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Abstract

Perfluoroal kyl and polyfluoroal kyl substances
pol |l Wthatteere is no univer gsalslefaorrxditclepd edc @l ez
ongqi naggrgegnedafl ped as compounds in which carb
atoms at mo st or al | avail able positawoidmsen Th
fluorine bond, which imparts their distinctiv
carbon atoms uwiet hmawy tlthee amotlleecr partially fluo
l uorinated (perfluorinated). Structur al mo d i
oups and the substitution of atoms {1i&®. oxy
e persistence and mobility of certain PFAS,
refighting foams, and numerous consumer pr o
t he environimeet hiwotrdrdywi dd .t hPeFA $ d ednattiefsi ¢ & ¢
ytetrafluoroethylene (PTFE), c ommesrccailael | vy
duction and application of other compound s
fluorooctanoic acid ePE@Axctled floe 10@04d, I
pl as ma, i ndicating widespread exposur e. Fol |l c
20009, these compounds were |isted under Annex
Organic Pollutantly, ( P@QP)0.19Morteher ddc.eSnt Envi r o
(EPA) introduced its first action plan to add
PFAS continue to be produced globally in sigrt
counturcihesass China, Russia, and Indi-ahaiTo BRFASg
manufacturers have developed alternative sub
sul fonate (PFBS), which feature shdritedar i ndrobad
categories: pollymerriicc amdnpmoaumds. Further mor e,
on car bon c¢ hatcnhalienn gatnhda i smhtbr A m g mary i ndustri
met hods for PFAS include electrochemical fluao
compounds have diverse applications across mu
manufacturing, sgpenircolnaddwmtroef ifmibmg,cati on, and
PFAS are paesegt produwdtes, pai nt s, coatings,
l ubricant s, pesticides, cosmetics, per sonal (
devi cesst,i crkoncookware coatings, food packaging
extensive and prolonged use of PFAS has sig
persistence. Key sources of PFAS emissions i ni
process, or wutilize PFAS in tihe ema mafnaaqt nrgi nsc
' iquid wast e, such as wastewater treatment p
firefighting foams, which contain PFAS compou

Growing concerns have been raised regarding t
with PFAS exposure. Numerous studies have conf
i m hheuman popul ation and wildlife. The primary
contaminated food and drinking water, I nhal at |
consumer products containing PiFé&lSad amdducsdaoau peas
to their tendencyuthm nbibotdeyc m hmeoinma furin @ t dhePFAS

n



to severe heahahni BEA®Ss.slbLomgas PFOA and PFOS,

increased risk of cardiovascular diseases, hy
PFAS compounds, i ncluding PFNAhamcanEEDA, i nde
endocrine and kidney disorders, and devel opme]
Il n response to these concerns, the European |

aimed at restricting and wultimately banning F
under the Stockholm Convention lolnoWwed shystRHhOA

perfluorohexane sulfonic acid (PFHxS). The 2
(Directive 2020/ 2184) introduced stringent |
20 different PFAS compbendniteddBStakeng whee
Nati onal Primary Drinking Water Regul ations i
l'imits for six N&ABous dechkiohggwatsemre currert
of PFAS from drinking water. Adsorption onto
treat ment method, wisdealg fiaeileimeinge,d aahif avi n
Acti watrdbdbn is produced from a varietytegf raw
significantly reduces treat ment cost s whi |l e
Additionall vy, ion exchange resin adsorption |

approach has gained considerable attention d
capacity for processi nmi nliarad e ewati g rolnawsethluyake s ,

membr ane filtration using nanofiltration and
strategy. This method hass daeleen Ilsawcelesarddi| @ whia
PFAS removal rates comparr,ed ttso hoitghhe ro pperroactei sosnea
costs, along with the challenge of managing t
in its &E&pmlniidatciaomn. advancements have thieeeen ma
materials for PFAS Ird&ndov alb,r i Mestc@ lydFmagme wor k s

( MOFs) , MXCgoéeopdleashRdd ymers (CDPs). These advan
novel and sustainable solutions for water tr
results are promising, further research is re
| arsgaealpd i@amti ons. From a cost perspective, thi
on treat ment objceocmpilvieasn caen dr ergeugiurl eambeonrtys . I n ge
technol ogies, such as nanofiltration and reve

adsorbpasieodn met hods.
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Aliphatic perfluorocarbons (PFCs)

Perfluoroalkyl acids (PFAAs)

Perfluoroalkane sulfonyl fluorides
(PASFs)

Perfluoroalkyl Substances
Compounds for which all hydrogens on all
S carbons except for carbons associated withfg
functional groups have been replaced by
fluorines

I

Perfluoroalkane sulfonamides
(FASA)

Perfluoroalkyl iodides (PFAI)

- Non-Polymers - Perfluoroalkyl aldehydes

(PFAIs)

Perfluoroalkane sulfonamido
derivatives

Polyfluoroalkyl Substances
Compounds for which all hydrogens on
Perfluoroalkyl and atleast one (but not all) carbon have been

Polyfluoroalkyl replaced by fluorines

Substances (PFAS) Semifl uo;li;:rtlzg (rg—FaAl:;nes and

Fluorotelomer-based compounds

Fluoropolymers
Carbon-only polymer backbone with

fluorines directly attached

Perfluoropolyethers .
Carbon and oxygen backbone with Fluorinated acrylate and

fluorines directly attached to carbon methacrylate polymers

Side-chain Fluorinated Polymers Fluorinated urethane polymers
Variable composition non-fluorinated
polymer backbone with fluorinated side-
chains

Fluorine oxetane polymers
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Perfluoroalkyl Perfluoroalkyl
acids (PFAAs) acids (PFAAs)

Perfluoroalkyl acids (PFAAs)
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N-alkyl perfluoroalkane sulfonamides (FASAs)

PFASs commonly Perfluoroalkane sulfonamide ethanols (FASEs) and N-alkyl perfluoroalkane
used as raw sulfonamidoethanols

materials for surface N-alkyl perfluoroalkane sulfonamidoethyl acrylates and methacrylates (FAS(M)ACs)
treatment products Fluorotelomer iodides (n:2 FTIs), olefins (n:2 FTOs), and alcohols (n:2 FTOHs)
Fluorotelomer acrylates (n:2 FTACs) and methacrylates (n:2 FTMACs)

Side-chain fluorinated polymers (e.g., fluorinated acrylate, methacrylate,
urethane, oxetane polymers)

PFASs used
for surface
treatments

n:2 polyfluoroalkyl phosphoric acid esters, also known as polyfluoroalkyl
phosphates, or fluorotelomer phosphates (PAPs)

Polyfluorinated organosiloxanes

Fluorotelomer ethoxylates (FTEOs)

PFASs formed Fluorotelomer aldehydes (n:2 FTALs) and unsaturated aldehydes (n:2 FTUALs)
as intermediate Fluorotelomer carboxylic acids (n:2 FTCAs) and unsaturated carboxylic acids
environmental (n:2 FTUCAS)
transformation Fluorotelomer sulfonic acids (n:2 FTSs)

products of surface Fluorotelomer ethoxycarboxylates (FTEOCs)

treatments n:3 saturated and unsaturated acids
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A1l. Krytox™/Aflunox™/Todpa™
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Liver/
cholesterol
effects

Cardiovascular
effects

Endocrine
effects

Immune effects

PFOA, PFOS, and PFHxS linked
with liver damage

Clear evidence for an association
between exposure to PFOA, PFOS,
PFNA, and increases in cholesterol
levels.

Evidence for an association
between serum PFOA and PFOS
and pregnancy-induced
hypertension and/or pre-eclampsia.

Epidemiological studies provide
insufficient evidence to conclude on
associations between exposure to
PFASs and increased risk of
cardiovascular disease.

Suggestive evidence of a link
between serum PFOA and PFOS
and an increased risk of thyroid
disease.

PFOS and PFOA are associated
with reduced antibody response to
vaccination, observed in several
studies.

Evidence is suggestive of a link
between serum PFOA, PFOS,
PFNA, PFHxS, and PFDeA levels
and decreased antibody responses
to vaccines.

Increased propensity for infections
in children exposed in the womb up
to age 4 and the frequency of use
antibiotics until adolescent age.

Inconsistent associations with
asthma and allergy

"o PHFABEJ Y T G823 8y 3

Studies indicate the liver is a sensitive
target of PFOA, PFOS, PFHxS,
PFNA, PFDeA, PFUA, PFBA, PFBS,
PFDoA, and PFHpA toxicity (e.g.,
linked with increases in liver weight).

No evidence presented in ATSDR,
2018 report

Many PFASs decreased the levels of
thyroid hormones.

Evidence suggests that immune
endpoints are sensitive targets of
PFOA and PFOS toxicity. The most
commonly reported effect was an
impaired response to antigens.

PFOS and PFOA have been shown
to cause a reduced response to
vaccination (T-cell dependent
antibody response) and PFOS also
caused a reduced resistance to
infection. It is concluded that the
immune system is a prime target of
PFASs.



Reproductive
effects

Developmental
effects

Neurological
effects

Carcinogenicity

A suggestive link between serum
PFOA and PFOS levels and an
increased risk of lower fertility.

There may well be a causal
association between PFOS and
PFOA and birth weight

No associations between other
PFASs and fertility and reproductive
outcomes in both males and
females

Link between serum PFOA and
PFOS and small decreases in birth
weight.

Epidemiological studies provide no
evidence for associations between
exposure to PFASs and
neurodevelopmental outcomes,
growth in infancy or childhood,
neurobehavioural, neuropsychiatric,
cognitive outcomes.

Epidemiological studies provide
insufficient support for
carcinogenicity of PFOS and PFOA
in humans.

In general, studies of PFOA and
PFOS have not found alterations in
fertility.

Effects on male reproductive

parameters have been reported for
PFNA and PFDA.

Indicated that developmental
endpoints are targets of PFOA,
PFOS, PFHxS, PFNA, PFDeA,
PFUA, and PFBA toxicity. The
developmental effects include
decreases in body weight and
decreases in survival rate.

Studies with PFDA, PFHxS and
PFDoDA indicate developmental
neurotoxic effects

Limited number of studies are
available that indicate that PFOS and
PFOA are tumour promoters in rodent
livers.
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4 Safe Drinking Water Act (SDWA)
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MCLG (NON- MCL
CHEMICAL ENFORCEABLE (ENFORCEABLE
GOALS) LIMITS)
PFOA 0 4.0 ppt
PFOS 0 4.0 ppt
PENA 10 ppt 10 ppt
PFHxS 10 ppt 10 ppt
HFPO-DA (GenX Chemicals) 10 ppt 10 ppt

Mixture of two or more: PFNA,

PFH,S, HFPO-DA, and PFBS Hazard Index of 1 Hazard Index of 1
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PFAS
Compound

PFBA
PFPeA

PFHXA
PFHpA
PFOA

PFNA
PFDA
PFUnA

PFDoA

PFTriA

Number

Carbons

of

4
5

10
11

12

13

Number of
Bench Studies

Number of
Pilot
Studies

5
5

Number of
Full-scale
Studies

5
5

Maximum
Removal
Efficiency
99.5

90

99.5
>99

>99.8

=99
97
920

90

90

Source(s) for Maximum
Removal Efficiency

Westreich et al. 2018

Appleman et al. 2013;
McCleaf et al. 2017; Park
etal. 2017; Lombardo et
al. 2018; Kempisty et al.
2019; Liu et al. 2019;
Park et al. 2020

Westreich et al. 2018
Zeng et al 2020

Forrester and Bostardi
2019

Zeng et al 2020
Appleman et al. 2013
McCleaf et al. 2017

McCleaf et al. 2017; Park
etal. 2017

McCleaf et al. 2017
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PFAS
Compound

PEPIS
PFBS
PFPeS
PFHxS
PFHpS
PFOS
PFNS

Number

of

Carbons

3

4

Number of
Bench Studies

Number of
Pilot
Studies
1

7

10

Number of
Full-scale
Studies

0

8

Maximum

Removal

Efficiency

90
99.5
90
99.5
>99
99.7
95.82

Source for Maximum
Removal Efficiency

Liu et al. 2019
Westreich et al. 2018
Liu et al. 2019
Westreich et al. 2018
Belkouteb et al. 2020
Woodard et al. 2017

Wang et al. 2020
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g 0 gttt e Bk Remeal o e
Carbons Studies Studies Efficiency S
PFMOAA 3 0 0 1 70 Hopkins et al. 2018
FtS 4:2 4 0 1 0 Not reported
PFBSA 4 1 0 0 56 Yan et al. 2020
PFO2HxA 4 0 0 1 90 Hopkins et al. 2018
PFO30A 5 0 0 1 90 Hopkins et al. 2018
FtS 6:2 6 1 3 0 88 Casey et al. 2018
HFPO-DA 6 1 1 1 93 Hopkins et al. 2018
PFHxSA 6 1 1 0 80 Rodowa et al. 2020
PFO4DA 6 0 0 1 90 Hopkins et al. 2018
Nafion BP2 7 0 1 1 >99 Hopkins et al. 2018
FtS 8:2 8 1 3 0 88 Woodard et al. 2017
PFOSA 8 3 1 0 95 Kothawala et al. 2017
PFECHS 8 1 0 0 65 Yan et al. 2020
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Flow  Groundwater Year of
Location rate or Surface  Startup Sources
(MGD) Water

Moose Creek, Fairbanks North Star 22 Groundwater 2016  Alaska Community Action on

Borough, Alaska Toxics 2019, Forrester 2019

Gustavus, Alaska Not Groundwater ~ 2018-  Alaska Community Action on
reported 2019  Toxics 2019

Airline/Lambert Water Treatment Campus, Not Groundwater Not Marana Water 2019
Marana, Pima County, Arizona reported reported

Liberty Utilities, Litchfield Park, Arizona 1.58 Groundwater 2017  ADEQ 2021, Forrester 2019

Picture Rocks Water Treatment Campus, Not Groundwater Not Marana Water 2019
Marana, Pima County, Arizona reported reported
Municipal Services Commission of the 0.50 Groundwater 2015  Mordock 2016; Forrester 2019

City of New Castle, New Castle, Delaware



Emerald Coast Utilities Authority, 1.44 Groundwater 2017 Robinson 2018; Forrester

Pensacola, Escambia County, Florida 2019
Rome Water and Sewer Division, Rome, 9 Groundwater Not Forrester 2019; City of Rome
Georgia reported 2019
Former Naval Air Station, Brunswick, Not Not reported 2011 Danko 2018
Maine reported
Kennebunk, Kennebunkport & Wells 2.90 Groundwater 2020 Berretta et al. 2021; Business
Water District, Kennebunk, Maine Wire 2018
Mary Dunn Water Supply Wells, Hyannis 1.44 Groundwater 2015 Gallagher 2017; Forrester
& Town of Barnstable, Massachusetts 2019
City of Westfield Department of Public Not Groundwater 2018 Westfield 2019
Works, Westfield, Massachusetts reported
Plainfield Township, Kent County, 9 Groundwater 2018 Biolchini 2018
Michigan
Ann Arbor Water Treatment Plant, Ann 50 Surface Water 2018 Stanton 2019; Page 2020
Arbor, Michigan
Oakdale Public Works, Oakdale, 3.6 Groundwater 2006 MDH 2010; ATSDR 2008
Minnesota
Merrimack Village District Water Works, Not Groundwater 2020  Cronin 2020
Merrimack, Hillsborough County, New reported
Hampshire
Pease International Tradeport Drinking 0.72 Groundwater 2019 City of Portsmouth 2020;
Water System, Portsmouth, New Forrester 2019
Hampshire
Montclair Water Bureau, Montclair, New 0.72 Groundwater Not Forrester 2019; PFAS Project
Jersey reported Lab 2021
Passaic Valley Water Commission, 0.5 Groundwater Not Forrester 2019; Sobko 2021
Garfield, New Jersey reported
Hampton Bays Water District, Suffolk 9 Groundwater 2018 Gordon 2018
County, New York
Suffolk County Water Authority, New Not Groundwater 2017 SCWA 2018
York reported
Town of Petersburgh Water District, 0.07 Not reported 2017  Forrester 2019; NYS DEC
Petersburgh/Rensselaer County, New York 2020a
Washington Lake Filtration Plant, 8.86 Groundwater 2017  Forrester 2019; NYS DEC
Newburgh, New York 2020b
Little Hocking Water Association, Little Not Groundwater 2007  Cummings et al 2015
Hocking, Ohio reported
Village of Hoosick Falls, New York 1.01 Groundwater Not Forrester 2019; NYS DEC

reported 2021
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Resin Matrix Type Total Exchange Particle Size
Capacity (eq/L) (nm)

Amberlite™ Styrene-divinylbenzene, Quaternary 0.7 700+50
PSR2 Plus gel Ammonium
Resin Tech Styrene-divinylbenzene, Tributylamine 0.8 n.d.
SIR-110-HP n.d.
Purolite A5S92E  Styrene-divinylbenzene, Quaternary ~0.9 300-1200

Macroporous Ammonium
Purolite AG94E  Styrene-divinylbenzene, Complex Amino ~1.2 67575

gel
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PFAS Number Number of N“m.ber of  Number of  Maximum Source(s) for Maximum
Compound of Bench Studies Pilot Full-scale Removal Removal Efficienc
P Carbons Studies Studies Efficiency ol
PFBA 4 11 5 2 99.3 Dixit et al. 2020; Dixit et
al. 2021
PFPeA 5 7 3 2 95.5 Schaefer et al. 2019
PFHxA 6 11 4 3 >97 Liu 2017
PFHpA 7 9 6 4 >99 Zeng et al. 2020
PFOA 8 15 7 4 99.3 Mohseni et al. 2019; Dixit
et al. 2020; Dixit et al.
2021
PENA 9 6 3 2 >99 Zeng et al. 2020;
Kumarasamy et al. 2020
PFDA 10 7 0 0 >99 Kumarasamy et al. 2020
PFUnA 11 1 0 0 90 McCleaf et al. 2017
PFDoA 12 2 0 0 99.3 Dixit et al. 2021
PFTriA 13 1 0 0 90 McCleaf et al. 2017

"dasUa®ld j5.800ay e U000 U’ 6e YRARAISIO dd] 3 0 dIgdESERaAaA B2 4 )

PFAS Number Number of Num_ber of Numberof  Maximum Source(s) for Maximum
Compound of Bench Studies Pilot Full-scale Removal Removal Efficienc
P Carbons Studies Studies Efficiency ¥

PFBS 4 12 8 4 99.3 Dixit et al. 2020; Dixit et
al. 2021

PFPeS 5 2 0 0 74 Yan et al. 2020

PFHxS 6 11 7 4 >99 Zeng et al. 2020; Boodoo
2018a; Arevalo et al.
2014; Kumarasamy et al.
2020

PFHpS 7 2 3 0 93 Yan et al. 2020

PFOS 8 16 8 4 99.7 Woodard et al. 2017

PFNS 9 1 0 0 54.9 Wang et al. 2020
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Number Number of Number of Maximum

PFAS Number of . Source(s) for Maximum

Compound of Bench Studies Pllo.t Full-st.:ale Rem‘oval Removal Efficiency
Carbons Studies Studies Efficiency
PFBSA 4 1 0 0 98 Yan et al. 2020
PFMOPrA 4 1 0 0 99.3 Dixit et al. 2021
PFMOBA 5 1 0 0 993 Dixit et al. 2021
FtS 6:2 6 2 2 0 99.3 Dixit et al. 2021
HFPO-DA 6 4 1 0 99.3 Dixit et al. 2020; Dixit et
al. 2021

PFHxSA 6 1 0 0 99 Yan et al. 2020
FtS 8:2 8 2 2 0 99.3 Dixit et al. 2021
PFOSA 8 3 0 1 98 Yan et al. 2020
PFECHS 8 1 0 0 97 Yan et al. 2020
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Groundwater
. Flow rate Year of
Location (MGD) or Surface Start Sources
Water artup

Security Water and Sanitation Districts, 9 Groundwater 2019 Jent 2020
Security, Colorado
Stratmoor Hills Water District, Stratmoor 1 Groundwater Not Berretta et al. 2021
Hills, El Paso County, Colorado reported
Widefield Water and Sanitation District, Not Groundwater 2017 WWSD 2018
Widefield, Colorado reported
City of Stuart, Florida 4 Groundwater 2018 Aqueous Vets 2019
Pease International Tradeport Drinking Not Groundwater 2019 City of Portsmouth
Water System, Portsmouth, New reported 2020
Hampshire
Horsham Water and Sewer Authority, 0.14 Groundwater 2021 Boodoo 2018a;
Horsham, Montgomery County, Boodoo et al. 2019;
Pennsylvania HWSA 2021
Warminster Municipal Authority, Not Not reported Not Boodoo 2018a;
Warminster, Pennsylvania reported reported Boodoo 2018b
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Concentrate

Pressure Vessel

Permeate
(in center of tubes)

Concentrate
(on outside of tubes)

Hollow Fibers

Feed Water
Permeate

Fceel@z®ebh) UsepBand@do!| | owMEMbed) e S, 2013)

aU UuUsUgc
5 gU o
sUGc¥} a

7UO0Yy Uds
eg) sUafp U
jee Ujecia

9 U
1] U

O Q cc
¢ C Co
c

Cian O

Q w o

U
4
d

Cc d( [antd

o, . |

T ¢ U UzUyoUBeyse ;3 UielU, o37xl
Udd eUeby¥add eUsa U tsUagUyd
Us 3 onof] dgeacgoed

T e UOge io3xvxeU, wpyls,; W

98 UUpgayestUds U silGyYsUsU
8  gae " UjysycUs Uzt GUsd. ¢

UoUei UUyeg €8y sUas

water

Influent \ Treated water (permeate)
~75 to 85% of influent water (recovery rate)

Reject, concentrate, or brine
~15 to 25% of influent water (rejection rate)
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Nember Nomber:  Noibes Number Maximum  Maximum
PFAS of of Bench  of Pilot of Full- NF RO Source(s) for Maximum
Compound scale Removal Removal Removal Efficiency

Carbons  Studies Studies Studies  Efficiency  Efficiency

PFPrS 3 0 1 0 >98 >99 Liu et al. 2021

PFBS 4 3 4 3 99.8 99.8 Lipp et al. 2010
PFPeS 5 0 1 0 >98 >99 Liu et al. 2021
PFHxS 6 2 4 4 >99 >99 Appleman et al. 2013;

Thompson et al. 2011;
Liu et al. 2021

PFHpS 7 0 1 0 >98 >99 Liu et al. 2021
PFOS 8 6 4 5 >99.9 9.9 Lipp et al. 2010; 2163
PFDS 10 1} 0 0 99 - Steinle-Darling et al. 2008

"dasUsalUY 5.600ay0ec 00U
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Number Number Number Number Maximum  Maximum
PFAS of of Bench  of Pilot of Full- NF RO Source(s) for Maximum
Compound scale Removal Removal Removal Efficiency

Carbons Studies Studies Studies Efficiency Efficiency

PFBA 4

(8]
—

2 99 99.9 Lipp et al. 2010

PFPeA 5

(&)
w

2 >99 >99 Horst et al. 2018; Liu et
al. 2021; Dickenson and
Higgins 2016

PFHxA 6 3 4 4 >98 99.2 Liu et al. 2021

PFHpA 7 1 2 3 99 >99 Steinle-Darling et al.
2008; Liu et al. 2021

PFOA 8 4 4 5 99.9 99.9 Boonya-Atichart et al.
2016; Lipp et al. 2010

PFNA 9 2 1 4 99 >98 Steinle-Darling et al.
2008; Dickenson and
Higgins 2016; Appleman
etal. 2014

PFDA 10 2 0 4 99 >99 Steinle-Darling et al.
2008; Dickenson and
Higgins 2016; Appleman
et al. 2014

PFUnA 11 1 0 2 99 >77 Steinle-Darling et al.
2008; Dickenson and
Higgins 2016; Appleman
etal. 2014

PFDoA 12 0 0 2 - >87 Dickenson and Higgins
2016; Appleman et al.
2014
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Number Number Number Number Maximum Maximum
PFAS r - £ Bench f Pilot of Full- NF RO Source(s) for Maximum
Compound o o? venc ol Lo scale Removal Removal Removal Efficiency

Carbons Studies Studies Studies Efficiency Efficiency

PFMOAA 3 0 1 0 - >98.5 CDM Smith 2018
PFO2HxA 4 0 1 0 - >80.8 CDM Smith 2018
PFO30A 5 0 1 0 - >67.2 CDM Smith 2018
FtS 6:2 6 1 2 1 99.5 >65.5 Steinle-Darling et al.
2008; CDM Smith 2018
HFPO-DA 6 0 1 0 - >64.2 CDM Smith 2018
PFOSA 8 2 0 1 98.5 >13 Steinle-Darling et al.
2008; Dickenson and
Higgins 2016
N- 11 0 0 2 - >84 Dickenson and Higgins
MeFOSAA 2016
N-EtFOSAA 12 0 0 2 >58 Dickenson and Higgins
2016
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Membrane Type Feed water PFAS Rejection (%)
pH Concentration (ug-L*) Compositions
Commercial NF  NF270 5.0-6.0 0.1-0.4 (PFPnA PFBS,PFHxA PFHpA PFHxS,PFOA, DI water 72.0 (PFPnA), >95.0 (Others)
6:2FTS,PFNA,PFOS, FOSA PFDA PFUnA PFDS,
PFDoA PFTA)
40 1.0 x 10* (PFOS) DI water 90.0-99.0 (PFOS)
7.0 10.0-500.0 (PFOS) 0.0-2.0 mM Ca?' 93.0-99.5 (PFOS)
7.0 100.0 (PFOS) 0.0-2.0 mM Mg’ 94.0-99.5 (PFOS)
7.0 100.0 (PFOS) 5.0200mgL!HA 94.0-97.0 (PFOS)
7.0 100.0 (PFOS) 1.0 mM Mg®',100 mgL? 94.0-98.8 (PFOS)
HA
7.0 1.0 x 10° (PFOA) DI water 90.0-99.0 (PFOA)
5.0 mol-L? NaCl.CaCl,,
Nz2504¢
NA* 1.0 (PFBA,PFPcA PFHxA, PFOA PFNAPFDAPFB DI water 94.0-95.0 (PFBA),97.0
§,PFHxS, PFOS) (PFPeA),95.0 (PFHxA),
97.0 (PFOA),98.0
(PFNA),97.0 (PFDA),
98.0-99.0 (PFBS),99.0
(PFHxS),99.0 (PFOS)
by virgin membrane
1.0 (PFBA PFPeA PFHxA PFOA PFNAPFDAPFB  spiked artificial ground 93.0-94.0 (PFBA),97.0
S.PFHxS PFOS) water (PFPeA),95.0 (PFHxA),
97.0 (PFOA),97.0-95.0
(PFNA),97.0-98.0 (PFDA),
95.0-98.0 (PFBS),96.0-98.0
(PFHx5).99.0 (PFOS)
by virgin membrane
1.0 (PFBA PFPeA PFHxA PFOA PFNAPFDAPFB  spiked artificial ground 94.0-95.0 (PFBA),97.0
§,PFHxS PFOS) water (PFPeA),95.0 (PFHxA),
97.0 (PFOA),98.0
(PFNA),97.0 (PFDA),
98.0-99.0 (PFBS),99.0
(PFHxS),99.0 (PFOS)
by HA fouled membrane
NA <6.0 (PFBA), <7.0 (PFPeA),14.0 (PFHxA), <8.0  Groundwater from ~99.0 (ALL)
(PFHpA), <10.0 (PFOA),11.0 (PFBS),110.0 Stadstradgdrden,
(PFHxS), 39.0 (PFOS)
NA 100.0 (PFOS) DI water 96.7-94.5 (PFOS)
20.0 mgL” HAsolution  97.0-95.0 (PFOS)
7.47.7 6.4 x 10°-2.0 x 10° (PFHxA) Industrial process water  96.6-99.1 (PFHxA)
6.0 1.0 x 10°-1.0 x 10° (PFOA) DI water 92.2-98.0 (PFOA)
3.3,7.0,10.0 1.0 x 10°2.0 x 10° (PFHxA) DI water 71.0-57.0,96.0,97.0 (PFHxA)
71 1.0 x 10° (PFHxA) DI water 95.0-99.9 (PFHxA)
3s 85.0->00.0 (PFHxA)
7.0 26 x 10°-5.8 x 10° (PFPcA PFHxA PFHpA PFOA. = mixed-source AFFF stock 98.5 (PFPeA),90.6
PFPr into deionized water (PFHxA),99.2 (PFHpA),
5,PFBS PFPeS, PFHxS, PFHpS PFOS) 99.5 (PFOA),98.0
(PFPr5),98.5 (PFBS),
98.0 (PFPeS),99.0
(PFHxS),99.5 (PFHpS),
99.5 (PFOS)
40.0-2.7 x 10° (PFPeA PFHxA PFHpA PFOA, AFFF-impacted ground 97.0 (PFPeA),98.0
PFPIS, water (PFHxA),98.0-99.0(PFHpA),
PFBS,PFPeS, PFHxS, PFHpS, PFOS) 99.0 (PFOA),90.0-93.0
(PFPr5),95.0-96.0 (PFBS),
96.0-97.0 (PFPeS),97.0
(PFHxS),98.0 (PFHpS),
98.0 (PFOS)
7.0 1.0 x 10° (PFOS, PFOA) DI water ~90.0 (PFOS,PFOA)
5.0 mol-L' NaClCaCl,,
Na:S0,
NA 4.5 (PFHxA),7.4 (PFOA),11.0 (PFBS).17.0 (PFPeS), DI water >98.0 (ALL)
<LOQ (PFHPS).78.0 (PFHxS).40.0 (PFOS)
NA 500.0 (PFOS),350.0 (PFOA) DI water ~90.0 (PFOS,PFOA)
NF90 40 1.0 x 10* (PFOS) DI water 90.0-99.0 (PFOS)
6.0 1.0 x 10°-1.1 x 107 (PFOA) DI water >98.0 (PFOA)
71 1.0 x 10° (PFHxA) DI water >99.0 (PFHxA)
3s >97.5 (PFHxA)
NA 100.0 (PFHxA,PFOA PFBS,PFHxS,PFBA PFOS) DI water 98.0 (PFHxA),96.0
(PFOA),94.0 (PFBS),
85.0 (PFBA),94.0 (PFOS),
NA 4.5 (PFHxA),7.4 (PFOA),11.0 (PFBS),17.0 (PFPeS), DI water >98.0 (ALL)

<LOQ (PFHpS),78.0 (PFHxS),40.0 (PFOS)



Membrane Type Feed water PFAS Rejection (%)
PH Concentration (jg-L") Compozitions
NA 1.0 x 10” (HFPO-DA) 500.0 mg-L* 99.5 (HFPO-DA)
Na;50,,100.0 mg-L* NaCl
DK 5.0-6.0 150.0-400.0 (PFPnA, PFBS,PFHxA PFHpA PFHxS,P DI water h hicall lved
FOA,6:2 FTS,PFNA, PFOS, FOSA PFDA PFUnA PFD (PFPnA),
§,PFDoA PFTA) >05.0 (Others)
40 1.0 x 10* (PFOS) DI water 90.0-99.0 (PFOS)
DL 5.0-6.0 150.0-400.0 (PFPnA,PFBS,PFHxA PFHpA PFHxS,P DI water h hicall lved
FOA,6:2FTS,PFNA, PFOS,FOSA PFDA PFUnA PFD (PFPnA),
5,PFDoAPFTA) 42.0 (FOSA), >95.0 (Others)
NF200 5.0-6.0 150.0-400.0 (PFPnA PFBS,PFHxA PFHpA.PFHXS.P DI water h hicall lved
FOA,6:2FTS,PFNA,PFOS FOSA PFDA PFUnA PFD (PFPnA),
5,PFDoAPFTA) >95.0 (Others)
XN45 NA 1.0 x 10°-1.0 x 10° (PFOA) DI water 58.0-90.0 (PFOA)
2540-ACMS5-TSF NA 100.0 (PFOA) spiked groundwater 98.8-99.2 (PFOA)
DI water 99.1-99.9 (PFOA)
HYDRACORE NA 100.0 (PFOS) DI water 48.0-60.0 (PFOS)
200mgLl? HA 40.0-55.0 (PFOS)
NE70 65 1.0 (PFOS,PFOA) DI water 71.0 (PFOA),42.0 (PFOS)
7.1 Surface water 79.0 (PFOA),65.0 (PFOS)
7.0 Groundwater 80.0 (PFOA,PFOS)
NTR7450 3.3,7.0,10.0 1.0 x 10°-2.0 x 10° (PFHxA) DI water >96.0 (PFHxA)
ESNA1-K1 7.0 100.0 (PFOS) 0.1-20 mM of Fe* ', Mg®', 92.1-99.1 (PFOS)
Na', 50, PO and CI'
NFG NA 100.0 (PFHxA,PFOA, PFBS, PFHx5, PFBA PFOS) DI water 40.0 (PFHxA),60.0
(PFOA),94.0 (PFBS),
65.0 (PFBA),25.0
(PFHxS),30.0 (PFOS)
Lab-synthesized TFC® 3295 100.0 (PFOS) DI water 80.0-97.0 (PFOS)
NF 7.0 0.1-2.0 mM Ca*' 94.0-99.5 (PFOS)
PACS-NF NA 3.0 x 10° (PFOA) non-settleable powder 55.0 (PFOA)
activated carbon
HT®-NF non-settlesble (within 1 h) 86.0 (PFOA)
hydrotaleite
TFC 7.0 1.0 x 10* (PFOA) 5.0mgL? CaCl, 89.0-92.0 (PFOA)
5.0 mgL* Na;SO,
25.0,50.0,100.0,150.0 (PFOS,PFBS) DI water 88.0-92.5 (PFOS),48.0-50.5
(PFBS)
50.0 (PFOS,PFBS) 10.0,50.0 snd 100.0 mM  §0.6-91.9 (PFOS),48.9-20.5
NaCl (PFBS)
50.0 (PFOS,PFBS) 10.0 mgL? BSAorsA 91.4-95.6 (PFOS),46.3-68.6
(PFBS)
TFC 7.0 1.0 x 10° (PFOA) 5.0 mM NaCl,CaCl; Na;50, 86.0-89.0 (PFOA)
DI water
4 wi% OOMT 7.0 20.0-200.0 (PFOS) DI water 72.5-92.5 (PFOS)
nanocomposite 100.0 (PFOS) 107%,0.1 mM 507, PO}, and 91.0-97.0 (PFOS)
membranes cr
100.0 (PFOS) 0.0-100.0 ug/L Pb*' 83.0-95.0 (PFOS)
PEM* 7.0 1.0 x 10’ (PFOS,PFOA) 5.0 mg-L™* NaCl, CaClz, 35.0-90.0 (PFOA),65.0-00.0
Na;SO, (PFOS)
DI water
sG 4.0 1.0 x 10* (PFOS) DI water >90.0 (PFOS)
4.0 5.0 x 10%-1.6 x 10 (PFOS) DI water >99.0 (PFOS)
LFC1 4.0 1.0 x 10* (PFOS) DI water >90.0 (PFOS)
Commercial  LFC3 4.0 1.0 x 10* (PFOS) DI water >00.0 (PFOS)
RO 40 5.0 x 10%-1.6 x 10° (PFOS) DI water >00.0 (PFOS)
BW30 40 5.0 x 10°-1.6 x 10° (PFOS) DI water >90.1 (PFOS)
3571 1.0 x 10° (PFHxA) DI water 96.0->09.0 (PFHxA)
40 5.0 x 10%-1.6 x 10° (PFOS) DI water >99.0 (PFOS)
ESPA3 40 1.0 x 10* (PFOS) DI water >90.0 (PFOS)
40 5.0 x 10-1.6 x 10° (PFOS) DI water >90.0 (PFOS)
ESPA-2540 7.0+04  0.3-58.4 (PFPeA PFHxA PFHpA PFOA PFPIS, AFFF Spiked water >99.0 (ALL)
PFBS,
PFPeS,PFHxS, PFHpS,PFOS)
0.1-2.7 (PFPeA PFHxA PFHpA PFOA PFPIS,PFBS,  AFFF ground water
P
XLE 3571 1.0 x 10° (PFHxA) DI water >97.5 (PFHxA)
SW30XLE 3571 1.0 x 10° (PFHxA) DI water >96.0 (PFHXA)
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