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Mounting concern about rates of premenopausal breast cancer 
among women firefighters in San Francisco  
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Studies show firefighters have higher exposures to:
Flame retardants

– Burning furniture, protective clothing, etc.
Perfluorinated chemicals

– Chemical in firefighter turnouts &
firefighting foams

Polycyclic  aromatic hydrocarbons  (PAHs) 
– Products of combustion

Diesel exhaust  –  nitro  -  PAHs 
– Fire equipment

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-Fire-Department-joins-study-into-breast-5833837.php#photo-7019384
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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.
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Women Firefighter Biomonitoring Collaborative
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http://www.sffcpf.org


Study 
design

Data 
collection

Data 
analysis

Discussion 
of results

Evaluation 
of process

Research 
goals

Community-Based Participatory Research

Balazs CL, Morello-Frosch R.  2013
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Office Workers Firefighters Exposure after a 
fire event

Study Aims: 

1. Characterize chemical exposures among women firefighters

2. Assess potential impacts on upstream biomarkers of effect
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Women Firefighter Biomonitoring Collaborative

Inclusion criteria: 
• Over 18 years old
• Non - smokers
• Minimum of 5 years with SFFD (FF only)
• On “active” duty (FF only)

Study activities: 
• Exposure assessment interview
• Biospecimen collection (blood and urine)

Number of participants included in chemical suspect screening: 
• Female firefighters: 83
• Female officer workers: 79
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Collection of Biospecimens (serum, urine, and whole blood)

Chemical exposures 
▸ Perfluoroalkyl and polyfluoroalkyl substances

(PFASs)
Flame retardants (OPFRs)▸
Non-targeted chemical analysis▸

Biomarkers of effect 
Thyroid hormones▸

▸Telomere length

Emily O’Rourke (Firefighter, UFSW), processing samples 
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Exposure Assessment Interview 

Occupational position and work activities 

Fast food, take-out food, and frozen foods

▸

▸

Personal care product use▸

▸Consumer products, furniture, and carpets

 



Women Firefighter Bio - archive 

170 WFBC participants agreed to bank samples for future studies.

Work Group N* Serum Whole 
Blood

Plasma Buffy 
Coat**

RBCs Urine
(spot)

Urine 
(MV***)

Firefighters 83 4.00 2.20 1.10 0.50 2.00 7.00 7.00

Office Workers 79 4.00 2.20 1.10 0.50 2.00 7.00 7.00

*Five participants declined to bank their samples
**Buffy coat samples include one aliquot with RNAlater and one without
***Morning void urine

Approximate milliliters of sample archived per participant by study group
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Study Demographics

OW=office worker 
FF= firefighter
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Developing an in-house chemical mass spectra database
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83 serum 
samples 
from women 
firefighters

79 serum 
samples 
from women 
office 
workers

Liquid Chromatography with 
Quadrupole Time - Of - Flight Mass 

Spectrometry (LC-QTOF/MS) ESI-

In - house MS library of 722 
chemical formulas 

Phenols 
Phthalate metabolites 
Pesticide metabolites 

Per - poly - fluorinated chemicals 
Flame retardants

620 chemicals that matched 300 formulas 
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Identification of novel chemical exposures in study

Molecules identification

Prioritization based on toxicity 
and detection frequency

Chemicals selected for 
further biomonitoring 

studies



Cumulative number of environmental chemicals detected with LC - QTOF/MS ESI - in 
serum samples from women firefighters and office workers (N=162)

FF:  Mean 73 (min: 45, max: 109) 
OW: Mean 70 (min: 45, max: 100)
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Scoring and ranking of chemicals detected by chemical suspect screen
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Partial list of candidate chemicals to be validated 

§ p<0.1; *p<0.05; **p<0.01; FF=firefighter; OW=office worker; DF=detection frequency; PA=peak area; RT=retention time
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Scoring chemical candidates based on a priori criteria for confirmation
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Chemical name Chemical class
# of 

isomers
Mean RT for 

serum samples
RT lab 

standard
Validation 

status

2,4-bis(1,1-dimethylethyl) phenol Phenol 4
4.33, 5.25, 5.48, 

6.73
6.72 ü

2-hydroxy-4-methoxybenzophenone (BP-3)) Phenol 2 4.33, 5.25 5.30 ü

bisphenol F Phenol 2 3.91 4.00 ü

perfluorooctanesulfonamidoacetate (PFOSAA) PFC 1 5.93 5.95 ü

diphenyl phosphate (DPP)
Phosphate Flame 

Retardant 
metabolite

1 3.86 3.90 ü

ethyl-p-hydroxybenzoate (ethyl paraben) Phenol 2 2.21, 3.80 2.30 ü

benzyl p-hydroxybenzoate (PHBB) Phenol 2 4.33, 5.25 4.40 ü

4-hexyloxyphenol1 Phenol 1 5.81 5.80 üa

4-butoxyphenol Phenol 1 4.19 5.10 ûb

2,3,6-trimethylphenol Phenol 2 3.97 4.25 ûb

4-phenethylphenol Phenol 1 5.71 6.02 ûb

4-heptyloxyphenol (2 isomers) Phenol 1 5.09 6.22 ûb

1-allyl-1-nitrosourea
Nitro and Nitroso 

compound
1 0.76 1.20 ûb

Retention time and exact mass for chemicals selected for validation

a validated but with high LOD, b not validated because of retention time mismatch
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EXPANDING COHORT TO NURSES

22



WWBC Methods: NTA drives discovery/prioritization of novel 
chemicals for targeted analysis 
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Nurses &
Office Workers

Firefighters
24 hrs post-fire

1 wk post-fire

1 month post-fire Collect blood & 
urine Interview

NTA 
Analysis

Collect blood & 
urine Interview NTA 

Analysis
Results 

report back

Interview

Targeted 
Analysis

Results 
report back

Collect blood & 
urine Interview

Collect blood & 
urine

Targeted 
Analysis



Landing page

Digital Exposure  
Report  -  back Interface  

(DERBI) 
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Sources

Health effects

Exposure 
reduction tips

DERBI Chemicals page

Personal headline
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Personal results graphs

(continued from Chemicals page)
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Proposed NTA report - back: Aggregate summary 
The WFBC screened blood samples for hundreds of chemicals to look for unexpected exposures. 
We screened blood samples for more than 700 chemicals using a new technology that detects a wide range of chemicals without having 
to measure exact amounts. We used this tool to look for chemicals with different exposures between firefighters and office workers, 
as well as chemicals that have not been measured in large exposure studies before. The following 6 chemicals were selected for follow-
up measurements because they were frequently detected among WFBC participants, were more common in firefighters, or are poten tia lly 
linked to breast cancer risk:
· Benzophenone-3 is an ultraviolet (UV) filter used in sunscreens, textiles, plastic bottles, and other products to protect against sun

damage.
· Ethyl paraben is a preservative added to personal care products (like cosmetics, lotions, and shampoos) and other products like toys and

pesticides to prevent the growth of mold and bacteria.
· Perfluoro - 1 - octanesulfonamidoacetic acid (PFOSAA) is a perfluoroalkyl substance (PFAS). PFAS are used in stain-resistant and non-

stick coatings as well as certain firefighting foams.
· Diphenyl phosphate (DPHP) is a breakdown product of  triphenyl  phosphate, which has many consumer and industrial uses including as

a flame retardant and floor polish.
· Dinoseb is a banned pesticide that was previously used to control weeds on farms. However,  it is still produced and sold for other

purposes. Dinoseb has been found in some weight loss supplements.
· Pentachlorophenol (PCP) is commonly used as a wood preservative for industrial applications, such as utility poles.

For most of these chemicals, firefighters and office workers had similar levels of exposure. However, like other flame retard ant s measured 
in this study, diphenyl phosphate was detected more frequently in firefighters than office workers, suggesting that workplace ex posures 
may be important. The banned pesticide dinoseb was also found more often in firefighters, but it was detected in very few participants 
overall .  Our scientific paper describing this approach is here.
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https://pubs.acs.org/doi/abs/10.1021/acs.est.9b04579


Considerations for report-back of NTA results
Describing method in meaningful ways 

• How NTA differs from targeted methods
• Advantages and disadvantages

Distinguishing between chemical 
suspects versus confirmed/quantified 
compounds 

Report # of chemical suspects found? 
• By chemical group?
• Suspect profile for each participant?

Criteria for choosing chemicals for 
validation/quantification 

28



Our WFBC Team

Our Funders

California Breast Cancer Research Program #19BB - 2900 
San Francisco Firefighter Cancer Prevention Foundation
International Association of Firefighters, Local 798 
NIOSH Targeted Research Training Program 

Jessica Trowbridge, Cassidy Clarity, UC Berkeley 
Ruthann Rudel , Vincent Bessenneau , Silent Spring Institute 
Heather Buren, United Fire Service Women, San Francisco 
Tony Stefani, SF Firefighter Cancer Prevention Foundation 
Roy Gerona, UC San Francisco 
Sharyle Patton, Commonweal 
Connie Engel, Nancy Buermeyer, Breast Cancer Prevention Partners

Contact Us
University of California, Berkeley 
Sustainability and Health Equity (S/HE) Lab 
School of Public Health & Dept. of Environmental 

Science, Policy and Mgt. 
https://nature.berkeley.edu/morellofroschlab 
rmf@berkeley.edu @rmfrosch

Thank you!

http://www.sffcpf.org
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