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Introduction 
 

SIRC-Sponsored Scientific Investigations to Understand Styrene’s Potential Health Effects 

 

Styrene is the base material for thousands of everyday products for home, school, work and 

play. Styrene is used to make food containers and packaging materials, cars, boats, computers 

and video games among countless products. Styrene helps create remarkably strong, flexible 

and lightweight products that represent a vital part of our economy and contribute to improved 

quality of life. 

Although styrene occurs naturally in certain foods such as cinnamon, coffee and strawberries, 

styrene derived from petroleum and natural gas by-products is so widely used that questions 

have arisen about whether manufacturing styrene and styrenic products or using styrene-based 

consumer goods have the potential to affect human health or the environment. 

In 1987, styrene manufacturers established the Styrene Information & Research Center (SIRC) 

to find answers to those questions. Since its inception, SIRC has undertaken a comprehensive 

research program to better understand the potential, if any, for styrene to affect human health, 

as well as to understand the fate and effects of styrene in the environment. SIRC’s approach 

has been – and continues to be – to sponsor new research in areas where gaps, deficiencies 

and limitations in the existing data exist. SIRC also commissions independent reviews of 

existing health effects studies. Scientific research and literature reviews underwritten by SIRC 

are carried out with the intention that final reports will be published in appropriate peer-reviewed 

journals. To date, 85 such papers have been published regarding styrene research. 

SIRC has worked closely over the years with the U.S. Environmental Protection Agency (EPA) 

Office of Research and Development (ORD), the U.S. Food and Drug Administration (FDA) and 

other regulatory agencies in developing protocols for research it has sponsored. 

SIRC’s commitment to science has produced a robust, credible, reliable and still growing 

information resource for regulatory decision-making. The science that has been sponsored by 

SIRC has followed a step-wise approach to ensure that each research study builds on findings 

from past studies, starting with an understanding of styrene’s environmental fate and leading up 

to a human risk assessment using the wealth of data that has become available since SIRC was 

founded in 1987. The total cost of SIRC-sponsored research program and activities exceeds 

$20 million. 

Ethylbenzene is the basic starting material used in the production of commercial styrene. In 

2013, SIRC assumed responsibility for ethylbenzene. Although it is not included in this 

summary, SIRC has also supported scientific research on this substance. 

The following pages contain summaries of each of the published* studies that SIRC has 

sponsored to better understand styrene’s potential human health and environmental effects. 

*The SIRC Review – a technical publication previously produced by SIRC periodically; it is not peer-reviewed.
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A.) Styrene Fate and Natural Occurrence 
 

1. Biodegradation of Styrene in Samples of Natural Environments by Min-Hong Fu and Martin 

Alexander, Ph.D., Laboratory of Soil Microbiology, Department of Soil, Crop and 

Atmospheric Sciences, Cornell University, Ithaca, NY, published in Environmental Science & 

Technology, 26(8), pp. 1540-1544, 1992. 

⮚ Purpose – Studied the fate of styrene in selected environmental samples and 

assessed the possible significance of volatilization, biodegradation and sorption (the 

process of being taken up and held), particularly when styrene entered water and soils. 

⮚ Key Conclusions – Styrene was rapidly destroyed by biodegradation in most 

environments having oxygen, but the rate might be slow at low concentrations in 

aquifers and lake waters and in environments at low pH. 

 

2. Desorption and Biodegradation of Sorbed Styrene in Soil and Aquifer Solids by Min-Hong 

Fu, and two other authors, Laboratory of Soil Microbiology, Department of Soil, Crop and 

Atmospheric Sciences, Cornell University, Ithaca, NY, published in Environmental Toxicology 

and Chemistry, 13(5), pp. 749-753, 1994. 

⮚ Purpose – This study examined the sorption and biodegradation of styrene in 

environmental samples, including loam and muck. It is understood that the solid 

surfaces of environments into which styrene is introduced might influence its fate. 

The compound might affix to a particle-type material, which would affect its mobility 

and the extent to which it might be of possible concern to public health or to animals 

or plants. 

⮚ Key Conclusions – Being broken down by microbes is a major mechanism by which 

styrene is destroyed in soils. The biodegradation of styrene that has been in natural 

environments for some time might be different from the transformations that occurred 

with the freshly added compound. 

 

3. Determination of Styrene in Selected Foods by David H. Steel, Ph.D., Midwest Research 

Institute, Kansas City, MO, and six other authors, published in the Journal of Agricultural and 

Food Chemistry, 42(8), pp.1661-1665, 1994.  

⮚ Purpose - Determined styrene levels that occur naturally in various foodstuffs. Foods 

tested were wheat, oats, peanuts, pecans, coffee beans, tomatoes, peaches, 

strawberries, cinnamon, beef, chicken and milk. Food samples were collected in a 

manner to ensure that they did not contact styrene-based plastics, thereby excluding 

the possibility of migration of styrene into the samples from processing or packaging.  

⮚ Key Conclusions – Styrene occurred as a natural constituent of foods in the human 

diet. The highest measured concentrations of styrene were found in cinnamon. 

Lower concentrations were found in beef and coffee beans. Very low levels of 

styrene were found in wheat, pecans, oats, strawberries and peaches. 

http://pubs.acs.org/doi/abs/10.1021/es00032a007
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620130509/abstract
http://pubs.acs.org/doi/abs/10.1021/jf00044a015
http://pubs.acs.org/doi/abs/10.1021/jf00044a015
http://pubs.acs.org/doi/abs/10.1021/jf00044a015
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4. Biodegradation of Styrene in Waterlogged Soils and Aquifer Solids by Min Hong Fu, Ph.D 

and Martin Alexander, Ph.D, Department of Soil, Crop, and Atmospheric Sciences, Cornell 

University, Ithaca, NY, published in Soil Science, 161(12), pp. 846-851, 1996. 

1. Purpose – Determined the fate of styrene in waterlogged samples of aquifer solids 

and loam, with particular attention paid to investigate the possible formation of 

styrene oxide.  

2. Key Conclusions – Biodegradation of styrene in waterlogged soils and aquifer solids 

was initially rapid, but then the rate declined. Significant amounts of styrene 

persisted under waterlogged conditions. Styrene oxide was not detected. Because 

many waste sites are oxygen deficient, the persistence of styrene under waterlogged 

conditions might be of environmental importance. Further research is required to 

assess whether such accumulations of styrene occur in nature, as well as under 

laboratory conditions. 

 

5. Ecotoxicity Hazard Assessment of Styrene by Janette R. Cushman, Ph.D., Chevron 

Research & Technology Co., Environmental Health Center, Richmond, CA, and 11 other 

authors, published in Ecotoxicology and Environmental Safety, 37(2), pp. 173-180, 1997. 

⮚ Purpose – This study aimed to better characterize styrene’s potential environmental 

hazards. Aquatic and soil toxicity studies were conducted on fathead minnows, 

daphnids, amphipods, freshwater green algae and earthworms. 

⮚ Key Conclusions – Styrene was shown to be moderately toxic to the minnows, 

daphnids and amphipods. It was shown to be highly toxic to green algae, and slightly 

toxic to earthworms. There was no indication of a concern for chronic toxicity based 

on these studies. Styrene’s potential impact on aquatic and soil environments was 

significantly mitigated by the rapid rate at which it evaporated and biodegraded in the 

environment. 

 

6. Environmental Fate and Effects of Styrene by Martin Alexander, Ph.D., Department of Soil, 

Crop and Atmospheric Sciences, Cornell University, Ithaca, NY, published in Critical 

Reviews in Environmental Science and Technology, 27(4), pp. 383-410, 1997.  

⮚ Purpose – Reviewed and evaluated research and monitoring data on the fate of 

styrene in water, soil and the atmosphere to determine the potential for these media 

to be sources of human exposure to styrene. 

⮚ Key Conclusions – Transport of styrene in nature was “very limited” because of its 

volatility from soils and surface waters, its rapid destruction in air, and its 

biodegradation in soils and surface and ground waters. The most probable source for 

human exposure was the atmosphere. However, because styrene was highly 

reactive and dissipated rapidly in air, it was unlikely to be transported or to be found 

in water or soils to any significant extent. There was little possibility of styrene 

occurring in drinking water, and it was found in very minor amounts in the food chain

http://journals.lww.com/soilsci/Abstract/1996/12000/BIODEGRADATION_OF_STYRENE_IN_WATERLOGGED_SOILS_AND.4.aspx
http://www.sciencedirect.com/science/article/pii/S0147651397915402
http://www.tandfonline.com/doi/abs/10.1080/10643389709388504
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B.) Health Effects Studies in Styrene-exposed Workers 
 

7. An Updated Cohort Mortality Study of Workers Exposed to Styrene in the Reinforced 

Plastics and Composites Industry by Otto Wong, Sc.D., Applied Health Sciences, San 

Mateo, CA; and three other authors, published in Occupational and Environmental Medicine, 

51(6), pp. 386-396, 1994.  

⮚ Purpose – Updated cause-of-death data for a cohort of workers in the reinforced 

plastics and composites industry with exposures to styrene monomer and other 

chemicals. The cohort consisted of 15,826 male and female employees who were 

exposed to styrene for at least six months between 1948 and 1977 at 30 participating 

U.S. manufacturing plants. Follow-up studies were published in 1999 and 2013. 

⮚ Key Conclusions – There was no evidence among the findings for a link between 

styrene exposure or styrene processes and increased mortality from any cause, 

including cancer. In particular, the study found fewer-than-anticipated cases of 

lymphoma and leukemia. 

 

8. Styrene Exposure and Color Vision by James E. Sheedy, O.D., Ph.D., Walnut Creek, CA, 

published in The SIRC Review,* 5(1), pp. 7-30, 1997. 

⮚ Purpose – Reviewed and evaluated reports that styrene exposure caused decreases 

in color discrimination. 

⮚ Key Conclusions – Exposure to greater than 30 parts per million (ppm) styrene for at 

least several months resulted in decreased color discrimination. The degree of 

styrene-induced color vision deficiency was so mild that it was only found using 

sensitive tests and was not noticeable by those affected. Exposures at lower 

concentrations did not appear to affect color discrimination. 

 *The SIRC Review – a technical publication previously produced by SIRC periodically; it is not peer-reviewed. 

 

9. Mortality from Nonmalignant Diseases of the Respiratory, Genitourinary and Nervous 

Systems among Workers Exposed to Styrene in the Reinforced Plastics and Composites 

Industry in the United States by Otto Wong, Sc.D., Applied Health Sciences, San Mateo, CA, 

and Lisa Trent, M.S., Department of Epidemiology, School of Public Health, Tulane 

University Medical Center, New Orleans, LA, published in Scandinavian Journal of Work 

Environment and Health, 24(4), pp. 317-325, 1999.  

⮚ Purpose – This was an update of an earlier study (see item #7 in this summary) to 

examine causes of death from nonmalignant genitourinary diseases, nonmalignant 

respiratory diseases, and diseases of the nervous system among 15,826 U.S. 

workers exposed to styrene in 30 plants in the reinforced plastics industry. 

⮚ Key Conclusions – No relationship was found between causes of death from any of the 

diseases examined and styrene exposures. (Another update was published in 2013. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1127994/pdf/oenvmed00054-0026.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1127994/pdf/oenvmed00054-0026.pdf
http://styrene.org/wp-content/uploads/2014/01/SIRC-Vol.5-No1_LoRes.pdf
http://www.sjweh.fi/show_abstract.php?abstract_id=441
http://www.sjweh.fi/show_abstract.php?abstract_id=441
http://www.sjweh.fi/show_abstract.php?abstract_id=441


 

4 

10. Olfactory Function in Workers Exposed to Styrene in the Reinforced-Plastics Industry by 

Pamela Dalton, Ph.D., Monell Chemical Center, Philadelphia, PA, and six other authors, 

published in the American Journal of Industrial Medicine, 44(1), pp. 1-11, 2003.  

⮚ Purpose – Impairment of olfactory function in humans has frequently been 

associated with occupational exposure to volatile chemicals. To investigate whether 

occupational exposure to styrene was associated with olfactory impairment, the 

researchers examined olfactory function in a group of workers with a minimum of 

four years exposure to styrene in the reinforced plastics industry and in a group of 

age- and gender-matched, unexposed controls.  

⮚ Key Conclusions – The study found no evidence among reinforced plastics workers 

that current or historical exposure to styrene was associated with either self-reported 

or objective impairment of olfactory function. 

 

11. Exposure Assessment for Study of Olfactory Function in Workers Exposed to Styrene in the 

Reinforced-Plastics Industry by Peter S. J. Lees, Ph.D., C.I.H, Johns Hopkins University 

School of Hygiene and Public Health, and three other authors, published in the American 

Journal of Industrial Medicine, 44(1), pp. 12-23, 2003. 

⮚ Purpose – Provided quantitative styrene acute and chronic exposure information for 

workers who were the subjects of a simultaneous study examining the possible 

olfactory effects of such exposures (see item #10 in this summary) in order to test 

the scientific validity of the companion study. Acute exposures were estimated 

through measurement of the concentration of styrene in air in the workers’ breathing 

zones. Chronic exposures over the subjects’ employment histories were 

reconstructed from job histories and historic exposure monitoring records. 

⮚ Key Conclusions – The authors concluded that the data used in the companion study 

was valid. The data showed that current and historic measures of exposure 

presented a comprehensive and consistent characterization of the styrene exposure 

of the study population crucial to the interpretation and understanding of the 

simultaneously conducted olfactory function evaluation. It also provided a well-

characterized population, with documented exposure histories stable over time and 

in the range suitable for the purposes of the associated study of olfactory function. 

 

12. Occupational Styrene Exposure And Hearing Loss: A Cohort Study With Repeated 

Measurements by Gerhard Triebig, M.D., S.Sc., Institute and Outpatient Clinic for 

Occupational and Social Medicine, University Hospital of Heidelberg, Heidelberg, Germany 

and two other authors, published in International Archives of Occupational and 

Environmental Health, 82(4), pp. 463-480, 2009. 

⮚ Purpose – Investigated associations between occupational styrene exposures and 

hearing loss and sought answers to three questions: 1) Were there hearing losses as 

measured by high frequency and standard audiometric tests? 2) Were there dose-

response relationships and measurable thresholds of effects? And, 3) Were there 

signs of reversibility of possible effects during an exposure-free period? 

http://onlinelibrary.wiley.com/doi/10.1002/ajim.10102/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ajim.10236/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ajim.10236/abstract
https://link.springer.com/article/10.1007/s00420-008-0355-8
https://link.springer.com/article/10.1007/s00420-008-0355-8
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⮚ Key Conclusions – Average inhaled styrene levels of about 30–50 ppm per work day 

over a period of about 15 years with higher exposure levels above 50 ppm in the 

past were associated with an elevated risk for impaired hearing thresholds (the 

formerly published results on ototoxic effects below 20 ppm could not be confirmed). 

In addition, no dose–response relationship between threshold and exposure data 

was found except for at frequencies of 1,000 and 1,500 Hz. Finally, improvements of 

hearing thresholds during work- and exposure-free periods were possible. 

 

13. Occupational Styrene Exposure, Colour Vision and Contrast Sensitivity: A Cohort Study   

with Repeated Measurements by Andreas Seeber, Psy.D and M.D. Institute of Occupational 

Physiology, University of Dortmund, Dortmund, Germany and two other authors, published 

in International Archives of Occupational and Environmental Health, 82(6), pp. 757-770, 

2009. 

⮚ Purpose – Investigated associations between occupational styrene exposures and 

impairment of visual functions and sought answers to three questions: 1) Were 

previous findings of colour vision deficiencies reproducible? 2) If such effects existed, 

were they related to current or chronic exposures? And, 3) If such effects existed, 

were they reduced during an exposure-free period? 

⮚ Key Conclusions – No cause and effect relationship was identified between either 

acute or chronic styrene occupational exposure and contrast sensitivity or colour 

vision. This contradicted the published results for styrene-related colour vision effects. 

 

14. Occupational Styrene Exposure and Neurobehavioural Functions: A Cohort Study with 

Repeated Measurements by Andreas Seeber, Psy.D and M.D. Institute of Occupational 

Physiology, University of Dortmund, Dortmund, Germany and two other authors, published 

in International Archives of Occupational and Environmental Health, 82(8), pp. 969-984, 

2009. 

⮚ Purpose – Investigated associations between occupational styrene exposures and 

cognitive as well as psychomotor functions and sought answers to three questions: 

1) Were previous findings of colour vision deficiencies reproducible? 2) If such 

effects existed, were they related to current or chronic exposures? And, 3) If such 

effects existed, were they reduced during an exposure-free period? 

⮚ Key Conclusions – With the exception of subject performances in the Benton test 

and in a finger dexterity test – which were associated with parameters of long-term 

exposure but not with current exposures – neither acute nor long-term styrene 

exposures were found to be associated with an elevated risk of developing impaired 

cognitive and psychomotor functions or increased symptom levels. 

 

15. Cancer Mortality of Workers Exposed to Styrene in the U.S. Reinforced Plastics and 

Composite Industry by James J. Collins, Department of Epidemiology, The Dow Chemical 

Company, Midland, MI, and two other authors, published in Epidemiology, 24(2), pp. 195-

203, 2013. 

https://link.springer.com/article/10.1007/s00420-009-0416-7
https://link.springer.com/article/10.1007/s00420-009-0416-7
https://link.springer.com/article/10.1007/s00420-008-0382-5
https://link.springer.com/article/10.1007/s00420-008-0382-5
http://journals.lww.com/epidem/Abstract/2013/03000/Cancer_Mortality_of_Workers_Exposed_to_Styrene_in.5.aspx
http://journals.lww.com/epidem/Abstract/2013/03000/Cancer_Mortality_of_Workers_Exposed_to_Styrene_in.5.aspx
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⮚ Purpose – Examined human mortality rates associated with cumulative exposure, 

duration of exposure, peak exposures, average exposure, and time since first 

exposure to styrene. 

⮚ Key Conclusions – There was no trend with either cumulative exposure to styrene 

or number of peaks. No coherent evidence was found to support that styrene 

exposure increased risk from cancers of the lymphatic and hematopoietic tissue, 

pancreas or lung. 

 

16. A Systematic Review of Epidemiological Studies of Styrene and Cancer by James J Collins, 

Ph.D., Saginaw Valley State University, Saginaw, MI, and Elizabeth Delzell, Ph.D., 

Exponent, Alexandria, VA, published in Critical Reviews in Toxicology, 48(6), pp. 443-470, 

2018.  

⮚ Purpose – Systematic review of cancer findings in epidemiological studies of 

occupationally exposed styrene workers through June of 2017 and evaluation using 

a meta-analysis of the relationship between exposure to styrene and cancers 

identified as being of concern, including non-Hodgkin lymphoma (NHL), leukemia, 

and cancers of the esophagus, pancreas, lung, kidney, and other forms of cancer.  

⮚ Key Conclusions – The systematic review of epidemiological studies of exposure to 

styrene and the risk of specific cancers found no strong and consistent evidence of a 

causal association between styrene and NHL, all leukemia, subtypes of leukemia, or 

cancers of the esophagus, pancreas, lung, kidney, or other sites.  

 

17. A Meta-Analysis of Epidemiologic Studies of Occupationally Exposed Styrene Workers and 

Micronuclei Levels by James J Collins, Ph.D., Saginaw Valley State University, Saginaw, MI, 

and Martha Moore, Ph.D., Ramboll, Little Rock, AR, published in Mutation Research – 

Genetic Toxicology and Environmental Mutagenesis, 837, pp. 15-28, 2019.  

⮚ Purpose – Review and meta-analysis of micronuclei frequencies in epidemiological 

studies of occupationally exposed styrene workers through February of 2018.  

⮚ Key Conclusions – The meta-analysis of the micronucleus frequency findings in 15 

epidemiological studies found slightly higher levels among styrene exposed workers 

compared to unexposed workers, but no consistency across studies was found. 

Overall, the available information is insufficient to support a conclusion that styrene 

exposure induces micronuclei in occupational exposed workers.  

 

18. A Critical Review and Meta-Analysis of Epidemiologic Studies of Occupationally Exposed 

Styrene Workers Evaluated for Chromosomal Aberration Incidence by James J Collins, 

Ph.D., Saginaw Valley State University, Saginaw, MI, and Martha Moore, Ph.D., Martha M 

Moore LLC, Little Rock, AR, published in Mutation Research – Genetic Toxicology and 

Environmental Mutagenesis, 861-862, 503275, 2021. 

https://www.tandfonline.com/doi/pdf/10.1080/10408444.2018.1445700
https://www.researchgate.net/publication/327819315_A_meta-analysis_of_epidemiologic_studies_of_occupationally_exposed_styrene_workers_and_micronuclei_levels
https://www.researchgate.net/publication/327819315_A_meta-analysis_of_epidemiologic_studies_of_occupationally_exposed_styrene_workers_and_micronuclei_levels
https://pubmed.ncbi.nlm.nih.gov/33551094/
https://pubmed.ncbi.nlm.nih.gov/33551094/
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⮚ Purpose – Review and meta-analysis of incidence of chromosomal aberrations in 

epidemiological studies of occupationally exposed styrene workers through February 

of 2020. 

⮚ Key Conclusions – The meta-analysis of the incidence of chromosomal aberrations 

in 18 epidemiological studies found some evidence of higher chromosomal 

aberrations among styrene exposed workers but no consistent evidence of an 

exposure response. Overall, the available information is insufficient to support a 

conclusion that styrene exposure increases chromosomal aberration frequencies in 

occupational exposed workers.  

 

19. 1,3-Butadiene, Styrene and Selected Outcomes Among Synthetic Rubber Polymer Workers: 

Updated Exposure-Response Analysis by Nalini Sathiakumar, Ph.D., Department of 

Epidemiology, University of Alabama at Birmingham, Birmingham, AL, and seven other 

authors, published in Chemico-Biological Interactions, 347, 109600, 2021.  

⮚ Purpose – Evaluate the exposure-response relationships between 1,3-butadiene and 

styrene and selected disease mortality outcomes among 21,087 workers at six North 

American synthetic rubber polymer plants followed from 1943 through 2009.     

⮚ Key Conclusions – The study found a positive association between 1,3-butadiene 

and styrene exposures and bladder cancer. Given the co-exposures of the workers 

to both 1,3-butadiene and styrene, the independent effects to either of these 

substances could not be delineated. In some analyses, exposure was associated 

with lung cancer in women and chronic obstructive pulmonary disease in men, but 

inconsistent exposure-response trends and divergent findings by sex do not support 

a causal interpretation of the isolated positive associations.  

 

20. 1,3-Butadiene, Styrene and Lymphohaematopoietic Cancers Among North American 

Synthetic Rubber Polymer Workers: Exposure-Response Analysis by Nalini Sathiakumar, 

Ph.D., Department of Epidemiology, University of Alabama at Birmingham, Birmingham, AL, 

and seven other authors, published in Occupational and Environmental Medicine, 78(12), 

pp. 859-868, 2021.  

⮚ Purpose – Evaluate the exposure-response relationships between 1,3-butadiene 

and styrene and lymphohaematopoietic cancer mortality outcome among 21,087 

workers at six North American synthetic rubber polymer plants followed from 1943 

through 2009. 

⮚ Key Conclusions – The study confirmed the previously observed finding from this 

cohort of workers of a positive exposure-response relationship between 1,3-

butadiene and all leukemia among workers, most of whom had coexposure to 

styrene. The results supported an association between 1,3-butadiene and 

lymphoid leukemia, but not myeloid leukemia, and provided little evidence of any 

association of 1,3-butadiene or styrene exposures with major subtypes of B-cell 

malignancies other than lymphoid leukemia, including non-Hodgkin’s lymphoma 

and multiple myeloma.  

https://www.sciencedirect.com/science/article/pii/S0009279721002386
https://www.sciencedirect.com/science/article/pii/S0009279721002386
https://www.researchgate.net/publication/352266867_13-Butadiene_styrene_and_lymphohaematopoietic_cancers_among_North_American_synthetic_rubber_polymer_workers_exposure-response_analyses
https://www.researchgate.net/publication/352266867_13-Butadiene_styrene_and_lymphohaematopoietic_cancers_among_North_American_synthetic_rubber_polymer_workers_exposure-response_analyses
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C.) Styrene Toxicity, Metabolism and Mode of Action 
 

21. Review of the Metabolic Fate of Styrene by Susan Jenkins Sumner, Ph.D., and Timothy R. 

Fennell, Ph.D., Chemical Industry Institute of Toxicology, Research Triangle Park, NC, 

published in Critical Reviews in Toxicology, 24(S1), pp. S11-S33, 1994. 

⮚ Purpose – This literature review was undertaken to investigate the metabolism of 

styrene in laboratory animals, and to compare this data with similar information 

obtained in humans in order to enhance understanding of the risk to humans 

associated with styrene exposure. 

⮚ Key Conclusions – The metabolism of styrene has been studied extensively and 

species differences in metabolism have been demonstrated. 

 

22. Correlating Styrene Metabolism and Distribution with Hepatotoxicity by Susan C. Sumner, 

Ph.D., Chemical Industry Institute of Toxicology, Research Triangle Park, NC, and three 

other authors, published in the Toxicologist 15(1), Abstract 20, p. 4, 1995. 

⮚ Purpose – This study examined biochemical mechanisms of styrene toxicity by 

comparing its metabolism, distribution and liver toxicity in one strain of laboratory rats 

and two different strains of laboratory mice following single and repeated exposures.  

⮚ Key Conclusions – The study showed that a large percentage of the metabolites 

excreted by rats and mice following styrene exposure occurred following 

conversion of styrene to styrene oxide and further metabolism. The study 

demonstrated differences among strains of mice and between rats and mice. And, 

therefore, metabolic differences among species might be important in explaining 

toxicity differences. 

 

23. Cell Proliferation in Rat Forestomach Following Oral Administration of Styrene Oxide by 

Walden E. Dalbey, Ph.D., Stonybrook Laboratories Inc., Princeton, NJ, and two other 

authors, published in Fundamental and Applied Toxicology, 30(1), pp. 67-74, 1996. 

⮚ Purpose – Styrene oxide (SO) is a primary metabolite of styrene and was known to 

cause tumors in the forestomach of rats and mice dosed orally. This study’s primary 

purpose was to provide data on the effect of orally administered SO on cell 

proliferation in the forestomach of rats for potential use in human risk assessment. 

⮚ Key Conclusions – The degree of increased cell proliferation in the forestomach of 

rats dosed orally with styrene oxide paralleled the degree of formation of stomach 

tumors. This suggested that cellular damage and repair might be important in tumor 

formation from oral exposure to styrene oxide. 

 

24. Pneumotoxicity and Hepatotoxicity of Styrene and Styrene Oxide by Melinda G. Gadberry, 

Department of Pharmacology and Toxicology, Purdue University, West Lafayette, IN, and 

http://www.tandfonline.com/doi/abs/10.3109/10408449409020138
https://www.toxicology.org/pubs/docs/Tox/1995Tox.pdf
http://www.sciencedirect.com/science/article/pii/S0272059096900445
http://www.tandfonline.com/doi/abs/10.1080/009841096161339?journalCode=uteh19
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two other authors, published in the Journal of Toxicology and Environmental Health, 48(3), 

pp. 273-294, 1996. 

⮚ Purpose – Investigated the toxicity of styrene and styrene oxide in the lung of the 

mouse in comparison to their toxicity in the liver. 

⮚ Key Conclusions – Styrene and styrene oxide at high doses caused both liver and 

lung damage in mice. This study indicated that styrene exerts dose-dependent, 

consistent liver and lung toxicity, with the former appearing earlier. The study also 

concluded that the toxicity of styrene oxide, the primary metabolite of styrene, may 

be increased by inhibitors of its detoxification. These findings are useful for human 

risk assessment of styrene and styrene oxide. 

 

25. Subchronic Inhalation Studies of Styrene in CD Rats and CD-1 Mice by George Cruzan, 

Ph.D., DABT, ToxWorks, Ringoes, NJ, and seven other authors, published in Fundamental 

and Applied Toxicology, 35(2), pp. 152-165, 1997. 

⮚ Purpose – Evaluated styrene’s potential to produce health effects in laboratory mice 

and rats exposed via inhalation and, thereby, develop scientific data that could be 

used to help predict styrene’s potential health effects on humans. More specifically, 

this work was conducted to establish parameters for chronic rat and mouse studies 

planned for later on (see items #30 and #37 in this summary). 

⮚ Key Conclusions – Styrene had no effect on survival or the health of rats at exposure 

concentrations up to 1,500 parts per million (ppm). Some mice exposed to styrene at 

200 ppm died. In rats, the only toxicity found was damage to the cells in nasal tissue. 

In mice, however, the study not only indicated cellular damage in the nasal tissue, 

but also liver and lung toxicity, suggesting significantly different physiological 

responses between rats and mice. In the nasal tissue, mice were affected by a 10-

fold lower styrene concentration than were rats. 

 

26. Comparison of Mouse Strains for Susceptibility to Styrene-Induced Hepatotoxicity and 

Pneumotoxicity by Gary P. Carlson, Ph.D., School of Health Sciences, Purdue University, 

West Lafayette, IN, published in the Journal of Toxicology and Environmental Health, 51(2), 

pp. 177-187, 1997. 

⮚ Purpose – In determining the risk of chemicals to humans using data obtained from 

studies in animals, it is important to consider strain as well as species differences. 

These comparative studies were carried out to investigate differences in 

susceptibility to styrene toxicity among various strains of laboratory mice, including 

how they converted styrene to its more toxic metabolite, styrene oxide. 

⮚ Key Conclusions – This research indicated that the difference in susceptibility of 

mouse strains to the toxicity of styrene did not appear to be related to styrene’s 

metabolism to styrene oxide, and that there might be strain differences in the ability 

to detoxify styrene oxide. The authors concluded “[f]urther studies are needed to 

https://academic.oup.com/toxsci/article/35/2/152/1623048/Subchronic-Inhalation-Studies-of-Styrene-in-CD
http://www.tandfonline.com/doi/abs/10.1080/00984109708984020
http://www.tandfonline.com/doi/abs/10.1080/00984109708984020
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examine this possibility.” These findings are relevant for human risk assessment 

involving styrene. 

 

27. Evaluation of the Metabolism and Hepatotoxicity of Styrene in F344 rats, B6C3F1 Mice, and 

CD-1 Mice Following Single and Repeated Inhalation Exposures by Susan C. J. Sumner, 

Ph.D., Chemical Industry Institute of Toxicology, Research Triangle Park, NC, and four other 

authors, published in Chemico-Biological Interactions 106(1), pp. 47-65, 1997. 

⮚ Purpose – The investigations focused on determining the metabolism of styrene in 

F344 rats, B6C3F1 mice and CD-1 mice following single and repeated inhalation 

exposures and correlating these parameters with measures of liver toxicity in mice. 

⮚ Key Conclusions – Striking differences in susceptibility to styrene between species 

(mice vs. rats, for example) and subtle differences between mouse strains (B6C3F1 

vs. CD-1 mice, for example) were likely due to a variety of factors. Identification and 

evaluation of toxic metabolites and other factors warranted investigation for use in 

predicting inter- and intra-species differences in sensitivity to styrene. These 

findings are useful for human risk assessment involving styrene. 

 

28. Effects of Inducers and Inhibitors on the Microsomal Metabolism of Styrene to Styrene 

Oxide in Mice by Gary P. Carlson, Ph.D., School of Health Sciences, Purdue University, 

West Lafayette, IN, published in the Journal of Toxicology and Environmental Health, 51(5), 

pp. 477-488, 1997. 

⮚ Purpose – Correlated the effects of inducers (e.g., phenobarbital, pyridine) on 

styrene toxicity as previously observed in mice (Gadberry et al., 1996) with changes 

in styrene oxidation, compared mouse strains (CD-1 and Non-Swiss Albino) for 

responsiveness to the inducers, and compared the effects of induction on styrene 

metabolism in mice with results previously demonstrated in rats. 

⮚ Key Conclusions – These induction studies validated earlier investigations indicating 

that the strain differences in susceptibility to styrene-induced toxicity might not be 

explainable on the basis of the conversion of styrene to styrene oxide in mice and 

rats. These findings are useful for human risk assessment involving styrene. 

 

29. Effects of Inhibitors of CYP1A and CYP2B on Styrene Metabolism in Mouse Liver and Lung 

Microsomes by Gary P. Carlson, Ph.D., School of Health Sciences, Purdue University, West 

Lafayette, IN, and two other authors, published in Toxicology Letters, 98(3) pp. 131-137.  

⮚ Purpose – There was a general belief that the toxicity of styrene was associated with 

its conversion to styrene oxide. Both liver and lung had been shown to carry out this 

metabolic step, but there were differences reported as to how this occurred. The 

purpose of this study was to examine and illuminate how this conversion occurred in 

certain mouse liver and lung microsomes. 

http://www.sciencedirect.com/science/article/pii/S0009279797000549
http://www.sciencedirect.com/science/article/pii/S0009279797000549
http://www.tandfonline.com/doi/abs/10.1080/00984109708984038
http://www.tandfonline.com/doi/abs/10.1080/00984109708984038
http://www.sciencedirect.com/science/article/pii/S0378427498001118
http://www.sciencedirect.com/science/article/pii/S0378427498001118
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⮚ Key Conclusions – The data using selected inhibitors indicated that CYP1A played 

little or no role in the metabolism of styrene to styrene oxide in mouse hepatic or 

pulmonary cells and that CYP2B made only a minor contribution in animals not 

previously subjected to experiments. This was in contrast to the greater involvement 

of CYP2E1 and CYP2F2 (especially in the lung). The results aided in understanding 

the relevance for human risk assessment purposes of styrene’s effects in mice. 

 

30. Chronic Toxicity/Oncogenicity Study of Styrene in CD Rats by Inhalation Exposure for 104 

Weeks by George Cruzan, Ph.D., DABT, ToxWorks, Ringoes, NJ, and eight other authors, 

published in Toxicological Sciences, 46(2), pp. 266-281, 1998.  

⮚ Purpose – Evaluated styrene’s potential to produce health effects in laboratory rats 

exposed via inhalation over a two-year period (essentially lifetime) and, thereby, 

develop data that might help predict styrene’s potential health effects on humans. 

⮚ Key Conclusions – Styrene had no effect on survival in males, but females exposed 

to 500 to 1,000 parts per million of styrene had a dose-related increase in survival. 

The only evidence of toxicity was decreased body weight and cellular damage in 

nasal tissue. There was no evidence that styrene exposure caused increases of any 

tumor type in males or females or in the number of tumor-bearing rats in the exposed 

groups compared to controls. Based on an overall evaluation of eight studies in rats 

(seven previously published), there was clear evidence that styrene does not induce 

cancer in rats. 

 

31. Metabolism of Styrene by Mouse and Rat Isolated Lung Cells by Dawn E. Hynes, 

Department of Medicinal Chemistry and Molecular Pharmacology, Purdue University, West 

Lafayette, IN, and two other authors, published in Toxicological Sciences, 51(2), pp. 195-

201, 1999.  

⮚ Purpose – This study had several objectives. One was to identify the primary cell 

types involved in respiratory system styrene metabolism. A second was to determine 

contributions of specific cell structures involved in the metabolism of styrene to its 

more toxic metabolites by isolated cells. A third was to compare mice with rats to 

identify metabolic differences that could account for the mouse being more 

susceptible to styrene toxicity. The final objective was to synthesize this information 

on cell and species differences regarding the toxicity of styrene and its metabolites.  

⮚ Key Conclusions – The research indicated the importance of a certain type of lung 

cells (Clara cells1) in styrene metabolism and suggested that differences in 

metabolism between mice and rats might be responsible for the greater susceptibility 

of the mouse to styrene-induced toxicity. As part of an ongoing research program, 

these conclusions contributed to a better understanding of the potential human risks 

associated with styrene exposure. 

 
1 Originally called “Clara Cells”; the editorial boards of most major respiratory journals renamed them “Club Cells” in 2013. 

https://academic.oup.com/toxsci/article/46/2/266/1634776/Chronic-Toxicity-Oncogenicity-Study-of-Styrene-in
https://academic.oup.com/toxsci/article/46/2/266/1634776/Chronic-Toxicity-Oncogenicity-Study-of-Styrene-in
https://academic.oup.com/toxsci/article/51/2/195/2256975/Metabolism-of-styrene-by-mouse-and-rat-isolated
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32. Uptake of Styrene in the Upper Respiratory Tract of the CD Mouse and Sprague-Dawley Rat 

by John B. Morris, Ph.D., Department of Pharmaceutical Sciences, School of Pharmacy, 

University of Connecticut, Storrs, CT, published in Toxicological Sciences, 54(1), pp. 222-

228, 2000.  

⮚ Purpose – Quantitative inhalation risk assessment for styrene requires knowledge of 

the nasal dosimetry of this vapor. Styrene uptake in the upper respiratory tract of 

certain types of laboratory mice and rats was studied to provide insights into the 

metabolism of styrene in nasal tissues and to yield comparative information between 

the two species, both of which have been utilized in styrene inhalation toxicity 

testing. 

⮚ Key Conclusions – The results showed that styrene vapor was absorbed from the air 

stream by cells in the nasal passages. Metabolism of styrene by these cells was 

largely responsible for the styrene absorption, i.e., when metabolism was inhibited, 

very little styrene was removed from the air stream. As part of an ongoing research 

program, these conclusions contributed to a better understanding of the potential 

risks associated with styrene exposure in humans. 

 

33. Metabolism of Styrene by Human Liver and Lung by Gary P. Carlson, Ph.D., School of 

Health Sciences, Purdue University, West Lafayette, IN, and two other authors, published in 

the Journal of Toxicology and Environmental Health, Part A, 59(8), pp. 591-595, 2000.  

⮚ Purpose – In mice, styrene is toxic in the lungs and there was some evidence that it 

caused lung tumors. Some authors hypothesized this toxicity was related to styrene’s 

bioactivation to styrene oxide in the lung. This study measured the metabolism of 

styrene to styrene oxide in human liver and lung cell preparations to determine if 

human tissues have the same capacity as mouse tissues. 

⮚ Key Conclusions – Human liver cells metabolized styrene to styrene oxide, but lung 

cells had essentially no activity. The data suggested that human lung has low styrene 

metabolizing activity and might be much less of a target organ than in the mouse. As 

part of an ongoing research program, these conclusions contributed to a better 

understanding of the potential risks associated with styrene exposure in humans. 

 

34. Styrene Oxide in Blood, Hemoglobin Adducts, and Urinary Metabolites in Human Volunteers 

Exposed to 13C8–Styrene Vapors by Gunnar Johanson, Ph.D, D.D.S., Toxicology and Risk 

Assessment, National Institute for Working Life, Stockholm, Sweden, and six other authors, 

published in Toxicology and Applied Pharmacology, 168(1), pp. 36-49, 2000.  

⮚ Purpose – This study aimed to clarify the toxic action of inhaled styrene in human 

volunteers, with particular emphasis on the quantification of styrene oxide (SO), a 

key styrene metabolite that exhibited higher toxicity than styrene. The study was 

undertaken to allow quantitative comparisons between rodents and man with respect 

to SO blood levels and metabolite profiles. 

https://academic.oup.com/toxsci/article/54/1/222/1670639/Uptake-of-Styrene-in-the-Upper-Respiratory-Tract
http://www.tandfonline.com/doi/abs/10.1080/009841000156600
http://www.sciencedirect.com/science/article/pii/S0041008X00990070
http://www.sciencedirect.com/science/article/pii/S0041008X00990070
http://www.sciencedirect.com/science/article/pii/S0041008X00990070
http://www.sciencedirect.com/science/article/pii/S0041008X00990070
http://www.sciencedirect.com/science/article/pii/S0041008X00990070
http://www.sciencedirect.com/science/article/pii/S0041008X00990070
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⮚ Key Conclusions – The styrene blood level in humans was about one-and-one-half 

to two times higher than in rats and four times higher than in mice. In contrast, the 

SO levels in human blood were approximately four-fold lower than in mice. This 

study demonstrated that humans detoxify styrene oxide to non-toxic end products. 

Based on urinary metabolites, humans metabolize styrene similar to rats, but not 

similar to mice. 

 

35. Quantification of DNA Adducts Formed in Liver, Lungs, and Isolated Lung Cells of Rats and 

Mice Exposed to 14C-Styrene by Nose-Only Inhalation by Peter J. Boogaard, Ph.D., 

Pharm.D., DABT, ERT, Shell Research and Technology Center, Amsterdam, The 

Netherlands, and five other authors, published in Toxicological Sciences, 57(2), pp. 203-216, 

2000.  

⮚ Purpose – Lung tumors were observed in mice exposed chronically to 160 parts per 

million (ppm) of styrene, whereas no tumors were seen in rats at concentrations of 

up to 1,000 ppm. The purpose of this study was to determine and quantify DNA 

adducts (point at which activity occurs) in specific tissues and cell types of rats and 

mice exposed to styrene through nose-only inhalation.  

⮚ Key Conclusions – The overall results demonstrated that DNA adduct formation did 

not play a significant role in the formation of lung tumors that were observed in mice 

chronically exposed to styrene. It was more likely that a non-genotoxic or other 

mechanism was involved in this process. The results aided in understanding the 

causes of the sensitivity of the mouse to the effects of styrene and helped determine 

the relevance of the effects in mice for human risk assessment. 

 

36. Disposition of [Ring-U-14C ] styrene in Rats and Mice Exposed by Recirculating Nose-Only 

Inhalation by Peter J. Boogaard, Ph.D., Pharm.D., DABT, ERT, Shell Research and 

Technology Center, Amsterdam, The Netherlands, and five other authors, published in 

Toxicological Sciences, 58(1), pp. 161-172, 2000.  

⮚ Purpose – Lung tumors were observed in mice exposed chronically to 160 parts per 

million (ppm) of styrene, whereas no tumors were seen in rats at concentrations of 

up to 1,000 ppm. This study was one of a series of studies intended to obtain a more 

complete and detailed picture of styrene’s disposition, metabolism and genotoxic 

potency in rats and mice. Specifically, this study employed a single inhalation 

exposure of 160 ppm radio-labeled styrene to study possible differences its effects 

on rats and mice. 

⮚ Key Conclusions – The overall results demonstrated that, following inhalation 

exposure to styrene, mice exhaled significantly more radio-labeled styrene than did 

rats. This was thought to indicate that the aromatic ring is opened in mouse lung 

tissue to form reactive ring-opened metabolites, which might be related to the 

observed development of lung tumors and nasal effects in mice.  

 

https://academic.oup.com/toxsci/article/57/2/203/1634807/Quantification-of-DNA-Adducts-Formed-in-Liver
https://academic.oup.com/toxsci/article/57/2/203/1634807/Quantification-of-DNA-Adducts-Formed-in-Liver
https://academic.oup.com/toxsci/article/57/2/203/1634807/Quantification-of-DNA-Adducts-Formed-in-Liver
https://academic.oup.com/toxsci/article/57/2/203/1634807/Quantification-of-DNA-Adducts-Formed-in-Liver
https://academic.oup.com/toxsci/article/58/1/161/1658979/Disposition-of-Ring-U-14C-styrene-in-Rats-and-Mice
https://academic.oup.com/toxsci/article/58/1/161/1658979/Disposition-of-Ring-U-14C-styrene-in-Rats-and-Mice
https://academic.oup.com/toxsci/article/58/1/161/1658979/Disposition-of-Ring-U-14C-styrene-in-Rats-and-Mice
https://academic.oup.com/toxsci/article/58/1/161/1658979/Disposition-of-Ring-U-14C-styrene-in-Rats-and-Mice
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37. Chronic Toxicity/Oncogenicity Study of Styrene in CD-1 Mice by Inhalation Exposure for 104 

Weeks by George Cruzan, Ph.D., DABT, ToxWorks, Bridgeton, NJ, and nine other authors, 

published in the Journal of Applied Toxicology, 21(3), pp. 185-198, 2001.  

⮚ Purpose – Evaluated the potential of styrene to produce health effects in laboratory 

mice exposed via inhalation over a two-year period (essentially lifetime) and, thereby, 

develop data that could help predict styrene’s potential health effects on humans. 

⮚ Key Conclusions – Styrene had no effect on survival in males. Two high-dose 

females died during the first two weeks; the remaining exposed females had a 

slightly higher survival than control mice. Styrene caused extensive progressive lung 

damage, resulting in increased late-occurring tumors in a single organ (lung), which 

in the mouse had a high incidence of spontaneous tumors. Styrene also caused 

cellular damage in nasal tissues. 

 

38. Styrene Metabolism in Rats, Mice, and Humans by Susan C. J. Sumner, Ph.D., CIIT Centers 

for Health Research, Research Triangle Park, NC, and three other authors, published in 

CIIT Activities, 21(3-4), pp. 1-8, 2001. 

⮚ Purpose – A comparison of the metabolism of chemicals in rodents used in long-term 

toxicity testing with human data is a key element of risk assessment. This study was 

intended to help elucidate the metabolism of inhaled styrene in human volunteers 

and to compare these results with those obtained for rodents. Understanding the 

metabolism of chemicals is important in categorizing mode of action, and mode of 

action could be important in estimating the human risk from exposure to chemicals. 

⮚ Key Conclusions – The greater toxicity of styrene observed in mice might be related 

to a number of metabolic factors: greater uptake of styrene and production of styrene 

oxide (SO); greater conjugation of SO with glutathione, resulting in glutathione 

depletion and oxidant stress; greater production of phenylacetaldehyde as a 

metabolic intermediate; and greater production of ring epoxide(s). Uptake and 

metabolism of styrene in humans was more like that observed in the rat than in the 

mouse. However, substantial differences in metabolism were apparent between rats 

and humans. The differences among rats, mice and humans in the metabolism of 

styrene might contribute to differences in toxicity of styrene, and thus species 

differences might be critical in assessing styrene’s potential human health risks. 

 

39. The Toxicity of Styrene to the Nasal Epithelium of Mice and Rats: Studies on the Mode of 

Action and Relevance to Humans by Trevor Green, Ph.D., Syngenta Central Toxicology 

Laboratory, Cheshire, UK, and five other authors, published in Chemico-Biological 

Interactions, 137(2), pp. 185-202, 2001. 

⮚ Purpose – Inhaled styrene is known to be toxic to the nasal epithelium (membrane 

tissue) of both mice and rats, although mice are markedly more sensitive. This study 

sought to understand the role of styrene metabolism in the development of nasal 

toxicities seen in rats and mice exposed to this chemical, with the findings 

concerning metabolic differences being used to help predict potential human effects. 

http://onlinelibrary.wiley.com/doi/10.1002/jat.737/full
http://onlinelibrary.wiley.com/doi/10.1002/jat.737/full
https://www.rti.org/publication/styrene-metabolism-rats-mice-and-humans
http://www.sciencedirect.com/science/article/pii/S0009279701002368
http://www.sciencedirect.com/science/article/pii/S0009279701002368
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⮚ Key Conclusions – Both rats and mice metabolized styrene to styrene oxide (SO) in 

nasal tissue, but metabolism in human tissue was not detected. In mice, inhibition of 

styrene metabolism in nasal tissue prevented nasal toxicity, indicating that a 

metabolite, not styrene, caused the nasal toxicity. The rat was able to detoxify SO at 

higher rates than the mouse, thus leading to less toxicity. Human nasal tissues were 

able to metabolize SO efficiently. Thus, since metabolism of styrene to SO was not 

detected in human nasal tissue and human nasal tissue was able to readily detoxify 

any SO present, styrene was unlikely to be toxic to the human nasal epithelium. \ 

 

40. Metabolism of the Styrene Metabolite 4-Vinylphenol by Rat and Mouse Liver and Lung by 

Gary P. Carlson, Ph.D., School of Health Sciences, Purdue University, West Lafayette, IN, 

and two other authors, published in Journal of Toxicology and Environmental Health, Part A, 

63(7), pp. 541-551, 2001. 

⮚ Purpose – Determined if the formation and metabolism of 4-Vinylphenol in rat and 

mouse liver and lung preparations could be measured and quantified. 

⮚ Key Conclusions – The study successfully measured 4-Vinylphenol metabolizing 

activity in mouse and rat liver microsomes; this activity was three times greater in 

mouse liver microsomes than that in rat liver microsomes, and activity in mouse lung 

microsomes was eight times greater than that in rat lung microsomes. The 

differences among rats and mice in the metabolism of styrene might contribute to 

differences in toxicity of styrene, and thus species differences might be critical in 

assessing styrene’s potential human health risks. 

 

41. The Role of Cytochromes P-450 in Styrene Induced Pulmonary Toxicity and Carcinogenicity 

by Trevor Green, Ph.D., Syngenta Central Toxicology Laboratory, Cheshire, UK, and two 

other authors, published in Toxicology, 169(2), pp. 107-117, 2001. 

⮚ Purpose – Investigated the role of cytochromes P450 in the marked differences 

between mice and rats in their responses to acute exposures to styrene, and 

assessed the relevance of this phenomenon for human risk assessment and styrene. 

⮚ Key Conclusions – Inhibition of cytochrome P4502F2 in mice prevented lung toxicity 

from styrene exposure. The metabolism of styrene by cytochromes P450 thus has 

been shown to be a critical event resulting in changes in the mouse lung that were 

consistent with the subsequent development of cancer. The authors proposed that a 

plausible mode of action for styrene-induced mouse lung cancer was that 

exceptionally high metabolic rates in a certain type of mouse lung cells (Clara cells) 

made the mouse lung more susceptible to potentially mutational effects. The human 

lung, on the other hand, had far fewer of this certain type of cell and practically no 

metabolism of styrene in human lung cells. Thus, it seemed unlikely, based on the 

known metabolic capacities of the human lung relative to the mouse lung, that styrene 

would be either toxic or carcinogenic in the human lung. 

 

http://www.tandfonline.com/doi/pdf/10.1080/15287390152410165
http://www.sciencedirect.com/science/article/pii/S0300483X01004887
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42. Styrene Respiratory Tract Toxicity and Mouse Lung Tumors Are Mediated by CYP2F-

Generated Metabolites by George Cruzan, Ph.D., DABT, ToxWorks, Bridgeton, NJ, and six 

other authors, published in Regulatory Toxicology and Pharmacology, 35(3), pp. 308-319, 

2002. 

⮚ Purpose – Numerous studies demonstrated marked differences in toxicity between 

rats and mice to styrene exposure, especially by inhalation. Mice were particularly 

sensitive to respiratory tract and liver toxicity from styrene. Both species had a 

qualitatively similar response of the nasal olfactory mucosa, with the mouse being 

much more sensitive. The toxicologic and metabolic data that explained the nasal 

and lung differences and their relevance for human risk assessment were provided. 

⮚ Key Conclusions – Styrene respiratory tract toxicity in mice and rats, including 

mouse lung tumors, was mediated by metabolites. The physiologically based 

pharmacokinetic (PBPK) model used in this study predicted that humans did not 

generate sufficient levels of these metabolites in the terminal bronchioles to reach a 

toxic level. Therefore, the postulated mode of action for these effects indicated that 

respiratory tract effects in rodents were not relevant for human risk assessment. 

 

43. Physiologically Based Pharmacokinetic Modeling of Styrene and Styrene Oxide Respiratory-

Tract Dosimetry in Rodents and Humans by Ramesh Sarangapani, Ph.D., The K. S. Crump 

Group, Inc., Research Triangle Park, NC, and four other authors, published in Inhalation 

Toxicology, 14(8), pp. 789-834, 2002.  

⮚ Purpose – There were apparent differences in susceptibility to styrene toxicity among 

different species (e.g., mouse, rat and human). This study’s primary purpose was to 

develop a physiologically based pharmacokinetic (PBPK) model for inhaled styrene 

that was capable of describing the relationship between exposure and target-tissue 

dose of styrene and a reactive intermediate, styrene oxide (SO), in rodents and 

humans. An additional objective was to use the PBPK model in evaluating the extent 

to which there was a pharmacokinetic basis for the species-specific carcinogenic 

response following chronic inhalation exposure to styrene. 

⮚ Key Conclusions – The authors developed and validated a PBPK model to describe 

the relationship between exposure and target-tissue dose of styrene and SO in 

rodents and humans. Predictions developed from the model supported a 

pharmacokinetic basis for species sensitivity in rodents and indicated that humans 

would be approximately 100-fold less sensitive to the induction of lung tumors 

following styrene exposure than were mice. 

 

44. Comparing Respiratory-Tract and Hepatic Exposure-Dose Relationships for Metabolized 

Inhaled Vapors: A Pharmacokinetic Analysis by Ramesh Sarangapani, Ph.D., The K. S. 

Crump Group, Inc., Research Triangle Park, NC, and three other authors, published in 

Inhalation Toxicology, 14(8), pp. 835-854, 2002.  

⮚ Purpose – Assessed differences in expected exposure-dose curves for metabolism 

in the portal of entry versus remote site (i.e., respiratory tract tissue versus the liver) 

http://www.sciencedirect.com/science/article/pii/S027323000291545X
http://www.sciencedirect.com/science/article/pii/S027323000291545X
http://www.tandfonline.com/doi/abs/10.1080/08958370290084647
http://www.tandfonline.com/doi/abs/10.1080/08958370290084647
http://www.tandfonline.com/doi/abs/10.1080/08958370290084656
http://www.tandfonline.com/doi/abs/10.1080/08958370290084656
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for inhaled styrene in rodents using a physiologically based pharmacokinetic (PBPK) 

model. This assessment relied on a PBPK model that was based on two earlier 

models, but extended to include nasal cavity and conducting airways. 

⮚ Key Conclusions – Using a more complete lung model, the analysis showed 

significant differences in the shape of curves for rate of metabolism versus inhaled 

concentrations in airway epithelial (membrane) tissues compared to the liver. The 

predictions of this model were consistent with observations of nasal/lung toxicity and 

toxicity of these compounds in systemic tissues. Previous differences in dose-

response relationships for inhalation toxicity in lung and liver/kidney became clarified 

for styrene and for other volatile compounds, such as chloroform, by elaborating the 

description of the respiratory tract. 

 

45. Effect of the Inhibition of the Metabolism of 4-Vinylphenol on its Hepatotoxicity and 

Pneumotoxicity in Rats and Mice by Gary P. Carlson, Ph.D., School of Health Sciences, 

Purdue University, West Lafayette, IN, published in Toxicology, 179(1-2), pp. 129-136, 2002. 

⮚ Purpose – Styrene is known to be toxic to the liver and pulmonary system in rodents. 

4-vinylphenol had been shown to be a minor metabolite of styrene in some studies 

and had been shown to be a more potent toxicant in mice than either styrene or 

styrene oxide. This study addressed the question of whether the parent compound 

(4-vinylphenol) or a metabolite was responsible for the 4-vinylphenol-induced toxicity. 

⮚ Key Conclusions – Rats as well as mice were found to be susceptible to the toxicity 

of 4-vinylphenol. Prior treatment of rats and mice with inhibitors prevented or greatly 

decreased 4-vinylphenol’s toxicity to the liver and pulmonary system. Thus, the 

toxicity of 4-vinylphenol to the liver and pulmonary system was due to the 

metabolite(s) and not the parent compound. The data indicated that metabolism by 

CYP2F2 and/or CYP2E1 were key in this process. 

 

46. 4-Vinylphenol-Induced Pneumotoxicity and Hepatotoxicity in Mice by Gary P. Carlson, Ph.D., 

School of Health Sciences, Purdue University, West Lafayette, IN, and three other authors, 

published in Toxicologic Pathology, 30(5), pp. 1-5, 2002.  

⮚ Purpose – 4-vinylphenol has been reported to be a minor metabolite of styrene in 

rats and humans; it also occurs naturally in some foods and has been used as a 

flavoring agent in food products. The purpose of this study was to characterize the 

possible toxicity to the liver and pulmonary system associated with 4-vinylphenol in 

mice. These endpoints and this species were selected because the liver and 

pulmonary system were known targets of styrene toxicity in mice, whereas in rats the 

pulmonary toxicity was not observed. 

⮚ Key Conclusions – The administration of 4-vinylphenol caused both liver and 

pulmonary damage in mice. As part of an ongoing research program, these findings 

contributed to a better understanding of the possible effects of styrene metabolites 

 

http://www.sciencedirect.com/science/article/pii/S0300483X02003402
http://www.sciencedirect.com/science/article/pii/S0300483X02003402
http://journals.sagepub.com/doi/pdf/10.1080/01926230290105866
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47. In Vitro Metabolism of Styrene to Styrene Oxide in Liver and Lung of CYP2E1 Knockout 

Mice by Gary P. Carlson, Ph.D., School of Health Sciences, Purdue University, West 

Lafayette, IN, published in the Journal of Toxicology and Environmental Health, Part A, 

66(9), pp. 861-869, 2003.  

⮚ Purpose – Knockout mice contain the same artificially introduced mutation in every 

cell, removing the activity of a pre-selected gene. The resulting mutant’s appearance, 

biochemical characteristics, behavior, etc., might provide some indication of the 

gene’s normal role in the mouse, and by extrapolation, in people. Knockout mouse 

models are widely used to study human diseases caused by the loss of gene 

function. In vivo studies demonstrated that CYP2E1 knockout mice can metabolize 

styrene to a similar extent as wild-type mice. This study’s purpose was to compare 

the ability of CYP2E1 knockout mice to metabolize styrene to styrene oxide with that 

of wild-type mice. A second goal was to determine the cytochromes (iron-containing 

proteins) P450 involved in styrene’s metabolism by the knockout mouse. 

⮚ Key Conclusions – When the metabolism of styrene to R- and S-styrene oxide was 

determined using hepatic microsomes from wild-type and knockout mice, there were 

no statistically significant differences between the two mouse strains. However, when 

pulmonary microsomes were used, the styrene-metabolizing activity in the knockout 

mice was about one-half that of the wild-type mice. This showed that at least in these 

knockout mice, other enzymes must have contributed to the metabolism of styrene 

(as chemical inhibitors were used, we could not clearly identify them). These results 

contributed to our understanding of styrene’s metabolism and its relevance. 

 

48. Metabolism and Toxicity of the Styrene Metabolite 4-Vinylphenol in CYP2E1 Knockout Mice 

by Kelly M. Vogie, and two other authors, School of Health Sciences, Purdue University, 

West Lafayette, IN, published in the Journal of Toxicology and Environmental Health, Part A, 

67(2), pp. 145-152, 2004.  

⮚ Purpose – 4-Vinylphenol (4-VP), a minor metabolite of styrene, is several times more 

potent as a liver and lung toxicant than is either the parent compound or the major 

metabolite of styrene, styrene oxide. 4-VP is metabolized primarily by CYP2E1 and 

CYP2F2. The liver and lung toxicity were compared in wild-type and CYP2E1 

knockout mice (see item #47 in this summary for more information about knockout 

mice) in order to further elucidate the possible role of 4-VP in styrene-induced toxicity 

and the importance of its metabolism by CYP2E1. Knockout mice were used widely 

to study human diseases caused by the loss of gene function. 

⮚ Key Conclusions – There were no marked differences between the wild-type and 

knockout mice in the rates of microsomal metabolism of 4-VP in either liver or lung. 

This unexpected result mimicked previous findings with styrene metabolism of 4-

VP in wild-type and knockout mice. When mice were administered 100 mg/kg 4-VP, 

the knockout mice were more susceptible to liver toxicity than were the wild-type 

mice. There was no significant difference in the lung toxicity between the two 

strains. The data suggested that, as for styrene, additional cytochromes (iron-

containing proteins) P450 were involved in the metabolism of 4-VP. These results 

http://www.tandfonline.com/doi/abs/10.1080/15287390306386
http://www.tandfonline.com/doi/abs/10.1080/15287390306386
http://www.tandfonline.com/doi/abs/10.1080/15287390306386
http://www.tandfonline.com/doi/abs/10.1080/15287390490264785
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contributed to our understanding of the metabolism of styrene and its relevance to 

human risk assessment. 

 

49. Comparison of the Susceptibility of Wild-Type and CYP2E1 Knockout Mice to the 

Hepatotoxic and Pneumotoxic Effects of Styrene and Styrene Oxide by Gary P. Carlson, 

Ph.D., School of Health Sciences, Purdue University, West Lafayette, IN, published in 

Toxicology Letters, 150(3), pp. 335-339, 2004.  

⮚ Purpose – Styrene causes both liver and lung damage in various strains of wild-type 

mice. This was thought to be due to the bioactivation of styrene to styrene oxide by 

cytochromes P450, principally CYP2E1 and CYP2F2. If so, one would expect 

CYP2E1 knockout mice to be less susceptible to styrene-induced toxicity than wild-

type mice. However, previous in vitro and in vivo studies demonstrated little 

difference in the metabolism of styrene to styrene oxide between wild-type and 

CYP2E1 knockout mice. These findings suggested that there should be no difference 

in the toxic responses to styrene oxide between these two strains. This research was 

undertaken to determine which of these two possibilities was correct. 

⮚ Key Conclusions – The difference in styrene-induced liver toxicity between wild-type 

and knockout mice demonstrated the importance of CYP2E1 to the bioactivation of 

styrene in that tissue in the intact animal, whereas the lack of a strain difference in 

response to the lung effects appeared to reflect the importance of CYP2F2 in the 

tissue of both strains. These results contributed to our understanding of the 

metabolism of styrene and its relevance to human risk assessment. 

 

50. Influence of Selected Inhibitors on the Metabolism of the Styrene Metabolite 4-Vinylphenol in 

Wild-Type and CYP2E1 Knockout Mice by Gary P. Carlson, Ph.D., School of Health 

Sciences, Purdue University, West Lafayette, IN, published in the Journal of Toxicology and 

Environmental Health, Part A, 67(12), pp. 905-909, 2004.  

⮚ Purpose – 4-Vinylphenol (4-VP), a minor metabolite of styrene, is a more potent liver 

and lung toxicant than either styrene or styrene oxide. In CD-1 mice 4-VP is 

metabolized primarily by cytochrome (iron-containing protein) P450 CYP2E1 and 

CYP2F2. However, there was no difference in the rate of metabolism of 4-VP 

between wild-type and CYP2E1 knockout mice (see item #47 in this summary for 

more information about knockout mice), indicating that other cytochromes P450 

played an important role. The purpose of this research was to use various inhibitors 

to study the possible role of cytochromes P450 in 4-VP metabolism in wild-type and 

CYP2E1 knockout mice. Knockout mice were used widely to study human diseases 

caused by the loss of gene function. 

⮚ Key Conclusions – When chemical inhibitors of cytochromes P450 were added to 

microsomal incubations from livers of wild-type and CYP2E1 knockout mice, there 

were varying degrees of inhibition. Imipramine (CYP2C), MBA (CYP2B), and ANF 

(CYP1A) all produced significant decreases in both the wild-type and CYP2E1 

knockout mice. 4-VP metabolizing activity was decreased significantly by more than 

50% when 5PIP (CYP2F2) was added. However, in both wild-type and knockout 

http://www.sciencedirect.com/science/article/pii/S0378427404000591
http://www.sciencedirect.com/science/article/pii/S0378427404000591
http://www.tandfonline.com/doi/abs/10.1080/15287390490443696
http://www.tandfonline.com/doi/abs/10.1080/15287390490443696
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mice, the greatest quantitative inhibition was observed with the CYP2E1 inhibitor 

DDTC. For most of the inhibitors, the observed enzymatic effects were less with 

pulmonary microsomes. In summary, multiple cytochromes P450 contributed to 4-VP 

metabolism with CYP2F2 playing an important role, especially in the lung. These 

results contributed to our understanding of the metabolism of styrene and its 

relevance to human risk assessment. 

 

51. Comparison of the Depletion of Glutathione in Mouse Liver and Lung Following 

Administration of Styrene and its Metabolites Styrene Oxide and 4-Vinylphenol by Meredith 

Turner, School of Health Sciences, Purdue University, West Lafayette, Ind., and two other 

authors, published in Toxicology, 206(3), pp. 383-388, 2005. 

⮚ Purpose – Styrene’s major metabolite is styrene oxide and its minor, but potent, 

metabolite 4-vinylphenol caused similar toxicities. The purpose of this study was to 

determine the dose dependence and time course for the depletion of reduced 

glutathione by styrene in mouse liver and lung and compare it to the effects of the 

metabolites styrene oxide and 4-vinylphenol. 

⮚ Key Conclusions – The decreases in GSH (glutathione) levels suggested the 

possibility that the toxicity of styrene in lung and liver might be related to a profound, 

but reversible oxidative stress in these tissues. Further studies are needed to 

characterize this oxidative stress in both tissues including an evaluation of the 

enzymes, which control GSH levels in these tissues. These results contributed to our 

understanding of styrene’s metabolism and its relevance to human risk assessment. 

 

52. Ring-Oxidized Metabolites of Styrene Contribute to Styrene-Induced Clara-Cell Toxicity in 

Mice by George Cruzan, Ph.D., DABT, ToxWorks, Bridgeton, NJ, and three other authors, 

published in the Journal of Toxicology and Environmental Health, Part A, 68(3), pp. 229-237, 

2005. 

⮚ Purpose – Assessed the role that ring-oxidized styrene metabolites (4-vinylphenol or 

its metabolites) played in the pneumotoxicity induced by styrene in mice versus rats. 

⮚ Key Conclusions – The results added further support to previous studies on the role 

of ring-oxidized metabolites in the pneumotoxicity induced by styrene in mice and the 

lack thereof in rats. In total, the results of this and other studies were useful in 

helping to understand and predict human metabolism of and response to styrene. 

 

53. Two Generation Reproduction Study of Styrene by Inhalation in Crl-CD Rats by George 

Cruzan, Ph.D., DABT, ToxWorks, Bridgeton, NJ, and seven other authors, published in Birth 

Defects Research, Part B: Developmental and Reproductive Toxicology, 74(3), pp. 211-220, 

2005. 

⮚ Purpose – The study was undertaken to refine understanding of the potential 

toxicological effects of exposure to styrene on reproduction of children of exposed 

parents. The evaluation covered potential effects on reproductive capability from 

http://www.sciencedirect.com/science/article/pii/S0300483X04004202
http://www.sciencedirect.com/science/article/pii/S0300483X04004202
http://www.ingentaconnect.com/content/tandf/uteh/2004/00000068/00000003/art00005
http://www.ingentaconnect.com/content/tandf/uteh/2004/00000068/00000003/art00005
http://onlinelibrary.wiley.com/doi/10.1002/bdrb.20041/abstract
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whole body inhalation exposure of parental animals. Assessments included gonadal 

function, estrous cyclicity, mating, behavior, conception rate, gestation, parturition, 

lactation and weaning. 

⮚ Key Conclusions – The results of this study confirmed previous observations of slight 

body-weight effects of styrene exposure at 500 parts per million (ppm) or greater in 

rats and degeneration of nasal olfactory epithelium. It further demonstrated a lack of 

styrene effects on gonadal function, reproductive performance and offspring survival, 

enhancing conclusions of a previous three-generation study of styrene in drinking 

water. In addition, it countered one previous study suggesting testicular pathology and 

decreased sperm counts and supported the lack of effects on testes and ovaries as 

reported in several previous other studies of styrene. Based on the results, an 

exposure level of 50 ppm was considered to be the no observable adverse effects 

level (NOAEL) for parental systemic toxicity; the NOAEL for reproductive toxicity was 

500 ppm or greater.  

 

54. Developmental Neurotoxicity Study of Styrene by Inhalation in Crl-CD Rats by George 

Cruzan, Ph.D., DABT, ToxWorks, Bridgeton, NJ, and eight other authors, published in Birth 

Defects Research, Part B: Developmental and Reproductive Toxicology, 74(3), pp. 221-232, 

2005. 

⮚ Purpose – The study was undertaken to refine understanding of the potential 

neurotoxicity effects of exposure to styrene on children of exposed parents.  

⮚ Key Conclusions – No specific effect on nervous system development was observed 

at exposures up to 500 parts per million (ppm) of styrene. Based on the results of 

this study, an exposure level of 50 ppm was considered to be the no observable 

adverse effects level (NOAEL) for growth of offspring; an exposure level of 500 parts 

per million was considered to be the NOAEL for developmental neurotoxicity.  

 

55. Comparison of Styrene and its Metabolites Styrene Oxide and 4-Vinylphenol on Cytotoxicity 

and Glutathione Depletion in Clara Cells of Mice and Rats by Jill A. Harvilchuck and Gary P. 

Carlson, Ph.D., School of Health Sciences, Purdue University, West Lafayette, IN, published 

in Toxicology, 227(1-2), pp. 165-172, 2006. 

⮚ Purpose – Since the Clara cell has the highest activity in the lung for metabolizing 

styrene, this study focused on the direct cytotoxicity of styrene and its metabolites in 

Clara cells, and the changes in glutathione levels due to treatment with these agents. 

⮚ Key Conclusions – Clara cells in the rat were four-fold less susceptible to the cyto-

toxicity produced by styrene and its metabolites than in the mouse. The cytotoxicity 

of styrene in vitro was greater than that of its metabolites; the opposite of what had 

been observed in vivo. R-styrene oxide caused a greater decrease in glutathione 

levels, supporting other data indicating it was the more toxic of the two enantiomers. 

 

http://onlinelibrary.wiley.com/doi/10.1002/bdrb.20042/abstract
http://www.sciencedirect.com/science/article/pii/S0300483X06004951
http://www.sciencedirect.com/science/article/pii/S0300483X06004951
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56. Effects of Styrene and Styrene Oxide on Glutathione-Related Antioxidant Enzymes by Gary 

P. Carlson, Ph.D., and two other authors, School of Health Sciences, Purdue University, 

West Lafayette, IN, published in Toxicology, 227(3), pp. 217-226, 2006. 

⮚ Purpose – This study sought to determine if the more toxic R-styrene oxide had a 

greater effect on reduced glutathione levels than the less toxic S-styrene oxide and if 

the ratio of reduced to oxidized forms of glutathione was altered by either of these 

styrene forms. 

⮚ Key Conclusions – The results of this study suggested that while styrene and its 

metabolite styrene oxide caused significant decreases in glutathione levels, they had 

little effect on the enzymes glutathione reductase and peroxidase and that, in 

response to decreased glutathione levels, there was an increase in its synthesis. 

 

57. Critical Appraisal of the Expression of Cytochrome P450 Enzymes in Human Lung and 

Evaluation of the Possibility that Such Expression Provides Evidence of Potential Styrene 

Tumorigenicity in Humans by Gary P. Carlson, Ph.D., School of Health Sciences, Purdue 

University, West Lafayette, IN, published in Toxicology, 254(1-2), pp. 1-10, 2008. 

⮚ Purpose – The purpose of this study was to determine how the tumorigenic effect in 

the mouse lung might relate to humans by examining metabolic activation rates 

between liver and lung, and the difference between rodent and human lungs. 

Emphasis was placed on the specific cytochromes P450 present in human lungs and 

what role they might play in bioactivation of styrene and other compounds. 

⮚ Key Conclusions – Due to the low rate of metabolism in the human lung compared to 

the mouse lung and the very large differences in the metabolism of several 

chemicals in the human lung and liver, as well as the human lung and mouse lung, it 

could be deduced that it was doubtful significant amounts of styrene oxide would be 

generated in human lung to cause damage or subsequent tumor formation. 

 

58. CC10 mRNA and Protein Expression in Clara Cells of CD-1 Mice Following Exposure to 

Styrene or its Metabolites Styrene Oxide or 4-Vinylphenol by Jill A. Harvilchuck, School of 

Health Sciences, Purdue University, West Lafayette, IN, and two other authors, published in 

Toxicology Letters, 183(1-3), pp. 28-35, 2008. 

⮚ Purpose – The primary site for styrene metabolism and its effects in mouse lung is 

the Clara cell, which secretes Clara cell CC10 and surfactant protein A (SPA). The 

mode of action for styrene-induced lung tumor formation has yet to be elicited, but 

this study explored one possibility that related to oxidative stress and decreased 

CC10 levels. 

⮚ Key Conclusions – This study demonstrated that acute changes in lung CC10 protein 

and mRNA expression did occur following treatment with styrene and its metabolites. 

These changes might be early indicators for a potential mechanism for lung tumor 

formation in mice, as it related to oxidative stress; this might deserve further study. 

 

http://www.sciencedirect.com/science/article/pii/S0300483X06005002
http://www.sciencedirect.com/science/article/pii/S0300483X08004459
http://www.sciencedirect.com/science/article/pii/S0300483X08004459
http://www.sciencedirect.com/science/article/pii/S0300483X08004459
http://www.sciencedirect.com/science/article/pii/S0300483X08004459
http://www.sciencedirect.com/science/article/pii/S0300483X08004459
http://www.sciencedirect.com/science/article/pii/S0300483X08004459
http://www.sciencedirect.com/science/article/pii/S0300483X08004459
http://www.sciencedirect.com/science/article/pii/S0300483X08004459
http://www.sciencedirect.com/science/article/pii/S0300483X08004459
http://www.sciencedirect.com/science/article/pii/S0378427408012757
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59. Oxidative Stress Due to R-Styrene Oxide Exposure and the Role of Antioxidants in Non-

Swiss Albino (NSA) Mice by Anna Meszka-Jordan, School of Health Sciences, Purdue 

University, West Lafayette, IN, and three other authors, published in the Journal of 

Toxicology and Environmental Health, Part A, 72(10), pp. 642-650, 2009. 

⮚ Purpose – The purpose of this study was to investigate the toxicity of R-styrene 

oxide, the more active enantiomeric metabolite of styrene, and the protective 

properties of certain antioxidants against R-styrene oxide-induced toxicity in non-

Swiss Albino mice. 

⮚ Key Conclusions – This study’s results demonstrated significant protection against 

R-styrene oxide toxicity in the liver, but not the lung, by the oral administration of 

two antioxidants, glutathione and N-acetylcysteine. Treatment with UPF1, a 

synthetic antioxidant, for preconditioning did not result in any protection against 

liver and lung toxicity, and instead enhanced the toxicity when administered prior to 

the R-styrene oxide. 

 

60. Effect of Multiple Doses of Styrene and R-Styrene Oxide on CC10, Bax, and Bcl-2 

Expression in Isolated Clara Cells of CD-1 Mice by Jill A. Harvilchuck, and Gary P. Carlson, 

Ph.D., School of Health Sciences, Purdue University, West Lafayette, IN, published in 

Toxicology. 259(3), pp. 149-152, 2009. 

⮚ Purpose – The acute effects following multiple doses of styrene or styrene oxide 

for five consecutive days simulated multiple exposures seen in workers. This 

study looked at early changes in indicators of oxidative stress, as well as the ratio 

of indicators regarding susceptibility to programmed cell death in Clara cells, the 

main target for styrene toxicity in the lung and the site of lung tumor formation in 

the mouse. 

⮚ Key Conclusions – Oxidative stress was likely to be involved in the toxicity caused 

by styrene and styrene oxide. CC10 might be an early indicator of susceptibility to 

carcinogenesis from styrene. Chronic decreases in CC10 might lead to increases 

in oxidative stress in the Clara cell, the main target for styrene-induced lung tumors 

in mice. 

 

61. Indicators of Oxidative Stress and Apoptosis in Mouse Whole Lung and Clara Cells 

Following Exposure to Styrene and its Metabolites by Jill A. Harvilchuck, and three other 

authors, School of Health Sciences, Purdue University, West Lafayette, IN, published in 

Toxicology. 264(3), pp. 171-178, 2009. 

⮚ Purpose – This study sought to determine what effects styrene and its active 

metabolites, primarily styrene oxide (SO), had on indicators of oxidative stress 

and attendant apoptosis to better understand the mechanism of styrene-induced 

toxicity. 

⮚ Key Conclusions – The results of the study demonstrated oxidative stress occurs 

shortly (3 hours) after styrene or styrene oxide intraperitoneal administration as 

http://www.tandfonline.com/doi/full/10.1080/15287390902769436
http://www.tandfonline.com/doi/full/10.1080/15287390902769436
http://www.tandfonline.com/doi/full/10.1080/15287390902769436
http://www.tandfonline.com/doi/full/10.1080/15287390902769436
http://www.sciencedirect.com/science/article/pii/S0300483X09001310
http://www.sciencedirect.com/science/article/pii/S0300483X09001310
http://www.sciencedirect.com/science/article/pii/S0300483X09001310
http://www.sciencedirect.com/science/article/pii/S0300483X09001310
http://www.sciencedirect.com/science/article/pii/S0300483X09004181
http://www.sciencedirect.com/science/article/pii/S0300483X09004181
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evidenced by increased reactive oxygen species (ROS), superoxide dismutase 

(SOD) and 8-hydroxydeoxyguanosine (8-OHdG) formation. The findings of limited 

apoptosis (cell death that occurs during normal growth and development) in Clara 

cells following acute exposure to styrene or SO might reflect the minimal extent to 

which apoptosis plays a role in acute styrene toxicity. In addition, the results 

indicated oxidative stress and oxidative effects on DNA were increased following 

exposure to styrene or SO, and these effects might play a role in the lung 

tumorigenesis in mice. 

 

62. Mouse Specific Lung Tumors from CYP2F2-Mediated Cytotoxic Metabolism: An 

Endpoint/Toxic Response Where Data from Multiple Chemicals Converge to Support a 

Mode of Action by George Cruzan, Ph.D., DABT, ToxWorks, Bridgeton, NJ, and four other 

authors, published in Regulatory Toxicology and Pharmacology, 55(2), pp. 205-218, 2009. 

⮚ Purpose – The purpose of this study was to integrate the results of evaluations of the 

metabolism of several structurally-related compounds by CYP2F isoforms of the 

cytochromes P450 family in mice. The authors proposed that a cytotoxicity-driven 

mode of action of these compounds in organs high in CYP2F (namely, CYP2F2 in 

nasal and lung tissue in mice and CYP2F4 in nasal tissues in rats) resulted in 

cytotoxicity and subsequent regenerative hyperplasia and drove in mice, but not in 

rats, an increase in lung tumors that were mostly benign and were not life shortening. 

⮚ Key Conclusions – While lung tumors from bronchiolar cell cytotoxicity are 

theoretically possible in humans, it was unlikely that metabolism by CYP2F1 would 

produce levels of cytotoxic metabolites in human lungs sufficient to result in lung 

cytotoxic responses and thus tumors. Therefore, it was unlikely any of the 

compounds that caused mouse lung tumors via CYP2F2 metabolism (including 

styrene) would cause lung tumors in humans. Additionally, the CYP2F1 isozyme 

expressed in humans appeared to have a low capacity to metabolize these 

compounds. 

 

63. Depletion by Styrene of Glutathione in Plasma and Bronchioalveolar Lavage Fluid of Non-

Swiss Albino (NSA) Mice by Gary P. Carlson, Ph.D., School of Health Sciences, Purdue 

University, West Lafayette, IN, published in the Journal of Toxicology and Environmental 

Health, Part A, 73(11), pp. 766-772, 2010. 

⮚ Purpose – The purpose of this study was to investigate the effect of styrene and its 

primary metabolites, R-styrene oxide and S-styrene oxide, on glutathione (GSH) 

levels in the lung, as determined by amounts in bronchioalveolar lavage fluid and 

plasma, two indicators used to determine and diagnose lung disease. 

⮚ Key Conclusions – When Non-Swiss Albino mice were administered styrene in this 

study, there was a significant fall in GSH levels in both indicator substances within 

three hours; however, these levels returned to normal by hour 12. Therefore, since 

GSH was the primary antioxidant in lung lining fluid, this styrene-induced fall might 

significantly impact the lung’s ability to buffer oxidative damage. 

http://www.sciencedirect.com/science/article/pii/S0273230009001421
http://www.sciencedirect.com/science/article/pii/S0273230009001421
http://www.sciencedirect.com/science/article/pii/S0273230009001421
http://www.ingentaconnect.com/content/tandf/uteh/2010/00000073/00000011/art00006
http://www.ingentaconnect.com/content/tandf/uteh/2010/00000073/00000011/art00006
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64. Detection of Phenolic Metabolites of Styrene in Mouse Liver and Lung Microsomal Incubations 

by Shuijie Shen, Center for Developmental Therapeutics, Seattle Children’s Research 

Institute, Seattle, WA, and four other authors, published in Drug Metabolism and Disposition, 

38(11), pp. 1934-1943, 2010. 

⮚ Purpose – Explored the metabolic vinyl epoxidation and aromatic hydroxylation of 

styrene in mouse liver microsomes, which had been reported to be mutagenic and 

carcinogenic, in order to draw connection between metabolites of styrene and the 

presence detected in workers and experimental animals after styrene exposure. 

⮚ Key Conclusions – New styrene metabolites were identified in mouse liver 

microsomal incubations. CYP2F2 and CYP2E1 were found to catalyze formations 

from styrene in mouse liver and lung microsomes. 

 

65. In Vitro Metabolism, Glutathione Conjugation, and CYP Isoform Specificity of    Epoxidation 

of 4-Vinylphenol by Fagen Zhang, Ph.D., Senior Research Scientist, Toxicology, 

Environmental Research & Consulting, The Dow Chemical Company, Midland, MI, and six 

other authors, published in Xenobiotica, 41(1), pp. 6-23, 2011. 

⮚ Purpose – In support of research into the mode of action of mouse lung tumors, this 

study explored the possible toxicity mechanism of 4-vinylphenol (4VP) by 

investigating the metabolism of 4VP, the glutathione (GSH) conjugation of the 

metabolites of 4VP and its cytochrome P450 (CYP) specificity in epoxidation in 

different microsomes in vitro. 

⮚ Key Conclusions – Two major metabolites of 4VP were identified, namely 4-(2-oxiranyl)-

phenol of 4VP (4VPO) and 4VP catechol. 4VPO was found to react with GSH to form 

GSH conjugate and 4VP catechol was found to further be metabolized to electrophilic 

species, which reacted with GSH to form the corresponding 4VP catechol GSH 

conjugates. These findings provided better insight on the lung toxicity seen with 4VP, the 

toxic metabolite of commercial styrene. 

 

66. CYP2F2-Generated Metabolites, not Styrene Oxide, are a Key Event Mediating the Mode of 

Action of Styrene-Induced Mouse Lung Tumors by George Cruzan, Ph.D., DABT, ToxWorks, 

Bridgeton, NJ, and five other authors, published in Regulatory Toxicology and 

Pharmacology, 62(1), pp. 214-220, 2012. 

⮚ Purpose – It had been postulated that styrene and/or styrene oxide (SO) metabolism 

by mouse lung Clara cell-localized CYP2F2 was a key metabolic gateway responsible 

for both lung toxicity and possible tumorigenicity. To test this hypothesis, this study 

tested the lung toxicity of styrene and SO in mice using different types of styrene or 

SO in varying amounts for five days. 

⮚ Key Conclusions – Since the human form of CYP2F (2F1) was not believed to 

catalyze significant styrene metabolism, this study clearly indicated that styrene-

http://dmd.aspetjournals.org/content/38/11/1934
http://www.tandfonline.com/doi/abs/10.3109/00498254.2010.523735
http://www.tandfonline.com/doi/abs/10.3109/00498254.2010.523735
http://www.tandfonline.com/doi/abs/10.3109/00498254.2010.523735
http://www.sciencedirect.com/science/article/pii/S0273230011002005
http://www.sciencedirect.com/science/article/pii/S0273230011002005
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induced lung toxicity in mice was not relevant to potential styrene-induced lung 

toxicity in humans. 

 

67. Modification of the Metabolism and Toxicity of Styrene and Styrene Oxide in Hepatic 

Cytochrome P450 Reductase Deficient Mice and CYP2F2 Deficient Mice by Gary P. 

Carlson, Ph.D., School of Health Sciences, Purdue University, West Lafayette, IN, published 

in Toxicology, 294(2-3), pp. 104-108, 2012. 

1. Purpose – This study looked at the relationship between styrene toxicity in the liver 

and lung of mice and the metabolism of styrene, particularly regarding mice deficient 

in hepatic cytochrome P450 reductase. 

2. Key Conclusions – Mice deficient in hepatic cytochrome P450 reductase had a poor 

metabolism of styrene and low toxicity in the liver, but had some protection against 

pneumotoxicity. For CYP2F2 deficient mice, there was a decreased metabolism by 

the lung, and this resulted in decreased toxicity in the lung, but not in the liver. 

 

68. Studies of Styrene, Styrene Oxide and 4-Hydroxystyrene Toxicity in CYP2F2 Knockout and 

CYP2F1 Humanized Mice Support Lack of Human Relevance for Mouse Lung Tumors by 

George Cruzan, Ph.D., DABT, ToxWorks, Bridgeton, NJ, and seven other authors, published 

in Regulatory Toxicology and Pharmacology, 66(1), pp. 24-29, 2013. 

⮚ Purpose – This study further explored the role of in vivo CYP2F1 (human) 

metabolism of styrene or styrene oxide (both S- and R-enantiomers) in mediating 

mouse lung cytotoxicity.  

⮚ Key Conclusions – The absence of styrene oxide toxicity in two mouse strains 

significantly challenged the hypothesis that styrene oxide, as a styrene metabolite 

common to both rodents and humans, represented a toxicologically plausible mode 

of action of lung toxicity and cancer in humans.  

 

69. Complete Attenuation of Mouse Lung Cell Proliferation and Tumorigenicity in CYP2F2 

Knockout and CYP2F1 Humanized Mice Exposed to Inhaled Styrene for up to 2 Years 

Supports a Lack of Human Relevance by George Cruzan, Ph.D., DABT, ToxWorks, 

Bridgeton, NJ, and eight other authors, published in Toxicological Sciences, 159(2), pp. 413-

421, 2017. 

⮚ Purpose – This study tested the hypothesis that knockout (KO) mice lacking the 

CYP2F2 cytochrome and that CYP2F1 transgenic (TG, or “humanized”) mice would 

not demonstrate cytotoxicity and/or cell proliferation following exposure to inhaled 

styrene for up to two years.  

⮚ Key Conclusions – Cytotoxicity was not observed in the terminal bronchioles of KO 

or TG mice exposed to styrene, but was observed in most CD-1 and wild-type (WT) 

mice. Similarly, hyperplasia and increased cell proliferation was observed in most 

CD-1 and WT mice, but not in KO or TG mice. Furthermore, styrene increased the 

http://www.sciencedirect.com/science/article/pii/S0300483X12000480
http://www.sciencedirect.com/science/article/pii/S0300483X12000480
http://www.sciencedirect.com/science/article/pii/S0273230013000263
http://www.sciencedirect.com/science/article/pii/S0273230013000263
https://academic.oup.com/toxsci/article-abstract/159/2/413/3958763/Editor-s-Highlight-Complete-Attenuation-of-Mouse?
https://academic.oup.com/toxsci/article-abstract/159/2/413/3958763/Editor-s-Highlight-Complete-Attenuation-of-Mouse?
https://academic.oup.com/toxsci/article-abstract/159/2/413/3958763/Editor-s-Highlight-Complete-Attenuation-of-Mouse?
https://academic.oup.com/toxsci/article-abstract/159/2/413/3958763/Editor-s-Highlight-Complete-Attenuation-of-Mouse?
https://academic.oup.com/toxsci/article-abstract/159/2/413/3958763/Editor-s-Highlight-Complete-Attenuation-of-Mouse?
https://academic.oup.com/toxsci/article-abstract/159/2/413/3958763/Editor-s-Highlight-Complete-Attenuation-of-Mouse?
https://academic.oup.com/toxsci/article-abstract/159/2/413/3958763/Editor-s-Highlight-Complete-Attenuation-of-Mouse?
https://academic.oup.com/toxsci/article-abstract/159/2/413/3958763/Editor-s-Highlight-Complete-Attenuation-of-Mouse?
https://academic.oup.com/toxsci/article-abstract/159/2/413/3958763/Editor-s-Highlight-Complete-Attenuation-of-Mouse?
https://academic.oup.com/toxsci/article-abstract/159/2/413/3958763/Editor-s-Highlight-Complete-Attenuation-of-Mouse?
https://academic.oup.com/toxsci/article-abstract/159/2/413/3958763/Editor-s-Highlight-Complete-Attenuation-of-Mouse?
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incidence of bronchioalveolar adenomas and carcinomas in CD-1 mice, but not in 

WT, KO or TG mice. These results indicate that mouse-specific metabolism is 

responsible for both the short-term and chronic toxicity and tumorigenicity of styrene 

reported in this and earlier research and that these effects are not relevant to 

humans. 

 

70. Assessing Molecular Initiating Events (MIEs), Key Events (KEs) and Modulating Factors 

(MFs) for Styrene Responses in Mouse Lungs using Whole Genome Gene Expression 

Profiling Following 1-Day and Multi-Week Exposures by Melvin E Andersen, Ph.D., 

ScitoVation LLC, Research Triangle Park, NC, and nine other authors, published in Toxicology 

and Applied Pharmacology, (335), pp. 28-40. 2017. 

⮚ Purpose – This study tested evaluated gene expression in three strains of male mice 

(WT, KO and TG) following inhalation exposure to styrene at 1, 5, 10, 20, 40 and 120 

ppm for 1-day and 1, 4 and 26 weeks. 

⮚ Key Conclusions – Consistent changes in gene expression only occurred in the 

parental (WT) strain of male mice. The results support a MIE for styrene of direct 

mitogenicity from mouse-specific CYP2F2-mediated metabolites activating Nr4a 

signaling. No gene expression changes indicative of cytotoxicity or activation of p53-

mediated DNA-damage pathways were found in this study.  

 

71. Based on an Analysis of Mode of Action, Styrene-Induced Lung Tumors are not a Human 

Cancer Concern by George Cruzan, Ph.D., DABT, ToxWorks, Bridgeton, NJ, and six other 

authors, published in Regulatory Toxicology and Pharmacology, 95, pp. 17-28, 2018.  

⮚ Purpose – Review of over 20 years of mechanistic research on styrene-induced 

mouse lung tumors and their relevance to human cancer risk using a mode of action 

analysis.  

⮚ Key Conclusions – Extensive research into the mode of action of styrene-induced 

mouse lung tumors demonstrated the following key events: metabolism of styrene by 

CYP2F2 in mouse lung club cells to ring-oxidized metabolites; changes in gene 

expression for metabolism of lipids and lipoproteins, cell cycle and mitotic M-M/G1 

phases; cytotoxicity and mitogenesis in club cells; and progression to 

preneoplastic/neoplastic lesions in the lungs. This mode of action analysis indicates 

that mouse lung tumors are unique to the mouse and due to mouse specific 

metabolism of styrene and therefore are likely qualitatively, or possibly quantitatively, 

not relevant to humans.  

 

72. Strain-Related Differences in Mouse Lung Gene Expression Over a Two-Year Period of 

Inhalation Exposure to Styrene: Relevance to Human Risk Assessment by Melvin E 

Andersen, Ph.D., ScitoVation LLC, Research Triangle Park, NC, and ten other authors, 

published in Regulatory Toxicology and Pharmacology, (96), pp. 153-166, 2018. 

http://www.sciencedirect.com/science/article/pii/S0041008X17303873
http://www.sciencedirect.com/science/article/pii/S0041008X17303873
http://www.sciencedirect.com/science/article/pii/S0041008X17303873
https://www.sciencedirect.com/science/article/pii/S0273230018300552
https://www.sciencedirect.com/science/article/pii/S0273230018300552
https://www.sciencedirect.com/science/article/pii/S0273230018301429
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⮚ Purpose – This study evaluated gene expression in four strains of male mice (CD-1 

and C57BL/6-WT, - KO and -TG) following inhalation exposure to styrene at 

concentrations ranging from 1 to 120 ppm for time periods ranging from 1 day to 2 

years. 

⮚ Key Conclusions – Short term exposures to styrene produced thousands of 

differentially expressed genes in CD-1 and C57BL/6-WT mice which were greatly 

reduced over longer time periods. These results indicate a non-genotoxic, mouse-

specific mode of action for short-term styrene responses related to activation of 

nuclear receptor signaling, and cell proliferation. Very few styrene exposure related 

changes were found at any time in the C57BL/6-KO or -TG mice indicating that 

neither short term or long term responses of styrene in mice are relevant endpoints 

for assessing human risks. 

 

73. Genotoxicity Evaluation of Orally Administered Styrene Monomer in Mice Using Comet, 

Micronucleus, and Pig-a Endpoints by Bhaskar Gollapudi, Ph.D., Toxicology Consulting, 

Midland, MI, published in Environmental and Molecular Mutagenesis, 64(5), pp. 282-290, 

2023.  

⮚ Purpose – Investigate the genotoxicity of styrene by oral exposure in mice by testing 

multiple genetic endpoints, including the comet assay for DNA damage, erythrocyte 

micronucleus assay for cytogenetic effects, and mutagenicity assessment using the 

Pig-a gene mutation assay.     

⮚ Key Conclusions – Orally administered styrene to male mice at dosages up to 300 

mg/kg bw/day for 29 days did not induce DNA damage, mutagenesis, or 

clastogenesis/aneugeneis in current OECD test guideline compliant studies.  

 

74. Investigations on the Genotoxic Potential of Styrene in Fischer 344 Rats Using Multiple 

Endpoints by Bhaskar Gollapudi, Ph.D., Toxicology Consulting, Midland, MI, published in 

Environmental and Molecular Mutagenesis, 64(5), pp. 1-9, 2024.  

➢ Purpose – Extend the prior investigation of the genotoxicity of styrene by oral 

exposure in mice (see item #73) by testing rats, using similar exposure methods and 

the same genetic endpoints. 

➢ Key Conclusions – Orally administered styrene to male Fischer 344 rats at dosages 

up to 500 mg/kg bw/day did not lead to genotoxicity when evaluated by the comet 

assay, erythrocyte Pig-a gene mutation assay and the micronucleus assay for 

cytogenetic damage.  

 

75. Investigation of Mutagenicity of Styrene in Tumor Target and Non-target Tissues of 

Transgenic Big Blue® Mice by Bhaskar Gollapudi, Ph.D., Toxicology Consulting, Midland, 

MI, published in Environmental and Molecular Mutagenesis, 2024. 

https://onlinelibrary.wiley.com/doi/full/10.1002/em.22540
https://onlinelibrary.wiley.com/doi/full/10.1002/em.22540
https://onlinelibrary.wiley.com/doi/10.1002/em.22590
https://onlinelibrary.wiley.com/doi/10.1002/em.22590
https://onlinelibrary.wiley.com/doi/10.1002/em.22638
https://onlinelibrary.wiley.com/doi/10.1002/em.22638
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➢ Purpose – Extend the prior investigation of the genotoxicity of styrene by oral 

exposure in standard strain mice (see item #73) by testing a transgenic strain of mice 

(Big Blue®) for mutation increases in the mouse tumor target site (lung) and in non-

target (liver, stomach, duodenum) tissues. 

➢ Key Conclusions – Orally administered styrene to male Big Blue® mice at dosages 

up to 300 mg/kg bw/day for 29 days followed by a 28-day (non-treatment) expression 

period did not induce mutation increases in any of the tissues investigated. The 

findings of this study are particularly relevant to the styrene non-genotoxic mouse 

lung tumor mode of action published by Cruzan et al. in 2017 (see item #71). 

 

D.) Assessing Styrene’s Risk to the General Population 
 

76. Reproductive and Developmental Toxicity of Styrene by Nigel A. Brown, Ph.D., Medical 

Research Council, St. George’s Hospital Medical School, University of London (UK), 

published in Reproductive Toxicology, 5(1), pp. 3-29, 1991.  

⮚ Purpose – Reviewed existing animal and human scientific data (including a large 

number of studies from Russia) to assess styrene’s potential developmental toxicity.  

⮚ Key Conclusions – Little indication was found that styrene can exert any specific 

developmental or reproductive toxicity. Any putative effects on female reproduction 

noted in the studies could have a central nervous system site of action, which was 

compatible with the known neurotoxic actions of styrene. The author noted that while 

initial human studies linked styrene exposure with congenital malformation and 

spontaneous abortion, these findings were later disproved by subsequent, more 

extensive investigations by the same researchers. An update (see item #78) was 

published in 2000. 

 

77. The Neuroepidemiology of Styrene: A Critical Review of Representative Literature by 

Charles S. Rebert, Ph.D., SRI International, Menlo Park, CA, and Thomas A. Hall, Ph.D., 

Sciences International, Alexandria, VA, published in Critical Reviews in Toxicology. 24(S1), 

pp. S57-S106, 1994. 

⮚ Purpose – Reviewed and evaluated 38 scientific papers concerning the potential 

neurotoxicity of styrene in order to draw some conclusions about styrene’s potential 

(primarily through inhalation) to affect the human nervous system and the brain 

(particularly of workers exposed to styrene in the reinforced plastics industry). 

⮚ Key Conclusions – The authors concluded that, like many solvents, high styrene 

concentrations that might be encountered in the reinforced plastics industry could 

produce mild intoxication; however, there was no evidence of permanent damage to 

the nervous system. 

 

http://www.sciencedirect.com/science/article/pii/089062389190106P
http://www.tandfonline.com/doi/abs/10.3109/10408449409020142
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78. A Review of the Developmental and Reproductive Toxicity of Styrene by Nigel A. Brown, 

Ph.D., MRC Experimental Embryology and Teratology Unit, St. George’s Hospital Medical 

School, University of London, UK; and three other authors, published in Regulatory 

Toxicology and Pharmacology, 32, pp. 228-247, 2000.  

⮚ Purpose – This was an update of an earlier comprehensive review (see item #76 in 

this summary) by Dr. Brown of the potential reproductive and developmental toxicity 

of styrene. This report reviewed all major papers published on the subject, 

emphasizing studies published following Dr. Brown’s 1991 publication. 

⮚ Key Conclusions – As with the earlier conclusions, there was little indication that 

styrene could exert any specific developmental or reproductive or endocrine toxicity. 

Suggested effects on female reproduction and neurobehavioral development could 

be the result of styrene effects on the central nervous system, which was compatible 

with the known neurotoxic actions of styrene at high exposure levels. 

 

79. A Comprehensive Evaluation of the Potential Health Risks Associated with Occupational 

and Environmental Exposure to Styrene by Joshua T. Cohen, Ph.D., Harvard Center for Risk 

Analysis, Boston, MA, and 15 other authors, published in the Journal of Toxicology and 

Environmental Health, Part B: Critical Reviews, 5(1-2), pp. 1-263, 2002.  

⮚ Purpose – Assembled and examined all of the relevant scientific data on styrene to 

provide a real-world assessment of its potential risks in order to help inform industry 

and regulatory decision-making on styrene. A “blue ribbon” panel of experts 

considered toxicity, epidemiology (human effects) and exposure data on styrene to 

assess the potential human carcinogenic and non-carcinogenic risks from styrene. 

⮚ Key Conclusions – No cause for concern among the general public from exposure to 

styrene in the environment except possibly for persons who may live adjacent to 

hypothetical high-emitting reinforced plastic facilities. No cause for concern for the 

general public from exposure to styrene through foods (styrene occurs naturally in 

many foods, being detected at the growing source) or styrenic materials used in 

food-contact applications (e.g., packaging and serving containers). No cause for 

concern for workers in styrene-based industries except possibly for those workers in 

the reinforced plastics industry who may be employed in jobs that result in high 

exposure levels. 

 

80. Styrene and Breast Cancer Incidence in Texas: A Comment on an Ecological Association by 

Carol J. Burns, M.D., Department of Epidemiology, The Dow Chemical Company, Midland, 

MI, and two other authors, published in Breast Cancer Research and Treatment, 97(3), pp. 

339-340, 2006. 

⮚ Purpose – Letter to the Editor commented on and clarified a conclusion regarding 

breast cancer incidence in Texas as reported by Coyle, et al. 

https://www.academia.edu/24889082/A_Review_of_the_Developmental_and_Reproductive_Toxicity_of_Styrene
http://www.tandfonline.com/doi/abs/10.1080/10937400252972162?journalCode=uteb20
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⮚ Key Conclusions – Coyle, et al.’s finding was likely incidental, and was very unlikely 

to be related to styrene emissions. Although Texas ranked 1st among all US states for 

styrene emissions, the rates of breast cancer in Texas were the lowest of any state.  

 

81. Epidemiologic Studies of Styrene and Cancer: A Review of the Literature by Paolo Boffetta, 

M.D., MPH, International Prevention Research Institute, Lyon, France, and four other 

authors, published in the Journal of Occupational & Environmental Medicine, 51(11), pp. 

1275-1287, 2009.  

⮚ Purpose – Reviewed the epidemiologic literature on styrene and cancer. 

⮚ Key Conclusions – This review of the existing scientific evidence found that the 

results of extensive peer-reviewed studies of workers in styrene-related industries 

collectively showed that exposure to styrene did not increase the risk of cancer. 

Specifically, the paper stated: ”The evidence for human carcinogenicity of styrene is 

inconsistent and weak. On the basis of the available evidence, one cannot conclude 

that there is a causal association between styrene and any form of cancer.” 

 

82. The Weight of Evidence Does Not Support the Listing of Styrene as “Reasonably Anticipated 

to be a Human Carcinogen” in NTP’s 12th Report on Carcinogens by Lorenz R. Rhomberg, 

Ph.D., and two other authors, published in Human and Ecological Risk Assessment: An 

International Journal, 19(1), pp. 4-27, 2013. 

⮚ Purpose – Provided scientific evidence and analysis as to whether or not styrene met 

the National Toxicology Program’s (NTP’s) standard for “reasonably anticipated to be 

a human carcinogen” and if styrene should be listed in the Report on Carcinogens. 

⮚ Key Conclusions – The effects of styrene observed in experimental animals did not 

meet the standard of “sufficient evidence in animals” and the underlying mode of 

action was species-specific and not applicable to humans. Human data did not 

consistently show increased incidence of or mortality from cancer. There was no 

concordance among the human, experimental animal and mode of action data. Thus, 

styrene should not be listed in the NTP Report on Carcinogens. 

 

83. Evaluation of Potential Health Effects Associated with Occupational and Environmental 

Exposure to Styrene – An Update by Marcy I. Banton, D.V.M, Ph.D., Gorge View Consulting 

LLC, Hood River, OR and eight other authors, published in Journal of Toxicology and 

Environmental Health, Part B, 22:1-4, pp. 1-130, 2019.  

⮚ Purpose – Update to the Harvard Center for Risk Analysis risk assessment that was 

performed for styrene in 2002.  The over 20 years of research and expert 

assessments sponsored by SIRC and its international industry partners on human 

color vision, ototoxicity, genotoxicity, cancer epidemiology, mouse lung tumor mode 

of action, rat reproductive toxicity and developmental neurotoxicity and assessment 

of endocrine disruption were summarized and coupled with current exposure 

http://journals.lww.com/joem/Abstract/2009/11000/Epidemiologic_Studies_of_Styrene_and_Cancer__A.5.aspx
http://www.tandfonline.com/doi/pdf/10.1080/10807039.2012.650577
http://www.tandfonline.com/doi/pdf/10.1080/10807039.2012.650577
https://www.researchgate.net/publication/334326243_Evaluation_of_potential_health_effects_associated_with_occupational_and_environmental_exposure_to_styrene_-_an_update
https://www.researchgate.net/publication/334326243_Evaluation_of_potential_health_effects_associated_with_occupational_and_environmental_exposure_to_styrene_-_an_update
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information to assess the potential for styrene to produce cancer and non-cancer 

health effects in workers and the general public.   

⮚ Key Conclusions – The updated hazard assessment found that ototoxicity and 

human cancers remain of concern for styrene exposure, however, the research on 

mouse lung tumors demonstrate these tumors are mouse-specific and lo low 

relevance to human cancer risk. The updated toxicity information supports safe 

exposure levels for styrene of 20 ppm for workers and 3.7 ppm for the general public. 

The updated risk assessment found acceptable risks for styrene exposures to the 

general public and workers with occupational exposures in non-fiber-reinforced 

polymer composites industries and fiber-reinforced polymer composites (FRP) 

workers using closed-mold operations or open-mold operations with respiratory 

protection. Only FRP workers using open-mold- operations and not using respiratory 

protection have risk exceedances for styrene and should be considered for risk 

management measures.  

 

84. Hypothesis-Driven Weight of Evidence Evaluation Indicated Styrene Lacks Endocrine 

Disruption Potential by Christopher J. Borgert, Ph.D., Applied Pharmacology and Toxicology 

Inc, Gainesville, FL, published in Critical Reviews in Toxicology, 53(2), pp. 53-68, 2023.  

⮚ Purpose – Systematic review and weight of evidence evaluation of styrene’s 

potential to disrupt the endocrine system. The weight of evidence evaluation was 

applied to estrogen, androgen, thyroid, and steroidogenic (EATS) pathways and 

consisted of problem formulation, systematic literature search and selection, data 

quality evaluation, relevance weighting of endpoint data, and application of specific 

interpretative criteria.  

⮚ Key Conclusions – The review found that there is sufficient data to assess the 

endocrine disruptive potential for styrene for EATS modes of actions. Responses to 

styrene were concluded to be inconsistent with patterns of responses expected for 

chemicals and hormones known to operate by EATS modes of action, and thus 

styrene cannot be deemed an endocrine disruptor. No further endocrine screening 

testing is warranted for styrene.    

 

85. Styrene, PolyPhenyls, and Related Substances by Marcy I Banton, D.V.M, Ph.D., Gorge 

View Consulting LLC, Hood River, OR and two other authors, published in Patty’s 

Toxicology, 7th Edition, D. Paustenbach, W. Farland, J.E. Klaunig, Eds., 2023  

⮚ Purpose – Updated review of the physico-chemical properties, toxicity, ecotoxicity, 

environmental fate and exposure of styrene and polyphenyl substances.   

⮚ Key Conclusions – The reviewed polyphenol substances are produced in high 

volumes world-wide as products or by-products in petroleum or coal refining, burning 

or pyrolysis.  They generally occur as volatile liquids under normal conditions, 

although the higher molecular weight substances are volatile solids. Characteristics 

include high lipid solubility, and donor-acceptor and polar interactions. Health 

hazards include skin and eye irritation and damage, aspiration pneumonitis, repeated 

https://www.tandfonline.com/doi/full/10.1080/10408444.2022.2112652
https://www.tandfonline.com/doi/full/10.1080/10408444.2022.2112652
https://onlinelibrary.wiley.com/doi/abs/10.1002/0471125474.tox119.pub2
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exposure toxicities to the nasal cavity, lung, kidney and bladder, genotoxic under 

certain conditions, and carcinogenic in animals. Their environmental fate varies 

according to their physical chemical properties, but all are toxic to aquatic organisms.  

 

86. Styrene by Marcy I Banton, D.V.M, Ph.D., Gorge View Consulting LLC, Hood River, OR, and 

S. Sarang, Ph.D., Shell International, Shell Health, Houston, Tx. published in Encyclopedia 

of Toxicology, 4th Edition, Oxford, Elsevier. Wexler, P. ed. pp. 736-764, 2024. 

⮚ Purpose – Updated and abbreviated review of the chemistry, use, exposure, toxicity, 

ecotoxicity, and environmental fate of styrene.  

⮚ Key Conclusions – Styrene is an aromatic hydrocarbon substance that consists of a 

single aromatic ring carrying a vinyl side-chain. It exists as a volatile, flammable liquid, 

with a sweet, sharp odor and occurs naturally in some foods and beverages or is 

synthetically produced or formed from incomplete combustion of natural materials, 

incinerators burning hydrocarbon waste or from motor vehicle exhaust. It is mobile in 

all environmental media but predicted to volatilize to the atmosphere, is 

biodegradable in aquatic and terrestrial environments with a low potential for 

bioaccumulation, and has a moderate ecotoxicity hazard to aquatic and soil 

organisms. Styrene’s human health hazards include transient nervous system 

depression at high exposures, lung aspiration, irritation, ototoxicity, and it is 

carcinogenic in mice producing tumors that have low relevance to human cancer risk.  

 

87. Styrene lung cancer risk assessment: An alternative evaluation of human lung cancer risk 

assuming mouse lung tumors are potentially human relevant and operating by a threshold 

based non-genotoxic mode of action by James S. Bus, Ph.D., Exponent, Inc., Palo Alto, CA 

and two other authors, published in Journal of Toxicology and Environmental Health, Part B 

Crit Rev, 27(7), pp.264-286, 2024. 

⮚ Purpose – To present a cancer risk assessment alternative to the styrene non-cancer 

risk assessment published by Banton et al. (2019) (see item #83) by deriving 

occupational and general population safe exposure levels based on the assumption 

that styrene-induced mouse lung tumors are potentially relevant to humans but 

attributable to a non-genotoxic (threshold) mode of action.  

⮚ Key Conclusions – The assessment estimated safe exposure levels for styrene 

potential carcinogenicity of 6.2 ppm for workers and 0.8 ppm for the general public. 

These values indicate an acceptable level of cancer risk for styrene exposures to the 

general public and workers with styrene exposed workers with the exception of fiber-

reinforced polymer composites (FRP) workers using open-mold operations not using 

respiratory protection.  

https://www.sciencedirect.com/science/article/abs/pii/B978012824315200422X
https://www.tandfonline.com/doi/full/10.1080/10937404.2024.2380449
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