.9 1.00 0.807 0.751
4.0 1.00 1.006 0.902
4.1 1.00 1.009 0.886
4.2 1.00 1.012 0.867
4.3 1.00 1.015 0.847
4.4 1.00 1.019 0.827
4.5 1.00 1.023 0.805
4.6 1.00 1.028 0.784
4.7 1.00 1.033 0.764
4.8 1.00 1.039 0.744
4.9 1.00 0.908 0.653
5.0 1.00 1.051 0.710
5.1 1.00 1.057 0.696
5.2 1.00 1.062 0.684
5.3 1.00 1.067 0.673
5.4 1.00 1.072 0.664
5.5 1.00 1.076 0.656
5.6 1.00 1.079 0.649
5.7 1.00 1.080 0.643
5.8 1.00 1.081 0.637
5.9 1.00 1.050 0.619
6.0 1.00 1.078 0.625
6.1 1.00 1.075 0.619
6.2 1.00 1.069 0.612
6.3 1.00 1.062 0.604
6.4 1.00 1.052 0.595
6.5 1.00 1.040 0.585
6.6 1.00 1.024 0.572
6.7 1.00 1.005 0.557
6.8 1.00 0.981 0.539
6.9 1.00 0.977 0.537
7.0 1.00 0.919 0.495
7.1 1.00 0.880 0.467
7.2 1.00 0.835 0.437
7.3 1.00 0.785 0.403
7.4 1.00 0.730 0.368
7.5 1.00 0.670 0.330
7.6 1.00 0.608 0.293
7.7 1.00 0.544 0.256
7.8 1.00 0.481 0.221
7.9 1.00 0.480 0.220
8.0 1.00 0.361 0.158
8.1 1.00 0.307 0.131
8.2 1.00 0.259 0.108
8.3 1.00 0.216 0.089
8.4 1.00 0.179 0.072
8.5 1.00 0.147 0.058
8.6 1.00 0.120 0.047
8.7 1.00 0.097 0.038
8.8 1.00 0.079 0.030
8.9 1.00 0.079 0.030
9.0 1.00 0.051 0.019
9.1 1.00 0.041 0.015
9.2 1.00 0.033 0.012
9.3 1.00 0.026 0.010
9.4 1.00 0.021 0.008
9.5 1.00 0.017 0.006
9.6 1.00 0.013 0.005
9.7 1.00 0.011 0.004
9.8 1.00 0.008 0.003
9.9 1.00 0.008 0.003



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 68 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 23, Temperature = 8⁰ C, Km = 0.1)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.964 0.961
3.1 0.984 0.971 0.961
3.2 0.987 0.976 0.958
3.3 0.990 0.979 0.954
3.4 0.992 0.981 0.947
3.5 0.994 0.983 0.938
3.6 0.995 0.984 0.927
3.7 1.00 0.983 0.913
3.8 1.00 0.982 0.896
3.9 1.00 0.980 0.876
4.0 1.00 0.978 0.853
4.1 1.00 0.974 0.827
4.2 1.00 0.969 0.798
4.3 1.00 0.963 0.766
4.4 1.00 0.957 0.732
4.5 1.00 0.948 0.696
4.6 1.00 0.939 0.660
4.7 1.00 0.928 0.624
4.8 1.00 0.917 0.589
4.9 1.00 0.904 0.556
5.0 1.00 0.891 0.525
5.1 1.00 0.878 0.496
5.2 1.00 0.865 0.471
5.3 1.00 0.852 0.448
5.4 1.00 0.840 0.428
5.5 1.00 0.829 0.411
5.6 1.00 0.818 0.396
5.7 1.00 0.808 0.383
5.8 1.00 0.799 0.372
5.9 1.00 0.791 0.363
6.0 1.00 0.782 0.354
6.1 1.00 0.774 0.346
6.2 1.00 0.766 0.339
6.3 1.00 0.757 0.331
6.4 1.00 0.747 0.324
6.5 1.00 0.736 0.316
6.6 1.00 0.723 0.307
6.7 1.00 0.707 0.297
6.8 1.00 0.690 0.286
6.9 1.00 0.669 0.274
7.0 1.00 0.645 0.260
7.1 1.00 0.617 0.244
7.2 1.00 0.585 0.226
7.3 1.00 0.550 0.207
7.4 1.00 0.511 0.187
7.5 1.00 0.469 0.167
7.6 1.00 0.425 0.146
7.7 1.00 0.380 0.127
7.8 1.00 0.336 0.108
7.9 1.00 0.293 0.091
8.0 1.00 0.252 0.075
8.1 1.00 0.215 0.062
8.2 1.00 0.181 0.051
8.3 1.00 0.151 0.041
8.4 1.00 0.125 0.033
8.5 1.00 0.102 0.027
8.6 1.00 0.084 0.021
8.7 1.00 0.068 0.017
8.8 1.00 0.055 0.014
8.9 1.00 0.044 0.011
9.0 1.00 0.036 0.009
9.1 1.00 0.029 0.007
9.2 1.00 0.023 0.005
9.3 1.00 0.018 0.004
9.4 1.00 0.015 0.003
9.5 1.00 0.012 0.003
9.6 1.00 0.009 0.002
9.7 1.00 0.007 0.002
9.8 1.00 0.006 0.001
9.9 1.00 0.005 0.001



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 69 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 10, Temperature = 8⁰ C, Km = 0.1)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.962 0.957
3.1 0.984 0.968 0.956
3.2 0.987 0.972 0.952
3.3 0.990 0.975 0.946
3.4 0.992 0.977 0.938
3.5 0.994 0.977 0.927
3.6 0.995 0.976 0.913
3.7 1.00 0.974 0.896
3.8 1.00 0.971 0.876
3.9 1.00 0.966 0.851
4.0 1.00 0.960 0.823
4.1 1.00 0.953 0.791
4.2 1.00 0.943 0.755
4.3 1.00 0.932 0.716
4.4 1.00 0.918 0.673
4.5 1.00 0.902 0.629
4.6 1.00 0.884 0.584
4.7 1.00 0.864 0.538
4.8 1.00 0.842 0.493
4.9 1.00 0.818 0.451
5.0 1.00 0.793 0.410
5.1 1.00 0.768 0.373
5.2 1.00 0.744 0.340
5.3 1.00 0.720 0.310
5.4 1.00 0.697 0.283
5.5 1.00 0.677 0.260
5.6 1.00 0.658 0.240
5.7 1.00 0.641 0.224
5.8 1.00 0.626 0.209
5.9 1.00 0.612 0.197
6.0 1.00 0.600 0.187
6.1 1.00 0.589 0.178
6.2 1.00 0.579 0.170
6.3 1.00 0.569 0.163
6.4 1.00 0.559 0.157
6.5 1.00 0.548 0.150
6.6 1.00 0.537 0.144
6.7 1.00 0.525 0.138
6.8 1.00 0.510 0.131
6.9 1.00 0.494 0.123
7.0 1.00 0.476 0.115
7.1 1.00 0.455 0.106
7.2 1.00 0.431 0.097
7.3 1.00 0.404 0.087
7.4 1.00 0.376 0.077
7.5 1.00 0.345 0.066
7.6 1.00 0.312 0.056
7.7 1.00 0.280 0.047
7.8 1.00 0.247 0.039
7.9 1.00 0.215 0.031
8.0 1.00 0.185 0.025
8.1 1.00 0.158 0.019
8.2 1.00 0.133 0.015
8.3 1.00 0.111 0.012
8.4 1.00 0.092 0.009
8.5 1.00 0.075 0.007
8.6 1.00 0.061 0.005
8.7 1.00 0.050 0.004
8.8 1.00 0.040 0.003
8.9 1.00 0.033 0.002
9.0 1.00 0.026 0.002
9.1 1.00 0.021 0.002
9.2 1.00 0.017 0.001
9.3 1.00 0.013 0.001
9.4 1.00 0.011 0.001
9.5 1.00 0.009 0.001
9.6 1.00 0.007 0.000
9.7 1.00 0.005 0.000
9.8 1.00 0.004 0.000
9.9 1.00 0.003 0.000



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 70 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 2, Temperature = 8⁰ C, Km = 0.1)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.973 0.974
3.1 0.984 0.982 0.976
3.2 0.987 0.989 0.977
3.3 0.990 0.996 0.978
3.4 0.992 1.002 0.977
3.5 0.994 1.008 0.975
3.6 0.995 1.015 0.972
3.7 1.00 1.022 0.969
3.8 1.00 1.031 0.964
3.9 1.00 1.040 0.959
4.0 1.00 1.052 0.954
4.1 1.00 1.065 0.948
4.2 1.00 1.080 0.943
4.3 1.00 1.098 0.938
4.4 1.00 1.119 0.934
4.5 1.00 1.142 0.931
4.6 1.00 1.169 0.930
4.7 1.00 1.198 0.931
4.8 1.00 1.229 0.933
4.9 1.00 1.261 0.937
5.0 1.00 1.294 0.943
5.1 1.00 1.327 0.950
5.2 1.00 1.359 0.957
5.3 1.00 1.388 0.964
5.4 1.00 1.415 0.971
5.5 1.00 1.439 0.977
5.6 1.00 1.459 0.982
5.7 1.00 1.476 0.986
5.8 1.00 1.489 0.988
5.9 1.00 1.498 0.988
6.0 1.00 1.504 0.987
6.1 1.00 1.506 0.983
6.2 1.00 1.505 0.977
6.3 1.00 1.499 0.969
6.4 1.00 1.490 0.957
6.5 1.00 1.476 0.943
6.6 1.00 1.457 0.924
6.7 1.00 1.432 0.901
6.8 1.00 1.401 0.873
6.9 1.00 1.364 0.840
7.0 1.00 1.319 0.801
7.1 1.00 1.265 0.757
7.2 1.00 1.204 0.707
7.3 1.00 1.134 0.652
7.4 1.00 1.057 0.593
7.5 1.00 0.973 0.532
7.6 1.00 0.885 0.470
7.7 1.00 0.794 0.409
7.8 1.00 0.704 0.351
7.9 1.00 0.615 0.297
8.0 1.00 0.531 0.249
8.1 1.00 0.453 0.206
8.2 1.00 0.382 0.169
8.3 1.00 0.320 0.137
8.4 1.00 0.265 0.111
8.5 1.00 0.218 0.090
8.6 1.00 0.178 0.072
8.7 1.00 0.145 0.058
8.8 1.00 0.117 0.046
8.9 1.00 0.095 0.037
9.0 1.00 0.076 0.029
9.1 1.00 0.061 0.023
9.2 1.00 0.049 0.019
9.3 1.00 0.039 0.015
9.4 1.00 0.031 0.012
9.5 1.00 0.025 0.009
9.6 1.00 0.020 0.007
9.7 1.00 0.016 0.006
9.8 1.00 0.013 0.005
9.9 1.00 0.010 0.004



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 71 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 23, Temperature = 16⁰ C, Km = 0.1)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.968 0.964
3.1 0.984 0.975 0.963
3.2 0.987 0.981 0.962
3.3 0.990 0.986 0.958
3.4 0.992 0.989 0.953
3.5 0.994 0.993 0.945
3.6 0.995 0.996 0.936
3.7 1.00 0.999 0.925
3.8 1.00 1.001 0.911
3.9 1.00 1.004 0.895
4.0 1.00 1.007 0.879
4.1 1.00 1.009 0.856
4.2 1.00 1.013 0.833
4.3 1.00 1.016 0.809
4.4 1.00 1.020 0.785
4.5 1.00 1.025 0.760
4.6 1.00 1.030 0.736
4.7 1.00 1.035 0.712
4.8 1.00 1.040 0.691
4.9 1.00 1.046 0.671
5.0 1.00 1.052 0.729
5.1 1.00 1.058 0.638
5.2 1.00 1.063 0.625
5.3 1.00 1.068 0.614
5.4 1.00 1.072 0.604
5.5 1.00 1.075 0.596
5.6 1.00 1.078 0.589
5.7 1.00 1.079 0.582
5.8 1.00 1.079 0.576
5.9 1.00 1.078 0.571
6.0 1.00 1.076 0.921
6.1 1.00 1.073 0.559
6.2 1.00 1.067 0.552
6.3 1.00 1.060 0.544
6.4 1.00 1.051 0.535
6.5 1.00 1.039 0.525
6.6 1.00 1.024 0.512
6.7 1.00 1.005 0.498
6.8 1.00 0.982 0.480
6.9 1.00 0.955 0.460
7.0 1.00 0.923 0.852
7.1 1.00 0.885 0.410
7.2 1.00 0.842 0.380
7.3 1.00 0.793 0.348
7.4 1.00 0.738 0.314
7.5 1.00 0.680 0.279
7.6 1.00 0.618 0.244
7.7 1.00 0.555 0.210
7.8 1.00 0.491 0.178
7.9 1.00 0.430 0.148
8.0 1.00 0.371 0.257
8.1 1.00 0.316 0.100
8.2 1.00 0.267 0.081
8.3 1.00 0.223 0.065
8.4 1.00 0.185 0.052
8.5 1.00 0.152 0.041
8.6 1.00 0.124 0.033
8.7 1.00 0.101 0.026
8.8 1.00 0.082 0.021
8.9 1.00 0.066 0.016
9.0 1.00 0.053 0.020
9.1 1.00 0.043 0.010
9.2 1.00 0.034 0.008
9.3 1.00 0.027 0.007
9.4 1.00 0.022 0.005
9.5 1.00 0.017 0.004
9.6 1.00 0.014 0.003
9.7 1.00 0.011 0.003
9.8 1.00 0.009 0.002
9.9 1.00 0.007 0.002



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 72 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 10, Temperature = 16⁰ C, Km = 0.1)











Log Kow Trophic Level 2 Trophic Level 3 Trophic Level 4
3.0 0.980 0.965 0.957
3.1 0.984 0.971 0.955
3.2 0.987 0.976 0.952
3.3 0.990 0.979 0.942
3.4 0.992 0.982 0.933
3.5 0.994 0.983 0.927
3.6 0.995 0.984 0.914
3.7 1.00 0.984 0.898
3.8 1.00 0.983 0.878
3.9 1.00 0.981 0.855
4.0 1.00 0.979 0.828
4.1 1.00 0.974 0.796
4.2 1.00 0.971 0.766
4.3 1.00 0.966 0.704
4.4 1.00 0.960 0.663
4.5 1.00 0.952 0.655
4.6 1.00 0.944 0.616
4.7 1.00 0.935 0.578
4.8 1.00 0.925 0.542
4.9 1.00 0.914 0.507
5.0 1.00 0.903 0.475
5.1 1.00 0.883 0.437
5.2 1.00 0.881 0.421
5.3 1.00 0.870 0.343
5.4 1.00 0.860 0.322
5.5 1.00 0.851 0.361
5.6 1.00 0.843 0.347
5.7 1.00 0.835 0.334
5.8 1.00 0.827 0.323
5.9 1.00 0.820 0.314
6.0 1.00 0.813 0.305
6.1 1.00 0.792 0.284
6.2 1.00 0.798 0.290
6.3 1.00 0.790 0.226
6.4 1.00 0.781 0.220
6.5 1.00 0.770 0.268
6.6 1.00 0.757 0.259
6.7 1.00 0.742 0.249
6.8 1.00 0.725 0.238
6.9 1.00 0.704 0.226
7.0 1.00 0.679 0.212
7.1 1.00 0.639 0.186
7.2 1.00 0.619 0.180
7.3 1.00 0.583 0.127
7.4 1.00 0.543 0.112
7.5 1.00 0.499 0.123
7.6 1.00 0.454 0.105
7.7 1.00 0.407 0.087
7.8 1.00 0.361 0.071
7.9 1.00 0.315 0.057
8.0 1.00 0.272 0.045
8.1 1.00 0.228 0.032
8.2 1.00 0.196 0.027
8.3 1.00 0.164 0.016
8.4 1.00 0.136 0.012
8.5 1.00 0.112 0.012
8.6 1.00 0.091 0.009
8.7 1.00 0.074 0.007
8.8 1.00 0.060 0.005
8.9 1.00 0.048 0.004
9.0 1.00 0.039 0.003
9.1 1.00 0.031 0.002
9.2 1.00 0.025 0.002
9.3 1.00 0.020 0.001
9.4 1.00 0.016 0.001
9.5 1.00 0.013 0.001
9.6 1.00 0.010 0.001
9.7 1.00 0.008 0.001
9.8 1.00 0.006 0.000
9.9 1.00 0.005 0.000



Notes
Kow = n-octanol-water partition coefficient



Km = metabolic transformation rate constant



ΠSOCW/Kow = ratio of sediment-water concentration quotient and Kow



C = Celsius



Table 73 - Foodchain Multipliers for Warmwater Pelagic Foodweb Model (Gobas 1993; 
ΠSOCW/Kow = 2, Temperature = 16⁰ C, Km = 0.1)
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Ms. Connie Brower
North Carolina Department of Environmental Quality (NCDEQ)



Division of Water Resources
Water Planning Section



1611 Mail Service Center,
Raleigh, NC 27699-1611



Sent via e-mail
15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov



July 30, 2018



Re: North Carolina Division of Water Resources Triennial Review of Water
Quality Standards



Dear Ms. Brower,



On behalf of its members, NCASI appreciates the opportunity to comment on
the Division’s proposed revisions to human health-based water quality criteria
(HHWQC) for surface waters in North Carolina.  Along with these comments
we are providing and update to extensive technical material that was
previously shared with the Division.  This information will support the
proposed decision to more carefully consider development of HHWQC
appropriate for waters of North Carolina during the next (2020-2022) triennial
review.



NCASI conducts research and technical studies on behalf of forest products
companies across the US, and its members represent nearly 90% of pulp
and paper and two-thirds of wood panels produced nationwide.  Most forest
products facilities operating in North Carolina are NCASI members.  NCASI
has been an active participant at the state and federal levels in technical and
scientific aspects of water quality criteria development for many years.



These comments relate specifically to the Division’s proposal to consider
revisions to HHWQC during the 2020-2022 triennial review cycle. NCASI has
collaborated with Arcadis to compile a significant amount of technical
information regarding the 2015 criteria update prepared by EPA. The
technical information is contained within the report titled Derivation of human
health ambient water quality criteria:  review of key scientific and technical
assumptions and approaches, second edition, which is being submitted with
these comments. An earlier version of this information was shared with the
Division in 2017.  Since that time, the document has been updated to include
additional information on bioaccumulation factors, including material that is
designed to help states develop BAFs that better reflect local water quality
conditions (rather than relying on BAF estimates derived using information on
PCBs in the Great Lakes as do the EPA 2015 default criteria). The
remainder of the document is largely unchanged.











Ms. Connie Brower
July 30, 2018
Page 2



NCASI and its members support the Division’s desire to carefully consider the scientific
underpinnings of EPA’s 2015 criteria recommendations and evaluate alternatives that may provide
an improved basis for managing surface waters in North Carolina. The extent of this science and
technical material is significant and it is, therefore, reasonable to allow the Division staff and other
stakeholders sufficient time during the next triennial review period to fully consider the information.
We would be pleased to meet with you at an appropriate time to more thoroughly review the
matters of science detailed in the report.



Sincerely,



Paul Wiegand
Vice President, Water Resources
Director, Northern and Western Regions
(919) 941-6417
pwiegand@ncasi.org



Attachment: Derivation of human health ambient water quality criteria:  review of key scientific and
technical assumptions and approaches, second edition, Arcadis and NCASI, April 2018.













From: Keith Larick
To: 15ANCAC02B_TriRev_Rule_Comments
Cc: Anne Coan; Brower, Connie
Subject: [External] NCFB Triennial Review Comments 7-31-2018
Date: Tuesday, July 31, 2018 3:43:55 PM
Attachments: FINAL Comments of NCFB on Triennial Review - 7-31-18.pdf


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Please see the attached comments from North Carolina Farm Bureau Federation related to the
Triennial Review and readoption of 15A NCAC 02B.0100, .0200, and .0300.
 
Thanks,
Keith Larick
 
---------------------------------------------------
Keith Larick
Natural Resources Director
North Carolina Farm Bureau Federation
Phone: (919) 987-1257
Cell: (919) 749-5293
www.ncfb.org
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From: Chuck Hayworth
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Protect our Streams and Waterways
Date: Wednesday, July 25, 2018 8:11:16 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Hi,
I am not a robot but a scout leader, Eagle Scout, father of three, and avid outdoorsman. I love our parks and trails
here in North Carolina.


 The damage by DuPont to the Cape Fear River is unacceptable. We as citizens must stand up and say that this type
of behavior and reckless dumping into our waterways is harming future generations and fragile coastal ecosystems.


Please stand up to them by doing the following.


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.


Sincerely,
Chuck Hayworth


Sent from my iPhone
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From: Gloria Shen
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Public Comment
Date: Friday, July 13, 2018 1:19:14 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Dear NC DENR:


My comments are as follows:


Set and improve standards for pesticides known to be in North Carolina waters. 
Please review the science and propose improvements to the standards for atrazine to include a water
supply standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides.  Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are protected. 


Set standards to prevent sub-lethal effects on fish. 
Sub-lethal effects of exposure don’t kill fish, mussels, or insects outright, but weaken and disrupt them,
leading to declining populations and degraded aquatic life over time. When setting aquatic-life standards,
EMC should set them to consider these effects. 


Adopt a standard for the class of chemicals that includes GenX. 
Residents in the Lower Cape Fear River region and elsewhere in NC have been exposed to GenX in
drinking water; at levels likely well above the state health goal.


Thank you.


Sincerely,
Gloria Shen
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From: Jeannie Ambrose
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Public Comments
Date: Tuesday, July 31, 2018 9:07:44 PM
Attachments: 2018-July 31-Triennial Review of Surface Water Quality Protection-JA Final Public Comments.docx


2018-July 31-Draft_chart-Contaminants in the Cape Fear River Basin .png


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


I am submitting two e-files for the triennial review of surface water quality protections:
public comments and chart.


Thank you.


Jeannie Ambrose
675 Lichen Trail
Pittsboro, NC 27312
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Triennial Review of Surface Water Quality Protection


Amend 15A NCAC 02B0100-.0300


Public Comments


July 31, 2018





Dear Environmental Review Commission,





I am in favor of the EMC adopting the most protective surface water standards possible as recommended by the EPA. Strong WQ standards must be in place for monitoring and assessing safe water quality levels to maintain healthy aquatic life, to provide clean water for drinking, recreation and business uses, and to improve impaired waterways. The public has become aware of the many regulated and unregulated contaminants coming from various sources that end up in our drinking water. Many URCs are not required to be tested in drinking water or have no set regulatory standards. Legacy issues at different sites make this even more of an environmental and health concern. For example, 1,4-dioxane and the perfluorinated compounds are just two of the many unregulated drinking water contaminants from industrial sources that the EMC should rule on to provide some WQ standards for Class A waters. 





Please see the draft chart, summarizing the possible pollution sources and health concerns of some contaminants in the Cape Fear River watershed, created by citizen scientists who reviewed publications from government agencies, medical and scientific articles, and news reports. The findings are applicable statewide. Many of these water contaminants are carcinogens or endocrine disrupting chemicals that can be harmful at very low concentrations. Bioaccumulation of these chemicals in our bodies can be damaging over the long term and are especially injurious to the health and wellbeing of children and the elderly. Everyone benefits when the waters of the state are protected. I urge the EMC to update and strengthen the existing water quality standards in North Carolina.


[bookmark: _GoBack]


Thank you for the opportunity to submit public comments.





Jeannie Ambrose


Pittsboro, NC 27312
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CONTAMINANTS in the
Cape Fear River Basin

Regulations

Sources of Pollution

Health Concerns

 Bacteria
 Endocrine Disrupting Chemicals (EDC):
« BPA_(Bisphenol A) ° ° DD ° ° efeTe °
* Brominated Flame Retardants* (BFR) . . . . . . . . . . .
» Cadmium_(Heavy Metal) DD DD DD ° ol e ol e
 Lead (Heavy Metal) ° el e oo ° ° ° | o | o
« Poly- and Per-fluoroalkyl Substances (PFASs):
 GenX_(hort-chain PFASs) ? [ e[?2]e]? ? ? ? 222
« Persistent Organic Pollutants (POPs):
© Atrazine . . . . .
e DDT BAN . . . . .
« PCBs (Polychlorinated biphenyls) | BAN D o e ° ° ° °
« PFOA_(long-chain PFAS) ° ° DD ° ° ° ° elele
« PFOS_(long-chain PFAS) ° ° | o ° ° ° ° elele
 Pharmaceuticals and Personal Care Products (PPCPs):
* 1,4-Dioxane* . . . . . . . .
© Phthalates . . . . . . . .
® Prescribed Antibiotics . . . .
 Triclosan*, Triclocarban* BAN . . . . . . . . .
 Roundup (Glyphosate Product) ° ° ° o e o e
* Excess Nutrients:
» Nitrogen (NO3, NO2, NH3) ° D e[efefeTe
o Phosphorus ° ° e e efee
« Harmful Algal Blooms_(HABS):
* Biotoxins . . . . . .
 Heavy Metals:
® Arsenic . . . . . . . . . . . .
* Hexavalent Chromium*/Chromium-6 BAN | o . . .
* Mercury DD DD ° ol e ol e
@ Selenium . . . . . . .
| Vanadium . . . . . . . .
@ Sediment [ ]

_ * Emerging Contaminant of Concern










From: Roger Ehrlich
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Public comment to Improve and set standards for toxins in NC waters
Date: Friday, July 13, 2018 11:49:00 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear public regulatory officials and staff,


As a concerned NC citizen I believe it is to the benefit of my family, future generations and the environment for NC
to implement water quality standards at least as strict as any other state.


Towards this end I urge you to register the following public comment for review by state rule-makers (and please
confirm that you have done so through a written acknowledgement):


Review the science and propose improvements to the standards for atrazine to include a water supply standard, and
establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.


Paul Roger Ehrlich
406 Kent Dr., Cary, NC 27511
(919) 696-5995


Sent from my iPhone
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From: Sarah Collins
To: 15ANCAC02B_TriRev_Rule_Comments
Cc: Brower, Connie
Subject: [External] RE: NCLM Comments: Triennial Review
Date: Thursday, August 02, 2018 9:21:16 AM
Attachments: image002.png


image003.png
image004.png
image005.png
NCLM_TR_Comments (2018).pdf


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


I apologize I realize my subject of my email was incorrect. I have corrected it.
 
Sarah W. Collins
Legislative and Regulatory Counsel
NC League of Municipalities
150 Fayetteville St., Ste. 300
Raleigh, NC 27601
O: 919.715.2919 | M: 919.368.1269
scollins@nclm.org
 


 


        
 


From: Sarah Collins 
Sent: Thursday, August 2, 2018 9:20 AM
To: '15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov'
<15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov>
Cc: 'Brower, Connie' <connie.brower@ncdenr.gov>
Subject: FW: NCLM Comments: 15A NCAC 18C .1305 Source Water Protection Planning
 
 
Ms. Brower,
 
The N.C League of Municipalities’ comments regarding the proposed changes to surface water
quality standards that serve as the Triennial Review. We appreciate the opportunity to comment on
this potential rulemaking.
 
I thought I sent this email yesterday, but noticed this morning it was still in my outbox. I apologize
for the delay.
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August 1, 2018 
 



Ms. Connie Brower 
DEQ/Division of Water Resources 
1611 Mail Service Center  
Raleigh, NC 27699-1611 
 



Re: Comments on the Proposed Changes to Water Quality Standards Regulations pursuant to the 
Triennial Review 
 



Dear Ms. Brower, 



 



The NC League of Municipalities is a membership organization of over 540 municipalities and 
affiliate organizations, many of which are impacted by decisions made regarding amendments to the 
state’s water quality standards regulations. The League’s member cities, towns, and affiliates 
therefore appreciate the opportunity to comment on N.C. Environmental Management 
Commission’s (EMC) proposed rule changes that represent the Triennial Review of Surface Water 
Quality Standards (WQS).  
 



In past Triennial Review actions, the League actively participated in the process to develop the 
changes to the WQS. Many of the changes to the WQS in the 2014 Triennial Review the League 
supported and are retained in the current proposal, and we appreciate that. However, in 2014 the 
League supported the inclusion of action levels and biological confirmation, and we understand that 
those are being removed due to EPA’s disapproval of those aspects of the current WQS. While we 
hoped those aspects would be retained, we understand EPA’s disapproval makes that unlikely. 
Attached is a copy of the League’s 2014 comments regarding our support of action levels. The 
remainder of our comments on this Triennial Review are limited to the proposed change to 
Chlorophyll-a criteria found in 15A NCAC 02B.0211(4). 
 



We have heard from many of our members that the proposed “monthly averaging” language found 
in 15A NCAC 02B.0211(4) is concerning. The original intent of the chlorophyll-a criteria was for it to 
be a seasonal average, not an instantaneous value or monthly average. To that end, the proposed 
change is in opposition to the original intent. A seasonally-averaged chlorophyll-a criteria is 
technically defensible and consistent with the averaging period used by many other states. 
Additionally, the Nutrient Criteria Development Plan that was adopted in 2014 is currently being 
acted upon and in that work scientific experts (NCDP Scientific Advisory Council) are acting to 
determine what chlorophyll-a criteria should be in specific water body types across the state. The 
WQS should not be changed until this scientifically defensive process has concluded. 
 



I appreciate the opportunity to comment. 
 



Respectfully Submitted, 



 
Sarah W. Collins 



Legislative and Regulatory Counsel 











NCLM Comments – page 2 



 



Retention of Action Levels 
The 2014 rules updated the action levels to dissolved chronic criteria (based on a hardness of 25 mg/L for 



the hardness dependent metals in freshwater) and propose to retain the language that allows compliance 



with whole effluent toxicity (WET) requirements to negate the need for permit limitations for copper, silver, 



and zinc in all waters plus chloride in freshwater. This concept has always made sense because the WET test 



organisms used for most dischargers, daphnia and ceriodaphnia, are among the most sensitive organisms 



for these substances and the toxicity of these substances is highly dependent on dissolved organic material 



and other complexing material in effluents and receiving waters. The North Carolina WET requirements are 



among the most comprehensive in the country and there is a high rate of compliance with these 



requirements. Elimination of the action level concept and requiring dischargers to do additional testing to 



adjust these criteria through development of a WER or other site specific approach is a waste of resources 



when the WET testing is already demonstrating that water quality is being protected. 












 
Best,
Sarah
 
Sarah W. Collins
Legislative and Regulatory Counsel
NC League of Municipalities
150 Fayetteville St., Ste. 300
Raleigh, NC 27601
O: 919.715.2919 | M: 919.368.1269
scollins@nclm.org
 


 


        
 
 



mailto:scollins@nclm.org

https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nclm.org%2FCityVision&data=02%7C01%7Cscollins%40NCLM.ORG%7C8b914c2d901940b19c8308d5e800e171%7C2d1671225ed446918041b4ea69a4c106%7C0%7C0%7C636670012909208197&sdata=U2lAqokV2GbixLaH9cZ%2FVU4VeabyFm5smTHI1alfp%2BE%3D&reserved=0

https://na01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.herewegrownc.org%2F&data=02%7C01%7Cscollins%40NCLM.ORG%7C8b914c2d901940b19c8308d5e800e171%7C2d1671225ed446918041b4ea69a4c106%7C0%7C0%7C636670012909218198&sdata=BvR%2FOOYhxU7T3Es64KKvUeDLayMn4qoZT9BgLj4kVms%3D&reserved=0

https://na01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.facebook.com%2FNCLeague&data=02%7C01%7Cscollins%40NCLM.ORG%7C8b914c2d901940b19c8308d5e800e171%7C2d1671225ed446918041b4ea69a4c106%7C0%7C0%7C636670012909218198&sdata=Qcz%2BW%2BRfoA%2B6TKsae4EBuXGQWpJB9%2Bh%2B%2BWLMThFTSxE%3D&reserved=0
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From: Mike King
To: 15ANCAC02B_TriRev_Rule_Comments; Brower, Connie
Cc: Mairs, Robb L; Paxon M. Holz
Subject: [External] Request for rule change
Date: Wednesday, July 25, 2018 1:27:50 PM
Attachments: Bayshore_boatdocks (google earth) final.pdf


Bayshore_boatdocks siteplan (final).pdf
MCAC Rule Change.docx


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


 
 
Sent from Mail for Windows 10
Connie,
Thank you for taking the time to speak with me.  Attached is my commentary regarding a rule
change as well as a site plan and a Google Earth photo of the site.  If there is any other information
you feel would be helpful please do not hesitate to contact me.
 
Thanks in advance for your consideration and assistance in this matter.
 
Michael L. King
252 342-0635



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:connie.brower@ncdenr.gov

mailto:robb.mairs@ncdenr.gov

mailto:paxonhoffice@ymail.com

mailto:report.spam@nc.gov

https://go.microsoft.com/fwlink/?LinkId=550986
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 Carteret County GIS Image



Proposed Bayshore



Boat Docks
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Owner Paxon M. Holz 106 Manatee Street Cape Carteret, NC 28584 (252) 393-8144
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Permitting Supplement Not For Construction
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Stormwater Management



Low Density Calculations



Project Area = 247,287 sf



Coastal Wetlands Area =  2,952 sf



Pre-1988 BUA (per Owner)



Concrete & Asphalt Boat Ramp = 811 sf



Gravel Drive = 1,877 sf



Two Story Wood Frame = 1,146 sf.



Asphalt Drive = 13,340 sf



Total Pre-1988 Impervious = 17,174 sf



Project Area = 247,287 sf



- Coastal Wetlands Area = -2,952 sf



- Pre-1988 BUA = -17,174 sf



Net Project Area = 227,161 sf



Given Adjacent Surface Waters: SA / ORW



Allowable (New) BUA = 0.12 x 227,161 = 27,259 sf



Proposed BUA = 1,800 sf



1,800 / 227,161 = 0.79% BUA



Platform Calculations



Proposed



4 (5' x 30') = 600sf



Existing = 3.5' x 36' = 126sf



(Waterward of High Water Line)
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I would like to make a recommendation to the committee or rulemaking body that can effect changes to 15A NCAC 020.0225.  Specifically I would like to address paragraph (e) (7) which restricts boat lengths in Marinas less than 10 boats to 21 feet in overall length.


I am in the process of applying for a major CAMA permit and accompanying storm water permit to construct an 8 slip boat dock on the ORW waters on Bogue Sound in the Town of Cape Carteret, NC.  The boat dock will be located adjacent to a parcel on the west side of Live Oak Drive in Cape Carteret in the vicinity of the old ferry boat channel. The parcel is not subdivided and therefore has no street number assigned but it is in the 300 block of the street. The parcel is approximately 5.3 acres.  I have attached a PDF of the site plan which will contain details of the boat dock, the adjacent water and the site itself.  I recommend that the length of boats currently limited to 21 feet by the above cited rule be changed to 24 feet to be consistent with CAMA rules and town ordinances.  My reasons for requesting this change are as follows:


1. The days of inboard motors and oily water filled bilges is long gone. Watertight fiberglass and aluminum hulls have virtually replaced all hulls less than 30 feet.  


2. The days of oil spewing two stroke engines is all but over.  Nearly all boats under 30 feet are powered with single or multiple 4 stoke outboards that have oil tight cases and operate on an extremely lean fuel mixture.


3. Flat bottom skiffs in the range of 18-24 feet are a very popular boat in the shallow waters of Bogue Sound.  While there are still many skiffs in the 18-21 foot range, nearly all manufacturers produce longer skiffs which are increasingly popular.  V-hulls are of similar fiberglass construction and also powered by new non-polluting 4 stroke engines.


4. DWR rules limiting boats to 21 feet in length is inconsistent with CAMA rules and also our local ordinances which allow boats up to 24 feet in length.  The boat dock for which I am seeking permits will prohibit, boats with cabins and heads.  Additionally fueling, drink and ice machines, bathroom facilities and other commercial amenities are prohibited. Parking for the site will be on unpaved grass and limited to 9 parking spaces.  Overnight stays on boats and parking is prohibited by ordinance.


I am making this request not only on behalf of the ORW waters in this area of Bogue sound but also for other areas of coastal North Carolina that may be experiencing similar frustration with this inconsistency in the rules.  


I live in Cape Carteret on the waterfront adjoining Bogue Sound owning 2 power boats and 3 sailboats. I fully enjoy the benefits of the strict environmental regulation that has kept commercial development from degrading water quality and shell fishing, however, this rule I am objecting to appears to be a holdover from the days when commercial and recreational vessels we major contributors to degradation of water quality.


The application process to obtain the necessary permits is difficult, time consuming and expensive.  This rule appears to offer no environmental protections and restricts unnecessarily boats in excess of 21 feet.


Thank you for reviewing my request and I look forward to hearing from you.  If I can provide and further justification or documentation regarding this project please do not hesitate to contact me.





Respectfully,


[bookmark: _GoBack]


Michael L. King


517 Neptune Drive


Cape Carteret, NC 28584


252 242-0635







From: Dana Sargent
To: 15ANCAC02B_TriRev_Rule_Comments
Cc: Kemp Burdette; Frank Yelverton; Jen Cole
Subject: [External] Triennial Review - Public Comment Submission
Date: Monday, July 30, 2018 10:07:52 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Dear Ms. Brower,


Because water body classifications are water quality standards, Cape Fear River
Watch believes the regulation reclassifying the Lower Cape Fear River as a “swamp
water” – 15A NCAC 02B .0311(t) – can be addressed as part of triennial review.


We put together a sign-on letter to both inform our members and others of the
reclassification, and to seek their input.  We received 459 signatures from citizens
of North Carolina who oppose this reclassification.


Please accept this letter and the associated signatures (some with additional
comments) as public comment for the Triennial Review Process.


Please let me know if you have any questions. 


Thank you. 


Dana Sargent
Campaign Coordinator - Cape Fear River Watch, Clean Water Matters 
Not-the-Answer Campaign Coordinator - Cape Fear Surfrider
Co-founder - Clean Cape Fear


910-444-8080
newsongs5@gmail.com 
nottheanswernc@capefear.surfrider.org 
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From: Brooks Pearson
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Triennial Review Comments - Cape Fear River Watch and Waterkeeper Alliance
Date: Thursday, July 19, 2018 12:15:01 PM
Attachments: 2018-7-31CommentsOnTriennialReview_Signed.PDF


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Attached please find comments on the North Carolina Environmental Management Commission’s
proposed changes to North Carolina’s surface water quality standards on behalf of Cape Fear River
Watch and Waterkeeper Alliance.
 
Best,
Brooks Rainey Pearson
 
Brooks Rainey Pearson
Staff Attorney
Southern Environmental Law Center
601 West Rosemary Street, Suite 220
Chapel Hill, North Carolina 27516-2356
919-967-1450 Ext. 116
Mobile 919-923-6215
Fax 919-929-9421
http://www.southernenvironment.org
 
This electronic message and any attached files are confidential and are intended solely for the use of the addressee(s)
named above. This communication may contain material protected by attorney-client, work product or other
privileges.
 


Disclaimer


The information contained in this communication from the sender is confidential.
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From: Emily Sutton
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Triennial Review Comments from Haw River Assembly
Date: Monday, July 30, 2018 12:25:34 PM
Attachments: HRA Triennial Review Comments.docx


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Hello, members of the Environmental Management Commission. Haw River Assembly appreciates the extension for
submitting Triennial Review Comments. Our comments are below in the body of this message, as well as in an
attachment. 


Thank you again for taking these comments into consideration. 


Emily Sutton
Haw Riverkeeper 
Haw River Assembly


Thank you ladies and gentleman of the Environmental Management Commission 
for giving the communities impacted by your decisions a chance to encourage more 
protective water quality standards in our state. My name is Emily Sutton, and I am 
the Haw Riverkeeper. I represent over 1000 members in our watershed. We 
recommend the EMC adopt enforceable standards to two water contaminants, 1,4 
Dioxane and E.Coli bacteria. 
 
Residents throughout North Carolina are being exposed to 1,4 Dioxane through 
drinking water and recreational exposure to surface water. This contaminant does 
not break down in water and treatment can be very costly. Long term exposure 
through drinking or dermal absorption to this contaminant negatively affects the 
liver and kidneys. The EPA has established that 1,4 Dioxane is likely to be 
carcinogenic to humans. Because many streams with higher levels of contamination 
feed into the Water Supply Watersheds, we urge the EMC to create an enforceable 
standard based off the the protective value of 0.35ug/L for all surface waters. This 
protective value currently only applies to Water Supply Watersheds, and it is not 
enforceable. Under rule 15A NCAC 2B .0208, "the concentrations of toxic 
substances shall not results in unacceptable health risks." This gives the authority to
the EMC to limit the allowable level of 1,4 Dioxane through discharges. Currently, 
many Wastewater Treatment plants are reviewing their direct discharge permits. 
Now is the time to apply this standard to surface water in order to protect the 
residents of North Carolina. 
 
In April, Riverkeepers across the state monitored for fecal and E.coli bacteria in 
surface water bodies near industrial meat production facilities. Within 30 days, 
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Thank you ladies and gentleman of the Environmental Management Commission for giving the communities impacted by your decisions a chance to encourage more protective water quality standards in our state. My name is Emily Sutton, and I am the Haw Riverkeeper. I represent over 1000 members in our watershed. We recommend the EMC adopt enforceable standards to two water contaminants, 1,4 Dioxane and E.Coli bacteria.


 


Residents throughout North Carolina are being exposed to 1,4 Dioxane through drinking water and recreational exposure to surface water. This contaminant does not break down in water and treatment can be very costly. Long term exposure through drinking or dermal absorption to this contaminant negatively affects the liver and kidneys. The EPA has established that 1,4 Dioxane is likely to be carcinogenic to humans. Because many streams with higher levels of contamination feed into the Water Supply Watersheds, we urge the EMC to create an enforceable standard based off the the protective value of 0.35ug/L for all surface waters. This protective value currently only applies to Water Supply Watersheds, and it is not enforceable. Under rule 15A NCAC 2B .0208, "the concentrations of toxic substances shall not results in unacceptable health risks." This gives the authority to the EMC to limit the allowable level of 1,4 Dioxane through discharges. Currently, many Wastewater Treatment plants are reviewing their direct discharge permits. Now is the time to apply this standard to surface water in order to protect the residents of North Carolina.


 


In April, Riverkeepers across the state monitored for fecal and E.coli bacteria in surface water bodies near industrial meat production facilities. Within 30 days, Riverkeepers collected five samples from several sites in each basin. In that study, we found most of our samples exceeded EPA’s guidance for fecal and E. Coli levels. However, no corrective action was taken due to the lack of E. Coli bacteria standards for surface water in North Carolina. This oversight puts North Carolinians at risk. There is currently no regulatory standard for E.coli, though there are many documented health risks associated with this bacteria in surface water. Bacteria can survive and be transported to new hosts when given the proper moisture, pH, nutrient supply, and temperature. In warmer months, the survival rates of these bacterias increase, which creates a dangerous situation for recreational users. These pathogens also contaminate groundwater. We recommend the EMC to adopt the EPA E. coli standard of a geometric mean (GM) of 35 colony forming units (CFU) per 100 milliliters (mL).









Riverkeepers collected five samples from several sites in each basin. In that study, 
we found most of our samples exceeded EPA’s guidance for fecal and E. Coli 
levels. However, no corrective action was taken due to the lack of E. Coli bacteria 
standards for surface water in North Carolina. This oversight puts North Carolinians 
at risk. There is currently no regulatory standard for E.coli, though there are many 
documented health risks associated with this bacteria in surface water. Bacteria can 
survive and be transported to new hosts when given the proper moisture, pH, 
nutrient supply, and temperature. In warmer months, the survival rates of these 
bacterias increase, which creates a dangerous situation for recreational users. These 
pathogens also contaminate groundwater. We recommend the EMC to adopt the 
EPA E. coli standard of a geometric mean (GM) of 35 colony forming units (CFU) 
per 100 milliliters (mL).


Emily Sutton
Haw Riverkeeper


Haw River Assembly
P.O.Box 187
Bynum NC 27228
O: (919) 542-5790
C: (573) 979-1038
www.hawriver.org



http://www.hawriver.org/






From: Emmy Grace
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Triennial Review Comments
Date: Tuesday, June 26, 2018 8:13:04 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Dear NCDENR,


Thank you for continuing to review water standards. In preparation for the upcoming review,
please take into account the following points that must be considered and updated:


Update ammonia standard. Ammonia can cause toxic effects on aquatic life like fish.
The biggest gap in our state water quality standards is the lack of an updated ammonia
standard.
Consider infants and children when setting standards.
Set standards to prevent sub-lethal effects on fish. Water standards are designed to
protect fish and wildlife, including trout, shellfish, and endangered species but our
standards are lagging behind science.
Protect the flow of water. When the flow of water in a river is changed – by excessive
withdrawals or too much stormwater runoff river health declines.
Update water quality standards using EPA human health criteria. In 2015, EPA finalized
new human health criteria, essentially recommending starting points for state water
quality standards for 95 pollutants.
Adopt standards to protect against algal toxins.
Set standards for pesticides known to be in N.C. waters. Pesticides that harm aquatic life
are showing up in N.C. waters.
Adopt standard for class of chemicals that includes GenX.


Thank you,
Emmy Grace
1505 Duke University Rd
Durham, NC 27701 


Emmy Grace
Dual M.A. International Affairs and Natural Resources & Sustainable Development, 2015
American University - School of International Service, Washington D.C.
The University for Peace, Costa Rica
emmy.a.grace@gmail.com 
847.975.4985
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From: Brittany Iery
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Triennial Review Comments
Date: Monday, July 30, 2018 3:57:19 PM
Attachments: 7-30-18 NC Conservation Network Triennial Review.pdf


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Hello,
 
Please see the attached petition signed by 1,028 North Carolina residents, urging the
Environmental Management Commission to update and strengthen the current water quality
standards.
 
Please let me know if you have any questions or need additional information. Your attention to this
matter is appreciated.
 
Sincerely,
Brittany
 
Brittany Iery, Online Organizer
NC Conservation Network
919.857.4699 x 108
http://www.ncconservationnetwork.org/
Facebook:                 http://www.facebook.com/NCConservationNetwork 
Twitter:                     @NCConservation
Instagram:                @ncconservationnetwork
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T: 919.857.4699 
 



F: 919.833.8819 
 



234 Fayetteville Street, 5th Floor 
Raleigh, NC 27601 



 



www.ncconservationnetwork.org 



July 30th, 2018 
 



Connie Brower, DENR 
Division of Water Resources/Water Planning Section 
1611 Mail Service Center, Raleigh, NC 27699-1611 
 
Re: 2018 Triennial Review of Clean Water Rules 
 
Dear Ms. Brower, 
 
Please see the attached petition signed by 1,028 North Carolina residents, 
urging the Environmental Management Commission to update and 
strengthen the current water quality standards.  
 
We urge the Environmental Management Commission to move now – or, if 
necessary, in a separate rulemaking – to: 
  



• Adopt EPA’s recommended formula for ammonia. This change is 
needed to protect aquatic life in rivers across the state. 



• Adopt a standard for perfluoroalkayls (PFAS), the class of chemicals 
that includes GenX. 



• Adopt standards for carcinogenic pesticides known to be in our 
waters, including atrazine and chlorpyrifos. 



• Review existing standards to ensure they protect infants, children, 
and other vulnerable subpopulations. Increasing scientific evidence 
shows that exposures during critical windows of development can 
cause life-long harm at much lower concentrations than needed to 
affect adults. 



• Review existing standards to ensure they prevent ‘sub-lethal’ impacts 
to fish and wildlife – because a river whose fish vanish because they 
can’t reproduce or evade predators is just as degraded as a river 
where pollution kills the fish directly. 



 
Thank you for your time and please let me know if you have any questions or 
need additional information. Your attention to this matter is appreciated.  
 
Sincerely,  



  
Brittany Iery, Online Organizer 
NC Conservation Network 
234 Fayetteville Street, 5th Floor 
Raleigh, NC 27601 











Dear Environmental Management Commission, 



 



We, the undersigned, urge the Environmental Management Commission to adopt the proposed changes to water quality 



standards required by the US Environmental Protection Agency. Beyond that, we urge the EMC to move now – or, if 



necessary, in a separate rulemaking – to: 



• Adopt EPA’s recommended formula for ammonia. This change is needed to protect aquatic life in rivers across the state. 



• Adopt a standard for perfluoroalkayls (PFAS), the class of chemicals that includes GenX. 



• Adopt standards for carcinogenic pesticides known to be in our waters, including atrazine and chlorpyrifos. 



• Review existing standards to ensure they protect infants, children, and other vulnerable subpopulations. Increasing 



scientific evidence shows that exposures during critical windows of development can cause life-long harm at much 



lower concentrations than needed to affect adults. 



• Review existing standards to ensure they prevent ‘sub-lethal’ impacts to fish and wildlife – because a river whose fish 



vanish because they can’t reproduce or evade predators is just as degraded as a river where pollution kills the fish 



directly.  



Clean water and a healthy environment are vitally important to all North Carolinians – for our health, property values, 



recreational and business opportunities. Please update and strengthen the current water quality standards.  



Thank you. 



Sincerely, 



 











First Name Last Name Address City State Zip
1. D&G Altman PO Box 643 Murphy NC 28906
2. Donna Baker 3 Chinn Lane Middleburg NC 20118
3. Tiffany Ehnes 429 Rainbow Rd Advance NC 27006
4. Courtney Cooper Po Box 98 Bethania NC 27010
5. Lais Parra Borges 2181 Cherrywood Drive Clemmons NC 27012
6. Joanne Heckel 115 Sir Patrick'S Ct Clemmons NC 27012
7. Shelley Hood 5036 Peppertree Rd Clemmons NC 27012
8. Jason Mcmahan 4509 Carriagebrook Ct Clemmons NC 27012
9. Lauren Beard 7001 Tramore Lane Clemmons NC 27012



10. James Hoots 3455 Mountain View Germanton NC 27019
11. Toni Finch 519 Hampton Drive King NC 27021
12. Andra Eich 121 Ashley Lane King NC 27021
13. Teresa Steelman 206 Belnette Dr Lewisville NC 27023
14. Jessie Cockerham 129 Bubbas Trail Lowgap NC 27024
15. Molly Follweiler 206 S Lonesome Rd Madison NC 27025
16. Elizabeth Bonzo-Savage 2041 Bethesda Church Road Madison NC 27025
17. Gary Purgason 711 Massey Creek Rd. Madison NC 27025
18. Tucker Bailey 371 Brangus Way Mocksville NC 27028
19. Bill Bryant 410 Cabin Trail Mount Airy NC 27030
20. Lora Nemcik 605 Runningbrook Lane Rural Hall NC 27045
21. Donna Wagoner 1484 Quarry Road Woodleaf NC 27054
22. Emily Baty Po Box 127 Woodleaf NC 27054
23. Dianne Trivette Jones Fletcher 1144 Kennedy Street Yadkinville NC 27055
24. Langston Boyles 118 S Poplar St Winston Salem NC 27101
25. Richard Hicks 2930 Eddystone Ln Winston Salem NC 27103
26. Julie Magness 630 Fenimore St Winston Salem NC 27103
27. Jessica Cordero 238 Rutledge Dr Winston Salem NC 27103
28. Frances Huffman 2400 Hoyt Street Winston Salem NC 27103
29. Delaney Mcguire 903 Melrose Street Winston-Salem NC 27103
30. Donna Burke 2333 Rosewood Ave Winston Salem NC 27103
31. Rebecca Fogley 2301 Westfield Ave Winston Salem NC 27103
32. Luba Havraniak 2270 Sunderland Road A-17 Winston Salem NC 27103
33. Casandra Dragon 1244 Melon Lane Winston Salem NC 27103
34. Joann Sands 1208 Lamont Dr Winston Salem NC 27103











35. Richard Duffy 5047 Wyngate Village Dr Winston Salem NC 27103
36. Heidi Mitchell 278 S Westview Dr Winston Salem NC 27104
37. Benjamin Miller 242 Ridge Forest Ct Winston Salem NC 27104
38. Kimberly Nelson 501 Commonwealth Drive Winston Salem NC 27104
39. Rebecca Blevins 311 Commonwealth Dr Winston Salem NC 27104
40. Prudence Blasdell 4840 Stonewall Street Winston Salem NC 27105
41. Kelly Crowell 320 Springwater Court Winston Salem NC 27106
42. Melinda Conner 2171 Royall Drive Winston Salem NC 27106
43. Heather Prior 2700 Reynolda Rd Winston Salem NC 27106
44. Don Bergey 144 Greenvalley Rd Winston Salem NC 27106
45. Frances Brett Pesce 2864 Monticello Dr Winston Salem NC 27106
46. Jeff Bohan 900 Teague Rd Winston Salem NC 27107
47. Nancy Byrum 1836 Flatrock St. Winston Salem NC 27107
48. Mike Byrum 1836 Flatrock Street Winston Salem NC 27107
49. Donna Von Bargen 1652 Haversham Park Drive Winston Salem NC 27127
50. Mariah Mitchell 942 Northwind Dr Winston Salem NC 27127
51. Peggy Sholar 505 S. Cox Street Asheboro NC 27203
52. Kristiana Van Eyk 632 Mountain Road Asheboro NC 27205
53. Curtis Joyce 5014 Red Fox Trail Asheboro NC 27205
54. Sandra Clark 637 Mount Shepherd Rd Asheboro NC 27205
55. Claude Morris 4627 Springbrook Dr Burlington NC 27215
56. Susan Schaffer 505 Atwater St Burlington NC 27215
57. Martha Spann 3749 Wade Coble Dr. Apt107 Burlington NC 27215
58. Carol Svatek 1326 Healing Springs Drive Denton NC 27239
59. Eleanor Hoke 117 Oakview Drive Elon NC 27244
60. Anne Cassebaum 3469 Amick Rd Elon NC 27244
61. Louisa Dang 1236 Jamestowne Drive Elon NC 27244
62. Elena Carleo 3235 Walker Store Rd Franklinville NC 27248
63. Corinne Benbow 2736 Cedar Falls Rd Franklinville NC 27248
64. Glenn Goss 7117 Laureel Point Dr. Gibsonville NC 27249
65. Patricia Kuster 2908 Goldston Carbonton Rd. Goldston NC 27252
66. Lynn Davis 2901 Shagbark Lane Graham NC 27253
67. Rodney Jones 960 Stonehaven Dr Graham NC 27253
68. Andrew Barber 1110.Montlieu.Ave High Point NC 27262
69. Micah Moody 6121 Hedgecock Circle High Point NC 27265











70. Daniel Morris 1712 Mirabeau Ct High Point NC 27265
71. Nishant Shah 3731 Village Springs Dr High Point NC 27265
72. Jackie Cantrell 3420 Haley'S Way High Point NC 27265
73. Lisa Neste 4437 Garden Club Street High Point NC 27265
74. Paula Price 1300 Meadow Wind Ln Hillsborough NC 27278
75. Katrina Wesson 806 High Ct Hillsborough NC 27278
76. Jarrett Barnhill 535 Ivy De Hillsborough NC 27278
77. David Causey 2621 Beavertail Dr Hillsborough NC 27278
78. Hannah Byrum 3100 Silas Ln Hillsborough NC 27278
79. Betsy Houston 107 N. Hillsborough Ave Hillsborough NC 27278
80. Elizabeth Chappell 7217 Bobby Jean Rd Julian NC 27283
81. Paul Williams 6132 Roxbury Court Kernersville NC 27284
82. Tani Wojcik 13912 Nc 87 N Eden NC 27288
83. Debra Fulton 428 Elam Ave Eden NC 27288
84. Judith Williams 16 Vance Circle Lexington NC 27292
85. Judith Williams 16 Vance Cir Lexington NC 27292
86. Monica Wicks 102 Westover Drive Lexington NC 27292
87. Jennifer Brandon 174 Brody Ln Lexington NC 27295
88. Visa Khouangsathiene 1960 Payne Rd Lexington NC 27295
89. Jackie Allen 8152 Sylvan Rd Liberty NC 27298
90. Kimi Massey Mebane NC 27302
91. Donald Porter 301 West Washington St.Apt.126 Mebane NC 27302
92. Catherine Andrews 3038 Fieldstone Ln Mebane NC 27302
93. Tim Stevenson 2615 Oak Ridge Rd Oak Ridge NC 27310
94. Eileen Mccorry 4103 The Knolls Close Pittsboro NC 27312
95. Sarah Carr 433 W Salisbury Pittsboro NC 27312
96. Glen Cotten 1227 Fearrington Post Pittsboro NC 27312
97. Kathy Dowd 510 Easy St Pittsboro NC 27312
98. Susan Henning 558 East Road Pittsboro NC 27312
99. Christine Reed 204 Hamlet Grove Dr Pittsboro NC 27312



100. Denise Brown 432 N Brady St Ramseur NC 27316
101. Robert Bretta 1280 Ramseur Julian Rd Ramseur NC 27316
102. Crystal Durham 3875 Nc Highway 65 Reidsville NC 27320
103. Deborah Bair 525 Lydia Perry Sanford NC 27330
104. Victor Coggins 950 Bruce Coggins Rd Sanford NC 27332











105. Andrea Crook 200 Kelly Road Sanford NC 27332
106. Camie Rodgers 595 Pinevalley Lane Sanford NC 27332
107. J. Wayne Poole, Jr. 6913 Wooden Rail Ln Summerfield NC 27358
108. Stephanie Benson 6808 Palomino Ridge Ct. Summerfield NC 27358
109. Carol Carlson 6719 Brookbank Rd Summerfield NC 27358
110. Susan Barry 4281 Kennedy Road Thomasville NC 27360
111. James Seramba 451 N. Eugene Street Greensboro NC 27401
112. Jessica Kellam 202 Ashland Drive Greensboro NC 27403
113. Carrie Little 639 Scott Ave Greensboro NC 27403
114. Michelle Moore 1301 Portland St Greensboro NC 27403
115. Perry Graves 4100U S Hwy29 N Greensboro NC 27405
116. Jamique Chestnut 2302 Sidney Porter Dr Greensboro NC 27405
117. Cheryl Media 6900 Nellore Greensboro NC 27405
118. Samantha Derr 2300E Golden Gate Dr. Greensboro NC 27405
119. Sandra Koritz 1801 Murrayhill Road Greensboro NC 27406
120. Bill Jordan 5001 Liberty Rd Greensboro NC 27406
121. Jesse Suggs Jr 2005 Bridgette Blvd Greensboro NC 27407
122. Tenisha Herring 1308 Adams Farm Pkwy Apt F Greensboro NC 27407
123. Camille Harris-Wallace 3701 W Gate City Blvd Greensboro NC 27407
124. Trudy Atkins 2517 Lakeshore Drive Greensboro NC 27407
125. Mark Schulz 2619A West Court Street Greensboro NC 27407
126. Sharon Daugherty 4312 Bramlet Pl Greensboro NC 27407
127. Mitchell Ward 1403-A Whilden Place Greensboro NC 27408
128. Lou Mcmillion 900 Country Club Dr. Greensboro NC 27408
129. Craig Fedor 1212 W Northwood St Greensboro NC 27408
130. Mary Emma Stewart 3100 N Elm St 10-E Greensboro NC 27408
131. N. Granat 2217 W. Cone Greensboro NC 27408
132. Colleen Farley 1215 Pamlico Drive Greensboro NC 27408
133. Teresa Bratton 1110 Sunset Dr. Greensboro NC 27408
134. Jessica Seawell 1327 Winstead Place Greensboro NC 27408
135. Barbara Brown 5007 Korem Drive Greensboro NC 27409
136. Paula Stober 3607 Timberoak Drs Greensboro NC 27410
137. John Koppel 1000 Chatfield Dr Greensboro NC 27410
138. John Porter 915 Woodbrook Dr. Greensboro NC 27410
139. Clay Thornton 5406 Dobson Rd Greensboro NC 27410











140. Nancy Williams 925 New Garden Rd Greensboro NC 27410
141. Matt Amick 512 Arrowhead Drive Greensboro NC 27410
142. Mingming Gu 4802 Ferncrest Dr. Greensboro NC 27410
143. Benjamin Weston 6161-A Lake Brandt Rd Greensboro NC 27455
144. Anne Jones 2304 Brandt Village Greensboro NC 27455
145. John Mooney 2512 Veranda Lane Greensboro NC 27455
146. Nancy Kondracki 5211 Flintrock Court Greensboro NC 27455
147. Mary Jackson 1373 Lee'S Chapel Rd Greensboro NC 27455
148. Quincey Hyatt 100 Pine Needle Dr Angier NC 27501
149. Ethan Ulrich Ennis Rd Angier NC 27501
150. Linda Maynard 311 Keith St Apex NC 27502
151. Stephen Boletchek 1106 Elbury Drive Apex NC 27502
152. Joe Fleming 1939 Gray Meadow Drive Apex NC 27502
153. Leah Dekoskie 605 Culvert St Apex NC 27502
154. Bonnie Townsend 701 Winter Hill Dr Apex NC 27502
155. Janey Mcmillen 806 Knollwood Drive Apex NC 27502
156. Deborah Kenyon 509 Gablefield Lane Apex NC 27502
157. Doug Wilkerson 102A Pine Carrboro NC 27510
158. Tanya Jisa 173 Viburnum Way Carrboro NC 27510
159. Katherine Baer 702 Bolin Creek Dr Carrboro NC 27510
160. Margaret Misch 109-A Mulberry Street Carrboro NC 27510-1853
161. Rick Savage 101 Bonner Ct. Cary NC 27511
162. James Southerland 103 Moray Ct Cary NC 27511
163. Anna Winters 10512 Balwins Gate Cary NC 27511
164. Barbara Harvey 102 Ayr Ct Cary NC 27511
165. Hannah Russell 1334 Wicklow Court Cary NC 27511
166. Andreas Batz 1007 Manchester Dr Cary NC 27511
167. Farshid Bondar 128 Castlewood Dr. Cary NC 27511
168. Susan Edelstein 308 Heidinger Drive Cary NC 27511
169. Samuel Brewer 1203 Kilmory Drive Cary NC 27511
170. Ryan Robertson 104 Silverrock Ct. Cary NC 27513
171. Olga Bushel 207 Firetree Lane Cary NC 27513
172. Lisa Rademacher 513 Carriage Woods Circle Cary NC 27513
173. David Gardener 110 Hidden Rock Ct Cary NC 27513
174. Pat Vescio 312 Arvo Lane Cary NC 27513











175. John Zeberan 130 Marquette Dr. Cary NC 27513
176. James Cundiff 222 Huntington Dr Chapel Hill NC 27514
177. Michele Clark 109 Shadowood Dr.  Apt. V Chapel Hill NC 27514
178. Etsuyo Choi 1714 Michaux Rd Chapel Hill NC 27514
179. Jeffrey Collins 5909 Hathaway Ln Chapel Hill NC 27514
180. Ivy Brezina 120 Red Bud Lane Chapel Hill NC 27514
181. Alexandra Stefanovic 207 Old Franklin Grove Drive Chapel Hill NC 27514
182. Kathy Underhill 209 Butternut Drive Chapel Hill NC 27514
183. Marc Pendergast 203 Glenview Pl Chapel Hill NC 27514
184. Kaselehlia Sielken 136 Kingston Drive Chapel Hill NC 27514
185. Heather Payne 1300 Mason Farm Road Chapel Hill NC 27514
186. Linda Brown 116 Woodbridge Ln Chapel Hill NC 27514-1831
187. Sarah Shapard 600-201 Copperline Drive Chapel Hill NC 27516
188. Johnny Mayall 86A Willow Way Chapel Hill NC 27516
189. Tye Zasacky 408 Cotton St Chapel Hill NC 27516
190. John Van Arnold 100 Adams Way Chapel Hill NC 27516
191. James Chambo 2914 Brightside Dr. Chapel Hill NC 27516
192. Elisabeth Curtis 112 Circadian Way Chapel Hill NC 27516
193. Neil Infante 5303 Lucas Farm Lane Chapel Hill NC 27516
194. Sam Retsch-Bogart 100 Cardiff Place Chapel Hill NC 27516
195. Judith Martinez 107 Sudbury Ln Chapel Hill NC 27516
196. Aggie Crews 421 Ray Road Chapel Hill NC 27516
197. Katherine Pinard 2511 Solstice Trail Chapel Hill NC 27516
198. Eli Celli 407 Legends Way Chapel Hill NC 27516
199. Mary O'Keefe 103 Culbreth Rd Chapel Hill NC 27516
200. Barbara Gabriel 1300 Blackwood Mtn Rd Chapel Hill NC 27516
201. Emily O'Hare 302 Copperline Drive Chapel Hill NC 27516
202. Christine Heady 2938 Morrow Farm Lane Chapel Hill NC 27516
203. Betsey Granda 112 Circadian Way Chapel Hill NC 27516-4604
204. Dr. Dan Graham 123 Grace Ave. Chapel Hill NC 27517
205. Alice Zelenak 288 Highview Dr. Chapel Hill NC 27517
206. Lynne Kane 11 Lark Circle Chapel Hill NC 27517
207. Jane Church 211 Cedar Berry Lane Chapel Hill NC 27517
208. Blake Walker 53516 Bickett Chapel Hill NC 27517
209. Kristine O'Keefe 1737 Legion Rd Chapel Hill NC 27517











210. David Flora 550 Carolina Meadows Villa Chapel Hill NC 27517
211. Kicab Castaneda-Mendez 112 Rhododendron Court Chapel Hill NC 27517
212. Lori Campbell 105 Woodgrove Lane Cary NC 27518
213. Gloria Brimley 6211 Camise Ln Cary NC 27518
214. Katie Horan 1027 Essex Forest Dr Cary NC 27518
215. Michael Welke 3108 Bluff Oak Drive Cary NC 27519
216. Vincent Oliver 105 Attmore Way Cary NC 27519
217. Frank Moore 3301 Carolina Lily Street Cary NC 27519
218. Miroslava Petrova 7228 Citadel Creek Lane Cary NC 27519
219. Kenna King 411 Brook Creek Dr Cary NC 27519
220. Luke Newsome 4325 Guy Road Clayton NC 27520
221. Roger Chellew 104 Elmwood Lane Clayton NC 27520
222. Harvey Richmond 200 Ivygreen Chase Court Apex NC 27523
223. Martha Girolami 473 Mt. Pisgah Church Rd. Apex NC 27523
224. Cheryl Giles 401 Knolls View Dr Fuquay Varina NC 27526
225. Mae Basye 501 Quest Ridge Drive Fuquay Varina NC 27526
226. Alicia Clark 156 N Honey Springs Ave Fuquay Varina NC 27526
227. Patricia Waltonhenson 281 Kentucky Drive Clayton NC 27527
228. Adriana E Porrata-Colón 67 Mariners Point Way Garner NC 27529
229. Doug Van Luvender 606 Blazing Star Ct Garner NC 27529
230. Teresa Graham 1200 Meadowbrook Dr Garner NC 27529
231. Lynne C. 5012 Lipscomb Dr Garner NC 27529
232. Rachel Wendel 920 Open Field Dr Garner NC 27529
233. David Bell 128 Rock Fish Lane Garner NC 27529
234. Erika Stucker 5609 Treestand Ct. Garner NC 27529
235. Lisa Lewis 112 Carrington Drive Garner NC 27529
236. Mindy Hodgin 249 Community Drive Goldsboro NC 27530
237. Berkeley Perkins 2606 Pineneedles Road Goldsboro NC 27534
238. Beaufreton Tiffany 2904, Ivory Bluff Trail Apex NC 27539
239. Tony Strickland 7224 Bedford Ridge Dr Apex NC 27539
240. Adam Brawer 108 Briarburn Lane Holly Springs NC 27540
241. Miriam Youngquist-Thurow 6209 Thurlow Court Holly Springs NC 27540
242. Crystal Bass 2921 Marks Creek Road Knightdale NC 27545
243. Jacqueline Kosnik 1208 Amber Acres Lane Knightdale NC 27545
244. Philip Garriss 1110 River Point Rd Moncure NC 27559











245. Rick Mchenry 499 Forest Lake Est Moncure NC 27559
246. Violet Perry 1876 Moncure Pittsboro Rd Moncure NC 27559
247. Sandra Hutchinson 2309 Duck Pond Circle, Apt. H Morrisville NC 27560
248. Heidi Carton 4917 Friendship Rd New Hill NC 27562
249. Kitty Freeman 2517 B Smith Road Oxford NC 27565
250. Mary Wesson 400 Grand Rock Way Rolesville NC 27571
251. Cassandra Hillman 326 Middleham Drive Rolesville NC 27571
252. Kelly Monsees 6613 Isham Chambers Road Rougemont NC 27572
253. Terry Labombard 189 Miranda Ln Roxboro NC 27574
254. Billy Taylor 9315 Virgilina Rd Roxboro NC 27574
255. Maryann Glazer 515 Jackbrann Road Roxboro NC 27574
256. Tricia Oakley 101 Greenwood Circle Smithfield NC 27577
257. Jon Mcvety 1413 Lindenberg Sq Wake Forest NC 27587
258. Roland Robustelli 1300 Thorny Vine Ct Wake Forest NC 27587
259. Julian Prosser 109 Barley Place Wake Forest NC 27587
260. Hylin Mcneeley 1208 New Grissom Way Wake Forest NC 27587
261. Chris Davis 908 Sugar Gap Road, 201 Wake Forest NC 27587
262. Greg Mcelroy 3674 Graham Sherron Rd Wake Forest NC 27587
263. Frank Mccoy 7225 Winding Way Wake Forest NC 27587
264. John Godfrey 709 Montville Ct Wake Forest NC 27587
265. Christine Ball 104 Melksham Rd. Wake Forest NC 27587
266. Eddie Ledesma 500 Checkmate Cir Wake Forest NC 27587
267. Carol Cass 1409 Cedar Branch Ct. Wake Forest NC 27587
268. James Bengel 20 Canterbury Ct Wendell NC 27591
269. Bruce Halpern 201 Russell Drive Wendell NC 27591
270. S Mcgrigor 116 Sue Kim Dr Youngsville NC 27596
271. Linda Bennett 13950'Nc Hwy 96 Zebulon NC 27597
272. Philip Davis 2652 Huntsman Tr Zebulon NC 27597
273. Tom Simon 305 Worth Street Raleigh NC 27601
274. Susan Winfrey Raleigh NC 27601
275. Melissa Mason 120 N. Bloodworth Raleigh NC 27601
276. Deborah Purnell 5413 Monk Dr Raleigh NC 27603
277. Denis Obrien 1535 Caraleigh Mills Ct. Raleigh NC 27603
278. Judy Payne 1105 W Lenoir Street Raleigh NC 27603
279. Cynthia Eyer Turner Downs Raleigh NC 27603











280. Mary Frazer 1716 Evergreen Ave Raleigh NC 27603
281. Lynette Worrell 4032 Ridgebrook Bluffs Drive Raleigh NC 27603-8816
282. Kimberly Hurtt 2712 Quail Point Drive Raleigh NC 27603-8926
283. Helen L Tart 611 Monroe Drive Raleigh NC 27604
284. Lynn Lyle 700 N East St Raleigh NC 27604
285. Karen Johnson 3527 Brentwood Rd. Raleigh NC 27604
286. Candace L 3311 Marie Dr Raleigh NC 27604
287. Chris Conley 4800B Walden Ct. Raleigh NC 27604
288. Darlene Hamilton 1605 Beacon Valley Dr Raleigh NC 27604
289. Thomas Quinn 1823 Bellwood Dr Raleigh NC 27605
290. Claiborne Smisson Po Box 12253 Raleigh NC 27605
291. Eileen Juric 511 Adams Street Raleigh NC 27605
292. Helen Gray 1020 West Peace St., Apt. U8 Raleigh NC 27605
293. Donna Newman 710-D Powell Drive Raleigh NC 27606
294. Sherry Macqueen 6825 Penny Road Raleigh NC 27606
295. Brian Denmeade 1430-104 Collegiate Circle Raleigh NC 27606
296. Kathleen Wassell 1231 Trillium Circle Apt L Raleigh NC 27606
297. Jane Ann Hughes 7760 Netherlands Dr Raleigh NC 27606
298. Dale Batchelor 5508 Swiftbrook Circle Raleigh NC 27606
299. Janet Ledermann 1035 Oak Lake Ct Raleigh NC 27606
300. Cheryl Mcgraw 1004 Braxton Ct. Raleigh NC 27606
301. John Gerwin 1008 Ravenwood Dr. Raleigh NC 27606
302. Sharon Gerew 5405 Hounds Ear Pl Raleigh NC 27606
303. Barton Armstrong 2412 Wesvill Ct Raleigh NC 27607
304. James Womble 2700 North Mayview Rd Raleigh NC 27607
305. Catherine Marie 3612 Morningside Dr. Raleigh NC 27607
306. Sara Loeppert 1317 Rand Dr Raleigh NC 27608
307. Vickie Penninger 711 Kimbrough St Raleigh NC 27608
308. Isaac Sherman 2120 Woodland Ave Raleigh NC 27608
309. Joanne Loktu 1127 Hardimont Rd Raleigh NC 27609
310. June Newcomer 5016 Quail Hollow Dr Raleigh NC 27609
311. April Wilson 1704 Sorrell Brook Way Raleigh NC 27609
312. Donna Sheaves 4441 Six Forks Rd Raleigh NC 27609
313. Elizabeth Neel 5504 Kellwood Ct Raleigh NC 27609
314. Brittany Iery 1116 Holburn Pl Raleigh NC 27610











315. Andrea Osborn 111 North King Charles Road Raleigh NC 27610
316. Gina B 1400 Altama Cir Raleigh NC 27610
317. Margaret Vaughn 818 Chatham Lane Raleigh NC 27610
318. Doris Jackson 5405 Wheatcross Pl Raleigh NC 27610
319. Hassell L. Draughn, Jr. 1211 Gatling St. Raleigh NC 27610
320. Johnie Jones 1600 Rock Drive Raleigh NC 27610
321. Win Stewart 334 Golf Course Dr. Raleigh NC 27610
322. Julie Crissman 2321 Pastille Ln Raleigh NC 27612
323. Susan Allen 6824 Gloucester Road Raleigh NC 27612
324. Elizabeth Kearse 2113 Oakcrest Ct Raleigh NC 27612
325. Joe Bearden 1809 Lakepark Drive Raleigh NC 27612
326. Karen Bearden 1809 Lakepark Drive Raleigh NC 27612
327. Jeff Kulp 5417 Oldtowne Road Raleigh NC 27612
328. Michael Voigt 7404 Valley Lake Drive Raleigh NC 27612
329. Susan Depew 7804 Ocoee Court Raleigh NC 27612
330. Marie Zip 2200 Barfield Ct Raleigh NC 27612
331. Richard Spencer 5001 Elkwood Ct Raleigh NC 27613
332. Stephen Melott 4305 Southwind Drive Raleigh NC 27613
333. Frances Melott 4305 Southwind Drive Raleigh NC 27613
334. Cindy Mcmorris 8916 Langwood Drive Raleigh NC 27613
335. Michael Eisenberg 5033 Bartons Enclave Ln Raleigh NC 27613
336. Janet Alford 11945 Straightaway Ln Raleigh NC 27613
337. Carl Sigel 11116 Bremerton Ct Raleigh NC 27613
338. Nicole Ditillo 3120 Hidden Pond Dr. Apt 206 Raleigh NC 27613
339. Leslie Rupert 5309 Willow Cry Lane Raleigh NC 27613
340. J. L. Hampton 11501 Old Creedmoor Rd. Raleigh NC 27613
341. John Franklin 11504 Hyde Place Raleigh NC 27614
342. Shima Namvarjah Raleigh NC 27614
343. Todd Fields 2413 Pleasant Union Church Rd. Raleigh NC 27614
344. Karin Petzold 3517 Mount Prospect Circle Raleigh NC 27614
345. Michelle Kearney 10315 Evergreen Spring Pl. Raleigh NC 27614
346. Jodi Stanner 1219 Walkertown Dr Raleigh NC 27614
347. Cindy Levey 8012 Clear Brook Dr Raleigh NC 27615
348. Timothy Throndson 7437 Capstone Drive Raleigh NC 27615
349. Doris Whitfield 109 Renwick Ct. Raleigh NC 27615











350. June Linhart 4501 Rivershyre Way Raleigh NC 27616
351. Celeste Winterberger 3901 Rim Court Raleigh NC 27616
352. Vicki Parker 6113 Amber Bluffs Crescent Raleigh NC 27616
353. Gregory Hargraves 8870 Elizabeth Bennett Place Raleigh NC 27616
354. Erica Kitchen 6309 Kent Cv Raleigh NC 27617
355. Daryl Parker Po Box 58386 Raleigh NC 27658
356. Matthew Rubino 219 D. Clark Labs Raleigh NC 27695
357. Laura Ballance 1800 Glendale Ave Durham NC 27701
358. Nancy Sampson 1000 Lamond Ave Durham NC 27701
359. Shel Anderson 1706 Rosetta Dr Durham NC 27701
360. Thomas Huzij 206 N Duke St Apt 115 Durham NC 27701
361. Konrad Catolos 1406 Woodland Dr Durham NC 27701
362. John Emerson 328 B Clark Street Durham NC 27701
363. Cindy Minnotte 1724 Vista St Durham NC 27701
364. Thomas Carson 530 Foster St Apt 308 Durham NC 27701
365. Michael Kosusko 924 Monmouth Avenue Durham NC 27701
366. Alexis Luckey 331 W. Main Street, Suite 411 Durham NC 27701
367. Sarah Connette 506 Mallard Avenue Durham NC 27701
368. Kenneth Crews P. O. Box  1062 Durham NC 27702
369. Tara Wilhelmson 1533 Ellis Road Durham NC 27703
370. Norma Gavin 1311 Pulitzer Ln Durham NC 27703
371. Bradley Hubinek 1036 Atticus Way Durham NC 27703
372. Sally Ullman 1114 Hines Forest Drive Durham NC 27703
373. Sharon Renshaw Durham NC 27703
374. Louis Desantis 1118 Hooper Pl Durham NC 27703
375. David Owens 2100 Hamlin Road Durham NC 27704
376. Vicky Brandt 3318 Coachman'S Way Durham NC 27705
377. Joanne Nikides 5106A Murphy School Rd Durham NC 27705
378. Jeffrey Nicolaisen 2528 Perkins Rd Durham NC 27705
379. Lori Rauch 81 Stoneridge Road Durham NC 27705
380. David Buchwalter 3010 Harriman Rd Durham NC 27705
381.  Connie Raper 2614 Woodmont Dr Durham NC 27705
382. Mary Ann Witt 2600 Croasdaile Farm Pkwy Durham NC 27705
383. Thomas Struhsaker 2953 Welcome Dr Durham NC 27705
384. Mitzi Twine 906 Deers Nest Lane Durham NC 27705











385. Shelley Frazier 2501 Pickett Rd. Durham NC 27705
386. Betsy Cruise 2604 Fairlawn Rd Durham NC 27705
387. Diane Thomas 110 Pinecrest Rd Durham NC 27705
388. Gary Gartner 6 Scotland Pl Durham NC 27705
389. Bianca Olivares 1317 W Pettigrew St Durham NC 27705
390. Christopher Nicchitta 115 Pinecrest Road Durham NC 27705
391. Judith Stafford 2204 Anthony Drive Durham NC 27705-2300
392. Jayne Boyer 4316 Thetford Rd Durham NC 27707
393. Keval Kaur Khalsa 1215 Carroll St. Durham NC 27707
394. Kevin Mclaughlin 1211 Cornell St Durham NC 27707
395. Paul Naylor 3508 Manford Drive Durham NC 27707
396. Martha Brimm 7 Surrey Lane Durham NC 27707
397. M Win Pine Valley Dr Durham NC 27707
398. Keith Levene 405 Carolina Circle Durham NC 27707
399. Cheryl Hustvedt 2710 Stuart Drive Durham NC 27707
400. Sara Felsen 11 Little Springs Ln Durham NC 27707
401. Diana Stephenson 3 Wild Goose Circle Durham NC 27712
402. Lou Gadol Durham NC 27712
403. Susan Goga 105 Blackford Durham NC 27712
404. Joyce Pusel 102 Emerald Cir Durham NC 27713
405. Berna Villalobos 805 Bluestone Rd Durham NC 27713
406. John Wiles 5205 Langford Ter Durham NC 27713
407. Alexandra Digiacomo 3702 Chimney Ridge Place, Apt. Durham NC 27713
408. Ashley Scott 500 Darby Glen Ln Durham NC 27713
409. Lawrence Adrian 101 Kaitlin Dr Durham NC 27713
410. Susan Oglesby 3344 Tarleton West Durham NC 27713
411. Holly Mills 4590 Carlton Crossing Dr Durham NC 27713
412. Sam Bryan Jr 300 West Woodcroft Parkway Apt 25CDurham NC 27713
413. Catherine Starkweather 110 Jennings Ln. Durham NC 27713
414. Phil Parrish 2901 Berkley Drive Rocky Mount NC 27803
415. Gillian Iery 608 Short Spoon Circle Rocky Mount NC 27804
416. David Iery 608 Short Spoon Cir Rocky Mount NC 27804
417. Wendy Moore 3870  Caitlin Dr Battleboro NC 27809
418. Elola Moore 802 Pamlico Street Belhaven NC 27810
419. Ernie Vick 124 N Dennis Street Enfield NC 27823











420. Lisette Fee 3538 East Wilson Street Farmville NC 27828
421. Regis Gilman 2542 Lance Dr Greenville NC 27833
422. Daniel Sherfey 2215B Brookville Dr Greenville NC 27834
423. James Lassiter 20 Saffron Lane Halifax NC 27839
424. Mr Murphy Po Box 36 Nashville NC 27856
425. W. Marvin Winstead, Jr. 540 Sandy Cross Rd Nashville NC 27856
426. Cindy Mauro 300 Eastbrook Drive Greenville NC 27858
427. Joni Torres 2006 Crookedcreek Road Greenville NC 27858
428. Donald Rumph 3238 Quail Pointe Dr. Greenville NC 27858-7335
429. Adam Molesky 341 Lake Valley Drive Tarboro NC 27886
430. Rachel Roberson 707 North Brown Street Washington NC 27889
431. Jimmy Hagwood 5356 Bear Grass Rd Williamston NC 27892
432. Peter Mandeville 4350 Us Hwy 264 East Alt. Wilson NC 27893
433. Cynthia Mastro 101 Hunters Trail West Elizabeth City NC 27909
434. Terri Krebs 1001 Meadow Drive Elizabeth City NC 27909
435. Katherine Willis 118 Vineyard Dr Camden NC 27921
436. Karen Gillis 630 Colonial Beach Road Ext Columbia NC 27925
437. Lisa Merchant 503 Pasquenoke Trl Edenton NC 27932
438. Mary Hill 141 Country Club Dr. Edenton NC 27932
439. Sandy Csaniz 414 Albemarle Blvd Hertford NC 27944
440. Joanne Goldsmith 113 Cedar Creek Ct Hertford NC 27944
441. Doug Morris 324 Tern Ct Kill Devil Hills NC 27948
442. Cathy Pescevich Kreplin 608 Harbour View Drive Kill Devil Hills NC 27948
443. Donald Barker 23 13Th Avenue Kitty Hawk NC 27949
444. Keith Dobie 150 Crooked Back Loop Kitty Hawk NC 27949
445. Cathy Valencia 188 Jones Circlr Manteo NC 27954
446. Walter Saffell 131 Old County Rd Manteo NC 27954
447. Ronald Campbell 100 Victoria Court Point Harbor NC 27964
448. Cynthia Partridge 210 Blair Shores Road Ext Roper NC 27970
449. Cliff Long 118 Linwood Drive Albemarle NC 28001
450. Laura Fellows 5700 Kildare Court Belmont NC 28012
451. Frank Nichols 243 Quiet Waters Rd Belmont NC 28012
452. Jim Mitchem 154 Old Spring Rd. Belmont NC 28012
453. Laura Liska 6018 Thorburn Way Belmont NC 28012
454. Joseph Vilis 138 Joye Ln. Belmont NC 28012











455. Martha Cabaniss 1241 Jonestown Road Bostic NC 28018
456. Brandon Allen 208 White St. Casar NC 28020
457. Oscar Revilla None Cliffside NC 28024
458. Glenda Steel 103 Union Street North Concord NC 28025
459. Daniel Mulligan 755 Carolyn Dr Se Concord NC 28025
460. Nicole Toughill 1444 Whitman Dr. Nw Concord NC 28027
461. Zaeem Chaudhry 2424 Claridge Rd Concord NC 28027
462. James Mcmanus 6583 Derby Ln Nw Concord NC 28027
463. Cynthia Bernett 10636 Rippling Stream Dr Nw Concord NC 28027
464. Bj Butler 20416 Deep Cove Ct Cornelius NC 28031
465. Michelle Mitchell 17227 Chardonnay Ct Cornelius NC 28031
466. Chris Micolucci 20811 Island Forest Dr Cornelius NC 28031
467. Diana Palmiter 11109 Aprilia Ln Cornelius NC 28031
468. Kathryn Franklin 425 S. Willow St., Apt A Dallas NC 28034
469. Rachel Goldstein 104 Vernon Dr Davidson NC 28036
470. Barbara Guise 105 College Drive Davidson NC 28036
471. Gary Andrew 319 N Downing St Davidson NC 28036
472. Michelle Hagy 2477 Shanklin Ln S Denver NC 28037
473. Richard Klett 4245 Little Fork Cove Rd Denver NC 28037
474. Vivian Cimino 2425 Shiny Leaf Dr Denver NC 28037
475. Patricia Winne 884 Hwy 221A Forest City NC 28043
476. Jonathan Martin 638 Carolina Ave Gastonia NC 28052
477. Cindy Henderson 824 Adams Dr. Gastonia NC 28052
478. Melissa Mcsween 1262 Huntsmoor Dr Gastonia NC 28054
479. Bradley Lewis 2995 Seth Court Gastonia NC 28054
480. Richard Mccrary 1759 Yellowstone Court Gastonia NC 28054
481. Ashley Halloran 6205 Roseway Ct Harrisburg NC 28075
482. Monica Rowe 4847 Walnut Grove St Harrisburg NC 28075
483. Claudia Thuring 15819 Lavenham Rd Huntersville NC 28078
484. Harold Bankirer 17206 Linksview Lane Huntersville NC 28078
485. Michele Symington 13508 Silver King Ct Huntersville NC 28078
486. Anne Richardson 10000 Amazona Dr Huntersville NC 28078
487. Carol Amendolare Thornbury Huntersville NC 28078
488. Jessica Henkel 10040 Devonshire Dr Huntersville NC 28078
489. Janet Fortner 10505 Kerns Road Huntersville NC 28078











490. Mark Sullivan 4016 Logan Cir Indian Trail NC 28079
491. Jewel Reavis 413 Crescent Hill Rd. Kings Mountain NC 28086
492. Mark Rosenberg 3406 East Highway 27 Lincolnton NC 28092
493. Susan Dameron 1245 North Hill Drive Lincolnton NC 28092
494. Samantha Stallings 5204 Fish Rd Marshville NC 28103
495. Frank Stroupe 329 Raintree Dr Matthews NC 28104
496. Hal Trufan 1301 Aringill Ln Matthews NC 28104
497. Michael Poole 3920 Tilley Morris Rd Matthews NC 28105
498. Lynn Gambon 3107 Old Montgomery Place Road Monroe NC 28112
499. Elizabeth Anne Dellinger 111 Misty Pond Ct Mooresville NC 28115
500. Stella Mccrea 279 Didio Cir Mooresville NC 28115
501. Carlos Salas 125 Canvasback Rd Mooresville NC 28117
502. Elizabeth Guzynski 144 Cooley Rd.` Mooresville NC 28117
503. Christi Dillon 175 Forest Ridge Rd Mooresville NC 28117
504. Jason Lail 220 Walnut Ave Mount Holly NC 28120
505. Angie Simpson 213 Kem Lane Mount Holly Nc 28120Mount Holly NC 28120
506. Beverly Thompson 128 Sadler Rd Mount Holly NC 28120
507. Patricia Lowder 8834 Oldenburg Drive Mount Pleasant NC 28124
508. Betsy Webster 14230 N.C. Highway 801 Mount Ulla NC 28125
509. Angie Eury 675 Big Lick Rd Oakboro NC 28129
510. Adia Mosely 123  My Street Charlotte NC 28134
511. Nancy Koone 269 Pleasant Hill Loop Rd Rutherfordton NC 28139
512. Jeannie Danford 405 Cross Creek Dr Rutherfordton NC 28139
513. Kathy Nance 990 Piney Knob Road Rutherfordton NC 28139
514. Susan Loscalzo 990 Piney Knob Road Rutherfordton NC 28139
515. William Desena 420 Maupin Ave Salisbury NC 28144
516. Barry Smith 120 Hampton Circle Salisbury NC 28144
517. Cindy Shoaf 225 Playground Ln Salisbury NC 28146
518. Dwayne Dvoracek 110 Grayson Dr Salisbury NC 28147
519. Ellen Hendrick 334 Grice St Shelby NC 28150
520. David Marshall 930 W Warren St Shelby NC 28150
521. Patricia Stover 628 Tina Dr. Shelby NC 28152
522. David Campbell 106 College Manor Dr Shelby NC 28152
523. Mary Conner 1307 Lackey Street Shelby NC 28152
524. Stephanie Roberson 212 Oak Street Stanfield NC 28163











525. Linda Hacker Po Box 121 Vale NC 28168
526. Shonda Maness 1215 Shannon Dr Wadesboro NC 28170
527. Jennifer Barbara 609 Appomatox Drive Waxhaw NC 28173
528. Deborah Long 3117 Waxhaw Marvin Rd Waxhaw NC 28173
529. Aleta Galusha 8428 Whitehawk Hill Road Waxhaw NC 28173
530. Becky Winkler 1100 Metropolitan Ave Unit 408 Charlotte NC 28204
531. Brianna Blanchard 1836 Parson St Charlotte NC 28205
532. Kathy Schmid 1522 Mimosa Ave Charlotte NC 28205
533. Christie Driscoll 2117 Bay St Charlotte NC 28205
534. Christian Ayers 2621 Hilliard Dr Charlotte NC 28205
535. Jessica Stroupe 4110 Tamerlane Charlotte NC 28205
536. Jennifer Bourne 3917 Abbeydale Drive Charlotte NC 28205
537. Meredith Green 4901 Elder Ave Charlotte NC 28205
538. Holly Adkisson 1511 Lansdale Drive Unit A Charlotte NC 28205
539. Janet Palmer 5326 Silabert Ave Charlotte NC 28205
540. Beth Henry 3066 Stoneybrook Road Charlotte NC 28205
541. Angelita Blackstock 1402 B Rising Oak Drive Charlotte NC 28206
542. Mary Bowman 1612 Myers Park Drive Charlotte NC 28207
543. Ray Owens 531 Manning Drive Charlotte NC 28209
544. Danya Hawley 739 Montford Dr. Charlotte NC 28209
545. Muriel Vollum 3109 Selwyn Farms Lane Charlotte NC 28209
546. Ruby Edmondson 2809 Greenbriar Rd Charlotte NC 28209
547. Betty Gunz 1409 Maryland Ave Charlotte NC 28209
548. Elizabeth Whitt 1116 Scaleybark Rd. Charlotte NC 28209-4509
549. Burt Melton 7035 Marching Duck Dr E501 Charlotte NC 28210
550. Donna Charneskie 9919 Park Springs Court Charlotte NC 28210
551. Denise Sutton 1518 Sharon Rd W Charlotte NC 28210
552. Donna Durfee 2100 Collingdale Place Charlotte NC 28210
553. Lynne Dulken 3610 Sulkirk Rd Charlotte NC 28210
554. Traci Hamilton 6138 Candlewood Dr Charlotte NC 28210
555. Nicole Campbell 1617 Lyndale Pl Charlotte NC 28210
556. Ted Campbell 1617 Lyndale Pl Charlotte NC 28210
557. Susana Flores Charlotte NC 28211
558. Harry Taylor 1901 Brandon Circle Charlotte NC 28211
559. Warner Smith 4815 Keats Ave. Charlotte NC 28212











560. Danielle Brassington 6711 Edenwood Place Charlotte NC 28212-5650
561. Bennett Lentczner 3006 Parsifal Lane Charlotte NC 28213
562. Joy Cook 5084 Sunburst Lane Charlotte NC 28213
563. Leanne Nichols 1917 Conifer Circle Charlotte NC 28213
564. Anna Boekelheide 7117 Leaves Lane Charlotte NC 28213
565. Wendy Stevens Wagothro@Hotmail.Com Charlotte NC 28214
566. Cindy Chilton 7300 Merrily Ln, 7300 Merrily Ln Charlotte NC 28214
567. Catherine Tata 9515 Yearwood Lane Charlotte NC 28214
568. Lacinda Swafford 619 Wilderess Trail Charlotte NC 28214
569. Linda Buckel 7732 Hammond Dr Charlotte NC 28215
570. Stephanie Manning 8939 Raven Park Dr Charlotte NC 28216
571. Margaret Johnson 6818 Sunman Rd Charlotte NC 28216
572. Robyn Swierszcz 5716 Kemp Mundy Lane Charlotte NC 28216
573. Rocio Bell 4222 Westmont Dr Charlotte NC 28217
574. Jean Hopkins 7324 Ricewell Rd. Charlotte NC 28226
575. Rosanne Milligan 4820 Quail Canyon Dr Charlotte NC 28226
576. Bill Staton, Mba, Cfa 2431 Hartmill Court Charlotte NC 28226
577. Alyson Winters 650 Vendue Pl Charlotte NC 28226
578. Tori Moss 6609 Reafield Rd Charlotte NC 28226
579. Lindsay Popkowski 4736 Phifer Crest Ct Charlotte NC 28226
580. Debora Hilton Charlotte NC 28226
581. Michelle Lee 6746 Vlosi Dr Charlotte NC 28226
582. Jessica Lannine 14205 Maple Hollow Ln Mint Hill NC 28227
583. Deborah Steiner 10102 Mountain Apple Drive Mint Hill NC 28227
584. Nikki Schipman 10307 Stornoway Ct Mint Hill NC 28227
585. Kim Fanelly 9928 Blackbird Hill Ln Mint Hill NC 28227
586. Briana Garvin 10043 Revolution Ct Apt C Charlotte NC 28262
587. Tyson Walkup 12716 Peyton Ct Charlotte NC 28262
588. Beverly Matthews 6207 Oak Cove Lane Charlotte NC 28269
589. Eric Innes 3900 Brownes Ferry Rd Charlotte NC 28269
590. Conda Jones 3616 Greenloch Court Charlotte NC 28269
591. John Whitlow 3017 Iredell Dr Charlotte NC 28269
592. Carlos Gonzalez 4048 Mozart Ct Charlotte NC 28269
593. Richard Starling 3216 Hubbard Rd Charlotte NC 28269
594. William Wilson 8828 Legacy Lake Lane Charlotte NC 28269











595. Willie Alston 1448 Prairie Valley Drive Charlotte NC 282695
596. Nancy Behrens 2304 Gunners Ct Charlotte NC 28270
597. Lisa O'Brien 2527 Winding Oak Drive Charlotte NC 28270
598. Charlene Knop 9307 Raintree Lane Charlotte NC 28277
599. Kanika Kapoor Red Blossomway Charlotte NC 28277
600. Edward Turner 11226 Coachman Circle Charlotte NC 28277
601. Raghuraman Nattamai 9911 Paxton Run Charlotte NC 28277
602. Eowyn Tilley 4909 King Arthur Charlotte NC 28277
603. Nicholas Rose 5914 Cabell View Court Charlotte NC 28277
604. Dan Cozart 6120 Breckfield Ct. Charlotte NC 28278
605. J S 14535 Harmonious St Charlotte NC 28278
606. Tim Leighton 17019 Ashton Oaks Dr Charlotte NC 28278
607. Karen Staples 107 Lynn Avenue Fayetteville NC 28301
608. Raymond Harris 210-D Tiffany Ct Fayetteville NC 28301
609. Francine Ritchie 273 Ramona Dr Fayetteville NC 28303
610. Phyllis Haynes 404 Dunmore Rd Fayetteville NC 28303
611. Bretton Little 2711 Bennington Road Fayetteville NC 28303
612. Lester Burch 5134 Longbranch Dr Fayetteville NC 28303
613. Melissa Howell 907 Hemlock Drive Fayetteville NC 28304
614. C Fisher 1619 Ft Bragg Rd Fayetteville NC 28305
615. Heidi Rivera 2848 Chillingworth Drive Fayetteville NC 28306
616. Donald Vickers 3521 Heartpine Drive Fayetteville NC 28306
617. Henry Louis Rodriguez Jr 7718 Eunice Drive Fayetteville NC 28306
618. Mark Vaughan 3616 Pine Bark Ct Fayetteville NC 28306
619. Jeretha Marbury Fort Bragg NC 28307
620. Joy Marshall 1057 Honeycutt Rd Fayetteville NC 28311
621. Jamie Giovinco 5709 Kindley Drive Fayetteville NC 28311
622. Tia Chamblee 136 Newport Ct Fayetteville NC 28314
623. Sharon Pugh 6712 St. Julian Way Fayetteville NC 28314
624. Sandy Waterkotte 700 Lighthorse Circle Aberdeen NC 28315
625. Elizabeth Manley 903 Sycamore St. Aberdeen NC 28315
626. Rosemaria Root 526 Sadler Family Road Lot 50 Carthage NC 28327
627. Lynda Howell 1702 Greenwood Street Elizabethtown NC 28337-9443
628. Derek Manning 3857 Sturbridge Dr Hope Mills NC 28348
629. Tracy Feldman 1700 Dogwood Mile Laurinburg NC 28352











630. Duncan Mcgugan 726 East  16Th Street Lumberton NC 28358
631. Amanda Brewer 735 Ann Rd Orrum NC 28369
632. Sharon Wilkerson 1126 Elijah Road Orrum NC 28369
633. Alexander Mcgirt 1943 Nc Highway 710 North Pembroke NC 28372
634. Richard Ashton 15 Westchester Circle Pinehurst NC 28374
635. Lisa Kilfeather 2175 Longleaf Dr. W. Pinehurst NC 28374
636. Susan Strine 16 Melfort Dr. Pinehurst NC 28374
637. Mary Sweeters 150 Torrey Pines Lane Pinehurst NC 28374
638. Christy Legner 1475 Longleaf Dr E Pinehurst NC 28374
639. Jake Odom 5 Ruby Lane Pinehurst NC 28374
640. Beth Bennington 275  Pinyon Circle Pinehurst NC 28374
641. Joanne Thornton 140 Pinyon Circle Pinehurst NC 28374
642. Margaret Anawalt 40 Devon Dr. Pinehurst NC 28374
643. Sharon Berkshire 150 Page Rd. Pinehurst NC 28374
644. Carolyn Denekamp 2635 Microwave Tower Rd. Roseboro NC 28382
645. Jason Harpster 370 Nw Broad St Southern Pines NC 28387
646. Suzanne Schenkel 106 Belmont Ct Southern Pines NC 28387
647. Heather Brown 120 W Hedgelawn Way Southern Pines NC 28387
648. Flossie Wilson 59 Dow Cir Spring Lake NC 28390
649. Paula Waterman P.O. Box 1034 Wagram NC 28396
650. Cynthia Nevins 1919 E Lake Shore Dr Wilmington NC 28401
651. Kimberly Lewis 2556 Flint Dr Wilmington NC 28401
652. Kathy Lambui 712 Orange St Wilmington NC 28401
653. M Stanley Central Blvd Wilmington NC 28401
654. Kimberly West 1912 Washington St. Wilmington NC 28401
655. Ayres Burgess 1503 Ann St Wilmington NC 28401
656. Deborah Maxwell 121 Jamaica Drive Wilmington NC 28401
657. Jennifer Walker 43 Lake Forest Pkwy Wilmington NC 28401
658. Steven Skavroneck 118 S. 4Th Street Wilmington NC 28401
659. April Smith 2541 Confederate Dr Wilmington NC 28403
660. Kar Lang 3613A Saint Johns Ct Wilmington NC 28403
661. William St. George 2217 Camellia Dr. Wilmington NC 28403
662. Shelley Anthony 3950 Sweetbriar Rd Wilmington NC 28403
663. Gloria Shirley 105 Borden Avenue Wilmington NC 28403
664. Brittany German 114 Hawthorne Dr Wilmington NC 28403











665. Nancy Smyth 146 Bradley Pines Dr Wilmington NC 28403
666. Stephen Abarno 109 Pecan Ave Wilmington NC 28403
667. Gabriella Cardile 601 South College Road Wilmington NC 28403
668. Ocean Priselac 2004 Pender Avenue Wilmington NC 28403
669. Luke Williams 5438 Eastwood Road Wilmington NC 28403
670. Serena Williams 511 Tulane Drive Wilmington NC 28403
671. Cora Brazell 5005 Oleander Dr Wilmington NC 28403
672. Deb File 6211 Wrightsville Ave Wilmington NC 28403
673. Karola Luttringhaus 2016 Princess Place Dr Wilmington NC 28405
674. Suann More 7010 Rock Creek Circle Wilmington NC 28405
675. Heather Ohm-Fisher 206 Elisha Dr Wilmington NC 28405
676. Khaled Mabrouk 3322 Belmont Cir. Wilmington NC 28405
677. Star Sandow 1216 Great Oaks Dr Wilmington NC 28405
678. Letitia Hall 4609 Laver Drive Wilmington NC 28409
679. Peggy Fry 115 Pine Cone Road Wilmington NC 28409
680. Emily Stein 209 Bradley Dr Wilmington NC 28409
681. Dan Shade 5237 Woods Edge Rd Wilmington NC 28409
682. Andrew Marhevsky 5017 Dockside Drive Wilmington NC 28409
683. Ned Martin 5400 Dawning Creek Way Wilmington NC 28409
684. Matt Miller 3519 Melissa Ct Wilmington NC 28409
685. Gayle Evezich 1320 Deer Hill Dr Wilmington NC 28409
686. Elizabeth Beardsworth 2431 Alford Landing Dr. Wilmington NC 28409
687. Johnette Fields 3206 Graylyn Terrace Wilmington NC 28411
688. George Dragity 8618 Grayson Park Dr Wilmington NC 28411
689. Barbara Bray 2348 Scotts Hill Loop Road Wilmington NC 28411
690. Linda Basso 165 Amaryllis Drive  #302 Wilmington NC 28411
691. Tish Yarborough 7517 Mason Landing Rd Wilmington NC 28411
692. Jim Fisher 817 Wild Dunes Circle Wilmington NC 28411
693. Elizabeth Broyles 213 Candlewood Dr Wilmington NC 28411
694. Janet Rodrick 8718 Mollys Court Wilmington NC 28411
695. Robert Tavenner 117 Cannon Rd Wilmington NC 28411
696. Elvis Zambrano 1565 Maple Ridge Rd Wilmington NC 28411
697. Marie Montemurro  8708 Lincolnshire Lane Wilmington NC 28411
698. Patricia Robbins 1308 Ivory Court Wilmington NC 28411
699. Carol Fordon 7313 Featherstone Ct Wilmington NC 28411











700. Esther Murphy 7235 Darden Rd., Wilmington NC 28411
701. Curtis Schacher 515 John D. Barry Dr. Wilmington NC 28412
702. Valerie Mahoney 3846 Echo Farms Blvd Wilmington NC 28412
703. Linda Wagoner 2647 Leader Circle Wilmington NC 28412
704. Carla Schwalbert 607 Lyrebird Wilmington NC 28412
705. Kayla Benton 310 Yulan Dr Wilmington NC 28412
706. Rose Reaves Warren 2416-204 Salinger Ct Wilmington NC 28412
707. Elizabeth Wood 1415 Barouche Ct Wilmington NC 28412
708. Sharon Degroat 1030 Avenshire Circle Wilmington NC 28412
709. Bill Hill 4031 Chapra Drive Wilmington NC 28412
710. Marlene Barney 8508 Lakeview Drive Wilmington NC 28412
711. Richard Francis 3815 S. College Rd. Wilmington NC 28412
712. Sherry Wibberley 1609 Zion Hill Road Bolivia NC 28422
713. Brenda Ash 314 Meadow Ln Burgaw NC 28425
714. Douglas Kramet 1100 Carolina Beach Ave. N Carolina Beach NC 28428
715. Byron Hovey 104 Island Palms Dr. Carolina Beach NC 28428
716. Cindy Yates 105 Linville Dr Castle Hayne NC 28429
717. Amanda Morgan 105 Mishoe Road Castle Hayne NC 28429
718. Joyce Moore 19 Williamson Trail Evergreen NC 28438
719. Felicia Hoffman 908 Beacon Street Hampstead NC 28443
720. Anne Fondren 818 Sound View Drive Hampstead NC 28443
721. David Askins 20 Oak Road Hampstead NC 28443
722. Donna Howard 113 White Heron Cove Hampstead NC 28443
723. Meghan Huggins 305 Pine Ridge Ln Holly Ridge NC 28445
724. Sandra A Sly 3075 Third St Surf City NC 28445
725. Katherine Solomita 1010 Leesburg Dr Leland NC 28451
726. Monica Harrison 1544 Lanvale Rd. Ne Leland NC 28451
727. John Coyle 1428 Ebringtonlane Leland NC 28451
728. Fredrick Milano 4000 Ashwood Drive Leland NC 28451
729. Donna Maher 2017 Forest View Circle Leland NC 28451
730. Jacqueline Molina 120 Carolina Ave Leland NC 28451
731. Susan Zimmer 1147 Greensview Circle Leland NC 28451
732. Rena Goldwasser 8120 Garden Pointe Drive Ne Leland NC 28451
733. James Longley 8543 Lanvale Foerst Drive Leland NC 28451
734. Len Gregorio 1332 Cape Fear National Dr. Leland NC 28451











735. Kathi Conway 3052 Annsdale Dr S Leland NC 28451
736. Debbie Bibbee 7408 Bluestone Ct Leland NC 28451
737. Jaime Spagnoli 2236 Pine Mill Trl Leland NC 28451
738. Connie Craddock 9932 North Olde Towne Wynd Belville NC 28451
739. Joseph Fudge 3826 Lemon Drop Lane Leland NC 28451
740. Richard Kelly 2266 Compass Pointe South WyndLeland NC 28451
741. Stephen Carroll 1017 Garden Club Way Leland NC 28451
742. Elizabeth Gartz 1190 Grandiflora Dr Leland NC 28451
743. Audrey Chernoch 1100 Quarters Landing Circle Sneads Ferry NC 28460
744. Anthony Fotia 4002 Norseman Loop Southport NC 28461
745. Celeste Rogers 5129 Prices Creek Drive Southport NC 28461
746. Karen Heiser Southport NC 28461
747. Carrie Zemaitis Goodykoontz 4434-1 Flagship Ave Southport NC 28461
748. Diane Boecke 600 Kennedy Dr Southport NC 28461
749. Bonnie Westbrook 3795 Ridge Crest Drive Southport NC 28461
750. Jillian Robson 6207 Navigator Way Southport NC 28461
751. Lora Sharkey 432 Cades Trail Southport NC 28461
752. Yvonne Moody 609 Marsh Grass Ct. Southport NC 28461
753. Janet Aldington Wallace NC 28466
754. Christina Gallo 95 Carolina Shores Drive Carolina Shores NC 28467
755. Robert Leger 448 Hampton St Calabash NC 28467
756. William Yingst 1042 Putting Lane Carolina Shores NC 28467
757. Charles Vieira 170 Cobblers Cir Carolina Shores NC 28467
758. Tracy Foster 160 Lighthouse Cove Loop Carolina Shores NC 28467
759. Doug Fishburn 988 Middleton Dr Nw Calabash NC 28467
760. Eunice Rowe 42 Swamp Fox Dr Carolina Shores NC 28467
761. Barry Auman 543 Sunset Lakes Blvd. Sw Sunset Beach NC 28468
762. Martin Hazeltine 7614 Dunbar Dr Sunset Beach NC 28468
763. Julia Martinelli 8918 Landing Drive, Sw Sunset Beach NC 28468
764. E. Ledford 636 Kingfisher Lane Sunset Beach NC 28468
765. Cheryl Villante 1247 Neptuno Ct. Sw Ocean Isle Beach NC 28469
766. Deane Gallimore 1693 Clove Hitch Ln Sw Ocean Isle Beach NC 28469
767. Terrell Shortsleeve 6367 Havencrest Drive Ocean Isle Beach NC 28469
768. Bernadette Beaupre 311 River Village Square Shallotte NC 28470
769. Randall Dail, Jr. 495 River Bluff Dr.  Unit 3 Shallotte NC 28470











770. Ginger Deberry 1243 Riverview Drive Sw Shallotte NC 28470
771. Billie Matthews 205 Harvester Court Winnabow NC 28479
772. Hap Palmer 1704 N Lumina Ave Wrightsville BeachNC 28480
773. Laquitta Redmond-Harris 7 Carver Cts Kinston NC 28501
774. Diane Lemieux 159 Wild Cherry Lane Arapahoe NC 28510
775. Christine Voss 106 Locust Ct. Atlantic Beach NC 28512
776. D. Grady 4430 Emma Cannon Road Ayden NC 28513
777. Walter Wood 304 Hedrick St Beaufort NC 28516
778. Ruth Talley 210 Pollock St Beaufort NC 28516
779. Nicole Knowlton 166 Piver Road Beaufort NC 28516
780. Christopher Randall 203 E. Sunset Blvd. Cove City NC 28523
781. Ronald Clayton 10860 Old Us Highway 70 Cove City NC 28523
782. Duane Usa 111 Bimini Ct Havelock NC 28532
783. Justin Foster 21 Cherokee Dr Havelock NC 28532
784. Tiffany Golla 174 Kelly Cir Hubert NC 28539
785. Lawrence East 316 Richlands Ave Apt. 5 Jacksonville NC 28540
786. Stacy Opert 411 Houston Rd Jacksonville NC 28540
787. Ashley Torres 902 Gum Branch Rd Apt 60 Bronx NC 28540
788. Dale Weston 611 Crissy Jacksonville NC 28540
789. Teresa Rice 105 S 28Th St Morehead City NC 28557
790. Dan Moses 418 Lafitte Way New Bern NC 28560
791. John Myer 5010 Plymouth Ct New Bern NC 28560
792. Deborah Fox 102 Balboa Court New Bern NC 28560
793. Robert Weber 104 Cypress Point New Bern NC 28560
794. Loyal Osterlund 1408 National Ave. New Bern NC 28560
795. Douglas Norton 1313 Pine Valley Dr New Bern NC 28562
796. Kathleen Forrest 3313 Hedgerow Circle Trent Woods NC 28562
797. Laurie Carroll 128 Jordan Drive New Bern NC 28562
798. Judith Sinclair 173 Canebrake Dr New Bern NC 28562
799. Melissa Hastings 515 Tom Mann Rd Newport NC 28570
800. Jack Hollingsworth 5 Lori Lane Oriental NC 28571
801. Akila Mosier 365 Huffmantown Road Richlands NC 28574
802. Paige Humphreys 270 Hwy 70 Smyrna Smyrna NC 28579
803. Stephen Clift 114 River Reach Dr. West Swansboro NC 28584
804. Russell Fowler 520 Harvest Place Swansboro NC 28584











805. Elizabeth Hecker 434 Vernon White Road Winterville NC 28590
806. Raymond O’Connor 108 Bishop Drive Winterville NC 28590
807. Peter Sword 108 Berkshire Drive Winterville NC 28590
808. Linda Kehew 211 Buckingham Dr. Winterville NC 28590
809. Gary Greer 228 Buckingham Drive Winterville NC 28590
810. David Robertson 4012 6Th St Nw Hickory NC 28601
811. Sally Fox 234 3Rd Ave Nw Hickory NC 28601
812. Lynn B. Spees 280 28Th Avenue Place, Ne Hickory NC 28601
813. Andrew Peterson 1756 31St Avenue Lane Ne Hickory NC 28601
814. William Garrard 472 22Nd Avenue Ne Hickory NC 28601
815. Abbygale Huffman 2506 22Nd Street Ne Hickory NC 28601
816. Connie Clark 2830 4Th Street Pl Nw Hickory NC 28601
817. Heather Browning 7934 Old Nc 10 Hickory NC 28602
818. Andrea Snyder 228-F 14Th Ave Se Hickory NC 28602
819. Victoria Woznick 1954 6Th St. Se Hickory NC 28602
820. Charlotte Preswood 631 Shawneehaw Ave Banner Elk NC 28604
821. Amy Van Devender 797 Little Laurel Rd. Ext. Boone NC 28607
822. Darlene Falk 188 Herring Loop Boone NC 28607
823. Nickki Hearn 1741 Blackbery  Road Boone NC 28607
824. Kristina Heiks 2786 Nc Hwy 194 N Boone NC 28607
825. Wes Weaver 342 Dogwood Knl Boone NC 28607
826. G. W. Cheney 315 Hickory Lane Boone NC 28607
827. Beth Lyons 466 Scene A Rama Drive Boone NC 28607
828. Nicole Hiegl 2702 Russ Cornett Rd Boone NC 28607
829. Beth Lyons 466 Scene A Rama Dr Boone NC 28607
830. Jerry Ayers 8341 Long Island Rd Catawba NC 28609
831. Debbie Luckadoo Po Box 866 Claremont NC 28610
832. Rita Burns-Wooten 1150 35Th St. Pl. Ne Conover NC 28613
833. Christy Fox 553 Wildcat Rd Deep Gap NC 28618
834. Angela Drum 1986 Old Mountain Rd Statesville NC 28625
835. Gary Lavinder 348 South Greenbriar Road Statesville NC 28625
836. Twyla Kirby 1531 Dry Ponds Road, Apt Granite Falls NC 28630
837. Beverly Mcillwain 5413 Breakwater Dr. Granite Falls NC 28630
838. Kristin Settlemyre 3331 Primrose Court Hudson NC 28638
839. Cameron Riddle 1111 Brockmoredrive Lenoir NC 28645











840. Ann Barnes Morganton NC 28655
841. Bill Schmaltz 2622 Buford Drive Morganton NC 28655
842. Ann Henderson 105 Woodsway Ln Morganton NC 28655
843. Kurt Steinbaugh 122 Woodcliff Loop Newland NC 28657
844. Debra Hodges 216 North Brady Avenue Newton NC 28658
845. Judy Williams 303 West 21St Street Newton NC 28658
846. Alicia Tucker 1101 K Street North WilkesboroNC 28659
847. Tim Nelson Po Box 5 Ronda NC 28670
848. Caroline Mickalitis 823 Moonbow Rd. Scottville NC 28672
849. Ann Hazard 539 Ballpark Rd Sparta NC 28675
850. Aurelie Ward 1409 Forest Park Drive Statesville NC 28677
851. David Hall 150 Mount Pilot Mhp Dr Taylorsville NC 28681
852. Jane Maupin 450 Woods Walk Way Taylorsville NC 28681
853. Nadine Duckworth 804 Deal Farm Ln Taylorsville NC 28681
854. Clay Denman 547 Rustic Road West Jefferson NC 28694
855. Marla Nelson 2200 N Nc Hwy 16 Lot E Wilkesboro NC 28697
856. Patricia English 313 Deer Creek Lane Wilkesboro NC 28697
857. Iris Carman 327 Lakewood Drive Wilkesboro NC 28697
858. Julia Hartman 70 Dalmatian Trail Alexander NC 28701
859. Mia Lopez 95 Driftstone Cir Arden NC 28704
860. Mary Sugeir 100 Driftstone Cir Bakersville NC 28705
861. Madeline Perkins 1644 Greasy Creek Rd, Bakersville NC 28705
862. Justin Byland 244 Gaylors Branch Rd Balsam Grove NC 28708
863. Gavin Dillard 528 Padgettown Road Black Mountain NC 28711
864. Mark Olson 5 Balsam Rd Black Mountain NC 28711
865. Ruth Lovinsohn 58 Hutchins Rd Black Mountain NC 28711
866. Julia Burr 71 Fortune St Black Mountain NC 28711
867. James Cogswell 200 Tabernacle Road, Apr. F-41 Black Mountain NC 28711
868. Robert Swett 301 Montreat Road Black Mountain NC 28711
869. Blair Waldick 28 Galax Ln Black Mountain NC 28711
870. Nancy Brown 48 Elijah Hall Rd. Black Mountain NC 28711
871. Liz Davis 586 Salola Ln Brevard NC 28712
872. Shannon Draegen 272 Delphia Dr Brevard NC 28712
873. Marina Little 101 Pender Lane Brevard NC 28712
874. Jaedra Luke 9395 Greenville Highway Brevard NC 28712











875. Jennifer Harper 192 Ole Looney Coon Rd Brevard NC 28712
876. Elizabeth Johns 1050 Dills Rd Bryson City NC 28713
877. Richard Boulter 404 Mandavilla Dr, Burnsville NC 28714
878. Beverly Hammond 100 Club Drive, Suite 17 Burnsville NC 28714
879. Marcia Bailey 1270 Cabbage Patch Rd Burnsville NC 28714
880. Donald Harland Po Box 2080 Candler NC 28715
881. Carol Worrell 5 Dogwood Ct. Candler NC 28715
882. Debi Treleaven 111 Mountain Drive Biltmore Lake NC 28715
883. Mary Anne Loughlin 4703 Old River Rd Canton NC 28716
884. Chanda Farley 117 Ford St. Canton NC 28716
885. Becky Mckee Po Box 338 Cashiers NC 28717
886. Heide Coppotelli 383 Seldon Emerson Rd Cedar Mountain NC 28718
887. Heidi Haehlen 70 Brigadoon Dr Clyde NC 28721
888. Bonnie Sinatro 300 Three Bridges Dr Columbus NC 28722
889. Catherine Carter 241 Oak Forest Drive Cullowhee NC 28723
890. George Rector 947 Bo Cove Road Cullowhee NC 28723
891. Donna Savage 101 Periwinkle Ln Cullowhee NC 28723
892. James Coley 187 Concho Mtn Cullowhee NC 28723
893. Samantha Jones P.O. Box 1222 Fairview NC 28730
894. Allison Delavan 192 Crystal Falls Drive Fairview NC 28730
895. Deborah Swanson 568 Garren Creek Road Fairview NC 28730
896. Marilyn Hamer 220 Dye Leaf Rd Fairview NC 28730
897. Fletcher Etheridge 33 Bobo Dr Fairview NC 28730
898. Christopher Berg 6 Rosemary Trail Flat Rock NC 28731
899. Michelle Carter 180 Duncan Creek Rd Fletcher NC 28732
900. Reed Mckenzie 62 Wildwood Circle Fletcher NC 28732
901. Helen Bell 30 Golden Oaks Lane Fletcher NC 28732
902. Gayle Kemp 27 Southchase Dr. Fletcher NC 28732
903. Addison Martin 2 Knoll Dr. Fletcher NC 28732
904. Kenneth Sturmer 204 Forest Cove Rd Franklin NC 28734
905. Bill Groves 738 Middle Skeenah Rd. Franklin NC 28734
906. Olga Pader 262 Mine Valley Trail Franklin NC 28734
907. Joyce Dye 10 Rivoli Blvd Hendersonville NC 28739
908. Julie Shoemaker 1569 Folly Road Hendersonville NC 28739
909. Constance Engle 244 Englewood Drive Hendersonville NC 28739











910. Linda Camp 566 Rambling Dr. Hendersonville NC 28739
911. Takisha Settle 805 Wilken Street, Apt. 1 Hendersonville NC 28739
912. Anna Tuziw 4625 Meadow Fork Rd Hot Springs NC 28743
913. Janet Phillips 1444 Roaring Fork Road Hot Springs NC 28743
914. Donna Dupree 158B. Jb Ivey Lane Lake Junaluska NC 28745
915. Kevin  And BirgitConlen 717 Turkey Creek Road Leicester NC 28748
916. Ray Hearne 91 Bald Creek Road Leicester NC 28748
917. Linda Block 3 Sandy River Rd Leicester NC 28748
918. Howard Harper Po Box 54 Little Switzerland Little Switzerland NC 28749
919. Bill Johnson 35 Scott Cir Maggie Valley NC 28751
920. Sharon Napp 255 Hemlock Loop Maggie Valley NC 28751
921. Frank Mannino 48 Chalet Pl. Maggie Valley NC 28751
922. Mary Combs 1602 Airport Rd. Marion NC 28752
923. Elizabeth O'Nan 396 Sugar Cove Rd. Marion NC 28752
924. Barbara Coulson 1001 Reems Cove Rd Marshall NC 28753
925. Pat Momich 7839 Nc 208 Hwy. Marshall NC 28753
926. Art Smoker 284 Arrowood Corner Rd. Mars Hill NC 28754
927. Floyd Back 2954 Lower Gabriels Creek Road Mars Hill NC 28754
928. Perry Olds 855 S Main St Mars Hill NC 28754
929. Margaret Bradford 31 High Ridge Dr Mills River NC 28759
930. Susan Kilstrom 496 Spencer Mull Rd Penrose NC 28766
931. Frank Mcconnell 763 Cascade Lake Rd. Pisgah Forest NC 28768
932. Eric Everett 38 Whites Lake Blvd Saluda NC 28773
933. Don Clapp 567 Greenville Street Saluda NC 28773
934. Katie Buckner 130 Overbrook Dr Saluda NC 28773
935. Fiddle Witch 28 Tranquil Trail Swannanoa NC 28778
936. Annie Ahlstr 1949 N. Fork Road Sylva NC 28779
937. Rahelle Nadeau 468 Riverwood Dr Sylva NC 28779
938. Clarence Kammerer 100 Vista Terrace Tryon NC 28782
939. Ellen Thomas 401 Wilcox Rd Tryon NC 28782
940. Annemarie Pelliccia 697 Hall Top Rd Waynesville NC 28786
941. Leigh-Ann Renz 278 Apple Creek Rd Waynesville NC 28786
942. Keri Hollifield 591 Reed Cove Rd Waynesville NC 28786
943. Charlie Phillips 501 Red Bank Rd Waynesville NC 28786
944. Sarah Jane Blackburn 67 Rolling Green Dr Waynesville NC 28786











945. Lauren Reker 232 Eller Cove Rd. Weaverville NC 28787
946. Marion Danforth 9 Williams St Weaverville NC 28787
947. O.C. Edwards 115 Murphy Hill Road Weaverville NC 28787
948. Carol Swing 223 Dula Springs Road Weaverville NC 28787
949. Sharon Mora 244 Tara Hills Road Whittier NC 28789
950. Megan Crocker 69 Oxford Valley Dr Hendersonville NC 28791
951. Bethany Dusenberry 109 Cyprus Creek Lane Hendersonville NC 28791
952. Lawrence Imes 762 West 9Th Street Hendersonville NC 28791
953. Lawrence Turk, Rn 1739C Haywood Manor Rd. Hendersonville NC 28791
954. I. Austin Watson 170 Colony Rd Hendersonville NC 28792
955. George Phillips 1140 Carousel Ln Hendersonville NC 28792
956. Amanda Levesque 1 Battle Sq. Apt. 309 Asheville NC 28801
957. Thomas Atherton 32 Spears Ave Asheville NC 28801
958. Janice Stevenson 21 Von Ruck Ter Asheville NC 28801
959. M Woolley 22 College St Asheville NC 28801
960. Jean Wheelock Hibriten Dr Asheville NC 28801
961. Betty Lawrence 142 Hillside St Asheville NC 28801
962. Adam Mills 408 Depot Street Asheville NC 28801
963. Doug Wingeier 266 Merrimon Ave. Asheville NC 28801
964. Betty J. Letzig 266 Merrimon Ave. Asheville NC 28801
965. Susan Pearcy 1256 Sweeten Creek Rd. Lot1Q Asheville NC 28803
966. Jeremiah German 1680 Hendersonville Rd Asheville NC 28803
967. Cheryl Vecellio 8301 Legacy Oaks Place Asheville NC 28803
968. Lewis Patrie, Md, Mph 26 Wesley Dr. Asheville NC 28803
969. Adrienne Ferriss 27 Pheasant Dr Asheville NC 28803
970. Ron Katz 106 Forest Lake Drive Asheville NC 28803
971. Jude Maglione 10 Moreview Drive Asheville NC 28803
972. Raymond Occhipinti 265 Brooklyn Rd Asheville NC 28803
973. Gary Remick 12 Simpson Hollow Road Asheville NC 28803
974. J.A. Perry 24 Ridge Ave Asheville NC 28803
975. Mary Goodkind 23 Ridgefield Place Biltmore Forest NC 28803
976. Judith Pigossi 14 Cedarcliff Road Asheville NC 28803
977. Peggy Dyer 4 Parker Road Asheville NC 28803
978. Annamaria Bernardini 100 Cheerio Lane  Apt B50 Asheville NC 28803
979. Sharon Seabolt 1648 Olmsted Drive Asheville NC 28803











980. Clementine Gregory 1092 Hendersonville Road Asheville NC 28803
981. Pia Heyn 1101 A Kensington Place Asheville NC 28803
982. David Wells 494 Fairview Rd Asheville NC 28803
983. David Leader 2 Silo View Court Asheville NC 28804
984. Edward Wolfsohn 12 Sunny Ridge Dr. Asheville NC 28804
985. Richard Shulman 419 Creekside Drive Asheville NC 28804
986. Peter Lourekas 31 Lorraine Ave Asheville NC 28804
987. Erin Conklin 487 Kimberly Ave Asheville NC 28804
988. Kate Gunn 6 Vineyard Pl Asheville NC 28804
989. Howard Yarborough 14 Beaver Valley Road Asheville NC 28804
990. Cody Hulme 110 North Forest Lane Asheville NC 28804
991. Frances Kelly 1965 Riverside Dr Asheville NC 28804
992. Suzanne Williams 10 Melrose Ave. Asheville NC 28804
993. Finn Digman 600 Merrimon Avenue 10B Asheville NC 28804
994. Randy Bernard 18 Plateau Rd Asheville NC 28805
995. Karen Bethune 23 Covewood Rd Asheville NC 28805
996. Gloria Shen 40 Rocking Porch Lane Asheville NC 28805
997. Susan Casar 32 Poplar Creek Dr Asheville NC 28805
998. Shannon Simpson 87 Maple Drive Asheville NC 28805
999. Justin Landry 26 Pleasant Ridge Dr. Asheville NC 28805



1,000. Jesse Boeckermann 102 Charles Ridge Rd Asheville NC 28805
1,001. Edie Simpson 15 Springdale Rd Asheville NC 28805
1,002. Robin Cape 45 Sunnycrest Drive Asheville NC 28805
1,003. Bruce Bernadt 32 Poplar Creek Drive Asheville NC 28805
1,004. Barbara Sloss 5 Wagon Road Asheville NC 28805
1,005. Denise Sicotte 4-D Chimney Crest Dr Asheville NC 28806
1,006. Larissa Bowman 677 Brevard Rd Asheville NC 28806
1,007. Claudia Garren 19 Evelake Drive Asheville NC 28806
1,008. Samuel Speciale 14 Trevors Trl Asheville NC 28806
1,009. Linda Covington 62 Beverly Road W Asheville NC 28806
1,010. Eli Helbert 7 Lynwood Circle Asheville NC 28806
1,011. Rev. Susan Warren 656 Sand Hill Road Asheville NC 28806
1,012. Arden Perez 4001 Marble Way Asheville NC 28806
1,013. Jay Marlow Frances Street Asheville NC 28806
1,014. Deja Lizer 39 Wendover Rd Asheville NC 28806











1,015. Anne Lanzi 155 Michigan Ave Asheville NC 28806
1,016. Marcia Greenstein 15 Oregon Av Asheville NC 28806
1,017. Ben Sorensen 201 Wellington St. Asheville NC 28806
1,018. Adam Matar 183 Brucemont Cir. Asheville NC 28806
1,019. Bonnie Cooper Po Box 6383 Asheville NC 28816
1,020. Peter Cook Po Box 1567 Andrews NC 28901
1,021. Ann Eastabrooks Po Box 1489 Andrews NC 28901
1,022. Philip Moore 3190 Tusquittee Rd Hayesville NC 28904
1,023. Kermit R. Davis 386 Licklog Ridge Hayesville NC 28904
1,024. Elaine Mueller 70 Fort Hembree Street Hayesville NC 28904
1,025. Doug Franklin 195 D. C. Lane Hayesville NC 28904
1,026. Sharon Cousins 189 Our Drive Hayesville NC 28905
1,027. Beverly White 199 Four Seasons Lane Murphy NC 28906
1,028. Jamo Smith 150 Camp Creek Estate Dr Murphy NC 28906
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From: tolberthill@att.net
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Triennial Review Water Quality Standards
Date: Wednesday, July 04, 2018 5:14:52 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


 
Dear Sir or Madam:
 
I live close to the Haw River and my family drinking water source is a well on our property.  I feel that
the EMC should adopt a standard for the whole class of PFAS for Class A waters and that the EMC
should adopt a standard for 1,4-Dioxane for all surface waters.  PFC’s  have been found in high levels
in the Haw River watershed, and 1,4-Dioxane has been found in our watershed also.  These
chemicals are toxic and need to be monitored.
 
Thank you very much.
 
David Hill
Saxapahaw, NC
 



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: john_wagner@sarbo.net
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Triennial Rules Review of the EMC 2018
Date: Wednesday, August 01, 2018 12:02:38 AM
Attachments: Triennial - Clean Water Public Comments 2018.pdf


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Environmental Management Commission and DEQ,


Please consider the attached comments for the Triennial Surface Water Classification
and Regulation Review.


Thank you,
John Wagner
Chatham County, NC



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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Triennial Clean Water Classifications & Standards for Protection of Surface Waters 



John Wagner                                                                                                                   July 31, 2018                                                                         



The following comments are meant to provide some documentation and additional notes to 
supplement my oral comments which were made during the Triennial Public Hearing on July 11, 
2018. 



I urge the Environmental Management Commission to increase the protections for North 
Carolina’s surface waters.  There is a serious need for stricter standards for the regulation of 
toxins that are released into our streams, wetlands, and rivers.  NC’s backlog of impaired streams 
have had few protections added and most continue to have deteriorating water quality, and recent 
water testing and research has found not only GenX, but a wide range of perfluorinated and 
polyfluorinated compounds, hexavalent chromium, and long-term industrial chemicals such as 
1,4 dioxane which reveal the need for tighter standards for protecting surface waters in the state. 



Combined Effects of Multiple Toxins 



In setting new standards for allowable levels of toxins, the EMC needs to seriously take into 
consideration the growing body of research which indicates that by solely focusing on lethal 
effects of a single toxin, existing regulations have ignored the cumulative and combined effects 
of mixtures of pharmaceutical, agricultural, and industrial compounds.  An article published in 
July, 2018 in the journal Environmental Science and Technology looked at the responses of 
larval and adult aquatic insects to a combination of Atrazine and Selenium.  



In a controlled experimental study, they found that sub-lethal levels of the toxins, when 
combined created much more serious impacts.  Recent research such as this is only beginning to 
examine negative synergistic effects, but the EMC needs to incorporate the fact that no aquatic 
life is only exposed to single toxins.  I encourage the EMC to set the lowest possible levels for all 
toxins under review and never allow North Carolina permissible levels to be above the standards 
recommended by the EPA. 



This study also had a very significant finding which should bring into question previous studies 
of lethal effects of certain toxins on aquatic macroinvertebrates. Although some levels of the 
atrazine/selenium combinations did not show lethal effects on the larval insects.  However, 
“peak adult insect abundance was reduced in all treatments by 35% to 45% relative to the 
control.”  The research indicated that sub-lethal doses for the larval aquatic stages could still 
result in serious declines in the surviving population of adult insects.  Again, the EMC should 
minimize the allowable level of toxins in NC waters – even if higher levels do not appear to kill 
off larval macroinvertebrates.  The results revealed that larval exposure to combinations of toxins  
lead to a stronger effect on the adult terrestrial stages. 



Findings such as these indicate that the EMC should consider harms caused by 
combinations of chemical exposures.  Also, very significantly, the EMC should take into 
consideration the very real possibility that sub-lethal toxic exposure to toxins can still 











lead to serious declines in populations.  If the survival of the adults is lowered, then the 
population of the aquatic larval insects in the next generation will also decline. 



Severing Ties: Different Responses of Larval and Adult Aquatic Insects to Atrazine and 
Selenium 
Brianna L. Henry and Jeff S. Wesner 
Environmental Science & Technology  
Manuscript Accepted for Publication- Web Published July 2018 



Protection of Mussel Populations 



In the public hearing the DEQ staff seemed to indicate that the southeastern United States was a 
hotspot for mussels and that they were present in large populations.  In considering surface water 
standards, the EMC and DEQ need to fully recognize the importance and the current mussel 
populations.  It is true that the diversity of mussels is very high in our region, but  mussel 
populations are threatened throughout the North Carolina and throughout the entire region.  I 
may have misunderstood the speaker, but in every consideration of erosions, sedimentation, and 
toxins in our waterways, the serious declining mussel populations need to be included in your 
work. 



The potential impact of construction, trenching, river crossings, and stream crossings on the Tar 
River Spiny Mussel, and other very small local populations of mussels is devastating.  Spiny 
mussels only occur in a few watersheds in North Carolina and adjoining states.   



“The Tar River spiny mussel may have always been rare, but its recent reduction in range 
and small population size make it vulnerable to extinction from a single catastrophic 
event.”  p. 3 



Tar River Spiny mussel (Elliptio steinstansana) Beacham's Guide to the Endangered 
Species of North America. 2001. COPYRIGHT 2001 Gale Updated: Oct. 1, 2012  



The Tar River Spiny Mussel is not the only mussel with severely reduced populations.  The 
EMC should review the reduced habitat and the declining water quality that all of North 
Carolina’s mussels are facing. 



 



Need for regulations based on human effects on most vulnerable populations 



Glyphosate, Roundup, and other Glyphosate formuations  



Current surface waters, especially those directly flowing into drinking water supplies need 
stricter protections from glyphosate formulations used in agriculture and used by Duke Energy 
and other utility companies.  Duke Energy’s spraying of large amounts of glyphosate mixtures 
along and under their powerlines on the roadsides, slopes and hills next to creeks, rivers, and 
streams throughout the piedmont needs to be part of the EMC’s triennial review process. 











One especially glaring example is under the powerlines on Jones Ferry Road in Orange County.  
The have resulted in large swaths of brown vegetation that go directly to the banks of the creeks 
that flow into University Lake – which is part of the water supply for the town of Chapel Hill, 
Carrboro, and the UNC campus.  There is something wrong with regulations that allow this kind 
of spraying without any stream buffers to limit the runoff into creeks, streams and drinking water 
supplies. 



 The EMC needs to review the current scientific literature, not only on the probable carcinogenic 
effects of glyphosate on wildlife, humans, and on fetal development. 



The EMC also needs to review the literature about the seriously increased toxicity of glyphosate 
in the Roundup formulation and in other formulations such as Rodeo.  The adjuvants which are 
combined with glyphosate include surfactants and substances which increase the flow of the 
herbicide into plant – and human – tissues. 



A few journal articles addressing some of these issues included: 



 



Mesnage, R., Defarge, N., Spiroux de Vendômois, J., & Séralini, G. E. (2015). Potential toxic 
effects of glyphosate and its commercial formulations below regulatory limits. Food 
and Chemical Toxicology. https://doi.org/10.1016/j.fct.2015.08.012 



Wagner, N., Mï¿½ller, H., & Viertel, B. (2017). Effects of a commonly used glyphosate-based 
herbicide formulation on early developmental stages of two anuran species. 
Environmental Science and Pollution Research. https://doi.org/10.1007/s11356-016-7927-z 



Gasnier, C., Dumont, C., Benachour, N., Clair, E., Chagnon, M. C., & Séralini, G. E. (2009). 
Glyphosate-based herbicides are toxic and endocrine disruptors in human cell lines. 
Toxicology. https://doi.org/10.1016/j.tox.2009.06.006 



Mesnage, R., & Antoniou, M. N. (2018). Ignoring Adjuvant Toxicity Falsifies the Safety 
Profile of Commercial Pesticides. Frontiers in Public Health. 
https://doi.org/10.3389/fpubh.2017.00361 



Gasnier, C., Dumont, C., Benachour, N., Clair, E., Chagnon, M. C., & Séralini, G. E. (2009). 
Glyphosate-based herbicides are toxic and endocrine disruptors in human cell lines. 
Toxicology. https://doi.org/10.1016/j.tox.2009.06.006 



Myers, J. P., Antoniou, M. N., Blumberg, B., Carroll, L., Colborn, T., Everett, L. G., … 
Benbrook, C. M. (2016). Concerns over use of glyphosate-based herbicides and risks 
associated with exposures: a consensus statement. Environmental Health : A Global 
Access Science Source, 15(1), 19. https://doi.org/10.1186/s12940-016-0117-0 











Richard, S., Moslemi, S., Sipahutar, H., Benachour, N., & Seralini, G. E. (2005). Differential 
effects of glyphosate and roundup on human placental cells and aromatase. 
Environmental Health Perspectives, 113(6), 716–720. https://doi.org/10.1289/ehp.7728 



 
Please refer to my verbal comments for additional issues that should be addressed by the EMC. 
 
Thank you, 
John Wagner 













From: Karen Rindge
To: 15ANCAC02B_TriRev_Rule_Comments
Cc: Heather Keefer
Subject: [External] Triennial review comments from WakeUP Wake County
Date: Tuesday, July 31, 2018 12:26:01 PM
Attachments: Triennial Review Comments WakeUP 2018.docx


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Dear Ms. Brower,


On behalf of WakeUP Wake County, please find our comments on the Triennial Review
attached.


Sincerely,


-- 
Karen Rindge
Executive Director, WakeUP Wake County
karen@wakeupwakecounty.org
(919) 637-4271
www.wakeupwakecounty.org
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Connie Brower


Department of Environmental Quality


Division of Water Resources- Water Planning Section


1611 Mail Service Center


Raleigh, NC  27699-1611


15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov 





	Re: Triennial Review of North Carolina’s Water Quality Standards








Dear Ms. Brower,





WakeUP Wake County, a non-profit, non-partisan citizen advocacy organization, focuses on the challenges and opportunities created by our tremendous population growth. We lead public engagement on issues that impact our quality of life: transportation, land use, drinking water, and public schools. We educate citizens and policy-makers about how our region should plan for growth. Our goal is to ensure sustainable, healthy communities for a better tomorrow.  





While the Triennial Review process is a routine place in time where the State can make changes to water quality rules to align with federal regulations, this is also an excellent opportunity for the State to adjust water quality standards that will safeguard North Carolina’s drinking water.  This is extremely important today because many local rules needed to protect drinking water supplies have been delayed or stopped, such as with Jordan and Falls Lakes – Wake County’s drinking water reservoirs.  WakeUP Wake County offers the comments outlined in this document and encourages the NC Environmental Management Commission’s (EMC) to make changes now and not delay protection of water quality for another three years.





· Adopt standards to protect against algal toxins. Many NC rivers and lakes receive too much nitrogen and phosphorus, leading to algal blooms. Some algae produce toxins that can kill fish, harm swimmers, and increase the cost of treating drinking water downstream. The EPA has issued a health advisory level for drinking water and draft criteria for recreational waters; the EMC should adopt surface water quality standards for water supply waters and recreational waters that mirror these.  





· Consider infants and children when setting standards. Standards for recreational and drinking waters are designed to protect human health but many of our NC standards in this area are outdated. There is increasing evidence that exposure to pollutants in the womb, as an infant or child, or in puberty – can cause harm at low concentrations. The EMC should pay close attention to vulnerable populations when standards to ensure especially vulnerable populations are protected. 





· Protect the flow of water. When the flow of water in a river is changed – by excessive withdrawals or too much stormwater runoff – river health declines. NC water standards overlook this critical relationship between flow and water quality. The EMC should adopt a standard that clearly supports river flows to protect the physical, chemical, and biological integrity of our waters.





· Set standards for pesticides known to be in NC waters. Most of the pesticides currently monitored by state regulators aren’t used anymore; meanwhile, other pesticides that are widely used go unmonitored and lack water quality standards. Pesticides that harm aquatic life are showing up in NC waters. The EMC should tighten water quality standards for atrazine and establish standards for chlorpyrifos and the neonicotinoid class of insecticides. 





· Set standards to prevent sub-lethal effects on fish. Water standards are designed to protect fish and wildlife, including trout, shellfish, and endangered species but our standards are lagging behind science. When setting aquatic-life standards, the EMC should set them to avoid sub-lethal effects. These are exposures at levels that don’t kill fish, mussels, or insects outright, but that weaken and disrupt them, leading to declining populations and degraded aquatic life over time.





· Adopt standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region have been exposed to GenX in drinking water; likely at levels above the state health goal of 140 parts per trillion (ppt). GenX belongs to a family of perfluorinated compounds, most of which have no health goal or standard, but that take hundreds of years to break down and are generally toxic. Most are not easily removed during treatment of drinking water. There are thousands of different pre- and poly-fluoroalkyl substances (PFAS), some of which have been found in municipal drinking water. The EMC should adopt a standard for the whole class of PFAS for Class A waters (drinking water sources).





· Adopt a standard for the likely carcinogen 1,4-Dioxane. Residents throughout North Carolina are exposed to 1,4-dioxane in drinking water and river recreation; this likely carcinogen does not break down easily and is difficult to remove. DEQ has set a ‘protective value’ for water supply watersheds at 0.35 µg/L; the EMC should adopt this as a water quality standard for all surface waters. 





· Update ammonia standard. Ammonia can cause toxic effects on aquatic life like fish. The biggest gap in our state water quality standards is the lack of an updated ammonia standard. Five years ago, the EPA recommended that states adopt a formula that takes into account stream acidity and temperature, but NC has not done so. Many states are in the process of upgrading their ammonia standards, but NC is lagging behind with outdated standards. 








In conclusion, we thank you for the opportunity to offer comments on EMCs proposed changes to North Carolina’s surface water quality standards during this triennial review. We hope the staff and the EMC make sound decisions based on their understanding of water pollution and its effects to our drinking water quality.  If you have questions re: our comments, please contact Heather Keefer at heather@wakeupwakecounty.org.





Sincerely,


[bookmark: _GoBack][image: ]


Karen Rindge


Executive Director
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From: Forrest Westall
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] UNRBA Water Quality Standards Readoption Comments
Date: Friday, July 27, 2018 11:10:11 AM
Attachments: Final UNRBA 02B 0211 standard Comments, signed, 7-27-2018.pdf
Importance: High


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Hello,
Attached are the Upper Neuse River Basin’s comments relative to the readoption of the NC Water
Quality Standards.  Please let me know if there are any questions or additional information needed. 
Thank you for the opportunity to comment on these proposed rule readoptions.
 
Forrest
 


Forrest R. Westall, Sr.
Executive Director


Upper Neuse River Basin Association (UNRBA)
P.O. Box 270| Butner, NC 27509
Phone: 919.339.3679 |
Email: forrest.westall@unrba.org |Website:   http://unrba.org
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July 27, 2018  
 
Dr. A. Stanley Meiburg  
EMC Hearing Officer for Rule Revisions 15A NCAC 02B .0100, .0200 and .0300 
Center for Energy, Environment & Sustainability 
Wake Forest University 
1834 Wake Forest Road, P. O. Box 730 
Winston-Salem, NC 27109 
e-mail: meiburgemc@gmail.com 
 



Connie Brower 
DEQ/Division of Water Resources/Water Planning Section 
1611 Mail Service Center 
Raleigh, NC 27699-1611 
e-mail: 15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov 
 



Reference: UNRBA Comments on NC’s Rule Revisions for Triennial Review 
Water Quality Standards & Classifications (15A NCAC 02B .0100, .0200 and 
.0300.); Chlorophyll-a Standard 



 
Dear Dr. Meiburg and Ms. Brower: 
 
I am pleased to offer the attached comments on the proposed rule revisions to 
North Carolina’s Water Quality Standards consistent with Clean Water Act 
requirements for Triennial Review action and 40 CFR 131.  I would like to express 
the UNRBA’s appreciation to DWR and the EMC for putting forward some 
proposed changes to the chlorophyll-a water quality standard.  We believe that a 
revision to this numerical water quality standard is needed and that the changes 
should reflect our growing knowledge base on this subject and the variable and 
site-specific factors controlling the concentrations of chlorophyll-a in NC 
reservoirs, lakes and estuaries.  Accordingly, I will focus our comments on 
proposed 15A NCAC 02B .0211 (4) and similarly proposed rule 15A NCAC 02B 
.0220 (3).  The UNRBA provided comments on this rule in November 2017 and 
the comments provided with this letter reflects updates and revisions to those 
earlier comments. 



North Carolina’s chlorophyll-a water quality standard was first approved by the 
EMC on August 9, 1979.  Since that time, water quality science, laboratory 
analytical capabilities, and other technological advances have dramatically 
improved the understanding of nutrient pollution cause and effect relationships in 
lakes, rivers and estuaries.  Since that time, NC has developed considerable 
experience with various management measures and strategies for controlling 
excessive eutrophication caused by nutrient over-enrichment.  It is clear that some 
revision to the standard itself is needed to reflect this new knowledge and the 
realities associated with effective regulatory action to address eutrophication 
concerns in the State. 
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UNRBA’s Comments for the Readoption of the Chlorophyll-a Water Quality Standard 
July 26, 2018 



 
1.  The UNRBA supports changes to the rule that would clarify how the standard is applied in 
determining whether waterbodies, like Falls Lake, are attaining water quality standards under 
Section 303(d) of the Federal Clean Water Act.  The UNRBA is concerned that the overall 
scientific understanding of eutrophication is not properly reflected in the way the chlorophyll-a 
standard is currently constructed and being applied to Falls Lake and similar waterbodies.  
Decisions on the non-attainment of the chlorophyll-a standard are extremely important and 
provide the established basis for measuring compliance with the current Falls Lake Rules.  
Clarifying the chlorophyll-a standard will help alleviate controversial decisions because of 
competing interpretation concerns.  The chlorophyll-a water quality standard should not be based 
on instantaneous measurements or even monthly averages.  The chlorophyll-a water quality 
standard should be based on an appropriate quantitative level and central tendency averaged over 
the entire growing season (April through October) annually.  



2. The Division’s Nutrient Criteria Development Plan (NCDP) process is proceeding through the 
work of the Scientific Advisory Council (SAC) and the Criteria Implementation Committee 
(CIC).  General indications are that a more appropriate approach is emerging for the use of 
chlorophyll-a data in making designated use impact decisions.  The SAC and the CIC will likely 
consider recommendations for both a temporal and spatial averaging of chlorophyll-a data as 
components of a revised water quality standard.  The SAC has also been discussing an 
appropriate site-specific quantitative value for chlorophyll-a.  These developments and the 
process being followed are a strong basis for  a revised chlorophyll-a standard that explicitly 
encourages the opportunity to develop a site-specific chlorophyll-a standard customized to better 
reflect the local limnologic, hydrologic, and geographic conditions that determine, and often 
control, the concentrations of chlorophyll-a.  A site-specific alternative chlorophyll-a water 
quality standard would also provide an opportunity for the development of appropriate 
assessment segments (areas) of lakes and reservoirs based on actual limnological features of the 
waterbody.   



3. NC waters subject to eutrophication conditions that potentially impact designated uses face the 
implementation of regulatory actions, TMDLs, and management strategies with real impacts to 
future development in the watersheds.  Especially challenging are required reductions in nutrient 
loading from existing development.  These are significant regulatory actions with real-world 
implications and impacts to people and activities in these watersheds.  These regulatory actions 
particularly impact local government jurisdictions.  A lot of resources, energy, and effort are 
being expended, and the regulated communities have expressed significant concern about the 
validity of the reasons for these required actions.  In some cases, even appropriate actions to 
control nutrient inputs related to new development have been opposed and set aside pending 
further study.  The Upper Neuse jurisdictions have adopted new development controls consistent 
with the Falls Lake Rules and have been applying them since 2012.  The UNRBA jurisdictions 
with wastewater treatment facilities have upgraded them to include nutrient reduction, and 
several of our jurisdictions are actively engaged in pressing forward with on-the ground projects 
to address nutrient inputs from existing development.  However, the overall response from the 
regulated community is that the baseline chlorophyll-a standard for requiring these actions is 
flawed either in its codification, or its application, or both.  The UNRBA believes that efforts to 
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correct how this standard is described and applied can positively contribute to promoting better 
cooperation and partnership with the regulated community.  Applying an appropriate numeric 
value as a measure of central tendency to appropriate assessment units (portions of a lake or 
reservoir as developed based on geomorphological and limnologic principles) provides a much 
better water quality improvement goal than highly variable individual measurements.  The 
current approach of considering an individual elevated sample result, collected at a single point 
and at one discrete time, as a potential violation of the standard is not consistent with the science 
of measuring the behavior of surface waters or the practical realities of the methodologies for 
collecting chlorophyll-a in surface waters.  Looking at individual stations and individual 
monitoring results doesn’t adequately address the potential of real impacts to designated uses.   
 
4. The study of individual lakes and reservoirs in NC has demonstrated that there are significant 
variations in characteristics and biological responses to nutrient inputs.  The NCDP is proceeding 
along the lines of site-specific evaluations to take into consideration these variations.  The 
adopted NCDP refers to site-specific standard development as an appropriate approach to 
addressing eutrophication concerns in NC waters.  The UNRBA is investing an unprecedented 
amount of resources in the reexamination of the Falls Lake Nutrient Management Strategy.  This 
reflects the recognition that the site-specific characteristics of Falls Lake justify the development 
of data and information that will allow a detailed and scientifically-based determination of the 
most appropriate water quality goals for chlorophyll-a in Falls Lake.  While a baseline standard 
may be an appropriate “backstop”, the chlorophyll-a standard should offer the opportunity to do 
more scientifically valid study to support a site-specific standard for waters of concern.  The 
proposed language we offer below includes the development of a rigorous study plan and agency 
approval before the EMC considers the adoption of a site-specific standard.  



5. In summary, the UNRBA believes the issues identified need to be explicitly addressed in the 
chlorophyll-a standard language and in the application of the standard in making 303(d) 
decisions.  The interrelationship of the chlorophyll-a water quality standard and the 303(d) 
standards attainment evaluation reflect a high degree of complexity deserving of clear and 
explicit modification of the current chlorophyll-a standard.  Because of the potential impact and 
scope of regulatory decisions relative to this parameter, the chlorophyll-a standard and the 
standards attainment evaluation (the 303(d) process) should be considered together.   The 
UNRBA provides these comments to promote updating of the language of the standard.  We 
welcome the opportunity to discuss these issues further.  The UNRBA believes these are key 
issues and concepts that should be reflected in updated standard language: 
 



a) Use of an appropriate statistical averaging methodology for chlorophyll a data over the 
growing season.  April through October is a reasonable reflection of the algal growing 
season in NC.  Seasonal variation in terms of chlorophyll-a should be considered in 
developing an updated standard.  Assessment unit segments based on hydrology and 
morphology characteristics must also be established.  The opportunity to scientifically 
analyze site-specific factors including retention time, morphology, light transparency and 
turbidity in order to develop site-specific chlorophyll-a standards would greatly help 
define appropriate chlorophyll-a levels as they relate to the actual protection of designated 
uses.  The language in the chlorophyll-a standard should be changed to reflect a more 
considerate application of the 303(d) standards attainment evaluation.  This consideration 
should explicitly allow exclusion of chlorophyll-a data that is not representative of the 
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waterbody or values taken during extreme flow and temperature periods.  The agency 
should proceed with development of a new baseline chlorophyll-a numeric standard 
(including the consideration of an evaluation range) and an averaging process that reflects 
a better representation of a waterbody’s central tendency rather than instantaneous 
measurements more often used for toxic substances.  This effort should not only include 
consideration of the information developed through the NCDP process, but all available 
scientific work done to evaluate NC lakes, reservoirs and estuaries, including  the 
UNRBA’s evaluation of Falls Lake.   
 
b) Measuring compliance with the standard should include data from all stations within an 
appropriate hydrologic/geographic segment.  The delineation of assessment units 
(segments) should consider physical characteristics, such as velocity, hydrology, depth 
and advective flow.  Consideration of semi-isolated coves and other shallow areas at the 
inflow points of tributaries also need to be considered.  It isn’t appropriate to judge 
attainment of the chlorophyll-a standard without considering the variation in these 
characteristics.  The current assessment methodology that often looks only at individual 
monitoring sites and point application of the standard isn’t appropriate for larger 
waterbodies, particularly estuaries, lakes and reservoirs. 
 
c) The chlorophyll-a water quality standard should explicitly guide the staff in the 
development of the 303(d) standards attainment evaluation.  It is essential that a viable 
assessment include results from sampling coverage over the entire growing season period.  
The application of this standard has to consider growing season conditions and take into 
consideration the inherent variation in hydrologic and climate conditions that occurred 
over the assessment period as compared to other periods in different years.  As the agency 
develops its averaging protocol, variations over the period of focus should be considered 
in making any final regulatory decisions on impairment.  Agency determinations of 
“meeting” or “not meeting” the standard in the application of the current numeric standard 
and when using a seasonal averaging basis should be tempered by knowledge of abnormal 
climatic conditions noted in the assessment period.  Since 303(d) chlorophyll-a standards 
attainment decisions drive significant regulatory actions, these decisions should be 
reviewed based on potential extremes in weather and hydrologic conditions.  
Consideration should be given to establishing a specific process for determining when a 
result can be seen as “abnormal” in making attainment decisions.  
 
 
 
 
 
 
 
 
 



Continued on the following page 
 











UNRBA Comments Triennial Review Water Quality Standards & Classifications P a g e  | 6 



 



 
 
 



On the basis of the comments provided above and the principles we believe need to be reflected in the standard for 
chlorophyll-a, the UNRBA offers the following proposed language for DWR and EMC consideration in the adoption of 
a revised 15A NCAC 02B .0211 (4) and .0220 (3).  (This clarifying language should follow a revised numeric expression 
of the chlorophyll-a standard more appropriately associated with designated use protection): 



 
 



In the application of this standard for CWA 303(d) standards attainment evaluation decisions, the Division will 
establish appropriate assessment units.  The assessment unit geographical area will be based on hydrologic, 
geomorphologic, and limnologic features. In addition, the Division will take into consideration that elevated levels 
of chlorophyll-a above the numerical standard are expected when water temperatures are elevated, and one of the 
following hydrologic conditions exists: pool levels are significantly less than normal, inflows are less than or equal 
to the 30Q2, or conditions are abnormally dry, including droughts.  Compliance with this chlorophyll a standard will 
not rely on data collected during these conditions.  Similarly, in making CWA 303(d) standards attainment 
evaluation decisions the Division must take into consideration the reasonable and naturally justifiable non-
attainment of the chlorophyll-a standard in lake headwaters, coves, backwaters, and other areas that may be 
stagnant or isolated from water circulation within the waterbody.  In cases where data collection coverage is not 
available within every month of the growing season (April to October), the Division will take this information into 
consideration in making a final decision on attaining or not attaining the standard relative to chlorophyll-a. 



The Commission encourages the development of site-specific standards for chlorophyll-a concentrations based on a 
robust analysis of designated uses and water quality variables which may incorporate site-specific conditions for 
climatic, hydrologic residence time, geology, drainage areas, water clarity, water retention structures, power 
generation, and other controlling factors.  This robust and site-specific analysis should also include the 
consideration and, if appropriate, identification of specific assessment segments within the waterbody under 
consideration and the appropriate uses and classification for those segments.  Any proposed efforts to establish 
site-specific standards for chlorophyll-a must follow all regulated scientific methods for monitoring, analytical 
sample analyses, and modeling and evaluation methods.  The Commission will consider site-specific study plans 
approved by the Division in determining if rule-making to establish a site-specific standard is appropriate.  If the 
Commission determines that moving forward with rule-making is appropriate for the identified waterbody, the 
Commission will establish a schedule for development of a proposed rule and a schedule for the public notice and 
review of the proposed rule.  The consideration of a site-specific standard for inclusion in the state’s water quality 
standards will follow established procedural requirements for rule adoption.   



 



















From: Joy Hewett
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water Quality Comments
Date: Friday, July 13, 2018 3:50:14 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


The EMC should adopt standards for NC water quality that will ensure the health of aquatic
life, swimmers who enjoy the rivers and lakes, those who drink from these sources, and future
generations who will be exposed to more chemicals and pollutants due to their accumulation
over time.


Adopt a standard for the class of chemicals that includes GenX. Perfluorinated compounds
need to be regulated better. For years, residents drinking from the Lower Cape Fear have been
exposed to GenX.


Adopt a standard for 1,4-Dioxane. 


Update standards for recreational waters and drinking water sources designed to protect
human health and to protect fish and wildlife in our rivers and estuaries, including trout,
shellfish, and nursery habitat. Our existing water quality standards are lagging behind.


Better standards for ammonia are needed. The EPA recommended states adopt a formula that
takes into account stream acidity and temperature to protect sensitive fish and mollusks.


Adopt standards for Selenium and cadmium that will ensure aquatic life and humans who may
fish or drink from our rivers and lakes are safe. The EMC should propose improvements to the
standard for atrazine, and establish water quality standards for chlorpyrifos, glyphosate, and
the neonicotinoid class of insecticides. Our rivers and lakes receive too much nitrogen and
phosphorus, leading to algal blooms. Some algae produce toxins. All these chemicals need to
be better regulated.
 
The EMC should adopt a narrative standard that more clearly supports management of river
flows to protect the ‘physical, chemical, and biological integrity’ of our waters. Storm water
runoff or intake of water for municipalities need to be regulated to support the integrity of our
rivers and streams. 


Sincerely,
Joy Hewett 
3069 Silk Hope Gum Springs Rd. 
Pittsboro, NC 27312
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From: Page Paterson
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water Quality Protection
Date: Thursday, July 12, 2018 11:55:47 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


I am writing as a concerned citizen of New Hanover County and as someone who cares and is
involved in protecting our local waterways.  I understand there is a Trienneal Review that is
accepting comments form the public.  My husband and I are paddlers and fish on the Cape
Fear River and the Black river.  We enjoy and share the beauty of our area with family and
friends.


I understand that NC is behind on updating the water quality standards.


Some Issues


Protect our drinking water with consideration for infants and children
Adopt the standards for algal toxins
Protect our fish so that we can eat them without worry, among other things update
ammonia standards
Some toxins to set or adopt standards for GenX, pesticides, carcinogens like 1,4-
Dioxane


Sincerely,
Margaret Page Paterson
Wilmington, NC
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From: Thomas Williams
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Sunday, July 29, 2018 5:49:35 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me; in fact, it is critical for me and my family. So I am writing
today regarding updates to North Carolina’s water quality standards. It is crucial that our
waterways are protected using the best available science and EPA requirements and
recommendations, for we all depend on clean water. And please note that we as inhabitants of
planet earth have made great progress in our health and living standards because of scientific
discoveries. We do not want to go backwards by denying all that mankind has learned.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water (I need clean water for my family, and yours) and
recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
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1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Thomas Williams 
tcwill@earthlink.net 
P.O. Box 4415 
Greenville, North Carolina 27836








From: Betsy Keller
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Friday, July 20, 2018 2:57:23 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water. My father built a house on the Pamlico River near Bath, NC, in 1951. Our family has
seen many changes in the Pamlico over the years as fishing has declined, pollution has
increased, and now swimming and recreation is threatened by high levels of bacteria in the
water near our property.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
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1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Betsy Keller 
bkeller5@triad.rr.com 
1785 Janita Drive 
Winston-Salem, North Carolina 27127
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To: 15ANCAC02B_TriRev_Rule_Comments
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attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Connie Widney 
ckwidney@gmail.com 
311 Joseph St 
Greenville , North Carolina 27858








From: Spank McCoy
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
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CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A tributary of the Neuse River flows across my property, so I am aware every day of the impact
local development is having on the water quality and the need to have stricter protections and
the funding that will support those protections.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
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these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you. 
Frank "Spank" McCoy


Spank McCoy 
spank@well.com 
7225 WINDING WAY 
WAKE FOREST, North Carolina 27587
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Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Jack Hollingsworth 
marjack871@msn.com 
5 Lori lane 
Oriental, North Carolina 28571
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Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Elizabeth Cordes 
cordes@mindspring.com 
403 Hodges St 
Oriental, North Carolina 28571-9805








From: Thomas Christensen
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Friday, July 20, 2018 8:09:04 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Thomas Christensen 
tchristensen@gmail.com 
4124 brook cross dr 
Apex , North Carolina 27539








From: Katy Langley
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Water quality standards comments
Date: Thursday, July 19, 2018 1:47:29 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Triennial Review,


Clean water is very important to me, and I am writing today regarding updates to North
Carolina’s water quality standards. It is crucial that our waterways are protected using the best
available science and EPA requirements and recommendations, for we all depend on clean
water.


A number of items in particular need attention and updates.


Metals: North Carolina has failed to meet the minimum standards required by the EPA in the
past for dissolved metals. The Commission should adopt all the changes required by EPA and
stop wasting the time of agency staff and the public. 
Human health based standards: When creating standards to protect human health for drinking
water and recreation, the Commission should base pollution levels considering the most
vulnerable populations such as infants and children. 
Aquatic life standards: Standards designed to protect fish and other aquatic life should not only
prevent levels of pollution that are lethal, but also levels that impair and disrupt species
behavior and lifecycle. 
Ammonia: EPA’s recommended formula accounts for stream acidity to protect sensitive fish
and mollusks. The Commission should adopt this formula and protect our streams from
additional nutrient pollution. 
Bacteria: The EPA recommends, and most other states have adopted, the use of E. coli
bacteria levels as an indicator of fecal bacteria pollution. The Commission should adopt the
EPA’s recommended indicator and numeric standard. 
Algal Blooms: Excess nutrients from animal and crop agriculture, as well as sewage plants and
other sources, lead to algal blooms, some of which are toxic. The Commission should adopt
standards to protect drinking water and recreation. 
Pesticides: Many pesticides monitored by state agencies are no longer in use, and currently
used chemicals are unmonitored. The Commission should propose and adopt updated or new
standards for atrazine, chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
Perfluorinated compounds: The widely known GenX compound is but one of a group of
perfluorinated compounds that are toxic and not easily removed during drinking water
treatment. The commission should adopt a class standard for total allowed concentrations of
these pollutants. 
1,4 Dioxane: Harmful to the liver and kidneys, this chemical is also not easily removed from
drinking water sources. The Commission should adopt a more stringent standard to protect
downstream drinking water sources. 
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Flow: Too much runoff from our cities or not enough flow, due to withdrawals during dry years,
both have a dramatic impact on the health of our rivers that is currently overlooked. The
Commission should adopt a standard to protect river flows.


Please take this opportunity to be proactive in protecting North Carolinians access to clean
water by implementing up to date and protective water quality standards. Thank you.


Katy Langley 
klangley818@gmail.com 
1116 National Ave. 
New Bern, North Carolina 28560








From: Thomas Huzij (tomhuzij@icloud.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Friday, July 20, 2018 2:20:53 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Thomas Huzij
206 N Duke St Apt 115
Durham, NC 27701
tomhuzij@icloud.com
(347) 221-3770


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Mary Hill (wbartramnews@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 4:22:32 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Mary Hill
141 Country Club Dr.
Edenton, NC 27932
wbartramnews@gmail.com
(864) 242-2176


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Patricia Cabarga (pphelan@nc.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 2:57:43 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


I am concerned about the lax drinking water standards in North Carolina.  We need clean water that is not
contributing to the development of cancer and other conditions. But some of our standards are lagging behind what
the EPA recommends. Please take the opportunity of the triennial review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Patricia Cabarga
107 Stateside Drive
Chapel Hill, NC 27514
pphelan@nc.rr.com
(919) 967-0861


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Carol Dillingham (carodillingham@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 1:56:52 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Carol Dillingham
4160 Lake Ave
Wilmington, NC 28403
carodillingham@yahoo.com
(828) 577-7812


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Lynn Elliott (craper@nc.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 1:31:30 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Lynn Elliott
2614 Woodmont Dr
Durham, NC 27705
craper@nc.rr.com
(919) 698-3282


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Linda Muntner (peterpan2121@earthlink.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 1:26:08 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Linda Muntner
6423 The Lakes dr. = Apt. B, B
Raleigh, NC 27609
peterpan2121@earthlink.net
(919) 844-7682


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: DONNA THOMPSON (dsthompson@roadrunner.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 1:04:35 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


DONNA THOMPSON
14591 ELKIN HWY 268
RONDA, NC 28670
dsthompson@roadrunner.com
(336) 902-9099


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Roger Diedrich (roger.diedrich@outlook.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 12:59:14 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Roger Diedrich
10128 Vanguard Pkwy
Huntersville, NC 28078
roger.diedrich@outlook.com
(704) 727-0554


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Robert Swett (robert.swett@att.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 12:52:42 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Robert Swett
301 Montreat Road
Black Mountain, NC 28711
robert.swett@att.net
(828) 357-8210


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: D Provance (dsprovance@bellsouth.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 12:36:48 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


North Carolina should meet EPA's recommendations water quality standards. But some of our standards are lagging
behind what the EPA recommends. Please take the opportunity of the triennial review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


D Provance
2624 Sweetgum Dr.
Apex, NC 27539
dsprovance@bellsouth.net
(919) 335-8959


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Jimmy McMillan (jimmysuperelectro@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 12:25:27 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jimmy McMillan
119 Stonewall Ave
Swannanoa, NC 28778
jimmysuperelectro@gmail.com
(828) 545-0961


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Thomas Huzij (tomhuzij@icloud.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 17, 2018 1:52:36 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Thomas Huzij
206 N Duke St Apt 115
Durham, NC 27701
tomhuzij@icloud.com
(347) 221-3770


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Christy Jenkins (bamboo_marbles@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 12:15:15 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Christy Jenkins
239 Riverwood Dr
Hertford, NC 27944
bamboo_marbles@hotmail.com
(252) 339-2032


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: doug franklin (ldfranklinxx@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 12:11:12 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


doug franklin
195 Downings Creek Lane
Hayesville, NC 28904
ldfranklinxx@yahoo.com
(828) 389-1027


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Cathy Brunick (cbrunick@carolina.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 12:10:13 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Cathy Brunick
14133 Walkers Crossing DR
Charlotte, NC 28273
cbrunick@carolina.rr.com
(704) 293-4869


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Larissa Bowman (mvp@bellsouth.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 12:06:16 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Larissa Bowman
425 Flat Top Mtn Rd
Fairview, NC 28730
mvp@bellsouth.net
(828) 606-3422


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: J Jewell (ncmj21@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 11:53:00 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


J Jewell
3641 Middlebrook Dr., Apt E
Clemmons, NC 27012
ncmj21@hotmail.com
(336) 222-2222


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Harold Smith (haroldmarshallsmith@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 11:35:22 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Harold Smith
600 Merrimon Ave.
Asheville, NC 28804
haroldmarshallsmith@gmail.com
(434) 466-3511


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: David Curtis (dwcurt@charter.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 11:33:41 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


David Curtis
10 Southwicke Ct
Arden, NC 28704
dwcurt@charter.net
(828) 713-0893


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Linda McCrosky (klmccrosky@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 11:23:04 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Linda McCrosky
115 Parrish Farm Road
Waynesville, NC 28786
klmccrosky@gmail.com
(828) 246-0692


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Katherina Underhill (kurealty@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 10:45:00 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Katherina Underhill
209 Butternut
Chapel Hill, NC 27514
kurealty@yahoo.com
(919) 618-5692


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Cynthia Dunn (cadams18@triad.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 10:40:29 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Cynthia Dunn
2411 Wynbrook Sq.Ct
Winston-Salem, NC 27103
cadams18@triad.rr.com
(333) 333-3333


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Erica Kitchen (ericankitchen@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Monday, July 16, 2018 10:07:03 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Erica Kitchen
6309 Kent Cv
Raleigh, NC 27617
ericankitchen@gmail.com
(919) 341-2678


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: April Ingle (aprilringle@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 10:18:10 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


April Ingle
4495 Greenfield Way Dr.
Winston-Salem, NC 27103
aprilringle@gmail.com
(706) 540-5080


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Pat Biscoe (patbiscoe55@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 9:39:00 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Pat Biscoe
5601 S El Carol Ct
Wilmington, NC 28409
patbiscoe55@gmail.com
(910) 399-3181


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Allison Binder (threedogsnc@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 9:25:37 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Allison Binder
3515 Lemsford Way
Charlotte, NC 28215
threedogsnc@gmail.com
(704) 509-2733


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Michael Marshall (mmmarsha@uncg.edu) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 9:14:06 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Michael Marshall
605 Hannah McKenzie Dr
Greensboro, NC 27455
mmmarsha@uncg.edu
(336) 545-0171


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Olga Lampkin (olgalampkin@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 9:07:25 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Olga Lampkin
136 Bee Tree Ln
Franklin, NC 28734
olgalampkin@yahoo.com
(661) 549-1506


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Shelley Burton (sjburton.sb@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 9:02:26 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Shelley Burton
494 Berwick Dr
Raeford, NC 28376
sjburton.sb@gmail.com
(910) 583-3928


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Martha Brimm (mbrimm@gts.edu) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 8:59:11 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Martha Brimm
7 Surrey Lane
Durham, NC 27707
mbrimm@gts.edu
(919) 493-1775


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: John Thomas (frog.pond@mindspring.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 8:12:07 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


John Thomas
907 Tanglewood Dr.
Cary, NC 27511
frog.pond@mindspring.com
(919) 460-8909


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: francine long (flong72@embarqmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 7:25:32 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


francine long
65 steven dr
Rocky Mount, NC 27801
flong72@embarqmail.com
(252) 908-5089


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Hal Trufan (htrufan@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Friday, July 13, 2018 4:12:45 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Hal Trufan
1301 Aringill Ln
Matthews, NC 28104
htrufan@gmail.com
(980) 208-6892


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Catherine Krug (glidezone@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Friday, July 13, 2018 1:48:22 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Catherine Krug
7123 Windaliere Drive, Apt #
Cornelius, NC 28031
glidezone@aol.com
(317) 590-5672


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Roger Chellew (rchellew@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Friday, July 13, 2018 3:44:08 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Roger Chellew
104 Elmwood Lane
Clayton, NC 27520
rchellew@aol.com
(919) 359-2960


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: james zelbacher (jzelbacher@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Thursday, July 12, 2018 8:36:11 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


james zelbacher
371 Jim Creek Rd
Burnsville, NC 28714
jzelbacher@gmail.com
(828) 284-3138


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Courtney Caligiuri (courtneybrookecooper@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Thursday, July 12, 2018 6:16:05 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Courtney Caligiuri
po box 98
Bethania, NC 27010
courtneybrookecooper@gmail.com
(555) 555-5555


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Leslie Thacker (thacker9713@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Thursday, July 12, 2018 5:55:52 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Leslie Thacker
PO Box 77, PO Box 77
Collettsville, NC 28611
thacker9713@gmail.com
(828) 758-9422


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Rick Hybil (rjhandjlh@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Thursday, July 12, 2018 4:35:52 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Rick Hybil
999 Utsonati Lane
Brevard, NC 28712
rjhandjlh@aol.com
(828) 883-8704


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Tom Tomlinson (artsmgmt@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Thursday, July 12, 2018 2:56:39 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Tom Tomlinson
941 Marguerite
Winston-Salem, NC 27106
artsmgmt@gmail.com
(843) 822-0008


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Jeff Headley (jeffunf96@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Thursday, July 12, 2018 1:35:05 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jeff Headley
4006 Vallonia Drive
Cary, NC 27519
jeffunf96@gmail.com
(919) 931-1155


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Elizabeth DeWitt (edewitt001@ec.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Thursday, July 12, 2018 11:11:48 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Elizabeth DeWitt
242 Bradley Drive
Wilmington, NC 28409
edewitt001@ec.rr.com
(910) 431-9898


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Barbara Benson (barbbenson@ec.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Sunday, July 22, 2018 8:07:28 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Barbara Benson
104 Deerfield Court
Swansboro, NC 28584
barbbenson@ec.rr.com
(252) 393-6495


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: JANEY MCMILLEN (janeymcmillen@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Thursday, July 12, 2018 10:11:11 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


JANEY MCMILLEN
806 Knollwood Drive
Apex, NC 27502
janeymcmillen@hotmail.com
(919) 303-5596


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Diane Clark (zurclark@bellsouth.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Thursday, July 12, 2018 9:35:51 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Diane Clark
4115 Castleford Dr.
Colfax, NC 27235
zurclark@bellsouth.net
(336) 668-3131


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Sheila Sylvestre (bestofyou3@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Thursday, July 12, 2018 9:29:42 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Sheila Sylvestre
110 Estelle Park Drive
Asheville, NC 28806
bestofyou3@hotmail.com
(860) 978-4414


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Abe Zabek (abezabek@icloud.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Thursday, July 12, 2018 8:15:52 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Abe Zabek
3 White Eagle Way
Leicester, NC 28748
abezabek@icloud.com
(828) 231-6176


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Farzana I (farzy19@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Thursday, July 12, 2018 7:47:30 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Farzana I
2937 Grassy Knoll Circle
Thomasville, NC 27360
farzy19@yahoo.com
(732) 613-5799


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Vivian Barro (viviancb1@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Thursday, July 12, 2018 7:11:56 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Vivian Barro
603 w harvie ave
Gastonia, NC 28052
viviancb1@hotmail.com
(305) 962-7646


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Sharon Godfrey (sharongodfrey25@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Thursday, July 12, 2018 6:41:34 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Sharon Godfrey
705 Abbey Circle
Asheville, NC 28805
sharongodfrey25@gmail.com
(828) 505-7459


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Shannon Stover (nikita9013@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Thursday, July 12, 2018 12:27:32 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Shannon Stover
3451 Windsor Dr
Charlotte, NC 28209
nikita9013@yahoo.com
(805) 300-0599


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Mia Lopez (mia.lopez4259@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 11:20:44 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Mia Lopez
95 Driftstone Circle
Arden, NC 28704
mia.lopez4259@gmail.com
(828) 772-7356


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Jonne Pirnell (roj@ec.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 11:13:14 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jonne Pirnell
707 Wild Dunes Curcle
Wilmington, NC 28411
roj@ec.rr.com
(910) 681-0223


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Andrew Sweatt (andrew_sweatt@my.uri.edu) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Friday, July 20, 2018 11:14:16 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Andrew Sweatt
850 Watson Ave
Winston-Salem, NC 27103
andrew_sweatt@my.uri.edu
(336) 486-0501


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Laura Lathan (consumerofstuff@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 10:17:16 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Laura Lathan
1312 Gateshead Lane
Matthews, NC 28105
consumerofstuff@gmail.com
(704) 844-8467


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Madison Frazier (frazier.madison1@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 8:50:46 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Madison Frazier
5329 Prosperity Ridge Rd
Charlotte, NC 28269
frazier.madison1@gmail.com
(828) 776-4615


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Akila Mosier (soulhunter379@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 8:49:05 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Akila Mosier
365 Huffmantown Rd
Richlands, NC 28574
soulhunter379@gmail.com
(910) 545-7842


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Russell Fowler (rfowler30@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 8:22:11 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Russell Fowler
520 Harvest Place
Swansboro, NC 28584
rfowler30@yahoo.com
(910) 326-7413


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Debora Hamilton (brandnewlifetoday@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 8:20:33 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Debora Hamilton
115 Waddell Dr
Fayetteville, NC 28301
brandnewlifetoday@gmail.com
(813) 764-4467


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Lawrence Turk, RN (butch@wildrockies.org) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 7:56:18 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


Our waters need to be protected for future generations.


North Carolina has a backlog of water quality standards that need to be updated. This year, the EMC proposed a few
changes required by the U.S. Environmental Protection Agency, but more standards need to be updated to
adequately protect water quality.


Ensure that North Carolinians have clean water for drinking, swimming, fishing and boating. We need stronger and
updated water quality protections.


Sincerely,


Lawrence Turk, RN
POB 203
Hendersonville, NC 28793
butch@wildrockies.org
(555) 555-5555


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Dorothy Lee (clee@buncombe.main.nc.us) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 7:55:48 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Dorothy Lee
210 Lum Sprouse Rd
Leicester, NC 28748
clee@buncombe.main.nc.us
(828) 683-2564


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Michael Harding (hardingii@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 7:19:24 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Michael Harding
206 HYDE PARK CT APT R
Cary, NC 27513
hardingii@gmail.com
(904) 537-6242


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Andrea Snyder (asnyder_hky@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 6:45:50 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Andrea Snyder
228F 14th Ave SE
Hickory, NC 28602
asnyder_hky@yahoo.com
(828) 328-4745


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: James and Leslea Kunz (jimkunz44@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 6:45:40 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


James and Leslea Kunz
1218 Coral Reef Ct
New Bern, NC 28560
jimkunz44@gmail.com
(252) 514-6670


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Cassandra Hillman (cassandrahillman@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:45:16 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Cassandra Hillman
326 Middleham Drive
Rolesville, NC 27571
cassandrahillman@gmail.com
(985) 630-0978


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Sue Denman (denmanz@comcast.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:45:15 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Sue Denman
547 Rustic Road
West Jefferson, NC 28694
denmanz@comcast.net
(336) 330-1987


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: James Proper (jamesproper@carolina.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:42:11 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


James Proper
44 Ashwood Drive
Chapel Hill, NC 27516
jamesproper@carolina.rr.com
(980) 230-9268


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Rob Tiger (robtiger3@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:40:17 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Rob Tiger
PO Box 304
Hayesville, NC 28904
robtiger3@gmail.com
(828) 389-6531


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Jane Brody (janekb@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:39:29 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jane Brody
3500 Amber Dr
Wilmington, NC 28409
janekb@aol.com
(910) 399-4785


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Barbara Benson (barbbenson@ec.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Saturday, July 28, 2018 6:15:35 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Barbara Benson
104 Deerfield Court
Swansboro, NC 28584
barbbenson@ec.rr.com
(252) 393-6495


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Sarah Swingle (sarahmswingle@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Saturday, July 14, 2018 4:30:46 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Sarah Swingle
16A Glenway Drive
Asheville, NC 28804
sarahmswingle@gmail.com
(843) 793-9240


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Mitchell Ward (mkward@uncg.edu) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:36:41 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Mitchell Ward
1403 Whilden Pl Apt A
Greensboro, NC 27408
mkward@uncg.edu
(336) 373-8498


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Evelyn Coltman (evelyn3226@charter.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:34:29 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Evelyn Coltman
90 Evergreen Circle
Waynesville, NC 28786
evelyn3226@charter.net
(828) 648-3226


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Kiele Goins (kngoins@icloud.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:34:16 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Kiele Goins
1 University Heights
Asheville, NC 28804
kngoins@icloud.com
(704) 840-7660


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: townes carter (hortonnex@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:31:03 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


townes carter
600 lantern ridge dr.
Winston-Salem, NC 27104
hortonnex@yahoo.com
(336) 934-0961


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Gavin Dillard (gavco@me.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:29:22 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Gavin Dillard
528 Padgettown Road
Black Mountain, NC 28711
gavco@me.com
(828) 357-8069


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Lauri Maerov (lauri@writethink.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:29:21 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Lauri Maerov
3625 Sugar Tree Place
Durham, NC 27713
lauri@writethink.com
(323) 203-6747


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Cynthia Jarrett (cjarrett1823@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:27:59 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Cynthia Jarrett
3766 Buffalo Ford Road
Asheboro, NC 27205
cjarrett1823@gmail.com
(336) 465-0733


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Georgia Sizemore (gah2obaby@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:26:01 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Georgia Sizemore
PO Box 304
Rutherfordton, NC 28139
gah2obaby@gmail.com
(828) 216-2983


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Allison Delavan (sweaterjunky@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:25:20 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Allison Delavan
192 Crystal Falls Drive
Fairview, NC 28730
sweaterjunky@aol.com
(828) 628-6521


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Jeffrey Collins (jcollins@pappasventures.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:25:19 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jeffrey Collins
5909 Hathaway Ln
Chapel Hill, NC 27514
jcollins@pappasventures.com
(919) 967-8534


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Teresa Kruse (teresa7897@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Saturday, July 14, 2018 3:51:13 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Teresa Kruse
4011 Ruddy Duck Way
Wilmington, NC 28412
teresa7897@aol.com
(510) 637-8744


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Mary Anne McDonald (m.a.mcdonald99@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:23:09 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Mary Anne McDonald
224 Monmouth Ave.
Durham, NC 27701
m.a.mcdonald99@gmail.com
(919) 880-3939


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Acee Lindem (acee@lindem.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:22:33 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Acee Lindem
301 Midenhall Way
Cary, NC 27513
acee@lindem.com
(919) 387-6971


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Shelor Robin (robinshelor@earthlink.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:20:58 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Shelor Robin
549 11th Avenue Cir NW
Hickory, NC 28601
robinshelor@earthlink.net
(828) 256-6890


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: John Maxwell (madmax0007@aol.con) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:20:15 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's overdue on the time to take action to update our water standards.


Sincerely,


John Maxwell
2116 Echo Lane
Wilmington, NC 28403
madmax0007@aol.con
(910) 343-8099


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Clay Denman (claydenman@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:20:11 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Clay Denman
547 Rustic Rd
West Jefferson, NC 28694
claydenman@gmail.com
(336) 330-1987


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Dave Horsman (dchorse03@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:19:27 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Dave Horsman
6220 Robert Street
Huntersville, NC 28078
dchorse03@gmail.com
(978) 809-9097


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Jennifer Greene (jenngr57@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:18:57 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jennifer Greene
8308 City Loft Court
Raleigh, NC 27613
jenngr57@gmail.com
(703) 851-8496


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Joyce Pusel (jpusel@mindspring.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:18:29 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Joyce Pusel
102 Emerald Cir
Durham, NC 27713
jpusel@mindspring.com
(919) 475-1014


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Laura Eason (lceason22@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:15:59 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Laura Eason
405 King George Loop
Cary, NC 27511
lceason22@gmail.com
(919) 656-3542


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Barbara Burkett (bburkett1@carolina.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:15:18 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Barbara Burkett
3004 Courtland Drive
Shelby, NC 28152
bburkett1@carolina.rr.com
(704) 419-2126


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: TYRUS WILSON (tyruszack@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Saturday, July 14, 2018 8:57:55 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


TYRUS WILSON
87 High Rock Acres Dr.
Black Mountain, NC 28711
tyruszack@gmail.com
(828) 712-0104


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Eli Celli (elicelli@att.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:15:10 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Eli Celli
407 Legends Way
Chapel Hill, NC 27516
elicelli@att.net
(919) 546-4109


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Kimberly Lewis (kimmielew1@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:12:16 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Kimberly Lewis
2556 Flint Dr
Wilmington, NC 28401
kimmielew1@yahoo.com
(910) 799-1463


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Connie Raper (ckrmob@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:11:00 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Connie Raper
2614 Woodmont Dr
Durham, NC 27705
ckrmob@gmail.com
(919) 698-3282


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Cathy Craft (11ccraft11@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:09:25 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Cathy Craft
148 North Harbor Dr
Beaufort, NC 28516
11ccraft11@gmail.com
(252) 728-4228


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Richard Honeycutt (rhoneycutt@alumni.wfu.edu) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:09:18 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Richard Honeycutt
404 Olivia Drive
Lexington, NC 27295
rhoneycutt@alumni.wfu.edu
(336) 249-3526


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Brandy Meadows (branflakes12@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:07:17 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Brandy Meadows
4255 Birchwood Dr, Apt 107
Wilmington, NC 28405
branflakes12@hotmail.com
(704) 207-7701


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: John Richard Weston (uuwhale@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:03:45 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.
   My family depends on the cleanliness of Lake Jordan, which has too often received run off of water from nearby
cities and farms.
   It's time to take action to update our water standards.


Sincerely,


John Richard Weston
250 Amber Wood Run
Chapel Hill, NC 27516
uuwhale@gmail.com
(919) 308-3589


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Katherine Schlosser (kathyschlosser@triad.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:03:33 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


I remember summer visits to our coast.  The views were great but the water wasn't.  That always made it easier to
pack up and go home, as I knew cool, sweet water was waiting for us.


Now the water is acceptable to drink, but it is not memorable.  I don't know what the change in chemicals is, and I
assume it is to keep  us safe.  But if our water is being polluted to the point that so many chemicals are needed to
accomplish that, something needs to be done.


Let's stop adding chemicals and look to the source.  What is happening to those sources?  We have the means to find
out and make corrections, but do we have the will.  The people do, do you?


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Katherine Schlosser
1402 Bearhollow Road
Greensboro, NC 27410
kathyschlosser@triad.rr.com
(336) 855-8022


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Richard Strowd (swog.strowd@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:01:53 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Richard Strowd
4845 Manns Chapel Road
Chapel Hill, NC 27516
swog.strowd@gmail.com
(919) 932-1952


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Andy McGlinn (andymcglinn@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:01:52 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Andy McGlinn
3901 River Front Pl Unit 203
Wilmington, NC 28412
andymcglinn@gmail.com
(920) 883-9908


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Sam Bryan jr (sam@the-crystal-garden.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Friday, July 13, 2018 11:25:49 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Sam Bryan jr
300 West Woodcroft parkway, Apt 25C
Durham, NC 27713
sam@the-crystal-garden.com
(919) 265-8038


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Don Bergey (dbbergey@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:01:11 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Don Bergey
144 Greenvalley Rd
Winston-Salem, NC 27106
dbbergey@gmail.com
(336) 765-9748


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: A Berger (greensboro123@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:00:48 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


A Berger
5407 Century Oaks Drive
Greensboro, NC 27455
greensboro123@gmail.com
(336) 500-8680


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Jess Perry (graycat228@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 4:59:29 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jess Perry
201 Taylor St.
Raleigh, NC 27607
graycat228@yahoo.com
(919) 704-5565


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Michael Minnick (michael.minnick+credo@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 4:58:57 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Michael Minnick
2951 Cosmo Dr
Fayetteville, NC 28304
michael.minnick+credo@gmail.com
(910) 494-5877


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Renae Beeker (tara1bkr@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 4:58:48 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Renae Beeker
303 Balfour Drive
Salisbury, NC 28147
tara1bkr@aol.com
(704) 638-9348


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Jackie Franklin (jackiefranklin77@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 4:58:37 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jackie Franklin
11504 Hyde Place
Raleigh, NC 27614
jackiefranklin77@yahoo.com
(919) 847-4435


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Debra Moody (moodswing55@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 4:57:51 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Debra Moody
1214 Main Avenue Northwest
Hickory, NC 28601
moodswing55@gmail.com
(828) 310-9467


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Richard Cary (richard.cary@att.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 4:56:56 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


DUH........


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Richard Cary
36 Eagle Street
Hayesville, NC 28904
richard.cary@att.net
(828) 301-5779


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Sandra Resner (sresner@triad.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 4:56:26 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Sandra Resner
7607 Middle Dr
Greensboro, NC 27409
sresner@triad.rr.com
(336) 706-6479


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Summer Shah (summer_ankiel@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 4:55:16 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Summer Shah
8424 Redding Glen Ave
Charlotte, NC 28216
summer_ankiel@yahoo.com
(772) 979-3639


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Thomas Taylor (tnt2703@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Friday, July 13, 2018 11:09:19 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Thomas Taylor
3609 Crosstimbers Dr
Greensboro, NC 27410
tnt2703@yahoo.com
(336) 402-6100


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Deborah Fox (rkmommycat@msn.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 4:55:08 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Deborah Fox
102 Balboa Court
New Bern, NC 28560
rkmommycat@msn.com
(252) 259-9663


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: danna mclintock (danna.mclintock@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 4:54:46 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


danna mclintock
920 tumbling fork road
Waynesville, NC 28785
danna.mclintock@gmail.com
(904) 388-3188


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Brian Keck (mrkeckb@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 4:53:46 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Brian Keck
40 Pinedale Rd.
Asheville, NC 28805
mrkeckb@hotmail.com
(828) 337-0674


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Michael Eisenberg (mikeeeisen@zoho.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 4:53:45 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Michael Eisenberg
5033 Bartons Enclave Ln
Raleigh, NC 27613
mikeeeisen@zoho.com
(919) 846-5154


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Gloria Shen (gloshen@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 4:53:36 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Gloria Shen
40 Rocking Porch Lane
Asheville, NC 28805
gloshen@yahoo.com
(828) 775-6413


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Cassie Gavin (cassie.gavin@sierraclub.org) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 4:17:21 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Cassie Gavin
1817 Glenwood Ave
Raleigh, NC 27608
cassie.gavin@sierraclub.org
(919) 360-8803


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Sam Leeper (sleeper3390@charter.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Friday, July 13, 2018 8:47:41 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Sam Leeper
409 Carlyle Way
Asheville, NC 28803
sleeper3390@charter.net
(828) 337-3935


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: John Reuter (johnreuter12@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Friday, July 13, 2018 8:44:40 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


John Reuter
346 Country Club Heights Rd
Tryon, NC 28782
johnreuter12@gmail.com
(828) 242-9999


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Ellen Fallon (ellenmfallon@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Friday, July 13, 2018 7:48:25 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Ellen Fallon
PO Box 1123,,
Carrboro, NC 27510
ellenmfallon@gmail.com
(919) 928-9517


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: E. Brooke Kelly (e.brooke.kelly@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Friday, July 13, 2018 7:11:18 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


E. Brooke Kelly
1868 W. Lake Shore Dr.
Wilmington, NC 28401
e.brooke.kelly@gmail.com
(910) 547-9245


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Donald Grice (donaldgrice1@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Friday, July 13, 2018 4:43:57 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Donald Grice
810 Poplar Springs Church Rd. #1
Shelby, NC 28152
donaldgrice1@aol.com
(704) 481-0115


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Debbie Kenyon (dcjkenyon@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 25, 2018 3:21:51 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Debbie Kenyon
509 GABLEFIELD LN
APEX, NC 27502
dcjkenyon@aol.com
(919) 303-6906


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Gloria Shirley (gloriaann922@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:46:44 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Gloria Shirley
105 Borden Ave
Wilmington, NC 28403
gloriaann922@yahoo.com
(910) 616-1222


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: mary loughlin (cleolion@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:43:28 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


mary loughlin
4703 old river rd
Canton, NC 28716
cleolion@aol.com
(828) 646-0466


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Jan Ross (janross999@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:38:59 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jan Ross
251 Jim's Branch
Swannanoa, NC 28778
janross999@gmail.com
(828) 575-6298


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: JOSEPH MARENFELD (memory7152@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:36:53 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


JOSEPH MARENFELD
1519 BUCKINGHAM AVE
Gastonia, NC 28054
memory7152@aol.com
(704) 555-1212


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Mary White (mvnw50@carolina.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Sunday, July 15, 2018 11:21:42 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards. Please our water is a very valuable resource that needs
protection.


Sincerely,


Mary White
2146 Sherwood Ave
Charlotte, NC 28207
mvnw50@carolina.rr.com
(704) 372-8836


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Edward Wolfsohn (edwolfsohn@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:36:29 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Edward Wolfsohn
12 Sunny Ridge dr
Asheville, NC 28804
edwolfsohn@gmail.com
(828) 658-9998


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Suzy Lawrence (suzylawrence53@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:35:55 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Suzy Lawrence
8622 Ryan Rd
Chapel Hill, NC 27516
suzylawrence53@gmail.com
(919) 619-6788


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Melissa Griffin (theschool@mindspring.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:35:54 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Melissa Griffin
7001 Orchard Knoll Dr
Apex, NC 27539
theschool@mindspring.com
(919) 387-3650


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: candace L (vt_cmonster@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:33:17 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


candace L
3311 Marie Dr
Raleigh, NC 27604
vt_cmonster@hotmail.com
(919) 765-1000


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Ruth Talley (rkk29@live.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:30:29 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Ruth Talley
210 Pollock St
Beaufort, NC 28516
rkk29@live.com
(908) 448-6818


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: DandG Altman (dlagsa1@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:30:17 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


DandG Altman
PO BOX 643
Murphy, NC 28906
dlagsa1@aol.com
(301) 639-5195


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Carole Lugo (lugocarolea@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:30:07 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Carole Lugo
527 North Bloodworth Street
Raleigh, NC 27604
lugocarolea@aol.com
(919) 834-1234


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Joseph Monks (jmmonks09@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:24:43 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Joseph Monks
157 Burgess Rd
Hertford, NC 27944
jmmonks09@gmail.com
(252) 426-9977


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Judith Monks (monks@inteliport.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:24:11 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Judith Monks
157 Burgess Rd
Hertford, NC 27944
monks@inteliport.com
(252) 426-9977


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Katie Horan (godzbelle@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:22:45 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Katie Horan
1027 Essex Forest Dr
Cary, NC 27518
godzbelle@yahoo.com
(561) 797-2523


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: William S.T. Holcomb (doslobos@charter.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Saturday, July 14, 2018 7:39:26 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


William S.T. Holcomb
190 hawks haunt lane
Tryon, NC 28782
doslobos@charter.net
(612) 871-9569


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Dr. Dan Graham (grahamdn@bellsouth.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:21:41 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Dr. Dan Graham
123 Grace Ave.
Chapel Hill, NC 27517
grahamdn@bellsouth.net
(919) 942-1759


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Ed Turley (kagnew6770@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:19:05 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Ed Turley
6 Shakespeare Cir
Black Mountain, NC 28711
kagnew6770@gmail.com
(828) 357-8476


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Geraldine Clark (g68clark@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:17:39 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Geraldine Clark
6837 Coventry Ridge Rd
Raleigh, NC 27616
g68clark@gmail.com
(919) 871-0006


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Molly Moore (mollyfrancesmoore@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:10:30 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Molly Moore
215 Incline Dr.
Vilas, NC 28692
mollyfrancesmoore@gmail.com
(847) 401-3633


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Faith Moxham (fnmoxham@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:08:29 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Faith Moxham
2987 Elder Court
Gastonia, NC 28054
fnmoxham@yahoo.com
(704) 215-6612


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Janet Tice (starjet@mindspring.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:06:54 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Janet Tice
310 Umstead Dr
Chapel Hill, NC 27516
starjet@mindspring.com
(919) 968-0044


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Kate Wason (kate.wason@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:02:31 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Kate Wason
1235 Wittenberg Drive
Cary, NC 27519
kate.wason@gmail.com
(610) 731-4327


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Betty Lawrence (btlawrence@juno.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:01:03 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Betty Lawrence
142 Hillside St
Asheville, NC 28801
btlawrence@juno.com
(828) 254-9672


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Kermit R. Davis (krd226@bellsouth.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:58:58 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Kermit R. Davis
P. O. Box 523
Hayesville, NC 28904
krd226@bellsouth.net
(828) 389-4276


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: E Wixson (ewixson@me.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:56:45 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


E Wixson
11202 Nevermore Way
Charlotte, NC 28277
ewixson@me.com
(704) 507-7742


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Linda Engelmann (lamecabin@att.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Saturday, July 14, 2018 7:02:32 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Linda Engelmann
5338 Wilson Dale Way
Iron Station, NC 28080
lamecabin@att.net
(704) 735-6917


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: John Wiles (jwiles3rd@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:55:00 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


John Wiles
5205 Langford Ter
Durham, NC 27713
jwiles3rd@gmail.com
(901) 301-8894


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Marie-Claire Lander (marieclaireusa@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:52:28 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to byGenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Marie-Claire Lander
445 N 21st Street
Wilmington, NC 28405
marieclaireusa@yahoo.com
(910) 795-1602


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Teresa Pitts (tgpitts@earthlink.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:47:10 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Teresa Pitts
PO Box 193
Glen Alpine, NC 28628
tgpitts@earthlink.net
(828) 544-5276


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Susan Cutucache (scut55@icloud.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:46:59 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Susan Cutucache
4826 Berkley Drive
Wilmington, NC 28405
scut55@icloud.com
(910) 547-3571


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Donald Harland (dharland@bellsouth.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 5:45:18 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Donald Harland
PO Box 2080
Candler, NC 28715
dharland@bellsouth.net
(828) 280-5634


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Justin Landry (jl428182@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 8:14:59 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Justin Landry
26 Pleasant Ridge Dr.
Justin, NC 28805
jl428182@yahoo.com
(207) 735-3896


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: James Parker (pgrmadv@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 8:13:21 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


James Parker
121 Florians, Dr
Holly Springs, NC 27540
pgrmadv@gmail.com
(919) 332-1506


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: LAURA WEAVER (lweaver7@carolina.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 8:11:52 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


LAURA WEAVER
POB 11775
Charlotte, NC 28220
lweaver7@carolina.rr.com
(704) 527-6068


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Shirley Ware-Gully (swaregully@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Sunday, July 15, 2018 6:15:14 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Shirley Ware-Gully
103 Bellshill Ct
Cary, NC 27513
swaregully@yahoo.com
(913) 800-1219


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: George Yuhasz (gyuhasz@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 8:11:28 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life as well as
terrestial life-especially pollinators like honeybees. These are used in North Carolina and there is abundant science
to guide standard-setting. Neonicotinoids should be banned entirely.The use of other chemicals in our state should
be reviewed carefully.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.Thank you for taking time to read my message.


Sincerely,


George Yuhasz
4 Wild Ivy Run
Hendersonville, NC 28739
gyuhasz@hotmail.com
(828) 698-7405


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Nan Martin (nanpmartrin@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 8:03:49 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Nan Martin
`1110 Pebble Creek Crossing
Durham, NC 27713
nanpmartrin@yahoo.com
(919) 467-5338


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: DOUGLASS SWANSON (wildagin@earthlink.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 8:02:47 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


DOUGLASS SWANSON
115 Intracoastal Dr
Beaufort, NC 28516
wildagin@earthlink.net
(252) 728-2939


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Tish Yarborough (tish.yarborough@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:57:19 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Tish Yarborough
7517 Mason Landing Rd.
Wilmington, NC 28411
tish.yarborough@gmail.com
(910) 686-3712


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: David Sices (david.sices@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:49:59 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


David Sices
750 Weaver Dairy Rd
Chapel Hill, NC 27514
david.sices@gmail.com
(919) 918-3530


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: SHARON BURTNER (sharon@sharonburtner.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:49:59 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


SHARON BURTNER
123 Otter Way
Hertford, NC 27944
sharon@sharonburtner.com
(703) 380-8337


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Judy Smith (jsnorkel23@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:44:54 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's past time to take action to update our water standards to protect our citizens.


Sincerely,


Judy Smith
2558 Empie Dr.
Leland, NC 28451
jsnorkel23@gmail.com
(910) 228-5056


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Donna Newman (dnewman27606@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:44:00 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Donna Newman
710-D Powell Drive
Raleigh, NC 27606
dnewman27606@yahoo.com
(222) 222-2222


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Richard Grier (xl@pobox.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:43:09 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Richard Grier
251 Edwards Creek Rd
Highlands, NC 28741
xl@pobox.com
(828) 787-1919


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Elizabeth Schulz (eschulz131@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:39:51 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Elizabeth Schulz
902 Dolphin Ct.
Wilmington, NC 28403
eschulz131@aol.com
(910) 231-4946


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Ronald Clayton (se-larvae@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Sunday, July 15, 2018 4:37:43 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


Do you want your family to be consuming and bathing in polluted water?


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible.  But
..... some of our standards are lagging behind what the EPA recommends.


Please take the opportunity of the triennial review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish.  The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected.  When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines.  The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life.  These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water.  The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.  Protect us from the polluters.  Our health depends on it.


Sincerely,


Ronald Clayton
10860 OLD US HIGHWAY 70
Cove City, NC 28523
se-larvae@hotmail.com
(336) 460-0019


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Karen Rivers (karen@karenrivers.info) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:33:46 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Karen Rivers
8407 Pickards Meadow Rd
Chapel Hill, NC 27516
karen@karenrivers.info
(919) 942-2465


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Teri Teed (cu4tea@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:33:09 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Teri Teed
500 Harvest Moon Rd
Sylva, NC 28779
cu4tea@hotmail.com
(828) 400-5381


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Sue Perry (spinashe@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:26:54 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Sue Perry
14 Quail Hollow
Asheville, NC 28804
spinashe@gmail.com
(828) 575-9424


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Stephanie Rogers (stephanie@purposepoints.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:24:28 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Stephanie Rogers
1008 Starfield Circle
Hillsborough, NC 27278
stephanie@purposepoints.com
(919) 923-3092


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: vera crumley (veracrumley@att.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:24:21 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


vera crumley
1203 Abbey circle
Asheville, NC 28805
veracrumley@att.net
(828) 299-3712


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Carol Corken (carolcorken@carolina.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:24:21 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Carol Corken
1618 N Main Street
Salisbury, NC 28144
carolcorken@carolina.rr.com
(704) 603-4423


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: P Wright (pawwright@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:20:16 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


P Wright
164 depot st
Boone, NC 28607
pawwright@gmail.com
(828) 555-1212


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Robert Brown (rob1965@embarqmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:11:33 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Robert Brown
333 Chinaberry Ln.
Angier, NC 27501
rob1965@embarqmail.com
(919) 639-3053


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Mary Orton (maryjbo7474@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:08:39 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Mary Orton
1530 Queens Road
Charlotte, NC 28207
maryjbo7474@gmail.com
(980) 230-8096


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Lawrence East (rstyeast@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:05:59 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Lawrence East
316 Richlands Ave, Apt. 5
Jacksonville, NC 28540
rstyeast@aol.com
(999) 999-9999


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: August Preschle (exploor@triad.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Sunday, July 15, 2018 3:08:04 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards. There is nothing more important than having air and water
standards based on the latest available science.


Sincerely,


August Preschle
1023 Feldspar Lane
Lewisville, NC 27023
exploor@triad.rr.com
(336) 201-2026


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Victor Coggins (coggins04@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:02:17 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Victor Coggins
950 Bruce Coggins Rd
Sanford, NC 27332
coggins04@yahoo.com
(919) 776-4837


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Kicab Castaneda-Mendez (kicabcm@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 7:00:59 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Kicab Castaneda-Mendez
112 Rhododendron Court
Chapel Hill, NC 27517
kicabcm@yahoo.com
(919) 967-8782


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Beth Olson (free2bepeace@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:55:59 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Beth Olson
43 Dillard Rd
Highlands, NC 28741
free2bepeace@gmail.com
(985) 773-0751


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Susan Taylor (sjtaylor1@charter.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:54:08 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Susan Taylor
668 Curtis Creek Road
Elk Park, NC 28622
sjtaylor1@charter.net
(828) 777-2725


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Rebecca Burmester (becky.burmester@mindspring.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:50:58 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Rebecca Burmester
2121 North Hills Dr
Raleigh, NC 27612
becky.burmester@mindspring.com
(919) 395-1373


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Camelia Stewart (astewart5@ec.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 6:49:17 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Camelia Stewart
322 Loblolly St
Emerald Isle, NC 28594
astewart5@ec.rr.com
(252) 354-5984


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Robert McCarthy (mca1970@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 10:53:42 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Robert McCarthy
9660 Sievers Way NW
Ash, NC 28420
mca1970@aol.com
(843) 267-2464


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Z. Vijay Director (vjwolf@charter.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 10:50:16 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Z. Vijay Director
po box 970
Black Mountain, NC 28711
vjwolf@charter.net
(828) 669-2348


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Deborah Milkowski (debmilkocal@twc.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Monday, July 16, 2018 2:37:56 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Deborah Milkowski
2119 Bay Colony Lane
Wilmington, NC 28405
debmilkocal@twc.com
(252) 571-4330


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Cathy Craft (11ccraft11@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 10:49:59 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Cathy Craft
148 North Harbor Dr
Beaufort, NC 28516
11ccraft11@gmail.com
(252) 728-4228


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Wayne Berg (wayne.berg@icloud.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 10:45:33 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Wayne Berg
1028 Backstretch Blvd.
Indian Trail, NC 28079
wayne.berg@icloud.com
(704) 488-3509


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Stephen Boletchek (sboletchek@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 10:29:59 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Stephen Boletchek
1106 Elbury Drive
Apex, NC 27502
sboletchek@gmail.com
(919) 387-9588


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Jonathan Halperen (jhalperen@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 10:25:34 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jonathan Halperen
2606 WELLS AVENUE
Raleigh, NC 27608
jhalperen@yahoo.com
(919) 787-9660


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Anne Fondren (fodro2@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 10:24:12 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Anne Fondren
818 sound view drive
Hampstead, NC 28443
fodro2@aol.com
(910) 352-2229


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: don hill (dhill140@triad.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 10:23:28 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


don hill
150 academy st.
Franklinville, NC 27248
dhill140@triad.rr.com
(336) 541-2121


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Carole Troxler (troxlerc@elon.edu) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 10:17:11 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Carole Troxler
2748 Amick Rd
Elon, NC 27244
troxlerc@elon.edu
(336) 584-9282


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Glenn Rape (glennrape@earthlink.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 10:16:00 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Glenn Rape
2921 Aprilia Ln
Monroe, NC 28112
glennrape@earthlink.net
(704) 764-4459


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Melissa Howell (planetmercury15@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 10:03:25 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Melissa Howell
907 Hemlock Drive
Fayetteville, NC 28304
planetmercury15@aol.com
(910) 578-7043


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: LAURIE CARROLL; (sunshinegal123@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 9:56:10 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


LAURIE CARROLL;
128 Jordan Drive
New Bern, NC 28562
sunshinegal123@yahoo.com
(252) 631-2417


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Glenn Rape (glennrape@earthlink.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Monday, July 16, 2018 9:31:57 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Glenn Rape
2921 APRILIA LN
Monroe, NC 28112
glennrape@earthlink.net
(704) 764-4459


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Tom Clarke (tomclarke@mindspring.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 9:50:36 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Tom Clarke
2706 Stratford Dr
Greensboro, NC 27408
tomclarke@mindspring.com
(336) 288-1329


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Barbara Harvey (barharvey@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 9:42:00 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Barbara Harvey
102 Ayr Ct
Cary, NC 27511
barharvey@aol.com
(919) 388-7618


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Tammy Musselwhite (tmusselwhite65@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 9:37:53 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Tammy Musselwhite
111 Manteo drive
Raeford, NC 28376
tmusselwhite65@gmail.com
(910) 813-1633


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Heide Coppotelli (goodshepherd@comporium.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 9:36:08 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Heide Coppotelli
383 Seldon Emerson Rd
Cedar Mountain, NC 28718
goodshepherd@comporium.net
(828) 884-4673


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Debbie Burroughs (debbieburroughs@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 9:35:46 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Debbie Burroughs
111 Hobbs Acre Drive
Edenton, NC 27932
debbieburroughs@hotmail.com
(252) 482-7769


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Cheryl McGraw (chrrlgrrl@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 9:18:25 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's vitally important to me that North Carolina has the most up-to-date and protective water quality standards
possible. But some of our standards are lagging behind what the EPA recommends. Please take the opportunity of
the triennial review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows MUST BE PROTECTED. When the flow of water in a river is changed by excessive withdrawals
or too much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are ABSOLUTELY needed for pesticides, such as atrazine and neonicotinoids, that are harmful to
aquatic life. These are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard NOW for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River
region have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated
compounds, which take HUNDREDS OF YEARS to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Cheryl McGraw
1004 Braxton Ct
Raleigh, NC 27606
chrrlgrrl@gmail.com
(919) 612-7311


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Wendy Stevens (wagothro@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 9:02:33 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Wendy Stevens
7024 Hidden Creek Dr
Charlotte, NC 28214
wagothro@hotmail.com
(425) 488-2348


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Bette-Burr Fenley (bbfenley3@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 8:48:17 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Bette-Burr Fenley
211 Carolina Meadows Villa
Chapel Hill, NC 27517
bbfenley3@gmail.com
(919) 537-8071


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Judith Corvin-Blackburn (healingconcepts@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 8:47:29 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Judith Corvin-Blackburn
190 Iris Lane
Whittier, NC 28789
healingconcepts@hotmail.com
(828) 586-3068


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Elizabeth Wood (boriscat14@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 8:41:32 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Elizabeth Wood
1415 Barouche Ct
Wilmington, NC 28412
boriscat14@gmail.com
(910) 622-9582


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Jerry Bolick (jansson57@earthlink.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Sunday, July 15, 2018 7:57:04 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jerry Bolick
210 Timber Ridge Drive
Lenoir, NC 28645
jansson57@earthlink.net
(828) 728-5933


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Jesse Boeckermann (jessebach7@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 8:41:27 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jesse Boeckermann
102 Charles Ridge Road, Apt #
Asheville, NC 28805
jessebach7@gmail.com
(605) 376-4234


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Adam Molesky (adammolesky@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 8:40:15 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Adam Molesky
341 Lake Valley Drive
Tarboro, NC 27886
adammolesky@yahoo.com
(570) 709-7502


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Randal Kempka (rkempka@carolina.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 8:38:33 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Randal Kempka
10018 White Cascade Dr
Charlotte, NC 28269
rkempka@carolina.rr.com
(704) 595-1776


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Irene and Peter Hansen (iphansen@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 8:34:12 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Irene and Peter Hansen
44 Paine Court
Flat Rock, NC 28731
iphansen@aol.com
(828) 693-6618


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Susan Jacquet (sjacquet@berkeley.edu) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 8:27:29 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Susan Jacquet
38 TAHKIEOSTIE TRL.
Asheville, NC 28806
sjacquet@berkeley.edu
(828) 505-7888


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Therese Pennell (penntess@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 8:22:12 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Therese Pennell
2706 Brookhaven Dr.
Kinston, NC 28504
penntess@yahoo.com
(219) 680-9700


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Rebecca Carina (r7carina@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 8:18:30 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards. As a retired state employee in NC, I understand the challenges
of defining, writing and obtaining approval of such standards and rules, in addition to planning and implementation. 
The residents of NC are depending on you to act on our behalf.


Thank you for your dedication and commitment to create what benefits us all.


Sincerely,


Rebecca Carina
2815 Bedford Avenue
Raleigh, NC 27607
r7carina@gmail.com
(919) 834-9636


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Elizabeth Cruise (bcruise1@frontier.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 7:48:58 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Elizabeth Cruise
2604 Fairlawn Rd.
Durham, NC 27705
bcruise1@frontier.com
(919) 479-8146


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Michelle Mitchell (michelleymitchell@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 7:43:05 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Michelle Mitchell
17227 Chardonnay Ct
Cornelius, NC 28031
michelleymitchell@gmail.com
(704) 896-9629


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: christopher riegert (chrisriegert@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 7:43:03 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


christopher riegert
2222 East Pelican Drive
Oak Island, NC 28465
chrisriegert@gmail.com
(540) 808-3358


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Rita Large (rlarge@charter.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 7:37:08 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Rita Large
18 Lynwood Circle
Asheville, NC 28806
rlarge@charter.net
(828) 242-7495


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Barbara Miller (1crazycatlady1957@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 7:36:51 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Barbara Miller
1006 S Creek Ct
Asheboro, NC 27205
1crazycatlady1957@gmail.com
(336) 629-4338


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Marvin Woll (mjwoll@nc.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Thursday, July 12, 2018 5:13:36 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Marvin Woll
1116 Vannstone Dr.
Raleigh, NC 27603
mjwoll@nc.rr.com
(919) 771-0888


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Robert Simons (utt2000@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 7:36:42 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Robert Simons
755 Timberlane Trail
Salisbury, NC 28147
utt2000@yahoo.com
(704) 279-8132


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Margaret Silvers (marsilvers@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 7:31:00 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Margaret Silvers
947 Highway 9 S
Mill Spring, NC 28756
marsilvers@gmail.com
(828) 894-9365


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Todd Patton (toddcpatton@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 6:38:43 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Todd Patton
4512 Bracada Dr
Durham, NC 27705
toddcpatton@gmail.com
(919) 309-2447


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: J S (jillslee@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 6:30:30 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


J S
14535 Harmonious St
Charlotte, NC 28278
jillslee@aol.com
(704) 643-9035


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: John Bradshaw (jbradshaw10@att.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 6:29:16 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


John Bradshaw
2322 Knickerbocker Dr
Charlotte, NC 28212
jbradshaw10@att.net
(704) 535-2035


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Kyle Semon (semon.kyle@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 6:09:25 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Kyle Semon
800 Chatham Rd, Apt 202
Winston-Salem, NC 27101
semon.kyle@gmail.com
(919) 539-9440


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Sister Mary Schmuck RSM (mschmuck@mercysc.org) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 6:05:08 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible.


But some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the
triennial review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Sister Mary Schmuck RSM
101 Mercy Drive
Belmont, NC 28012
mschmuck@mercysc.org
(704) 829-5260


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Nancy Zora (nsz719@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 5:59:36 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.  For real this time!!!


Sincerely,


Nancy Zora
6450 Bradbury Court
Wilmington, NC 28412
nsz719@yahoo.com
(910) 399-5034


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Eileen McCorry (mccorrye@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 5:59:34 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Eileen McCorry
4103 Fearrington Post
Pittsboro, NC 27312
mccorrye@gmail.com
(919) 533-6821


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Philip Croll (pmcroll@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 5:57:35 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Philip Croll
52 BALLARD BRANCH RD
Weaverville, NC 28787
pmcroll@gmail.com
(828) 645-9944


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Zola Packman (zmpackman@att.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Thursday, July 12, 2018 4:48:54 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Zola Packman
1011 Nicholwood Dr
Raleigh, NC 27605
zmpackman@att.net
(919) 835-4745


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Mary Tuma (nat13421@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 5:53:48 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Mary Tuma
4020 Larkspur Lane
Charlotte, NC 28205
nat13421@gmail.com
(980) 333-7545


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Penny Hooper (pjhooper@ec.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 5:43:20 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.We do not want to be another Flint, Michigan!


Sincerely,


Penny Hooper
PO Box 186, 273 East City Rd.
Smyrna, NC 28579
pjhooper@ec.rr.com
(252) 729-2521


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Marilyn Brown (mpb28105@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 5:37:22 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Marilyn Brown
2901 Carding Pl
Matthews, NC 28105
mpb28105@yahoo.com
(704) 847-0070


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: RoseMaria Root (rosemariaroot@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 5:30:03 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


RoseMaria Root
120 Seaboard Street. #373, Unit 373
Vass, NC 28394
rosemariaroot@gmail.com
(984) 528-1403


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Lorraine Cocomero (loricocomero@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 5:29:59 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Lorraine Cocomero
1000 Sabre Ct
Chapel Hill, NC 27516
loricocomero@gmail.com
(919) 960-9591


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Joy Haldeman-Englert (jhaldemane@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 5:29:03 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Joy Haldeman-Englert
61 Bassett Rd Asheville NC 28804 United States
Asheville, NC 28804
jhaldemane@gmail.com
(336) 314-7394


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Linda Peterson (lpeterson@wcsr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 5:24:02 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Linda Peterson
404 Wood Lark Ct.
Indian Trail, NC 28079
lpeterson@wcsr.com
(704) 753-5118


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: D. Rex Miller (rexmiller@nwrha.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 5:17:10 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


D. Rex Miller
268 Appalachian Drive
Boone, NC 28607
rexmiller@nwrha.com
(828) 963-7097


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Susan Allen (su.allen50@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 5:16:28 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Susan Allen
6824 Gloucester Road
Raleigh, NC 27612
su.allen50@gmail.com
(919) 645-1700


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Nancy Koone (nkoonemont@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 5:11:36 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Nancy Koone
269 Pleasant Hill Loop Rd
Rutherfordton, NC 28139
nkoonemont@yahoo.com
(828) 287-5505


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Holly Mills (hollyjb3@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Thursday, July 12, 2018 3:41:16 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Holly Mills
4590 Carlton Crossing Dr
Durham, NC 27713
hollyjb3@yahoo.com
(919) 386-1723


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Lillian Swindell (lrhswindell@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 5:08:47 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Lillian Swindell
2118 Coniston Place
Charlotte, NC 28207
lrhswindell@hotmail.com
(704) 373-0139


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Jay Hawekotte (ncsurfhawk@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 5:06:05 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jay Hawekotte
107 Acorn Lane
Point Harbor, NC 27964
ncsurfhawk@hotmail.com
(252) 491-8452


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Kat Miller (km22@outlook.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 5:02:59 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Kat Miller
224 Spring Shore
Statesville, NC 28677
km22@outlook.com
(704) 657-1787


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: David Williams (dmw1nc@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 4:59:50 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


David Williams
12 Willoughby Run Dr
Asheville, NC 28803
dmw1nc@aol.com
(828) 687-2835


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Derek Manning (thmd5957@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 4:59:48 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Derek Manning
3857 Sturbridge Dr
Hope Mills, NC 28348
thmd5957@aol.com
(910) 853-9622


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Nancy Carroll (ncarrollwnc@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 4:59:34 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Nancy Carroll
110 Terra Nova Ln
Cedar Mountain, NC 28718
ncarrollwnc@gmail.com
(505) 231-3665


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: f myers (fmyers2007@twc.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 4:58:03 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


f myers
5871 nc hwy 65
Reidsville, NC 27320
fmyers2007@twc.com
(336) 613-8837


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Patricia Kelley (patricia.kelley.uncw@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 4:58:00 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Patricia Kelley
5933 Dutchman Creek Road
Southport, NC 28461
patricia.kelley.uncw@gmail.com
(910) 448-0526


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Donald Houser (jdhouser489@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Sunday, July 15, 2018 3:16:34 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Donald Houser
199 Cedardale CT.
Clayton, NC 27520
jdhouser489@gmail.com
(919) 585-2125


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Stephanie Rios (stefany.l.rios@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Sunday, July 29, 2018 1:04:18 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Stephanie Rios
6200 Oak Stand Circle
Raleigh, NC 27606
stefany.l.rios@gmail.com
(904) 563-4757


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Elyse Jung (ejung@triad.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Monday, July 16, 2018 5:11:09 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Elyse Jung
521 Lynhaven Court
Elyse, NC 27104
ejung@triad.rr.com
(336) 659-6413


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: robert Rivage (bobdurivage@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 1:16:01 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


robert Rivage
29 northstar trail
Weaverville, NC 28787
bobdurivage@yahoo.com
(828) 484-7828


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Thomas Huzij (tomhuzij@icloud.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 12:59:12 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Thomas Huzij
206 N Duke St Apt 115
Durham, NC 27701
tomhuzij@icloud.com
(347) 221-3770


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: David Galloway (dhgallow@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 12:49:54 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


David Galloway
2332 McClintock Rd, Apt 201
Charlotte, NC 28205
dhgallow@gmail.com
(919) 495-1107


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Karola Luttringhaus (albanelveddancecompany@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Wednesday, July 11, 2018 12:48:04 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Karola Luttringhaus
205 N. 15th Street
Wilmington, NC 28401
albanelveddancecompany@gmail.com
(910) 477-3026


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Christie Driscoll (christie.driscoll@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 11:19:51 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Christie Driscoll
2117 Bay St
Charlotte, NC 28205
christie.driscoll@gmail.com
(980) 237-8800


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Christine Fearing (ccfearing@earthlink.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 11:15:42 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Christine Fearing
708 Brittley Way
Apex, NC 27502
ccfearing@earthlink.net
(919) 438-2797


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: James and April Thompson (jimjan48norf@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 11:12:22 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards. James and April Thompson


Sincerely,


James and April Thompson
316 Jordan Street
Hendersonville, NC 28739
jimjan48norf@gmail.com
(555) 555-5555


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Adrian Smith (adsmith57@charter.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Itâ€™s time to update NC water protections
Date: Tuesday, July 10, 2018 11:08:42 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Adrian Smith
PO Box 265
Moncure, NC 27559
adsmith57@charter.net
(919) 542-3807


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Pat Carstensen (pats1717@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 6:41:35 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Pat Carstensen
58 Newton
Durham, NC 27707
pats1717@hotmail.com
(919) 490-1566


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: michael kenney (gonesouth2@frontier.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 6:17:32 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


michael kenney
63 wheat field rd
Franklin, NC 28734
gonesouth2@frontier.com
(828) 349-4965


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Ruby Lowe (lowe9832@bellsouth.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 1:28:12 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Ruby Lowe
3324Bellemont Mount Herman Rd.
Burlington, NC 27215
lowe9832@bellsouth.net
(336) 675-8744


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: G.W. Cheney (gwcheney@ymail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 1:19:23 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


G.W. Cheney
315 Hickory Lane
Boone, NC 28607
gwcheney@ymail.com
(828) 773-4120


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Kimberly Hurtt (kimmer760@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Friday, July 13, 2018 2:27:07 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Kimberly Hurtt
2712 Quail Point Dr
Raleigh, NC 27603
kimmer760@gmail.com
(919) 763-2596


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Beverly McIllwain (wachemom@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 1:01:20 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Beverly McIllwain
5413 Breakwater Dr.
Granite Falls, NC 28630
wachemom@aol.com
(828) 396-2956


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Doug Wingeier (dcwing@main.nc.us) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 12:18:42 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Doug Wingeier
266 Merrimon Ave
Asheville, NC 28801
dcwing@main.nc.us
(828) 246-4885


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Brent Hassell (hassell_2@msn.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 11:40:35 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Brent Hassell
880 Lakcecrest Ave
High Point, NC 27265
hassell_2@msn.com
(336) 491-3102


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Deb Carr (deborahcarr2012@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 11:30:09 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Deb Carr
2007 Castleburg Dr
Apex, NC 27523
deborahcarr2012@hotmail.com
(334) 447-1221


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Jay Brodsky (choctw@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 11:04:59 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jay Brodsky
87 Horton Road
Murphy, NC 28906
choctw@gmail.com
(999) 999-9999


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Carolyn Hess (cmhrah@mediacombb.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 10:41:21 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Carolyn Hess
140 Sunset Circle
Hertford, NC 27944
cmhrah@mediacombb.net
(252) 426-9563


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Miriam Sexton (confidentiallycrazy@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 10:25:56 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Miriam Sexton
18 Cedarwood Trl
Asheville, NC 28803
confidentiallycrazy@hotmail.com
(828) 298-6408


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: James Zizzo (jzizzo@ec.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 10:25:50 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards. I am sorry I moved to a southern state where water quality is
not held in high regard as it is in the northern states. The south really is backwards in regard to the rest of the
country.


Sincerely,


James Zizzo
2304 Wrightsville Ave. #106
Wilmington, NC 28403
jzizzo@ec.rr.com
(910) 762-6218


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Thomas Antoon (infotom@earthlink.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 10:14:21 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Thomas Antoon
9 Brandywine Cir
Greensboro, NC 27409
infotom@earthlink.net
(530) 739-5850


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Robert and Pamela Baugh (rjbaugh@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 10:12:58 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Robert and Pamela Baugh
346 Shepherds Pass
Moravian Falls, NC 28654
rjbaugh@gmail.com
(336) 921-2267


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Mary Rogers (msrogers1027@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Friday, July 13, 2018 9:41:48 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Mary Rogers
2212 VAlencia Terrace
Charlotte, NC 28226
msrogers1027@yahoo.com
(663) 599-5665


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Judith Prizio (japrizio@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 9:57:04 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Judith Prizio
3926 Blumenthal Rd
Greensboro, NC 27406
japrizio@gmail.com
(336) 378-7843


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: thomas Lux (tomad234@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 9:41:59 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


thomas Lux
154 franklin ln, ,
State Road, NC 28676
tomad234@yahoo.com
(336) 835-5324


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Leah DeKoskie (leahdekoskie@me.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 9:24:30 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Leah DeKoskie
605 Culvert St
Apex, NC 27502
leahdekoskie@me.com
(678) 313-6298


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: James Kelbaugh (jimlouk@att.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 9:20:50 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


James Kelbaugh
8325 Windsor Ridge Drive
Charlotte, NC 28277
jimlouk@att.net
(704) 544-2575


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Betty Beaver (kattzs5@carolina.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 9:17:43 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Betty Beaver
548 White Oaks Dr Apt 124
Salisbury, NC 28147
kattzs5@carolina.rr.com
(704) 639-1666


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Ruth Grissom (ruthgrissom@bellsouth.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 8:53:58 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Ruth Grissom
1800 Camden Rd
Charlotte, NC 28203
ruthgrissom@bellsouth.net
(704) 375-9299


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Jaedra Luke (jaedraluke@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 8:52:02 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jaedra Luke
9395 Greenville Hwy Brevard NC 28712 United States
Brevard, NC 28712
jaedraluke@gmail.com
(310) 422-7109


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Nancy Branda (nrbranda@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 8:47:59 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Nancy Branda
2900 Stonehedge Ct
Matthews, NC 28105
nrbranda@gmail.com
(704) 576-7972


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Robert Belknap (rebelknap@sms.edu) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 8:46:12 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Robert Belknap
900 Hillsborough Street
Raleigh, NC 27603
rebelknap@sms.edu
(919) 424-3654


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Anne Van Syckle-White (farmgoddess@outlook.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 8:35:18 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Anne Van Syckle-White
45 LIBBEY LN
Mills River, NC 28759
farmgoddess@outlook.com
(828) 595-3422


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Ervin Kelman (ekel0613@cs.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Thursday, July 12, 2018 9:20:35 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Ervin Kelman
7300 Haw Ridge Rd.
Summerfield, NC 27358
ekel0613@cs.com
(336) 643-6962


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Nicole Gadon (nicole.gadon@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 8:20:57 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Nicole Gadon
60 Madison Ave.
Asheville, NC 28801
nicole.gadon@gmail.com
(646) 296-7829


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: James Southerland (jim_sout@bellsouth.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 8:06:01 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


James Southerland
103 Moray Court
Cary, NC 27511
jim_sout@bellsouth.net
(919) 612-8745


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Lynda Eggleston (eggleston@post.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 8:03:41 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Lynda Eggleston
350 Spring Lake Drive
Pinehurst, NC 28374
eggleston@post.com
(910) 695-5799


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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From: Richard Hammer (steinmeisterhammer@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 7:53:02 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Richard Hammer
4141 Lake Lynn dr
Raleigh, NC 27613
steinmeisterhammer@gmail.com
(919) 786-2544


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Paula Davis-Searles (prdsearles@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Tuesday, July 10, 2018 7:52:50 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Paula Davis-Searles
221 Solo Cv
Durham, NC 27713
prdsearles@gmail.com
(919) 281-1270


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: walkaboutlivin
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Saturday, July 28, 2018 1:37:25 PM
Importance: High


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.


Dear Sirs: Please Upgrade Our Water Standards 


We have greater demand for more water every day.


Water supplies are limited: in the long run. It is a Finite resource.!!


Please help our children have safe water.......


Sent via the Samsung Galaxy Tab E, an AT&T 4G LTE tablet
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From: walkaboutlivin
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Saturday, July 28, 2018 1:30:32 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.


Sent via the Samsung Galaxy Tab E, an AT&T 4G LTE tablet
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From: Emily Lancaster
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides in NC waters!
Date: Monday, July 30, 2018 9:52:10 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear Environmental Management Commission,


We need better standards for NC water. We ask that you:


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.


When setting standards, please take into account the longitudinal and complex impact of these chemicals on human
and environmental health.


Thank you for considering our concerns about protecting clean water for all in North Carolina.
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From: Mariah Mitchell (pbsminds@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Sunday, July 15, 2018 6:48:33 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Mariah Mitchell
942 Northwind Dr
Winston-Salem, NC 27127
pbsminds@gmail.com
(336) 970-0465


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Jill Gooch (goochj@ecu.edu) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Thursday, July 12, 2018 2:02:29 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jill Gooch
2147 Hyde dr.
Greenville, NC 27858
goochj@ecu.edu
(252) 341-8536


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Barbara Sloss (barbarasloss@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Thursday, July 12, 2018 1:42:28 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


Also, in light of lead in the water in Michigan, the Clean Water Act should address salt levels in our fresh waters as
well.


It's time to take action to update our water standards.


Sincerely,


Barbara Sloss
5 Wagon Road
Asheville, NC 28805
barbarasloss@yahoo.com
(828) 333-3333


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Dana Sargent (newsongs5@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Thursday, July 12, 2018 1:00:37 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Dana Sargent
909 Cobia Lane
Wilmington, NC 28409
newsongs5@gmail.com
(910) 444-8080


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Michele Clark (uncmicha@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Thursday, July 12, 2018 9:01:48 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Michele Clark
109 Shadowood Dr.  Apt. V
Chapel Hill, NC 27514
uncmicha@gmail.com
(919) 260-0895


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Barbara Gabriel (barbara2cecilia@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Thursday, July 12, 2018 7:32:35 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Barbara Gabriel
1300 Blackwood Mtn Rd
Chapel Hill, NC 27516
barbara2cecilia@gmail.com
(919) 270-7735


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Lora Nemcik (lora1227zoo@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Thursday, July 12, 2018 1:45:34 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Lora Nemcik
605 Runningbrook Lane
Rural Hall, NC 27045
lora1227zoo@aol.com
(865) 313-5367


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Janet Pecci (jpecci@att.ntt) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 10:25:18 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Janet Pecci
3704 Swift Dr.
Raleigh, NC 27606
jpecci@att.ntt
(919) 851-1112


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Chris Micolucci (chrismicolucci@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 8:05:39 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Chris Micolucci
20811 Island Forest Dr
Cornelius, NC 28031
chrismicolucci@yahoo.com
(704) 896-3499


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Anne Lanzi (agl2201@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 3:21:24 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Anne Lanzi
155 Michigan Ave
Asheville, NC 28806
agl2201@gmail.com
(828) 337-5155


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Christine Payden-Travers (paydentravers@verizon.net) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 2:34:48 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Christine Payden-Travers
108 E Devonshire Street
Winston-Salem, NC 27127
paydentravers@verizon.net
(434) 384-4744


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Barbara Benson (barbbenson@ec.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Friday, July 13, 2018 10:10:20 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Barbara Benson
104 Deerfield Ct
Swansboro, NC 28584
barbbenson@ec.rr.com
(252) 393-6495


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Jeff Kulp (jskulp1@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 2:19:05 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jeff Kulp
5417 Oldtowne Road
Raleigh, NC 27612
jskulp1@gmail.com
(919) 649-9031


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Valarie Snell (valariesnell@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 2:10:10 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Valarie Snell
1217 Cliffwood Drive
Greensboro, NC 27406
valariesnell@yahoo.com
(336) 404-1506


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Jenafur Maher-Bernard (jmaherbernard@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 2:01:36 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jenafur Maher-Bernard
4323 Mantua Way
Raleigh, NC 27604
jmaherbernard@gmail.com
(919) 602-8903


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Ellen Hendrick (macramaking@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 1:34:01 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Ellen Hendrick
334 Grice Street
Shelby, NC 28150
macramaking@gmail.com
(704) 300-6585


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Mike Bryant (mikebryant61650@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 11:28:55 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Mike Bryant
101 Madeline Dr
Manteo, NC 27954
mikebryant61650@gmail.com
(252) 455-3906


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Lucy Tyndall (beaverfalls1@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 10:50:21 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Lucy Tyndall
3977 Flannery Ln
High Point, NC 27265
beaverfalls1@yahoo.com
(336) 454-4809


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Vivian Lord (vlord02@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 10:11:24 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Vivian Lord
8335 McCarron way
Charlotte, NC 28215
vlord02@gmail.com
(704) 796-0539


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Carol Carlson (carolscarlson@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 9:50:41 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Carol Carlson
6719 Brookbank Rd3366435527
Summerfield, NC 27358
carolscarlson@gmail.com
(336) 643-5527


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Margaret Bradford (borinquena51@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 9:29:10 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Margaret Bradford
31 High Ridge Dr
Mills River, NC 28759
borinquena51@gmail.com
(828) 243-1238


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Taylor Engle (taylor.engle@alumni.uni.edu) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 9:05:25 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Taylor Engle
5855 OLD OAK RIDGE RD, APT 2805
GREENSBORO, NC 27410
taylor.engle@alumni.uni.edu
(563) 271-7382


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Debra Edds (debedds@icloud.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Friday, July 13, 2018 8:06:06 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Debra Edds
3005 Lakeshore Drive
Winston-Salem, NC 27106
debedds@icloud.com
(336) 830-5523


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Jennifer Warrillow (jenwarrillow@yahoo.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 8:31:00 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Jennifer Warrillow
5703 Three Oaks Dr
Raleigh, NC 27612
jenwarrillow@yahoo.com
(919) 324-8776


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Joan Lesikin (lesikin@aol.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 7:57:54 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Joan Lesikin
203 Gosling DR
Hendersonville, NC 28792
lesikin@aol.com
(828) 384-6579


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Tara Wilhelmson (terbear_xoxo@hotmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 7:44:20 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Tara Wilhelmson
1533 Ellis Road
Durham, NC 27703
terbear_xoxo@hotmail.com
(608) 293-4620


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Richard Klett (richardklett@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 7:29:33 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Richard Klett
4245 little fork cove rd
Denver, NC 28037
richardklett@gmail.com
(703) 380-1023


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Tia Douglass (tdouglass@ec.rr.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 7:07:03 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Tia Douglass
PO Box 791
Williston, NC 28589
tdouglass@ec.rr.com
(252) 729-5491


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Barbara Stenross (stenross@gmail.com) Sent You a Personal Message
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] It???s time to update NC water protections
Date: Wednesday, July 11, 2018 6:53:48 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Dear NCDEQ,


It's important to me that North Carolina has the most up-to-date and protective water quality standards possible. But
some of our standards are lagging behind what the EPA recommends. Please take the opportunity of the triennial
review to update the following:


  - We need an updated ammonia standard, the biggest gap in our standards. Ammonia can cause toxic effects on
fish. The EMC should adopt the recommended EPA ammonia formula.
  - Our river flows must be protected. When the flow of water in a river is changed by excessive withdrawals or too
much runoff, river health declines. The EMC should adopt a standard that clearly supports river flows.
  - Standards are needed for pesticides, such as atrazine and neonicotinoids, that are harmful to aquatic life. These
are used in North Carolina and there is abundant science to guide standard-setting.
  - We need a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
have been exposed to GenX in drinking water. The chemical belongs to a family of perfluorinated compounds,
which take hundreds of years to break down and are not easily removed.


It's time to take action to update our water standards.


Sincerely,


Barbara Stenross
120 Carol St
Carrboro, NC 27510
stenross@gmail.com
(919) 942-8902


This message was sent by KnowWho, as a service provider only, on behalf of the individual noted in the sender
information.
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From: Lariza Garzon
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Saturday, July 14, 2018 5:28:55 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.


Sent from my iPhone
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From: Esther Murphy
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Saturday, July 14, 2018 12:19:16 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


I don't care how much it costs. Put People over Profits. Corporate Polluters have no right to
my drinking water! I can live without every damn thing they manufacture. Clean Jobs Now!


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides.  Consider infants and children when setting standards. There is increasing
evidence that exposure to pollutants in the womb, as an infant or child, or in puberty, can
cause harm at low concentrations. The EMC should pay close attention to ensure
that vulnerable populations are protected. Set standards to prevent sub-lethal effects on fish.
Sub-lethal effects of exposure don’t kill fish, mussels, or insects outright, but weaken and
disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects. Adopt a standard
for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
and elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above
the state health goal.
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From: Emily Wilkins
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Saturday, July 14, 2018 11:09:54 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


I cannot imagine any amount of profit which would occur at the cost of clean water.  Potable water is precious to
life, including humans!


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.


Emily
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From: Daniel Graham
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Saturday, July 14, 2018 10:34:17 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.


Clean Water for all should be a citizen’s basic right !!


Dr. Dan Graham
ENV. LAW & POLICY
PS DEPT. NCSU
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From: Jaime Simmons
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 5:49:43 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides.  


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected. 


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects. 


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.
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From: Cama Merritt
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 5:23:45 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.
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From: Esther Murphy
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides in NC waters!
Date: Monday, July 30, 2018 4:07:06 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Dear Environmental Management Commission,


For the 32 years I have lived here the Wilmington, New Hanover County drinking water
makes me sick. My doctor has ordered me not to drink the tap water in my home or in
Wilmington. The tap water I bathe & shower in causes my skin to grow crusty, bleed and peel.
I have debilitating bladder pain from contact with Wilmington Water. I complained to the
Health Department, The City of Wilmington, New Hanover County Government and to Cape
Fear Public Utility Authority. I asked them to test my water. They all told me to go to private
lab and pay for testing myself. I do not know what to order to test for. I cannot afford to pay to
test for polluted water. No one cares. No one will take responsibility. Why am I forced to live
in this filth?


We need better standards for NC water. We ask that you: 


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.


When setting standards, please take into account the longitudinal and complex impact of these
chemicals on human and environmental health. 


Thank you for considering our concerns about protecting clean water for all in North Carolina.
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From: Laura Tweed
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 2:54:49 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Please set and improve standards for pesticides known to be in North Carolina waters. Please
review the science and propose improvements to the standards for atrazine to include a water
supply standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid
class of insecticides.  Consider infants and children when setting standards. There is increasing
evidence that exposure to pollutants in the womb, as an infant or child, or in puberty, can
cause harm at low concentrations. The EMC should pay close attention to ensure
that vulnerable populations are protected. Set standards to prevent sub-lethal effects on fish.
Sub-lethal effects of exposure don’t kill fish, mussels, or insects outright, but weaken and
disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects. Adopt a standard
for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
and elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above
the state health goal.
-- 
Take care,


Laura Tweed


Email: dragnrider83@gmail.com
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From: Valerie Lecoeur - Zoë b Organic
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 12:30:12 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Please set and improve standards for pesticides known to be in North Carolina waters. Please
review the science and propose improvements to the standards for atrazine to include a water
supply standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid
class of insecticides.  Consider infants and children when setting standards. There is increasing
evidence that exposure to pollutants in the womb, as an infant or child, or in puberty, can
cause harm at low concentrations. The EMC should pay close attention to ensure
that vulnerable populations are protected. Set standards to prevent sub-lethal effects on fish.
Sub-lethal effects of exposure don’t kill fish, mussels, or insects outright, but weaken and
disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects. Adopt a standard
for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
and elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above
the state health goal.


Sincerely,


Valerie Lecoeur
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From: Risa Racecar
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 12:16:45 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides.  Consider infants and children when setting standards. There is increasing
evidence that exposure to pollutants in the womb, as an infant or child, or in puberty, can
cause harm at low concentrations. The EMC should pay close attention to ensure
that vulnerable populations are protected. Set standards to prevent sub-lethal effects on fish.
Sub-lethal effects of exposure don’t kill fish, mussels, or insects outright, but weaken and
disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects. Adopt a standard
for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
and elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above
the state health goal.


Thank you,
Risa Sayre
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From: Silvia Terziotti
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 11:52:30 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides.  Consider infants and children when setting standards. There is increasing
evidence that exposure to pollutants in the womb, as an infant or child, or in puberty, can
cause harm at low concentrations. The EMC should pay close attention to ensure
that vulnerable populations are protected. Set standards to prevent sub-lethal effects on fish.
Sub-lethal effects of exposure don’t kill fish, mussels, or insects outright, but weaken and
disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects. Adopt a standard
for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
and elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above
the state health goal.
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From: Bianca Olivares
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 11:15:33 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Greetings,


I hope this finds you well. 


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides.  Consider infants and children when setting standards. There is increasing
evidence that exposure to pollutants in the womb, as an infant or child, or in puberty, can
cause harm at low concentrations. The EMC should pay close attention to ensure
that vulnerable populations are protected. Set standards to prevent sub-lethal effects on fish.
Sub-lethal effects of exposure don’t kill fish, mussels, or insects outright, but weaken and
disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects. Adopt a standard
for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
and elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above
the state health goal.


Best,


Bianca
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From: Nadeen Bir
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 11:12:51 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.
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From: Betsey Granda
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 10:42:33 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides.  Consider infants and children when setting standards. There is increasing
evidence that exposure to pollutants in the womb, as an infant or child, or in puberty, can
cause harm at low concentrations. The EMC should pay close attention to ensure
that vulnerable populations are protected. Set standards to prevent sub-lethal effects on fish.
Sub-lethal effects of exposure don’t kill fish, mussels, or insects outright, but weaken and
disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects. Adopt a standard
for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
and elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above
the state health goal.
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From: elisa waters
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 10:39:04 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review the
science and propose improvements to the standards for atrazine to include a water supply standard,
and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. 
 
Consider infants and children when setting standards. There is increasing evidence that exposure to
pollutants in the womb, as an infant or child, or in puberty, can cause harm at low concentrations.
The EMC should pay close attention to ensure that vulnerable populations are protected.
 
Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish,
mussels, or insects outright, but weaken and disrupt them, leading to declining populations and
degraded aquatic life over time. When setting aquatic-life standards, EMC should set them to
consider these effects.
 
Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear
River region and elsewhere in NC have been exposed to GenX in drinking water; at levels likely well
above the state health goal.
Sent from Mail for Windows 10
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From: Marsha Howe
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 10:14:51 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.


Marsha Howe ‍
marshahowe@gmail.com
619-807-6839


Food Education from the Plot to the Plate, Wellness Garden Coach, Permaculture
Practitioner, Biodynamic Yard Farmer


www.SustainableNeighborsNC.com
www.meetup.com/sustainableneighbors
www.Farm-A-Yard.com
www.GuidingWellness.com
www.FreezedDriedTastings.com
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From: Daphne Traywick
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 9:43:59 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.


Sent from my iPhone



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Teresa Bratton
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides in NC waters!
Date: Monday, July 30, 2018 2:24:22 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Dear Environmental Management Commission, We need better standards for NC water. We ask that you:
Set and improve standards for pesticides known to be in North Carolina waters. Please review the
science and propose improvements to the standards for atrazine to include a water supply standard, and
establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides. Consider
infants and children when setting standards. There is increasing evidence that exposure to pollutants in
the womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should
pay close attention to ensure that vulnerable populations are protected. Set standards to prevent sub-
lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects outright, but weaken
and disrupt them, leading to declining populations and degraded aquatic life over time. When setting
aquatic-life standards, EMC should set them to consider these effects. Adopt a standard for the class of
chemicals that includes GenX. Residents in the Lower Cape Fear River region and elsewhere in NC have
been exposed to GenX in drinking water; at levels likely well above the state health goal. When setting
standards, please take into account the longitudinal and complex impact of these chemicals on human
and environmental health. Thank you for considering our concerns about protecting clean water for all in
North Carolina.


Teresa Sue Bratton, MD, FAAP, FAAAAI
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From: Anita Skogland
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 9:29:26 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Set and improve standards for pesticides known to be in North Carolina
waters. Please review the science and propose improvements to the
standards for atrazine to include a water supply standard, and establish
standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides.


Consider infants and children when setting standards. There is
increasing evidence that exposure to pollutants in the womb, as an
infant or child, or in puberty, can cause harm at low concentrations.
The EMC should pay close attention to ensure that vulnerable populations
are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects
of exposure don’t kill fish, mussels, or insects outright, but weaken
and disrupt them, leading to declining populations and degraded aquatic
life over time. When setting aquatic-life standards, EMC should set them
to consider these effects.


Adopt a standard for the class of chemicals that includes
GenX. Residents in the Lower Cape Fear River region and elsewhere in NC
have been exposed to GenX in drinking water; at levels likely well above
the state health goal.


Keep our water VERY safe - it is so critical to life!
Anita Skogland


---
This email has been checked for viruses by Avast antivirus software.
https://www.avast.com/antivirus
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From: Moore, Ken
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 9:24:54 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.


Sent from my iPad
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From: James Laonipon
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 9:18:22 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides.  Consider infants and children when setting standards. There is increasing
evidence that exposure to pollutants in the womb, as an infant or child, or in puberty, can
cause harm at low concentrations. The EMC should pay close attention to ensure
that vulnerable populations are protected. Set standards to prevent sub-lethal effects on fish.
Sub-lethal effects of exposure don’t kill fish, mussels, or insects outright, but weaken and
disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects. Adopt a standard
for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
and elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above
the state health goal.


​ADDITIONALLY, IN STREAMS AND LAKES, ​MANY PESTICIDES, AND
PHARMACEUTICALS BIOACCUMULATE IN THE FOOD CHAINS.  YES, IT
MAY TAKE DECADES FOR THEIR PROBLEMS TO SURFACE.  BUT WHEN
THEY DO SURFACE, THE GENIE HAS ALREADY BEEN OUT OF THE
BOTTLE.  AND IT WOULD BE ACCEPTIONALLY HARD TO PUT THE
GENIE BACK IN THE BOTTLE.  PESTICIDES SUCH AS DDT, CHLORDANE,
ETC. HAVE BEEN BANNED FOR MORE THAN 30 YEARS AGO, BUT THEY
AND THEIR METABOLITES ARE STILL IN THE FOOD CHAINS TODAY.


YOUR FAILURE TO ACT TO PROTECT OUR ENVIRONMENT TODAY
WILL BE PAID BY OUR CHILDREN, GRAND CHILDREN, AND GREAT
GRAND CHILDREN, ETC.  AND I AM NOT TALKING ABOUT JUST
MONEY.  IT IS ABOUT THEIR FUTURE HEALTH, AND WELLBEING, AND
ABILITY OF THEIR GENES TO EXPRESS, WHICH ARE INTRICATELY
LINKED TO THE ENVIRONMENTAL QUALITY.


​James Laonipon
252-492-0824
Owner of ECC Water Purifying Co.
Former Research Toxicologist, Chemistry and Physics Instructor​
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From: Catherine Beaman
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 9:05:03 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides.  Consider infants and children when setting standards. There is increasing
evidence that exposure to pollutants in the womb, as an infant or child, or in puberty, can
cause harm at low concentrations. The EMC should pay close attention to ensure
that vulnerable populations are protected. Set standards to prevent sub-lethal effects on fish.
Sub-lethal effects of exposure don’t kill fish, mussels, or insects outright, but weaken and
disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects. Adopt a standard
for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
and elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above
the state health goal.
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From: Brandy Benz
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 8:50:41 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


To whom it may concern,


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides.  Consider infants and children when setting standards. There is increasing
evidence that exposure to pollutants in the womb, as an infant or child, or in puberty, can
cause harm at low concentrations. The EMC should pay close attention to ensure
that vulnerable populations are protected. Set standards to prevent sub-lethal effects on fish.
Sub-lethal effects of exposure don’t kill fish, mussels, or insects outright, but weaken and
disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects. Adopt a standard
for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region
and elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above
the state health goal.


Concerned citizen,
Brandy Benz
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From: cassandra pardo
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 8:37:47 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


I want to live in a cleaner NC.


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.


Sent from my iPhone
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From: Coulter, Kristey
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 8:33:04 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at levels
likely well above the state health goal.


 


Thank you for your support!!


Kristey Coulter


 


Confidentiality Notice: This e-mail communication is for the sole use of the intended
recipient(s) and may contain confidential privileged information. Any unauthorized review,
use, disclosure or distribution is prohibited. If you are not the intended recipient, please
contact the sender by phone and destroy all copies of the e-mail. If the receiver wishes the
information to be shared with additional public health partners, please contact the sender.
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From: Taylor Petty
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 8:27:01 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: Dorothy Rawleigh
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 8:21:06 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


As a Public Health Educator, I understand the threat to human health and the environment
when pesticide use is under-regulated. Please let scientific evidence guide our rules and
regulations on pesticide use, not the pesticide lobby. Protecting public health is common
sense. 


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides.


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected. 


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects. 


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.


Dorothy Rawleigh
1076 Rock rest Rd
Pittsboro, NC 27312
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From: algutie63
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 8:10:41 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Appreciated Gentlemen,


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.


Thanks in advance for your understanding and listening to our petitions....!!!


Ana Gutierrez 
Email: algutie63@gmail.com


Sent from my Sprint Samsung Galaxy S9+.
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From: Betsey Granda
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides in NC waters!
Date: Monday, July 30, 2018 1:29:44 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Dear Environmental Management Commission,


We need better standards for NC water. We ask that you: 


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.


When setting standards, please take into account the longitudinal and complex impact of these
chemicals on human and environmental health. 


Thank you for considering our concerns about protecting clean water for all in North Carolina.
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From: Colby Hall
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 13, 2018 8:04:18 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.


Thank you,
Colby Hall
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From: Mike Gantt
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Sunday, July 29, 2018 10:27:54 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.


Sent from my iPhone
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From: Janet Ledermann
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Saturday, July 28, 2018 5:30:57 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.


Sent from my iPad
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From: Cox, David R.
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: Comments from the NC Wildlife Resources Commission on 15A NCAC 02B .0100 - .0300
Date: Tuesday, July 31, 2018 4:12:04 PM
Attachments: NCWRC comments on DEQ rules 02B 02H_7_2_2018_final.pdf
Importance: High


Please accept the attached comments.
 
 
David R. Cox, Supervisor
Habitat Conservation Division
NC Wildlife Resources Commission
NCWRC – Rogers Depot
1718 NC Hwy. 56 West
Creedmoor, NC 27522
Phone: 919-707-0366
Fax: 919-528-2524
david.cox@ncwildlife.org
 
Get NC Wildlife Update ‑- news including season dates, bag limits, legislative updates and more --
delivered to your Inbox from the N.C. Wildlife Resources Commission.
 


Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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 North Carolina Wildlife Resources Commission  
Gordon Myers, Executive Director 



 



Mailing Address:  Habitat Conservation  •  1721 Mail Service Center  •  Raleigh, NC  27699-1721 



Telephone:    (919) 707-0220  •  Fax:    (919) 707-0028 



 
 
MEMORANDUM 
 
TO: Connie Brower 
 DWR – Water Planning Section 
 
FROM: David R. Cox, Supervisor 
 Habitat Conservation Division       
 
DATE: 31 July 2018 
 
SUBJECT: Comments on proposed DEQ Water Quality Classifications and Standards  



15A NCAC  02B .0100 - .0300 
 
 



Biologists with the North Carolina Wildlife Resources Commission (Commission) have reviewed 
the subject public notice.  Our comments are provided in accordance with provisions of the North 
Carolina General Statutes (G.S. 113-131 et seq.).  
 



As published in the North Carolina Register on May 11, 2018, the Department of Environmental 
Quality (DEQ) is requesting comments on changes to rules contained in 15A NCAC 02B .0100 - .0300.  
The Environmental Management Commission (EMC) intends to readopt these rules within 15A NCAC 
02B with substantive changes. 



 
The Commission is working with the US Fish and Wildlife Service to draft an aquatic species 



Safe Harbor Agreement (SHA) and Candidate Conservation Agreement with Assurances (CCAA).  This 
agreement would allow Commission biologists to stock captive grown and translocated, federally listed 
species, or species that could become federally listed, into currently unoccupied streams in designated 12-
digit HUCs.  The goal of this collaboration is to further to increase the populations of these rare species in 
the wild, decrease the likelihood of a catastrophic event that could cause extinction, possibly prevent the 
need for federal listing or up listing, and support delisting of these species. 



 
Once these agreements are finalized, aquatic systems with federally listed species and included in 



these agreements would be exempt from the protections of the Endangered Species Act (ESA) under 
Section 7 and Section 10.  The SHA would establish a zero baseline for these animals meaning that there 
would be no restriction on or limit to “take” under Section 10 of the ESA.  Additionally, the CCAA 
would protect adjacent landowners, federal actions, state actions and industries from the regulatory 
burdens often associated with federally listed animals.  This SHA would not apply to any aquatic systems 
where these animals are currently found, designated as critical habitat or where other federally listed 
species are found.  It would only apply to specifically stocked animals in areas where those animals do 
not currently exist. 
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31 July 2018 



DEQ Water Quality Classifications and Standards  



 



 



 
The Commission is unsure if these agreements will have any bearing on water quality 



classifications or standards.  We are requesting to work with DEQ to set-up this program in a way so that 
species the Commission is targeting to protect with these agreements do not inhibit DEQ programs nor 
deter participants from enrolling.  The purpose of these comments is to express the Commission’s desire 
to find a way to acknowledge these agreements in DEQ rules.  We believe this program should be 
considered as part of the biological integrity for surface water classification in 02B .0100-.0300.  
Ultimately, we want DEQ to consider these agreements when issuing 401 water quality permits as is 
proposed for the 404 permits.  Specifically, animals that may occur in aquatic habitats because of this 
SHA, should not be afforded protection under the 401 permitting process and should not be viewed in a 
way that leads to changes in classification of a water body or additional protective measures above class 
C water quality standards.  



 
We look forward to working closely with DEQ as we further develop this agreement with the 



USFWS.  Thank you for the opportunity to comment on these proposed rules.  We would be happy to 
discuss any of these comments with you.  If we can be of further assistance, please contact me at 919-
707-0366 or david.cox@ncwildlife.org. 
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From: Brower, Connie
To: 15ANCAC02B_TriRev_Rule_Comments
Cc: Nowicki, Stefan
Subject: FW: [External] Domtar comments on Triennial Water Quality Review
Date: Monday, July 30, 2018 3:57:33 PM
Attachments: Scan_signed_Domtar Comments on NC Triennial Review 2018.pdf


Forwarded per request.
 


From: Nowicki, Stefan [mailto:Stefan.Nowicki@domtar.com] 
Sent: Monday, July 30, 2018 3:53 PM
To: Brower, Connie <connie.brower@ncdenr.gov>
Subject: [External] Domtar comments on Triennial Water Quality Review
 
CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


 
Dear Ms. Brower,
 
Thank you for the opportunity to comment on proposed changes to North Carolina’s water quality
standards as part of the triennial review.
 
Please find Domtar’s comments attached.
 
Please do not hesitate to reach out should you have any questions or require more information.
 
Warm regards,
 
 
Stefan Nowicki
Manager, Communications and Government Relations
P 803-802-8099 | F 803-835-1451 | M 803-325-5519


 
Domtar
234 Kingsley Park Drive
Fort Mill, South Carolina
29715-6476


 
Visit the Domtar Newsroom for inspiring stories about our people, products and communities.


This email is for the exclusive use of the addressee and is subject to Domtar Confidentiality Notice.
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From: Ventaloro, Christopher
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: FW: [External] Mecklenburg County Storm Water Services’ Comments Regarding Proposed Rule Changes by the


State
Date: Tuesday, July 10, 2018 3:01:24 PM


See below for public comment.
 
Christopher Ventaloro
Water Quality Standards Specialist
Division of Water Resources
Department of Environmental Quality
 
919 807 6421    office
christopher.ventaloro@ncdenr.gov
 
Mailing Address: 1611 Mail Service Center Raleigh, NC 27699-1611
Physical Address: 512 North Salisbury St., Raleigh, NC 27604
 
Email correspondence to and from this address is subject to the
North Carolina Public Records Law and may be disclosed to third parties.
 


From: SVC_DENR.publiccomments 
Sent: Tuesday, July 10, 2018 2:56 PM
To: Manning, Jeff <jeff.manning@ncdenr.gov>; Ventaloro, Christopher
<christopher.ventaloro@ncdenr.gov>
Subject: FW: [External] Mecklenburg County Storm Water Services’ Comments Regarding Proposed
Rule Changes by the State
 
Please see below
 
 
Thanks-
Karen
 
 
Karen Higgins
401 & Buffer Permitting Branch Supervisor
Division of Water Resources
Department of Environmental Quality
 
(919) 807-6360 office
karen.higgins@ncdenr.gov
https://deq.nc.gov/about/divisions/water-resources/water-resources-permits/wastewater-branch/401-
wetlands-buffer-permits
 
512 N. Salisbury Street (Archdale Building), Suite 942-E, Raleigh, NC 27604
1617 Mail Service Center, Raleigh, NC 27699-1617
 
Email correspondence to and from this address is subject to the North Carolina Public Records Law and
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may be disclosed to third parties.
 


From: Rozzelle, Rusty [mailto:Rusty.Rozzelle@mecklenburgcountync.gov] 
Sent: Friday, June 29, 2018 11:49 AM
To: SVC_DENR.publiccomments <publiccomments@ncdenr.gov>
Cc: Burgett, Caroline <Caroline.Burgett@mecklenburgcountync.gov>; Edwards, Olivia
<Olivia.Edwards@mecklenburgcountync.gov>; Farmer, Richard
<Richard.Farmer@mecklenburgcountync.gov>; Broadway, Chad
<Chad.Broadway@mecklenburgcountync.gov>
Subject: [External] Mecklenburg County Storm Water Services’ Comments Regarding Proposed Rule
Changes by the State
 
CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


 
The following text is proposed for addition to 15A NCAC 02B, Section .0211, Number (4)
Chlorophyll-a:
“(based upon monthly averaging where such data are available during the growing season
which is generally April 1 – October 31).”
 
Mecklenburg County Storm Water Services does not support this proposed change for the
following reasons:


1. A numeric standard should apply to all months equally to best protect the resource.  A
seasonal limit on chlorophyll-a has no relevance to the protected designated uses.
Standing algal biomass does persist outside of the growing season, and algal blooms do
occur during off-season months.


2. A monthly average of chlorophyll-a has no biological relevance. To integrate multiple
samples, we recommend a set day period (i.e. 30 day average) to avoid potential
sampling bias that may misrepresent temporally close but arbitrarily distinguished
samples.


Please be aware that Mecklenburg County Storm Water Services would support adding
clarification that samples should be integrated composite samples from the photic zone
(defined as twice the Secchi depth) to standardize among various sampling entities.
 
If you have any questions or need additional information, please contact Rusty Rozzelle at
980-314-3217 or rusty.rozzelle@mecklenburgcountync.gov.
 
Thank you.
 
 
Rusty Rozzelle, Program Manager
Charlotte-Mecklenburg Storm Water Services
Mecklenburg County Water Quality Program
2145 Suttle Avenue
Charlotte, NC 28208-5237
Phone: 980.314.3217
http://charlottenc.gov/StormWater
 
Storm Water’s WHY statement: We are passionate about making our environment safe and
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healthy by reducing flood losses and improving water quality for all.
 


 








From: Brower, Connie
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: FW: [External] NC Water Quality Association Comments on 02B Rules
Date: Tuesday, July 17, 2018 9:20:56 AM
Attachments: NCWQA Comments on 02B.pdf


 
 


From: Paul Calamita [mailto:paul@aqualaw.com] 
Sent: Monday, July 16, 2018 12:04 PM
To: Manning, Jeff <jeff.manning@ncdenr.gov>
Cc: Brower, Connie <connie.brower@ncdenr.gov>
Subject: [External] NC Water Quality Association Comments on 02B Rules
 
CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


 
Please see the attached comments.
 
Thank you for considering the NCWQA’s input on this important rulemaking.  Please let us know if
there are any questions.
 
Best,
 
Paul
 
Paul Calamita
General Counsel


NCWQA
(804) 716-9021 ext. 201
(804) 938-4211 (c)
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NORTH CAROLINA WATER QUALITY ASSOCIATION 
  



 
July 16, 2018 



 
Via Email: (15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov) 
 
Connie Brower (Connie.Brower@NCDENR.gov) 
Water Planning Section, Division of Water Resources, Department of Environmental Quality 
1611 Mail Service Center 
Raleigh, NC 27699-1611 
 
Re:  Rule Re-Adoption of 15A NCAC 02B 
 
Dear Ms. Brower: 
 
On behalf of the North Carolina Water Quality Association (NCWQA), please find the attached comments 
regarding the above referenced matter. These comments are based on versions of the proposed revised 
rules provided in the North Carolina Register, Volume 32, Issue 22, pages 2411–93.  
 
The NCWQA represents more than 50 public water, sewer, and stormwater utilities statewide.  
Collectively, we serve approximately 90 percent of the sewered population in the state.  Our members 
strive to ensure appropriate regulatory requirements which are implemented in an affordable and cost-
effective manner. 
 
Please contact me with any questions.  
 
     Sincerely, 



 
F. Paul Calamita 



     General Counsel  
 
cc:   NCWQA Members 
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COMMENTS OF THE NORTH CAROLINA WATER QUALITY ASSOCIATION  
REGARDING THE PROPOSED RULE RE-ADOPTION DRAFTS OF  



15A NCAC 02B 
 



 



 
 
In mid-May, the Environmental Management Commission (“EMC”) posted proposed revisions for 15A 
NCAC 02B .0101, .0103, .0104, .0106, .0108, .0110, .0201, .0202, .0204, .0206, .0211, .0212, .0214-.0216, 
.0218-.0225, .0231, .0301-.0317. While the Department has taken positive steps in these draft rules, the 
North Carolina Water Quality Association (NCWQA) has concerns with the proposed language. In 
particular, NCWQA is concerned that some of the proposed changes would be inconsistent with federal 
law and therefore with be contrary to N.C. Gen. Stat. § 150B-19.3, which generally prohibits DEQ from 
adopting more stringent requirements than those imposed by federal law. These issues are explained in 
detail below. 
 
The NCWQA is a statewide association of public water/sewer/stormwater utilities representing a 
significant majority of the sewered population of North Carolina. NCWQA members strive to achieve 
environmentally responsible solutions to water quality issues in an affordable and cost-effective manner.   
 
The NCWQA appreciates the opportunity to provide these initial comments on the proposed drafts. 
 
I. Comments on Proposed Monthly Averaging of Chlorophyll-a  
 
The following comments pertain to the proposed revision to North Carolina’s chlorophyll-a criterion for 
lakes and reservoirs [15ANCAC 02B.0211(4)], which would base the 40 ug/L criterion upon “monthly 
averaging…during the growing season which is generally April 1 – October 31”. NCWQA’s specific 
comments are as follows: 



1. The criterion was originally intended as a seasonal average, not as an instantaneous value or 



monthly average. Any changes to the manner in which the chlorophyll-as standard is expressed 



should consider the original bases and intent of the scientific advisory group that recommended 



the criterion. The chair of that advisory group has provided original meeting notes, and 



summarized the issue by stating “It is clear in those documents that the technical basis, 



derivation, and intent of the 40/15 standards were based on ‘growing season averages’…and not 



an any time/any place standard.” (Mike McGhee, elec. comm., 10 May 2009). The basis and 



intent of a seasonal average was not adequately reflected in the criterion language that was 



ultimately adopted. However, this is still relevant information for any related change to the 



criteria language. 



2. A seasonally-averaged chlorophyll-a criterion is technically defensible and consistent with the 



averaging period used by many other states. A temporally-averaged metric is appropriate for an 



indicator of reservoir trophic status and the general potential for various algal-related effects 



over different time scales.  This is in contrast to toxics criteria, which are set based on specific 



effects over short durations. Many potential use-chlorophyll linkages are better characterized 
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using the central tendency of chlorophyll-a over time, rather than “instantaneous” 



concentrations. As explained by USEPA (2001)1: 



Nutrients, unlike toxics, typically manifest their effects over an extended period of 



time, like a growing season or flow year. Therefore, when evaluating criteria 



attainment, it is important to ensure that the sampling period and frequency of 



sampling are adequate to reflect long term conditions, and to use an averaging period 



that represents that used for criteria development (e.g., a weekly, monthly, or 



seasonal median measurement taken over a year). EPA would not consider a single 



sample representative of the longer-term conditions that nutrient criteria are 



designed to reflect and protect.   



The use of seasonal or annual averages has many precedents in CHLa criteria from other states, 



including but not limited to California, Florida, Alabama, Georgia, Virginia, Arkansas, Minnesota, 



and Texas. Finally, water quality models are more accurate at predicting seasonal average CHLa 



values than short-duration CHLa values, and thus seasonal average criteria are more compatible 



with our predictive tools use for water quality management.  



The general term “average” can refer to various statistics including the arithmetic mean or the 



geometric mean. States such as Florida and Virginia have employed the geometric mean for 



time-averaged chlorophyll-a criteria. USEPA has identified the geometric mean as the best 



measure of central tendency for log-normally distributed values such as CHLa2. NCWQA 



specifically recommends that North Carolina’s chlorophyll-a criterion be expressed as a seasonal 



(Apr-Oct) geometric mean. 



3. Any changes to the chlorophyll criteria should be considered interim until North Carolina 



completes the relevant portions of its Nutrient Criteria Development Plan. North Carolina has 



adopted a Nutrient Criteria Development Plan (DWR, 2014) that outlines an approach and 



schedule for deriving nutrient-related criteria for the state. The process includes the formation 



of a scientific advisory council (SAC) and criteria implementation council (CIC) to provide criteria-



related recommendations. DWR, the SAC, and the CIC are well into the process of re-evaluating 



North Carolina’s chlorophyll-a criterion as applied to the lake/reservoir pilot (High Rock Lake). 



Lessons learned from the lake/reservoir pilot will likely be used to adjust criteria for other water 



bodies on a site-specific basis. If successful, the process outlined in the NCDP will provide the 



most scientifically defensible basis for revising North Carolina’s chlorophyll-a criteria, including 



the averaging period. If the criteria are changed outside of the NCDP process, such changes 



should be considered interim pending conclusion of the relevant portions of the NCDP. 



  



                                                 
1 U.S. Environmental Protection Agency. 2001. Development and Adoption of Nutrient Criteria into Water Quality 



Standards. Memo from Geoffrey Grubbs to Regional Water Directors. 21 p. 
2 U.S. Environmental Protection Agency. 2010. Ambient Water Quality Criteria for Dissolved Oxygen, Water 



Clarity and Chlorophyll a for the Chesapeake Bay and Its Tidal Tributaries: 2010 Technical Support for Criteria 



Assessment Protocols Addendum. EPA 903-R-10-002. P. 63 
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II. 02B, Surface Water and Wetland Standards 
 
A. The Department’s process for determining best usage should take into consideration 40 C.F.R. 



part 131, but should not “follow” part 131. (02B .0101). NCWQA believes North Carolina should 
retain as much flexibility as possible when determining the best usages of its waters. The Clean 
Water Act preserves the primary responsibilities and rights of states to plan the development and 
use of their water resources, and the State should ensure it maximizes its authority under the Act. 
NCWQA also objects to the automatic incorporation by reference of future changes to federal 
regulations without the opportunity to review and comment. 



 
B. The Department should retain the flexibility to approve alternate analytical procedures, 



consistent with applicable law. (02B .0103). NCWQA suggests clarifying that the Director may 
approve alternate analytical procedures under (a) and (b) by adding to the end of each paragraph: 



 
The Director may also approve alternate analytical procedures for use in determining 
conformity with standards, consistent with applicable law. 
 



C. Correct the Definition of Attainable Uses.  (02B .0202).  The proposed definition of “Attainable 
Uses” is materially inconsistent with the federal definition and must be revised:   



 
Proposed Definition: “Attainable uses are uses that can be achieved by the imposition of 
effluent limits and cost effective and reasonable best management practices (BMP) for 
nonpoint source control.” 
 
Federal Definition: "Attainable uses" are uses that can be achieved by the imposition of 
effluent limits required under sections 301(b) and 306 of the Act and cost-effective and 
reasonable best management practices for nonpoint source control.  40 CFR 131.10(d) 
 



D. Definition of ½ Mile Critical Area Buffer (02B .0202(19)).  The  Critical area means the area adjacent 



to a water supply intake or reservoir where risk associated with pollution is greater than from the remaining 
portions of the watershed. The critical area is defined as extending either 1/2 mile in a straight line fashion 
upstream from and draining to the normal pool elevation of the reservoir in which the intake is located or 
to the ridge line of the watershed (whichever comes first); or 1/2 mile in a straight line fashion upstream 
from and draining to the intake (or other appropriate downstream location associated with the water 
supply) located directly in the stream or river (run-of-the-river), or to the ridge line of the watershed 
(whichever comes first). 



 
E. The Department should clarify that Mixing Zones may include a Zone of Initial Dilution. (02B 



.0204). NCWQA observes that acute toxicity is permitted in a zone of initial dilution, but not 
beyond the zone of initial dilution within the mixing zone (which only permits chronic toxicity). To 
clarify, NCWQA suggests adding the following language as subsection (c): 



 
A Zone of Initial Dilution (allowing acute toxicity) may be established in the area of initial 
dilution.  Mixing within the zone of initial dilution shall occur as quickly as practical and 
the zone shall be sized to prevent lethality to passing and drifting aquatic organisms.  



 





https://www.law.cornell.edu/definitions/index.php?width=840&height=800&iframe=true&def_id=aaea981d193abe7105f53983a278a1e1&term_occur=2&term_src=Title:40:Chapter:I:Subchapter:D:Part:131:Subpart:B:131.10
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F. The Department should adopt the “mean annual” flow for standards to protect human health 
from non-carcinogens. (02B .0206(a)(4)). The Department uses the “mean annual” flow to 
protect human health from carcinogens, unless site-specific concerns dictate the use of an 
alternative design flow. NCWQA recommends using the same flow in the case of non-carcinogens. 
This recommendation recognizes that human health criteria are based on an acceptable daily 
exposure over a lifetime, and it is consistent with EPA practice that matches the criteria with the 
longest stream flow averaging period. See, e.g., 65 Fed. Reg. 31682 (May 18, 2000). Accordingly, 
NCWQA suggests the following revision to .0206(a)(4)(A): 



 
The mean 7Q10 flow for standards to protect human health through the consumption of 
water, fish, and shellfish from noncarcinogens . . . . 



 
Significantly, USEPA approved such a change in West Virginia this past January.  See: 
https://dep.wv.gov/WWE/Programs/wqs/Documents/EPA%20Documents/012618%20EPA%20A
pproval%20Harmonic%20Mean%20and%20Mixing%20Zone.pdf 
 



 
G. Retain Median Hardness.  15A NCAC 02B .0211(11)(c)(i): When hardness-dependent water 



quality standards are used in deriving NPDES permit limits, the use of the median instream 
hardness values is specified in the permitting equations. The US EPA disapproved the provision 
and, accordingly, DEQ proposes to remove it and, instead, apply the actual in-stream 
hardness.  We have two objections to this.  First, we understand that EPA has approved the use 
of the median hardness in other states.  If this is the case, why isn’t this appropriate in North 
Carolina?  Unless there is a valid technical justification, DEQ should leave the median hardness in 
the WQS Rule, note that EPA has approved the approach in other states and see if EPA won’t 
reevaluate its position on this issue.  Second, we are unclear what the department means by 
“actual in-stream hardness”.  A clarification of what the “actual in-stream hardness” is should be 
provided. 
 



H. The Department should retain provisions for action levels, low-end caps on hardness for 
calculation of hardness dependent freshwater metals standards, and biological confirmation. 
(02B. 0211, .0220). The Department has proposed to delete from Rule .0211: (1) the action levels 
established in item (22); (2) the low-end cap on hardness for purposes of calculating hardness-
dependent freshwater metals standards in item (11)(c)(i)-(ii); and (3) the weight-of-evidence 
evaluation for confirmation of adverse impact in (11)(f). NCWQA acknowledges that EPA 
disapproved of these provisions during the Triennial Review process. However, NCWQA 
encourages the Department to retain these provisions and seek approval from EPA during the 
next triennial review. In particular, the low-end hardness cap and weight-of-evidence approach 
constitute methods for the development and application of State water quality standards. EPA 
has recently indicated its intention to accord states a greater level of deference with regard to 
water quality standards development, as well as impaired waters determinations. NCWQA 
believes it is appropriate to retain these provisions, perhaps with a clarifying note that the 
provisions become effective upon approval by EPA during upcoming triennial reviews. 



 
Similarly, the Department has proposed to delete from Rule .0220: (1) the action levels 
established in item (20); and (2) the weight-of-evidence evaluation from item (9)(c). For the 





https://dep.wv.gov/WWE/Programs/wqs/Documents/EPA%20Documents/012618%20EPA%20Approval%20Harmonic%20Mean%20and%20Mixing%20Zone.pdf


https://dep.wv.gov/WWE/Programs/wqs/Documents/EPA%20Documents/012618%20EPA%20Approval%20Harmonic%20Mean%20and%20Mixing%20Zone.pdf
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reasons stated above, NCWQA encourages the Department to retain these provisions and seek 
approval from EPA during the next triennial review. 
 



I. High Quality Water treatment requirements should specify the applicable average for clarity. 
(02B .0224). The Department should include the applicable average with respect to the treatment 
required for wastewater discharges to High Quality Waters (HQW). Moreover, the purpose of the 
Clean Water Act is to restore or maintain natural conditions. Accordingly, the Department should 
not require dischargers to maintain instream levels above a standard that exceeds natural 
background levels. In subparagraph (1)(b), NCWQA recommends the following: 



 
(i) Oxygen Consuming Wastes: Monthly average Eeffluent limitations shall be as follows: 



BOD5 = 5 mg/l, NH3-N = 2 mg/l and daily average DO = 6 mg/l. More stringent 
limitations shall be set, if necessary, to ensure that the cumulative pollutant discharge 
of oxygen-consuming wastes shall not cause the DO of the receiving water to drop 
more than 0.5 mg/l below background levels, and in no case below the standard, 
unless the natural background level is below the standard. . . .  



(ii) Total Suspended Solids: Discharges of total suspended solids (TSS) shall be limited to 
monthly average effluent concentrations of 10 mg/l for trout waters and PNA’s, and 
to 20 mg/l for all other High Quality Waters.  
. . . 



(v) Volume: The total volume of treated wastewater for all discharges combined shall not 
exceed 50 percent of the total instream flow under 7Q10 conditions, unless the stream 
meets all applicable water quality standards despite the higher percentage of wastewater 
flow. 
(vi) Nutrients: Where nutrient overenrichment is projected to be a concern, appropriate 
effluent limitations shall be set for phosphorus or nitrogen, or both, consistent with 
applicable water quality standards. 



 
Finally, NCWQA notes that water quality standards are developed using multiple levels of 
conservative assumptions. The additional conservativism set forth in subsection (1)(b)(vii) is 
unwarranted. NCWQA suggests modifying this subsection as follows: 
 



Toxic substances: If the Division determines there is reasonable potential for a discharge 
to cause an exceedance of applicable water quality standards for toxic substances, 
appropriate effluent limitations shall be establish consistent with such water quality 
standards. In cases where complex wastes (those containing or potentially containing 
toxicants) may be present in a discharge, a safety factor shall be applied to any chemical 
or whole effluent toxicity allocation. The limit for a specific chemical constituent shall be 
allocated at design conditions. Whole effluent toxicity shall be allocated to protect for 
chronic toxicity at an effluent concentration equal to twice that which is acceptable under 
design conditions. In all instances there may be no acute toxicity in an effluent 
concentration of 90 percent. Ammonia toxicity shall be evaluated according to EPA 
guidelines promulgated in “Ambient Water Quality Criteria for Ammonia – 1984”; EPA 
document number 440/5-85-001; NITS number PB85-227114; July 29, 1985 (50 FR 30784) 
or “Ambient Water Quality Criteria for Ammonia (Saltwater)-1989”; EPA document 
number 440/5-88-004; NTIS number PB89-169825. This material related to ammonia 
toxicity is hereby incorporated by reference including any subsequent amendments and 
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editions and is available for inspection at the Department of Environment and Natural 
Resources Library, 512 North Salisbury Street, Raleigh, North Carolina. Copies may be 
obtained from the National Technical Information Service, 5285 Port Royal Road, 
Springfield, Virginia 22161 at a cost of forty-seven dollars ($47.00). 



 
J. Definitions should mirror CWA language to prevent confusion (02B .0202). In Rule .0202, the 



Department has proposed to define “attainable use” (formerly, the term was defined in the 
definition of “existing use”). EPA regulations define the term by reference to specific effluent 
limits (those authorized under 33 U.S.C. §§ 1311(b) and 1316), rather than by general reference 
to effluent limits — a term that courts have sometimes interpreted broadly depending upon the 
circumstances. NCWQA suggests revising this definition for clarity and consistency with the CWA.  



 
Also, while the term “nonpoint source pollution” is not specifically defined in the Clean Water Act, 
it has been described by courts as any source of water pollution that is not traceable to a 
discernible point of discharge. Thus, the term includes surface water runoff from land that has 
not been disturbed by human activities — such as forest land. Accordingly, NCWQA suggests 
revising the definition of “nonpoint source pollution” in .0202: 
 



Nonpoint source pollution means pollution which enters waters mainly as a result of 
precipitation and subsequent runoff from lands which have been disturbed by man’s 
activities and includes all sources of water pollution which are not required to have a 
permit in accordance with G.S. 143-215.1(c). 



 
Further, NCWQA disagrees that the requirement to develop a pretreatment program transforms 
the discharge from a municipal wastewater treatment plant into an industrial discharge. The 
usage of the term “industrial” in the Rules does not support this definition either. Accordingly, 
NCWQA suggests the following revision to the definition of the term “industrial discharge” in 
.0202: 
 



Industrial discharge includes: . . .  
 
(c) wastewater discharged from a municipal wastewater treatment plant requiring a 
pretreatment program. 



 
K. We urge the Division to remove the BLM from the WQS regulation.  We have learned recently 



that few if any dischargers have used the BLM in over a decade that the BLM has been available.  
Moreover, we understand that the BLM results diverge from EPA’s WER results and that EPA is 
not clear why that is the case.  Accordingly, we think the BLM should be removed from the rule 
leaving the time tested water effects ratio provision available for site-specific standard/permit 
limit development. If the Division has information about the use of the BLM in North Carolina, we 
will appreciate receiving a copy of the BLM results. 
 



III. Scope of the Next Triennial Review 
 



 Human Health Criteria (HHC):  We have no ability to review the technical underpinnings of the 
changes to these criteria.  We note that about two-thirds of the 94 criteria are proposed to be more 
stringent (more than 50 percent lower and in some cases an order of magnitude lower).  We 
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understand that other States are deferring adoption of these criteria to provide time to evaluate 
certain of the changes and the impact these changes will have on permittees (industrial and 
municipal).  We are also concerned about the need to coordinate analytical methods with the new, 
much lower criteria levels for so many of these pollutants.  We particularly urge the Department to 
delay the adoption of the Bis update in order to give communities time to replace plastic tubing in 
sampling systems.  It is well-established that plastic tubing in composite samplers will yield false 
positive Bis results. 
 
We know that South Carolina recently deferred adoption of these criteria due to concerns that DHEC 
had.  Accordingly, we urge DEQ to discuss these criteria with its counterparts in other states, including 
South Carolina, before proceeding to adopt them. 
 



 Contaminants of Emerging Concern (CECs):  We believe that the State should develop interim criteria 
for key unregulated contaminants that have been identified of concern in the State.  These would 
include (1) Gen X, (2) Bromide, (3) 1,4 Dioxane, and (4) PFOA/PFOS.  We urge DEQ to establish a 
workgroup, that will include regulated water and sewer utilities, to develop a regulatory approach to 
addressing discharges of such unregulated contaminants until such time as federal criteria are 
developed. 
 



 Ammonia: We do not support the adoption at this time of EPA’s 2013 ammonia criteria.  We know 
that a number of states have had concerns about these criteria and have, accordingly, deferred 
consideration of the criteria.  To the extent the State elects to proceed with these criteria, over our 
objection, we urge the Department to identify where union mussels are present in the State as part 
of any rulemaking to adopt the criteria.  Moreover, we urge the State to take advantage of reasonable 
implementation flexibility such as using the 50th percentile pH and temperature rather than a higher 
percentile value.  Ohio, for example, has recently taken this approach. 



 



 Recreational (bacteriological) criteria:  We urge the Department to adopt EPA’s updated bacteria 
criteria for recreational waters.  While the 90-day instream averaging period is appropriate, our 
support is conditioned on no changes to the monthly and weekly geometric mean-based limits for 
municipal NPDES permits.  



 



 Metals:  
o Selenium: We are okay with the Department updating the selenium criteria. However, West 



Virginia recently adopted more tailored selenium revisions, which EPA approved earlier this 
year.  We urge the Department to evaluate the West Virginia criteria and EPA approval to 
ensure the most appropriate and flexible criteria possible for North Carolina.  EPA's 2016 
Freshwater Aquatic Life Criteria (https://www.epa.gov/wqc/aquatic-life-criterion-selenium ) 



o Cadmium: Given the relatively modest impact from an update to the Division’s 2015 criteria, 
we don’t see this as a big deal or priority but have no objection to adopting the minor changes 
which EPA’s most recent cadmium criteria change would trigger.  The Division revised the 
criteria for Cadmium in 2015. EPA published amended criteria in March 2016. The 2016 
criteria are slightly less stringent for acute & chronic Class C waters and slightly more stringent 
for trout waters. The criteria are also slightly more stringent for acute & chronic SC waters. 



o Copper: We strongly object to the Division adopting EPA’s Marine Biotic Ligand Model.  We 
do not believe this model reflects good science and urge the Division to decline to adopt it.  





https://www.epa.gov/wqc/aquatic-life-criterion-selenium
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The EPA Water Effects Ratio Protocol is more than adequate for permittees to use to develop 
site-specific copper standards and permit limits.  



 



 Nutrient Criteria: 
The Division should defer to the progress being made by the Science Advisory Committee regarding 



eutrophication and Mycrocystin issues rather than adopt any final (to the extent EPA’s draft is finalized 



before the next triennial review) version of EPA’s Draft 2016 Human Health Recreational Ambient Water 



Quality Criteria for Mycrocystins and Cylindrospermopsin.   



 



 
***** 













From: Brower, Connie
To: 15ANCAC02B_TriRev_Rule_Comments
Cc: Preston Howard
Subject: FW: [External] Re: NCMA"s Comments on Triennial Review
Date: Monday, July 30, 2018 2:44:46 PM
Attachments: NCMA Comments on Triennial Review Rules_073018.doc


No problem – they have been forwarded to the inbox- per request! 
 
Regards,
Connie
 


From: Preston Howard [mailto:preston.howard@myncma.org] 
Sent: Monday, July 30, 2018 2:04 PM
To: Brower, Connie <connie.brower@ncdenr.gov>
Subject: [External] Re: NCMA's Comments on Triennial Review
 
CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


 
Hey Connie,


Its me again!  Preston


At 01:26 PM 7/30/2018, Preston Howard wrote:


Hey Connie,


I hope this short note finds you doing well.  


Attached are NCMA's comments on the Triennial Review rulemaking proposal. Please
call me (919-740-8834) if you have any questions.


Best,


Preston


A. Preston Howard, Jr., P.E.
President
NCMA
(o) 919-834-9459
(c) 919-740-8834
preston.howard@myncma.org 
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mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov
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NORTH CAROLINA MANUFACTURERS ALLIANCE








30 July 2018



Ms. Connie Brower



North Carolina Department of Environmental Quality (NCDEQ)



Division of Water Resources



Water Planning Section



1611 Mail Service Center,



Raleigh, NC 27699-1611



Subject: Proposed Rulemaking - 15A NCAC 02B 0100 – 0300



               Classifications & Standards for Protection of Surface Waters



Dear Ms. Brower:



On behalf of the North Carolina Manufacturers Alliance (NCMA), I want to thank you for this opportunity to offer comments on the subject rulemaking action.  Many NCMA members across North Carolina are affected, either directly or indirectly, by the proposed rulemaking.


The Environmental Management Commission’s (EMC or Commission) decision to defer consideration of the EPA Human Health Water Quality Criteria (HHWQC) until the next triennial review cycle is consistent with actions taken by several other states, and NCMA is fully supportive of that decision.  NCMA recommends that in the interim, the EMC and staff at the Department of Environmental Quality (DEQ) should work with interested and affected stakeholders to develop HHWQC that are directly applicable to waters in our state (it is our understanding that the EPA’s HHWQC were developed in large part based of data generated in the Great Lakes Region and may not be scientifically applicable to North Carolina waters).  


With regard to EPA’s 2016 Draft (emphasis added) Human Health Recreational Criteria for Cyanotoxins, NCMA also supports the Commission’s decision to defer action until the next triennial review cycle.  Given the changes in leadership, policy and approach at EPA, it is unclear when EPA will get around to finalizing it Cyanotoxin criteria.  



In response to the Commission’s request for comments concerning how best to proceed on managing the issues surrounding chemicals of emerging concern (CECs), we offer the following thoughts:


· The manner in which the EMC should handle present day issues involving GenX, PFOA, and other so-called CECs should be no different than the manner in which the EMC handled chemicals like dioxin, dieldrin, tributyltin oxide and other chemicals which were CECs in their day. 



· When the EMC established water quality standards for chemicals like dioxin and mercury (and other chemicals), the standards were set at levels that were below the laboratory practical quantitation limit for those chemicals.  



· Much has changed (and will continue to change) in the sophistication of laboratory instrumentation and analysis.  For instance, just a few short years ago it was not possible to identify GenX at the parts per trillion level.  As laboratory analytical capabilities continue to improve, more and more CECs will be detected at lower and lower concentrations. 



· Politicians tend to rush to judgement when confronted with CECs.  The EMC should not.  The Commission should follow long established laws of this state as well as its own rules to propose - through rulemaking - what the EMC believes to be the most scientifically supportable standard and give the public and other interested parties an opportunity to review and comment on the science and derivation of that proposed standard.



· Certainly, neither the EMC nor DEQ should make regulatory demands on any party based upon an uncodified “goal” (which is really just a number that has no regulatory significance under our current statutes and the EMC’s current rules), as has been the case in response to the GenX controversy. 



· Our existing statutes contemplate those situations where quick action to establish a regulatory standard is needed, by authorizing the EMC to undertake temporary rulemaking.  Such a process insures that the public’s statutorily established rights to review and comment on the EMC actions are preserved.  [Contrast that approach with the manner in which GenX has been handled.  DEQ could have - and we would suggest, should have - taken the so-called “public health goal” established by the Department of Health and Human Services to the EMC for adoption of a temporary rule in the late summer or early fall of 2017 to establish a regulatory standard prior to making regulatory demands on the regulated entity emitting GenX.]



· The EMC should never establish standards for CECs for which there is no certified method for laboratory analysis.  DEQ, regulated parties, and the public should be able to independently determine, through established and readily available analytical processes, the concentrations of any regulated chemical present in permitted discharges or in the ambient environment.



· In the event that DEQ and the EMC decide to seek to identify new CECs of concern in North Carolina’s ambient environment, you should be guided by the provisions of Session Law 2018-5 (Senate Bill 99) adopted by the General Assembly in June 2018, which directs the focus of DEQ on identification of per- and poly-fluoroalkyl substances.  In fact, the General Assembly specifically rejected all references to “other emerging contaminants” in its directives to DEQ. 


Finally, during the last triennial review the EMC adopted a biological confirmation approach that allowed the Commission and DEQ to utilize biological confirmation when certain metals criteria were found to be exceeded.  That approach, although very common sensical, was unanimously supported by the EMC but rejected by EPA in 2016 under its “independent applicability” policy (emphasis added).  In light of the changes at EPA and the new focus on “cooperative federalism” by the current administration, NCMA would encourage the Commission to stand by its original, scientifically defensible rule (emphasis added) and request that the new administration at EPA reconsider its independent applicability policy. 



Thanks again for affording NCMA the opportunity to offer comments on the subject rulemaking proposals.  If you have any questions, please contact me by email at <preston.howard@myNCMA.org>, or by cell phone <919-740-8834>.   



Best Regards, 



Original Signed By


A. Preston Howard, Jr., P.E.



President









 


A. Preston Howard, Jr., P.E.
President
NCMA
(o) 919-834-9459
(c) 919-740-8834
preston.howard@myncma.org 
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From: Manning, Jeff
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: NC Water Quality Association Comments on 02B Rules
Date: Monday, July 16, 2018 1:53:42 PM
Attachments: NCWQA Comments on 02B.pdf


 
 


From: Paul Calamita [mailto:paul@aqualaw.com] 
Sent: Monday, July 16, 2018 12:04 PM
To: Manning, Jeff <jeff.manning@ncdenr.gov>
Cc: Brower, Connie <connie.brower@ncdenr.gov>
Subject: [External] NC Water Quality Association Comments on 02B Rules
 
CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


 
Please see the attached comments.
 
Thank you for considering the NCWQA’s input on this important rulemaking.  Please let us know if
there are any questions.
 
Best,
 
Paul
 
Paul Calamita
General Counsel


NCWQA
(804) 716-9021 ext. 201
(804) 938-4211 (c)
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NORTH CAROLINA WATER QUALITY ASSOCIATION 
  



 
July 16, 2018 



 
Via Email: (15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov) 
 
Connie Brower (Connie.Brower@NCDENR.gov) 
Water Planning Section, Division of Water Resources, Department of Environmental Quality 
1611 Mail Service Center 
Raleigh, NC 27699-1611 
 
Re:  Rule Re-Adoption of 15A NCAC 02B 
 
Dear Ms. Brower: 
 
On behalf of the North Carolina Water Quality Association (NCWQA), please find the attached comments 
regarding the above referenced matter. These comments are based on versions of the proposed revised 
rules provided in the North Carolina Register, Volume 32, Issue 22, pages 2411–93.  
 
The NCWQA represents more than 50 public water, sewer, and stormwater utilities statewide.  
Collectively, we serve approximately 90 percent of the sewered population in the state.  Our members 
strive to ensure appropriate regulatory requirements which are implemented in an affordable and cost-
effective manner. 
 
Please contact me with any questions.  
 
     Sincerely, 



 
F. Paul Calamita 



     General Counsel  
 
cc:   NCWQA Members 
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COMMENTS OF THE NORTH CAROLINA WATER QUALITY ASSOCIATION  
REGARDING THE PROPOSED RULE RE-ADOPTION DRAFTS OF  



15A NCAC 02B 
 



 



 
 
In mid-May, the Environmental Management Commission (“EMC”) posted proposed revisions for 15A 
NCAC 02B .0101, .0103, .0104, .0106, .0108, .0110, .0201, .0202, .0204, .0206, .0211, .0212, .0214-.0216, 
.0218-.0225, .0231, .0301-.0317. While the Department has taken positive steps in these draft rules, the 
North Carolina Water Quality Association (NCWQA) has concerns with the proposed language. In 
particular, NCWQA is concerned that some of the proposed changes would be inconsistent with federal 
law and therefore with be contrary to N.C. Gen. Stat. § 150B-19.3, which generally prohibits DEQ from 
adopting more stringent requirements than those imposed by federal law. These issues are explained in 
detail below. 
 
The NCWQA is a statewide association of public water/sewer/stormwater utilities representing a 
significant majority of the sewered population of North Carolina. NCWQA members strive to achieve 
environmentally responsible solutions to water quality issues in an affordable and cost-effective manner.   
 
The NCWQA appreciates the opportunity to provide these initial comments on the proposed drafts. 
 
I. Comments on Proposed Monthly Averaging of Chlorophyll-a  
 
The following comments pertain to the proposed revision to North Carolina’s chlorophyll-a criterion for 
lakes and reservoirs [15ANCAC 02B.0211(4)], which would base the 40 ug/L criterion upon “monthly 
averaging…during the growing season which is generally April 1 – October 31”. NCWQA’s specific 
comments are as follows: 



1. The criterion was originally intended as a seasonal average, not as an instantaneous value or 



monthly average. Any changes to the manner in which the chlorophyll-as standard is expressed 



should consider the original bases and intent of the scientific advisory group that recommended 



the criterion. The chair of that advisory group has provided original meeting notes, and 



summarized the issue by stating “It is clear in those documents that the technical basis, 



derivation, and intent of the 40/15 standards were based on ‘growing season averages’…and not 



an any time/any place standard.” (Mike McGhee, elec. comm., 10 May 2009). The basis and 



intent of a seasonal average was not adequately reflected in the criterion language that was 



ultimately adopted. However, this is still relevant information for any related change to the 



criteria language. 



2. A seasonally-averaged chlorophyll-a criterion is technically defensible and consistent with the 



averaging period used by many other states. A temporally-averaged metric is appropriate for an 



indicator of reservoir trophic status and the general potential for various algal-related effects 



over different time scales.  This is in contrast to toxics criteria, which are set based on specific 



effects over short durations. Many potential use-chlorophyll linkages are better characterized 
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using the central tendency of chlorophyll-a over time, rather than “instantaneous” 



concentrations. As explained by USEPA (2001)1: 



Nutrients, unlike toxics, typically manifest their effects over an extended period of 



time, like a growing season or flow year. Therefore, when evaluating criteria 



attainment, it is important to ensure that the sampling period and frequency of 



sampling are adequate to reflect long term conditions, and to use an averaging period 



that represents that used for criteria development (e.g., a weekly, monthly, or 



seasonal median measurement taken over a year). EPA would not consider a single 



sample representative of the longer-term conditions that nutrient criteria are 



designed to reflect and protect.   



The use of seasonal or annual averages has many precedents in CHLa criteria from other states, 



including but not limited to California, Florida, Alabama, Georgia, Virginia, Arkansas, Minnesota, 



and Texas. Finally, water quality models are more accurate at predicting seasonal average CHLa 



values than short-duration CHLa values, and thus seasonal average criteria are more compatible 



with our predictive tools use for water quality management.  



The general term “average” can refer to various statistics including the arithmetic mean or the 



geometric mean. States such as Florida and Virginia have employed the geometric mean for 



time-averaged chlorophyll-a criteria. USEPA has identified the geometric mean as the best 



measure of central tendency for log-normally distributed values such as CHLa2. NCWQA 



specifically recommends that North Carolina’s chlorophyll-a criterion be expressed as a seasonal 



(Apr-Oct) geometric mean. 



3. Any changes to the chlorophyll criteria should be considered interim until North Carolina 



completes the relevant portions of its Nutrient Criteria Development Plan. North Carolina has 



adopted a Nutrient Criteria Development Plan (DWR, 2014) that outlines an approach and 



schedule for deriving nutrient-related criteria for the state. The process includes the formation 



of a scientific advisory council (SAC) and criteria implementation council (CIC) to provide criteria-



related recommendations. DWR, the SAC, and the CIC are well into the process of re-evaluating 



North Carolina’s chlorophyll-a criterion as applied to the lake/reservoir pilot (High Rock Lake). 



Lessons learned from the lake/reservoir pilot will likely be used to adjust criteria for other water 



bodies on a site-specific basis. If successful, the process outlined in the NCDP will provide the 



most scientifically defensible basis for revising North Carolina’s chlorophyll-a criteria, including 



the averaging period. If the criteria are changed outside of the NCDP process, such changes 



should be considered interim pending conclusion of the relevant portions of the NCDP. 



  



                                                 
1 U.S. Environmental Protection Agency. 2001. Development and Adoption of Nutrient Criteria into Water Quality 



Standards. Memo from Geoffrey Grubbs to Regional Water Directors. 21 p. 
2 U.S. Environmental Protection Agency. 2010. Ambient Water Quality Criteria for Dissolved Oxygen, Water 



Clarity and Chlorophyll a for the Chesapeake Bay and Its Tidal Tributaries: 2010 Technical Support for Criteria 



Assessment Protocols Addendum. EPA 903-R-10-002. P. 63 
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II. 02B, Surface Water and Wetland Standards 
 
A. The Department’s process for determining best usage should take into consideration 40 C.F.R. 



part 131, but should not “follow” part 131. (02B .0101). NCWQA believes North Carolina should 
retain as much flexibility as possible when determining the best usages of its waters. The Clean 
Water Act preserves the primary responsibilities and rights of states to plan the development and 
use of their water resources, and the State should ensure it maximizes its authority under the Act. 
NCWQA also objects to the automatic incorporation by reference of future changes to federal 
regulations without the opportunity to review and comment. 



 
B. The Department should retain the flexibility to approve alternate analytical procedures, 



consistent with applicable law. (02B .0103). NCWQA suggests clarifying that the Director may 
approve alternate analytical procedures under (a) and (b) by adding to the end of each paragraph: 



 
The Director may also approve alternate analytical procedures for use in determining 
conformity with standards, consistent with applicable law. 
 



C. Correct the Definition of Attainable Uses.  (02B .0202).  The proposed definition of “Attainable 
Uses” is materially inconsistent with the federal definition and must be revised:   



 
Proposed Definition: “Attainable uses are uses that can be achieved by the imposition of 
effluent limits and cost effective and reasonable best management practices (BMP) for 
nonpoint source control.” 
 
Federal Definition: "Attainable uses" are uses that can be achieved by the imposition of 
effluent limits required under sections 301(b) and 306 of the Act and cost-effective and 
reasonable best management practices for nonpoint source control.  40 CFR 131.10(d) 
 



D. Definition of ½ Mile Critical Area Buffer (02B .0202(19)).  The  Critical area means the area adjacent 



to a water supply intake or reservoir where risk associated with pollution is greater than from the remaining 
portions of the watershed. The critical area is defined as extending either 1/2 mile in a straight line fashion 
upstream from and draining to the normal pool elevation of the reservoir in which the intake is located or 
to the ridge line of the watershed (whichever comes first); or 1/2 mile in a straight line fashion upstream 
from and draining to the intake (or other appropriate downstream location associated with the water 
supply) located directly in the stream or river (run-of-the-river), or to the ridge line of the watershed 
(whichever comes first). 



 
E. The Department should clarify that Mixing Zones may include a Zone of Initial Dilution. (02B 



.0204). NCWQA observes that acute toxicity is permitted in a zone of initial dilution, but not 
beyond the zone of initial dilution within the mixing zone (which only permits chronic toxicity). To 
clarify, NCWQA suggests adding the following language as subsection (c): 



 
A Zone of Initial Dilution (allowing acute toxicity) may be established in the area of initial 
dilution.  Mixing within the zone of initial dilution shall occur as quickly as practical and 
the zone shall be sized to prevent lethality to passing and drifting aquatic organisms.  



 





https://www.law.cornell.edu/definitions/index.php?width=840&height=800&iframe=true&def_id=aaea981d193abe7105f53983a278a1e1&term_occur=2&term_src=Title:40:Chapter:I:Subchapter:D:Part:131:Subpart:B:131.10
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F. The Department should adopt the “mean annual” flow for standards to protect human health 
from non-carcinogens. (02B .0206(a)(4)). The Department uses the “mean annual” flow to 
protect human health from carcinogens, unless site-specific concerns dictate the use of an 
alternative design flow. NCWQA recommends using the same flow in the case of non-carcinogens. 
This recommendation recognizes that human health criteria are based on an acceptable daily 
exposure over a lifetime, and it is consistent with EPA practice that matches the criteria with the 
longest stream flow averaging period. See, e.g., 65 Fed. Reg. 31682 (May 18, 2000). Accordingly, 
NCWQA suggests the following revision to .0206(a)(4)(A): 



 
The mean 7Q10 flow for standards to protect human health through the consumption of 
water, fish, and shellfish from noncarcinogens . . . . 



 
Significantly, USEPA approved such a change in West Virginia this past January.  See: 
https://dep.wv.gov/WWE/Programs/wqs/Documents/EPA%20Documents/012618%20EPA%20A
pproval%20Harmonic%20Mean%20and%20Mixing%20Zone.pdf 
 



 
G. Retain Median Hardness.  15A NCAC 02B .0211(11)(c)(i): When hardness-dependent water 



quality standards are used in deriving NPDES permit limits, the use of the median instream 
hardness values is specified in the permitting equations. The US EPA disapproved the provision 
and, accordingly, DEQ proposes to remove it and, instead, apply the actual in-stream 
hardness.  We have two objections to this.  First, we understand that EPA has approved the use 
of the median hardness in other states.  If this is the case, why isn’t this appropriate in North 
Carolina?  Unless there is a valid technical justification, DEQ should leave the median hardness in 
the WQS Rule, note that EPA has approved the approach in other states and see if EPA won’t 
reevaluate its position on this issue.  Second, we are unclear what the department means by 
“actual in-stream hardness”.  A clarification of what the “actual in-stream hardness” is should be 
provided. 
 



H. The Department should retain provisions for action levels, low-end caps on hardness for 
calculation of hardness dependent freshwater metals standards, and biological confirmation. 
(02B. 0211, .0220). The Department has proposed to delete from Rule .0211: (1) the action levels 
established in item (22); (2) the low-end cap on hardness for purposes of calculating hardness-
dependent freshwater metals standards in item (11)(c)(i)-(ii); and (3) the weight-of-evidence 
evaluation for confirmation of adverse impact in (11)(f). NCWQA acknowledges that EPA 
disapproved of these provisions during the Triennial Review process. However, NCWQA 
encourages the Department to retain these provisions and seek approval from EPA during the 
next triennial review. In particular, the low-end hardness cap and weight-of-evidence approach 
constitute methods for the development and application of State water quality standards. EPA 
has recently indicated its intention to accord states a greater level of deference with regard to 
water quality standards development, as well as impaired waters determinations. NCWQA 
believes it is appropriate to retain these provisions, perhaps with a clarifying note that the 
provisions become effective upon approval by EPA during upcoming triennial reviews. 



 
Similarly, the Department has proposed to delete from Rule .0220: (1) the action levels 
established in item (20); and (2) the weight-of-evidence evaluation from item (9)(c). For the 





https://dep.wv.gov/WWE/Programs/wqs/Documents/EPA%20Documents/012618%20EPA%20Approval%20Harmonic%20Mean%20and%20Mixing%20Zone.pdf


https://dep.wv.gov/WWE/Programs/wqs/Documents/EPA%20Documents/012618%20EPA%20Approval%20Harmonic%20Mean%20and%20Mixing%20Zone.pdf
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reasons stated above, NCWQA encourages the Department to retain these provisions and seek 
approval from EPA during the next triennial review. 
 



I. High Quality Water treatment requirements should specify the applicable average for clarity. 
(02B .0224). The Department should include the applicable average with respect to the treatment 
required for wastewater discharges to High Quality Waters (HQW). Moreover, the purpose of the 
Clean Water Act is to restore or maintain natural conditions. Accordingly, the Department should 
not require dischargers to maintain instream levels above a standard that exceeds natural 
background levels. In subparagraph (1)(b), NCWQA recommends the following: 



 
(i) Oxygen Consuming Wastes: Monthly average Eeffluent limitations shall be as follows: 



BOD5 = 5 mg/l, NH3-N = 2 mg/l and daily average DO = 6 mg/l. More stringent 
limitations shall be set, if necessary, to ensure that the cumulative pollutant discharge 
of oxygen-consuming wastes shall not cause the DO of the receiving water to drop 
more than 0.5 mg/l below background levels, and in no case below the standard, 
unless the natural background level is below the standard. . . .  



(ii) Total Suspended Solids: Discharges of total suspended solids (TSS) shall be limited to 
monthly average effluent concentrations of 10 mg/l for trout waters and PNA’s, and 
to 20 mg/l for all other High Quality Waters.  
. . . 



(v) Volume: The total volume of treated wastewater for all discharges combined shall not 
exceed 50 percent of the total instream flow under 7Q10 conditions, unless the stream 
meets all applicable water quality standards despite the higher percentage of wastewater 
flow. 
(vi) Nutrients: Where nutrient overenrichment is projected to be a concern, appropriate 
effluent limitations shall be set for phosphorus or nitrogen, or both, consistent with 
applicable water quality standards. 



 
Finally, NCWQA notes that water quality standards are developed using multiple levels of 
conservative assumptions. The additional conservativism set forth in subsection (1)(b)(vii) is 
unwarranted. NCWQA suggests modifying this subsection as follows: 
 



Toxic substances: If the Division determines there is reasonable potential for a discharge 
to cause an exceedance of applicable water quality standards for toxic substances, 
appropriate effluent limitations shall be establish consistent with such water quality 
standards. In cases where complex wastes (those containing or potentially containing 
toxicants) may be present in a discharge, a safety factor shall be applied to any chemical 
or whole effluent toxicity allocation. The limit for a specific chemical constituent shall be 
allocated at design conditions. Whole effluent toxicity shall be allocated to protect for 
chronic toxicity at an effluent concentration equal to twice that which is acceptable under 
design conditions. In all instances there may be no acute toxicity in an effluent 
concentration of 90 percent. Ammonia toxicity shall be evaluated according to EPA 
guidelines promulgated in “Ambient Water Quality Criteria for Ammonia – 1984”; EPA 
document number 440/5-85-001; NITS number PB85-227114; July 29, 1985 (50 FR 30784) 
or “Ambient Water Quality Criteria for Ammonia (Saltwater)-1989”; EPA document 
number 440/5-88-004; NTIS number PB89-169825. This material related to ammonia 
toxicity is hereby incorporated by reference including any subsequent amendments and 
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editions and is available for inspection at the Department of Environment and Natural 
Resources Library, 512 North Salisbury Street, Raleigh, North Carolina. Copies may be 
obtained from the National Technical Information Service, 5285 Port Royal Road, 
Springfield, Virginia 22161 at a cost of forty-seven dollars ($47.00). 



 
J. Definitions should mirror CWA language to prevent confusion (02B .0202). In Rule .0202, the 



Department has proposed to define “attainable use” (formerly, the term was defined in the 
definition of “existing use”). EPA regulations define the term by reference to specific effluent 
limits (those authorized under 33 U.S.C. §§ 1311(b) and 1316), rather than by general reference 
to effluent limits — a term that courts have sometimes interpreted broadly depending upon the 
circumstances. NCWQA suggests revising this definition for clarity and consistency with the CWA.  



 
Also, while the term “nonpoint source pollution” is not specifically defined in the Clean Water Act, 
it has been described by courts as any source of water pollution that is not traceable to a 
discernible point of discharge. Thus, the term includes surface water runoff from land that has 
not been disturbed by human activities — such as forest land. Accordingly, NCWQA suggests 
revising the definition of “nonpoint source pollution” in .0202: 
 



Nonpoint source pollution means pollution which enters waters mainly as a result of 
precipitation and subsequent runoff from lands which have been disturbed by man’s 
activities and includes all sources of water pollution which are not required to have a 
permit in accordance with G.S. 143-215.1(c). 



 
Further, NCWQA disagrees that the requirement to develop a pretreatment program transforms 
the discharge from a municipal wastewater treatment plant into an industrial discharge. The 
usage of the term “industrial” in the Rules does not support this definition either. Accordingly, 
NCWQA suggests the following revision to the definition of the term “industrial discharge” in 
.0202: 
 



Industrial discharge includes: . . .  
 
(c) wastewater discharged from a municipal wastewater treatment plant requiring a 
pretreatment program. 



 
K. We urge the Division to remove the BLM from the WQS regulation.  We have learned recently 



that few if any dischargers have used the BLM in over a decade that the BLM has been available.  
Moreover, we understand that the BLM results diverge from EPA’s WER results and that EPA is 
not clear why that is the case.  Accordingly, we think the BLM should be removed from the rule 
leaving the time tested water effects ratio provision available for site-specific standard/permit 
limit development. If the Division has information about the use of the BLM in North Carolina, we 
will appreciate receiving a copy of the BLM results. 
 



III. Scope of the Next Triennial Review 
 



 Human Health Criteria (HHC):  We have no ability to review the technical underpinnings of the 
changes to these criteria.  We note that about two-thirds of the 94 criteria are proposed to be more 
stringent (more than 50 percent lower and in some cases an order of magnitude lower).  We 
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understand that other States are deferring adoption of these criteria to provide time to evaluate 
certain of the changes and the impact these changes will have on permittees (industrial and 
municipal).  We are also concerned about the need to coordinate analytical methods with the new, 
much lower criteria levels for so many of these pollutants.  We particularly urge the Department to 
delay the adoption of the Bis update in order to give communities time to replace plastic tubing in 
sampling systems.  It is well-established that plastic tubing in composite samplers will yield false 
positive Bis results. 
 
We know that South Carolina recently deferred adoption of these criteria due to concerns that DHEC 
had.  Accordingly, we urge DEQ to discuss these criteria with its counterparts in other states, including 
South Carolina, before proceeding to adopt them. 
 



 Contaminants of Emerging Concern (CECs):  We believe that the State should develop interim criteria 
for key unregulated contaminants that have been identified of concern in the State.  These would 
include (1) Gen X, (2) Bromide, (3) 1,4 Dioxane, and (4) PFOA/PFOS.  We urge DEQ to establish a 
workgroup, that will include regulated water and sewer utilities, to develop a regulatory approach to 
addressing discharges of such unregulated contaminants until such time as federal criteria are 
developed. 
 



 Ammonia: We do not support the adoption at this time of EPA’s 2013 ammonia criteria.  We know 
that a number of states have had concerns about these criteria and have, accordingly, deferred 
consideration of the criteria.  To the extent the State elects to proceed with these criteria, over our 
objection, we urge the Department to identify where union mussels are present in the State as part 
of any rulemaking to adopt the criteria.  Moreover, we urge the State to take advantage of reasonable 
implementation flexibility such as using the 50th percentile pH and temperature rather than a higher 
percentile value.  Ohio, for example, has recently taken this approach. 



 



 Recreational (bacteriological) criteria:  We urge the Department to adopt EPA’s updated bacteria 
criteria for recreational waters.  While the 90-day instream averaging period is appropriate, our 
support is conditioned on no changes to the monthly and weekly geometric mean-based limits for 
municipal NPDES permits.  



 



 Metals:  
o Selenium: We are okay with the Department updating the selenium criteria. However, West 



Virginia recently adopted more tailored selenium revisions, which EPA approved earlier this 
year.  We urge the Department to evaluate the West Virginia criteria and EPA approval to 
ensure the most appropriate and flexible criteria possible for North Carolina.  EPA's 2016 
Freshwater Aquatic Life Criteria (https://www.epa.gov/wqc/aquatic-life-criterion-selenium ) 



o Cadmium: Given the relatively modest impact from an update to the Division’s 2015 criteria, 
we don’t see this as a big deal or priority but have no objection to adopting the minor changes 
which EPA’s most recent cadmium criteria change would trigger.  The Division revised the 
criteria for Cadmium in 2015. EPA published amended criteria in March 2016. The 2016 
criteria are slightly less stringent for acute & chronic Class C waters and slightly more stringent 
for trout waters. The criteria are also slightly more stringent for acute & chronic SC waters. 



o Copper: We strongly object to the Division adopting EPA’s Marine Biotic Ligand Model.  We 
do not believe this model reflects good science and urge the Division to decline to adopt it.  





https://www.epa.gov/wqc/aquatic-life-criterion-selenium
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The EPA Water Effects Ratio Protocol is more than adequate for permittees to use to develop 
site-specific copper standards and permit limits.  



 



 Nutrient Criteria: 
The Division should defer to the progress being made by the Science Advisory Committee regarding 



eutrophication and Mycrocystin issues rather than adopt any final (to the extent EPA’s draft is finalized 



before the next triennial review) version of EPA’s Draft 2016 Human Health Recreational Ambient Water 



Quality Criteria for Mycrocystins and Cylindrospermopsin.   



 



 
***** 













From: Manning, Jeff
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: TESTING
Date: Tuesday, May 29, 2018 10:08:29 AM


 
 
Jeff Manning
Chief, Classifications & Standards/Rules Review Branch (CSRRB)
Water Planning Section, Division of Water Resources, Department of Environmental Quality
1611 Mail Service Center, Raleigh, NC 27699-1611
(Archdale Building)
CSRRB online: http://deq.nc.gov/about/divisions/water-resources/planning/classification-standards
Direct: 919-807-6415
Main: 919-707-9000
Email correspondence to and from this address may be subject to the North Carolina Public Records Law and may be disclosed
to third parties.
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Test to Inbox
 
 
 
Brian Hiltbruner
IT Analyst
North Carolina Department of Information Technology
 
919-707-9808  office
brian.hiltbruner@nc.gov
 
Twitter YouTube Website LinkedIn
 


 
Email correspondence to and from this address is subject to the
North Carolina Public Records Law and may be disclosed to third parties.
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From: Cassie Gavin
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] 15ANCAC02B_TriRev_Rule_Comments
Date: Friday, July 13, 2018 10:00:02 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


N.C. Sierra Club spoken comments made at the Triennial Review public hearing 


in Raleigh 07/11/18:


My name is Cassie Gavin. I’m the Director of Government Relations for the 


North Carolina Sierra Club which has over 92,000 members and supporters. Our 


members value water quality and want this state to have strong water standards 


to protect public health and the environment.


On a personal note, I’m from North Carolina, grew up in Chatham County, and 


spent lots of time fishing and swimming in Jordan Lake; now I like to spend my 


weekends kayaking on Falls Lake and the Neuse River. So, the protection of our 


waters is important to me personally and professionally.


Thank you for having this hearing to provide the public the opportunity to 


comment. 


Sierra Club’s members are concerned that the state is not sufficiently prioritizing 


our Clean Water Act obligations. We’ve seen rollbacks of our state water quality 


protections by the legislature and are seeing the same trend at the federal level, 


so it’s more important now than ever for the EMC to ensure North Carolina has 


the best state water standards in place. 


I hope that this hearing signals that the EMC will move forward to close major, 


longstanding gaps in our water quality programs. Sierra Club will submit detailed 


written comments, but I’d like to highlight a few concerns today.


One of the gaps we have in North Carolina is an updated ammonia standard. 


Ammonia can be toxic to aquatic life. Five years ago, the EPA recommended 
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that states adopt a formula that takes stream acidity and temperature into 


account, but North Carolina hasn’t done so. Over 30 other states have. 


In addition, the EMC should adopt standards to protect against algal toxins. 


Many of our rivers and lakes receive too much nitrogen and phosphorus, leading 


to algal blooms - sometimes to the extent that it can kill fish, harm swimmers, 


and increase the cost of treating drinking water. The EPA recommends health 


goals for recreational waters and drinking water sources. The EMC should adopt 


surface water quality standards that reflect those goals. 


Finally, given the public outcry at the coast about Chemours’ contamination of 


the Cape Fear River with GenX - the state should respond by adopting a 


standard for the class of chemicals that includes GenX. GenX belongs to a 


family of compounds, most of which have no standard, but that take hundreds of 


years to break down and are generally toxic. And, most are not easily removed 


during drinking water treatments. There are thousands of different types of these 


so-called PFAS substances. Rather than going one by one, the EMC should 


adopt a standard for the whole class of PFAS for Class A waters - which are our 


drinking water sources.


The EMC should also ensure protection of water quantity - or flow. Having a 


sufficient flow of water is important to protect uses of our rivers like swimming, 


fishing and boating. Our rivers support a great tourism industry, like whitewater 


rafting and trout fishing, that depend on sufficient flow. I know because I’m often 


one of those tourists on our rivers. The EMC should add protections for instream 


flow so that future generations will be able to explore and enjoy our state’s rivers 


and lakes like we do. Thank you.


-- 
Cassie Gavin, Director of Government Relations
Sierra Club - NC Chapter
cassie.gavin@sierraclub.org
19 W. Hargett Street, Suite 210
Raleigh, NC 27601


919.833.8467 x 104
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From: Kerri Allen
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CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Dear sir or madam,


On behalf of the North Carolina Coastal Federation, please accept the attached comments on
the North Carolina Environmental Management Commission proposed changes to North
Carolina’s surface water quality standards.


Thank you,


Kerri Allen, Coastal Advocate
309 W. Salisbury St.
Wrightsville Beach, NC 28480
(910) 509-2838 Office
(910) 619-8469 Cell
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By E-mail only          July 19, 2018 
 
N.C. Department of Environmental Quality  
15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov 
 



Re: 2018 Triennial Review of Clean Water Rules 
 
Dear Sir or Madam: 
 
On behalf of the North Carolina Coastal Federation (federation), please accept the following 
comments on the North Carolina Environmental Management Commission (EMC)’s proposed 
changes to North Carolina’s surface water quality standards (triennial review). For reasons 
presented in this letter, we urge the Department of Environmental Quality (DEQ) to take this 
opportunity to remove the supplemental “swamp water” classification of the part of the Lower 
Cape Fear River, comprised of a section of Index No.18-(71) from the upstream mouth of 
Toomers Creek to a line across the river between Lilliput Creek and Snows Cut and return it to 
its previous designation as “tidal salt water” (SC). 



 
The federation is a state based non-profit organization dedicated to protecting and enhancing 
coastal water quality and habitat. Our organization represents 16,000 supporters. For the past 36 
years, the federation has been taking an active role in the protection of North Carolina’s coastal 
water quality, habitat and public beach access. Since 1982, the federation has been working with 
coastal communities and other partners to improve and protect coastal water quality and natural 
habitats, which are intricately tied to our coastal economy. By focusing primarily, but not 
exclusively on natural and productive estuarine shorelines, oyster and marsh restoration, coastal 
management and cleaning the estuaries of marine debris, we strive to support and enhance the 
coastal natural environment. The proposed re-classification of the Lower Cape Fear River poses 
impacts that are not compatible with the federation’s priorities and efforts, and weakens existing 
legal protections and requirements for DEQ to address the existing water quality issues.  
 
The federation represents thousands of North Carolinians who drink, fish, swim, and paddle the 
state's waters, including the Cape Fear River. These users place a high value on the quality of 
North Carolina's water resources, and will be adversely affected by the lowering of regulatory 
protections that will result from these proposed changes to the surface water quality standards, 
and the subsequent further degradation of water quality in the Cape Fear River. Earlier this year, 
the federation adopted the Lower Cape Fear River Blueprint, which is a collaborate effort to 
focus on the river’s estuarine and riverine natural resources. Pressures from historic alterations, 
short-sighted development, unregulated industrial uses, conflicting water uses, and changes 
associated with climate alterations have affected drinking, surface and groundwater water 
supplies and quality, as well as ecosystem health. Through the unified approach outlined in the 
Lower Cape Fear River Blueprint, the federation aims to protect and restore the lower, coastal 
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Cape Fear River to maintain a healthy, productive, and resilient coast. The reclassification of the 
Lower Cape Fear River as a “swamp water” is in direct conflict of these strategies and 
inconsistent with long-term restoration efforts.  
 
North Carolina is required by the Clean Water Act (CWA) to review its water quality standards 
and classifications every three years (the triennial review), and to make any modifications 
necessary to protect the waters of the state. Because waterbody classifications are water quality 
standards, the regulation reclassifying the Lower Cape Fear River as a “swamp water” – 15A 
NCAC 02B .0311(t) – can be addressed as part of triennial review. 
 
The reclassification of the Lower Cape Fear River fails to provide the region’s endangered 
Atlantic sturgeon with the protections required under state and federal law. In its water quality 
rules, the EMC has acknowledged the importance of maintaining water quality conditions that 
sustain and recover federally-listed threatened and endangered aquatic animal species, and has 
required DEQ to develop site-specific management strategies for waters relied upon by imperiled 
aquatic species. On August 17, 2017, the National Marine Fisheries Service designated the 
Lower Cape Fear River as critical habitat for the endangered Carolina population of Atlantic 
sturgeon.1 In doing so, the agency emphasized the importance of dissolved oxygen to the species, 
noting that “[t]he physical features essential for the conservation of Atlantic sturgeon” include 
“[w]ater quality conditions … with … oxygen values that support … [l]arval, juvenile, and 
subadult growth, development, and recruitment.”2 According to the agency, while “[a]ppropriate 
temperature and oxygen values will vary interdependently, and depending on salinity in a 
particular habitat[,]” a concentration of “6.0 mg/L dissolved oxygen or greater likely supports 
juvenile rearing habitat, whereas dissolved oxygen less than 5.0 mg/L for longer than 30 days is 
less likely to support rearing when water temperature is greater than 25 °C.”3 
 
Because the reclassification of the Lower Cape Fear River as swamp water is designed to allow 
dissolved-oxygen levels in the river to drop below 5.0 mg/L, it fails to provide for the 
“[m]aintenance and recovery of the water quality conditions required to sustain and recover” the 
region’s Atlantic sturgeon population and therefore should be reversed.4 In addition, the segment 
of the Lower Cape Fear River in question has been designated as a Primary Nursery Area by the 
NC Division of Marine Fisheries.5 State law requires that nursery areas be maintained, as much 
as possible, in their natural state, allowing fish populations “to develop in a normal manner with 
as little interference from man as possible.”6 



 



                                                
1 Nat’l Marine Fisheries Serv., Final Rule, Designation of Critical Habitat for the Endangered New York 
Bight, Chesapeake Bay, Carolina and South Atlantic Distinct Population Segments of Atlantic Sturgeon 
and the Threatened Gulf of Maine Distinct Population Segment of Atlantic Sturgeon, 82 Fed. Reg. 39,160 
(Aug. 17, 2017).   
2 Id. at 39,239-40 (codified at 50 C.F.R. § 226.225(b)).   
3 Id.; see also Report of Proceedings at a-102 (U.S. FWS comments on reclassification proposal) (citing 
“references demonstrating adverse effects to fish early lifestages at DO concentrations less than the 
standard of 5 mg/L”).   
4 See 15A N.C. Admin. Code 02B .0110.   
5 See 15A N.C. Admin. Code 03R .0103.   
6 See 15A N.C. Admin. Code 10C .0501.   
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The EMC adopted the water quality management plan for this segment of the Lower Cape Fear 
River before the critical habitat designation.7 Taking this new information into account, to avoid 
violating both the Endangered Species Act and state law, we urge the Commission to abandon 
the “SC-SW” reclassification and return the Lower Cape Fear River to a “SC” classification. The 
triennial review provides a unique opportunity to reverse course on a decision that arbitrarily and 
unlawfully reclassifies the Lower Cape Fear River as “swamp water,” arbitrarily ignores the 
pollution caused by the region’s industrial livestock operations, fails to protect an endangered 
population of Atlantic Sturgeon, and violates the antidegradation requirements of state and 
federal law. 



 
Thank you for taking our comments under consideration. 



 
Sincerely, 
 



                 
 
Todd Miller           Kerri Allen 
Executive Director           Coastal Advocate 
 
 
 



	
	



                                                
7 See 15A NCAC 2B .0227(b)(2). 













From: Seidman, Laura
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] AF&PA Comments on the NCDEQ Rulemaking Action to Amend 15A NCAC 02B .0100-.0300:


Classifications & Standards For Protection Of Surface Waters
Date: Tuesday, July 31, 2018 1:42:04 PM
Attachments: AF&PA NC Comments on HHWQC.pdf


HDR Toxics Technology Report.pdf
NC Proposed Revisions to WQS.PDF
Prior criteria vs 2015 recommended HHWQC.XLSX


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Dear Ms. Brower,
 
Attached please find the American Forest & Paper Association (AF&PA) comments
and corresponding attachments regarding the NCDEQ Rulemaking Action to Amend
15A NCAC 02B .0100-.0300: Classifications & Standards For Protection Of Surface
Waters.
 
Thank you for your consideration.
 
Jerry Schwartz
Senior Director
Energy and Environmental Policy
Jerry_Schwartz@afandpa.org
(202) 463-2581
AMERICAN FOREST & PAPER ASSOCIATION
1101 K Street, N.W., Suite 700
Washington, D.C. 20005
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July 31, 2018 
 



(Via e-mail)  
 
Connie Brower 
North Carolina Department of Environmental Quality (NCDEQ) 
Division of Water Resources 
Water Planning Section 
1611 Mail Service Center, 
Raleigh, NC 27699-1611 
 



Re: Comments on NCDEQ Rulemaking Action to Amend 15A NCAC 02B 
.0100-.0300: Classifications & Standards For Protection Of Surface Waters 



 
Dear Ms. Brower: 
 
The American Forest & Paper Association (AF&PA) appreciates the opportunity to 
provide input to the NCDEQ during the triennial review of water quality standards. We 
fully support NCDEQ’s decision to defer the adoption of the EPA HHWQC 
recommendations until the next triennial review cycle. As detailed below, we request 
that NCDEQ take the opportunity before the next triennial review cycle to carefully 
review the EPA recommendations and develop human health water quality criteria that 
are achievable and applicable to North Carolina waters. The National Council for Air 
and Stream Improvement (NCASI) also is filing comments today that describe in detail 
several technical issues NCDEQ should consider, as well as tools that would support 
NCDEQ’s analysis. Those comments are incorporated by reference.   
 
North Carolina’s decision to defer the consideration of EPA’s HHWQC 
recommendations is in line with multiple other states. Both North Carolina and 
Minnesota, have delayed consideration until their 2020 triennial review process. And 
four additional states, Oregon, Indiana, Iowa, and Georgia are not considering making 
changes to HHWQC during their current triennial review process.  
 
AF&PA serves to advance a sustainable U.S. pulp, paper, packaging, and wood 
products manufacturing industry through fact-based public policy and marketplace 
advocacy. AF&PA member companies make products essential for everyday life from 
renewable and recyclable resources and are committed to continuous improvement 
through the industry’s sustainability initiative - Better Practices, Better Planet 2020. The 
forest products industry accounts for approximately 4 percent of the total U.S. 
manufacturing GDP, manufactures over $200 billion in products annually, and employs 
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approximately 900,000 men and women. The industry meets a payroll of approximately 
$50 billion annually and is among the top 10 manufacturing sector employers in 47 
states.  
  
AF&PA’s sustainability initiative - Better Practices, Better Planet 2020 - is the latest 
example of our members’ proactive commitment to the long-term success of our 
industry, our communities and our environment. We have long been responsible 
stewards of our planet’s resources. Our member companies have collectively made 
significant progress in each of the following goals, which comprise one of the most 
extensive quantifiable sets of sustainability goals for a U.S. manufacturing industry: 
increasing paper recovery for recycling; improving energy efficiency; reducing 
greenhouse gas emissions; promoting sustainable forestry practices; improving 
workplace safety; and reducing water use. AF&PA and several of our members have a 
direct interest in this rulemaking because those members’ facilities’ water permits could 
include limits based on the HHWQC that ultimately result from this rulemaking.   
 
I. DEQ Request for Input on the US EPA’s 2015 Human Health Water Quality 



Criteria (HHWQC) 
 



A. DEQ Should Not Adopt the Proposal’s Human Health Water Quality Criteria 
(“HHWQC”) Without Undertaking Analysis of its Economic and Other 
Impacts 



Under Section 304 of the Clean Water Act (CWA), states have the primary responsibility 
to develop water quality standards, including the water quality criteria that are one of the 
key components of those standards. This is consistent with the concept of “cooperative 
federalism,” that underlies the CWA, and the statute envisions a process by which 
states adopt water quality standards to address the water quality needs of its streams, 
lakes, and other water bodies. The EPA Administrator has stated that the agency will 
give states greater flexibility to implement their environmental programs in ways that 
makes sense for the states. 



 
With respect to HHWQC, EPA issues national recommended HHWQC pursuant to 
Section 304(a) of the CWA, and states use these as the starting point for developing the 
water quality criteria in their water quality standards. EPA regulations (40 C.F.R. § 
131.11(b)) are clear that states have three options when developing their criteria and 
submitting them to EPA for approval: 1) adopt the EPA national criteria; 2) modify the 
national criteria to reflect site-specific conditions; or, 3) develop other “scientifically 
defensible” criteria.   



 
Therefore, states are not required to adopt the national criteria or to use the identical 
default values that EPA included in the equations to derive those national criteria. The 
states’ criteria must protect the designated use and be based on “sound scientific 
rationale” (40 C.F.R. § 131.11(a)). This provides states the opportunity to work with key 
stakeholders and to undertake the analysis needed to appropriately adapt national 
criteria to the state. 
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B. The National HHWQC Are Not Necessarily Applicable to North Carolina 
Waters  



As noted above, states may revise the national HHWQC to reflect site-specific 
conditions. Two values in EPA’s HHWQC derivation equation in particular should be 
revised to reflect North Carolina waters. EPA’s national HHWQC include a 
bioaccumulation factor (BAF), instead of a Bioconcentration Factor (BCF). Both 
Washington and Florida declined to use BAFs when they adopted their own HHWQC, 
noting that EPA’s BAFs were developed based on a model tailored to Great Lakes 
waters, which EPA has consistently characterized as “unique.” Washington also 
declined to use the national default Relative Source Contribution (RSCs), citing state-
specific data of information justifying the departure from the default RSCs.    
 



C. The Permit Limits Resulting from Adoption of EPA’s National HHWQC Can 
be Extremely Expensive or Impossible to Comply With 



DEQ is considering the adoption of the national HHWQC EPA issued in 2015 during the 
next triennial review cycle. Development of the national HHWQC was controversial for a 
variety of reasons, including consideration of the costs that could be imposed by permit 
limits based on those criteria. First, many of the national HHWQC are more stringent 
than the previous national HHWQC, in some cases, many times more stringent. For 
example, as indicated in the attached spreadsheet, for the criteria that account for 
exposure to both drinking water and organisms, 65 are lower. Of those, 52 are more 
stringent by a factor of 2 or more, and 23 are more stringent by a factor of 10 or more.   



 
Second, a study conducted by HDR for industrial and municipal dischargers on 
proposed HHWQC for Washington State (attached) indicated that compliance costs for 
those dischargers could reach hundreds of millions of dollars or more, and that even 
with the expenditure of these funds for advanced treatment technologies, many of the 
criteria still could not be achieved. While some of the assumptions underlying the 
Washington criteria are different than EPA’s national HHWQC, certain of the 
conclusions of the HDR report may still be relevant to North Carolina dischargers. The 
HDR study also documented negative environmental impacts associated with 
implementing proposed HHWQC for Washington, including increased energy use 
resulting in increased greenhouse gas emissions, and increased solid waste generation. 



 
Finally, it is our understanding that only one state has adopted the national HHWQC as 
issued by EPA. Several states that are updating their HHWQC are considering 
undertaking analyses of many of the issues we raise in our comments and in those 
attached or referenced. 
 
II. NCDEQ Request for Input on US EPA 2016 Draft Human Health 



Recreational Criteria for Cyanotoxins  
The Division of Water Resources is considering the adoption of the 2016 Draft Human 
Health Recreational Criteria for Cyanotoxins. While EPA issued draft criteria for public 
comment, it has not yet issued final criteria, and it has not yet responded to the 
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significant technical issues raised in comments on the draft. We suggest that NCDEQ 
defer consideration of cyanotoxin criteria until a subsequent triennial review that 
provides the agency with sufficient time to fully consider EPA’s final criteria.   
 
III. NCDEQ Adoption of a Biological Confirmation Approach for Certain Metals 
The North Carolina Environmental Management Commission (EMC) had previously 
adopted a biological confirmation approach that allowed for careful consideration of 
aquatic life biological integrity when certain metals criteria were exceeded. That 
approach was rejected by EPA in 2016, and NCDEQ now is proposing to strike the 
relevant provision (15A NCAC 02B .0211 (11)(f)) from the rule. AF&PA supports the 
approach that the EMC had approved and urges NCDEQ to retain it in its rules.  
 
Pursuant to the approach, an “instream exceedance of the numeric criterion for metals 
shall not be considered to have caused an adverse impact to the instream aquatic 
community without biological confirmation and a comparison of all available monitoring 
data and applicable water quality standards.” The rule states that this weight of 
evidence approach “shall take into account data quality and the overall confidence in 
how representative the sampling is of conditions in the waterbody segment before an 
assessment of aquatic life use attainment, or non-attainment, shall be made by the 
Division.” 
 
EPA rejected the approach pursuant to its policy of “independent applicability” which 
states that there are three types of information to consider in water quality standards 
(and permitting programs):  chemical-specific information, toxicity testing data, and 
biological assessments. If any one of the three types of data indicate that there is an 
impairment (or that a permit limit is needed), then those data are given priority, and the 
agency must act on that basis, regardless of whether the other two types of data show 
the same conclusion. We do not support this policy for a number of reasons, including 
that use of a weight-of-evidence approach would encourage collection of reliable water 
quality information and the independent application policy does not consider the full 
array of available data in a scientifically sound manner.   
 
EPA has expressed concerns in the past about the reliability of biological assessments 
and their ability to detect impairments. But states have gained significant experience 
with these assessments, and better understand their strengths and weaknesses.  
Moreover, the rule requires that “[t]his weight of evidence evaluation shall take into 
account data quality and the overall confidence in how representative the sampling is of 
conditions in the waterbody segment before an assessment of aquatic life use 
attainment, or non-attainment, shall be made by the Division.” Therefore, the state must 
evaluate the integrity of the biological assessment that is used for a water segment 
before the water can be deemed in compliance based on the assessment.   
 
Finally, there is no legal reason that states must adhere to EPA’s policy, especially 
considering its scientific limitations and the safeguards included in the rule for use of a 
weight of evidence approach. We support the state retaining the provision, and believe 
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that EPA should approve it, based on this Administration’s adoption of Cooperative 
Federalism as the basis for the EPA’s relationships with the states.  
 
 
IV. NCDEQ Request for Input on Contaminants of Emerging Concerns (CECs)  
The Division of Water Resources has requested comments on how best to handle 
Contaminants of Concern (CECs) in various water compartments including surface 
water, drinking water, stormwater and wastewater. Further, they have named broad 
chemical classes in this request. Simply stated, the capabilities required to achieve the 
goal of acquiring concentration data for a variety of non-associated chemicals is not 
trivial. Consequently, we would encourage the Division to not embark into this area. The 
basic requirements needed to evaluate CECs would include: 1) advanced 
instrumentation, 2) proper analytical techniques and 3) scientists trained to be 
competent with the instrumentation and methods required. The costs of such a program 
to be performed at the state level would be prohibitive. 



 
For example, in the case of perfluoroalkyl substances (PFAS) the concentration 
detection limit requirements would be expected in the low parts per trillion range. Thus, 
an obstacle to studying concentrations in water matrices is the difficulty in measuring 
PFAS by routine conventional analytical techniques such as gas chromatography/mass 
spectrometry (GC/MS) or liquid chromatography/ultra violet (LC/UV). Many PFAS are 
not expected to be detectable by these conventional methods, certainly not at these low 
levels. Sufficiently high sensitivity to achieve this goal may require analytical 
instrumentation such as coupling on-line solid phase extraction to ultra-high 
performance liquid chromatography coupled with hybrid quadrupole time-of-flight mass 
spectrometry (UHPLC-QTOF-MS). While this technique could be useful for detecting 
and identifying not only priority known CECs but -other unknown contaminants, such 
instrumentation is rare outside of specialized research laboratories. Further as stated 
above, use of this technique would result in significant resource impacts on the Division.   



 
V. Conclusion  
We appreciate that at this time NCDEQ is not considering the adoption of the EPA 
HHWQC recommendations. We request that NCEQ take the opportunity before the next 
triennial review cycle to review the EPA recommendations and develop scientifically 
defensible criteria that are achievable and applicable to North Carolina waters. In 
particular, NCDEQ should undertake analyses to determine the potential technologies 
needed, and associated costs to North Carolina dischargers, of achieving any HHWQC 
it adopts. Similarly, NCDEQ should carefully consider EPA’s final cyanotoxin criteria.  
We also urge NCDEQ to retain the biological confirmation approach in its current 
regulations, and not to create a program to evaluate CECs given the cost prohibitive 
nature of such a program. If North Carolina pursues such a program, the state will be 
economically uncompetitive compared to neighboring states and create an anti-
business environment. 
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Thank you for the opportunity to provide our input. If you have any questions, 
please contact me at (202) 463-2581 or jerry_schwartz@afandpa.org. 
 
 



Sincerely, 



 
Jerry Schwartz 
Senior Director 
Energy and Environmental Policy 



 
Attachments 





mailto:jerry_schwartz@afandpa.org










 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Treatment Technology  
Review and Assessment 



 
Association of Washington Business 



Association of Washington Cities 
Washington State Association of Counties 



 



December 4, 2013 
 
 
 
 



 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 



500 108th Avenue NE 
Suite 1200 
Bellevue, WA  98004-5549 
(425) 450-6200 



 
  











 



 



 



 











  



Association of Washington Business i 
Treatment Technology Review and Assessment  213512 



Table of Contents 
Executive Summary .............................................................................................................. ES-1 



1.0 Introduction ....................................................................................................................... 1 



2.0 Derivation of the Baseline Study Conditions and Rationale for Selection of Effluent 
Limitations......................................................................................................................... 3 



2.1 Summary of Water Quality Criteria ........................................................................... 3 
2.2 Background .............................................................................................................. 3 
2.3 Assumptions Supporting Selected Ambient Water Quality Criteria and Effluent 



Limitations ................................................................................................................ 4 



3.0 Wastewater Characterization Description ...................................................................... 9 



3.1 Summary of Wastewater Characterization ............................................................... 9 
3.2 Existing Wastewater Treatment Facility ................................................................... 9 
3.3 Toxic Constituents .................................................................................................. 10 



4.0 Treatment Approaches and Costs ................................................................................ 11 



4.1 Summary of Treatment Approach and Costs ......................................................... 11 
4.2 Constituent Removal – Literature Review .............................................................. 11 



4.2.1 Polychlorinated Biphenyls .......................................................................... 11 
4.2.2 Mercury ....................................................................................................... 12 
4.2.3 Arsenic ........................................................................................................ 14 
4.2.1 Polycyclic Aromatic Hydrocarbons ............................................................. 17 



4.3 Unit Processes Evaluated ...................................................................................... 18 
4.4 Unit Processes Selected ........................................................................................ 21 



4.4.1 Baseline Treatment Process ...................................................................... 22 
4.4.2 Advanced Treatment – MF/RO Alternative ................................................. 25 
4.4.3 Advanced Treatment – MF/GAC Alternative .............................................. 29 



4.5 Steady-State Mass Balance ................................................................................... 33 
4.6 Adverse Environmental Impacts Associated with Advanced Treatment 



Technologies .......................................................................................................... 34 
4.7 Costs ...................................................................................................................... 36 



4.7.1 Approach .................................................................................................... 36 
4.7.2 Unit Cost Values ......................................................................................... 37 
4.7.3 Net Present Value of Total Project Costs and Operations and Maintenance 



Cost in 2013 Dollars ................................................................................... 38 
4.7.4 Unit Cost Assessment ................................................................................ 39 



4.8 Pollutant Mass Removal ......................................................................................... 44 
4.9 Sensitivity Analysis ................................................................................................. 45 



5.0 Summary and Conclusions ........................................................................................... 46 



6.0 References ...................................................................................................................... 48 



7.0 Appendices ..................................................................................................................... 52 



 



  











 



ii   Association of Washington Business 
213512 Treatment Technology Review and Assessment 



List of Tables 



Table 1: Summary of Effluent Discharge Toxics Limits ................................................................ 7 
Table 2. General Wastewater Treatment Facility Characteristics ................................................. 9 
Table 3: Summary of Arsenic Removal Technologies1 ............................................................... 14 
Table 4. Contaminants Removal Breakdown by Unit Process ................................................... 21 
Table 5. Unit Processes Description for Each Alternative .......................................................... 23 
Table 6. Brine Disposal Method Relative Cost Comparison ....................................................... 27 
Table 7. Energy Breakdown for Each Alternative (5 mgd design flow) ....................................... 35 
Table 8. Economic Evaluation Variables .................................................................................... 37 
Table 9. Treatment Technology Total Project Costs in 2013 Dollars for a 5 mgd Facility .......... 38 
Table 10. Treatment Technology Total Project Costs in 2013 Dollars for a 0.5 mgd Facility and a 
25 mgd Facility ............................................................................................................................ 42 
Table 11. Pollutant Mass Removal by Contaminant for a 5 mgd Facility .................................... 44 
Table 12. Unit Cost by Contaminant for a 5 mgd Facility Implementing Advanced Treatment 
using MF/RO ............................................................................................................................... 45 
 



List of Figures 



Figure 1. Water Treatment Configuration for Arsenic Removal (WesTech) ................................ 15 
Figure 2. WesTech Pressure Filters for Arsenic Removal .......................................................... 16 
Figure 3. Baseline Flowsheet – Conventional Secondary Treatment ......................................... 24 
Figure 4. Advanced Treatment Flowsheet – Tertiary Microfiltration and Reverse Osmosis ....... 28 
Figure 5. Advanced Treatment Flowsheet – Tertiary Microfiltration and Granular Activated 
Carbon ........................................................................................................................................ 32 
Figure 6. Primary Clarifier Inputs/Outputs ................................................................................... 33 
Figure 7. Greenhouse Gas Emissions for Each Alternative ........................................................ 36 
Figure 8: Capital Cost Curve Comparison for Baseline Treatment, MF/RO, and MF/GAC ........ 43 
Figure 9: NPV Cost Curve Comparison for Baseline Treatment, MF/RO, and MF/GAC ............ 43 
 



List of Appendices 



Appendix A - Unit Process Sizing Criteria 
Appendix B - Greenhouse Gas Emissions Calculation Assumptions  



  











  



Association of Washington Business iii 
Treatment Technology Review and Assessment  213512 



Acronyms 
Acronym Definition 
AACE Association for the Advancement of Cost Engineering 
AOP advanced oxidation processes 
AWB Association of Washington Businesses 
BAC biological activated carbon 
BAP benzo(a)pyrene 
BOD biochemical oxygen demand 
BTU British thermal unit 
CEPT Chemically-enhanced primary treatment 
cf cubic feet 
CIP clean in place 
CRITFC Columbia River Inter-Tribal Fish Commission 
Ecology Washington Department of Ecology 
EPA U.S. Environmental Protection Agency 
FCR fish consumption rate 
g/day grams per day 
GAC granular activated carbon 
gal gallon 
gfd gallons per square foot per day 
GHG greenhouse gas 
gpd gallons per day 
gpm gallons per minute 
GWh giga watt hours 
HDR HDR Engineering, Inc. 
HHWQC human health water quality criteria 
HRT hydraulic residence time 
IPCC Intergovernmental Panel on Climate Change 
kg kilogram 
KWh/MG kilowatt-hours per million gallons 
lb pound 
MBR membrane bioreactor 
MCL maximum contaminant level 
MF microfiltration 
mgd million gallons per day 
mg/L milligrams per liter 
MMBTU million British thermal units 
MWh/d megawatt-hours per day 
NF nanofiltration 
ng/L nanograms per liter 
NPDES National Pollutant Discharge Elimination System 
NPV net present value 
O&M operations and maintenance 
ODEQ Oregon Department of Environmental Quality 
PAC powdered activated carbon 
PAH polycyclic aromatic hydrocarbons 
PCB polychlorinated biphenyls 
PE population equivalents 
PIX potable ion exchange 











 



iv   Association of Washington Business 
213512 Treatment Technology Review and Assessment 



Acronym Definition 
ppm parts per million 
RO reverse osmosis 
SDWA Safe Drinking Water Act 
sf square feet 
SGSP salinity gradient solar pond 
SRT solids retention time 
Study Partners Association of Washington Businesses/Association of Washington Cities and 



Washington State Association of Counties consortium 
TDS total dissolved solids 
TMDL total maximum daily load 
TSS total suspended solids 
UF ultrafiltration 
µg/L micrograms per liter 
USDA U.S. Department of Agriculture  
UV ultraviolet 
WAC Washington Administrative Code 
WAS waste activated sludge 
WLA waste load allocation 
WWTP wastewater treatment plant 
ZLD zero liquid discharge 
 
 











  



Association of Washington Business   ES-1 
Treatment Technology Review and Assessment  213512 



Executive Summary 
This study evaluated treatment technologies potentially capable of meeting the State of 
Washington Department of Ecology’s (Ecology) revised effluent discharge limits associated with 
revised human health water quality criteria (HHWQC). HDR Engineering, Inc. (HDR) completed 
a literature review of potential technologies and an engineering review of their capabilities to 
evaluate and screen treatment methods for meeting revised effluent limits for four constituents 
of concern: arsenic, benzo(a)pyrene (BAP), mercury, and polychlorinated biphenyls (PCBs). 
HDR selected two alternatives to compare against an assumed existing baseline secondary 
treatment system utilized by dischargers. These two alternatives included enhanced secondary 
treatment with membrane filtration/reverse osmosis (MF/RO) and enhanced secondary 
treatment with membrane filtration/granulated activated carbon (MF/GAC). HDR developed 
capital costs, operating costs, and a net present value (NPV) for each alternative, including the 
incremental cost to implement improvements for an existing secondary treatment facility.   



Currently, there are no known facilities that treat to the HHWQC and anticipated effluent limits 
that are under consideration. Based on the literary review, research, and bench studies, the 
following conclusions can be made from this study: 



 Revised HHWQC based on state of Oregon HHWQC (2001) and U.S. Environmental 
Protection Agency (EPA) “National Recommended Water Quality Criteria” will result in 
very low water quality criteria for toxic constituents. 



 There are limited “proven” technologies available for dischargers to meet required 
effluent quality limits that would be derived from revised HHWQC. 



o Current secondary wastewater treatment facilities provide high degrees of removal 
for toxic constituents; however, they are not capable of compliance with water 
quality-based National Pollutant Discharge Elimination System (NPDES) permit 
effluent limits derived from the revised HHWQC. 



o Advanced treatment technologies have been investigated and candidate process 
trains have been conceptualized for toxics removal. 



 Advanced wastewater treatment technologies may enhance toxics removal rates; 
however, they will not be capable of compliance with HHWQC-based effluent 
limits for PCBs. The lowest levels achieved based on the literature review were 
between <0.00001 and 0.00004 micrograms per liter (µg/L), as compared to a 
HHWQC of 0.0000064 µg/L. 



 Based on very limited performance data for arsenic and mercury from advanced 
treatment information available in the technical literature, compliance with revised 
criteria may or may not be possible, depending upon site specific circumstances.  



 Compliance with a HHWQC for arsenic of 0.018 µg/L appears unlikely. Most 
treatment technology performance information available in the literature is 
based on drinking water treatment applications targeting a much higher Safe 
Drinking Water Act (SDWA) maximum contaminant level (MCL) of 10 µg/L. 



 Compliance with a HHWQC for mercury of 0.005 µg/L appears to be 
potentially attainable on an average basis, but perhaps not if effluent limits 
are structured on a maximum monthly, maximum weekly or maximum daily 
basis. Some secondary treatment facilities attain average effluent mercury 
levels of 0.009 to 0.066 µg/L. Some treatment facilities with effluent filters 
attain average effluent mercury levels of 0.002 to 0.010 µg/L. Additional 
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advanced treatment processes are expected to enhance these removal rates, 
but little mercury performance data is available for a definitive assessment. 



 Little information is available to assess the potential for advanced technologies to 
comply with revised BAP criteria. A municipal wastewater treatment plant study 
reported both influent and effluent BAP concentrations less than the HHWQC of 
0.0013 ug/L (Ecology, 2010). 



o Some technologies may be effective at treating identified constituents of concern to 
meet revised limits while others may not. It is therefore even more challenging to 
identify a technology that can meet all constituent limits simultaneously. 



o A HHWQC that is one order-of-magnitude less stringent could likely be met for 
mercury and BAP; however, it appears PCB and arsenic limits would not be met. 



 Advanced treatment processes incur significant capital and operating costs. 



o Advanced treatment process to remove additional arsenic, BAP, mercury, and PCBs 
would combine enhancements to secondary treatment with microfiltration 
membranes and reverse osmosis or granular activated carbon and increase the 
estimated capital cost of treatment from $17 to $29 in dollars per gallon per day of 
capacity (based on a 5.0-million-gallon-per-day (mgd) facility). 



o The annual operation and maintenance costs for the advanced treatment process 
train will be substantially higher (approximately $5 million - $15 million increase for a 
5.0 mgd capacity facility) than the current secondary treatment level. 



 Implementation of additional treatment will result in additional collateral impacts. 



o High energy consumption. 
o Increased greenhouse gas emissions. 
o Increase in solids production from chemical addition to the primaries. Additionally, 



the membrane and GAC facilities will capture more solids that require handling. 
o Increased physical space requirements at treatment plant sites for advanced 



treatment facilities and residuals management including reverse osmosis reject brine 
processing. 



 It appears advanced treatment technology alone cannot meet all revised water quality 
limits and implementation tools are necessary for discharger compliance. 



o Implementation flexibility will be necessary to reconcile the difference between the 
capabilities of treatment processes and the potential for HHWQC driven water quality 
based effluent limits to be lower than attainable with technology 



Table ES-1 indicates that the unit NPV cost for baseline conventional secondary treatment 
ranges from $13 to $28 per gallon per day of treatment capacity. The unit cost for the advanced 
treatment alternatives increases the range from the low $20s to upper $70s on a per gallon per-
day of treatment capacity. The resulting unit cost for improving from secondary treatment to 
advanced treatment ranges between $15 and $50 per gallon per day of treatment capacity.  Unit 
costs were also evaluated for both a 0.5 and 25 mgd facility. The range of unit costs for 
improving a 0.5 mgd from secondary to advanced treatment is $60 to $162 per gallon per day of 
treatment capacity. The range of unit costs for improving a 25 mgd from secondary to advanced 
treatment is $10 to $35 per gallon per day of treatment capacity. 
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Table ES-1. Treatment Technology Costs in 2013 Dollars for a 5-mgd Facility 



Alternative 
Total Construction 
Cost, 2013 dollars 



($ Million) 



O&M Net Present 
Value, 2013 dollars 



($ Million)*** 



Total Net Present 
Value, 2013 



dollars ($ Million) 



NPV Unit 
Cost, 2013 



dollars ($/gpd) 



Baseline (Conventional 
Secondary Treatment)* 



59 - 127 5 - 11 65 - 138 13 - 28 



Incremental Increase to 
Advanced Treatment - 
MF/RO 



48 - 104 26 - 56 75 - 160 15 - 32 



Advanced Treatment - 
MF/RO**  



108 - 231 31 - 67 139 - 298 28 - 60 



Incremental Increase to 
Advanced Treatment - 
MF/GAC 



71 - 153 45 - 97 117 - 250 23 - 50 



Advanced Treatment - 
MF/GAC  



131 - 280 50 - 108 181 - 388 36 - 78 



* Assumed existing treatment for dischargers. The additional cost to increase the SRT to upwards of 30-days is about $12 - 
20 million additional dollars in total project cost for a 5 mgd design flow. 



**  Assumes zero liquid discharge for RO brine management, followed by evaporation ponds. Other options are available as 
listed in Section 4.4.2. 



*** Does not include the cost for labor. 



mgd=million gallons per day 
MG=million gallons 
MF/RO=membrane filtration/reverse osmosis 
MF/GAC=membrane filtration/granulated activated carbon 
O&M=operations and maintenance 
Net Present Value = total financed cost assuming a 5% nominal discount rate over an assumed 25 year equipment life.



Costs presented above are based on a treatment capacity of 5.0 mgd, however, existing 
treatment facilities range dramatically across Washington in size and flow treated. The key 
differences in cost between the baseline and the advanced treatment MF/RO are as follows: 



 Larger aeration basins than the baseline to account for the longer SRT (>8 days versus 
<8 days). 



 Additional pumping stations to pass water through the membrane facilities and 
granulated activated carbon facilities. These are based on peak flows. 



 Membrane facilities (equipment, tanks chemical feed facilities, pumping, etc.) and 
replacement membrane equipment. 



 Granulated activated carbon facilities (equipment, contact tanks, pumping, granulated 
activated carbon media, etc.) 



 Additional energy and chemical demand to operate the membrane and granulated 
activated carbon facilities 



 Additional energy to feed and backwash the granulated activated carbon facilities. 



 Zero liquid discharge facilities to further concentrate the brine reject. 



o Zero liquid discharge facilities are energy/chemically intensive and they require 
membrane replacement every few years due to the brine reject water quality. 



 Membrane and granulated activated carbon media replacement represent a significant 
maintenance cost. 
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 Additional hauling and fees to regenerate granulated activated carbon off-site. 



The mass of pollutant removal by implementing advanced treatment was calculated based on 
reducing current secondary effluent discharges to revised effluent limits for the four pollutants of 
concern. These results are provided in Table ES-2 as well as a median estimated unit cost 
basis for the mass of pollutants removed. 



Table ES-2. Unit Cost by Contaminant for a 5-mgd Facility Implementing Advanced Treatment 
using Membrane Filtration/Reverse Osmosis 



Component PCBs Mercury Arsenic BAPs 



Required HHWQC based Effluent 
Quality (µg/L) 



0.0000064 0.005 0.018 0.0013 



Current Secondary Effluent 
Concentration (µg/L) 



0.002 0.025 7.5 0.006 



Total Mass Removed (lbs) over 
25 year Period  



0.76 7.6 2,800 1.8 



Median Estimated Unit Cost (NPV 
per total mass removed in pounds 
over 25 years) 



$290,000,000 $29,000,000 $77,000 $120,000,000 



µg/L=micrograms per liter 
lbs=pounds 
NPV=net present value  



Collateral adverse environmental impacts associated with implementing advanced treatment 
were evaluated. The key impacts from this evaluation include increased energy use, 
greenhouse gas production, land requirements and treatment residuals disposal. Operation of 
advanced treatment technologies could increase electrical energy by a factor of 2.3 to 4.1 over 
the baseline secondary treatment system. Direct and indirect greenhouse gas emission 
increases are related to the operation of advanced treatment technologies and electrical power 
sourcing, with increases of at least 50 to 100 percent above the baseline technology. The 
energy and air emission implications of advanced treatment employing granulated activated 
carbon construction of advanced treatment facilities will require additional land area. The 
availability and cost of land adjacent to existing treatment facilities has not been included in cost 
estimates, but could be very substantial. It is worthwhile noting residual materials from treatment 
may potentially be hazardous and their disposal may be challenging to permit.  Costs assume 
zero liquid discharge from the facilities.  
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1.0 Introduction 
Washington’s Department of Ecology (Ecology) has an obligation to periodically review 
waterbody “designated uses” and to modify, as appropriate, water quality standards to ensure 
those uses are protected. Ecology initiated this regulatory process in 2009 for the human health-
based water quality criteria (HHWQC) in Washington’s Surface Water Quality Standards 
(Washington Administrative Code [WAC] 173-201A). HHWQC are also commonly referred to as 
“toxic pollutant water quality standards.” Numerous factors will influence Ecology’s development 
of HHWQC. The expectation is that the adopted HHWQC will be more stringent than current 
adopted criteria. National Pollutant Discharge Elimination System (NPDES) effluent limits for 
permitted dischargers to surface waters are based on U.S. Environmental Protection Agency 
(EPA) and state guidance. Effluent limits are determined primarily from reasonable potential 
analyses and waste load allocations (WLAs) from total maximum daily loads (TMDLs), although 
the permit writer may use other water quality data. Water quality-based effluent limits are set to 
be protective of factors, including human health, aquatic uses, and recreational uses. Therefore, 
HHWQC can serve as a basis for effluent limits. The presumption is that more stringent 
HHWQC will, in time, drive lower effluent limits. The lower effluent limits will require advanced 
treatment technologies and will have a consequent financial impact on NPDES permittees. 
Ecology anticipates that a proposed revision to the water quality standards regulation will be 
issued in first quarter 2014, with adoption in late 2014. 



The Association of Washington Businesses (AWB) is recognized as the state’s chamber of 
commerce, manufacturing and technology association. AWB members, along with the 
Association of Washington Cities and Washington State Association of Counties (collectively 
referred to as Study Partners), hold NPDES permits authorizing wastewater discharges. The 
prospect of more stringent HHWQC, and the resulting needs for advanced treatment 
technologies to achieve lower effluent discharge limits, has led this consortium to sponsor a 
study to assess technology availability and capability, capital and operations and maintenance 
(O&M) costs, pollutant removal effectiveness, and collateral environmental impacts of candidate 
technologies.  



The “base case” for the study began with the identification of four nearly ubiquitous toxic 
pollutants present in many industrial and municipal wastewater discharges, and the specification 
of pollutant concentrations in well-treated secondary effluent. The pollutants are arsenic, 
benzo(a)pyrene (BAP), mercury and polychlorinated biphenyls (PCBs), which were selected for 
review based on available monitoring data and abundant presence in the environment. The 
purpose of this study is to review the potential water quality standards and associated treatment 
technologies able to meet those standards for four pollutants.  



A general wastewater treatment process and wastewater characteristics were used as the 
common baseline for comparison with all of the potential future treatment technologies 
considered. An existing secondary treatment process with disinfection at a flow of 5 million 
gallons per day (mgd) was used to represent existing conditions. Typical effluent biochemical 
oxygen demand (BOD) and total suspended solids (TSS) were assumed between 10 and 30 
milligrams per liter (mg/L) for such a facility and no designed nutrient or toxics removal was 
assumed for the baseline existing treatment process. 



Following a literature review of technologies, two advanced treatment process options for toxics 
removal were selected for further evaluation based on the characterization of removal 
effectiveness from the technical literature review and Study Partners’ preferences. The two 
tertiary treatment options are microfiltration membrane filtration (MF) followed by either reverse 
osmosis (RO) or granular activated carbon (GAC) as an addition to an existing secondary 
treatment facility.  
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The advanced treatment technologies are evaluated for their efficacy and cost to achieve the 
effluent limitations implied by the more stringent HHWQC. Various sensitivities are examined, 
including for less stringent adopted HHWQC, and for a size range of treatment systems. 
Collateral environmental impacts associated with the operation of advanced technologies are 
also qualitatively described. 
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2.0 Derivation of the Baseline Study Conditions and 
Rationale for Selection of Effluent Limitations  



2.1 Summary of Water Quality Criteria  
Surface water quality standards for toxics in the State of Washington are being updated based 
on revised human fish consumption rates (FCRs). The revised water quality standards could 
drive very low effluent limitations for industrial and municipal wastewater dischargers. Four 
pollutants were selected for study based on available monitoring data and abundant presence in 
the environment. The four toxic constituents are arsenic, BAP, mercury, and PCBs. 



2.2 Background 
Ecology is in the process of updating the HHWQC in the state water quality standards 
regulation. Toxics include metals, pesticides, and organic compounds. The human health 
criteria for toxics are intended to protect people who consume water, fish, and shellfish. FCRs 
are an important factor in the derivation of water quality criteria for toxics.  



The AWB/City/County consortium (hereafter “Study Partners”) has selected four pollutants for 
which more stringent HHWQC are expected to be promulgated. The Study Partners recognize 
that Ecology probably will not adopt more stringent arsenic HHWQC so the evaluation here is 
based on the current arsenic HHWQC imposed by the National Toxics Rule. Available 
monitoring information indicates these pollutants are ubiquitous in the environment and are 
expected to be present in many NPDES discharges. The four pollutants include the following: 



 Arsenic 
o Elemental metalloid that occurs naturally and enters the environment through erosion 



processes. Also widely used in batteries, pesticides, wood preservatives, and 
semiconductors. Other current uses and legacy sources in fungicides/herbicides, 
copper smelting, paints/dyes, and personal care products.  



 Benzo(a)pyrene (BAP) 
o Benzo(a)pyrene is a polycyclic aromatic hydrocarbon formed by a benzene ring 



fused to pyrene as the result of incomplete combustion. Its metabolites are highly 
carcinogenic. Sources include wood burning, coal tar, automobile exhaust, cigarette 
smoke, and char-broiled food. 



 Mercury  
o Naturally occurring element with wide legacy uses in thermometers, electrical 



switches, fluorescent lamps, and dental amalgam. Also enters the environment 
through erosion processes, combustion (especially coal), and legacy 
industrial/commercial uses. Methylmercury is an organometallic that is a 
bioaccumulative toxic. In aquatic systems, an anaerobic methylation process 
converts inorganic mercury to methylmercury. 



 Polychlorinated Biphenyls (PCBs) 
o Persistent organic compounds historically used as a dielectric and coolant in 



electrical equipment and banned from production in the U.S. in 1979.  Available 
information indicates continued pollutant loadings to the environment as a byproduct 
from the use of some pigments, paints, caulking, motor oil, and coal combustion. 
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2.3 Assumptions Supporting Selected Ambient Water Quality 
Criteria and Effluent Limitations 



Clean Water Act regulations require NPDES permittees to demonstrate their discharge will “not 
cause or contribute to a violation of water quality criteria.” If a “reasonable potential analysis” 
reveals the possibility of a standards violation, the permitting authority is obliged to develop 
“water quality-based effluent limits” to ensure standards achievement. In addition, if ambient 
water quality monitoring or fish tissue assessments reveal toxic pollutant concentrations above 
HHWQC levels, Ecology is required to identify that impairment (“303(d) listing”) and develop 
corrective action plans to force reduction in the toxic pollutant discharge or loading of the 
pollutant into the impaired water body segment. These plans, referred to as total maximum daily 
loads (TMDLs) or water cleanup plans, establish discharge allocations and are implemented for 
point discharge sources through NPDES permit effluent limits and other conditions.  



The effect of more stringent HHWQC will intuitively result in more NPDES permittees “causing 
or contributing” to a water quality standards exceedance, and/or more waterbodies being 
determined to be impaired, thus requiring 303(d) listing, the development of TMDL/water 
cleanup plans, and more stringent effluent limitations to NPDES permittees whose treated 
wastewater contains the listed toxic pollutant. 



The study design necessarily required certain assumptions to create a “baseline effluent 
scenario” against which the evaluation of advanced treatment technologies could occur. The 
Study Partners and HDR Engineering, Inc (HDR) developed the scenario. Details of the 
baseline effluent scenario are presented in Table 1. The essential assumptions and rationale for 
selection are presented below: 



 Ecology has indicated proposed HHWQC revisions will be provided in first quarter 2014. 
A Study Partners objective was to gain an early view on the treatment technology and 
cost implications. Ecology typically allows 30 or 45 days for the submission of public 
comments on proposed regulations. To wait for the proposed HHWQC revisions would 
not allow sufficient time to complete a timely technology/cost evaluation and then to 
share the study results in the timeframe allowed for public involvement/public comments. 



 Coincident with the issuance of the proposed regulation, Ecology has a statutory 
obligation to provide a Significant Legislative Rule evaluation, one element of which is a 
“determination whether the probable benefits of the rule are greater than its probable 
costs, taking into account both the qualitative and quantitative benefits and costs and the 
specific directives of the statute being implemented” (RCW 34.05.328(1)(d)). A statutory 
requirement also exists to assess the impact of the proposed regulation to small 
businesses. The implication is that Ecology will be conducting these economic 
evaluations in fourth quarter 2013 and early 2014. The Study Partners wanted to have a 
completed technology/cost study available to share with Ecology for their significant 
legislative rule/small business evaluations. 



 The EPA, Indian tribes located in Washington, and various special interest groups have 
promoted the recently promulgated state of Oregon HHWQC (2011) as the “model” for 
Washington’s revisions of HHWQC. The Oregon HHWQC are generally based on a 
increased FCR of 175 grams per day (g/day) and an excess cancer risk of 10-6. While 
the Study Partners do not concede the wisdom or appropriateness of the Oregon 
criteria, or the selection of scientific/technical elements used to derive those criteria, the 
Study Partners nevertheless have selected the Oregon HHWQC as a viable “starting 
point” upon which this study could be based.   
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 The scenario assumes generally that Oregon’s HHWQC for ambient waters will, for 
some parameters in fact, become effluent limitations for Washington NPDES permittees. 
The reasoning for this important assumption includes: 



o The state of Washington’s NPDES permitting program is bound by the Friends of 
Pinto Creek vs. EPA decision in the United States Court of Appeals for the Ninth 
Circuit (October 4, 2007). This decision held that no NPDES permits authorizing new 
or expanded discharges of a pollutant into a waterbody identified as impaired; i.e., 
listed on CWA section 303(d), for that pollutant, may be issued until such time as 
“existing dischargers” into the waterbody are “subject to compliance schedules 
designed to bring the (waterbody) into compliance with applicable water quality 
standards.” In essence, any new/expanded discharge of a pollutant causing 
impairment must achieve the HHWQC at the point of discharge into the waterbody.  



o If a waterbody segment is identified as “impaired” (i.e., not achieving a HHWQC), 
then Ecology will eventually need to produce a TMDL or water cleanup plan. For an 
existing NPDES permittee with a discharge of the pollutant for which the receiving 
water is impaired, the logical assumption is that any waste load allocation granted to 
the discharger will be at or lower than the numeric HHWQC (to facilitate recovery of 
the waterbody to HHWQC attainment). As a practical matter, this equates to an 
effluent limit established at the HHWQC.  



o Acceptance of Oregon HHWQC as the baseline for technology/cost review also 
means acceptance of practical implementation tools used by Oregon. The HHWQC 
for mercury is presented as a fish tissue methyl mercury concentration. For the 
purposes of NPDES permitting, however, Oregon has developed an implementation 
management directive which states that any confirmed detection of mercury is 
considered to represent a “reasonable potential” to cause or contribute to a water 
quality standards violation of the methyl mercury criteria. The minimum quantification 
level for total mercury is presented as 0.005 micrograms per liter (µg/L) (5.0 
nanograms per liter (ng/L)).   



o The assumed effluent limit for arsenic is taken from EPA’s National Recommended 
Water Quality Criteria (2012) (inorganic, water and organisms, 10-6 excess cancer 
risk). Oregon’s 2011 criterion is actually based on a less protective excess cancer 
risk (10-4). This, however, is the result of a state-specific risk management choice 
and it is unclear if Washington’s Department of Ecology would mimic the Oregon 
approach. 



o The assumption is that no mixing zone is granted such that HHWQC will effectively 
serve as NPDES permit effluent limits. Prior discussion on the impact of the Pinto 
Creek decision, 303(d) impairment and TMDL Waste Load Allocations processes, all 
lend support to this “no mixing zone” condition for the parameters evaluated in this 
study. 



 Consistent with Ecology practice in the evaluation of proposed regulations, the HHWQC 
are assumed to be in effect for a 20-year period. It is assumed that analytical 
measurement technology and capability will continue to improve over this time frame 
and this will result in the detection and lower quantification of additional HHWQC in 
ambient water and NPDES dischargers. This knowledge will trigger the Pinto 
Creek/303(d)/TMDL issues identified above and tend to pressure NPDES permittees to 
evaluate and install advanced treatment technologies. The costs and efficacy of 
treatment for these additional HHWQC is unknown at this time. 
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Other elements of the Study Partners work scope, as presented to HDR, must be noted: 



 The selection of four toxic pollutants and development of a baseline effluent scenario is 
not meant to imply that each NPDES permittee wastewater discharge will include those 
pollutants at the assumed concentrations. Rather, the scenario was intended to 
represent a composite of many NPDES permittees and to facilitate evaluation of 
advanced treatment technologies relying on mechanical, biological, physical, chemical 
processes. 



 The scalability of advanced treatment technologies to wastewater treatment systems 
with different flow capacities, and the resulting unit costs for capital and O&M, is 
evaluated. 



 Similarly, a sensitivity analysis on the unit costs for capital and O&M was evaluated on 
the assumption the adopted HHWQC (and effectively, NPDES effluent limits) are one 
order-of-magnitude less stringent than the Table 1 values. 
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Table 1: Summary of Effluent Discharge Toxics Limits 



Constituent 



Human Health 
Criteria based Limits 



to be met with no 
Mixing Zone (µg/L) 



Basis for Criteria 



Typical 
Concentration in 



Municipal 
Secondary Effluent 



(µg/L) 



Typical 
Concentration in 



Industrial 
Secondary Effluent 



(µg/L) 



Existing 
Washington HHC 



(water + org.), NTR 
(µg/L) 



PCBs 0.0000064 



Oregon Table 40 
Criterion (water + 
organisms) at FCR of 
175 grams/day 



0.0005 to 
0.0025b,c,d,e,f 0.002 to 0.005i 0.0017 



Mercury 0.005 DEQ IMDa 0.003 to 0.050h 0.010 to 0.050h 0.140 



Arsenic 0.018 
EPA National Toxics 
Rule (water + 
organisms)k 



0.500 to 5.0j 10 to 40j 0.018 



Benzo(a)Pyrene 0.0013 



Oregon Table 40 
Criterion (water + 
organisms) at FCR of 
175 grams/day 



0.00028 to 0.006b,g  0.006 to1.9   
 



0.0028 



a Oregon Department of Environmental Quality (ODEQ). Internal Management Directive: Implementation of Methylmercury Criterion in NPDES Permits. 
January 8, 2013. 
b Control of Toxic Chemicals in Puget Sound, Summary Technical Report for Phase 3: Loadings from POTW Discharge of Treated Wastewater, 
Washington Department of Ecology, Publication Number 10-10-057, December 2010. 
c Spokane River PCB Source Assessment 2003-2007, Washington Department of Ecology, Publication No. 11-03-013, April 2011. 
d Lower Okanogan River Basin DDT and PCBs Total Maximum Daily Load, Submittal Report, Washington Department of Ecology, Publication Number 04-
10-043, October 2004. 
e Palouse River Watershed PCB and Dieldrin Monitoring, 2007-2008, Wastewater Treatment Plants and Abandoned Landfills, Washington Department of 
Ecology, Publication No. 09-03-004, January 2009 
f A Total Maximum Daily Load Evaluation for Chlorinated Pesticides and PCBs in the Walla Walla River, Washington Department of Ecology, Publication 
No. 04-03-032, October 2004. 
g Removal of Polycyclic Aromatic Hydrocarbons and Heterocyclic Nitrogenous Compounds by A POTW Receiving Industrial Discharges, Melcer, H., Steel, 
P. and Bedford, W.K., Water Environment Federation, 66th Annual Conference and Exposition, October 1993. 
h Data provided by Lincoln Loehr's summary of WDOE Puget Sound Loading data in emails from July 19, 2013. 
i NCASI memo from Larry Lefleur, NCASI, to Llewellyn Matthews, NWPPA, revised June 17, 2011, summarizing available PCB monitoring data results from 
various sources. 
j Professional judgment, discussed in August 6, 2013 team call. 
k The applicable Washington Human Health Criteria cross-reference the EPA National Toxics Rule, 40 CFR 131.36. The EPA arsenic HHC is 0.018 ug/L for 
water and organisms. 
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3.0 Wastewater Characterization Description 
This section describes the wastewater treatment discharge considered in this technology 
evaluation. Treated wastewater characteristics are described, including average and peak flow, 
effluent concentrations, and toxic compounds of concern. 



3.1 Summary of Wastewater Characterization 
A general wastewater treatment process and wastewater characteristics were developed as the 
common baseline to represent the existing conditions as a starting point for comparison with 
potential future advanced treatment technologies and improvements. A secondary treatment 
process with disinfection at a flow of 5 mgd as the current, baseline treatment system for 
existing dischargers was also developed. Typical effluent biochemical oxygen demand (BOD) 
and total suspended solids (TSS) were assumed between 10 to 30 mg/L from such a facility and 
no nutrient or toxics removal was assumed to be accomplished in the existing baseline 
treatment process. 



3.2 Existing Wastewater Treatment Facility 
The first step in the process is to characterize the existing wastewater treatment plant to be 
evaluated in this study. The goal is to identify the necessary technology that would need to be 
added to an existing treatment facility to comply with revised toxic pollutant effluent limits. 
Rather than evaluating the technologies and costs to upgrade multiple actual operating facilities, 
the Study Partners specified that a generalized municipal/industrial wastewater treatment facility 
would be characterized and used as the basis for developing toxic removal approaches. 
General characteristics of the facility’s discharge are described in Table 2. 



Table 2. General Wastewater Treatment Facility Characteristics 



Average Annual 
Wastewater Flow, 



mgd 



Maximum Month 
Wastewater Flow, 



mgd 



Peak Hourly 
Wastewater Flow, 



mgd 



Effluent BOD, 
mg/L 



Effluent TSS, 
mg/L 



5.0 6.25 15.0 10 to 30 10 to 30 



mgd=million gallons per day 
mg/L=milligrams per liter 
BOD=biochemical oxygen demand 
TSS=total suspended solids 



In the development of the advanced treatment technologies presented below, the capacity of 
major treatment elements are generally sized to accommodate the maximum month average 
wastewater flow. Hydraulic elements, such as pumps and pipelines, were selected to 
accommodate the peak hourly wastewater flow. 



The general treatment facility incorporates a baseline treatment processes including influent 
screening, grit removal, primary sedimentation, suspended growth biological treatment 
(activated sludge), secondary clarification, and disinfection using chlorine. Solids removed 
during primary treatment and secondary clarification are assumed to be thickened, stabilized, 
dewatered, and land applied to agricultural land. The biological treatment process is assumed to 
be activated sludge with a relatively short (less than 10-day) solids retention time. The baseline 
secondary treatment facility is assumed not to have processes dedicated to removing nutrients 
or toxics. However, some coincident removal of toxics will occur during conventional treatment. 
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3.3 Toxic Constituents 
As described in Section 2.3, the expectation of more stringent HHWQC will eventually trigger 
regulatory demands for NPDES permittees to install advanced treatment technologies. The 
Study Group and HDR selected four specific toxic pollutants reflecting a range of toxic 
constituents as the basis for this study to limit the constituents and technologies to be evaluated 
to a manageable level.  



The four toxic pollutants selected were PCBs, mercury, arsenic, and BAP, a polycyclic aromatic 
hydrocarbon (PAH). Mercury and arsenic are metals, and PCBs and PAHs are organic 
compounds. Technologies for removing metals and organic compounds are in some cases 
different. Key information on each of the compounds, including a description of the constituent, 
the significance of each constituent, proposed HHWQC, basis for the proposed criteria, typical 
concentration in both municipal and industrial secondary effluent, and current Washington state 
water quality criteria, are shown in Table 1. It is assumed that compliance with the proposed 
criteria in the table would need to be achieved at the “end of pipe” and Ecology would not permit 
a mixing zone for toxic constituents. This represents a “worst–case,” but a plausible assumption 
about discharge conditions. 
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4.0 Treatment Approaches and Costs 
4.1 Summary of Treatment Approach and Costs 
Two advanced treatment process options for toxics removal for further evaluation based on the 
characterization of removal effectiveness from the technical literature review and Study Group 
preferences. The two tertiary treatment options are microfiltration MF followed by either RO or 
GAC as an addition to an existing secondary treatment facility. Based on the literature review, it 
is not anticipated that any of the treatment options will be effective in reducing all of the selected 
pollutants to below the anticipated water quality criteria. A summary of the capital and 
operations and maintenance costs for tertiary treatment is provided, as well as a comparison of 
the adverse environmental impacts for each alternative. 



4.2 Constituent Removal – Literature Review 
The evaluation of treatment technologies relevant to the constituents of concern was initiated 
with a literature review. The literature review included a desktop search using typical web-based 
search engines, and search engines dedicated to technical and research journal databases. At 
the same time, HDR’s experience with the performance of existing treatment technologies 
specifically related to the four constituents of concern, was used in evaluating candidate 
technologies. A summary of the constituents of concern and relevant treatment technologies is 
provided in the following literature review section. 



4.2.1 Polychlorinated Biphenyls 
PCBs are persistent organic pollutants that can be difficult to remove in treatment. PCB 
treatment in wastewater can be achieved using oxidation with peroxide, filtration, biological 
treatment or a combination of these technologies. There is limited information available about 
achieving ultra-low effluent PCB concentrations near the 0.0000064 µg/L range under 
consideration in the proposed rulemaking process. This review provides a summary of 
treatment technology options and anticipated effluent PCB concentrations. 



Research on the effectiveness of ultraviolet (UV) light and peroxide on removing PCBs was 
tested in bench scale batch reactions (Yu, Macawile, Abella, & Gallardo 2011). The combination 
of UV and peroxide treatment achieved PCB removal greater than 89 percent, and in several 
cases exceeding 98 percent removal. The influent PCB concentration for the batch tests ranged 
from 50 to 100 micrograms per liter (µg/L). The final PCB concentration (for the one congener 
tested) was <10 µg/L (10,000 ng/L) for all tests and <5 µg/L (5,000 ng/L) for some tests. The 
lowest PCB concentrations in the effluent occurred at higher UV and peroxide doses. 



Pilot testing was performed to determine the effectiveness of conventional activated sludge and 
a membrane bioreactor to remove PCBs (Bolzonella, Fatone, Pavan, & Cecchi 2010). EPA 
Method 1668 was used for the PCB analysis (detection limit of 0.01 ng/L per congener). Influent 
to the pilot system was a combination of municipal and industrial effluent. The detailed analysis 
was for several individual congeners. Limited testing using the Aroclor method (total PCBs) was 
used to compare the individual congeners and the total concentration of PCBs. Both 
conventional activated sludge and membrane bioreactor (MBR) systems removed PCBs. The 
effluent MBR concentrations ranged from <0.01 ng/L to 0.04 ng/L compared to <0.01 ng/L to 
0.88 ng/L for conventional activated sludge. The pilot testing showed that increased solids 
retention time (SRT) and higher mixed liquor suspended solids concentrations in the MBR 
system led to increased removal in the liquid stream.  



Bench scale studies were completed to test the effectiveness of GAC and biological activated 
carbon (BAC) for removing PCBs (Ghosh, Weber, Jensen, & Smith 1999). The effluent from the 
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GAC system was 800 ng/L. The biological film in the BAC system was presumed to support 
higher PCB removal with effluent concentrations of 200 ng/L. High suspended sediment in the 
GAC influent can affect performance. It is recommended that filtration be installed upstream of a 
GAC system to reduce solids and improve effectiveness. 



Based on limited available data, it appears that existing municipal secondary treatment facilities 
in Washington state are able to reduce effluent PCBs to the range approximately 0.10 to 1.5 
ng/L. It appears that the best performing existing municipal treatment facility in Washington 
state with a microfiltration membrane is able to reduce effluent PCBs to the range approximately 
0.00019 to 0.00063 µg/L.  This is based on a very limited data set and laboratory blanks 
covered a range that overlapped with the effluent results (blanks 0.000058 to 0.00061 µg/L). 



Addition of advanced treatment processes would be expected to enhance PCB removal rates, 
but the technical literature does not appear to provide definitive information for guidance. A 
range of expected enhanced removal rates might be assumed to vary widely from level of the 
reference microfiltration facility of 0.19 to 0.63 ng/L.   



Summary of PCB Technologies 



The literature review revealed there are viable technologies available to reduce PCBs but no 
research was identified with treatment technologies capable of meeting the anticipated 
human health criteria based limits for PCB removal. Based on this review, a tertiary process 
was selected to biologically reduce PCBs and separate the solids using tertiary filtration. 
Alternately, GAC was investigated as an option to reduce PCBs, although it is not proven that it 
will meet revised effluent limits.  



4.2.2 Mercury 
Mercury removal from wastewater can be achieved using precipitation, adsorption, filtration, or a 
combination of these technologies. There is limited information available about achieving ultra-
low effluent mercury concentrations near the 5 ng/L range under consideration in the proposed 
rulemaking process. This review provides a summary of treatment technology options and 
anticipated effluent mercury concentrations. 



Precipitation (and co-precipitation) involves chemical addition to form a particulate and solids 
separation, using sedimentation or filtration. Precipitation includes the addition of a chemical 
precipitant and pH adjustment to optimize the precipitation reaction. Chemicals can include 
metal salts (ferric chloride, ferric sulfate, ferric hydroxide, or alum), pH adjustment, lime 
softening, or sulfide. A common precipitant for mercury removal is sulfide, with an optimal pH 
between 7 and 9. The dissolved mercury is precipitated with the sulfide to form an insoluble 
mercury sulfide that can be removed through clarification or filtration. One disadvantage of 
precipitation is the generation of a mercury-laden sludge that will require dewatering and 
disposal. The mercury sludge may be considered a hazardous waste and require additional 
treatment and disposal at a hazardous waste site. The presence of other compounds, such as 
other metals, may reduce the effectiveness of mercury precipitation/co-precipitation. For low-
level mercury treatment requirements, several treatment steps will likely be required in pursuit of 
very low effluent targets.  



EPA compiled a summary of facilities that are using precipitation/co-precipitation for mercury 
treatment (EPA 2007). Three of the full-scale facilities were pumping and treating groundwater 
and the remaining eight facilities were full-scale wastewater treatment plants. One of the pump 
and treat systems used precipitation, carbon adsorption, and pH adjustment to treat 
groundwater to effluent concentrations of 300 ng/L. 
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Adsorption treatment can be used to remove inorganic mercury from water. While adsorption 
can be used as a primary treatment step, it is frequently used for polishing after a preliminary 
treatment step (EPA 2007). One disadvantage of adsorption treatment is that when the 
adsorbent is saturated, it either needs to be regenerated or disposed of and replaced with new 
adsorbent. A common adsorbent is GAC. There are several patented and proprietary 
adsorbents on the market for mercury removal. Adsorption effectiveness can be affected by 
water quality characteristics, including high solids and bacterial growth, which can cause media 
blinding. A constant and low flow rate to the adsorption beds increases effectiveness (EPA 
2007). The optimal pH for mercury adsorption on GAC is pH 4 to 5; therefore, pH adjustment 
may be required.  



EPA compiled a summary of facilities that are using adsorption for mercury treatment (EPA 
2007). Some of the facilities use precipitation and adsorption as described above. The six 
summarized facilities included two groundwater treatment and four wastewater treatment 
facilities. The reported effluent mercury concentrations were all less than 2,000 ng/L (EPA 
2007). 



Membrane filtration can be used in combination with a preceding treatment step. The upstream 
treatment is required to precipitate soluble mercury to a particulate form that can be removed 
through filtration. According to the EPA summary report, ultrafiltration is used to remove high-
molecular weigh contaminants and solids (EPA 2007). The treatment effectiveness can depend 
on the source water quality since many constituents can cause membrane fouling, decreasing 
the effectiveness of the filters. One case study summarized in the EPA report showed that 
treatment of waste from a hazardous waste combustor treated with precipitation, sedimentation, 
and filtration achieved effluent mercury concentrations less than the detection limit of 200 ng/L. 



Bench-scale research performed at the Oak Ridge Y-12 Plant in Tennessee evaluated the 
effectiveness of various adsorbents for removing mercury to below the NPDES limit of 12 ng/L 
and the potential revised limit of 51 ng/L (Hollerman et al. 1999). Several proprietary adsorbents 
were tested, including carbon, polyacrylate, polystyrene, and polymer adsorption materials. The 
adsorbents with thiol-based active sites were the most effective. Some of the adsorbents were 
able to achieve effluent concentrations less than 51 ng/L but none of the adsorbents achieved 
effluent concentrations less than 12 ng/L.  



Bench-scale and pilot-scale testing performed on refinery wastewater was completed to 
determine treatment technology effectiveness for meeting very low mercury levels (Urgun-
Demirtas, Benda, Gillenwater, Negri, Xiong & Snyder 2012) (Urgun-Demirtas, Negri, 
Gillenwater, Agwu Nnanna & Yu 2013). The Great Lakes Initiative water quality criterion for 
mercury is less than 1.3 ng/L for municipal and industrial wastewater plants in the Great Lakes 
region. This research included an initial bench scale test including membrane filtration, 
ultrafiltration, nanofiltration, and reverse osmosis to meet the mercury water quality criterion. 
The nanofiltration and reverse osmosis required increased pressures for filtration and resulted in 
increased mercury concentrations in the permeate. Based on this information and the cost 
difference between the filtration technologies, a pilot-scale test was performed. The 0.04 um 
PVDF GE ZeeWeed 500 series membranes were tested. The 1.3 ng/L water quality criterion 
was met under all pilot study operating conditions. The mercury in the refinery effluent was 
predominantly in particulate form which was well-suited for removal using membrane filtration.  



Based on available data, it appears that existing municipal treatment facilities are capable of 
reducing effluent mercury to near the range of the proposed HHWQC on an average 
basis.  Average effluent mercury in the range of 1.2 to 6.6 ng/L for existing facilities with 
secondary treatment and enhanced treatment with cloth filters and membranes.  The Spokane 
County plant data range is an average of 1.2 ng/L to a maximum day of 3 ng/L. Addition of 
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advanced treatment processes such as GAC or RO would be expected to enhance removal 
rates.  Data from the West Basin treatment facility in California suggests that at a detection limit 
of 7.99 ng/L mercury is not detected in the effluent from this advanced process train.  A range of 
expected enhanced removal rates from the advanced treatment process trains might be 
expected to ranged from meeting the proposed standard at 5 ng/L to lower concentrations 
represented by the Spokane County performance level (membrane filtration) in the range of 1 to 
3 ng/L, to perhaps even lower levels with additional treatment. For municipal plants in 
Washington, this would suggest that effluent mercury values from the two advanced treatment 
process alternatives might range from 1 to 5 ng/L (0.001 to 0.005 µg/L) and perhaps 
substantially better, depending upon RO and GAC removals.  It is important to note that 
industrial plants may have higher existing mercury levels and thus the effluent quality that is 
achievable at an industrial facility would be of lower quality. 



 Summary of Mercury Technologies 



The literature search revealed limited research on mercury removal technologies at the revised 
effluent limit of 0.005 µg/L. Tertiary filtration with membrane filters or reverse osmosis showed 
the best ability to achieve effluent criteria less than 0.005 µg/L.  



4.2.3 Arsenic 
A variety of treatment technologies can be applied to capture arsenic (Table 3). Most of the 
information in the technical literature and from the treatment technology vendors is focused on 
potable water treatment for compliance with a Safe Drinking Water Act (SDWA) maximum 
contaminant level (MCL) of 10 µg/L. The most commonly used arsenic removal method for a 
wastewater application (tertiary treatment) is coagulation/ flocculation plus filtration. This method 
by itself could remove more than 90 to 95 percent of arsenic. Additional post-treatment through 
adsorption, ion exchange, or reverse osmosis is required for ultra-low arsenic limits in the 0.018 
µg/L range under consideration in the proposed rulemaking process. In each case it is 
recommended to perform pilot-testing of each selected technology. 



Table 3: Summary of Arsenic Removal Technologies1 



Technology Advantages Disadvantages 



Coagulation/filtration  Simple, proven technology 



 Widely accepted 



 Moderate operator training 



 pH sensitive 



 Potential disposal issues of 
backwash waste 



 As+3 and As+5 must be fully oxidized 



Lime softening  High level arsenic treatment 



 Simple operation change for 
existing lime softening facilities 



 pH sensitive (requires post treatment 
adjustment) 



 Requires filtration 



 Significant sludge operation 



Adsorptive media  High As+5 selectivity 



 Effectively treats water with high 
total dissolved solids (TDS) 



 Highly pH sensitive 



 Hazardous chemical use in media 
regeneration 



 High concentration SeO4
-2, F-, Cl-, 



and SO4
-2 may limit arsenic removal 
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Table 3: Summary of Arsenic Removal Technologies1 



Technology Advantages Disadvantages 



Ion exchange  Low contact times 



 Removal of multiple anions, 
including arsenic, chromium, and 
uranium 



 Requires removal of iron, 
manganese, sulfides, etc. to prevent 
fouling 



 Brine waste disposal 



Membrane filtration  High arsenic removal efficiency 



 Removal of multiple 
contaminants 



 Reject water disposal 



 Poor production efficiency 



 Requires pretreatment 
1Adapted from WesTech  



The removal of arsenic in activated sludge is minimal (less than 20 percent) (Andrianisa et al. 
2006), but biological treatment can control arsenic speciation. During aerobic biological process 
As (III) is oxidized to As (V). Coagulation/flocculation/filtration removal, as well as adsorption 
removal methods, are more effective in removal of As(V) vs. As (III). A combination of activated 
sludge and post-activated sludge precipitation with ferric chloride (addition to MLSS and 
effluent) results in a removal efficiency of greater than 95 percent. This combination could 
decrease As levels from 200 µg/L to less than 5 µg/L (5,000 ng/L) (Andrianisa et al. 2008) 
compared to the 0.018 µg/L range under consideration in the proposed rulemaking process. 



Data from the West Basin facility (using MF/RO/AOP) suggests effluent performance in the 
range of 0.1 to 0.2 µg/L, but it could also be lower since a detection limit used there of 0.15 µg/l 
is an order of magnitude higher than the proposed HHWQC.  A range of expected enhanced 
removal rates might be assumed to equivalent to that achieved at West Basin in 0.1 to 0.2 µg/L 
range. 



Review of Specific Technologies for Arsenic Removal 



Coagulation plus Settling or Filtration 
Coagulation may remove more than 95 percent of arsenic through the creation of particulate 
metal hydroxides. Ferric sulfite is typically more efficient and applicable to most wastewater 
sources compared to alum. The applicability and extent of removal should be pilot-tested, since 
removal efficiency is highly dependent on the water constituents and water characteristics (i.e., 
pH, temperature, solids). 



Filtration can be added after or instead of settling to increase arsenic removal. Example 
treatment trains with filtration are shown in Figures 1 and 2, respectively. 



 
Figure 1. Water Treatment Configuration for Arsenic Removal (WesTech) 
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Figure 2. WesTech Pressure Filters for Arsenic Removal 



One system for treatment of potable water with high levels of arsenic in Colorado (110 parts per 
million [ppm]) consists of enhanced coagulation followed by granular media pressure filters that 
include anthracite/silica sand/garnet media (WesTech). The arsenic levels were reduced to less 
than the drinking water MCL, which is 10 µg/L (10,000 ng/L). The plant achieves treatment by 
reducing the pH of the raw water to 6.8 using sulfuric acid, and then adding approximately 12 to 
14 mg/L ferric sulfate. The water is filtered through 16 deep bed vertical pressure filters, the pH 
is elevated with hydrated lime and is subsequently chlorinated and fed into the distribution 
system. 
(http://www.westechinc.com/public/uploads/global/2011/3/Fallon%20NV%20Installation%20ReportPressu
reFilter.pdf). 



Softening (with lime) 
Removes up to 90 percent arsenic through co-precipitation, but requires pH to be higher than 
10.2. 



Adsorption processes 
Activated alumina is considered an adsorptive media, although the chemical reaction is an 
exchange of arsenic ions with the surface hydroxides on the alumina. When all the surface 
hydroxides on the alumina have been exchanged, the media must be regenerated. 
Regeneration consists of backwashing, followed by sodium hydroxide, flushing with water and 
neutralization with a strong acid. Effective arsenic removal requires sufficient empty bed contact 
time. Removal efficiency can also be impacted by the water pH, with neutral or slightly acidic 
conditions being considered optimum. If As (III) is present, it is generally advisable to increase 
empty bed contact time, as As (III) is adsorbed more slowly than As (V). Alumina dissolves 
slowly over time due to contact with the chemicals used for regeneration. As a result, the media 
bed is likely to become compacted if it is not backwashed periodically. 



Granular ferric hydroxide works by adsorption, but when the media is spent it cannot be 
regenerated and must be replaced. The life of the media depends upon pH of the raw water, the 
concentrations of arsenic and heavy metals, and the volume of water treated daily. Periodic 
backwashing is required to prevent the media bed from becoming compacted and pH may need 
to be adjusted if it is high, in order to extend media life. For maximum arsenic removal, filters 
operate in series. For less stringent removal, filters can operate in parallel. 



One type of adsorption media has been developed for application to non-drinking water 
processes for arsenic, phosphate and for heavy metals removal by sorption (Severent Trent 
Bayoxide® E IN-20). This granular ferric oxide media has been used for arsenic removal from 
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mining and industrial wastewaters, selenium removal from refinery wastes and for phosphate 
polishing of municipal wastewaters. Valley Vista drinking water treatment with Bayoxide® E IN-
20 media achieves removal from 31-39 µg/L (31,000-39,000 ng/L) to below 10 µg/L MCL  
(http://www.severntrentservices.com/News/Successful_Drinking_Water_Treatment_in_an_Arsenic__Hot_
Spot__nwMFT_452.aspx). 



Another adsorptive filter media is greensand. Greensand is available in two forms: as glauconite 
with manganese dioxide bound ionically to the granules and as silica sand with manganese 
dioxide fused to the granules. Both forms operate in pressure filters and both are effective. 
Greensand with the silica sand core operates at higher water temperatures and higher 
differential pressures than does greensand with the glauconite core. Arsenic removal requires a 
minimum concentration of iron. If a sufficient concentration of iron is not present in the raw 
water, ferric chloride is added. 



WesTech filters with greensand and permanganate addition for drinking water systems can 
reduce As from 15-25 µg/L to non-detect. Sodium hypochlorite and/or potassium permanganate 
are added to the raw water prior to the filters. Chemical addition may be done continuously or 
intermittently, depending on raw water characteristics. These chemicals oxidize the iron in the 
raw water and also maintain the active properties of the greensand itself. Arsenic removal is via 
co-precipitation with the iron. 



Ion Exchange 
Siemens offers a potable ion exchange (PIX) arsenic water filtration system. PIX uses ion 
exchange resin canisters for the removal of organic and inorganic contaminants, in surface and 
groundwater sources to meet drinking water standards. 



Filtronics also uses ion exchange to treat arsenic. The technology allows removal for below the 
SWDA MCL for potable water of 10 µg/L (10,000 ng/L). 



Reverse osmosis 
Arsenic is effectively removed by RO when it is in oxidative state As(V) to approximately 1,000 
ng/L or less (Ning 2002). 



Summary of Arsenic Technologies 



The current state of the technology for arsenic removal is at the point where all the processes 
target the SWDA MCL for arsenic in potable water. Current EPA maximum concentration level 
for drinking water is 10 ug/l; much higher than 0.0018 µg/L target for arsenic in this study. The 
majority of the methods discussed above are able to remove arsenic to either EPA maximum 
contaminant level or to the level of detection. The lowest detection limit of one of the EPA 
approved methods of arsenic measurements is 20 ng/l (0.020 µg/l) (Grosser, 2010), which is 
comparable to the 0.018 µg/L limit targeted in this study. 



4.2.1 Polycyclic Aromatic Hydrocarbons  



BAP During Biological Treatment 



During wastewater treatment process, BAP tends to partition into sludge organic matter (Melcer 
et al. 1993). Primary and secondary processing could remove up to 60 percent of incoming 
PAHs and BAP in particular, mostly due to adsorption to sludge (Kindaichi et al., NA, Wayne et 
al. 2009). Biodegradation of BAP is expected to be very low since there are more than five 
benzene rings which are resistant to biological degradation. Biosurfactant addition to biological 
process could partially improve biodegradation, but only up to removal rates of 50 percent 
(Sponza et al. 2010). Existing data from municipal treatment facilities in Washington state have 
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influent and effluent concentrations of BAP of approximately 0.30 ng/L indicating that current 
secondary treatment has limited effectiveness at BAP removal. 



Methods to Enhance Biological Treatment of BAP 



Ozonation prior to biological treatment could potentially improve biodegradability of BAP (Zeng 
et al. 2000). In the case of soil remediation, ozonation before biotreatment improved 
biodegradation by 70 percent (Russo et al. 2012). The overall removal of BAP increased from 
23 to 91 percent after exposure of water to 0.5 mg/L ozone for 30 minutes during the 
simultaneous treatment process and further to 100 percent following exposure to 2.5 mg/L 
ozone for 60 minutes during the sequential treatment mode (Yerushalmi et al. 2006). In general, 
to improve biodegradability of BAP, long exposure to ozone might be required (Haapea et al. 
2006). 



Sonication pre-treatment or electronic beam irradiation before biological treatment might also 
make PAHs more bioavailable for biological degradation.. 



Recent studies reported that a MBR is capable of removing PAHs from wastewater (Rodrigue 
and Reilly 2009; Gonzaleza et al. 2012). None of the studies listed the specific PAHs 
constituents removed. 



Removal of BAP from Drinking Water 



Activated Carbon 
Since BAP has an affinity to particulate matter, it is removed from the drinking water sources by 
means of adsorption, such as granular activated carbon (EPA). Similarly, Oleszczuk et al. 
(2012) showed that addition of 5 percent activated carbon could remove 90 percent of PAHs 
from the wastewater. 



Reverse Osmosis 
Light (1981) (referenced by Williams, 2003) studied dilute solutions of PAHs, aromatic amines, 
and nitrosamines and found rejections of these compounds in reverse osmosis to be over 99 
percent for polyamide membranes. Bhattacharyya et al. (1987) (referenced by Williams, 2003) 
investigated rejection and flux characteristics of FT30 membranes for separating various 
pollutants (PAHs, chlorophenols, nitrophenols) and found membrane rejections were high (>98 
percent) for the organics under ionized conditions. 



Summary of BAP Technologies 



Current technologies show that BAP removal may be 90 percent or greater. The lowest 
detection limit for BAP measurements is 0.006 µg/L, which is also the assumed secondary 
effluent BAP concentration assumed for this study. If this assumption is accurate, it appears 
technologies may exist to remove BAP to a level below the proposed criteria applied as an 
effluent limit of 0.0013 µg/L; however, detection limits exceed this value and it is impossible to 
know this for certain. A municipal wastewater treatment plant study reported both influent and 
effluent BAP concentrations less than the HHWQC of 0.0013 ug/L (Ecology, 2010). 



4.3 Unit Processes Evaluated 
Based on the results of the literature review, a wide range of technologies were evaluated for 
toxic constituent removal. A listing of the technologies is as follows: 



 Chemically enhanced primary treatment (CEPT): this physical and chemical technology 
is based on the addition of a metal salt to precipitate particles prior to primary treatment, 
followed by sedimentation of particles in the primary clarifiers. This technology has been 
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shown to effectively remove arsenic but there is little data supporting the claims. As a 
result, the chemical facilities are listed as optional. 



 Activated sludge treatment (with a short SRT of approximately 8 days or less): this 
biological technology is commonly referred to as secondary treatment. It relies on 
converting dissolved organics into solids using biomass. Having a short SRT is effective 
at removing degradable organics referred to as BOD compounds for meeting existing 
discharge limits. Dissolved constituents with a high affinity to adsorb to biomass (e.g., 
metals, high molecular weight organics, and others) will be better removed compared to 
smaller molecular weight organics and recalcitrant compounds which will have minimal 
removal at a short SRT. 



 Enhanced activated sludge treatment (with a long SRT of approximately 8 days or 
more): this technology builds on secondary treatment by providing a longer SRT, which 
enhances sorption and biodegradation. The improved performance is based on having 
more biomass coupled with a more diverse biomass community, especially nitrifiers, 
which have been shown to assist in removal of some of the more recalcitrant 
constituents not removed with a shorter SRT (e.g., lower molecular weight PAHs). There 
is little or no data available on the effectiveness of this treatment for removing BAP.  



Additional benefits associated with having a longer SRT are as follows: 



o Lower BOD/TSS discharge load to receiving water 



o Improved water quality and benefit to downstream users 



o Lower effluent nutrient concentrations which reduce  algal growth potential in 
receiving waters 



o Reduced receiving water dissolved oxygen demand due to ammonia removal 



o Reduced ammonia discharge, which is toxic to  aquatic species 



o Improved water quality for habitat, especially as it relates to biodiversity and 
eutrophication 



o Secondary clarifier effluent more conditioned for filtration and disinfection 



o Greater process stability from the anaerobic/anoxic zones serving as biological  
selectors 



 Coagulation/Flocculation and Filtration: this two-stage chemical and physical process 
relies on the addition of a metal salt to precipitate particles in the first stage, followed by 
the physical removal of particles in filtration. This technology lends itself to constituents 
prone to precipitation (e.g., arsenic). 



 Lime Softening: this chemical process relies on increasing the pH as a means to either 
volatilize dissolved constituents or inactivate pathogens. Given that none of the 
constituents being studied are expected to volatilize, this technology was not carried 
forward. 



 Adsorptive Media: this physical and chemical process adsorbs constituents to a 
combination of media and/or biomass/chemicals on the media. There are several types 
of media, with the most proven and common being GAC. GAC can also serve as a 
coarse roughing filter. 



 Ion Exchange: this chemical technology exchanges targeted constituents with a resin. 
This technology is common with water softeners where the hard divalent cations are 
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exchanged for monovalent cations to soften the water. Recently, resins that target 
arsenic and mercury removal include activated alumina and granular ferric hydroxides 
have been developed. The resin needs to be cleaned and regenerated, which produces 
a waste slurry that requires subsequent treatment and disposal. As a result, ion 
exchange was not considered for further. 



 Membrane Filtration: This physical treatment relies on the removal of particles larger 
than the membranes pore size. There are several different membrane pore sizes as 
categorized below. 



o Microfiltration (MF): nominal pore size range of typically between 0.1 to 1 micron. 
This pore size targets particles, both inert and biological, and bacteria. If placed in 
series with coagulation/flocculation upstream, dissolved constituents precipitated out 
of solution and bacteria can be removed by the MF membrane. 



o Ultrafiltration (UF): nominal pore size range of typically between 0.01 to 0.1 micron. 
This pore size targets those solids removed with MF (particles and bacteria) plus 
viruses and some colloidal material. If placed in series with coagulation/flocculation 
upstream, dissolved constituents precipitated out of solution can be removed by the 
UF membrane. 



o Nanofiltration (NF): nominal pore size range of typically between 0.001 to 0.010 
micron. This pore size targets those removed with UF (particles, bacteria, viruses) 
plus colloidal material. If placed in series with coagulation/flocculation upstream, 
dissolved constituents precipitated out of solution can be removed by the NF 
membrane. 



 MBR (with a long SRT): this technology builds on secondary treatment whereby the 
membrane (microfiltration) replaces the secondary clarifier for solids separation. As a 
result, the footprint is smaller, the mixed liquor suspended solids concentration can be 
increased to about 5,000 – 10,000 mg/L, and the physical space required for the facility 
reduced when compared to conventional activated sludge. As with the activated sludge 
option operated at a longer SRT, the sorption and biodegradation of organic compounds 
are enhanced in the MBR process. The improved performance is based on having more 
biomass coupled with a more diverse biomass community, especially nitrifiers which 
have been shown to assist in removal of persistent dissolved compounds (e.g., some 
PAHs). There is little or no data available on effectiveness at removing BAP. Although a 
proven  technology, MBRs were not carried further in this technology review since they 
are less likely to be selected as a retrofit  for an existing activated sludge (with a short 
SRT) secondary treatment facility. The MBR was considered to represent a treatment 
process approach more likely to be selected for a new, greenfield treatment facility. 
Retrofits to existing secondary treatment facilities can accomplish similar process 
enhancement by extending the SRT in the activated sludge process followed by the 
addition of tertiary membrane filtration units. 



 RO: This physical treatment method relies on the use of sufficient pressure to 
osmotically displace water across the membrane surface while simultaneously rejecting 
most salts. RO is very effective at removing material smaller than the size ranges for the 
membrane filtration list above, as well as salts and other organic compounds. As a 
result, it is expected to be more effective than filtration and MBR methods described 
above at removing dissolved constituents. Although effective, RO produces a brine 
reject water that must be managed and disposed. 











  



Association of Washington Business   21 
Treatment Technology Review and Assessment 213512 



 Advanced Oxidation Processes (AOPs): this broad term considers all chemical and 
physical technologies that create strong hydroxyl-radicals. Examples of AOPs include 
Fenton’s oxidation, ozonation, ultraviolet/hydrogen peroxide (UV-H2O2), and others. The 
radicals produced are rapid and highly reactive at breaking down recalcitrant 
compounds. Although effective at removing many complex compounds such as those 
evaluated in this study, AOPs does not typically have as many installations as 
membranes and activated carbon technologies. As a result, AOPs were not carried 
forward. 



Based on the technical literature review discussed above, a summary of estimated contaminant 
removal rated by unit treatment process is presented in Table 4. 



Table 4. Contaminants Removal Breakdown by Unit Process 



Unit Process Arsenic BAP Mercury 
Polychlorinated 



Biphenyls 



Activated Sludge 
Short SRT 



No removal Partial Removal 
by partitioning 



 80% removal; 
effluent <0.88 ng/L 



Activated Sludge 
Long SRT 



No removal Partial removal by 
partitioning and/or 
partially 
biodegradation; 
MBR could 
potentially remove 
most of BAP 



 >90% removal 
with a membrane 
bioreactor, <0.04 
ng/L (includes 
membrane 
filtration) 



Membrane 
Filtration (MF) 



More than 90 % 
removal (rejection 
of bound arsenic) 



No removal <1.3 ng/L >90% removal 
with a membrane 
bioreactor, <0.04 
ng/L (includes 
membrane 
filtration) 



Reverse Osmosis 
(RO) 



More than 90% 
removal (rejection 
of bound arsenic 
and removal of 
soluble arsenic) 



More than 98% 
removal 



  



Granular Activated 
Carbon (GAC) 



No removal, 
removal only when 
carbon is 
impregnated with 
iron 



90 % removal <300 ng/L 
(precipitation and 
carbon adsorption) 
 
<51 ng/L (GAC) 



<800 ng/L 
Likely requires 
upstream filtration  



Disinfection -- -- -- -- 



4.4 Unit Processes Selected 
The key conclusion from the literature review was that there is limited, to no evidence, that 
existing treatment technologies are capable of simultaneously meeting all four of the revised 
discharge limits for the toxics under consideration. Advanced treatment using RO or GAC is 
expected to provide the best overall removal of the constituents of concern. It is unclear whether 
these advanced technologies are able to meet revised effluent limits, however these processes 
may achieve the best effluent quality of the technologies reviewed. This limitation in the findings 
is based on a lack of an extensive dataset on treatment removal effectiveness in the technical 
literature for the constituents of interest at the low levels relevant to the proposed criteria, which 
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approach the limits of reliable removal performance for the technologies. As Table 4 highlights, 
certain unit processes are capable of removing a portion, or all, of the removal requirements for 
each technology. The removal performance for each constituent will vary from facility to facility 
and require a site-specific, detailed evaluation because the proposed criteria are such low 
concentrations. In some cases, a facility may only have elevated concentrations of a single 
constituent of concern identified in this study. In other cases, a discharger may have elevated 
concentrations of the four constituents identified in this study, as well as others not identified in 
this study but subject to revised water quality criteria. This effort is intended to describe a 
planning level concept of what treatment processes are required to comply with discharge limits 
for all four constituents. Based on the literature review of unit processes above, two different 
treatment trains were developed for the analysis that are compared against a baseline of 
secondary treatment as follows: 



 Baseline: represents conventional secondary treatment that is most commonly employed 
nationwide at wastewater treatment plants. A distinguishing feature for this treatment is 
the short solids residence time (SRT) (<8 days) is intended for removal of BOD with 
minimal removal for the toxic constituents of concern. 



 Advanced Treatment – MF/RO: builds on baseline with the implementation of a longer 
SRT (>8 days) and the addition of MF and RO. The longer SRT not only removes BOD, 
but it also has the capacity to remove nutrients and a portion of the constituents of 
concern. This alternative requires a RO brine management strategy which will be 
discussed in sub-sections below.  



 Advanced Treatment – MF/GAC: this alternative provides a different approach to 
advanced treatment with MF/RO by using GAC and avoiding the RO reject brine water 
management concern. Similar to the MF/RO process, this alternative has the longer SRT 
(>8 days) with the capacity to remove BOD, nutrients, and a portion of the toxic 
constituents of concern. As a result, the decision was made to develop costs for both 
advanced treatment options. 



A description of each alternative is provided in Table 5. The process flowsheets for each 
alternative are presented in Figure 3 to Figure 5. 



4.4.1 Baseline Treatment Process 
A flowsheet of the baseline treatment process is provided in Figure 3. The baseline treatment 
process assumes the current method of treatment commonly employed by dischargers. For this 
process, water enters the headworks and undergoes primary treatment, followed by 
conventional activated sludge (short SRT) and disinfection. The solids wasted in the activated 
sludge process are thickened, followed by mixing with primary solids prior to entering the 
anaerobic digestion process for solids stabilization. The digested biosolids are dewatered to 
produce a cake and hauled off-site. Since the exact process for each interested facility in 
Washington is unique, this baseline treatment process was used to establish the baseline 
capital and O&M costs. The baseline costs will be compared against the advanced treatment 
alternatives to illustrate the magnitude of the increased costs and environmental impacts.  



  











  



Association of Washington Business   23 
Treatment Technology Review and Assessment 213512 



Table 5. Unit Processes Description for Each Alternative 



Unit Process Baseline 
Advanced Treatment – 



MF/RO 
Advanced Treatment - 



GAC 



Influent Flow 5 mgd 5 mgd 5 mgd 



Chemically Enhanced 
Primary Treatment 
(CEPT); Optional 



--  Metal salt addition 
(alum) upstream of 
primaries 



 Metal salt addition 
(alum) upstream of 
primaries 



Activated Sludge  Hydraulic 
Residence Time 
(HRT): 6 hrs 



 Short Solids 
Residence Time 
(SRT): <8 days 



 Hydraulic 
Residence Time 
(HRT): 12 hrs 
(Requires more 
tankage than the 
Baseline) 



 Long Solids 
Residence Time 
(SRT): >8 days 
(Requires more 
tankage than the 
Baseline) 



 Hydraulic 
Residence Time 
(HRT): 12 hrs 
(Requires more 
tankage than the 
Baseline) 



 Long Solids 
Residence Time 
(SRT): >8 days 
(Requires more 
tankage than the 
Baseline) 



Secondary Clarifiers Hydraulically Limited Solids Loading Limited 
(Larger clarifiers than 
Baseline) 



Solids Loading Limited 
(Larger clarifiers than 
Baseline) 



Microfiltration (MF) -- Membrane Filtration to 
Remove Particles and 
Bacteria 



Membrane Filtration to 
Remove Particles and 
Bacteria 



Reverse Osmosis (RO) -- Treat 50% of the Flow 
by RO to Remove 
Metals and Dissolved 
Constituents. Sending a 
portion of flow through 
the RO and blending it 
with the balance of 
plant flows ensures a 
stable non-corrosive, 
non-toxic discharge. 



-- 



Reverse Osmosis  
Brine Reject Mgmt 



-- Several Options (All 
Energy or Land 
Intensive) 



-- 



Granular Activated 
Carbon (GAC) 



-- -- Removes Dissolved 
Constituents 



Disinfection Not shown to remove 
any of the constituents 



Not shown to remove 
any of the constituents 



Not shown to remove 
any of the constituents 
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Figure 3. Baseline Flowsheet – Conventional Secondary Treatment 
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4.4.2 Advanced Treatment – MF/RO Alternative 
A flowsheet of the advanced treatment – MF/RO alternative is provided in Figure 4. This 
alternative builds on the baseline secondary treatment facility, whereby the SRT is increased in 
the activated sludge process, and MF and RO are added prior to disinfection. The solids 
treatment train does not change with respect to the baseline. Additionally, a brine management 
strategy must be considered.  



The RO process concentrates contaminants into a smaller volume reject stream. Disposing of 
the RO reject stream can be a problem because of the potentially large volume of water 
involved and the concentration of contaminants contained in the brine. For reference, a 5 mgd 
process wastewater flow might result in 1 mgd of brine reject requiring further management. The 
primary treatment/handling options for RO reject are as follows: 



 Zero liquid discharge 
 Surface water discharge 
 Ocean discharge 
 Haul and discharge to coastal location for ocean discharge 
 Sewer discharge 
 Deep well injection  
 Evaporate in a pond 
 Solar pond concentrator 



 
Many of the RO brine reject management options above result in returning the dissolved solids 
to a “water of the state” such as surface water, groundwater, or marine waters. Past rulings in 
Washington State have indicated that once pollutants are removed from during treatment they 
are not to be re-introduced to a water of the state. As a result, technologies with this means for 
disposal were not considered viable options for management of RO reject water in Washington. 



Zero Liquid Discharge 



Zero liquid discharge (ZLD) is a treatment process that produces a little or no liquid brine 
discharge but rather a dried residual salt material. This process improves the water recovery of 
the RO system by reducing the volume of brine that must be treated and disposed of in some 
manner. ZLD options include intermediate treatment, thermal-based technologies, pressure 
driven membrane technologies, electric potential driven membrane technologies, and other 
alternative technologies.  



Summary 



There are many techniques which can be used to manage reject brine water associated with 
RO treatment. The appropriate alternative is primarily governed by geographic and local 
constraints. A comparison of the various brine management methods and potential costs are 
provided in Table 6. 



Of the listed options, ZLD was considered for this analysis as the most viable approach to RO 
reject water management. An evaporation pond was used following ZLD. The strength in this 
combination is ZLD reduces the brine reject volume to treat, which in turn reduces the required 
evaporation pond footprint.  The disadvantage is that evaporation ponds require a substantial 
amount of physical space which may not be available at existing treatment plant sites. It is also 
important to recognize that the greenhouse gas (GHG) emissions vary widely for the eight brine 
management options listed above based on energy and chemical intensity.  



 











 



26   Association of Washington Business 
213512 Treatment Technology Review and Assessment 



  











  



Association of Washington Business   27 
Treatment Technology Review and Assessment 213512 



Table 6. Brine Disposal Method Relative Cost Comparison 



Disposal 
Method 



Description 
Relative 



Capital Cost 
Relative 



O&M Cost 
Comments 



Zero Liquid 
Discharge 
(ZLD) 



Further 
concentrates 
brine reject for 
further 
downstream 
processing 



High High 



This option is preferred as an 
intermediate step. This rationale is 
based on the reduction in volume to 
handle following ZLD. For example, 
RO reject stream volume is reduced 
on the order of 50-90%. 



Surface Water 
Discharge 



Brine discharge 
directly to 
surface water. 
Requires an 
NPDES permit. 



Lowest Lowest 



Both capital and O&M costs heavily 
dependent on the distance from 
brine generation point to discharge. 
Not an option for nutrient removal. 



Ocean 
Discharge 



Discharge 
through a deep 
ocean outfall. 



Medium Low 
Capital cost depends on location and 
availability of existing deep water 
outfall. 



Sewer 
Discharge 



Discharge to 
an existing 
sewer pipeline 
for treatment at a 
wastewater 
treatment plant. 



Low Low 



Both capital and O&M costs heavily 
dependent on the brine generation 
point to discharge distance. Higher 
cost than surface water discharge 
due to ongoing sewer connection 
charge. Not an option for wastewater 
treatment. 



Deep Well 
Injection 



Brine is 
pumped 
underground to 
an area that is 
isolated from 
drinking water 
aquifers. 



Medium Medium 



Technically sophisticated discharge 
and monitoring wells required. O&M 
cost highly variable based on 
injection pumping energy. 



Evaporation 
Ponds 



Large, lined 
ponds are filled 
with brine. The 
water 
evaporates and 
a concentrated 
salt remains. 



Low – High Low 
Capital cost highly dependent on the 
amount and cost of land.  



Salinity 
Gradient Solar 
Ponds (SGSP) 



SGSPs 
harness solar 
power from pond 
to power an 
evaporative unit. 



Low – High Lowest 



Same as evaporation ponds plus 
added cost of heat exchanger and 
pumps. Lower O&M cost due to 
electricity production. 



Advanced 
Thermal 
Evaporation 



Requires a 
two-step process 
consisting of a 
brine 
concentrator 
followed by 
crystallizer 



High Highest 



Extremely small footprint, but the 
energy from H2O removal is by far 
the most energy intensive unless 
waste heat is used. 
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Figure 4. Advanced Treatment Flowsheet – Tertiary Microfiltration and Reverse Osmosis 



 











  



Association of Washington Business   29 
Treatment Technology Review and Assessment 213512 



4.4.3 Advanced Treatment – MF/GAC Alternative 
A flowsheet of the advanced treatment – MF/GAC alternative is provided in Figure 5. Following 
the MF technology, a GAC contactor and media are required.  



This alternative was developed as an option that does not require a brine management 
technology (e.g., ZLD) for comparison to the MF/RO advanced treatment alternative. However, 
this treatment alternative does require that the GAC be regenerated. A baseline secondary 
treatment facility can be retrofitted for MF/GAC. If an existing treatment facility has an extended 
aeration lagoon, the secondary effluent can be fed to the MF/GAC. The longer SRT in the 
extended aeration lagoon provides all the benefits associated with the long SRT in an activated 
sludge plant as previously stated: 



 Lower BOD/TSS discharge load 



 Higher removal of recalcitrant constituents and heavy metals 



 Improved water quality and benefit to downstream users 



 Less downstream algal growth 



 Reduced receiving water dissolved oxygen demand due to ammonia removal 



 Reduced ammonia discharge loads, which is toxic to several aquatic species 



 Improved water quality for habitat, especially as it relates to biodiversity and 
eutrophication 



 Secondary clarifier effluent more conditioned for filtration and disinfection 



 Greater process stability from the anaerobic/anoxic zones serving as a selector 



If an existing treatment facility employs a high rate activated sludge process (short SRT) similar 
to the baseline, it is recommended that the activated sludge process SRT be increased prior to 
the MF/GAC unit processes. The longer SRT upstream of the MF is preferred to enhance the 
membrane flux rate, reduce membrane biofouling, increase membrane life, and reduce the 
chemicals needed for membrane cleaning. 



The key technical and operational challenges associated with the tertiary add-on membrane 
filtration units are as follows: 



 The membrane filtration technology is a proven and reliable technology. With over 30 
years of experience, it has made the transition in recent years from an emerging 
technology to a proven and reliable technology. 



 Membrane durability dependent on feed water quality. The water quality is individual 
facility specific. 



 Membranes are sensitive to particles, so upstream screening is critical. The newer 
generations of membranes have technical specifications that require a particular screen 
size. 



 Membrane area requirements based on peak flows as water must pass through the 
membrane pores. Additionally, membranes struggle with variable hydraulic loading. Flow 
equalization upstream can greatly reduce the required membrane surface area and 
provide uniform membrane loading. 
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 Membrane tanks can exacerbate any foam related issues from the upstream biological 
process. Foam entrapment in the membrane tank from the upstream process can 
reduce membrane filtration capacity and in turn result in a plant-wide foam problem. 



 Reliable access to the membrane modules is key to operation and maintenance.  Once 
PLC is functionary properly, overall maintenance requirements for sustained operation of 
the system are relatively modest.   



 The membranes go through frequent membrane relaxing or back pulse and a periodic 
deep chemical clean in place (CIP) process. 



 Sizing of membrane filtration facilities governed by hydraulic flux. Municipal wastewaters 
have flux values that range from about 20 to 40 gallons per square foot per day (gfd) 
under average annual conditions. The flux associated with industrial applications is 
wastewater specific. 



Following the MF is the activated carbon facilities. There are two kinds of activated carbon used 
in treating water: powdered activated carbon (PAC) and GAC. PAC is finely-ground, loose 
carbon that is added to water, mixed for a short period of time, and removed. GAC is larger than 
PAC, is generally used in beds or tanks that permit higher adsorption and easier process control 
than PAC allows, and is replaced periodically. PAC is not selective, and therefore, will adsorb all 
active organic substances making it an impractical solution for a wastewater treatment plant. As 
a result, GAC was considered for this analysis. The type of GAC (e.g., bituminous and 
subbituminous coal, wood, walnut shells, lignite or peat), gradation, and adsorption capacity are 
determined by the size of the largest molecule/ contaminant that is being filtered (AWWA, 
1990). 



As water flows through the carbon bed, contaminants are captured by the surfaces of the pores 
until the carbon is no longer able to adsorb new molecules. The concentration of the 
contaminant in the treated effluent starts to increase. Once the contaminant concentration in the 
treated water reaches an unacceptable level (called the breakthrough concentration), the 
carbon is considered "spent" and must be replaced by virgin or reactivated GAC. 



The capacity of spent GAC can be restored by thermal reactivation. Some systems have the 
ability to regenerate GAC on-site, but in general, small systems haul away the spent GAC for 
off-site regeneration (EPA 1993). For this study, off-site regeneration was assumed. 



The basic facilities and their potential unit processes included in this chapter are as follows: 



 GAC supply and delivery 



 Influent pumping 



o Low head feed pumping 



o High head feed pumping (assumed for this study as we have low limits so require 
high beds) 



 Contactors and backwash facilities 



o Custom gravity GAC contactor  



o Pre-engineered pressure GAC contactor (Used for this study) 



o Backwash pumping 



 GAC transport facilities 



o Slurry pumps 



o Eductors (Used for this study) 
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 Storage facilities 



o Steel tanks 



o Concrete tanks (Used for this study; larger plants would typically select concrete 
tanks) 



 Spent carbon regeneration 



o On-site GAC regeneration 



o Off-Site GAC regeneration 



Following the MF is the GAC facility. The GAC contactor provides about a 12-min hydraulic 
residence time for average annual conditions. The GAC media must be regenerated about twice 
per year in a furnace. The constituents sorbed to the GAC media are removed during the 
regeneration process. A typical design has full redundancy and additional storage tankage for 
spent and virgin GAC. Facilities that use GAC need to decide whether they will regenerate GAC 
on-site or off-site. Due to challenges associated with receiving air emission permits for new 
furnaces, it was assumed that off-site regeneration would be evaluated.  



The key technical and operational challenges associated with the tertiary add-on GAC units are 
as follows: 



 Nearest vendor to acquire virgin GAC – How frequently can they deliver virgin GAC and 
what are the hauling costs? 



 Contactor selection is typically based on unit cost and flow variation. The concrete 
contactor is typically more cost effective at higher flows so it was used for this 
evaluation. The pre-engineered pressure contactor can handle a wider range of flows 
than a concrete contactor. Additionally, a pressure system requires little maintenance as 
they are essentially automated 



 Periodical contactor backwashing is critical for maintaining the desired hydraulics and 
control biological growth 



 Eductors are preferred over slurry pumps because they have fewer mechanical 
components. Additionally, the pump with eductors is not in contact with the carbon, 
which reduces wear. 



 Off-site GAC regeneration seems more likely due to the challenges with obtaining an air 
emissions permit. 
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Figure 5. Advanced Treatment Flowsheet – Tertiary Microfiltration and Granular Activated Carbon 
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4.5 Steady-State Mass Balance 
HDR used its steady-state mass balance program to calculate the flows and loads within the 
candidate advanced treatment processes as a means to size facilities. The design of 
wastewater treatment facilities are generally governed by steady-state mass balances. For a 
steady-state mass balance, the conservation of mass is calculated throughout the entire 
wastewater treatment facility for defined inputs. Dynamic mass balance programs exist for 
designing wastewater facilities, but for a planning level study such as this, a steady state mass 
balance program is adequate. A dynamic program is generally used for detailed design and is 
site-specific with associated requirements for more detailed wastewater characterization.  



The set of model equations used to perform a steady-state mass balance are referred to as the 
model. The model equations provide a mathematical description of various wastewater 
treatment processes, such as an activated sludge process, that can be used to predict unit 
performance. The program relies on equations for each unit process to determine the flow, load, 
and concentration entering and leaving each unit process. 



An example of how the model calculates the flow, load, and concentration for primary clarifiers 
is provided below. The steady-state mass balance equation for primary clarifiers has a single 
input and two outputs as shown in the simplified Figure 6. The primary clarifier feed can exit the 
primary clarifiers as either effluent or sludge. Solids not removed across the primaries leave as 
primary effluent, whereas solids captured leave as primary sludge. Scum is not accounted for. 



 
Figure 6. Primary Clarifier Inputs/Outputs 



The mass balance calculation requires the following input: 



 Solids removal percentage across the primaries (based on average industry accepted 
performance) 



 Primary solids thickness (i.e., percent solids) (based on average industry accepted 
performance) 



The steady-state mass balance program provides a reasonable first estimate for the process 
performance, and an accurate measure of the flows and mass balances at various points 
throughout the plant. The mass balance results were used for sizing the facility needs for each 
alternative. A listing of the unit process sizing criterion for each unit process is provided in 
Appendix A. By listing the unit process sizing criteria, a third-party user could redo the analysis 
and end up with comparable results. The key sizing criteria that differ between the baseline and 
treatment alternatives are as follows: 



 Aeration basin mixed liquor is greater for the advanced treatment alternatives which in 
turn requires a larger volume 



 The secondary clarifiers are sized based on hydraulic loading for the baseline versus 
solids loading for the advanced treatment alternatives 



Primary Influent Primary Effluent



Primary Sludge
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 The MF/GAC and MF/RO sizing is only required for the respective advanced treatment 
alternatives. 



4.6 Adverse Environmental Impacts Associated with Advanced 
Treatment Technologies  



The transition from the baseline (conventional secondary treatment) to either advanced 
treatment alternatives has some environmental impacts that merit consideration, including the 
following:  



 Land area for additional system components (which for constrained facility sites, may 
necessitate land acquisition and encroachment into neighboring properties with 
associated issues and challenges, etc.). 



 Increased energy use and atmospheric emissions of greenhouse gases and criteria air 
contaminants associated with power generation to meet new pumping requirements 
across the membrane filter systems (MF and RO) and GAC. 



 Increased chemical demand associated with membrane filters (MF and RO). 



 Energy and atmospheric emissions associated with granulated charcoal regeneration. 



 RO brine reject disposal. The zero liquid discharge systems are energy intensive energy 
and increase atmospheric emissions as a consequence of the electrical power 
generation required for removing water content from brine reject. 



 Increase in sludge generation while transitioning from the baseline to the advanced 
treatment alternatives. There will be additional sludge captured with the chemical 
addition to the primaries and membrane filters (MF and RO). Additionally, the GAC units 
will capture more solids. 



 Benefits to receiving water quality by transitioning from a short SRT (<2 days) in the 
baseline to a long SRT (>8 days) for the advanced treatment alternatives (as previously 
stated): 



o Lower BOD/TSS discharge load 



o Higher removal of recalcitrant constituents and heavy metals 



o Improved water quality and benefit to downstream users 



o Reduced nutrient loadings to receiving waters and lower algal growth potential 



o Reduced receiving water dissolved oxygen demand due to ammonia removal 



o Reduced ammonia discharge loads, which is toxic to  aquatic species 



o Improved water quality for habitat, especially as it relates to biodiversity and 
eutrophication 



o Secondary clarifier effluent better conditioned for subsequent filtration and 
disinfection 



o Greater process stability from the anaerobic/anoxic zones serving as a biological 
selectors 



HDR calculated GHG emissions for the baseline and advanced treatment alternatives. The use 
of GHG emissions is a tool to normalize the role of energy, chemicals, biosolids hauling, and 
fugitive emissions (e.g., methane) in a single unit. The mass balance results were used to 
quantify energy demand and the corresponding GHG emissions for each alterative. Energy 
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demand was estimated from preliminary process calculations. A listing of the energy demand for 
each process stream, the daily energy demand, and the unit energy demand is provided in 
Table 7. The advanced treatment options range from 2.3 to 4.1 times greater than the baseline. 
This large increase in energy demand is attributed to the energy required to pass water through 
the membrane barriers and/or the granular activated carbon. Additionally, there is energy 
required to handle the constituents removed as either regenerating the GAC or handling the RO 
brine reject water. This additional energy required to treat the removed constituents is presented 
in Table 7. 



Table 7. Energy Breakdown for Each Alternative (5 mgd design flow) 



Parameter Units Baseline 
Advanced 



Treatment – 
MF/GAC 



Advanced 
Treatment – 



MF/RO 



Daily Liquid Stream Energy Demand MWh/d 11.6 23.8 40.8 



Daily Solids Stream Energy Demand MWh/d -1.6 -1.1 -1.1 



Daily Energy Demand MWh/d 10.0 22.7 39.7 



Unit Energy Demand 
kWh/MG 
Treated 



2,000 4,500 7,900 



MWh/d = megawatt hours per day 
kWh/MG = kilowatt hours per million gallons 



Details on the assumptions used to convert between energy demand, chemical demand and 
production, as well as biologically-mediated gases (i.e., CH4 and N2O) and GHG emissions are 
provided in Appendix B.  



A plot of the GHG emissions for each alternative is shown in Figure 7. The GHG emissions 
increase from the baseline to the two advanced treatment alternatives. The GHG emissions 
increase about 50 percent with respect to baseline when MF/GAC is used and the GHG 
emissions increase over 100 percent with respect to baseline with the MF/RO advanced 
treatment alternative. 



The MF/GAC energy demand would be larger if GAC regeneration was performed on-site. The 
GHG emissions do not include the energy or air emissions that result from off-site GAC 
regeneration. Only the hauling associated with moving spent GAC is included. The energy 
associated with operating the furnace would exceed the GHG emissions from hauling spent 
GAC. 



The zero liquid discharge in the MF/RO alternative alone is comparable to the Baseline. This 
contribution to increased GHG emissions by zero liquid discharge brine system highlights the 
importance of the challenges associated with managing brine reject. 
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Figure 7. Greenhouse Gas Emissions for Each Alternative 



The use of GHG emissions as a measure of sustainability does not constitute a complete 
comparison between the baseline and advanced treatment alternatives. Rather, it is one metric 
that captures the impacts of energy, chemical demand and production, as well as biologically-
mediated gases (i.e., CH4 and N2O). The other environmental impacts of advanced treatment 
summarized in the list above should also be considered in decision making beyond cost 
analysis.  



4.7 Costs 
Total project costs along with the operations and maintenance costs were developed for each 
advanced treatment alternative for a comparison with baseline secondary treatment.  



4.7.1 Approach 
The cost estimates presented in this report are planning level opinions of probable construction 
costs for a nominal 5 mgd treatment plant design flow representing a typical facility without site 
specific details about local wastewater characteristics, physical site constraints, existing 
infrastructure, etc. The cost estimates are based on wastewater industry cost references, 
technical studies, actual project cost histories, and professional experience. The costs 
presented in this report are considered planning level estimates. A more detailed development 
of the advanced treatment process alternatives and site specific information would be required 
to further refine the cost estimates. Commonly this is accomplished in the preliminary design 
phase of project development for specific facilities following planning.  



The cost opinion includes a range of costs associated with the level of detail used in this 
analysis. Cost opinions based on preliminary engineering can be expected to follow the 
Association for the Advancement of Cost Engineering (AACE International) Recommended 
Practice No. 17R-97 Cost Estimate Classification System estimate Class 4. A Class 4 estimate 
is based upon a 5 to 10 percent project definition and has an expected accuracy range of -30 to 
+50 percent and typical end usage of budget authorization and cost control. It is considered an 
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“order-of-magnitude estimate.” The life-cycle costs were prepared using the net present value 
(NPV) method.  



The cost associated for each new unit process is based on a unit variable, such as required 
footprint, volume, demand (e.g., lb O2/hr), and others. This approach is consistent with the 
approach developed for the EPA document titled “Estimating Water Treatment Costs: Volume 2-
Cost Curves Applicable to 1 to 200 mgd Treatment Plants” dated August 1979. The approach 
has been updated since 1979 to account for inflation and competition, but the philosophy for 
estimating costs for unit processes has not changed. For example, the aeration system 
sizing/cost is governed by the maximum month airflow demand. Additionally, the cost 
associated constructing an aeration basin is based on the volume. The cost considers 
economies of scale. 



The O&M cost estimates were calculated from preliminary process calculations. The operations 
cost includes energy and chemical demand. For example, a chemical dose was assumed based 
on industry accepted dosing rates and the corresponding annual chemical cost for that 
particular chemical was accounted for. The maintenance values only considered replacement 
equipment, specifically membrane replacement for the Advanced Treatment Alternatives. 



4.7.2 Unit Cost Values 
The life-cycle cost evaluation was based on using the economic assumptions shown in Table 8. 
The chemical costs were based on actual values from other projects. To perform detailed cost 
evaluations per industry, each selected technology would need to be laid out on their respective 
site plan based on the location of the existing piping, channels, and other necessary facilities. 



Table 8. Economic Evaluation Variables 



Item Value 



Nominal Discount Rate 5% 



Inflation Rate: 



     General  3.5% 



     Labor  3.5% 



     Energy 3.5% 



     Chemical  3.5% 



Base Year 2013 



Project Life 25 years 



Energy $0.06/kWh 



Natural Gas $0.60/therm 



Chemicals: 



     Alum    $1.1/gal 



     Polymer     $1.5/gal 



     Hypochlorite $1.5/gal 



     Salt $0.125/lb 



     Antiscalant $12.5/lb 



     Acid $0.35/lb 



     Deionized Water $3.75/1,000 gal 



Hauling: 
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Table 8. Economic Evaluation Variables 



Item Value 



     Biosolids Hauling Distance 100 miles (one way) 



     Biosolids Truck Volume 6,000 gal/truck 



     Biosolids Truck Hauling $250/truck trip 



     GAC Regeneration Hauling   
Distance 



250 miles (round trip) 



GAC Regeneration Truck 
Volume 



$20,000 lb GAC/truck 



GAC Regeneration Truck 
Hauling 



Included in cost of Virgin 
GAC 



kWh= kilowatt hours; lbs=pounds; GAC=granulated activated carbon; 
gal=gallon 



4.7.3 Net Present Value of Total Project Costs and Operations and 
Maintenance Cost in 2013 Dollars 



An estimate of the net present value for the baseline treatment process and the incremental 
cost to implement the advanced treatment alternatives is shown in Table 9. The cost for the 
existing baseline treatment process was estimated based on new construction for the entire 
conventional secondary treatment process (Figure 3). The incremental cost to expand from 
existing baseline secondary treatment to advanced treatment was calculated by taking the 
difference between the baseline and the advanced treatment alternatives. These values serve 
as a benchmark for understanding the prospective cost for constructing advanced treatment at 
the planning level of process development.  



Table 9. Treatment Technology Total Project Costs in 2013 Dollars for a 5 mgd Facility 



Alternative 
Total Construction 



Cost, 2013  
dollars ($ Million) 



O&M Net Present 
Value, 2013  



dollars ($ Million)* 



Total Net Present 
Value, 2013  



dollars ($ Million) 



NPV Unit Cost, 
2013  



dollars ($/gpd) 



Baseline (Conventional 
Secondary Treatment)* 



59 - 127 5 - 11 65 – 138 13 - 28 



Advanced Treatment – 
MF/RO** 



108 - 231 31 - 67 139 - 298 28 - 60 



Advanced Treatment – 
MF/GAC 



131 - 280 50 - 108 181 - 388 36 - 78 



Incremental Increase to 
Advanced Treatment 
MF/RO 



48 - 104 26 - 56 75 - 160 15 - 32 



Incremental Increase to 
Advanced Treatment 
MF/GAC 



71 - 153 45 - 97 117 - 250 23 - 50 



* The additional cost to increase the SRT to upwards of 30-days is about $12 - 20 million additional dollars in total project cost 
for a 5 mgd design flow 
** Assumes zero liquid discharge for RO brine management, followed by evaporation ponds. Other options are available as 
listed in Section 4.4.2. 
O&M=operations and maintenance; MF/RO=membrane filtration/reverse osmosis; MF/GAC=membrane filtration/granulated 
activated carbon; gpd=gallons per day 
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4.7.4 Unit Cost Assessment 
Costs presented above are based on a treatment capacity of 5.0 mgd, however, existing 
treatment facilities range dramatically across Washington in size and flow treated. Table 9 
indicates that the unit capital cost for baseline conventional secondary treatment for 5.0 mgd 
ranges between $13 to 28 per gallon per day of treatment capacity. The unit cost for the 
advanced treatment alternatives increases the range from the low $20s to upper $70s on a per-
gallon per-day of capacity. The increase in cost for the advanced treatment alternatives is 
discussed in the sub-sections below. 



Advanced Treatment MF/RO 



The advanced treatment MF/RO alternative has a total present worth unit cost range of $28 to 
$60 million in per gallon per day of capacity. This translates to an incremental cost increase with 
respect to the baseline of $15 to $32 million dollars in per gallon per day treatment capacity. 
The key differences in cost between the baseline and the advanced treatment MF/RO are as 
follows: 



 Larger aeration basins than the baseline to account for the longer SRT (<8 days versus 
>8 days). 



 Additional pumping stations to pass water through the membrane facilities (MF and RO). 
These are based on peak flows. 



 Membrane facilities (MF and RO; equipment, tanks chemical feed facilities, pumping, 
etc.) and replacement membrane equipment. 



 Additional energy and chemical demand to operate the membrane facilities (MF and RO) 
and GAC. 



 Zero liquid discharge facilities to further concentrate the brine reject. 



 Zero liquid discharge facilities are energy/chemically intensive and they require 
membrane replacement every few years due to the brine reject water quality. 



 An evaporation pond to handle the brine reject that has undergone further concentration 
by zero liquid discharge. 



The advanced treatment MF/RO assumes that 100 percent of the flow is treated by MF, 
followed by 50 percent of the flow treated with RO. Sending a portion of flow through the RO 
and blending it with the balance of plant flows ensures a stable water to discharge. The RO 
brine reject (about 1.0 mgd) undergoes ZLD pre-treatment that further concentrates the brine 
reject to about 0.1-0.5 mgd. The recovery for both RO and ZLD processes is highly dependent 
on water quality (e.g., silicate levels). 



ZLD technologies are effective at concentrating brine reject, but it comes at a substantial cost 
($17.5 per gallon per day of ZLD treatment capacity of brine reject). The zero liquid discharge 
estimate was similar in approach to the demonstration study by Burbano and Brandhuber 
(2012) for La Junta, Colorado. The ability to further concentrate brine reject was critical from a 
management standpoint. Although 8 different options were presented for managing brine reject 
in Section 4.4.2, none of them is an attractive approach for handling brine reject. ZLD provides a 
viable pre-treatment step that requires subsequent downstream treatment. Evaporation ponds 
following ZLD were used for this study. Without ZLD, the footprint would be 3-5 times greater. 



Roughly 30 acres of evaporation ponds, or more, may be required to handle the ZLD 
concentrate, depending upon concentrator effectiveness, local climate conditions, residuals 
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accumulation, residual removal, etc.  Precipitation throughout Washington is highly variable 
which can greatly influence evaporation pond footprint. The approach for costing the 
evaporation pond was in accordance with Mickley et al. (2006) and the cost was about $2.6 
million. 



Recent discussions with an industry installing evaporation ponds revealed that they will use 
mechanical evaporators to enhance evaporation rates. The use of mechanical evaporators was 
not included in this study, but merits consideration if a facility is performing a preliminary design 
that involves evaporation ponds. The mechanical evaporators have both a capital costs and 
annual energy costs. 



Advanced Treatment MF/GAC 



The advanced treatment MF/GAC alternative has a total present worth unit cost range of $36 to 
$78 million in per gallon per day capacity. This translates to an incremental cost increase with 
respect to the baseline of $23 to $50 million dollars on a per gallon per day of treatment 
capacity basis. The key differences in cost between the baseline and the advanced treatment 
MF/GAC are as follows: 



 Larger aeration basins than the baseline to account for the longer SRT (<8 days versus 
>8 days). 



 Additional pumping stations to pass water through the MF membrane and GAC facilities. 
These are based on peak flows. 



 GAC facilities (equipment, contact tanks, pumping, GAC media, etc.) 



 Additional energy to feed and backwash the GAC facilities. 



 GAC media replacement was the largest contributor of any of the costs. 



 Additional hauling and fees to regenerate GAC off-site. 



The advanced treatment MF/GAC assumes that 100 percent of the flow is treated by MF, 
followed by 100 percent of the flow treated with GAC. The GAC technology is an established 
technology. The costing approach was in accordance with EPA guidelines developed in 1998. 



The critical issue while costing the GAC technology is whether a GAC vendor/regeneration 
facility is located within the region. On-site regeneration is an established technology with a 
furnace. 



However, there are several concerns as listed in Section 4.4.3: 



 Ability to obtain an air emissions permit 



 Additional  equipment to operate and maintain 



 Energy and air emissions to operate a furnace on-site 



 Operational planning to ensure that furnace is operating 90-95 percent of the time. 
Otherwise, operations is constantly starting/stopping the furnace which is energy 
intensive and deleterious to equipment 



 If not operated properly, the facility has the potential to create hazardous/toxic waste to 
be disposed 



If located within a couple hundred miles, off-site regeneration is preferred. For this study, off-site 
regeneration was assumed with a 250-mile (one-way) distance to the nearest vendor that can 
provide virgin GAC and a regeneration facility. 
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Incremental Treatment Cost 



The difference in costs between the baseline and the advanced treatment alternatives is listed 
in Table 10. The incremental cost to retrofit the baseline facility to the advanced treatment was 
calculated by taking the difference between the two alternatives. These values should serve as 
a planning level benchmark for understanding the potential cost for retrofitting a particular 
facility. The incremental cost is unique to a particular facility. Several reasons for the wide range 
in cost in retrofitting a baseline facility to advanced treatment are summarized as follows: 



 Physical plant site constraints. A particular treatment technology may or may not fit 
within the constrained particular plant site. A more expensive technology solution that is 
more compact may be required. Alternately, land acquisition may be necessary to 
enlarge a plant site to allow the addition of advanced treatment facilities.  An example of 
the former is stacking treatment processes vertically to account for footprint constraints. 
This is an additional financial burden that would not be captured in the incremental costs 
presented in Table 10. 



 Yard piping. Site specific conditions may prevent the most efficient layout and piping 
arrangement for an individual facility. This could lead to additional piping and pumping to 
convey the wastewater through the plant. This is an additional financial burden that 
would not be captured in the incremental costs presented in Table 10. 



 Pumping stations. Each facility has unique hydraulic challenges that might require 
additional pumping stations not captured in this planning level analysis. This is an 
additional financial burden that would not be captured in the incremental costs presented 
in Table 10. 



A cursory unit cost assessment was completed to evaluate how costs would compare for 
facilities with lower (0.5 mgd) and higher capacity (25 mgd), as presented in Table 10. Capital 
costs were also evaluated for a 0.5 mgd and 25 mgd facility using non-linear scaling equations 
with scaling exponents. The unit capital cost for baseline conventional secondary treatment for 
0.5 mgd and 25 mgd is approximately $44 and $10 per gallon per day of treatment capacity, 
respectively. The incremental unit costs to implement an advanced treatment retrofit for 0.5 mgd 
would range between $30 to $96 per gallon per day of treatment capacity and would be site and 
discharger specific. The incremental unit costs to implement an advanced treatment retrofit for 
25 mgd would range between $10 to 35 per gallon per day of treatment capacity and would be 
site and discharger specific. The larger flow, 25 mgd, is not as expensive on a per gallon per 
day of treatment capacity. This discrepancy for the 0.5 and 25 mgd cost per gallon per day of 
treatment capacity is attributed to economies of scale. Cost curve comparisons (potential total 
construction cost and total net present value) for the baseline and the two tertiary treatment 
options (MF/RO and MF/GAC) are shown in Figure 8 and Figure 9 between the flows of 0.5 and 
25 mgd. It is important to note that while the economies of scale suggest lower incremental 
costs for the larger size facilities, some aspects of the advanced treatment processes may 
become infeasible at larger capacities due to factors such as physical space limitations and the 
large size requirements for components such as RO reject brine management.   
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Table 10. Treatment Technology Total Project Costs in 2013 Dollars for a 0.5 mgd Facility and a 25 mgd 
Facility 



Alternative 
Total Construction 
Cost, 2013 dollars 



($ Million) 



O&M Net Present 
Value, 2013  



dollars ($ Million)* 



Total Net Present 
Value, 2013  



dollars ($ Million) 



NPV Unit Cost, 
2013  



dollars ($/gpd) 



0.5 mgd: 



Baseline (Conventional 
Secondary Treatment) 



15 - 32 0.5 - 1.1 15 - 33 31 - 66 



Advanced Treatment – 
MF/RO** 



27 - 58 3.2 - 6.8 30 - 65 60 - 130 



Advanced Treatment – 
MF/GAC 



33 - 70 5 - 10.8 38 - 81 76 - 162 



Incremental Increase to 
Advanced Treatment 
MF/RO 



12 - 26 2.7 - 5.7 15 - 32 30 - 64 



Incremental Increase to 
Advanced Treatment 
MF/GAC 



18 - 38 4.6 - 9.8 22 - 48 45 - 96 



25 mgd: 



Baseline (Conventional 
Secondary Treatment) 



156 - 335 25 - 54 182 - 389 7 - 16 



Advanced Treatment – 
MF/RO** 



283 - 606 157 - 336 440 - 942 18 - 38 



Advanced Treatment – 
MF/GAC 



343 - 735 252 - 541 595 - 1276 24 - 51 



Incremental Increase to 
Advanced Treatment 
MF/RO 



127 - 272 131 - 281 258 - 553 10 - 22 



Incremental Increase to 
Advanced Treatment 
MF/GAC 



187 - 401 226.9 - 486 414 - 887 17 - 35 



* Does not include the cost for labor. 
** Assumes zero liquid discharge for RO brine management, followed by evaporation ponds. Other options are available as 
listed in Section 4.4.2. 
MF/RO=membrane filtration/reverse osmosis 
MF/GAC=membrane filtration/granulated activated carbon 
O&M=operations and maintenance 
gpd=gallons per day 
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Figure 8: Capital Cost Curve Comparison for Baseline Treatment, MF/RO, and MF/GAC 



 
Figure 9: NPV Cost Curve Comparison for Baseline Treatment, MF/RO, and MF/GAC 
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4.8 Pollutant Mass Removal 
An estimate of the projected load removal for the four constituents of concern was developed 
and is presented in Table 11.  The current secondary effluent and advanced treatment effluent 
data is based on the only available data to HDR and is from municipal treatment plant facilities. 
Data is not available for advanced treatment facilities such as MF/RO or MF/GAC.  Due to this 
lack of data, advanced treatment using MF/RO or MF/GAC was assumed to remove an 
additional zero to 90 percent of the constituents presented resulting in the range presented in 
Table 11. It is critical to note these estimates are based on limited data and are presented here 
simply for calculating mass removals. Current secondary effluent for industrial facilities would 
likely be greater than the data presented here and as a result, the projected effluent quality for 
industrial facilities would likely be higher as well.  Based on the limited actual data from 
municipal treatment facilities, Table 11 indicates that mercury and BAP effluent limits may 
potentially be met using advanced treatment at facilities with similar existing secondary effluent 
quality.   



Table 11. Pollutant Mass Removal by Contaminant for a 5 mgd Facility 



Component PCBs Mercury Arsenic BAP 



Required HHWQC based Effluent 
Quality (µg/L) 



0.0000064 0.005 0.018 0.0013 



Current Secondary Effluent 
Concentration (µg/L)* 



0.0015 0.025 7.5 0.00031 



Projected Effluent Quality (µg/L) 
from Advanced Treatment 
(MF/RO or MF/GAC)* 



0.000041 – 
0.00041 



0.00012 – 
0.0012 



0.38 – 3.8 
0.000029 - 



0.00029 



Mass Removed (mg/d)** 21 - 28 451 - 471 
71,000 – 
135,000 



0.4 – 5.0 



Mass Removed (lb/d)** 
0.000045 – 
0.000061 



0.00099 – 
0.0010 



0.16 – 0.30 
0.0000010 – 
0.0000012 



* Based on or estimated for actual treatment plant data from municipal facilities. Data sets are limited and current 
secondary effluent for industrial facilities would likely be greater than the data presented here.  
** 1 lb = 454,000 mg 
HHWQC=human health-based water quality criteria 



MF/RO=membrane filtration/reverse osmosis 
MF/GAC=membrane filtration/granulated activated carbon 
µg/L=micrograms per liter 
mg/d=milligrams per day 
lb/d=pounds per day 



Unit costs were developed based on required mass removal from a 5 mgd facility for each of the 
four constituents of concern to reduce discharges from current secondary effluent quality to the 
assumed required effluent quality (HHWQC). It important to note that this study concludes it is 
unclear if existing technology can meet the required effluent quality, however, the information 
presented in Table 12 assumes HHWQC would be met for developing unit costs. The unit costs 
are expressed as dollars in NPV (over a 25 year period) per pound of constituent removed over 
the same 25 year period using advanced treatment with MF/RO. The current secondary effluent 
quality data presented are based on typical secondary effluent quality expected for a 
municipal/industrial discharger.  Table 12 suggests unit costs are most significant in meeting the 
PCB, mercury, and PAH required effluent quality. 
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Table 12. Unit Cost by Contaminant for a 5 mgd Facility Implementing Advanced Treatment using 
MF/RO 



Component PCBs Mercury Arsenic PAHs 



Required HHWQC based Effluent 
Quality (µg/L) 



0.0000064 0.005 0.018 0.0013 



Current Secondary Effluent 
Concentration (µg/L)* 



0.002 0.025 7.5 0.006 



Total Mass Removed (lbs) over 
25-year Period  



0.76 7.6 2,800 1.8 



Unit Cost (NPV per total mass 
removed in pounds over 25 years) 



$290,000,000 $29,000,000 $77,000 $120,000,000 



*Derived from data presented in Table 3. 
**Based on assumed 25-year NPV of $219,000,000 (average of the range presented in Table 10) and advanced 
treatment using MF/RO. 
NPV=net present value 
HHWQC=human health-based water quality criteria 



µg/l=micrograms per liter 



4.9 Sensitivity Analysis 
The ability of dischargers to meet a HHWQC one order of magnitude less stringent (than 
HHWQC presented in Table 3 and used in this report) was considered.  The same advanced 
treatment technologies using MF/RO or MF/GAC would still be applied to meet revised effluent 
quality one order-of-magnitude less stringent despite still not being able to meet less stringent 
effluent limits. As a result, this less stringent effluent quality would not impact costs. Based on 
available data, it appears the mercury and BAP limits would be met at a less stringent HHWQC.  
PCB effluent quality could potentially be met if advanced treatment with RO or GAC performed 
at the upper range of their projected treatment efficiency.  It does not appear the less stringent 
arsenic HHWQC would be met with advanced treatment. It is important to note that a 
discharger’s ability to meet these less stringent limits depends on existing secondary effluent 
characteristics and is facility specific.  Facilities with higher secondary effluent constituent 
concentrations will have greater difficulty meeting HHWQC. 
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5.0 Summary and Conclusions 
This study evaluated treatment technologies potentially capable of meeting revised effluent 
discharge limits associated with revised HHWQC. HDR completed a literature review of 
potential technologies and engineering review of their capabilities to evaluate and screen 
treatment methods for meeting revised effluent limits for four constituents of concern: arsenic, 
BAP, mercury, and PCBs. HDR selected two alternatives to compare against a baseline, 
including enhanced secondary treatment, enhanced secondary treatment with MF/RO, and 
enhanced secondary treatment with MF/GAC. HDR developed capital costs, operating costs, 
and a NPV for each alternative, including the incremental cost to implement from an existing 
secondary treatment facility.   



The following conclusions can be made from this study. 



 Revised HHWQC based on state of Oregon HHWQC (2001) and EPA “National 
Recommended Water Quality Criteria” will result in very low water quality criteria for 
toxic constituents. 



 There are limited “proven” technologies available for dischargers to meet required 
effluent quality limits that would be derived from revised HHWQC. 



o Current secondary wastewater treatment facilities provide high degrees of removal 
for toxic constituents; however, they will not be capable of compliance with water 
quality-based NPDES permit effluent limits derived from revised HHWQC. 



o Advanced treatment technologies have been investigated and candidate process 
trains have been conceptualized for toxics removal. 



 Advanced wastewater treatment technologies may enhance toxics removal rates, 
however they will not be capable of compliance with HHWQC based effluent 
limits for PCBs. The lowest levels achieved based on the literature review were 
between <0.00001 and 0.00004 µg/L, as compared to a HHWQC of 0.0000064 
µg/L. 



 Based on very limited performance data for arsenic and mercury from advanced 
treatment information available in the technical literature, compliance with revised 
criteria may or may not be possible, depending upon site specific circumstances.  



 Compliance with a HHWQC for arsenic of 0.018 µg/L appears unlikely. Most 
treatment technology performance information available in the literature is 
based on drinking water treatment applications targeting a much higher 
SDWA MCL of 10 µg/L. 



 Compliance with a HHWQC for mercury of 0.005 µg/L appears to be 
potentially attainable on an average basis but perhaps not if effluent limits are 
structured on a maximum monthly, weekly or daily basis. Some secondary 
treatment facilities attain average effluent mercury levels of 0.009 to 0.066 
µg/L. Some treatment facilities with effluent filters attain average effluent 
mercury levels of 0.002 to 0.010 µg/L. Additional advanced treatment 
processes are expected to enhance these removal rates, but little mercury 
performance data is available for a definitive assessment. 



 Little information is available to assess the potential for advanced technologies to 
comply with revised benzo(a)pyrene criteria. A municipal wastewater treatment 
plant study reported both influent and effluent BAP concentrations less than the 
HHWQC of 0.0013 ug/L (Ecology, 2010). 
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o Some technologies may be effective at treating identified constituents of concern to 
meet revised limits while others may not. It is therefore even more challenging to 
identify a technology that can meet all constituent limits simultaneously. 



o A HHWQC that is one order-of-magnitude less stringent could likely be met for 
mercury and PAHs however it appears PCB and arsenic limits would not be met. 



 Advanced treatment processes incur significant capital and operating costs. 



o Advanced treatment process to remove additional arsenic, benzo(a)pyrene, mercury, 
and PCBs would combine enhancements to secondary treatment with microfiltration 
membranes, reverse osmosis, and granular activated carbon and increase the 
estimated capital cost of treatment from $17 to $29 in dollars per gallon per day of 
capacity (based on a 5.0 mgd facility). 



o The annual operation and maintenance costs for the advanced treatment process 
train will be substantially higher (approximately $5 million - $15 million increase for a 
5.0 mgd capacity facility) than the current secondary treatment level. 



 Implementation of additional treatment will result in additional collateral impacts. 



o High energy consumption. 



o Increased greenhouse gas emissions. 



o Increase in solids production from chemical addition to the primaries. Additionally, 
the membrane and GAC facilities will capture more solids that require handling.  



o Increased physical space requirements at treatment plant sites for advanced 
treatment facilities and residuals management including reverse osmosis reject brine 
processing. 



 It appears advanced treatment technology alone cannot meet all revised water quality 
limits and implementation tools are necessary for discharger compliance. 



o Implementation flexibility will be necessary to reconcile the difference between the 
capabilities of treatment processes and the potential for HHWQC driven water quality 
based effluent limits to be lower than attainable with technology 



 











 



48   Association of Washington Business 
213512 Treatment Technology Review and Assessment 



6.0 References 
Ahn, J.-H., Kim, S, Park, H., Rahm, B., Pagilla, K., Chandran, K. 2010. N2O emissions from 



activated sludge processes, 2008-2009: Results of a national surveying program in the 
United States. Environ. Sci. Technol., 44(12):4505-4511. 



Andrianisa, H.,A., Ito, A., Sasaki, A., Aizawa, J., and Umita, T. 2008. Biotransformation of 
arsenic species by activated sludge and removal of bio-oxidised arsenate from wastewater 
by coagulation with ferric chloride. Water Research, 42(19), pp. 4809-4817 



Andrianisa, H.,A., Ito, A., Sasaki, A., Ikeda, M., Aizawa, J., and Umita, T. 2006. Behaviour of 
arsenic species in batch activated sludge process: biotransformation and removal. Water 
Science and Technology, 54(8), pp. 121-128. 



Burbano, A and Brandhuber, P. (2012) Demonstration of membrane zero liquid discharge for 
drinking water systems. Water Environment Research Federation (WERF) Report 
WERF5T10. 



California Air Resources Board, ICLEI, California Climate Action Registry, The Climate Registry. 
2008. Local Government Operations Protocol. For the quantification and reporting of 
greenhouse gas emissions inventories, Version 1.1. 



Chung, B., Cho, J., Song, C., and Park, B. Degradation of naturally contaminated polycyclic 
aromatic hydrocarbons in municipal sewage sludge by electron beam irradiation. Bulletin 
of Environmental Contamination and Toxicology, 81(1), pp. 7-11. 



CRITFC (Columbia River Inter-Tribal Fish Commission). 1994. A fish consumption survey of the 
Umatilla, Nez Perce, Yakama and Warm Springs Tribes of the Columbia River 
Basin.  Columbia River Inter-Tribal Fish Commission Report reference #94-03, Portland, 
Oregon. 



Eckenfelder, W.W., Industrial Water Pollution Control, 2nd ed. (New York: McGraw-Hill, 1989). 



Ecology. 2010. (Lubliner, B., M. Redding, and D. Ragsdale). Pharmaceuticals and Personal 
Care Products in Municipal Wastewater and Their Removal by Nutrient Treatment 
Technologies. Washington State Department of Ecology, Olympia, WA. Publication 
Number 10-03-004. 



González, D., Ruiz, L.M., Garralón, G.,  Plaza, F., Arévalo, J., Parada, J., Péreza, J., Morenoa, 
B., and Ángel Gómez, M. 2012. Wastewater polycyclic aromatic hydrocarbons removal by 
membrane bioreactor. Desalination and Water Treatment, 42, pp. 94–99 



Grosser, J. 2010. The Challenge: Measure Arsenic in Drinking Water. White paper.  



Haapeaa, P., and Tuhkanen, T. 2006. Integrated treatment of PAH contaminated soil by soil 
washing, ozonation and biological treatment . Journal of Hazardous Materials,136(21), pp. 
244–250 



Intergovernmental Panel on Climate Change. 2006. 2006 IPCC Guidelines for National 
Greenhouse Gas Inventories. Prepared by the National Greenhouse Gas Inventories 
Programme, Eggleston, S., Buendia, L., Miwa, K., Ngara, T., Tanabe, K. (eds.) Published: 
IGES, Japan. 



LaGrega, M.D., Buckingham P.L. and Evans J.C., Hazardous Waste Management, 1st ed. (New 
York: McGraw-Hill, 1994). 











  



Association of Washington Business 49 
Treatment Technology Review and Assessment 213512 



Melcer, H., Steel, P., and  Bedford, W.K. 1993. Removal of polycyclic aromatic hydrocarbons 
and hetercyclic nitrogenous compounds by a POTW receiving industrial discharges. 
Proceeding of WEFTEC 1993. 



Mickley and Associates. 2006. Membrane Concentrate Disposal: Practices and Regulations. 
U.S. Department of the Interior, Bureau of Reclamation, Contract No. 98-FC-81-0054. 



National Council for Air and Stream Improvement, Inc. (NCASI). 1998. Technical and economic 
feasibility assessment of metals reduction in pulp and paper mill wastewaters. Technical 
Bulletin No. 756. Research Triangle Park, NC: National Council for Air and Stream 
Improvement, Inc., 1998.  



National Council for Air and Stream Improvement, Inc. (NCASI). 2004. Investigation of 
advanced techniques to remove low-level mercury from pulp and paper mill effluents. 
Technical Bulletin No. 870. Research Triangle Park, NC: National Council for Air and 
Stream Improvement, Inc. 



National Council for Air and Stream Improvement, Inc. (NCASI). 2000. Memorandum: 
Information on PCB Water Quality Criteria, Analytical Methods, and Measurement Results 
for Point Sources and Ambient Waters. Technical Bulletin No. 807. Research Triangle 
Park, NC: National Council for Air and Stream Improvement, Inc. 



National Council for Air and Stream Improvement, Inc. (NCASI). 2000. Bench scale testing of 
processes to reduce metals concentrations in pulp and paper mill wastewaters. Technical 
Bulletin No. 807. Research Triangle Park, NC: National Council for Air and Stream 
Improvement, Inc. 



Ning, R. 2002. Arsenic removal by reverse osmosis. Desalination,  143 (3), pp. 237–241 



Oleszczuk, P., Hale, S. E.,  Lehmann, J., and Cornelissen, G. 2012. Activated carbon and 
biochar amendments decrease pore-water concentrations of polycyclic aromatic  
hydrocarbons (PAHs) in sewage sludge. Bioresource Technology, 111, pp. 84–91 



Oregon Department of Environmental Quality. 2011. Table 40: Human Health Water Quality 
Criteria for Toxic Pollutants, Effective October 17, 2011. Available on-line at: 
http://www.deq.state.or.us/wq/standards/toxics.htm 



Owen, W.F. 1982. Energy in Wastewater Treatment. Prentice-Hall, Englewood Cliffs, New 
Jersey. 



Parker, W., Monteith, H., and Pileggi, V. 2009. Estimation of Biodegradation and Liquid-Solid 
Partitioning Coefficients for Complex PAHs in Wastewater Treatment. Proceedings of the 
Water Environment Federation 2009, pp. 2537-2554. 



Rodrigue, P., and Rielly, A. 2009. Effectiveness of a membrane bioreactor on weak domestic 
wastewater containing polychlorinated biphenyls. Proceedings of the Water Environment 
Federation, Microconstituents and Industrial Water Quality 2009, pp. 174-184(11) 



Russo, L., Rizzo, L., and Belgiorno, V. 2012. Ozone oxidation and aerobic biodegradation with 
spent mushroom compost for detoxification and benzo(a)pyrene removal from 
contaminated soil. Chemosphere, 87(6), pp. 595-601 



SimaPro 6. 2008. Life Cycle Analysis Software. The Netherlands. 



Sponza, D., and Oztekin, R. 2010. Effect of sonication assisted by titanium dioxide and ferrous 
ions on polyaromatic hydrocarbons (PAHs) and toxicity removals from a petrochemical 
industry wastewater in Turkey. Journal of Chemical Technology & Biotechnology, 85(7), 
pp. 913-925 











 



50   Association of Washington Business 
213512 Treatment Technology Review and Assessment 



U.S. Environmental Protection Agency (EPA). 2003. Arsenic Treatment Technology Handbook 
for Small Systems, EPA 816R03014. 



U.S. Environmental Protection Agency. 2000. Methodology for Deriving Ambient Water Quality 
Criteria for the Protection of Human Health. EPA‐ 822‐B‐00‐004, October 2000. 



U.S. Environmental Protection Agency. 2007. The Emissions & Generation Resource Integrated 
Database – eGrid WebVersion1.0. United States Environmental Protection Agency, 
Washington, D.C. 



U.S. Department of Agriculture (USDA). 1998. Continuing survey of food intakes by individuals: 
1994-96, 1998. U.S. Department of Agriculture, Agricultural Research Service. 



Water Environment Federation. 2009. Design of Municipal Wastewater Treatment Plants, WEF 
Manual of Practice 8, Fourth Edition, ASCE Manuals and Reports on Engineering Practice 
No. 76, Volume 1. Alexandria, VA. 



Water Environment Research Foundation (WERF). 2012. Demonstration of Membrane Zero 
Liquid Discharge for Drinking Water Systems, A Literature Review. WERF5T10. 



Water Environment Research Foundation (WERF). 2011. Striking the Balance Between Nutrient 
Removal in Wastewater Treatment and Sustainability. NUTR1R06n. 



WesTech brochure. Victorville case study. Vendor Brochure. 



Williams, M.  2003. A Review of Wastewater Treatment by Reverse Osmosis. White paper 



Yerushalmi, L., Nefil, S., Hausler, R., and Guiot, S. 2006. Removal of pyrene and 
benzo(a)pyrene from contaminated water by sequential and simultaneous ozonation and 
biotreatment. Water Environment Research, 78 ( 11). 



Zeng, Y., Hong, A., and Wavrek, D. 2000. Integrated chemical-biological treatment of 
benzo[a]pyrene. Environmental  Science and  Technology, 34 (5), pp 854–862 



 



 



  











  



Association of Washington Business 51 
Treatment Technology Review and Assessment 213512 



 



 



This page left intentionally blank. 



 



 



 











 



52   Association of Washington Business 
213512 Treatment Technology Review and Assessment 



7.0 Appendices 
 



 Appendix A - Unit Process Sizing Criteria 
 Appendix B - Greenhouse Gas Emissions Calculation Assumptions  
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APPENDIX A - UNIT PROCESS SIZING CRITERIA 



Table A-1. Unit Processes Sizing Criteria for Each Alternative 



Unit Process Units 
Baseline 



Treatment 
Advanced 
Treatment 



Comment 



Influent Pumping 
Station 



unitless 
3 Times 



Ave Flow 
3 Times 



Ave Flow 
This is peaking factor used to size the 
pumps (peak flow:average flow) 



Alum Dose for 
CEPT (optional) 



mg/L 20 20 
This is the metal salt upstream of the 
primaries 



Primary Clarifiers gpd/sf 1000 1000 This is for average annual flows 



Primary Solids 
Pumping Station 



unitless 
1.25 



Times Ave 
Flow 



1.25 Times 
Ave Flow 



This is peaking factor used to size the 
pumps (maximum month flow:average 
flow) 



Aeration System 
Oxygen Uptake 
Rate (OUR) 



mg/L/hr 25 25 



Average annual OUR is used in tandem 
with mixed liquor to determine the 
required aeration basin volume (the 
limiting parameter governs the activated 
sludge basin volume) 



Aeration Basin 
Mixed Liquor 



mg/L 1250 2500 



Average annual mixed liquor is used in 
tandem with OUR (see next row) to 
determine the required aeration basin 
volume (the limiting parameter governs 
the activated sludge basin volume) 



Secondary 
Clarifiers 
Hydraulic Loading 



gpd/sf 650 -- 
Only use for Baseline as clarifiers 
governed hydraulically with short SRT 
(<2 days) 



Secondary 
Clarifiers Solids 
Loading 



lb/d/sf -- 24 
Only use for Advanced Treatment as 
clarifiers governed by solids with long 
SRT (>8 days) 



Return Activated 
Sludge (RAS) 
Pumping Station 



unitless 
1.25 



Times Ave 
Flow 



1.25 Times 
Ave Flow 



RAS must have capacity to meet 100% 
influent max month Flow. The influent 
flow is multiplied by this peaking factor 
to determine RAS pumping station 
capacity. 



Waste Activated 
Sludge (WAS) 
Pumping Station 



gpm 
1.25 



Times Ave 
Flow 



1.25 Times 
Ave Flow 



WAS must have capacity to meet max 
month WAS flows. The average annual 
WAS flow is multiplied by this peaking 
factor to determine WAS pumping 
station capacity. 



Microfiltration (MF) 
Flux 



gfd -- 25 
Based on average annual pilot 
experience in Coeur D’Alene, ID 



MF Backwash 
Storage Tank 



unitless -- 1.25 



Storage tanks must have capacity to 
meet maximum month MF backwash 
flows. The average annual MF 
backwash volume is multiplied by this 
peaking factor to determine required 
volume. 
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Table A-1. Unit Processes Sizing Criteria for Each Alternative 



Unit Process Units 
Baseline 



Treatment 
Advanced 
Treatment 



Comment 



MF Backwash 
Pumps 



unitless -- 1.25 



Backwash pumps must have capacity to 
meet maximum month MF backwash 
flows. The average annual MF 
backwash flow is multiplied by this 
peaking factor to determine required 
flows. 



Reverse Osmosis 
(RO) 



gallon 
per 



square 
foot per 
day (gfd) 



-- 10  



RO Reject % -- 20 
This represents the percentage of feed 
flow that is rejected as brine 



Chlorination Dose mg/L 15 15  



Chlorination 
Storage Capacity 



days 14 14  



Chlorine Contact 
Tank 



min 30 30 This is for average annual conditions. 



Dechlorination 
Dose 



mg/L 15 15  



Dechlorination 
Storage Capacity 



days 14 14  



Gravity Belt 
Thickener 



gpm/m 200 200 
This is for maximum month conditions 
using the 1.25 peaking factor from 
average annual to maximum month 



Anaerobic 
Digestion 



Hydraulic 
residenc
e time 
(HRT) 



18 18 This is for average annual conditions 



Dewatering 
Centrifuge 



gpm 120 120 
This is for maximum month conditions 
using the 1.25 peaking factor from 
average annual to maximum month 



gpd=gallons per day; sf=square feet; gpm=gallons per minute 
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Appendix B – Greenhouse Gas Emissions Calculation Assumptions 



The steady state mass balance results were used to calculate GHG emissions. The 
assumptions used to convert between energy demand, chemical demand and production, as 
well as biologically-mediated gases (i.e., CH4 and N2O) and GHG emissions are provided in 
Table B-1. The assumptions are based on EPA (2007) values for energy production, an 
adaptation of the database provided in Ahn et al. (2010) for N2O emissions contribution, 
Intergovernmental Panel on Climate Change (IPCC) (2006) for fugitive CH4 emissions, and 
various resources for chemical production and hauling from production to the wastewater 
treatment plant (WWTP). Additionally, the biogas produced during anaerobic digestion that is 
used as a fuel source is converted to energy with MOP8 (2009) recommended waste-to-energy 
values. 



Table B-1. Greenhouse Gas Emissions Assumptions 



Parameters Units Value Source 



N2O to CO2 Conversion lb CO2/lb N2O 296 IPCC, 2006 



CH4 to CO2 Conversion lb CO2/lb CH4 23 IPCC, 2006 



Energy Production    



CO2 lb CO2/MWh 1,329 USEPA (2007) 



N2O lb N2O/GWh 20.6 USEPA (2007) 



CH4 lb CO2/GWh 27.3 USEPA (2007) 



Sum Energy Production lb CO2/MWh 1336 USEPA (2007) 



GHGs per BTU Natural Gas    



CO2 
lb CO2/MMBTU 
Natural Gas 



52.9 
CA Climate Action Registry 
Reporting Tool 



N2O 
lb N2O/MMBTU 
Natural Gas 



0.0001 
CA Climate Action Registry 
Reporting Tool 



CH4 
lb CO2/MMBTU 
Natural Gas 



0.0059 
CA Climate Action Registry 
Reporting Tool 



Sum Natural Gas  53.1 
CA Climate Action Registry 
Reporting Tool 



Non-BNR N2O Emissions g N2O/PE/yr 32 Ahn et al. (2010) 



BNR N2O Emissions g N2O/PE/yr 30 Ahn et al. (2010) 



Biogas Purity % Methane 65 WEF, 2009 



Biogas to Energy BTU/cf CH4 550 WEF, 2009 



Digester Gas to Electrical Energy 
Transfer Efficiency 



% 32 HDR Data 
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Table B-1. Greenhouse Gas Emissions Assumptions 



Parameters Units Value Source 



Chemical Production    



Alum lb CO2/lb Alum 0.28 
SimaPro 6.0 - BUWAL250, Eco-
indicator 95 



Polymer 
lb CO2/lb 
Polymer 



1.18 Owen (1982) 



Sodium Hypochlorite 
lb CO2/lb Sodium 
Hypochlorite 



1.07 Owen (1982) 



Building Energy Efficiency kBTU/sf/yr 60 
Calif. Commercial End-Use Survey 
(2006) 



Hauling Distance  -  



Local miles 100 - 



Hauling Emissions    



Fuel Efficiency miles per gallon 8  



CO2 kg CO2/gal diesel 10.2 
CA Climate Action Registry 
Reporting Tool 



N2O kg N2O/gal diesel 0.0001 
CA Climate Action Registry 
Reporting Tool 



CH4 kg CH4/gal diesel 0.003 
CA Climate Action Registry 
Reporting Tool 



Sum Hauling Fuel kg CO2/gal diesel 10.2 
CA Climate Action Registry 
Reporting Tool 



GWh = Giga Watt Hours 
MWh = Mega Watt Hours 
MMBTU = Million British Thermal Units 
BTU = British Thermal Unit 
PE = Population Equivalents 
kBTU/sf/yr = 1,000 British Thermal Units per Square Foot per Year 
cf = cubic feet 
lb = pound 
kg = kilogram 
gal = gallon 













 



TITLE 15A – DEPARTMENT OF ENVIRONMENTAL QUALITY 



 



Notice is hereby given in accordance with G.S. 150B-21.2 and G.S. 150B-21.3A(c)(2)g. that the Environmental Management 



Commission intends to readopt with substantive changes the rules cited as 15A NCAC 02B .0101, .0103, .0104, .0106, .0108, .0110, 



.0201, .0202, .0204, .0206, .0211, .0212, .0214-.0216, .0218-.0225, .0231, .0301-.0317 and readopt without substantive changes the 



rules cited as 15A NCAC 02B .0203, .0205, .0208, .0226-.0228, .0230. 



 



Pursuant to G.S. 150B-21.2(c)(1), the text of the rule(s) proposed for readoption without substantive changes are not required to be 



published.  The text of the rules are available on the OAH website:  https://reports.oah.state.nc.us/ncac.asp. 



 



Link to agency website pursuant to G.S. 150B-19.1(c):  https://deq.nc.gov/permits-regulations/rules-regulations/proposed-rules 



Link to Public Notices and Hearings:  https://deq.nc.gov/news/events/public-notices-hearings 



 



Proposed Effective Date:  January 1, 2019 



 



Public Hearing: 



Date:  July 2, 2018 



Time:  6:00 p.m. 



Location: Piedmont Triad Regional Council, 1398 Carrollton Crossing Dr., Kernersville, NC 27284 



 



Public Hearing: 



Date:  July 11, 2018 



Time:  6:00 p.m. 



Location:  Ground Floor Hearing Room, Archdale Building, 512 N. Salisbury St., Raleigh, NC, 27604 



 



Reason for Proposed Action:   



The Environmental Management Commission (EMC) will conduct public hearings to consider proposed permanent amendments to 



various rules that establish the surface water quality standards and classifications for North Carolina.  These proposed amendments 



comprise the state’s Triennial Review of Surface Water Quality Standards mandated by the federal Clean Water Act (CWA) and, 



additionally, the readoption of rules pursuant to North Carolina General Statute §150B-21.3A. While updated aquatic life protective 



concentrations for Arsenic, Beryllium, Cadmium, Chromium III, Chromium VI, Copper, Lead, Nickel, Silver and Zinc were adopted by 



the EMC (effective date January 1, 2015), in April of 2016, the Division of Water Resources (DWR) received notice from Region IV US 



Environmental Protection Agency (US EPA) that certain executing provisions were not approved for purposes under the Clean Water 



Act. This disapproval creates a situation where state rules are not in agreement with how the state is required to implement National 



Pollutant Discharge Elimination System (NPDES) permits for regulated parties within the state. 



 



If the proposed amendments are adopted they will implement the following changes to the surface water quality standards and 



classifications for North Carolina:   



1) 15A NCAC 02B .0211 (11)(c)(i): Where metals toxicity is hardness-dependent, applicable hardness values were defined as an 



instream-hardness with a lower cap of 25 mg/L. The low-end cap was disapproved. Current proposals remove the low-end cap 



of 25 mg/l hardness cap for use in deriving water quality standards.   



2) 15A NCAC 02B .0211 (11)(f): With the exception of Mercury and Selenium, the previous proposals allowed for careful 



consideration of aquatic life biological integrity to take precedence over ambient standard violations, a biological confirmation 



approach. This provision was disapproved. The provision is proposed to be deleted from the rule.  



3) 15A NCAC 02B .0211(11)(c)(i): When hardness-dependent water quality standards are used in deriving NPDES permit limits, 



the use of the median instream hardness values was previously adopted for application in the permitting equations. The US 



EPA disapproved the provision and it has been removed. The hardness-dependent metals standards will apply the actual in-



stream hardness.   



4) Classifications and Water Quality Standards Applicable to Surface Waters and Wetlands of North Carolina Rules were 



reviewed in accordance with G.S. §150B-21.3A and proposes to re-adopt all of the rules. As part of the review process, the 



Division identified necessary changes in some of these rules, including: 



a. Correction of agency names and addresses; 



b. Correction of cross-references and other regulatory citations; 



c. Correction of spelling and typographical errors;  



d. Necessary clarifications; 



e. Removal or modification of provisions superseded by statutes and session laws; 



f. Removal of components deemed not necessary; and  



g. Relocation of some program components into other rules. 



5) The public is invited to comment on existing variances from surface water quality standards and federal 316(a) thermal 



variances. A variance from the chloride standard is applicable to Mt. Olive Pickle Company (NC0001074) and Bay Valley 



Foods, LLC (NC0001970). A variance from the color standard is applicable to Evergreen Packaging (d.b.a. Blue Ridge Paper  



Products) (NC0000272).   



 



Topic Survey: Triennial Review 2020-2022 











 



With this action, DWR is also accepting topics for consideration from the public, external partners and DWR staff to focus priorities 



that integrate the latest science, technology, and federal requirements into how the state regulates water quality. The EMC highly 



encourages the public to participate in this process. Suggestions may include, but are not limited to: revisions or improvements to DWR 



policies, rules and guidance related to designated uses, water quality criteria, antidegradation and variances. These topics will be 



carefully reviewed and prioritized for inclusion in the next cycle of the Triennial Review.  



Some topics that have already been suggested are: 



• Human Health Criteria (HHC):   



HHC are health based water quality standards the US EPA and NC adopt to limit the amount of chemicals in waterbodies to protect 



North Carolinians against adverse health effects over a lifetime of exposure. 



o US EPA's 2015 update for 94 human health criteria. https://www.epa.gov/wqc/human-health-water-quality-criteria-and-



methods-toxics 



Exposure factor modifications relating to updated reference doses and cancer potency factors, body weight, drinking water intake, fish 



consumption rate, bioaccumulation and an examination of non-water exposure are suggested by the 2015 publication. The Division 



seeks input from the public on adopting modifications to the current default exposure factors.  



• Contaminants of Emerging Concern (CECs):   



Across the country, contaminants of various chemical classes (neonicotinoids, pharmaceuticals, personal care products, pesticides, 



industrial solvents, metals, etc) are being found in surface water, drinking water, stormwater and wastewater. Many of these chemicals 



are not currently regulated, primarily due to the lack of information on the toxicity of the chemical. The Division seeks comments on 



how best to handle these varied situations and chemicals of concern.  



• Ammonia:  



The US EPA's 2013 Aquatic Life Criteria for Ammonia (https://www.epa.gov/wqc/aquatic-life-criteria-ammonia) is an update to 



previous ammonia.  



• Recreational (bacteriological) criteria: 



The US EPA modified its criteria recommendation for Recreational Water Quality in 2012.  https://www.epa.gov/wqc/2012-



recreational-water-quality-criteria  



• Metals:  



o Selenium: EPA's 2016 Freshwater Aquatic Life Criteria (https://www.epa.gov/wqc/aquatic-life-criterion-selenium ) 



o Cadmium: EPA's 2016 Freshwater Aquatic Life Criteria (https://www.epa.gov/wqc/aquatic-life-criteria-cadmium ). The 



Division revised the criteria for Cadmium in 2015. EPA published amended criteria in March 2016. The 2016 criteria are 



slightly less stringent for acute & chronic Class C waters and slightly more stringent for trout waters. The criteria are 



also slightly more stringent for acute & chronic SC waters. 



o Aluminum: EPA’s DRAFT 2017 Freshwater Aquatic Life. https://www.epa.gov/wqc/aquatic-life-criteria-aluminum  



o Copper: EPA’s DRAFT 2016 Marine Biotic Ligand Model (https://www.epa.gov/wqc/2016-draft-estuarinemarine-copper-



aquatic-life-ambient-water-quality-criteria )  



• Cyanotoxins 



EPA’s Draft 2016 Human Health Recreational Ambient Water Quality Criteria for Mycrocystins and Cylindrospermopsin proposes 



protective values for recreational swimmers in freshwaters: https://www.epa.gov/wqc/draft-human-health-recreational-ambient-water-



quality-criteria-andor-swimming-advisories   Completion of this EPA recommendation is expected in the summer of 2018.  



 



Comment Procedures:  



 



It is important that all interested and potentially affected persons or parties make their views known to the EMC whether in favor of, or 



opposed to, any and all of the proposed amendments and current regulations. As the state and US Environmental Protection Agency 



have a strong interest in assuring that the decisions are legally defensible, are based on the best scientific information available, and 



are subject to full and meaningful public comment and participation, clear records are critical to the administrative review by the EMC 



and the US EPA. The EMC may not adopt a rule that differs substantially from the text of the proposed rule published in the NC Register 



http://www.ncoah.com/rules/register/  unless the EMC publishes the text of the proposed different rule and accepts comments on the 



new text.   



 



The public hearings will be recorded. They will consist of a short presentation by DWR staff, followed by a time for public comment. 



The EMC appointed hearing officer may limit the length of time that you may speak, if necessary, so that all those who wish to speak 



will have an opportunity. You may attend the public hearings to make verbal comments and/or submit written comments. You may 



present conceptual ideas, technical justifications, or specific language you believe is necessary and relevant to 15A NCAC 02B surface 



water quality classifications and standards regulations. No items will be voted on and no decisions will be made at the hearing.  



 



All written comments, data or relevant information received by July 16, 2018 will be considered and included in this Triennial Review 



and public hearing record.   



 



Please submit to:    



Connie Brower 



DEQ/Division of Water Resources/Water Planning Section 



1611 Mail Service Center  



Raleigh, NC 27699-1611 



Or e-mail to: 15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov   











 



Additional questions should be directed to: 



Connie Brower: connie.brower@ncdenr.gov  



(919) 807-6416.  



 



Comments may be submitted to:  Connie Brower, DEQ/Division of Water Resources/Water Planning Section, 1611 Mail Service 



Center, Raleigh, NC 27699-1611, email 15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov 



 



Comment period ends:  July 16, 2018 



 



Procedure for Subjecting a Proposed Rule to Legislative Review: If an objection is not resolved prior to the adoption of the rule, a 



person may also submit written objections to the Rules Review Commission after the adoption of the Rule. If the Rules Review 



Commission receives written and signed objections after the adoption of the Rule in accordance with G.S. 150B-21.3(b2) from 10 or 



more persons clearly requesting review by the legislature and the Rules Review Commission approves the rule, the rule will become 



effective as provided in G.S. 150B-21.3(b1). The Commission will receive written objections until 5:00 p.m. on the day following the 



day the Commission approves the rule. The Commission will receive those objections by mail, delivery service, hand delivery, or 



facsimile transmission. If you have any further questions concerning the submission of objections to the Commission, please call a 



Commission staff attorney at 919-431-3000. 



 



Fiscal impact (check all that apply). 



 State funds affected 



 Environmental permitting of DOT affected 



 Analysis submitted to Board of Transportation 



 Local funds affected  15A NCAC 02B .0211 and .0220 



 Substantial economic impact (≥$1,000,000)  15A NCAC 02B .0211 and .0220 



 Approved by OSBM  https://files.nc.gov/ncosbm/documents/files/DEQ_2018-04-16.pdf; 15A NCAC 02B .0201-.0206, .0208, 



.0211-.0212, .0214-.0216, .0218-.0228, .0230-.0231 



 No fiscal note required by G.S. 150B-21.4 15A NCAC 02B .0101, .0103, .0104, .0106, .0108, .0110, .0301-.0317 



 No fiscal note required by G.S. 150B-21.3A(d)(2) 



 



CHAPTER 02 - ENVIRONMENTAL MANAGEMENT 



 



SUBCHAPTER 02B - SURFACE WATER AND WETLAND STANDARDS 



 



SECTION .0100 - PROCEDURES FOR ASSIGNMENT OF WATER QUALITY STANDARDS 



 



15A NCAC 02B .0101 GENERAL PROCEDURES 



(a)  The rules contained in Sections .0100, .0200 and .0300 of this Subchapter which pertain to the series of classifications and water 



quality standards shall be known as the "Classifications and Water Quality Standards Applicable to the Surface Waters and Wetlands of 



North Carolina." 



(b)  The Environmental Management Commission, prior to classifying and assigning standards of water quality to any waters of the 



state, shall proceed as follows: 



(1) The Commission, or its designee, shall determine waters to be studied for the purpose of classification and assignment 



of water quality standards on the basis of user requests, petitions, or the identification of existing or attainable water 



uses, as defined by 15A NCAC 2B .0202, Rule .0202 of this Subchapter, not presently included in the water 



classification. 



(2) In determining the best usage of waters and assigning classifications of such waters, the Commission shall consider 



the criteria specified in G.S. 143-214.1(d). In determining whether to revise a designated best usage for waters through 



a revision to the classifications, the Commission shall follow the requirements of 40 CFR 131.10(b)(c)(d) and (g), 



which are hereby incorporated by reference including subsequent amendments and editions. A copy of the most current 



version of the requirements is available free of charge on the internet at http://www.gpo.gov/fdsys/. 



(3) When revising the classification of waters, the Division shall collect water quality data within the watershed for those 



substances which require more stringent control than required by the existing classification. However, such sampling 



may be limited to only those parameters which are of concern. If the revision to classifications involves the removal 



of a designated use, the Division shall conduct a use attainability analysis as required by the provisions of 40 CFR 



131.10(j), which are hereby incorporated by reference including subsequent amendments and editions. A copy of the 



most current version of the provisions is available free of charge on the internet at http://www.gpo.gov/fdsys/. 



(2)(4) After appropriate studies of the identified waters to obtain the data and information required for determining the proper 



classification of the waters or segments of water are completed, the Commission, or its designee, shall make a decision 



on whether to initiate proceedings to modify the classifications and water quality standards of identified waters. In the 



case of the Commission's designee deciding to initiate said proceedings, the designee shall inform the Commission of 



the decision prior to scheduling a public hearing. 



(3)(5) In the case of a petition for classification and assignment of water quality standards according to the requirements of 



General Statute G.S. 150B-20, the Director shall make a preliminary recommendation on the appropriate 











classifications and water quality standards of the identified waters on the basis of the study findings or information 



included in the petition supporting the classification and standards changes. 



(4)(6) The Commission shall make a decision on whether to grant or deny a petition in accordance with the provisions of 



General Statute G.S. 150B-20 based on the information included in the petition and the recommendation of the 



Director. The Commission may deny the petition and request that the Division study the appropriate classifications 



and water quality standards for the petitioned waters in accordance with Subparagraph (b)(4) of this Rule. 



(5)(7) The Director shall give due notice of such hearing or hearings in accordance with the requirements of General Statute 



G.S. 143-214.1 and G.S. 150B, and shall appoint a hearing officer(s) in consultation with the chairman of the 



Commission. 



(6)(8) The hearing officer(s) shall, as soon as practicable after the completion of the hearing, submit a complete report of the 



proceedings of the hearing to the Commission. The hearing officer(s) shall include in the report a transcript or 



summary of testimony presented at such public hearing, relevant exhibits, a summary of relevant information from 



the stream studies conducted by the technical staff of the Commission, and final recommendations as to classification 



of the designated waters and the standards of water quality and best management practices which should be applied 



to the classifications recommended. 



(7)(9) The Commission, after due consideration of the hearing records and the final recommendations of the hearing 



officer(s), shall adopt its final action with respect to the assignment of classifications, and any applicable standards or 



best management practices applicable to the waters under consideration. The Commission shall publish such action, 



together with the effective date for the application of the provisions of General Statute 143-215.1 and 143-215.2, as 



amended, as a part of the Commission's official rules. The Commission shall consider the hearing record(s) and final 



recommendation(s) of the hearing officer(s) before adopting its final action with respect to the assignment of 



classifications and any applicable standards or best management practices applicable as rule(s) to the waters under 



consideration. 



(8)(10) The final action of the Commission with respect to the assignment of classification with its accompanying standards 



and best management practices shall contain the Commission's conclusions relative to the various factors given in 



G.S. 143-214.1(d), and shall specifically include the class or classes to which such specifically designated waters in 



the watershed or watersheds shall be assigned on the basis of best usage in the interest of the public. 



(c)  Freshwater shall be assigned to one of the following classification: 



(1) Class C: freshwaters protected for secondary recreation, fishing, aquatic life including propagation and survival, and 



wildlife. All freshwaters shall be classified to protect these uses at a minimum. 



(2) Class B: freshwaters protected for primary recreation which includes swimming on a frequent or organized basis and 



all Class C uses. 



(3) Class WS-I: waters protected as water supplies which are essentially in natural and undeveloped watersheds. Point 



source discharges of treated wastewater are permitted pursuant to Rules .0104 and .0211 of this Subchapter. Local 



programs to control nonpoint sources and stormwater discharges of pollution are required. Suitable for all Class C 



uses. 



(4) Class WS-II: waters protected as water supplies which are generally in predominantly undeveloped watersheds. Point 



source discharges of treated wastewater are permitted pursuant to Rules .0104 and .0211 of this Subchapter. Local 



programs to control nonpoint sources and stormwater discharges of pollution shall be required. Suitable for all Class 



C uses. 



(5) Class WS-III: waters protected as water supplies which are generally in low to moderately developed watersheds. 



Point source discharges of treated wastewater are permitted pursuant to Rules .0104 and .0211 of this Subchapter. 



Local programs to control nonpoint sources and stormwater discharges of pollution shall be required. Suitable for all 



Class C uses. 



(6) Class WS-IV: waters protected as water supplies which are generally in moderately to highly developed watersheds. 



Point source discharges of treated wastewater are permitted pursuant to Rules .0104 and .0211 of this Subchapter. 



Local programs to control nonpoint sources and stormwater discharges of pollution shall be required; suitable for all 



Class C uses. 



(7) Class WS-V: waters protected as water supplies which are generally upstream of and draining to Class WS-IV waters. 



No categorical restrictions on watershed development or treated wastewater discharges shall be required. However, 



the Commission or its designee may apply appropriate management requirements as deemed necessary for the 



protection of downstream receiving waters (15A NCAC 2B .0203); suitable for all Class C uses. 



(8) Class WL: waters that meet the definition of wetlands found in 15A NCAC 2B .0202 except those designated as Class 



SWL. 



(d)  Tidal Salt Waters shall be assigned to one of the following: 



(1) Class SC: saltwaters protected for secondary recreation, fishing, aquatic life including propagation and survival, and 



wildlife. All saltwaters shall be classified to protect these uses at a minimum. 



(2) Class SB: saltwaters protected for primary recreation which includes swimming on a frequent or organized basis and 



all Class SC uses. 



(3) Class SA: suitable for commercial shellfishing and all other tidal saltwater uses. 



(4) Class SWL: waters that meet the definition of coastal wetlands as defined by 15A NCAC 2H .0205, and which are 



landward of the mean high water line, and wetlands contiguous to estuarine waters as defined by 15A NCAC 2H 



.0206. 



(e)  The following are supplemental classifications: 



(1) Trout waters (Tr): freshwaters protected for natural trout propagation and survival of stocked trout. 











(2) Swamp waters (Sw): waters which have low velocities and other natural characteristics which are different from 



adjacent streams. 



(3) Nutrient Sensitive Waters (NSW): waters subject to growths of microscopic or macroscopic vegetation requiring 



limitations on nutrient inputs. 



(4) Outstanding Resource Waters (ORW): unique and special waters of exceptional state or national recreational or 



ecological significance which require special protection to maintain existing uses. 



(5) High Quality Waters (HQW): waters which are rated as excellent based on biological and physical/chemical 



characteristics through Division monitoring or special studies, native and special native trout waters (and their 



tributaries) designated by the Wildlife Resources Commission, primary nursery areas (PNA) designated by the Marine 



Fisheries Commission and other functional nursery areas designated by the Marine Fisheries Commission, all water 



supply watersheds which are either classified as WS-I or WS-II or those for which a formal petition for reclassification 



as WS-I or WS-II has been received from the appropriate local government and accepted by the Division of Water 



Quality and all Class SA waters. 



(6) Future Water Supply (FWS): waters that have been requested by a local government and adopted by the Commission 



as a future source for drinking, culinary , or food-processing purposes. Local government(s) requesting this 



reclassification shall provide to the Division evidence of intent which may include one or a combination of the 



following: capitol improvement plans, a Water Supply Plan as described in G.S. 143-355(1), bond issuance for the 



water treatment plant or land acquisition records. Local governments shall provide a 1:24,000 scale USGS 



topographical map delineating the location of the intended water supply intake. Requirements for activities 



administered by the State of North Carolina, such as the issuance of permits for landfills, NPDES wastewater 



discharges, land application of residuals and road construction activities shall be effective upon reclassification for 



future water supply use. The requirements shall apply to the critical area and balance of the watershed or protected 



area as appropriate. Upon receipt of the final approval letter from the Division of Environmental Health for 



construction of the water treatment plant and water supply intake, the Commission shall initiate rule-making to modify 



the Future Water Supply supplemental classification. Local government implementation is not required until 270 days 



after the Commission has modified the Future Water Supply (FWS) supplemental classification through the rule-



making process and notified the affected local government(s) that the appropriate local government land use 



requirements applicable for the water supply classifications are to be adopted, implemented and submitted to the 



Commission for approval. Local governments may also adopt land use ordinances that meet or exceed the state's 



minimum requirements for water supply watershed protection prior to the end of the 270 day deadline. The 



requirements for FWS may also be applied to waters formerly used for drinking water supply use, and currently 



classified for water supply use, at the request of local government(s) desiring protection of the watershed for future 



water supply use. 



(7) Unique wetland (UWL): wetlands of exceptional state or national ecological significance which require special 



protection to maintain existing uses. These wetlands may include wetlands that have been documented to the 



satisfaction of the Commission as habitat essential for the conservation of state or federally listed threatened or 



endangered species. 



(f)  In determining the best usage of waters and assigning classifications of such waters, the Commission shall consider the criteria 



specified in General Statute 143-214.1(d) and all existing uses as defined by 15A NCAC 2B .0202. In determining whether to revise a 



designated best usage for waters through a revision to the classifications, the Commission shall follow the requirements of 40 CFR 



131.10(b),(c),(d) and (g) which are hereby incorporated by reference including any subsequent amendments and editions. This material 



is available for inspection at the Department of Environment, Health, and Natural Resources, Division of Water Quality, Water Quality 



Section, 512 North Salisbury Street, Raleigh, North Carolina. Copies may be obtained from the U.S. Government Printing Office, 



Superintendent of Documents, Washington, DC 20402-9325 at a cost of thirteen dollars ($13.00). 



(g)  When revising the classification of waters, the Division shall collect water quality data within the watershed for those substances 



which require more stringent control than required by the existing classification. However, such sampling may be limited to only those 



parameters which are of concern. If the revision to classifications involves the removal of a designated use, the Division shall conduct 



a use attainability study as required by the provisions of 40 CFR 131.10(j) which are hereby incorporated by reference including any 



subsequent amendments and editions. This material is available for inspection at the Department of Environment, Health, and Natural 



Resources, Division of Water Quality, Water Quality Section, 512 North Salisbury Street, Raleigh, North Carolina. Copies may be 



obtained from the U.S. Government Printing Office, Superintendent of Documents, Washington, DC 20402-9325 at a cost of thirteen 



dollars ($13.00). 



 



History Note: Authority G.S. 143-214.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. August 1, 1995; February 1, 1993; August 3, 1992; August 1, 1990; 



RRC Objection Eff. July 18, 1996 due to lack of statutory authority and ambiguity; 



Amended Eff. October 1, 1996. 



 



15A NCAC 02B .0103 ANALYTICAL PROCEDURES 



(a)  Chemical/Physical Procedures. Tests or analytical procedures to determine conformity or non-conformity with standards shall, 



insofar as practicable and applicable, conform to the guidelines by the Environmental Protection Agency codified as 40 CFR, Part 136, 



which are hereby incorporated by reference including any subsequent amendments and editions. This material is available for inspection 



at the Department of Environment, Health, and Natural Resources, Division of Water Quality, Water Quality Section, 512 North 



Salisbury Street, Raleigh, North Carolina. Copies may be obtained from the U.S. Government Printing Office, Superintendent of 











Documents, Washington, DC 20402-9325 at a cost of thirteen dollars ($13.00). A copy of the most current version of 40 CFR Part 136 



is available free of charge on the internet at http://www.gpo.gov/fdsys/. Methods not codified by 40 CFR, Part 136 will, insofar as 



practicable and applicable, conform to the guidelines by the American Public Health Association, Association (APHA), American Water 



Works Association, Association (AWWA), and Water Environment Federation (WEF) publication A " Standard Methods for the 



Examination of Water and Wastewater, 19th edition@(1996) 20th edition" or subsequent editions , which are hereby incorporated by 



reference. Copies may be obtained from the Water Environment Federation, 601 Wythe St., Alexandria, VA, 22314 at a cost of one 



hundred and eighty dollars ($180.00). The 20th edition is available for inspection at the Department of Environmental Quality, Division 



of Water Resources, 512 North Salisbury Street, Raleigh, North Carolina 27604-1170. A copy of the most current edition of the 



"Standards Methods for the Examination of Water and Wastewater" is available for purchase from the following places: APHA, 8001 



Street, NW Washington, DC 20001; AWWA, 6666 W. Quincy Avenue, Denver, CO 80235; or WEF, 601 Wythe Street, Alexandria, 



VA 22314. 



(b)  Biological Procedures. Biological tests to determine conformity or non-conformity with standards shall be based on methods 



published by the U.S. Environmental Protection Agency as codified as 40 CFR, Part 136, which are hereby incorporated by reference 



including any subsequent amendments and editions. A copy of the most current version of 40 CFR Part 136 is available free of charge 



on the internet at http://www.gpo.gov/fdsys/. including any subsequent amendments and editions. This material is available for 



inspection at the Department of Environment, Health and Natural Resources, Division of Water Quality, Water Quality Planning Branch, 



512 North Salisbury Street, Raleigh, North Carolina. Copies may be obtained from the U.S. Government Printing Office, Superintendent 



of Documents, Washington, DC 20402-9325 at a cost of thirteen dollars ($13.00). 



(c)  Wetland Evaluation Procedures. Evaluations of wetlands for the presence of existing uses shall be based on procedures approved 



by the Director. The Director shall approve wetland evaluation procedures that have been demonstrated to produce verifiable and 



repeatable results and that have widespread acceptance in the scientific community. Copies of approved methods or guidance may be 



obtained by submitting a written request to NCDWQ, Ecological Assessment Group, P.O. Box 29535, Raleigh, NC 27626-0535. 



NCDWR, Wetlands Branch, 1617 Mail Service Center, Raleigh, NC 27699-1617. 



 



History Note: Authority G.S. 143-214.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. February 1, 1993; October 1, 1989; January 1, 1985; September 9, 1979; 



RRC Objection Eff. July 18, 1996 due to lack of statutory authority and ambiguity; 



 



15A NCAC 02B .0104 CONSIDERATIONS/ASSIGNING/IMPLEMENTING WATER SUPPLY CLASSIFICATIONS 



(a)  In determining the suitability of waters for use as a source of water supply for drinking, culinary or food processing purposes after 



approved treatment, the Commission will be guided by the physical, chemical, and bacteriological maximum contaminant levels 



specified by Environmental Protection Agency regulations adopted pursuant to the Public Health Service Act, 42 U.S.C. 201 et seq., as 



amended by the Safe Drinking Water Act, 42 U.S.C. 300(f) et seq. In addition, the Commission shall be guided by the requirements for 



unfiltered and filtered water supplies and the maximum contaminant levels specified in the North Carolina Rules Governing Public 



Water Supplies, 15A NCAC 18C .1100, .1200 and .1500 .1500, which are hereby incorporated by reference including subsequent 



amendments and editions. and comments provided by the Division of Environmental Health. 



(b)  All local governments that have land use authority within designated water supply watersheds shall adopt and enforce ordinances 



that at a minimum meet the requirements of G.S. 143-214.5 and this Subchapter. The Commission shall approve local water supply 



protection programs if it determines that the requirements of the local program equal or exceed the minimum statewide water supply 



watershed management requirements adopted pursuant to this Section. Local governments may adopt and enforce more stringent 



controls. Local management programs and modifications to these programs must be approved by the Commission and shall be kept on 



file by the Division of Environmental Management, Division of Environmental Health and the Division of Community Assistance. 



(c)(b)  All waters used for water supply purposes or intended for future water supply use shall be classified to the most appropriate water 



supply classification as determined by the Commission. Water supplies may be reclassified to a more or less protective water supply 



classification on a case-by-case basis through the rule-making process. A more protective water supply classification may be applied to 



existing water supply watersheds after receipt of a resolution from all local governments having land use jurisdiction within the 



designated water supply watershed requesting a more protective water supply classification. Requests for reclassification of non-water 



supply segments and watersheds to a water supply classification shall include submittal to the Commission of resolutions from all local 



governments having land use jurisdiction within the proposed water supply watershed for which a water supply classification is being 



requested, provided that the Commission may reclassify waters without the consent of local governments where the Commission deems 



such reclassifications appropriate and necessary. Local governments requesting water supply reclassifications shall provide a 



topographic map (such as a 1:24,000 scale USGS map) indicating the normal pool elevation for backwaters of water supply reservoirs, 



longitude and latitude coordinates of intended water supply intakes, and critical areas and other watershed boundaries as appropriate. 



Local government(s) requesting the Future Water Supply classification must provide to the Division evidence of intent which may 



include one or a combination of the following: capital improvement plans, a Water Supply Plan as described in G.S. 143-355(l), bond 



issuance for the water treatment plant or land acquisition records. A 1:24,000 scale USGS topographical map delineating the location 



of the intended water supply intake is also required. Requirements for activities administered by the State of North Carolina, such as the 



issuance of permits for landfills, NPDES wastewater discharges, land application of residuals and road construction activities shall be 



effective upon reclassification for future water supply use. The requirements shall apply to the critical area and balance of the watershed 



or protected area as appropriate. Upon receipt of the final approval letter from the Division of Environmental Health for construction of 



the water treatment plant and water supply intake, the Commission shall initiate rule-making to modify the Future Water Supply 



supplemental classification. Local government implementation is not required until 270 days after the Commission has modified the 



Future Water Supply (FWS) supplemental classification through the rule-making process and notified the affected local government(s) 



that the appropriate local government land use requirements applicable for the water supply classifications are to be adopted, 











implemented and submitted to the Commission for approval. Local governments may also adopt land use ordinances that meet or exceed 



the state's minimum requirements for water supply watershed protection prior to the end of the 270 day deadline. The requirements for 



FWS may also be applied to waters formerly used for drinking water supply purposes, and currently classified for water supply use, at 



the request of local government(s) desiring protection of the watershed for future water supply use. 



(d)(c)  In considering the reclassification of waters for water supply purposes, the Commission shall take into consideration the relative 



proximity, quantity, composition, natural dilution and diminution of potential sources of pollution to determine that risks posed by all 



significant pollutants are adequately considered. 



(e)(d)  For the purposes of implementing the water supply watershed protection rules (15A NCAC 2B .0100, .0200 and .0300) and the 



requirements of Rules .0620 through .0624 of this Subchapter and G.S. 143-214.5, the following schedule of implementation shall be 



applicable: effective dates are applicable to State agencies and units of local government with land use authority in water supply 



watersheds that were classified as such before and including August 3, 1992: 



August 3, 1992 - Activities administered by the State of North Carolina, such as the issuance of permits for landfills, NPDES 



wastewater discharges, and land application of sludge/residuals, and road construction activities, shall become 



effective regardless of the deadlines for municipal and county water supply watershed protection ordinance adoptions; 



activities; 



By July 1, 1993 - Affected municipalities Municipalities with a population greater than 5,000 shall adopt and submit the 



appropriate drinking water supply protection, maps and ordinances that meet or exceed the minimum management 



requirements of these Rules; 5,000; 



By October 1, 1993 - Affected municipalities Municipalities with a population less than 5,000 shall adopt and submit the 



appropriate drinking water supply protection, maps and ordinances that meet or exceed the minimum management 



requirements of these Rules; 5,000; and 



By January 1, 1994 - Affected county County governments shall adopt and submit the appropriate drinking water supply 



protection, maps and ordinances that meet or exceed the minimum management requirements of these Rules. and other 



units of local government, as applicable. 



Affected local government drinking water supply protection ordinances shall become effective on or before these dates. Local 



governments may choose to adopt, implement and enforce these provisions prior to this date. Three copies of the adopted and effective 



relevant ordinances shall be sent to the Division along with a cover letter from the municipal or county attorney, or its designated legal 



counsel, stating that the local government drinking water supply protection ordinances shall meet or exceed the rules in 15A NCAC 2B 



.0100, .0200 and .0300. If the rules in 15A NCAC 2B .0100, .0200 and .0300 are revised, the Division shall modify and distribute to 



local governments, as appropriate, a revised model ordinance. The Division shall approve the amended local maps and ordinances, or 



request the Commission to take appropriate action under G.S. 143-214.5. For water supply watersheds classified as such after August 



3, 1992, the effective dates for implementation of the water supply watershed protection requirements shall be as follows: 



(1) For activities administered by the State of North Carolina, such as the issuance of permits for landfills, NPDES 



wastewater dischargers, and land application of sludge/residuals, and road construction activities, the effective date is 



the date the reclassification became effective. 



(2) For local governments, the effective date shall be the date the local watershed ordinance was adopted or revised to 



reflect the reclassification, but no later than 270 days after receiving notice of a reclassification from the Commission. 



(f)  Wherever in this Subchapter it is provided that local governments assume responsibility for operation and maintenance of engineered 



stormwater control(s), this shall be construed to require responsible local governments to inspect such controls at least once per year, to 



determine whether the controls are performing as designed and intended. Records of inspections shall be maintained on forms supplied 



by the Division. Local governments may require payment of reasonable inspection fees by entities which own the controls, as authorized 



by law. In the event inspection shows that a control is not performing adequately, the local government shall order the owning entity to 



take corrective actions. If the entity fails to take sufficient corrective actions, the local government may impose civil penalties and pursue 



other available remedies in accordance with the law. The availability of new engineered stormwater controls as an alternative to lower 



development density and other measures under the provisions of this Subchapter and local ordinances approved by the Commission 



shall be conditioned on the posting of adequate financial assurance, in the form of a cash deposit or bond made payable to the responsible 



local government, or other acceptable security. The establishment of a stormwater utility by the responsible local government shall be 



deemed adequate financial assurance. The purpose of the required financial assurance is to assure that maintenance, repairs or 



reconstruction necessary for adequate performance of the controls may be made by the owning entity or the local government which 



may choose to assume ownership and maintenance responsibility. 



(g)  Where higher density developments are allowed, stormwater control systems must use wet detention ponds as described in 15A 



NCAC 2H .1003(g)(2), (g)(3), (i), (j), (k), and (l). Alternative stormwater management systems consisting of other treatment options, 



or a combination of treatment options, may be approved by the Director. The design criteria for approval shall be 85 percent average 



annual removal of Total Suspended Solids. Also the discharge rate shall meet one of the following criteria: 



(1) the discharge rate following the 1-inch design storm shall be such that the runoff draws down to the pre-storm design 



stage within five days, but not less than two days; or 



(2) the post development peak discharge rate shall equal the predevelopment rate for the 1-year, 24 hour storm. 



(h)(e)  Where no practicable alternative exists, discharge from groundwater remediation projects addressing water quality problems shall 



be allowed in accordance with other applicable requirements in all water supply classifications. 



(i)  To further the cooperative nature of the water supply watershed management and protection program provided for herein, local 



governments with jurisdiction over portions of classified watersheds and local governments which derive their water supply from within 



such watersheds are encouraged to establish joint water quality monitoring and information sharing programs, by interlocal agreement 



or otherwise. Such cooperative programs shall be established in consultation with the Division. 



(j)(f)  Where no practicable alternative exists other than surface water discharge, previously unknown existing unpermitted wastewater 



discharges shall incorporate the best possible technology treatment as deemed appropriate by the Division. 











(k)(g)  The Commission may designate water supply watersheds or portions thereof as critical water supply watersheds pursuant to G.S. 



143-214.5(b). 



(l)(h)  A more protective classification may be allowed by the Commission although minor occurrences of nonconforming activities are 



present prior to reclassification. When the Commission allows a more protective classification, expansions of existing wastewater 



discharges that otherwise would have been prohibited may be allowed if there is no increase in permitted pollutant loading; other 



discharges of treated wastewater existing at the time of reclassification may be required to meet more stringent effluent limitations as 



determined by the Division. Consideration of all practicable alternatives to surface water discharge must be documented. 



(m)  The construction of new roads and bridges and non-residential development shall minimize built-upon area, divert stormwater away 



from surface water supply waters as much as possible, and employ best management practices (BMPs) to minimize water quality 



impacts. To the extent practicable, the construction of new roads in the critical area shall be avoided. The Department of Transportation 



shall use BMPs as outlined in their document entitled "Best Management Practices for the Protection of Surface Waters" which is hereby 



incorporated by reference including all subsequent amendments and editions. This material is available for inspection at the Department 



of Environment, Health, and Natural Resources, Division of Environmental Management, Water Quality Planning Branch, 512 North 



Salisbury Street, Raleigh, North Carolina, .  



(n)  Activities within water supply watersheds are also governed by the North Carolina Rules Governing Public Water Supplies, 15A 



NCAC 18C .1100, .1200 and .1500. Proposed expansions of treated wastewater discharges to water supply waters must be approved by 



the Division of Environmental Health. 



(o)  Local governments shall correctly delineate the approximate normal pool elevation for backwaters of water supply reservoirs for 



the purposes of determining the critical and protected area boundaries as appropriate. Local governments must submit to the Division a 



1:24,000 scale U.S.G.S. topographic map which shows the local government's corporate and extraterritorial jurisdiction boundaries, the 



Commission's adopted critical and protected area boundaries, as well as the local government's interpreted critical and protected area 



boundaries. All revisions (expansions or deletions) to these areas must be submitted to the Division and approved by the Commission 



prior to local government revision. 



(p)(i)  Local governments shall encourage participation in the Agricultural Cost Share Program. The Soil and Water Conservation 



Commission is the designated management agency responsible for implementing the provisions of the rules in 15A NCAC 2H .0200 



pertaining to agricultural activities. Agricultural activities are subject to the provisions of the Food Security Act of 1985 and the Food, 



Agriculture, Conservation and Trade Act of 1990 (Public Law 101-624) and 15A NCAC 2H .0217) The following shall be required 



within WS-I watersheds and the critical areas of WS-II, WS-III and WS-IV watersheds: 



(1) Agricultural activities conducted after January 1, 1993 shall maintain a minimum 10 foot vegetated buffer, or 



equivalent control as determined by the Soil and Water Conservation Commission, along all perennial waters indicated 



on the most recent versions of U.S.G.S. 1:24,000 (7.5 minute) scale topographic maps or as determined by local 



government studies; and 



(2) Animal operation deemed permitted and permitted under 15A NCAC 2H .0217 2T .1300 are allowed in all classified 



water supply watersheds. 



(q)  Existing development is not subject to the requirements of these Rules. Redevelopment is allowed if the rebuilding activity does not 



have a net increase in built-upon area or provides equal or greater stormwater control than the previous development, except that there 



are no restrictions on single family residential redevelopment. Expansions to structures classified as existing development must meet 



the requirements of the rules in 15A NCAC 2B .0100, .0200 and .0300; however, the built-upon area of the existing development is not 



required to be included in the density calculations. Expansions to structures other than existing development must meet the density 



requirements of these Rules for the entire project site. If a nonconforming lot of record is not contiguous to any other lot owned by the 



same party, then that lot of record shall not be subject to the development restrictions of these Rules if it is developed for single-family 



residential purposes. Local governments may, however, require the combination of contiguous nonconforming lots of record owned by 



the same party in order to establish a lot or lots that meet or nearly meet the development restrictions of the rules under 15A NCAC 2B. 



Any lot or parcel created as part of a family subdivision after the effective date of these Rules shall be exempt from these Rules if it is 



developed for one single-family detached residence and if it is exempt from local subdivision regulation. Any lot or parcel created as 



part of any other type of subdivision that is exempt from a local subdivision ordinance shall be subject to the land use requirements 



(including impervious surface requirements) of these Rules, except that such a lot or parcel must meet the minimum buffer requirements 



to the maximum extent practicable. Local governments may also apply more stringent controls relating to determining existing 



development, redevelopment or expansions. 



(r)  Development activities may be granted minor variances by local governments utilizing the procedures of G.S. 153A Article 18, or 



G.S. 160A, Article 19. A description of each project receiving a variance and the reason for granting the variance shall be submitted to 



the Commission on an annual basis by January 1. For all proposed major and minor variances from the minimum statewide watershed 



protection rules, the local Watershed Review Board shall make findings of fact showing that: 



(1) there are practical difficulties or unnecessary hardships that prevent compliance with the strict letter of the ordinance; 



(2) the variance is in harmony with the general purpose and intent of the local watershed protection ordinance and 



preserves its spirit; and 



(3) in granting the variance, the public safety and welfare have been assured and substantial justice has been done. 



The local Watershed Review Board may attach conditions to the major or minor variance approval that support the purpose of the local 



watershed protection ordinance. If the variance request qualifies as a major variance, and the local Watershed Review Board decides in 



favor of granting the major variance, the Board shall then prepare a preliminary record of the hearing and submit it to the Commission 



for review and approval. If the Commission approves the major variance or approves with conditions or stipulations added, then the 



Commission shall prepare a Commission decision which authorizes the local Watershed Review Board to issue a final decision which 



would include any conditions or stipulations added by the Commission. If the Commission denies the major variance, then the 



Commission shall prepare a Commission decision to be sent to the local Watershed Review Board. The local Watershed Review Board 



shall prepare a final decision denying the major variance. For all proposed major and minor variances the local government considering 











or requesting the variance shall notify and allow a reasonable comment period for all other local governments having jurisdiction within 



the watershed area governed by these Rules and the entity using the water supply for consumption. Appeals from the local government 



decision on a major or minor variance request are made on certiorari to the local Superior Court. Appeals from the Commission decision 



on a major variance request are made on judicial review to Superior Court. When local ordinances are more stringent than the state's 



minimum water supply protection rules a variance to the local government's ordinance is not considered a major variance as long as the 



result of the variance is not less stringent than the state's minimum requirements. 



(s)  Cluster development is allowed on a project-by-project basis as follows: 



(1) Overall density of the project meets associated density or stormwater control requirements under 15A NCAC 2B 



.0200; 



(2) Buffers meet the minimum statewide water supply watershed protection requirements; 



(3) Built-upon areas are designed and located to minimize stormwater runoff impact to the receiving waters, minimize 



concentrated stormwater flow, maximize the use of sheet flow through vegetated areas, and maximize the flow length 



through vegetated areas; 



(4) Areas of concentrated density development are located in upland areas and away, to the maximum extent practicable, 



from surface waters and drainageways; 



(5) Remainder of tract to remain in vegetated or natural state; 



(6) The area in the vegetated or natural state may be conveyed to a property owners association; a local government for 



preservation as a park or greenway; a conservation organization; or placed in a permanent conservation or farmland 



preservation easement. A maintenance agreement shall be filed with the property deeds; and 



(7) Cluster developments that meet the applicable low density requirements shall transport stormwater runoff by vegetated 



conveyances to the maximum extent practicable. 



(t)  Local governments may administer oversight of future development activities in single family residential developments that exceed 



the applicable low density requirements by tracking dwelling units rather than percentage built-upon area, as long as the wet detention 



pond or other approved stormwater control system is sized to capture and treat runoff from all pervious and built-upon surfaces shown 



on the development plan and any off-site drainage from pervious and built-upon surfaces, and when an additional safety factor of 15 



percent of built-upon area of the project site is figured in. 



(u)  All new development shall meet the development requirements on a project-by-project basis except local governments may submit 



ordinances and ordinance revisions which use density or built-upon area criteria averaged throughout the local government's watershed 



jurisdiction instead of on a project-by-project basis within the watershed. Prior to approval of the ordinance or amendment, the local 



government must demonstrate to the Commission that the provisions as averaged meet or exceed the statewide minimum requirements, 



and that a mechanism exists to ensure the orderly and planned distribution of development potential throughout the watershed 



jurisdiction. 



(v)  Silviculture activities are subject to the provisions of the Forest Practices Guidelines Related to Water Quality (15A NCAC 1I 



.0101 - .0209). The Division of Forest Resources is the designated management agency responsible for implementing the provisions of 



the rules in 15A NCAC 2B .0200 pertaining to silviculture activities. 



(w)  Local governments shall, as the existing laws allow, develop, implement, and enforce comprehensive nonpoint source and 



stormwater discharge control programs to reduce water pollution from activities within water supply watersheds such as development, 



forestry, landfills, mining, on-site sanitary sewage systems which utilize ground adsorption, toxic and hazardous materials, 



transportation, and water based recreation. 



(x)  When the Commission assumes a local water supply protection program as specified under G.S. 143-214.5(e) all local permits 



authorizing construction and development activities as regulated by the statewide minimum water supply watershed protection rules of 



this Subchapter must be approved by the Commission prior to local government issuance. 



(y)  In the event that stormwater management systems or facilities may impact existing waters or wetlands of the United States, the 



Clean Water Act requires that these systems or facilities be consistent with all federal and state requirements. 



(z)  A model local water supply watershed management and protection ordinance, as approved by the Commission in accordance with 



G.S. 143-214.5, is on file with the Office of Administrative Hearings and may be obtained by writing to: Water Quality Planning Branch, 



Division of Environmental Management, Post Office Box 29535, Raleigh, North Carolina 27626-0535. 



(aa)  The Commission may delegate such matters as variance approval, extension of deadlines for submission of corrected ordinances 



and assessment of civil penalties to the Director. 



(j)  Local government water supply watershed ordinances for water supply classified watersheds shall be implemented in accordance 



with Rules .0620 through .0624 of this Subchapter. 



 



History Note: Authority G.S. 143-214.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. August 1, 1995; August 3, 1992; March 1, 1991; October 1, 1989. 



 



15A NCAC 02B .0106 CONSIDERATIONS/ASSIGNING CLASSIFICATIONS FOR PRIMARY RECREATION 



In assigning the B or SB classification to waters intended for primary recreation, the Commission will take into consideration the relative 



proximity of sources of water pollution and will recognize the potential hazards involved in locating swimming areas close to sources 



of water pollution and will not assign this classification to waters in which such water pollution could result in a hazard to public health. 



Discharges to waters classified as B or SB will meet the reliability requirements specified in 15A NCAC 2H .0124. Discharges to waters 



where a primary recreational use is determined by the Director to be attainable will be required to meet water quality standards and 



reliability requirements to protect this use concurrently with reclassification efforts. 



 



History Note: Authority G.S. 143-214.1; 143-215.3(a)(1); 











Eff. February 1, 1976; 



Amended Eff. October 1, 1989; January 1, 1985; September 9, 1979. 



 



15A NCAC 02B .0108 CONSIDERATIONS IN ASSIGNING THE SHELLFISHING AREA CLASSIFICATION 



In determining the safety or suitability of Class SA waters to be used for shellfishing for market purposes, the Commission will be 



guided by the existing water quality of the area in relation to the standards to protect shellfishing uses, the potential contamination of 



the area from both point and nonpoint sources of pollution, and the presence of harvestable quantities of shellfish or the potential for the 



area to have harvestable quantities through management efforts of the Division of Marine Fisheries. Waters will not be classified SA 



without the written concurrence of the Division of Health Services, North Carolina Department of Human Resources.Division of Marine 



Fisheries, North Carolina Department of Environmental Health and Natural Resources. 



 



History Note: Authority G.S. 143-214.1; 



Eff. January 1, 1985; 



Amended Eff. October 1, 1989. 



 



15A NCAC 02B .0110 CONSIDERATIONS FOR FEDERALLY-LISTED THREATENED OR ENDANGERED AQUATIC 



SPECIES 



Certain waters provide habitat for federally-listed aquatic animal species that are listed as threatened or endangered by the U.S. Fish and 



Wildlife Service or National Marine Fisheries Service under the provisions of the Endangered Species Act, 16 U.S.C. 1531-1544 and 



subsequent modifications. Maintenance and recovery of the water quality conditions required to sustain and recover federally-listed 



threatened and endangered aquatic animal species contributes to the support and maintenance of a balanced and indigenous community 



of aquatic organisms and thereby protects the biological integrity of the waters. The Division shall develop site-specific management 



strategies under the provisions of 15A NCAC 2B .0225 or 15A NCAC 2B .0227 for those waters. The Commission shall utilize Rule 



.0225 or .0227 of this Subchapter for site specific strategies for those waters. These plans shall be developed within the basinwide 



planning schedule with all plans completed at the end of each watershed's first complete five year cycle following adoption of this Rule. 



Nothing in this Rule shall prevent the Division or EMC Commission from taking other actions within its authority to maintain and 



restore the quality of these waters. 



 



History Note: Authority G. S. 143-214.1; 143-215.3(a)(1); 143-215.8A; 



Eff. August 1, 2000. 



 



SECTION .0200 - CLASSIFICATIONS AND WATER QUALITY STANDARDS APPLICABLE TO SURFACE WATERS 



AND WETLANDS OF NORTH CAROLINA 



 



15A NCAC 02B .0201 ANTIDEGRADATION POLICY 



(a)  It is the policy of the Environmental Management Commission to maintain, protect, and enhance water quality within the State of 



North Carolina. Pursuant to this policy, the requirements of 40 CFR 131.12 are hereby incorporated by reference including any 



subsequent amendments and editions. This material is available for inspection at the Department of Environment, Health, Environmental 



Quality, and Natural Resources, Division of Water Quality, Resources, Water Quality Section, 512 North Salisbury Street, Raleigh, 



North Carolina. Carolina, 27604-1170. Copies may be obtained from the U.S. Government Printing Office, Superintendent of 



Documents, Washington, DC 20402-9325 at a cost of thirteen dollars ($13.00). A copy of the most current version of 40 CFR 131.12 is 



available free of charge on the internet at http://www.gpo.gov/fdsys/. These requirements shall be implemented in North Carolina as set 



forth in Paragraphs (b), (c), (d), (e) and (f) of this Rule. 



(b)  Existing uses, as defined by Rule .0202 of this Section, and the water quality to protect such uses shall be protected by properly 



classifying surface waters and having standards sufficient to protect these uses. In cases where the Commission or its designee 



determines that an existing use is not included in the classification of waters, a project which shall affect these waters shall not be 



permitted unless the existing uses are protected. 



(c)  The Commission shall consider the present and anticipated usage of waters with quality higher than the standards, including any 



uses not specified by the assigned classification (such as outstanding national resource waters or waters of exceptional water quality) 



and shall not allow degradation of the quality of waters with quality higher than the standards below the water quality necessary to 



maintain existing and anticipated uses of those waters. Waters with quality higher than the standards are defined by Rule .0202 of this 



Section. The following procedures shall be implemented in order to meet these requirements: 



(1) Each applicant for an NPDES National Pollutant Discharge Elimination System (NPDES) permit or NPDES permit 



expansion to discharge treated waste shall document an effort to consider non-discharge alternatives pursuant to 15A 



NCAC 2H .0105(c)(2). 



(2) Public Notices for NPDES permits shall list parameters that would be water quality limited and state whether or not 



the discharge shall use the entire available load capacity of the receiving waters and may cause more stringent water 



quality based effluent limitations to be established for dischargers downstream. 



(3) The Division may require supplemental documentation from the affected local government that a proposed project or 



parts of the project are necessary for important economic and social development. 



(4) The Commission and Division shall work with local governments on a voluntary basis to identify and develop 



appropriate management strategies or classifications for waters with unused pollutant loading capacity to 



accommodate future economic growth. 



Waters with quality higher than the standards shall be identified by the Division on a case-by-case basis through the NPDES permitting 



and waste load allocation processes (pursuant to the provisions of 15A NCAC 2H .0100). Dischargers affected by the requirements of 











Paragraphs Subparagraphs (c)(1) through (c)(4) of this Rule and the public at large shall be notified according to the provisions described 



herein, and all other appropriate provisions pursuant to 15A NCAC 2H .0109. If an applicant objects to the requirements to protect 



waters with quality higher than the standards and believes degradation is necessary to accommodate important social and economic 



development, the applicant may contest these requirements according to the provisions of General Statute G.S. 143-215.1(e) and 



150B-23. 



(d)  The Commission shall consider the present and anticipated usage of High Quality Waters (HQW), including any uses not specified 



by the assigned classification (such as outstanding national resource waters or waters of exceptional water quality) and shall not allow 



degradation of the quality of High Quality Waters below the water quality necessary to maintain existing and anticipated uses of those 



waters. High Quality Waters are a subset of waters with quality higher than the standards and are as described by 15A NCAC 2B 



.0101(e)(5). The procedures described in Rule .0224 of this Section shall be implemented in order to meet the requirements of this part. 



Rule. 



(e)  Outstanding Resource Waters (ORW) are a special subset of High Quality Waters with unique and special characteristics as 



described in Rule .0225 of this Section. The water quality of waters classified as ORW shall be maintained such that existing uses, 



including the outstanding resource values of said Outstanding Resource Waters, shall be maintained and protected. 



(f)  Activities regulated under Section 404 of the Federal Clean Water Act (33 U.S.C. 1344), 33 U.S.C. 1344 which require a water 



quality certification as described in Section 401 of the Federal Clean Water Act (33 U.S.C. 1341), 33 U.S.C. 1344 shall be evaluated 



according to the procedures outlined in 15A NCAC 2H .0500. Activities which receive a water quality certification pursuant to these 



procedures shall not be considered to remove existing uses. The evaluation of permits issued pursuant to G.S. 143-215.1 that involve 



the assimilation of wastewater or stormwater by wetlands shall incorporate the criteria found in 15A NCAC 2H .0506(c)(1)-(5) 



.0506(c)(1) through (5) in determining the potential impact of the proposed activity on the existing uses of the wetland per 15A NCAC 



2H .0231. Rule .0231 of this Section. 



 



History Note: Authority G.S. 143-214.1; 143-215.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. October 1, 1995; August 1, 1995; February 1, 1993; April 1,1991; August 1, 1990; 



RRC Objection Eff. July 18, 1996 due to lack of statutory authority and ambiguity; 



Amended Eff. October 1, 1996. 



 



15A NCAC 02B .0202 DEFINITIONS 



The definition of any word or phrase used in this Section shall be the same as given in G.S. 143, Article 21. The following words and 



phrases, which are not defined in this article, shall be interpreted as follows:  



(1) Acute toxicity to aquatic life means lethality or other harmful effects sustained by either resident aquatic populations 



or indicator species used as test organisms in a controlled toxicity test due to a short-term exposure (relative to the life 



cycle of the organism) to a specific chemical or mixture of chemicals (as in an effluent). Short-term exposure for acute 



tests is generally 96 hours or less. Acute toxicity shall be determined using the following procedures: 



(a) for specific chemical constituents or compounds, acceptable levels shall be equivalent to a concentration of 



one-half or less of the Final Acute Value (FAV) as determined according to "Guidelines for Deriving 



Numerical Water Quality Criteria for the Protection of Aquatic Life and its Uses" published by the 



Environmental Protection Agency and referenced in the Federal Register (50 FR 30784, July 29, 1985) which 



is hereby incorporated by reference including any subsequent amendments. amendments and editions. 



(b) for specific chemical constituents or compounds for which values described under Subparagraph Sub-Item 



(1)(a) of this Rule cannot be determined, acceptable levels shall be equivalent to a concentration of one-third 



or less of the lowest available LC50 value. 



(c) for effluents, acceptable levels are defined as no statistically measurable lethality (99 percent confidence 



level using Students test) test), a LC50>100%, or a No Observed Adverse Effect Concentration, during a 



specified exposure period. Concentrations of exposure and critical values for the No Observed Adverse Effect 



Concentration shall be determined on a case-by-case basis. 



(d) in instances where detailed dose response data indicate that levels of acute toxicity are significantly different 



from those defined in this Rule, the Director may determine on a case-by-case basis an alternate acceptable 



level through statistical analyses of the dose response curve. 



(2) Acute to Chronic Ratio (ACR) means the ratio of acute toxicity expressed as an LC50 for a specific toxicant or an 



effluent to the chronic value for the same toxicant or effluent. 



(3) Agricultural uses include the use of waters for stock watering, irrigation, and other farm purposes. 



(4) Applicator means any person, firm, corporation, wholesaler, retailer, distributor, any local, state, or federal 



governmental agency, or any other person who applies fertilizer to the land of a consumer or client or to land they 



own or to land which they lease or otherwise hold rights. 



(5) Approved treatment, as applied to water supplies, means treatment accepted as satisfactory by the Division of 



Environmental Health or Division of Water Quality. Resources. 



(6) Attainable uses are uses that can be achieved by the imposition of effluent limits and cost effective and reasonable 



best management practices (BMP) for nonpoint source control. 



(6)(7) Average (except bacterial) means arithmetical average and includes consists of the analytical results of all samples 



taken during the specified period (for example: daily, weekly, or monthly); all sampling shall be done as to obtain the 



most a representative sample under prevailing conditions: conditions. 



(a) Daily Average for dissolved oxygen, shall be of at least four samples; 











(b) Weekly Average means the average of all daily composite samples obtained during the calendar week. If 



only one grab sample is taken each day, the weekly average is the average of all daily grab samples. A 



minimum of three daily grab samples is needed to calculate a weekly average. 



(c) Monthly Average means the average of all daily composites (or grab samples if only one per day) obtained 



during the calendar month. 



The definitions in this Paragraph do not affect the monitoring requirements for NPDESpermits but rather shall be used by the Division 



along with other methodologies in determining violations of water quality standards. Arithmetical averages as defined by this Section, 



and not confidence limits nor other statistical descriptions, shall be used in all calculations of limitations which require the use of 



averages pursuant to this Section and 40 CFR 122.41(l)(4)(iii). 



(7)(8) Best Management Practice (BMP) means a structural or nonstructural management-based practice used singularly or 



in combination to reduce nonpoint source inputs to receiving waters in order to achieve water quality protection goals. 



(8)(9) Best usage of waters as specified for each class means those uses as determined by the Environmental Management 



Commission in accordance with the provisions of G.S. 143-214.1. 



(9)(10) Bioaccumulation factor (BAF) is a unitless value that describes the degree to which substances are taken up or 



accumulated into tissues of aquatic organisms from water directly and from food or other ingested materials containing 



the accumulated substances, and is usually measured as a ratio of a substance's concentration in tissue versus its 



concentration in water in situations where exposure to the substance is occurring from both water and the food chain. 



(10)(11) Bioconcentration factor (BCF) is a unitless value that describes the degree to which substances are absorbed or 



concentrated into tissues of aquatic organisms from water directly and is usually measured as a ratio of substance's 



concentration in tissue versus its concentration in water in situations where exposure to the substance is occurring 



from water only. 



(11)(12) Biological integrity means the ability of an aquatic ecosystem to support and maintain a balanced and indigenous 



community of organisms having species composition, diversity, population densities and functional organization 



similar to that of reference conditions. 



(12)(13) Buffer means a natural or vegetated area through which stormwater runoff flows in a diffuse manner so that the runoff 



does not become channelized and which provides for infiltration of the runoff and filtering of pollutants. The buffer 



shall be measured landward from the normal pool elevation of impounded structures and from the bank of each side 



of streams or rivers. 



(13) Built-upon area means that portion of a development project that is covered by impervious or partially impervious 



cover including buildings, pavement, gravel areas (e.g. roads, parking lots, paths), recreation facilities (e.g. tennis 



courts), etc. (Note: Wooden slatted decks and the water area of a swimming pool are considered pervious.) 



(14) Chronic toxicity to aquatic life means any harmful effect sustained by either resident aquatic populations or indicator 



species used as test organisms in a controlled toxicity test due to long-term exposure (relative to the life cycle of the 



organism) or exposure during a substantial portion of the duration of a sensitive period of the life cycle to a specific 



chemical substance or mixture of chemicals (as in an effluent). In absence of extended periods of exposure, early life 



stage or reproductive toxicity tests may be used to define chronic impacts. 



(15) Chronic value for aquatic life means the geometric mean of two concentrations identified in a controlled toxicity test 



as the No Observable Effect Concentration (NOEC) and the Lowest Observable Effect Concentration (LOEC). 



(16) Cluster development means the grouping of buildings in order to conserve land resources and provide for innovation 



in the design of the project including minimizing stormwater runoff impacts. This term includes nonresidential 



development as well as single-family residential and multi-family developments. For the purpose of Sections .0100, 



.0200 and .0300 of this Subchapter, planned unit developments and mixed use development shall be considered as 



cluster development. 



(17)(16) Commercial applicator means any person, firm, corporation, wholesaler, retailer, distributor or any other person who 



for hire or compensation applies fertilizer to the land of a consumer or client. 



(18)(17) Concentrations are the mass of a substance per volume of water and for the purposes of this Section shall be expressed 



as milligrams per liter (mg/l), micrograms per liter (ug/l), or nanograms per liter (ng/l). 



(19)(18) Contiguous refers to those wetlands landward of the mean high water line or normal water level and within 575 feet 



of classified surface waters which appear as solid blue lines on the most recently published versions of U.S.G.S. 



1:24,000 (7.5 minute) scale topographic maps. 



(20)(19) Critical area means the area adjacent to a water supply intake or reservoir where risk associated with pollution is 



greater than from the remaining portions of the watershed. The critical area is defined as extending either 1/2 mile in 



a straight line fashion upstream from and draining to the normal pool elevation of the reservoir in which the intake is 



located or to the ridge line of the watershed (whichever comes first); or 1/2 mile in a straight line fashion upstream 



from and draining to the intake (or other appropriate downstream location associated with the water supply) located 



directly in the stream or river (run-of-the-river), or to the ridge line of the watershed (whichever comes first). Since 



WS-I watersheds are essentially undeveloped, establishment of a critical area is not required. Local governments may 



extend the critical area as needed. Major landmarks such as highways or property lines may be used to delineate the 



outer boundary of the critical area if these landmarks are immediately adjacent to the appropriate outer boundary of 



1/2 mile. The Commission may adopt a different critical area size during the reclassification process. 



(21)(20) Cropland means agricultural land that is not covered by a certified animal waste management plan and is used for 



growing corn, grains, oilseed crops, cotton, forages, tobacco, beans, or other vegetables or fruits. 



(22)(21) Designated Nonpoint Source Agency means those agencies specified by the Governor in the North Carolina Nonpoint 



Source Management Program, as approved by the Environmental Protection Agency. 











(23) Development means any land disturbing activity which adds to or changes the amount of impervious or partially 



impervious cover on a land area or which otherwise decreases the infiltration of precipitation into the soil.  



(24)(22) Director means the Director of the Division of Water Quality. Resources. 



(25)(23) Discharge is the addition of any man-induced waste effluent either directly or indirectly to state surface waters. 



(26)(24) Division means the Division of Water Quality Resources or its successors. 



(27)(25) Domestic wastewater discharge means the discharge of sewage, non-process industrial wastewater, other domestic 



wastewater or any combination of these items. Domestic wastewater includes, but is not limited to, liquid waste 



generated by domestic water using fixtures and appliances, from any residence, place of business, or place of public 



assembly even if it contains no sewage. Examples of domestic wastewater include once-through non-contact cooling 



water, seafood packing facility discharges and wastewater from restaurants. 



(28)(26) Effluent channel means a discernable confined and discrete conveyance which is used for transporting treated 



wastewater to a receiving stream or other body of water as provided in Rule .0215 .0228 of this Section. 



(29) Existing development, for projects that do not require a state permit, shall be defined as those projects that are built or 



those projects that at a minimum have established a vested right under North Carolina zoning law as of the effective 



date of the local government water supply ordinance, or such earlier time that an affected local government's 



ordinances shall specify, based on at least one of the following criteria: 



(a) substantial expenditures of resources (time, labor, money) based on a good faith reliance upon having 



received a valid local government approval to proceed with the project, or 



(b) having an outstanding valid building permit in compliance with G.S. 153A-344.1 or G.S. 160A-385.1, or 



(c) having an approved site specific or phased development plan in compliance with G.S. 153A-344.1 or G.S. 



160A-385.1. 



For projects that require a state permit, such as landfills, NPDES wastewater discharges, land application of residuals 



and road construction activities, existing development shall be defined as those projects that are built or those projects 



for which a state permit was issued prior to August 3, 1992. 



(30)(27) Existing uses mean uses actually attained in the water body, in a significant and not incidental manner, on or after 



November 28, 1975, whether or not they are included in the water quality standards, which either have been actually 



available to the public or are uses deemed attainable by the Environmental Management Commission. At a minimum, 



uses shall be deemed attainable if they can be achieved by the imposition of effluent limits and cost-effective and 



reasonable best management practices (BMPs) for nonpoint source control. standards. 



(31) Family subdivision means a division of a tract of land: 



(a) to convey the resulting parcels, with the exception of parcels retained by the grantor, to a relative or relatives 



as a gift or for nominal consideration, but only if no more than one parcel is conveyed by the grantor from 



the tract to any one relative; or 



(b) to divide land from a common ancestor among tenants in common, all of whom inherited by intestacy or by 



will. 



(32)(28) Fertilizer means any substance containing nitrogen or phosphorus which is used primarily for its plant food content. 



(33)(29) Fishing means the taking of fish by sport recreational or commercial methods as well as the consumption of fish or 



shellfish or the propagation of fish and such other aquatic life as is necessary to provide a suitable environment for 



fish. 



(34)(30) Forest vegetation means the plants of an area which grow together in disturbed or undisturbed conditions in various 



wooded plant communities in any combination of trees, saplings, shrubs, vines and herbaceous plants. This includes 



mature and successional forests as well as cutover stands. 



(35)(31) Freshwater means all waters that under natural conditions would have a chloride ion content of 500 mg/l or less. 



(36)(32) Industrial discharge means the discharge of industrial process treated wastewater or wastewater other than sewage. 



Stormwater shall not be considered to be an industrial wastewater unless it is contaminated with industrial wastewater. 



Industrial discharge includes: 



(a) wastewater resulting from any process of industry or manufacture, or from the development of any natural 



resource; 



(b) wastewater resulting from processes of trade or business, including wastewater from laundromats and car 



washes, but not wastewater from restaurants; or 



(c) wastewater discharged from a municipal wastewater treatment plant requiring a pretreatment program. 



(37)(33) Land-disturbing activity means any use of the land that results in a change in the natural cover or topography that may 



cause or contribute to sedimentation. 



(38)(34) LC50 means that concentration of a toxic substance which is lethal (or immobilizing, if appropriate) to 50 percent of 



the organisms tested during a specified exposure period. The LC50 concentration for toxic materials shall be 



determined for sensitive species as defined by Subparagraph (43)(50) of this Rule under aquatic conditions 



characteristic of the receiving waters. 



(39)(35) Local government means a city or county in singular or plural as defined in G.S. 160A-1(2) and G.S. 158A-10. 



(40)(36) Lower piedmont and coastal plain waters mean those waters of the Catawba River Basin below Lookout Shoals Dam; 



the Yadkin River Basin below the junction of the Forsyth, Yadkin, and Davie County lines; and all of the waters of 



Cape Fear, Lumber, Roanoke, Neuse, Tar-Pamlico, Chowan, Pasquotank, and White Oak River Basins; except tidal 



salt waters which are assigned S classifications. 



(41)(37) MF is an abbreviation for the membrane filter procedure for bacteriological analysis. 



(42) Major variance means a variance from the minimum statewide watershed protection rules that results in the relaxation, 



by a factor greater than five percent of any buffer, density or built-upon area requirement under the high density 











option; any variation in the design, maintenance or operation requirements of a wet detention pond or other approved 



stormwater management system; or relaxation by a factor greater than 10 percent, of any management requirement 



under the low density option. 



(43) Minor variance means a variance from the minimum statewide watershed protection rules that results in a relaxation, 



by a factor of up to five percent of any buffer, density or built-upon area requirement under the high density option; 



or that results in a relaxation by a factor up to 10 percent, of any management requirement under the low density 



option. 



(44)(38) Mixing zone means a region of the receiving water in the vicinity of a discharge within which dispersion and dilution 



of constituents in the discharge occurs and such zones shall be subject to conditions established in accordance with 



15A NCAC 2B .0204(b). .0204(b) of this Section. 



(45)(39) Mountain and upper piedmont waters mean all of the waters of the Hiwassee; Little Tennessee, including the Savannah 



River drainage area; French Broad; Broad; New; and Watauga River Basins; and those portions of the Catawba River 



Basin above Lookout Shoals Dam and the Yadkin River Basin above the junction of the Forsyth, Yadkin, and Davie 



County lines. 



(46) Nonconforming lot of record means a lot described by a plat or a deed that was recorded prior to the effective date of 



local watershed regulations (or their amendments) that does not meet the minimum lot-size or other development 



requirements of Rule .0211 of this Subchapter. 



(47)(40) Nonpoint source pollution means pollution which enters waters mainly as a result of precipitation and subsequent 



runoff from lands which have been disturbed by man's activities and includes all sources of water pollution which are 



not required to have a permit in accordance with G.S. 143-215.1(c). 



(48)(41) Non-process discharge means industrial effluent not directly resulting from the manufacturing process. An example 



would be non-contact cooling water from a compressor. 



(49) Nutrient sensitive waters mean those waters which are so designated in the classification schedule in order to limit the 



discharge of nutrients (usually nitrogen and phosphorus). They are designated by "NSW" following the water 



classification. 



(50)(42) Offensive condition means any condition or conditions resulting from the presence of sewage, industrial wastes or 



other wastes within the waters of the state or along the shorelines thereof which shall either directly or indirectly cause 



foul or noxious odors, unsightly conditions, or breeding of abnormally large quantities of mosquitoes or other insect 



pests, or shall damage private or public water supplies or other structures, result in the development of gases which 



destroy or damage surrounding property, herbage or grasses, or which may cause the impairment of taste, such as 



from fish flesh tainting, or affect the health of any person residing or working in the area. 



(51)(43) Primary Nursery Areas (PNAs) are tidal saltwaters which provide essential habitat for the early development of 



commercially important fish and shellfish and are so designated by the Marine Fisheries Commission. Primary contact 



recreation includes swimming, diving, skiing, and similar uses involving full human body contact with water where 



such activities take place in an organized or on a frequent basis. 



(52)(44) Primary recreation includes swimming, skin diving, skiing, and similar uses involving human body contact with water 



where such activities take place in an organized or on a frequent basis. Primary Nursery Areas (PNAs) are tidal 



saltwaters which provide essential habitat for the early development of commercially important fish and shellfish and 



are so designated by the Marine Fisheries Commission. 



(53)(45) Protected area means the area adjoining and upstream of the critical area in a WS-IV water supply in which protection 



measures are required. The boundaries of the protected areas are area is defined as within extending five miles in an 



as-the-river-runs manner upstream from and draining to of the normal pool elevation of the reservoir in which the 



intake is located and draining to water supply reservoirs (measured from the normal pool elevation) or to the ridge 



line of the watershed (whichever comes first); or 10 miles in an as-the-river-runs manner upstream from and draining 



to the intake located directly in the stream or river (run-of-the-river), or to the ridge line of the watershed (whichever 



comes first). Local governments may extend the protected area. Major landmarks such as highways or property lines 



may be used to delineate the outer boundary of the protected area if these landmarks are immediately adjacent to the 



appropriate outer boundary of five or 10 miles. In some cases the protected area shall encompass the entire watershed. 



The Commission may adopt a different protected area size during the reclassification process. 



(54)(46) Residential development means buildings for residence such as attached and detached single family dwellings, 



apartment complexes, condominiums, townhouses, cottages, and their associated outbuildings such as garages, storage 



buildings, and gazebos. 



(55)(47) Residuals means any solid or demisolid waste generated from a wastewater treatment plant, water treatment plant or 



air pollution control facility permitted under the authority of the Environmental Management Commission. Residuals 



are defined in 15A NCAC 02T .0103. 



(56)(48) Riparian area means an area that is adjacent to a body of water. 



(57)(49) Secondary contact recreation includes wading, boating, other uses not involving human body contact with water, and 



activities involving human body contact with water where such activities take place on an infrequent, unorganized, or 



incidental basis. 



(58)(50) Sensitive species for aquatic toxicity testing is any species utilized in procedures accepted by the Commission or its 



designee in accordance with Rule .0103 of this Subchapter, or the following genera: 



(a) Daphnia; 



(b) Ceriodaphnia; 



(c) Salmo; 



(d) Pimephales; 











(e) Mysidopsis; 



(f) Champia; 



(g) Cyprinodon; 



(h) Arbacia; 



(i) Penaeus; 



(j) Menidia; 



(k) Notropis; 



(l) Salvelinus; 



(m) Oncorhynchus; 



(n) Selenastrum; 



(o) Chironomus; 



(p) Hyalella; 



(q) Lumbriculus. 



(59)(51) Shellfish culture includes the use of waters for the propagation, storage and gathering of oysters, clams, and other 



shellfish for market purposes. 



(60) Stormwater collection system means any conduit, pipe, channel, curb or gutter for the primary purpose of transporting 



(not treating) runoff. A stormwater collection system does not include vegetated swales, swales stabilized with 



armoring or alternative methods where natural topography prevents the use of vegetated swales (subject to 



case-by-case review), curb outlet systems or pipes used to carry drainage underneath built-upon surfaces that are 



associated with development controlled by the provisions of 15A NCAC 2H .1003(c)(1). 



(61) Source of water supply for drinking, culinary or food-processing purposes means any source, either public or private, 



the waters from which are used for human consumption, or used in connection with the processing of milk, beverages, 



food, or other purpose which requires water suitable for human consumption. 



(62)(52) Swamp waters mean those waters which are classified by the Environmental Management Commission and which are 



topographically located so as to generally have very low velocities and other characteristics which are different from 



adjacent streams draining steeper topography. They are designated by "Sw" following the water classification. Swamp 



waters are those waters which are classified by the Environmental Management Commission as such and which are 



topographically located so as to generally have natural characteristics such as low velocity, dissolved oxygen, or pH, 



which are different from streams draining steeper topography. 



(63)(53) Tidal salt waters mean all tidal waters which are classified by the Environmental Management Commission which 



generally have a natural chloride ion content in excess of 500 parts per million and include all waters assigned S 



classifications. million. 



(64)(54) Toxic substance or toxicant means any substance or combination of substances (including disease-causing agents), 



which after discharge and upon exposure, ingestion, inhalation, or assimilation into any organism, either directly from 



the environment or indirectly by ingestion through food chains, has the potential to cause death, disease, behavioral 



abnormalities, cancer, genetic mutations, physiological malfunctions (including malfunctions or suppression in 



reproduction or growth) or physical deformities in such organisms or their offspring. 



(65)(55) Trout waters are those waters which have conditions which shall sustain and allow for trout propagation and survival 



of stocked trout on a year-round basis. These waters shall be classified by the Commission after considering the 



requirements of Rule .0101(b) and (c) of this Subchapter and include all waters designated by "Tr" in the water 



classification. Trout waters are those waters which are classified by the Environmental Management Commission as 



such and have conditions which shall sustain and allow for natural trout propagation and survival and maintenance of 



stocked trout on a year round basis. 



(66)(56) Waste disposal includes the use of waters for disposal of sewage, industrial waste or other waste after approved 



treatment. 



(67)(57) Water dependent structures are those structures for which the use requires access or proximity to or siting within 



surface waters to fulfill its basic purpose, such as boat ramps, boat houses, docks and bulkheads. Ancillary facilities 



such as restaurants, outlets for boat supplies, parking lots and commercial boat storage areas are not water dependent 



structures. 



(68)(58) Water quality based effluent limits and best management practices are limitations or best management practices 



developed by the Division for the purpose of protecting water quality standards and best usage of surface waters 



consistent with the requirements of G.S. 143-214.1 and the Federal Water Pollution Control Act as amended. 



(69)(59) Waters with quality higher than the standards means all waters for which the determination of waste load allocations 



(pursuant to Rule .0206 of this Section) indicates that water quality is sufficiently greater than that defined by the 



standards such that significant pollutant loading capacity still exists in those waters. 



(70)(60) Watershed means a natural area of drainage, including all tributaries contributing to the supply of at least one major 



waterway within the State, the specific limits of each separate watershed to be designated by the Commission as 



defined by G.S. 143-213 (21). the entire land area contributing surface drainage to a specific point. For the purpose of 



the water supply protection rules in 15A NCAC 2B .0104 and .0211 local governments may use major landmarks such 



as highways or property lines to delineate the outer boundary of the drainage area if these landmarks are immediately 



adjacent to the ridgeline. 



(71)(61) Wetlands are "waters" as defined by G.S. 143-212(6) and are areas that are inundated or saturated by an accumulation 



of surface or ground water at a frequency and duration sufficient to support, and that under normal circumstances do 



support, a prevalence of vegetation typically adapted for life in saturated soil conditions. Wetlands generally include 



swamps, marshes, bogs and similar areas. do not include prior converted cropland as defined in the National Food 











Security Act Manual, Fifth Edition, available free of charge on the internet at 



https://directives.sc.egov.usda.gov/RollupViewer.aspx?hid=29340. Wetlands classified as waters of the state are 



restricted to waters of the United States as defined by 33 CFR 328.3 and 40 CFR 230.3. 



(62) For purposes of applicability to Rules 15A NCAC 02B .0265, .0266, .0277 and .0278 and until those rules are removed 



from Section .0200 and recodified into Section .0700, refer to rule 15A NCAC 02B .0621 for the definitions of "built-



upon area" and "development". 



 



History Note: Authority G.S. 143-214.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. August 1, 1995; February 1, 1993; August 3, 1992; August 1, 1990; 



RRC Objection Eff. July 18, 1996 due to lack of authority and ambiguity; 



Amended Eff. August 1, 1998; October 1, 1996. 



 



15A NCAC 02B .0203 PROTECTION OF WATERS DOWNSTREAM OF RECEIVING WATERS (READOPTION 



WITHOUT SUBSTANTIVE CHANGES) 



 



15A NCAC 02B .0204 LOCATION OF SAMPLING SITES AND MIXING ZONES 



(a)  Location of Sampling Sites: in conducting tests or making analytical determinations of classified waters to determine conformity or 



nonconformity with the established standards, samples shall be collected outside the limits of prescribed mixing zones. However, where 



appropriate, samples shall be collected within the mixing zone in order to ensure compliance with in-zone water quality requirements 



as outlined in Paragraph (b) of this Rule. 



(b)  Mixing Zones: a mixing zone may be established in the area of a discharge in order to provide reasonable opportunity for the mixture 



of the wastewater with the receiving waters. Water quality standards shall not apply within regions defined as mixing zones, except that 



such zones shall be subject to the conditions established in accordance with this Rule. The limits of such mixing zones shall be defined 



by the division Division on a case-by-case basis after consideration of the magnitude and character of the waste discharge and the size 



and character of the receiving waters. Mixing zones shall be determined such that discharges shall not: 



(1) result in acute toxicity to aquatic life life, [as defined by in Rule .0202(1) of this Section] Section, or prevent free 



passage of aquatic organisms around the mixing zone; 



(2) result in offensive conditions; 



(3) produce undesirable aquatic life or result in a dominance of nuisance species outside of the assigned mixing zone; or 



(4) endanger the public health or welfare. 



In addition, a mixing zone shall not be assigned for point source discharges of fecal coliform organisms in waters classified "WS-II," 



"WS-III," "B," or "SA". "SA" as defined in Rule .0301 of this Subchapter. Mixing zones shall not be assigned for point source discharges 



of enterococci in waters classified "SB" or "SA". "SA" as defined in Rule .0301 of this Subchapter. For the discharge of heated 



wastewater, compliance with federal rules and regulations pursuant to Section 316(a) of the Federal Water Pollution Control Act as 



amended, shall constitute compliance with Subparagraph Paragraph (b) of this Rule. 



 



History Note: Authority G.S. 143-214.1; 



Eff. February 1, 1976; 



Amended Eff. May 1, 2007; October 1, 1989; February 1, 1986; September 9, 1979. 



 



15A NCAC 02B .0205 NATURAL CHARACTERISTICS OUTSIDE STANDARDS LIMITS (READOPTION WITHOUT 



SUBSTANTIVE CHANGES) 



 



15A NCAC 02B .0206 FLOW DESIGN CRITERIA FOR EFFLUENT LIMITATIONS 



(a)  Water quality based effluent limitations shall be developed to allow appropriate frequency and duration of deviations from water 



quality standards so that the designated uses of receiving waters are protected. There are water quality standards for a number of 



categories of pollutants and to protect a range of water uses. For this reason, the appropriate frequency and duration of deviations from 



water quality standards shall not be the same for all categories of standards. A flow design criterion shall be used in the development of 



water quality based effluent limitations as a simplified means of estimating the acceptable frequency and duration of deviations. More 



complex modeling techniques may also be used to set effluent limitations directly based on frequency and duration criteria published 



by the U.S. Environmental Protection Agency available free of charge at 



http://water.epa.gov/scitech/swguidance/standards/criteria/current/index.cfm are hereby incorporated by reference including any 



subsequent amendments. amendments and editions. Use of more complex modeling techniques to set water quality based effluent 



limitations shall be approved by the Commission or its designee on a case-by-case basis. Flow design criteria to calculate water quality 



based effluent limitations for categories of water quality standards shall be the following: 



(1) All standards except toxic substances and aesthetics shall be protected using the minimum average flow for a period 



of seven consecutive days that has an average recurrence of once in ten years (7Q10 flow). Other governing flow 



strategies, such as varying discharges with the receiving waters ability to assimilate wastes, may be designated by the 



Commission or its designee on a case-by-case basis if the discharger or permit applicant provides evidence that 



establishes to the satisfaction of the Director that the alternative flow strategies will give equal or better protection for 



the water quality standards. "Better protection for the water quality standards" means that deviations from the standard 



would be expected less frequently than provided by using the 7Q10 flow. 



(2) Toxic substance standards to protect aquatic life from chronic toxicity shall be protected using the 7Q10 flow. 



(3) Toxic substance standards to protect aquatic life from acute toxicity shall be protected using the 1Q10 flow. 











(4) Toxic substance standards to protect human health shall be the following: 



(A) The 7Q10 flow for standards to protect human health through the consumption of water, fish, and shellfish 



from noncarcinogens; and 



(B) The mean annual flow to protect human health from carcinogens through the consumption of water, fish, and 



shellfish unless site specific fish contamination concerns necessitate the use of an alternative design flow; 



(5) Aesthetic quality shall be protected using the minimum average flow for a period of 30 consecutive days that has an 



average recurrence of once in two years (30Q2 flow). 



(b)  In cases where the stream flow is regulated, a minimum daily low flow may be used as a substitute for the 7Q10 flow, except in 



cases where there are acute toxicity concerns for aquatic life. In the cases where there are acute toxicity concerns, an alternative low 



flow, such as the instantaneous minimum release, shall be approved by the Director on a case-by-case basis so that the designated uses 



of receiving waters are protected. 



(c)  Flow design criteria shall be used to develop water quality based effluent limitations and for the design of wastewater treatment 



facilities. Deviations from a specific water quality standard resulting from discharges that are affirmatively demonstrated to be in 



compliance with water quality based effluent limitations for that standard shall not be a violation pursuant to G.S. 143-215.6 when the 



actual flow is significantly less than the design flow. 



(d)  In cases where the 7Q10 flow of the receiving stream is estimated to be zero, water quality based effluent limitations shall be 



assigned as follows: 



(1) Where the 30Q2 flow is estimated to be greater than zero, effluent limitations for new or expanded (additional) 



discharges of oxygen consuming waste shall be set at BOD5= 5 mg/l, NH3-N = 2 mg/l and DO = 6 mg/l, unless it is 



determined by the Director that these limitations will not protect water quality standards. Requirements for existing 



discharges shall be determined on a case-by-case basis by the Director. More stringent limits shall be applied in cases 



where violations of water quality standards are predicted to occur for a new or expanded discharge with the limits set 



pursuant to this Rule, or where existing limits are determined to be inadequate to protect water quality standards. 



(2) If the 30Q2 and 7Q10 flows are both estimated to be zero, no new or expanded (additional) discharge of oxygen 



consuming waste shall be allowed. Requirements for existing discharges to streams where the 30Q2 and 7Q10 flows 



are both estimated to be zero shall be determined on a case-by-case basis. 



(3) Other water quality standards shall be protected by requiring the discharge to meet the standards unless the Director 



determines that alternative limitations protect the classified water uses. 



(e)  Receiving water flow statistics shall be estimated through consultation with the U.S. Geological Survey. Estimates for any given 



location may be based on actual flow data, modeling analyses, or other methods determined to be appropriate by the Commission or its 



designee. 



 



History Note: Authority G.S. 143-214.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. January 1, 2015; February 1, 1993; October 1, 1989; August 1, 1985; January 1, 1985. 



 



15A NCAC 02B .0208 STANDARDS FOR TOXIC SUBSTANCES AND TEMPERATURE (READOPTION WITHOUT 



SUBSTANTIVE CHANGES) 



 



15A NCAC 02B .0211 FRESH SURFACE WATER QUALITY STANDARDS FOR CLASS C WATERS 



General. The water quality standards for all fresh surface waters shall be the basic standards applicable to Class C waters. Water quality 



standards for temperature and numerical water quality standards for the protection of human health applicable to all fresh surface waters 



are in Rule .0208 of this Section. Additional and more stringent standards applicable to other specific freshwater classifications are 



specified in Rules .0212, .0214, .0215, .0216, .0218, .0219, .0223, .0224 and .0225 of this Section. Action Levels for purposes of National 



Pollutant Discharge Elimination System (NPDES) permitting are specified in Item (22) of this Rule. 



(1) Best Usage of Waters: aquatic life propagation and maintenance of biological integrity (including fishing and fish), 



wildlife, secondary recreation, agriculture and any other usage except for primary recreation or as a source of water 



supply for drinking, culinary or food processing purposes; survival, and maintenance of biological integrity (including 



fishing and fish); wildlife; secondary contact recreation as defined in Rule .0202 of this Section; agriculture; and any 



other usage except for primary contact recreation or as a source of water supply for drinking, culinary, and food 



processing purposes. All freshwaters shall be classified to protect these uses at a minimum. 



(2) Conditions Related to Best Usage: the waters shall be suitable for aquatic life propagation and maintenance of 



biological integrity, wildlife, secondary recreation, and agriculture. all best uses specified in this Rule. Sources of 



water pollution that preclude any of these uses on either a short-term or long-term basis shall be considered to be 



violating a water quality standard; 



(3) Chlorine, total residual: 17 ug/l; 



(4) Chlorophyll a (corrected): not greater than 40 ug/l (based upon monthly averaging where such data are available during 



the growing season which is generally April 1 – October 31) for lakes, reservoirs, and other waters subject to growths 



of macroscopic or microscopic vegetation not designated as trout waters, and not greater than 15 ug/l for lakes, 



reservoirs, and other waters subject to growths of macroscopic or microscopic vegetation designated as trout waters 



(not applicable to lakes or reservoirs less than 10 acres in surface area). The Commission or its designee may prohibit 



or limit any discharge of waste into surface waters if the surface waters experience or the discharge would result in 



growths of microscopic or macroscopic vegetation such that the standards established pursuant to this Rule would be 



violated or the intended best usage of the waters would be impaired; 



(5) Cyanide, total: 5.0 ug/L; ug/l; 











(6) Dissolved oxygen: not less than 6.0 mg/l for trout waters; for non-trout waters, not less than a daily average of 5.0 



mg/l with a minimum instantaneous value of not less than 4.0 mg/l; swamp waters, lake coves, or backwaters, and 



lake bottom waters may have lower values if caused by natural conditions; 



(7) Fecal coliform: shall not exceed a geometric mean of 200/100ml (MF count) based upon at least five consecutive 



samples examined during any 30 day period, nor exceed 400/100ml in more than 20 percent of the samples examined 



during such period. Violations of the fecal coliform standard are expected during rainfall events and, in some cases, 



this violation is expected to be caused by uncontrollable nonpoint source pollution. All coliform concentrations shall 



be analyzed using the membrane filter technique, unless high turbidity or other adverse conditions necessitate the tube 



dilution method. In case of controversy over results, the MPN 5-tube dilution technique shall be used as the reference 



method; 



(8) Floating solids, settleable solids, or sludge deposits: only such amounts attributable to sewage, industrial wastes, or 



other wastes as shall not make the water unsafe or unsuitable for aquatic life and wildlife or impair the waters for any 



designated uses; 



(9) Fluoride: 1.8 mg/l; 



(10) Gases, total dissolved: not greater than 110 percent of saturation; 



(11) Metals: 



(a) With the exception of mercury and selenium, freshwater aquatic life standards for metals shall be based upon 



measurement of the dissolved fraction of the metal. Mercury and selenium water quality standards shall be 



based upon measurement of the total recoverable metal; 



(b) Freshwater metals standards that are not hardness-dependent shall be as follows: 



(i) Arsenic, dissolved, acute: WER∙ 340 ug/l; 



(ii) Arsenic, dissolved, chronic: WER∙ 150 ug/l; 



(iii) Beryllium, dissolved, acute: WER∙ 65 ug/l; 



(iv) Beryllium, dissolved, chronic: WER∙ 6.5 ug/l; 



(v) Chromium VI, dissolved, acute: WER∙ 16 ug/l; 



(vi) Chromium VI, dissolved, chronic: WER∙ 11 ug/l; 



(vii) Mercury, total recoverable, chronic: 0.012 ug/l; 



(viii) Selenium, total recoverable, chronic: 5 ug/l; 



(ix) Silver, dissolved, chronic: WER∙ 0.06 ug/l; 



With the exception of mercury and selenium, acute and chronic freshwater aquatic life standards for metals 



listed in this Subparagraph apply to the dissolved form of the metal and apply as a function of the pollutant's 



water effect ratio (WER). A WER expresses the difference between the measures of the toxicity of a 



substance in laboratory waters and the toxicity in site water. The WER shall be assigned a value equal to one 



unless any person demonstrates to the Division's satisfaction in a permit proceeding that another value is 



developed in accordance with the "Water Quality Standards Handbook: Second Edition" published by the 



US Environmental Protection Agency (EPA-823-B-12-002), free of charge, at 



http://water.epa.gov/scitech/swguidance/standards/handbook/, hereby incorporated by reference including 



any subsequent amendments. amendments and editions. Alternative site-specific standards may also be 



developed when any person submits values that demonstrate to the Commissions' satisfaction that they were 



derived in accordance with the "Water Quality Standards Handbook: Second Edition, Recalculation 



Procedure or the Resident Species Procedure", hereby incorporated by reference including subsequent 



amendments at http://water.epa.gov/scitech/swguidance/standards/handbook/. 



This material is available free of charge. 



Hardness-dependent freshwater metals standards are located in Sub-Item (c) and (d) of this Rule and in Table 



A: Dissolved Freshwater Standards for Hardness-Dependent Metals; 



(c) Hardness-dependent freshwater metals standards shall be as follows: 



(i) Hardness-dependent metals standards shall be derived using the equations specified in Table A: 



Dissolved Freshwater Standards for Hardness-Dependent Metals. If the actual instream hardness 



(expressed as CaCO3 or Ca+Mg) is less than 25 milligrams/liter (mg/l), standards shall be calculated 



based upon 25 mg/l hardness. If the actual instream hardness is greater than 25 mg/l and less than 



400 mg/l, standards shall be calculated based upon the actual instream hardness. If the instream 



hardness is greater than 400 mg/l, the maximum applicable hardness shall be 400 mg/l; mg/l. 



(ii) Hardness-dependent metals in NPDES permitting: for NPDES permitting purposes, application of 



the equations in Table A: Dissolved Freshwater Standards for Hardness-Dependent Metals shall 



have hardness values (expressed as CaCO3 or Ca+Mg) established using the median of instream 



hardness data collected within the local US Geological Survey (USGS) and Natural Resources 



Conservation Service (NRCS) 8-digit Hydrologic Unit (HU). The minimum applicable instream 



hardness shall be 25 mg/l and the maximum applicable instream hardness shall be 400 mg/l, even 



when the actual median instream hardness is less than 25 mg/l and greater than 400 mg/l; 



(d) Alternatives: 



Acute and chronic freshwater aquatic life standards for metals listed in Table A apply to the dissolved form 



of the metal and apply as a function of the pollutant's water effect ratio (WER), which is set forth in Sub-



Item (b) of this Rule. Alternative site-specific standards may also be developed as set forth in Sub-Item (b) 



of this Rule; 



Table A: Dissolved Freshwater Standards for Hardness-Dependent Metals 











Numeric standards calculated at 25 mg/l hardness are listed below for illustrative purposes. The Water Effects Ratio (WER) is equal to 



one unless determined otherwise under Sub-Item (d) of this Rule. 



 



Metal Equations for Hardness-Dependent Freshwater Metals (ug/l) Standard at 



25 mg/l 



hardness 



(ug/l) 



Cadmium, 



Acute 



WER∙ [{1.136672-[ln hardness](0.041838)} ∙ e^{0.9151 [ln hardness]-3.1485}] 0.82 



Cadmium, 



Acute, 



Trout waters 



WER∙ [{1.136672-[ln hardness](0.041838)} ∙ e^{0.9151[ln hardness]-3.6236}] 0.51 



Cadmium, 



Chronic  



WER∙ [{1.101672-[ln hardness](0.041838)} ∙ e^{0.7998[ln hardness]-4.4451}] 0.15 



Chromium 



III, Acute 



WER∙ [0.316 ∙ e^{0.8190[ln hardness]+3.7256}] 180 



Chromium 



III, Chronic 



WER∙ [0.860 ∙ e^{0.8190[ln hardness]+0.6848}] 
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Copper, 



Acute 



WER∙ [0.960 ∙ e^{0.9422[ln hardness]-1.700}] 



Or, 



Aquatic Life Ambient Freshwater Quality Criteria—Copper 2007 Revision 



(EPA-822-R-07-001) 



 



3.6 



 



NA 



Copper, 



Chronic 



WER∙ [0.960 ∙ e^{0.8545[ln hardness]-1.702}] 



Or, 



Aquatic Life Ambient Freshwater Quality Criteria—Copper 2007 Revision 



(EPA-822-R-07-001) 



2.7 



 



NA 



Lead, 



Acute 



WER∙ [{1.46203-[ln hardness](0.145712)} ∙ e^{1.273[ln hardness]-1.460}]  14 



Lead, 



Chronic 



WER∙ [{1.46203-[ln hardness](0.145712)} ∙ e^{1.273[ln hardness]-4.705}]  0.54 



Nickel, 



Acute 



WER∙ [0.998 ∙ e^{0.8460[ln hardness]+2.255}] 140 



Nickel, 



Chronic 



WER∙ [ 0.997 ∙ e^{0.8460[ln hardness]+0.0584}] 16 



Silver, Acute WER∙ [ 0.85 ∙ e^{1.72[ln hardness]-6.59}] 0.30 



Zinc, Acute WER∙ [0.978 ∙ e^{0.8473[ln hardness]+0.884}] 36 



Zinc, 



Chronic 



WER∙ [ 0.986 ∙ e^{0.8473[ln hardness]+0.884}]  36 



 



(e) Compliance with acute instream metals standards shall only be evaluated using an average of two or more 



samples collected within one hour. Compliance with chronic instream metals standards shall only be 



evaluated using an average of a minimum of four samples taken on consecutive days, or as a 96-hour average; 



(f) Metals criteria shall be used for proactive environmental management. An instream exceedence of the 



numeric criterion for metals shall not be considered to have caused an adverse impact to the instream aquatic 



community without biological confirmation and a comparison of all available monitoring data and applicable 



water quality standards. This weight of evidence evaluation shall take into account data quality and the overall 



confidence in how representative the sampling is of conditions in the waterbody segment before an 



assessment of aquatic life use attainment, or non-attainment, shall be made by the Division. Recognizing the 



synergistic and antagonistic complexities of other water quality variables on the actual toxicity of metals, 



with the exception of mercury and selenium, biological monitoring will be used to validate, by direct 



measurement, whether or not the aquatic life use is supported; 



(12) Oils, deleterious substances, colored, or other wastes: only such amounts as shall not render the waters injurious to 



public health, secondary recreation, or to aquatic life and wildlife, or adversely affect the palatability of fish, aesthetic 



quality, or impair the waters for any designated uses. For the purpose of implementing this Rule, oils, deleterious 



substances, colored, or other wastes shall include substances that cause a film or sheen upon or discoloration of the 



surface of the water or adjoining shorelines pursuant to 40 CFR 110.3(a)-(b) which are hereby incorporated by 



reference including any subsequent amendments and additions. editions. This material is available, free of charge, at: 



http://www.ecfr.gov/; 



(13) Pesticides: 



(a) Aldrin: 0.002 ug/l; 



(b) Chlordane: 0.004 ug/l; 



(c) DDT: 0.001 ug/l; 



(d) Demeton: 0.1 ug/l; 



(e) Dieldrin: 0.002 ug/l; 











(f) Endosulfan: 0.05 ug/l; 



(g) Endrin: 0.002 ug/l; 



(h) Guthion: 0.01 ug/l; 



(i) Heptachlor: 0.004 ug/l; 



(j) Lindane: 0.01 ug/l; 



(k) Methoxychlor: 0.03 ug/l; 



(l) Mirex: 0.001 ug/l; 



(m) Parathion: 0.013 ug/l; and 



(n) Toxaphene: 0.0002 ug/l; 



(14) pH: shall be normal for the waters in the area, which range between 6.0 and 9.0 except that swamp waters may have 



a pH as low as 4.3 if it is the result of natural conditions; 



(15) Phenolic compounds: only such levels as shall not result in fish-flesh tainting or impairment of other best usage; 



(16) Polychlorinated biphenyls (total of all PCBs and congeners identified): 0.001 ug/l; 



(17) Radioactive substances: 



(a) Combined radium-226 and radium-228: the average annual activity level (based on at least one sample 



collected per quarter) for combined radium-226 and radium-228 shall not exceed five picoCuries per liter; 



(b) Alpha Emitters: the average annual gross alpha particle activity (including radium-226, but excluding radon 



and uranium) shall not exceed 15 picoCuries per liter; 



(c) Beta Emitters: the average annual activity level (based on at least one sample collected per quarter) for 



strontium-90 shall not exceed eight picoCuries per liter; nor shall the average annual gross beta particle 



activity (excluding potassium-40 and other naturally occurring radionuclides) exceed 50 picoCuries per liter; 



nor shall the average annual activity level for tritium exceed 20,000 picoCuries per liter; 



(18) Temperature: not to exceed 2.8 degrees C (5.04 degrees F) above the natural water temperature, and in no case to 



exceed 29 degrees C (84.2 degrees F) for mountain and upper piedmont waters and 32 degrees C (89.6 degrees F) for 



lower piedmont and coastal plain Waters; the temperature for trout waters shall not be increased by more than 0.5 



degrees C (0.9 degrees F) due to the discharge of heated liquids, but in no case to exceed 20 degrees C (68 degrees 



F); 



(19) Toluene: 11 ug/l or 0.36 ug/l in trout classified waters; 



(20) Trialkyltin compounds: 0.07 ug/l expressed as tributyltin; 



(21) Turbidity: the turbidity in the receiving water shall not exceed 50 Nephelometric Turbidity Units (NTU) in streams 



not designated as trout waters and 10 NTU in streams, lakes, or reservoirs designated as trout waters; for lakes and 



reservoirs not designated as trout waters, the turbidity shall not exceed 25 NTU; if turbidity exceeds these levels due 



to natural background conditions, the existing turbidity level shall not be increased. Compliance with this turbidity 



standard can be met when land management activities employ Best Management Practices (BMPs) [as defined by 



Rule .0202 of this Section] recommended by the Designated Nonpoint Source Agency [as defined by Rule .0202 of 



this Section]. BMPs shall be in full compliance with all specifications governing the proper design, installation, 



operation, and maintenance of such BMPs; BMPs. 



(22) Action Levels for Toxic Substances Toxic Substance Levels Applicable to NPDES Permits: 



(a) Copper, dissolved, chronic: 2.7 ug/l; 



(b) Silver, dissolved, chronic: 0.06 ug/l; 



(c) Zinc, dissolved, chronic: 36 ug/l; and 



(d) Chloride: 230 mg/l; 



The hardness-dependent freshwater action levels for copper and zinc, provided here for illustrative purposes, 



corresponds to a hardness of 25 mg/l. Copper and zinc action level values for other instream hardness values shall be 



calculated per the chronic equations specified in Item (11) of this Rule and in Table A: Dissolved Freshwater Standards 



for Hardness-Dependent Metals. If the action levels for any of the substances listed in this Item (which are generally 



not bioaccumulative and have variable toxicity to aquatic life because of chemical form, solubility, stream 



characteristics or associated waste characteristics) are determined by the waste load allocation to be exceeded in a 



receiving water by a discharge under the specified 7Q10 criterion for toxic substances, the discharger shall monitor 



the chemical or biological effects of the discharge; efforts shall be made by all dischargers to reduce or eliminate these 



substances from their effluents. Those substances for which action levels are listed in this Item shall be limited as 



appropriate in the NPDES permit if sufficient information (to be determined for metals by measurements of that 



portion of the dissolved instream concentration of the action levels parameter attributable to a specific NPDES 



permitted discharge) exists to indicate that any of those substances may be a causative factor resulting in toxicity of 



the effluent. 



 



History Note: Authority G.S. 143-214.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. January 1, 2015; May 1, 2007; April 1, 2003; August 1, 2000; October 1, 1995; August 1, 1995; April 



1, 1994; February 1, 1993. 



 



15A NCAC 02B .0212 FRESH SURFACE WATER QUALITY STANDARDS FOR CLASS WS-I WATERS 



The following water quality standards apply to surface waters within water supply watersheds classified as WS-I. Water quality standards 



applicable to Class C waters as described in Rule .0211 of this Section shall also apply to Class WS-I waters. 











(1) The best usage of WS-I waters are as follows: a source of water supply for drinking, culinary, or food-processing 



purposes for those users desiring maximum protection of their water supplies; waters located on land in public 



ownership; and any best usage specified for Class C waters; Best Usage of Waters: a source of water supply for 



drinking, culinary, or food processing purposes for those users desiring maximum protection of their water supplies 



and any best usage specified for Class C waters; waters located on land in public ownership and in undeveloped 



watersheds. 



(2) The conditions related to the best usage shall be as follows: waters of this class are protected water supplies within 



essentially natural and undeveloped watersheds in public ownership with no permitted point source dischargers except 



those specified in Rule .0104 of this Subchapter; waters within this class shall be relatively unimpacted by nonpoint 



sources of pollution; land use management programs are required to protect waters from nonpoint source pollution; 



Conditions Related to Best Usage: 



(a) Chemical and physical water quality parameters in a WS-I watershed shall meet requirements as specified in 



Item (3) of this Rule. 



(b) Wastewater and stormwater point source discharges in a WS-I watershed shall meet requirements as specified 



in Item (4) of this Rule. 



(c) Nonpoint source pollution in a WS-I watershed shall meet requirements as specified in Item (5) of this Rule. 



(d) the The waters, following treatment required by the Division, shall meet the Maximum 



Contaminant Level concentrations considered safe for drinking, culinary, and food-processing purposes that 



are specified in the national drinking water regulations and in the North Carolina Rules Governing Public 



Water Supplies, 15A NCAC 18C .1500. .1500, which are hereby incorporated by reference including 



subsequent amendments and editions. 



(e) Sources of water pollution that preclude any of these the best uses on either a short-term or long-term basis 



shall be considered to be violating a water quality standard. 



(f) The Class WS-I classification may be used to protect portions of Class WS-II, WS-III, and WS-IV water 



supplies. For reclassifications occurring after the July 1, 1992 statewide reclassification, the more protective 



classification requested by local governments shall be considered by the Commission when all local 



governments having jurisdiction in the affected area(s) have adopted a resolution and the appropriate 



ordinances to protect the watershed or the Commission acts to protect a watershed when one or more local 



governments has failed to adopt necessary protection measures; 



(3) Quality standards applicable to Class WS-I Waters shall be as follows: Chemical and physical water quality parameters 



in a WS-I watershed shall meet the following requirements: 



(a) MBAS (Methylene-Blue Active Substances): not greater than 0.5 mg/l to protect the aesthetic qualities of 



water supplies and to prevent foaming; 



(b) Nonpoint Source Pollution: none shall be allowed that would adversely impact the waters for use as a water 



supply or any other designated use; 



(c)(b) Organisms of coliform group: total coliforms not to exceed 50/100 ml (MF count) as a monthly geometric 



mean value in watersheds serving as unfiltered water supplies; 



(d)(c) Chlorinated phenolic compounds: not greater than 1.0 ug/l to protect water supplies from taste and odor 



problems from chlorinated phenols; 



(e) Sewage, industrial wastes: none shall be allowed except those specified in Item (2) of this Rule or Rule .0104 



of this Subchapter; 



(f)(d) Solids, total dissolved: not greater than 500 mg/l; 



(g)(e) Total hardness: not greater than 100 mg/l as calcium carbonate (CaCO3 or Ca + Mg); 



(h)(f) Toxic and other deleterious substances: 



(i) Water quality standards (maximum permissible concentrations) to protect human health through 



water consumption and fish tissue consumption for non-carcinogens in Class WS-I waters: non-



carcinogens: 



(A) Barium: 1.0 mg/l; 



(B) Chloride: 250 mg/l; 



(C) Nickel: 25 ug/l; 



(D) Nitrate nitrogen: 10.0 mg/l; 



(E) 2,4-D: 70 ug/l; 



(F) 2,4,5-TP (Silvex): 10 ug/l; and 



(G) Sulfates: 250 mg/l; 



(ii) Water quality standards (maximum permissible concentrations) to protect human health through 



water consumption and fish tissue consumption for carcinogens in Class WS-I waters: carcinogens: 



(A) Aldrin: 0.05 ng/1; 



(B) Arsenic: 10 ug/l; 



(C) Benzene: 1.19 ug/1; 



(D) Carbon tetrachloride: 0.254 ug/l; 



(E) Chlordane: 0.8 ng/1; 



(F) Chlorinated benzenes: 488 ug/l; 



(G) DDT: 0.2 ng/1; 



(H) Dieldrin: 0.05 ng/1; 



(I) Dioxin: 0.000005 ng/l; 











(J) Heptachlor: 0.08 ng/1; 



(K) Hexachlorobutadiene: 0.44 ug/l; 



(L) Polynuclear aromatic hydrocarbons (total of all PAHs): 2.8 ng/l; 



(M) Tetrachloroethane (1,1,2,2): 0.17 ug/l; 



(N) Tetrachloroethylene: 0.7 ug/l; 



(O) Trichloroethylene: 2.5 ug/l; and 



(P) Vinyl Chloride: 0.025 ug/l. 



(4) Wastewater and stormwater point source discharges in a WS-I watershed shall meet the following requirements: Point 



source discharges shall be permitted pursuant to 15A NCAC 02B .0104. 



(5) Nonpoint source pollution in a WS-I watershed shall meet the following requirements: Nonpoint sources of pollution 



shall not have an adverse impact, as defined in 15A NCAC 02H .1002, on waters within this class. 



 



History Note: Authority G.S. 143-214.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. January 1, 2015; May 1, 2007; April 1, 2003; October 1, 1995; February 1, 1993; March 1, 1991; 



October 1, 1989. 



 



15A NCAC 02B .0214 FRESH SURFACE WATER QUALITY STANDARDS FOR CLASS WS-II WATERS 



The following water quality standards apply to surface waters within water supply watersheds classified as WS-II. Water quality 



standards applicable to Class C waters as described in Rule .0211of this Section shall also apply to Class WS-II waters. 



(1) The best usage of WS-II waters are as follows: a source of water supply for drinking, culinary, or food-processing 



purposes for those users desiring maximum protection for their water supplies where a WS-I classification is not 



feasible and any best usage specified for Class C waters; Best Usage of Waters: a source of water supply for drinking, 



culinary, or food-processing purposes for those users desiring maximum protection for their water supplies where a 



WS-I classification is not feasible and any best usage specified for Class C waters. 



(2) The conditions related to the best usage shall be as follows: waters of this class are protected as water supplies which 



are in predominantly undeveloped watersheds and meet average watershed development density levels as specified in 



Sub-Items (3)(b)(i)(A), (3)(b)(i)(B), (3)(b)(ii)(A) and (3)(b)(ii)(B) of this Rule; discharges that qualify for a General 



Permit pursuant to 15A NCAC 02H .0127, trout farm discharges, recycle (closed loop) systems that only discharge in 



response to 10-year storm events and other stormwater discharges shall be allowed in the entire watershed; new 



domestic and industrial discharges of treated wastewater shall not be allowed in the entire watershed; Conditions 



Related to Best Usage: 



(a) Chemical and physical water quality parameters in a WS-II watershed shall meet requirements as specified 



in Item (3) of this Rule. 



(b) Wastewater and stormwater point source discharges in a WS-II watershed shall meet requirements as 



specified in Item (4) of this Rule. 



(c) Nonpoint source pollution in a WS-II watershed shall meet requirements as specified in Item (5) of this Rule. 



(d) the The waters, following treatment required by the Division, shall meet the Maximum Contaminant Level 



concentrations considered safe for drinking, culinary, and food-processing purposes that are specified in the 



national drinking water regulations and in the North Carolina Rules Governing Public Water Supplies, 15A 



NCAC 18C .1500. .1500, which are hereby incorporated by reference including subsequent amendments and 



editions. 



(e) Sources of water pollution that preclude any of these the best uses on either a short-term or long-term basis 



shall be considered to be violating a water quality standard. 



(f) The Class WS-II classification may be used to protect portions of Class WS-III and WS-IV water supplies. 



For reclassifications of these portions of Class WS-III and WS-IV water supplies occurring after the July 1, 



1992 statewide reclassification, the more protective classification requested by local governments shall be 



considered by the Commission when all local governments having jurisdiction in the affected area(s) have 



adopted a resolution and the appropriate ordinances to protect the watershed or the Commission acts to 



protect a watershed when one or more local governments has failed to adopt necessary protection measures; 



(3) Quality standards applicable to Class WS-II Waters shall be as follows: Chemical and physical water quality 



parameters in a WS-II watershed shall meet the following requirements: 



(a) Sewage, industrial wastes, non-process industrial wastes, or other wastes: none shall be allowed except for 



those specified in either Item (2) of this Rule and Rule .0104 of this Subchapter; none shall be allowed that 



have an adverse effect on human health or that are not treated to the satisfaction of the Commission and in 



accordance with the requirements of the Division. Any discharger shall be required upon request by the 



Commission to disclose all chemical constituents present or potentially present in their wastes and chemicals 



that could be spilled or be present in runoff from their facility that may have an adverse impact on downstream 



water quality. These facilities may be required to have spill and treatment failure control plans as well as 



perform special monitoring for toxic substances; 



(b) Nonpoint Source and Stormwater Pollution: none that would adversely impact the waters for use as a water 



supply or any other designated use; 



(i) Nonpoint Source and Stormwater Pollution Control Criteria for Entire Watershed: 



(A) Low Density Option: development density shall be limited to either no more than one 



dwelling unit per acre of single family detached residential development (or 40,000 square 











foot lot excluding roadway right-of-way), or 12 percent built-upon area for all other 



residential and non-residential development in the watershed outside of the critical area; 



stormwater runoff from the development shall be transported by vegetated conveyances to 



the maximum extent practicable; 



(B) High Density Option: if new development exceeds the low density option requirements as 



stated in Sub-Item (3)(b)(i)(A) of this Rule, then engineered stormwater controls shall be 



used to control runoff from the first inch of rainfall; new residential and non-residential 



development shall not exceed 30 percent built-upon area; 



(C) Land within the watershed shall be deemed compliant with the density requirements if the 



following condition is met: the density of all existing development at the time of 



reclassification does not exceed the density requirement when densities are averaged 



throughout the entire watershed area at the time of classification; 



(D) Cluster development shall be allowed on a project-by-project basis as follows: 



(I) overall density of the project meets associated density or stormwater control 



requirements of this Rule; 



(II) buffers meet the minimum statewide water supply watershed protection 



requirements; 



(III) built-upon areas shall be designed and located to minimize stormwater runoff 



impact to the receiving waters, minimize concentrated stormwater flow, maximize 



the use of sheet flow through vegetated areas, and maximize the flow length 



through vegetated areas; 



(IV) areas of concentrated development shall be located in upland areas and away, to 



the maximum extent practicable, from surface waters and drainageways; 



(V) remainder of tract to remain in vegetated or natural state; 



(VI) area in the vegetated or natural state may be conveyed to a property owners 



association, a local government for preservation as a park or greenway, a 



conservation organization, or placed in a permanent conservation or farmland 



preservation easement; 



(VII) a maintenance agreement for the vegetated or natural area shall be filed with the 



Register of Deeds; and 



(VIII) cluster development that meets the applicable low density option requirements 



shall transport stormwater runoff from the development by vegetated conveyances 



to the maximum extent practicable; 



(E) A maximum of 10 percent of each jurisdiction's portion of the watershed outside of the 



critical area as delineated on July 1, 1993 may be developed with new development projects 



and expansions of existing development of up to 70 percent built-upon surface area (the 



"10/70 option") in addition to the new development approved in compliance with the 



appropriate requirements of Sub-Item (3)(b)(i)(A) or Sub-Item (3)(b)(i)(B) of this Rule. 



For expansions to existing development, the existing built-upon surface area shall not be 



counted toward the allowed 70 percent built-upon surface area. A local government having 



jurisdiction within the watershed may transfer, in whole or in part, its right to the 10/70 



option land area to another local government within the watershed upon submittal of a joint 



resolution and review by the Commission. When the water supply watershed is composed 



of public lands, such as National Forest land, local governments may count the public land 



acreage within the watershed outside of the critical area in calculating the acreage allowed 



under this provision. For local governments that do not choose to use the high density 



option in that WS-II watershed, each project shall, to the maximum extent practicable, 



minimize built-upon surface area, direct stormwater runoff away from surface waters, and 



incorporate best management practices, as defined in Rule .0202 of this Section, to 



minimize water quality impacts. If the local government selects the high density 



development option within that WS-II watershed, then engineered stormwater controls 



shall be employed for the new development; 



(F) If local governments choose the high density development option that requires stormwater 



controls, then they shall assume ultimate responsibility for operation and maintenance of 



the required controls as outlined in Rule .0104 of this Subchapter; 



(G) A minimum 100 foot vegetative buffer shall be required for all new development activities 



that exceed the low density option requirements as specified in Sub-Items (3)(b)(i)(A) and 



Sub-Item (3)(b)(ii)(A) of this Rule, otherwise a minimum 30 foot vegetative buffer for 



development activities shall be required along all perennial waters indicated on the most 



recent versions of U.S.G.S. U.S. Geological Survey 1:24,000 (7.5 minute) scale 



topographic maps or as determined by local government studies. Nothing in this Rule shall 



stand as a bar to artificial streambank or shoreline stabilization; 



(H) No new development shall be allowed in the buffer; water dependent structures, or other 



structures such as flag poles, signs, and security lights, which result in only de minimus 



increases in impervious area and public projects such as road crossings and greenways may 











be allowed where no practicable alternative exists. These activities shall minimize 



built-upon surface area and avoid channelizing stormwater; 



(I) No National Pollutant Discharge Elimination System (NPDES) permits shall be issued for 



landfills that discharge treated leachate; 



(ii) Critical Area Nonpoint Source and Stormwater Pollution Control Criteria: 



(A) Low Density Option: new development shall be limited to either no more than one dwelling 



unit of single family detached residential development per two acres (or 80,000 square foot 



lot excluding roadway right-of-way), or six percent built-upon area for all other residential 



and non-residential development; stormwater runoff from the development shall be 



transported by vegetated conveyances to the maximum extent practicable; 



(B) High Density Option: if new development density exceeds the low density requirements 



specified in Sub-Item (3)(b)(ii)(A) of this Rule, then engineered stormwater controls shall 



be used to control runoff from the first inch of rainfall; new residential and non-residential 



development density shall not exceed 24 percent built-upon area; 



(C) No new permitted sites for land application of residuals or petroleum contaminated soils 



shall be allowed; 



(D) No new landfills shall be allowed; 



(c)(a) MBAS (Methylene-Blue Active Substances): not greater than 0.5 mg/l to protect the aesthetic qualities of 



water supplies and to prevent foaming; 



(d)(b) Odor producing substances contained in sewage or other wastes: only such amounts, whether alone or in 



combination with other substances or wastes, as shall not cause taste and odor difficulties in water supplies 



that cannot be corrected by treatment, impair the palatability of fish, or have a deleterious effect upon any 



best usage established for waters of this class; 



(e)(c) Chlorinated phenolic compounds: not greater than 1.0 ug/l to protect water supplies from taste and odor 



problems from chlorinated phenols; 



(f)(d) Total hardness: not greater than 100 mg/l as calcium carbonate (CaCO3 or Ca + Mg); 



(g)(e) Total dissolved solids: not greater than 500 mg/l; 



(h)(f) Toxic and other deleterious substances: 



(i) Water quality standards (maximum permissible concentrations) to protect human health through 



water consumption and fish tissue consumption for non-carcinogens in Class WS-II waters: non-



carcinogens: 



(A) Barium: 1.0 mg/l; 



(B) Chloride: 250 mg/l; 



(C) Nickel: 25 ug/l; 



(D) Nitrate nitrogen: 10 mg/l; 



(E) 2,4-D: 70 ug/l; 



(F) 2,4,5-TP (Silvex): 10 ug/l; and 



(G) Sulfates: 250 mg/l; 



(ii) Water quality standards (maximum permissible concentrations) to protect human health through 



water consumption and fish tissue consumption for carcinogens in Class WS-II waters: carcinogens: 



(A) Aldrin: 0.05 ng/l; 



(B) Arsenic: 10 ug/l; 



(C) Benzene: 1.19 ug/l; 



(D) Carbon tetrachloride: 0.254 ug/l; 



(E) Chlordane: 0.8 ng/l; 



(F) Chlorinated benzenes: 488 ug/l; 



(G) DDT: 0.2 ng/l; 



(H) Dieldrin: 0.05 ng/l; 



(I) Dioxin: 0.000005 ng/l; 



(J) Heptachlor: 0.08 ng/l; 



(K) Hexachlorobutadiene: 0.44 ug/l; 



(L) Polynuclear aromatic hydrocarbons (total of all PAHs): 2.8 ng/l; 



(M) Tetrachloroethane (1,1,2,2): 0.17 ug/l; 



(N) Tetrachloroethylene: 0.7 ug/l; 



(O) Trichloroethylene: 2.5 ug/l; and 



(P) Vinyl Chloride: 0.025 ug/l. 



(4) Wastewater and stormwater point source discharges in a WS-II watershed shall meet the following requirements: 



(a) Discharges that qualify for a General NPDES Permit pursuant to 15A NCAC 02H .0127 shall be allowed in 



the entire watershed. 



(b) Discharges from trout farms that are subject to Individual NPDES Permits shall be allowed in the entire 



watershed. 



(c) Stormwater discharges that qualify for an Individual NPDES Permit pursuant to 15A NCAC 02H .0126 shall 



be allowed in the entire watershed. 



(d) No discharge of sewage, industrial or other wastes shall be allowed in the entire watershed except for those 



allowed by Sub-Items (4)(a) through (4)(c) of this Rule or Rule .0104 of this Subchapter; none shall be 











allowed that have an adverse effect on human health or that are not treated to the satisfaction of the 



Commission and in accordance with the requirements of the Division. Any discharger shall be required upon 



request by the Commission to disclose all chemical constituents present or potentially present in their wastes 



and chemicals that could be spilled or be present in runoff from their facility that may have an adverse impact 



on downstream water quality. These facilities may be required to have spill and treatment failure control 



plans as well as perform special monitoring for toxic substances. 



(e) New domestic and industrial discharges of treated wastewater that are subject to Individual NPDES Permits 



shall not be allowed in the entire watershed. 



(f) No new landfills shall be allowed in the Critical Area, and no NPDES permits shall be issued for landfills 



that discharge treated leachate in the remainder of the watershed. 



(g) No new permitted sites for land application of residuals or petroleum contaminated soils shall be allowed in 



the Critical Area. 



(5) Nonpoint source pollution in a WS-II watershed shall meet the following requirements: 



(a) None that would have an adverse impact, as that term is defined in 15A NCAC 02H .1002, on waters for use 



as a water supply or any other designated use. 



(b) Waters of this class shall be protected as water supplies that are located in watersheds that meet average 



watershed development density levels specified in Rule .0624 of this Subchapter. 



 



History Note: Authority G.S. 143-214.1; 143-215.3(a)(1); 



Eff. May 10, 1979; 



Amended Eff. January 1, 2015; May 1, 2007; April 1, 2003; January 1, 1996; October 1, 1995. 



 



15A NCAC 02B .0215 FRESH SURFACE WATER QUALITY STANDARDS FOR CLASS WS-III WATERS 



The following water quality standards apply to surface waters within water supply watersheds classified as WS-III. Water quality 



standards applicable to Class C waters as described in Rule .0211 of this Section shall also apply to Class WS-III waters. 



(1) The best usage of WS-III waters are as follows: a source of water supply for drinking, culinary, or food-processing 



purposes for those users where a more protective WS-I or WS-II classification is not feasible and any other best usage 



specified for Class C waters; Best Usage of Waters: a source of water supply for drinking, culinary, or food-processing 



purposes for those users where a more protective WS-I or WS-II classification is not feasible and any other best usage 



specified for Class C waters. 



(2) The conditions related to the best usage shall be as follows: waters of this class are protected as water supplies that 



are in low to moderately developed watersheds and meet average watershed development density levels as specified 



in Sub-Items (3)(b)(i)(A), (3)(b)(i)(B), (3)(b)(ii)(A) and (3)(b)(ii)(B) of this Rule; discharges that qualify for a General 



Permit pursuant to 15A NCAC 2H .0127, trout farm discharges, recycle (closed loop) systems that only discharge in 



response to 10-year storm events, and other stormwater discharges shall be allowed in the entire watershed; treated 



domestic wastewater discharges shall be allowed in the entire watershed but no new domestic wastewater discharges 



shall be allowed in the critical area; no new industrial wastewater discharges except non-process industrial discharges 



shall be allowed in the entire watershed; Conditions Related to Best Usage: 



(a) Chemical and physical water quality parameters in a WS-III watershed shall meet requirements as specified 



in Item (3) of this Rule. 



(b) Wastewater and stormwater point source discharges in a WS-III watershed shall meet requirements as 



specified in Item (4) of this Rule. 



(c) Nonpoint source pollution in a WS-III watershed shall meet requirements as specified in Item (5) of this 



Rule. 



(d) the The waters, following treatment required by the Division, shall meet the Maximum Contaminant Level 



concentrations considered safe for drinking, culinary, or food-processing purposes that are specified in the 



national drinking water regulations and in the North Carolina Rules Governing Public Water Supplies, 15A 



NCAC 18C .1500. .1500 which are hereby incorporated by reference including any subsequent amendments 



and editions. 



(e) Sources of water pollution that preclude any of these the best uses on either a short-term or long-term basis 



shall be considered to be violating a water quality standard. 



(f) The Class WS-III classification may be used to protect portions of Class WS-IV water supplies. For 



reclassifications of these portions of WS-IV water supplies occurring after the July 1, 1992 statewide 



reclassification, the more protective classification requested by local governments shall be considered by the 



Commission when all local governments having jurisdiction in the affected area(s) have adopted a resolution 



and the appropriate ordinances to protect the watershed or the Commission acts to protect a watershed when 



one or more local governments has failed to adopt necessary protection measures; 



(3) Quality standards applicable to Class WS-III Waters shall be as follows: Chemical and physical water quality 



parameters in a WS-III watershed shall meet the following requirements: 



(a) Sewage, industrial wastes, non-process industrial wastes, or other wastes: none shall be allowed except for 



those specified in Item (2) of this Rule and Rule .0104 of this Subchapter; none shall be allowed that have an 



adverse effect on human health or that are not treated to the satisfaction of the Commission and in accordance 



with the requirements of the Division. Any discharger may be required by the Commission to disclose all 



chemical constituents present or potentially present in their wastes and chemicals that could be spilled or be 



present in runoff from their facility that may have an adverse impact on downstream water quality. These 











facilities may be required to have spill and treatment failure control plans as well as perform special 



monitoring for toxic substances; 



(b) Nonpoint Source and Stormwater Pollution: none that would adversely impact the waters for use as water 



supply or any other designated use; 



(i) Nonpoint Source and Stormwater Pollution Control Criteria For Entire Watershed: 



(A) Low Density Option: development density shall be limited to either no more than two 



dwelling units of single family detached residential development per acre (or 20,000 square 



foot lot excluding roadway right-of-way), or 24 percent built-upon area for all other 



residential and non-residential development in watershed outside of the critical area; 



stormwater runoff from the development shall be transported by vegetated conveyances to 



the maximum extent practicable; 



(B) High Density Option: if new development density exceeds the low density option 



requirements specified in Sub-Item (3)(b)(i)(A) of this Rule then development shall control 



runoff from the first inch of rainfall; new residential and non-residential development shall 



not exceed 50 percent built-upon area; 



(C) Land within the watershed shall be deemed compliant with the density requirements if the 



following condition is met: the density of all existing development at the time of 



reclassification does not exceed the density requirement when densities are averaged 



throughout the entire watershed area;(D) Cluster development shall be allowed on a 



project-by-project basis as follows: 



(I) overall density of the project meets associated density or stormwater control 



requirements of this Rule; 



(II) buffers meet the minimum statewide water supply watershed protection 



requirements; 



(III) built-upon areas shall be designed and located to minimize stormwater runoff 



impact to the receiving waters, minimize concentrated stormwater flow, maximize 



the use of sheet flow through vegetated areas, and maximize the flow length 



through vegetated areas; 



(IV) areas of concentrated development shall be located in upland areas and away, to 



the maximum extent practicable, from surface waters and drainageways; 



(V) remainder of tract to remain in vegetated or natural state; 



(VI) area in the vegetated or natural state may be conveyed to a property owners 



association, a local government for preservation as a park or greenway, a 



conservation organization, or placed in a permanent conservation or farmland 



preservation easement; 



(VII) a maintenance agreement for the vegetated or natural area shall be filed with the 



Register of Deeds; and 



(VIII) cluster development that meets the applicable low density option requirements 



shall transport stormwater runoff from the development by vegetated conveyances 



to the maximum extent practicable; 



(E) A maximum of 10 percent of each jurisdiction's portion of the watershed outside of the 



critical area as delineated on July 1, 1993 may be developed with new development projects 



and expansions of existing development of up to 70 percent built-upon surface area (the 



"10/70 option") in addition to the new development approved in compliance with the 



appropriate requirements of Sub-Item (3)(b)(i)(A) or Sub-Item (3)(b)(i)(B) of this Rule. 



For expansions to existing development, the existing built-upon surface area shall not be 



counted toward the allowed 70 percent built-upon surface area. A local government having 



jurisdiction within the watershed may transfer, in whole or in part, its right to the 10/70 



option land area to another local government within the watershed upon submittal of a joint 



resolution and review by the Commission. When the water supply watershed is composed 



of public lands, such as National Forest land, local governments may count the public land 



acreage within the watershed outside of the critical area in figuring the acreage allowed 



under this provision. For local governments that do not choose to use the high density 



option in that WS-III watershed, each project shall, to the maximum extent practicable, 



minimize built-upon surface area, direct stormwater runoff away from surface waters, and 



incorporate best management practices, as defined in Rule .0202 of this Section, to 



minimize water quality impacts. If the local government selects the high density 



development option within that WS-III watershed, then engineered stormwater controls 



shall be employed for the new development; 



(F) If local governments choose the high density development option that requires engineered 



stormwater controls, then they shall assume ultimate responsibility for operation and 



maintenance of the required controls as outlined in Rule .0104 of this Subchapter; 



(G) A minimum 100 foot vegetative buffer shall be required for all new development activities 



that exceed the low density requirements as specified in Sub-Item (3)(b)(i)(A) and Sub-











Item (3)(b)(ii)(A) of this Rule, otherwise a minimum 30 foot vegetative buffer for develop-



ment shall be required along all perennial waters indicated on the most recent versions of 



U.S.G.S. 1:24,000 (7.5 minute) scale topographic maps or as determined by local 



government studies. Nothing in this Rule shall stand as a bar to artificial streambank or 



shoreline stabilization; 



(H) No new development shall be allowed in the buffer; water dependent structures, or other 



structures such as flag poles, signs, and security lights, which result in only de minimus 



increases in impervious area and public projects such as road crossings and greenways may 



be allowed where no practicable alternative exists. These activities shall minimize 



built-upon surface area and avoid channelizing stormwater; (I) No National Pollutant 



Discharge Elimination System (NPDES) permits shall be issued for landfills that discharge 



treated leachate; 



(ii) Critical Area Nonpoint Source and Stormwater Pollution Control Criteria: 



(A) Low Density Option: new development shall be limited to either no more than one dwelling 



unit of single family detached residential development per acre (or 40,000 square foot lot 



excluding roadway right-of-way), or 12 percent built-upon area for all other residential and 



non-residential development; stormwater runoff from the development shall be transported 



by vegetated conveyances to the maximum extent practicable; 



(B) High Density Option: if new development exceeds the low density requirements specified 



in Sub-Item (3)(b)(ii)(A) of this Rule, then engineered stormwater controls shall be used 



to control runoff from the first inch of rainfall; development shall not exceed 30 percent 



built-upon area; 



(C) No new permitted sites for land application of residuals or petroleum contaminated soils 



shall be allowed; 



(D) No new landfills shall be allowed; 



(c)(a) MBAS (Methylene-Blue Active Substances): not greater than 0.5 mg/l to protect the aesthetic qualities of 



water supplies and to prevent foaming; 



(d)(b) Odor producing substances contained in sewage, industrial wastes, or other wastes: only such amounts, 



whether alone or in combination with other substances or wastes, as shall not cause taste and odor difficulties 



in water supplies that cannot be corrected by treatment, impair the palatability of fish, or have a deleterious 



effect upon any best usage established for waters of this class; 



(e)(c) Chlorinated phenolic compounds: not greater than 1.0 ug/l to protect water supplies from taste and odor 



problems from chlorinated phenols; 



(f)(d) Total hardness: not greater than 100 mg/l as calcium carbonate (CaCO3 or Ca + Mg); 



(g)(e) Total dissolved solids: not greater than 500 mg/l; 



(h)(f) Toxic and other deleterious substances: 



(i) Water quality standards (maximum permissible concentrations) to protect human health through 



water consumption and fish tissue consumption for non-carcinogens in Class WS-III waters: non-



carcinogens: 



(A) Barium: 1.0 mg/l; 



(B) Chloride: 250 mg/l; 



(C) Nickel: 25 ug/l; 



(D) Nitrate nitrogen: 10 mg/l; 



(E) 2,4-D: 70 ug/l; 



(F) 2,4,5-TP (Silvex): 10 ug/l; and 



(G) Sulfates: 250 mg/l; 



(ii) Water quality standards (maximum permissible concentrations) to protect human health through 



water consumption and fish tissue consumption for carcinogens in Class WS-III waters: 



carcinogens: 



(A) Aldrin: 0.05 ng/l; 



(B) Arsenic: 10 ug/l; 



(C) Benzene: 1.19 ug/l; 



(D) Carbon tetrachloride: 0.254 ug/l; 



(E) Chlordane: 0.8 ng/l; 



(F) Chlorinated benzenes: 488 ug/l; 



(G) DDT: 0.2 ng/l; 



(H) Dieldrin: 0.05 ng/l; 



(I) Dioxin: 0.000005 ng/l; 



(J) Heptachlor: 0.08 ng/l; 



(K) Hexachlorobutadiene: 0.44 ug/l; 



(L) Polynuclear aromatic hydrocarbons (total of all PAHs): 2.8 ng/l; 



(M) Tetrachloroethane (1,1,2,2): 0.17 ug/l; 



(N) Tetrachloroethylene: 0.7 ug/l; 



(O) Trichloroethylene: 2.5 ug/l; and 



(P) Vinyl Chloride: 0.025 ug/l. 











(4) Wastewater and stormwater point source discharges in a WS-III watershed shall meet the following requirements: 



(a) Discharges that qualify for a General NPDES Permit pursuant to 15A NCAC 02H .0127 shall be allowed in 



the entire watershed. 



(b) Discharges from trout farms that are subject to Individual NPDES Permits shall be allowed in the entire 



watershed. 



(c) Stormwater discharges that qualify for an Individual NPDES Permit pursuant to 15A NCAC 02H .0126 shall 



be allowed in the entire watershed. 



(d) New domestic wastewater discharges that are subject to Individual NPDES Permits shall not be allowed in 



the Critical Area and are allowed in the remainder of the watershed. 



(e) New industrial wastewater discharges that are subject to Individual NPDES Permits except non-process 



industrial discharges shall not be allowed in the entire watershed. 



(f) No discharge of sewage, industrial or other wastes shall be allowed in the entire watershed except for those 



allowed by Sub-Items (4)(a) through (4)(e) of this Rule or Rule .0104 of this Subchapter; none shall be 



allowed that have an adverse effect on human health or that are not treated to the satisfaction of the 



Commission and in accordance with the requirements of the Division. Any discharger may be required by 



the Commission to disclose all chemical constituents present or potentially present in their wastes and 



chemicals that could be spilled or be present in runoff from their facility that may have an adverse impact on 



downstream water quality. These facilities may be required to have spill and treatment failure control plans 



as well as perform special monitoring for toxic substances. 



(g) No new landfills shall be allowed in the Critical Area, and no NPDES permits shall be issued for landfills to 



discharge treated leachate in the remainder of the watershed. 



(h) No new permitted sites for land application of residuals or petroleum contaminated soils shall be allowed in 



the Critical Area. 



(5) Nonpoint source pollution in a WS-III watershed shall meet the following requirements: 



(a) None that would have an adverse impact, as that term is defined in 15A NCAC 02H .1002, on waters for use 



as a water supply or any other designated use. 



(b) Waters of this class shall be protected as water supplies that are located in watersheds that meet average 



watershed development density levels specified in Rule .0624 of this Subchapter. 



 



History Note: Authority G.S. 143-214.1; 143-215.3(a)(1); 



Eff. September 9, 1979; 



Amended Eff. January 1, 2015; May 1, 2007; April 1, 2003; January 1, 1996; October 1, 1995; October 1, 1989. 



 



15A NCAC 02B .0216 FRESH SURFACE WATER QUALITY STANDARDS FOR CLASS WS-IV WATERS 



The following water quality standards apply to surface waters within water supply watersheds classified as WS-IV. Water quality 



standards applicable to Class C waters as described in Rule .0211 of this Section shall also apply to Class WS-IV waters. 



(1) The best usage of WS-IV waters shall be as follows: a source of water supply for drinking, culinary, or food-processing 



purposes for those users where a more protective WS-I, WS-II or WS-III classification is not feasible and any other 



best usage specified for Class C waters; Best Usage of Waters: a source of water supply for drinking, culinary, or 



food-processing purposes for those users where a more protective WS-I, WS-II or WS-III classification is not feasible 



and any other best usage specified for Class C waters. 



(2) The conditions related to the best usage shall be as follows: waters of this class are protected as water supplies that 



are in moderately to highly developed watersheds or protected areas and which meet average watershed development 



density levels as specified in Sub-Items (3)(b)(i)(A), (3)(b)(i)(B), (3)(b)(ii)(A) and (3)(b)(ii)(B) of this Rule; 



discharges that qualify for a General Permit pursuant to 15A NCAC 02H .0127, trout farm discharges, recycle (closed 



loop) systems that only discharge in response to 10-year storm events, other stormwater discharges, and domestic 



wastewater discharges shall be allowed in the protected and critical areas; treated industrial wastewater discharges 



shall be allowed in the protected and critical areas; however, new industrial wastewater discharges in the critical area 



shall be required to meet the provisions of 15A NCAC 02B .0224 (1)(b)(iv), (v) and (vii), and 15A NCAC 02B .0203; 



new industrial connections and expansions to existing municipal discharges with a pretreatment program pursuant to 



15A NCAC 02H .0904 shall be allowed; Conditions Related to Best Usage: 



(a) Chemical and physical water quality parameters in a WS-IV watershed shall meet requirements as specified 



in Item (3) of this Rule. 



(b) Wastewater and stormwater point source discharges in a WS-IV watershed shall meet requirements as 



specified in Item (4) of this Rule. 



(c) Nonpoint source pollution in a WS-IV watershed shall meet requirements as specified in Item (5) of this 



Rule. 



(d) the The waters, following treatment required by the Division, shall meet the Maximum Contaminant Level 



concentrations considered safe for drinking, culinary, or food-processing purposes that are specified in the 



national drinking water regulations and in the North Carolina Rules Governing Public Water Supplies, 15A 



NCAC 18C .1500. .1500, which are hereby incorporated by reference including subsequent amendments and 



editions. 



(e) Sources of water pollution that preclude any of these the best uses on either a short-term or long-term basis 



shall be considered to be violating a water quality standard. 











(f) The Class WS-II or WS-III classifications may be used to protect portions of Class WS-IV water supplies. 



For reclassifications of these portions of WS-IV water supplies occurring after the July 1, 1992 statewide 



reclassification, the more protective classification requested by local governments shall be considered by the 



Commission when all local governments having jurisdiction in the affected area(s) have adopted a resolution 



and the appropriate ordinances to protect the watershed or the Commission acts to protect a watershed when 



one or more local governments has failed to adopt necessary protection measures; measures. 



(3) Quality standards applicable to Class WS-IV Waters shall be as follows: Chemical and physical water quality 



parameters in a WS-IV watershed shall meet the following requirements: 



(a) Sewage, industrial wastes, non-process industrial wastes, or other wastes: none shall be allowed except for 



those specified in Item (2) of this Rule and Rule .0104 of this Subchapter and none shall be allowed that have 



an adverse effect on human health or that are not treated to the satisfaction of the Commission and in 



accordance with the requirements of the Division. Any dischargers or industrial users subject to pretreatment 



standards may be required by the Commission to disclose all chemical constituents present or potentially 



present in their wastes and chemicals that could be spilled or be present in runoff from their facility which 



may have an adverse impact on downstream water supplies. These facilities may be required to have spill 



and treatment failure control plans as well as perform special monitoring for toxic substances; 



(b) Nonpoint Source and Stormwater Pollution: none shall be allowed that would adversely impact the waters 



for use as water supply or any other designated use. 



(i) Nonpoint Source and Stormwater Pollution Control Criteria For Entire Watershed or Protected 



Area: 



(A) Low Density Option: development activities that require a Sedimentation/Erosion Control 



Plan in accordance with 15A NCAC 04 established by the North Carolina Sedimentation 



Control Commission or approved local government programs as delegated by the 



Sedimentation Control Commission shall be limited to no more than either: two dwelling 



units of single family detached development per acre (or 20,000 square foot lot excluding 



roadway right-of-way),or 24 percent built-upon on area for all other residential and non-



residential development; or three dwelling units per acre, or 36 percent built-upon area for 



projects without curb and gutter street systems in the protected area outside of the critical 



area; stormwater runoff from the development shall be transported by vegetated 



conveyances to the maximum extent practicable; 



(B) High Density Option: if new development activities that require a Sedimentation/Erosion 



Control Plan exceed the low density requirements of Sub-Item (3)(b)(i)(A) of this Rule, 



then development shall control the runoff from the first inch of rainfall; new residential 



and non-residential development shall not exceed 70 percent built-upon area; 



(C) Land within the critical and protected area shall be deemed compliant with the density 



requirements if the following condition is met: the density of all existing development at 



the time of reclassification does not exceed the density requirement when densities are 



averaged throughout the entire area; 



(D) Cluster development shall be allowed on a project-by-project basis as follows: 



(I) overall density of the project meets associated density or stormwater control 



requirements of this Rule; 



(II) buffers meet the minimum statewide water supply watershed protection 



requirements; 



(III) built-upon areas shall be designed and located to minimize stormwater runoff 



impact to the receiving waters, minimize concentrated stormwater flow, maximize 



the use of sheet flow through vegetated areas, and maximize the flow length 



through vegetated areas; 



(IV) areas of concentrated development shall be located in upland areas and away, to 



the maximum extent practicable, from surface waters and drainageways; 



(V) remainder of tract to remain in vegetated or natural state; 



(VI) area in the vegetated or natural state may be conveyed to a property owners 



association, a local government for preservation as a park or greenway, a 



conservation organization, or placed in a permanent conservation or farmland 



preservation easement; 



(VII) a maintenance agreement for the vegetated or natural area shall be filed with the 



Register of Deeds; and 



(VIII) cluster development that meets the applicable low density option requirements 



shall transport stormwater runoff from the development by vegetated conveyances 



to the maximum extent practicable; 



(E) If local governments choose the high density development option that requires engineered 



stormwater controls, then they shall assume responsibility for operation and maintenance 



of the required controls as outlined in Rule .0104 of this Subchapter; 



(F) A minimum 100 foot vegetative buffer shall be required for all new development activities 



that exceed the low density option requirements as specified in Sub-Item (3)(b)(i)(A) or 



Sub-Item (3)(b)(ii)(A) of this Rule, otherwise a minimum 30 foot vegetative buffer for 











development shall be required along all perennial waters indicated on the most recent 



versions of U.S.G.S. 1:24,000 (7.5 minute) scale topographic maps or as determined by 



local government studies; 



(G) No new development shall be allowed in the buffer; water dependent structures, or other 



structures, such as flag poles, signs, and security lights, which result in only de minimus 



increases in impervious area and public projects such as road crossings and greenways may 



be allowed where no practicable alternative exists. These activities shall minimize 



built-upon surface area and avoid channelizing stormwater; 



(H) For local governments that do not use the high density option, a maximum of 10 percent 



of each jurisdiction's portion of the watershed outside of the critical area as delineated on 



July 1, 1995 may be developed with new development projects and expansions to existing 



development of up to 70 percent built-upon surface area (the "10/70 option") in addition to 



the new development approved in compliance with the appropriate requirements of Sub-



Item (3)(b)(i)(A) of this Rule. For expansions to existing development, the existing built-



upon surface area shall not be counted toward the allowed 70 percent built-upon surface 



area. A local government having jurisdiction within the watershed may transfer, in whole 



or in part, its right to the 10/70 option land area to another local government within the 



watershed upon submittal of a joint resolution for review by the Commission. When the 



designated water supply watershed area is composed of public land, such as National Forest 



land, local governments may count the public land acreage within the designated watershed 



area outside of the critical area in figuring the acreage allowed under this provision. Each 



project shall, to the maximum extent practicable, minimize built-upon surface area, direct 



stormwater runoff away from surface waters and incorporate best management practices, 



as defined in Rule .0202 of this Section, to minimize water quality impacts; 



(ii) Critical Area Nonpoint Source and Stormwater Pollution Control Criteria: 



(A) Low Density Option: new development activities that require a Sedimentation/Erosion 



Control Plan in accordance with 15A NCAC 4 established by the North Carolina 



Sedimentation Control Commission or approved local government programs as delegated 



by the Sedimentation Control Commission shall be limited to no more than two dwelling 



units of single family detached development per acre (or 20,000 square foot lot excluding 



roadway right-of-way), or 24 percent built-upon area for all other residential and non-



residential development; stormwater runoff from the development shall be transported by 



vegetated conveyances to the maximum extent practicable; 



(B) High Density Option: if new development density exceeds the low density requirements 



specified in Sub-Item (3)(b)(ii)(A) of this Rule, engineered stormwater controls shall be 



used to control runoff from the first inch of rainfall; new residential and non-residential 



development shall not exceed 50 percent built-upon area; 



(C) No new permitted sites for land application of residuals or petroleum contaminated soils 



shall be allowed;   



(D) No new landfills shall be allowed; 



(c)(a) MBAS (Methylene-Blue Active Substances): not greater than 0.5 mg/l to protect the aesthetic qualities of 



water supplies and to prevent foaming; 



(d)(b) Odor producing substances contained in sewage, industrial wastes, or other wastes: only such amounts, 



whether alone or in combination with other substances or waste, as will not cause taste and odor difficulties 



in water supplies that cannot be corrected by treatment, impair the palatability of fish, or have a deleterious 



effect upon any best usage established for waters of this class; 



(e)(c) Chlorinated phenolic compounds: not greater than 1.0 ug/l to protect water supplies from taste and odor 



problems due to chlorinated phenols shall be allowed. Specific phenolic compounds may be given a different 



limit if it is demonstrated not to cause taste and odor problems and not to be detrimental to other best usage; 



(f)(d) Total hardness shall not exceed 100 mg/l as calcium carbonate (CaCO3 or Ca + Mg); 



(g)(e) Total dissolved solids shall not exceed 500 mg/l; 



(h)(f) Toxic and other deleterious substances: 



(i) Water quality standards (maximum permissible concentrations) to protect human health through 



water consumption and fish tissue consumption for non-carcinogens in Class WS-IV waters: non-



carcinogens: 



(A) Barium: 1.0 mg/l; 



(B) Chloride: 250 mg/l; 



(C) Nickel: 25 ug/l; 



(D) Nitrate nitrogen: 10.0 mg/l; 



(E) 2,4-D: 70 ug/l; 



(F) 2,4,5-TP (Silvex): 10 ug/l; and 



(G) Sulfates: 250 mg/l; 



(ii) Water quality standards (maximum permissible concentrations) to protect human health through 



water consumption and fish tissue consumption for carcinogens in Class WS-IV waters: 



carcinogens: 











(A) Aldrin: 0.05 ng/l; 



(B) Arsenic: 10 ug/l; 



(C) Benzene: 1.19 ug/l; 



(D) Carbon tetrachloride: 0.254 ug/l; 



(E) Chlordane: 0.8 ng/l; 



(F) Chlorinated benzenes: 488 ug/l; 



(G) DDT: 0.2 ng/l; 



(H) Dieldrin: 0.05 ng/l; 



(I) Dioxin: 0.000005 ng/l; 



(J) Heptachlor: 0.08 ng/l; 



(K) Hexachlorobutadiene: 0.44 ug/l; 



(L) Polynuclear aromatic hydrocarbons (total of all PAHs): 2.8 ng/l; 



(M) Tetrachloroethane (1,1,2,2): 0.17 ug/l; 



(N) Tetrachloroethylene: 0.7 ug/l; 



(O) Trichloroethylene: 2.5 ug/l; and 



(P) Vinyl Chloride: 0.025 ug/l. 



(4) Wastewater and stormwater point source discharges in a WS-IV watershed shall meet the following requirements: 



(a) Discharges that qualify for a General NPDES Permit pursuant to 15A NCAC 02H .0127 shall be allowed in 



the entire watershed. 



(b) Discharges from domestic facilities, industrial facilities and trout farms that are subject to Individual NPDES 



Permits shall be allowed in the entire watershed. 



(c) Stormwater discharges that qualify for an Individual NPDES Permit pursuant to 15A NCAC 02H .0126 shall 



be allowed in the entire watershed. 



(d) No discharge of sewage, industrial wastes, or other wastes shall be allowed in the entire watershed except for 



those allowed by Sub-Items (4)(a) through (4)(c) of this Rule or Rule .0104 of this Subchapter; none shall be 



allowed that have an adverse effect on human health or that are not treated to the satisfaction of the 



Commission and in accordance with the requirements of the Division. Any dischargers or industrial users 



subject to pretreatment standards may be required by the Commission to disclose all chemical constituents 



present or potentially present in their wastes and chemicals that could be spilled or be present in runoff from 



their facility which may have an adverse impact on downstream water supplies. These facilities may be 



required to have spill and treatment failure control plans as well as perform special monitoring for toxic 



substances. 



(e) New industrial discharges of treated wastewater in the critical area shall be required to meet the provisions 



of Sub-Items (c)(2)(iv), (v), and (vii) of Rule .0224 of this Section and Rule .0203 of this Section. 



(f) New industrial connections and expansions to existing municipal discharges with a pretreatment program 



pursuant to 15A NCAC 02H .0904 shall be allowed in the entire watershed. 



(g) No new landfills shall be allowed in the Critical Area. 



(h) No new permitted sites for land application residuals or petroleum contaminated soils shall be allowed in the 



Critical Area. 



(5) Nonpoint source pollution in a WS-IV watershed shall meet the following requirements: 



(a) None that would have an adverse impact, as that term is defined in 15A NCAC 02H .1002, on waters for use 



as a water supply or any other designated use. 



(b) Waters of this class shall be protected as water supplies that are located in watersheds that meet average 



watershed development density levels specified in Rule .0624 of this Subchapter. 



 



History Note: Authority G.S. 143-214.1; 143-215.3(a)(1); 



Eff. February 1, 1986; 



Amended Eff. January 1, 2015; May 1, 2007; April 1, 2003; June 1, 1996; October 1, 1995; August 1, 1995; June 1, 



1994. 



 



15A NCAC 02B .0218 FRESH SURFACE WATER QUALITY STANDARDS FOR CLASS WS-V WATERS 



The following water quality standards apply to surface waters within water supply watersheds classified as WS-V. Water quality 



standards applicable to Class C waters as described in Rule .0211 of this Section shall also apply to Class WS-V waters. 



(1) The best usage of WS-V waters shall be as follows: waters that are protected as water supplies that are upstream and 



draining to Class WS-IV waters; or waters previously used for drinking water supply purposes; or waters used by 



industry to supply their employees, but not municipalities or counties, with a raw drinking water supply source, 



although this type of use shall not be restricted to WS-V classification; and all Class C uses. The Commission may 



consider a more protective classification for the water supply if a resolution requesting a more protective classification 



is submitted from all local governments having land use jurisdiction within the affected watershed; Best Usage of 



Waters: waters that are protected as water supplies which are generally upstream and draining to Class WS-IV waters; 



or waters previously used for drinking water supply purposes; or waters used by industry to supply their employees, 



but not municipalities or counties, with a raw drinking water supply source, although this type of use is not restricted 



to WS-V classification; and all Class C uses. 



(2) The conditions related to the best usage shall be as follows: waters of this class are protected water supplies; Conditions 



Related to Best Usage: 











(a) Chemical and physical water quality parameters in a WS-V water shall meet requirements as specified in 



Item (3) of this Rule. 



(b) Wastewater and stormwater point source discharges in a WS-V water shall meet requirements as specified 



in Item (4) of this Rule. 



(c) Nonpoint source pollution in a WS-V water shall meet requirements as specified in Item (5) of this Rule. 



(d) the The waters, following treatment required by the Division, shall meet the Maximum Contaminant Level 



concentrations considered safe for drinking, culinary, or food-processing purposes that are specified in the 



national drinking water regulations and in the North Carolina Rules Governing Public Water Supplies, 15A 



NCAC 18C .1500; .1500, which are hereby incorporated by reference including subsequent amendments and 



editions; 



(e) no categorical restrictions on watershed development or wastewater discharges shall be required, however, 



the The Commission or its designee may apply management requirements for the protection of waters 



downstream of receiving waters (15A NCAC 02B .0203). provided in Rule .0203 of this Section. 



(f) The Commission may consider a more protective classification for the water supply if a resolution requesting 



a more protective classification is submitted from all local governments having land use jurisdiction within 



the affected watershed. 



(g) Sources of water pollution that preclude any of these the best uses on either a short-term or long-term basis 



shall be considered to be violating a water quality standard; 



(3) Quality standards applicable to Class WS-V Waters shall be as follows: Chemical and physical water quality 



parameters in a WS-V water shall meet the following requirements: 



(a) Sewage, industrial wastes, non-process industrial wastes, or other wastes: none shall be allowed that have an 



adverse effect on human health or that are not treated to the satisfaction of the Commission and in accordance 



with the requirements of the Division. Any discharges or industrial users subject to pretreatment standards 



shall be required by the Commission to disclose all chemical constituents present or potentially present in 



their wastes and chemicals that could be spilled or be present in runoff from their facility which may have an 



adverse impact on downstream water supplies. These facilities may be required to have spill and treatment 



failure control plans as well as perform special monitoring for toxic substances; 



(b)(a) MBAS (Methylene-Blue Active Substances): not greater than 0.5 mg/l to protect the aesthetic qualities of 



water supplies and to prevent foaming; 



(c) Nonpoint Source and Stormwater Pollution: none that would adversely impact the waters for use as water 



supply or any other designated use; 



(d)(b) Odor producing substances contained in sewage, industrial wastes, or other wastes: only such amounts, 



whether alone or in combination with other substances or waste, as will not cause taste and odor difficulties 



in water supplies that cannot can not be corrected by treatment, impair the palatability of fish, or have a 



deleterious effect upon any best usage established for waters of this class; 



(e)(c) Chlorinated phenolic compounds: not greater than 1.0 ug/l to protect water supplies from taste and odor 



problems due to chlorinated phenols; specific phenolic compounds may be given a different limit if it is 



demonstrated not to cause taste and odor problems and not to be detrimental to other best usage; 



(f)(d) Total hardness: not greater than 100 mg/l as calcium carbonate (CaCO3 or Ca + Mg); 



(g)(e) Total dissolved solids: not greater than 500 mg/l; 



(h)(f) Toxic and other deleterious substances: 



(i) Water quality standards (maximum permissible concentrations) to protect human health through 



water consumption and fish tissue consumption for non-carcinogens in Class WS-V waters: non-



carcinogens: 



(A) Barium: 1.0 mg/l; 



(B) Chloride: 250 mg/l; 



(C) Nickel: 25 ug/l; 



(D) Nitrate nitrogen: 10.0 mg/l; 



(E) 2,4-D: 70 ug/l; 



(F) 2,4,5-TP (Silvex): 10 ug/l; and 



(G) Sulfates: 250 mg/l. 



(ii) Water quality standards (maximum permissible concentrations) to protect human health through 



water consumption and fish tissue consumption for carcinogens in Class WS-V waters: carcinogens: 



(A) Aldrin: 0.05 ng/l; 



(B) Arsenic: 10 ug/l; 



(C) Benzene: 1.19 ug/l; 



(D) Carbon tetrachloride: 0.254 ug/l; 



(E) Chlordane: 0.8 ng/l; 



(F) Chlorinated benzenes: 488 ug/l; 



(G) DDT: 0.2 ng/l; 



(H) Dieldrin: 0.05 ng/l; 



(I) Dioxin: 0.000005 ng/l; 



(J) Heptachlor: 0.08 ng/l; 



(K) Hexachlorobutadiene: 0.44 ug/l; 



(L) Polynuclear aromatic hydrocarbons (total of all PAHs): 2.8 ng/l; 











(M) Tetrachloroethane (1,1,2,2): 0.17 ug/l; 



(N) Tetrachloroethylene: 0.7 ug/l; 



(O) Trichloroethylene: 2.5 ug/l; and 



(P) Vinyl Chloride: 0.025 ug/l. 



(4) Wastewater and stormwater point source discharges in a WS-V water shall meet the following requirements: No 



discharge of sewage, industrial wastes, or other wastes shall be allowed that have an adverse effect on human health 



or that are not treated to the satisfaction of the Commission and in accordance with the requirements of the Division. 



Any dischargers or industrial users subject to pretreatment standards may be required by the Commission to disclose 



all chemical constituents present or potentially present in their wastes and chemicals that could be spilled or be present 



in runoff from their facility which may have an adverse impact on downstream water quality. These facilities may be 



required to have spill and treatment failure control plans as well as perform special monitoring for toxic substances. 



(5) Nonpoint Source pollution in a WS-V water shall meet the following requirements: None that would adversely impact, 



as that term is defined in 15A NCAC 02H .1002, on waters for use as water supply or any other designated use; 



 



History Note: Authority G.S. 143-214.1; 143-215.3(a)(1); 



Eff. October 1, 1989; 



Amended Eff. January 1, 2015; May 1, 2007; April 1, 2003; October 1, 1995. 



 



15A NCAC 02B .0219 FRESH SURFACE WATER QUALITY STANDARDS FOR CLASS B WATERS 



The following water quality standards apply to surface waters that are for primary contact recreation including frequent or organized 



swimming as defined in Rule .0202 of this Section, and are classified as Class B waters. Water quality standards applicable to Class C 



waters as described in Rule .0211 of this Section also apply to Class B waters. 



(1) Best Usage of Waters. Primary recreation and any other best usage specified by the "C" classification; Best Usage of 



Waters. Best Usage of Waters: Primary contact recreation as defined in Rule .0202 of this Section and any other best 



usage specified by the "C" classification. 



(2) Conditions Related to Best Usage. In assigning the B classification to waters intended for primary contact recreation, 



the Commission will take into consideration the relative proximity of sources of water pollution and the potential 



hazards involved in locating swimming areas close to sources of water pollution and will not assign this classification 



to waters in which such water pollution could result in a hazard to public health. The waters shall meet accepted 



standards of water quality for outdoor bathing places as specified in Item (3) of this Rule and shall be of sufficient 



size and depth for primary contact recreation purposes. Sources of water pollution which preclude any of these uses 



on either a short-term or long-term basis shall be considered to be violating a water quality standard; standard. 



(3) Quality standards applicable to Class B waters: 



(a) Sewage, industrial wastes, or other wastes: none which are not effectively treated to the satisfaction of the 



Commission; in determining the degree of treatment required for such waste when discharged into waters to 



be used for bathing, the Commission shall consider the quality and quantity of the sewage and wastes 



involved and the proximity of such discharges to waters in this class; discharges in the immediate vicinity of 



bathing areas may not be allowed if the Director determines that the waste can not cannot be reliably treated 



to ensure the protection of primary contact recreation; 



(b) Organisms of coliform group: fecal coliforms not to exceed geometric mean of 200/100 ml (MF count) based 



on at least five consecutive samples examined during any 30-day period and not to exceed 400/100 ml in 



more than 20 percent of the samples examined during such period. 



(4) Wastewater discharges to waters classified as B shall meet the reliability requirements specified in 15A NCAC 02H 



.0124. Discharges to waters where a primary contact recreational use is determined by the Director to be attainable 



shall be required to meet water quality standards and reliability requirements to protect this use concurrently with 



reclassification efforts. 



 



History Note: Authority G.S. 143-214.1; 143-215.3(a)(1); 



Eff. January 1, 1990; 



Amended Eff. October 1, 1995. 



 



15A NCAC 02B .0220 TIDAL SALT WATER QUALITY STANDARDS FOR CLASS SC WATERS 



General. The water quality standards for all tidal salt waters shall be the basic standards applicable to Class SC waters. Water quality 



standards for temperature and numerical water quality standards for the protection of human health applicable to all surface waters are 



in Rule .0208 of this Section. Additional and more stringent standards applicable to other specific tidal salt water classifications are 



specified in Rules .0221 and .0222 of this Section. Action Levels, for purposes of National Pollutant Discharge Elimination System 



(NPDES) permitting, are specified in Item (20) of this Rule. 



(1) Best Usage of Waters: any usage except primary recreation or shellfishing for market purposes; usages include aquatic 



life propagation and maintenance of biological integrity (including fishing, fish and functioning PNAs), wildlife, and 



secondary recreation; Best Usage of Waters: aquatic life propagation, survival, and maintenance of biological integrity 



(including fishing, fish and Primary Nursery Areas (PNAs)); wildlife; secondary contact recreation as defined in Rule 



.0202 in this Section; and any usage except primary contact recreation or shellfishing for market purposes. All 



saltwaters shall be classified to protect these uses at a minimum. 



(2) Conditions Related to Best Usage: the waters shall be suitable for aquatic life propagation and maintenance of 



biological integrity, wildlife, and secondary recreation. all best uses specified in this Rule. Any source of water 











pollution that precludes any of these uses, including their functioning as PNAs, on either a short-term or a long-term 



basis uses shall be considered to be violating a water quality standard; 



(3) Chlorophyll a (corrected): not greater than 40 ug/l (based upon monthly averaging where such data are available during 



the growing season which is generally April 1 – October 31) in sounds, estuaries, and other waters subject to growths 



of macroscopic or microscopic vegetation. The Commission or its designee may prohibit or limit any discharge of 



waste into surface waters if, in the opinion of the Director, the surface waters experience or the discharge would result 



in growths of microscopic or macroscopic vegetation such that the standards established pursuant to this Rule would 



be violated or the intended best usage of the waters would be impaired; 



(4) Cyanide: 1 ug/l; 



(5) Dissolved oxygen: not less than 5.0 mg/l, except that swamp waters, poorly flushed tidally influenced streams or 



embayments, or estuarine bottom waters may have lower values if caused by natural conditions; 



(6) Enterococcus, including Enterococcus faecalis, Enterococcus faecium, Enterococcus avium and Enterococcus 



gallinarium: including Enterococcus faecalis, Enterococcus faecium, Enterococcus avium and Enterococcus 



gallinarium: not to exceed a geometric mean of 35 enterococci per 100 ml based upon a minimum of five samples 



within any consecutive 30 days. For purposes of beach monitoring and notification, "Coastal Recreational Waters 



Monitoring, Evaluation and Notification" regulations (15A NCAC 18A .3400), available free of charge at: 



http://www.ncoah.com/, are hereby incorporated by reference including any subsequent amendments; amendments 



and editions; 



(7) Floating solids, settleable solids, or sludge deposits: only such amounts attributable to sewage, industrial wastes, or 



other wastes, as shall not make the waters unsafe or unsuitable for aquatic life and wildlife, or impair the waters for 



any designated uses; 



(8) Gases, total dissolved: not greater than 110 percent of saturation; 



(9) Metals: 



(a) With the exception of mercury and selenium, tidal salt water quality standards for metals shall be based upon 



measurement of the dissolved fraction of the metals. Mercury and selenium shall be based upon measurement 



of the total recoverable metal; 



(b) Compliance with acute instream metals standards shall only be evaluated using an average of two or more 



samples collected within one hour. Compliance with chronic instream metals standards shall only be 



evaluated using averages of a minimum of four samples taken on consecutive days, or as a 96-hour average; 



(c) Metals criteria shall be used for proactive environmental management. An instream exceedence of the 



numeric criterion for metals shall not be considered to have caused an adverse impact to the aquatic 



community without biological confirmation and a comparison of all available monitoring data and applicable 



water quality standards. This weight of evidence evaluation shall take into account data quality and the overall 



confidence in how representative the sampling is of conditions in the waterbody segment before an 



assessment of aquatic life use attainment, or non-attainment, is made by the Division. Recognizing the 



synergistic and antagonistic complexities of other water quality variables on the actual toxicity of metals, 



with the exception of mercury and selenium, biological monitoring shall be used to validate, by direct 



measurement, whether or not the aquatic life use is supported. 



(d)(c) Acute and chronic tidal salt water quality metals standards are as follows: 



(i) Arsenic, acute: WER∙ 69 ug/l; 



(ii) Arsenic, chronic: WER∙ 36 ug/l; 



(iii) Cadmium, acute: WER∙ 40 ug/l; 



(iv) Cadmium, chronic: WER∙ 8.8 ug/l; 



(v) Chromium VI, acute: WER∙ 1100 ug/l; 



(vi) Chromium VI, chronic: WER∙ 50 ug/l; 



(vii) Copper, acute: WER∙ 4.8 ug/l; 



(viii) Copper, chronic: WER∙ 3.1 ug/l; 



(ix) Lead, acute: WER∙ 210 ug/l; 



(x) Lead, chronic: WER∙ 8.1 ug/l; 



(xi) Mercury, total recoverable, chronic: 0.025 ug/l; 



(xii) Nickel, acute: WER∙ 74 ug/l; 



(xiii) Nickel, chronic: WER∙ 8.2 ug/l; 



(xiv) Selenium, total recoverable, chronic: 71 ug/l; 



(xv) Silver, acute: WER∙ 1.9 ug/l; 



(xvi) Silver, chronic: WER∙ 0.1 ug/l; 



(xvii) Zinc, acute: WER∙ 90 ug/l; and 



(xviii) Zinc, chronic: WER∙ 81 ug/l; 



With the exception of mercury and selenium, acute and chronic tidal saltwater quality aquatic life standards for metals listed above apply 



to the dissolved form of the metal and apply as a function of the pollutant's water effect ratio (WER). A WER expresses the difference 



between the measures of the toxicity of a substance in laboratory waters and the toxicity in site water. The WER shall be assigned a 



value equal to one unless any person demonstrates to the Division's satisfaction in a permit proceeding that another value is developed 



in accordance with the "Water Quality Standards Handbook: Second Edition" published by the US Environmental Protection Agency 



(EPA-823-B-12-002), free of charge, at http://water.epa.gov/scitech/swguidance/standards/handbook/, hereby incorporated by reference 



including any subsequent amendments. amendments and editions. Alternative site-specific standards may also be developed when any 



person submits values that demonstrate to the Commissions' satisfaction that they were derived in accordance with the "Water Quality 











Standards Handbook: Second Edition, Recalculation Procedure or the Resident Species Procedure", hereby incorporated by reference 



including subsequent amendments and editions at http://water.epa.gov/scitech/swguidance/standards/handbook/. 



This material is available free of charge; 



(10) Oils, deleterious substances, colored, or other wastes: only such amounts as shall not render the waters injurious to 



public health, secondary recreation, aquatic life, and wildlife or adversely affect the palatability of fish, aesthetic 



quality, or impair the waters for any designated uses. For the purpose of implementing this Rule, oils, deleterious 



substances, colored, or other wastes shall include substances that cause a film or sheen upon or discoloration of the 



surface of the water or adjoining shorelines pursuant to 40 CFR 110.3; 40 CFR 110.3 which are incorporated by 



reference including any subsequent amendments and editions. This material is available free of charge on the internet 



at http://www.gpo.gov/fdsys/. 



(11) Pesticides: 



(a) Aldrin: 0.003 ug/l; 



(b) Chlordane: 0.004 ug/l; 



(c) DDT: 0.001 ug/l; 



(d) Demeton: 0.1 ug/l; 



(e) Dieldrin: 0.002 ug/l; 



(f) Endosulfan: 0.009 ug/l; 



(g) Endrin: 0.002 ug/l; 



(h) Guthion: 0.01 ug/l; 



(i) Heptachlor: 0.004 ug/l; 



(j) Lindane: 0.004 ug/l; 



(k) Methoxychlor: 0.03 ug/l; 



(l) Mirex: 0.001 ug/l; 



(m) Parathion: 0.178 ug/l; and 



(n) Toxaphene: 0.0002 ug/l; 



(12) pH: shall be normal for the waters in the area, which range between 6.8 and 8.5, except that swamp waters may have 



a pH as low as 4.3 if it is the result of natural conditions; 



(13) Phenolic compounds: only such levels as shall not result in fish-flesh tainting or impairment of other best usage; 



(14) Polychlorinated biphenyls: (total of all PCBs and congeners identified) 0.001 ug/l; 



(15) Radioactive substances: 



(a) Combined radium-226 and radium-228: The average annual activity level (based on at least one sample 



collected per quarter) for combined radium-226, and radium-228 shall not exceed five picoCuries per liter; 



(b) Alpha Emitters. The average annual gross alpha particle activity (including radium-226, but excluding radon 



and uranium) shall not exceed 15 picoCuries per liter; 



(c) Beta Emitters. The average annual activity level (based on at least one sample collected per quarter) for 



strontium-90 shall not exceed eight picoCuries per liter; nor shall the average annual gross beta particle 



activity (excluding potassium-40 and other naturally occurring radionuclides exceed 50 picoCuries per liter; 



nor shall the average annual activity level for tritium exceed 20,000 picoCuries per liter; 



(16) Salinity: changes in salinity due to hydrological modifications shall not result in removal of the functions of a PNA. 



Projects that are determined by the Director to result in modifications of salinity such that functions of a PNA are 



impaired shall be required to employ water management practices to mitigate salinity impacts; 



(17) Temperature: shall not be increased above the natural water temperature by more than 0.8 degrees C (1.44 degrees F) 



during the months of June, July, and August nor more than 2.2 degrees C (3.96 degrees F) during other months and in 



no cases to exceed 32 degrees C (89.6 degrees F) due to the discharge of heated liquids; 



(18) Trialkyltin compounds: 0.007 ug/l expressed as tributyltin; 



(19) Turbidity: the turbidity in the receiving water shall not exceed 25 Nephelometric Turbidity Units (NTU); if turbidity 



exceeds this level due to natural background conditions, the existing turbidity level shall not be increased. Compliance 



with this turbidity standard can be met when land management activities employ Best Management Practices (BMPs) 



[as defined by Rule .0202 of this Section] recommended by the Designated Nonpoint Source Agency (as defined by 



Rule .0202 of this Section). BMPs shall be in full compliance with all specifications governing the proper design, 



installation, operation, and maintenance of such BMPs; BMPs. 



(20) Action Levels for Toxic Substances Applicable to NPDES Permits: 



(a) Copper, dissolved, chronic: 3.1 ug/l; 



(b) Silver, dissolved, chronic: 0.1 ug/l; 



(c) Zinc, dissolved, chronic: 81 ug/l 



If the action levels for any of the substances listed in this Item (which are generally not bioaccumulative and have 



variable toxicity to aquatic life because of chemical form, solubility, stream characteristics, or associated waste 



characteristics) shall be determined by the waste load allocation to be exceeded in a receiving water by a discharge 



under the 7Q10 flow criterion for toxic substances, the discharger shall monitor the chemical or biological effects of 



the discharge; efforts shall be made by all dischargers to reduce or eliminate these substances from their effluents. 



Those substances for which action levels are listed in this Item shall be limited as appropriate in the NPDES permit if 



sufficient information (to be determined for metals by measurements of that portion of the dissolved instream 



concentration of the action level parameter attributable to a specific NPDES permitted discharge) exists to indicate 



that any of those substances may be a causative factor resulting in toxicity of the effluent. 



 











History Note: Authority G.S. 143-214.1; 143-215.3(a)(1); 



Eff. October 1, 1995; 



Amended Eff. January 1, 2015; May 1, 2007; August 1, 2000. 



 



15A NCAC 02B .0221 TIDAL SALT WATER QUALITY STANDARDS FOR CLASS SA WATERS 



The following water quality standards apply to surface waters that are used for shellfishing for market purposes and are classified SA. 



Water quality standards applicable to Class SC and SB waters as described in Rule .0220 and Rule .0222 of this Section Section, 



respectively, also apply to Class SA waters. 



(1) Best Usage of Waters: shellfishing for market purposes and any other usage specified by the "SB" or "SC" 



classification;  



(2) Conditions Related to Best Usage: 



In determining the safety or suitability of Class SA waters to be used for shellfishing for market purposes, the 



Commission will be guided by the existing water quality of the area in relation to the standards to protect shellfishing 



uses, the potential contamination of the area from both point and nonpoint sources of pollution, and the presence of 



harvestable quantities of shellfish or the potential for the area to have harvestable quantities through management 



efforts of the Division of Marine Fisheries. waters Waters shall meet the current sanitary and bacteriological standards 



as adopted by the Commission for Public Health and shall be suitable for shellfish culture. Any source of water 



pollution which precludes any of these uses, including their functioning as PNAs, Primary Nursery Areas on either a 



short-term or a long-term basis shall be considered to be violating a water quality standard. Waters will not be 



classified SA without the written concurrence of the Division of Marine Fisheries. 



(3) Quality Standards applicable to Class SA Waters: 



(a) Floating solids, settleable solids, or sludge deposits: none attributable to sewage, industrial wastes or other 



wastes; 



(b) Sewage: none; 



(c) Industrial wastes, or other wastes: none shall be allowed that are not effectively treated to the satisfaction of 



the Commission in accordance with the requirements of the Division of Environmental Health; Division; and 



(d) Organisms of coliform group: fecal coliform group not to exceed a median MF of 14/100 ml and not more 



than 10 percent of the samples shall exceed an MF count of 43/100 ml in those areas most probably exposed 



to fecal contamination during the most unfavorable hydrographic and pollution conditions. 



 



History Note: Authority G.S. 143-214.1; 143-215.3(a)(1); 



Eff. October 1, 1995; 



Amended Eff. May 1, 2007. 



 



15A NCAC 02B .0222 TIDAL SALT WATER QUALITY STANDARDS FOR CLASS SB WATERS 



The following water quality standards apply to surface waters that are used for primary contact recreation including frequent or as 



defined in Rule .0202 of this Section organized swimming, and are classified SB. Water quality standards applicable to Class SC waters 



are described in Rule .0220 of this Section also apply to SB waters. 



(1) Best Usage of waters: primary recreation and any other usage specified by the "SC" classification; Best Usage of 



Waters: primary contact recreation as defined in Rule .0202 of this Section and any other usage specified by the "SC" 



classification; 



(2) Conditions Related to Best Usage: In assigning the SB classification to waters intended for primary contact recreation, 



the Commission will take into consideration the relative proximity of sources of water pollution and the potential 



hazards involved in locating swimming areas close to sources of water pollution and will not assign this classification 



to waters in which such water pollution could result in a hazard to public health. the The waters shall meet accepted 



sanitary standards of water quality for outdoor bathing places as specified in Item (3) of this Rule and will be of 



sufficient size and depth for primary contact recreation purposes. Any source of water pollution which precludes any 



of these uses, including their functioning as PNAs, Primary Nursery Areas on either a short-term or a long-term basis 



shall be considered to be violating a water quality standard; standard. 



(3) Quality Standards applicable to Class SB waters: 



(a) Floating solids, settleable solids, or sludge deposits: none attributable to sewage, industrial wastes or other 



wastes; 



(b) Sewage, industrial wastes, or other wastes: none shall be allowed that are not effectively treated to the 



satisfaction of the Commission; in determining the degree of treatment required for such waters discharged 



into waters which are to be used for bathing, the Commission shall take into consideration quantity and 



quality of the sewage and other wastes involved and the proximity of such discharges to the waters in this 



class; discharges in the immediate vicinity of bathing areas may not be allowed if the Director determines 



that the waste can not cannot be treated to ensure the protection of primary contact recreation; 



(c) Enterococcus, including Enterococcus faecalis, Enterococcus faecium, Enterococcus avium and 



Enterococcus gallinarium: not to exceed a geometric mean of 35 enterococci per 100 ml based upon a 



minimum of five samples within any consecutive 30 days. In accordance with Federal Clean Water Act, 33 



U.S.C. 1313 (Federal Water Pollution Control Act) for purposes of beach monitoring and notification, 



"Coastal Recreation Waters Monitoring, Evaluation and Notification" regulations (15A NCAC 18A .3400) 



are hereby incorporated by reference including any subsequent amendments. amendments and editions. 











(4) Wastewater discharges to waters classified as SB shall meet the reliability requirements specified in 15A NCAC 02H 



.0124. Discharges to waters where a primary contact recreational use is determined by the Director to be attainable 



shall be required to meet water quality standards and reliability requirements to protect this use concurrently with 



reclassification efforts. 



 



History Note: Authority G.S. 143-214.1; 143-215.3(a)(1); 



Eff. October 1, 1995; 



Amended Eff. May 1, 2007. 



 



15A NCAC 02B .0223 WATER QUALITY STANDARDS FOR NUTRIENT SENSITIVE WATERS 



(a)  In addition to existing classifications, the Commission may classify any surface waters of the state as nutrient sensitive waters 



Nutrient Sensitive Waters (NSW) upon a finding that such waters are experiencing or are subject to excessive growths of microscopic 



or macroscopic vegetation. Excessive growths are growths which the Commission determines impair the use of the water for its best 



usage as determined by the classification applied to such waters. 



(b)  NSW may include any or all waters within a particular river basin as the Commission deems necessary to effectively control 



excessive growths of microscopic or macroscopic vegetation. 



(c)  For the purpose of this Rule, the term "nutrients" shall mean phosphorous or nitrogen or any other chemical parameter or combination 



of parameters which the commission determines to be contributing to excessive growths of microscopic or macroscopic vegetation. 



(d)  Those waters of the state that are additionally classified as nutrient sensitive shall be identified in the appropriate schedule of 



classifications as referenced in Section .0300 of this Subchapter. river basin classification schedule. The schedules are available online 



at http://portal.ncdenr.org/web/wq/ps/csu/classifications. 



(e)  Nutrient strategies applicable to NSW shall be developed by the Commission to control the magnitude, duration, or frequencies of 



excessive growths of microscopic or macroscopic vegetation so that the existing and designated uses of the waterbody are protected or 



restored. 



 



History Note: Authority G.S. 143-214.1; 143-215.8B; 



Eff. October 1, 1995; 



Amended Eff. August 1, 2000. 



 



15A NCAC 02B .0224 WATER QUALITY STANDARDS FOR HIGH QUALITY WATERS 



(a)  High Quality Waters (HQW) are a subset of waters "waters with quality higher than the standards" standards and are as described 



by 15A NCAC 2B .0101(e)(5) as defined in Rule .0202(59) of this Section. The following procedures in this rule shall be implemented 



in order to implement meet the requirements of Rule .0201(d) of this Section. 



(b)  All water supply watersheds which are classified as WS I or WS II, and all waters classified as Class SA waters are HQW. The 



Commission may classify, if case by case reclassification proceedings are conducted, any surface waters of the state as High Quality 



Waters (HQW) upon finding that such waters are: 



(1) rated excellent based on biological and physical/chemical characteristics through monitoring or special studies, or 



(2) primary nursery areas (PNA) and other functional nursery areas designated by the Marine Fisheries Commission or 



the Wildlife Resources Commission. 



(1)(c)  New or expanded wastewater discharges in High Quality Waters shall comply with the following: 



(a)(1) Discharges from new single family residences shall be prohibited. Those existing subsurface systems for single family 



residences which fail and must discharge shall install a septic tank, dual or recirculating sand filters, disinfection and 



step aeration. 



(b)(2) All new NPDES National Pollutant Discharge Elimination System (NPDES) wastewater discharges (except single 



family residences) shall be required to provide the treatment described below: 



(i)(A) Oxygen Consuming Wastes: Effluent limitations shall be as follows: BOD5= 5 mg/l, NH3-N = 2 mg/l and 



DO = 6 mg/l. More stringent limitations shall be set, if necessary, to ensure that the cumulative pollutant 



discharge of oxygen-consuming wastes shall not cause the DO of the receiving water to drop more than 0.5 



mg/l below background levels, and in no case below the standard. Where background information is not 



readily available, evaluations shall assume a percent saturation determined by staff to be generally applicable 



to that hydroenvironment. 



(ii)(B) Total Suspended Solids: Discharges of total suspended solids (TSS) shall be limited to effluent concentrations 



of 10 mg/l for trout waters and HQW-classified PNAs PNA's, and to 20 mg/l for all other High Quality 



Waters. 



(iii)(C) Disinfection: Alternative methods to chlorination shall be required for discharges to trout streams, except 



that single family residences may use chlorination if other options are not economically feasible. Domestic 



discharges are prohibited to SA waters. 



(iv)(D) Emergency Requirements: Failsafe treatment designs shall be employed, including stand-by power capability 



for entire treatment works, dual train design for all treatment components, or equivalent failsafe treatment 



designs. 



(v)(E) Volume: The total volume of treated wastewater for all discharges combined shall not exceed 50 percent of 



the total instream flow under 7Q10 conditions. 



(vi)(F) Nutrients: Where nutrient overenrichment is projected to be a concern, appropriate effluent limitations shall 



be set for phosphorus or nitrogen, or both. 











(vii)(G) Toxic substances: In cases where complex wastes (those containing or potentially containing toxicants) may 



be present in a discharge, a safety factor shall be applied to any chemical or whole effluent toxicity allocation. 



The limit for a specific chemical constituent shall be allocated at one-half of the normal standard at design 



conditions. Whole effluent toxicity shall be allocated to protect for chronic toxicity at an effluent 



concentration equal to twice that which is acceptable under design conditions. In all instances there may be 



no acute toxicity in an effluent concentration of 90 percent. Ammonia toxicity shall be evaluated according 



to EPA guidelines promulgated in "Ambient Water Quality Criteria for Ammonia - 1984"; EPA document 



number 440/5-85-001; NITS number PB85-227114; July 29, 1985 (50 FR 30784) or "Ambient Water Quality 



Criteria for Ammonia (Saltwater) - 1989"; EPA document number 440/5-88-004; NTIS number 



PB89-169825. This material related to ammonia toxicity is hereby incorporated by reference including any 



subsequent amendments and editions and is available for inspection at the Department of Environment and 



Natural Resources Library, 512 North Salisbury Street, Raleigh, North Carolina. editions. Copies may be 



obtained from the National Technical Information Service, 5285 Port Royal Road, Springfield, Virginia 



22161 at a cost of forty-seven dollars ($47.00). 



(c)(3) All expanded NPDES wastewater discharges in High Quality Waters shall be required to provide the treatment 



described in Sub-Item (1)(b) Subparagraph (c)(2) of this Rule, except for those existing discharges which expand with 



no increase in permitted pollutant loading. 



(2)(d)  Development activities which require an Erosion and Sedimentation Control Plan in accordance with rules established by the NC 



Sedimentation Control Commission or local erosion and sedimentation control program approved in accordance with 15A NCAC 4B 



.0218, and which drain to and are within one mile of High Quality Waters (HQW) shall be required to follow the stormwater management 



rules as specified in 15A NCAC 2H .1000. .1019 (coastal county waters) or .1021 (non-coastal county waters). Stormwater management 



requirements specific to HQW are described in 15A NCAC 2H .1006. 



(3)(e)  Listing of Waters Classified HQW with Specific Actions. Waters classified as HQW with specific actions to protect exceptional 



water quality are listed as follows: Thorpe Reservoir [Little Tennessee River Basin, Index No. 2-79-23-(1)] including all of its tributaries 



shall be managed with respect to wastewater discharges through Item (1) Paragraph (c) of this Rule. Item (2) Paragraph (d) of this Rule 



shall not be applied in association with this HQW because of the local government implementation of WS-III stormwater management 



requirements. 



If an applicant objects to the requirements to protect high quality waters and believes degradation is necessary to accommodate important 



social and economic development, the applicant may contest these requirements according to the provisions of G.S. 143-215.1(e) and 



150B-23. 



 



History Note: Authority G.S. 143-214.1; 143-215.1; 143-215.3(a)(1); 



Eff. October 1, 1995; 



Amended Eff. August 1, 1998; April 1, 1996. 



 



15A NCAC 02B .0225 WATER QUALITY STANDARDS FOR OUTSTANDING RESOURCE WATERS 



(a)  General. In addition to the existing classifications, the The Commission may classify unique and special surface waters of the state 



as outstanding resource waters (ORW) upon finding that such waters are of exceptional state or national recreational or ecological 



significance which require special protection to maintain existing uses and that the waters have exceptional water quality while meeting 



the following conditions: 



(1) that the water quality is rated as excellent based on physical, chemical or biological information; and 



(2) the characteristics which make these waters unique and special may not be protected by the assigned narrative and 



numerical water quality standards. 



(b)  Outstanding Resource Values. Best Usage of Waters: In order to be classified as ORW, a water body must exhibit one or more of 



the following values or ORW uses to demonstrate it is of exceptional state or national recreational or ecological significance: 



(1) there are outstanding fish (or commercially important aquatic species) habitat and fisheries; 



(2) there is an unusually high level of water-based recreation or the potential for such recreation; 



(3) the waters have already received some special designation such as a North Carolina or National Wild and Scenic 



River, Native or Special Native Trout Waters or National Wildlife Refuge, which do not provide any water quality 



protection; 



(4) the waters represent an important component of a state or national park or forest; or 



(5) the waters are of special ecological or scientific significance such as habitat for rare or endangered species or as areas 



for research and education. 



(c)  Quality Standards for ORW. 



(1) Freshwater: Water quality conditions shall be maintained to protect the outstanding resource values of waters classified 



ORW. Management strategies to protect resource values shall be developed on a site specific basis during the 



proceedings to classify waters as ORW. No new discharges or expansions of existing discharges shall be permitted, 



and stormwater controls for all new development activities requiring an Erosion and Sedimentation Control Plan in 



accordance with rules established by the NC Sedimentation Control Commission or an appropriate local erosion and 



sedimentation control program shall be required to follow the stormwater provisions as specified in 15A NCAC 02H 



.1000. Specific stormwater requirements for ORW areas are described in 15A NCAC 02H .1007. 



(2) Saltwater: Water quality conditions shall be maintained to protect the outstanding resource values of waters classified 



ORW. Management strategies to protect resource values shall be developed on a site-specific basis during the 



proceedings to classify waters as ORW. New development shall comply with the stormwater provisions as specified 



in 15A NCAC 02H .1000. Specific stormwater management requirements for saltwater ORWs are described in 15A 











NCAC 02H .1007. New non-discharge permits shall meet reduced loading rates and increased buffer zones, to be 



determined on a case-by-case basis. No dredge or fill activities shall be allowed if those activities would result in a 



reduction of the beds of submerged "submerged aquatic vegetation habitat" or a reduction of shellfish "shellfish 



producing habitat habitat" as that are defined in 15A NCAC 03I .0101(b)(20)(A) and (B), .0101, hereby incorporated 



by reference including subsequent amendments and editions, except for maintenance dredging, such as that required 



to maintain access to existing channels and facilities located within the designated areas or maintenance dredging for 



activities such as agriculture. A public hearing is mandatory for any proposed permits to discharge to waters classified 



as ORW. 



Additional actions to protect resource values shall be considered on a site specific basis during the proceedings to classify waters as 



ORW and shall be specified in Paragraph (e)(d) of this Rule. These actions may include anything within the powers of the Commission. 



The Commission shall also consider local actions which have been taken to protect a water body in determining the appropriate state 



protection options. Descriptions of boundaries of waters classified as ORW are included in Paragraph (e) of this Rule and in the Schedule 



of Classifications (15A NCAC 02B .0302 through 02B .0317) as specified for the appropriate river basin and shall also be described on 



maps maintained by the Division of Water Quality. 



(d)  Petition Process. Any person may petition the Commission to classify a surface water of the state as an ORW. The petition shall 



identify the exceptional resource value to be protected, address how the water body meets the general criteria in Paragraph (a) of this 



Rule, and the suggested actions to protect the resource values. The Commission may request additional supporting information from the 



petitioner. The Commission or its designee shall initiate public proceedings to classify waters as ORW or shall inform the petitioner that 



the waters do not meet the criteria for ORW with an explanation of the basis for this decision. The petition shall be sent to: 



 



Director 



DENR/Division of Water Quality 



1617 Mail Service Center 



Raleigh, North Carolina 27699- 



The envelope containing the petition shall clearly bear the notation: RULE-MAKING PETITION FOR ORW CLASSIFICATION. 



(e)(d)  Listing of Waters Classified ORW with Specific Actions. Waters classified as ORW with specific actions to protect exceptional 



resource values are listed as follows: 



(1) Roosevelt Natural Area [White Oak River Basin, Index Nos. 20-36-9.5-(1) and 20-36-9.5-(2)] including all fresh and 



saline waters within the property boundaries of the natural area shall have only new development which complies with 



the low density option in the stormwater rules as specified in 15A NCAC 2H .1005(2)(a) within 575 feet of the 



Roosevelt Natural Area (if the development site naturally drains to the Roosevelt Natural Area); 



(2) Chattooga River ORW Area (Little Tennessee River Basin and Savannah River Drainage Area): the following 



undesignated waterbodies that are tributary to ORW designated segments shall comply with Paragraph (c) of this Rule 



in order to protect the designated waters as per Rule .0203 of this Section. However, expansions of existing discharges 



to these segments shall be allowed if there is no increase in pollutant loading: 



(A) North and South Fowler Creeks; 



(B) Green and Norton Mill Creeks; 



(C) Cane Creek; 



(D) Ammons Branch; 



(E) Glade Creek; and 



(F) Associated tributaries; 



(3) Henry Fork ORW Area (Catawba River Basin): the following undesignated waterbodies that are tributary to ORW 



designated segments shall comply with Paragraph (c) of this Rule in order to protect the designated waters as per Rule 



.0203 of this Section: 



(A) Ivy Creek; 



(B) Rock Creek; and 



(C) Associated tributaries; 



(4) South Fork New and New Rivers ORW Area [New River Basin (Index Nos. 10-1-33.5 and 10)]: the following 



management strategies, in addition to the discharge requirements specified in Subparagraph (c)(1) of this Rule, shall 



be applied to protect the designated ORW areas: 



(A) Stormwater controls described in Subparagraph (c)(1) of this Rule shall apply to land within one mile of and 



that drains to the designated ORW areas; 



(B) New or expanded National Pollutant Discharge Elimination System NPDES (NPDES) permitted wastewater 



discharges located upstream of the designated ORW (for the North Fork New River ORW are area; see 



Subparagraph (14) of this Paragraph) shall be permitted such that the following water quality standards are 



maintained in the ORW segment: 



(i) the total volume of treated wastewater for all upstream discharges combined shall not exceed 50 



percent of the total instream flow in the designated ORW under 7Q10 conditions, which are defined 



in Rule .0206(a)(1) of this Section; 



(ii) a safety factor shall be applied to any chemical allocation such that the effluent limitation for a 



specific chemical constituent shall be the more stringent of either the limitation allocated under 



design conditions (pursuant to 15A NCAC 02B .0206) pursuant to Rule .0206 of this Section for the 



normal standard at the point of discharge, or the limitation allocated under design conditions for 



one-half the normal standard at the upstream border of the ORW segment; 











(iii) a safety factor shall be applied to any discharge of complex wastewater (those containing or 



potentially containing toxicants) to protect for chronic toxicity in the ORW segment by setting the 



whole effluent toxicity limitation at the higher (more stringent) percentage effluent determined 



under design conditions (pursuant to 15A NCAC 02B .0206) pursuant to Rule .0206 of this Section 



for either the instream effluent concentration at the point of discharge or twice the effluent 



concentration calculated as if the discharge were at the upstream border of the ORW segment; 



(C) New or expanded NPDES permitted wastewater discharges located upstream of the designated ORW (for the 



North Fork New River ORW area; see Subparagraph (14) of this Paragraph) shall comply with the following: 



(i) Oxygen Consuming Wastes: Effluent limitations shall be as follows: BOD = 5 mg/1, and NH3-N = 



2 mg/1; 



(ii) Total Suspended Solids: Discharges of total suspended solids (TSS) shall be limited to effluent 



concentrations of 10 mg/1 for trout waters and to 20 mg/1 for all other waters; 



(iii) Emergency Requirements: Failsafe treatment designs shall be employed, including stand-by power 



capability for entire treatment works, dual train design for all treatment components, or equivalent 



failsafe treatment designs;  



(iv) Nutrients: Where nutrient overenrichment is projected to be a concern, effluent limitations shall be 



set for phosphorus or nitrogen, or both;  



(5) Old Field Creek (New River Basin): the undesignated portion of Old Field Creek (from its source to Call Creek) shall 



comply with Paragraph (c) of this Rule in order to protect the designated waters as per Rule .0203 of this Section; 



(6) In the following designated waterbodies, no additional restrictions shall be placed on new or expanded marinas. The 



only new or expanded NPDES permitted discharges that shall be allowed shall be non-domestic, non-process industrial 



discharges. The Alligator River Area (Pasquotank River Basin) extending from the source of the Alligator River to 



the U.S. Highway 64 bridge including New Lake Fork, North West Fork Alligator River, Juniper Creek, Southwest 



Fork Alligator River, Scouts Bay, Gum Neck Creek, Georgia Bay, Winn Bay, Stumpy Creek Bay, Stumpy Creek, 



Swann Creek (Swann Creek Lake), Whipping Creek (Whipping Creek Lake), Grapevine Bay, Rattlesnake Bay, The 



Straits, The Frying Pan, Coopers Creek, Babbitt Bay, Goose Creek, Milltail Creek, Boat Bay, Sandy Ridge Gut 



(Sawyer Lake) and Second Creek, but excluding the Intracoastal Waterway (Pungo River-Alligator River Canal) and 



all other tributary streams and canals; 



(7) In the following designated waterbodies, the only type of new or expanded marina that shall be allowed shall be those 



marinas located in upland basin areas, or those with less than 10 slips, having no boats over 21 feet in length and no 



boats with heads. The only new or expanded NPDES permitted discharges that shall be allowed shall be non-domestic, 



non-process industrial discharges: 



(A) The Northeast Swanquarter Bay Area including all waters northeast of a line from a point at Lat. 35E 23N 



51O and Long. 76E 21N 02O thence southeast along the Swanquarter National Wildlife Refuge hunting 



closure boundary (as defined by the 1935 Presidential Proclamation) to Drum Point. 



(B) The Neuse-Southeast Pamlico Sound Area (Southeast Pamlico Sound Section of the Southeast Pamlico, Core 



and Back Sound Area); (Neuse River Basin) including all waters within an area defined by a line extending 



from the southern shore of Ocracoke Inlet northwest to the Tar-Pamlico River and Neuse River basin 



boundary, then southwest to Ship Point. 



(C) The Core Sound Section of the Southeast Pamlico, Core and Back Sound Area (White Oak River Basin), 



including all waters of Core Sound and its tributaries, but excluding Nelson Bay, Little Port Branch and 



Atlantic Harbor at its mouth, and those tributaries of Jarrett Bay that are closed to shellfishing. 



(D) The Western Bogue Sound Section of the Western Bogue Sound and Bear Island Area (White Oak River 



Basin) including all waters within an area defined by a line from Bogue Inlet to the mainland at SR 1117 to 



a line across Bogue Sound from the southwest side of Gales Creek to Rock Point, including Taylor Bay and 



the Intracoastal Waterway. 



(E) The Stump Sound Area (Cape Fear River Basin) including all waters of Stump Sound and Alligator Bay from 



marker Number 17 to the western end of Permuda Island, but excluding Rogers Bay, the Kings Creek 



Restricted Area and Mill Creek.  



(F) The Topsail Sound and Middle Sound Area (Cape Fear River Basin) including all estuarine waters from New 



Topsail Inlet to Mason Inlet, including the Intracoastal Waterway and Howe Creek, but excluding Pages 



Creek and Futch Creek; 



(8) In the following designated waterbodies, no new or expanded NPDES permitted discharges and only new or expanded 



marinas with less than 10 slips, having no boats over 21 feet in length and no boats with heads shall be allowed: 



(A) The Swanquarter Bay and Juniper Bay Area (Tar-Pamlico River Basin) including all waters within a line 



beginning at Juniper Bay Point and running south and then west below Great Island, then northwest to Shell 



Point and including Shell Bay, Swanquarter and Juniper Bays and their tributaries, but excluding all waters 



northeast of a line from a point at Lat. 35E 23N 51O and Long. 76E 21N 02O thence southeast along the 



Swanquarter National Wildlife Refuge hunting closure boundary (as defined by the 1935 Presidential 



Proclamation) to Drum Point and also excluding the Blowout Canal, Hydeland Canal, Juniper Canal and 



Quarter Canal. 



(B) The Back Sound Section of the Southeast Pamlico, Core and Back Sound Area (White Oak River Basin) 



including that area of Back Sound extending from Core Sound west along Shackleford Banks, then north to 



the western most point of Middle Marshes and along the northwest shore of Middle Marshes (to include all 











of Middle Marshes), then west to Rush Point on Harker's Island, and along the southern shore of Harker's 



Island back to Core Sound. 



(C) The Bear Island Section of the Western Bogue Sound and Bear Island Area (White Oak River Basin) 



including all waters within an area defined by a line from the western most point on Bear Island to the 



northeast mouth of Goose Creek on the mainland, east to the southwest mouth of Queen Creek, then south to 



green marker No. 49, then northeast to the northern most point on Huggins Island, then southeast along the 



shoreline of Huggins Island to the southeastern most point of Huggins Island, then south to the northeastern 



most point on Dudley Island, then southwest along the shoreline of Dudley Island to the eastern tip of Bear 



Island. 



(D) The Masonboro Sound Area (Cape Fear River Basin) including all waters between the Barrier Islands and 



the mainland from Carolina Beach Inlet to Masonboro Inlet; 



(9) Black and South Rivers ORW Area (Cape Fear River Basin) [Index Nos. 18-68-(0.5), 18-68-(3.5), 18-68-(11.5), 



18-68-12-(0.5), 18-68-12-(11.5), and 18-68-2]: the following management strategies, in addition to the discharge 



requirements specified in Subparagraph (c)(1) of this Rule, shall be applied to protect the designated ORW areas: 



(A) Stormwater controls described in Subparagraph (c)(1) of this Rule shall apply to land within one mile of and 



that drains to the designated ORW areas;  



(B) New or expanded NPDES permitted wastewater discharges located one mile upstream of the stream segments 



designated ORW (upstream on the designated mainstem and upstream into direct tributaries to the designated 



mainstem) shall comply with the following discharge restrictions: 



(i) Oxygen Consuming Wastes: Effluent limitations shall be as follows: BOD = 5 mg/l and NH3-N = 



2 mg/l; 



(ii) Total Suspended Solids: Discharges of total suspended solids (TSS) shall be limited to effluent 



concentrations of 20 mg/l; 



(iii) Emergency Requirements: Failsafe treatment designs shall be employed, including stand-by power 



capability for entire treatment works, dual train design for all treatment components, or equivalent 



failsafe treatment designs; 



(iv) Nutrients: Where nutrient overenrichment is projected to be a concern, effluent limitations shall be 



set for phosphorus or nitrogen, or both.  



(v) Toxic substances: In cases where complex discharges (those containing or potentially containing 



toxicants) may be currently present in the discharge, a safety factor shall be applied to any chemical 



or whole effluent toxicity allocation. The limit for a specific chemical constituent shall be allocated 



at one-half of the normal standard at design conditions. Whole effluent toxicity shall be allocated to 



protect for chronic toxicity at an effluent concentration equal to twice that which is acceptable under 



flow design criteria (pursuant to 15A NCAC 02B .0206); pursuant to Rule .0206 of the Section. 



(10) Lake Waccamaw ORW Area (Lumber River Basin) [Index No. 15-2]: all undesignated waterbodies that are tributary 



to Lake Waccamaw shall comply with Paragraph (c) of this Rule in order to protect the designated waters as per Rule 



.0203 of this Section; 



(11) Swift Creek and Sandy Creek ORW Area (Tar-Pamlico River Basin) [portion of Index No. 28-78-(0.5) and Index No. 



28-78-1-(19)]: all undesignated waterbodies that drain to the designated waters shall comply with Paragraph (c) of 



this Rule in order to protect the designated waters as per Rule .0203 of this Section and to protect outstanding resource 



values found in the designated waters as well as in the undesignated waters that drain to the designated waters; 



(12) Fontana Lake North Shore ORW Area (Little Tennessee River Basin and Savannah River Drainage Area) [Index Nos. 



2-96 through 2-164 (excluding all waterbodies that drain to the south shore of Fontana Lake) consists of the entire 



watersheds of all creeks that drain to the north shore of Fontana Lake between Eagle and Forney Creeks, including 



Eagle and Forney Creeks. In addition to the requirements specified in Subparagraph (c)(1) of this Rule, any person 



conducting development activity disturbing greater than or equal to 5,000 square feet of land area in the designated 



ORW area shall undertake the following actions to protect the outstanding resource values of the designated ORW 



and downstream waters: 



(A) investigate for the presence of and identify the composition of acid-producing rocks by exploratory drilling 



or other means and characterize the net neutralization potential of the acid-producing rocks prior to 



commencing the land-disturbing activity; 



(B) avoid areas to the maximum extent practical where acid-producing rocks are found with net neutralization 



potential of –5 or less; 



(C) establish background levels of acidity and mineralization prior to commencing land-disturbing activity, and 



monitor and maintain baseline water quality conditions for the duration of the land-disturbing activity and 



for any period thereafter not less than two years as determined by the Division as part of a certification issued 



in accordance with 15A NCAC 02H .0500 or stormwater permit issued pursuant to this Rule; 



(D) obtain a National Pollutant Discharge Elimination System NPDES permit for construction pursuant to Rule 



15A NCAC 02H .0126 prior to initiating land-disturbing activity; 



(E) design stormwater control systems to control and treat stormwater runoff generated from all surfaces 



generated by one inch of rainfall in accordance with 15A NCAC 02H. 1008; and 



(F) replicate pre-development runoff characteristics and mimic the natural and unique hydrology of the site, post 



development.  



(13) Horsepasture River ORW Area (Savannah Drainage Area) [Index No. 4-13-(0.5) and Index No. 4-13-(12.5)]: all 



undesignated waterbodies that are located within the Horsepasture River watershed shall comply with Paragraph (c) 











of this Rule in order to protect the designated waters as per Rule .0203 of this Section and to protect outstanding 



resource values found throughout the watershed. However, new domestic wastewater discharges and expansions of 



existing wastewater discharges may be allowed provided that: 



(A) Oxygen Consuming Wastes: Effluent limitations shall be as follows: BOD = 5 mg/l, and NH3-N = 2 mg/l; 



(B) Total Suspended Solids: Discharges of total suspended solids (TSS) shall be limited to effluent concentrations 



of 10 mg/1 for trout waters and to 20 mg/l for all other waters except for mining operations, which will be 



held to their respective NPDES TSS permit limits; 



(C) Nutrients: Where nutrient overenrichment is projected to be a concern, effluent limitations shall be set for 



phosphorus or nitrogen, or both; and 



(D) Volume: The total volume of treated wastewater for all discharges combined shall not exceed 25 percent of 



the total instream flow in the designated ORW under 7Q10 conditions, which are defined in Rule .0206(a)(1) 



of this Section;  



(14) North Fork New River ORW Area (New River Basin) [Index Nos. 10-2-(1), 10-2-(11) and 10-2-(12)]: all non-ORW 



waterbodies including Little Buffalo Creek and Claybank Creek [Index Nos. 10-2-20-1 and 10-2-20-1-1] that are 



located within the North Fork New River watershed shall comply with Rule .0224 of this Section in order to protect 



the ORW designated waters. 



 



History Note: Authority G.S. 143-214.1; S.L. 2005-97; 



Eff. October 1, 1995; 



Amended Eff. August 1, 2003 (see S.L. 2003-433, s.2); August 1, 2000; April 1, 1996; January 1, 1996; 



Temporary Amendment Eff. October 7, 2003; 



Amended Eff. December 1, 2010; July 1, 2009; January 1, 2007; June 1, 2004. 



 



15A NCAC 02B .0226 EXEMPTIONS FROM SURFACE WATER QUALITY STANDARDS (READOPTION WITHOUT 



SUBSTANTIVE CHANGES) 



 



15A NCAC 02B .0227 WATER QUALITY MANAGEMENT PLANS (READOPTION WITHOUT SUBSTANTIVE 



CHANGES) 



 



15A NCAC 02B 0228 EFFLUENT CHANNELS (READOPTION WITHOUT SUBSTANTIVE CHANGES) 



 



15A NCAC 02B .0230 ACTIVITIES DEEMED TO COMPLY WITH WETLANDS STANDARDS (READOPTION 



WITHOUT SUBSTANTIVE CHANGES) 



 



15A NCAC 02B .0231 WETLAND STANDARDS 



(a)  Wetlands shall be assigned to one of the following classifications: 



(1) Class WL: waters that meet the definition of wetlands as defined in Rule .0202 of this Section except those designated 



as SWL. 



(2) Class SWL: waters that meet the definition of coastal wetlands as defined by 15A NCAC 07H .0205, which are 



landward of the mean high water line, and wetlands contiguous to estuarine waters as defined by 15A NCAC 07H 



.0206. 



In addition, the EMC may classify wetlands that are of exceptional state or national ecological significance which require special 



protection to maintain existing uses as unique wetlands (UWL). UWLs may include wetlands that have been documented as habitat 



essential for the conservation of state or federally listed threatened or endangered species. 



(a)(b)  General. The water quality standards for all wetlands are designed to protect, preserve, restore and enhance the quality and uses 



of wetlands and other waters of the state influenced by wetlands. The following are wetland uses: 



(1) Storm and flood water storage and retention and the moderation of extreme water level fluctuations; 



(2) Hydrologic functions including groundwater discharge that contributes to maintain dry weather streamflow and, at 



other locations or times, groundwater recharge that replenishes the groundwater system; 



(3) Filtration or storage of sediments, nutrients, toxic substances, or other pollutants that would otherwise adversely 



impact the quality of other waters of the state; 



(4) Shoreline protection against erosion through the dissipation of wave energy and water velocity and stabilization of 



sediments; 



(5) Habitat for the propagation of resident wetland-dependent aquatic organisms including, but not limited to fish, 



crustaceans, mollusks, insects, annelids, planktonic organisms and the plants and animals upon which these aquatic 



organisms feed and depend upon for their needs in all life stages; and 



(6) Habitat for the propagation of resident wetland-dependent wildlife species, including mammals, birds, reptiles and 



amphibians for breeding, nesting, cover, travel corridors and food. 



(b)(c)  The following standards shall be used to assure the maintenance or enhancement of the existing uses of wetlands identified in 



Paragraph (a)(b) of this Rule: 



(1) Liquids, fill or other solids or dissolved gases may not be present in amounts which may cause adverse impacts on 



existing wetland uses; 



(2) Floating or submerged debris, oil, deleterious substances, or other material may not be present in amounts which may 



cause adverse impacts on existing wetland uses; 











(3) Materials producing color, odor, taste or unsightliness may not be present in amounts which may cause adverse 



impacts on existing wetland uses; 



(4) Concentrations or combinations of substances which are toxic or harmful to human, animal or plant life may not be 



present in amounts which individually or cumulatively may cause adverse impacts on existing wetland uses; 



(5) Hydrological conditions necessary to support the biological and physical characteristics naturally present in wetlands 



shall be protected to prevent adverse impacts on: 



(A) Water currents, erosion or sedimentation patterns; 



(B) Natural water temperature variations; 



(C) The chemical, nutrient and dissolved oxygen regime of the wetland; 



(D) The movement of aquatic fauna; 



(E) The pH of the wetland; and 



(F) Water levels or elevations. 



(6) The populations of wetland flora and fauna shall be maintained to protect biological integrity as defined at 15A NCAC 



2B .0202. Rule .0202 of this Section. 



 



History Note: Authority G.S. 143-214.1; 143-215.3(a)(1); 



RRC Objection Eff. July 18, 1996 due to lack of statutory authority and ambiguity; 



Eff. October 1, 1996. 



 



SECTION .0300 - ASSIGNMENT OF STREAM CLASSIFICATIONS 



 



15A NCAC 02B .0301 CLASSIFICATIONS: GENERAL 



(a)  Schedule of Classifications. The classifications assigned to the waters of the State of North Carolina are set forth in the schedules 



of classifications and water quality standards assigned to the waters of the river basins of North Carolina, 15A NCAC 2B .0302 to .0317. 



river basin classification schedules provided on the Internet at http://portal.ncdenr.org/web/wq/ps/csu/classifications and in Rules .0302 



to .0317 of this Section. These classifications are based upon the existing or contemplated best usage of the various streams and segments 



of streams in the basin, as determined through studies and evaluations and the holding of public hearings for consideration of the 



classifications proposed. procedures described in Rule .0101 of this Subchapter. 



(b)  Stream Names. The names of the streams listed in the schedules of assigned classifications were taken as far as possible from United 



States Geological Survey topographic maps. Where topographic maps were unavailable, U.S. Corps of Engineers maps, U.S. Department 



of Agriculture soil maps, and North Carolina highway maps were used for the selection of stream names. 



(c)(b)  Classifications. The classifications assigned to the waters of North Carolina are denoted by the letters WS-I, WS-II, WS-III, 



WS-IV, WS-V, B, C, SA, SB, and SC in the column headed "class." C, B, WS-I, WS-II, WS-III, WS-IV, WS-V, WL, SC, SB, SA, 



SWL, Tr, Sw, NSW, ORW, HQW, and UWL. A brief explanation of the "best usage" for which the waters in each class must be 



protected is given as follows: The "best usage", as defined in Rule .0202 of this Subchapter, for each classification is defined in the rules 



as follows: 



Fresh Waters 



Class WS-I: waters protected as water supplies which are in natural and undeveloped watersheds; in public ownership; point source 



discharges of treated wastewater are permitted pursuant to Rules .0104 and .0211 of this Subchapter; local programs to control nonpoint 



source and stormwater discharge of pollution are required; suitable for all Class C uses; 



Class WS-II: waters protected as water supplies which are generally in predominantly undeveloped watersheds; point source 



discharges of treated wastewater are permitted pursuant to Rules .0104 and .0211 of this Subchapter; local programs to control nonpoint 



source and stormwater discharge of pollution are required; suitable for all Class C uses; 



Class WS-III: waters protected as water supplies which are generally in low to moderately developed watersheds; point source 



discharges of treated wastewater are permitted pursuant to Rules .0104 and .0211 of this Subchapter; local programs to control nonpoint 



source and stormwater discharge of pollution are required; suitable for all Class C uses; 



Class WS-IV: waters protected as water supplies which are generally in moderately to highly developed watersheds; point source 



discharges of treated wastewater are permitted pursuant to Rules .0104 and .0211 of this Subchapter; local programs to control nonpoint 



source and stormwater discharge of pollution are required; suitable for all Class C uses; 



Class WS-V: waters protected as water supplies which are generally upstream and draining to Class WS-IV waters or waters 



previously used for drinking water supply purposes or waters used by industry to supply their employees, but not municipalities or 



counties, with a raw drinking water supply source, although this type of use is not restricted to a WS-V classification; no categorical 



restrictions on watershed development or treated wastewater discharges are required, however, the Commission or its designee may 



apply appropriate management requirements as deemed necessary for the protection of downstream receiving waters (15A NCAC 2B 



.0203); suitable for all Class C uses; 



Class B: primary recreation and any other usage specified by the "C" classification; 



Class C: aquatic life propagation and survival, fishing, wildlife, secondary recreation, and agriculture. 



Tidal Salt Waters: 



Class SA: shellfishing for market purposes and any other usage specified by the "SB" and "SC" classification; 



Class SB: primary recreation and any other usage specified by the "SC" classification; 



Class SC: aquatic life propagation and survival, fishing, wildlife, and secondary recreation. 



Supplemental Classifications 



Trout Waters: Suitable for natural trout propagation and maintenance of stocked trout; 



Swamp Waters: Waters which have low velocities and other natural characteristics which are different from adjacent streams; 



NSW:  Nutrient Sensitive Waters which require limitations on nutrient inputs; 











HQW:  High Quality Waters which are waters that are rated as excellent based on biological and physical/chemical 



characteristics through division monitoring or special studies, native and special native trout waters (waters and their tributaries) 



designated by the Wildlife Resources Commission, primary nursery areas (PNA) designated by the Marine Fisheries Commission and 



other functional nursery areas designated by the Wildlife Resources Commission, critical habitat areas designated by the Wildlife 



Resources Commission or the Department of Agriculture, all water supply watersheds which are either classified as WS-I or WS-II or 



those for which a formal petition for reclassification as WS-I or WS-II has been received from the appropriate local government and 



accepted by the Division of Environmental Management and all Class SA waters. 



ORW:  Outstanding Resource Waters which are unique and special waters of exceptional state or national recreational or 



ecological significance which require special protection to maintain existing uses. 



FWS:  Future Water Supply Waters which are waters intended for future drinking water supply purposes. 



(1) Fresh Waters Classifications: 



(A) Class C: Rule .0211 of this Subchapter; 



(B) Class B: Rule .0219 of this Subchapter; 



(C) Class WS-I (Water Supply): Rule .0212 of this Subchapter; 



(D) Class WS-II (Water Supply): Rule .0214 of this Subchapter; 



(E) Class WS-III (Water Supply): Rule .0215 of this Subchapter; 



(F) Class WS-IV (Water Supply): Rule .0216 of this Subchapter; 



(G) Class WS-V (Water Supply): Rule .0218 of this Subchapter; and 



(H) Class WL (Wetlands): Rule .0231 of this Subchapter. 



(2) Tidal Salt Waters Classifications: 



(A) Class SC: Rule .0220 of this Subchapter;  



(B) Class SB: Rule .0222 of this Subchapter; 



(C) Class SA: Rule .0221 of this Subchapter; and 



(D) Class SWL: Rule .0231 of this Subchapter. 



(3) Supplemental Classifications: 



(A) Class Tr (Trout Waters): Rule .0202 of this Subchapter; 



(B) Class Sw (Swamp): Rule .0202 of this Subchapter; 



(C) Class NSW (Nutrient Sensitive Waters): Rule .0223 of this Subchapter; 



(D) Class ORW (Outstanding Resource Waters): Rule .0225 of this Subchapter; 



(E) Class HQW (High Quality Waters): Rule .0224 of this Subchapter; and 



(F) Class UWL (Unique Wetlands): Rule .0231 of this Subchapter. 



(d)(c)  Water Quality Standards. The water quality standards applicable to each classification assigned are those established in 15A 



NCAC 2B .0200, Classifications and Water Quality Standards Applicable to the Surface Waters of North Carolina, as adopted by the 



North Carolina Environmental Management Commission. the rules of Section .0200 of this Subchapter. 



(e(1)  Reading the Index Number. The index number appearing in the column so designated is an identification number assigned to each 



stream or segment of a stream, indicating the specific tributary progression between the main stem stream and the tributary stream. 



(2) Cross-Referencing the Index Number. The inclusion of the index number in the schedule is to provide a cross reference 



between the classification schedules and an alphabetic list of streams. 



(d)  Index Number. The index number is an identification number assigned to each stream or segment of a stream, indicating the specific 



tributary progression between the main stem stream and tributary stream. The index number can be referenced to the Division's river 



basin classification schedules (hydrologic and alphabetic) for each river basin. The schedules are available online at 



http://portal.ncdenr.org/web/wq/ps/csu/classifications 



(f)(e)  Classification Date. The classification date indicates the date on which enforcement of the provisions of Section 143-215.1 of the 



General Statutes 143-215.1 of North Carolina became effective with reference to the classification assigned to the various streams in 



North Carolina. 



(g)  Reference. Copies of the schedules of classifications adopted and assigned to the waters of the various river basins may be obtained 



at no charge by writing to: 



Director 



Division of Environmental Management 



Department of Environment, Health, and Natural Resources 



Post Office Box 29535 



Raleigh, North Carolina 27626-0535 



(h) Places where the schedules may be inspected: 



Division of State Library 



Archives - State Library Building 



109 E. Jones Street 



Raleigh, North Carolina. 



(i)(f)  Unnamed Streams. 



(1) Any stream which that is not named listed in the schedule of stream classifications a river basin classification schedule 



carries the same classification as that assigned to the stream segment to which it is tributary except: 



(A) unnamed streams specifically described in the schedule of classifications; or 



(B)(A) unnamed freshwaters tributary to tidal saltwaters will be classified "C"; or 



(C)(B) after November 1, 1986, any newly created areas of tidal saltwater created by approved dredging projects 



and which are connected to Class SA waters by approved dredging projects will be classified "SC" unless 



case-by-case reclassification proceedings are conducted. conducted per Rule .0101 of this Subchapter. 











(2) The following river basins have different policies for unnamed streams entering other states or for specific areas of 



the basin: 



Hiwassee River Basin (Rule .0302); Little Tennessee River Basin and Savannah River Drainage Area (Rule .0303); 



French Broad River Basin (Rule .0304); Watauga River Basin (Rule .0305); Broad River Basin (Rule .0306); New 



River Basin (Rule .0307); Catawba River Basin (Rule .0308); Yadkin-Pee Dee River Basin (Rule .0309); Lumber 



River Basin (Rule .0310); Roanoke River Basin (Rule .0313); Tar-Pamlico River Basin (Rule .0316); Pasquotank 



River Basin (Rule .0317). 



(A) Hiwassee River Basin (Rule .0302 of this Section); 



(B) Little Tennessee River Basin and Savannah River Drainage Area (Rule .0303 of this Section); 



(C) French Broad River Basin (Rule .0304 of this Section); 



(D) Watauga River Basin (Rule .0305 of this Section); 



(E) Broad River Basin (Rule .0306 of this Section); 



(F) New River Basin (Rule .0307 of this Section); 



(G) Catawba River Basin (Rule .0308 of this Section); 



(H) Yadkin-Pee Dee River Basin (Rule .0309 of this Section); 



(I) Lumber River Basin (Rule .0310 of this Section); 



(J) Roanoke River Basin (Rule .0313 of this Section); 



(K) Tar-Pamlico River Basin (Rule .0316 of this Section); and 



(L) Pasquotank River Basin (Rule .0317 of this Section). 



 



History Note: Authority G.S. 143-214.1; 143-214.5; 143-215.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. August 1, 1995; August 3, 1992; August 1, 1990; October 1, 1989. 



 



15A NCAC 02B .0302 HIWASSEE RIVER BASIN 



(a)  Places where the schedule may be inspected: Classifications assigned to the waters within the Hiwassee River Basin are set forth in 



the Hiwassee River Basin Classification Schedule, which may be inspected at the following places: 



(1) Clerk of Court: 



Cherokee County 



Clay County; the Internet at http://portal.ncdenr.org/web/wq/ps/csu/classifications; and 



(2) the North Carolina Department of Environment, Health, and Natural Resources Environmental Quality 



(A) Asheville Regional Office Interchange Building 



59 Woodfin Place 2090 US 70 



Asheville, North Carolina. Swannanoa, North Carolina; and 



(B) Division of Water Resources 



Central Office 



512 North Salisbury Street 



Raleigh, North Carolina. 



(b)  Unnamed Streams. Such streams entering Georgia or Tennessee shall be classified "C Tr." 



(c)  The Hiwassee River Basin Schedule of Classifications and Water Quality Standards Classification Schedule was amended effective: 



(1) August 9, 1981; 



(2) February 1, 1986; 



(3) March 1, 1989; 



(4) August 1, 1990; 



(5) August 3, 1992; 



(6) July 1, 1995; 



(7) August 1, 2002. 



(d)  The Schedule of Classifications and Water Quality Standards for the Hiwassee River Basin Classification Schedule was amended 



effective March 1, 1989 as follows: 



(1) Fires Creek (Index No. 1-27) and all tributary waters were reclassified from Class C-trout and Class C to Class C-trout 



ORW and Class C ORW. 



(2) Gipp Creek (Index No. 1-52-23) and all tributary waters were reclassified from Class C-trout and Class C to Class 



C-trout ORW and Class C ORW. 



(e)  The Schedule of Classifications and Water Quality Standards for the Hiwassee River Basin Classification Schedule was amended 



effective August 3, 1992 with the reclassification of all water supply waters (with a primary classification of WS-I, WS-II or WS-III). 



These waters were reclassified to WS-I, WS-II, WS-III, WS-IV or WS-V as defined in the revised water supply protection rules, (15A 



NCAC 02B .0100, .0200 and .0300) which became effective on August 3, 1992. In some cases, streams with primary classifications 



other than WS were reclassified to a WS classification due to their proximity and linkage to water supply waters. In other cases, waters 



were reclassified from a WS classification to an alternate appropriate primary classification after being identified as downstream of a 



water supply intake or identified as not being used for water supply purposes. 



(f)  The Schedule of Classifications and Water Quality Standards for the Hiwassee River Basin Classification Schedule was amended 



effective July 1, 1995 with the reclassification of the Hiwassee River [Index Nos. 1-(42.7) and 1-(48.5)] from McComb Branch to the 



Town of Murphy water supply intake including tributaries from Classes WS-IV and WS-IV CA to Classes WS-IV, WS-IV CA, WS-V 



and C. 











(g)  The Schedule of Classifications and Water Quality Standards for the Hiwassee River Basin Classification Schedule was amended 



effective August 1, 2002 with the reclassification of the Hiwassee River [portion of Index No. 1-(16.5)] from a point 1.2 mile upstream 



of mouth of McComb Branch to a point 0.6 mile upstream of McComb Branch (Town of Murphy proposed water supply intake) from 



Class WS-IV to Class WS-IV CA. 



 



History Note: Authority G.S. 143-214.1; 143-215.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. August 1, 2002; July 1, 1995; August 3, 1992; August 1, 1990; March 1, 1989. 



 



15A NCAC 02B .0303 LITTLE TENNESSEE RIVER BASIN AND SAVANNAH RIVER DRAINAGE AREA 



(a)  The Classifications assigned to the waters within the Little Tennessee River Basin and Savannah River Drainage Area Schedule of 



Classifications and Water Quality Standards are set forth in the Little Tennessee River Basin and Savannah River Drainage Area 



Classification Schedule, which may be inspected at the following places: 



(1) the Internet at http://h2o.enr.state.nc.us/csu/; http://portal.ncdenr.org/web/wq/ps/csu/classifications; and 



(2) the North Carolina Department of Environment and Natural Resources: Environmental Quality: 



(A) Asheville Regional Office 



2090 US Highway 70 



Swannanoa, North Carolina Carolina; and 



(B) Division of Water Quality Resources 



Central Office 



512 North Salisbury Street 



Raleigh, North Carolina. 



(b)  Unnamed Streams. Such streams entering Georgia or Tennessee shall be classified "C Tr." Such streams in the Savannah River 



drainage area entering South Carolina shall be classified "B Tr." 



(c)  The Little Tennessee River Basin and Savannah River Drainage Area Schedule of Classifications and Water Quality Standards 



Classification Schedule was amended effective: 



(1) February 16, 1977; 



(2) March 1, 1977; 



(3) July 13, 1980; 



(4) February 1, 1986; 



(5) October 1, 1987; 



(6) March 1, 1989; 



(7) January 1, 1990; 



(8) July 1, 1990; 



(9) August 1, 1990; 



(10) March 1, 1991; 



(11) August 3, 1992; 



(12) February 1, 1993; 



(13) August 1, 1994; 



(14) September 1, 1996; 



(15) August 1, 1998; 



(16) August 1, 2000; 



(17) April 1, 2003; 



(18) January 1, 2007; 



(19) November 1, 2007; 



(20) July 1, 2009. 



(d)  The Schedule of Classifications of Water Quality Standards for the Little Tennessee Basin and Savannah River Drainage Area 



Classification Schedule was amended effective March 1, 1989 as follows: 



(1) Nantahala River (Index No. 2-57) from source to the backwaters of Nantahala Lake and all tributary waters were 



reclassified from Class B-trout, Class C-trout and Class C to Class B-trout ORW, Class C-trout ORW and Class C 



ORW. 



(2) Chattooga River (Index No. 3) including Scotsman Creek, Overflow Creek, Big Creek, Talley Mill Creek and all 



tributary waters were reclassified from Class B-trout, Class C-trout and Class C to Class B-trout ORW, Class C-trout 



ORW and Class C ORW and Clear Creek and all tributary waters were reclassified from Class C-trout and Class C to 



Class B-trout and Class B. 



(e)  The Schedule of Classifications and Water Quality Standards for the Little Tennessee River Basin and Savannah River Drainage 



Area Classification Schedule was amended effective January 1, 1990 as follows: 



(1) North Fork Coweeta Creek (Index No. 2-10-4) and Falls Branch (Index No. 2-10-4-1) were reclassified from Class C 



to Class B. 



(2) Burningtown Creek (Index No. 2-38) was reclassified from C-trout to B-trout. 



(f)  The Schedule of Classifications and Water Quality Standards for the Little Tennessee River Basin and Savannah River Drainage 



Area Classification Schedule was amended effective July 1, 1990 by the reclassification of Alarka Creek (Index No. 2-69) from source 



to Upper Long Creek (Index No. 2-69-2) including all tributaries from Classes C and C Tr to Classes C HQW and C Tr HQW. 



(g)  The Schedule of Classifications and Water Quality Standards for the Little Tennessee River Basin and Savannah River Drainage 



Area Classification Schedule was amended effective March 1, 1991 as follows: 











(1) Cartoogechaye Creek [Index Nos. 2-19-(1) and 2-19-(16)] from Gibson Cove Branch to bridge at U.S. Hwy. 23 and 



441 and from the bridge at U.S. Hwy. 23 and 441 to the Little Tennessee River was reclassified from Classes WS-III 



Tr and C Tr to Classes WS-III and B Tr and B Tr respectively. 



(2) Coweeta Creek (Index Nos. 2-10) from its source to the Little Tennessee River including all tributaries except Dryman 



Fork (Index No. 2-10-3) and North Fork Coweeta Creek (Index No. 2-10-4) was reclassified from Classes C and C Tr 



to Classes B and B Tr. 



(h)  The Schedule of Classifications and Water Quality Standards for the Little Tennessee River Basin and Savannah River Drainage 



Area Classification Schedule was amended effective August 3, 1992 with the reclassification of all water supply waters (waters with a 



primary classification of WS-I, WS-II or WS-III). These waters were reclassified to WS-I, WS-II, WS-III, WS-IV or WS-V as defined 



in the revised water supply protection rules, (15A NCAC 02B .0100, .0200 and .0300) which became effective on August 3, 1992. In 



some cases, streams with primary classifications other than WS were reclassified to a WS classification due to their proximity and 



linkage to water supply waters. In other cases, waters were reclassified from a WS classification to an alternate appropriate primary 



classification after being identified as downstream of a water supply intake or identified as not being used for water supply purposes. 



(i)  The Schedule of Classifications and Water Quality Standards for the Little Tennessee River Basin and Savannah River Drainage 



Area Classification Schedule has been amended effective February 1, 1993 as follows: 



(1) Bearwallow Creek from its source to 2.3 miles upstream of the Toxaway River [Index No. 4-7-(1)] was revised to 



indicate the application of an additional management strategy (referencing 15A NCAC 02B .0201(d)(.0201(d) of this 



Subchapter) to protect downstream waters; and 



(2) the Tuckaseegee River from its source to Tennessee Creek [Index No. 2-79-(0.5)] including all tributaries was 



reclassified from Classes WS-III&B Tr HQW, WS-III HQW and WS-III to Classes WS-III Tr ORW and WS-III 



ORW. 



(j)  The Schedule of Classifications and Water Quality Standards for the Little Tennessee River Basin and Savannah River Drainage 



Area Classification Schedule was amended effective August 1, 1994 with the reclassification of Deep Creek [Index Nos. 2-79-63-(1) 



and 2-79-63-(16)] from its source to the Great Smokey Mountains National Park Boundary including tributaries from Classes C Tr, B 



Tr and C Tr HQW to Classes WS-II Tr and WS-II Tr CA. 



(k)  The Schedule of Classifications and Water Quality Standards for the Little Tennessee River Basin and Savannah River Drainage 



Area Classification Schedule was amended effective September 1, 1996 as follows: 



(1) Deep Creek from the Great Smoky Mountains National Park Boundary to the Tuckasegee River [Index no. 2-79-63-



(21)] was reclassified from Class C Tr to Class B Tr; and 



(2) the Tuckasegee River from the West Fork Tuckasegee River to Savannah Creek and from Macks Town Branch to 



Cochran Branch [Index Nos. 2-79-(24), 2-79(29.5) and 2-79-(38)] was reclassified from Classes WS-III Tr, WS-III 



Tr CA and C to Classes WS-III&B Tr, WS-III&B Tr CA and B. 



(l)  The Schedule of Classifications and Water Quality Standards for the Little Tennessee River Basin and Savannah River Drainage 



Area Classification Schedule was amended effective August 1, 1998 with the reclassifications of Thorpe Reservoir (Lake Glenville), 



Hurricane Creek, and Laurel Branch [Index Nos. 2-79-23-(1), 2 -79-23-2, and 2-79-23-2-1 respectively] from classes WS-III&B, WS-



III Tr and WS-III to classes WS-III&B HQW, WS-III Tr HQW, and WS-III HQW. 



(m)  The Schedule of Classifications and Water Quality Standards for the Little Tennessee River Basin and Savannah River Drainage 



Area Classification Schedule was amended August 1, 2000 with the reclassification of Wesser Creek [Index No. 2-79-52-5-1] from its 



source to Williams Branch from Class C to Class C Tr. 



(n)  The Schedule of Classifications and Water Quality Standards for the Little Tennessee River Basin and Savannah River Drainage 



Area Classification Schedule was amended April 1, 2003 with the reclassification of a portion of the Little Tennessee River [Index No. 



2-(1)] from a point 0.4 mile upstream of N.C. Highway 28 to Nantahala River Arm of Fontana Lake from Class C to Class B. 



(o)  The Schedule of Classifications and Water Quality Standards for the Little Tennessee River Basin and Savannah River Drainage 



Area Classification Schedule was amended January 1, 2007 with the reclassification of the entire watersheds of all creeks that drain to 



the north shore of Fontana Lake between Eagle and Forney Creeks, including Eagle and Forney Creeks, [Index Nos. 2-96 through 2-



164 (excluding all waterbodies that drain to the south shore of Fontana Lake)] from Class B, C Tr, WS-IV Tr CA, WS-IV Tr, and WS-



IV & B CA to Class B ORW, C Tr ORW, WS-IV Tr ORW CA, WS-IV Tr ORW, and WS-IV & B ORW CA, respectively. Additional 



site-specific management strategies are outlined in Rule 15A NCAC 02B .0225(e)(12). Rule .0225(e)(12) of this Subchapter. 



(p)  The Schedule of Classifications and Water Quality Standards for the Little Tennessee River Basin and Savannah River Drainage 



Area Classification Schedule was amended effective November 1, 2007 with the reclassification of Richland Balsam Seep near Beechflat 



Creek [Index No. 2-79-28-3-2] to Class WL UWL as defined in 15A NCAC 02B. 0101. UWL. The Division of Water Quality Resources 



maintains a Geographic Information Systems data layer of the UWL. 



(q)  The Schedule of Classifications and Water Quality Standards for the Little Tennessee River Basin and Savannah River Drainage 



Area Classification Schedule was amended July 1, 2009 with the reclassification of the watershed of the lower portion of the 



Horsepasture River [portion of Index Number 4-13-(12.5)] from a point approximately 0.60 miles downstream of N.C. 281 (Bohaynee 



Road) to the NC-SC state line from Class B Tr to Class B Tr ORW, and the watershed of the upper portion of the Horsepasture River 



[Index Number 4-13-(0.5) and a portion of Index Number 4-13-(12.5)] from source to a point approximately 0.60 miles downstream of 



N.C. 281 (Bohaynee Road) to include only the ORW management strategy as represented by "+". The "+" symbol as used in this 



paragraph means that all undesignated waterbodies that are located within the watershed of the upper portion of Horsepasture River 



shall comply with Paragraph (c) of Rule .0225 Rule .0225(c) of this Subchapter in order to protect the designated waters as per Rule 



.0203 of this Subchapter and to protect outstanding resource values found throughout the entire Horsepasture River watershed. Site-



specific management strategies are outlined in 15A NCAC 02B .0225(e)(13). Rule .0225(e)(13) of this Subchapter. 



 



History Note: Authority G.S. 143-214.1; 143-215.1; 143-215.3(a)(1); S.L. 2005-97; 



Eff. February 1, 1976; 











Amended Eff. July 1, 2009; November 1, 2007; January 1, 2007; April 1, 2003; August 1, 2000; August 1, 1998; 



September 1, 1996; August 1, 1994; February 1, 1993; August 3, 1992; March 1, 1991. 



 



15A NCAC 02B .0304 FRENCH BROAD RIVER BASIN 



(a)  Effective February 1, 1976, the adopted classifications Classifications assigned to the waters within the French Broad River Basin 



are set forth in the French Broad River Basin Schedule of Classifications and Water Quality Standards, Classification Schedule, which 



may be inspected at the following places: 



(1) the Internet at http://h2o.enr.state.nc.us/csu/; http://portal.ncdenr.org/web/wq/ps/csu/classifications; and 



(2) the North Carolina Department of Environment and Natural Resources: Environmental Quality: 



(A) Asheville Regional Office 



2090 US Highway 70 



Swannanoa, North Carolina Carolina; and 



(B) Division of Water Quality Resources 



Central Office 



512 North Salisbury Street 



Raleigh, North Carolina. 



(b)  Unnamed Streams. Such streams entering Tennessee are classified "B." 



(c)  The French Broad River Basin Schedule of Classifications and Water Quality Standards Classification Schedule was amended 



effective: 



(1) September 22, 1976; 



(2) March 1, 1977; 



(3) August 12, 1979; 



(4) April 1, 1983; 



(5) August 1, 1984; 



(6) August 1, 1985; 



(7) February 1, 1986; 



(8) May 1, 1987; 



(9) August 1, 1990. 



(d)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule was amended 



effective March 1, 1989 as follows: 



(1) Cataloochee Creek (Index No. 5-41) and all tributary waters were reclassified from Class C-trout and Class C to Class 



C-trout ORW and Class C ORW. 



(2) South Fork Mills River (Index No. 6-54-3) down to Queen Creek and all tributaries were reclassified from Class WS-



I and Class WS-III-trout to Class WS-I ORW and Class WS-III-trout ORW. 



(e)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule was amended 



effective October 1, 1989 as follows: Cane River (Index No. 7-3) from source to Bowlens Creek and all tributaries were reclassified 



from Class C trout and Class C to Class WS-III trout and Class WS-III. 



(f)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule was amended 



effective January 1, 1990 as follows: North Toe River (Index No. 7-2) from source to Cathis Creek (Christ Branch) and all tributaries 



were reclassified from Class C trout and Class C to Class WS-III trout and Class WS-III. 



(g)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule was amended 



effective August 3, 1992 with the reclassification of all water supply waters (waters with a primary classification of WS-I, WS-II or 



WS-III). These waters were reclassified to WS-I, WS-II, WS-III, WS-IV or WS-V as defined in the revised water supply protection 



rules, (15A NCAC 02B .0100, .0200 and .0300) which became effective on August 3, 1992. In some cases, streams with primary 



classifications other than WS were reclassified to a WS classification due to their proximity and linkage to water supply waters. In other 



cases, waters were reclassified from a WS classification to an alternate appropriate primary classification after being identified as 



downstream of a water supply intake or identified as not being used for water supply purposes. 



(h)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule was amended 



effective October 1, 1993 as follows: Reasonover Creek [Index No. 6-38-14-(1)] from source to Reasonover Lake Dam and all tributaries 



were reclassified from Class B Trout to Class WS-V and B Trout, and Reasonover Creek [Index No. 6-38-14-(4)] from Reasonover 



Lake Dam to Lake Julia Dam and all tributaries were reclassified from Class C Trout to Class WS-V Trout. 



(i)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule was amended 



effective July 1, 1995 with the reclassification of Cane Creek [Index Nos. 6-57-(1) and 6-57-(9)] from its source to the French Broad 



River from Classes WS-IV and WS-IV Tr to Classes WS-V, WS-V Tr and WS-IV. 



(j)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule was amended 



effective November 1, 1995 as follows: North Toe River [Index Numbers 7-2-(0.5) and 7-2-(37.5)] from source to a point 0.2 miles 



downstream of Banjo Branch, including tributaries, has been reclassified from Class WS-III, WS-III Trout and WS-III Trout CA (critical 



area) to Class WS-IV Trout, WS-IV, WS-IV Trout CA, and C Trout. 



(k)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule was amended 



effective January 1, 1996 as follows: Stokely Hollow [Index Numbers 6-121.5-(1) and 6-121.5-(2)] from source to mouth of French 



Broad River has been reclassified from Class WS-II and Class WS-II CA to Class C. 



(l)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule was amended 



April 1, 1996 with the reclassification of the French Broad River [Index No. 6-(1)] from a point 0.5 miles downstream of Little River to 



Mill Pond Creek to Class WS-IV; French Broad River [Index No. 6-(51.5)] from a point 0.6 miles upstream of Mills River to Mills 



River to Class WS-IV CA (Critical Area), from Mills River to a point 0.1 miles upstream of Boring Mill Branch to Class C; and the 











Mills River [Index No. 6-54-(5)] was reclassified from City of Hendersonville water supply intake to a point 0.7 miles upstream of 



mouth of Mills River to Class WS-III, and from a point 0.7 miles upstream of mouth of Mills River to French Broad River to Class WS-



III CA (Critical Area). 



(m)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule was 



amended August 1, 1998 with the revision to the primary classification for portions of the French Broad River [Index No. 6-(38.5)] and 



the North Toe River 7-2-(10.5) from Class IV to Class C. 



(n)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule was amended 



August 1, 1998 with the reclassification of Clear Creek [Index No. 6-55-(1)] from its source to Lewis Creek from Class C Tr to Class B 



Tr. 



(o)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule was amended 



August 1, 2000 with the reclassification of Rough Creek [Index No. 5-8-4-(1)], including all tributaries, from its source to the Canton 



Reservoir from Class WS-I to Class WS-I Tr ORW. 



(p)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule was amended 



August 1, 2002 with the revision to the primary classification for the French Broad River [Index No. 6-(1), 6-(27), 6-(47.5), 6-(52.5), 



and 6-(54.5)] including its four headwater forks' mainstems, watershed of tributary Davidson River, and watershed of tributary Bent 



Creek below Powhatan Dam, and the Nolichucky River [Index No. 7] including a lower portion of the North Toe River from Class C 



and Class WS-IV to Class B. 



(q)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule was amended 



August 1, 2002 with the reclassification of the North Toe River [Index No. 7-2-(0.5)], including all tributaries, from source to a point 



0.2 mile upstream of Pyatt Creek, from Class C Tr to Class WS-V Tr. 



(r)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule was amended 



September 1, 2004 with the reclassification of a portion of Richland Creek [Index No. 5-16(1)], from source to a point approximately 



11.2 miles from source (Boyd Avenue), from Class B to Class B Tr, and all tributaries to the portion of the creek referenced in this 



Paragraph from C, C HQW, and WS-I HQW, and WS-I HQW to C Tr, C HQW Tr, and WS-I HQW Tr, respectively, except Hyatt Creek 



[Index No. 5-16-6], Farmer Branch [Index No. 5-16-11], and tributaries already classified as Tr. 



(s)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule was amended 



effective November 1, 2007 with the reclassification of McClure's Bog near Gash Creek [Index No. 6-47] to Class WL UWL as defined 



in 15A NCAC 02B .0101.Rule .0202 of this Subchapter UWL. The North Carolina Division of Water Quality Resources maintains a 



Geographic Information Systems data layer of the UWL. 



(t)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule was amended 



effective September 1, 2009 with the reclassification of the entire watershed of Big Laurel Creek (Index No. 6-112) from source to the 



French Broad River from Class C Tr to Class C ORW Tr. 



(u)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule was amended 



effective September 1, 2009 with the reclassification of the entire watershed of Spring Creek [Index No. 6-118-(1) and 6-118-(27)] from 



source to the French Broad River from Class C Tr and Class C to Class C ORW Tr and Class C ORW. 



(v)  The Schedule of Classifications and Water Quality Standards for the French Broad River Basin Classification Schedule is amended 



December 1, 2011 with the reclassification of a portion of the French Broad River [Index No. 6-(54.5)] from the confluence of the Mills 



River to a point 0.2 miles downstream of the confluence of the Mills River from Class B to Class WS-IV&B CA. 



 



History Note: Authority G.S. 143-214.1; 143-215.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. December 1, 2011; September 1, 2009; November 1, 2007; September 1, 2004; August 1, 2002; August 



1, 2000; August 1, 1998; April 1, 1996; January 1, 1996; November 1, 1995; July 1, 1995. 



 



15A NCAC 02B .0305 WATAUGA RIVER BASIN 



(a)  The Watauga River Basin Schedule of Classifications and Water Quality Standards may be inspected at the following places: 



Classifications assigned to the waters within the Watauga River Basin are set forth in the Watauga River Basin Classification Schedule, 



which may be inspected at the following places: 



(1) the Internet at http://h2o.enr.state.nc.us/csu/; http://portal.ncdenr.org/web/wq/ps/csu/classifications; and 



(2) the North Carolina Department of Environment and Natural Resources: Environmental Quality: 



(A) Asheville Regional Office 



2090 US Highway 70 



Swannanoa, Carolina Carolina; 



(B) Division of Water Quality 



Central Office 



512 North Salisbury Street 



Raleigh, North Carolina. 



(B) Winston-Salem Regional Office 



450 West Hanes Mill Road 



Winston-Salem, North Carolina; and 



(C) Division of Water Resources 



Central Office 



512 North Salisbury Street 



Raleigh, North Carolina. 



(b)  Unnamed Streams. Such streams entering the State of Tennessee are classified "C." 











(c)  The Watauga River Basin Schedule of Classifications and Water Quality Standards Classification Schedule was amended effective: 



(1) August 12, 1979; 



(2) February 1, 1986; 



(3) October 1, 1987; 



(4) August 1, 1989; 



(5) August 1, 1990; 



(6) December 1, 1990; 



(7) April 1, 1992; 



(8) August 3, 1992; 



(9) February 1, 1993; 



(10) April 1, 1994; 



(11) August 1, 1998; 



(12) November 1, 2007. 



(d)  The Schedule of Classifications and Water Quality Standards for the Watauga River Basin Classification Schedule was amended 



effective July 1, 1989 as follows: 



(1) Dutch Creek (Index No. 8-11) was reclassified from Class C-trout to Class B-trout. 



(2) Pond Creek (Index No. 8-20-2) from water supply intake (located just above Tamarack Road) to Beech Creek and all 



tributary waters were reclassified from Class WS-III to C. 



(e)  The Schedule of Classifications and Water Quality Standards for the Watauga River Basin Classification Schedule was amended 



effective December 1, 1990 with the reclassification of the Watauga River from the US Highway 321 bridge to the North 



Carolina/Tennessee state line from Class C to Class B. 



(f)  The Schedule of Classifications and Water Quality Standards for the Watauga River Basin Classification Schedule was amended 



effective April 1, 1992 with the reclassification of Pond Creek from Classes WS-III and C to Classes WS-III Trout and C Trout. 



(g)  The Schedule of Classifications and Water Quality Standards for the Watauga River Basin Classification Schedule was amended 



effective August 3, 1992 with the reclassification of all water supply waters (waters with a primary classification of WS-I, WS-II or 



WS-III). These waters were reclassified to WS-I, WS-II, WS-III, WS-IV or WS-V as defined in the revised water supply protection 



rules, (15A NCAC 2B .0100, .0200 and .0300) which became effective on August 3, 1992. In some cases, streams with primary 



classifications other than WS were reclassified to a WS classification due to their proximity and linkage to water supply waters. In other 



cases, waters were reclassified from a WS classification to an alternate appropriate primary classification after being identified as 



downstream of a water supply intake or identified as not being used for water supply purposes. 



(h)  The Schedule of Classifications and Water Quality Standards for the Watauga River Basin Classification Schedule has been was 



amended effective February 1, 1993 with the reclassification of Boone Fork (Index No. 8-7) and all tributary waters from Classes C Tr 



HQW and C HQW to Classes C Tr ORW and C ORW. 



(i)  The Schedule of Classifications and Water Quality Standards for the Watauga River Basin Classification Schedule has been was 



amended effective April 1, 1994 with the reclassification of the Elk River from Peavine Branch to the North Carolina/Tennessee state 



line [Index No. 8-22-(3)] from Class C Tr to Class B Tr. 



(j)  The Schedule of Classifications and Water Quality Standards for the Watauga River Basin Classification Schedule has been was 



amended effective August 1, 1998 with the reclassification of East Fork Pond Creek from its source to the backwater of Santis Lake, 



[Index No. 8-20-2-1.5] from Class WS-II Tr to Class WS-III Tr; the reclassification of West Fork Pond Creek (Santis Lake) [Index No. 



8-20-2-1-(2)] from the backwaters of Santis Lake to Pond Creek from WS-II Tr CA to WS-III Tr CA; and the reclassification of the 



connecting stream of Lake Coffey [Index No. 8-20-2-2] from the dam at Lake Coffey to Pond Creek from WS-II Tr CA to C Tr. 



(k)  The Schedule of Classifications and Water Quality Standards for the Watauga River Basin Classification Schedule has been was 



amended effective November 1, 2007 with the reclassification of the Beech Creek Bog near Beech Creek [Index No. 8-20] to Class WL 



UWL as defined in 15A NCAC 02B .0101. Rule .0202 of this SubChapter UWL. The North Carolina Division of Water Quality 



Resources maintains a Geographic Information Systems data layer of the UWL. 



 



History Note: Authority G.S. 143-214.1; 143-215.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. November 1, 2007; August 1, 1998; April 1, 1994; February 1, 1993; August 3, 1992; April 1, 1992. 



 



15A NCAC 02B .0306 BROAD RIVER BASIN 



(a)  Effective February 1, 1976, the adopted classifications Classifications assigned to the waters within the Broad River Basin are set 



forth in the Broad River Basin Schedule of Classifications and Water Quality Standards, Classification Schedule, which may be 



inspected at the following places: 



(1) the Internet at http://portal.ncdenr.org/web/wq/ps/csu/classifications; and 



(2) the North Carolina Department of Environment and Natural Resources: Environmental Quality: 



(A) Mooresville Regional Office 



610 East Center Avenue 



Suite 301 



Mooresville, North Carolina Carolina; 



(B) Asheville Regional Office 



2090 US Highway 70 



Swannanoa, North Carolina. Carolina; and 



(C) Division of Water Resources 



Central Office 











512 North Salisbury Street 



Raleigh, North Carolina. 



(b)  Unnamed Streams. Such streams entering South Carolina are classified "C." 



(c)  The Broad River Basin Schedule of Classifications and Water Quality Standards Classification Schedule was amended effective: 



(1) March 1, 1977; 



(2) February 12, 1979; 



(3) August 12, 1979; 



(4) April 1, 1983; 



(5) February 1, 1986. 



(d)  The Schedule of Classifications and Water Quality Standards for the Broad River Basin Classification Schedule was amended 



effective August 3, 1992 with the reclassification of all water supply waters (waters with a primary classification of WS-I, WS-II or 



WS-III). These waters were reclassified to WS-I, WS-II, WS-III, WS-IV or WS-V as defined in the revised water supply protection 



rules (15A NCAC 02B .0100, .0200 and 0300), which became effective on August 3, 1992. In some cases, streams with primary 



classifications other than WS were reclassified to a WS classification due to their proximity and linkage to water supply waters. In other 



cases, waters were reclassified from a WS classification to an alternate appropriate primary classification after being identified as 



downstream of a water supply intake or identified as not being used for water supply purposes. 



(e)  The Schedule of Classifications and Water Quality Standards for the Broad River Basin Classification Schedule was amended 



effective September 1, 1994 with the reclassification of the Second Broad River [Index No. 9-41-(0.5)] from its source to Roberson 



Creek including associated tributaries was reclassified from Class WS-V to Classes WS-V, WS-IV and WS-IV CA. 



(f)  The Schedule of Classifications and Water Quality Standards for the Broad River Basin Classification Schedule was amended 



effective August 1, 1998 with the revision to the primary classification for portions of the Broad River [Index No. 9-(23.5)] from Class 



WS-IV to Class C and Second Broad River [Index Nos. 9-41-(10.5) and 9-41-(14.5)] and First Broad River [Index No. 9-50-(11)] from 



Class WS-IV to Class WS-V. 



(g)  The Schedule of Classifications and Water Quality Standards for the Broad River Basin Classification Schedule was amended 



August 1, 2000 with the reclassification of the Green River [Index No. 9-29-(1)], including all tributaries, from its source to its mouth 



in Lake Summit at elevation 2011 from Class C Tr to Class B Tr. 



(h)  The Schedule of Classifications and Water Quality Standards for the Broad River Basin Classification Schedule was amended 



effective August 1, 2000 with the reclassification of Lake Montonia [Index No. 9-54-1-(1)], and all tributaries, from Class B to Class B 



HQW. 



(i)  The Schedule of Classifications and Water Quality Standards for the Broad River Basin Classification Schedule was amended 



effective April 1, 2001 with the reclassification of the Green River [Index No. 9-29-(1)], including all tributaries, from its source to the 



downstream side of the mouth of Rock Creek from Class B Tr to Class B Tr HQW. 



(j)  The Schedule of Classifications and Water Quality Standards for the Broad River Basin Classification Schedule was amended 



effective March 1, 2007 with the reclassification of the North Fork First Broad River (Index No. 9-50-4), including all tributaries, from 



its source to the First Broad River from Class C Tr to Class C Tr ORW. 



(k)  The Schedule of Classifications and Water Quality Standards for the Broad River Basin Classification Schedule was amended 



effective March 1, 2007 with the reclassification of a segment of the Broad River [Index No. 9-(25.5)] from a point 0.5 mile upstream 



of the City of Shelby proposed water supply intake to the City of Shelby proposed water supply intake from Class C to Class WS-IV 



CA, and from a point 0.5 mile upstream of the City of Shelby proposed water supply intake to a point approximately 0.3 mile downstream 



of its confluence with Cane Creek from Class C to Class WS-IV. The City of Shelby proposed water supply intake is to be placed on 



the Broad River at a point approximately one mile upstream of its confluence with the First Broad River. 



(l)  The Schedule of Classifications and Water Quality Standards for the Broad River Basin Classification Schedule was amended 



effective March 1, 2007 with the reclassification of a segment of the Broad River [Index No. 9-(25.5)] from a point 0.5 mile upstream 



of the Town of Forest City proposed water supply intake to the Town of Forest City proposed water supply intake from Class C to Class 



WS-IV CA, and from a point 0.5 mile upstream of the Town of Forest City proposed water supply intake to a point approximately 0.2 



mile downstream of Rutherford County SR 1145 (Town of Rutherfordton water supply intake) from Class C to Class WS-IV. The Town 



of Forest City proposed water supply intake is to be placed on the Broad River at a point approximately 0.4 mile downstream of 



McKinney Creek. 



(m)  The Schedule of Classifications and Water Quality Standards for the Broad River Basin was Classification Schedule amended 



effective September 1, 2014, in order to allow a water supply intake to be placed in Lake Adger by Polk County, as follows: 



(1) a portion of the Green River [Index No. 9-29-(33)], including tributaries, from the dam at Lake Adger to a point 0.35 



mile downstream of Rash Creek from Class C to Class WS-IV CA. The CA extends 0.5 mile from and draining to the 



normal pool elevation of Lake Adger. 



(2) a portion of the Green River from a point 0.35 mile [Index No. 9-29-(33)], including tributaries, downstream of Rash 



Creek to a point 300 feet downstream of Laurel Branch from Class C to Class WS-IV. The PA extends 5.0 miles from 



and draining to the normal pool elevation of Lake Adger. 



 



History Note: Authority G.S. 143-214.1; 143-215.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. September 1, 2014; March 1, 2007; April 1, 2001; August 1, 2000; August 1, 1998; September 1, 1994; 



August 3, 1992; February 1, 1986; January 1, 1985. 



 



15A NCAC 02B .0307 NEW RIVER BASIN 











(a)  Effective February 1, 1976, the adopted classifications Classifications assigned to the waters within the New River Basin are set 



forth in the New River Basin Schedule of Classifications and Water Quality Standards, Classification Schedule, which may be inspected 



at the following places: 



(1) the Internet at http://portal.ncdenr.org/web/wq/ps/csu/rules; http://portal.ncdenr.org/web/wq/ps/csu/classifications ; 



and 



(2) the North Carolina Department of Environment and Natural Resources: Environmental Quality: 



(A) Asheville Regional Office 



2090 US Highway 70 



Swannanoa, North Carolina; 



(B) Winston-Salem Regional Office 



585 Waughtown Street 450 West Hanes Mill Road 



Winston-Salem, North Carolina; and 



(C) Division of Water Quality Resources 



Central Office 



512 North Salisbury Street 



Raleigh, North Carolina. 



(b)  Unnamed Streams. Such streams entering the State of Tennessee are classified "C." 



(c)  The New River Basin Schedule of Classifications and Water Quality Standards Classification Schedule was amended effective: 



(1) August 10, 1980 (see Paragraph (d) of this Rule); 



(2) April 1, 1983 (see Paragraph (e) of this Rule); 



(3) February 1, 1986 (see Paragraph (f) of this Rule); 



(4) August 1, 1989 (see Paragraph (g) of this Rule); 



(5) August 1, 1990 (see Paragraph (h) of this Rule); 



(6) August 3, 1992 (see Paragraph (i) of this Rule); 



(7) February 1, 1993 (see Paragraph (j) of this Rule); 



(8) August 1, 1998 (see Paragraph (k) of this Rule); 



(9) November 1, 2007 (see Paragraph (l) of this Rule); 



(10) December 1, 2010 (see Paragraph (m) of this Rule); and 



(11) July 3, 2012 (see Paragraph (n) of this Rule). 



(d)  The Schedule of Classifications and Water Quality Standards for the New River Basin Classification Schedule was amended 



effective August 10, 1980 as follows: 



(1) South Fork New River [Index No. 10-1-(1)] from the confluence of the Middle Fork South Fork New River and the 



East Fork South Fork New River to Winkler Creek was reclassified from Class C to Class A-II; 



(2) Middle Fork South Fork New River [Index Nos. 10-1-2-(6) and 10-1-2-(14)] from Brown Branch to the South Fork 



New River was reclassified from Class C and C Trout to Class A-II and A-II Trout; 



(3) East Fork South Fork New River [Index Nos. 10-1-3-(1) and 10-1-3-(7)] was reclassified from Class C and C Trout 



to Class A-II and A-II Trout; and 



(4) Winkler Creek [Index No. 10-1-4-(2) from Boone water supply intake dam to Watauga County SR 1549 and Flannery 



Fork [Index No. 10-1-4-3-(2)] from the dam at Camp Sky Ranch Bathing Lake to Winkler Creek were reclassified 



from Class C Trout to Class A-II Trout. 



(e)  The Schedule of Classifications and Water Quality Standards for the New River Basin Classification Schedule was amended 



effective April 1, 1983 as follows: Naked Creek [Index No. 10-1-32] was reclassified from Class C Trout to Class C. 



(f)  The Schedule of Classifications and Water Quality Standards for the New River Basin Classification Schedule was amended effective 



February 1, 1986 with the reclassification of all Class A-I and A-II streams to Class WS-I and WS-III in the New River Basin. 



(g)  The Schedule of Classifications and Water Quality Standards for the New River Basin Classification Schedule was amended 



effective August 1, 1989 as follows: South Fork New River [Index No. 10-1-(30)] from Dog Creek to New River and all tributary waters 



were reclassified from Class C-trout and Class C to Class B-trout and B. 



(h)  The Schedule of Classifications and Water Quality Standards for the New River Basin Classification Schedule was amended 



effective August 1, 1990 as follows: 



(1) New River [Index No. 10] from the confluence of the North and South Forks New River to the last point at which the 



New River crosses the North Carolina/Virginia State line was reclassified from Class C to Class C HQW; 



(2) South Fork New River [Index Nos. 10-1-(14.5), 10-1-(26), 10-1-(30), and 10-1-(33.5)] from Elk Creek to the 



confluence of the New River and North Fork New River was reclassified from Class C, B and WS-III to Class C 



HQW, B HQW and WS-III HQW; 



(3) Howard Creek [Index Nos. 10-1-9-(1) and 10-1-9-(6)] from source to the South Fork New River was reclassified from 



Class WS-III Trout and C Trout to Class WS-III Trout HQW and C Trout HQW; 



(4) Big Horse Creek [Index No. 10-2-21-(5.5)] from North Carolina/Virginia State line to lower Ashe County SR 1361 



bridge was reclassified from Class C Trout to Class C Trout HQW; and 



(5) Little River [Index No. 10-9-(11.5)] from N.C. Hwy. 18 bridge to the North Carolina/Virginia State line was 



reclassified from Class C to Class C HQW. 



(i)  The Schedule of Classifications and Water Quality Standards for the New River Basin Classification Schedule was amended effective 



August 3, 1992 with the reclassification of all water supply waters (waters with a primary classification of WS-I, WS-II or WS-III). 



These waters were reclassified to WS-I, WS-II, WS-III, WS-IV or WS-V as defined in the revised water supply protection rules, (15A 



NCAC 02B .0100, .0200 and .0300) which became effective on August 3, 1992. In some cases, streams with primary classifications 



other than WS were reclassified to a WS classification due to their proximity and linkage to water supply waters. In other cases, waters 











were reclassified from a WS classification to an alternate appropriate primary classification after being identified as downstream of a 



water supply intake or identified as not being used for water supply purposes. 



(j)  The Schedule of Classifications and Water Quality Standards for the New River Basin Classification Schedule was amended effective 



February 1, 1993 as follows: 



(1) the South Fork New River (Index No. 10-1-33.5) from Dog Creek to the New River was reclassified from Class B 



HQW to Class B ORW; 



(2) the New River (Index No. 10) from the confluence of the North And South Fork New Rivers to the last point at which 



it crosses the North Carolina/Virginia State line was reclassified from Class C HQW to Class C ORW; and 



(3) Old Field Creek (Index No. 10-1-22) from Call Creek to the South Fork New River, and Call Creek (Index No. 10-1-



22-1) from its source to Old Field Creek were reclassified from Class WS-IV Trout to Class WS-IV Trout ORW. 



(k)  The Schedule of Classifications and Water Quality Standards for the New River Basin Classification Schedule was amended 



effective August 1, 1998 with the revision to the primary classification for a portion of the South Fork New River [Index No. 10-1 



(20.5)] from Class WS-IV to Class WS-V. 



(l)  The Schedule of Classifications and Water Quality Standards for the New River Basin Classification Schedule was amended effective 



November 1, 2007 with the reclassification of Bluff Mountain Fen near Buffalo Creek [Index No. 10-2-20] to Class WL UWL as defined 



in 15A NCAC 02B .0101.Rule .0202 of this Subchapter UWL. The North Carolina Division of Water Quality Resources maintains a 



Geographic Information Systems data layer of the UWL. 



(m)  The Schedule of Classifications and Water Quality Standards for the New River Basin Classification Schedule was amended 



effective December 1, 2010 with the reclassification of the North Fork New River [Index Nos. 10-2-(1), 10-2-(12)] and its tributaries 



from C+, C+ Trout and C Trout HQW to C ORW and C Trout ORW with the exception of the following: 



(1) Index Nos. 10-2-21-9, 10-2-21-(8), 10-2-(11) and 10-2-20 were reclassified from C+ and C Trout + to C HQW and C 



Trout HQW; and 



(2) Little Buffalo Creek and Claybank Creek (Index Nos. 10-2-20-1 and 10-2-20-1-1) did not qualify for the ORW or 



HQW designation; however, these waters shall be managed in the same way as the downstream designated HQW 



areas. 



(n)  The Schedule of Classifications and Water Quality Standards for the New River Basin Classification Schedule was amended 



effective July 3, 2012 as follows: 



(1) the portion of the South Fork New River [Index No. 10-1-(14.5)] from the Town of Boone's intake, located nearly 0.5 



miles upstream of SR 1100, to 875 feet downstream of SR 1351 from C HQW to WS-IV CA HQW; 



(2) the portion of the South Fork New River [Index No. 10-1-(14.5)] from 875 feet downstream of SR 1351 to Elk Creek 



from C HQW to WS-IV HQW; and 



(3) the portion of the South Fork New River [Index No. 10-1-(3.5)] from Elk Creek to 1.75 miles upstream of SR 1351 



from C+ to WS-IV +. 



 



History Note: Authority G.S. 143-214.1; 143-215.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. July 3, 2012; December 1, 2010; November 1, 2007; August 1, 1998; February 1, 1993; August 3, 1992; 



August 1, 1990; August 1, 1989. 



 



15A NCAC 02B .0308 CATAWBA RIVER BASIN 



(a)  Effective February 1, 1976, the adopted classifications Classifications assigned to the waters within the Catawba River Basin are 



set forth in the Catawba River Basin Schedule of Classifications and Water Quality Standards, Classification Schedule, which may be 



inspected at the following places: 



(1) the Internet at https://deq.nc.gov/river-basin-classification-schedule ; and 



(2) the North Carolina Department of Environmental Quality: 



(A) Mooresville Regional Office 



610 East Center Avenue, Suite 301 



Mooresville, North Carolina; 



(B) Asheville Regional Office 



2090 US Highway 70 



Swannanoa, North Carolina; and 



(C) Division of Water Resources 



Central Office 



512 North Salisbury Street 



Raleigh, North Carolina. 



(b)  Unnamed Streams. Such streams entering South Carolina are classified "C." 



(c)  The Catawba River Basin Schedule of Classifications and Water Quality Standards Classification Schedule was amended effective: 



(1) March 1, 1977 (see Paragraph (d) of this Rule); 



(2) August 12, 1979 (see Paragraph (e) of this Rule); 



(3) April 1, 1982 (see Paragraph (f) of this Rule; Rule); 



(4) January 1, 1985 (see Paragraph (g) of this Rule); 



(5) August 1, 1985 (see Paragraph (h) of this Rule); 



(6) February 1, 1986 (see Paragraph (i) of this Rule); 



(7) March 1, 1989 (see Paragraph (j) of this Rule); 



(8) May 1, 1989 (see Paragraph (k) of this Rule); 











(9) March 1, 1990 (see Paragraph (l) of this Rule); 



(10) August 1, 1990 (see Paragraph (m) of this Rule); 



(11) August 3, 1992 (see Paragraph (n) of this Rule); 



(12) April 1, 1994 (see Paragraph (o) of this Rule); 



(13) July 1, 1995 (see Paragraph (p) of this Rule); 



(14) September 1, 1996 (see Paragraph (q) of this Rule); 



(15) August 1, 1998 (see Paragraph (r) of this Rule); 



(16) April 1, 1999 (see Paragraph (s) of this Rule); 



(17) August 1, 2000 (see Paragraph (t) of this Rule); 



(18) August 1, 2004 (see Paragraph (u) of this Rule); 



(19) May 1, 2007 (see Paragraph (v) of this Rule); 



(20) September 1, 2010 (see Paragraph (w) of this Rule); 



(21) March 1, 2013 (see Paragraph (x) of this Rule); and 



(22) July 1, 2017 (see Paragraph (y) of this Rule). 



(d)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



effective March 1, 1977 as follows: 



(1) Torrence Branch (Index No. 11-136) from source to North Carolina-South Carolina State Line was reclassified from 



Class D to Class B; and 



(2) Edwards Branch (Index No. 11-137-8-2-1) from source to Brier Creek was reclassified from Class D to Class C. 



(e)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



effective August 12, 1979 as follows: Unnamed Tributary to Lower Little River (Robinette Creek)(Index No. 11-69-1.5) from source to 



Lower Little River was reclassified from Class C to Class B. 



(f)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



effective April 1, 1982 as follows: 



(1) Spainhour Creek (Index No. 11-39-3) from source to Lower Creek was reclassified from Class C (1) to Class C; and 



(2) Allen Creek (Index No. 11-129-5-7-2-4) from source to Maiden Creek was reclassified from Class C to Class A-II. 



(g)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



effective January 1, 1985 as follows: Catawba Creek from source to N.C. Highway 275 was reclassified from Class C(1) to Class C. 



(h)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



effective August 1, 1985 as follows: 



(1) Brier Creek (Index No. 11-137-8-2) from source to Little Sugar Creek was reclassified from Class C (1) to Class C; 



(2) Little Hope Creek (Index No. 11-137-8-3) from source to Little Sugar Creek was reclassified from Class C (1) to Class 



C; and 



(3) McMullen Creek (Index No. 11-137-9-5) from source to N.C. Highway 16 was reclassified from Class C (1) to Class 



C. 



(i)  The Schedule of Classification and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



effective February 1, 1986 with the reclassification of all A-I and A-II streams to WS-I and WS-III in the Catawba River Basin. 



(j)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



effective March 1, 1989 as follows: 



Wilson Creek (Index No. 11-38-34) and all tributary waters were reclassified from Class B-trout and Class C-trout to Class B-trout 



ORW and Class C-trout ORW. 



(k)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



effective May 1, 1989 as follows: 



(1) Henry Fork [Index Nos. 11-129-1-(1) and 11-129-1-(2)] from source to Laurel Creek, including all tributaries, were 



reclassified from Class WS-I, C and C trout to Class WS-I ORW, C ORW and C trout ORW, except Ivy Creek and 



Rock Creek which will remain Class C trout and Class C; and 



(2) Jacob Fork [Index Nos. 11-129-2-(1) and 11-129-2-(4)] from source to Camp Creek, including all tributaries, were 



reclassified from Class WS-III trout and WS-III to WS-III trout ORW and WS-III ORW. 



(l)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



effective March 1, 1990 as follows: 



(1) Upper Creek [Index No. 11-35-2-(1)] from source to Timbered Branch including all tributaries except Timbered 



Branch (Index No. 11-35-2-9) was reclassified from Class C Trout to Class C Trout ORW; and 



(2) Steels Creek [Index No. 11-35-2-12(1)] from source to Little Fork and all tributaries was reclassified from Class C 



Trout to Class C Trout ORW. 



(m)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



effective August 1, 1990 as follows: 



(1) The classification for the portion of Mackey Creek [Index No. 11-15-(2)] from Marion Water Supply Intake to Laurel 



Fork was reclassified from Class C to Class C HQW; 



(2) Laurel Fork Creek [Index No. 11-15-3] from source to Mackey Creek was reclassified from Class C Tr to Class C Tr 



HQW; 



(3) Armstrong Creek [Index No. 11-24-14-(1)] from source to Bee Rock Creek was reclassified from Class WS-III Tr to 



Class WS-III Tr HQW; 



(4) Two segments of Linville River [Index Nos. 11-29-(16) and 11-29-(19)] were reclassified from Class B Tr and Class 



B to Class B Tr HQW and Class B HQW, respectively; 











(5) Upper Creek [Index No. 11-35-2-(8.5)] and its named tributaries were reclassified from Class C Tr to Class C Tr 



HQW; 



(6) Upper Creek (Clear Water Beach Lake) [Index No. 11-35-2-(10)] from Holly Spring Branch to Dam Clear Water 



Beach Lake was reclassified from Class B Tr to Class B Tr HQW; 



(7) Holly Spring Branch [Index No. 11-35-2-11] from source to Upper Creek was reclassified from Class C Tr to Class 



Tr HQW; 



(8) Steels Creek [Index No. 11-35-2-12-(5)] from Little Fork to a point 1.7 miles upstream from N.C. Highway 181 Bridge 



was reclassified from Class B Tr to Class B Tr HQW and Steels Creek [Index No. 11-35-2-12-(7)] from a point 1.7 



miles upstream from N.C. Highway 181 bridge to Clear Water Beach Lake, Upper Creek was reclassified from Class 



B to Class B HQW; 



(9) Upper Creek [Index No. 11-35-2-(13)] from Dam at Clear Water Beach Lake to Warrior Fork was reclassified from 



Class WS-III Tr to Class WS-III Tr HQW; 



(10) The portion of Johns River [Index No. 11-38-(28)] from Wilson Creek to Rhodhiss Lake, Catawba River was 



reclassified from Class C to Class C HQW; 



(11) Mulberry Creek [Index No. 11-38-32-(1)] from source to Boone Fork and its tributaries Left Fork Mulberry Creek 



[Index No. 11-38-32-2], Right Fork Mulberry Creek [Index No. 11-38-32-3], Roaring Creek [Index No. 11-38-32-8] 



and Clark Branch [Index No. 11-38-32-10] were reclassified from Class C Tr to Class C Tr HQW; 



(12) Amos Creek [Index No. 11-38-32-4] and Mills Creek [Index No. 11-38-32-5] and their named tributaries were 



reclassified from Class C to Class C HQW; 



(13) Cane Branch [Index No. 11-38-32-6], Rush Branch [11-38-32-7] and Frankum Creek [11-38-32-9] and its named 



tributaries were reclassified from Class C to Class C HQW; 



(14) Mulberry Creek [Index No. 11-38-32-(11)] from Boone Branch to Dam at Mulberry Beach was reclassified from Class 



B to Class B HQW; 



(15) Boone Branch (Fork) [Index No. 11-38-32-12] and its named tributaries from source to Mulberry Creek were 



reclassified from Class B to Class B HQW; 



(16) Brown Branch [Index No. 11-38-32-13] and Moore Branch [Index No. 11-38-32-14] were reclassified from Class B 



to Class B HQW; and 



(17) Anderson Creek [Index No. 11-38-32-16] was reclassified from Class C to Class C HQW. 



(n)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



effective August 3, 1992 with the reclassification of all water supply waters (waters with a primary classification of WS-I, WS-II or 



WS-III). These waters were reclassified to WS-I, WS-II, WS-III, WS-IV or WS-V as defined in the revised water supply protection 



rules, (15A NCAC 02B .0100, .0200 and .0300) which became effective on August 3, 1992. In some cases, streams with primary 



classifications other than WS were reclassified to a WS classification due to their proximity and linkage to water supply waters. In other 



cases, waters were reclassified from a WS classification to an alternate appropriate primary classification after being identified as 



downstream of a water supply intake or identified as not being used for water supply purposes. 



(o)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



effective April 1, 1994 as follows: 



(1) Friday Lake (Index No. 11-125.5) from its source to Little Paw Creek was reclassified from Class C to Class B; and 



(2) The Linville River [Index No. 12-29-(1)] from Grandmother Creek to Linville Falls was reclassified from Class C Tr 



to Class B Tr. 



(p)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



effective July 1, 1995 with the reclassification of Clark Creek from a point 0.6 mile downstream of Catawba County SR 2014 to 0.4 



mile upstream of Larkard Creek [Index No. 11-129-5-(4.5)], and Howards Creek from its source to 0.7 mile upstream of Lincoln County 



State Road 1200 [Index No. 11-129-4], including associated tributaries from Class WS-IV to Classes C and WS-IV. 



(q)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



effective September 1, 1996 as follows: 



(1) North Fork Catawba River [Index No. 11-24-(1)] from Laurel Branch to Armstrong Creek from Class C Tr to Class 



B Tr; and 



(2) Catawba River (Lake Hickory) from Rhodhiss dam to highway 321 [Index No. 11-(51)] from Class WS-IV CA to 



Class WS-IV B CA. 



(r)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



effective August 1, 1998 as follows: 



(1) The primary classification for portions of South Fork Catawba River [Index No. 11-129-(0.5)] and Hoyle Creek [Index 



No. 11-129-15-(1)] was reclassified from Class WS-IV to Class WS-V; 



(2) Mill Creek [Index No. 11-7] from its source to Swannanoa Creek, including all tributaries, from Class C Tr to Class 



Tr HQW; 



(3) Toms Creek [Index Nos. 11-21-(1) and 11-21-(2)] from its source to Harris Creek, including all tributaries were 



reclassified from Class C Tr to Class Tr HQW; and 



(4) Harris Creek to McDowell County SR 1434, including all tributaries were reclassified from Class C to Class HQW. 



(s)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



effective April 1, 1999 as follows: 



(1) Portion of the Catawba River [Index Nos. 11-(27.5) and 11-(31)] from Class WS-IV B and WS-IV to Class WS-V B 



and WS-V; 



(2) Armstrong Creek [Index Nos. 11-24-14-(1), 11-24-14-(13.5) and 11-24-14-(14)], and all tributaries from Classes WS-



II Tr, WS-II, WS-II CA and C Tr to Classes C Tr HQW and C HQW; 











(3) Lookout Shoals Lake from Oxford Dam to Island Creek [Index No. 11-(67)] from Class WS-V to Class WS-IV CA, 



from Island Creek to Elk Shoal Creek [Index No. 11-(70.5)] from Class WS-IV to Class WS-IV CA and from Elk 



Shoal Creek to a point one half mile upstream of Lookout Shoals Dam [Index No. 11-(72)] from Class WS-IV B to 



Class WS-IV B CA; 



(4) The classifications of tributary streams that are within five miles and draining to the normal pool elevation of Lookout 



Shoals Lake (Protected Area) have been revised to Class WS-IV; and 



(5) The classifications of tributary streams that are within one half mile and draining to the normal pool elevation of 



Lookout Shoals Lake (Critical Area) have been revised to Class WS-IV CA. 



(t)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



August 1, 2000 with the reclassification of Little Grassy Creek (Index No. 11-29-2), including all tributaries, from its source to the 



Linville River from Class C Tr to Class C Tr ORW. 



(u)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



August 1, 2004 with the reclassification of a segment of three surface waters, more specifically Henry Fork [11-129-1-(1)], Jerry Branch 



[11-129-1-3-(1)], and He Creek [11-129-1-4-(1)], from source to a formerly used City of Morganton Water Intake from Class WS-I 



ORW to Class WS-V ORW. 



(v)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



May 1, 2007 with the reclassification of the Catawba River [Index No. 11-(31.5)] from a point 0.6 mile upstream of Muddy Creek to a 



point 1.2 miles upstream of Canoe Creek from WS-IV to WS-IV Tr and Catawba River [Index No. 11-(32.3)] from a point 1.2 miles 



upstream of Canoe Creek to a point 0.7 mile upstream of Canoe Creek (Morganton water supply intake) from WS-IV CA to WS-IV Tr 



CA. Named and unnamed tributaries to this portion of the Catawba River are not classified as Trout. Between the last day of May and 



the first day of November the water quality standard for dissolved oxygen shall not be less than a daily average of 5.0 mg/l with a 



minimum instantaneous value of not less than 4.0 mg/l. 



(w)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



September 1, 2010 with the reclassification of the portion of the Catawba River [Index No. 11-(1)], from its source to the Left Prong 



Catawba River confluence, and its named tributaries, Chestnut Branch (Fork) [Index No. 11-2], Clover Patch Branch [Index No. 11-3], 



Youngs Fork Creek [Index No. 11-4], Spring Branch [Index No. 11-5], and Left Prong Catawba River [Index No. 11-6] from Class C 



Tr to Class C Tr HQW. 



(x)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



March 1, 2013 as follows: 



(1) the portion of Maiden Creek [Index No. 11-129-5-7-2-(1)] from source to a point 0.7 mile upstream from backwaters 



of Maiden Reservoir, and its named tributary, Bee Branch [Index No. 11-129-5-7-2-2], from Class WS-II HQW to 



WS-V; 



(2) the portion of Maiden Creek [Index No. 11-129-5-7-2-(2.5)] from a point 0.7 mile upstream from backwaters of 



Maiden Reservoir to dam at Maiden Reservoir from Class WS-II HQW CA to WS-V; 



(3) the portion of Allen Creek [Index No. 11-129-5-7-2-4-(1)] from source to a point 0.7 mile upstream of Maiden water 



supply intake from Class WS-II HQW to WS-V; and 



(4) the portion of Allen Creek [Index No. 11-129-5-7-2-4-(2)] from a point 0.7 mile upstream of Maiden water supply 



intake to Maiden water supply intake from Class WS-II HQW CA to WS-V. 



(y)  The Schedule of Classifications and Water Quality Standards for the Catawba River Basin Classification Schedule was amended 



July 1, 2017 as follows: 



(1) a portion of the Catawba River [Index No. 11-(23)], including tributaries, from Bridgewater Dam to North Fork 



Catawba River from Class WS-V & B to Class WS-IV CA & B, and a portion of the Catawba River [part of Index 



No. 11-(8)], including tributaries, from North Fork Catawba River to a point 0.75 0.7 mile downstream of SR 1501 



from Class C to Class WS-IV CA. The CA extends 0.5 mile from and draining to the normal pool elevation of Lake 



James. 



(2) a portion of the Catawba River [part of Index No. 11-(8)], including tributaries, from a point 0.75 0.7 mile downstream 



of SR 1501 to a point 0.21 0.2 mile upstream of I-221 SR 1221 from Class C to Class WS-IV. The PA extends 5.0 



miles from and draining to the normal pool elevation of Lake James. 



 



History Note: Authority G.S. 143-214.1; 143-215.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. July 1, 2017; March 1, 2013; December 1, 2010; September 1, 2010; May 1, 2007; August 1, 2004; 



August 1, 2000; April 1, 1999; August 1, 1998; September 1, 1996; July 1, 1995; April 1, 1994; August 3, 1992; 



August 1, 1990. 



 



15A NCAC 02B .0309 YADKIN-PEE DEE RIVER BASIN 



(a)  The Yadkin-Pee Dee River Schedule of Classifications and Water Quality Standards may be inspected at the following places: 



Classifications assigned to the waters within the Yadkin-Pee Dee River Basin are set forth in the Yadkin River Basin Classification 



Schedule, which may be inspected at the following places: 



(1) the Internet at http://h2o.enr.state.nc.us/csu/; http://portal.ncdenr.org/web/wq/ps/csu/classifications; and 



(2) the North Carolina Department of Environment and Natural Resources: Environmental Quality: 



(A) Mooresville Regional Office 



610 East Center Avenue, Suite 301 



Mooresville, North Carolina Carolina; 



(B) Winston-Salem Regional Office 











585 Waughtown Street 450 West Hanes Mill Road 



Winston-Salem, North Carolina Carolina; 



(C) Fayetteville Regional Office 



Systel Building 



225 Green Street 



Suite 714 



Fayetteville, North Carolina Carolina; 



(D) Asheville Regional Office 



2090 US Highway 70 



Swannanoa, North Carolina Carolina; and 



(E) Division of Water Quality Resources 



Central Office 



512 North Salisbury Street 



Raleigh, North Carolina. 



(b)  Unnamed Streams. Such streams entering Virginia are classified "C," and such streams entering South Carolina are classified "C". 



(c)  The Yadkin-Pee Dee River Basin Schedule of Classifications and Water Quality Standards Classification Schedule was amended 



effective: 



(1) February 12, 1979; 



(2) March 1, 1983; 



(3) August 1, 1985; 



(4) February 1, 1986; 



(5) October 1, 1988; 



(6) March 1, 1989; 



(7) January 1, 1990; 



(8) August 1, 1990; 



(9) January 1, 1992; 



(10) April 1, 1992; 



(11) August 3, 1992; 



(12) December 1, 1992; 



(13) April 1, 1993; 



(14) September 1, 1994; 



(15) August 1, 1995; 



(16) August 1, 1998; 



(17) April 1, 1999; 



(18) July 1, 2006; 



(19) September 1, 2006; 



(20) November 1, 2007. 



(d)  The Schedule of Classifications and Water Quality Standard for the Yadkin-Pee Dee River Basin Classification Schedule has been 



was amended effective October 1, 1988 as follows: 



(1) Mitchell River [Index No. 12-62-(1)] from source to mouth of Christian Creek (North Fork Mitchell River) including 



all tributaries has been reclassified from Class B Tr to Class B Tr ORW. 



(2) Mitchell River [Index No. 12-62-(7)] from mouth of Christian Creek (North Fork Mitchell River) to Surry County SR 



1315 including all tributaries has been classified from Class C Tr to C Tr ORW, except Christian Creek and Robertson 



Creek which will be reclassified from Class B Tr to Class B Tr ORW. 



(3) Mitchell River [Index No. 12-62-(12)] from Surry County SR 1315 to mouth of South Fork Mitchell River including 



all tributaries from Class C to Class C ORW. 



(e)  The Schedule of Classifications and Water Quality Standard for the Yadkin-Pee Dee River Basin Classification Schedule was 



amended effective March 1, 1989 as follows: 



(1) Elk Creek [Index Nos. 12-24-(1) and 12-24-(10)] and all tributary waters were reclassified from Class B-trout, Class 



C-trout and Class B to Class B-trout ORW, Class C-trout ORW and Class B ORW. 



(f)  The Schedule of Classifications and Water Quality Standard for the Yadkin-Pee Dee River Basin Classification Schedule was 



amended effective January 1, 1990 as follows: Barnes Creek (Index No. 13-2-18) was reclassified from Class C to Class C ORW. 



(g)  The Schedule of Classifications and Water Quality Standard for the Yadkin-Pee Dee River Basin Classification Schedule has been 



was amended effective January 1, 1992 as follows: 



(1) Little River [Index Nos. 13-25-(10) and 13-25-(19)] from Suggs Creek to Densons Creek has been reclassified from 



Classes WS-III and C to Classes WS-III HQW and C HQW. 



(2) Densons Creek [Index No. 13-25-20-(1)] from its source to Troy's Water Supply Intake including all tributaries has 



been reclassified from Class WS-III to Class WS-III HQW. 



(3) Bridgers Creek (Index No. 13-25-24) from its source to the Little River has been reclassified from Class C to Class C 



HQW. 



(h)  The Schedule of Classifications and Water Quality Standard for the Yadkin-Pee Dee River Basin Classification Schedule was 



amended effective April 1, 1992 with the reclassification of the North Prong South Fork Mitchell River from Class C to Class C Trout. 



(i)  The Schedule of Classifications and Water Quality Standard for the Yadkin-Pee Dee River Basin Classification Schedule was 



amended effective August 3, 1992 with the reclassification of all water supply waters (waters with a primary classification of WS-I, 



WS-II or WS-III). These waters were reclassified to WS-I, WS-II, WS-III, WS-IV or WS-V as defined in the revised water supply 











protection rules, (15A NCAC 2B .0100, .0200 and .0300) which became effective on August 3, 1992. In some cases, streams with 



primary classifications other than WS were reclassified to a WS classification due to their proximity and linkage to water supply waters. 



In other cases, waters were reclassified from a WS classification to an alternate appropriate primary classification after being identified 



as downstream of a water supply intake or identified as not being used for water supply purposes. 



(j)  The Schedule of Classifications and Water Quality Standard for the Yadkin-Pee Dee River Basin Classification Schedule has been 



was amended effective December 1, 1992 as follows: 



(1) Pike Creek (Index No. 12-46-1-2) was reclassified from Class C Tr to Class C Tr HQW; 



(2) Basin Creek (Index No. 12-46-2-2) was reclassified from Class C Tr to Class C Tr ORW; 



(3) Bullhead Creek (Index No. 12-46-4-2) was reclassified from Class C Tr to Class C Tr ORW; 



(4) Rich Mountain Creek (Index No. 12-46-4-2-2) was reclassified from Class Tr to Class C Tr ORW; and 



(5) Widows Creek (Index No. 12-46-4-4) was reclassified from Class C Tr HQW to Class C Tr ORW. 



(k)  The Schedule of Classifications and Water Quality Standard for the Yadkin-Pee Dee River Basin Classification Schedule has been 



was amended effective September 1, 1994 as follows: 



(1) Lanes Creek [Index Nos. 13-17-40-(1) and 13-17-40-(10.5)] from its source to the Marshville water supply dam 



including tributaries was reclassified from Classes WS-II and WS-II CA to Class WS-V. 



(2) The South Yadkin River [Index Nos. 12-108-(9.7) and 12-108-(15.5)] from Iredell County SR 1892 to a point 0.7 mile 



upstream of the mouth of Hunting Creek including associated tributaries was reclassified from Classes WS-V, C and 



WS-IV to Classes WS-V, WS-IV, C and WS-IV CA. 



(3) The Yadkin River [Index Nos. 12-(53) and 12-(71)] from a point 0.3 mile upstream of the mouth of Elkin Creek 



(River) to the Town of King water supply intake including associated tributaries was reclassified from Classes C and 



WS-IV to Classes WS-IV and WS-IV CA. 



(4) The Yadkin River [Index Nos. 12-(80.5), 12-(81.5) and 12-(84.5)] from the Town of King water supply intake to the 



Davie County water supply intake reclassified from Classes C, B, WS-IV and WS-V to Classes WS-IV, WS-IV B and 



WS-IV CA. 



(l)  The Schedule of Classifications and Water Quality Standard for the Yadkin-Pee Dee River Basin Classification Schedule has been 



was amended effective August 1, 1995 as follows: Bear Creek [Index Nos. 12-108-18-(3), 12-108-18-(3.3)], Little Bear Creek (Index 



No. 12-108-18-2), and Blue Branch (Index No. 12-108-18-2-1) were reclassified from WS-II and WS-II CA (Critical Area) to C and 



WS-IV. 



(m)  The Schedule of Classifications and Water Quality Standard for the Yadkin-Pee Dee River Basin Classification Schedule was 



amended effective August 1, 1998 with the revision to the primary classification for portions of the Yadkin River [Index No. 12-(45)] 



from Class WS-IV to WS-V, Yadkin River [Index No. 12-(67.5)] from Class WS-IV to Class C, Yadkin River [Index Nos. 12-(93.5) 



and 12-(98.5)] from Class WS-IV to Class WS-V, South Yadkin River [Index No. 12-108-(12.5)] from Class WS-IV to Class WS-V, 



and South Yadkin River [Index Nos. 12-108-(19.5) and 12-108-(22)] from Class WS-IV to Class C. 



(n)  The Schedule of Classifications and Water Quality Standard for the Yadkin-Pee Dee River Basin Classification Schedule was 



amended effective April 1, 1999 with the reclassification of a portion of the Yadkin River [Index No. 12-(80.5)] from WS-IV CA to 



WS-IV. A portion of the Yadkin River 0.5 mile upstream of Bashavia Creek was reclassified from WS-IV to WS-IV CA. Bashavia 



Creek [Index Nos. 12-81-(0.5) and 12-81-(2)] was reclassified from WS-IV and WS-IV CA to Class C. Tributaries to Bashavia Creek 



were also reclassified to Class C. Portions of the Yadkin River [Index Nos. 12-(25.5) and 12-(27)] were reclassified from WS-IV to 



Class C and from WS-IV & B to Class B. Tributaries were reclassed from Class WS-IV to Class C. Supplemental classifications were 



not changed. 



(o)  The Schedule of Classifications and Water Quality Standard for the Yadkin-Pee Dee River Basin Classification Schedule was 



amended effective July 1, 2006 with the reclassification of a portion of the Uwharrie River. More specifically, Index No. 13-2-(25), 



Index No. 13-2-(17.5), and a portion of Index No. 13-2-(1.5) was reclassified from Class WS-IV CA, WS-IV, and C, to Class WS-IV B 



CA, WS-IV B, and B, respectively. 



(p)  The Schedule of Classifications and Water Quality Standard for the Yadkin-Pee Dee River Basin Classification Schedule was 



amended effective September 1, 2006 with the reclassification of a segment of the Yadkin River [portion of Index No. 12-(53)] from a 



point 0.3 mile upstream of the Town of Elkin proposed water supply intake to the Town of Elkin proposed water supply intake from C 



to WS-IV CA. The Town of Elkin proposed water supply intake is to be placed on the Yadkin River at a point directly above the mouth 



of Elkin Creek. 



(q)  The Schedule of Classifications and Water Quality Standard for the Yadkin-Pee Dee River Basin Classification Schedule was 



amended effective November 1, 2007 with the reclassifications as listed below, and the North Carolina Division of Water Quality 



Resources maintains a Geographic Information Systems data layer of these UWLs. 



(1) Black Ankle Bog near Suggs Creek [Index No. 13-25-12] was reclassified to Class WL UWL as defined in 15A NCAC 



02B .0101 UWL. 



(2) Pilot Mountain Floodplain Pool near Horne Creek [Index No. 12-75] was reclassified to Class WL UWL as defined 



in 15A NCAC 02B .0101 UWL. 



 



History Note: Authority G.S. 143-214.1; 143-215.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. November 1, 2007; September 1, 2006; July 1, 2006; April 1, 1999; August 1, 1998; August 1, 1995; 



September 1, 1994; April 1, 1993; December 1, 1992. 



 



15A NCAC 02B .0310 LUMBER RIVER BASIN 











(a)  The Lumber River Basin Schedule of Classifications and Water Quality Standards may be inspected at the following places: 



Classifications assigned to the waters within the Lumber River Basin are set forth in the Lumber River Basin Classification Schedule, 



which may be inspected at the following places: 



(1) the Internet at http://h2o.enr.state.nc.us/csu/; http://portal.ncdenr.org/web/wq/ps/csu/classifications; and 



(2) the North Carolina Department of Environment and Natural Resources: Environmental Quality: 



(A) Fayetteville Regional Office 



225 Green Street 



Systel Building Suite 714 



Fayetteville, North Carolina Carolina; 



(B) Wilmington Regional Office 



127 Cardinal Drive Extension 



Wilmington, North Carolina Carolina; and 



(C) Division of Water Quality Resources 



Central Office 



512 North Salisbury Street 



Raleigh, North Carolina. 



(b)  Unnamed Streams. Such streams entering South Carolina are classified "C Sw". 



(c)  The Lumber River Basin Schedule of Classification and Water Quality Standards Classification Schedule was amended effective: 



(1) March 1, 1977; 



(2) December 13, 1979; 



(3) September 14, 1980; 



(4) April 12, 1981; 



(5) April 1, 1982; 



(6) February 1, 1986; 



(7) July 1, 1990; 



(8) August 1, 1990; 



(9) August 3, 1992; 



(10) September 1, 1996; 



(11) August 1, 2000; 



(12) November 1, 2007. 



(d)  The Schedule of Classifications and Water Quality Standards for the Lumber River Basin Classification Schedule was amended 



effective July 1, 1990 by the reclassification of Naked Creek (Index No. 14-2-6) from source to Drowning Creek including all tributaries 



from Class WS-III to Class WS-III ORW. 



(e)  The Schedule of Classifications and Water Quality Standards for the Lumber River Basin Classification Schedule was amended 



effective August 3, 1992 with the reclassification of all water supply waters (waters with a primary classification of WS-I, WS-II or 



WS-III). These waters were reclassified to WS-I, WS-II, WS-III, WS-IV or WS-V as defined in the revised water supply protection 



rules, (15A NCAC 02B .0100, .0200 and .0300) which became effective on August 3, 1992. In some cases, streams with primary 



classifications other than WS were reclassified to a WS classification due to their proximity and linkage to water supply waters. In other 



cases, waters were reclassified from a WS classification to an alternate appropriate primary classification after being identified as 



downstream of a water supply intake or identified as not being used for water supply purposes. 



(f)  The Schedule of Classifications and Water Quality Standards for the Lumber River Basin Classification Schedule was amended 



effective September 1, 1996 by the reclassification of the Lumber River from 2.0 miles upstream of highway 401 to a point 0.5 mile 



upstream of Powell Branch [Index Nos. 14-(3), 14-(4), 14-(4.5), 14-(7) and 14-(10.3)] from Classes WS-IV Sw HQW, WS-IV Sw HQW 



CA and C Sw HQW to Classes WS-IV B Sw HQW, WS-IV B Sw HQW CA and B Sw HQW. 



(g)  The Schedule of Classifications and Water Quality Standards for the Lumber River Basin Classification Schedule was amended 



effective August 1, 2000 with the reclassification of Lake Waccamaw [Index No. 15-2] from Class B Sw to Class B Sw ORW. 



(h)  The Schedule of Classifications and Water Quality Standards for the Lumber River Basin Classification Schedule was amended 



effective November 1, 2007 with the reclassifications listed below, and the North Carolina Division of Water Quality Resources 



maintains a Geographic Information Systems data layer of these UWLs: 



(1) Waccamaw Natural Lake Shoreline near Lake Waccamaw [Index No. 15-2] was reclassified to Class WL UWL as 



defined in 15A NCAC 02B .0101. UWL. 



(2) Green Swamp Small Depression Pond near Royal Oak Swamp [Index No. 15-25-1-12] was reclassified to Class WL 



UWL as defined in 15A NCAC 02B .0101. UWL. 



(3) Old Dock Savanna near Gum Swamp Run [Index No. 15-6] was reclassified to Class WL UWL as defined in 15A 



NCAC 02B .0101. UWL. 



(4) Myrtle Head Savanna near Mill Branch [Index No. 15-7-7] was reclassified to Class WL UWL as defined in 15A 



NCAC 02B .0101. UWL. 



(5) Goosepond Bay near Big Marsh Swamp [Index No. 14-22-2] was reclassified to Class WL UWL as defined in 15A 



NCAC 02B .0101. UWL. 



(6) Antioch Bay near Raft Swamp [Index No. 14-10-(1)] was reclassified to Class WL UWL as defined in 15A NCAC 



02B .0101. UWL. 



(7) Pretty Pond Bay near Big Marsh Swamp [Index No. 14-22-2] was reclassified to Class WL UWL as defined in 15A 



NCAC 02B .0101. UWL. 



(8) Dunahoe Bay near Big Marsh Swamp [Index No. 14-22-2] was reclassified to Class WL UWL as defined in 15A 



NCAC 02B .0101. UWL. 











(9) Hamby's Bay near Raft Swamp [Index No. 14-10-(1)] was reclassified to Class WL UWL as defined in 15A NCAC 



02B .0101. UWL. 



(10) Oak Savanna Bay near Smith Branch [Index No. 14-10-3] was reclassified to Class WL UWL as defined in 15A 



NCAC 02B .0101. UWL. 



(11) Big Island Savanna near Driving Creek [Index No. 15-7-1] was reclassified to Class WL UWL as defined in 15A 



NCAC 02B .0101. UWL. 



 



History Note: Authority G.S. 143-214.1; 143-215.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. November 1, 2007; August 1, 2000; September 1, 1996; August 3, 1992; August 1, 1990; July 1, 1990; 



February 1, 1986. 



 



15A NCAC 02B .0311 CAPE FEAR RIVER BASIN 



(a)  Effective February 1, 1976, the adopted classifications Classifications assigned to the waters within the Cape Fear River Basin are 



set forth in the Cape Fear River Basin Schedule of Classifications and Water Quality Standards, Classification Schedule, which may be 



inspected at the following places: 



(1) the Internet at http://portal.ncdenr.org/web/wq/ps/csu/rules; http://portal.ncdenr.org/web/wq/ps/csu/classifications; 



and 



(2) the North Carolina Department of Environment and Natural Resources: Environmental Quality: 



(A) Winston-Salem Regional Office 



585 Waughtown Street 450 West Hanes Mill Road 



Winston-Salem, North Carolina Carolina; 



(B) Fayetteville Regional Office 



225 Green Street 



Systel Building Suite 714 



Fayetteville, North Carolina Carolina; 



(C) Raleigh Regional Office 



3800 Barrett Drive 



Raleigh, North Carolina Carolina; 



(D) Washington Regional Office 



943 Washington Square Mall 



Washington, North Carolina Carolina; 



(E) Wilmington Regional Office 



127 Cardinal Drive Extension 



Wilmington, North Carolina Carolina; and 



(F) Division of Water Quality Resources 



Central Office 



512 North Salisbury Street 



Raleigh, North Carolina. 



(b)  The Cape Fear River Basin Schedule of Classification and Water Quality Standards Classification Schedule was amended effective: 



(1) March 1, 1977; 



(2) December 13, 1979; 



(3) December 14, 1980; 



(4) August 9, 1981; 



(5) April 1, 1982; 



(6) December 1, 1983; 



(7) January 1, 1985; 



(8) August 1, 1985; 



(9) December 1, 1985; 



(10) February 1, 1986; 



(11) July 1, 1987; 



(12) October 1, 1987; 



(13) March 1, 1988; 



(14) August 1, 1990. 



(c)  The Schedule of Classifications and Water Quality Standards for the Cape Fear River Basin Classification Schedule was amended 



effective June 1, 1988 as follows: 



(1) Cane Creek [Index No. 16-21-(1)] from source to a point 0.5 mile north of N.C. Hwy. 54 (Cane Reservoir Dam) 



including the Cane Creek Reservoir and all tributaries has been reclassified from Class WS-III to WS-I. 



(2) Morgan Creek [Index No. 16-41-1-(1)] to the University Lake dam including University Lake and all tributaries has 



been reclassified from Class WS-III to WS-I. 



(d)  The Schedule of Classifications and Water Quality Standards for the Cape Fear River Basin Classification Schedule was amended 



effective July 1, 1988 by the reclassification of Crane Creek (Crains Creek) [Index No. 18-23-16-(1)] from source to mouth of Beaver 



Creek including all tributaries from C to WS-III. 



(e)  The Schedule of Classifications and Water Quality Standards for the Cape Fear River Basin Classification Schedule was amended 



effective January 1, 1990 as follows: 











(1) Intracoastal Waterway (Index No. 18-87) from southern edge of White Oak River Basin to western end of Permuda 



Island (a line from Morris Landing to Atlantic Ocean), from the eastern mouth of Old Topsail Creek to the 



southwestern shore of Howe Creek and from the southwest mouth of Shinn Creek to channel marker No. 153 including 



all tributaries except the King Creek Restricted Area, Hardison Creek, Old Topsail Creek, Mill Creek, Futch Creek 



and Pages Creek were reclassified from Class SA to Class SA ORW. 



(2) Topsail Sound and Middle Sound ORW Area which includes all waters between the Barrier Islands and the 



Intracoastal Waterway located between a line running from the western most shore of Mason Inlet to the southwestern 



shore of Howe Creek and a line running from the western shore of New Topsail Inlet to the eastern mouth of Old 



Topsail Creek was reclassified from Class SA to Class SA ORW. 



(3) Masonboro Sound ORW Area which includes all waters between the Barrier Islands and the mainland from a line 



running from the southwest mouth of Shinn Creek at the Intracoastal Waterway to the southern shore of Masonboro 



Inlet and a line running from the Intracoastal Waterway Channel marker No. 153 to the southside of the Carolina 



Beach Inlet was reclassified from Class SA to Class SA ORW. 



(f)  The Schedule of Classifications and Water Quality Standards for the Cape Fear River Basin Classification Schedule was amended 



effective January 1, 1990 as follows: Big Alamance Creek [Index No. 16-19-(1)] from source to Lake Mackintosh Dam including all 



tributaries has been reclassified from Class WS-III NSW to Class WS-II NSW. 



(g)  The Schedule of Classifications and Water Quality Standards for the Cape Fear River Basin Classification Schedule was amended 



effective August 3, 1992 with the reclassification of all water supply waters (waters with a primary classification of WS-I, WS-II or 



WS-III). These waters were reclassified to WS-I, WS-II, WS-III, WS-IV or WS-V as defined in the revised water supply protection 



rules, (15A NCAC 02B .0100 , .0200 and .0300) which became effective on August 3, 1992. In some cases, streams with primary 



classifications other than WS were reclassified to a WS classification due to their proximity and linkage to water supply waters. In other 



cases, waters were reclassified from a WS classification to an alternate appropriate primary classification after being identified as 



downstream of a water supply intake or identified as not being used for water supply purposes. 



(h)  The Schedule of Classifications and Water Quality Standards for the Cape Fear River Basin Classification Schedule was amended 



effective June 1, 1994 as follows: 



(1) The Black River from its source to the Cape Fear River [Index Nos. 18-68-(0.5), 18-68-(3.5) and 18-65-(11.5)] was 



reclassified from Classes C Sw and C Sw HQW to Class C Sw ORW. 



(2) The South River from Big Swamp to the Black River [Index Nos. 18-68-12-(0.5) and 18-68-12(11.5)] was reclassified 



from Classes C Sw and C Sw HQW to Class C Sw ORW. 



(3) Six Runs Creek from Quewhiffle Swamp to the Black River [Index No. 18-68-2] was reclassified from Class C Sw to 



Class C Sw ORW. 



(i)  The Schedule of Classifications and Water Quality Standards for the Cape Fear River Basin Classification Schedule was amended 



effective September 1, 1994 with the reclassification of the Deep River [Index No. 17-(36.5)] from the Town of Gulf-Goldston water 



supply intake to US highway 421 including associated tributaries from Class C to Classes C, WS-IV and WS-IV CA. 



(j)  The Schedule of Classifications and Water Quality Standards for the Cape Fear River Basin Classification Schedule was amended 



effective August 1, 1998 with the revision to the primary classification for portions of the Deep River [Index No. 17-(28.5)] from Class 



WS-IV to Class WS-V, Deep River [Index No. 17-(41.5)] from Class WS-IV to Class C, and the Cape Fear River [Index 18-(10.5)] 



from Class WS-IV to Class WS-V. 



(k)  The Schedule of Classifications and Water Quality Standards for the Cape Fear River Basin Classification Schedule was amended 



effective April 1, 1999 with the reclassification of Buckhorn Creek (Harris Lake)[Index No. 18-7-(3)] from the backwaters of Harris 



Lake to the Dam at Harris Lake from Class C to Class WS-V. 



(l)  The Schedule of Classifications and Water Quality Standards for the Cape Fear River Basin Classification Schedule was amended 



effective April 1, 1999 with the reclassification of the Deep River [Index No. 17-(4)] from the dam at Oakdale-Cotton Mills, Inc. to the 



dam at Randleman Reservoir (located 1.6 mile upstream of U.S. Hwy 220 Business), and including tributaries from Class C and Class 



B to Class WS-IV and Class WS-IV & B. Streams within the Randleman Reservoir Critical Area have been reclassified to WS-IV CA. 



The Critical Area for a WS-IV reservoir is defined as 0.5 mile and draining to the normal pool elevation of the reservoir. All waters 



within the Randleman Reservoir Water Supply Watershed are within a designated Critical Water Supply Watershed and are subject to 



a special management strategy specified in 15A NCAC 02B .0248. Rule .0248 of this Subchapter. 



(m)  The Schedule of Classifications and Water Quality Standards for the Cape Fear River Basin Classification Schedule was amended 



effective August 1, 2002 as follows: 



(1) Mill Creek [Index Nos. 18-23-11-(1), 18-23-11-(2), 18-23-11-3, 18-23-11-(5)] from its source to the Little River, 



including all tributaries was reclassified from Class WS-III NSW and Class WS-III B NSW to Class WS-III NSW 



HQW@ and Class WS-III B NSW HQW@. 



(2) McDeed's Creek [Index Nos. 18-23-11-4, 18-23-11-4-1] from its source to Mill Creek, including all tributaries was 



reclassified from Class WS III NSW and Class WS-III B NSW to Class WS-III NSW HQW@ and Class WS-III B 



NSW HQW@. 



The "@" symbol as used in this Paragraph means that if the governing municipality has deemed that a development is covered under a 



"5/70 provision" as described in Rule 15A NCAC 02B .0215(3)(b)(i)(E)(Fresh Surface Water Quality Standards for Class WS-III 



Waters), Rule .0215(3)(b)(i)(E) of this Subchapter, then that development is not subject to the stormwater requirements as described in 



rule 15A NCAC 02H .1006 (Stormwater Requirements: High Quality Waters). 15A NCAC 02H .1006. 



(n)  The Schedule of Classifications and Water Quality Standards for the Cape Fear River Basin Classification Schedule was amended 



effective November 1, 2004 as follows: 



(1) the portion of Rocky River [Index Number 17-43-(1)] from a point 0.3 mile upstream of Town of Siler City upper 



reservoir dam to a point 0.3 mile downstream of Lacy Creek from WS-III to WS-III CA. 











(2) the portion of Rocky River [Index Number 17-43-(8)] from dam at lower water supply reservoir for Town of Siler 



City to a point 65 feet below dam (site of proposed dam) from C to WS-III CA. 



(3) the portion of Mud Lick Creek (Index No. 17-43-6) from a point 0.4 mile upstream of Chatham County SR 1355 to 



Town of Siler City lower water supply reservoir from WS-III to WS-III CA. 



(4) the portion of Lacy Creek (17-43-7) from a point 0.6 mile downstream of Chatham County SR 1362 to Town of Siler 



City lower water supply reservoir from WS-III to WS-III CA. 



(o)  The Schedule of Classifications and Water Quality Standards for the Cape Fear River Basin Classification Schedule was amended 



effective November 1, 2007 with the reclassifications listed below, and the North Carolina Division of Water Quality Resources 



maintains a Geographic Information Systems data layer of these UWLs. 



(1) Military Ocean Terminal Sunny Point Pools, all on the eastern shore of the Cape Fear River [Index No. 18-(71)] were 



reclassified to Class WL UWL as defined in 15A NCAC 02B .0101. UWL. 



(2) Salters Lake Bay near Salters Lake [Index No. 18-44-4] was reclassified to Class WL UWL as defined in 15A NCAC 



02B .0101. UWL. 



(3) Jones Lake Bay near Jones Lake [Index No. 18-46-7-1] was reclassified to Class WL UWL as defined in 15A NCAC 



02B .0101. UWL. 



(4) Weymouth Woods Sandhill Seep near Mill Creek [18-23-11-(1)] was reclassified to Class UWL as defined in 15A 



NCAC 02B .0101. UWL. 



(5) Fly Trap Savanna near Cape Fear River [Index No. 18-(71)] was reclassified to Class WL UWL as defined in 15A 



NCAC 02B .0101. UWL. 



(6) Lily Pond near Cape Fear River [Index No. 18-(71)] was reclassified to Class WL UWL as defined in 15A NCAC 



02B .0101. UWL. 



(7) Grassy Pond near Cape Fear River [Index No. 18-(71)] was reclassified to Class WL UWL as defined in 15A NCAC 



02B .0101. UWL. 



(8) The Neck Savanna near Sandy Run Swamp [Index No. 18-74-33-2] was reclassified to Class WL UWL as defined in 



15A NCAC 02B .0101. UWL. 



(9) Bushy Lake near Turnbull Creek [Index No. 18-46] was reclassified to Class WL UWL as defined in 15A NCAC 02B 



.0101. UWL. 



(10) Bushy Lake near Turnbull Creek [Index No. 18-46] was reclassified to Class WL UWL as defined in 15A NCAC 02B 



.0101. UWL. 



(p)  The Schedule of Classifications and Water Quality Standards for the Cape Fear River Basin Classification Schedule was amended 



effective January 1, 2009 as follows: 



(1) the portion of Cape Fear River [Index No. 18-(26)] (including tributaries) from Smithfield Packing Company's intake, 



located approximately 2 miles upstream of County Road 1316, to a point 0.5 miles upstream of Smithfield Packing 



Company's intake from Class C to Class WS-IV CA. 



(2) the portion of Cape Fear River [Index No.18-(26)] (including tributaries) from a point 0.5 miles upstream of Smithfield 



Packing Company's intake to a point 1 mile upstream of Grays Creek from Class C to Class WS-IV. 



(q)  The Schedule of Classifications and Water Quality Standards for the Cape Fear River Basin Classification Schedule was amended 



effective August 11, 2009 with the reclassification of all Class C NSW waters and all Class B NSW waters upstream of the dam at B. 



Everett Jordan Reservoir from Class C NSW and Class B NSW to Class WS-V NSW and Class WS-V & B NSW, respectively. All 



waters within the B. Everett Jordan Reservoir Watershed are within a designated Critical Water Supply Watershed and are subject to a 



special management strategy specified in 15A NCAC 02B .0262 through .0273. Rules .0262 through .0273 of this Subchapter. 



(r)  The Schedule of Classifications and Water Quality Standards for the Cape Fear River Basin Classification Schedule was amended 



effective September 1, 2009 with the reclassification of a portion of the Haw River [Index No. 16-(28.5)] from the Town of Pittsboro 



water supply intake, which is located approximately 0.15 mile west of U.S. 15/501, to a point 0.5 mile upstream of the Town of Pittsboro 



water supply intake from Class WS-IV to Class WS-IV CA. 



(s)  The Schedule of Classifications and Water Quality Standards for the Cape Fear River Basin Classification Schedule was amended 



effective March 1, 2012 with the reclassification of the portion of the Haw River [Index No. 16-(1)] from the City of Greensboro's 



intake, located approximately 650 feet upstream of Guilford County 2712, to a point 0.5 miles upstream of the intake from Class WS-



V NSW to Class WS-IV CA NSW, and the portion of the Haw River [Index No. 16-(1)] from a point 0.5 miles upstream of the intake 



to a point 0.6 miles downstream of U.S. Route 29 from Class WS-V NSW to Class WS-IV NSW. 



(t)  The Schedule of Classifications and Water Quality Standards for the Cape Fear River Basin Classification Schedule was amended 



effective June 30, 2017 with the reclassification of a section of 18-(71) from upstream mouth of Toomers Creek to a line across the river 



between Lilliput Creek and Snows Cut from Class SC to Class SC Sw. A site-specific management strategy is outlined in 15A NCAC 



02B .0227. 



(u)  The Cape Fear River Basin Classification Schedule was amended effective September 1, 2018 with the reclassification of a portion 



of Sandy Creek [Index No. 17-16-(1)] (including tributaries) from a point 0.4 mile upstream of SR-2481 to a point 0.6 mile upstream of 



N.C. Hwy 22 from WS-III to WS-III CA. The reclassification resulted in an updated representation of the water supply watershed for 



the Sandy Creek reservoir. 



 



History Note: Authority G.S. 143-214.1; 143-215.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. September 1, 2018; June 30, 2017; March 1, 2012; September 1, 2009; August 11, 2009; January 1, 



2009; November 1, 2007; November 1, 2004; August 1, 2002; April 1, 1999; August 1, 1998; September 1, 1994; June 



1, 1994; August 3, 1992; August 1, 1990. 



 











15A NCAC 02B .0312 WHITE OAK RIVER BASIN 



(a)  The White Oak River Basin Schedule of Classifications and Water Quality Standards may be inspected in the following 



places:Effective February 1, 1976, adopted classifications Classifications assigned to the waters within the White Oak River Basin are 



set forth in the White Oak River Basin Classification Schedule, which may be inspected in the following places: 



(1) the internet Internet at http://h2o.enr.state.nc.us/csu/; http://portal.ncdenr.org/web/wq/ps/csu/classifications ; and 



(2) the North Carolina Department of Environment and Natural Resources: Environmental Quality: 



(A) Washington Regional Office 



943 Washington Square Mall 



Washington, North Carolina; 



(B) Wilmington Regional Office 



127 Cardinal Drive Extension 



Wilmington, North Carolina; and 



(C) Division of Water Quality Resources 



Central Office 



512 North Salisbury Street 



Raleigh, North Carolina. 



(b)  The White Oak River Basin Schedule of Classification and Water Quality Standards Classification Schedule was amended effective: 



(1) December 13, 1979 see Paragraph (c); 



(2) June 1, 1988 see Paragraph (d); 



(3) January 1, 1990 see Paragraph (e); 



(4) August 1, 1990 see Paragraph (f); 



(5) August 1, 1991 see Paragraph (g); 



(6) June 1, 1992 see Paragraph (h); 



(7) December 1, 1992 see Paragraph (i); 



(8) November 1, 2007 see Paragraph (j); 



(9) July 1, 2011 see Paragraph (k). 



(c)  The Schedule of Classifications and Water Quality Standards for the White Oak River Basin Classification Schedule has been was 



amended effective December 13, 1979 with the reclassification of a portion of the White Oak River Restricted Area (Index No. 20-32) 



and a portion of the Newport River (Morehead City and Beaufort Harbors Restricted Area) [Index No. 21-(31)] from Class SC to Class 



SA. 



(d)  The Schedule of Classifications and Water Quality Standards for the White Oak River Basin Classification Schedule has been was 



amended effective June 1, 1988 with the reclassification of unnamed waters as follows: 



(1) a portion of the Roosevelt Natural Area Swamp, which drains to Bogue Sound (20-36), from Class SA to Class C Sw 



ORW. 



(2) another portion of the Roosevelt Natural Area Swamp, which drains to Bogue Sound (20-36), from Class SA to Class 



SA Sw ORW. 



(e)  The Schedule of Classifications and Water Quality Standards for the White Oak River Basin Classification Schedule has been was 



amended effective January 1, 1990 as follows: 



(1) Intracoastal Waterway (Index No. 19-39) from northeastern boundary of Cape Fear River Basin to Daybeacon No. 17 



including all unnamed bays, guts, and channels, except Rogers Bay and Mill Creek and Intracoastal Waterway (Index 



No. 19-41) from the northeast mouth of Goose Creek to the southwest mouth of Queen Creek were reclassified from 



Class SA to Class SA ORW. 



(2) Bear Island ORW Area, which includes all waters within an area north of Bear Island defined by a line from the 



western most point on Bear Island to the northeast mouth of Goose Creek on the mainland, east to the southwest mouth 



of Queen Creek, then south to green marker No. 49, then northeast to the northern most point on Huggins Island, then 



southeast along the shoreline of Huggins Island to the southeastern most point of Huggins Island, then south to the 



northeastern most point on Dudley Island, then southwest along the shoreline of Dudley Island to the eastern tip of 



Bear Island to the western mouth of Foster Creek including Cow Channel were reclassified from Class SA to Class 



SA ORW. 



(3) Bogue Sound (including Intracoastal Waterway from White Oak River Basin to Beaufort Inlet)(Index No. 20-36) from 



Bogue Inlet to a line across Bogue Sound from the southwest side of mouth of Gales Creek to Rock Point and all 



tributaries except Hunting Island Creek, Goose Creek, and Broad Creek were reclassified from Class SA to Class SA 



ORW. 



(4) Core Sound (Index No. 21-35-7) from northern boundary of White Oak River Basin (a line from Hall Point to Drum 



Inlet) to Back Sound and all tributaries except Atlantic Harbor Restricted Area, Nelson Bay, Jarrett Bay, Williston 



Creek, Wade Creek and Middens Creek were reclassified from Class SA to Class SA ORW. 



(5) Back Sound (Index No. 21-35) from a point on Shackleford Banks at lat. 34 degrees 40' 57" and long 76 degrees 37' 



30" north to the western most point of Middle Marshes and along the northwest shoreline of Middle Marshes (to 



include all of Middle Marshes) to Rush Point on Harkers Island and along the southern shore of Harkers Island back 



to Core Sound and all tributaries were reclassified from Class SA to Class SA ORW. 



(f)  The Schedule of Classifications and Water Quality Standards for the White Oak River Basin Classification Schedule has been was 



amended effective August 1, 1990 with the reclassification of a portion of the White Oak River [Index No. 20-(1)] from Spring Branch 



to Hunters Creek from Class C to Class C HQW. 



(g)  The Schedule of Classifications and Water Quality Standards for the White Oak River Basin Classification Schedule was amended 



effective August 1, 1991 by adding the supplemental classification NSW (Nutrient Sensitive Waters) to all waters in the New River 











Drainage Area above a line running across the New River from Grey Point to a point of land approximately 2,200 yards downstream of 



the mouth of Duck Creek. 



(h)  The Schedule of Classifications and Water Quality Standards for the White Oak River Basin Classification Schedule was amended 



effective June 1, 1992 with the reclassification of Peletier Creek (Index No. 20-36-11) from its source to Bogue Sound from Class SA 



to Class SB with the requirement that no discharges be allowed. 



(i)  The Schedule of Classifications and Water Quality Standards for the White Oak River Basin Classification Schedule has been was 



amended effective December 1, 1992 with the reclassification of the Atlantic Harbor Restricted Area (Index No. 21-35-7-2) from Class 



SC to Class SA ORW. 



(j)  The Schedule of Classifications and Water Quality Standards for the White Oak River Basin Classification Schedule has been was 



amended effective November 1, 2007 with the reclassifications listed below, and the North Carolina Division of Water Quality 



Resources maintains a Geographic Information Systems data layer of these UWLs: 



(1) Theodore Roosevelt Maritime Swamp Forest near Roosevelt Natural Area Swamp [Index No. 20-36-9.5-(1)] was 



reclassified to Class WL UWL as defined in 15A NCAC 02B .0101. UWL. 



(2) Bear Island Maritime Wet Grassland near the Atlantic Ocean [Index No. 99-(4)] was reclassified to Class WL UWL 



as defined in 15A NCAC 02B .0101. UWL. 



(k)  The Schedule of Classifications and Water Quality Standards for the White Oak River Basin Classification Schedule has been was 



amended effective July 1, 2011 with the reclassification of a portion of Southwest Creek [Index No. 19-17-(0.5)] from a point 



approximately 0.5 mile upstream of Mill Run to Mill Run from Class C NSW to Class SC NSW, and another portion of Southwest 



Creek [Index No. 19-17-(6.5)] from Mill Run to New River from Class C HQW NSW to Class SC HQW NSW. 



 



History Note: Authority G.S. 143-214.1; 143-215.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. July 1, 2011; November 1, 2007; December 1, 1992; June 1, 1992; August 1, 1991; August 1, 1990. 



 



15A NCAC 02B .0313 ROANOKE RIVER BASIN 



(a)  Effective February 1, 1976, the adopted classifications Classifications assigned to the waters within the Roanoke River Basin are 



set forth in the Roanoke River Basin Schedule of Classifications and Water Quality Standards, Classification Schedule, which may be 



inspected at the following places: 



(1) the Internet at http://h2o.enr.state.nc.us/csu/; http://portal.ncdenr.org/web/wq/ps/csu/classifications; and 



(2) the North Carolina Department of Environment and Natural Resources: Environmental Quality: 



(A) Raleigh Regional Office 



3800 Barrett Drive 



Raleigh, Carolina Carolina; 



(B) Washington Regional Office 



943 Washington Square Mall 



Washington, Carolina Carolina; 



(C) Winston-Salem Regional Office 



585 Waughtown Street Winston-Salem, 450 West Hanes Mill Road 



North Carolina Carolina; and 



(D) Division of Water Quality Resources 



Regional Office 



512 North Salisbury Street 



Raleigh, North Carolina. 



(b)  Unnamed Streams. Such streams entering Virginia are classified "C", except that all backwaters of John H. Kerr Reservoir and the 



North Carolina portion of streams tributary thereto not otherwise named or described shall carry the classification "B," and all backwaters 



of Lake Gaston and the North Carolina portion of streams tributary thereto not otherwise named or described shall carry the classification 



"C and B". 



(c)  The Roanoke River Basin Schedule of Classification and Water Quality Standards Classification Schedule was amended effective: 



(1) May 18, 1977; 



(2) July 9, 1978; 



(3) July 18, 1979; 



(4) July 13, 1980; 



(5) March 1, 1983; 



(6) August 1, 1985; 



(7) February 1, 1986. 



(d)  The Schedule of Classifications and Water Quality Standards for the Roanoke River Basin Classification Schedule was amended 



effective July 1, 1991 with the reclassification of Hyco Lake (Index No. 22-58) from Class C to Class B. 



(e)  The Schedule of Classifications and Water Quality Standards for the Roanoke River Basin Classification Schedule was amended 



effective August 3, 1992 with the reclassification of all water supply waters (waters with a primary classification of WS-I, WS-II or 



WS-III). These waters were reclassified to WS-I, WS-II, WS-III, WS-IV or WS-V as defined in the revised water supply protection 



rules, (15A NCAC 2B .0100, .0200 and .0300) which became effective on August 3, 1992. In some cases, streams with primary 



classifications other than WS were reclassified to a WS classification due to their proximity and linkage to water supply waters. In other 



cases, waters were reclassified from a WS classification to an alternate appropriate primary classification after being identified as 



downstream of a water supply intake or identified as not being used for water supply purposes. 











(f)  The Schedule of Classifications and Water Quality Standards for the Roanoke River Basin Classification Schedule was amended 



effective August 1, 1998 with the reclassification of Cascade Creek (Camp Creek) [Index No. 22-12] and its tributaries from its source 



to the backwaters at the swimming lake from Class B to Class B ORW, and reclassification of Indian Creek [index No. 22-13] and its 



tributaries from its source to Window Falls from Class C to Class C ORW. 



(g)  The Schedule of Classifications and Water Quality Standards for the Roanoke River Basin Classification Schedule was amended 



effective August 1, 1998 with the reclassification of Dan River and Mayo River WS-IV Protected Areas. The Protected Areas were 



reduced in size. 



(h)  The Schedule of Classifications and Water Quality Standards for the Roanoke River Basin Classification Schedule was amended 



effective April 1, 1999 as follows: 



(1) Hyco River, including Hyco Lake below elevation 410 [Index No. 22-58-(0.5)] was reclassified from Class B to Class 



WS-V B. 



(2) Mayo Creek (Maho Creek)(Mayo Reservoir) [Index No. 22-58-15] was reclassified from its source to the dam of 



Mayo Reservoir from Class C to Class WS-V. 



(i)  The Schedule of Classifications and Water Quality Standards for the Roanoke River Basin Classification Schedule was amended 



effective April 1, 2001 as follows: 



(1) Fullers Creek from source to a point 0.8 mile upstream of Yanceyville water supply dam [Index No. 22-56-4-(1)] was 



reclassified from Class WS-II to Class WS-III. 



(2) Fullers Creek from a point 0.8 mile upstream of Yanceyville water supply dam to Yanceyville water supply dam 



[Index No. 22-56-4-(2)] was reclassified from Class WS-II CA to Class WS-III CA. 



(j)  The Schedule of Classifications and Water Quality Standards for the Roanoke River Basin Classification Schedule was amended 



effective November 1, 2007 with the reclassification of Hanging Rock Hillside Seepage Bog near Cascade Creek [Index No. 22-12-(2)] 



to Class WL UWL as defined in 15A NCAC 02B .0101. Rule .0202 of this Subchapter UWL. The Division of Water Quality Resources 



maintains a Geographic Information Systems data layer of the UWL. 



(k)  The Schedule of Classifications and Water Quality Standards for the Roanoke River Basin Classification Schedule was amended 



effective July 3, 2012 as follows: 



(1) a portion of the Dan River [Index No. 22-(39)] (including tributaries) from the City of Roxboro's intake, located 



approximately 0.7 mile upstream of NC Highway 62, to a point approximately 0.5 mile upstream of the City of 



Roxboro's intake from Class C to Class WS-IV CA. 



(2) a portion of the Dan River [Index No. 22-(39)] (including tributaries) from a point approximately 0.5 mile upstream 



of the City of Roxboro's intake to the North Carolina-Virginia state line from Class C to Class WS-IV. 



(l)  The Schedule of Classifications and Water Quality Standards for the Roanoke River Basin Classification Schedule is amended 



effective January 1, 2013 as follows: 



(1) a portion of the Roanoke River [Index No. 23-(26)] (including tributaries) from the Martin County Regional Water 



And Sewer Authority's intake, located approximately 0.3 mile upstream of US 13/US 17, to a point approximately 0.5 



mile upstream of the Martin County Regional Water And Sewer Authority's intake from Class C to Class WS-IV CA. 



(2) a portion of the Roanoke River [Index No. 23-(26)] (including tributaries) from a point approximately 0.5 mile 



upstream of the Martin County Regional Water And Sewer Authority's intake to a point approximately 1 mile 



downstream of Coniott Creek (Town Swamp) from Class C to Class WS-IV. 



 



History Note: Authority G.S. 143-214.1; 143-215.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. January 1, 2013; July 3, 2012; November 1, 2007; April 1, 2001; April 1, 1999; August 1, 1998; August 



3, 1992; July 1, 1991; February 1, 1986; August 1, 1985. 



 



15A NCAC 02B .0314 CHOWAN RIVER BASIN 



(a)  Places where the schedule may be inspected: Classifications assigned to the waters within the Chowan River Basin are set forth in 



the Chowan River Basin Classification Schedule, which may be inspected in the following places 



(1) Clerk of Court: 



Bertie County 



Chowan County 



Gates County 



Hertford County 



Northampton County the Internet at http://portal.ncdenr.org/web/wq/ps/csu/classifications; and 



(2) the North Carolina Department of Environment, Health and Natural Resources: Environmental Quality: 



(A) Raleigh Regional Office 



3800 Barrett Drive 



Raleigh, North Carolina North Carolina; 



(B) Washington Regional Office 



1502 North Market Street 943 Washington Square Mall 



Washington, North Carolina North Carolina: and 



(C) Division of Water Resources 



Central Office 



512 North Salisbury Street 



Raleigh, North Carolina. 



(b)  Unnamed Streams. Such streams entering Virginia are classified "C." 











(c)  All classifications assigned to the waters of the Chowan River Basin and referenced in (a) of this Rule are additionally classified as 



nutrient sensitive waters (-NSW) Nutrient Sensitive Waters (NSW) in accordance with the provisions of Rule .0214 of this Subchapter. 



(d)  The Chowan River Basin Schedule of Classification and Water Quality Standards Classification Schedule was amended effective 



August 1, 1985. 



 



History Note: Filed as an Emergency Amendment [(f)] Eff. March 10, 1979, for a period of 120 days to expire on September 7, 



1979; 



Authority G.S. 143-214.1; 143-215.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. November 1, 1978; March 1, 1977; 



Emergency Amendment [(f)] Made Permanent Eff. September 6, 1979; 



Amended Eff. August 1, 1985; January 1, 1985. 



 



15A NCAC 02B .0315 NEUSE RIVER BASIN 



(a)  Effective February 1, 1976, the adopted classifications Classifications assigned to the waters within the Neuse River Basin are set 



forth in the Neuse River Basin Schedule of Classification and Water Quality Standards, Classification Schedule, which may be inspected 



at the following places: 



(1) the Internet at http://portal.ncdenr.org/web/wq/ps/csu/rules; http://portal.ncdenr.org/web/wq/ps/csu/classifications; 



and 



(2) the North Carolina Department of Environment and Natural Resources: Environmental Quality: 



(A) Raleigh Regional Office 



3800 Barrett Drive 



Raleigh, North Carolina; 



(B) Washington Regional Office 



943 Washington Square Mall 



Washington, North Carolina; 



(C) Wilmington Regional Office 



127 Cardinal Drive Drive Extension 



Wilmington, North Carolina; Carolina; and 



(D) Division of Water Quality Resources 



Central Office 



512 North Salisbury Street 



Raleigh, North Carolina. 



(b)  The Neuse River Basin Schedule of Classification and Water Quality Standards Classification Schedule was amended effective: 



(1) March 1, 1977 see Paragraph (c) of this Rule; 



(2) December 13, 1979 see Paragraph (d) of this Rule; 



(3) September 14, 1980 see Paragraph (e) of this Rule; 



(4) August 9, 1981 see Paragraph (f) of this Rule; 



(5) January 1, 1982 see Paragraph (g) of this Rule; 



(6) April 1, 1982 see Paragraph (h) of this Rule; 



(7) December 1, 1983 see Paragraph (i) of this Rule; 



(8) January 1, 1985 see Paragraph (j) of this Rule; 



(9) August 1, 1985 see Paragraph (k) of this Rule; 



(10) February 1, 1986 see Paragraph (l) of this Rule; 



(11) May 1, 1988 see Paragraph (m) of this Rule; 



(12) July 1, 1988 see Paragraph (n) of this Rule; 



(13) October 1, 1988 see Paragraph (o) of this Rule; 



(14) January 1, 1990 see Paragraph (p) of this Rule; 



(15) August 1, 1990; 



(16) December 1, 1990 see Paragraph (q) of this Rule; 



(17) July 1, 1991 see Paragraph (r) of this Rule; 



(18) August 3, 1992; 



(19) April 1, 1994 see Paragraph (t) of this Rule; 



(20) July 1, 1996 see Paragraph (u) of this Rule; 



(21) September 1, 1996 see Paragraph (v) of this Rule; 



(22) April 1, 1997 see Paragraph (w) of this Rule; 



(23) August 1, 1998 see Paragraph (x) of this Rule; 



(24) August 1, 2002 see Paragraph (y) of this Rule; 



(25) July 1, 2004 see Paragraph (z) of this Rule; 



(26) November 1, 2007see Paragraph (aa) of this Rule; 



(27) January 15, 2011 see Paragraph (bb) of this Rule; and 



(28) July 1, 2012 see Paragraph (cc) of this Rule. 



(c)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule was amended 



effective March 1, 1977 with the a total of 179 streams in the Neuse River Basin reclassified from Class D to Class C. 











(d)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule has been was 



amended effective December 13, 1979 as follows: Little River [Index No. 27-57-(21.5)] from source to the dam at Wake Forest Reservoir 



has been reclassified from Class A-II to Class A-II and B. 



(e)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule has been was 



amended effective September 14, 1980 as follows: The Eno River from Durham County State Road 1003 to U.S Highway 501 [Index 



No. 27-2-(16)] was reclassified from Class C and B to Class A-II and B. 



(f)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule was amended 



effective August 9, 1981 to remove the swamp water designation from all waters designated SA in the Neuse River Basin. 



(g)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule has been was 



amended effective January 1, 1982 as follows: The Trent River from the mouth of Brice Creek to the Neuse River [Index No. 27-101-



(39)] was reclassified from Class SC Sw to Class SB Sw. 



(h)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule has been was 



amended effective April 1, 1982 as follows: 



(1) Longview Branch from source to Crabtree Creek [Index No. 27-33-(21)] was reclassified from Class C1 to Class C. 



(2) Watson Branch from source to Walnut Creek [Index No. 27-34-(8)] was reclassified from Class C1 to Class C. 



(i)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule was amended 



effective December 1, 1983 to add the Nutrient Sensitive Waters classification to the entire river basin above Falls dam. 



(j)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule has been was 



amended effective January 1, 1985 as follows: Nobel Canal from source to Swift Creek [Index No. 27-97-(2)] was reclassified from 



Class C1 to Class C. 



(k)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule has been was 



amended effective August 1, 1985 as follows: 



(1) Southeast Prong Beaverdam Creek from source to Beaverdam Creek [Index No. 27-33-15(2)] was reclassified from 



Class C1 to Class C. 



(2) Pigeon House branch from source to Crabtree Creek [Index No. 27-33-(18)] was reclassified from Class C1 to Class 



C. 



(3) Rocky Branch from source to Pullen Road [Index No. 27-34-6-(1)] was reclassified from Class C1 to Class C. 



(4) Chavis Branch from source to Watson Branch [Index No. 27-37-8-1] was reclassified from Class C1 to Class C. 



(l)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule has been was 



amended effective February 1, 1986 to reclassify all Class A-I and Class A-II streams in the Neuse River Basin to WS-I and WS-III. 



(m)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule was amended 



effective May 1, 1988 to add the Nutrient Sensitive Waters classification to the waters of the Neuse River Basin below the Falls Lake 



dam. 



(n)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule has been was 



amended effective July 1, 1988 as follows: 



(1) Smith Creek [Index No. 27-23-(1)] from source to the dam at Wake Forest Reservoir has been reclassified from Class 



WS-III to WS-I. 



(2) Little River [Index No. 27-57-(1)] from source to the N.C. Hwy. 97 Bridge near Zebulon including all tributaries has 



been reclassified from Class WS-III to WS-I. 



(3) An unnamed tributary to Buffalo Creek just upstream of Robertson's Pond in Wake County from source to Buffalo 



Creek including Leo's Pond has been reclassified from Class C to B. 



(o)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule has been was 



amended effective October 1, 1988 as follows: 



(1) Walnut Creek (Lake Johnson, Lake Raleigh) [Index No. 27-34-(1)]. Lake Johnson and Lake Raleigh have been 



reclassified from Class WS-III to Class WS-III B. 



(2) Haw Creek (Camp Charles Lake)(Index No. 27-86-3-7) from the backwaters of Camp Charles Lake to dam at Camp 



Charles Lake has been reclassified from Class C to Class B. 



(p)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule has been was 



amended effective January 1, 1990 as follows: 



(1) Neuse-Southeast Pamlico Sound ORW Area which includes all waters within a line beginning at the southwest tip of 



Ocracoke Island, and extending north west along the Tar-Pamlico River Basin and Neuse River Basin boundary line 



to Lat. 35 degrees 06' 30", thence in a southwest direction to Ship Point and all tributaries, were reclassified from 



Class SA NSW to Class SA NSW ORW. 



(2) Core Sound (Index No. 27-149) from northeastern limit of White Oak River Basin (a line from Hall Point to Drum 



Inlet) to Pamlico Sound and all tributaries, except Thorofare, John Day Ditch were reclassified from Class SA NSW 



to Class SA NSW ORW. 



(q)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule was amended 



effective December 1, 1990 with the reclassification of the following waters as described in (1) through (3) of this Paragraph. 



(1) Northwest Creek from its source to the Neuse River (Index No. 27-105) from Class SC Sw NSW to Class SB Sw 



NSW; 



(2) Upper Broad Creek [Index No. 27-106-(7)] from Pamlico County SR 1103 at Lees Landing to the Neuse River from 



Class SC Sw NSW to Class SB Sw NSW; and 



(3) Goose Creek [Index No. 27-107-(11)] from Wood Landing to the Neuse River from Class SC Sw NSW to Class SB 



Sw NSW. 











(r)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule was amended 



effective July 1, 1991 with the reclassification of the Bay River [Index No. 27-150-(1)] within a line running from Flea Point to the 



Hammock, east to a line running from Bell Point to Darby Point, including Harper Creek, Tempe Gut, Moore Creek and Newton Creek, 



and excluding that portion of the Bay River landward of a line running from Poorhouse Point to Darby Point from Classes SC Sw NSW 



and SC Sw NSW HQW to Class SA NSW. 



(s)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule was amended 



effective August 3, 1992 with the reclassification of all water supply waters (waters with a primary classification of WS-I, WS-II or 



WS-III). These waters were reclassified to WS-I, WS-II, WS-III, WS-IV or WS-V as defined in the revised water supply protection 



rules, (15A NCAC 02B .0100, .0200 and .0300) which became effective on August 3, 1992. In some cases, streams with primary 



classifications other than WS were reclassified to a WS classification due to their proximity and linkage to water supply waters. In other 



cases, waters were reclassified from a WS classification to an alternate appropriate primary classification after being identified as 



downstream of a water supply intake or identified as not being used for water supply purposes. 



(t)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule was amended 



effective April 1, 1994 as follows: 



(1) Lake Crabtree [Index No. 27-33-(1)] was reclassified from Class C NSW to Class B NSW. 



(2) The Eno River from Orange County State Road 1561 to Durham County State Road 1003 [Index No. 27-10-(16)] was 



reclassified from Class WS-IV NSW to Class WS-IV B NSW. 



(3) Silver Lake (Index No. 27-43-5) was reclassified from Class WS-III NSW to Class WS-III B NSW. 



(u)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule was amended 



effective July 1, 1996 with the reclassification of Austin Creek [Index Nos. 27-23-3-(1) and 27-23-3-(2)] from its source to Smith Creek 



from classes WS-III NSW and WS-III NSW CA to class C NSW. 



(v)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule was amended 



effective September 1, 1996 with the reclassification of an unnamed tributary to Hannah Creek (Tuckers Lake) [Index No. 27-52-6-0.5] 



from Class C NSW to Class B NSW. 



(w)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule was amended 



effective April 1, 1997 with the reclassification of the Neuse River (including tributaries) from mouth of Marks Creek to a point 1.3 



miles downstream of Johnston County State Road 1908 to class WS-IV NSW and from a point 1.3 miles downstream of Johnston 



County State Road 1908 to the Johnston County Water Supply intake (located 1.8 miles downstream of Johnston County State Road 



1908) to class WS-IV CA NSW [Index Nos. 27-(36) and 27-(38.5)]. 



(x)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule was amended 



effective August 1, 1998 with the revision of the Critical Area and Protected Area boundaries surrounding the Falls Lake water supply 



reservoir. The revisions to these boundaries are the result of the US Army Corps of Engineers raising the lake's normal pool elevation. 



The result of these revisions is the Critical and Protected Area boundaries (classifications) may extend further upstream than the current 



designations. The Critical Area for a WS-IV reservoir is defined as 0.5 miles and draining to the normal pool elevation. The Protected 



Area for a WS-IV reservoir is defined as 5 miles and draining to the normal pool elevation. The normal pool elevation of the Falls Lake 



reservoir has changed from 250.1 feet mean sea level (msl) to 251.5 feet msl. 



(y)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule was amended 



effective August 1, 2002 with the reclassification of the Neuse River [portions of Index No. 27-(56)], including portions of its tributaries, 



from a point 0.7 mile downstream of the mouth of Coxes Creek to a point 0.6 mile upstream of Lenoir County proposed water supply 



intake from Class C NSW to Class WS-IV NSW and from a point 0.6 mile upstream of Lenoir County proposed water supply intake to 



Lenoir proposed water supply intake from Class C NSW to Class WS-IV CA NSW. 



(z)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule was amended 



effective July 1, 2004 with the reclassification of the Neuse River (including tributaries in Wake County) [Index Nos. 27-(20.7), 27-21, 



27-21-1] from the dam at Falls Lake to a point 0.5 mile upstream of the Town of Wake Forest Water Supply Intake (former water supply 



intake for Burlington Mills Wake Finishing Plant) from Class C NSW to Class WS-IV NSW and from a point 0.5 mile upstream of the 



Town of Wake Forest proposed water supply intake to Town of Wake Forest proposed water supply intake [Index No. 27-(20.1)] from 



Class C NSW to Class WS-IV NSW CA. Fantasy Lake [Index No. 27 -57-3-1-1], a former rock quarry within a WS-II NSW water 



supply watershed, was reclassified from Class WS-II NSW to Class WS-II NSW CA. 



(aa)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule was amended 



effective November 1, 2007 with the reclassification of the entire watershed of Deep Creek (Index No. 27-3-4) from source to Flat River 



from Class WS-III NSW to Class WS-III ORW NSW. 



(bb)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule is amended 



effective January 15, 2011 with the reclassification of all Class C NSW waters and all Class B NSW waters upstream of the dam at Falls 



Reservoir from Class C NSW and Class B NSW to Class WS-V NSW and Class WS-V & B NSW, respectively. All waters within the 



Falls Watershed are within a designated Critical Water Supply Watershed and are subject to a special management strategy specified in 



Rules 15A NCAC 02B .0275 through .0283. Rules .0275 through .0283 of this Subchapter. 



(cc)  The Schedule of Classifications and Water Quality Standards for the Neuse River Basin Classification Schedule is amended 



effective July 1, 2012 as follows: 



(1) Johnston County owned quarry near Little River [Index No. 27-57-(20.2)] from Class C NSW to Class WS-IV NSW 



CA. The Division of Water Quality Resources maintains a Geographic Information Systems data layer of this quarry; 



(2) a portion of the Neuse River [Index Number 27-(41.7)] from a point approximately 1.4 miles downstream of Gar Gut 



to a point approximately 1.7 miles upstream of Bawdy Creek from Class WS-V NSW to Class WS-IV NSW; and 



(3) a portion of the Neuse River [Index No. 27-(49.5)] from a point approximately 0.5 mile upstream of S.R. 1201 



(Johnston County intake) to S.R. 1201 (Johnston County intake) from Class WS-IV NSW to Class WS-IV NSW CA. 



 











History Note: Authority G.S. 143-214.1; 143-215.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. November 1, 2007; July 1, 2004 (see SL 2001-361); August 1, 2002; August 1, 1998; April 1, 1997; 



September 1, 1996; July 1, 1996; April 1, 1994; August 3, 1992; July 1, 1991; 



Amended Eff. January 15, 2011 (this permanent rule replaces the temporary rule approved by the RRC on December 



16, 2010); 



Amended Eff. July 1, 2012. 



 



15A NCAC 02B .0316 TAR-PAMLICO RIVER BASIN 



(a)  The Tar-Pamlico River Basin Schedule of Classifications and Water Quality Standards may be inspected at the following places: 



Classifications assigned to the waters within the Tar-Pamlico River Basin are set forth in the Tar-Pamlico River Basin Classification 



Schedule, which may be inspected at the following places: 



(1) the internet Internet at http://h2o.enr.state.nc.us/csu/; http://portal.ncdenr.org/web/wq/ps/csu/classifications; and 



(2) the North Carolina Department of Environment and Natural Resources: Environmental Quality: 



(A) Raleigh Regional Office 



3800 Barrett Drive 



Raleigh, North Carolina Carolina; 



(B) Washington Regional Office 



943 Washington Square Mall 



Washington, North Carolina Carolina; and 



(C) Division of Water Quality Resources 



Central Office 



512 North Salisbury Street 



Raleigh, North Carolina. 



(b)  Unnamed Streams. All drainage canals not noted in the schedule are classified "C Sw," except the main drainage canals to Pamlico 



Sound and its bays which are classified "SC." 



(c)  The Tar-Pamlico River Basin Schedule of Classification and Water Quality Standards Classification Schedule was amended 



effective: 



(1) March 1, 1977; 



(2) November 1, 1978; 



(3) June 8, 1980; 



(4) October 1, 1983; 



(5) June 1, 1984; 



(6) August 1, 1985; 



(7) February 1, 1986; 



(8) August 1, 1988; 



(9) January 1, 1990; 



(10) August 1, 1990; 



(11) August 3, 1992; 



(12) April 1, 1994; 



(13) January 1, 1996; 



(14) September 1, 1996; 



(15) October 7, 2003; 



(16) June 1, 2004; 



(17) November 1, 2007. 



(d)  The Schedule of Classifications and Water Quality Standards for the Tar-Pamlico River Basin Classification Schedule was amended 



effective August 1, 1988 as follows: 



(1) Tar River (Index No. 28-94) from a point 1.2 miles downstream of Broad Run to the upstream side of Tranters Creek 



from Class C to Class B. 



(e)  The Schedule of Classifications and Water Quality Standards for the Tar-Pamlico River Basin Classification Schedule was amended 



effective January 1, 1990 by the reclassification of Pamlico River and Pamlico Sound [Index No. 29-(27)] which includes all waters 



within a line beginning at Juniper Bay Point and running due south to Lat. 35 18' 00", long. 76 13' 20", thence due west to lat. 35 18' 



00", long 76 20' 00", thence northwest to Shell Point and including Shell Bay, Swanquarter and Juniper Bays and their tributaries, but 



excluding the Blowout, Hydeland Canal, Juniper Canal and Quarter Canal were reclassified from Class SA and SC to SA ORW and SC 



ORW. 



(f)  The Schedule of Classifications and Water Quality Standards for the Tar-Pamlico River Basin Classification Schedule was amended 



effective January 1, 1990 by adding the supplemental classification NSW (Nutrient Sensitive Waters) to all waters in the basin from 



source to a line across Pamlico River from Roos Point to Persimmon Tree Point. 



(g)  The Schedule of Classifications and Water Quality Standards for the Tar-Pamlico River Basin Classification Schedule was amended 



effective August 3, 1992 with the reclassification of all water supply waters (waters with a primary classification of WS-I, WS-II or 



WS-III). These waters were reclassified to WS-I, WS-II, WS-III, WS-IV or WS-V as defined in the revised water supply protection 



rules, (15A NCAC 2B .0100, .0200 and .0300) which became effective on August 3, 1992. In some cases, streams with primary 



classifications other than WS were reclassified to a WS classification due to their proximity and linkage to water supply waters. In other 



cases, waters were reclassified from a WS classification to an alternate appropriate primary classification after being identified as 



downstream of a water supply intake or identified as not being used for water supply purposes. 











(h)  The Schedule of Classifications and Water Quality Standards for the Tar-Pamlico River Basin Classification Schedule was amended 



effective April 1, 1994 with the reclassification of Blounts Creek from Herring Run to Blounts Bay [Index No. 29-9-1-(3)] from Class 



SC NSW to Class SB NSW. 



(i)  The Schedule of Classifications and Water Quality Standards for the Tar-Pamlico River Basin Classification Schedule was amended 



effective January 1, 1996 with the reclassification of Tranters Creek [Index Numbers 28-103- (4.5), 28-103- (13.5), 28-103- (14.5) and 



28-103- (16.5)] from a point 1.5 miles upstream of Turkey Swamp to the City of Washington's former auxiliary water supply intake, 



including tributaries, from Class WS-IV Sw NSW and Class WS-IV CA Sw NSW to Class C Sw NSW. 



(j)  The Schedule of Classifications and Water Quality Standards for the Tar-Pamlico River Basin Classification Schedule was amended 



effective September 1, 1996 with the addition of Huddles Cut (previously unnamed in the schedule) classified as SC NSW with an Index 



No. of 29-25.5. 



(k)  The Schedule of Classifications and Water Quality Standards for the Tar-Pamlico River Basin Classification Schedule was 



temporarily amended effective October 7, 2003 and permanently amended June 1, 2004 with the reclassification of a portion of Swift 



Creek [Index Number 28-78-(0.5)] and a portion of Sandy Creek [Index Number 28-78-1-(19)] from Nash County SR 1004 to Nash 



County SR 1003 from Class C NSW to Class C ORW NSW, and the waters that drain to these two creek portions to include only the 



ORW management strategy as represented by "+". The "+" symbol as used in this paragraph means that all undesignated waterbodies 



that drain to the portions of the two creeks referenced in this Paragraph shall comply with Paragraph (c) of Rule .0225 of this Subchapter 



Rule .0225 (c) of this Subchapter in order to protect the designated waters as per Rule .0203 of this Subchapter and to protect outstanding 



resource values found in the designated waters as well as in the undesignated waters that drain to the designated waters. 



(l)  The Schedule of Classifications and Water Quality Standards for the Tar-Pamlico River Basin Classification Schedule was amended 



effective November 1, 2007 with the reclassifications listed below, and the North Carolina Division of Water Quality Resources 



maintains a Geographic Information Systems data layer of these UWLs. 



(1) Goose Creek Tidal Freshwater Marsh along the confluence of Goose Creek [Index No. 29-33] and the Pamlico River 



[Index No. 29-(27)], along Flatty Creek [Index No. 29-11-4] a length of the Pamlico River shoreline [Index No. 29-



(27)] was reclassified to Class WL UWL as defined in 15A NCAC 02B .0101. UWL. 



(2) Mallard Creek Tidal Freshwater Marsh along Mallard Creek [Index No. 29-13-(1)] 0.2 miles above its confluence 



with the Pamlico River to Class WL UWL as defined in 15A NCAC 02B .0101. UWL. 



 



History Note: Authority G.S. 143-214.1; 143-215.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. August 1, 2003 (see S.L. 2003-433, s.1); September 1, 1996; January 1, 1996; April 1, 1994; August 3, 



1992; August 1, 1990; 



Temporary Amendment Eff. October 7, 2003; 



Amended Eff. November 1, 2007; June 1, 2004. 



 



15A NCAC 02B .0317 PASQUOTANK RIVER BASIN 



(a)  The Pasquotank River Basin Schedule of Classifications and Water Quality Standards may be inspected at the following places:C 



lassifications assigned to the waters within the Pasquotank River Basin are set forth in the Pasquotank River Basin Classification 



Schedule, which may be inspected at the following places: 



(1) the Internet at http://h2o.enr.state.nc.us/csu/; http://portal.ncdenr.org/web/wq/ps/csu/classifications; and 



(2) the North Carolina Department of Environment and Natural Resources: Environmental Quality: 



(A) Washington Regional Office 



943 Washington Square Mall 



Washington, North Carolina Carolina; and 



(B) Division of Water Quality Resources 



Central Office 



512 North Salisbury Street 



Raleigh, North Carolina. 



(b)  Unnamed Streams. All drainage canals not noted in the schedule are classified "C." 



(c)  The Pasquotank River Basin Schedule of Classifications and Water Quality Standards Classification Schedule was amended 



effective: 



(1) March 1, 1977; 



(2) May 18, 1977; 



(3) December 13, 1979; 



(4) January 1, 1985; 



(5) February 1, 1986; 



(6) January 1, 1990; 



(7) August 1, 1990; 



(8) August 3, 1992; 



(9) August 1, 1998; 



(10) August 1, 2000; 



(11) November 1, 2007. 



(d)  The Schedule of Classifications and Water Quality Standards for the Pasquotank River Basin Classification Schedule was amended 



effective January 1, 1990 by the reclassification of Alligator River [Index Nos. 30-16-(1) and 30-16-(7)] from source to U.S. Hwy. 64 



and all tributaries except Swindells Canal, Florida Canal, New Lake, Fairfield Canal, Carters Canal, Dunbar Canal and Intracoastal 



Waterway (Pungo River - Alligator River Canal) were reclassified from C Sw and SC Sw to C Sw ORW and SC Sw ORW. 











(e)  The Schedule of Classifications and Water Quality Standards for the Pasquotank River Basin Classification Schedule was amended 



effective August 1, 1990 as follows: 



(1) Croatan Sound [Index No. 30-20-(1)] from a point of land on the southern side of mouth of Peter Mashoes Creek on 



Dare County mainland following a line eastward to Northwest Point on Roanoke Island and then from Northwest 



Point following a line west to Reeds Point on Dare County mainland was reclassified from Class SC to Class SB. 



(2) Croatan Sound [Index No. 30-20-(1.5)] from Northwest Point on Roanoke Island following a line west to Reeds Point 



on Dare County mainland to William B. Umstead Memorial Bridge was reclassified from Class SC to Class SA. 



(f)  The Schedule of Classifications and Water Quality Standards for the Pasquotank River Basin Classification Schedule was amended 



effective August 3, 1992 with the reclassification of all water supply waters (waters with a primary classification of WS-I, WS-II or 



WS-III). These waters were reclassified to WS-I, WS-II, WS-III, WS-IV or WS-V as defined in the revised water supply protection 



rules, (15A NCAC 2B .0100, .0200 and .0300) which became effective on August 3, 1992. In some cases, streams with primary 



classifications other than WS were reclassified to a WS classification due to their proximity and linkage to water supply waters. In other 



cases, waters were reclassified from a WS classification to an alternate appropriate primary classification after being identified as 



downstream of a water supply intake or identified as not being used for water supply purposes. 



(g)  The Schedule of Classifications and Water Quality Standards for the Pasquotank River Basin Classification Schedule was amended 



effective August 1, 1998 with the revision to the primary classification for a portion of the Pasquotank River [Index No. 30-3-(1.7)] 



from Class WS-IV to Class WS-V. 



(h)  The Schedule of Classifications and Water Quality Standards for the Pasquotank River Basin Classification Schedule was amended 



effective August 1, 2000 with the reclassification of Lake Phelps [Index No. 30-14-4-6-1] from Class C Sw to Class B Sw ORW. 



(i)  The Schedule of Classifications and Water Quality Standards for the Pasquotank River Basin Classification Schedule was amended 



effective November 1, 2007 with the reclassifications listed below, and the North Carolina Division of Water Quality Resources 



maintains a Geographic Information Systems data layer of these UWLs. 



(1) Phelps Lake Natural Lake Shoreline near Phelps Lake [Index No. 30-14-4-6-1] was reclassified to Class WL UWL as 



defined in 15A NCAC 02B .0101. UWL. 



(2) Nags Head Woods near Buzzard Bay [Index No. 30-21-1] was reclassified to Class WL UWL as defined in 15A 



NCAC 02B .0101. UWL. 



 



History Note: Authority G.S. 143-214.1; 143-215.1; 143-215.3(a)(1); 



Eff. February 1, 1976; 



Amended Eff. November 1, 2007; August 1, 2000; August 1, 1998; August 3, 1992; August 1, 1990; January 1, 1990; 



February 1, 1986. 



 










Condensed for CC memo


			Comparison of 2015 EPA Recommended Human Health Criteria to Previous Criteria


												W+O			O-only			Notes


									2015 criteria equal to or more stringent than previous recommended values			66			61			some criteria are new and Benzene is a range


									2015 criteria less stingent than previous recommended values			27			32


			total count			94


									Water + Organism (ug/L)									Organism Only (ug/L)


			Pollutant			CAS No.			Previous Criteria			2015 Criteria			factor more stringent			Previous Criteria			2015 Criteria			factor more stringent


			Acenaphthene			83-32-9			670			70			9.571428571			990			90			11


			Acrolein			107-02-8			6			3			2			9			400			0.0225


			Acrylonitrile			107-13-1			0.051			0.061			0.8360655738			0.25			7			0.0357142857


			Aldrin			309-00-2			0.000049			0.00000077			63.63636364			0.00005			0.00000077			64.93506494


			alpha-BHC			319-84-6			0.0026			0.00036			7.222222222			0.0049			0.00039			12.56410256


			alpha-Endosulfan			959-98-8			62			20			3.1			89			30			2.966666667


			Anthracene			120-12-7			8300			300			27.66666667			40000			400			100


			Benzene			71-43-2			2.2			0.58 - 2.1			3.8-1.0			51			16 - 58			3.2-0.9


			Benzidine			92-87-5			0.000086			0.00014			0.6142857143			0.0002			0.011			0.0181818182


			Benzo(a) Anthracene			56-55-3			0.0038			0.0012			3.166666667			0.018			0.0013			13.84615385


			Benzo(a) Pyrene			50-32-8			0.0038			0.00012			31.66666667			0.018			0.00013			138.4615385


			Benzo(b) Fluoranthene			205-99-2			0.0038			0.0012			3.166666667			0.018			0.0013			13.84615385


			Benzo(k) Fluoranthene			207-08-9			0.0038			0.012			0.3166666667			0.018			0.013			1.384615385


			beta-BHC			319-85-7			0.0091			0.008			1.1375			0.017			0.014			1.214285714


			beta-Endosulfan			33213-65-9			62			20			3.1			89			40			2.225


			Bis(Chloroethyl) Ether			542-88-1			0.0001			0.00015			0.6666666667			0.00029			0.017			0.0170588235


			Bis(2-Chloroethyl) Ether			111-44-4			0.03			0.03			1			0.53			2.2			0.2409090909


			*Bis (2-Chloro-1-Methylethyl) Ether			108-60-1			1400			200			7			65000			4,000			16.25


			Bis(2-Ethylhexyl) Phthalate			117-81-7			1.2			0.32			3.75			2.2			0.37			5.945945946


			Bromoform			75-25-2			4.3			7			0.6142857143			140			120			1.166666667


			Butylbenzyl Phthalate			85-68-7			1500			0.1			15000			1900			0.1			19000


			Carbon Tetrachloride			56-23-5			0.223			0.4			0.5575			1.6			5			0.32


			Chlordane			57-74-9			0.0008			0.00031			2.580645161			0.00081			0.00032			2.53125


			Chlorobenzene			108-90-7			130			100			1.3			1600			800			2


			Chlorodibromomethane			124-48-1			0.4			0.8			0.5			13			21			0.619047619


			Chloroform			67-66-3			5.7			60			0.095			470			2,000			0.235


			Chlorophenoxy Herbicide (2,4-D)			94-75-7			100			1,300			0.0769230769						12,000			0


			Chlorophenoxy Herbicide (2,4,5-TP)			93-72-1			10			100			0.1						400			0


			Chrysene			218-01-9			0.0038			0.12			0.0316666667			0.018			0.13			0.1384615385


			Cyanide			57-12-5			140			4			35			140			400			0.35


			Dibenzo(a,h)Anthracene			53-70-3			0.0038			0.00012			31.66666667			0.018			0.00013			138.4615385


			Dichlorobromomethane			75-27-4			0.55			0.95			0.5789473684			17			27			0.6296296296


			Dieldrin			60-57-1			0.000052			0.0000012			43.33333333			0.000054			0.0000012			45


			Diethyl Phthalate			84-66-2			17000			600			28.33333333			44000			600			73.33333333


			Dimethyl Phthalate			131-11-3			270000			2,000			135			1100000			2,000			550


			Di-n-Butyl Phthalate			84-74-2			2000			20			100			4500			30			150


			Dinitrophenols			25550-58-7			69			10			6.9			5300			1,000			5.3


			Endosulfan Sulfate			1031-07-8			62			20			3.1			89			40			2.225


			Endrin			72-20-8			0.059			0.03			1.966666667			0.06			0.03			2


			Endrin Aldehyde			7421-93-4			0.29			1			0.29			0.3			1			0.3


			Ethylbenzene			100-41-4			530			68			7.794117647			2100			130			16.15384615


			Fluoranthene			206-44-0			130			20			6.5			140			20			7


			Fluorene			86-73-7			1100			50			22			5300			70			75.71428571


			gamma-BHC (Lindane)			58-89-9			0.98			4.2			0.2333333333			1.8			4.4			0.4090909091


			Heptachlor			76-44-8			0.000079			0.0000059			13.38983051			0.000079			0.0000059			13.38983051


			Heptachlor Epoxide			1024-57-3			0.000039			0.000032			1.21875			0.000039			0.000032			1.21875


			Hexachlorobenzene			118-74-1			0.00028			0.000079			3.544303797			0.00029			0.000079			3.670886076


			Hexachlorobutadiene			87-68-3			0.44			0.01			44			18			0.01			1800


			Hexachlorocyclohexane-Technical			608-73-1			0.0123			0.0066			1.863636364			0.0414			0.01			4.14


			Hexachlorocyclopentadiene			77-47-4			40			4			10			1100			4			275


			Hexachloroethane			67-72-1			1.4			0.1			14			3.3			0.1			33


			Ideno(1,2,3-cd) Pyrene			193-39-5			0.0038			0.0012			3.166666667			0.018			0.0013			13.84615385


			Isophorone			78-59-1			35			34			1.029411765			960			1,800			0.5333333333


			Methoxychlor			72-43-5			100			0.02			5000						0.02			0


			Methyl Bromide			74-83-9			47			100			0.47			1500			10,000			0.15


			Methylene Chloride			75-09-2			4.6			20			0.23			590			1,000			0.59


			Nitrobenzene			98-95-3			17			10			1.7			690			600			1.15


			Pentachlorobenzene			608-93-5			1.4			0.1			14			1.5			0.1			15


			Pentachlorophenol			87-86-5			0.27			0.03			9			3			0.04			75


			Phenol			108-95-2			10000			4,000			2.5			860000			300,000			2.866666667


			Pyrene			129-00-0			830			20			41.5			4000			30			133.3333333


			Tetrachloroethylene			127-18-4			0.69			10			0.069			3.3			29			0.1137931034


			Toluene			108-88-3			1300			57			22.80701754			15000			520			28.84615385


			Toxaphene			8001-35-2			0.00028			0.0007			0.4			0.00028			0.00071			0.3943661972


			Trichloroethylene			79-01-6			2.5			0.6			4.166666667			30			7			4.285714286


			Vinyl Chloride			75-01-4			0.025			0.022			1.136363636			2.4			1.6			1.5


			1,1,1-Trichloroethane			71-55-6						10,000			0						200,000			0


			1,1,2,2-Tetrachloroethane			79-34-5			0.17			0.2			0.85			4			3			1.333333333


			1,1,2-Trichloroethane			79-00-5			0.59			0.55			1.072727273			16			8.9			1.797752809


			1,1-Dichloroethylene			75-35-4			330			300			1.1			7100			20,000			0.355


			1,2,4-Trichlorobenzene			120-82-1			35			0.071			492.9577465			70			0.076			921.0526316


			1,2,4,5-Tetrachlorobenzene			95-94-3			0.97			0.03			32.33333333			1.1			0.03			36.66666667


			1,2-Dichlorobenzene			95-50-1			420			1,000			0.42			1300			3,000			0.4333333333


			1,2-Dichloroethane			107-06-2			0.38			9.9			0.0383838384			37			650			0.0569230769


			1,2-Dichloropropane			78-87-5			0.5			0.9			0.5555555556			15			31			0.4838709677


			1,2-Diphenylhydrazine			122-66-7			0.036			0.03			1.2			0.2			0.2			1


			1,2-Trans-Dichloroethylene			156-60-5			140			100			1.4			10000			4,000			2.5


			1,3-Dichlorobenzene			541-73-1			320			7			45.71428571			960			10			96


			1,3-Dichloropropene			542-75-6			0.34			0.27			1.259259259			21			12			1.75


			1,4-Dichlorobenzene			106-46-7			63			300			0.21			190			900			0.2111111111


			2,4,5-Trichlorophenol			95-95-4			1800			300			6			3600			600			6


			2,4,6-Trichlorophenol			88-06-2			1.4			1.5			0.9333333333			2.4			2.8			0.8571428571


			2,4-Dichlorophenol			120-83-2			77			10			7.7			290			60			4.833333333


			2,4-Dimethylphenol			105-67-9			380			100			3.8			850			3,000			0.2833333333


			2,4-Dinitrophenol			51-28-5			69			10			6.9			5300			300			17.66666667


			2,4-Dinitrotoluene			121-14-2			0.11			0.049			2.244897959			3.4			1.7			2


			2-Chloronaphthalene			91-58-7			1000			800			1.25			1600			1,000			1.6


			2-Chlorophenol			95-57-8			81			30			2.7			150			800			0.1875


			2-Methyl-4,6-Dinitrophenol			534-52-1			13			2			6.5			280			30			9.333333333


			3,3'-Dichlorobenzidine			91-94-1			0.021			0.049			0.4285714286			0.028			0.15			0.1866666667


			3-Methyl-4-Chlorophenol			59-50-7						500			0						2,000			0


			4,4'-DDD			72-54-8			0.00031			0.00012			2.583333333			0.00031			0.00012			2.583333333


			4,4'-DDE			72-55-9			0.00022			0.000018			12.22222222			0.00022			0.000018			12.22222222


			4,4'-DDT			50-29-3			0.00022			0.00003			7.333333333			0.00022			0.00003			7.333333333













From: Groome, Martie
To: 15ANCAC02B_TriRev_Rule_Comments
Cc: Borchers, Mike; Williams, Elijah; Flynt, Bradley; Goots, Alicia; Skee, Joseph; Burdick, William
Subject: [External] City of Greensboro Comments on 02B Rules
Date: Tuesday, July 31, 2018 5:16:14 PM
Attachments: Greensboro Comments on 02B Rules 7-31-2018.pdf


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Thank you for your consideration of these comments. 
 
 
Martie Groome
Laboratory and Industrial Waste Section Supervisor 
City of Greensboro Water Resources Department
Box 3136, Greensboro NC 27402-3136
Phone: 336-433-7229  Fax: 336-373-7720
www.greensboro-nc.gov
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From: Tony McEwen
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] City of Wilmington rule comments
Date: Wednesday, July 18, 2018 2:08:26 PM
Attachments: DOC071818-07182018112313.pdf


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Please confirm that you have received City of Wilmington public comments (attached) for
triennial review process.  
Thanks for all you do!


Tony McEwen 
Legislative Affairs Director 
City of Wilmington 


Sent from my Verizon, Samsung Galaxy smartphone
E-mail correspondence to and from this address is subject to the North Carolina Public
Records Law and may be disclosed to third parties.
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From: Mara Frank
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Clean Water Rules
Date: Monday, July 16, 2018 12:47:02 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Hello,


I'm writing with a keen interest in North Carolina's water resources for drinking and
recreation.


I'm writing to request NCDEQ to adopt vigorous protections for our water resources from
pollutants like GenX, algae toxins, pesticides, and ammonia.


In addition to relying on clean drinking water in our state, my family greatly enjoys
recreational fishing on the Neuse River, near Camp Seagull and in other areas. My husband in
particular has become alarmed by adverse changes in fishing conditions over the past 10 years,
and by visibly noticeable contaminants and discharges in the river.


Please ensure that North Carolina adopts the strongest possible protections for our water
sources, as well as strong enforcement of existing and future water quality standards. North
Carolina's prospects as a state with lively, healthy ecosystems depends on NCDEQ's
commitment to very robust water quality rules and regulations.


Thank you very much,
Mara Frank
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From: Petter, Lauren
To: 15ANCAC02B_TriRev_Rule_Comments
Cc: Brower, Connie
Subject: [External] Comment Letter from EPA re: North Carolina"s Triennial Review
Date: Tuesday, July 31, 2018 4:15:00 PM
Attachments: EPA 073118 Letter to NC re Triennial Review 2018.pdf


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Mrs. Brower,
 
As part of the public comment period and process for North Carolina’s triennial review, I am
providing the attached comment letter for the State’s consideration. A hard copy will be put in the
mail shortly. If you have any follow up questions, please don’t hesitate to call or email.
 
Thanks,
Lauren
 
Lauren Petter, Environmental Scientist
Water Quality Standards Section
Water Protection Division
Phone: (404) 562-9272
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From: Hwa Huang
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Comment submission to EMC for stronger Clean Water protection
Date: Sunday, July 15, 2018 11:17:55 PM
Attachments: Wiltsie - Cyanotoxins in Jordan lake 2018.pdf


Falls Lake cleanup timeline.pdf
MCLR - Vidal - HAB and liver failure in child 2017.pdf


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Dear Connie Brower and the EMC,


My name is Hwa Huang. I am a student and a member of NC Sierra club. I am here 
speaking as a concerned citizen who lives here in Raleigh. I want to take this opportunity to 
call for stronger clean water standard. So far many before me have brought up several 
issues that will arise from poor water quality, and many have mentioned the concern with 
algal toxin, but I will discuss in more details the negative impacts brought about by the 
growing algal toxins in our waters.


Many N.C. rivers and lakes receive too much nitrogen and phosphorus, leading to algal 
blooms. Some algae produce toxins that can kill fish, harm swimmers, and increase the 
cost of treating drinking water. 


To put some things into perspective, I have with me a few of the numerous studies that 
have been done concerning the hazards caused by algal toxins. First, here is a paper 
published in 2017 in Argentina of a case report about a 20 month old girl who suffered liver 
failure, diarrhea, and vomiting, after bathing at the Carrasco and Malvin beach in Uruguay 
in 2015, which had a massive algal bloom in January of the same year. The liver of the 20 
month old was damaged to the point where they needed to give her a full liver transplant. 
You can see here the picture of the explanted liver. No one, let alone a 20 month old girl, 
should have liver contaminated with algal toxins like this.


Bringing this closer to home, I also have a couple of studies that took place here in NC. 
One was in 2003, on Falls Lake reservoir, where it was found that the algal toxin called 
microcystin was detected above safe limits in raw water concentrates. In 2018, another 
study conducted by NCSU’s Dept of Marine, Earth, and Atmospheric science, found algal 
blooms and toxin in Jordan Lake over 6 years from 2011 to 2016. This is the first paper to 
document presence of dissolved algal toxins. 4 out of 5 tested algal toxins were present at 
the lake, and multiple of them were found at 6 out of the 7 sites during sampling. Both of 
these lakes are major reservoirs, both of them are major recreational sites.  When you go 
home tonight and turn on your faucet, you are likely drinking from one of these lakes, when 
your send your children off to summer camp, they may be swimming in one of these lakes, 
or one of the many others in NC that receive far less attention than Falls and Jordan. More 
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Abstract: The eutrophication of waterways has led to a rise in cyanobacterial, harmful algal blooms
(CyanoHABs) worldwide. The deterioration of water quality due to excess algal biomass in lakes
has been well documented (e.g., water clarity, hypoxic conditions), but health risks associated
with cyanotoxins remain largely unexplored in the absence of toxin information. This study is
the first to document the presence of dissolved microcystin, anatoxin-a, cylindrospermopsin, and
β-N-methylamino-L-alanine in Jordan Lake, a major drinking water reservoir in North Carolina.
Saxitoxin presence was not confirmed. Multiple toxins were detected at 86% of the tested sites
and during 44% of the sampling events between 2014 and 2016. Although concentrations were
low, continued exposure of organisms to multiple toxins raises some concerns. A combination of
discrete sampling and in-situ tracking (Solid Phase Adsorption Toxin Tracking [SPATT]) revealed
that microcystin and anatoxin were the most pervasive year-round. Between 2011 and 2016, summer
and fall blooms were dominated by the same cyanobacterial genera, all of which are suggested
producers of single or multiple cyanotoxins. The study’s findings provide further evidence of the
ubiquitous nature of cyanotoxins, and the challenges involved in linking CyanoHAB dynamics to
specific environmental forcing factors are discussed.



Keywords: freshwater blooms; cyanobacteria; cyanotoxins; microcystin; anatoxin-a; BMAA; North
Carolina; SPATT; water quality



Key Contribution: Four cyanotoxins could be detected simultaneously in Jordan Lake.
Concentrations of dissolved toxins were generally low (well below EPA thresholds) but found
year-round. Passive in-situ tracking approaches proved powerful in characterizing toxin dynamics.



1. Introduction



The eutrophication of waterways causes water quality issues worldwide and these may intensify
with climate change [1–4]. One issue, linked to excess nutrient input from agricultural land and
urbanized areas, is Harmful Algal Blooms (HABs) [5–7]. In freshwater systems and estuaries, HABs
are typically dominated by cyanobacteria (or blue-green algae, CyanoHABs) [6,8,9] that can have
multiple adverse effects on aquatic ecosystems, from the blocking of sunlight to benthic vegetation, to
oxygen depletion that may kill fish [1,10–12]. Global annual estimates of the socioeconomic costs of
CyanoHABs are significant and range from millions to billions of dollars (e.g., water monitoring and
testing, drinking water treatment, adverse impacts on recreational use and fisheries) [13–15].



Various environmental factors impact the initiation, peak and demise of a CyanoHAB. Increased
nutrients, mainly nitrogen (N) and phosphorus (P), have long been associated with bloom
development [16,17], while other triggers, such as shifts in nutrient ratios throughout a bloom’s
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lifecycle, may also play a role in cyanobacterial composition shifts. Decreasing N:P ratios can promote
bloom-forming cyanobacterial genera, capable of N-fixation [17–21], and low-flow conditions within
lakes or estuaries reportedly favor the growth of cyanobacteria over other algal taxa [22–24]. Rising
water temperatures have been linked to increased bloom activity [25–27] and to potential shifts from
non-toxic to toxic strains [28]. At least a dozen cyanobacterial genera have been implicated with toxin
production, and at least eight toxin groups have been characterized, of which microcystin (MCY)
has been studied most extensively [13,29]. However, not all species within a genus can produce
toxins and those that can, do not do so continuously. Field and laboratory studies show that MCY
concentrations tend to be positively correlated with dissolved inorganic nutrients (mainly N and
P), temperature and light levels [30–32]. For instance, temperature optima for MCY production by
Microcystis and Dolichospermum strains were reported between 18 to 25 ◦C, and for Dolichospermum
spp., temperature seems to influence which MCY congener is produced [32,33]. While many studies
report that absolute nutrient concentrations are linked to cyanotoxin presence, shortages of certain
nutrients that lead to shifts in nutrient ratios may be a factor. N-limitation was linked to increased
MCY and anatoxin-a (ANA) concentrations by N-fixing members of the genera Aphanizomenon,
Cylindrospermopsis and Dolichospermum [30,32], while P-limitation was associated with low MCY
production by Dolichospermum spp. and Microcystis spp., and with low ANA levels in Aphanizomenon
spp. [30,32]. In laboratory experiments, light levels of <20 µmol photons m−2 s−1 seem to be conducive
to MCY production [30,32,34]. Overall, a better understanding of the complex interplay between
environmental factors, cyanobacterial growth and/or the onset of toxin production is needed in order
to mitigate, and ultimately, prevent, CyanoHAB-related issues within given environments.



Cyanotoxin consumption can harm fish, livestock, pets and humans in varying ways [35,36].
Exposure to MCY and cylindrospermopsin (CYN) can impair liver function and at high doses
can be lethal [35,37–39]. ANA and saxitoxin (STX) are both neurotoxins [29,39]. ANA causes an
overstimulation in neuromuscular junctions, leading to respiratory failure [39]. STX is responsible for
paralytic shellfish poisoning (PSP), a condition that can cause paralysis and death in humans [40–43].
More recently, β-N-methylamino-L-alanine (BMAA) has been investigated for its connection to
neurological diseases, including amyotrophic lateral sclerosis (ALS), Alzheimer’s disease and
Parkinson’s disease [44–46]. While an increasing number of studies are addressing potential health risks
due to these substances, major knowledge gaps remain in regard to exposure pathways, concentrations
in the field and environmental triggers for toxin production.



A recent US-wide survey of over 1100 lakes showed that MCY was present in 32% of the tested
lakes (range = below detection (BD) to 230 µg L−1; average = 3.0 µg L−1), and at least one of the
cyanotoxins (MCY, CYN, STX or ANA) could be detected in 92% of the States [47]. CYN was
reported in 4.0% (range = BD to 4.4 µg L−1; average = 0.6 µg L−1), STX in 7.7% (range = BD to
0.38 µg L−1; average = 0.06 µg L−1) and ANA in approximately 0.3% of samples (range and average
not given) [47]. Comprehensive toxin surveys, especially for multiple toxins, are still rare, and risk
assessment by the World Health Organization (WHO) is mainly based on chlorophyll a (Chl a) levels
and cyanobacterial abundance ranges. As Loftin et al. [47] demonstrate, these metrics, in contrast to
actual toxin information, can lead to an overestimation of MCY risk. This overestimation is partly due
to the fact that, as aforementioned, not all cyanobacteria are toxin producers, and known toxic species
do not produce toxins continuously. Under the Drinking Water Protection Act, the US Environmental
Protection Agency (EPA) released national 10-day health advisories for MCY of 0.3 µg L−1 for infants
and 1.6 µg L−1 for adults, and for CYN, 0.7 µg L−1 for infants and 3 µg L−1 for adults, based on body
weight and water intake [48,49]. In December 2016, the EPA also suggested recreational guidelines
of 4 µg L−1 for MCY and 8 µg L−1 for CYN [50]. State-specific advisories do exist for ANA and STX
in several states, but little information is available on BMAA, and therefore, there are no guidelines
at this time [51]. In order to protect human and ecosystem health, more monitoring is essential for
evaluating exposure risks, especially for these emerging substances.
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For North Carolina (NC), only limited information is available on the presence of cyanotoxins.
For instance, MCY was detected at low levels in 11 reservoirs across the Piedmont during summer
2002 [52], and in four lakes during 2011 and 2012 [53] (<0.8 µg L−1 MCY for all three studies). The EPA
National Lakes Assessment 2007 also reported MCY and STX in NC waters, but CYN or ANA presence
could not be confirmed [47]. While most previous records indicate a low MCY exposure risk based
on WHO guidelines, concentrations of over 800 µg L−1, measured in Waterville Reservoir in October
of 2007, are a reminder of how little is known about natural toxin ranges and their spatiotemporal
dynamics in NC [54]. Most water treatment plants have procedures in place to eliminate toxins from
drinking water [55,56], but the pervasiveness of cyanotoxins raises questions on chronic recreational
exposure (e.g., swimming, boating, wading) [57,58] or the potential for food web poisoning via fish or
shellfish consumption [10,57,59,60].



For this study, CyanoHAB dynamics were characterized in NC’s B. Everett Jordan Reservoir
(henceforth, “Jordan Lake”), based on a six-year data set compiled through the North Carolina Division
of Water Resources (NCDWR) Ambient Lakes Monitoring program. In addition to the continued
collection of community structure data, the specific goal of this study was to test for the year-round
presence of multiple cyanotoxins in an artificial reservoir that provides drinking water for nearly
300,000 people in locations such as Morrisville, Cary, and Apex. As the number of lakes and reservoirs
that experience severe CyanoHAB blooms increases in the US and worldwide, newly developed
approaches for measuring varying toxins are slow to be implemented in routine surveys. Although the
presence of MCY was confirmed at multiple sites during summer 2002 (average 0.2 µg L−1) [47] within
Jordan Lake, this is, to the best of our knowledge, the first comprehensive study to investigate five
common cyanotoxins (2014–2016) using a combination of traditional and recently-developed tracking
approaches. Cyanotoxin data were interpreted in relation to phytoplankton dynamics over multiple
years (2011–2016) and in relation to pertinent environmental parameters throughout Jordan Lake.



2. Results



2.1. Phytoplankton Dynamics



Overall, twelve cyanobacterial genera were identified with Anabaenopsis, Aphanizomenon,
Aphanocapsa, Aphanothece, Chroococcus, Cylindrospermopsis, Dolichospermum, Microcystis, Merismopedia,
Planktolyngbya, Pseudanabaena, and Raphidiopsis across the nine sampling sites (Figure 1, Table 1 and
Table S1). In addition, 48 microeukaryote phytoplankton genera/species could be distinguished
belonging to the diatoms, chlorophytes, chrysophytes, cryptophytes, euglenophytes, prymnesiophytes,
and dinoflagellates (Table S1). Cyanobacteria dominated the phytoplankton assemblages based on
cell counts (94% of total phytoplankton; range = 5% to 100%), while they constituted, on average,
39% (range ≤ 1% to 98%) to total phytoplankton biovolume. Cyanobacterial and microeukaryote
phytoplankton abundance varied slightly with season, year and across the lake (r = 0.077 to
0.360 at p < 0.0003; three-way ANOSIM; Table S2). Peak densities were reached during summer
(range = 4.3 × 103 to 5.0 × 106 and 180 to 3.2 × 105, respectively) and fall months (250 to 4.3 × 106 cells
mL−1 and 180 to 1.1 × 105, respectively; Figures 2 and 3) and, in agreement with cell abundance, Chl
a values reached their maximum during late summer/early fall, after a first initial increase typically
during spring (overall range = 1 to 128 µg L−1; mean = 41 µg L−1; Figure 2).
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Figure 1. Map of Jordan Lake sampling sites. Biological, chemical and physical data were analyzed 
over a 6-year period (2011 to 2016) for sites A, B and C (red circles). Information over approximately 
2 years (2014 to 2016) was available for an additional six sites (sites D through I, blue circles). Arrows 
indicate the three main rivers flowing into the lake. Map from snazzymaps.com. 



Table 1. Latitude (Lat) and longitude (Long) for the nine sampling sites across Jordan Lake. Sampling 
was conducted on a monthly basis with more frequent biweekly monitoring during months with 
higher bloom activity (May through September). Included are the Site ID and Division of Water 
Resources (DWR) site names. n = number of sampling time points per site. Depth describes the 
average water column depth. 



Site ID DWR ID Lat (° N) Long (° W) From To n Depth (m)
A CPF086C 35.794 79.004 January 2011 December 2016 98 5.06 
B CPF087D 35.742 79.021 January 2011 December 2016 96 7.67 
C CPF055C 35.687 79.083 January 2011 December 2016 95 5.87 
D CPF086CUPS 35.837 79.001 October 2014 June 2016 26 1.47 
E CPF086C 35.825 78.998 October 2014 December 2016 34 2.92 
F CPF081A1B 35.836 78.976 October 2014 June 2016 25 1.82 
G CPF081A1C 35.815 78.983 October 2014 December 2016 32 3.16 
H CPF055C1 35.699 79.082 October 2014 June 2016 27 2.25 
I CPF055C6 35.682 79.078 October 2014 June 2016 27 8.50 



 



Figure 2. Average cell densities for cyanobacteria (black circles) and microeukaryote phytoplankton 
(white triangles) and for Chl a concentration (white squares). Before October 2014, averages were 
calculated for sites A through C. After October 2014, averages were calculated for all nine sites. Note: 
all axes are log-transformed. 
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Figure 1. Map of Jordan Lake sampling sites. Biological, chemical and physical data were analyzed
over a 6-year period (2011 to 2016) for sites A, B and C (red circles). Information over approximately 2
years (2014 to 2016) was available for an additional six sites (sites D through I, blue circles). Arrows
indicate the three main rivers flowing into the lake. Map from snazzymaps.com.



Table 1. Latitude (Lat) and longitude (Long) for the nine sampling sites across Jordan Lake. Sampling
was conducted on a monthly basis with more frequent biweekly monitoring during months with higher
bloom activity (May through September). Included are the Site ID and Division of Water Resources
(DWR) site names. n = number of sampling time points per site. Depth describes the average water
column depth.



Site ID DWR ID Lat (◦ N) Long (◦ W) From To n Depth (m)



A CPF086C 35.794 79.004 January 2011 December 2016 98 5.06
B CPF087D 35.742 79.021 January 2011 December 2016 96 7.67
C CPF055C 35.687 79.083 January 2011 December 2016 95 5.87
D CPF086CUPS 35.837 79.001 October 2014 June 2016 26 1.47
E CPF086C 35.825 78.998 October 2014 December 2016 34 2.92
F CPF081A1B 35.836 78.976 October 2014 June 2016 25 1.82
G CPF081A1C 35.815 78.983 October 2014 December 2016 32 3.16
H CPF055C1 35.699 79.082 October 2014 June 2016 27 2.25
I CPF055C6 35.682 79.078 October 2014 June 2016 27 8.50
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Figure 2. Average cell densities for cyanobacteria (black circles) and microeukaryote phytoplankton
(white triangles) and for Chl a concentration (white squares). Before October 2014, averages were
calculated for sites A through C. After October 2014, averages were calculated for all nine sites. Note:
all axes are log-transformed.
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Figure 3. Cyanobacterial cell densities at each of the sampling locations (sites A through I are shown 
as panels A through I). Colors depict the six most abundant genera, and less abundant taxa are 
grouped as “Other”. Long-term sites A through C were sampled from January 2011 to December 2016. 
D, F, H and I were monitored from October 2014 to June 2016, while monitoring at E and G continued 
through December 2016. Vertical dashed lines separate years. Note, there are differing scales on the 
y-axes for A, C and E. 



Community structure based on Bray–Curtis similarities for both cyanobacteria and 
microeukaryote phytoplankton varied with season, site and year (r = 0.070 to 0.434; at p < 0.003; three-
way ANOSIM; Table S3). For cyanobacteria, these similarities were highest during summer and fall 
(50% and 45% of the community were shared, respectively) compared to winter and spring (28% and 
32%, respectively; Figure 4A). The less abundant microeukaryote assemblages consistently shared 



Figure 3. Cyanobacterial cell densities at each of the sampling locations (sites A through I are shown as
panels A through I). Colors depict the six most abundant genera, and less abundant taxa are grouped
as “Other”. Long-term sites A through C were sampled from January 2011 to December 2016. D, F, H
and I were monitored from October 2014 to June 2016, while monitoring at E and G continued through
December 2016. Vertical dashed lines separate years. Note, there are differing scales on the y-axes for
A, C and E.



Community structure based on Bray–Curtis similarities for both cyanobacteria and
microeukaryote phytoplankton varied with season, site and year (r = 0.070 to 0.434; at p < 0.003;
three-way ANOSIM; Table S3). For cyanobacteria, these similarities were highest during summer and
fall (50% and 45% of the community were shared, respectively) compared to winter and spring (28%
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and 32%, respectively; Figure 4A). The less abundant microeukaryote assemblages consistently shared
between 40% and 46% of their makeup within each of the seasons and throughout the year. Analyses
of intra-annual community structure changes further revealed a recurrent pattern where the species
composition followed a cyclic year-round pattern resulting in a “reset” of the assemblage by the onset
of the following year (RELATE test; ρ = 0.022 to 0.639, p < 0.05). In total, 82% of the yearly datasets
tested positive for cyclicity (shown for site A in 2015 in Figure 4B).
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Figure 4. (A) MDS plot based on Bray–Curtis similarities for cyanobacterial communities as a
non-metric multi-dimensional scaling (nMDS) plot by season (data from all years and stations
combined). (B) Relative changes in cyanobacterial community composition shown along a
month-to-month trajectory (site A in 2015). Stress values are reported in the top right corner of
each plot.



2.2. Physicochemical, Meteorological and Hydrological Parameters



Temperature, NOx (nitrate plus nitrite) and dissolved oxygen (DO) concentrations in surface
waters (surface to twice Secchi depth) showed the strongest seasonal changes (r = 0.146 to 0.614,
p = 0.0001; one-way ANOSIM; Table S4), with temperature maxima in summer and NOx, DO
and ammonia (NH3) levels higher during colder months (Figure 5). Total Kjeldahl nitrogen
(TKN = particulate and dissolved organic N plus ammonia) and TKN:TP ratios slightly increased
during summer months, while no consistent seasonal trends were observed over time for total
phosphorous (TP = particulate and dissolved fractions; Table S4). NH3, DO and turbidity also
varied somewhat between years (Table S4). All tested environmental parameters showed some spatial
variability, except for temperature, NH3 and DO (r = 0.07 to 0.385, p = 0.0001; one-way ANOSIM;
Table S4). Throughout the sampling period, surface waters at the sample location with the deepest
water column depth of 12.2 m (site B) had some of the lowest NOx and TP concentrations and the
highest TKN:TP ratios (Table S5). NOx, TP and turbidity tended to be higher at some of the shallower
sites (e.g., C, D, F and H in Figure 1, Table S5). Average TKN and TP concentrations ranged from 0.78
to 1.16 mg L−1 and 0.04 to 0.13 mg L−1, respectively (Table S5). Overall, mean surface DO levels (~0 to
3 m) ranged from 8.0 to 9.7 mg L−1 across the stations with individual measurements rarely falling
beyond 4 mg L−1 (in <1% of measurements; Table S5).
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Figure 5. Changes in (A) temperature, (B) NOx, (C) NH3 concentration and (D) Total Kjeldahl nitrogen 
(TKN):TP ratio averaged for each sampling event. Standard error bars are included. Vertical dashed 
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Figure 5. Changes in (A) temperature, (B) NOx, (C) NH3 concentration and (D) Total Kjeldahl nitrogen
(TKN):TP ratio averaged for each sampling event. Standard error bars are included. Vertical dashed
lines separate years.



Combining all of the physicochemical data for each sampling event resulted in “environmental
fingerprints” which varied with month, season, and site (average r = 0.16 to 0.348 at p = 0.0001; one-way
ANOSIM; Figure 6). The most notable difference was seen when comparing physicochemical settings
among seasons—conditions varied little throughout the summer (49% similar) compared to fall, winter
and spring (<5% similar; Figure 6). Also available were single meteorological and hydrological values
to characterize conditions across the entire lake during each sampling date (Figure 7, Table S6). Weekly
precipitation averaged 0.02 cm h−1 with yearly maxima occurring throughout late spring to early fall
(Figure 7A, Table S6). Wind speeds showed their maxima during the winter, while Photosynthetically
Active Radiation (PAR) peaked in the summer (Figure 7B,C). Finally, overall river flow (Haw River,
Morgan Creek and New Hope Creek combined) varied considerably from year to year with maxima
typically occurring during spring or fall (Figure 7D). Haw River flow (mean = 27.79 m3 s−1) exceeded
flows for Morgan Creek and New Hope Creek (0.12 and 0.14 m3 s−1, respectively).
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Figure 6. MDS plot showing Euclidian distances for environmental fingerprints by season. Parameters
included in these analyses were temperature, NOx, NH3, TKN, TP and DO concentrations, TKN:TP
ratios, pH levels and turbidity. The stress value is reported in the top right corner.
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Figure 7. Weekly averages of meteorological and hydrological parameters: (A) precipitation; (B) wind
speed; (C) PAR; (D) overall river flow. Vertical dashed lines separate years.
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2.3. Cyanotoxins



Four out of the five tested toxins were detected in Jordan Lake based on discrete (grab) samples
collected between August 2015 and December 2016 at stations A through G (Figure 1). Dissolved MCY
was confirmed in 10 out of 65 samples, ANA in 39 out of 69, CYN in six out of 63 and BMAA in nine
out of 64 samples (Figures 8 and 9, Table 2). STX presence could not be confirmed (n = 40; LDL (low
detection limit) = 0.015).



Table 2. Percentage (%) of samples that tested positive for varying toxins using discrete sampling
and the Solid Phase Adsorption Toxin Tracking (SPATTs) approach. Average concentrations (Ave)
for dissolved (Diss) toxins are shown as µg L−1 (values below LDL were not included when
calculating the average for each toxin), and for SPATT as ng toxin (g resin)1 d−1. n = number
of samples tested. LDL = low detection limit of Enzyme-Linked Immunosorbent Assay (ELISA)
detection method; BDL = below detection limit of ELISA test; MCY = microcystin; ANA = anatoxin-a;
CYN = cylindrospermopsin; BMAA = β-N-methylamino-L-alanine; STX = saxitoxin.



Toxin Sample Type Ave Range Positive (%) n LDL



MCY
Diss 0.37 BDL—1.98 15 65 0.10



SPATT 39.49 BDL—347.45 92 24



ANA
Diss 0.2 BDL—0.68 57 69 0.10



SPATT 3.97 0.31—13.28 100 23



CYN
Diss 0.27 BDL—0.83 10 63 0.04



SPATT 0.05 BDL—0.05 13 24
BMAA Diss 10.75 BDL—23.45 14 64 4.00



STX Diss BDL BDL 0 40 0.015



In addition to the grab samples, in-situ toxin tracking was employed (Solid Phase Adsorption
Toxin Tracking or SPATT) to confirm the presence of dissolved MCY, ANA and CYN at stations E
and G (Table 2, Figure 8A). The combined sampling approaches revealed the occurrence of MCY at
multiple sites (A, B and D through G) and throughout all seasons (Figure 9). SPATTs allowed for the
confirmation of MCY in 92% of samples, but the toxin was only detected in 15% of discrete samples
(Table 2). Dissolved CYN was measured at sites E and G during spring, summer and fall but not
during winter (Figures 8 and 9). CYN presence was indicated using both SPATT (13%) and grab (10%)
sampling (Figure 8, Table 2). Similar to MCY, dissolved ANA was also found at multiple sites (A
through G) and during all seasons (Figure 9). SPATTs confirmed ANA in 100% and grab sampling
in 57% of tests across all sites (Table 2). Finally, dissolved BMAA was found at four sites (D through
G) during fall, winter and spring (14% of samples; Figure 9, Table 3). All in all, multiple toxins were
present at six out of seven sites and during 30 out of 69 sampling events. As stated earlier, to minimize
loss of ANA and STX in lake water with a pH outside the range of 5 to 7, the addition of a diluent is
recommended (Abraxis manual). Since samples prior to October 2016 were not treated with diluent
and 96% of the lake water samples during that survey period measured above a pH of 7 (range = 5.3 to
9.5; mean = 7.8), both ANA and STX presence may have been underestimated in this study.
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Figure 8. SPATT toxin values (columns) and toxin concentrations based on grab sampling (symbols) 
for (A) MCY, (B) CYN and (C) ANA for site E. SPATT toxin concentrations in ng toxin (g resin−1) d−1 
are shown at the half-point of each deployment period. Grab samples are represented as µg toxin L−1 
(filled symbols). Empty symbols along the x-axis indicate when toxin values fell below the LDL for 
each ELISA kit (LDLs shown as horizontal dashed lines originating from the secondary y-axes). 
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Figure 8. SPATT toxin values (columns) and toxin concentrations based on grab sampling (symbols)
for (A) MCY, (B) CYN and (C) ANA for site E. SPATT toxin concentrations in ng toxin (g resin−1) d−1



are shown at the half-point of each deployment period. Grab samples are represented as µg toxin L−1



(filled symbols). Empty symbols along the x-axis indicate when toxin values fell below the LDL for
each ELISA kit (LDLs shown as horizontal dashed lines originating from the secondary y-axes).
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Figure 9. Seasonal averages for dissolved toxin concentrations based on (A) discrete sample analyses
for sites A through G and (B) in-situ tracking (SPATTs) of MCY, ANA and CYN for sites E and G.
Standard error bars are included whenever multiple samples tested positive. Note there are differing
log-scales on the y-axes.
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Table 3. Results from correlation analyses. Pearson’s correlation coefficients (r) shown in bold
are significant at p < 0.05. Cyano = cyanobacteria; Microphyto = microeukaryote phytoplankton;
Diss = dissolved; DO = dissolved oxygen; Chl a = chlorophyll a.



Chl a (µg L−1)
Cyano



(Cells mL−1)
Cyano



(mm3 m−3)
Microphyto



(Cells mL−1)
Microphyto
(mm3 m−3)



MCY
(ng mL−1)



ANA
(ng mL−1)



Cyano (cells mL−1) 0.555
Cyano (mm3 m−3) 0.515 0.851



Microphyto (cells mL−1) 0.358 0.367 0.314
Microphyto (mm3 m−3) 0.447 0.469 0.364 0.329



Diss MCY (ng mL−1) 0.101 0.272 0.313 0.408 0.055
Diss ANA (ng mL−1) −0.166 0.125 0.132 −0.008 0.277 0.270



NH3 (mg L−1) −0.352 −0.257 −0.229 −0.154 −0.210 −0.044 −0.135
NOx (mg L−1) −0.540 −0.586 −0.499 −0.295 −0.349 −0.102 −0.106
TKN (mg L−1) 0.750 0.498 0.492 0.314 0.282 0.147 −0.016
TP (mg L−1) 0.217 −0.022 0.061 0.049 −0.031 −0.023 −0.183



TKN:TP 0.110 0.306 0.229 0.089 0.158 0.200 0.326
Turbidity (NTU) 0.164 −0.112 0.002 0.068 −0.105 −0.075 −0.230



Temp (◦C) 0.322 0.524 0.470 0.175 0.238 0.150 0.150
DO (mg L−1) −0.018 −0.309 −0.229 −0.081 −0.101 −0.017 −0.125



pH 0.441 0.458 0.437 0.200 0.231 0.255 0.043



Due to a limited number of positives for CYN, STX and BMAA, statistical analyses to examine
spatiotemporal trends were limited to dissolved MCY and ANA. MCY showed higher concentrations
during summer and fall at sites E and G based on in-situ tracking (r = 0.194, p = 0.024; n = 24;
one-way ANOSIM Table S7), but no trend was indicated based on grab sampling (n = 65). ANA
concentrations did not vary significantly over time based on SPATTS data (n = 23), and while
concentrations based on discrete sampling indicated some spatial variability (r = 0.094, p = 0.018;
n = 69; one-way ANOSIM; Table S7), no consistent trend was apparent across the lake. For the most
commonly detected toxins, MCY and ANA, concentrations were also examined for possible linkages
to cyanobacterial composition shifts. For MCY, changes in concentration could be linked to shifts in
genera—Pseudanabaena, Merismopedia and Aphanothece—while changes in Raphidiopsis spp. abundance
linked to variance in ANA concentrations (Bio-Env [BEST] routine; ρ = 0.283 and 0.183, respectively, at
p = 0.0001).



2.4. Linkages between Environmental Factors and Phytoplankton Dynamics



Correlation analyses indicated positive relationships for Chl a, cyanobacterial and microeukaryote
density and biovolume (r = 0.314 to 0.851, p < 0.05; Table 3). Increases in dissolved MCY were correlated
with increases in cyanobacterial density and biovolume as well as microeukaryote phytoplankton
density and dissolved ANA (r = 0.270 to 0.408, p < 0.05). ANA showed a positive relationship
with dissolved MCY, microphytoplankton biovolume and TKN:TP ratios (Table 3). Chl a as well
as cyanobacterial and microeukaryote abundances correlated negatively with NH3 and NOx but
increased with TKN, temperature and pH (Table 3). Only the Chl a concentration was associated with
increases in TP and turbidity (Table 3). There was no statistical significance when these analyses were
conducted using average values for Chl a, cell densities and biovolumes across the lake (average for all
stations) in regard to their relationships with meteorological and hydrological parameters (PAR, river
flow, wind speed or precipitation).



Multiple regression analyses were performed and indicated that NH3, NOx, TKN and DO
explained up to 68% of variance in Chl a (Table 4). NOx and TKN, combined with pH and DO,
were linked to 52% of variance in cyanobacterial densities and, without DO, explained up to 41% of
variance in cyanobacterial biovolumes (Table 4). Only 13% and 19% of variance in microeukaryote
phytoplankton densities and biovolume could be linked to a similar suite of physicochemical
parameters (Table 4). Finally, community structure patterns (Bray–Curtis similarity matrices) were
matched to varying combinations of the physicochemical, meteorological and hydrological variables
(environmental fingerprints) using a BEST routine [61], and these trend analyses indicated that NOx



and temperature correlated most strongly with community structure patterns for cyanobacteria
(ρ = 0.4 at p = 0.0001), and NOx, TKN and Morgan Creek flow data correlated with changed
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phytoplankton community structure for the microeukaryotes (ρ = 0.22 at p = 0.0001). No significant
correlations were found when BEST routines were performed to match lake-wide community structure
patterns to meteorological and hydrological variables.



Table 4. Results from multiple regression analyses. Adj. R2 = adjusted coefficient of determination at
p < 0.05. Individual t-statistics are listed in parenthesis. Turb = turbidity. Degrees of freedom for each
regression = 441.



Adj. R2 Parameter 1 Parameter 2 Parameter 3 Parameter 4 n



Chl a 0.680 NH3 (−8.61) NOx (−10.50) TKN (19.99) DO (5.66) 427
Cyano (cells mL−1) 0.521 NOx (−9.10) TKN (5.43) DO (−5.56) pH (8.62) 446
Cyano (mm3 m−3) 0.406 NOx (−8.79) TKN (6.31) pH (6.19) 452



Microphyto (cells mL−1) 0.132 NOx (−4.42) TKN (5.05) 454
Microphyto (mm3 m−3) 0.189 NH3 (−3.12) NOx (−3.99) TKN (5.34) Turb (−3.71) 454



3. Discussion



3.1. Cyanotoxins and Phytoplankton Dynamics in Jordan Lake



CyanoHABs are a worldwide problem that has resulted in the development of WHO guidelines
to assess risks (low, moderate and high) from MCY exposure based on toxin concentration, Chl
a and cyanobacterial density [1–3,12]. However, applying these three metrics, a water body can
be at risk based on one, but not all, of these criteria. For instance, for over 1100 lakes in the US,
agreement for risk assessment based on all three parameters was only observed for 27% of the
systems [47]. Given this discrepancy and the fact that most monitoring programs routinely measure
Chl a and cyanobacterial density, but rarely employ approaches to measure toxins, complicates the
tasks of water resource managers to protect designated lake uses and human health. Jordan Lake
has been known for water quality issues due to eutrophication and recurrent CyanoHABs since
its impoundment in the early 1980s. Despite its importance as a drinking water source for nearly
300,000 people and its recreational use by over a million visitors annually (NC Department of Natural
and Cultural Resources [62], potential health risks from cyanotoxin presence had remained largely
unexplored. Over a 2-year study period, from 2014 to 2016, a total of 36% of the examined samples
from Jordan Lake tested positive for MCY but only one discrete sample (1.98 µg MCY L−1, site G
on 21 June 2016) exceeded WHO guidelines for drinking water, with 1 µg MCY L−1, while values
never reached those for EPA recreational guidelines of 4 µg L−1 [50,63]. The average concentration of
dissolved MCY (0.06 µg L−1) was within the range of values observed in other NC freshwater systems
(0.05 to 0.54 µg L−1) and across the US (BDL to 230 µg L−1) [47]. Notably, levels remained well below
concentrations in CyanoHAB-prone systems, such as Lake Erie, where typical annual maxima peak
at ~200 µg MCY L−1 and, in one instance, exceeded 1200 µg L−1 [64]. Following the aforementioned
official WHO guidelines [47], Jordan Lake would be generally categorized as high risk based on its
Chl a and cyanobacterial density; however, based on this study, only a low risk was observed for both
MCY and CYN from 2014 to 2016. These findings further corroborate how critical toxin information is
for the refinement of health risk metrics that directly inform lake-specific management decisions but
also help shape national and international guidelines.



CyanoHABs may consist of multiple forms of toxins, but limited data is currently available
on where and when toxins co-occur and under what environmental conditions [47,65–67]. To our
knowledge, this study is unique in providing a year-round and multi-year record that allows the
confirmation of the presence and co-occurrence of four cyanotoxins (dissolved MCY, CYN, ANA
and BMAA) in a US freshwater body (Tables 2 and 5). In contrast to this study, previous state-wide
surveys tested a small number of samples (~seven or less) and these were typically collected during
one season. Such limited temporal coverage is common and increases the probability of missing
toxic events in any water body, due to the ephemeral nature of CyanoHABs. In NC, for instance, the
detection of an unprecedented high MCY level of over 800 µg L−1 in Waterville Reservoir in 2007
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raises questions on how well natural toxin ranges and spatiotemporal dynamics have been assessed
based on traditional grab sampling and existing monitoring frequencies [54]. CYN had been tested for,
but was not detected in, any major NC freshwater body [47,53]. ANA genes were found in six lakes
(City Lake, Oak Hollow Lake, Randleman Reservoir, Lake Brandt, Lake Mackintosh, and Belews Lake)
but the toxin itself was not confirmed [47,53]. Little to no information is currently available on BMAA
presence or STX in NC lakes and reservoirs. US-wide, STX was confirmed in 7.7% of lakes during the
National Lakes Assessment 2007, and this survey included one NC lake: Lake Rhodhiss (Table 5) [47].
Universally, more comprehensive datasets are needed to aid the development of risk thresholds for
newly emerging cyanotoxins (e.g., no national guidelines currently exist for ANA or BMAA [51,68],
to allow comparisons across freshwater systems and regions and to begin to inform epidemiological
studies on the possible synergistic effects of multiple toxins.



Table 5. Summary of reported cyanotoxins in North Carolina (NC) water bodies (based on discrete
sampling). Average (Ave) concentrations denoted with an asterisk are approximated from published
figures. BDL = below detection limit. ND = no data provided. n = replicates. Res = Reservoir.
* = average value approximated from graph.



Location Month/Year Water Body Toxin Ave
(µg L−1)



Range
(µg L−1) n Method Reference



Apex
August



2015–December
2016



Jordan Lake MCY 0.06 BDL—1.98 65 ELISA This
Study



CYN 0.02 BDL—0.83 63
ANA 0.11 BDL—0.68 69



BMAA 9.32 BDL—23.45 64



Piedmont
June



2002–August
2002



Jordan Lake MCY 0.20 * ND 6 ELISA [52]
Kerr Scott Res MCY 0.30 * ND 6



Tuckertown Res MCY 0.12 * ND 6
Oak Hollow Lake MCY 0.10 * ND 6



Falls Lake MCY 0.22 * ND 6
Narrows Res MCY 0.15 * ND 6



Lake Rhodhiss MCY 0.25 * ND 6
Lake Michie MCY 0.15 * ND 6



High Rock Lake MCY 0.05 * ND 6
Lake Tillery MCY 0.35 * ND 6



High Point Lake MCY 0.12 * ND 6



Piedmont
June



2011–September
2012



City Lake MCY 0.22 BDL—0.31 6 ELISA [53]
Oak Hollow Lake MCY 0.21 BDL—0.26 4
Randleman Res MCY 0.17 BDL—0.18 7



Lake Mackintosh MCY 0.17 BDL—0.17 5



Waterville October 2007 Waterville Res MCY 824.3 ND 3 LC-MS [54]



Statewide June 2007–July
2007



Lake Lee MCY 0.21 0.17—0.24 2 ELISA [47]
Lake Rhodhiss MCY 0.14 BDL—0.14 2



STX 0.03 BDL—0.03 2
Lake Orange MCY 0.54 0.54 1
Lake Fisher MCY 0.17 0.147 1



High Rock Lake MCY 0.52 0.52 1
Lake Townsend MCY 0.16 0.16 1



Falls Lake MCY 0.28 0.28 1
Lake Hickory MCY 0.16 0.16 1



Beaverdam Lake MCY 0.23 0.23 1
Graham-Mebane



Lake MCY 0.11 0.11 1



A lack of information on co-occurring toxins typically goes hand-in-hand with limited data
on year-round toxin dynamics. In this study, discrete toxin sampling that provided momentary
snapshots of conditions was complemented by year-round in-situ tracking (SPATTs approach) at
two sites in Jordan Lake, from 2014 to 2016. The advantages of employing SPATTs come from their
higher sensitivity in detecting low toxin levels via a time-integrative signal, their use in freshwater
to marine environments, the facilitation for testing multiple toxins, and their easy deployment and
recovery [69]. A major limitation of using passive samplers, especially as a sole toxin detection
approach, comes from the semi-quantitative nature of the data that can currently not be linked to
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regulatory limits and, hence, makes risk determination in systems difficult [69]. SPATT-based average
MCY concentrations in Jordan Lake (36.2 ng (g resin)−1 d−1) fell within the ranges reported in several
California studies (19.6–137.7 ng (g resin)−1 d−1) [70,71], and, similar to those reports, the SPATT
method proved more sensitive for MCY detection compared to grab sampling. In Jordan Lake, MCY
was present year-round, with 92% of the tested samples based on in-situ tracking compared to only
15% based on grab sampling (Table 2). This supports the effectiveness of in-situ tracking approaches
in addressing emerging concerns in regard to the potential impacts of chronic or subacute exposure
for wildlife and humans [72,73]. Using SPATTs for the detection of cyanotoxins other than MCY
requires careful consideration of resin type [74]. As such, the hydrophobic HP-20 resin used for this
study was thoroughly tested for its efficiency in detecting MCY but has not been fully evaluated
for its efficiency in adsorbing other toxin types (e.g., CYN or ANA) [74]. For instance, only a total
of three samples tested positive for CYN in this study (Figure 9B, Table 2). While both SPATTs and
grab samples allowed for consistent detection of ANA, relative concentrations based on SPATTs were
relatively low compared to MCY levels based on in-situ accumulation. This difference could have
been a direct consequence of ANA being less prevalent throughout deployment periods, which would
lower accumulation potential, but was likely also an artifact of the toxin not being efficiently adsorbed
and/or retained during prolonged deployment [74,75]. An increasing number of studies have been
conducted to test resins for the detection of algal toxins, to better evaluate the potential of in-situ
passive samplers, to inform future health risk assessments and management decisions (review in [74]).



Phytoplankton assemblages in Jordan Lake were dominated by cyanobacteria (~94% based
on cell density) with microeukaryote phytoplankton only rarely outnumbering the prokaryotes
during non-bloom months. Changes in overall community structure followed consistent intra-annual
patterns for both cyanobacteria and less abundant microphytoplankton. All of the six most abundant
cyanobacterial taxa, identified via microscopy, were potential producers of single or multiple
toxins, which included Pseudanabaena spp. (MCY), Cylindrospermopsis raciborskii (CYN, ANA, STX,
BMAA), Aphanocapsa delicatissima and A. pulchra (MCY), Chroococcus spp. (MCY), several species
of Dolichospermum (MCY, CYN, ANA, STX, BMAA) and Microcystis aeruginosa and M. firma (MCY,
BMAA) [76,77]. Of these main genera, Aphanocapsa, Cylindrospermopsis and Pseudanabaena occurred
in 2-year dominance shifts, a pattern that could not be linked to any of the physicochemical or
hydrological factors tested in this study. Exploring the relationships between toxin presence and
cyanobacterial community data indicated that relative changes in the abundance of Pseudanabaena
spp., Merismopedia punctata and Aphanothece saxicola were linked to shifts in MCY, and Raphidiopsis spp.
abundances were associated with changes in dissolved ANA [78–81]. Whether these taxa were truly
responsible for toxin production remains unconfirmed and would have required further taxonomic
resolution on the species and strain levels, since toxicity is not a genus-specific trait, nor is toxin
production continuous. Combining field studies, such as this, with culture-based trials using isolates
will allow us to verify taxonomic affiliations based on genomics, explore gene expression and tie
findings to meta-omics profiles for natural cyanobacterial communities [28,53].



3.2. Environmental Factors in Relation to Phytoplankton and Toxin Dynamics



Jordan Lake has been consistently rated as eutrophic or hyper-eutrophic, and nutrient input
from urban (26%) and agricultural (16%) land uses upstream (the remaining 58% are forested)
serves as important stimulant for phytoplankton growth [82]. NOx and NH3 concentrations were
positively correlated with overall river flow in this study, and the availability of both nitrogen sources
subsequently declined with increasing algal biomass, cell densities and total TKN. This overall
shift in TKN was most likely attributed to the incorporation of N into algal biomass. A suite of
environmental factors, including NOx, TKN, NH3, DO and pH, was linked to 68% of the variance
in Chl a and 52% in cyanobacterial density (Table 4). In contrast, TKN and NOx were associated
with only 19% of the variance observed for microeukaryote phytoplankton, indicating that these
main algal groups flourish under different environmental conditions. In agreement with studies
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elsewhere, changes in temperature, together with nutrient availability (i.e., NOx), were linked to
shifts in overall cyanobacterial community structure [9,25,28,83]. Only a weak correlative relationship
was observed between microphytoplankton composition and a combination of NOx, TKN, and river
flow (Morgan Creek). Information on additional key environmental factors is needed to further
characterize the significance of these potential forcing factors for microphytoplankton but also for
cyanobacterial and toxin dynamics in Jordan Lake. For instance, urea has been reported to specifically
stimulate cyanobacteria [16,84], and changes in the availability of both urea and inorganic P have been
linked to increased abundances of toxic species [85,86]. Additionally, shifts in N:P ratios have been
suggested to promote N-fixing cyanobacteria [17,87], a group also represented in Jordan Lake (i.e.,
genera Cylindrospermopsis, Dolichospermum and Pseudanabaena) [88–90]. Examining potential linkages
for the two most commonly detected toxins, ANA and MCY, only revealed a positive correlation
between TKN:TP ratios and dissolved ANA, giving some indication that P might have been less readily
available relative to N. However, this remains speculative since TKN and TP estimates included varying
dissolved and particulate fractions, and no separate information was obtained on the availability of
dissolved P to further explore relationships between toxin and dissolved versus cell-bound nutrients.
As cyanotoxin production may be tied to a complex array of environmental conditions, the collection
of larger toxin datasets seems imperative for deciphering these linkages.



Finally, the role that river flow and water retention time play for CyanoHAB dynamics in Jordan
Lake warrants closer examination in future studies. The lower arm of the lake, where river input
is higher due to the Haw River (90% of water inflow into the lake), has estimated retention times
of about 5 days, while they reportedly exceed 400 days in the upper arms (New Hope and Morgan
Creeks) of Jordan Lake (NCDWR). Previous studies have shown that low flow conditions tend to result
in larger blooms and shifts in species composition [22,24,91,92]. However, examining correlations
between algal abundances and/or community structure among individual stations or regions (grouped
stations adjacent to river outflows) did not yield significant differences. Moreover, and in contrast to
previous studies that reported drought conditions favorable to bloom activity [23,52,93], no correlative
relationships were seen between precipitation, algal abundances and community structure over the
investigated study period.



3.3. Conclusions and Recommendations



This study is the first to show that cyanobacterial communities in Jordan Lake are linked with the
recurrence of multiple cyanotoxins throughout the year. These findings fall in line with an increasing
number of studies that have confirmed the ubiquitous nature of cyanotoxins, their simultaneous
presence in varying environments and the need for further research to characterize the conditions that
favor toxin production. The continued development and employment of highly sensitive toxin-tracking
approaches (e.g., SPATTs), together with an expanding tool-kit for genomic and transcriptomic testing,
will be essential for examining cause–effect relationships and providing the knowledge needed to
predict the likelihood for toxin exposure via varying exposure pathways, be it to single or multiple
agents. The presented study approach can inform efforts in similar water bodies where continued issues
with eutrophication due to increasing population growth threaten water quality. The study’s findings
serve as a baseline to better characterize CyanoHAB events in Jordan Lake and guide continued testing
for selected toxins as part of routine water quality monitoring to protect the lake’s dedicated uses (i.e.,
drinking water and recreation).



4. Materials and Methods



4.1. Study Area and Data Collection



Jordan Lake is a 56 km2 artificial reservoir in central NC in Chatham County, constructed between
1967 and 1983 by the U.S. Army Corps of Engineers. The lake is filled by the Haw River in the south and
Morgan Creek and New Hope Creek in the north (Figure 1). The Haw River is the largest of the three
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inflows and accounts for 70–90% of the total water volume entering the lake [94]. The reservoir has an
average depth of 4.9 m and volume of 265 × 106 m3 [52,95]. Sampling by NCDWR was conducted
via small boats, as outlined in the DWR manual for standard operating procedures [96,97]. Briefly,
Secchi depth was measured, and physical data (temperature, DO, and pH) were collected from the
surface to depth at approximately 1 m intervals throughout the water column, using either Hydrolab
(Hach Environmental, Loveland, CO, USA) or YSI (Yellow Springs Instrument Co., Yellow Springs,
OH, USA) sondes. Grab samples for community structure and chemical analyses (NH3, NOx, TKN,
TP and turbidity) were collected via a depth-integrated sampler from the surface to twice Secchi
depth. Transport and processing for phytoplankton, nutrients, Chl a and turbidity followed standard
protocols detailed in DWR’s standard operating manual [97]. Drought index measurements were
obtained from DWR’s online Drought Monitor History database based on weekly drought averages for
drought conditions by percent area for Chatham County (representative of the upper Cape Fear River
watershed). Hourly meteorological parameters (wind speed, precipitation, and PAR) were obtained
from the Reedy Creek Field Laboratory (State Climate Office of North Carolina), located approximately
27 km from Jordan Lake (35.807◦ N, 78.744◦ W). Daily hydrological data, obtained from the US
Geological Survey (USGS), included stream discharge (flow) for Morgan Creek (near Chapel Hill,
NC at 35.89333◦ N, 79.01972◦ W, site ID 02097517), New Hope Creek (near Blands, NC at 35.885◦ N,
78.96528◦ W, site ID 02097314) and Haw River (near Bynum, NC at 35.76528◦ N, 79.13583◦ W, site
ID 02096960).



4.2. Phytoplankton Data



Phytoplankton community analyses were conducted microscopically by NCDWR using Leitz
inverted microscopes and Utermöhl counting chambers [98,99]. Briefly, samples were preserved with
Lugol’s solution (0.4% final concentration) upon collection, and a 5 mL subsample was settled for 24 h.
Samples were analyzed within 14 days of collection. Samples were counted until 100 units (single
cells, colonies or filaments, depending on the specific taxon) of the most dominant taxa were recorded.
Taxonomic identification [100] was established to at least genus level. Biovolumes were calculated
using cell densities (cells mL−1) multiplied by reference values [99].



4.3. Toxin Analyses



Discrete (grab) samples were collected at approximately 0.5 m depth using pre-cleaned (acid
washed followed by three Milli-Q [MQ] water rinses) polyethylene terephthalate glycol (PETG) bottles
and after pre-rinsing the bottles with lake water. The bottles were chilled on ice in a cooler for transport
to the lab, where 50 mL aliquots were filtered through GF/F filters with a nominal 0.7 µm pore size
(Whatman grade, GE Healthcare Life Sciences, Chicago, IL, USA). The filtrate was collected in glass
scintillation vials for analysis of dissolved (extracellular) toxins and stored frozen at −20 ◦C until
analysis using commercially available ELISAs (Abraxis Inc., Warminster, PA, USA; see details below).
Samples were analyzed using a BioTek ELx800 Absorbance Microplate Reader (BioTek, Winooski,
VT, USA). Dissolved samples for ANA and STX were pretreated with a diluent to prevent toxin loss,
following the manufacturer’s guidelines (Abraxis), except for samples collected prior to October 2016.
Toxin analyses were conducted for sites A through G from August 2015 through December 2016.



In addition to grab samples, Solid Phase Adsorption Toxin Tracking (SPATT) [71,101] units
were used to determine in-situ toxin accumulation over approximately monthly intervals (average
deployment time was 28 days). SPATTs were deployed at 2 sites at 0.5 m depth (Figure 1, sites E and G)
from August 2015 to December 2016. Construction, deployment and extraction procedures for SPATTs
followed previously published guidelines [101]. Briefly, 3 g of HP-20 resin (Sigma–Aldrich, St. Louis,
MO, USA) was activated in 100% methanol for 30 min, then rinsed with three equivalent volumes
of MQ-water and sonicated for 45 s at 50% amplitude with a sonic dismembrator (Fisher Scientific,
Hampton, NH, USA, Model FB120). After sonication, activated bags were stored in chilled MQ water
in the refrigerator until deployment [101]. Buoys with a weighted rope were deployed with a mesh
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bag containing two SPATTs attached at sites E and G. Retrieved units were kept out of direct sunlight,
put on ice for transport to the lab and transferred into a −80 ◦C freezer within ~2 h of collection. The
resin from the SPATT bags was extracted according to previously published protocols [70] with the
following modifications: samples were vortexed before each of the three extractions and extracts two
and three were combined for analysis, while extract one was run separately. All cyanotoxin analyses
for SPATT extracts and dissolved samples were conducted using ELISAs (Abraxis Inc., Warminster,
PA, USA): MCY-ADDA (Product #520011; sensitive to MCY-LR, -YR, -LF, -RR, LW, and nodularin;
LDL = 0.10 µg L−1), CYN (Product #522011; sensitive to CYN and deoxy-CYN; LDL = 0.04 µg L−1),
ANA (Product #520060; sensitive to anatoxin-a and homoanatoxin-a; LDL = 0.1 µg L−1), STX (Product
#52255B; sensitive to STX and other paralytic shellfish poison [PSP] toxins; LDL = 0.015 µg L−1), and
BMAA (Product #520040; sensitive to BMAA and other amino acids; limit of quantitation = 4 ng mL−1).
Immediately prior to analysis, SPATT samples were diluted with the sample diluent provided with
each ELISA kit to avoid methanol interference during assays. Final methanol concentrations were
<5% for MCY, <20% for CYN and <2.5% for ANA (ELISA manuals and Abraxis recommendations).
In addition, diluted SPATT extracts were centrifuged for 2 min at 13,000 rpm at room temperature
(Eppendorf 5424 R Microcentrifuge) to remove any particulate matter. SPATT results were normalized
as nanograms toxin per gram resin per day (ng toxin (g resin)−1 d−1). STX and BMAA were not
analyzed using the SPATT approach due to adsorption bias when using HP-20 resin (see further details
in the discussion) [74].



4.4. Chlorophyll Analyses



Chl a concentration (µg L−1) was determined using the EPA method 445.0 via fluorescence [102].
Briefly, 50–100 mL aliquots of lake water were concentrated onto 0.7 µm GF/F filters, extracted using
acetone and measured fluorometrically (Turner Designs Model 10 Series fluorometer).



4.5. Statistical Analyses



Statistical analyses were performed using the PRIMER v7 [61] and STATISTICA 13 (TIBCO
Software) statistical software packages. Community data (cell densities and biovolumes) were
square-root transformed and compared based on Bray–Curtis similarity values, while physical
environmental parameters (averaged over the upper water column from the surface to twice
Secchi depth) were log-transformed, normalized (mean subtracted from each value and divided
by the standard deviation) and compared after the computation of Euclidean distance resemblance
matrices [61]. Three-way ANOSIM (analysis of similarity) tests were computed to examine
temporal (seasonal [spring: March–May; summer: June–August; fall: September–November; winter:
December–February] and yearly) as well as spatial trends (crossed design; 9999 permutations). This
resulted in r values which represent a measure of distinction between groups. For instance, r values
of 0 indicated that groups were similar, while an r value of 1, or close to 1, implied that groups were
dissimilar. Similarity patterns over temporal or spatial scales were further illustrated using non-metric
multidimensional scaling (nMDS) plots where more closely clustered data points represented higher
similarity. Stress values were calculated for MDS plots to reflect the level of distortion that results from
representing similarity rankings between multiple samples in a two-dimensional space. Generally,
a stress value of <0.2 indicates an accurate representation of similarity rankings [61]. Additionally,
one-way ANOSIM tests were conducted to examine whether toxin concentrations varied over time and
location. Cyanobacteria and phototrophic microeukaryotes were analyzed separately and combined
(total phytoplankton), and temporal or spatial differences were determined based on abundance data
(cells mL−1) as well as biovolume (mm3 m−3). In contrast to the environmental data, phytoplankton
data was square-root transformed and compared using Bray–Curtis similarity indices [61].



Chl a, cell densities, biovolumes and toxin concentrations were examined for their relationships
with physical (temperature, DO and pH) and chemical (NH3, NOx, TKN, TP and turbidity) parameters
using correlation and regression analyses (Pearson’s product-moment correlations, r; adjusted
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coefficient of determination, R2; STATISTICA 13, TIBCO Software). The same analyses were conducted
using average values for Chl a, cell densities and biovolumes across the lake (all stations combined per
sampling date) and related to meteorological and hydrological parameters (PAR, river flow, wind speed
or precipitation). A BEST routine (PRIMER v7) was used to establish matches between similarities
in site-specific physicochemical data (Euclidean distance-based matrix) and community structure
information (Bray–Curtis similarity matrix) using Spearman’s rank correlations (rho, ρ) [61]. This
routine was also repeated to link community data across the lake (all stations combined per sampling
date) to meteorological and hydrological parameters. The BEST routine, unlike multiple regression
analyses, cannot differentiate among positive or negative relationships, but identifies similarities
between the two matrices. The RELATE test was used to test a cyclical model for an annual resetting
of algal and microeukaryote assemblages at differing stations and in each of the 6 years [61].



Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6651/10/2/92/s1,
Table S1: Most abundant cyanobacterial and microeukaryote phytoplankton groups, identified to genus or, where
possible, species level using microscopy, Table S2: Results of three-way ANOSIM tests comparing cyanobacteria,
microeukaryote phytoplankton and total phytoplankton abundances across season, year and site (crossed design),
Table S3: Results of three-way ANOSIM tests comparing cyanobacteria, microeukaryote phytoplankton and total
phytoplankton community structure across season, year and site (crossed design), Table S4: Results of one-way
ANOSIM comparing environmental, meteorological and hydrological parameters across month, season, year and
site, Table S5: Minimum (Min), maximum (Max) and average (Ave) values for parameters at each site, Table S6:
Minimum (Min), maximum (Max) and average (Ave) values for meteorological and hydrological parameters,
Table S7: Results of one-way ANOSIM comparing MCY and ANA concentrations based on SPATTs data and ANA
levels based on grab sampling across month, season, year and site.
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1980 



1981: Falls Lake dam is completed and lake begins to fill. 1983: Falls Lake fills to its current normal pool level.  



1996: The Upper Neuse River Basin Association (UNRBA) was 
formed. The City of Durham was a founding member. 



1995: NC DENR contractor (The Cadmus Group) completes report on 
Falls Lake.   



1999:  City of Raleigh contractor (Spirogyra Diversified 
Environmental Services) completes study of Falls Lake below 
Highway 50. 



2003: The UNRBA publishes the Upper Neuse Watershed 
Management Plan, covering the entire area that drains to Falls Lake. 



1992: NC DENR publishes the Lakes Assessment Report. Falls Lake is 
classified eutrophic (meaning the lake  water is cloudy and it has too 
much nitrogen, phosphorus, and algae) after a period of being 
classified hyper eutrophic. 



November 2001:  NC DENR completes the Neuse River Basinwide 
Assessment Report.  Falls Lake is classified eutrophic (meaning the 
lake  water is cloudy and it has too much nitrogen, phosphorus, and 
algae). 



2004: The UNRBA publishes a report about protecting water quality 
in the Flat River watershed (a river that flows into Lake Michie and 
then Falls Lake) 



December 1997: The North Carolina Environmental Management 
Commission (EMC) adopts the Neuse River Nutrient Sensitive Waters 
Management Strategy. 



March 2001: The City of Durham implements new development 
performance standards. 



March 2005: Because of concerns about nitrogen  from the Butner 
wastewater treatment plant, DWQ increases monitoring. 



July 2005: NC General Assembly passes Senate Bill 981/S.L. 2005-
190 (Drinking Water Supply Reservoir Act) that includes a 
requirement that the Environmental Management Commission adopt 
a nutrient strategy for Falls Lake. 



1990 



2000 



July 2005: NC DENR Technical Advisory Committee (TAC) is formed. 
The City of Durham was part of this committee. 



April 2007: East Durham Open Space Plan is finalized. 



September 2007: Intensive monitoring begun in 2005 is completed. 



January 2008: Falls Lake is listed on the draft 2008 state impaired 
waters list for chlorophyll-a. The portion of the lake upstream from I-
85 is also listed for turbidity. 



2010 



August 2008: The Falls Lake Stakeholder Project begins. 



May 2009: Falls Lake Watershed Model is completed. 



June 2009: Falls Lake Calibrated Nutrient Response Model is 
completed. 



August 2009: Senate Bill 1020/S.L. 2009-486 is approved (this 
revised the Environmental Management Committee adoption 
deadline to January 15, 2010 and added other requirements to 
improve water quality in the Upper Neuse River Basin). 



Timeline of Water Quality Issues  



in Falls Lake 



1983: Falls Lake is classified as a Nutrient Sensitive Water. 



September 2009: The City of Durham adopts the Resolution 
Supporting the Adoption of Legislation to Protect Falls Lake and 
Expedite Falls Rules. 



February 2010: Resolution Approving Consensus Principles for Falls 
Lake Nutrient Management Strategy adopted by City Council. 



November 2009: Falls Lake Nutrient Response Model Final Report is 
completed and the model is presented to the Environmental 
Management Commission. December 2009: Draft Falls Lake Nutrient Management Strategy 



provided to stakeholders for comment. 



May 2006: NCDENR completes Neuse River Basinwide Assessment 
Report.  Falls Lake is classified eutrophic (meaning the lake  water is 
cloudy and it has too much nitrogen, phosphorus, and algae). 



March 2010: Environmental Management Commission approves 
sending the Draft Falls Lake Nutrient Management Strategy to public 
hearings. 



May 2010: The City of Durham modified the Stormwater 
Performance Standards for Development to address Falls and Jordan 
Lake nutrient reduction requirements. 



January 2011: The Falls Lake Nutrient Management Strategy rules 
become effective. 



November 2010: The NC Environmental Management Commission 
adopts the Falls Lake Nutrient Management Strategy.  



March 2011: The UNRBA adopts a plan for evaluating Falls Lake, 
called the Path Forward.   



May 2011: NC DENR completes the Neuse River Lake and Reservoir 
Assessments. Falls Lake is classified eutrophic, except during the 
summer of the 2007 drought, when the lake was temporarily 
classified hyper eutrophic (meaning the lake has extreme levels of 
algae, nitrogen, and phosphorus).   



October 2011: The City of  Durham is awarded a grant from the 
Clean Water Management Trust Fund to install residential low impact 



development practices in South Ellerbe Creek.   
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Abstract: In January 2015, a 20-month-old child and her family took part in recreational activities
at Carrasco and Malvín beaches (Montevideo, Uruguay). An intense harmful algae bloom (HAB)
was developing along the coast at that time. A few hours after the last recreational exposure
episode, the family suffered gastrointestinal symptoms which were self-limited except in the child’s
case, who was admitted to hospital in Uruguay with diarrhea, vomiting, fatigue, and jaundice.
The patient had increased serum levels of liver enzymes and bilirubin and five days later presented
acute liver failure. She was referred to the Italian Hospital in Buenos Aires, being admitted with
grade II–III encephalopathy and hepatomegaly and requiring mechanical respiratory assistance.
Serology tests for hepatitis A, B, and C, Epstein-Barr virus, and cytomegalovirus were negative.
Laboratory features showed anemia, coagulopathy, and increased serum levels of ammonium, alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and bilirubin. Autoimmune Hepatitis
Type-II (AH-II) was the initial diagnosis based on a liver kidney microsomal type 1 antibodies (LKM-1)
positive result, and twenty days later a liver transplant was performed. The liver histopathology
had indicated hemorrhagic necrosis in zone 3, and cholestasis and nodular regeneration, which
were not characteristic of AH-II. LC/ESI-HRMS (liquid chromatography electrospray ionization
high-resolution mass spectrometry) analysis of MCs in the explanted liver revealed the presence
of Microsytin-LR (MC-LR) (2.4 ng·gr−1 tissue) and [D-Leu1]MC-LR (75.4 ng·gr−1 tissue), which
constitute a toxicological nexus and indicate a preponderant role of microcystins in the development
of fulminant hepatitis.



Keywords: cyanobacteria; microcystins; recreational exposure; liver failure



1. Introduction



Toxigenic cyanobacteria blooms favored by environmental conditions and eutrophication
of water bodies worldwide occur periodically [1,2]. Cyanobacteria genera, such as Microcystis,
Anabaena, Oscillatoria, and Nostoc, among others, are capable of producing a wide range of toxins,
like microcystins, cylindrospermopsins, nodularin, and anatoxins [3]. The presence of cyanobacteria
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blooms in water bodies affects water quality owing to the production of cyanotoxins and odoriferous
compounds. In the La Plata basin one of the most toxic and frequently-present cyanobacteria is
Microcystis sp., often producing microcystin-LR (MC-LR) and [D-Leu1]MC-LR [4,5]. These toxins are
considered among the most toxic hepatotoxins produced by cyanobacteria.



Furthermore, the water bodies where blooms occur are commonly used for recreational purposes
or as drinking water sources. People and animals can, therefore, be exposed to cyanobacteria and their
toxins via several pathways. This worrying situation constitutes a major health and environmental
hazard [3,6].



MCs have been associated with damage to human and animal health, causing different
characteristic patterns of damage that depend on the route, intensity, and time of exposure.
Reported diseases caused by cyanobacterial blooms and/or MCs vary in severity, ranging from
death due to liver failure (Caruaru syndrome) [7,8] and gastrointestinal syndromes [9–13] to skin
damage, respiratory problems [14,15], and liver cancer [16–18].



Recreational exposure to cyanobacterial blooms mainly involves oral, dermal, and inhalation
pathways, depending on the type of activities undertaken in the water body.



This type of exposure has been suspected in humans but not always confirmed, given the lack
of detection of cyanotoxins in biological samples of exposed people and because cyanobacterial
hepatotoxicosis is often underdiagnosed [19,20].



In this work we present a case of a family of three adults and a 20-month-old child who engaged in
recreational activities, including bathing at the Carrasco and Malvín beaches in Montevideo, Uruguay,
during the summer algal bloom in January 2015.



A few hours after the last exposure episode, the family members developed gastrointestinal
symptoms (diarrhea) which were rapidly self-limited in the three adults. The girl, however, continued
to present gastrointestinal symptoms, such as diarrhea and vomiting, developing fatigue and jaundice,
until finally, five days after exposure, she was admitted to the intensive care unit of a toxicology medical
center (CIAT Uruguay). Laboratory tests showed increased serum levels of alanine aminotransferase
(ALT: 1814 UI·L−1), aspartate aminotransferase (AST: 1946 UI·L−1), total bilirubin (8.15 mg·dL−1),
direct bilirubin (4.8 mg·dL−1), and International Normalized Ratio (INR > 3). The patient was
subsequently referred to the liver transplant center of the Italian Hospital in Buenos Aires, Argentina.
Based on the epidemiological history of the patient, who had been bathing in the water with her family
at the Carrasco and Malvín beaches (Montevideo, Uruguay) during a period of harmful algal bloom
(HAB), the final diagnosis was acute liver failure related to cyanobacteria toxicity.



Our research group has performed histological studies and MCs determination in the explanted
liver. We have also summarized the report on the environmental monitoring of Montevideo beach
water quality undertaken by the authorities of Montevideo city between December 2014 and January
2015 [21].



The results indicate that the recreational exposure to MCs played a preponderant role in the
development of acute hepatic failure suffered by the patient.



2. Results



2.1. Environmental Conditions of the Carrasco and Malvín Beaches in the Summer Season, 2014–2015



Montevideo (34◦52′1′ ′ S, 56◦10′0′ ′ W) is the capital city of Uruguay with a population of 1,319,108.
This city has several beaches, including Carrasco, Malvín, and Pocitos, among others, in which an
intense tourist activity takes place during the summer. In January 2015 an intense toxic cyanobacteria
bloom occurred in the Uruguayan bank of the Río de La Plata river, and certain beaches were
disqualified for bathing [21]. The official report drawn up by the authorities of Montevideo city
indicates the sampling points studied and records the results as mean and/or maximum values,
mostly without specifying which beach they correspond to [21]. For Malvín and Carrasco beaches
the sampling points informed were 34◦53′49.8′ ′ S 56◦06′16.0′ ′ W and 34◦53′31.0′ ′ S 56◦03′16.7′ ′ W
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respectively. In the summer season 2014–2015, Carrasco and Malvín beaches were suitable for
bathing and presented geometric means of fecal coliform values well below the limit of 1000 cfu·dL−1



established by municipal decree N 253/79 (275 cfu·dL−1 and 287 cfu·dL−1 for Malvín and Carrasco
beaches, respectively). The predominant phytoplankton genus on the Uruguayan coast was Microcystis
and, in this season, 57% of the samples studied from Montevideo beaches corresponded to the category
“sampling with cyanobacteria presence but without foam”, surpassing for the first time since year
2000 the “samples without bloom” (30%). The remaining 13% corresponded to the category “sampling
with cyanobacterial foam”, which were detected during the whole month of January 2015 in several
beaches of Montevideo according to the official reports given weekly by the Montevideo authorities.
On sampling under “sampling with cyanobacteria presence but without foam” category the mean
value was 17 µg·L−1 for chlorophyll-a and 2.9 µg·L−1 for microcystins, registering maximum values of
276 µg·L−1 and 56 µg·L−1, respectively. In the case of those corresponding to the category “sampling
with cyanobacterial foam” the mean and maximum values were 5600 µg·L−1 and 25,700 µg·L−1 for
chlorophyll-a; and 2900 µg·L−1 and 8200 µg·L−1 for microcystins [21].



2.2. Patient Condition and Differential Diagnose



On admission to the Italian Hospital of Buenos Aires, the patient had grade II–III encephalopathy
and required mechanical ventilator assistance. Doppler ultrasonography showed hepatomegaly and
echogenic images in both lobes. Brain tomography showed cerebral edema. Laboratory features
showed anemia with decreased levels of hemoglobin (8 g·dL−1) and hematocrit (25.4%). The patient
has had a coagulopathy (INR: 3.5, PT: 26%) derived from the liver failure and serum levels of ALT
(1386 IU·L−1), AST (1268 IU·L−1), total (9.4 mg·dL−1) and direct (4.8 mg·dL−1) bilirubin still increased.
Albumin (2.7 g·dL−1) and ammonium (257 ug·dL−1) serum levels were also altered (Table 1).



Table 1. Laboratory features of the patient.



Parameter On Admission Pre-Liver Transplant Post-Liver Transplant 8 Months after Transplant



TB 1 (mg·dL−1) 9.4 10.8 0.3 0.3
DB 2 (mg·dL−1) 4.8 4.8 0.1 0.1
AST 3 (UI·L−1) 1268 79 31 30
ALT 4 (UI·L−1) 1386 81 60 50



INR 5 3.5 3.25 0.99 0.92
PT 6 (%) 26 14 93 100



AM 7 (µg·dL−1) 257 291 34 50
1 TB: Total bilirubin; 2 DB: direct bilirubin; 3 AST: aspartate aminotransferase; 4 ALT: alanine aminotransferase; 5



INR: International Normalized Ratio; 6 PT: prothrombin time; 7 AM: ammonium.



Serological evaluation was positive for antinuclear antibodies (ANAs: 1/320) and liver kidney
microsomal type 1 antibodies (LKM-1: 1/1280), and negative for anti–smooth muscle antibody,
hepatitis A, B, and C viruses, Epstein-Barr virus, and cytomegalovirus.



Antinuclear antibodies (ANAs) and the liver kidney microsomal type 1 antibody (LKM-1 or
CYP2D6 antibody) test is primarily used to help diagnose autoimmune hepatitis. Autoimmune
hepatitis type II was diagnosed on the basis of the positive LKM-1 result. The patient was treated with
three i.v. doses of 20 mg metilprednisolone·kg−1 and 1.5 mg cyclosporine·kg−1.



After a week of treatment, the patient continued with severe coagulopathy and hyperammonemia,
requiring hemodialysis (Table 1). The medical staff, therefore, recommended a liver transplant and the
patient was accepted on the waiting list. A liver transplant was eventually performed from a deceased
donor twenty days after the affected child’s admission into the Italian Hospital of Buenos Aires.
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2.3. Pathology Analysis of Explanted Liver



The explanted liver had a weight of 275 g and dimensions of 16 × 6 × 6 cm, including the biliary
vesicle of 5 × 2 × 1.5 cm. The liver external macroscopic appearance was irregular and presented
cholestasis with a coarsely nodular surface and some areas with parenchymal extinction (Figure 1).



Representative hematoxylin and eosin (H and E)-stained slides showed a pattern of damage
characterized by hemorrhage, some degree of intracytoplasmic cholestasis, zones of nodular
regeneration, and a lack of inflammatory activity (Figure 2). In Figure 2A there are areas of hemorrhage
around central veins and hepatocyte dropout. Large hepatocytes were also observed with ballooning
and multinucleation, surrounded by a proliferation zone of small hepatocytes with an increased
nucleus/cytoplasm ratio forming pseudo-acini (Figure 2B). However, bile ducts showed conserved
features and no portal inflammation was evident.
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interstitial hemorrhage and parenchymal extinction. The presence of regeneration process is evidence 
as a macronodular nodule with macrotrabecular arrangement of two or three hepatocytes (Figure 
3A). However, centrilobular fibrosis was not observed (Figure 3A,B). 



Figure 1. Macroscopic external appearance of explanted liver. Note the coarsely cholestatic nodular
surface (red arrows) and the areas with parenchymal extinction (black arrow).



Toxins 2017, 9, 267 4 of 11 



 



Representative hematoxylin and eosin (H and E)-stained slides showed a pattern of damage 
characterized by hemorrhage, some degree of intracytoplasmic cholestasis, zones of nodular 
regeneration, and a lack of inflammatory activity (Figure 2). In Figure 2A there are areas of 
hemorrhage around central veins and hepatocyte dropout. Large hepatocytes were also observed 
with ballooning and multinucleation, surrounded by a proliferation zone of small hepatocytes with 
an increased nucleus/cytoplasm ratio forming pseudo-acini (Figure 2B). However, bile ducts showed 
conserved features and no portal inflammation was evident. 



 
Figure 1. Macroscopic external appearance of explanted liver. Note the coarsely cholestatic nodular 
surface (red arrows) and the areas with parenchymal extinction (black arrow). 



(A) (B) 



Figure 2. Representative slices H and E staining of the explanted liver: (A) Liver parenchyma with 
hemorrhage around central veins with hepatocyte dropout (black arrows). Vascular structures are 
close to each other with some degree of intracytoplasmic cholestasis (100×). (B) Portal tract without 
inflammatory activity (black arrows). Note the area of liver parenchyma with nodular regeneration 
and hepatocyte cholestasis (red arrow) (100×). 



Reticulin-stained sections (Figure 3) showed large areas of weft collapse around the central 
veins, hepatocyte dropout, and signs of regeneration with a necrosis pattern consistent with 
interstitial hemorrhage and parenchymal extinction. The presence of regeneration process is evidence 
as a macronodular nodule with macrotrabecular arrangement of two or three hepatocytes (Figure 
3A). However, centrilobular fibrosis was not observed (Figure 3A,B). 



Figure 2. Representative slices H and E staining of the explanted liver: (A) Liver parenchyma with
hemorrhage around central veins with hepatocyte dropout (black arrows). Vascular structures are
close to each other with some degree of intracytoplasmic cholestasis (100×). (B) Portal tract without
inflammatory activity (black arrows). Note the area of liver parenchyma with nodular regeneration
and hepatocyte cholestasis (red arrow) (100×).











Toxins 2017, 9, 267 5 of 12



Reticulin-stained sections (Figure 3) showed large areas of weft collapse around the central veins,
hepatocyte dropout, and signs of regeneration with a necrosis pattern consistent with interstitial
hemorrhage and parenchymal extinction. The presence of regeneration process is evidence as a
macronodular nodule with macrotrabecular arrangement of two or three hepatocytes (Figure 3A).
However, centrilobular fibrosis was not observed (Figure 3A,B).



Perl and Rhodamine stains, used to demonstrate iron and copper hepatocytes and cytoplasmic
accumulation, respectively, were negative (Figures S1–S3).



Despite positive LKM-1 results, the liver alterations observed were not characteristic of
autoimmune hepatitis type II, and at that time the cause of the patient’s condition was still not
clearly established.
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2.4. Microcystins Analysis in the Explanted Liver



Taking into account the fact that exposure to cyanobacteria was identified as a possible cause, we
carried out MCs analysis in the explanted liver using a LC-Orbitrap-MS system. A sample of 20 g of
liver were extracted as we have described in the Material and Methods section and the methanolic
extract was analyzed by LC/ESI-HRMS in order to evaluate the presence of microcystins in liver
tissue. The analysis of chromatograms obtained from liver tissue had shown the presence of MC-LR
([M + H]+ m/z 995.5582) and [D-Leu1] MC-LR ([M + H]+ m/z 1037.6045) (Figure 4). The MCs nature
of these molecules was confirmed by the presence of product ions of the doubly-charged [M + 2H]+



m/z 519.3057 and the characteristic fragments: [Arg-MeAsp-(155)-Ala-Mdha + H]+ m/z 595.3750 and
[(M-PhCH2CH(OMe) + H]+ m/z 903.5334.



Additionally, we detected another fragment at m/z 135, which denotes an unmodified Adda side
chain [Ph-CH2CH(OMe)] characteristic of microcystins. A quantitative analysis revealed the presence
of 2.4 and 75.4 ng·gr−1 liver tissue of MC-LR and [D Leu1]MC-LR, respectively.



Based on these results and the pathological findings in the explanted liver, physicians
performed a final diagnosis of acute liver failure related to exposure to toxic cyanobacteria and
the cyanotoxin microcystin.
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Figure 4. LC/ESI-HRMS analysis performed to confirm the presence of MCs in methanolic extract of
the explanted liver. Selected reaction monitoring (SRM) chromatogram and product ion mass spectrum
of (A) MC-LR with a molecular ion of 995.5582 m/z and (B) [D-Leu1]MC-LR was identified, with
molecular ions of [M + H]+ at m/z 1037.6045 and [M + 2H]2+ at m/z 519.3057.



2.5. Patient’s Condition after Liver Transplant



After liver transplant the patient’s condition improved with melioration of clinical and biological
parameters. After 30 days of hospitalization the infant was discharged.



At eight months post-transplant, the patient had normal clinical parameters and biological marker
levels (Table 1).



3. Discussion



People frequently engage in recreational activities involving contact with the environment without
being aware of possible adverse health effects arising from a range of contaminants present in
the surroundings.



Harmful algal bloom (HAB), characterized by the exponential growth of several species
of toxin-producing Cyanobacteria, frequently occurs in summer and constitutes a sanitary and
environmental problem all around the world [2].



Microcystins (MCs), one of the most widely distributed groups of cyanotoxins, are part of a potent
hepatotoxin group produced by genera such as Microcystis, Anabaena, Oscillatoria, and Nostoc, among
others. Two of these toxins, Microsytin-LR (MC-LR) and [DLeu1]MC-LR, are usually present in the Río
de La Plata estuary during the period of algal blooms [4,5,22].



HAB have been associated with periodic incidents of human and animal illness and death all
around the world. Depending on the kind of contact that people have with cyanobacteria and their
toxins, a condition characterized by different symptoms is defined. The first records of gastrointestinal
diseases due to contact of the population in several cities on the Ohio River shore with cyanotoxins date
from 1931 [9]. Similar alterations were observed in Harare, Zimbabwe, where children from certain
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areas of the city developed gastroenteritis every year coinciding with the senescence of Microcystis
bloom [10].



One of the worst gastrointestinal toxic events, even with some lethal cases, relating to cyanotoxins,
occurred in 1988 in Paulo Alfonso, Bahia, Brazil. After the construction of the Itaparica dam there
was a severe epidemic of gastroenteritis associated with an Anabaena and Microcystis sp. bloom, in
which about 2000 cases were reported within a period of 42 days, 88 of which were fatal; those mainly
affected were children [12].



Furthermore, there are numerous reports of people who suffered symptoms, such as conjunctivitis,
earache, hay fever-like syndrome, swollen lips, allergic dermatitis, rush, itching, and headache, after
consuming water or coming into contact with water during a cyanobacterial bloom [23].



One of the most severe and well-documented cases of acute exposure to cyanotoxins occurred
in Caruaru, Brazil, where 55 dialysis patients developed hepatic failure and died due to the use of
cyanotoxin-contaminated water in the dialysis procedure. In this case, microcystins were identified
in samples from the dialysis center filter, specifically in patient’s blood and post-mortem liver
samples [7,8].



Another important way in which population come into contact with cyanobacterial blooms is
through recreational activities. However, the effects on health of recreational MCs exposure are not
yet sufficiently understood and this type of poisoning often remains undiagnosed. In previous work
we reported an acute intoxication case due to recreational exposure to cyanobacteria occurring in
Salto Grande Dam, Entre Ríos, Argentina in January 2007. Whilst engaging in nautical sports in this
lake, a young man was immersed in an intense bloom of Microcystis sp. A level of 48.6 µg·L−1 of
microcystin-LR was detected in water samples. Four hours after exposure, the patient showed nausea,
abdominal pain, and fever. The initial diagnosis was stress. Three days later, dyspnea and respiratory
distress were reported. The patient was hospitalized in intensive care and was diagnosed with atypical
pneumonia. Finally, a week after the exposure, the patient developed hepatotoxicosis with a significant
increase of hepatic damage biomarkers (ALT, AST and γGT). Complete recovery took place within
20 days [14].



In this work we report the symptoms suffered by a family after recreational activities at beaches in
Montevideo, Uruguay in January 2015. Environmental monitoring of Montevideo beach water quality
undertaken by the authorities of Montevideo city indicated, for January 2015, fecal coliform values
below the limit of 1000 cfu·dL−1 and the presence of highly-toxic blooms (mainly Microcystis) with
foam formation and average MC levels of 2.9 mg·L−1 and a maximum level of 8.2 mg·L−1 [21].



A few hours after the last exposure event, three adults developed gastrointestinal symptoms
which were rapidly self-limited and a 20-month-old girl suffered gastrointestinal symptoms followed
by acute liver failure, ending in liver transplant.



Elevated levels of ALT, AST, total and direct bilirubin detected in the patient’s plasma were
consistent with the observed liver damage. Likewise, these results are not surprising since the liver is
the main target of microcystins and these toxins are actively transported within the hepatocytes. Thus,
the inhibition of protein phosphatases, the main mechanism of action of these toxins, rapidly damages
these metabolically highly-active cells.



The coagulopathy developed by the patient, characterized by alteration in PT and INR levels,
is physiologically associated with the observed hepatic injury and the consequent alteration in
protein synthesis factors necessary for normal functioning of the clotting and fibinolytic systems.
Similar alterations in these parameters were also reported in studies which describe the biochemical
outcome of Caruaru’s patients [7] and others performed on the plasma of hemodialysis patients
sub-lethally exposed to microcystins [24].



The clinical parameters led to an initial diagnosis of acute liver failure, and serological evaluation
had pointed to autoimmune hepatitis type II as the cause of liver failure. However, the patient
did not improve after pharmacological treatment and was derived to undergo liver transplant.
Liver histological studies had indicated a pattern of damage characterized by liver hemorrhagic
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necrosis, portal tracts without inflammatory activity and parenchyma with nodular regeneration,
which is not typical for autoimmune hepatitis [25].



Although autoimmune hepatitis type II could have been triggered by several factors, including
exposure to hepatotoxic substances, such as MCs, the damage observed at the histological level and
the presence of MC-LR and [DLeu1]MC-LR in the liver, led us to consider a preponderant role for
cyanotoxins in the development of the acute liver failure suffered by the patient.



The presence of MC-LR in the liver sample was confirmed by the retention time in comparison
with MC-LR standard and the molecular ion ([M + H]+ m/z 995.5582) [26]. Due to the lack of
[D-Leu1]MC-LR standard, the identification of this toxin was performed using the molecular ion
([M + H]+ m/z 1037.6045), the doubly-charged molecular ion [M + H]+ m/z 519.3057, and the
main fragment ions previously reported [Arg-MeAsp-(155)-Ala-Mdha + H]+ m/z 595.3750 ion and
[(M-PhCH2CH(OMe)) + H]+ m/z 903.5334 ion [26–28].



The toxins found in the damaged liver constitute a toxicological nexus that confirms the child’s
exposure to HAB during recreational activities. We surmise that the exposure characteristics were
intermittent, sub-acute for several days, and absorbed mainly via oral and dermal routes. Taking into
account the MCs levels found in the child’s liver and toxin levels on Montevideo beaches (mean value
of 5 mg MCs·L−1) reported by the authorities [21], we estimate that the girl had been exposed to the
toxin contained in at least 1.78 L of the water.



Several studies were performed on mice exposed to different doses of purified MC-LR
(25 µg·kg−1; 35 µg·kg−1) via i.p. Levels of toxin were detected in liver ranging from 81.1 ng·g−1



to 460 ng·gr−1 [29,30]. Even though in the current case we cannot know the exact dose and number of
exposure events suffered, the values found in the liver of the patient (2.4 ng MC-LR·g−1 and 75.4 ng
[D-Leu1] MC-LR·g−1 liver) could explain the damage observed in the liver.



Previously, micrcosystin levels in human liver were only determined in Caruaru victims.
Carmichael et al. [8] reported that the average level of microcystins found in 52 liver samples
from 39 fatal victims was 223 ng·g−1, ranging between 50.2 and 272 ng·g−1 estimated by ELISA
assay. Consistent with this, in the present case 77.8 ng total MCs·g−1 of liver were found using the
LC-Orbitrap-MS system.



Our findings show that exposure to toxic cyanobacteria blooms generated differential effects
in adults (gastrointestinal symptoms) and a baby (acute liver failure). This difference between the
pathologies presented in adults and the child may be due to: (i) the relative dose determined mainly
by the duration of contact with the bloom and body size; (ii) higher body surface/body weight
ratio in children than in adults, which acquires particular relevance for the dermal route; (iii) level
of maturation of the liver and intestinal system and the quality of intestinal flora; and (iv) higher
biological susceptibility to the development of diseases with autoimmune components.



4. Conclusions



In this work we have reported a case of recreational exposure to cyanobacteria and cyanotoxins,
suffered by a family (three adults and a 20-month-old child) during January 2015 on the beaches of
Uruguay. The adults had only self-limiting gastrointestinal symptoms while the child had more severe
gastrointestinal condition resulting in acute liver failure requiring liver transplant. To the best of our
knowledge this is the first report on the presence of MC-LR and [D-Leu1] MC-LR in liver of a patient
who has undergone recreational exposure to a harmful algal bloom dominated by Microcystis.



This report highlights the need to encourage and promote discussion on the health assessment
which focus on environmental health determinants such as toxigenic cyanobacteria bloom and their
toxins. Likewise management frameworks should be generated through cooperation and co-financing
in order to ensure adequate data sharing among all the sectors involved, at the same time intensifying
research with a view to providing improved human health protection.
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It is, therefore, necessary to include this type of hepatotoxicosis in diagnosis protocols, especially
in areas affected by harmful algae blooms, so that medical staff will be aware of the pathology and be
able to make a correct differential diagnosis.



Furthermore, institutional links should be established, allowing samples to be derived from
hospitals and health centers to laboratories and other entities specializing in cyanotoxins in order to
detect the presence of MCs in biological fluids as a confirmatory parameter.



5. Materials and Methods



5.1. Environmental Conditions of the Uruguayan Coast



Since summer 2000–2001, when toxic blooms were detected on the Montevideo coast for the first
time [5], the Quality Assessment and Environmental Control Service has begun to monitor the water
quality on the beaches of Montevideo in summer period on a routine basis (between 15 November and
31 March).



Routine monitoring is performed once a week at six beaches (Pajas Blancas, Cerro, Ramírez,
Pocitos, Malvín, and Carrasco) independently of the presence or absence of cyanobacteria.



Monitoring includes a visual record, by naked eye observation in real time, using three categories
of visual detection: “sampling without bloom”, “sampling with cyanobacteria presence but without
foam”, and “sampling with cyanobacterial foam”. Additionally, they develop bacteriological studies
(fecal coliforms) and determine temperature (in situ), salinity, conductivity, turbidity, and chlorophyll-a
by methods described in “Standard Methods for the Examination of Water and Wastewater” [31] and
microcystins by ELISA immunoassay [32].



We employed the official data provides in the report for the summer season 2014–2015 [21] in
order to summarize the water conditions of the Carrasco and Malvín beaches in the period where
exposure occurred.



5.2. Medical Treatment and Clinical Biomarkers



The patient was attended by the medical staff of the Toxicology and Hepatology department of the
Italian Hospital of Buenos Aires, Argentine, who evaluated the patient and provided the appropriate
medical treatment.



Serum samples were taken and levels of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total and direct bilirubin, albumin, and ammonium were determined
(CMD 800 ixl, Wiener). Prothrombin time (PT) was determined (Coagulometer ACL 200,
Instrumentation Laboratory, WM, Argentina) on plasma samples, obtained from blood anticoagulated
with sodium citrate and the International Normalized Ratio (INR) was calculated. Additionally,
serology for antinuclear antibodies (ANAs), liver kidney microsomal type 1 antibodies (LKM-1),
anti-smooth muscle antibody, and for hepatitis A, B, and C viruses, Epstein-Barr virus, and
cytomegalovirus were carried out in the hospital laboratory service (Architect i 1000sr, Abbott).



5.3. Pathology Studies



Hematoxylin and eosin (H and E)- and reticulin-stained [33,34] sections of the patient’s explanted
liver were examined under light microscopy (Olympus binocular microscope) by the hospital’s
pathology service.



5.4. Toxicological Studies



MCs were determined in an explanted liver sample. MC extraction from the sample was carried
out following the technique described by Carmichael et al. [8]. Briefly, 20 g of tissue was extracted twice
with methanol, centrifuged at 7000× g and mixed with an equal volume of hexane. The hexane fraction
was then discarded. The methanol extract was diluted with an appropriate volume of distilled water
and applied to C18 silica cartridges. The 80% methanol eluate was collected [30]. The methanolic extract
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was analyzed in an Exactive/Orbitrap mass spectrometer equipped with an electrospray ionization
(ESI) source (Thermo Fisher Scientific, Bremen, Germany). LC/ESI-HRMS (liquid chromatography
electrospray ionization high-resolution mass spectrometry) analysis was performed to confirm the
identity of microcystins present in the liver tissue [35].



Supplementary Materials: The following are available online at www.mdpi.com/2072-6651/9/9/267/s1,
Figure S1: Representative slice H and E stained of normal liver (100X), Figure S2: Representative slices of
explanted liver stained with Perls technique (100X), Figure S3: Representative slices of explanted liver stained
with Rhodamine techniques (400X).
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studies need to be done on what chronic, lifelong exposure to low level of algal toxins can 
do, but so far, there is another paper published by the US EPA just this year that 90 day 
exposure to small quantities of the algal toxin called cylindrospermopsin in mice can lead to 
chronic liver and kidney damage and dysfunction. 


This is why I am here demanding for stronger water protection, and I urge the EMC to 
impose stronger Clean Water regulation. Because no one, that includes my family, your 
family, everyone, should have to suffer from our own drinking water like this. I would like for 
the EMC to keep in mind, that if the clean water standard is rolled back, they will be 
accepting responsibility for any future cases of poisoning from algal toxin, as well as other 
emerging pollutants. There is no question on whether or not algal toxin is bad. The damage 
is real, and it is already happening, and it can and will affect us.


I have submitted this comment online along with attachment of relevant publications in the 
email attachments for reference. 


Thank you again for this opportunity for public comment, and I hope you will ensure 
stronger clean water for the health and welfare of the general public.


Sincerely,


Hwa Huang
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From: Joanie McLean
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Comments - Triennial Review
Date: Sunday, July 15, 2018 11:44:30 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


DENR
Division of Water Resources
Water Planning Section


To Whom It May Concern;


I am submitting the following comments on the Water Qualty Standards for the Triennial Review Process. 
Thank you for your time and consideration.


Sincerely
Joan McLean
Siler City, North Carolina 27344


·         Metals  The EPA has rejected the EMC’s  use of ‘biological confirmation’, which lets pollutants
exceed standards as long as stream life seemed unaffected.   Water quality standards are supposed
to prevent harm to aquatic health, not kick in only after a stream is degraded.   The EMC should
adopt all the changes required by EPA for metals in our surface waters.


 
·         Aquatic life standards.  Data presented by the Haw Riverkeeper indicate that our existing water


quality standards are lagging behind scientific studies.   Exposure concentrations  that do not kill fish,
mussels, or insects outright can nonetheless weaken and disrupt them, leading to population declines
and degraded communities over time.   Over time these sub-lethal effects can degrade water quality
as significantly as lethal effects.   The EMC should set North Carolina’s aquatic-life standards to avoid
sub-lethal metabolic and behavioral effects, not just lethal exposures.


 
·         Ammonia.  In setting ammonia standards, the EPA has recommended  that states adopt a formula


that takes into account stream acidity and temperature to protect sensitive fish and mollusks. This is
the single biggest gap in our existing standards.  The EMC should adopt the EPA formula and, if
necessary,  work with small systems to bring them into compliance over time.


 
·         Selenium and cadmium.  Selenium bioaccumulates and is toxic to wildlife. Cadmium has no natural


function in aquatic organisms and can affect their growth, reproduction, and behavior.  The EMC
should adopt the 2016 EPA criteria as water quality standards for all waters in North Carolina. 


 
·         Flow.   North Carolina’s existing water quality standards largely overlook this critical relationship


between flow and quality.  The EMC should adopt a narrative standard that more clearly supports
management of river flows to protect the ‘physical, chemical, and biological integrity  of our waters.


 
·         Pesticides.  Data presented by the Haw River Keeper indicate that our existing water quality
standards for pesticides are lagging behind scientific studies.   Many pesticides used in massive volumes
go unmonitored and lack water quality standards.   The EMC  should review the science, propose
improvements to the standard for atrazine, and establish water quality standards for chlorpyrifos,
glyphosate, and the neonicotinoid class of insecticides. Given their high mobility, longevity in water, and
significant toxicity, these pesticides represent major threat to aquatic life, and are thus a major threat to
our water quality and to human health.   
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·         Perfluorinated compounds.   There are thousands of different specific per- and poly-fluoroalkyl
substances (PFAS), so rather than adopting surface water quality standards for them one by one, the
EMC should start by adopting a class standard for a total allowed concentration of PFAS, at least for
Class A waters (drinking water sources). The current standard for total poly-aromatic hydrocarbons
(PAH) offers a model for this approach.


 
·         1,4-Dioxane.   DEQ has set the ‘protective value’ for water supply watersheds at 0.35 µg/L , but at


80 µg/L for waters from which fish are consumed.   This makes no sense for protecting downstream
water quality.  The EMC should adopt a standard of 0.35 µg/L for 1,4-dioxane in all surface waters, to
ensure that all downstream water sources are protected.


 
 








From: Eric Davis
To: 15ANCAC02B_TriRev_Rule_Comments
Cc: Eric Davis
Subject: [External] Comments on 15A NCAC 02B Rules
Date: Tuesday, July 31, 2018 8:13:58 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Comments on 15A NCAC 02B Rules


The City of Burlington provides direct water and sewer services to approximately 52,000
customers and indirectly to residents and businesses to many of the surrounding communities.


Burlington has 24 MGD of permitted wastewater treatment capacity with an average daily
discharge of approximately 11 MGD into the Haw River arm of the B. Everett Jordan Lake.


Comments on Proposed Chlorophyll a Water Quality Standard


The City of Burlington currently has annual mass nutrient loading limits that are based on a
Chlorophyll a Nutrient Response Model for the Lake.


The City of Burlington Water Resources staff concurs with the comments submitted by the
North Carolina Water Quality Association (NCWQA) regarding chlorophyll a.


1) The criterion was originally intended as a seasonal average, not as an instantaneous value or
monthly average.
2) a seasonally - averaged chlorophyll a standard is technically defensible and consistent with
the average period used by many other states.
3) any changes to the chlorophyll criteria should be considered interim until North Carolina
completes the relevant portions of its Nutrient Criteria Development Plan.


Comments on proposed Silver Water Quality Standard


The chronic water quality standard of 0.06 ug/l for silver should be removed from the rule as
there is no corresponding Federal chronic criteria for silver. This standard was originally
developed as a site-specific silver standard for an industrial discharger that no longer exists.
The site-specific number was subsequently added to the rules without a technical basis to be
used as a state-wide standard.


Comments on Scope of the next Triennial Review


Burlington also supports the comments made by NCWQA regarding the scope of the next
Triennial Review as follows with regard to Human Health Criteria:


1)  As an NPDES permit holder, we are concerned that "about 2/3 of the 94 criteria are
proposed to be more stringent (more than 50% lower and in some cases an order of magnitude
lower)."
2) "Other states are deferring adoption of these criteria to provide time to evaluate... the
impacts these changes will have on permittees (industrial and municipal)."
3) North Carolina municipal dischargers and their SIUs have only recently been introduced to
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the significant reductions called for in response to the previous triennial review.  It would be
prudent to allow time for these facilities to come into compliance with those new standards
before imposing additional requirements. 
4) Prior to rule-making on these criteria,  an assessment needs to be made by NCDEQ to
determine if EPA-approved methods can reliably measure the specific parameters at the
proposed regulatory level. If the can not, how will these unmeasurable levels levels be utilized
in calculating Pretreatment Program Maximum Allowable Headworks Loading?


Comments on 15A NCAC 02B .0208 (a)(2)(B)


We encourage NCDEQ to reconsider the approach proposed for adopting standards relating to
Contaminants of Emerging Concern (CEC). We believe that the current proposed approach
will cause permitting hardships for both NCDEQ, regulated communities and the general
population. 
A rule criteria that is used for well-studied and well-understood contaminants that have been
studied and monitored for decades may be an acceptable means of regulating certain
contaminants. However, this approach applied to CEC can easily become a permitting
challenge. Our understanding - under current anti-degredation regulations - is that regulations
need to be well conceived and thouroughly considered before adoptions.


Thank you for your consideration of these comments.  If you have questions or would like to
discuss these comments further, please do not hesitate to contact the City of Burlington Water
Resources staff at 336-222-5133.


Sincerely,


Eric Davis
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Ms. Brower,
 
The N.C League of Municipalities’ comments regarding the proposed changes to surface water
quality standards that serve as the Triennial Review. We appreciate the opportunity to comment on
this potential rulemaking.
 
I thought I sent this email yesterday, but noticed this morning it was still in my outbox. I apologize
for the delay.
 
Best,
Sarah
 
Sarah W. Collins
Legislative and Regulatory Counsel
NC League of Municipalities
150 Fayetteville St., Ste. 300
Raleigh, NC 27601
O: 919.715.2919 | M: 919.368.1269
scollins@nclm.org
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August 1, 2018 
 



Ms. Connie Brower 
DEQ/Division of Water Resources 
1611 Mail Service Center  
Raleigh, NC 27699-1611 
 



Re: Comments on the Proposed Changes to Water Quality Standards Regulations pursuant to the 
Triennial Review 
 



Dear Ms. Brower, 



 



The NC League of Municipalities is a membership organization of over 540 municipalities and 
affiliate organizations, many of which are impacted by decisions made regarding amendments to the 
state’s water quality standards regulations. The League’s member cities, towns, and affiliates 
therefore appreciate the opportunity to comment on N.C. Environmental Management 
Commission’s (EMC) proposed rule changes that represent the Triennial Review of Surface Water 
Quality Standards (WQS).  
 



In past Triennial Review actions, the League actively participated in the process to develop the 
changes to the WQS. Many of the changes to the WQS in the 2014 Triennial Review the League 
supported and are retained in the current proposal, and we appreciate that. However, in 2014 the 
League supported the inclusion of action levels and biological confirmation, and we understand that 
those are being removed due to EPA’s disapproval of those aspects of the current WQS. While we 
hoped those aspects would be retained, we understand EPA’s disapproval makes that unlikely. 
Attached is a copy of the League’s 2014 comments regarding our support of action levels. The 
remainder of our comments on this Triennial Review are limited to the proposed change to 
Chlorophyll-a criteria found in 15A NCAC 02B.0211(4). 
 



We have heard from many of our members that the proposed “monthly averaging” language found 
in 15A NCAC 02B.0211(4) is concerning. The original intent of the chlorophyll-a criteria was for it to 
be a seasonal average, not an instantaneous value or monthly average. To that end, the proposed 
change is in opposition to the original intent. A seasonally-averaged chlorophyll-a criteria is 
technically defensible and consistent with the averaging period used by many other states. 
Additionally, the Nutrient Criteria Development Plan that was adopted in 2014 is currently being 
acted upon and in that work scientific experts (NCDP Scientific Advisory Council) are acting to 
determine what chlorophyll-a criteria should be in specific water body types across the state. The 
WQS should not be changed until this scientifically defensive process has concluded. 
 



I appreciate the opportunity to comment. 
 



Respectfully Submitted, 



 
Sarah W. Collins 



Legislative and Regulatory Counsel 











NCLM Comments – page 2 



 



Retention of Action Levels 
The 2014 rules updated the action levels to dissolved chronic criteria (based on a hardness of 25 mg/L for 



the hardness dependent metals in freshwater) and propose to retain the language that allows compliance 



with whole effluent toxicity (WET) requirements to negate the need for permit limitations for copper, silver, 



and zinc in all waters plus chloride in freshwater. This concept has always made sense because the WET test 



organisms used for most dischargers, daphnia and ceriodaphnia, are among the most sensitive organisms 



for these substances and the toxicity of these substances is highly dependent on dissolved organic material 



and other complexing material in effluents and receiving waters. The North Carolina WET requirements are 



among the most comprehensive in the country and there is a high rate of compliance with these 



requirements. Elimination of the action level concept and requiring dischargers to do additional testing to 



adjust these criteria through development of a WER or other site specific approach is a waste of resources 



when the WET testing is already demonstrating that water quality is being protected. 













From: Jade Dell
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Gen-X
Date: Thursday, July 05, 2018 7:04:19 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


I am very concerned that residents in the Lower Cape Fear River region have been exposed to GenX in drinking water, likely
at levels above the state health goal of 140 parts per trillion (ppt). These PFC chemicals can take hundreds of years to break
down and are generally toxic. PFC's have also been found in high levels in the Haw River watershed. 


It seems to me that the health and well being of PEOPLE are more important than the profits of companies that knowingly
dump toxic chemicals into water that is used by humans, animals and plants to live and thrive.  These companies just keep
doing this with no concern because they get away with it.  They need to pay for the clean up.


I demand that the company that has been dumping these chemicals needs to STOP right now.  How can we be letting this
happen.  There are things more important - peoples' health - than propping up a polluting company.  If it were our legislators
whose water was polluted, you can bet this would have been stopped long ago.  It is always what happens to the poor and
marginalized that no one cares about.


With concern for ALL people,
Jade Dell
927 W Morgan
Raleigh, NC 27603
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From: Larissa Via
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] I support the NC Conservation Network and Sierra Club"s views on protecting North Carolina"s water


quality
Date: Monday, July 16, 2018 4:52:58 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


They are, as follows:


1. Update the ammonia standard that takes into account stream acidity and temperature with
the EPA ammonia formula.
2. Consider infants, children, and other vulnerable populations when setting standards.
3. Set standards to prevent sub-lethal effects on fish.
4. Protect the flow of water by setting a standard that protects the physical, chemical, and
biological integrity of the water quality.
5. Update water quality standards using the EPA human health criteria.
6. Adopt standards to protect against algal toxins. 
7. Set standards for pesticides known to be in N.C. waters. 
8. Adopt standard for class of chemicals that includes GenX.
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From: Nathalie Worth
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] If we don’t classify these thousands of different pre- and poly-fluoroalkyl substances (PFAS).
Date: Tuesday, July 03, 2018 8:58:26 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


We know they’re health destroyers.  Don’t mix human biology with these thousand (PFAS).  1-
4 dioxanane.  It’s insane to intentionally or because someone isn’t recognizing the existing water analysis
that says were already injedtingvthese chemicals.  People are waking up to the fact that they demand
clean water.  Don’t foul water -  it’s oh so precious.


LOOK AT THESE TOXINS AND REGULSTE THEM.  
The science is already in and they’re known harms.


Take care of your obligation to seeve the people and nonhuman beings of today and tomorrow,  don’t
make us a yesterday.. take us forward to keeping it clean!


Nc resident,
Nathalie Worthington
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From: Jennifer Sherman
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Monday, July 30, 2018 9:20:55 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.


Thank you. 
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From: Debbie
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 27, 2018 7:41:24 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.
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From: Melanie Vaughn
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 27, 2018 5:07:44 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.


Sent from my iPhone
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From: Justinkristie
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Friday, July 27, 2018 9:07:02 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.
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From: baldwin4@comcast.net
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Thursday, July 26, 2018 11:22:18 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.


Brett and Jill Baldwin
Propeety owners
In Lake Nantahala Topton, NC
Marco Island, FL
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From: Erin Lindquist
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Wednesday, July 25, 2018 10:16:24 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.


Yours truly,
Dr. Erin Lindquist
Sent from my iPhone
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From: Mike Gough
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Wednesday, July 25, 2018 9:12:27 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.


Best regards,
Carlene Beegle-Gough


Sent from Carlene's iPad
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From: RUTH
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Wednesday, July 25, 2018 9:52:43 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.


Ruth Arnone
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From: Bendula, William
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Tuesday, July 24, 2018 8:03:58 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.


Regards,


William Bendula
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From: Black, Stanley W
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Tuesday, July 24, 2018 6:43:03 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.


Stanley Black



mailto:15ANCAC02B_TriRev_Rule_Comments@ncdenr.gov

mailto:report.spam@nc.gov






From: magda schijff
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Tuesday, July 24, 2018 3:50:14 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.
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From: Janna Starr
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides in NC waters!
Date: Monday, July 30, 2018 4:23:50 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Dear Environmental Management Commission,


We need better standards for NC water. We ask that you: 


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.


When setting standards, please take into account the longitudinal and complex impact of these
chemicals on human and environmental health. 


Thank you for considering our concerns about protecting clean water for all in North Carolina.
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From: Derek Clark
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Tuesday, July 24, 2018 7:34:51 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.
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From: perrywinklefarm@aol.com
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Monday, July 16, 2018 11:05:29 AM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


To whom this concerns-


Please become more diligent in what you are monitoring for when it comes to
protecting both bodies of, and underground, water in North Carolina.  As the chemical
industry becomes more and more innovative in manufacturing herbicides and
pesticides (as well as other potentially toxic products) we need better protection from
having our water supplies contaminated by these products.


thank you,
Cathy Jones
Perry-winkle Farm
northern Chatham County
Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.
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From: Barbara Stenross
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Saturday, July 14, 2018 9:44:45 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.


Set and improve standards for pesticides known to be in North Carolina waters. Please review
the science and propose improvements to the standards for atrazine to include a water supply
standard, and establish standards for chlorpyrifos, glyphosate, and the neonicotinoid class of
insecticides. 


Consider infants and children when setting standards. There is increasing evidence that
exposure to pollutants in the womb, as an infant or child, or in puberty, can cause harm at low
concentrations. The EMC should pay close attention to ensure that vulnerable populations are
protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill
fish, mussels, or insects outright, but weaken and disrupt them, leading to declining
populations and degraded aquatic life over time. When setting aquatic-life standards, EMC
should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape
Fear River region and elsewhere in NC have been exposed to GenX in drinking water; at
levels likely well above the state health goal.


Sincerely,
Barbara Stenross 
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From: bethhenry54@gmail.com
To: 15ANCAC02B_TriRev_Rule_Comments
Subject: [External] Improve and set standards for toxic pesticides known to be in NC waters!
Date: Saturday, July 14, 2018 7:13:36 PM


CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an
attachment to Report Spam.<mailto:report.spam@nc.gov>


Set and improve standards for pesticides known to be in North Carolina waters. Please review the science and
propose improvements to the standards for atrazine to include a water supply standard, and establish standards for
chlorpyrifos, glyphosate, and the neonicotinoid class of insecticides.


Consider infants and children when setting standards. There is increasing evidence that exposure to pollutants in the
womb, as an infant or child, or in puberty, can cause harm at low concentrations. The EMC should pay close
attention to ensure that vulnerable populations are protected.


Set standards to prevent sub-lethal effects on fish. Sub-lethal effects of exposure don’t kill fish, mussels, or insects
outright, but weaken and disrupt them, leading to declining populations and degraded aquatic life over time. When
setting aquatic-life standards, EMC should set them to consider these effects.


Adopt a standard for the class of chemicals that includes GenX. Residents in the Lower Cape Fear River region and
elsewhere in NC have been exposed to GenX in drinking water; at levels likely well above the state health goal.


Sent from my iPhone
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