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Gladys VanPelt, PhD 
Chair, Air Quality Committee 
Environmental Management Commission, 
Department of Environment, Health, 

and Natural Resources 
P.O. Box 27687 
Raleigh, NC 27611-7687 
 
Dear Dr. VanPelt: 

Re: Acceptable Ambient Level for Styrene 
 

In its meeting on January 25, 1991, the Scientific Advisory Hoard on Toxic Air 
Pollutants unanimously adapted a motion to recommend to the Environmental Management 
Commission that the following listed Acceptable Ambient Level be adopted by the 
Commission; 

 
COMPOUND  EFFECT  AAL (mg/m3) 
 Styrene  narcosis     10.6 

 
Narcosis is an acute systemic effect and the averaging time for the recommended AAL 
should be one hour. The recommended AAL is based on the reported human no observable 
effect level (NOEL) of 25 ppm (106 mg/m3) and, as was recommended for acute systemic 
toxicants by the Air Toxics Panel of the North Carolina Academy of Sciences, it 
incorporates a one hour averaging time and a 10-fold safety factor for variability in 
human susceptibility. 
 

Documentation for the Board's recommendation was prepared by Woodhall Stopford, 
MD. Currently available literature on styrene does not provide a convincing basis for 
considering the compound to be a chronic toxicant or a carcinogen. A copy of Dr. 
Stopford's written review is appended to this letter. 
 
The AAL for styrene in part .1104(a) of the current regulation is 1.34 mg/m3 for a 24-

hour averaging time and 42.5 mg/m3 for a 15-minute averaging time. The Air Quality 
Committee should be aware that in the current regulation the 24-hour averaging time AAL 
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of 1.34 mg/m3 is much more stringent than is the 15-minute averaging time AAL of 42.5 
mg/m3, and in all but the most unusual cases of great temporal variability in 
concentration the 1.34 mg/m3 AAL will be controlling. Our estimate, based upon a one-
hour concentration geometric standard deviation (GSD) of 2, is that the one-hour 
averaging time for the recommended AAL of 10.6 mg/m3 is equivalent to a 24-hour 
averaging time concentration of about 5.9 mg/m3. Thus, by our estimate, the recommended 
AAL for styrene is less stringent by a factor of about 4 than is the current AAL. 
 
 The Air Quality Committee should also be aware that the Styrene Information and 
Research Center has provided to the Board information on odor thresholds and nuisance 
concentrations for styrene. They advise that the geometric mean of 13 literature 
reports for the threshold odor of styrene is 0.32 ppm. They also advise that the 
nuisance level is about five times the odor detection threshold. Thus they identify the 
odor nuisance level as 1.6 ppm (6.8 mg/m3). Odor nuisance should be based on a short 
averaging time, e.g. 15 minutes. The odor nuisance level is thus slightly lower than is 
the 10.6 mg/m3 AAL level recommended by the Board based on protection of health. 
 
 
 

Sincerely yours, 
 
Robert L. Harris, PhD 
Chair, Scientific Advisory 
Board on Toxic Air Pollutants 
 

Enclosure 
 
Cc: Members, Scientific Advisory 
 Board on Toxic Air Pollutants 
 Members, EMC Air Quality Committee 
 Director, DEM 
 Director, Air Quality Section, DEM 
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Occupational and Environmental Medicine Education Program 
Box 2914, Duke University Medical Center 
Durham, NC 27710 
January 25, 1991 

Air Toxics Advisory Committee: AAL for Styrene 

Regulatory Action 
The current TLV is 50 ppm (213 mg/m3) with a short term exposure limit (STEL) of 100 
ppm. In 1987 IARC changed the designation of styrene from a category C to 2B (possible 
human carcinogen) based upon its mutagenicity. NIOSH and OSHA have not classified 
styrene as a carcinogen, even after review of the IARC evaluation. USEPA has placed 
styrene in a category 2B. Their scientific advisory board may have recommended against 
this categorization. The NC Academy of Sciences Air Toxics Panel recommended deferring 
determination of an AAL for styrene until its fetotoxic potential could be assessed. 

Acute and Chronic Toxicity: Acute or chronic styrene exposures result in eye and nose 
irritation and narcosis. There is no evidence that styrene is neurotoxic with negative 
chronic animal assays at 1400 ppm and normal nerve conduction studies in workers 
exposed to 30 ppm for an average of 14 years. Acutely, styrene can cause eye and upper 
airway irritation with a NOEL in humans of 100 ppm. The lowest lethal concentration in 
experimental animals is 5000 ppm. Evidence of impairment of visual-motor coordination 
is seen acutely in humans at levels of exposure of 87-139 ppm. Similar effects have 
been seen in workers exposed to an average of 55 ppm but not 25 ppm. These changes have 
been mild. 

Styrene does not appear to be fetotoxic or teratogenic. Neither response was seen 
rabbits exposed to rats or 600 ppm styrene, or to guinea pigs exposed to 750 ppm during 
pregnancy. Some maternal toxic effects (decreased weight gain) was seen in rats exposed 
to 300 ppm styrene during pregnancy. 

In rodents there is evidence of epithelial inflammation (reversible) at 50 ppm in 
the nose and 800 ppm in the trachea (4hr/day for 8 weeks). Focal liver necrosis is seen 
with chronic oral dosing at levels of 200-400 mg/kg/day. 

Carcinogenicity: 10 chronic dosing studies have been completed that have evaluated the 
carcinogenicity of styrene. They are summarized as follows: 

Study Species Route Result 
Ponomarkov & Tomatis (1978) 020 Mice gavage inconclusive(lung) 

C57B1 Mice gavage negative 
 
Jersey et at. (1978) Sprague-Dawley rats inhal. to 1000ppm negative 
  
Conti et at. (1988) Sprague-Dawley rats IP           negative 
 subcutaneous  negative 

diet negative 
  inhal. to 300ppm inconclusive (mammary) 
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NCI (1979) Fisher 344 rats gavage negative 

 B6C3F1 mice gavage inconclusive (lung) 
NCI (1978) Fisher 344 rats gavage negative 
 

Mutagenicity: Styrene is metabolized to a mutagenic compound, styrene oxide. Styrene in 
not mutagenic in in vitro test systems unless there is metabolic activation. In in vivo 
test systems, a genotoxic response has been seen in mice but not in hamsters. This is 
thought to be related to elevated levels of epoxide hydrolase in hamsters compared in 
mice. 

DNA adduct studies have been negative except in very high dose perfusion studies 
with styrene oxide. One explanation for this low level of activity is that styrene 
oxide is rapidly metabolized in an inactive metabolite: its biologic half life of about 
3 minutes. Studies of workers have found no evidence of chromosomal aberrations at 
exposure levels of 50 ppm and 24 ppm. 
 
Derivation of the AAL: There does not appear to be a good basis for considering styrene 
a chronic toxicant or carcinogen. Therefore, I recommend that the AAL be based on its 
most sensitive acute effect: narcosis. In the work place the LOEL for this effect is 55 
ppm with a NOEL of 25 ppm. If one used a 10 fold safety factor against the NOEL then 
the AAL would be 2.5 ppm or 10.6 mg/m3. If we choose a factored TLV approach, then the 
AAL would be 100 ppm/10 or 10 ppm (42.6 mg/m3). 
 
 
Woodhall Stopford, MD 

 

 


