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F-C backbone of “Forever Chemicals”:

Most research on a subset of PFAS known as PFAA
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PFAS exposure is associated with diverse adverse health effects
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Potent immunotoxic response following vaccination in

Faroese birth cohort
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—— 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

Obesity ----------==----------

Early puberty onset -~ - Inflammatory bowel disease
- (ulcerative colitis)

Increased miscarriage risk -~ ,:

(i.e. pregnancy loss) )/

Testicular cancer

Low sperm count and mobility <’
N * Increased time to pregnancy

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

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



m‘ NORTH CAROLINA

Animal studles suggest ;PFAS
PFAS exposure is linked to...

damage to the immune
system

liver damage

B

birth defects, delayed
development, and newborn
deaths

Information sourced from Agency for Toxic Substances and Disease Registry



PFBA exposure
linked to COVID- o
19 severity

* Grandjean et al., 2020

* https://journals.plos.org/plos
one/article?id=10.1371/journal.
pone.0244815
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PFAS Exposure
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Human exposures to PFAS are diverse:

Some can be addressed/mitigated faster than others

Our focus so far:
Consumer Products l 1. Drinking water

Human Exposure 2. Seafood

’m 3. Consumer products

Others needing

attention:
Transfer to Infants | @. Other foods
* Breast milk .
o bl b. Dust/indoor
c. PCPs

Environment
Sunderland et al., 2019, JESEE 12



Drinking water is the primary pathway of PFAS exposure
next to many contaminated sites

Contamination Sources:

« Industry .

» Air ForCe Base / Airport
Fire Training

« Landfill

» Unknown

Affected Community Size:
500K people
250K

100K
25K
NA

Data adapted from Northeastern SEERHI 13



Drinking water best studied exposure source for
general U.S. population at this time: Still gaps in data

Hydrological units with
detectable PFASs
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PFAS Contamination in the U.S. (January 6,2021)
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18-80 Million U.S. Residents have >10 ng/L

PFAS in their tap water

Estimated population-wide exposure to PFOA and

100

PFOS from drinking water in the United States

10 1

PFOA+PFOS concentration (ng/L)
Andrews and Naidenko, 2020, EST Letters
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For much of the general U.S. population drinking water may only

account for ~20% total PFAS exposure

Tap water PFOA and PFNA are statistically significant
PEFOA predictors of serum in 1990 for the NHS cohort RSC = 2% - 34%
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Long-Chained PFCA strongly associated with seafood consumption

Faroese Children NHANES 2005-2006
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R/V Endeavor Northwest Atlantic Margm PFASs

Longer chain PFAS have greater
/{ potential to bioaccumulate in food

| —geSus o webs: Industry is switching to shorter
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Measured targeted PFAS concentrations in North Atlantic pilot whales

shows a rapid decline in FOSA, a PFOS precursor since 2000
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Rapid declines in targeted PFAS in children’s serum driven mainly by

PFOS, PFOA, and FOSA
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Most PFAS are not detected by targeted analysis (standard EPA methods)

Targeted analysis is usually limited to <50 PFAS with analytical standards

Total fluorine (TF) = |

Extractable Unidentified EOF

organofluorine (EOF)

Oxidizable
precursors (TOP)

Targeted PFAS




Large amounts of organofluorine in AFFF and drinking water

Pilot Data on Drinking Water in MA
Fluorotelomer AFFF (2013-2017)
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Large amounts of organofluorine in human populations

(B) First-time mothers in Uppsala, Sweden exposed to PFAS by
AFFF-contaminated drinking water supply
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Decline in serum PFAS concentrations can not be explained

by shifts exposure from seafood consumption

PFASs In Children from the Faroe Islands

mle I 7|l

Consumer Products

(6)
o

Even in the Faroe
Islands (remote high
seafood consuming
population), diverse
consumer products
appear to have
accounted for the
majority of exposures
for children in the
1990-2000s.
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Targeted LC-MS/MS measurements 60| &° . XPS wt.% F
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Limited understanding of the relative importance of
exposure sources for the general population

Importance of different exposure sources varies across different demographic groups

General Population

\

Contaminated Communities

\

Children <11

Carpet/Dust
Milk

Others Community 1 Community 2

Groundwater Air emissions:

Water

Diet Contamination: @ Drinking water

Indoor Drinking water Food
Environment



Known Unknown Exposure Sources

BY SARAH GIBBENS

FAST FOOD INCREASES
EXPOSURE TO A

. ) ) FOREVER CHEMICAL
The curious case of tainted milk from a CALLED PFAS

M a i n e d a i ry fa rm ’ 47 y»ackaging, the long-lasting chemicals can
' . \\' _‘ ; \

* Biosolids, FCM, Cosmetics

nd build up in our bodies.

; . : & z SR
Richard Valdmanis, Joshua Schneyer v ; 7 A f SHARE
. . z 2 | )
- 4 i \ , ‘
g m i y

ARUNDEL, Maine (Reuters) - For Maine dairy farmer Fred Stor \
2016 that his cows were producing tainted milk has since brougl] S

threatened to shut down a century-old family business.

Schuiltes et al., 2018;
Susmann et al., 2019, EHP



Unknown Unknown Exposure Sources

* Likely we are still not aware of
some sources 0 rtment
consumption ne-compartmen
. . . Frequ,;ﬁcc)g \‘ toxicokinetic model
e Pairing environmental Questionnaire

exposure measurements with _>/

for 5 PFASs
dC _ DP(t)
dt

. 7 — kPXxC(t)
human serum data is needed : ops
- t
understand and rank their s.s. C=y—1p
relative significance.
i ) serum PFASs Relative PFASs
* Need to consider multiple Source

Contribution

sources simultaneously in the (RSC)
same population

Example for tap water from Hu et al., 2019, EHP



Summary

Diverse adverse health effects associated with PFAS Exposure: PFAS are particularly
problematic because they affect every major organ system in the human body!

Many human exposure sources — some : We have the most data on drinking water as
an exposure source but the importance of others (diet, consumer products, seafood)
is poorly understood.

The importance of PFAS precursors for human exposures needs to be better
understood: Our standard analytical techniques have been limited by commercially
available standards and are not keeping pace with industrial production of new PFAS.
Innovation is needed (HRMS + total fluorine metrics).
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