
Reducing exposure to toxic environmental agents is a 
critical area of intervention for obstetricians, gynecolo-
gists, and other reproductive health care professionals. 
Patient exposure to toxic environmental chemicals and 
other stressors is ubiquitous, and preconception and pre-
natal exposure to toxic environmental agents can have a 
profound and lasting effect on reproductive health across 
the life course. Although exposure to toxic environmental 
chemicals is universal, harmful environmental exposure 
is inequitably and unequally distributed, which leaves 
some populations, including underserved women, more 
vulnerable to adverse reproductive health effects than 
other populations. Because individuals alone can do 
little about exposure to toxic environmental agents, the 
authoritative voice of health care professionals in policy 
arenas is critical to translating emerging scientific findings 
into prevention-oriented action on a large scale. The evi-
dence that links exposure to toxic environmental agents 
and adverse reproductive and developmental health out-
comes is sufficiently robust, and the American College 
of Obstetricians and Gynecologists (the College) and the 
American Society for Reproductive Medicine (ASRM) 
join leading scientists and other clinical practitioners in 
calling for timely action to identify and reduce exposure 
to toxic environmental agents while addressing the con-
sequences of such exposure.

Reproductive Environmental Health
Robust scientific evidence has emerged over the past 15 
years, demonstrating that preconception and prenatal 
exposure to toxic environmental agents can have a pro-
found and lasting effect on reproductive health across 
the life course (1–9). Exposure to toxic environmental  
agents also is implicated in increases in adverse reproduc-
tive health outcomes that emerged since World War II; 
these changes have occurred at a relatively rapid rate that 
cannot be explained by changes in genetics alone, which 
occur at a slower pace.  Current evidence is not sufficient 
to explain cause and effect, but it can illustrate health out-
come patterns over time as outlined in Table 1. 

The environmental drivers of reproductive health 
are many and varied. Of critical concern for reproductive 
health professionals is the ubiquitous patient exposure 
to manufactured chemicals and metals. In the past 70 
years, the manufacture and use of industrial chemicals 
has increased more than 15-fold (10). Currently, in the 
United States, approximately 700 new chemicals are  
introduced into commerce each year, and more than 
84,000 chemical substances are listed by the U.S. 
Environmental Protection Agency (EPA) for manufactur-
ing, processing, or importing (11–12); overall, approxi-
mately 3,000 of these chemicals are used or imported 
in high volumes (greater than 1 million pounds) (11). 
Because of deficiencies in the current regulatory structure, 
unlike pharmaceuticals, most environmental chemicals 
in commerce have entered the marketplace without com-
prehensive and standardized research into their repro-
ductive or other long-term toxic effects (13, 14).

Environmental chemicals are pervasive in all aspects 
of patients’ lives, including those found in the air, water, 
soil, food, and consumer products. As a result, among 
pregnant women, daily exposure to various toxic chemi-
cals is now the norm. An analysis of National Health and 
Nutrition Examination Survey data from 2003 to 2004 
found that virtually every pregnant woman in the United 
States was exposed to at least 43 different chemicals (15). 

Chemicals in pregnant women can cross the pla-
centa, and in some cases, such as with methyl mercury, 
can accumulate in the fetus, resulting in higher fetal expo-
sure than maternal exposure (16–18). The 2008–2009 
National Cancer Institute’s President’s Cancer Panel 
report observed that “to a disturbing extent babies are 
born ‘pre-polluted’” (3). Prenatal exposure to certain 
environmental chemicals is linked to various health conse-
quences that can manifest across the lifetime of individuals 
and potentially be transmitted to the next generation (4).  
Table 2 presents examples of prenatal exposure to envi-
ronmental contaminants that are associated with repro-
ductive and developmental health outcomes that manifest 
at birth or are delayed until childhood or adulthood. 
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Table 1. Adverse Trends in Health in the United States ^

Outcome	 Time frame	                                            Trend 

Increase

Impaired fecundity1, 2	 1982–2002	 Increase from 8.4% to 11.8% in women aged 15 – 44 years

Preterm birth3	 1981–2010	 Increase from 94.4 per 1,000 births to 119.9 per 1,000 births

Low birth weight3	 1981–2010	 Increase from 68.1 per 1,000 births to 81.5 per 1,000 births

Small for gestational	 1990–2005	 Increase from 72 per 1,000 births to 81 per 1,000 births  
age infant4 		

Gastroschisis5	 1987–2003	 3.2-fold increase in California

Cryptorchidism6	 1970–1993	 Increase from 19 per 10,000 births to 41 per 10,000 births

Hypospadias6	 1970–1993	 Increase from 20 per 10,000 births to 37 per 10,000 

Autism7	 2002–2008	 Increase in prevalence from 6.4 per 1,000 to 11.4 per 1,000 

Childhood cancer8	 1975–2007	 Increase from 129 to 167 cases per million children

Obesity9	 1960–2010	 Increase from 15.8% to 36.1% in women aged 20–74 years

Decrease

Life expectancy	 1990–200810	 Decreased by 5 years for white women with less than high school  
		  education

	 2000–200711	 Life expectancy of women in 91% of U.S. counties decreased in  
		  standing against the international life expectancy standard

Puberty (onset of menarche)12	 1970–1994	 Decrease of 2.5–4 months

Puberty (breast development)12	 1948–1994	 Decrease in mean age of breast development

1Chandra A, Martinez GM, Mosher WD, Abma JC, Jones J. Fertility, family planning, and reproductive health of U.S. women: data from the 2002 National Survey of 
Family Growth. Vital Health Stat 23 2005;(25):1–160. ^
2Swan SH, Hertz-Picciotto I. Reasons for infecundity. Fam Plann Perspect 1999;31:156–7. ^
3Martin JA, Hamilton BE, Ventura SJ, Osterman MJ, Wilson EC, Mathews TJ. Births: final data for 2010. Natl Vital Stat Rep 2012;61(1):1–71. Available at: http://
www.cdc.gov/nchs/data/nvsr/nvsr61/nvsr61_01.pdf. Retrieved July 22, 2013. ^
4Donahue SM, Kleinman KP, Gillman MW, Oken E. Trends in birth weight and gestational length among singleton term births in the United States: 1990-2005. 
Obstet Gynecol 2010;115:357–64. ^
5Vu LT, Nobuhara KK, Laurent C, Shaw GM. Increasing prevalence of gastroschisis: population-based study in California. J Pediatr 2008;152:807–11. ^
6Paulozzi LJ. International trends in rates of hypospadias and cryptorchidism. Environ Health Perspect 1999;107:297–302. ^
7Prevalence of autism spectrum disorders - Autism and Developmental Disabilities Monitoring Network, United States, 2006. Autism and Developmental Disabilities 
Monitoring Network Surveillance Year 2006 Principal Investigators; Centers for Disease Control and Prevention (CDC) [published erratum appears in MMWR Morb 
Mortal Wkly Rep 2010;59:956]. MMWR Surveill Summ 2009;58(SS-10):1–20. ^
8Environmental Protection Agency. America’s children and the environment. 3rd ed. Washington, DC: EPA; 2013. Available at: http://www.epa.gov/ace/publications/
ACE3_2013.pdf. Retrieved July 22, 2013. ^
9Fryar CD, Carroll MD, Ogden CL. Prevalence of overweight, obesity, and extreme obesity among adults: United States, trends 1960–1962 through 2009–2010. 
NCHS Health E-Stat. Hyattsville, MD: National Center for Health Statistics; 2012. Available at: http://www.cdc.gov/nchs/data/hestat/obesity_adult_09_10/obe-
sity_adult_09_10.pdf. Retrieved July 22, 2013. ^
10Olshansky SJ, Antonucci T, Berkman L, Binstock RH, Boersch-Supan A, Cacioppo JT, et al. Differences in life expectancy due to race and educational differences 
are widening, and many may not catch up. Health Aff 2012;31:1803–13. ^
11Kulkarni SC, Levin-Rector A, Ezzati M, Murray CJ. Falling behind: life expectancy in US counties from 2000 to 2007 in an international context. Popul Health Metr 
2011;9:16. ^
12Euling SY, Herman-Giddens ME, Lee PA, Selevan SG, Juul A, Sorensen TI, et al. Examination of US puberty-timing data from 1940 to 1994 for secular trends: panel 
findings. Pediatrics 2008;121(suppl 3):S172–91. ^
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http://www.cdc.gov/nchs/data/nvsr/nvsr61/nvsr61_01.pdf
http://journals.lww.com/greenjournal/Fulltext/2010/02000/Trends_in_Birth_Weight_and_Gestational_Length.23.aspx
http://www.ncbi.nlm.nih.gov/pubmed/18492521
http://www.ncbi.nlm.nih.gov/pubmed/10090709
http://www.ncbi.nlm.nih.gov/pubmed/20023608
http://www.epa.gov/ace/publications/ACE3_2013.pdf
http://www.epa.gov/ace/publications/ACE3_2013.pdf
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http://www.cdc.gov/nchs/data/hestat/obesity_adult_09_10/obesity_adult_09_10.pdf
http://www.ncbi.nlm.nih.gov/pubmed/22869659
http://www.ncbi.nlm.nih.gov/pubmed/21672269
http://www.ncbi.nlm.nih.gov/pubmed/21672269
http://www.ncbi.nlm.nih.gov/pubmed/18245511
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Table 2. Examples of Reproductive Health Effects of Prenatal Exposure to Environmental Contaminants ^

Chemicals	 Exposure Sources and Pathways	 Reproductive or Developmental Health Effects

Pesticides	 Pesticides are applied in large quantities in agricultural, 	  
	 community, and household settings. In 2001, more than 	  
	 1.2 billion pounds of active ingredients were used in 	  
	 the United States. Pesticides can be ingested, inhaled, 	  
	 and absorbed by the skin. The pathways of pesticide 	  
	 exposure include food, water, air, dust, and soil. 	

Solvents	 Examples include benzene, toluene, xylene, styrene, 	  
	 1-bromopropane, 2-bromopropane, perchloroethylene, 	  
	 and trichloroethylene. Solvents include some of the highest	  
	 production volume chemicals in the United States. 	  
	 They are used in plastics, resins, nylon, synthetic fibers, 	  
	 rubber, lubricants, dyes, detergents, drugs, pesticides, glues, 	  
	 paints, paint thinners, fingernail polish, lacquers, detergents, 	  
	 printing and leather tanning processes, insulation, fiberglass, 	  
	 food containers, carpet backing, and cleaning products. 	  
	 Solvents are a component of cigarette smoke. Exposure is 	  
	 primarily through breathing contaminated air.	

Toluene	 Exposure occurs from breathing contaminated air at the 	  
	 workplace, in automobile exhaust, some consumer products, 	  
	 paints, paint thinners, fingernail polish, lacquers, and  
	 adhesives.	

Phthalates	 Phthalates are synthetically derived. They are used in a 	  
	 variety of consumer goods, such as medical devices, cleaning 	  
	 and building materials, personal care products, cosmetics, 	  
	 pharmaceuticals, food processing, and toys. Exposure occurs 	  
	 through ingestion, inhalation, and dermal absorption.	

Lead	 Occupational exposure occurs in battery manufacturing and 	  
	 recycling, smelting, car repair, welding, soldering, firearm 	  
	 cleaning and shooting, and stained glass ornament and jewelry 	  
	 production. Nonoccupational exposure occurs in older homes 	  
	 where lead-based paints were used, water pipes, imported 	  
	 ceramics and pottery, herbal remedies, traditional cosmetics, 	  
	 hair dyes, contaminated soil, toys, and costume jewelry.	  

Mercury	 Mercury from coal-fired power plants is the largest man-made 	  
	 source of mercury pollution in the United States. Primary human 	  
	 exposure is by consumption of contaminated seafood.	

Polychlorinated	 Polychlorinated biphenyls were used as industrial insulators 	  
biphenyls 	 and lubricants. They were banned in the 1970s but are 	  
	 persistent in the aquatic and terrestrial food chains, resulting 	  
	 in exposure by ingestion.	

Air pollutants	 Common air pollutants include carbon monoxide, lead, 	  
	 ground-level ozone, particulate matter, nitrogen dioxide, and 	  
	 sulfur dioxide. Air pollution arises from a variety of sources, 	  
	 including motor vehicles, industrial production, energy (coal) 	  
	 production, wood burning, and small local sources, such as 	  
	 dry cleaners.	

Cigarette smoke	 Cigarette smoke exposure includes active smoking, passive 	  
	 smoking, or both.	

Impaired cognitive development1, 2 
Impaired neurodevelopment3, 4

Impaired fetal growth5

Increased susceptibility to testicular cancer6

Childhood cancer7–9

Fetal loss10–13

Miscarriage11

Decreased fetal and birth weight14

Congenital malformations15, 16

Reduced masculine play in boys17

Reduced anogenital distance18

Shortened gestational age19

Impaired neurodevelopment in girls20

Alterations in genomic methylation21

Intellectual impairment22

Increased likelihood of allergies23

Reduced cognitive performance24, 25 
Impaired neurodevelopment26, 27

Development of attention deficit and hyperactivity 
disorder-associated behavior28

Increased body mass index29

Reduced IQ30

Low birth weight31 	
Birth defects32

Miscarriage33

Intrauterine growth restriction, low birth 
weight, and preterm delivery34

Decreased semen quality35

(continued)
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Table 2. Examples of Reproductive Health Effects of Prenatal Exposure to Environmental Contaminants (continued)

Chemicals	 Exposure Sources and Pathways	 Reproductive or Developmental Health Effects

Perchlorate	 Perchlorate is used to produce rocket fuel, fireworks, flares,	 Altered thyroid function36 
	 and explosives and also can be present in bleach and some 	  
	 fertilizers. Sources of exposure are contaminated drinking water, 	  
	 food, and other nonwater beverages. Infants also may be 	  
	 exposed through breast milk. 	

Perfluorochemicals 	 Perfluorochemicals are widely used man-made organofluorine 	 Reduced birth weight37 
	 compounds with many diverse industrial and consumer product 	  
	 applications. Examples are perfluorooctane sulfonate and 	  
	 perfluorooctanate, which are used in cookware products 	  
	 with nonstick surfaces and in packaging to provide grease, oil, 	  
	 and water resistance to plates, food containers, bags, and 	  
	 wraps that come into contact with food. They persist in the 	  
	 environment. Occupational exposure and general population 	  
	 exposure occurs by inhalation, ingestion, and dermal contact.	  

Polybrominated	 These include flame retardant materials that persist and 	  
diphenyl ethers 	 bioaccumulate in the environment. They are found in furniture, 	  
	 textiles, carpeting, electronics, and plastics that are mixed into 	  
	 but not bound to foam or plastic.	

Bisphenol A	 Bisphenol A is a chemical intermediate for polycarbonate plastic 	  
	 and resins. It is found in food, consumer products, and packaging. 	  
	 Exposure occurs through inhalation, ingestion, and dermal  
	 absorption.	

Formaldehyde	 Formaldehyde is used in the production of wood adhesives, 	  
	 abrasive materials, and other industrial products and in clinical 	  
	 laboratories and embalming. It is found in some germicides, 	  
	 fungicides, insecticides, and personal care products. Routes of 	  
	 exposure are oral, dermal, and inhaled. 	

Antineoplastic drugs	 This class of chemotherapy drugs presents an occupational 	  
	 exposure for nurses and other health care professionals. 	

Anesthetic gases	 Anesthetic gases are administered by inhalation in health care 	  
	 settings and veterinary care. Occupational exposure is a risk for 	  
	 nurses, physicians, dentists, veterinarians and, other health care 	  
	 professionals who work in settings where anesthetic gases  
	 are used. 	

Ethylene oxide	 Ethylene oxide is used to sterilize heat-sensitive medical items, 	  
	 surgical instruments, and other objects that come into contact 	  
	 with biologic tissues. Occupational exposure is a risk in some 	  
	 health care settings, particularly sterilization units. Exposure is 	  
	 through inhalation. 

1Bouchard MF, Chevrier J, Harley KG, Kogut K, Vedar M, Calderon N, et al. Prenatal exposure to organophosphate pesticides and IQ in 7-year-old children. Environ Health 
Perspect 2011;119:1189–95. ^
2Engel SM, Wetmur J, Chen J, Zhu C, Barr DB, Canfield RL, et al. Prenatal exposure to organophosphates, paraoxonase 1, and cognitive development in childhood. Environ 
Health Perspect 2011;119:1182–8. ^
3Rauh VA, Garfinkel R, Perera FP, Andrews HF, Hoepner L, Barr DB, et al. Impact of prenatal chlorpyrifos exposure on neurodevelopment in the first 3 years of life among 
inner-city children. Pediatrics 2006;118:e1845–59. ^
4Rauh V, Arunajadai S, Horton M, Perera F, Hoepner L, Barr DB, et al. Seven-year neurodevelopmental scores and prenatal exposure to chlorpyrifos, a common agricultural 
pesticide. Environ Health Perspect 2011;119:1196–201. ^
5Whyatt RM, Rauh V, Barr DB, Camann DE, Andrews HF, Garfinkel R, et al. Prenatal insecticide exposures and birth weight and length among an urban minority cohort. 
Environ Health Perspect 2004;112:1125–32. ^
6Cohn BA, Cirillo PM, Christianson RE. Prenatal DDT exposure and testicular cancer: a nested case-control study. Arch Environ Occup Health 2010;65:127–34. ^
7Wigle DT, Arbuckle TE, Turner MC, Berube A, Yang Q, Liu S, et al. Epidemiologic evidence of relationships between reproductive and child health outcomes and environmen-
tal chemical contaminants. J Toxicol Environ Health B Crit Rev 2008;11:373–517. ^
8Wigle DT, Turner MC, Krewski D. A systematic review and meta-analysis of childhood leukemia and parental occupational pesticide exposure. Environ Health Perspect 
2009;117:1505–13. ^

Impaired neurodevelopment38

Premature delivery, low birth weight, and stillbirth39

Recurrent miscarriage40

Aggression and hyperactivity in female children41

Spontaneous abortion42

Low birth weight43

Spontaneous abortion44

Low birth weight45

Congenital anomalies46

Spontaneous abortion47

Spontaneous abortion and pregnancy loss48

Preterm and postterm birth49

http://www.ncbi.nlm.nih.gov/pubmed/21507776
http://www.ncbi.nlm.nih.gov/pubmed/21507776
http://www.ncbi.nlm.nih.gov/pubmed/21507778
http://www.ncbi.nlm.nih.gov/pubmed/21507778
http://www.ncbi.nlm.nih.gov/pubmed/17116700
http://www.ncbi.nlm.nih.gov/pubmed/21507777
http://www.ncbi.nlm.nih.gov/pubmed/15238288
http://www.ncbi.nlm.nih.gov/pubmed/20705572
http://www.ncbi.nlm.nih.gov/pubmed/18470797
http://www.ncbi.nlm.nih.gov/pubmed/20019898
http://www.ncbi.nlm.nih.gov/pubmed/20019898
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9Van Maele-Fabry G, Lantin AC, Hoet P, Lison D. Childhood leukaemia and parental occupational exposure to pesticides: a systematic review and meta-analysis. Cancer 
Causes Control 2010;21:787–809. ^
10Schettler T, Solomon G, Valenti M, Huddle A. Generations at risk: reproductive health and the environment. Cambridge (MA): MIT Press; 1999. ^
11Hruska KS, Furth PA, Seifer DB, Sharara FI, Flaws JA. Environmental factors in infertility. Clin Obstet Gynecol 2000;43:821–9. ^
12Kyyronen P, Taskinen H, Lindbohm ML, Hemminki K, Heinonen OP. Spontaneous abortions and congenital malformations among women exposed to tetrachloroethylene in 
dry cleaning. J Epidemiol Community Health 1989;43:346–51. ^
13Sharara FI, Seifer DB, Flaws JA. Environmental toxicants and female reproduction. Fertil Steril 1998;70:613–22. ^
14Ahmed P, Jaakkola JJ. Exposure to organic solvents and adverse pregnancy outcomes. Hum Reprod 2007;22:2751–7. ^
15Wilkins-Haug L. Teratogen update: toluene. Teratology 1997;55:145–51. ^
16Jones HE, Balster RL. Inhalant abuse in pregnancy. Obstet Gynecol Clin North Am 1998;25:153–67. ^
17Swan SH, Liu F, Hines M, Kruse RL, Wang C, Redmon JB, et al. Prenatal phthalate exposure and reduced masculine play in boys. Int J Androl 2010;33:259–69. ^
18Swan SH, Main KM, Liu F, Stewart SL, Kruse RL, Calafat AM, et al. Decrease in anogenital distance among male infants with prenatal phthalate exposure. Study for Future 
Families Research Team [published erratum appears in Environ Health Perspect 2005;113:A583]. Environ Health Perspect 2005;113:1056–61. ^
19Latini G, De Felice C, Presta G, Del Vecchio A, Paris I, Ruggieri F, et al. In utero exposure to di-(2-ethylhexyl)phthalate and duration of human pregnancy. Environ Health 
Perspect 2003;111:1783–5. ^
20Engel SM, Zhu C, Berkowitz GS, Calafat AM, Silva MJ, Miodovnik A, et al. Prenatal phthalate exposure and performance on the Neonatal Behavioral Assessment Scale in a 
multiethnic birth cohort. Neurotoxicology 2009;30:522–8. ^
21Pilsner JR, Hu H, Ettinger A, Sanchez BN, Wright RO, Cantonwine D, et al. Influence of prenatal lead exposure on genomic methylation of cord blood DNA. Environ Health 
Perspect 2009;117:1466–71. ^
22Centers for Disease Control and Prevention. Low level lead exposure harms children: a renewed call for primary prevention. Atlanta (GA): CDC; 2012. Available at: http://
www.cdc.gov/nceh/lead/acclpp/final_document_030712.pdf. Retrieved July 22, 2013. ^
23Jedrychowski W, Perera F, Maugeri U, Miller RL, Rembiasz M, Flak E, et al. Intrauterine exposure to lead may enhance sensitization to common inhalant allergens in early 
childhood: a prospective prebirth cohort study. Environ Res 2011;111:119––24. ^
24Grandjean P, Weihe P, White RF, Debes F, Araki S, Yokoyama K, et al. Cognitive deficit in 7-year-old children with prenatal exposure to methylmercury. Neurotoxicol Teratol 
1997;19:417–28. ^
25Grandjean P, Weihe P, White RF, Debes F. Cognitive performance of children prenatally exposed to “safe” levels of methylmercury. Environ Res 1998;77:165–72. ^
26Davidson PW, Strain JJ, Myers GJ, Thurston SW, Bonham MP, Shamlaye CF, et al. Neurodevelopmental effects of maternal nutritional status and exposure to methylmer-
cury from eating fish during pregnancy [published erratum appears in Neurotoxicology 2011;32:989]. Neurotoxicology 2008;29:767–75. ^
27Lederman SA, Jones RL, Caldwell KL, Rauh V, Sheets SE, Tang D, et al. Relation between cord blood mercury levels and early child development in a World Trade Center 
cohort. Environ Health Perspect 2008;116:1085–91. ^
28Sagiv SK, Thurston SW, Bellinger DC, Tolbert PE, Altshul LM, Korrick SA. Prenatal organochlorine exposure and behaviors associated with attention deficit hyperactivity 
disorder in school-aged children. Am J Epidemiol 2010;171:593–601. ^
29Verhulst SL, Nelen V, Hond ED, Koppen G, Beunckens C, Vael C, et al. Intrauterine exposure to environmental pollutants and body mass index during the first 3 years of life. 
Environ Health Perspect 2009;117:122–6. ^
30Jacobson JL, Jacobson SW. Intellectual impairment in children exposed to polychlorinated biphenyls in utero. N Engl J Med 1996;335:783–9. ^
31Dadvand P, Parker J, Bell ML, Bonzini M, Brauer M, Darrow LA, et al. Maternal exposure to particulate air pollution and term birth weight: a multi-country evaluation of 
effect and heterogeneity. Environ Health Perspect 2013;121:267–373. ^
32Padula AM, Tager IB, Carmichael SL, Hammond SK, Lurmann F, Shaw GM. The association of ambient air pollution and traffic exposures with selected congenital anoma-
lies in the San Joaquin valley of California. Am J Epidemiol 2013;177:1074–85. ^
33Younglai EV, Holloway AC, Foster WG. Environmental and occupational factors affecting fertility and IVF success. Hum Reprod Update 2005;11:43–57. ^
34Centers for Disease Control and Prevention, Office on Smoking and Health. Women and smoking: a report of the Surgeon General. Atlanta (GA): CDC; 2001. ^
35Jensen TK, Jorgensen N, Punab M, Haugen TB, Suominen J, Zilaitiene B, et al. Association of in utero exposure to maternal smoking with reduced semen quality and testis 
size in adulthood: a cross-sectional study of 1,770 young men from the general population in five European countries. Am J Epidemiol 2004;159:49–58. ^
36Steinmaus C, Miller MD, Smith AH. Perchlorate in drinking water during pregnancy and neonatal thyroid hormone levels in California. J Occup Environ Med 2010;52:1217–524. ^
37Washino N, Saijo Y, Sasaki S, Kato S, Ban S, Konishi K, et al. Correlations between prenatal exposure to perfluorinated chemicals and reduced fetal growth. Environ Health 
Perspect 2009;117:660–7. ^
38Herbstman JB, Sjodin A, Kurzon M, Lederman SA, Jones RS, Rauh V, et al. Prenatal exposure to PBDEs and neurodevelopment. Environ Health Perspect 2010;118:712–9. ^
39Wu K, Xu X, Liu J, Guo Y, Li Y, Huo X. Polybrominated diphenyl ethers in umbilical cord blood and relevant factors in neonates from Guiyu, China. Environ Sci Technol 
2010;44:813–9. ^
40Sugiura-Ogasawara M, Ozaki Y, Sonta S, Makino T, Suzumori K. Exposure to bisphenol A is associated with recurrent miscarriage. Hum Reprod 2005;20:2325–9. ^
41Braun JM, Yolton K, Dietrich KN, Hornung R, Ye X, Calafat AM, et al. Prenatal bisphenol A exposure and early childhood behavior. Environ Health Perspect 2009;117:1945–52.^
42Duong A, Steinmaus C, McHale CM, Vaughan CP, Zhang L. Reproductive and developmental toxicity of formaldehyde: a systematic review. Mutat Res 2011;728:118–38. ^
43Maroziene L, Grazuleviciene R. Maternal exposure to low-level air pollution and pregnancy outcomes: a population-based study. Environ Health 2002;1:6. ^
44Lawson CC, Rocheleau CM, Whelan EA, Lividoti Hibert EN, Grajewski B, Spiegelman D, et al. Occupational exposures among nurses and risk of spontaneous abortion. Am J 
Obstet Gynecol 2012;206:327.e1–8. ^
45Fransman W, Roeleveld N, Peelen S, de Kort W, Kromhout H, Heederik D. Nurses with dermal exposure to antineoplastic drugs: reproductive outcomes. Epidemiology 
2007;18:112–9. ^
46Teschke K, Abanto Z, Arbour L, Beking K, Chow Y, Gallagher RP, et al. Exposure to anesthetic gases and congenital anomalies in offspring of female registered nurses. Am 
J Ind Med 2011;54:118–27. ^
47Shirangi A, Fritschi L, Holman CD. Maternal occupational exposures and risk of spontaneous abortion in veterinary practice. Occup Environ Med 2008;65:719–25. ^
48Gresie-Brusin DF, Kielkowski D, Baker A, Channa K, Rees D. Occupational exposure to ethylene oxide during pregnancy and association with adverse reproductive out-
comes. Int Arch Occup Environ Health 2007;80:559–65. ^
49Rowland AS, Baird DD, Shore DL, Darden B, Wilcox AJ. Ethylene oxide exposure may increase the risk of spontaneous abortion, preterm birth, and postterm birth. 
Epidemiology 1996;7:363–8. ^
Modified from American Journal of Obstetrics and Gynecology, volume 207, number 3, Sutton P, Woodruff TJ, Perron J, Stotland N, Conry JA, Miller MD, et al., Toxic envi-
ronmental chemicals: the role of reproductive health professionals in preventing harmful exposures, Pages 164–73, Copyright 2012, with permission from Elsevier.
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quality, psychosocial stress, and nutritional status (24, 
30–43). Importantly, environmental influences, such as 
good social support networks, access to services, stable 
income, and good nutrition, can serve as a buffer to 
stressful influences on health (23, 41–43). For example, 
resilient individuals and populations, although subject 
to harm, have community capacity and empowerment, 
political participation, and many other advantages that 
can help them to overcome the effects of adverse environ-
mental exposure (44).

Women of reproductive age with occupational expo-
sure to toxic chemicals also are highly vulnerable to 
adverse reproductive health outcomes (45). For exam-
ple, levels of organophosphate pesticides and phthalates  
measured in occupationally exposed populations are far 
greater than levels measured in the general population 
(46, 47). Occupational exposure to chemicals of concern 
for reproductive health includes organic solvents, which 
are associated with intrauterine growth restriction, small 
for gestational age infants, and risk of major congenital 
malformations (48, 49). Other types of work-related 
chemical exposure of concern for reproductive health 
include metals, formaldehyde, ethylene oxide, anesthetic 
gases, antineoplastic drugs, and pesticides (Table 2). 
Furthermore, low-wage immigrant populations dispro-
portionately work in occupations associated with a haz-
ardous workplace environment (50, 51). 

Marginalized groups, often the poor, women, and 
minorities, are also hit hardest by natural or man-
made environmental disasters (52). For example, during 

Postnatal maternal exposure to environmental chemicals 
may continue to expose a newborn through breastfeed-
ing (1, 19–21). Exposure to environmental chemicals 
during pregnancy is superimposed on the familiar envi-
ronmental drivers of reproductive health, ie, the social, 
built (encompasses a range of physical and social char-
acteristics that make up the structure of a community), 
and nutritional environment (22–25). As illustrated in 
Figure 1, each of these extrinsic factors interacts with the 
others and with intrinsic biologic factors, such as age, sex, 
and genes, to influence individual and population health 
outcomes (26, 27). 

Vulnerable Populations and 
Environmental Disparities
Although harmful exposure to toxic environmental  
agents is ubiquitous among all patient populations, many 
environmental factors harmful to reproductive health 
disproportionately affect vulnerable and underserved 
populations and are subsumed in issues of environmental 
justice. For example, the complex interactions of race, 
place, and the environment can result in exposure to 
an increased variety and concentrations of toxic envi-
ronmental chemicals (24, 28, 29). In the United States, 
minority populations are likely to live in the counties 
with the highest levels of outdoor air pollution (28) and 
to be exposed to a variety of indoor pollutants, including 
lead, allergens, and pesticides (30). In turn, the effects of 
exposure to environmental chemicals can be exacerbated 
by injustice, poverty, neighborhood quality, housing 

Fig. 1. Environmental Influences on Reproductive and Developmental Health. (University of California, San Francisco  
Program on Reproductive Health and the Environment.) ^

Extrinsic environmental factors

Intrinsic biologic factors

Health outcomes
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cient strategies for the prevention of exposure to environ-
mental toxic agents and the negative health effects for all. 

Critical and Sensitive Windows of 
Development

Timing of Exposure
Patient exposure to toxic environmental contaminants at 
any point in time can lead to harmful reproductive health 
outcomes (25). For example, prenatal exposure to certain 
pesticides has been documented to increase the risk of 
cancer in childhood; adult male exposure to pesticides 
is linked to altered semen quality, sterility, and prostate 
cancer; and postnatal exposure to some pesticides can 
interfere with all developmental stages of reproductive 
function in females, including puberty, menstruation and 
ovulation, fertility and fecundity, and menopause (70).

However, the human reproductive system is espe-
cially vulnerable to environmental chemicals when the 
exposure occurs during “critical” or “sensitive” windows 
of development (1, 2, 4, 8, 25, 71–74). Even small amounts 
of chemical exposure during windows of vulnerability 
can lead to adverse birth outcomes and increased risks of 
disease and disability across the entire span of human life 
(2, 4, 72, 75–79).

A critical window of development is a limited period 
when exposure to environmental contaminants can dis-
rupt or interfere with the physiology of a cell, tissue, or 
organ (2); exposure that occurs during this time can 
lead to permanent and lifelong health effects that may be 
passed down to future generations. In contrast, during 
a sensitive window of susceptibility, exposure may still 
affect development or eventually result in adult disease, 
but with reduced magnitude compared with the effect 
of exposure during critical periods (80). A timeline that 
shows when low-dose developmental exposure to select 
chemicals in animal models results in altered health out-
comes can be found at http://www.criticalwindows.com/
go_display.php.

The human reproductive system is vulnerable during 
critical and sensitive windows in part because these are 
times of extensive developmental changes, such as cellular 
proliferation and rapidly changing or undeveloped meta-
bolic, hormonal, and immunologic capabilities (81, 82). 
Given that development continues after birth, critical and 
sensitive windows are seen before and after conception, 
and during pregnancy, infancy, lactation, childhood, 
and puberty. For example, critical periods of central 
nervous system development extend from embryogenesis 
through adolescence, with periods of neuronal prolifera-
tion, migration, differentiation, and synaptogenesis espe-
cially sensitive to disruption and permanent damage (83). 
Because these processes are unidirectional, interference 
at an early stage may result in disruption throughout the 
further cascade of reactions and interactions that propa-
gate human development (83). 

The linkage between fetal and other types of devel-
opmental exposure to toxic environmental agents and 

Hurricane Katrina, poor and minority communities were 
disproportionately unable to evacuate New Orleans and 
avoid the associated environmental disaster in the wake 
of the storm (53). Furthermore, great disparities exist in 
where the effects of climate change will occur (54), with 
the largest burden likely to befall low-income and minor-
ity populations (55). For example, such vulnerable popu-
lations are more likely than others to bear the adverse 
effects of extreme heat events, infectious diseases, and air 
pollution associated with climate change (55).

Geographic differences also affect the distribution 
of exposure to toxic environmental agents. For example, 
California’s state policy requirements related to the use of 
flame retardants in consumer goods underlie why preg-
nant women in California overall, and the state’s low-
income communities of color in particular, have some 
of the world’s highest levels of thyroid-disrupting flame 
retardants in their homes and bodies (56–59). Similarly, 
disparities in exposure to toxic pesticides among preg-
nant women in California are attributable to differences 
in regional agricultural pesticide use (60).

Our industrialized food system also contributes to 
environmental health disparities. Current practices that 
underlie how food is produced and distributed involve 
various and inequitably distributed threats to reproduc-
tive and developmental health, including exposure to 
pesticides; chemical fertilizers; hormones in beef cattle; 
antimicrobials in beef cattle, swine, and poultry; fossil 
fuel consumption and climate change; toxic chemicals 
in food packaging and cookware; and the production 
and promotion of food that is unhealthy for pregnant 
women (61). Our industrialized food system produces an 
abundance of food that is relatively low in cost, high in 
calories, and low in nutritional value and that is readily 
available, easy to prepare, and highly marketed (62–64). 
Healthier food products are more difficult to obtain, can 
be less convenient, and are frequently more expensive 
to purchase (65). Policies and practices to advance the 
availability of healthy food for all can make a difference 
to patient health. Also these practices and policies can 
widely influence the food system by sending a signal to 
the market. This was demonstrated by the burgeoning 
market in organic food (66), the explosion of the market 
for alternatives to bisphenol A (BPA) in food contact 
items, such as baby bottles (67), and in Walmart’s ban-
ning of a flame retardant found in hundreds of consumer 
goods from its supply chain (68). 

The environment is a critical contributor to repro-
ductive health for all patients, and vulnerable and 
underserved populations are at high risk of harm. As 
underscored by a groundbreaking 2009 report by the 
National Academy of Sciences, the effects of a low-dose 
exposure to an environmental contaminant may be quite 
different based on vulnerabilities, such as the underlying 
health status of the population and the presence of addi-
tional or “background” environmental exposure (69). 
Recognition of environmental disparities is an essential 
part of developing and implementing successful and effi-

http://www.criticalwindows.com/go_display.php
http://www.criticalwindows.com/go_display.php
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Endocrine disrupting chemicals have been impli-
cated in a range of adverse health effects. For example, 
a 2013 comprehensive review of endocrine disrupting 
chemicals published by the World Health Organization 
identified three key concerns: 1) the increasing incidence 
in some regions of the world of endocrine-related dis-
eases and disorders, ie, low semen quality, genital malfor-
mations, adverse pregnancy disorders, neurobehavioral 
disorders, endocrine-related cancer (breast, endometrial, 
ovarian, prostate, testicular, and thyroid), early breast 
development, obesity, and type 2 diabetes mellitus; 2) the 
existence of almost 800 known or suspected endocrine 
disrupting chemicals in commercial use, which is likely 
an underestimate because most chemicals in commerce 
have not been tested for endocrine disrupting effects; and 
3) the high and increasing prevalence of human exposure 
to endocrine disrupting chemicals through food, water, 
air, and consumer products (99). 

Evidence Available for Decision Making 
in Environmental Health Science
The type of scientific evidence available for clinical deci-
sion making differs in character from the evidence used 
in environmental health science. The standard practice 
for obtaining data on which clinical risk–benefit decisions 
about medical interventions are based is conducting a 
randomized controlled trial (RCT). However, in environ-
mental health science, ethics virtually precludes the abil-
ity of RCTs to discover adverse effects of environmental 
chemicals on health, and comprehensive comparable 
weighing of health risks and benefits does not occur in 
the environmental arena (100) because chemicals are not 
designed to have a direct health benefit. 

Therefore, clinicians must rely on animal and other 
nonhuman experimental data and human observational 
studies to shape patient recommendations and preven-
tion strategies in environmental health science. In vitro 
animal studies of reproductive and developmental toxic-
ity are recognized as reliable predictors of human health 
effects (101–104). Studies have established the concor-
dance of developmental and reproductive effects between 
in vitro animal studies and human studies and concluded 
that humans are as sensitive or more sensitive than even 
the most sensitive animal species (103, 105).

Although human observational studies of environ-
mental exposure to chemicals provide the most direct 
evidence of the relationship between chemical expo-
sure and increased risk of adverse health outcomes, 
human evidence is not prevention oriented because it 
requires waiting for individuals to develop clearly identi-
fied diseases from well-characterized chemical exposure. 
Although an experimental animal carcinogenic study typ-
ically lasts 2 years, it can take 20 years to get a result from 
a comparable human study (106). Thus, sole reliance on 
epidemiologic studies squanders the option of preventing 
chemical exposure before such harm has occurred.

To bridge the gap between evidence streams in clini-
cal and environmental health sciences, a methodology 

increased risk of disease later in life is known as “devel-
opmental programming,” or “the developmental origins 
of adult health and disease.” Scientific discoveries about 
developmental programming evolved independently in 
the fields of environmental health and nutrition (81). 
In the early 1970s, in utero exposure to diethylstilbes-
trol, a hormonally active drug prescribed to as many as  
10 million pregnant women from 1938 to 1971, errone-
ously thought to prevent miscarriage, was found to be 
causally linked to postpubertal benign and malignant 
reproductive health abnormalities (81, 84–86). In the 
mid-1980s, reserachers identified strong relationships 
between maternal undernutrition, low birth weight, and 
adult risk of metabolic disease (73, 87). In the subsequent 
decades, these findings of delayed health effects from in 
utero environmental influences have been further sub-
stantiated and refined by a large body of experimental 
and epidemiologic data (9, 81, 88). 

Mechanisms of Action
Important mechanisms related to environmental chemi-
cal exposure during critical and sensitive windows of 
development are mutagenesis and the interrelated mech-
anisms of epigenetics and hormone disruption. Mutagens 
affect DNA directly. For example, ionizing radiation-
induced cancer results from complex forms of DNA dam-
age (89). In contrast, epigenetic mechanisms modulate 
gene expression that is integral to orchestrating healthy 
human development without changing DNA sequences 
(26). Beckwith–Wiedemann syndrome, Prader–Willi 
syndrome, and Angelman syndrome are conditions that 
exemplify the role of epigenetic mechanisms in repro-
ductive health outcomes (90–92). One review explains 
that for most of our genes, alleles inherited from each 
parent are equally expressed (91). In contrast, for a small 
fraction (less than 1%) of genes, alleles are imprinted, 
meaning that modification of one allele leads to a parent-
of-origin specific expression. In such cases, the imprinted 
allele is repressed by epigenetic factors (DNA and histone 
methylation). In the case of Prader–Willi syndrome, 
the absence of normal paternal expression of genes on 
a section of chromosome 15 causes a total absence of 
expression because the maternal alleles are silenced by 
epigenetic factors (imprinted) (91).

Endocrine disrupting chemicals act by interfering 
with the synthesis, secretion, transport, binding, action, 
or elimination of natural hormones in the body that are 
responsible for the maintenance of homeostasis (nor-
mal cell metabolism), reproduction, development, or 
behavior (93). Hormonal regulation is critical to human 
reproduction; therefore, chemicals that disrupt the endo-
crine system may cause permanent effects (1, 71, 77, 
94–98). Endocrine disrupting chemicals represent a het-
erogeneous  group of agents used in pesticides, plastics, 
industrial chemicals, and fuel. For example, one study 
shows that the endocrine disrupting chemical BPA works 
similar to diethylstilbestrol at the cell and developmental 
level (79).



	 9

of organogenesis may have already occurred. Interactions 
between reproductive care providers and patients occur 
at an opportune time for effecting change. Individuals 
who desire to bear children are intensely interested in 
the effect of the environment on their pregnancies and 
the health of their future children, and they look to their 
health care providers for guidance regarding avoidance 
of potentially harmful exposure to toxic agents. Health 
care providers can serve a critical role as a science-based 
source of such guidance (112, 113).

Obtaining a history during a preconception visit 
and at the first prenatal visit to identify specific types of 
exposure that may be harmful to a developing fetus is a 
key step. Maternal and paternal exposure to chemicals in 
the workplace is a reproductive health concern and also 
should be queried (114). A list of key chemical categories, 
sources of exposure, and clinical implications are provid-
ed in Table 2, and a link to examples of an exposure his-
tory can be found in the section “Resources.” As in other 
areas of clinical practice, communicating the science and 
areas of uncertainties concerning environmental expo-
sure to chemicals can provide patients with the informa-
tion they need to make informed choices based on the 
evidence and their values and preferences. Studies related 
to communicating the results regarding levels of environ-
mental chemicals in breast milk and other biomarkers 
lend empirical support to this approach (115–118).

Anticipatory guidance should include information 
regarding avoidance of toxic environmental exposure at 
home, in the community, and at work (119) with pos-
sible referrals to occupational medicine programs or 
United States Pediatric Environmental Health Specialty 
Units, if serious exposure to toxic environmental agents is 
found. Legal exposure limits for most workplace chemi-
cals are not designed to protect against harm to a pregnant 
woman or the developing fetus, and risks that are con-
sidered acceptable for workers are greater than risk levels 
established for the public (120).

Reproductive care professionals do not need to be 
experts in environmental health science to provide useful 
information to patients and refer patients to appropriate 
specialists when hazardous chemical exposure is identi-
fied. Existing clinical experience and expertise in com-
municating risks of treatment are largely transferable 
to environmental health. Physician contact time with a 
patient does not need to be the primary point of inter-
vention; information and resources about environmental 
hazards can be successfully incorporated into a childbirth 
class curriculum or provided in written materials to help 
parents make optimal choices for themselves and their 
children (121). 

Reporting identified hazards is critical to prevention. 
A patient with a hazardous exposure to chemicals or an 
adverse health outcome can be sentinel for an unrecog-
nized health hazard, large public health hazard, or both. 
Astute practitioners have played vital roles in the iden-
tification of environmental hazards (122). For example, 
the reproductive toxicity of a common solvent used in 

called the Navigation Guide has been developed to evalu-
ate the quality of evidence and strength of recommenda-
tions about the relationship between the environment 
and reproductive health in uniform, simple, and trans-
parent summaries that integrate best practices of evalua-
tion in environmental and clinical health sciences (107). 
Efforts are currently underway to establish the “proof of 
concept” of the Navigation Guide methodology.

The evidence of adverse health outcomes caused 
by environmental chemicals often cannot be identified 
on an individual level because exposure to individual 
chemicals at levels commonly experienced in the popula-
tion have a relatively small effect, and disentangling the 
environmental chemical signal from other risk factors 
is challenging. For example, on an individual level, Full 
Scale IQ losses for an increase in blood lead from 10 
micrograms per deciliter to 20 micrograms per decili-
ter in children aged 1–5 years was associated with an 
additional decrement of 1.9 Full Scale IQ points (108), 
a deficit largely invisible to clinicians. However, small 
individual-level effects can produce large adverse soci-
etywide health effects because exposure to chemicals is 
so prevalent (108). Population-level Full Scale IQ losses 
associated with exposure to lead, organophosphate pesti-
cides, and methyl mercury—23,000,000, 17,000,000 and 
285,000 points, respectively—are comparatively large or 
larger than other population level disease-specific risk 
factors for IQ loss (108). 

Recommendations for Prevention
The evidence that links exposure to toxic environmen-
tal agents and adverse reproductive and developmental 
health outcomes is sufficiently robust, and the College 
and the ASRM join leading scientists and other clinical 
practitioners in calling for timely action to identify and 
reduce exposure to environmental toxic agents while 
addressing the consequences of such exposure (1–4, 8, 
109). Reproductive care providers can be effective in 
preventing developmental exposure to environmental 
threats to health because they are uniquely poised to 
intervene during preconception and pregnancy, a critical 
window of human development. An important outcome 
of pregnancy is no longer just a healthy newborn but 
a human being biologically predisposed to be healthy 
from birth to old age (9, 81, 110, 111). By taking steps to 
address the environmental drivers of health, reproductive 
care professionals can have a large and enduring benefi-
cial effect on patient health. 

It is important for health care providers to become 
knowledgeable about toxic environmental agents that are 
endemic to their specific geographic areas. Intervention 
as early as possible during the preconception period is 
advised to alert patients regarding avoidance of toxic 
exposure and to ensure beneficial environmental expo-
sure (eg, fresh fruit and vegetables, unprocessed food, 
outdoor activities, and a safe and nurturing physical 
and social environment). By the first prenatal care visit, 
exposure to toxic environmental agents and disruptions 
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Advance Prevention-Oriented Policy
Decisions on the individual level regarding avoidance of 
toxic exposure are complex and often affected by external 
factors that limit making healthy lifestyle choices (130, 
131) and, thus, need to be part of a multifaceted approach 
to prevention that does not assume a patient can shop 
her way out of societal-level problems (61). A successful 
strategy encompasses mutually reinforcing interventions 
on the individual patient (as previously discussed), health 
care, institutional, and societal levels.

Institutional-level interventions in support of a 
healthy food system include the development of urban 
agricultural programs, farmer’s markets, and local food 
sourcing outlets to increase access to healthy food prod-
ucts and undertaking procurement policies that support 
a sustainable and healthy food service model (132, 133). 
In the United States,  approximately $12 billion is pent 
annually to purchase food for health care systems (134). 
Changing procurement patterns in a hospital could lever-
age food system change more broadly. An evaluation 
of institutional-level interventions at four hospitals also 
shows that reduced purchasing of meat can result in 
significant savings in the cost of food and greenhouse 
gas emissions (135). Nearly 350 hospitals have taken the 
Healthy Food in Healthcare Pledge in support of these 
efforts (136). 

Society-wide policy actions are essential in creating a 
healthy food system because many of the adverse health 
effects of the industrialized food system are not action-
able by individuals but are determined by federal policy 
decisions (eg, food, air, and water pollution; disparities 
in access to healthy food and in toxic exposure associ-
ated with pesticides; and public research that guides the 
food system (60, 137–140). Examples of federal policies 
that influence environmental exposure from the food 
system include the Federal Farm Bill, responsible for 
approximately $60 billion of annual spending and passed 
by Congress every 5–7 years and the regulation of toxic 
releases from nonagricultural processes under the Clean 
Air Act, which regulates the levels of mercury emissions 
emitted by coal-fired power plants because, ultimately, 
the mercury ends up in the fish consumed by pregnant 
women and children (61). The Toxic Substances Control 
Act, which regulates chemicals in commerce, also is a 
food-related policy because food is an important path-
way of patient exposure to many industrial chemicals. 
The inadequacies of the Toxic Substances Control Act 
are recognized by the EPA (141), the American Medical 
Association (142), various coalitions of nongovernmental 
organizations, eg, the Safer Chemical Healthy Families 
Coalition, and industry, eg, the American Chemistry 
Council. The clinical voice in these and related policy 
arenas can be a powerful force for lasting and systemic 
change. 

Ultimately, evidence-based recommendations for pre- 
venting harmful environmental exposure must involve 
policy change (143). Although action at the individual 

many consumer products was first described in a case 
report of a stillbirth (123). Physicians in the United States 
are required to report illnesses or injuries that may be 
work related, and reporting requirements vary by state. 
No authoritative national list of physician-reporting 
requirements by state exists. Resources for information 
about how to report occupational and environmental 
illnesses include local and state health agencies and the 
Association of Occupational ad Environmental Clinics 
(http://www.aoec.org/about.htm). Illnesses include both 
acute and chronic conditions, such as a skin disease (eg, 
contact dermatitis), respiratory disorder (eg, occupation-
al asthma), or poisoning (eg, lead poisoning or pesticide 
intoxication) (124).

Advancing policies and practices in support of a 
healthy food system should be pursued as a primary 
prevention strategy to ensure healthy pregnancies, chil-
dren, and future generations. Patient-centered actions 
can reduce body burdens of toxic chemicals (ie, the 
total amount of chemicals present in the human body at 
any one time). For example, research results document 
that when children’s diets change from conventional to 
organic, the levels of pesticides in their bodies decrease 
(125, 126). Likewise, study results document that avoid-
ing canned food and other dietary sources of BPA can 
reduce measured levels of the chemical in children and 
adult family members (127), and that short-term changes 
in dietary behavior may significantly decrease exposure to 
phthalates (128). 

Clinicians should encourage women in the pre-
conception period and women who are pregnant and 
lactating to eat fruit, vegetables, beans, legumes, and 
whole grains every day, to avoid fast food and other pro-
cessed foods whenever possible, and to limit foods high 
in animal fat, while providing information about how 
certain types of food affect health and how individuals 
can make changes. Also, patients should be advised that 
some large fish, such as shark, swordfish, king mackerel, 
and tilefish, are known to contain high levels of methyl-
mercury, which is known to be teratogenic. As such, 
women in the preconception period and women who are 
pregnant or lactating should avoid these fish. To gain the 
benefits of consuming fish, while avoiding the risks of 
methylmercury consumption, pregnant women should 
be encouraged to enjoy a variety of other types of fish, 
including up to 12 ounces a week (two average meals) 
of a variety of fish and shellfish that are low in mercury. 
Five of the most commonly eaten seafood items that are 
low in mercury are shrimp, canned light tuna, salmon, 
pollock, and catfish. White (albacore) tuna has more 
mercury than canned light tuna and should be limited to 
no more than 6 ounces per week. Pregnant women and 
breastfeeding women also should check local advisories 
regarding the safety of fish caught in local lakes, rivers, 
and coastal areas. If no advice is available, they should 
consume no more than 6 ounces per week (one average 
meal) of fish caught in local waters and no other fish dur-
ing that week (129).

http://www.aoec.org/about.htm
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community and provides information on how to 
avoid potentially harmful exposure. Each brochure 
contains links to detailed resources and information 	
available online. Brochures can be requested in hard 
copy or downloaded for free in a printable format at: 
http://prhe.ucsf.edu/prhe/families.html.

	 —	Toxic Matters and Cuestiones de Salud provide 
information about common sources of chemical 
exposure in our everyday lives and how to avoid 
exposure to chemicals that can affect reproduc-
tion. Also, they include information about becom-
ing a more informed consumer and engaging 
with government representatives to improve the 
overall health of the community. Cuestiones de 
Salud is the low-literacy Spanish version of Toxic  
Matters.

	 —	Work Matters provides information and resources 
for avoiding workplace chemicals that can affect 
reproduction. Also it provides resources, links, 
and information about organizations that can help 
workers understand their legal rights.

	 —	Food Matters: What to Eat provides instructions 
regarding selecting the best types of food and 
avoiding exposure to chemicals that are found in 
some food products. 

	 —	Pesticides Matter provides tips about avoiding 
exposure to pesticides and insecticides at work, at 
home, and in the community.

These clinical education materials were developed 
and vetted by members of the From Advancing 
Science to Ensuring Prevention (FASTEP) Alliance— 
a collaboration of University of California San 
Francisco, Program on Reproductive Health and 
the Environment (http://prhe.ucsf.edu/prhe). The 
FASTEP Alliance is a diverse alliance of leaders in the 
reproductive and environmental health care fields 
who share a commitment to the primary preven-
tion of exposure to environmental contaminants. 
Using a highly collaborative model, the mission of 
the FASTEP Alliance is to secure each individual’s 
right to optimal reproductive health by fostering 
an environment that prevents exposure to potential 
reproductive toxicants and provides the nutritive and 
social sustenance necessary for healthy pregnancies, 
healthy children, and healthy future generations. 

	 •	 Multiple examples regarding obtaining an exposure 
history exist and can be found at: http://prhe.ucsf.
edu/prhe/clinical_resources.html.

	 •	 Association of Occupational and Environmental 
Clinics, Pediatric Environmental Health Specialty 
Units are a network of investigators across the 
United States who support clinical capacity related  
to environmental health. The Pediatric Environ-
mental Health Specialty Units respond to requests  

level can reduce exposure to some toxic chemicals (125, 
127, 128) and informed consumer-purchasing patterns 
can send a signal to the marketplace to help drive societal 
change (67, 68), individuals alone can do little about 
exposure to toxic environmental agents, such as from 
air and water pollution, and exposure perpetrated by 
poverty. Thus, the role of clinicians extends well beyond 
the clinic (144–146). The incorporation of the authorita-
tive voice of health care professionals in policy arenas 
is critical to translating emerging scientific findings 
into prevention-oriented action on a large scale (147). 
Accordingly, many medical associations have taken 
steps in that direction (109). For example, in 2009, the 
Endocrine Society called for improved public policy to 
identify and regulate endocrine disrupting chemicals and 
recommended that “until such time as conclusive scien-
tific evidence exists to either prove or disprove harmful 
effects of substances, a precautionary approach should be 
taken in the formulation of EDC [endocrine disrupting 
chemical] policy” (1). Consistent with the clinical imper-
ative to “do no harm,” the precautionary principle states, 
“When an activity raises threats of harm to human health 
or the environment, precautionary measures should be 
taken even if some cause and effect relationships are not 
fully established scientifically” (148). An ethical rationale 
for preventing toxic environmental exposure also has 
been advanced (149).

The College and ASRM join these associations and 
call on their members to advocate for policies to iden-
tify and reduce exposure to toxic environmental agents 
while addressing the consequences of such exposure. The 
College and ASRM urge EPA and other federal and state 
agencies to take all necessary actions when reviewing 
substances to guarantee health and safety. In addition, the 
College and ASRM fully support rigorous scientific inves-
tigation into the causes and prevention of birth defects, 
including linkages between environmental hazards and 
adverse reproductive and developmental health out-
comes. Timely and effective steps must be taken to ensure 
the safety of all mothers and infants from toxic environ-
mental agents. Because data are lacking on the safety of 
most chemicals, careful consideration of the risks posed 
must be given while the potential immediate and long-
term health and genetic risks are evaluated. A chemical 
should never be released if a concern exists regarding its 
effect on health. 

Resources ^

The following list is for information purposes only. Referral to these 
sources and web sites does not imply endorsement. This list is not 
meant to be comprehensive. The exclusion of a source or web site 
does not reflect the quality of that source of web site. Please note 
that web sites are subject to change without notice.

	 •	 All That Matters is a compendium of patient cen-
tered, low literacy educational materials for patients 
and their families that address exposure to toxic 
chemicals in the workplace, at home, and in the 

http://prhe.ucsf.edu/prhe/families.html
http://prhe.ucsf.edu/prhe/
http://prhe.ucsf.edu/prhe/clinical_resources.html
http://prhe.ucsf.edu/prhe/clinical_resources.html
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public health protection: a statement of principles from 
The Endocrine Society. Endocrinology 2012;153:4097–110. 
[PubMed] [Full Text] ^

	 9. 	Boekelheide K, Blumberg B, Chapin RE, Cote I, Graziano 
JH, Janesick A, et al. Predicting later-life outcomes of early-
life exposures. Environ Health Perspect 2012;120:1353–61. 
[PubMed] [Full Text] ^

	 10. 	Board of Governors of the Federal Reserve System. Indus- 
trial capacity and capacity utilization. G.17 (419). Wash-
ington, DC: Board of Governors of the Federal Reserve 
System; 2013. Available at: http://www.federalreserve.gov/
releases/g17/current/. Retrieved July 22, 2013. ^

	 11. 	Environmental Protection Agency. Overview: Office of 
Pollution Prevention and Toxics Programs. Washington, 
DC: EPA; 2007. Available at: http://www.epa.gov/oppt/
pubs/oppt101c2.pdf. Retrieved July 22, 2013. ^

	 12. 	Environmental Protection Agency. TSCA chemical sub-
stance inventory: basic information. Available at: http://
www.epa.gov/oppt/existingchemicals/pubs/tscainventory/
basic.html. Retrieved July 22, 2013. ^

	 13. 	Vogel SA, Roberts JA. Why the toxic substances control 
act needs an overhaul, and how to strengthen oversight 
of chemicals in the interim. Health Aff 2011;30:898–905. 
[PubMed] [Full Text] ^

	 14. 	Wilson MP, Schwarzman MR. Toward a new U.S. chemi-
cals policy: rebuilding the foundation to advance new sci-
ence, green chemistry, and environmental health. Environ 
Health Perspect 2009;117:1202–9. [PubMed] [Full Text] ̂

	 15. 	Woodruff TJ, Zota AR, Schwartz JM. Environmental chem-
icals in pregnant women in the United States: NHANES 
2003-2004. Environ Health Perspect 2011;119:878–85. 
[PubMed] [Full Text] ^

	 16. 	Barr DB, Bishop A, Needham LL. Concentrations of xeno-
biotic chemicals in the maternal-fetal unit. Reprod Toxicol 
2007;23:260–6. [PubMed] [Full Text] ^

	 17. 	Rollin HB, Rudge CV, Thomassen Y, Mathee A, Odland 
JO. Levels of toxic and essential metals in maternal and 
umbilical cord blood from selected areas of South Africa-
-results of a pilot study. J Environ Monit 2009;11:618–27. 
[PubMed] ^

	 18. 	Stern AH, Smith AE. An assessment of the cord blood: 
maternal blood methylmercury ratio: implications for risk 
assessment. Environ Health Perspect 2003;111:1465–70. 
[PubMed] [Full Text] ^

	 19. 	Jaga K, Dharmani C. Global surveillance of DDT and DDE 
levels in human tissues. Int J Occup Med Environ Health 
2003;16:7–20. [PubMed] ^

	 20. 	Stuetz W. Global surveillance of DDT and DDE levels in 
human tissues. Int J Occup Med Environ Health 2006; 
19:83. [PubMed] ^

	 21. 	Solomon GM, Weiss PM. Chemical contaminants in breast 
milk: time trends and regional variability. Environ Health 
Perspect 2002;110:A339–47. [PubMed] [Full Text] ^

	 22. 	Faust JB. Perspectives on cumulative risks and impacts. Int 
J Toxicol 2010;29:58–64. [PubMed] ^

	 23. 	Morello-Frosch R, Shenassa ED. The environmental “risk-
scape” and social inequality: implications for explaining 

for information throughout North America regard-
ing prevention, diagnosis, management, and treat-
ment of environmentally-related health effects in 
children and, as such, are poised to serve as a resource 
for obstetricians and gynecologists in recognition of 
the inextricable relationship between reproductive 
and pediatric health. The Pediatric Environmental 
Health Specialty Units network can be contacted at: 
http://www.aoec.org/PEHSU.htm. 

	 •	 Occupational Medicine Programs at regional aca-
demic centers can serve as a resource for evaluating 
occupational exposure to chemicals.

	 •	 Health professional organizations have been active 
in calling for regulatory and other efforts to address 
exposure to toxic chemicals and many other envi-
ronmental threats to human health. A compilation 
of professional society policy statements can be 
found at: http://prhe.ucsf.edu/prhe/professional-
statements.html. 
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