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Poly- and Perfluoroalkyl Substances (PFAS)

2



3



1) Effects: PFAS exposure has been linked to 
diverse adverse health effects on humans
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No consistent mode of action across compounds studied –
raising questions about how to regulate (compound specific 

or as a class?)



Slide from: https://ncpfastnetwork.com/printed-materials/
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https://ncpfastnetwork.com/printed-materials/


PFAS suppresses immune response following vaccination in 
Faroese birth cohort
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Children from the Faroe Islands



2) Sources: Chemical production is changing 
rapidly and we are not able to detect most PFAS in 

use today using traditional techniques
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Focus of research on aqueous discharges next to 
contaminated sites; understanding of atmospheric sources 

and fate huge gap right now!



Large 
declines in 

global 
PFOS 

discharges 
from rivers 

to the 
oceans 

since the 
year 2000

8Wagner et al., in prep
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Global modeling underestimates Southern Ocean concentrations –
likely due to missing atmospheric sources

Wagner et al., in prep



GEOS-Chem 2015 annual average PFOA deposition using a 
high emissions scenario. (Thackray et al, 2020)

We are developing an improved atmospheric simulation for PFAS in 
GEOS-Chem: Need more measurements!

● Global emissions of precursor compounds 
based on Wang et al. (2014) 
production/composition estimates

● Spatial distribution of emissions was 
previously assumed to follow the same 
pattern as NOx (originally used a 4x5 
degree grid)



Large and rapid declines in 
modeled North Atlantic 
seawater PFOS (10 m)
X. Zhang et al., 2017, Global Biogeochemical Cycles
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Measured targeted PFAS concentrations in North Atlantic pilot whales 
shows a rapid decline in FOSA, a PFOS precursor since 2000

Dassuncao et al., 2017, ES&T
Juvenile males 9-12 years
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Zhang et al., 2019, Environmental Science & Technology

PFAS measurements in plankton suggest some precursors and 
linear isomers may bioaccumulate more than the terminal PFAA
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Gap in analytical methods for PFAS detection: 
Most PFAS in AFFF and other media are not detected by targeted analysis

Targeted analysis is limited to a few dozen PFAS with analytical standards 

Targeted PFAS

Total fluorine (TF)

Extractable 
organofluorine (EOF) • Atmospheric 

precursors?
• Ultra-short chain PFAS?
• Fluorinated 

pharmaceuticals or 
agrochemicals?

Unknown EOF



Targeted analysis underestimates PFAS by 50% in 
ECF AFFF (legacy) and >99% in FT AFFF (contemporary)

Ruyle BJ, Thackray CP, McCord JP, Strynar MJ, Mauge-Lewis KA, Fenton SE,  Sunderland EM. 
Reconstructing the composition of PFAS in contemporary AFFF. In review.



We developed a method for quantifying unknown compounds using the total 
oxidizable precursor (TOP) assay and Bayesian inference that closes PFAS mass budget 

Ruyle BJ, Thackray CP, McCord JP, Strynar MJ, Mauge-Lewis KA, Fenton SE,  Sunderland EM. 
Reconstructing the composition of PFAS in contemporary AFFF. In review.



PFAS signature from AFFF in Cape Cod coastal watersheds is distinct 
from other background sources

Ruyle BJ, Pickard HM, LeBlanc DR, Tokranov AK, Thackray CP, Hu XC, Vecitis CD, Thackray, CP, Sunderland EM. 
PFAS Precursor Transformations and Unexplained EOF in AFFF-Impacted Coastal Watersheds. In revision.

AFFF signature 
is enriched in 

C6 PFAS



There is a large unidentified PFAS signature (~50% EOF) in Cape Cod coastal 
watersheds – unlikely to have originated from AFFF use

Ruyle BJ, Pickard HM, LeBlanc DR, Tokranov AK, Thackray CP, Hu XC, Vecitis CD, Thackray, CP, Sunderland EM. 
PFAS Precursor Transformations and Unexplained EOF in AFFF-Impacted Coastal Watersheds. In revision.



Downstream environment reflects AFFF signature (C6 PFAS) with
substantial additional sources that are overlooked in routine site assessment

AFFF

All fluorine is EOF 

Unknown EOF is made 
up of C6 precursors 

targeted PFAS explains 
1-50% of EOF

AFFF-impacted surface water
Cape Cod

Targeted PFAS+TOP assay explains half of EOF

Additional unknown EOF
• Atmospheric precursors?
• Ultra-short chain PFAS?
• Fluorinated pharmaceuticals or agrochemicals?

EOF
Targeted PFAS

Exceeds EPA 
advisory,
Mass MCL



3) Fate: Endpoints of concern for PFAS are 
humans and wildlife
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Human exposures at contaminated sites are dominated by 
contaminated drinking water. For the general population the 

relative importance of different exposure pathways is 
extremely uncertain.
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Exposure
(ingestion, inhalation, 

dermal)
Blood

Toxicokinetics
(ADME)

Behavior 
(exposure factors)

Indoor uses

Bioaccumulation
Processing
Packaging

Industrial sources
AFFF

Waste water

MediaSources

Food

Water

Indoor 
dust, air

Other 
(e.g., PCP)

Fate & 
transport

De Silva et al., in review

Schematic of exposure assessment steps for humans that 
relates PFAS sources to exposure media, and internal 
concentrations of PFAS in blood. Not all possible exposure 
routes (e.g., outdoor air) or arrows are shown. 
ADME = Absorption, distribution, metabolism and excretion.



Human exposures to PFAS are diverse: 
Some can be addressed/mitigated faster than others

Sunderland et al., 2019, JESEE

Our focus:

1. Drinking water
2. Seafood
3. Consumer Products

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

23Source: Sunderland et al., 2019 adapted from Northeastern SSERHI data



Detection of PFAS in U.S. drinking water statistically 
increased with higher point source abundance

24
(Data source: U.S. EPA 3rd Unregulated Contaminants Monitoring Rule (UCMR3), 

2013-2015) (Hu et al., ES&T Letters, 2016)



1976
Enrollment
n = 121,319

Dietary
Life style
Residential location

1989/1990
Serum and tap water collection
n = 32,826

What are 
exposures 

now?

Nurses Health Study, HSPH, 
a large prospective study of 
US women est. 1976
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Tap water PFOA and PFNA are statistically significant 
predictors of serum in 1990

Hu et al., 2019, EHP

RSC = 2% - 34%
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Pilot data suggest large increase in unidentified PFAS 
in drinking water: Consistent with production trends

Hu et al., 2019, EHP

4700 PFASs

>200 detected

Toxicity of alternative PFASs
not well understood

Extractable organic fluorine (EOF)

PFAS4
PFAS3
PFAS2
PFAS1

Unknown
EOF
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PFA
S PFA

SPFA
S

PFAS composition in fish differs significantly from those 
found in the water  (NH surface water data) 

Bioaccumulation factor 
(BAF) increases with 
PFAS chain-length

Short-chain Long-chain

Pickard et al., in prep.



Dassuncao et al. 2018

In human serum: Long-chain PFCA strongly associated with 
seafood consumption

NHANES 2005-2006Faroese Children

Hu et al. 2018 29



Some long 
chain PFAS 
(i.e., PFNA) 
stable or 
increasing

Dassuncao et al., 2018 30

Rapid declines in targeted PFAS in children’s serum driven mainly by 
PFOS, PFOA, and FOSA



Dassuncao et al. 2018

Decline in serum PFAS concentrations can not be explained 
by shifts exposure from seafood consumption: Indoor air or diet?
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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. 



Targeted LC-MS/MS  measurements 
make up SMALL fraction of total PFAS 
in consumer products

Tokranov et al., 2019, ES&T
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• Health Effects: Diverse adverse effects; No consistent mode of action across 
compounds studied – raising questions about how to regulate (compound specific or 
as a class?)

• Sources: Chemical production is changing rapidly and we are not able to detect most 
PFAS in use today using traditional techniques; understanding of atmospheric sources 
and fate huge gap right now!

• Fate and Exposure: Human exposures at contaminated sites are dominated by 
contaminated drinking water. For the general population the relative importance of 
different exposure pathways is extremely uncertain.  This information is essential for 
informing risk mitigation measures.

Summary
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