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Disclaimers
• Views and opinions expressed in this presentation are those of the 

author and do not necessarily reflect the policy of:
• Uniformed Services University
• Department of Defense
• Department of the Army
• Department of the Navy
• Department of the Air Force

• No financial or organizational interests
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Learning Objectives

Describe the commonly identified sources of 
PFAS in the environment

Describe the currently known basic 
toxicology and health effects of PFAS

Develop an approach for responding to 
firefighter inquiries re: health effects of PFAS 
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Theoretical Case

 Firefighter requests information

Perfluorohexane sulfonic acid (PFHxS)
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Why Are We Here?
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Why Are We Here?
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https://www.atsdr.cdc.gov
https://www.dep.pa.gov/
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PFOA

aka “C8”

PFOS

PFHxS
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PFAS
 Uses

– Non-stick cookware (Teflon)
– Carpet/clothing stainproofing
– Paper/cardboard waterproofing
– Class B Aqueous film forming 

foams (AFFF) aka fire fighting 
foams

 Exposure Sources
– Drinking Water
– Dust
– Seafood 
– Fast food
– Produce
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A (very) Brief History

1940s-1950s

1960s-1970s 1980s
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A (very) Brief History

1990s-2000s

2000s

2010s2000-PFAS production ceased by 3M



13 of 44

C8 Study:  Little Hocking, 
OH 3400

Hoosick Falls Municipal 
Water 595

C8 Study:  Lubeck, WV 520

C8 Study:  Tuppers 
Plains, OH 310

Average PFOA Water 
Concentrations in ppt

2016 EPA LHA 
Recommendation
 PFOA + PFOS <70 ppt

 Derived to protect 
fetuses and breastfed 
infants

 Lifetime advisory*

 May reduce in 2022

EPA Final Health Advisory, 2016

NYSDOH PFOA Biomonitoring Program, 2016

Some states choosing to 
go lower than EPA LHA
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Toxicokinetics in Humans

A: ORAL >> inhaled >> dermal

D: Focused in BLOOD, liver, kidney

M:  no known in vivo metabolism

E: URINE >> feces >> breast milk

CDC/ATSDR, Toxicological Profile for Perfluoroalkyls, May 2021
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PFOA 2.1-5-8 years

PFOS 3.1-7.4 years

PFHxS 4.7-15 years

PFBA 72-81 hours

Estimates of 
elimination 
half-lives of 
representative 
PFAS 
Substances

CDC/ATSDR, Toxicological Profile for Perfluoroalkyls, May 2021
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WHAT ABOUT HEALTH EFFECTS IN 
HUMANS?

Primarily based 
on PFOA / PFOS
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Epi Studies: Asks the right question
Examines the right species at the right doses

BUT

Answers the question poorly
Confounders/bias complicate interpretation 
Not very sensitive

Animal Tox Studies:  Asks the wrong question
Examines the wrong species at high doses

BUT

Answers the question well
Tight control of all variables

Adapted from M.E. (Bette) Meek, University of Ottawa, 2017
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C8 Science Panel

 Very Large Human Epi Study

 “Probable” Links
– High cholesterol
– Thyroid dysfunction
– Ulcerative colitis
– HTN of pregnancy
– Testicular cancer
– Kidney cancer

 Causality not confirmed

 “Probable link”  Legal Definition
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Same as ng/mL
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PMID: 20123614

NHANES Data

Median Values
PFOS 19.9 ng/mL
PFOA 3.8 ng/mL
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C8 Cohort – PFOA Focus

Median PFOA Values
Community 24 ng/mL
Plant Workers 113 ng/mL
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C8 Cohort – >1,600 pregnancies 

Median Values
PFOS 15.6 ng/mL (95th % 31.8 ng/mL)
PFOA 31 ng/mL (95th % 114.1 ng/mL)
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PMID: 24007715

C8 Cohort – PFOA Focus

>2500 validated cancers

Median PFOA Values
Community 24 ng/mL
Plant Workers 113 ng/mL

Note: “Survivor Cohort”
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Occupational 
Epidemiology

PFAS plant workers
–Outcome data

 Firefighters
–Exposure assessments
–No outcome data
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Same as ng/mL
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WV PFOA Plant Worker Mortality Study, 
2012

 5791 workers

 2125 blood samples, 1979-2004

Reviewed cancer and non-cancer deaths

Median PFOA 580 ng/mL (Rng: 160-2880 ng/mL) 

PMID: 23079607 
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WV PFOA Plant Worker Mortality Study

 4th quartile of exposure vs. non-PFOA workers

–Mesothelioma SMR 6.27 (2.0-14.6)** 
–Renal cancer SMR 2.66 (1.1-5.2)
–Chronic kidney disease SMR 8.6 (3.4-17.7)
–Diabetes SMR 1.9 (0.98-3.3)

PMID: 23079607 
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Dobraca, 2015

PMID: 25563545

 California study

 101 Firefighters

 Some ↑ PFHpA if Class A 
Foam used in last year**
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Rotander, 2015

 Australian study

 Serum PFOS 6-10x ↑ 
than gen pop

 Serum PFOS 20x ↓ 
than PFOS workers

 <10 yrs of firefighting 
= gen pop

PMID: 26001497 
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Rotander, 2015

PMID: 26001497 
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Rotander, 2015

PMID: 26001497 
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Graber, 2021

PMID: 33918459 

 116 volunteer FF in NJ

 Compared to NHANES

 Reported less use of 
AFFF
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Graber, 2021

PMID: 33918459 
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Back to Our Case

 Firefighter requests information

Perfluorohexane sulfonic acid (PFHxS)
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Firefighter lab report 
example

Substance Abbreviation

Perfluorobutanesulfonic Acid PFBS

Perfluoroheptanoic Acid PFHpA

Perfluorohexanesulfonic Acid PFHxS

Perfluorooctanoic Acid PFOA; FC-143 
Component

Perfluorononanoic Acid PFNA

Perfluorooctanesulfonic Acid PFOS
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Downs Thoughts

Reassurance (at this time)
–Outcome data specific to PFHxS is limited

 Focused clinical evaluation if warranted
–No additional testing “just to see”
–Standard CBC, CMP unlikely to be altered

Human Clinical Testing for PFAS is limited
– In both availability and utility
–Available for firefighters only in DOD
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Don’t Forget Basic OEM 
Practice

If We Saw an Employee 
With Elevated Biomarkers 
For Any Other Substance, 

What Would We Do?
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Future Efforts

Enrollment 
ended Dec 

2021

Expect results 
in 2 years
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Future 
Efforts

Another talk for 
another day by 

another speaker…
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Questions/Discussion
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Thank you!
John W. Downs, MD, MPH, FACP, FACOEM

LTC(P), MC, USA
Medical Toxicologist

Associate Program Director
Occupational & Environmental Medicine Residency
Uniformed Services University, Bethesda, Maryland 

Email: john.downs@usuhs.edu

Twitter:  @downsjw2000


