
Industrial Chemicals in Virtually  
Every U.S. Pregnant Woman 



Exposure Is Everywhere Everyday 



Federal reserve data on chemical production is only offered as relative production, which is unit-less. A specific reference year is chosen and values 
are calculated relative to that years production. In this particular data set 2007 is the reference year and is assigned a value of 100.  
 
Data from: U.S. Federal Reserve Board, Division of Research and Statistics 

↑15 fold 



U.S. Chemical Production Volume 
Compared to Population 



6,500 chemicals 
untested 



Advancing the rigor, relevance, and reach of 
exposure science through community driven 
research. 



SFFD has one of the largest populations of women 
among its ranks in the US (N = ~ 225) 
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Women Firefighter Biomonitoring Collaborative Team
  

Firefighter Organizations:  
• United Fire Service Women 
• San Francisco Firefighters 

Cancer Prevention Foundation  
Science Team:  
• UC Berkeley  
• UC San Francisco  
• Silent Spring Institute 
Environmental Health Advocates:  
• Commonweal  
• Breast Cancer Fund 



Previous studies show firefighters have higher 
exposures to: 

• Polycyclic Aromatic Hydrocarbons (PAHs)  
– Products of combustion  

• Diesel exhaust – nitro-PAHs  
– Fire equipment 

• Flame retardants  
– burning furniture, protective clothing, 

etc. 
• Perfluorinated chemicals  

– Chemical in firefighter turnouts 
• Dioxins and Furans  

– Combustion by-products during fire 
events 

Studies almost exclusively on men. 
 

Photo: Terray Sylvester / The Chronicle 
Lieutenant Patty Lui 
http://www.sfgate.com/health/article/S-F-Fir
e-Department-joins-study-into-breast-58338
37.php#photo-7019384 



Many of these chemicals have been shown 
to be mammary carcinogens in animal 
toxicology studies and warrant further study. 
 Characterize exposures in humans. 
 Inform regulatory, occupational and 

individual actions to reduce exposures. 



What we want to learn:  
 Are chemicals known or suspected to cause 

mammary tumors more elevated among women 
firefighters than non-firefighters? 

 Are there other unknown or unmeasured chemicals 
that are higher among women firefighters? 

 Is higher chemical exposure or exposure to night 
shift work associated with early health effect 
biomarkers of potential relevance for breast 
cancer? 
– thyroid hormone disruption 
– altered melatonin levels  
– telomere length 



Study Aim 1 
Measure and compare levels of environmental 
chemicals between women firefighters (N=80) and 
non-firefighter female controls (N=80) 

Targeted analysis:  
 Flame retardants 
 Polybrominated Biphenyl Ethers (PBDEs) and their 

metabolites (OH-PBDEs) 
 Firemaster 550 and other current use flame 

retardants 
 Perfluorinated Compounds (PFCs) 
 Polycyclic Aromatic Hydrocarbons (PAHs & nitro-PAHs) 

Non-targeted chemical analysis: 
 Time of Flight (TOF) LC/MS  
 Reveals exposures we might not have thought about 



Biospecimen Collection 

Firefighter Karen Heald bleeding for a cause.  WFBC team provided b
lood and urine samples to help with methods development to measure 
chemicals. 

Chief Joanne Hayes-White and colleague having their blood drawn. 



Sample processing at UCSF Lab 

(R-L): Jessica Trowbridge, WFBC Study  
Coordinator (UCB), Emily O’Rourke (UFSW) & Nancy Carmona 
(UCB), processing blood and urine samples. 



Recruited
Collected 
samples YES to bank

Firefighters 86 85 84
Non-firefighters 88 85 84
TOTAL 174 170 168

Final Cohort 



 Occupation and work 
activities 

 Shift work and sleep  
 Chronic stress 
 Diet 
 Personal product use 
 Consumer and home 

products, hobbies, etc. 
 

Exposure Assessment Interview 



Why Non-Targeted Analysis? 

Rappaport &Smith 
Science 2010 

1. Discovery-driven approach to 
screening biospecimens for 
novel environmental chemicals 

2. Not limited a priori selection 
of chemical targets 

3. General suspect screening 
optimizes selection of 
chemicals for confirmation and 
quantification 

Time + Cost Potential 



Study Aim 2 

Evaluate the impact of chemical exposures and 
chronic exposure to night shift work on 
biomarkers of early effect of potential relevance 
to breast cancer  
 Night shift work and melatonin 
 PBDE and OH-PBDE exposures and thyroid 

hormone disruption (T4 and TSH) 
 Chemical exposure and shortened telomere length 

(Exploratory) 



Preliminary Results: PFAS (ng/mL) 

21 

FOX  (2011) 
NHANES (2011) 
** p-value < 0.05 
* p-value< 0.1  
  



22 

Preliminary Results: PFAS (ng/mL) 

FOX  (2011) 
NHANES (2011) 
** p-value < 0.05 
  



(FOX 95th% off-scale) 

Preliminary Results: PFAS (ng/mL) 
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FOX  (2011) 
NHANES (2011) 
** p-value < 0.05 
* p-value< 0.1  
  



Study Aim3 

Report back individual–level and aggregate 
results to study participants who want 
them 
 Focus groups and usability testing with study 

participants to develop report-back materials 
 Aggregate dissemination to broader firefighter 

community, decision-makers, policy arena, and 
broader public 



Digital Report-back Interface 

http://wfbcreport.org/ 







WFBC Emphasizes  
Prevention Evidence 

Biological 
mechanism 

Human 
exposure 

Basis for  
action 

+ 

Education 
Policy 

Regulation 
Reformulation 

Biological 
mechanism 

Human 
exposure 



Extinguishing Breast Cancer 
from the Fire Service 



B.11. During salvage/overhaul activities, how often do 
you wear your SCBA? 



B.13. If you remove your SCBA or turn the air off during 
salvage/overhaul please tell us why you do this. 

“select all that apply” 



Implications for policy 

• LOCAL: Changes to protective equipment policies, 
station design for any new stations, purchasing 
ordinances 

• OCCUPATION-SPECIFIC: Policy work with state, 
national, and federal firefighting organizations to 
develop appropriate worker exposure protections 

• STATE & FEDERAL: Chemicals Policy Reform. If the 
products that burn in fires are less toxic, then 
firefighters will have fewer exposures 



Impact – Rigor, Relevance & Reach 
Rigor:  Advance biomonitoring science in new directions 
• First study to examine the range of exposures to potential breast 

carcinogens and other EDCs among women firefighters compared to 
female controls  

• Measuring biomarkers potentially relevant to breast cancer risk.  
• Use of non-targeted biomonitoring  techniques in a firefighter 

population  
 

Relevance:  Potential to extend to other female occupational groups 
• Future recruitment of women from other occupations, such as 

nursing,  nail salon workers, teachers, etc. 
 

Reach:  Disseminate results to diverse audiences 
• Leverage research results to inform policy change  
• Report-back to study participants  

 
 





Women Firefighters Biomonitoring  
Collaborative 

Collaborative Partners: 

Funders:  
• CBCRP: Community Research Collaboration Fund   
• San Francisco Firefighters Cancer Prevention Foundation 
• International Association of Firefighters (IAFF), Local 798 
 



Collaborating with DTSC 
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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)

Flame retardants in pregnant women worldwide 

California 
Pregnant 
Women have 
highest levels 



PBDEs________   
• In humans, thyroid hormone 

disruption identified as possible 
mechanistic link 

• In vitro, disruption of developing 
fetal human brain cells 

• In animals, affects learning, 
memory, and attention 
 

 
 

(Schreiber et al., 2010, Driscoll et al., 2008, Viberg et al. 2006) 



Developing Molecular Endpoints: Transcriptomics 



Increase in publications on PBDEs over time 
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The science is vast, complex, diverse, 
and of variable quality 



Navigation Guide:  
A rulebook for “moving from knowing to doing” 



PBDE & IQ (9 studies) 

• Prospective birth cohorts 
• 3 potentially related (Chao, Shy, Ding-Yan) 
• Child Age : 8-72 months 
• Confounders adjusted for: varying (child’s sex, age at testing, 

HOME score, SES most common) 
• Congeners: varying (47, 99, 100, 153 most common) 

 
 



RE Model
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Prenatal PBDE exposure and IQ outcome ~6 years old – Meta-analysis 

Lower IQ 

Sufficient evidence that PBDEs in humans affects measures of 
intelligence such as Intelligence Quotient (IQ)  
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Figure 1. Decrements in IQ per interquartile increase in blood PBDE or lead levels, using data from NHANES 

Chen 2013 Eskanazi 2013 Herbstman2001 
 

Schwartz 1994 Lanphear 2005 

PBDEs (BDE-47) Lead 
PBDEs, Lead and Decreased IQ 



Bellinger EHP 2012 

34 million 

38 million 

15 million 

40 million 
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 ”You will see by it, that the 
Opinion of this mischievous 
Effect from Lead, is at least 
above Sixty Years old; and 
you will observe with 
Concern how long a useful 
Truth may be known, and 
exist, before it is generally 
receiv'd and practis'd on”   
-  Benjamin Franklin 
'Pernicious effects of 
lead',1818 











 Fig. 1. Emission histories of PCBs and PBDEs, modified from Li et al. (2006) (North American PBDE emission trend) and Rapaport 
and Eisenreich (1988) (% of cumulative emissions of PCBs to Eastern North America). The last five years of the PCB trend (dotted) 
rep... 

S.C. Johannessen,  R.W. Macdonald,  C.A. Wright,  B. Burd,  D.P. Shaw,  A. van Roodselaar 

 Joined by geochemistry, divided by history: PCBs and PBDEs in Strait of Georgia sediments 

Marine Environmental Research, Volume 66, Supplement, 2008, S112–S120 

http://dx.doi.org/10.1016/j.marenvres.2008.03.003 





O u r  s t r a t e g y …  
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Research 
Translation Epidemiology 
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Policy 

Translational Model 



Improves children’s health by identifying and 
preventing harmful environmental chemical 

exposures that occur during pregnancy. 



Reproductive health professionals are 
a powerful force for change 

 
 

 



 
Prevalence of chronic conditions among 
children and youth  
 

60 

1988 to 1994 1994 to 2000  2000 to 2006 

51.5% 

27.8% 



The rise of NCDs (noncommunicable diseases 
such as cancer and cardiovascular disease) in 
these countries is not simply a result of 
reductions in the plagues and parasites that 
kill children and adolescents. 
 
 - 



2013 





2015 
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PBDEs banned 
in CA June 2006 



"California is curbing 
toxic chemicals found in 
everything from high 
chairs to sofas….. These 
new standards will keep 
the furniture in our 
homes fire-safe and limit 
unnecessary exposure to 
toxic flame retardants.“ 
 
- Gov. Jerry Brown 
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Concern 
Raised on 
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Env Health 

Center 

PBDE & 
Neurodevelopment 

PBDEs banned in CA, 
Phased out in US 

40 years 
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Navigation 
Guide 

Conceived 

Navigation 
Guide 

Editorial 

Navigation 
Guide 

Published PFOA & 
Birthweight 

PBDE & 
Neurodevelopment 

Air Pollution 
& Autism 

Triclosan & 
Repro/Dev 

Formaldehyde 
& Asthma 





Manufactured pharmaceuticals have 
to have safety data before use 

Manufactured chemicals do NOT 



“… we must shift …burden 
of proof from the 
individual health care 
provider and the consumer 
to the manufacturers 
before … chemicals are 
….released into the 
environment.” Dr. Jeanne 
Conry, President ACOG 
2013 

 

Linda C. Giudice, MD, PhD, President American Society for 
Reproductive Medicine and Jeanne C. Conry, MD, PhD, President, 
American Congress of Obstetricians and Gynecologists – October 2013, 
Washington, DC 





Program on  
Reproductive Health and the Environment 
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