
Health effects of PFAS 
exposure:

A summary of major findings
Jamie DeWitt, PhD, DABT

Department of Pharmacology & Toxicology

Brody School of Medicine

East Carolina University

Greenville, North Carolina, United States

Presented to: Firefighter Health & Wellness Conference, November 5, 2021



I currently am funded to study 
immune system effects of PFAS 

(sources of funding: North 
Carolina Policy Collaboratory & 

NC General Assembly, US 
EPA/Oregon State University 
(83948101), NIEHS/NC State 

University (1 P42 ES031009-01), 
NC State University (Center for 

Human Health and the 
Environment)

Potential conflicts of interest

I often speak publicly about my understanding of PFAS toxicity, serve/have 
served as a plaintiff’s expert witness, advocate for the need to protect the 
public from their exposures to PFAS, and am a proponent of the essential use 
concept and the class approach for PFAS management.



Training:
• Began studying PFAS immunotoxicity in 2005 during postdoctoral 

training at the United States Environmental Protection Agency
• Continued working with PFAS when joining ECU in 2008

Publications:
• 18 primary research articles concerning PFAS 

immunotoxicity/developmental immunotoxicity, developmental 
neurotoxicity, developmental cardiotoxicity, dosimetry, and 
epidemiological associations

• 15 reviews/commentaries on PFAS toxicity, use, and management
• Two book chapters on PFAS immunotoxicity
• One edited book on PFAS toxicity

My PFAS biography



A few PFAS reminders



A brief primer (or reminder) on PFAS
• Synthetic substances containing chains of carbon atoms where at least one 

of the carbon atoms has all its hydrogens replaced with a fluorine.
• Produced and used since 1940s as they have chemical properties that make 

them useful in a wide range of applications.
• To date, over 9,000 individual PFAS chemicals have been identified.

Definition paraphrased from: Buck et al., 2011. Image from: https://pfas-1.itrcweb.org/fact_sheets_page/PFAS_Fact_Sheet_Naming_Conventions_April2020.pdf.



Some of the ABCs of PFAS

Image from: https://pfas-1.itrcweb.org/fact_sheets_page/PFAS_Fact_Sheet_Naming_Conventions_April2020.pdf.

Perfluoroalkyl acids (PFAAs) have been divided into “long-chain” and “short-chain” 
subgroups based on the number of carbons they contain. PFOS, for example is a 

long-chain PFAA whereas “GenX” is a short-chain PFAA.

Perfluorooctanoic acid 
(PFOA)

Perfluorooctanesulfonic acid 
(PFOS)

C3 dimer salt (“GenX”)

“Long-chain” “Short-chain”



Why PFAS are used and in what

Image from: https://www.oaklodgewaterservices.org/surface‐water/page/public‐information‐brief‐pfas. Quote from FluoroCouncil.

“The use and manipulation of 
this [C-F] bond gives 

FluoroTechnology its distinct 
properties of strength, 

durability, heat resistance and 
stability” and makes PFAS 

useful in many applications, 
mostly as raw materials for 

production of polymers, 
side-chain fluorinated 

polymers, and 
fluorosurfactants. PFAS are 
used in over 60 different 
product use categories 

(Glüge et al., 2020)



The fuss about PFAS

E     P     B     M     T
Emissions.     Persistence.    Bioaccumulation.     Mobility.     Toxicity. 

Multiple lines of evidence within these five categories support that 
PFAS are environmental health concerns.

Image modified from: Sunderland et al., 2018.



Emissions

Image from: Lohmann et al., 2020.



Persistence



PFAS hang around in your body for a long time. You know what they say about 
visitors overstaying their welcomes….

Bioaccumulation

PFOA: 3 to 4 years
PFOS: 5 to 6 years
PFHxS: 8 to 9 years

PFOA: 3 hours to 6 days
PFOS: 3 to 6 weeks

PFHxS: 3 weeks



Mobility

Image source: Galloway et al. 2020.

Galloway et al. (2020) demonstrated 
that atmospheric transport of both
PFOA and HFPO-DA (“GenX”) has 
occurred from a point source and 

that the boundaries of the impact zone 
have not yet been fully delineated.

Red dots = 2016; Blue dots = 2018



Toxicity



Toxicity (summarized by ATSDR)

PFOA, PFOS, PFHxS, PFNA, PFDA



Health effects linked to PFAS exposure

Pregnancy-induced hypertension/pre-
eclampsia 



Health effects linked to PFAS exposure

Preeclampsia is a disorder 
of pregnancy/placenta and 

is a leading cause of 
maternal morbidity and 

mortality, affecting ~2-10% 
of all pregnancies. Only 

cure is delivery.



Health effects linked to PFAS exposure

Increases in serum liver enzymes



Health effects linked to PFAS exposure

Increases in serum liver 
enzymes can be an 

indication of liver damage.



Health effects linked to PFAS exposure

Increases in serum lipids, including 
cholesterol and LDL



Health effects linked to PFAS exposure

Increases in serum 
cholesterol and low-density 

lipoprotein (LDL) can 
increase the risk of 

cardiovascular and other 
diseases.



Health effects linked to PFAS exposure

Decreased antibody responses to 
vaccines



Health effects linked to PFAS exposure

Decreased responses to 
vaccines may decrease 
protection from the 
vaccine but also may 

indicate that other parts of 
the immune system are 

suppressed.



Health effects linked to PFAS exposure

Increase risk of some cancers



Health effects linked to PFOS exposure

Some studies have found 
associations between 

PFOA exposure and kidney 
and testicular cancer and 
between PFOS exposure 
and bladder cancer, and 
others have reported 

increases in prostate and 
breast cancer. Numbers of 
studies are limited to date.



Health effects linked to PFAS exposure

Small decreases in birth weight



Health effects linked to PFAS exposure

Babies with low birth 
weight are more likely to 
develop health problems 

later in life.



But mice and rats aren’t tiny people…



Toxicological findings in experimental models 
exposed to PFAS



Toxicological findings in experimental models

Studies in non-human 
models allow scientists to:

1) confirm what has been seen 
in human studies;

2) establish causality between 
exposure to known 
concentrations of single 
PFAS and specific kinds of 
toxicity;

3) explore the molecular 
(mechanistic) changes that 
produce toxicity.



From models to people

Epidemiological findings
Liver toxicity

Immunotoxicity
Developmental/reproductive toxicity

Supportive animal studies
Liver toxicity

Immunotoxicity
Developmental/reproductive toxicity 

Consistency observed in health effects between studies of 
people and experimental models increases our confidence in 
the strength of the link between exposure and health effects.



A brief dive into the immune system



NTP conclusion: PFOA and PFOS are presumed
to be immune hazards to humans.

PFOA and PFOS suppress antigen-
specific antibody responses in 
experimental models (high level of 
evidence) and humans (moderate 
level of evidence).

Other immune effects supporting this weight-of-evidence classification:
• Increased hypersensitivity-related outcomes.
• Suppression of innate immune responses (i.e., NK cell function).
• Alterations in disease resistance/infectious disease outcomes.
• Findings of autoimmunity.

U.S. National Toxicology Program review of 
PFAS immunotoxicity



Risks from PFAS exposure to the immune system are real. 

Decisions based on immunotoxicity

• States of New Jersey and Michigan maximum contaminant level for PFOS in 
drinking water is based on immunotoxicity
• NJ PFOS MCL: 13 parts per trillion
• MI PFOS MCL: 16 parts per trillion

• European Food Safety Authority (EFSA) revised tolerable weekly intake for 
PFAS based on immunotoxicity
• EFSA TWI: 4.4 ng/kg/bw (for PFOS, PFOS, PFNA, and PFHxS)



Why the immune system matters

Image from: DeWitt et al., 2019

Children are 
more sensitive 
to immune

effects of PFAS 
than adults.



Why the immune system matters

Image from Grandjean et al. 2020.

Patients with 
higher PFBA 

concentrations in 
their blood had 

COVID infections 
that required 

longer hospital 
stays or worse 

infections. 

This is 
PFBA



PFOS immunotoxicity as an example

Internal Dose

22.5 ng/mL = target human serum 
level = a lifetime internal dose level 
expected to be without significant 
adverse effects (Pachkowski et al., 
2019). Ability of PFOS to suppress 
the  vaccine response was used to 
derive this value.

Drinking Water Dose

1.8 x 10‐6 mg/kg/day = reference 
dose (RfD) = a lifetime external dose 
level expected to be without 
significant adverse effects 
(Pachkowski et al., 2019). Calculated 
from target human serum level.

PFOS acceptable level example
13 parts per trillion = maximum contaminant level for PFOS in drinking water 
in New Jersey, for example. Calculated from the RfD and is an “acceptable” 
level that is not “anticipated” to be with adverse health effects if consumed 

across a lifetime of exposure.

As a reminder, US EPA health advisory level for PFOS is 70 parts per trillion.



A few final thoughts



Brief conclusions

PFAS
Are detectable in the environment, including water, soil, air, and 

food. Some have been detected in people, including you.

Kwiatkowski et al. (2020) 
recommended a scientific basis 
for managing PFAS as a class.

Manage all PFAS as a single class due to 
concerns about persistence, 

bioaccumulation, mobility, and/or toxicity.

Image source: Kwiatkowski et al. 2020

Cousins et al. (2019) made a case 
for characterizing non- essential 

uses of PFAS.

Eliminate non-essential uses of PFAS and 
find safe substitutes.



Breaking news

“PFAS risk to firefighters 
While Thursday’s lawsuits focus on the 

impact of AFFF and PFAS on groundwater, 
firefighters wonder how the persistent 

chemicals are affecting them. Shane Nantz, 
the historian of Charlotte’s Local 660 

firefighter’s union, worked at Charlotte-
Douglas International Airport for years, 

following in the footsteps of his father, also a 
longtime firefighter. 

When using AFFF, Nantz recalled, firefighters were told not to get it in 
their mouths because it would cause diarrhea. “We would wade in it
and we would have it all over us,” said Nantz, who added that PFAS are also 
often used to treat firefighter gear in order to make it more water-resistant. 
Nantz cannot recall a time when he was told about the risks posed 

by the soap-like foam.”

Source: Read more at: https://www.newsobserver.com/news/politics-government/article255476066.html#storylink=cpy



Sources of DeWitt laboratory funding for PFAS:
• NC General Assembly via the North Carolina Policy Collaboratory
• US EPA/Oregon State University (83948101)
• NIEHS/NC State University (1 P42 ES031009-01)
• NC State University Center for Human Health and the Environment (Dr. Woodlief)

Thank you for 
listening!

Current lab members:
Qing Hu (Research specialist), Dr. Tracey Woodlief 

(Research instructor), Krystal Taylor (doctoral 
student), five undergrads, and two high school 

students. 
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