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A quick primer on PFAS

• Per and polyfluoroalkyl substances:

• Digesting the acronym soup – key categories
• Long-chain (CF≥6) vs. short-chain (*)
• Transformable (“precursor” compounds)
• Emerging/replacement trends (short-chain, ethers)

PFOA: C8 carboxylic acid PFOS: C8 sulfonic acid 8:2 FTOH: fluorotelomer alcohol

GenX: ammonium salt of HFPO-DA



Beyond the usual 
suspects

Kwiatkowski et al. 
2020 ESTL

The PFAS class 
is extremely 
diverse. 
Members from 
multiple sub-
groups often 
used in a single 
products (e.g. 
AFFF).



Beyond the usual suspects

• We track a handful, 
but the PFAS 
universe is complex.

• Which are used where, in 
what quantity?

• Which “are” PFAS?

Barnabas, et al. Digital Discovery, 2022, DOI: 10.1039/D2DD00019A

CORE: Aggregation of open access journal papers.



Why the concern?

• PFOA, PFOS, PFNA, 
GenX, a handful of other 
substances with 
substantial basis for 
understanding toxicity 
(humans and wildlife).

• Wide variety of systems 
affected, concordance 
with animal studies.

Fenton et al. 2020 ET&C



How PFAS gets into our water

https://www.bloomberg.com/graphics/2022-3m-pfas-toxic-forever-chemicals-europe/

Direct releases from industrial 
activities.



How PFAS gets into our water

Groundwater contamination.



How PFAS gets into our water

Groundwater contamination.

McMahon et al. ES&T 2022 56 (4), 2279-2288



How PFAS gets into our water

Wastewater effluent and solid waste.

Tavasoli et al. 2021 DOI: 10.1039/d1em00032b

Precursors  short-chain  effluent

Long-chain  sludge  land



How PFAS gets into our water

Global atmospheric and oceanic cycling.

Global distribution means 
there is no avoiding 
PFAS.



In other words, PFAS are everywhere.

https://www.ewg.org/interactive-maps/pfas_contamination/map/



A surprising(?) Pittsburgh example



McKeesport Auto Body fire

• Testing conducted on behalf 
of water authority indicated 
varying levels, lack of 
consistent sampling.

• Set of targeted PFAS not 
necessarily appropriate for 
AFFF contamination.



McKeesport Auto Body fire

• Hydrants were a main target of 
sampling as they were direct 
reports on levels in the 
distribution system.

• To our knowledge, no 
monitoring of environmental 
fate was carried out.



Drinking water, six months later
• Working with Women for a 

Healthy Environment (WHE), 
sampled drinking water across 
the affected part of the 
community.

• Tested for long- and short-
chain perfluoroalkyl acids.

• Two households had one high 
sample each, dominated by 
PFOS (>150 ng/L).

• PFOS was still high in soil 
around fire site (232 ng/L).



What can be said of the 
surrounding landscape?

• The primary strategy to clear PFAS 
contamination in the distribution 
system was flushing of affected 
hydrants.

• In one case a hydrant had to be 
replaced because of persistent 
contamination.

• Where did the flushed PFAS go?



Treatment options …
• At McKeesport, active community 

members working with WHE distributed 
pitcher filters to provide ongoing water 
treatment after the advisory was lifted.

• Filters that use a combination of activated 
carbon and ion exchange show better 
performance than carbon alone and are 
effective at removing long-chain PFAS like 
PFOS.

• Over the next two years, we will be using 
water, filters and soils to understand the 
fate and transport of this AFFF spill. 

Stay Tuned!



Treatment 
options …and 
limitations

Belkouteb et al. 2020 Water Research



Where the policy landscape is 
taking us



Where the policy landscape is 
taking us

Post, 2021 ES&T
Other PFAS are added (state-by-state basis) 
including short-chain PFAS.



The search for novel sorbents

• What can be done about short-
chain PFAS?

• Reverse osmosis is effective 
but expensive and energy 
intensive.

• GAC/IX are less effective and 
require regeneration/disposal of 
large volumes.

Toxicology: Problem… and 
clue to solution?



Proteins as biological sorbents

Ng et al. 2014 ES&T 4637-4648

Some PFAS bioaccumulate 
due to binding to proteins like 

FABP and serum albumin.
Short-chain PFAS are less bioaccumulative, but 
their toxic impacts indicate they may still have 

strong interactions with specific receptors.

Hong et al. Molecules 2019, 24(14), 2545



Proteins as biological sorbents
Proteins evaluated by dialysis 
compare favorably with 
activated carbon, particularly 
for short-chain PFAS. 

We found better performance 
for PFHxS, PFHxA and PFBS.

PPAR-γ at least as good as 
anion exchange, better than 
activated carbon for PFOS.

The bad news: Implications 
for toxicity?

Khazaee et al. 2021 Toxics



Using molecular modeling to 
screen for potential sorbents

We use a combination of 
protein database screening 
with molecular docking 
simulations to identify 
potential sorbents.

Screening criteria are 
relevant endogenous 
ligands, small size, and 
potential for ease of 
extraction or production.Next phase: Complementary in vitro methos for 

evaluation of binding affinity, column studies.



First, do no harm: the need to 
turn off the PFAS tap.

Even with these strategies, we will not solve the major 
issue with these chemicals:  their extreme persistence.



Questions?
carla.ng@pitt.edu
@Ng_lab

mailto:carla.ng@pitt.edu
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