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

 
Proceedings of the December 2, 2015 Teleconference 

 
Dr. Starr called the meeting to order at 2:35 PM. NCSAB members Drs. Thomas Starr, Ivan Rusyn, Woodhall 
Stopford, and Elaina Kenyon were in attendance. Dr. Candace Prusiewicz from DAQ was also in attendance. 
 
Approval of May 27, 2015 Minutes  
Meeting minutes from the 181st NCSAB meeting held on May 27, 2015 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 2016 NCSAB Meeting Schedule 
 
The proposed NCSAB meeting dates and times for 2016 were voted on and approved unanimously. The board 
will meet at 3:00 pm rather than the normally scheduled 2:00 pm in 2016 to accommodate Dr. Dorman’s 
teaching schedule and Dr. Kenyon’s EPA monthly meetings. 
 
  January 27 3 pm  July 27  3 pm  
  March 30  3 pm  September 29 3 pm 
  May 25  3 pm  December 7 3 pm 
 
 
Acrolein Discussion 
Dr. Prusiewicz thanked the board for their patience during the past few months as DAQ awaited approval from 
the Secretary’s office regarding the next air pollutant to be reviewed. The DAQ developed a justification 
document for acrolein that was distributed to board members prior to today’s meeting (included as Appendix 
1). The document provides a brief summary of comparable ambient air values established by other states and 
authorities, point source emissions for acrolein from 2000-2011, and North Carolina industries emitting 
acrolein. The acute AAL for acrolein, currently set at 80 µg/m3, has not been reviewed by the SAB since it was 
originally established in the 1980s. Other states and authorities have established both acute and chronic AALs 
for acrolein. The task for the SAB during this review is twofold: (1) to review the acute AAL and (2) to 
determine if a chronic AAL is warranted, and if so, to recommend one.   
 
Dr. Dorman researched the effects of acrolein inhalation in rats during his time at CIIT.  As he was unable to 
attend today’s meeting, he forwarded a packet of journal articles (Dorman et al., 2008; Struve et al., 2008; and 
Schroeter et al., 2008) and a brief summary which was forwarded to board members in advance of today’s 
meeting (Appendix 2). 
 
Dr. Starr commented that Dr. Dorman’s summary was extremely helpful in describing his research as well as 
how Cal EPA and EPA developed their ambient air values for acrolein.  He was very impressed with the 
Dorman et al, 2008 study design and the number of animals used (a mega study).  Dr. Starr remarked that the 
most striking aspect of the study was the sharp dose-response. Lesions were only observed at the highest 
dose (1.8 ppm).  He indicated that this was a stunning result given that a 100-fold exposure range was used 
(0.02, 0.06, 0.2, 0.6, and 1.8 ppm). Olfactory epithelial atrophy and other endpoints were established in the 
study. 
 
Dr. Rusyn inquired if Benchmark Dose Modeling (BMD) was conducted or if the results were based strictly on 
the NOAEL.  Dr. Starr replied that the results from Dorman et al. 2008 were reported as the NOAEL; however 
there are two other papers.  The first paper used computational fluid dynamics to estimate flux into the nasal 
tissues (Schroeter et al., 2008).  This paper identified a human equivalent concentration (HEC) in terms of flux 
into the nasal tissues. The findings from the mathematical analysis were similar to the animal study in that 
there was a sharp cutoff point at which effects were noted.  Dr. Starr thought that the study findings provided a 
basis for doing a cross-species extrapolation. He thought the study results encompassed the pharmacokinetic 
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uncertainties of extrapolation between species since the researchers used nasal casts of rats and humans. 
Simulation modeling of the fluxes produced a HEC that produced the same flux that would be seen in a rat at 
any given concentration. Dr. Starr thought the 10-fold uncertainty factor commonly used for extrapolation 
between species was therefore accounted for in the study. Dr. Starr indicated that only thing remaining for 
consideration would be the possibility of a pharmacodynamic contribution (sensitivity of humans relative to rats 
for the flux coming into the nasal tissues).  
 
Dr. Starr had a question regarding how California set their ambient exposure level. He noted that California 
had used a composite uncertainty factor of 200; however its basis was unclear.  He thought that given the 
study results, an uncertainty factor component for interspecies extrapolation was unnecessary. Dr. Starr asked 
Dr. Prusiewicz to investigate the basis for the 200 uncertainty factor used by Cal EPA.   
 
Dr.  Stopford said it would be useful for Dr. Dorman to describe his work to the board at the next meeting. He 
inquired if the EPA had accepted Dr. Dorman’s study.  Dr. Kenyon said that acrolein was assessed by the IRIS 
program long before the Dorman et al., study was available.  The acrolein IRIS assessment based its chronic 
RfC value on the Feron study from 1978. Dr. Kenyon did not know the IRIS schedule for updating the RfC for 
acrolein.  She said she would look into it.  
 
Dr. Stopford asked if the ATSDR assessment for acrolein was current.  Dr. Stopford said that ATSDR had 

established an exposure level of 0.019 µg/m3 based on ocular and respiratory effects (which he considered to 

be a pretty low value).  He stated that the ATSDR document required further review by the board. He noted 

that some of the older reviews investigated DNA adducts since there was concern it might be a carcinogen.  

Dr. Starr pointed out that Dr. Dorman’s study did not identify any tumors. 

 
Dr. Stopford pointed to some studies reporting adrenal and bladder papillomas in chronic oral dosing studies. 
IRIS did not put much weight on these since inhalation studies in hamsters did not see any carcinogenic 
effects. Dr. Kenyon said while the carcinogenic potential of acrolein was an important topic for the board, she 
thought it more important to give more weight to inhalation studies rather than oral dosing studies since 
acrolein is a potent irritant and highly reactive water-soluble gas 
 
She said that EPA has researchers looking at acrolein because it is a component of woodsmoke and 
combustion. Their focus, however is not long-term studies but rather mechanistic studies. She will check with 
EPA for further relevant studies investigating cancer effects associated with inhalation.  She agreed with Drs. 
Stopford and Starr about fully evaluating acrolein with regard to its carcinogenic potential. 
 
Dr. Stopford mentioned that acrolein is metabolized to glycidaldehyde, a potential carcinogen.  It has also been 
detected in human liver (as DNA adducts), mammary glands, and leukocytes.  Dr. Starr mentioned acrolein 
may be an endogenous chemical. Dr. Kenyon emphasized that endogenous production of acrolein were an 
important consideration. Dr. Stopford inquired about the type of pathology identified in Dorman et al., 2008.   
Dr. Starr replied that inflammation, hyperplasia, and squamous metaplasia of the respiratory epithelium was 
reported.  Dr. Stopford indicated that squamous metaplasia had been seen in other studies.  Dr. Starr indicated 
that such findings mirrored those seen with formaldehdye.  Dr. Kenyon said that the pathological findings were 
consistent with exposure to an irritant gas.  
 
Dr. Starr inquired if a chronic inhalation study had been conducted.  Dr. Stopford, referring to IRIS, indicated 
that a 52 week study in hamsters had been conducted using 9.17 µg/m3 for 7 hours day/ 5 days per week. Dr. 
Stopford indicates that the researchers did not find anything. 
 
Dr. Rusyn recommended a literature search for recent studies to see if there are any other animal studies. He 
questioned whether the board needed to review the dose response and suggested that perhaps the board 
should consider BMD. Dr. Rusyn asked Dr. Prusiewicz if she had checked IARC. She said no but had located 
an abstract for a 2 year carcinogenicity study in rats; however dosing was by was gavage rather than 
inhalation. The study, like the chronic inhalation study in hamsters, did not report any significant findings. Dr. 
Kenyon indicated that such a study might have produced forestomach tumors. 
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Dr. Starr pointed Dr. Rusyn to the tables in the Dorman et al.2008 study listing the prevalence of lesions.  He 
indicated that the tables illustrate the “all or none” dose-response.  Dr. Rusyn suggested the board consider 
the possibility of conducting a BMD assessment.  
 
Dr. Prusiewicz inquired about the studies the board was interested in reviewing at the next meeting. Dr. Starr 
suggested that she speak with Dr. Dorman about the Feron et al., 1978 paper since it was from the 1970s. 
 
Public Forum 
No members of the public attended the meeting. 
 
Other Business 
There was no other business. 
 
Planning for January 27, 2016 Meeting 
Dr. Prusiewicz will speak with Dr. Dorman to inquire if he will be available to discuss acrolein at the next 
meeting. 
 
 
 
The meeting was adjourned at 3:05 PM. 
 
Respectfully submitted, 
 
 
 
Candace Prusiewicz, Ph.D., D.A.B.T. 
Liaison, Science Advisory Board 
 
 
 
These minutes were accepted at the 183rd NCSAB meeting on January 27, 2016. 
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Appendix 1:  
Recommendation for Review of Acrolein Acceptable Ambient Level (AAL) 

North Carolina established a 15-minute AAL of 0.08 mg/m3 for acrolein in 1986/1987. This value was 
derived from the American Conference of Governmental Industrial Hygienists (ACGIH) Short Term exposure 
level (15 minute STEL) of 0.3 ppm (current at that time) and a factored TLV approach favored at that time.   

The ACGIH proposed a revised ceiling exposure value of 0.1 ppm (a not to be exceeded at any time 
occupational concentration) for acrolein after 1995. The Environmental Management Commission (EMC) 
approved a 1-hour AAL for acrolein in 1997 by adopting the 15-minute AAL value of 0.08 mg/m3. The North 
Carolina 1-hour AAL for acrolein is 0.08 mg/m3.   

A recent screening prioritization exercise identified acrolein as a candidate for AAL review.   A summary of 
supporting rationale for review includes: 

 Acrolein is a potent eye and upper respiratory tract irritant with irritant effects reported at 

concentrations as low as 0.2 mg/m3 in volunteers.1 

 Statewide acrolein point source emissions have increased 70 percent since 2000 (from 58 tons to 99 

tons in 2011). 

 Acrolein was identified as one of the top ten pollutants for review in a recent prioritization screening 

exercise that used toxicity weighted emissions as ranking criteria. 

 Acrolein was identified in the 2005 National Air Toxic Assessment (NATA) as the air toxic posing the 

greatest risk of adverse non-cancer effects. It accounted for 75 percent of the calculated average 

national non-cancer hazard index.  

  In a preliminary human exposure model screening exercise for North Carolina stationary emission 

sources, the maximum modeled chronic non-cancer hazard quotient2 for acrolein was 21 and the 

acute hazard quotient was 150, both considered very high values demonstrating increased risk for 

chronic, non-cancer health effects. 

 Acrolein was identified as the “most important pollutant to consider for chronic non-cancer health 

effects” in a national evaluation of chronic risk associated with hazardous air pollutants based on 

ambient air monitoring results.3  

 North Carolina currently has a 1 hour AAL for acrolein. It is unclear if a 24 hour chronic AAL is 

warranted. Review of the current AAL and its associated time interval would clarify this issue. 

                                                      
1 EPA Technology Transfer Network Air Toxics Web Site for Acrolein 
(http://www.epa.gov/ttnatw01/hlthef/acrolein.html). 
2 Defined as the ratio of an estimated exposure to an established reference exposure. Values less than one 
signify that at the estimated exposure, adverse health effects are unlikely to occur. Hazard quotients greater 
than one indicate that potential for adverse effects may exist; however it does not definitively confirm that an 
adverse heath effect will occur at the specified concentration. 
3 McCarthy MC, O’Brien TE, Charrier JG, Hafner HR. Characterization of the chronic risk and hazard of 
hazardous air pollutants in the United States using ambient monitoring data. Environ Health Perspect. 117(5): 
790-796. 
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Table 1: Select Air Regulatory/Advisory Levels for Acrolein 

Agency/ 
State 

Year 

Exposure 
Concentration 

Recommendation 
Type 

Acrolein Exposure 
Concentration  (µg/m3) 

Exposure Duration 
Health 

Endpoint 
Reference 

ATSDR 
 

2007 
Advisory 

                        7  
 (equivalent to 0.003 ppm) 

 
0.09 

 (equivalent to 0.00004 
ppm) 

Acute 
 
 
Intermediate (15-365 
days) 

Eye, nose throat irritation  
(humans)  

 
Nasal epithelial metaplasia 

(rats) 

Weber-Tschopp et al., 
1977  

 
Feron et al., 1978 
(rats) 

ACGIH 1995 
Advisory 

(Occupational) 

229 
 (equivalent to 0.1 ppm C 

STEL) 

Acute – max ceiling 
value 

Eye/ respiratory tract 
irritation, pulmonary edema 

and emphysema 

ACGIH TLVs and 
BEIs handbook (2013) 

Cal/EPA 2008 Regulatory 
2.5 

 
0.35 

 
Acute 

 
Chronic 

 
Eye irritation (humans) 

 
Respiratory lesions (rats) 

 

Darley et al. 1960  
 

Dorman et al., 2008  

New 
Jersey 

 
2011 

 
Regulatory 

2.5 
0.02 

Acute ( 1 hour) 
Chronic 

Eye Irritation 
Cal EPA 

EPA IRIS RfC 
(Feron et al., 1978) 

North 
Carolina 

1987 Regulatory 80 Acute (1 hour) 
Eye, nose, respiratory tract 

irritation 

1986/1987 
North Carolina 

Academy of Sciences 

Minnesota 2012 Regulatory 

5 
 
 

0.4 

Acute 
 
 

Chronic 

Eye irritation (humans) 
 
 

Respiratory lesions (rats) 
 

Weber-Tschopp et al., 
1977 

 
Dorman et al., 2008  

Ontario, 
Canada 

2009 Regulatory 

 
4.5 

 
 
 

0.4 

 
Acute (1 hour) 

 
 
 

Chronic (24 hour) 

 
 

Acute irritation (humans) 
 
 
 

Upper respiratory lesions 
(rats) 

 
Darley et al. 1960 

 
 
 

Dorman et al., 2008  



FINAL 
 

P:/Toxics/SAB/Acrolein/Acrolein Study Document_Oct_2015.DOCX 
 

Agency/ 
State 

Year 

Exposure 
Concentration 

Recommendation 
Type 

Acrolein Exposure 
Concentration  (µg/m3) 

Exposure Duration 
Health 

Endpoint 
Reference 

 

OSHA 
 Regulatory 

(Occupational) 
250  Acute (8 hour)  

 

Texas 2010 Regulatory 

 
3.2 

 
 

0.15 

 
Short-term 

 
 

Chronic (annual) 

Eye, nose, and throat 
irritation (humans) 

 
Upper respiratory lesions  

(rats) 

Weber-Tschopp et al., 
1977 (humans) 
 
 
Dorman et al., 2008 

WHO 2002 Advisory 0.1 -  0.4 Chronic (24 hour) 
Non-neoplastic lesions in 

rat  nasal respiratory 
epithelium 

Cassee et al. (1996) 

 

 
Webpage References 

 California references: http://www.oehha.ca.gov/air/allrels.html; 

http://www.oehha.ca.gov/air/hot_spots/2008/AppendixD1_final.pdf#page=42 

 North Carolina reference: http://www.ncair.org/toxics/haps-taps/htdocs/Acrolein_risk.pdf 

 Minnesota reference: http://www.health.state.mn.us/divs/eh/risk/guidance/air/acrolein.pdf 

 Texas reference: http://www.tceq.com/assets/public/implementation/tox/dsd/final/nov10/acrolein.pdf 

 WHO publication : http://www.who.int/ipcs/publications/cicad/en/cicad43.pdf 

 Ontario Website reference: http://www.ebr.gov.on.ca/ERS-WEB-

External/displaynoticecontent.do?noticeId=MTA2MTY0&statusId=MTYyOTE0 

 
 
 
 

http://www.oehha.ca.gov/air/allrels.html
http://www.oehha.ca.gov/air/hot_spots/2008/AppendixD1_final.pdf#page=42
http://www.ncair.org/toxics/haps-taps/htdocs/Acrolein_risk.pdf
http://www.health.state.mn.us/divs/eh/risk/guidance/air/acrolein.pdf
http://www.tceq.com/assets/public/implementation/tox/dsd/final/nov10/acrolein.pdf
http://www.who.int/ipcs/publications/cicad/en/cicad43.pdf
http://www.ebr.gov.on.ca/ERS-WEB-External/displaynoticecontent.do?noticeId=MTA2MTY0&statusId=MTYyOTE0
http://www.ebr.gov.on.ca/ERS-WEB-External/displaynoticecontent.do?noticeId=MTA2MTY0&statusId=MTYyOTE0
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Wood Products 
Manufacutring 
(88 facilities)

34%

Pipeline 
Transportation of 

Natural Gas
(4 facilities)

32%

Electric Power 
Generation 

(26 facilities)
12%

Paper
Manufacturing 

(8 facilities)
9%

Chemical 
Manufacturing 
(12 facilities)

9%

Furniture 
Manufacturing 
(44 facilities)

3%

Other 
(240 facilities)

1%

North Carolina Stationary Source Acrolein Emissions 
for Inventory Year 2011

Total emissions = 99 tons

Category SCC SCC Descriptor

Wood Product Manufacturing 10200xxx External Combustion Boilers Industrial 

(NAICS = 321xxx) 20200xxx Internal Combustion Engines Industrial 

30700xxx Industrial Processes Wood & Paper Products

Pipeline Transportation of Natural Gas

(NAICS = 486210)

20200xxx Internal Combustion Engines Industrial 

Electric Power Generation 10100xxx External Combustion Boilers Electric Generation

(NAICS = 22111x) 10200xxx External Combustion Boilers Industrial 

20100xxx Internal Combustion Engines Electric Generation

20200xxx Internal Combustion Engines Industrial

Paper Manufacturing 10200xxx External Combustion Boilers Industrial 

(NAICS = 322xxx) 20200xxx Internal Combustion Engines Industrial

3070xxxx Industrial Processes Wood & Paper Products 

Pulping - Sulfate (Kraft)

Chemical Manufacturing

Chemical Manufacturing 10200xxx External Combustion Boilers Industrial

(NAICS = 325xxx) 301xxxxx Industrial Processes Chemical Manufacturing
Plastics and Rubber Products Mfg. 30800xxx
(NAICS = 326xxx)

Furniture Manufacturing 10200xxx External Combustion Boilers Industrial 

(NAICS = 337xxx) 20200xxx Internal Combustion Engines Industrial 

30700xxx Industrial Processes Wood & Paper Products

NAICS = North American Industry Classification System

SCC = Source Category Classification

Miscellaneous Emission Units & Operations 

Rubber Products Tire Manufacture
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Appendix 2:  Dr. Dorman’s summary of his research on acrolein 
 

FYI: my lab group did several studies with acrolein that was used by CalEPA and Texas to derive their 
risk estimate.   

CalEPA deemed the Dorman et al. (2008) study as higher quality study than the study by Feron et al. 
(1978) which was used by EPA to derive the RfC. Our study evaluated more levels of the nasal cavity (six 
instead of three), we had interim sacrifices; and closer dose spacing in the low effect region that includes 
concentrations judged to be NOAELs. The concentration- responses observed in the two studies are 
consistent: the LOAEL of 900 ug/m3 (1/12 animals responding) observed in the Feron et al. (1978) study 
falls between the NOAEL of 460 ug/m3 (0/12 animals responding) and LOAEL of 1380 ug/m3 (12/12 
animals responding) observed in the Dorman et al. (2008) study for the most sensitive effect, nasal 
lesions. 

CalEPA estimated the HEC using the computational fluid dynamic (CFD) model developed by Kimbell et 
al. (2001) to estimate the rat to human dosimetric adjustment factor (DAF) for acrolein. The CFD model 
uses three-dimensional models of rat and human nasal passages and mathematical modeling to estimate 
flux of formaldehyde in the nasal passages of rats and humans. Acrolein and formaldehyde are both 
reactive gases, thus formaldehyde was used as a surrogate for estimating a DAF of 0.85 for acrolein. 

 The NOAEL of 460 ug/m3 in rats (Dorman et al. 2008) was duration adjusted from the 6 hr/day, 5 
day/week exposure in rats to continuous 24 hour/day, 7 day/week exposure to a NOAELadj of 82 ug/m3 
that was multiplied by the DAF of 0.85 to estimate the NOAELHEC of 70 ug/m3 (CalEPA 2008). An 
uncertainty factor of 2 was included to account for the uncertainty in using formaldehyde results to 
estimate the DAF for acrolein; essentially modifying the animal exposure concentration by a factor of 
0.425 instead of the factor of 0.14 used by USEPA (2003). 

 The CalEPA REL was selected as the basis of the TEL. The NOAELHEC of 70 ug/m3 was divided by a 
composite uncertainty factor of 200. 

 
 


