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ONE HUNDRED-AND-SEVENTY EIGHTH MEETING OF THE 
NORTH CAROLINA SCIENCE ADVISORY BOARD ON TOXIC AIR POLLUTANTS (NCSAB) 

Proceedings of the December 3, 2014 Teleconference 

Dr. Starr called the meeting to order at 2:05 PM. NCSAB members Ors. Thomas Starr, Woodhall 
Stopford, Elaina Kenyon and Jane Hoppin were in attendance. Dr. Ivan Rusyn was travelling and was 
able to listen to the call only. Dr. Ken Rudo, NC Department of Health and Human Services and Sushma 
Masemore, DAO Planning Section Chief, Nancy Jones and Dr. Candace Prusiewicz, DAO, were also in 
attendance. 

Approval of September 2014 Minutes 
Meeting minutes from the 177th NCSAB meeting held on September 24, 2014 were approved as written. 

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

Approval of 2015 NCSAB Meeting Schedule 

The proposed NCSAB meeting dates and times for 2015 were voted on and approved unanimously. The 
board will meet at 3:00 pm, rather than the normally scheduled 2:00 pm, for the January, April, and May 
meetings in 2015 to accommodate Dr. Dorman's teaching schedule. 

January 28 
April 1 
May 27 

3pm 
3pm 
3pm 

July 29 2pm (at Green Square in downtown Raleigh} 
September 30 2pm 
December 2 2pm 

AAL Evaluations for Unique NC Pollutants 
In advance of today's meeting, a twenty page compendium, containing toxicological summary information 
for most of the NC TAPS listed below, were distributed to board members. The compendium appears as 
an attachment to the minutes. 

Table 1: NCSAB Assignments for 21 Unique TAPs Review 
Dave Dorman Acetic Acid (64-19-7) 

Nitric Acid (7697-37-2) 
Sulfuric Acid (7664-93-9) 

Jane Hoppin Dichlorodifluoromethane (CFC-12) (75-71-8) 
Dichlorofluoromethane (75-43-4) 
Trichlorofluoromethane (CFC-11) (75-69-4) 

Elaina Kenyon Hexane isomers, excluding n-hexane' 

Ivan Rusyn Ammonia (7664-41-7) 
Methyl Ethyl Ketone (78-93-3) 

Tom Starr Bromine �7726-95-6) 
Fluorides 

Sandy Stopford Ethyl Acetate (141-78-6) 
Ethyl Mercaptan (75-08-1) 
Meth vi Mercaotan (7 4-93-1 ) 

Not assigned Ethylenediamine (107-15-3) 
(Considered low priority for AAL review) Hydrogen Sulfide (7783-06-4) 

Tetrachloro-1,2-difluoroethane (CFC-112) (76-12-0) 
Tetrachloro-2,2-difluoroethane (CFC-112a)(76-11-9) 
Trichloro-1, 1, 1,2-trifluoromethane (CFC-113)(76-13-1) 
Toluene Diisocvanate (2,4 and 2,6 isomers)(91-08-7) 

1 Includes 2-methylpentane (CAS # 107-83-5), 3-methylpentane (CAS# 96-14-0), 2,2-dimethylbutane (CAS# 75-83-2), and 2,3-dimethylbutane 

(CAS # 79-29-8) or any combination of these. 
2 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 SiF •. 
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Acetic Acid 
Dr. Dorman conducted the review for acetic acid. He recommended that the board retain the current AAL 
and noted that emissions of acetic acid were decreasing in North Carolina. He indicated that there was 
minimal new evidence available for the board to recommend a new AAL value. He said that if the 
pollutant were retained on the list, the current AAL would be adequate. However, the board's basis for 
retaining or omitting a pollutant from the list was still unclear. 

Dr. Stopford concurred with the recommendation although he thought it would be useful to review how the 
acetic acid AAL was derived. Dr. Starr explained that based on the date of acetic acid's AAL (1987, Table 
2), it was one of the first ones developed using a factored threshold limit value (TLV) approach based on 
ACGIH's values. The AAL for acetic acid was originally established as a 15-minute acute value based on 
the ACGIH short-term exposure level (STEL). However, the North Carolina Environmental Management 
Commission (EMC) converted all of the 15-minute AAL's to one-hour AAL's in 1997. Dr. Stopford recalled 
that there would be a marked difference between 15-minute and one-hour AAL's and that it would be 
worth the board's time to address the differences. Dr. Starr noted that the impact of maintaining the same 
standard and converting from a 15-minute averaging time to a one-hour averaging time is to relax the 
standard. He pointed out that there must be some type of scaling factor to convert between a 15-minute 
AAL and a one-hour AAL. He agreed with Dr. Stopford that it would be good to get a refresher from 
DENR about how the AAL conversion was handled. Dr. Dorman explained that Haber's Rule uses a 
chemical specific slope factor to adjust the averaging time. A simple estimation method can also be used 
to adjust the AAL value when converting from a 15-minute to a one-hour averaging time. The 15-minute 
AAL would be divided by four when extrapolating to a one-hour AAL. This has been the general approach 
used for other irritants he has worked with (although he did not find chemical specific data for acetic acid). 

Dr. Dorman questioned the SAB's role in this review. It was unclear what their role was as a board to 
determine whether a compound like acetic acid should or should not have an AAL. He saw no compelling 
reason to drop acetic acid from the list since it is still emitted in substantial quantities. However, he feels 
that a SOP should be developed on how to adjust averaging times. Dr. Starr remembered hearing from 
people within the DAQ who dealt with the averaging time issue in non-toxicological applications. A 15-
minute averaging times rely on the variability of the emissions over the time period and the probability of 
exceedances. He recollected that Lee Daniel of DAQ had spoken to the board previously on this topic. Dr. 
Starr asked Dr. Prusiewicz if Lee Daniel (or another representative of the DAQ) could make a brief 
presentation at the next meeting on the procedure that the DAQ uses to convert AALs with one averaging 
time to another. She replied that she would check with Lee Daniel. 

Dr. Starr agreed with Dr. Dorman that there was no compelling reason to drop the acetic acid AAL. 
Reasons for concern include the fact that approximately 542,000 pounds of this irritant were emitted in 
2012. Dr. Stopford concurred with Dr. Starr's assessment. Dr. Starr thought the SAB might consider if the 
one hour averaging time was appropriate. Dr. Dorman thought that the board would be limited to an acute 
(one hour) AAL. Dr. Starr inquired about the health effects associated with chronic exposures to acetic 
acid. Dr. Dorman responded that oral data for chronic exposures to acetic acid were available but 
comparable inhalation data was lacking. 

Dr. Starr asked about the types of facilities emitting acetic acid. Dr. Prusiewicz noted that there were ten 
or 15 major emitters; however there were several hundred overall. Ms. Masemore added that the top 15 
emitters represent approximately 85 to 90 percent of the statewide emissions of 542,000 pounds in 2012. 
The types of facilities emitting acetic acid included chemical manufacturers, dying companies, paper mills, 
tobacco companies, fiberglass products, fabric/fiber-related manufacturing companies and coating and 
finishing operations. Dr. Starr asked if these would be fugitive emissions. Ms. Masemore responded that 
the emissions reported to the inventory are facility wide totals that can be either fugitive or stack 
emissions. Dr. Starr noted that the sources emitting acetic acid were not considered unusual and not 
different than would be expected for any other chemical on the list. 

There was general agreement amongst the board members present that there was no scientific basis for 
dropping the AAL for acetic acid. Dr. Starr indicated that a final vote should be postponed until Dr. Rusyn 
was available and the outstanding questions regarding the method used to convert a 15-minute AAL to a 
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one-hour AAL were addressed. The board decided to postpone prioritization of the 20 pollutants for AAL 
review until information had been presented on all of them. 

· 

Nitric Acid 
Dr. Dorman also researched nitric acid. It has a similar human health endpoint as acetic acid (irritation) 
except that dental erosion is an additional concern. No data is available related to the carcinogenic 
potential of nitric acid. The original 1987 AAL for nitric acid was based on a study with acetic acid. Clinical 
signs observed in rats following exposure to nitric acid included erosion of teeth and chronic bronchitis. 
The original ACGIH STEL was 4 ppm and an uncertainty factor of 10 was used to establish a 15-minute 
AAL of 0.4 ppm. This AAL was later changed to a one-hour averaging time (similar to acetic acid}. Dr. 
Dorman noted that his review of the literature since 1990 indicated no significant changes in toxicological 
findings evaluated by ACGIH. North Carolina stationary source emissions for nitric acid have decreased 
from approximately 500,000 lbs/yr in 1994 to 11,000 lbs/yr in 2012. His recommendation for nitric acid is 
similar to that for acetic acid: the AAL should be maintained with a low priority for updating. 

Ms. Masemore added that the types of facilities with nitric acid emissions are pharmaceuticals, fertilizers, 
dye/fabric/textile manufacturers, and paper companies. The top 15 emitting facilities represent 97 percent 
of the total statewide emissions with twenty additional facilities representing the remaining emissions. Dr. 
Starr noticed that Dr. Dorman's recommendation pointed out that pulmonary irritation was generally 
concentration dependent but not time dependent. This would support the argument that there is not a 
concern about conversion of a 15-minute AAL to a one-hour AAL at the same level. Board members 
concurred that the recommendation for nitric acid should mirror the recommendation for acetic acid. 

Sulfuric Acid 
Dr. Dorman's recommendation for sulfuric acid was slightly different than his recommendations for acetic 
acid or nitric acid because the emissions for sulfuric acid have remained steady at approximately 2.7 
million lbs/yr and not decreased over time. The more challenging issue, however, is the physical form of 
sulfuric acid that the board should consider and evaluate (vapor vs. aerosol}. There are distinct bodies of 
literature for each form with an increasing literature base for the aerosol form. He mentioned that during 
his review of how other states set standards for sulfuric acid, he found that both forms are addressed. He 
did not review each in great detail as the board would need to first determine the appropriate physical 
form to evaluate. He noted that agencies such as ACGIH distinguish between sulfuric acid and sulfuric 
acid inorganic mists. He asked Dr. Kenyon to provide background on how the EPA distinguishes between 
these two forms of sulfuric acid. 

Dr. Dorman continued by summarizing some of the relevant toxicological data post-dating the AAL. The 
data set includes a 1996 study, a 1999 study about dental erosion and a 2012 European Chemical 
Agency (ECHA) review describing adoption of a lower sulfuric acid standard by the Europeans. He 
described how the original AAL was derived beginning with a TLV of 1 mg/m3. Guinea pig studies formed 
the basis for the TLV and 1 hour and 24-hour AALs were developed. In summary, Dr. Dorman indicated 
that there was more of a concern about sulfuric acid because of the emission quantities and an 
expanding data set for the inorganic mist form. The inorganic mist form is associated more with 
occupational exposures from what Dr. Dorman could tell from the literature. 

Dr. Kenyon said she would speak with her colleagues at EPA regarding how EPA treats sulfuric acid 
mists versus the vapor form. Dr. Stopford mentioned that the chronic endpoint used to establish the TLV 
(circa 1987) was probably based on fibrosis. He thought the board should investigate the cancer findings 
reported post-1987. Dr. Dorman mentioned that IARC reports that sulfuric acid inorganic mists may have 
carcinogenic potential and agreed with Dr. Stopford regarding the board investigating these findings in 
further detail. Dr. Starr agreed that due to the magnitude of emissions and the chronic endpoints that 
sulfuric acid was more of a concern that the other two acids. 

Ms. Masemore added that 2013 was the last compliance year under the Clean Smokestacks Act. As a 
result, the coal-fired utilities completed their sulfur-dioxide emission controls. As a result, there has been 
a drop in sulfuric acid emissions. The most recent inventory shows release of 2.39 million pounds 
(compared with 2.7 million pounds reported for 2012). The same coal fired power plants are subject to the 
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Mercury and Air Toxics (MATS) rule that EPA just passed, so there should be additional acid gas 
reductions in future years as the facilities comply with MATS. Ms. Masemore explained that coal-fired 
power plants represent eight of the top ten sources of sulfuric acid emissions in North Carolina. Paper 
production is the second most predominant category. 

Ethyl Acetate 
Dr. Stopford conducted the review for ethyl acetate. He noted that ethyl acetate is a high volume chemical 
with relatively low toxicity whose primary health effect following environmental exposure is irritation of the 
mucous membranes. Irritation is seen at the level of the TLV. The human study data upon which the TLV 
(and AAL) is based dates back to the 1940's. The ACGIH TLV has not changed between 1986 and 2013. 
The TLV is an eight hour time-weighted value (TWA), therefore the issues discussed previously for the 
irritant 15-minute AALs do not apply here. Dr. Stopford noted that there are significant emissions of ethyl 
acetate in North Carolina so an AAL is needed. However, the lack of new data precludes development of 
a revised AAL. 

Ms. Masemore shared that the top 15 facilities emitted 85 percent of the statewide emissions in 2012 
(909,000 pounds). The facility types include coatings and paintings, packaging, textiles, and furniture. Dr. 
Starr suggested that this compound be rated with acetic and nitric acids as far as priority for updating and 
the other board members agreed. 

Ethyl Mercaptan 
Dr. Stopford also conducted the review for ethyl mercaptan. He pointed out that the study used for 
developing the TLV is from 1918. North Carolina's one-hour AAL value was developed in 1987 from an 
eight-hour TWA TLV since a STEL was not available. He said he felt the numbers could be revisited once 
it was determined if the eight hour to one hour conversion is important in looking at. A point source of 
concern for indoor air has been from dry wall from Chinese manufacturers. 

Ms. Masemore shared that there were a total of thirty facilities emitting ethyl mercaptan over the last few 
years. Almost all of the facilities except two are waste management or landfills. The top 15 facilities 
comprise 90 percent of the statewide emissions and it appears the compound is formed from the 
biological digestion of wastes. A few facilities are associated with natural gas transmissions because the 
compound is used as an odorant in natural gas. Most of the emissions appear to be fugitives. Dr. Starr 
asked if landfills were permitted and Ms. Masemore replied that they are. The reported emissions are 
attributed to the approximately 25 percent of the total emissions since 75 percent of the emissions are 
piped to a flare. 

Dr. Stopford indicated that there is no strong motivation to reassess the AAL based on the TLV since the 
TLV has not changed over time. Clarification is needed, though, regarding use of the 8-hour TWA in 
deriving a one hour AAL. Both Dr. Stopford and Dr. Starr concurred that there is no scientific reason to 
drop ethyl mercaptan from the list. 

Methyl Mercaptan 
Dr. Stopford explained that methyl mercaptan, a component of Chinese drywall, is an irritant. 
Approximately 375,000 pounds were emitted in North Carolina in 2012. There is a 1981 chronic animal 
study demonstrating weight loss in animals exposed to 57 ppm methyl mercaptan; however, this study 
was not selected as the basis for the 1987 AAL. The AAL was derived using a factored TLV approach. 
The 1981 study could potentially serve as a basis for a chronic AAL. Although no new toxicological 
information is available, there are new interpretations of the historical data for both acute and chronic 
exposures. In 2010, the OSHA PEL increased by a factor of 20 due to a court order that returned the level 
to the previous level. 

Ms. Jones reported that two facilities are responsible for 86 percent of statewide emissions: Blue Ridge 
Paper in Canton in the Asheville Region and International Paper in Riegelwood near Wilmington. The 
next three highest emitters are also paper mills. A few landfills are responsible for less than 0.1 percent of 
emissions. 
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Dr. Stopford recommended that since North Carolina has relatively high emissions from two facilities and 
there has been interest from the Blue Ridge Environmental Defense League (BREDLE), the board should 
revisit this chemical. He was open to the idea that it may be reasonable to have both acute and chronic 
MLs for methyl mercaptan in the future. The board agreed that the ML should be reviewed due to its 
age and the fact that its emissions are concentrated at two facilities. 

Hexane, isomers, excluding n-hexane 
Dr. Kenyon researched hexane isomers, excluding n-hexane. She explained that North Carolina's ML is 
a group AAL based on a group TLV for four chemicals that are structural isomers of n-hexane. She 
located three short review papers characterizing the state of the literature in 1999. N-hexane is a known 
neurotoxin, however the review articles for hexane, isomers did not report neurotoxic effects at the 
exposure levels tested. Dr. Kenyon explained that a particularly stunning fact about hexane, isomers is 
that its emissions have increased approximately eight-fold since 1994. She recommended that the ML 
should definitely be retained due to the increased emissions. She also discussed reviewing the basis for 
the current AAL and considering alternative methods other than the factored TL V method for developing 
an AAL. Dr. Kenyon noted that hexane, isomers is part of the Phase 1 group of chemicals being 
evaluated for TOX 21. 

Ms. Jones noted that there are three facilities that release the majority of hexane, isomers in North 
Carolina with a single facility responsible for 60 percent of the emissions statewide. The major facility 
focuses on botanical extraction and is classified as manufacturing flavors, syrups and concentrates. The 
next two largest emitters process soybeans and the remaining facilities are responsible for less than two 
percent of emissions statewide. The three facilities responsible for the majority of statewide emissions 
have come online in the last ten years which explains the sharp increase in emissions. 

Dr. Kenyon indicated that EPA has not established a dose response value for these compounds. ATSDR 
has a tox profile for total petroleum hydrocarbons {which includes these compounds). However, it is 
unclear how much of the mixture is comprised of hexane, isomers and what specific chemicals comprise 
the remainder of the mixture. It appears that only 3-methyl pentane has been evaluated via the inhalation 
route in several studies focusing on neurotoxic endpoints. Oral studies have been conducted with 2-
methylpentane and 2,3-dimethylbutane with no dramatic differences noted in potency between the two. 
The North Carolina ML of 360,000 µg/m3 is based on a STEL (10,000 ppm) divided by an uncertainty 
factor of 10. Dr. Kenyon reiterated her recommendation that the ML should not be dropped from the list 
and that its basis should be reviewed. Hexane, isomers should be looked at again because it is 
structurally similar to n-hexane and its emissions are increasing dramatically. 

Dr. Stopford expressed surprise that no neurotoxicity was observed in the studies with hexane, isomers. 
Dr. Kenyon agreed that it was surprising but said that these compounds do not appear to act like n
hexane at the doses studied in animals. Dr. Kenyon said that her interpretation was based on the 
summary review articles as she did not have access to the original study papers for this exercise. Dr. 
Starr inquired if the board should also look at n-hexane (as a comparator). Dr. Kenyon replied that n
hexane is well studied and is a known neurotoxin in human and animal models. The basis for evaluating 
hexane, isomers was its structural similarity to n-hexane and the possibility that it might also produce 
neurotoxic effects. However, the summary data contained in the review articles does not support this. Dr. 
Starr agreed with Dr. Kenyon although he expressed concern about the lack of data for this group of 
substances. 

Dr Stopford suggested first reviewing the basis for the ML before deciding that the AAL should be 
retained. Since the emissions are increasing so dramatically, he thought perhaps the board should be 
searching for more data and be open to looking at unpublished data. He questioned whether an ML was 
the appropriate method of addressing the health concerns about this chemical and that there may be an 
alternative approach. Dr. Starr inquired about specific alternative approaches. Dr. Stopford suggested 
human monitoring and pointed out that the state has done this in the past with other chemicals. Dr. 
Kenyon did not think it was necessarily a bad idea but focused on the charge to the board, specifically 
that the board should broadly review the MLs and recommend whether they should be retained or 
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dropped from the list. Board members concurred about the charge and then concurred with Dr. Kenyon's 
recommendation. 

Summary 
Dr. Starr noted that a pattern was emerging from today's discussion. He said that while other agencies 
may not necessarily have values for these chemicals, North Carolina has quantifiable emissions of these 
substances which support the need to retain the AALs for these substances. 

Public Forum 
There were no comments from the public. 

Other Business 
There was no other business. 

Planning for January 28, 2015 Meeting 
Board members completing their reviews will forward them to Dr. Prusiewicz electronically. Upon receipt, 
she will compile and distribute to board members before the January meeting. She will also begin drafting 
the summary report. 

The meeting was adjourned at 3:45 PM. 

Respectfully submitted, 

Candace Prusiewicz, Ph.D., D.A.B.T. 
Liaison, Science Advisory Board 

These minutes were accepted at the 179th SAB meeting on January 28, 2015. 
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NC 
Air Pollutants unique to NC AAL AAL Averaging Critic.al Health Endpoint for 

CAS No. 
(µglm') 

AAL Date 
AAL' Methodology Uncertainty 

North Carolina TAPs List Time 
Factor 

Acetic acid 64-19-7 3,700 1 hour (acute)• 1987 (1997)' URT and eye irritation, pulm 
Factored TLV (STEL) 10 

function 

Ammonia 7664-41-7 2,700 1 hour (acute) 1987 (1997)4 Eve damage, URT irritation Factored TLV (STELi 10 

Bromine 7726-9S-6 200 1 hour (acute)' 1987 (1997)' URT & LRT irritation, lung 
Factored TLV (STEL) 10 

damage 

Dlchlorodlfluoromethane (CFC-12) 75-71-8 248,000 24 hour (chronic) 1987 Cardiac sensitization Factored TLV (TWA) 20 

Dlchlorofluoromethane 75-43-4 500 24 hour (chronic) 1987 liver damage Factored TLV (TWA) 80 

Ethyl acetate 141-78-6 140,000 1 hour (acute) 1987 URT and eve irritation Factored TLV {TWA) 10 

Ethyl mercaptan (ethanethlol) 75-08·1 100 1 hour (acute) 1987 URT irritation, CNS impariment Factored TLV (TWA) 10 

2SOO 
1 hour (acute) TLV basis not reported. NC doc 

lO(acute) 
Ethytenedlamine 107·15·3 24 hour (chronic) 1987 indicates corrosivity and allergic Factored TLV (TWA) 

300 ···--·' - ' ·-· -·-··-- 80 (chronic) 

2SO 
1 hour (acute) 

10 (acute) 
Fluorides Various 24 hour (chronic) 1987 Bone damage, fluorosis Factored TLV (TWA) 

16 160(chronic) 

Hexane, isomers except n-hexane 

(2-methyl pentane, 2,2· 
CNS impairment, URT and eve 

dlmethylbutane, and 2,3- Various 360,000 1 hour (acute)• 1987 (1997)' 
irritation 

Factored TLV (STELi 10 

dimethylbutane, or any combination 

of these 
Nasal lesions following 10 week 

Hydrogen sulfide 7783-06-4 nos 24 hour (chronic) 2006 exposure (rats) NOAH 120 

'°-··---· •"•" ' 
88,500 

. nour \acu eJ 
URT irritation, CNS and PNS Factored TLV (TWA) lO(acute) 

Methyl ethyl ketone 78·93-3 24 hour (chronic) 1987 (1997)' 
3,700 impairme nt Factored TLV (STEL) 160 (chronic) 

Methyl mercaptan 74-93-1 so 1 hour (acute) 1987 liver damage Factored Tl V (TWA) 20 

Nitrk: acid 7697-37-2 1,000 1 hour (acute) 1987 (1997)' URT and eve irritation, dental 

erosion 
Factored Tl V (STEL) 10 

100 
1 hour (acute) 

lO(acute) 
Sulfuric acid 7664-93-9 24 hour (chronic) 1987 Pulmonary function Factored TLV {TWA) 

12 80(chronic) 

Tetrachtoro-1,2-difluoroethane, 
76-12-0 S2,000 24 hour (chronic) 1987 

liver and kidney damage, CNS 
Factored TLV {TWA) 80 

1,1,2,2-(CFC-112) impairment 

Tetrachloro-2,2-difluoroethane, 
76-11-9 S2,000 24 hour (chronic) 1987 

liver and kidney damage, CNS 
Factored TLV (TWA) 80 

1,1,1,2· (CFC-112a) impairment 

Toluene dlisocyanate,2,4 and 2,6-
91-08-7 0.26 24 hour (chronic) 

Isomers 
2002 

'°"' FEV1 in workers 

(Source" NC AAL document) 
NOAEL 30 

Trichloro, 1,1,2- trifluoroethane, 1,2,2 
76-13-1 9SO,OOO 1 hour (acute) 1987 !1997)' CNS impairment, liver damage Factored TLV (STEL) 10 

(CFC-113) 

Trlchlorofluoromethane fCFC-11) 7S-69-4 560,000 1 hour !acutel 1987 Cardiac sensitization Factored TLV 'TWA 10 

1 Source= ACGIH 2013 TL Vs and BEls ex"pt w�re noted 

2 ACGtH ppm values for STELs and TLVs converted to IJ&'m3 using the formula: [(ppm' Molecular Weight)/ 24.45) 

10em!nlmus reporting level: R&ommended emission threshold for reporting to NC emission inventory. Emission quantities below threshold mav or may not be reported (strictly voluntary). 
�1987(1997)- The Environmental Management Commission (EMC) adopted the 15-mlnute averaging time AALs as 1-hour averaging time AALs in 1997. 
s Original 1987 AAL= 2,100 µglm3. UF of 10 used for acute effects. 

6 Origlnal 1987 AAL = 4.3 (TWA) and 14 (STEL). UF = lO(Acute ) and 80(Chronlc). !Decimal typo in original doc) 
1 Emission inventory totals presented for rough comparison purposes only. Each Inventory is constructed differently making an accurate compilation of data impossible. 
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1987-1988 

ACGIHTLV 

(µglm')' 

37,000 (STEL) 

2S,OOO (TWA) 

27,000 (STEL) 

18,000 ITWAI 

2,000 (STEL) 

700/TWAI 

4,950,CXX> (TWA) 

40,000 (TWA) 

1,400,000 (TWA) 

!,000 (TWA) 

2S,OOO (TWA) 

2,SOO(TWA) 

3,600,000 (STEL) 

1,800,000 (TWA) 

21,000 (STEL) 

14,000 (TWA) 

88S,OOO (STEL) 

S90,000 (TWA) 

1,000 (TWA) 

10,000 (STELi 

S,000 fTWAl 

1,000 (TWA) 

4,170,000 (TWA) 

4,170,000 (TWA) 

ISO (STEL) 

40(TWA) 
. ··-" -- --

9,500,000 (STEL) 

7,600,000 (TWA) 

5,600,000 ITWAI 

2013 

ACGIH TLV 

(µglm')' 

37,000 (STELi 

2S,OOO ITWA) 

27,000 (STELi 

18,000 fTWAl 

1300 (STEL) 

700 (TWA) 

4,950,000 (TWA) 

40,000 (TWA) 

1,400,000 (TWA) 

1,000(TWA) 

2S,OOO (TWA) 

2,500 (TWA) 

3,600,000 (STELi 

!,800,000 (TWA) 

7,000 (5TEL) 

1,400(TWA) 

S90,000 (STEL) 

885,000 (TWA) 

1,000(TWA) 

10,000 (STELi 

S,OOO(TWA) 

200/TWA) 

417,000 

833,000 (TWA) 

ISO (STELi 

40 (TWA) 
.. ... �AllAr .A • 
9,500,000 (STELi 

7,600,000 (TWA) 

5,600,000 ISTELI 

Difference bwf TLVs 

No charge 

No charge 

STEL reduced from 
0.3 to 0.2 ppm 

No charge 

No charge 

No charge 

No charge 

No charge 

No charge 

No charge 

STEL reduced by a factor of 3 
TWA reduced by a factor of 10 

No charge 

No charge 

No change 

TWA reduced by a factor or 5 

TWA red..:ed by factor or 10 

TWA reduced by factor of 5 

No charge 

No charge 

Chanaed from TWA to STEL 

Oemininis % Reduction in 
2012 Emissions 

Reporting reported 
(97 NC Counties) 

Levels emissions from 
(pounds) 

(pounds/year)' 1997 

542,872 100 81 

2,689,284 100 55 

5,195 10 73 

13,688 100 79 

2.183 100 95 

909.043 10 21 

1,682 10 392 (lrcrease) 

640 1 99 

415,879 10 81 

2,271,203 100 799 (ircrease) 

2,121,270 1 56 

928,349 100 79 

374,500 1 53 

11,358 100 74 

2,714,562 100 1 

NR 1.000 NIA 

NR 1,000 NIA 

535-- 1 46 

NR 100 100 

2,820 100 94 



Air Pollutant Evaluation Worksheet 2014 

Chem ical N a m e :  Acetic acid CAS N u m ber :  64-19-7 

North Carolina AAL (s): 1.5 ppm (3. 7 mg/m3), 15-minute averaging time N/ A 
Date: 1987 (1997) 
POD Information: Animal� Oral� 
Acute irritation STEL of l��min) 

�nvironmental 

Critical health endpoint (s): Acute irritation (ocular, nasal), pulmonary function - human 

Carcinogen: No. Limited data available. Acetic acid has not been shown to be carcinogenic in animal 
studies (http://www.epa.gov/hpv/pubs/summaries/acetisalt/c13102rs.pdf). Male rats given sodium 
acetate (sodium salts of acetic acid) orally (350 mg/kg, three times weekly for 63 days followed by 140 
mg/kg, three times weekly for 72 days) showed no histologic evidence of tumors (as cited in: 
http://www.vdh.virginia.gov/epidemiology/DEE/PublicHealthToxicology/documents/pdf/aceticacid.PD 
f,) . Rats experience hyperplasia in the esophagus and forestomach following high dose oral exposure. 

EPA IRIS RfC or IUR: N/A 
EPA RfD: N/A 
ATSDR MRL: N/A 

NIOSH REL: TWA 10 ppm (25 mg/m3) ST 15 ppm (37 mg/m3) 
OSHA PEL: TWA 10 ppm (25 mg/m3) 
ACGIH TLV: 10 ppm, 25 mg/m3 TWA; 15 ppm, 37 mg/m3 STEL 
Year: 2004 
POD Information: Animal� Oral� 
Eye irritation, respiratory irritation 

North Carolina 1994 Emissions: ����������-
North Carolina 1997 Emissions: Approx 2,900,000 lb (1998) 
North Carolina 2012 Emissions: 542,872 lb 

Downward tre nd noted from 1997 to 2012. 

�Environmental 

Recommendation: An AAL for acetic acid could be retained; however, emission data suggests 

decreasing emissions within the state of North Carolina. There is little new (since 1997) available new 

human or animal toxicology data to suggest that the basis for the AAL (i.e., eye and nasal irritation or 

changes in pulmonary function) is incorrect; moreover, the data to derive a point of departure does not 

appear to have changed since the AAL was developed. The appropriateness of a 1 hr extrapolation 

could be reconsidered since extrapolation of short term exposure data (e.g., < 1 hr) to longer term 

exposure guidelines is problematic. The most recent useful recent (2012) review appears to be related to 

European occupational standards ("Recommendation from the Scientific Committee on Occupational 
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Exposure Limits for acetic acid"). Recent human chamber studies support the current short-term point 

of departure for irritation (see below). 

Ernstgard L, Iregren A, Sjogren B, Johanson G (2006). Acute effects of exposure to vapours of acetic 

acid in humans. Toxicol Lett 165:22-30. 

Van Thriel C, Schaper M, Kiesswetter E (2006). From chemosensory thresholds to whole body 

exposures - experimental approaches evaluating chemosensory effects of chemicals. Int Arch Occup 

Environ Health 79:308-321. 

Kleinbeck S, Juran S, Kiesswetter E (2009). Sensory irritation during acute exposures to carboxylic 

acids - A comparison of acetic and propionic acid. Toxicol Lett 189 (Suppl 1): S270 (abstract). 
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Air Pollutant Evaluation Worksheet 2014 

Chem ical N a m e :  Ammonia CAS N u m ber :  7664-41-7 

North Carolina AAL (s): 2700 µg/m3 

Date: 198'Z 
POD lnformati�n: Animal� Oral� �Environmental 
Note,: The ACGIH TLV for ammonia appears to be based on worker complaint exposure levels._ 
Critical health endpoint (s): Ocular and respiratory irritation 
Carcinogen: NC? data 
Link: ACGIH Do�ument_ation of the Threshold Limit Values for Chemical Substances (1986) cites 
Henqerson ��2t Haggard: Noxious Gases. Reinhold Publishing Company, Ne� York {1927) and Vigliani, 
E.C. and Zurlo �· Thru abstract., Arch. Ind. Health 13: 403 (1956) 

EPA IRIS 
RfC: 0.1 mg/m3 
Date: 05/01/1991 

POD 01 Jnformation: 
NOAH: 6.4 mg/m3 (9.2 ppm); NOAEL(ADJ): 2.3 mg/m3; NOAEL(HEC): 2.3 mg/m3; LOAEL: None 
Study type: Human; Inhalation; Occupational Study; Holness et al., 1989 
Critical health Endpoint (s): Lack of evidence of decreased pulmonary function or changes in subjective 
symptomatology 

POD 02 Jnformation: 
NOAEL: None; LOAEL: 17.4 mg/m3 (25 ppm); LOAEL(ADJ): 17.4 mg/m3; LOAEL(HEC): 1.9 mg/m3 

Study type: Rat; Subchronic; Inhalation Study 
Reference: Broderson et al., 1976 Am. J. Pathol. 85: 115-130 
Critical health Endpoint (s): Increased severity of rhinitis and pneumonia with respiratory lesions 

UF (30): An uncertainty factor of 10 is used to allow for the protection of sensitive individuals. A factor 
of 3 was used to account for several data base deficiencies including the lack of chronic data, the 
proximity of the LOAEL to the NOAEL and the lack of reproductive and developmental toxicology 
studies. This factor is not larger than 3, however, since studies in rats (Schaerdel et al., 1983) have 
shown no increases in blood ammonia levels at exposures 32 ppm and only minimal increases at 300-
1000 ppm, suggesting that no significant distribution is likely to occur at the HEC level calculated. 
Modifying Factor: None 

IUR: None. "This substance/agent has not undergone a complete evaluation and determination under 
US EPA's IRIS program for evidence of human carcinogenic potential" 

EPA RfD: none 
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Link: http://www.epa.gov/iris/subst/0422.htm 

ATSDR 

Acute inhalational MRL (14 days or less): 1. 7 ppm 
Date: September 2004 

POD Information: 
LOAEL: 50 ppm 
Study type: Human; Inhalation; control exposure to volunteers at 50, 80, 110, or 140 ppm for 2 hours 
Critical Health Endpoint (s): mild irritation to the eyes, nose, and throat. 
UF: 30 (10 to protect sensitive individuals and 3 for the use of a minimal LOAEL 
Reference: Verberk et al. 1977, Int Arch Occup Environ Health 39:73-81 

Intermediate duration inhalational MRL (15-364 days): None 

Chronic duration inhalational MRL (365 days or more): 0.1 ppm 
Date: September 2004 

POD Information: 
NOAEL: 9.2 ppm 
Study type: Human; Inhalation; Occupational (average exposure of 12.2 years in a soda ash plant) 
Critical Health Endpoint (s): sense of smell, prevalence of respiratory symptoms (cough, bronchitis, 
wheeze, dyspnea, and others), eye and throat irritation, and lung function parameters (FVC, FEVl, 
FEVl/FVC, FEF50, and FEF75). 

The MRL was calculated by adjusting the mean TWA exposure concentration of 9.2 ppm for continuous 
exposure (8/24 hours x 5/7 days) and dividing by an uncertainty factor of 10 and modifying factor of 3. 

UF: 10 (10 to protect sensitive individuals) 
MF: 3 for the lack of reproductive and developmental studies 
Reference: Holness et al. 1989, Am Ind Hyg Assoc J 50(12):646-650 

Oral MRLs: None 

Cancer hazard: "Ammonia has not been classified for carcinogenic effects by EPA, Department of 
Health and Human Services (DHHS) (NTP), or the International Agency for Research on Cancer (IARC)." 

Link: http://www.atsdr.cdc.gov/toxprofiles/tp126.pdf 
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ACGIH 

TLV-TWA: 25 ppm (17 mg/m3) 
Critical Health Endpoint (s): eye and respiratory tract irritation and discomfort among uninured 
workers. 

TLV-STEL: 35 ppm (24 mg/m3) 

Critical Health Endpoint (s): acute sensory effects from exposure to ammonia. 

Year: 2001 

POD Information: Unclear, several human occupational inhalational exposure studies are cited that 
show effects (characterized as "complaints") above 20-25 ppm exposure levels. 

North Carolina 1994 Emissions: 4,199,509 lbs 
North Carolina 1997 Emissions: 6,005,138 lbs 
North Carolina 2012 Emissions: 2,689,284 lbs 

Er:nis�ig_ns.frengip�_downwards since 1994 (�6% reduction) 
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Air Pollutant Evaluation Worksheet 2014 

Chemical Name: Ethyl Acetate CAS Number: 141-78-6 

North Carolina AAL (s): 400 ppm (1400 mg/m3), 60-minute averaging time based on factored TLV with a 10 
fold uncertainty factor. 

Date: 1987 

POD Information: Animal€) 
STEL: none 

Critical health endpoint (s): mucous membrane irritation 

Ethyl acetate is a mild eye, nose and throat irritant at 400 ppm acute exposures in unacclimatized individuals. 
Irritation was not seen at 200 ppm. In animal studies, subjects could withstand 65 four hour exposures 
without changes in body weight or blood counts. (Smyth & Smyth, 1928) 

Carcinogen: no available data 

EPA IRIS RfC or IUR (inhalation): N/A 

EPA RfD: inhalation N/ A. For oral Rfd see: http://www.epa.gov/iris/subst/0157.htm 
90-day subchronic study of ethyl acetate with rats. Four groups of rats (30/sex/group) were gavaged daily with 
0, 300, 900 and 3600 mg/kg/day of ethyl acetate. Six weeks after the initial dosing, 10 rats/sex were subjected 
to interim sacrifice while the remaining rats continued on the dosing regimen until the final sacrifice (90 days). 
This study generated data on weekly body weights and food consumption, clinical signs of toxicity, 
ophthalmological evaluations, moribundity, mortality, blood and urine chemistry and gross and 
histopathologic evaluations of target organs. Evaluation of the data indicated that male rats exposed to the 
high dose {3600 mg/kg/day) of ethyl acetate showed significant toxic effects, which resulted in depressed 
body and organ weights, and depressed food consumption. Female rats exposed to the high dose showed 
slight but nonsignificant depression of above parameters compared with controls. The next lower dose (900 
mg/kg/day) did not produce any adverse effects in either male or female rats and is, therefore, considered a 
NOEL. By applying an uncertainty factor of 1000 to this NOEL of 900 mg/kg/day, an RfD of 0.9 mg/kg/day or 63 
mg/day for a 70-kg person can be recommended. 

EPA: Acute exposure guideline (AEGL): n/a 

ATSDR MRL: n/a 

NIOSH: REL: 400 ppm (1400 mg/m3) see: http://www.cdc.gov/niosh/idlh/141786.html 
Workers regularly exposed to concentrations from 375 to 1,500 ppm for several months showed no unusual 
signs or symptoms [Patty 1963]. Concentrations in the range of 8,000 to 20,000 ppm have been considered 
dangerous for short exposures [Henderson and Haggard 1943). Ethyl acetate vapor is irritating to the eyes 
and respiratory passages of man at concentrations above 400 ppm. Due to its irritating properties, employees 
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wi l l  not voluntari ly remain in such h igh concentrations. (see: http ://toxnet .n lm .n ih .gov/cgi
b in/sis/search2/f? ./temp/�i lZXG B:3)  

N IOSH IDLH : 2000 ppm (7000 mg/m3) 

OSHA PEL:  400 ppm (1400 mg/m3) see 

ACG IH  TLV: 400 ppm (1440 mg/m3) { 1986); 400 ppm (1440 mg/m3)  TWA {2013) 

North Caro l ina  2012 Emissions : 909043 lb 
% reduction in reported emissions from 1997:  21% 

Recommendation : No new data or risk assessments are ava i lable that suggest a redetermination of the AAL 
for ethyl acetate is i nd icated.  

Reference 
Smyth H F, Smyth Jr HF .  I nha lation experiments with certain lacquer solvents. J .  I nd .  Hyg. 10: 261-71, 1928. 
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Air Pollutant Evaluation Worksheet 2014 

Chemical Name: Ethyl Mercaptan CAS Number: 75-08-1 

North Carol ina AAL (s) :  0.065 ppm (0. 1 mg/m3), 60-minute averaging time  based on factored TLV with 
a 10- fold uncertainty factor. 

Date: 1987 

POD I nformation :  

STEL: none 

Critica l hea lth endpoint (s): CNS effects/m ucous membrane irritat ion.  Human volunteers exposed to 
ethyl mercaptan at 10 mg/3 (4 ppm) for 3 hours/day for 5 to 10 days experienced i rritation of the 
m ucous membranes, a ltered taste sensation and a sensation of fatigue. No effects were seen with 
exposures to 1 mg/m3 (0.4 ppm) .  (B l inova, 1985) .  Acute exposure to students at 4 ppm ( 10 mg/m3) for 
several hours resu lted in headaches and, i n  one, l iver damage (Pich ler, 1918). Gobbato and Terrib i le 
( 1968) found that human subjects experienced mucosa! irritation during experimental exposure to 
ethyl mercaptan at 4 ppm {1 mg/m3) for 3 h/day for 5 days. These effects were transient with 
cessat ion of exposu re.  Subjects exposed at 0.4 ppm did not experience these effects, 

Carcinogen: No. No data ava i lab le .  

EPA I R IS RfC or IUR: N/A 

EPA RfD: N/A. 

EPA: Acute exposu re gu ide l ine (AEG L) :  1 ppm (2 .5 mg/m3) 
AEG L-1 va lues for ethyl mercaptan were based on a no-effect level of 10 ppm for respiratory changes 
associated with odor avoidance in rabb its exposed for 20 min .  Two uncerta inty factors of 3 were 
app l ied to accou nt for interspecies differences and intraspecies variab i l ity. 
(see: http://www.epa.gov/oppt/aegl/pu bs/aegl_vol_15_ethyl_%20mercaptan_2 .pdf; NRC, 2013) 

ATSDR MRL :  N/A. 

N IOSH: REL: 0.5 ppm ( 1 .3 mg/m3) cei l ing 

OSHA PEL: TWA 10 ppm (25 mg/m3) cei l i ng 

ACG IH TLV: 10 ppm (25 mg/m3) {1986); 0.5 ppm (1 .3  mg/m3) TWA (2013) 

North Carol ina  2012 Emissions :  1682 lb 
% Increase in reported emissions from 1997: 392% 
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Recommendation : With the decrease i n  ACG I H  TLV levels for ethyl mercaptan  by a factor of 10, the NC 
AAL should be  re-assessed . 

References 

B l inova EA { 1985) see: http ://www.epa.gov/oppt/aegl/pubs/aegl_vol_15_ethyl_%20mercaptan_2.pdf 

P ich ler K ( 1918) see: ACG IH  Documentation of TL Vs and  BEls (2004) 

Gobbato and  Terrib i le ( 1968) see: 
http ://www.epa.gov/oppt/aegl/pu bs/aegl_vol_15_ethyl_%20mercaptan_2.pdf 
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Air Pollutant Evaluation Worksheet 2014 

Hexane Isomers, excluding, n-hexane 

Chemical Name: 2-methylpentane 
CAS Number: 107-83-5 

Chemical Name: 3-methylpentane 
CAS Number: 96-14-0 

Chemical Name: 2,2-dimethylbutane 
CAS Number: 75-83-2 

Chemical Name: 2,3-dimethylbutane 
CAS Number: 79-29-8 

North Carolina AAL (s): 360,000 µg/m3group AAL for hexane isomers except n-hexane (2-methyl 
pentane, 2,2-dimethylbutane, and 2,3-dimethylbutane, or any combination of these 
Averaging Time: 1 hour (acute) 

Date: 1987 (1997) 1 

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

Studies were cited in the TL V documentation from older literature (1943, 1959) in which 500 ppm (the 

TL V-TW A) was reported to produce no irritation in unacclimated subjects, but when concentrations 

exceeded 1000 ppm (the TLV-STEL) dizziness and other signs of CNS depression have been observed. 

Note that the mixture of isomers or% hexane present is unclear from the documentation provided. AAL 

is based on factored TL V approach, i.e. -TL V-STEL/10 

Critical health endpoint (s): CNS depression, respiratory irritation 

Carcinogen: YIN -no data on which to base a determination at time of last TL V review/revision 

Link: none. ACGIH Documentation of the Threshold Limit Values ?1h ed, 2001 

Additional Guideline Values 

EPA IRIS RfC or IUR: none2 

ITER3: no chemical references found 

ATSDR MRL: none specific-fraction-based approach
4 

Link: http://www.atsdr.cdc.gov/toxprofiles/tp123.pdf 

11987( 1997) The Environmental Management Commission (EMC) adopted the 15-minute averaging time AALs as I-hour averaging 
time AALs in 1997. 
2 There are references to other hexane isomers in the n-hexane toxicological profile, but only as a contaminant of n-hexane. 
3 International Toxicity Estimates for Risk Data - Toxicology Excellence in Risk Assessment (http://www.tera.org) 
http://iter.ctc.com/publicURL/pub search list.cfm 

4 ATSDR Toxicological Profile of Total Petroleum Hydrocarbons (TPH)- 1999. TPH fractions and their represe ntative 

compounds or m ixtures are desc ri bed and M RLs calculated.  In general, the most toxic representative com pound o r  

m ixture fo r each fraction was used t o  ind icate the pote ntial toxicity o f  the entire fraction.  In the case o f  al ip hatic 

fractio ns, n-hexane chronic in halation M RL was used as a surrogate. 
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ACGIH TLV:_500 ppm TLV-TWA 

1000 ppm TLV-STEL (�3,520,000 µg/m3) 

Year: 1982 

POD Information: Worker/Environmental, See AAL discussion 

North Carolina 1994 Emissions: 542, 702 lbs 

North Carolina 1997 Emissions: 252, 709 lbs 

North Carolina 2012 Emissions: 2,271,203 lbs 

Comment: The trend of increasing emissions is noteworthy. 

Summary & Recommendation 

These four chemicals (2-methylpentane, 3-methylpentane, 2,2-dimethylbutane, and 2,3-dimethylbutane) 

are all structural isomers of n-hexane with a common MW of 86.18 g/mol and formula C6H 1 4. Hexanes 

are highly non-polar alkanes produced during the refining of crude oil. 

Searching CEBS (Chemical Effects on Biological Systems) revealed that both 2,2-dimethylbutane and 

2,3-dimethybutane are part of the Tox2 l - Phase I group of chemicals being evaluated in various high 

throughput screening assays (http://tools.niehs.nih.gov/cebs3/ui/) but it is unclear how to access the 

actual study results and their main value would lie in their interpretation in the context of other 

compounds across a suite of assays and endpoints. 

Three short review papers were located for 2-methylpentane, 3-methylpentane and 2,3-dimethylbutane 

that reflect the literature as of 1999 (Galvin and Bond, 1999a&b, Galvin and Panson, 1999) and were 

apparently prepared to support of the review of the TLV for these hexane isomers at that time. No 

additional in vivo studies in animal models were located in a preliminary literature search covering years 

1999 to present. Based on the animal studies described in the review articles, only 3-methylpentane has 

been evaluated by the inhalation route in multiple studies for varying durations. These studies focused 

on neurotoxic endpoints due to the structural similarity of these isomers to the known potent neurotoxin, 

n-hexane. However, neurotoxic effects were not observed in the hexane isomer-exposed rats, only in 

positive controls exposed to n-hexane. 

Recommendation : An AAL for hexane isomers should be retained owing to their increasing emissions 

within the state of North Carolina. Further, the basis for the AAL should be reviewed and considered 

for revision given the limitations of the factored TL V approach used to derive the current AAL. A more 

in-depth literature search could be conducted and the articles cited in Galvin and Bond (l 999b) 

reviewed. Some of these are apparently API reports and could be difficult to obtain, but this should be 

investigated. Further review of the ATSDR Toxicological Profile of Total Petroleum Hydrocarbons 

(TPH) might also prove useful. 
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Chemical Name: Methyl Ethyl Ketone CAS N u m ber :  78-93-3 

North Caro l ina AAL (s) : 3700 µg/m3 (24 h<?ur  chronic); 

88,500 µg/m3 (1 hour acute) 

Date: 1198'Z 

POD I nformation:  An imal� Oral/� 

Critica l hea lth endpoint (s) : Ocu la r  and nasal i rritation 

Carcinogen :  .Ne;> i nformation provided 

Based on  ACG IH  TLV 

�Environmental 

Li nk :  : 8CG IH  Qpcumentation of the Threshold Limit Values for Chemi�al Subst_ances (1986} 

EPA IRIS 
Link :  http://www.epa.gov/i ris/subst/0071 .htm 

RfC: 5 mg/m3 

Date: 09/26/2003 

Study type : Mouse developmental study 

Crit ica l hea lth Endpoint (s): Developmental toxicity (skeleta l variations) 

LEC: 5,202 mg/m3; LEC(ADJ ) :  1,517 mg/m3; LEC(H EC) :  1,5 17 mg/m3 

Reference: Schwetz, BA et a l .  (1991) Fund Appl Toxicol 16:742-748 

UF = 300: A 3-fold u ncertainty factor was used for i nterspecies extrapolation, s ince only the pharmaco

dynamic area of u ncertainty remains  as a part ia l  factor for i nterspecies u ncertainty. A 10-fold 

uncerta inty factor for i ntraspecies differences was used to account for potential ly suscept ib le 

ind iv iduals with in  the human popu lation .  Consistent with EPA practice (U .S .  EPA, 1991b), an 

u ncertainty factor was not used to account for the extrapolat ion from less than chronic resu lts because 

developmenta l toxicity resu lting from a narrow period of exposu re (gestation days 6-15) was used as 

the critica l  effect. A 10-fold uncertainty factor was used to accou nt for database deficiencies. A UF for 

extrapolation from a LOAEL to a NOAEL was not necessary because BMD model ing was used to 

determine the point of departure.  

M F = 1 .  

IUR: None.  "EPA concludes the data a re i nadeq uate for an assessment of  human carcinogenic potentia l  

of M EK. Studies of humans chron ica l ly exposed to MEK are i nconclusive, and MEK has not been tested 

for carcinogenicity in an imals by the oral or inha lation routes" 

EPA RfD: 0.6 mg/kg-day 

Date: 09/26/2003 

Study type: Mu ltigeneration reproductive developmental rat dr ink ing water study 

Critica l effect : Decreased pup body weight; 

NOAEL:  594 mg/kg-day (0.3% 2-butanol solution); LOAEL: 1, 771 mg/kg-day; (1% 2-butanol solution ); 

LED05 : 639 mg/kg-day 
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Reference: Cox et a l . , 1975, Food and Drug Research Laboratories, I nc., Waverly, NY. Report No .  91MR 

R 1673. 

UF = 1000: A 10-fold uncertainty factor was used to account for laboratory an imal -to-human 

i nterspecies d ifferences. A 10-fold uncertainty factor for i ntraspecies d ifferences was used to account 

for potentia l ly susceptible human subpopu lations. A 10-fold u ncerta inty factor was used to accou nt for 

deficiencies in the ava i lab le MEK database. An u ncerta inty factor for extrapolation from a LOAEL to a 

NOAEL was not necessary because BMD model ing was used to determine  the point of departu re. 

Consistent with EPA practice (U .S .  EPA, 1991a), an uncertainty factor  was not used to accou nt for 

extrapolation from less than chronic resu lts because developmenta l toxicity (decreased pup body 

weight fol lowing in utero and neonatal  exposure) was used as the crit ical effect. 

M F = 1. 

ATSDR 

Date: Ju ly 1992 

Ivan's not.e : .the worst human hea lth assessment document I have ever seen ! 

Acute inhalational MRL ( 14 days or less) :  none derived "because ta rget organs of rats and m ice have 

not been sufficiently i nvestigated" 

I ntermediate dura tion inhalational MRL: None derived "because nose and throat i rritat ion occurred in 

humans at acute inha lation exposure levels lower than the NOAEL va lues for intermediate duration 

inha lation exposure in an ima ls ." 

Chronic dura tion inhalational MRL (365 days or  more):  None derived 

Oral MRLs: None derived "because ta rget organs have not been sufficiently investigated" 

Dermal MRL: None derived 

Ca ncer hazard: No classification by IARC, EPA or NTP 

Li nk :  http://www.atsdr.cdc.gov/toxprofi les/tp29.pdf 

A December 2010 "ADDEN DUM FOR 2-BUTANONE:  Supplement to the 1992 Toxicological Profi le for 2-
Butanone" by ATSDR (http://www.atsdr.cdc.gov/toxprofiles/2-butanone addendum.pdf) did not re
derive MRLs b ut made note of a study by Mitran et a l .  1997 observed 63 contro l  workers and 41  
workers a t  a cable factory that prepared a l acquer conta in ing 2-butanone.  The exposure level range 
throughout an  8-hour  sh ift was 149-342 mg/m3 (50.8-117 ppm) .  The authors reported a wide range of 
sensory i rritation, neu rological, ocu lar and sk in i rritation, muscu loskeletal, gastrointest ina l  and 
respi ratory effects at  a l l  exposed subjects . 
M itran E, Ca l lender T, Orha B, et a l .  1997. Neurotoxicity associated with occupational exposu re to 
acetone, methyl ethyl ketone, and cyclohexanone. Environ Res 73(1-2) :181-188. 
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ACGIH 

TLV-TWA: 200 ppm (590 mg/m3) 
Critical Health Endpoint (s): eye and nose irritation. 

TLV-STEL: 300 ppm (885 mg/m3) 
Critical Health Endpoint (s): CNS effects and peripheral neuropathy. 

Year: 2001 

POD Information: Unclear, several human occupational inhalational exposure studies are cited that 
show the following effects: 
• Slight nose and throat irritation at 100 ppm and mild eye irritation at 200 ppm (Nelson et al., 1943, 

J .  Ind. Hyg Toxicol 25 :282-285). 

• Eye and nose irritation at 200 ppm (Manufacturing chemists association, 1968) 

• Low-grade intoxication at 300-600 ppm (Smith and Mayers, 1944, NY State Ind Bulletin 23:174-176) 

• CNS effects and peripheral neuropathy in industrial settings where workers were exposed to MEK 
(150-450 ppm) and other industrial solvents (several studies cited in ACGIH 2001) 

North Carolina 1994 Emissions: 4,911, 130 lbs 
North Carolina 1997 Emissions: 4,348,522 lbs 
North Carolina 2012 Emissions: 374,500 lbs 

Emis�iq_ns trendjpg downwards since 1994 (91-92% reduction) 
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Air Pollutant Evaluation Worksheet 2014 

Chemical Name: Methyl Mercapta n CAS Number: 74-93-1 

North Carolina AAL (s): 0.02 ppm (0.05 mg/m3), 60-minute averaging time based on factored TLV (8 
hr TWA) with a 20 fold uncertainty factor 

Date: 1987 

POD InformatioeHuman 

STEL: none 

Worker� 

Critical health endpoint (s): liver effects/systemic (weight loss) - subchronic rats 
In male rats exposed to methyl mercaptan at levels up to 57 ppm, 7 hours/day, 5 days/week, for 3 
months, no compound-related histopathologic changes of the liver were noted (Tansy et al. 1981 ). The 
authors stated that results of blood chemistry studies (i.e., increased total protein with decreased serum 
albumin) were suggestive of liver damage, but that dehydration could not be ruled out as the cause. 
Weight loss was found at this level of exposure but not at lower levels. 

Carcinogen: No. No data available. Mice exposed to methyl mercaptan for 6 hours at 114, 258 or 512 
ppm had a weakly positive micronucleus test at 512 ppm. 

EPA IRIS RfC or IUR: NI A 

EPA RID: NIA. 
AEGL-2 (acute exposure guideline level: 19 ppm (38 mg/m3) see: Interim exposure guideline 

(2008) is found at http://www.epa.gov/oppt/aegl/pubs/methylmercaptan interim oct 2008.pdf 

ATSDR MRL: NIA. For ATSDR's risk assessment see: http://www.atsdr.cdc.gov/toxprofiles/tp 1 39.pdf 
(1992) and their updated assessment at 
http://www.atsdr.cdc.gov/toxprofiles/methyl _ mercaptan _ addendum.pdf (2014) 

NIOSH: IDLH 150 ppm 
REL: 0.5 ppm ( l mg/m3) 

OSHA PEL: TWA 0.5 ppm (1 mg/m3) (1989) 
TWA 10 ppm (20 mg/m3 )  (2010, change based on court action) 

ACGIH TLV: 0.5 ppm (1 mg/m3) TWA (1986 and 2013) 

NRC AEGL-2 7.3 ppm (15 mg/m3) (2013) (see: 
http:/ /www.nap.edu/openbook.php?record id= l 8449&page=44) 

North Carolina 2012 Emissions: 374,500 lb 
% Reduction in reported emissions from 1997: 74% 

Recommendation: other than for poisoning events, the major concerns from exposure to methyl 
mercaptan are based on changes seen in subacute inhalation studies. It would be reasonable to consider 
changing the averaging time to reflect this. 
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Reference 

Tansy MF, Kendall FM, Fantasia J, et al. 1981. Acute and subchronic toxicity studies of rats exposed to 

vapors of methyl mercaptan and other reduced-sulfur compounds. J ToxicO l Environ Health 8:7 1 -88. 
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Ch e m ica l N a m e :  Nitric acid CAS N u m ber :  76-9737-2 

North Caro l ina AAL (s ) :  1000 µg/m3; 1 hour (acute) 

Date: 1987 ( 1997) 

Factored TLV (STEL)= 10,000 µg/m3 

POD Information :  An imal/Human Ora l/Inhalation Worker/Environ mental 

Note. : The ACG.1.8 TLV is not based on a � ingle study evaluat ing the toxicity qf n itri� acid.  Rather  the 

TLV �as_se_t a?Jh�) nt�.rmediate va lue between the TLV va lue  for HCL (5  ppm) and the TLV for su lfuric 

acid {0.2� epm):  

Critica l hea lth endpoint ( s ) :  URT and  eye irritation, denta l  erosion 

Carcinogen :  Not determ ined by NTP, IARC, EPA 

I n  rats exposed to 0.013-0.049 mg/L n itric acid aerosol fo r 375-650 days, mortal ity was 9-25%. Benign lesions in 

bone (osteoarth ritis) were seen i n  controls  and acid-exposed a n i m a ls. 

BALLO U JE ET AL; PAC N O RTHW EST LAB A N N U  REP 1977 DOE ASSIST SECR E NVI RON, PT 1, B I O M E D  SCI 6 .1  

( 1978) 

EPA IR IS RfC or I UR:  N/A 

EPA RfD : N/A 

ATSDR MRL: N/A 

Link :  https ://www.osha .gov/dts/chemicalsampl ing/data/CH_256600.html 

ACG IH  TLV: 2 ppm (5 .2 mg/m3) TWA; 4 ppm ( 10 mg/m3) STEL 

Year: 2001 

POD I nformation : An imal/H uman Oral/ Inhalat ion 

Teeth eros ion 

B l indness; sk in burns, u lcerations, and corrosions; eye burns  

Chron ic obstructive lung d isease 

Coughing, gagging, chest pa in, dyspnea, pu lmonary edema 

Ocular, skin ,  mucous membrane, and respi ratory i rritation 

Worker/Environmental 

Point of departure was based on a study in wh ich five healthy volunteers were exposed to n itric acid at 

1.6 ppm for 10 m in  and had no changes in pu lmonary function (vital capacity, respi ratory res istance, 

and forced expi ratory volume [FEVl] )  (Sackner and Ford 1981) .  Th is appears to be the h ighest no-effect 

level ava i lab le i n  humans .  

Documentation : American Conference of Governmental I ndustria l  Hygien ists . Documentation of the 

TLV's a nd BE i 's with Other World Wide Occupationa l  Exposu re Va lues. CD-ROM Cincin nati, OH 45240-

4148 2010. 
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North Carol ina 1994 Emiss ions:  ����������� 

North Carol ina 1997 Emissions :  19,750 lb  (estimated based on 74% reduction) 

North Carol ina 2012 Emissions :  11,358 lb 

Recommendation: An AAL for nitric acid could be retained; however, emission data suggests 

decreasing emissions within the state of North Carolina. There is little new (since 1997) available new 

human or animal toxicology data to suggest that the basis for the AAL is incorrect; moreover, the data to 

derive a point of departure does not appear to have changed since the AAL was developed. The 

appropriateness of an extrapolation from short-term exposures (e.g., 10 min) could be reconsidered since 

extrapolation of short-term exposure data to longer term exposure guidelines is problematic. In general, 

effects like pulmonary irritation is generally concentration dependent but not time dependent. The most 

recent useful recent (2013) review was developed by ECHA and is entitled "Committee for Risk 

Assessment Opinion proposing harmonised classification and labeling at EU level of nitric acid". 
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Chemica l Name:  S u lfu ric ac id  CAS Nu m ber :  766-49-39 

North Carol ina AAL (s) : 100 µg/m3; 1 hour (acute); 12 µg/m3; 24 hour  

Date: 1987 

POD I nformation : An ima 118 Worker/Environmental 

Critical hea lth endpoint (s) : Pu lmonary function 

Updated information since 1997: One unpubl ished study notes an  i ncreased prevalence of itch ing eyes, 

nasal  i rritation, nasal d ischarge, sneezing, nose bleeds, throat i rritation, d ry nose and cough reported 

in association with occupat iona l  exposures which were stated to be 'less than 0. 15 mg/m3 (Foster et al, 

1996). The prevalence increased amongst workers exposed to h igher exposure l evels (given as 0. 15-0.5 

mg/m3. Dental erosion has been associated with occupationa l  exposure to su lfuric acid (Chikte and 

Josie-Perez, 1999) .  An increased preva lence and severity of dental e rosion with i ncreased exposure is 

reported (96% in workers sa id  to be working in preva i l ing atmospheric conditions of 0.3-1 .0 mg/m3 

su lfuric acid compared to 75% in  workers said to be working i n  preva i l ing atmospheric condit ions of 

0. 1-0.3 mg/m3 H2S04). The authors acknowledge that the re l i ab i l ity of the stated concentration ranges 

as representative of the persona l  exposures i nvolved is very doubtfu l .  

Carcinoge n :  Not known to  ca use cancer. Strong inorgan ic  m ists conta in ing su lfu ric acid are 

carcinogen ic to humans.  Has been associated with:  cancer of the larynx, lung cancer. 

I nternational  Agency for Research on Cancer ( IARC): Not specifica l ly eval uated . (Su lfuric acid) G roup 1 -

Carcinogen ic to humans .  (strong inorganic m ists conta in ing su lfu ric acid) 

American Conference for Govern mental I ndustrial Hygien ists (ACG IH ) :  Not specifica l ly designated .  

(Su lfuric ac id)  A2 - Suspected human carci nogen .  (strong inorgan ic m ists contain i ng su lfu ric acid ) .  

Li nk :  http ://monographs . iarc.fr/ENG/Monographs/vollOOF /monolOOF-33 .pdf 

EPA IRIS RfC or IUR :  N/A 

EPA RfD: N/A 

ATSDR M RL:  N/A 

ACG IH TLV: 0 .2 mg/m3 TWA 

Yea r: 2004 

POD I nformation :  An imal/Human 

Dental erosion 

Oral/Inhalation 

Pu lmonary fib rosis, b ronch iectasis, and emphysema 

Worker/Environmenta l 

Marked eye, nose, throat, bronchia l, and sk in i rritation 

https ://www.osha.gov/dts/chemica lsampl ing/data/CH_268700.html 
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North Carol ina  1994 Emiss ions:  ����������-

North Carol i na  1997 Emissions :  2,710,000 lb  (est imate only 1% reduction s ince 1997) 

North Caro l ina 2012 Emissions :  2,714,562 lb 

Recommendation: An AAL for su lfu ric acid should be developed because:  (a)  em ission levels with in 

the  state of North Caro l ina  rema in  h igh; (b )  newer carc inogenicity data a re ava i l ab le; and (c)  additional 

stud ies eva luating dental erosions and other health effects have also emerged .  A recent useful recent 

( 2012)  review was developed by ECHA and is entitled "Committee for Risk Assessment Opinion 

p roposing harmon ised classification and label ing at EU level of su lfu ric acid".  

Ch ikte U, Josie-Perez A (1999). Ind ustrial dental erosion : a cross-sect ional, comparative study. South 

African Dental Journa l, 54(11), 531-537. 

Foster G, Murdoch C, Apthorpe L, Mandryk J {1996). Su lphuric acid m ist : exposu res, controls and 

respiratory symptoms. Conference p roceedings, Austra l i an  Institute of Occupat iona l  Hygien ists, AIOH, 

Perth, Austra l ia, pp171-177.  
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