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PFAS — quick reminders
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PFAS — quick reminders

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



PFAS persistence in perspective

The persistence of various
chemicals in the environment,
measured in terms of their half-life

Chemical Half-life

Malathion insecticide 1 day

Radon 4 days in air

Vinyl chloride 4.5 days in air
Phthalates 4.5 days in water
Roundup herbicide 7 to 70 days in water
Atrazine herbicide 224 days in wetland soils
Polychlorinated biphenyls (PCBs) 8 to 15 years in water
DDT 30 years in soil

Source: Hazardous Substances Data Bank, http://toxnet.nlm.nih.gov/cgi-bin/sis/
htmlgen?HSDBY/.

Table 17.2

Environmental Science
© 2012 W. H. Freeman and Company

PFAS >30 years? >100 years?




PFAS mobility is not limited to short-chains
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PFAS exposure sources and pathways

Consumer Products '

oy ala
f—
L - —

‘—-ﬂ.ﬂ"h"-l—- -

—— P G5
Industry ﬁ"""""'ﬁ:
Waste Infrastructure

Environment

Image modified from: Sunderland et al. 2018.




PFAS accumulation in wildlife

Images from various sources.

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)




PFAS accumulation in wildlife

Invertebrate wildlife

0.1 — 10 mg/kg PFOA and PFOS in marine and freshwater invertebrate tissue
(Houde et al,, 201 1)

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.

I I S S e

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




PFAS accumulation in humans

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.




But PFAS exposure also persists
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Image source: Courtesy of C. Lau. US EPA.



PFAS toxicity reported in wildlife

Species Summary Of Findings Reference
Sea otter Higher PFOS/PFOA concentrations in liver samples found in diseased ofters versus (Kannan, Perotta
Enhydra lutris | nondiseased group and Thomas

2006 =)

Bottlenose Significant positive associations between serum total PFAS concentrations and multiple (Fair et al. 2013 =)
dolphin immunological, hematopoietic, renal, and hepatic function endpoints
Tursiops
fruncatus
Wood mouse | Significant positive relationship between liver PFOS concentration and hepatic endpoints (Hoff 2004 =)
Apodemus (relative liver weight, microsomal lipid peroxidation level); significant negative association with
sylvaticus serum alanine aminotransferase (ALT) activity
Wild pig Mo significant carrelation between PFAS liver concentrations and multiple bloed, hepatic, and (Watanabe et al.
Sus scrofa immunological endpoints, whereas significant correlations were observed for other pollutants | 2010 =)

(for example, dioxin-like compounds, PCBs, organohaline pesticides)
Mote: Refer o Table 7-3 in the separate Excel spreadsheet for toxicological endpoints and values.

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
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PFAS health effects from epidemiological studies

C8 Science Panel

http://www.c8sciencepanel.org

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.”




PFAS health effects from epidemiological studies

Human studies suggest P_FAS
PFAS exposure may... T e

increase risk of thyroid
disease

increase blood cholesterol
levels

decrease the body’s
response to vaccines

decrease fertility
in women

increase risk of high blood
pressure & preeclampsia

lower infant birth
weight

in pregnant

in adults in children R

Information sourced from Agency for Toxic Substances and Disease Registry



PFAS health effects from epidemiological studies

—— High certainty

---- Lower certainty

Thyroid disease

Increased cholesterol levels
Developmental effects
affecting the unborn child

..... Breast cancer

Delayed mammary gland development

Reduced response to vaccines Liver damage

Lower birth weight Kidney cancer

Early puberty onset -~ - Inflammatory bowel disease

(ulcerative colitis)
Increased miscarriage risk -~
(i.e. pregnancy loss) J

Testicular cancer
Low sperm count and mobility +*
% " Increased time to pregnancy

. Pregnancy induced
hypertension/pre-eclampsia
(increased blood pressure)

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




Multiple lines of evidence for PFAS toxicity

Animal studies suggest
PFAS exposure is linked to...

damage to the immune
system

liver damage

=

birth defects, delayed
development, and newborn
deaths

Information sourced from Agency for Toxic Substances and Disease Registry




Multiple lines of evidence for PFAS toxicity

Rodents exhibit a “tumor triad” ¢ > Cancer - kidney and testicular

(liver, pancreatic, and testicular

tumors)

Rodents tend to have decreased ¢ ¥ Diagnosed élcvated cholesterol

cholesterol

Rodents develop changes in < > Thyroid disease

thyroid hormone levels

Reproductive & developmental*.. ¢ > Pregnancy-induced hypertension &

toxicity occurs in rodents pre-eclampsia & other
developmental effects

Immunotoxicity occurs in < » Immunotoxicity

rodents

Autoimmune/inflammatory < > Ulcerative colitis

alterations occurs in rodents

i rvpe ——wCE: http://www.mouse2man.org/



Approaches for public health protection
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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 || 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

-' wf\w But the least precautionary
J
| approach becomes less palatable as

]

the number of PFAS grows.
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Fig. 1. A chloroperfluoropolyether carboxylate
(CIPFPECA) identified by nontargeted MS analyses
in soil samples from New Jersey. In the New Jersey
samples, perfluoroethyl (e) plus perfluoropropyl

(p) groups were observed to range in sum from one to
four. The example congener depicted here would

be designated (e,p) = LL lsomers likely include an
afternative terminal structure of CICF.CF(CF3)0-

(13, 14) as well as relative positions for the
perflluoroethyl and perfluoropropyl groups.

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.

gt a1,
‘teC:c ;i ‘ P FAS
o8 Persistent

Q 0 H
[oo] Accumulative

Hazardous

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.

Environmental N
Science Ve
Processes & Impacts |

CRITICAL REVIEW View Article Online

View Journal

M ceckionpazes.  The concept of essential use for determining when
uses of PFASs can be phased out

Cite this: DOI: 10.1039/c8em00163h

lan T. Cousins, £4* Gretta Goldenman,® Dorte Herzke, Rainer Lohmann, £ |
Mark Miller, Carla A. Ng, 2" Sharyle Patton,? Martin Scheringer, (" Xenia Trier,
Lena Vierke) Zhanyun Wang % and Jamie C. DeWitt

Image source: Cousins et al. 2019.
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Sources of laboratory funding for PFAS: GLOBAL

North Carolina Policy Collaboratory & pFAs

NC General Assembly
« US EPA/Oregon State University (83948101) SCIENCE PANEL
* NIEHS/NC State University (1 P42 ES031009-01)
« NC State University Center for International collaborators:

Human Health and the Environment https://www.pfassciencepanel.org/

* Brody Brothers Endowment

Thank you image from shutterstock.com.
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