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By way of background: | lead STEEP Project 1 on the impacts of geochemistry

and transport on PFAS exposure from drinking water and fish

Aims: Relevance to SRP Mandate:

 Aim 1: Fingerprinting PFAS * Improved detection methods
expc;\su(;e soglr_cis gseveral * Better characterization of
methods published) exposure sources for risk

* Aim 2: Geochemical factors assessment

affecting PFAS transport and

transformation at AFFF o
cohtaminated site * Renewal application: Focus on

e Aim 3: USGS mobile fish lab PFAS precursors

(now integrated with Rainer
Lohmann/URI research)




Why do we care so much about PFAS exposure: Diverse adverse health effects
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Potent immunotoxic response following vaccination in

Faroese birth cohort

Children from the Faroe Islands
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—— High certainty

---- Lower certainty

Thyroid disease

Increased cholesterol levels
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PFAS: insi
AS: Delayed INSight or delayed public access
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98-99% of Americans have detectable blood PFAS:
Who are the 1-2%?
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Diverse human exposures to PFAS:

Can we characterize the relative importance of different sources?

34—
Consumer Products

Human _Exposure
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Transfer to Infants

* Breast milk
» Cord blood

Environment
Sunderland et al., 2019, JESEE 9



Drinking water is the predominant PFAS exposure
source near contaminated sites
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PFAS Contamination in the U.S. (January 6, 2021)
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V\Io good national databases for environmental
releases to characterize general population exposures

Hydrological units with

D P
detectable PFASs n
ol Tl g

Industrial sites Military fire training areas

Wastewater treatment plants
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Certified airports
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- Detected

Not detected |
MRS (Data source: U.S. EPA 3rd Unregulated Contaminants Monitoring

No data 11
Rule (UCMR3), 2013-2015) (Hu et al., ES&T Letters, 2016)




Importance of atmospheric PFAS emissions and
deposition increasingly recognized

Modeled PFCA deposition (ng m2 yr per tonne emitted) with differing assumptions regarding source locations

Influence of uniformly emitted precursors
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Estimated 18-80 Million U.S. Residents have
>10 ng/L PFAS in their tap water

Estimated population-wide exposure to PFOA and
PFOS from drinking water in the United States

300
Cambridge tap water:
Current information about PFAS testing (Feburary 2021)
250 2 Test Results
2
200 =
= PFAS Analyte Result
- PFASG6 (regulated) ng/L (ppt)
150 — Perfluorooctane Sulfonic Acid (PFOS) Trace*
c Perfluorooctanoic Acid (PFOA) 6.0
9 Perfluorohexane Sulfonic Acid (PFHxS) 2.3
00 "‘; Perfluorononanoic Acid (PFNA) Not Detected
1 3 Perfluorohepatanoic Acid (PFHpA) 3.0
o Perfluorodecanoic acid (PFDA) Not Detected
)
um o - compare to
A0 Q Sum of PFAS6
MassDEP MCL of 20 ng/L 11.3
*Trace amounts are present, but below the minimum
10 concentration that can be reported as a quantified value.
MCL = Maximum Contaminant Level
PFOA+PFOS concentration (ng/L) ng/L = nanogram per liter
ppt = parts per trillion
’ 13
Andrews and Naidenko, 2020, EST Letters

PFAS = Per and Poly Fluoroalkyl Substances
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There are thousands of PFAS. Large amounts of unidentified
organofluorine in surface & drinking waters
AFFF impacted watersheds in Cape Cod MA Drinking Water in MA
“PFOA BPFOS Other PFCAs

Q 180 - Other PFSAs ®PFOS precursors Unknown
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Need to better leverage the full analytical toolbox

for PFAS measurements

Targeted analysis TOP assay Extractable organofluorine
“the go to” “the oxidizer” “the total”
lon chromatography Non-targeted analysis/
mass spectrometry suspect screening

“the mini” “the discoverer”



Precursors are the majority of PFAS in AFFF

Source and chain length can be inferred from the TOP assay
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PFAS suspect screening and ultra-short chain PFAA

do not account for unexplained EOF in MA surface waters
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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

PEOA predictors of serum in 1990 for the NHS cohort RSC = 2% - 34%
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Some PFAS accumulate in food webs & seafood: an
important human exposure source
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Expanding the Analytical Toolbox to Biological Tissues

Suspect Screening/Non-target
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1. lon-Pairing Extraction

TOP Assay

2. Acetonitrile Extraction

Biotic Tissues
(e.g. fish, shellfish, whale)



Various

sampling techniques were used to collect

multiple species from different ecos

Moody

Joint Basepond
Y

x

Cape Cod

Quashnet
River

Santuit
River

D

90!
)
DN
oy & Vel
ehany -
W .;‘.‘ 1959

9
90%9
¢

s

L)
()
"‘n‘,‘

shes oGl
W0t
Wit
'.'-\“n“‘,v

(e



@®@®®) Biogeochemistry of
Q{.f;.?? Global Contaminants

HARVARD
Agronomic exposure pathway for PFAS
The curious case of tainted milk from a
Maine dairy farm
Richard Valdmanis, Joshua Schneyer 6 MIN READ v f

ARUNDEL, Maine (Reuters) - For Maine dairy farmer Fred Stone, the discovery in
2016 that his cows were producing tainted milk has since brought financial ruin and

threatened to shut down a century-old family business.

22
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PFAS in many consumer products: Indoor
environment and dust

Example: 15 Fire Stations in MA A) Fluorine (pg/g) B) Sum PFAS (ng/g)
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Young et al., 2020, JESEE 23



' Associations between use of packaged food

and serum PFAS (Vancouver, Canada cohort)
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2021 FDA announcement on dietary PFAS
sources in the U.S. food supply

“The U.S. food supply is among the safest in the world, and the available scientific
evidence does not support avoiding particular foods because of concerns regarding PFAS
exposure,” said Acting FDA Commissioner Janet Woodcock, M.D. “Since we began testing
foods from the general food supply for PFAS in 2019, only four samples out of the nearly
300 tested have had detectable levels of PFAS and none have been determined to be at
levels of concern for human health. The FDA remains committed to sharing further
updates as our work in this important space progresses.”

https://www.fda.gov/news-events/press-announcements/fda-provides-update-ongoing-efforts-better-
understand-occurrence-pfas-food-supply
25



More paired serum & environmental exposure
measurements are needed!

e Systematic rather than ad hoc oo ~~__[onercomparimen
study design to assess Frequii‘éy focokinelic model
. Questionnaire or S
patterns for different - Drinking water / o
lati PFASs 6C _ PPW) i)
populations it - v,
* Ranking of exposure sources \ ss. C=o0)
° . ° . ° d
would aid risk mitigation yIS—— IO ——
. serum PFASs N - g PFASs
* Chemometric tools that use Source
the serum PFAS profile may oRSe)

aid in interpretation of
exposure data Example for tap water from Hu et al., 2019, EHP
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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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