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PFAS
• A class of >4,000 

substances
• Produced and 

used since 1940s
• Chemical 

properties that 
make them useful 
in a wide range of 
applications, 
especially as 
surfactants and 
surface protectors

PFAS – quick reminders

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



“The use and manipulation of this 
bond gives FluoroTechnology its 
distinct properties of strength, 

durability, heat resistance and stability.” 

But also…
• Persistence
• Bioaccumulation 

potential
• Mobility (some)
• Toxicity (those 

studied)

PFAS – quick reminders

PFAS images source: Hopkins et al. 2018. Fluorine‐carbon bond and quote from the FluoroCouncil.



PFAS persistence in perspective



Image source: Galloway et al. 2020.

PFAS mobility is not limited to short-chains

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



Image modified from: Sunderland et al. 2018.

PFAS exposure sources and pathways



PFAS accumulation in wildlife

Vertebrate wildlife [max PFOS]

Up to 3073 ng/mL in plasma of Bottlenose dolphin

Up to 1325 ng/g in liver of polar bear

Up to 96.8 ng/mL in plasma of Loggerhead sea turtle

Up to 450 ng/mL in plasma of Herring gulls

Up to 176 ng/mL in plasma of rockfish

(DeWitt et al., 2012)

Images from various sources.



PFAS accumulation in wildlife

Invertebrate wildlife

0.1 – 10 mg/kg PFOA and PFOS in marine and freshwater invertebrate tissue
(Houde et al., 2011)

Up to 280 mg/kg of PFOS, PFCAs, and PFOSA in invertebrates from Lake 
Ontario (Martin et al., 2004)

Accumulation in soil invertebrates (i.e., earthworms) appears to be low.

Data from: https://pfas‐1.itrcweb.org/6‐media‐specific‐occurrence/#6_5



PFOA and PFOS in human 
serum

On average, serum concentrations of PFOA and 
PFOS in general populations from the US and 

European countries appear to be below 10 ng/mL 
(CDC & EFSA).

However, people living in areas with point sources 
and those who work with PFAS, have blood 

concentrations 100s to 1000s times higher than 
concentrations of those in the general population.

PFAS accumulation in humans



But PFAS exposure also persists

Image source: Courtesy of C. Lau. US EPA.



PFAS toxicity reported in wildlife

Interstate Technology Regulatory Council (ITRC) summary of  
available studies of toxicological outcomes in mammalian wildlife.

Table source: https://pfas‐1.itrcweb.org/7‐human‐and‐ecological‐health‐effects‐of‐select‐pfas/



PFAS toxicity reported in wildlife – a recent example

Image source: Guillette et al. 2020.

Guillette et al. (2020) 
demonstrated 

increases in biomarkers 
for immunotoxicity and 

liver toxicity with 
increases in serum 

PFOS in striped bass 
from the Cape Fear 

River of North 
Carolina, US.



PFAS health effects from epidemiological studies

Probable links for PFOA in 
this community included:
Cancer - kidney and testicular
Diagnosed elevated cholesterol

Pregnancy-induced hypertension and 
preeclampsia

Thyroid Disease
Ulcerative colitis

The C8 Science Panel was created by 
the class action lawsuit featured in the 

film “Dark Waters.”

http://www.c8sciencepanel.org



PFAS health effects from epidemiological studies



PFAS health effects from epidemiological studies

Image source: https://www.eea.europa.eu/themes/human/chemicals/emerging‐chemical‐risks‐in‐europe



Multiple lines of evidence for PFAS toxicity



Multiple lines of evidence for PFAS toxicity

Image source: http://www.mouse2man.org/

Cancer - kidney and testicularRodents exhibit a “tumor triad” 
(liver, pancreatic, and testicular 
tumors)

Diagnosed elevated cholesterolRodents tend to have decreased 
cholesterol

Thyroid diseaseRodents develop changes in 
thyroid hormone levels

Pregnancy-induced hypertension & 
pre-eclampsia & other 
developmental effects

Reproductive & developmental 
toxicity occurs in rodents

Ulcerative colitisAutoimmune/inflammatory 
alterations occurs in rodents

ImmunotoxicityImmunotoxicity occurs in 
rodents



Approaches for public health protection

Cousins et al. (2020) 
evaluated strategies 
for grouping PFAS.

Main conclusions:
The P-sufficient approach, 

based on persistence alone, 
would be most precautionary.

An approach based on 
common toxicities, 

modes/mechanisms of action, 
and elimination kinetics, would 

be least precautionary.

Image source: Cousins et al. 2020.



Approaches for public health protection

Cousins et al. (2020) evaluated strategies for grouping PFAS.

What has been done where grouping approaches were used?

The least precautionary approach.

Denmark
Groups 12 PFAS under assumption all are similarly toxic to PFOS

Sweden
Groups 11 PFAS under assumption all are similarly toxic to PFOS

Australia, Canada, US
Group 2 PFAS under assumption of similar toxicity or additive 

toxicity



Approaches for public health protection

But the least precautionary 
approach becomes less palatable as 

the number of PFAS grows.

Image source: Washington  et al. 2020.



Approaches for public health protection

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

Main recommendation:
High persistence, accumulation potential,  AND/OR hazards (known 
and potential) of PFAS studied to date is sufficient justification for 

treating ALL PFAS as a single class.

Image source: Kwiatkowski et al. 2020.



Approaches for public health protection

An essential use approach can support PFAS phase-outs:
An essential use is a use necessary for health or safety or for the functioning 

of society and an essential use is a use for which there are no available 
technically and economically feasible alternatives.

Image source: Cousins et al. 2019.



Sources of laboratory funding for PFAS:
• 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
• Brody Brothers Endowment

Thank you image from shutterstock.com.

International collaborators:
https://www.pfassciencepanel.org/
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