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HUNDRED-AND-SEVENTY SIXTH MEETING OF THE 

SCIENCE ADVISORY BOARD ON TOXIC AIR POLLUTANTS (NCSAB) 

Proceedings of the August 6, 2014 Teleconference 

Dr. Starr called the meeting to order at 2:02 PM. NCSAB members Ors. Thomas Starr, Ivan Rusyn, 
Woodall Stopford, and Elaina Kenyon were in attendance as well as new member Dr. Jane Hoppin. 
Terese Vick, Blue Ridge Environmental Defense League, Joelle Burleson, Nancy Jones and Dr. Candace 
Prusiewicz, DAQ, were also in attendance. 

Dr. Starr introduced and welcomed Dr. Hoppin, the newest member of the NCSAB. She is a professor of 
Biological Sciences at North Carolina State University. She earned her Sc.D. and her Sc.M. from Harvard 
University in the field of Environmental Health and Epidemiology and researches the effects of pesticides 
on farmers and their families. Board members introduced themselves and provided brief summaries of 
their professional backgrounds and research interests. 

Approval of May 2014 Minutes 
Meeting minutes from the 1 75th NCSAB meeting held on May 28, 2014 were approved with Dr. Hoppin 
abstaining from the vote. 

Meeting minutes that have been approved by the NCSAB are posted on the Division of Air Quality 
website at http://dag.state.nc.us/toxics/risk/sab/sab minutes.shtml. 

Evaluation of AALs for Unique North Carolina Toxic Air Pollutants 

Dr. Starr began the meeting by describing the evaluation the board has recently been asked to conduct. 
The board has been requested by the DAQ to review 21 North Carolina toxic air pollutants (TAPs) not 
included on the federal HAPs list to determine their relevance and if they should be retained or omitted 
from the list. In advance of today's meeting, several documents were emailed to board members to serve 
as background supporting information for the meeting discussion. The documents are included as 
attachments to these minutes. The list of documents include: 

• Document A: List of Documents 
• Document B: Revised directive to the North Carolina Science Advisory Board on Toxic Air 

Pollutants incorporating the board's comments from the last meeting. 
• Document C: Compendium of supporting Ambient Air Levels (AAL) documentation for the 21 

unique North Carolina Toxic Air Pollutants (TAPs). 
• Document D: Compendium of emissions trend graphs 
• Document E: Table of industrial uses for the 21 unique North Carolina Toxics Air Pollutants 
• Document F: Comparison table of ambient health levels from other states and agencies. 
• Document G: Compilation of questions and data requests from the May 2014 meeting with 

responses developed by DAQ. 

Dr. Prusiewicz mentioned that there were two corrections to Document G. The first correction was related 
to a question asked by Dr. Stopford with regard to whether CFCs were regulated in North Carolina. The 
original response to this question, as noted in Document G, was that they were not regulated by North 
Carolina. This response was clarified to indicate that CFCs are not regulated in North Carolina for 
refrigerant purposes; however they fil regulated as stationary source emissions. Specifically, CFC 
emissions are permitted for landfills. 

Dr.Stopford asked if there were any emitters of CFC 1 1 3  is North Carolina. Dr. Prusiewicz indicated there 
were not based on information from the North Carolina Emissions Inventory. Dr. Stopford then inquired if 
there was a reason to retain CFC113 as a TAP if there were no emissions reported in the North Carolina 
inventory. Dr. Starr asked whether emissions of CFC 1 1 3  are banned at the federal level? Ms. Jones 
explained that CFCs are banned by the federal government under the Montreal Protocol. 
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Hydrofluorocarbons (HFCs) are being used as interim substitutes but are scheduled for phase out 
beginning in 2015. Dichlorofluoromethane is the only one not banned. Carolina CFC emissions are 
primarily from landfills with smaller quantities emitted from other stationary source types. These other 
source types (including rubber tire manufacturing) have conducted site-specific stack testing to develop 
emission factors for CFCs. However, EPA does not include CFC emissions for these other source 
categories. Additionally, none of the CFCs permitted for any North Carolina stationary source are emitted 
at levels that approach the AAL at or beyond the facility fenceline. 

Dr. Starr summarized Ms. Jones comments by saying that the federal government regulated CFCs almost 
to extinction. CFCs are now only emitted from landfills and tire manufacturing in North Carolina and none 
of those sources emit CFCs at levels that result in air concentrations exceeding the AALs at the facility 
fenceline. Ms. Jones confirmed his summary and noted that there were a few additional other source 
types other than rubber tire manufacturing. They are also included in the emissions inventory as a result 
of local stack tests. She noted some idiosyncrasies across the same source type. For example, a single 
Duke Energy electric generating facility reports CFC emissions while their remaining facilities do not. 
Thus, inclusion in the emissions inventory appears to be an artifact of the stack-testing process. Dr. Starr 
asked if the emissions factors were used to compute ambient pollutant concentrations at the fenceline. 
Ms. Jones confirmed. 

Dr. Starr inquired if there was confidence that that none of concentrations at the fencelines were close to 
the AALs. Ms. Jones responded affirmatively based on the fact that the Toxics Permitting Emission Rates 
(TPER) which are used in the permitting process have not been exceeded. TPERS are derived from the 
AALs using extremely conservative emission release characteristics (stack height, stack velocity , etc ...  ) 
and allow facilities to compare their emission rates against the TPER to determine if they are likely to 
exceed the AAL. North Carolina emission inventory indicates that facilities permitted to release CFCs 
have not exceeded the TPER (meaning they have not exceeded the AAL). Dr. Starr and Dr. Stopford, 
referring to Document D, noted that the emissions of compounds like dichlorofluoromethane have 
decreased considerably. Referring to Document C, he asked whether its AAL of 50 ppm (equivalent to 
248 mg/m3 and derived using a factored TLV approach) had been updated since 1 987. Dr. Prusiewicz 
responded that it had not been updated. Based on its sharp decrease in emissions and its scheduled 
phase out by the end of 2015, Dr. Starr indicated that he would possibly consider eliminating it from the 
TAPs list. At the very least, it should be relegated towards the bottom of the list for consideration. 

Dr. Rusyn recommended that the board consider the "big picture" for developing a process to evaluate all 
the compounds before evaluating each chemical on the list. If a compound is still being emitted above 
the 500 pound threshold initially used when the T APs were identified or it will persist for a long time, he 
wondered about the consequences of removing a chemical from the list. Removal from the list does not 
alter the inherent toxicological properties of the compound or make it less toxic. He read the directive 
several times and he is still not clear into what bins the TAPS should be sorted. Dr. Kenyon agreed that it 
would be very helpful for her if the board proceeded as suggested by Dr. Rusyn. She recommended they 
develop a triage process first before working through the compounds. 

Dr. Starr asked if the AALs for CFCs were of use to anyone since they were not being permitted anymore. 
Dr. Prusiewicz clarified by saying that CFCs are not regulated as refrigerants in North Carolina but they 
are permitted for stationary sources (such as landfills). Dr. Rusyn pointed out that although the AALs are 
not being exceeded now, that is inconsequential to what may happen in the future. There is no certainty 
that the AAL will not be exceeded in the future unless the emissions remain where they are. He is not 
sure of the later happening. 

Dr. Starr asked what kind of burden having the AALs for CFCs on the books will have on the North 
Carolina public. Ms. Burleson responded that the primary burden is associated with the permitting 
process. Additional effort would be needed to calculate and perhaps model emissions. It may or may not 
save a little money or time for people from the permit perspective. Dr. Starr pointed out that a single 
chemical, such as dichlorofluoromethane, would be a small contributor to a permitted source like a landfill 
and having the AAL on the books would not add substantially to the burden. 
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Dr. Rusyn asked for clarification regarding what he understood the board was discussing. He understood 
that the board was discussing potential exposures to the TAPs rather than the potential hazards. He 
pointed out that the health hazards associated with exposures to the TAPs exist whether or not they are 
included on the list. He said that what is being debated is whether it is logical to remove T APs from the 
list based on a lack of or reduced emissions. He indicated that if he were certain that a chemical would 
not be emitted in the future (as in the case of a banned chemical) or that future worst case emissions 
would mirror historical emission levels and not exceed the AAL, he would be open to including a footnote 
stating that a hazard still exists; however the risk of adverse health effects would be negligible. Dr. Starr 
agreed that for a compound like dichlorofluoromethane it would be important to say the hazard still exists 
although the risk is low. It may not be a good idea to take the AAL off the books since there is no 
assurance that emissions will remain at current levels or decrease. Dr. Rusyn noted that most of the 
materials provided to the board focused on emissions/exposures rather than hazards. He is cognizant of 
the potential public perception of any recommendations that the board makes with regard to removing 
TAPS from the list (i.e. - public perception might be that the compounds are no longer hazardous). Dr. 
Starr and Dr. Rusyn agreed that the hazard remains regardless of the amount of emissions and neither 
wants to imply that the TAPs do not pose a health hazard. Dr. Rusyn suggested establishing reasonable 
bounds for retaining compounds on the list and possibly requesting clarification from the DAQ on 
emissions vs. hazards, Dr. Starr pointed out that there has been no new research suggesting that the 
toxicity of these compounds are reduced. They both c'oncurred that emissions need to be evaluated and 
addressed separately from the hazards. 

Dr. Stopford pointed out that in instances of minimal or no emissions of a pollutant, there is minimal risk 
because there is minimal exposure. His interpretation of the board's charge is that in such instances the 
board would not recommend updating the AAL Dr. Rusyn and Dr. Kenyon agreed with him. 

Dr. Kenyon asked about local air quality programs in North Carolina and requested confirmation that their 
emissions were not captured in DAQ's emission inventory. Dr. Prusiewicz confirmed this was correct. Dr. 
Kenyon asked how industrialized the areas were with relation to other parts of the state and whether the 
local program's emissions would be significantly different than what was typically seen in other parts of 
the state. Dr. Prusiewicz noted that the three local programs covered Mecklenburg, Buncombe and 
Forsyth Counties. Mecklenburg County includes the city of Charlotte. Ms. Burleson noted that all three 
counties adopt the North Carolina AALs; however their inventories may not fully align timewise with the 
DAQ inventory established for the remaining 97 counties. Although they may not report TAPS emission 
to the National Inventory, the DAQ will contact them and request additional information regarding their 
reporting practices. 

Dr. Hoppin said she understood that the board was working to establish evaluation criteria to be used for 
sort the 21 North Carolina TAPs and noted that Dr. Prusiewicz had not finished describing the documents 
sent to board members in advance of the meeting. Dr. Prusiewicz noted there was another correction to 
Document G with regard to a question posed by Dr. Kenyon at the May meeting. Dr. Kenyon had inquired 
about an emissions threshold for pollutant evaluation. A 500 pound emission threshold been discussed 
and had been attributed to the North Carolina National Academy of Sciences. The threshold was actually 
set by DAQ in 1 997 for identifying which compounds should be evaluated by the SAB. 

• Document H contains recommended SAB approaches that members had brought up at the last 
meeting. 

• Document I is a one page summary of the data compiled in the trend graphs in Document D that 
was developed for the last meeting. 

• Document J was a compilation of excerpts from NCSAB meetings over the years that could be 
used in developing a flow chart or decision tree for the final documentation to show how the 
conclusions were developed. 

• Document K is an example worksheet that could be used if the compounds were divided among 
members so that the same information would be considered and presented in the final 
documentation. 

Dr. Starr observed that the temporal behavior of emissions could be used as a prioritizing device for 
which TAP to consider first. Ethyl mercaptan emissions seem to have increased 400 percent and hexane 
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isomers, except n-hexane, increased 1 0-fold from 1 997 to 2012. The board would want to look at them 
early in the process and wait for the ones that had trended downward. Dr. Hoppin observed that for some 
pollutants there were marked differences between the 1 994 and 1997 emission values. She asked if the 
data were calculated the same way across time periods. She specifically noted the data for ammonia and 
sulfuric acid and inquired about how much variability is introduced by the data collection effort. Dr. 
Prusiewicz noted that going back to the beginning of the inventory, it is difficult to find documentation on 
the early emissions and that the changes in the early years may have been due to corrections. 
Emissions in the inventory are not measured, they are calculated. Dr. Hoppin suggested that the 
pollutants with increasing emissions be looked at early, followed by those that have remained steady and 
then lastly the decreasing ones considered. Dr. Kenyon agreed with consideration of the emissions trend 
for the internal tiering of the TAPs for review by the SAB (similar methodology to screening exercises for 
prioritizing chemicals for review). For the overall analysis she would like to include toxicity as a parameter 
but is not exactly sure how it would be incorporated. She anticipated that the board would need to 
discuss further. Dr. Starr suggested that ranking the AALs from lowest to highest value may provide some 
measure of relative toxicity. Dr. Kenyon noted that other groups that have done similar types of ranking 
usually include some combination of exposure and toxicity. Toxicity metrics may include toxicity 
equivalent factors {TEFs) or cancer potency factors. Dr. Starr said that another possible evaluation factor 
could be the date that the AAL established with older ones potentially of more concern than newer ones. 
Dr. Rusyn also suggested that the type of study from which the AAL was derived (chronic, subchronic, 
etc ... ) should also be considered in the process. He mentioned that the magnitude of the uncertainty 
factor should also be considered. Dr. Kenyon agreed and said that uncertainty factors greater than 3000 
suggest that minimal information is available (according to IRIS assessments). Dr. Rusyn suggested 
another column could be if a compound was banned and only released from historic stationary sources. 

Dr. Starr suggested expanding the emission trend summary spreadsheet and adding columns for 
additional elements the board wants to consider (as discussed above). The board would like to see the 
following additions to the spreadsheet: AAL value, the approach used (factored TLV), the uncertainty 
factor used, the health endpoint considered, and the date of the AAL. This additional data will facilitate a 
pre-screen ranking of the order of consideration. Dr. Rusyn felt this screening would be useful not in 
order to determine if they were right or wrong, but to provide a transparent record of what they had 
considered. Dr. Kenyon concurred. Dr. Prusiewicz assured Dr. Starr that the DAQ could get this data 
pulled together into a "mega-table" rather quickly. Dr. Starr asked if it was necessary to make another 
table as all the requested information was already contained in the documentation available to the board. 
Dr. Rusyn pointed out that some type of summary data table would be needed for the final documentation 
and transparency. It was better to do it earlier than later. He recommended the board have a webinar for 
the next meeting and then discuss each chemical row by row. Dr. Prusiewicz said that the DAQ could 
provide the members with a draft table for comment within two weeks and then if any additional columns 
were needed they could be added prior to the next meeting. 

Dr. Starr noted that some AALs were expressed as ppm values and others as mg/m3. Dr. Prusiewicz 
responded that all the AALs were reported in the same units (mg/m3) in the NC Rule. Dr. Starr inquired 
how the members thought the prioritization process would proceed using the "mega-table". He cited 
several criteria for evaluations: hazard, emission trend, and age as a proxy for scientific validity. Dr. 
Rusyn replied that he interpreted the charge that they were not really ranking the 21 TAPs; rather they 
were tasked with putting them into bins for which recommendations would be made. Dr. Starr asked 
about the criteria for the bins. Dr. Rusyn noted that the first page of the charge {directive) loosely tells the 
SAB members what the charge is. Dr. Prusiewicz clarified that she understood the SAB would look at the 
21 TAP compounds and determine which should be retained and if any should be omitted. For the ones 
that were retained, they would be classified as high or low priority for further review. Dr. Rusyn concurred 
with her summation. Dr. Starr said that based on his understanding of today's discussion on hazard, no 
chemicals would be dropped. Dr. Rusyn indicated that the board would further discuss and he suggested 
a possible "further evaluation bin" (keep), and perhaps a second bin for pollutants that have reduced 
emissions (a hazard still exists but exposure should not be a concern). Dr. Starr agreed that the bins may 
be renamed for the evaluation. 
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Dr. Prusiewicz summarized the materials to be sent to the board within the next two weeks. The DAQ will 
compile a "mega-table" including the parameters discussed during today's meeting. The DAQ will also 
contact the three focal air quality programs in North Carolina and request their emissions inventory data 
for the 21 T APs. 

Public Forum 
There were no comments from the public. 

Other Business 
There was no other business. 

Planning for September 24, 2014 Meeting 
Dr. Hoppin will be unable to attend the September meeting. Dr. Starr noted that they had already done 
the planning for the next meeting. Dr. Prusiewicz will send information and the board members should 
review and return suggestions on how the material could be improved. Dr. Prusiewicz inquired if board 
members would like to have a webinar format for the next meeting. Dr.'s Rusyn and Starr agreed it would 
be helpful. 

The meeting was adjourned at 3:22 PM. 

These minutes were accepted at the 177th SAB meeting on September 24, 2014. 

Respectfully submitted, 

Candace Prusiewicz, Ph.D. 
Liaison, Science Advisory Board 
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Air Pollutant Evaluation Document List 

A List of Documents- EXCEL 

B Directive to North Carolina Science Advisory Board on Toxic Air Pollutants (May 21, 2014)- (WORD) 

A 

C Compendium of supporting AAL documentation for 21 unique NC AALs (not inlcuded on Federal list)- (PDF) 

D Compendium of emission trend graphs- (PDF) 

E Table of industrial uses (EXCEL) 

F Comparison table of NC AALs and air levels for other states (EXCEL) 

G Follow-up questions for SAB (EXCEL) 

H SAB Recommended Approaches (EXCEL) 

Emission Trend data summary (EXCEL) 

J NCSAB Meeting Minutes Excerpts (51-59) (WORD) 

K Draft Air Pollutant Evaluation Worksheet (WORD) 



Directive to the North Carolina Science Advisory Board on Air Toxics {NCSAB) 

July 8, 2014 

The Department of Environment and Natural Resources (DENR) has requested the NCSAB evaluate the 

twenty-one toxic air pollutants (TAPs) unique to North Carolina to determine their relevancy for North 

Carolina's air quality program. These chemicals (detailed in Table 1) are not included on the Federal 

hazardous air pollutant (HAPs) list. This request is in response to the recent changes to the North 

Carolina Air Toxics Rules (http://www.ncair.org/news/pr/2014/air toxics 03132014.shtml) and to the 

upcoming review required by Session Law 2013-413. 

The timeframe for completion of this evaluation is tentatively set as December 31, 2014. This date may 

be extended into the first quarter of 2015 if required. 

Specifically, the board is tasked with the following: 

(1) Evaluate whether North Carolina requires AALs for these twenty-one pollutants. The evaluation 

may consider, but not be limited to, the known human health effects associated with inhalation 

exposures or whether the substance is currently emitted into the atmosphere from permitted 

North Carolina facilities Additional resources may include toxicological evaluations conducted by 

the North Carolina Division of Air Quality (DAQ), the Agency for Toxic Substances and Disease 

Registry (ATSDR), or other regulatory or advisory agencies or bodies. 

(2) Recommend retention or omission of each pollutant on the list. 

(3) For those substances retained, assign a low or high priority for AAL revision. AAL revisions will 

be conducted at a later time. 

(4) Provide clear criteria and supporting rationales for each recommendation. 

Phase II of the assessment, to be conducted at a future time, will address the following question: 

(1) Are there chemical pollutants of public interest that are emitted from stationary sources in 

North Carolina that are not included on the list? 

The NCSAB has four remaining scheduled meetings in 2014: 

• May 28 (1751h) 
• August 6 (1761h) 
• September 24 (1771h) 
• December 3 (1781h) 

The board may elect to schedule more frequent meetings if deemed necessary to meet the deadline. 

Division of Air Quality staff will provide logistical support for data gathering. 

The final report, addressed to the DAQ Director, will be compiled by Division of Air Quality staff and 

reviewed and approved by the board. 
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Table 1: Air pollutants for review by NCSAB 

Air Pollutants unique to North Carolina TAPs List CAS No. 

Acetic acid 64-19-7 

Ammonia .. ... 
, , 

7664-41-7 

Bromine 7726-95-6 

Dichlorodifluoromethane (CFC-12) 75-71-8 

Dichlorofluoromethane 75-43-4 

Ethyl acetate 141-78-6 

Ethyl mercaptan (ethanethiol) 75-08-1 

Ethylenediamine 107-15-3 

Fluorides Various 

Hexachlorodibenzo-P-dioxin 57653-85-7 

Hexane, isomers except n-hexane* Various 
-

Hydroaen sulfide 7783-06-4 

Methyl ethyl ketone 78-93-3 

Methyl mercaptan 74-93-1 

Nitric acid 7697-37-2 

Sulfuric acid 7664-93-9 

Tetrachloro-1 ,2-difluoroethane, 1, 1 ,2,2- (CFC-1 12) 76-12-0 

Tetrachloro-2,2-difluoroethane, 1 ,  1 ,  1 ,2- (CFC-1 12a) ' 76-11-9 

Toluene diisocyanate,2,4 and 2,6-isomers 91-08-7 

Trichforo, 1 ,  1 ,2- trifluoroethane, 1 ,2,2- (CFC-113) 76-13-1 

Trichlorofluoromethane (CFC-1 1 )  75-69-4 

I 
* Defined in 15A NCAC 02.073 as 2-methyl pentane, 3-methyl pentane, 2,2-dimethyl butane, 

2,3-dimethyl butane, or any combination of these compounds -
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North Carolina Department of Environment and Natural Resources 
Division of Afr Quality 

"IEMICAL: Acetic Acid (171) 

TLV - TWA: 

TVL - STEL: 

10 ppm 12S mg/m�l____ 
JS ppm 137 mq/m3) 

S��toms£Conditions Level 

Conjunctiva) <JO ppm 
irritation 

Skin irritation so mg/24 h 

Bronchial constriction 5 ppm 

Bronchitis, 60 ppm 
Phari ng it is 
Erosion of teeth 

Respiratory tract 
i r ri tat ion 

60 ppm 

Cone 1 us ions 

Acute irritant 
Starting point 15 ppm (STEL) 
Adjustment factor 10 
Reco1M1ended AAL l.5 ppm (15 min) 

Comments 

A£UtelCbronjc 

Acute irritant 

Acute irritant 

Acute irritant 

Acute 

Acute 

AAL: 1.5 ppm { 3.7 mg/m3), 15-minute averaging time, 1987 

Reference 

D:R7P4 

R:TXAPA9 
31,481,75 
Pl93' 

D:RBP4 

D:R6P4 

D:R5P4 

Comments 

Human exposure 

30% increase in 
pulmunary 
resistance in 
guinea pigs 

Workers 

Workers exposed 
for 7-12 years 

The Environmental Management Commission {EMC} changed the 15-min averaging time to 1-hr 

averaging time in 1997. 

D: Documentation of Threshold Limit Values, 1986 (R: reference, P: page) 
R: Registry of Toxic Effects of Chemical Substances 
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CHEMICAL: Ammonia {#72) 

TLV - TWA: 

TYL - STEL: 

25 porn {18 mg/m3.l____ 

35 ppm (27 mg/m3) 

Symptoms/Conditions Level 

Respiratory 
irritation 

tract 100 ppm 

Discomfort 20 ppm 

Conjunctiva 1 100 ppm 
irritation 

Moderate irritation 50 ppm 

Inhibition of ciliary 3-100 ppm 
activity in 
respiratory tract 

Conclusions 

Acute irritant 
Starting point 35 ppm (STEL) 
Adjustment factor 10 
Recommended AAL 3.5 ppm (15 min) 

Comments 

Acute/Chronic Reference Corrvnents 

Acute D:R6P27 Workers 

Acute D:R6P27 Workers 

Acute D:R8P27 Workers 

Acute D:R7,13P27 Rats and rabbits 



£.P.""A s.1;��-
NCDENR 

North Carolina Department of Environment and Natural Resources 
Division of Air Quality 

':HEMJCAL: Bromine {#73) 

TLV - TWA: 
TVL - STEL: 

O.l ppm (0.7 mg/m�j___ 
0.3 ppm (2 mg/m31.._____ 

Symptoms/Conditions 

REspiratory tract 
irritation 

Conclusions 
Acute irritant 
Starting point 0.3 ppm 
Adjustment factor 10 

ppm 

Recommended AAL 0.03 ppm (15 min) 

Comments 

Acute/Chronic 

Acute irritant 

AAL: 0.0 3 ppm (0.2 mg/m3), 1 5-minute averaging time, 1987 

Reference 

D:R4P65 

Comments 

In plant 
handling liquid 

The Environmental Management Commission {EMC} changed the 15-min averaging time to 1-hr 

averaging time in 1997. 

D: Documentation of Threshold Limit Values, 1986 (R: reference, P: page) 
R: Registry of Toxic Effects of Chemical Substances 
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NCDENR 

North Carolina Department of Environment and Natural Resources 
Division of Air Quality 

----- ·------ ---- ··--··------ -- ·-

CHEMICAL: Oichlorodifluoromethane (#19-3) 

TLV - TWA: 1000 ppm (4950 mq/m3) 

TVL - STEL: 

Svmptoms/Conditions 

Lung tissue changes 

Microscopic liver 
injury 

Conclusions 

� 
10,000 ppm 

x 24 hours 

810 ppm 

Chronic toxicant 
Starting point 1000 ppm Adjustment factor 

Chronic: 10 x 2 (chronic) 

Reconvnended AAL 50 ppm (24 �r) 
Comments 

Acute/Chronic 

Chronic 

Chronic 

Reference Corrrnents 

D:R9P18l 24 h exposure 

D:RJOP181 24 h/day x 90 
days in guinea 
pigs 
Other animals 
w/o disease 
manifestation 
Severity " l 

Adjustment for continuous exposure not required since animals were exposed 
continuously. 

AAL: 50 ppm (248 mg/m3), 24-hr averaging time, 1987 

D: Documentation of Threshold Limit Values, 1986 (R: reference, P: page) 
R: Registry of Toxic Effects of Chemical Substances 
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CHEMICAL: 

TLV - TWA: 

TVL - STEL: 

Djchlorof)uoromethane (#19-4) 

10 ppm (40 mq/m�..__ ___ _ 

Symptoms/Conditions �cute/Chronic 

Data about adverse effects only at 1000 ppm + 

No gross effect 

Liver damage 

Conclusions 

50 ppm 

200-500 ppm Chronic 
(repeated 
exposures) 

Reference 

D:R7Pl87 

D:R7Pl87 

Chronic toxicant 
Starting point 10 ppm 
Adjustment factors: JO x 2 (chronic) x 4 (continuous exposure) = 80 
Reconunended AAL 0.125 ppm (24 hr) 

Comments 

AAL: 0.125 ppm ( O.S mg/m3), 24-hr averaging time, 1987 

D: Documentation of Threshold Limit Values, 1986 (R: reference, P: page) 
R: Registry of Toxic Effects of Chemical Substances 

Coments 

Rats: 90 days 
of repeated 
exposure 
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CHEMICAL: Ethyl Acetate {#30) 

TLV - TWA: 400 ppm (1400 mg/m3� 

TVL - SHL: 

S�ptomslCooditions 

8 hour rat inhalation 
LC50 

s.c. LDso for cat 

Oral LDso for rat 

Mild eye, nose, 
throat irritation 

Toxicity in rats 

Conclusions 

Acute irritant 

Level 

1600 ppm 

3000 mg/kg 

5600 mg/kg 

400 ppm 

1600 ppm 

Starting point 400 ppm (TWA) 
Adjustment factor 10 
Recommended AAL 40 ppm (1 hr) 

Comments 

AcutelChroojc 

Acute 

Acute 

Acute 

Acute 

Acute 

AAL: 40 ppm (140 mg/m3), 1 -hr averaging time, 1987 

Reference 

D:R2P238 

O:R4P238 

D:R2P238 

Co!!!!!!ents 

O:R6P238 Human 

R: Patty, 8h inhalation 
lndustri al 
Hygiene & 
Toxicology 
1963; pag·e 
1879 

D: Documentation of Threshold Limit Values, 1986 (R: reference, P: page) 
R: Registry of Toxic Effects of Chemical Substances 
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CHEMICAL: Ethyl Mercaptan (#36) 

TLV - TWA: 0.5 ppm (l mg/m3 

TVL - STEL: 

Symptoms/Conditions 

Minimal effects 
{on taste and smell) 
periodic nausea 
irritation of lips, 
mouth and nose 
sensation of fatigue 

No symptoms 

Concl usions 

Level 

4 ppm 

0.4 ppm 

Acute/Chronic 

Acute irritant 
and systemic 

Acute irritant and acute systemic toxicant 
Starting point 0.5 ppm {TWA) 
Adjustment factors 10 
Recommended AAL: 0.05 ppm (J hr) 

Comments 

Toxicity similar to that of hydrogen sulfide. 

AAL: 0.0 5 ppm ( 0 .1 mg/m3), 1 -hr averaging time, 1987 

Reference 

None 
specified 

D:  Documentation of Threshold Limit Values, 1986 (R: reference, P: page) 
R: Registry of Toxic Effects of Chemical Substances 

Comments 

3 h/day x 5-10 
days Human 
volunteers 
Severity = I 
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r''C:HICAL: Ethylenediamine (#31) 

TLV - TWA: 10 ppm (25 mq/m3i______ 
TYL - STEL: 

Symptoms/Conditions 

Dermatitis 

Irritation 

A 11 ergi c Asthma 

Eye pain and injury 

Skin irritation & 
blistering 

Inoffensive 

Conclusions 

? 

? 

? 

100 ppm 
for a 
few seconds 

�cute LChroni c 
Acute 

Acute irritant 

Acute systemic 
and chronic 
toxic ant 

Acute irritant, acute sy stemic and chronic toxicant 
Starting point JO ppm (TWA) 
Adjustment factor 

Acute irritant and systemic effects: JO 

Reference 
O:R4P249 

0: R4P.249 

O:R4P249 

D:R5P249 

D:RSP249 

D:R4P249 

Chronic effects: JO x 2 (chronic) x 4 (continuous) = 80 
Recommended AAL: l ppm (I hrl 

0.12 ppm 24 hr) 
Comments 
Chronic toxicanl because sensitization and hypersensitivity occur 
Corrosive as well as allergenic 

AAL: 1 ppm (2.5 mg/m3), 1 -h r  averaging time, 1987 
0 .12 ppm (0. 3 mg/m3), 24-hr averaging time, 1987 

D: Documentation of Threshold Limit Values, 1986 {R: reference, P: page) 
R: Registry of Toxic Effects of Chemical Substances 

Comm�ot� 
Industrial 
exposure 

1eve1 s unknown 

Repeated 
exposure cause 
sensitization 
and hypersen· 
sit ivi ty· 

Dire�t contact 

Direct contact 

B 
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CHEMICAL: Fluorides (#37) · 

TLV - TWA: 2. 5 mg/�-----
TVL - STEL: 

S:i!!J�tomslCondition� 

Irritation, 
bl eeding 

nose 

Eye & respiratory 
passage irritation 
and nausea 

Nose bl eeds, sinus 
trouble 

Gastric, intestinal, 
circulatory, 
respiratory, nervous 
symptoms 
Comp l ai n t s related 
to b ones, joints and 
muscles 

Slight bone changes 
bone changes 

103 incidence o f  
osteosc l erosis 

Fl uoros is 
Fl uorosis 
Osteosc lerosis 

Conclusions 

Level 

>10 mg/m3 

5 mg/m3 

<l mg/m3 

11-24 mg/m3 

>4 mg/m3 
3.38 mg/m3 

8 ppm 

2,3 , 5  ppm 
2.4-6 ppm 
2.4-6 ppm 

Chronic toxicant and ac�te irritant 
Start i ng point 2.5 mg/m 
Adjustmen t factors 

Acute irritant JO 

AcutelChron1c Reference 

Acute D:R3P273 

Acute D:R5P273 

? O:R5P273 

Chronic D: RIP273 

Chronic D:R7P273 
Chronic D: R8P273 

Chronic D: RJ2P273 

Chronic D:Rl5P273 
Chronic D:RJ5P273 
Chro n i c  D:Rl5P273 

Chronic toxicant 10 x 2 (chron i c) x 2 (severity) 
x 4 (continuous exposure) • 1 60 

Recomme nded AAL 0. 25 mg/m.5 (l hr) 
0.016 mg/ml (24 hr) 

AAL: 0 .2 5  mg/m3, 1 -h r  averaging time, 1987 
0 .016 mg/m3, 24-hr averaging time, 1987 

D: Documentation of Threshold limit Values, 1986 (R: reference, P: page) 
R: Registry of Toxic Effects of Chemical Substances 

Col!Vllents 

Fumes in  
combination with 
Mg 

The l evel 
determined by 
a i r  tests, but 
urinary tests 
showed higher 
l evel 

Cryolite workers 

20y exposure 
Workers 

In drinking 
water 

Workers in 
a 1 uminum 
smelting 
- !Oy exposure 
- 1 5y exposure 
Severity � 2 

g 
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Hexachlorodibenzo-p-dioxin 
CAS 57653�85-7 

Division of Air Quality 

Current North Carolina AAL = 7.6x10-a mg/m3 (annual carcinogen} 

AAL Documentation 

Inhalation Unit Risk1 (IUR) = 1. 3 x 10 ° per µg/m3 

The Inhalation Unit Risk Factor was divided by 10 to compensate for animal to human 
extrapolation. 

Modified IUR = 1. 3 x 10 ° = 1 .3 x 10 -1 per µg/m3 

10 

Hexachlorodibenzo-p -dioxin is classified as a probable human carcinogen by EPA, Group 
82. I n  accordance with North Carolina guidelines, a 1 in 100,000 risk estimate was used 
to derive the AAL. 

Linear Calculation 1 
1. 3 x 10 -1 per µg/m3 

x = 1 x 10 -5 

1. 3 x 10 -1 

x = 7.6 x 10 "5 µg/m3 

= x 
1 x 10 -5 

AAL for Hexachlorodibenzo-p-dioxin2 = 7.6x10-a mg/m3 

This information has been reconstructed using the decision matrix established by the North 

Carolina Academy of Sciences Air Toxics Panel, September, 1986. 

Final version -June 2013 (NBJ) 

1 Source: EPA Health Assessment Document for Polychlorinated Dibenzo-P-Dioxins (1985), EPA/600/8-

84/014F. Estimated from an oral slope factor of 6.2 x 10·
3 

(mg/kg-dayr
1 

using standard conversion 

assumptions of 20 m
3 

daily breathing rate and 70 kg average body weight, and a 0.75 assumed percentage 

of Inhaled material absorbed. 
2 

1 µg/m
3 

= 10"3 mg/m3 

JO 



NA 
HCDENR 

North Carolina Department of Environment and Natural Resources 
Division of Air Quality 

CHEMICAL: 

TLV - TWA: 

TVL - STEL: 

Hexane Isomers (#40-2) 

500 ppm (1800 mg/m�l__ 
1000 ppm (3600 mq/m�l_ 

S:i!!!otomsLConditions Level 

Dizz i nes s 5000 ppm 
Sense of giddiness 

Slight nausea, 
headache, eye and 

1400-1500 

throat irritation 

Narcotic symptoms >1000 ppm 

Conclusions 

Acute systemic 
Starting point 1000 ppm (STEL) 
Adjustment factor 10 

Recommended AAL J OO ppm (15 min) 

Comments 

AcuteLChrQajc Reference Comments 

Acute O:R3P307 10 min. exposure 
Severity • 1 

Acute O:R4P307 

Acute fl: RSP307 

This AAL should apply only to hexane isomers, not commercial hexane which can 
contain 5% n-hexane (the latter has· a different AAL). 

NOTE: "Hexane Isomers" are defined to be: 2-methyl pentane (isohexane), 3-methyl pentane, 
2, 2-dimethyl butane, 2, 3-dimethyl butane, and/or any combination of these 

AAL: 100 ppm ( 351 mg/m3), 15-minute averaging time, 1987 

The Environmental Management Commission {EMC) changed the 15-min averaging time to 1-hr 

averaging time in 1997. 

D: Documentation of Threshold limit Values, 1986 (R: reference, P: page) 
R: Registry of Toxic Effects of Chemical Substances 
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Hydrogen sulfide 

CAS 7783-06-4 

Jljsk Analysis Documentation 

Summary of the toxicity assessment of hydrogen sulfide conducted by the 
Secretary's Scientific Advisory Board on Toxic Air Pollutants 

Abstract 
The Secretary's Scientific Advisory Board on Toxic Air Pollutants (SAB) evaluated the 
toxicity of hydrogen sulfide (H2S) in response to a request made by DENR. The current 
H2S Acceptable Ambient Level (AAL) guideline, based on acute irritancy, was 
established in 1 986. At that time the North Carolina Academy of Sciences commented 
that the "issue of chronic effect needs to be resolved."  H2S is a malodorous compound 
that is emitted in significant quantities in North Carolina. It is an ocular and respiratory 
irritant that can prove fatal at sufficiently high exposure levels. Its odor is universa1Iy 
considered unpleasant and commonly referred to as "rotten-egg odor." H2S is also a 
neurotoxin, capable of causing nerve paralysis in the nose during inhalation exposure 
leading to a loss of odor perception at high level exposures. Recent publications in the 
toxicological literature have studied adverse effects resulting from low level exposures to 
H2S. In laboratory animals repeated exposure to H2S resulted in damage to the tissues 
lining a specific portion of the nose. In humans, effects on metabolic enzyme levels were 
seen in one group of exposed individuals. In another study, some asthmatics experienced 
a strong bronchoconstrictive response to controlled H2S exposures. Workers exposed to 
hydrogen sulfide in the viscose rayon industry experienced higher rates of eye pain than 
non-exposed workers. The SAB considered these and other published studies and listened 
to several expert presentations on the chemical and toxicological features of this 
compound before issuing their recommendations. The SAB's recommendations for H2S 
are based on several health endpoints, including nasal toxicity in exposed rodents and 
respiratory and ocular effects in exposed humans. The final recommendations were 
generated by applying a set of safety factors to identified effect levels to account for 
various residual uncertainties including effect levels for sensitive individuals, non
continuous exposure scenarios and differences between species. The exposure level 
recommendations range from 0.083 ppm using rat nasal lesions as the basis to 0.023 ppm 
based on human eye effects. The recommendation based on asthmatic response (0.040 
ppm) would be associated with a I -hour AAL guideline, while the other two 
recommendations are based on long-term exposure and would necessitate 24-hour 
guidelines. These recommendations are meant to provide a choice to risk managers faced 
with implementation of resulting rule changes. Only one alternative involving a 24-hour 
guideline should be chosen for final rule development. The recommended I -hour 
guideline could also be sent forward to replace the currently existing AAL. 

JIB 10/2/01 
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Introduction 
Most humans will recognize the distinctive rotten egg odor of H2S when exposed at 
levels above the odor threshold. H2S is a common degradation byproduct of organic 
materials and exposures are commonplace in agricultural and waste treatment 
environments. Some industrial operations including gasoline refining, pulp and paper 
production and chemical manufacturing may also release large quantities of H2S. In 1 999 
over 4,000,000 pounds ofH2S was released from industrial point sources in North 
Carolina (DAQ, 1 999). 

The North Carolina Division of Air Quality maintains an AAL guideline of 1 .5 ppm 
under its toxic air pollutants regulatory program. This guideline, established in 1 986 by 
the North Carolina Academy of Sciences (NCAS), is based on the recommended Short 
Term Exposure Limit for occupational settings ( 1 5  ppm). A safety factor of 1 0  was 
utilized, in accordance with guidelines set up by the NCAS. The health basis for the 
original AAL was acute irritant effects including respiratory irritation and eye effects. 
The NCAS also commented that "the issue of chronic effect needs to be resolved" 
(NCAS 1 987). 

In response to rising concerns over environmental exposures to H2S in North Carolina the 
Division of Air Quality asked the Scientific Advisory Board to recommend new health
based guidelines for HiS. In the 1 5  years since the issuance of the original AAL 
recommendation several important papers have been published in the scientific literature 
examining the adverse health effects of H2S exposure. These studies were scrutinized 
closely by the SAB during their deliberations and form the basis for their 
recommendations. Although H2S is a potent odorant and well established as a cause for 
nuisance complaints, the SAB was explicitly directed by the Division of Air Quality not 
to use odor as the basis for any AAL recommendation. The Division feels that recent 
odor nuisance regulations will serve to protect citizens impacted by industrial emissions 
of H2S and other odor-causing chemicals. 1 For more information on the adverse 
physiological effects arising from exposure to objectionable odprs, readers are 
encouraged to refer to a recent swnmary document released by the North Carolina 
Department of Health and Human Services (McBride 1 998). 

Toxicity Assessment 
Several documents have been published summarizing the chemical and toxicological 

features ofH2S (Beauchamp 1 984, Guidotti 1 996, ATSDR 1 999). Readers are 
encouraged to refer to these documents for a more comprehensive survey of the 
characteristics of H1S and its effects on exposed individuals. A brief summary of critical 
studies considered by the SAB follows. 

1 I SA NCAC 20.1 806 

JJH 1012101 13 
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Human Health Effects: H2S is a leading cause of occupational mortality. Many papers 
have been published describing accidental lethal or incapacitating exposures to H2S. 
Exposure levels in most studies are poorly characterized but it has been estimated that 
levels above 500 ppm are responsible for death or unconsciousness (Beauchamp 1 984 ). 
Recovery may occur following exposure-induced unconsciousness but in some cases 
long-term or permanent neurological effects have been seen. These effects may be 
complicated by hypoxia concurrent with H2S exposure. 

Pulmonary edema and olfactory paralysis have been noted following exposure to 50 to. 
250 ppm H2S. The loss of smell associated with these exposures can compound the risk 
for incapacitation. Below 50 ppm H2S is associated with a very strong, unpleasant odor 
that may induce nausea. H2S is perceived to carry an unpleasant odor at all detectable 
levels. Both published and anecdotal reports suggest that H2S odor perception is highly 
variable within the human population (Beauchamp 1 984, Schiffman, personal 
communication). Collins and Lewis estimated that 50% of humans could detect the odor 
of H2S at 8 ppb, while over 90% could detect the odor at 50 ppb and virtually everyone 
could detect H2S at 200 ppb. They also estimated that exposures as low as 0.5 ppb H2S 
might be detectable by a limited number of people (Collins and Lewis 2000). 

Environmental exposures to H2S have been described in several publications. Many of 
these cohorts involved individuals exposed as a result of working for or living downwind 
from industrial processes that emitted large quantities of H2S. Accurate measurement of 
H2S exposure is difficult and often confounded by concomitant exposure to other irritants 
and odor-causing compounds such as sulfur dioxide and mercaptans. Symptoms such as 
headache, nausea and eye and throat irritation are described in "downwind" communities 
at levels as low as 7 to 1 0  ppb with periodic fluctuations over an order of magnitude 
higher (Jaakola 1 990, Marttila 1 995, Kilburn 1 995). Outcomes of several 
neuropsychological and neurophysiological tests exhibited impairment in exposed 
individuals (Kilburn 1995). In addition to H2S, sulfur dioxide and mercaptans were also 
measured at these locations. 

Occupational exposure to H2S is common in several industrial settings including oil and 
gas refineries and pulp and paper mills. Workers commonly report many of the same 
symptoms experienced by nearby residents including headache and nausea. Occupational 
exposure limits for H2S have ranged from 1 0  to 20 ppm over the past several decades 
(ACGIH 1 992). Ocular toxicity including keratitis is generally associated with repeated 
exposures above 50 ppm. In viscose rayon plants exposure to hydrogen sulfide, carbon 
disulfide and sulfuric acid may occur. The calculated geometric mean H2S exposure from 
one study involving workers complaining of eye pain was 6.4 ppm (Van Hoome 1 991)

2
. 

2 A 10 ppm arithmetic mean exposure was calculated for the exposed "spinners" group. 

JJH 1 0/2/01 
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Controlled exposures to H2S have been carried out under a number of scenarios including 
using healthy exercising volunteers and a small cohort of asthmatics. Bhambani and 
colleagues carried out and published results from a series of studies involving healthy 
men and women. Endpoints monitored included pulmonary function, biochemical 
changes in skeletal muscle, cardiovascular effects and metabolic indicators. Inhalation 
exposures ranged from 0.5 to 1 0  ppm H2S and from 1 5  to 60 minutes during exercising 
conditions. Pulmonary tests at 1 0  ppm were negative (Bhambani I 996). At 5 ppm and 
under light exercising conditions no significant change in metabolic, cardiovascular or 
arterial blood indicators was seen (Bhambani 1 994). Under higher intensity exercise 
conditions, exposure to 5 ppm H2S resulted in significantly higher blood lactate levels 
and decreased respiratory exchange ratios (Bhambani 1 991 ). Buildup of lactate in muscle 
tissue could lead to muscular fatigue during exercise. These effects may be related to the 
inhibitory effect ofH2S on the enzyme cytochrome oxidase. No significant effect was 
seen at 0.5 or 2.0 ppm in this study. 

In another study, controlled exposure of a small group of asthmatics to 2 ppm H2S was 
carried out to study the effect on airway resistance and conductance (Jappinen 1 990). 
While no overall effect was seen when comparing the total cohort to a group of control 
subjects, two of the ten asthmatic individuals in the study exhibited a pronounced · 

response. Airway resistance and conductivity were both altered by greater than 30%, 
suggesting significant bronchial obstruction. Patients with "severe" asthma were not 
included in this study. Participants in the study were asked to refrain from taking asthma 
medications for two days prior to challenge testing. 

Effects in Experimental Animals: H2S has been studied extensively in laboratory rodents. 
Both acute and subchronic inhalation studies have been conducted using several species 
of laboratory animals. Many of the effects in animals are similar to those experienced by 
humans. Acute exposures to 500 ppm H2S or more results in death within minutes to 
hours. Cytotoxicity and respiratory tract histological changes have been noted in rats 
following 4-hour exposures to 83 to 400 ppm H2S. Short-term exposures have also 
resulted in ocular irritation, metabolic changes and cardiovascular effects in rabbits and 
guinea pigs. These studies are summarized in recent publications (ATSDR 1 999). 

While no chronic exposure studies have been performed using H2S, results from several 
recent studies involving subchronic 90-day inhalation exposures have been published. 
Dorman, et al examined whether exposures at 1 0, 30 or 80 ppm would have any effect on 
fertility or developmental outcomes in Sprague-Dawley rats. Developmental landmarks 
were monitored and behavioral tests conducted on pups during the first 2 months after 
birth. Histopathological examination of brains from controls and high-dose offspring was 
conducted. Reproductive organs from the parent animals were also examined and a 
complete necropsy was carried out on all animals in the study. No adverse effects on 
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fertility or neurodevelopment were seen in parent or offspring rats at any dose level 
studied (Dorman 2000). 

Examination of nasal tissues from the exposed adult rats in this study highlighted 
olfactory neuron loss and basal cell hyperplasia in the olfactory epithelium. Dose
dependent increases in incidence and severity of effect were seen beginning at 30 ppm 
H2S. "Exposure-related olfactory changes were readily detectable with exposure to 30 
and 8 0  ppm H2S and affected approximately 50% and 70%, respectively, of the olfactory 
mucosa at these exposure concentrations" (Brenneman 2000). Dose-dependent effects 
were generally limited to the olfactory epithelium, which may be a reflection of airflow 
in the nose and resultant delivered dose, or alternatively could be due to distinctive tissue 
metabolism. The distribution of cytochrome oxidase and H2S detoxification enzymes in 
the rat nasal cavity has not been well characterized but may explain the unique 
distribution of histological changes arising from H2S exposure (Brenneman 2000). The 
no-effect level for H2S in this study was 1 0  ppm. 

Additional Information 
Areas unaffected by natural or anthropogenic releases contain less than 1 ppb H2S in 
ambient air (EPA 1993). Because gaseous reduced sulfur species are natural byproducts 
of the degradation of sulfur-containing organic material, measurable quantities of H2S 
may be found in pristine settings such as wetlands and forests. Cooper, et al reported 
levels short-term readings as high as 62 ppb H2S in Florida wetlands (Cooper 1 987). 
Widely varying values have been reported at sites influenced by local source emissions. 
In the South Karelia, Finland air pollution study, air in the neighborhood of a pulp mill 
demonstrated an average level of 3 ppb H2S, with a maximum 4-hour measurement of 40 
ppb (Jaakkola 1 990). Kilburn reported an average and peak measurements of 1 0  and 100 
ppb H2S in a neighborhood study near a large oil refinery. Preliminary data fro:rn an 
ambient air study in central North Carolina indicate that normal H2S levels are below 1 
ppb and transient fluctuations possibly associated with local emission sources are 
generally below 20 ppb H2S. It is difficult to meaningfully compare results from the 
various studies examining H2S levels in air because of variability in measurement 
methodologies. Often, measurements of total reduced sulfur (TRS) compounds are 
reported. In addition to H2S this would include methyl mercaptan, dimethyl sulfide and 
dimethyl disulfide, compounds which could result in similar health effects upon 
exposure. 

H2S is produced endogenously by Jiving organisms, including human beings, through the 
normal digestion and metabolism of sulfur containing materials. H2S and other reduced 
sulfur gases produced in the gut may subsequently be exhaled or released in flatus. An 
average level of 25.5 ppmv has been reported in human flatus. The degree of malodor is 
positively associated with the concentration ofH2S in the passed gas. 

JJH 1 0/2/01 
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H2S is believed to be partially responsible for bad breath and halitosis. H2S and other 
reduced sulfur gases are produced both in the gut as well as the mouth and can vary 
depending on several factors including diet and oral hygiene. Several dental research 
papers have reported results on measurements of sulfur gases on human breath 
(Rosenberg 1992, Suarez 1 999, 2000). Similar to the situation with measurements of H2S 
in ambient air, inconsistencies with measurement methodologies and incomplete 
description of results plague this field of research. Studied populations commonly include 
both patients complaining of bad breath as well as patie.Q.ts with normal breath. Shimura 
reported mean results of 1 3.2 ppb and 1 77.6 ppb H2S on the breath of normal patients and 
those suffering from halitosis, respectively (Shimura 1 996). No in-depth discussion of 
variability was included and raw data were not provided. Rosenberg authorized a 
summary paper on oral malodor in which he describes the intraday variability as 
measured by volatile sulfides. Daytime levels are predominantly less than 50 ppb but at 
night and in the early morning levels approached 300 ppb. A recent paper by Suarez et al 
used GC-MS to distinguish and measure the levels of reduced sulfur compounds on 
human breath upon waking (Suarez 2000). Subjects were free of periodontal disease and 
did not report problems with bad breath. Measurements ofH2S exhibited "enormous 
individual variability." The average value for eight subjects measured on six separate 
occasions (48 total samples) was 525 ppb H2S. A handful of readings exceeded 1 .0 ppm 
H2S but the maj ority of readings appear to fall in a range between 0 and 500 ppb H2S. 

The studies outlined above focused on H2S measurements in mouth air. The toxicological 
measurement of import for exposure to H2S is alveolar H2S. Suarez (1999) showed that 
increases in mouth H2S did not lead to increases in alveolar H2S above background 
levels, implying that even with high concentrations in the mouth, actual inhaled 
quantities of H2S can be quite low. A similar situation is seen with mercury exposure 
from dental amalgams. This may be a reflection of the insignificant volume of air in the 
mouth relative to the volume of air inhaled during normal breathing. Normal breathing of 
ambient air could thus be a far greater contributor to lower airway exposures. Any 
exposure to H2S in ambient air will contribute to the overall burden of exposure resulting 
from natural processes. 

There is evidence to suggest that low levels of H2S may act as a neuromodulator. H2S 
may be produced endogenously through the metabolism of L-cysteine in selective areas 
of the brain. It is not currently known what effect external exposures to H2S might have 
on this process. 

Risk Assessments 
SAB risk assessments for H2S are summarized in the attached tables. Three assessments 
are presented, based on nasal toxicity in experimental animals (Table 1 ), human 
respiratory effects in exposed asthmatics (Table 2) and human eye irritation (Table 3). 

· Justifications for safety factors are included in each summary table. In general, larger 

JJH 1 0/2/01 f 1 



NA 
�CDE�R 

North Carolina Department of Environment and Natural Resources 
Division of Air Quality 

uncertainty factors reflect greater uncertainty about the health effect being considered or 
a greater severity of effect. 

Conclusion 
The SAB concluded their review ofH2S at the June 1 9, 2001 meeting. Risk estimates 
have been provided based on results from experimental animal tests and documented · 

human health effects. The SAB agreed to bring forward several risk estimates as a 
fulfillment of the recommendation by the Air Toxics Working Group that they forward a 
range of risk estimates rather than one single estimate (ATWG 1 997). The SAB cannot 
state with certainty which toxicologic endpoint is more relevant. However, adopting the 
lowest concentration value (in this case 0.023 ppm) would be the most conservative 
choice and would theoretically also protect against other, less sensitive health endpoints. 

• Option 1 :  Nasal toxicity in exposed rats, 0.083 ppm. 
• Option 2: Respiratory effects in exposed asthmatics, 0.040 ppm. 
• Option 3 :  Eye irritation in exposed workers, 0.023 ppm. 

AALs are intended to be incremental exposure values. They represent exposure values 
that would add to the "background" exposures that occur as a result of other natural or 
man-made processes. 

For a sense of comparison, H2S health guidelines from other"State and Federal regulatory 
agencies are provided. The California state-wide ambient air quality standard for H2S is 
3 0  ppb, averaged over an hour and not to be equaled or exceeded. It was designed to 
protect against nuisance odors for the general public. California also has a chronic 
guideline for their Hot Spots regulatory program of 8 ppb, designed to protect against 
long-term effects such as nasal lesions. The current USEPA reference concentration for 
H2S is 0.7 ppb, based on adverse effects such as nasal lesions following chronic 
exposure. The reference concentration is defined as "an estimate (with uncertainty 
spanning perhaps an order of magnitude) of a daily inhalation exposure of the human 
population (including sensitive subgroups) that is likely to be without an appreciable risk 
of deleterious effects during a lifetime. "  The reference concentration will likely be 
updated during 2001 to reflect the latest science. The USEP A also recently developed 
acute exposure guidelines (AEGLs) for H2S, based on the aforementioned Jappinen 
study. The recommended values range between 250 ppb and 1 1 0  ppb, over 1 0  minute to 
8 hour exposures. The AEGLs are meant to represent "short-term threshold or ceiling 
exposure values intended for the protection of the general public, including susceptible or 
sensitive individuals, but not hypersensitive or hypersusceptible individuals. 11 The North 
Carolina AALs, by contrast represent average, and not peak, concentrations. Finally, the 
Agency for Toxic Substances and Disease Registry (ATSDR) maintains two "Minimum 
Risk Level" (MRL) guidelines for H2S: 70 ppb for acute duration exposures ( 1 to 1 4  
days) and 3 0  ppb for intermediate duration exposures ( 1 5  - 3 6 4  days). The MRL is 
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defined as "an estimate of daily human exposure to a dose of a chemical that is likely to 
be without appreciable risk of adverse noncancerous effects over a specified duration of 
exposure.''  MRLs are generally used as screening values by A TSDR health assessors in 
exposure situations. 

Averaging Times . 
The Division of Air Quality recommends that a I -hour averaging time be used in 
conjunction with the SAB recommendation based on asthmatic response. The other two 
recommendations should carry 24-hour averaging times. These recommendations are 
consistent with guidelines detailed by the North Carolina Academy of Sciences 
prescribing I -hour averaging times for acute exposure effects and 24-hour averaging 
times for chronic non-carcinogenic health effects. 
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Table 1 :  Subchronic Rat Inhalation Exposure 
Variable Value Notes 

Starting Point Nasal lesions in olfactory mucosa of rats following 1 0-
week exposure to 30 and 80 ppm but not at 1 0  ppm H2S 

I O  ppm (Brenneman, et al). Lack of significant reproductive or 
(NOAEL) behavioral effects and lack of gross body weight changes 

and organ pathology at 1 0  and 3 0  ppm in Sprague-Dawley 
rats (Dorman, et al). 

Time Factor Acute effect at 400 ppm for 4 hours but not 200 ppm 
Adj ustment suggests subchronic effects at lower levels are due to 

24/6 cumulative dose or delayed sequela (Brenneman). HzS is 
a direct acting toxicant but it remains unknown whether 
threshold dose-response pattern exists. 

Interspecies Rat nasal anatomy may predispose this species to greater 
variability toxicity due to enhanced deposition of inhaled gases on 

3 
the nasal tract. Rats are also obligate nose-breathers. 
However, nasal toxicity has not been characterized in 
humans and precise factors influencing toxicity (i.e. 
metabolism vs. anatomy) have not been clearly defined. 

Interindividual Possible variability in human nasal anatomy or 
variability toxification/detoxification steps which are as yet 

1 0  
incompletely defined. Variability in odor detection 
circumstantial evidence. 

Composite 
Uncertainty 120 
Factor 
Final Value 

10 ppm/120 
Based on sub-chronic nasal toxicity in rats 
(Brenneman). 

= 

0.083 ppm 

(0.12 mg/m3) 
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Table 2:  Human Respiratory Effects 
Variable Value Notes 

Starting Point Significant change in airway resistance and 
conductivity in 2/10 asthmatics exposed to 2 ppm H2S, 

2 ppm headaches experienced by 3/1 0  at this level (Jappinen). 
(LOAEL) (Also: 2 ppm NOAEL for physiological responses in 

-
Bhambani, et al ( 1 99 1 ). Significant increase in blood 
lactate levels at 5 ppm, slight increase at 2 ppm.) 

NOAEL/LOAEL Reduced uncertainty factor due to relatively low 
response rate (2/10) in the principal study. Also, the 

5 
short 2-day recovery period from asthma medication 
may have masked effects in some participants 
(Stopford). Lack of dose-response information 

prohibits further reduction of uncertainty factor. 
Time Factor Not applicable. Acute effect occurring following short-
Adjustment 1 term exposures (up to 30 minutes). 

Interindividual In Jappinen study, patients with "severe" asthma were 
variability excluded. Additionally, the results suggested that 2 of 

1 0  
the 1 0  asthmatics included in the study did experience 
bronchoconstriction, illustrating varied susceptibility. 
(Bhambani study excluded individuals who were 
classified as "high risk.") 

Composite 
Uncertainty 50 
Factor 

Final Value 
2 ppm/SO 

Based on triggering of asthma symptoms following 
exposure to 2 ppm H2S (Jappinen). 

;;;;; 

0.040 ppm 

(0.056 mg/m3) 
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Table 3:  Human Keratitis 
Variable Value Notes 

Starting Point 9.8 ppm Eye pain and visual disturbances in viscose rayon 
workers exposed to H2S (V anhoorne ). Increased 

(13 .  7 mg/m3) incidence of symptoms in spinners exposed to 
(LOAEL) arithmetic mean value of 13.7 mg/m3 H2S. 

Time Factor Chronic exposure effect not detected in acute exposure 
Adjustment 4.2 scenarios. Workers in spinnmg area presumed to work 

full-time. 40 hrs exposure/(1 68 hrs/wk). 

NOAEL/LOAEL Full uncertainty factor for conversion to NOAEL. Lack 

1 0  of meaningful data to determine dose-response curve 
for this health effect. Study data showed slight increase 
in effect in moderately (1 - 5 mg/m3) exposed group. 

Interindividual Full uncertainty factor. Lack of data to suggest whether 
variability the studied population could be considered "sensitive" 

1 0  or to determine range of interindividual sensitivity. 
Prior corneal disease state or use of contacts could 
predispose exposed individuals to ocular toxicity. 

Composite 
Uncertainty 420 
Factor 

Final Value (9.8 ppm)/420 Based on eye pain and visual disturbances caused 
= following chronic exposure to H2S (Vanhoorne). 

0.023 ppm 

(0.033 mg/m3) 

JJH 1 0/2/0 1 



RA NCDENR 
North Carolina Department of Environment and Natural Resources 

Division of Air Quality 

CHEMICAL: 

TLV - TWA: 

Methyl Ethyl Ketone (#49) 

200 ppm (590 mg/m3 

TVL - STEL: 300 ppm (885 mg/m3 

Symptoms/Conditi ons 

Eye & Nose irrit ation 

S l ight nose irritation 

M i l d  eye irri tation 

Low grade intox i cation 

Eye , nose 
i rritation thresho l d  

Fetotoxicity 

Concl usions 

Level 

3000 ppm 

100 ppm 

200 ppm 

300-600 ppm 

-200 ppm 

1000 ppm 

Acute/Chronic 

Acute 

Acute 

Acute systemic 

Chronic 

Acute irritant, acute systemic and chronic toxicant 
Starting point 300 ppm ( STEL)  for acute exposures 

200 ppm (TWA) for chron i c  exposures 
Adjustment factors 

Reference 

O: RlP395 

D : R2P395 

D: R3P395 

O: R6P395 

R:TXAPA9 
28,45 2 , 74 

Acute i rritant and system ic  1 0  
Chronic toxicant 1 0  x 2 (chronic) x 2 ( severi ty) 

x 4 (cont i n uous exposure) • 160 
Recommended AAL 30 ppm ( 1 5  min. ) 

1 . 2 5  ppm ( 24 hr)  

Comments 

AAL: 30 ppm {88. 5 mg/m3), 1 5-minute averaging time, 1987 
1 .2 5  ppm ( 3. 7 mg/m3), 24 -hr averaging time, 1987 

Corrments 

Fetotoxic 
changes in 
musculoskel etal 
system 
Severity • 2 

The Environmental Management Commission (EMC} changed the 15-min averaging time to 1-hr 

averaging time in 1997. 

D :  Documentation of Threshold Limit Values, 1986 {R: reference, P: page) 
R: Registry of Toxic Effects of Chemical Substances 
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CHEMICAL : Methyl Mercaptan (#5)) 

TLV - TWA: 0 .  5 ppm (l mg/m3 . ..__ __ 

TVl - STEL: 

Symptoms/Cond i t i ons 

Pul monary edema, 
re spi ratory para l y s i s  

Concl us i on s 

Acut e sys temi c 

? 

Acute/Chroni c 

Acute systemi c 

Start i ng p o i n t  0 . 5  ppm (TWA) 
Adj u s tment factors 10 x 2 ( severity) = 2 0  
Recommended AAL 0 . 025 ppm ( 1  hr)  

Comments 

Re ference 

D : R l - R4 
P405 

Co1T111ents 

Severity .. 2 

Experts a g ree that tox i c i ty i s  s i mi l ar to Hydrogen Sul f i d e ,  but no l evel o f  
exposures are quoted . I t  i s  pos s i b l e  that the concentra t i ons necess ary to 
cause t h e s e  effects are more than 10 fol d  greater than the TLV . S i nce there i s  
a l i ke l i ho od t h a t  Methyl Mercaptan has the some order o f  tox i c i ty a s  Hydro�en 
Sul f i de,  i t  may be reasonab l e  to cons i der thi s compound to be represented 1 n  
a l l  three c l asse s .  S i nce HzS was bel i eved to cause some bra i n  damag e ,  sever i ty 
o f  e f fect woul d be profound . 

AAL: 0.02 5 ppm (0.05 mg/m3), 1 -h r  averaging time, 1987 

D: Documentation of Threshold Limit Values, 1986 (R: reference, P: page) 
R :  Registry of Toxic Effects of Chemical Substances 
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�EM I CAL: N i tr i c  Ac i d  (#79) 

TLV - TWA: 
TYL - STEL: 

2 ppm (5 mg/m3_J-----

4 ppm (l O mg/m3) 

Symptoms/Cond i t i ons 

No apparent effect on 
rats 
Chron i c  bronch i t i s  

E ro s i on o f  teeth 

Concl usi ons 

Acute i rr i tant 

Level 

63 mT/m3 
s i ng e exposure 

? 
Probably 
v e ry h i gh 

? 
Probably 
very h i g h  

Start i ng p o i n t  4 ppm ( STEL) 
Adjustment factor 10 
Recommended AAL 0 . 4  ppm ( 1 5  m i n )  

Comments 

AcuteLChron i c  Reference 

D : R3 P428 

Chro n i c  D : R1 P428 

Chro n i c  D : R2P428 

Comments 

Whi l e  c h ro n i c  e ffects have been reported , these appear to occur only at vapor 
concentra t i o n s  more t h a n  1 0  t i mes. the TLV . Lower concetra t i ons , at near 
ambi ent l eve l s ,  wou l d  a t  mo s t  cause acute i rr i tant effec t s .  There i s  no 
e v i dence for chron i c  effects w i t h i n  a 10 fo l d  range of the TLV.  

AAL: 0.4 ppm (1 mg/m3}, 1 5-minute averaging time, 1987 

The Environmental Management Commission {EMC) changed the 15-min averaging time to 1-hr 

averaging time in 1997. 

D:  Documentation of Threshold Limit Values, 1986 (R: reference, P: page} 
R: Registry of Toxic Effects of Chemical Substances 
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iEHICAL: Sulfurjc Aci d  (#80) 

TLV - TWA: 

TVL - STEL: 

Symptoms/Cond i t i ons 

Lung pathol ogy 

More exte n s i ve l ung 
pathol ogy 

P u l monary pathol ogy 

Bronchoco n s t r i c t i o n  

Modera t e - s e vere l ung 
h i s topathol ogy 
Moderate fu n ct i onal  
damage 

1oderate f u n c t i onal 
damage 

S k i n  l es i o n s ,  
tracheobronch i t i s ,  
stomat i t i s ,  conjunc
t i v i t i s ,  g a s tr i t i s  

Ero s i o n  o f  teeth 
Severe 
1 e s s e r  degree 

Concl u s i ons 

Level 
8 mg/m3 

II 

4 mg/m3 

<4 mg/m3 

4 .  79 mg/m3 

2 . 43 mg/m3 

? 

3 - 1 6 mg/m3 
0 . 8 · 2� 5 

mg/m-' 

Acute i rr i tant and chron i c  t ox i can t 
Start i ng p o i n t  l mg/m3 

Acute/Chroni c  
Acute 
Chron i c  

Chron i c  

Acute 

Chro n i c  

Chron i c  

Chronic 

Chro n i c  

Reference Convnents 
D : R2P544 Gui nea p i g s ; 

8h expo sure and 
72h exposure 

D : R4P544 Gui nea p i g s : 
24/day - 1 40 days 

D : R5 , 6P544 Gu i ne a  p i g s , l h  
expo s ure . B r on 
choconstri c t  i o n  
i s  dependent on 
part i cl es d i me n 
s i on s  

D : R7P544 Conti nuous 
exposure of 
monkeys for 2 
years 

D : R7P544 Cont i nuous 
exposure o f  
monkeys fo,- 2 
years 

D : RlOP544 Worker - c h ro n i c  
exposure 

O : R l  1P544 Worke r - chro11  :�  
expo s u re 

Adjustment factor Acute 1 0  
Chron i c  AO  x 2 (chro n i c )  x 4 { c on t i nuous e xposure ) E 80 

Recommended AAL 0 . 1  mg/mJ i i  n 1  i 
0 .  Ol 2 rng/m3 ( 2 4  h!' ) 

AAL: 0.1 mg/m3, 1-hour averaging time, 1987 
0.012 mg/m3, 24-hr averaging time, 1987 

D: Documentation of Threshold Limit Values, 1986 (R: reference, P: page) 
R: Registry of Toxic Effects of Chemical Substances 
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CHEMICAL: I.l.1.2 Tetrachl oro · 2. 2-Difl uoroethane (#19·6)  

TLV · TWA: 500 ppm (4170 mg/m3) 
TVL • STEL: ------·----·-

SYITIQtornstcond itjoos l&Ytl A!;;utel�hrQnjc Ref eretiC!: 

No tox i c  effects at 5000 ppm D : RlP560 

Leukopenia, 1 iver 1000 ppm Chronic D : R2P560 

Conclusjons 

Chroni c  toxicant 
Starting p o i nt 500 ppm 
Adjustment factors : 10 x 2 {chron i c )  x 4 (conti nuous expo sure ) -•-80 
Recommended AAL - 6 . 2  ppm { 24 hr) 

Comments 

AAL: 6.2 ppm (52 mg/m3), 24-hr averaging time, 1987 

D: Documentation of Threshold Limit Values, 1986 (R: reference, P: page) 
R: Registry of Toxic Effects of Chemical Substances 

Comments 

316h exposure of 
rats 
Severity • 1 
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CHEMICAL: J,J,2.2 Te trachloro -1. 2- Oi fl uoroethane ( # 1 9-7) 

TLV - TWA: 500 ppm (4170 mg/m3) 
TVL - STEL: 

Svmp�omsLCondjtjon� Level �cuteLChronic Refer:em:;g 

Loss of consciousness 
Death 5000 ppm Chron i c  D : R I P560 
Lung t i ssue i nj ury 

No effect 1000 ppm Chron i c  D : R l P560 

Some l eukopen i a  and 
l i ver changes 

1 000 ppm Chron i c  D : R2P560 

Concl usjons 

Chro n i c  toxicant 
Starting point 500 ppm 
Adjustment factors 10 x 2 {chron i c )  x 4 (continuous exposure) = 80 
Recommended AAL = 6 . 2  ppm 

AAL: 6.2 ppm (52 mg/m3}, 24-hr averaging time, 1987 

D: Documentation of Threshold Limit Values, 1986 (R: reference, P: page) 
R: Registry of Toxic Effects of Chemical Substances 

�011111ents 

18h/day x 
1 6  days Rats 
Severity = l 

Severity : 

6 h x 31 
exposures 
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Summary of the toxicity assessment of toluene diisocyanate conducted by the 
Secretary's Scientific Advisory Board on Toxic Air PoJlutants 

Abstract 
The Secretary' s  Scientific Advisory Board on Toxic Air Pollutants (SAB) evaluated the 
toxicity of toluene diisocyanate (TDI) during the course of consideration of the 
diisocyanate compounds. In 1 986 the North Carolina Academy of Sciences issued a 
recommendation for 2,4-TDI based on the American Conference of Governmental 
Industrial Hygienists Threshold Limit Value (TLV-TWA) proposed in 1979. Since new 
toxicological and carcinogenic information had become available, DEHNR asked the 
SAB to determine the need for an updated health-based exposure recommendation for 
TDI. The SAB considered scientific studies related to the carcinogenicity and toxicity of 
TDI, listened to numerous industry presentations on the chemical and toxicological 
features of this compound and debated for over a year on the subject. Their final 
recommendation was based on the adverse respiratory effects of TDI, identified through 
decreases in annual forced expiratory volume in one second (FEV 1) in workers exposed 
chronically to commercial grade TDI (80% 2,4- and 20% 2,6-TDI isomeric mixture). 
Measurable decreases in FEV 1 can signal the development of an obstructive lung 
condition. The SAB began from a published no-adverse-effect level (NOAEL) of 0.9 ppb 
in exposed workers, and applied uncertainty factors to 1 )  account for non-continuous 
workplace exposures in the study and 2) protect especially sensitive subpopulations. The 
final SAB recommendation for TDI, which they acknowledged to be conservative for the 
protection of human health, is 0.03 ppb. Industry representatives involved in the 
deliberations advocate maintaining the current 0.07 ppb guideline for TDI. Their opinion 
is based on an interpretation of the literature database that supports the current 8-hour 

I 
workplace standard (5 ppb) as a NOAEL. Since the SAB's final recommendation was 
based on a study that involved exposures to a mixture of 2,4- and 2,6-TDI isomers, it is 
intended to apply to total TDI, 2,4- and 2,6-TDI isomers. 

Data Assessment 
A number of biological effects have been noted following TDI exposure. TOI will cause a 
variety of specific and non-specific respiratory effects in humans, it is a carcinogen in 
laboratory animals and it can give rise to non-specific irritation of mucous membranes, 
skin and eyes<n. The SAB considered the spectrum of effects from exposure to TDI and 
concluded that chronic respiratory impairment, identified by testing lung function, was 
the most sensitive effect. Thus, drafting a recommendation intended to prevent adverse 
chronic respiratory effects would also be protective for all other known adverse effects 
resulting from TDI exposure including cancer, respiratory sensitization and irritation. 
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Irritation: TDI is an irritant that can cause inflammation of the skin and burning of 
the eyes<2>. In one study involving controlled 2-year TDI inhalation exposures, rats 
showed signs of chronic nasal passage irritation at 50 ppb<3>. During the course of 
deliberations on the irritancy of TDI in humans,. it was stated by one industry 
representative that worker studies involving both acute and chronic exposures did not 
show irritation below concentrations of 20 ppb (0. 1 3  mg!m\ This value was said to 
be verified by both epidemiological and clinical challenge studies<4>. 

Carcinogenicity: TDI was carcinogenic at multipJe sites in rats when administered in 
corn oil by oral administration<5>. However, TDI was not carcinogenic when 
administered to rats by the inhalation route(3). TDI can be metabolized in the body to 
toluene diamine (TDA). TDA is a mutagenic and carcinogenic derivative of TDI and 
might be the ultimate carcinogenic metabolite follo_wing TDI intake. Some 
researchers have speculated that the positive carcinogenic response seen following 
oral administration of TD I is due to hydrolysis of TDI to TDA in the acid 
environment of the gut. Although the inhalation stu�y produced negative results, there 
were enough questions about the way the study was conducted that the Board decided 
the results were not conclusive. 

Risk assessment calculations were made utilizing the positive carcinogenesis data 
from the aforementioned National Toxicology Program (NTP) study involving oral 
administration of commercial grade TDI. Little is known about the mode of action for 
TDI carcinogensis. In the absence of mechanistic information, it is standard risk 
assessment practice to assume a linear response at all dose levels. That is, the rate of 
positive response seen at the experimental doses can be linearly extrapolated back to 
zero, and from this Jine the dose responsible for a given increase in cancer incidence 
can be determined. Since TDI is designated as a probable human carcinogen, the dose 
1evel which represents 10-5 excess risk (i.e. I excess case of cancer per 100,000 
individuals) was determined in this fashion. This value was then converted to 
inhalation dose for humans, using important assumptions such as a body weight 
scaling factor and I 00% absorption by the inhalation route. The resulting value, 
designed to be conservative for protection against the development of cancer, was 
calcuJated as 0.45 ppb (0.003 mg/m3). 

Respiratory Effects: The primary route of human exposure to TDI is by inhalation of 
the vapor. Inhalation of the reactive isocyanates can result in a variety of adverse 
respiratory effects at low levels of exposure. Exposure to TDI has been linked with 
the development of asthma in polyurethane foam workers ("isocyanate asthma"). This 
type of reaction can involve bronchial hyperresponsiveness, chest tightness and/or 
labored breathing<1>. Individuals who have become sensitized to TDI through previous 
exposures may develop asthma-like symptoms at exposure levels which do not 
produce these effects in non-sensitized individuals. The TDI-specific response may 
decrease after severaJ months without TDI exposure, but an increased sensitivity to 
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other asthma-inducing agents can remain strong for over a year even in the absence of 

exposure to TDicsi. 

Exposure to TDI has also been linked to other respiratory effects. Long-term TDI 
exposure has been shown to produce chronic airway disorders including chronic 
bronchitis and allergic alveolitis<6>. In addition, there is evidence that low level long

term exposures of non-sensitized individuals to TDI can result in gradually declining 

lung function, which may signal the development of a chronic obstructive Jung 
condition<9>. 

The SAB considered the spectrum of respiratory endpoints during their risk 
assessment of TDI. They specifically focused attention on the development of 
pulmonary effects in occupationally exposed workers. Board members reviewed a 

number of worker studies involving exposure to low airborne levels of TDI and heard 

presentations made by industry experts on the development of pulmonary effects in 
exposed workers<2A·9>. The SAB concluded that the Diem, et al, study involving 
occupational exposures to airborne TDI was the most appropriate study for air toxics 
risk assessment purposes<9>, This study involved 277 workers beginning work in a 
new TDI manufacturing plant. These workers were followed for up to 5 years with 
periodic measurements taken to estimate TDI exposure and breathing performance. 
After controlling for smoking, a correlation between exposure to TDI and annual 
decreases in forced expiratory volume in one second (FEY1) was noted in the high
exposure group. This type of decrease· in lung function is a chronic effect that was 
detected in never-smokers following continuous low-level workplace exposure to 

TDI. The average exposure level at which no effect was seen (NOAEL) was 

determined to be 0.9 ppb for this study<9• 10>. 

The SAB used two uncertainty factors in arriving at their final TDI recommendation. 
Using the NOAEL from the Diem study, the SAB agreed that an adj ustment should be 
made to compensate for the non-continuous, workday exposures seen in the study 
since the intermittent "8 hours-on / 1 6  hours-off' exposure pattern may underestimate 

effects from continuous exposure to TDI. Applying a mathematical formula to relate 
the workplace NOAEL to a continuous exposure situation resulted in an adjusted 
NOAEL of 0.3 ppb. The SAB then applied an uncertainty factor of 10 to protect 
especially sensitive individuals in the population. Worker studies typically involve 

healthy young men, and relying solely on human data from these studies can 
underestimate the effect on potentially sensitive subpopulations such as children, 
women, the elderly or those with pre-existing respiratory ailments. In addition, there 
is a considerable amount of information indicating a wide inter-individual variabiJity 
in response to TDI. Incorporating an uncertainty factor of l 0 for the protection of 
sensitive subpopulations is standard practice for this Board and many other risk 

assessment bodies. The final SAB recommendation, based on the results seen in the 

Diem study, is 0.03 ppb (0.0002 mg!m
3).  
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Conclusion: Annual decreases in FEV 1 can signal the development of chronic airway 
obstruction. This is a respiratory effect that can be measured in the laboratory by 
objective means. TDI was shown to produce annual decreases in FEV1 in exposed 
workers. The decreased FEY 1 measurements detected in the Diem study were real and 
statistically significant between low and high exposure groups. Using the Diem data, the 
SAB established a NOAEL of 0.9 ppb as a starting point, adjusted that value to account 
for the non-continuous exposures occuring in the study, and applied a final uncertainty 
factor of 1 0  to account for variability in individual susceptibility. Their final 
recommendation was deemed to be health protective against all known adverse health 
effects arising from exposure to TDI, including respiratory, carcinogenic and irritant 
effects. 

The SAB has expressed an intermediate level of confidence in the current risk 
assessment. At the 55th SAB meeting, the SAB acknowledged that their final TDI value 
was a conservative estimate, based on exposure measurements averaged out over work 
shifts. However, the SAB considered the Diem study of high quality and appropriate for 
human health risk assessment purposes. The decision to accept 0.03 ppb as the 
recommended level for total TDI isomers was a unanimous one and was reconfirmed as 
recently as May 8, 1997. 

Industry representatives disagree with the SAB 's interpretation of 0.9 ppb TDI as a valid 
NOAEL < 1 1>. They feel that the 1 . 1  ppb cumulative exposure lowest adverse effect level 
(LOAEL) estimate identified in the Diem study is more representative of effects 
generated by short-term high-level exposures0 n. In the Diem paper, it is stated that "the 

different health effects observed in these groups supports the NIOSH-recommended 

standard of 5 ppb [0.036 mglm3] TD! as an 8-h 1WA. "  Dr. Tim Landry of Dow 
Chemical, a representative of the Chemical Manufacturers Association (CMA), has 
advocated maintaining the current AAL of 0.07 ppb for TDI. The CMA feels that the 
current 8-hour workplace standard of 5 ppb TDI is protective of worker health, and the 
current North Carolina AAL of 0.07 ppb TDI is adequately protective of public health. 

On April 8 ,  1997, the SAB was asked to restate whether their recommendation should be 
interpreted as applying to one (2,4-) or both (2,4- and 2,6-) isomers of TDI. After 
considering published evidence that both isomers of TDI could cause similar respiratory 
symptoms<1 2>, all SAB members indicated that their recommendation should apply to total 
TDI, 2,4- and 2,6-isomers. 

Averaging Time: The Division of Air Quality recommends that a 24 hour averaging time 
be applied to the adopted AAL guideline for TDI. This recommendation is consistent 
with the guidelines prescribed by the North Carolina Academy of Sciences which 
includes 24-hour averaging periods for chronic toxicants. 
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Calculation: 

• NOAEL = 0.9 ppb (based on 8 hour workplace exposures, Diem, et al, 1982) 
• Adjustment for continuous exposure 

0.9 ppb 
* ( 1 0  m3 air breathed/workday) I (20 m3 air breathed/day) 
* 5 day workweek / 7 day workweek 
= 0.3 ppb 

• Adjustment for susceptible subpopulations 
0.3 ppb I 10  = 0.03 ppb 

Final SAB Recommendation = 0.03 ppb (0.0002 mg/m\ 24-hour averaging period 
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A.�A B.1" .. �-�NCDENR 
North Carolina Department of Environment and Natural Resources 

Division of Air Quality 

CHEMICAL: l.l.2 - T r i c h 12ro - 1.2.2 Tri fl uoroethane ( # 1 9 - 9 )  

TLV - TWA : 

TVL - STEL: 

1000 pom (7600 mg/m�l-
1 2 50 pom_l9500_!D.9Lm�l-

S�ptomsLCond i t i ons Level 

S l i ght tran s i ent 
s l ee p i n e s s  

1 2000 ppm 

AcuteLChroni c Reference 

? D : R4P603 

Co1111tents 

Vomi t i ng ,  l ethargy, 1 1000 - Acute D : Rl 7P604 In dogs and not 
nervousnes s ,  tremors 13000 - ppm 
C a r d i a c  sen s i t i zation  5000 ppm 

L C50 for 
sens i t i za t i on 

10000 ppm 

lmpa i rment of 
psyc homotor 

2500 ppm 
p e r formance 

Conc l us i o n s  

Acute sys t e m i c  
S t a r t i ng p o i n t  1 250 ppm ( ST E L )  
Adjus tment factor 1 0  
Recommended AAL 1 2 5  ppm ( 1 5  m i n )  

Comments 

i n  rats 

Acute O : Rl8P604 5 minute 
exposures 

D : R l 9P604 

Acute O : R22P604 Human vol unteers 

AAL: 125 ppm (958 mg/m3, but reported as 950 mg/m3}, 15-minute averaging time, 1987 

The Environmental Management Commission (EMC} changed the 15-min averaging time to 1-hr 

averaging time in 1997. 

D: Documentation of Threshold limit Values, 1986 (R: reference, P: page} 
R: Registry of Toxic Effects of Chemical Substances 

35 



NA 
NCDENR 

North Carolina Department of Environment and Natural Resources 
Division of Air Quality 

CHEMICAL: Trichlorofluoromethane 1# 19-8)  

TLV - TWA : 1 000 ppm (5600 mg/m3} 
TVL - STEL: 

Syroptoms/Condi t i ons 

No spec i f i c  
abnormal i ty 

Card i ac sens i t i za t i on 

Cardi ovascular and 
c i rcu l a tory 
abnorma l i t i e s  

Conclus i ons 

Acute system i c  

1 000 ppm 

1000 ppm 

5000 -
1 50 , 000 ppm 

Start i ng p o i n t  1000 ppm 
Adjustment factor 1 0  

· Recommended AAL l 0 0  ppm ( l hr) 

Comments 

Acute/Chroni c  

Acute 

Acute 

AAL: 100 ppm (562 mg/m3), 1-hr averaging time, 1987 

Reference 

D : R l l P598 

O : R J S P599 

D : R2 0 - 26 
P599 

D: Documentation of Threshold limit Values, 1986 (R: reference, P: page) 
R: Registry of Toxic Effects of Chemical Substances 

Co!!!llents 

Continuous 
exposure for 
90 days 

Various s tudies  
with anesthe s i zed 
dogs, rat s ,  mice 
monkeys, 
hamsters , and 
rabbits 
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TAP CAS No. Potential for Exposure: Uses and Sources of Air Releases Source 
Acetic acid's production and use in the manufacture of various chemicals, explosives, 

lacquers, starch, sugars, wines and vinegar and from wood distillation plants and textile 

mills may result in its release to the environment through various waste streams. 

E 1 Acetic Acid 64-19-7 Atmospheric emissions occur from combustion of biomass, plastics and refuse and in PubChem 

exhaust from gasoline and diesel engines. Acetic acid occurs ubiquitously and is a normal 

metabolite in animals; therefore, the general population is continually exposed to the 

compound. 

Human production of fixed nitrogen (ammonia) is estimated to be 140 Tg of nitrogen (1 

teragram is equivalent to one million metric tons) per year . ... Both natural and 

2 Ammonia 7664-41-7 
anthropogenic sources produce a total of approximately 230-270 million metric tons of 

PubChem 
ammonia per year. Its volatilization from decaying organic matter; livestock excreta; soil 

fertilizers; sewage or waste water effluent; burning of coal, wood and other natural 

products; and volcanic eruptions will result in its direct release to the environment. 

Pure bromine is used in the synthesis of a variety of bromine containing substances. 

3 Bromine 7726-95-6 Other uses for bromine include flame retardants, cleaning agents, dyestuffs, HSDB 

photography, water sanitation, pharmaceuticals, bleaching fibers and silk. 

Dichlorodifluoromethane's former production and use as a refrigerant, foaming agent, 

and aerosol propellant resulted in its direct release to the environment. Monitoring data 

4 Dichlorodifluoromethane 75-71-8 indicate that the general population could be exposed to dichlorodifluoromethane via PubChem 

inhalation of ambient air due to the long atmospheric residence time of 

dichlorodifluoromethane. 

When used as a refrigerant, solvent, or aerosol propellant, dichlorofluoromethane will be 

eventually lost to the atmosphere unless it is captured and recycled. Per 40CFR82, which 

implements the Montreal Protocol, dichlorofluoromethane will no longer be produced or 

5 Dichlorofluoromethane 75-43-4 
imported in the United States after 2015, except for its use as a refrigerant in equipment 

PubChem 
manufactured before 1/1/2020; no production or importing after 1/1/2030 will be 

allowed. Dichlorofluoromethane may be released to the environment during its 

production, transport, storage, and use as a refrigerant, solvent, propellant, and fire 

extinguishing agent. . 
Ethyl acetate's production and use as a pharmaceutic aid (flavor); in artificial fruit 

essences; as a solvent; in the manufacture of smokeless powder, artificial leather, and 

photographic films and plates; and in cleaning textiles may result in its release to the 

environment through various waste streams. Occupational exposure to ethyl acetate 

6 Ethyl acetate 141-78-6 may occur through inhalation and dermal contact with this compound at workplaces PubChem 

where ethyl acetate is produced or used or where adhesives, thinners, degreasers, paints, 

inks, and dome reagents are used. The general population may be exposed to ethyl 

acetate via inhalation of ambient air, ingestion of food and drinking water, or dermal 

contact with consumer products containing this compound. 
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Ethylenediamine 

Ethyl mercaptan 

Fluorides 

Hexaclhorodibenzo

p-dioxin 

Hexane isomers 

except n-hexane 

107-15-3 

75-08-1 

Various 

Ethylenediamine's production and use in the manufacture of carbamate fungicides and 

tetraacetylethylenediamine, chelating agents, lube oil and gas additives, nonreactive 

polyamide resins, aminoethylethanolamine-based surfactants and 

ethylene(bis)stearamide as well as a solvent, emulsifying agent, textile lubricant and 

antifreeze inhibitor may result in its release to the environment through various waste 

streams. 

Ethyl mercaptan's production and use as a liquid petroleum gas odorant, adhesive, 

stabilizer, and chemical intermediate may result in its release to the environment 

through various waste streams. Ethyl mercaptan occurs in some vegetables (such as 

cabbage), mammalian excretion products, manure gas from domestic animal pens, in  

various crude oils and in natural gas; i t  is formed by biological processes. Monitoring 

data indicate that the general population may be exposed to ethyl mercaptan via 

inhalation of air in the vicinity of natural gas refineries (through usde as an odorant) and 

municipal waste sites, and dermally in  preparation or ingestion of certain meats and 

vegetables. 

Fluorine gas has been identified as a trace material in atmospheric emissions from coal-

fired power plants and in emissions from volcanoes. If released to air, fluorine will exist 

solely as a gas in the atmosphere. Fluorine gas is a powerful oxidizing agent that reacts 

with water and with many gases and oxidant species which indicates that fluorine gas will 

be converted to a variety of fluorine compounds in the atmosphere. The elemental form 

of fluorine, a pale yellow-green, irritating gas with a sharp odor, is so chemically reactive 

that it rarely occurs in the environment in the elemental state. 

SiF4 is not used in industry, but it may be discharged into the air in smelting operations as 

the result of interaction of calcium fluoride with sand or the silica present in ores. 

1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin occurs as a contaminant in the pesticide, 2,4,5-T, 

and in the wood preservative, pentachlorophenol; therefore, environmental applications 

57653-85-7 of these compounds may release 1,2,3,6,7,8-hexachlorodibenzo-p-dioxin to the 

environment. 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin is also released to the environment 

in stack effluents and fly ash emissions from municipal waste incineration. 

PubChem 

PubChem 

HSDB 

PubChem 



2-methylpentane 

2,2-dimethylbutane 

2,3-dimethylbutane 

Hydrogen sulfide 

12 

Methyl ethyl ketone 

13 

2-Methylpentane is found in sources associated with petroleum products such as 

petroleum manufacture, natural gas, turbines, and automobiles. Emissions will occur 

from the evaporation of petroleum during transfer, transport and storage of petroleum 

products and evaporation of gasoline from carburetors, gas tanks, and during refueling of 

motor vehicles. The fact that 2-methylpentane in cities is associated with traffic is clearly 

demonstrated by the similarly of auto exhaust profiles compared with ambient air 

107-83-5 profiles in areas of high traffic in Bangkok City. 2-Methylpentane is also used as a solvent 

and will be released to the atmosphere as a result of solvent evaporation. 2-

Methylpentane was a volatile component of a stainless steel polish cleaner and carpet 

glue. 2-Methylpentane occurs naturally in petroleum and gas and as a plant volatile. 

Emissions would therefore occur as a result of natural oil seepages or gas vents and 

emissions from vegetation. Forest fires are another emission source. 

75-83-2 

79-29-8 

Major Uses: Component of high-octane motor and aviation fuels; intermediate for 

agrocultural chemicals. Manmade sources: evaporation from gasoline fuel tank: 0.1 vol % 

of total evaporated H.C's; evaporation from carburetor: 0.0-0.l vol % of total evaporated 

H.C's. 

2,3-Dimethylbutane's production and use as a high octane fuel and in organic synthesis 

may result in its release to the environment through various waste streams. 2,3-

Dimethylbutane is released into the atmosphere from auto, biomass combustion, and 

gasoline vapor emissions. 

Hydrogen sulfide's production and use in the synthesis of sulfur compounds, the 

manufacture of heavy water and in metallurgy may result in its release to the 

environment through various waste streams. Hydrogen sulfide emissions are associated 

with municipal sewers and sewage treatment plants, swine containment and manure-

6/4/7783 handling operations, pulp and paper operations and industrial sources such as petroleum 

refineries, natural gas plants, petrochemical plants, coke oven plants, food processing 

plants, and tanneries. Hydrogen sulfide occurs in the gases from volcanoes, sulfur springs, 

undersea vents, swamps, and stagnant bodies of water and in crude petroleum and 

natural gas. 

78-93-3 

Methyl ethyl ketone's production and use as a solvent for coatings, resins, rubbers, 

plastics, pharmaceuticals, adhesives and rubber cements may result in its release to the 

environment through various waste streams. Its use as a starting material or 

intermediate in the manufacture of chemical products may also lead to its release to the 

environment. Methyl ethyl ketone occurs naturally as a metabolic byproduct of plants 

and animals and is released into the atmosphere by volcanoes and forest fires. 

PubChem 

HSDB 

HSDB 

HSDB 

PubChem 
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19 

Methyl mercaptan 

Nitric acid 

Sulfuric acid 

1, 1,2,2-tetrachloro-1,2-

d ifluoroethane 

1,1, 1,2-tetrachloro-2,2-

difluoroethane 

Toluene diisocyante, 

2,4 and 2,6 isomers 

74-93-1 

7697-37-2 

7664-93-9 

76-11-9 

76-12-0 

548-84-9 

91-08-7 

Methyl mercaptan's production and use in chemical synthesis for jet fuels, pesticides, 

fungicides, and methionine and as an odorant in natural gas may result in its release to 

the environment through various waste streams. Potential industrial emission sources 

include wood pulp, petroleum-processing, and sewage treatment plants. Methyl 

mercaptan is also generated in salt marshes, soils, freshwater algae, and decomposing 

algal mats. A major source of methyl mercaptan is the microbial degradation of 

methionine. 

Manufacture of inorganic and organic nitrates and nitro compounds for fertilizers, dye 

intermediates, explosives, pharmaceutic aid (acidifier). Major Uses: Metallurgy, photo

engraving, etching steel, ore flotation, urethanes, rubber chemicals, reprocessing spent 

nuclear fuel. Nitric acid is formed in the troposphere by gas-phase chemistry. 

Used in pesticides as a sanitizer or dessicant, and in manufacture of phosphoric acid and 

other fertilizers; in  copper leaching, uranium, vanadium, and other ore processing, 

petroleum alkylation; in production of methyl methacrylate, caprolactam, aluminum 

sulfate, hydrofluoric acid, pulp and paper, titanium dioxide, cellulosic fibers and plastics, 

explosives, electronic chips, batteries, and pharmaceuticals. Found in native state in  

vicinity of volcanoes. 

1,1,2,2-Tetrachloro-1,2-difluoroethane's former production and use in the US as a 

refrigerant resulted in its release to the environment through various waste streams. 

Due to its long atmospheric residence time, the general population is exposed to 1,1,2,2-

tetrachloro-l,2-difluoroethane through inhalation of ambient air. 

1,1,2,2-Tetrachloro-1,2-difluoroethane's former production and use in the US as a 

refrigerant resulted in its release to the environment through various waste streams. 

Due to its long atmospheric residence time, the general population is exposed to 1,1,2,2-

tetrachloro-l,2-difluoroethane through inhalation of ambient air. 

2,4-Toluene diisocyanate's production and use in the manufacture of polyurethane 

foams and other elastomers may result in its release to the environment through various 

waste streams. The general population may be exposed to 2,4-toluene diisocyanate 

through the use of commercially available urethane adhesives containing this compound. 

2,6-Toluene di isocyanate's production and use in preparation of polyurethane foams, 

elastomers and coatings, and as a hardener in polyurethane adhesives and finishes may 

result in its release to the environment through various waste streams. The general 

population may be exposed to 2,6-toluene diisocyanate via use of consumer products, 

such as polyurethane, containing this compound. 

PubChem 

HSDB 

HSDB 

PubChem 

PubChem 

PubChem 

PubChem 



Trichlorofluoromethane 

20 

1,1,2-trichloro-1,2,2-

trifluoroethane 

75-69-4 

76-13-1 

Trichlorofluoromethane's production and use as a refrigerant, solvent, in fire 

extinguishers, chemical intermediate, and as a blowing agent may result in its release to 

the environment through various waste streams. Trichlorofluoromethane was released as 

emissions or in wastewater during its production, storage, transport and use as a foaming 

agent for polyurethane foams, degreaser and solvent, especially in the aerospace and 

electronics industries, and as a fire extinguishing agent. In the early 1970's the largest 

release of trichlorofluoromethane was from aerosols (75%) with refrigerants and foaming 

agent use coming next by contributing 14 and 21%, respectively. Because its release into 

the atmosphere was believed to cause depletion of the ozone layer, production was 

curtailed, from a maximum of 1 .58X10+5 metric tons in 1974, and declining through 

1982. Trichlorofluoromethane has been identified in emissions from volcanoes. 

1, 1,2-Trichloro-1,2,2-trifluoroethane's production and use as a chemical intermediate 

and former US uses as a dry-cleaning solvent, blowing agent, solvent drying, drying 

electronic parts and precision equipment production may result in its release to the 

environment through various waste streams. Its former US use in fire extinguishers 

2 1  resulted in  its direct release t o  the environment. 

PubChem: National Institutes of Health/National Center for Biotechnology Information (Includes data from HSDB) 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=176 

HSDB: National Library of Medicine/TOXNET: Hazardous Substance Data Bank 

http ://toxnet.nl m .nih.gov /cgi-bin/sis/htmlgen ?HSDB 

PubChem 

HSDB 



Air Pollutants unique to 
North Carolina T APs List 

CAS No. ATSDR (ug/m3)* 

Acetic acid 64-19-7 

1,200 (acute) 
Ammonia 7664-41-7 70 (chronic} 

2004 

Bromine 7726-95-6 

Dichlorodifluoromethane (CFC-12) 75-71-8 

Dichlorofluoromethane 75-43-4 

Ethyl acetate 141-78-6 

Ethyl mercaptan (ethanethiol) 75-08-1 

Ethylenediamine 107-15-3 

10 

Fluorides Various 
(acute MRL for 
fluorides as HF! 

?{)()� 
Hexane. isomers except n-hexane 
(includes 2-methyl pentane, 2,2-
dimethylbutane, and 2,3-dimethylbutane, Various 
or any combination of these 

• -
2-methylpentane 107-83-5 

3-methylpentane 96-14-0 

2,2-dimethylbutane 75-83-2 

2,3-dimethylbutane 79-29-8 

100 (acute} 
Hydrogen sulfide 7783-06-4 30(int) 

2006 

Methyl ethyl ketone 78-93-3 

Methyl mercaptan 74-93-1 
No MRL Derived** 

1992 

DRAFT NCSAB 

Working Document 

Do not Cite or Quote 

IRIS (ug/m3) 
Regulated State Air Concentration Levels (ug/m3) 

web links in blue 
North Carolina California Michigan Minnesota 

3,700 (acute- 1 hour) 250 (8 hour) 

RfC=100 {1991} 3,200 (acute) 3,200 (acute) 
2,700 (acute-1 hour) 100 (24 hour) 

Draft RfC = 300 (2013} 200 (chronic) 80 (chronic) 

200 (acute- 1 hour) 7 ( 8 hour) 

RfD {1995} 248,000 (chronic-24 hour) 49,500 (8 hour) 

500 (chronic -24 hour) 

RfD (1998} 140,000 (acute- 1 hour) 3,200 (24 hour) 

100 (acute- 1 hour) 

2,500 (acute - lhour) 
0.03 (annual) 

300 (chronic 24- hour) 

240 (1 hour) 
250 (acute - lhour) 240 (acute) 

14 (annual) both 240 - acute (HF) 
16 (chronic 24- hour) 13 (chronic) 

HF 

.. . .. 
360,000 (acute- 1 hour) 

17,600 ( 8 hour) 

3,500 (8 hour) 

3,500 ( 8 hour) 

42 (acute) 100 (24 hour) 
RfC = 2 (2003} 120 (chronic- 24 hour) 10 (subchronic) 

10 (chronic) 2 (annual) 

RfC= 5000 (2003} 
88,500 (acute - 1 hour) 

13,000 (acute) 5,000 (24 hour) 10,000 acute 
3,700 (chronic- 24 hour) 

50 (acute - 1 hour) 10 (1 hour) 

Texas F 
15 (short-term) 
25 (long -term) 

170 (short-term) 

17 (long-term) 

7 (short-term) 

0.7 (long-term) 

50,000 (short-term) 
5,000 {long-term) 

420 (short-term) 
42 (long-term) 

1400 (short-term) 
1440 (long-term) 

0.8 (short-term) 
1.3 (long-term) 

250 (short-term) 

25 (long-term) 
hydrogen fluoride 

and soluble inorganic 
fluorides, as HF 

1� l•h�r+-t.>rml 

3500 (short-term) 

350 (long-term) 

3500 (short-term) 
350 (long-term) 

3500 (short-term) 
350 (long-term) 

1480 (short-term) 

350 (long-term) 

TCEQ Reg Standard 

108 (30 minute) 
162 (statewide) 

1300 (short-term) 
2600 (long-term) 

2 (short-term) 
1 (long-term) 



DRAFT NCSAB 

Working Document 

Do not Cite or Quote 
.. 

Air Pollutants unique to IRIS (ug/m3) 
Regulated State Air Concentration Levels (ug/m3} 

CAS No. ATSDR (ug/m3)* 
North Carolina T APs List web links in blue 

North Carolina California Michigan Minnesota 

Nitric acid 7697-37-2 1,000 (acute- 1 hour) 86 (acute) 50 ( 8 hour) 130 acute 

- .. 
100 (acute- 1 hour) 120 (acute) --- ,. No MRL Derived •• 

hour) 1 Sulfuric acid 7664-93-9 
1998 12 (chronic - 24 hour) 1 (chronic) . 

Tetrachloro-1,2-diftuoroethane, 1 ,  1 ,2,2- ' 
52,000 (chronic (24 hour) 76-12-0 

(CFC-112) 

Tetrachloro-2,2-diftuoroethane, 1 ,  1 ,  1 ,2-
76-11-9 52,000 (chronic (24 hour) 

(CFC-112a) 

0.04 (8 hour) 

0.07 (chronic) O.Q7 (annual) 
0.08 (chronic) 

Toluene diisocyanate,2,4 and 2,6-
91-08-7 RfC = 0.08 (1995} 0.2 (chronic - 24 hour) 

0.09 (carcinogen) 0.03 (annual-isomers 

carcinogen) 

19,140 (24 hours) Trichloro, 1, 1 ,2- trifluoroethane, 1 ,2,2-
76-13-1 RfO (1996} 950,000 (acute - 1 hour) 

(CFC-113) 

' 
Trichloroftuoromethane (CFC-11 )  75-69-4 RfD (1987} 

560,000 (acute - 1 hour) 56,200 ( 1 hour) 

• ATSDR ppm values converted to ug/m3 using the formula (ppm • Molecular weight]/ 24.45. Calculated values rounded to nearest 10. 
•• ATSDR document exists; however no MRL was derived or reported. 

Texas F 
50 (short-term) 

5 (long-term) 

TCEQ Reg Standard 

715 (30 minute) 

4170 (short-term) 

417 (long-term) 

8340 (short-term) 

834 (long-term) 

O. 7 (short-term) 

0.1 (long-term) 

38,000 (short-term) 

3,800 (long-term) 

28,000 (short-term) 

5,600 (long-term) 



NCSAB Data Requests for 
Review of 21 Unique TAPs 

Definition of "fluorides" 

Response 

Fluorides are not defined in the North Carolina Air Toxics Pollutant Procedures Rule (15A NCAC 02Q. 

073). 

Requester 

DAQ 

http:Uwww. tandfonl 

i ne .com/ doi/pdf /10. 

For permitting purposes, North Carolina has established separate AALs for HF and fluorides (0.03 mg/m3 ,1080/00022470.197 

and 0.016 mg/m3, respectively). The AAL for "fluorides" does not include contributions from HF. 0.10469395 

Following discussion with DAQ permitting, compliance, and emissions inventory staff, the following 

North Carolina working definition of "fluorides" is proposed: 

Fluorides refer to fluorine gas and inorganic, ionizable fluoride compounds, excluding HF. Included in 

this category class are compounds such as NaF, KF,CaF2, NH4F, and SiF4• 

Definitive characterization of hexachloro-p-dioxin as alAlthough hexachloro-p-dioxin has been classified by North Carolina as a TAP, EPA has confirmed that this IDAQ 

HAP or TAP compound is considered part of the compound group, Dioxins/Furans. Dioxin/Furans are components of 

polycyclic organic matter (POM) listed in the 1990 Clean Air Act. 

Hexachloro-p-dioxin will NOT be evaluated by the SAB as a TAP for this exercise. It is reclassified as a 

component of polycyclic organic matter (POM), a Federal HAP (pending discussion and input from 

Regional Supervisors). 

Follow-up regarding 15-minute to 1 hour AAL change 115 minute AALs for the following TAPs being evaluated by the NCSAB were changed to 1 hour AALs by I DAQ 

by the EMC in 1997 the EMC in 1997. 

• Acetic Acid 

• Bromine 

Compile table of industrial uses of the 21 TAPs 

Include draft recommendations proposed by SAB 

members in meeting minutes 

• Hexane isomers 

• Methyl Ethyl Ketone 

Background 5AB discussions regarding this change were found in minutes from the 51-59 SAB meetings 

(10/14/96-11/6/97). Excerpts from these minutes are contained in Document J. 

This information is included in Table 1 (Document E) 

Completed and included text of meeting minutes from May 28, 2014 meeting. 

DAQ 

DAQ 

G 



NCSAB Data Requests for 
Response Requester 

Review of 21 Unique TAPs G 
List of health effects numerical criteria (eg MRLs, This information is included in Table 2 (Document F) DAQ 

TERA values, IRIS RfCs and cancer slope factors if 

applicable), their basis (endpoint) and when they 

were last revised 

Define "stationary source" for North Carolina law A "Stationary Source" is defined as any building, structure, facility, or installation which emits or may Dorman 

emit any air pollutant (Clean Air Act, Section 111 (a)). 

Define source types excluded from definiton of Exemptions from the air toxics pollutant procedures rules are detailed in lSA NCAC.02Q. 0702. The full Dorman 

"stationary sources" textof the Rule is accessible here: 

Establish criteria for tiered evaluation approach Ongoing development by board members/Worksheet development in Progress ( Document K) Dorman 

Clarification regarding emission sources considered AALs are used to establish emission rates for stationary sources. This AAL review considers only Dorman 

for this exercise emissions from stationary sources. 

Modify "directive " to include: (1) specific statement The directive has been modified. Task #3 has been removed. A revised WORD document has been Dorman/Stopford 

that a revised AAL, if deemed necessary, would be forwarded to board members (Document B). Kenyon (email) 

developed over a longer time frame, (2) rephrase 

item #2 to request a recommendation for omission or 

consideration for revision with high priority or low 

priority The latter recommendation would ideally be 

based on both emissions levels and the trend in same 

and health effects considerations including severity of 

effect and availability of revised criteria, eg IRIS RfCs, 

ATSDR or TERA values), and (3) underline qualitatively 

in item #3 

Rationale used to list chemicals as HAPs at the The rationale used to identify the 187 HAPs is not well documented. Kenyon 

Federal Level 



NCSAB Data Requests for 
Response Requester 

Review of 21 Unique TAPs G 
How will thresholds for emissions be established? No definitive emission thresholds have been established for this exercise. However, Appendix D of the Kenyon 

Will toxicity be used in combination with emissions North Carolina Air Toxics Working Group Final Report to the North Carolina Environmental Review 

for this evaluation? Commission (June 1997) discusses a pollutant prioritization scheme for the SAB proposed by the Toxics 

Protection Branch. Under the "Prevention Paradigm" section, it was proposed that the SAB would NOT 

evaluate compounds meeting one of two criteria: 

• Compounds emitted in quantities of less than 500 pound per year in the latest emission inventory 

• Compounds falling under the exclusive category of pesticide, herbicide, fungicide, or rodenticide. 

No definitive evaluation method has been established for this exercise. Toxicity-weighted prioritization 

methods have been documented in the literature and used previously by NC. 

Contact other states to see if they have u ndergone New York Kenyon 

similar "clean-up" exercises • New York has more than 1,000 chemicals on their air pollutant list. The list is reviewed every three 

years. There is no formal process for delisting a pollutant although there have been pollutants that have 

been removed. Removal is subjective (ie. "silly compounds" like peppermint oil, gasoline, chrome 

tanned cowhide). 

• Compounds are added to the New York list based on inquiries from regional offices that submit MSDS 

for new compounds for review. For one-time inquiries, a conservative air level is calculated and used in 

the permitting process; however the pollutant is not necessarily added to the list. For repeated inquiries 

for the same pollutant, a pollutant may be added to the list. Addition of new compounds is subjective 

(Steve Desantis). 

Minnesota 

• Minnesota is currently understaffed in their Air Toxics program and no one was available to respond 

directly to my inquiry. Their Air Toxics webpages are also not currently being updated or maintained 

(Pam Shubat via email). 

Texas 

• Texas has more than 6000 chemicals on their air pollutant list. There is no formal process for delisting 

a pollutant. Once a pollutant is added to the list, it is essentially permanent (Roberta Grant). 



NCSAB Data Requests for 
Response Requester 

Review of 21 Unique TAPs G 
Narrative that describes the stationary source The Stationary Source Emission Trends document was developed using data from the NC Emissions Kenyon 

emissions trends document that was provided, ie Inventory. Data is entered into the inventory by the state regional offices, the facility or a representative 

what is source of data, is it a statewide total, for the facility. Data is OA'd on a yearly basis for the larger facilities and at permit renewal for the 

definition of stationary source, what is specifically smaller facilities. Emission values are calculated using production rates, chemical-specific factors 

included or excluded as a stationary source Narrative obtained from stack testing, pollutant control efficiencies, and mass balances. 

describing overall trend (perhaps as a table) 

Larger permitted facilities report to the inventory once/year while smaller permitted facilities are 

required to report once/5 years (once/8 years effective August 23, 2013). It is assumed that emissions 

for the smaller facilities remain constant for each year of the five/eight year interval. The yearly data 

points plotted on the trend graphs are the sum of the yearly reported emissions for the large facilities 

("Actual" component) and the yearly smaller facilities emissions ("Assumed" component). 

Mecklenburg, Forsyth, and Buncombe counties have local air pollution programs. They issue their own 

air permits and manage their own emission inventories. The air toxics emission values from these 

counties are not included in the total emissions for North Carolina and are thus not reflected in the trend 

graphs. 

Are landfills permitted as stationary sources for the Landfills are permitted as stationary sources. Kenyon 

purpose of this evaluation? 

Develop decision tree for assigning high/low priority Ongoing development by board members. Kenyon (email)/DAQ 

for AAL review 

Request draft set of board recommendations Board member recommendations are compiled in the worksheet tab labeled "Recommended Rusyn 

extracted from minutes and forwarded to board Approaches" 
members 



NCSAB Data Requests for 
Review of 21 Unique TAPs 

Are any of the CFC's banned or prohibited in North 

Carolina? 

Response 

The regulation of CFC's (Stratospheric Ozone Depleting Compounds) has not been delegated to the 

States. The Administrator for the CFC regulations remains the EPA, and is defined as the following under 

40 CFR 82.3: 

The Administrator means the Administrator of the U nited States Environmental Protection Agency or his 

authorized representative. For purposes of reports and petitions, the Administrator must be written at 

the following mailing address: EPA (620SJ), Global Programs Division, 1200 Pennsylvania Ave., NW., 

Washington, DC 20460. 

Refrigeration equipment is exempted from permitting per 2Q .0102(c)(l)(L)(viii}. It is also exempt from 

NC Air Toxics per 20 .0702(a)(16), which specifies the following: 

refrigeration equipment that is consistent with Section 601 through 618 of Title VI (Stratospheric Ozone 

Protection) of the Federal Clean Air Act, 40 CFR Part 82, and any other regulations promulgated by EPA 

under Title VI for stratospheric ozone protection, except those units used as or in conjunction with air 

pollution control equipment. 

Are CFC's being manufactured in North Carolina any ICFCs are not manufactured in North Carolina. 

longer? 

Are IRIS Risk assessments available for the listed 21 !This information has been added to Table 2 (Document F) 

TAPs? 

Follow-up on emissions for CFC-113 (emissions 

inventory data indicates no emissions since 2008) 

CFC's are not regulated by North Carolina as refrigerants. They are regulated for stationary sources. 

Requester G 
Starr 

Starr 

Stopford 

Stopford (email) 



NCSAB Data Requests for 
Response Requester 

Review of 21 Unique TAPs G 
Further research of following chemicals that Ethylenediamine: Stopford (email) 

demonstrate significantly reduced or near zero • Primary North Carolina emitter of this pollutant closed in 2006. The company made Spandex/Spandex 

emissions: dichlorofluoromethane, ethylenediamine, materials (NAICS ode 325222, artificial and synthetic fibers and filaments manufacturing) 

HCOO, TOI, CFC-11 • Current major North Carolina emitters include metal plating, coating operations, and an organic 

chemical manufacturer. 

• Statewide emissions have decreased after NESHAPs for "miscellaneous organic chemical production" 

and "metal fabrication and finishing" MACT/GACTs were put into place because ethylenedaimine is co-

controlled when HAP emissions are controlled by the N ESHAPs. 

• Statewide emissions have decreased approximately 20-50% since North Carolina began tracking 

emissions in their statewide yearly inventory. (1994-ish) 

Toluene Oiisocyanate (2,4 and 2,6-isomers, TOI): 

• The main emitters of TOI are foam producers. 

• The foam NESHAP for major and area sources (including proposed changes prompted by November 

2013 Residual Risk and Technology Review-RTR) only applies to methylene chloride emissions. 

• TOI was substituted for methylene chloride in some processes when it was banned. 

• Statewide emissions have decreased approximately 80-99% since North Carolina began tracking 

emissions in their statewide yearly inventory. (1994-ish) 



DRAFt NCSAB 

Working Document 
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North Carolina Stationary Source Emissions for Select TAPs 

1994 1997 2012 % Reduction Air Pollutants unique to 
North Carolina T APs List CAS No. Emissions Emissions Emissions 

from 1994# 
(pounds) (pounds) (pounds) 

Acetic acid 64-19-7 7,1S6,028 2,920,786 542,872 92 
Ammonia 7664-41-7 4,199,S09 6,005,138 2,689,284 36 
Bromine 7726-9S-6 1,513,232 1 9,271 5,195 100 

Dichlorodiftuoromethane (CFC-12) 7S-71-8 100,596 64,188 13,688 86 
Dichloroftuoromethane 75-43-4 100,S96 39,865 2,183 98 

Ethyl acetate 141-78-6 S29,439 1,149,207 909,043 -72 
Ethyl mercaptan (ethanethiol) 7S-08-l 0 342 1 ,682 N/A 
Ethylenediamine 107-15-3 3,624 6S,194 640 82 

Fluorides Various 694,693 2,1 43,553 41 5,879 40 

Hexane, isomers except n-hexane 
(2-methyl pentane, 2,2-dimethylbutane, 
and 2,3-dimethylbutane, or any Various 542,702 252,709 2,271,203 -318 
combination of these 

2-methylpentane 107-83-5 

3-methylpentane 96-14-0 

2,2-dimethylbutane 75-83-2 

2,3-dimethylbutane 79-29-8 

Hydrogen sulfide 7783-06-4 4,497,039 4,842,737 2,121,270 53 

Methyl ethyl ketone 78-93-3 4,91 1 , 1 30 4,348,522 928,349 81 

Methyl rnercaptan 74-93-1 0 795,477 374,500 N/A 

Nitric acid 7697-37-2 27,310 42,904 1 1,358 58 

Sulfuric acid 7664-93-9 2,187,184 7,878,306 2,714,562 -24 

Tetrachloro-1,2-diftuoroethane, 1, 1,2,2-
(CFC-112) 

76-12-0 0 0 0 N/A 

Tetrachloro-2,2-diftuoroethane, 1 ,  1 ,  1 ,2-
76-11-9 0 0 0 N/A 

(CFC-112a) 

Toluene diisocyanate,2,4 and 2,6-isomers 91-08-7 779• 1172. 635 . .  18 

Trichloro, 1, 1,2- triftuoroethane, 1,2,2· 
76-13-1 58,519 222,941 0 100 (CFC-113) 

Trichloroftuoromethane (CFC-1 1 )  75-69-4 166,756 47,382 2,820 98 

# Negative values reflect net increases 

• Only 2,4 isomer reported 

• • Sum of both isomers 

% Reduction 

from 1997# I 

81 

SS 

73 
79 
9S 
21 

-392 
99 
81 

-799 

56 

79 

53 

74 

66 
. 

N/A 

N/A 

46 

100 

94 

9/29/2014 
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Air Pollutant Evaluation Worksheet 2014 

North Carolina AAL (s) :  ___________ _ 

Date: 

POD Information: Animal/Human Oral/Inhalation Worker/Environmental 

Critical health endpoint (s): ------------------------

Carcinogen:  Y/N 

Link: 

EPA IRIS RfC or IUR: ------------

Date: -------------------

EPA RfD: ------------------

Date: -------------------

POD Information: Animal/Human Oral/Inhalation Worker/Environmental 

Critical health Endpoint (s): ------------------------

Link: 

ATSDR M RL: ---------------

Date: ------------------

POD Information:  Animal/Human Oral/Inhalation Worker/Environmental 

Critical Health Endpoint (s): -----------------------

Link: 

ACGIH TLV:. _______________ _ 

Year: ------------------

POD Information: Animal/Human Oral/Inhalation Worker/Environmental 

North Carolina 1994 Emissions: ----------

North Carolina 1997 Emissions: _________ _ 

North Carolina 2012 Emissions: ----------


