
Program on Reproductive 
Health and the Environment

1

Tracey J. Woodruff, PhD, MPH
Ami R. Zota, ScD, MS

Department of Obstetrics, Gynecology and Reproductive Sciences
Director, Program on Reproductive Health and the Environment

University of California, San Francisco

Generations at Risk?  
Environmental Contaminants and 

Reproductive Health 
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1990 US Clean Air Act Amendments
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Dibutyl Phthalate
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Testosterone

Dibutyl Phthalate

Endocrine Disrupting Compound
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And dibutyl pthalate is in all of us
Virtually all the US population has 
detectable dibutyl phthalate 
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And it’s higher in women

Women of childbearing age had 
significantly higher levels of 

dibutyl phthalate

50% higher
Why?

Blount et al. EHP 2000
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Two Ways to Make Hormones
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Timing Matters

Timing Matters
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Development and Periods of Susceptibility

Fertilized 
Egg

Embryo
Fetus

Infant Child
Teenager



Program on Reproductive 
Health and the Environment16

No increased risk of breast 
cancer

5 fold 
increased 
risk of breast 
cancer

* From Cohn et al. EHP 2007
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Contemporary Prenatal Exposure to Endocrine Disrupting Chemicals 
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Percentage of U.S. Pregnant Women with Detectable Level of Analyte

Thyroid

Woodruff, Zota, Schwartz EHP 2011

Thyroid

Thyroid

Thyroid
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PBDEs are ubiquitous in our environment

Food SupplyDomestic and Wild Animals

Upholstered Furniture
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Harrad and Diamond, 2006 Atmospheric Environment
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Highly Exposed Subpopulations

• PBDE exposures are not uniform across the US population

• Subpopulations with potentially higher exposures:
– Californians

– Socially vulnerable/ Low SES 

Chicago tribune
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California Technical Bulletin 117 (TB 117)

• 1975 standard
• Performance-based 

standard 
• Foam in furniture must 

withstand open flame for 
12 seconds

• Unique standard; no 
other state has a parallel 
standard
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California residents:  highly exposed to penta‐BDEs

California PBDE dust levels       
4 to 10 times higher than 
other North American 
regions

Zota A, Rudel RA, Morello-Frosch RA, Brody JB. 2008. Environ Science &Technology
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Madrid, Spain, 2003‐2004 (n=61)

Salinas Valley, California,   1999‐2000 (n=270)

United States (NHANES),   2003‐2004 (n=75)

Northern and Central California,
 2008‐2009 (n=25)

Penta‐PBDEs in California pregnant women are highest 
reported to date among pregnant women worldwide

Zota AR, Park JS, Wang Y, Petreas M, Zoeller RT, Woodruff TJ. 2011. Polybrominated Diphenyl Ethers, Hydroxylated
Polybrominated Diphenyl Ethers, and Measures of Thyroid Function in Second Trimester Pregnant Women in California. 
Environ Sci Technol 45(18): 7896-7905.
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Vulnerable Populations:  Children

PBDE levels in 
California children aged 
2-5 years are similar to 
levels in occupationally 
exposed adults 
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Adapted from Rose et al., Environmental Science & Technology,  2010
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Low Doses Matters

Flame Retardant Median Cord 
Blood in NYC
(ng/g lipid)

Median Level US 
Pregnant  
Women 

(ng/g lipid)
PBDE‐47 11 24
PBDE‐99 3 5
PBDE‐100 1 7

Herbstman 2010 EHP
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Low Doses Matters

Children with higher concentrations of flame 
retardants (BDEs 47, 99, or 100) “scored 
lower on tests of mental and physical 
development” (including IQ)

Herbstman 2010 EHP
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Rider C V et al. Toxicol Pathol 2009;37:100-113

Cumulative Exposures Matter

7 Antiandrogens together

Exposure to multiple chemicals  can 
display cumulative dose-additive effects 
when chemicals act by different 
mechanisms of toxicity

Our results indicate that compounds that 
act by disparate mechanisms of toxicity 
display cumulative dose-additive effects 
when present in combination.
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Black women have higher 
cumulative exposures to 
androgen-disrupting phthalates

Potency-weighted score of androgen-disrupting urinary phthalates 
among US reproductive-aged women, NHANES 2001-2008 (N=1495)

Adjusted for urinary creatinine, age, BMI, education, and income

p = 0.005

Zota and Woodruff, manscript in prep
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Socioeconomic disparities in the indoor environment

Fine particulate matter (PM2.5)

Nitrogen dioxide

Secondhand tobacco smoke

1,4 dichlorobenzene

BTEX

Chloroform

Lead 

Pesticides

PBDE flame retardants

Cockroach allergens
Adamkiewicz G, Zota AR, et al. 2011. Moving Environmental Justice Indoors: Understanding Structural 
Influences on Residential Exposure Patterns in Low-Income Communities. Am J Public Health.
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Our Reproductive Capacity ‐ Under Strain?
Scientific indicators of declining 
reproductive function and 
increasing rates of reproductive 
illnesses since the
mid‐20th century

 Difficulty conceiving 
& maintaining
pregnancy

 Rates testicular cancer

 Sperm counts
Woodruff TJ, Carlson A, Schwartz JM, et al. Proceedings of the Summit on Environmental Challenges to Reproductive Health and 
Fertility: Executive summary. Fertil Steril 2008;89:e1-e20; Schettler T, Solomon G, Valenti M, et al. Generations at Risk. 
Reproductive Health and the Environment. Cambridge, MA: MIT Press 1999; Crain DA, Janssen SJ, Edwards TM, et al. Female 
reproductive disorders: the roles of endocrine-disrupting compounds and developmental timing. Fertil Steril 2008;90:911-40; 
Colborn T, Dumanoski D, Myers JP. Our Stolen Future: Penguin Books USA, Inc. 1996.
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Prevalence of chronic conditions among children and 
youth increased from 1988 to 2006

32

1988 to 1994 1994 to 2000 2000 to 2006

51.5%

27.8%
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U.S. Chemical Production
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Chemical production has increased 20-fold between 1947 and 2007
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Chemicals found in Virtually Every 
Pregnant Woman in the US
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By 2006 …

~ 87,000 chemicals listed 
for use or import into U.S. 

~ 3,000 chemicals 
manufactured or imported 
> 1 million pounds

~ 700 new added 
chemicals each year
U.S. EPA. What is the TSCA Chemical Substance Inventory. US 
Environmental Protection Agency 2006; National Research Council. 
Toxicity Testing for Assessment of Environmental Agents. The National 
Academies Press. Washington, D.C. 2006; Wilson MP, Chia DA, Ehlers 
BC. Green Chemistry in California: A Framework for Leadership in 
Chemicals Policy and Innovation. California Policy Research Center, 
University of California. 2006. 
http://www.ucop.edu/cprc/documents/greenchemistryrpt.pdf. 
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QuickTime™ and a
 decompressor

are needed to see this picture.

Strength of the Evidence

Diamanti-Kandarakis E et al. 2009
Endocrine-Disrupting Chemicals:  An 
Endocrine Society Scientific Statement. 
Endo Rev 30(4):293-342

Evidence for adverse reproductive 
outcomes (infertility, cancers, 
malformations) from exposure to 
endocrine disrupting chemicals is 
strong, and there is mounting 
evidence for effects on … thyroid, 
neuroendocrine, obesity and 
metabolism, and insulin and glucose 
homeostasis.
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White House 
Task Force 
on 
Childhood 
Obesity 
Report to 
the 
President 
May 2010

“In addition to fetal “over-nutrition” or “under-nutrition,” 
it is possible that developmental exposure to 
endocrine disrupting chemicals (EDCs) or other 
chemicals plays a role in the development of diabetes 
and childhood obesity” .(pg.17)
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President’s Cancer Panel

• …the true burden of 
environmentally induced 
cancer has been grossly 
underestimated.

• Some chemicals indirectly 
increase cancer risk by 
contributing to immune and 
endocrine dysfunction …

• Increases in incidence of some 
childhood cancers,…, may 
implicate prenatal exposure 
to environmental carcinogens

39

2008–2009 Annual Report President’s Cancer Panel

REDUCING
ENVIRONMENTAL

CANCER RISK
What We Can Do Now
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Interventions Matter
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Going from this To this

Can Reduce the BPA and Phthalates 
Found In You!

Rudell EHP in press
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We Can’t Shop Our Way out 
the Problem
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• Nine pregnant women tested from 
Washington, Oregon, and 
California, during the second 
trimester had detectable
– Bisphenol A, mercury, at least 

four phthalates, at least two and 
up to 4 perfluorinated chemicals
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You Matter
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Program on Reproductive Health and the 
Environment

Mission: To create a healthier environment for 
human reproduction and development by 
advancing scientific inquiry, clinical care, and 
health policies that prevent exposures to harmful 
chemicals in our environment
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