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GAC filters can remove longer-chain PFAS 
for a longer time than shorter-chain PFAS
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IX filters can remove longer-chain PFAS for 
a longer time than shorter-chain PFAS
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High-Pressure 
Membranes
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Reverse osmosis and tight nanofiltration 
membranes effectively filter out PFAS
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Figure 7. Typical installations (a) POU and (b) POE devices (USEPA 2006). 

 

All devices tested were previously installed by homeowners and assumed to have been 

exposed to typical use; devices were tested in the homeowners’ homes with water provided from 

DWTPs that treat water sourced from the lower CFR. Homeowners provided information about 
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Exhibit 1.1: Typical POU Installation  
 

 
 
 

Exhibit 1.2: Typical POE Installation  
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Home filters can be point-of-use (POU) 
or point-of-entry (POE) devices
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Common point-of-use home filters
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How well do home filters 
remove PFAS?
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ABSTRACT: Per- and polyfluoroalkyl substances (PFASs) have come under
increased scrutiny due to concerns about their potential toxicity and prevalence in
the environment, particularly drinking water. PFASs are difficult to remove in full-
scale water treatment systems because of their physicochemical properties. Here
we evaluated the effectiveness of point-of-use (POU) and point-of-entry (POE)
residential drinking water filters in removing a suite of three perfluoroalkyl
sulfonic acids, seven perfluoroalkyl carboxylic acids, and six per- and
polyfluoroalkyl ether acids in homes in central (n = 61) and southeastern (n =
12) North Carolina. POU systems included countertop and pitcher filters, faucet-
mounted filters, activated carbon block refrigerator filters, activated carbon block
under-sink filters, under-sink dual-stage filters, and under-sink reverse osmosis
filters. All under-sink dual-stage and reverse osmosis filters tested showed near
complete removal for all PFASs evaluated. In contrast, all other filters containing
activated carbon exhibited variable PFAS removal. In these filters, PFAS removal
efficiency was dependent on chain length, with long-chain PFASs (∼60−70%
removal) being more efficiently removed than short-chain PFASs (∼40%
removal). A few whole-house activated carbon POE systems (n = 8) were also
evaluated; however, results were variable, and in some cases (four of eight systems), increased PFAS levels were observed in the
filtered water.

■ INTRODUCTION

Per- and polyfluoroalkyl substances (PFASs) include several
thousand chemicals that have been used in a variety of
applications for more than 60 years, including stain- and water-
repellent technologies and firefighting foams.1−11 As a result of
widespread usage, they have been detected in most environ-
mental matrices, including soil, groundwater, surface water,
ambient air, and house dust.3,5,7,9,10,12−14 They have also been
detected nearly ubiquitously in human serum.15−19

Due to the widespread environmental presence of PFASs,
their usage has come under increased scrutiny. Within the past
decade, long-chain per- and polyfluoroalkyl acids (PFAAs)
have been phased out of production and replaced with short-
chain PFAAs and per- and polyfluoroalkyl ether acids (PFEAs)
such as GenX, ADONA, and F-53B, which are becoming more
prevalent in the environment.4,8,10,20−29 In addition, recent
advances in high-resolution mass spectrometry led to the
discovery that fluorochemical producers release PFEAs as
manufacturing byproducts.26,30 Long-chain PFAAs are defined
as perfluoroalkyl carboxylic acids (PFCAs) with eight or more
carbons and perfluoroalkyl sulfonic acids (PFSAs) with six or
more carbons.2

PFAAs, particularly long-chain PFAAs, have a wide range of
potential toxicological effects.31 They have been associated
with various cancers and non-Hodgkin’s lymphoma,32 linked
to thyroid disorders,17,33,34 and shown to have immunotoxic
effects,35 among other outcomes. Most toxicological studies
focus on long-chain PFAAs, specifically PFOA and PFOS, and
less is known about the toxicological effects of short-chain
PFAAs, such as perfluorohexanoic acid (PFHxA), or PFEAs
such as GenX. Current research shows that when compared to
their long-chain counterparts, some short-chain PFAAs appear
to be as persistent in the environment8,20−23 and less
bioaccumulative in animals and humans.36−38 While people
can be exposed to PFASs in a variety of ways, current research
suggests that an important exposure pathway for the general
population is through ingestion of contaminated drinking
water.39−42
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PFAST Project:  Evaluating POU 
Water Filters for PFAS Removal

• Targeted homeowners in 
Durham, Cary/Apex, Chapel 
Hill, Pittsboro & Raleigh

• In home sampling (2 
samples: tap and filtered 
water)

• Survey completed by 
homeowner

• Human subjects approved 
study
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loading, or age of the filter. For this reason and because of our
limited sample size, much of the analysis and discussion
surrounding the POU and POE filters is done with percent
removal as the primary metric. Raw concentration values for all
samples collected are available in Table S9.
Upon comparison of pre- and postfilter ∑(PFCA+PFSA)

concentrations across all central NC samples, there was
significant removal by POU/POE filters (p < 0.001;
Wilcoxon-Rank sum test). To assess the effectiveness of each
individual filter, a Wilcoxon-Rank sum test was conducted on
the pre- and postfilter levels across compounds for all samples
(Table S7). On the basis of this analysis, 79% of samples (50 of
63) showed significant (p < 0.05) removal, while 21% (13 of
63) did not show significant (p > 0.05) removal.
Upon examination of the removal effectiveness by filter type,

all reverse osmosis and dual-stage filters showed significant
removal (p < 0.05) for PFCAs and PFSAs, reducing levels at a
≥90% removal efficiency (Table 1). Similarly, all reverse
osmosis and dual-stage filters examined for PFEAs reduced
target compound levels at a ≥97% removal efficiency, with the
exception of GenX (Table 1). GenX was removed at >74% and
>75% efficiency in dual-stage and reverse osmosis systems,
respectively. GenX was below MDL levels in the filtered
samples, and given the low levels in the unfiltered samples and
the MDL, we could not determine removal percentages in
excess of ∼75%. This clearly demonstrates the effectiveness of
membrane and dual-stage filters for removing both long- and
short-chain PFAAs, as well as novel PFEAs. It is unsurprising
that reverse osmosis systems were effective, given that these
systems often include a prefilter (sometimes activated carbon-
based) followed by a semipermeable membrane that removes
all but the smallest contaminants. It is unclear why the dual-
stage filters were effective; it is hard to reach any generalizable
conclusion given our small sampling of dual-stage filters.

Apart from the dual-stage filters, activated carbon POU
filters (including countertop, faucet, pitcher, fridge, and single-
stage under-sink filters) demonstrated much greater variability
across our study with 73% of all activated carbon filters
showing significant removal (Wilcoxon-Rank sum test) for
PFSAs and PFCAs (Table S7). On average, single-stage under-
sink filters (n = 5) removed a majority of PFSAs (>84%
removal) but removed only half of PFCAs. Similar to the case
for the PFSAs, the under-sink filters in southeastern NC (n =
7) removed a majority of PFEAs (>90% removal). The poor
performance of the under-sink filters at removing PFCAs is
particularly surprising given the favorable performance of the
dual-stage filters previously discussed. Further work is needed
to understand the importance of the sediment filter and the
size of the ACB filter on PFAS removal efficiency.
The two filter categories with the greatest number of

samples analyzed were pitcher filters and refrigerator filters,
and both performed with comparable efficiencies. For the
pitcher filters, 85% (11 of 13) showed significant removal for
PFCAs and PFSAs while 68% (15 of 22) of refrigerator filters
showed significant removal for PFCAs and PFSAs. Both filter
types provided ∼50% removal for all target PFCAs and PFSAs
measured, with increased removal efficiency for long-chain
PFAAs (61% for pitcher filters and 65% for refrigerator filters)
compared to short-chain PFAAs (46% for pitcher filters and
47% for refrigerator filters). The data for pitcher filters may
suggest superior removal for PFSAs compared to PFCAs, but
statistical significance was not reached. Refrigerator filters in
southeastern NC removed all six target PFEAs more efficiently
(>92% removal) than refrigerator filters in central NC
removed PFAAs (approximately 50% removal). It is important
to note that refrigerator filters are offered in a range of sizes
and contain activated carbon quantities that differ in mass by a
factor of at least 3.60

Table 1. Average Percent Removal for PFAAs and PFEAs by Filter Classa

Central NC

counter
filter

(n = 0)

faucet
filter

(n = 2)

pitcher
filter

(n = 13)
fridge filter
(n = 22)

single-stage under-
sink filter (n = 5)

whole-house,
GAC (n = 6)

whole-house,
GAC/CIX
(n = 0)

two-stage
filter

(n = 4)

reverse
osmosis
(n = 11)

PFSA PFBS na 94% 65% 29% >84% 18% na >92% 94%
PFHxS na 88% 54% 65% >84% 32% na >95% >96%
PFOS na 99% 71% 61% >99% 67% na 99% 100%

PFCA PFBA na 63% 36% 45% 15% −34% na 98% >98%
PFPA na 67% 42% 35% 52% −85% na >99% >99%
PFHxA na 79% 43% 59% 53% −63% na >97% 98%
PFHpA na 75% 43% 65% 52% −37% na >97% 98%
PFOA na 84% 67% 71% 56% 19% na >99% >92%
PFNA na 92% >54% 72% 45% 28% na >99% >88%
PFDA na 99% >57% 57% 64% 44% na >99% >93%

PFEA GenX na 63% 46% 56% 51% 21% na >99% >99%
Southeastern NC

counter
filter

(n = 1)

faucet
filter

(n = 0)

pitcher
filter

(n = 0)

fridge
filter

(n = 3)
single-stage under-
sink filter (n = 5)

whole-house,
GAC (n = 2)

whole-house,
GAC/CIX
(n = 5)

two-stage
filter

(n = 3)

reverse
osmosis
(n = 7)

PFEAb GenX −146% na na >78% >74% 55% −7% >74% >75%
PFMOAA −498% na na 92% 91% 40% −106% 97% 97%
PFO2HxA −284% na na 98% 94% 54% 58% >99% 97%
PFO3OA 11% na na >99% 97% 64% 60% 99% >99%
PFO4DA 70% na na 99% 99% 63% 69% 99% 99%
Nafion BP2 55% na na 97% >99% 52% 1% 98% 99%

aAll measurements displaying negative percent removal values experienced an increase in PFAS concentration after filtration. bPercent recoveries
calculated for the southeastern NC PFEA measurements were determined with peak area counts normalized to internal standards.

Environmental Science & Technology Letters pubs.acs.org/journal/estlcu Letter

https://dx.doi.org/10.1021/acs.estlett.0c00004
Environ. Sci. Technol. Lett. XXXX, XXX, XXX−XXX
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Lower Cape Fear River Basin Study
• Targeted homes served by public drinking water 

utilities 
– Cape Fear Public Utility Authority, Wilmington
– Brunswick County

• Cross-sectional study
– Filters of varying ages

• 7 under-sink reverse osmosis filters
• 12 activated carbon block filters
• 7 whole-house filters

– Sampled between June and December 2017
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RO System Models and Ages
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Device Type  Device Manufacturer/Model Age at Samplea 

(yrs)
Age at Sampleb 

(yrs)

Kinetico K-5 0.03 1% 0.03 3% > 95% 98% > 52%
Puronics Micromax 7000 0.04 1% 0.04 4% > 76% 95% > 32%
Titan Water Pro NW-RO50-NP35 0.03 1% 0.03 3% > 80% 99% > 83%
Culligan Aqua-Cleer RO30 0.08 2% 0.08 8% > 75% 98% > 93%
Culligan Aqua-Cleer 0.16 4% 0.16 16% > 85% > 99% > 67%
Puronics Micromax 7000 0.51 13% 0.51 51% > 78% > 99% 86%
APEC RO-45 5.62 141% 0.74 74% > 94% 97% 38%

aPrimary treatment component (RO membrane) aCalculations based on concentration 
bSecondary treatment component (pre-sediment and pre- and post-ACB filters) bCalculations based on chromatographic peak area counts

POU-RO

1,4-dioxaneaAll PFASsb% of MELa % of MELb GenXaDevice Type  Device Manufacturer/Model Age at Samplea 

(yrs)
Age at Sampleb 

(yrs)

Kinetico K-5 0.03 1% 0.03 3% > 95% 98% > 52%
Puronics Micromax 7000 0.04 1% 0.04 4% > 76% 95% > 32%
Titan Water Pro NW-RO50-NP35 0.03 1% 0.03 3% > 80% 99% > 83%
Culligan Aqua-Cleer RO30 0.08 2% 0.08 8% > 75% 98% > 93%
Culligan Aqua-Cleer 0.16 4% 0.16 16% > 85% > 99% > 67%
Puronics Micromax 7000 0.51 13% 0.51 51% > 78% > 99% 86%
APEC RO-45 5.62 141% 0.74 74% > 94% 97% 38%

aPrimary treatment component (RO membrane) aCalculations based on concentration 
bSecondary treatment component (pre-sediment and pre- and post-ACB filters) bCalculations based on chromatographic peak area counts

POU-RO

1,4-dioxaneaAll PFASsb% of MELa % of MELb GenXa

Tap Water

Tap Water Faucet

Sediment 
Filter

ACB 
Pre-filter

RO 
Membrane

Waste
Stream Pressurized

Storage Tank

ACB
Post-filter

Treated Water
Faucet

Sampling Locations



Under-Sink Reverse Osmosis Filters 
Effectively Removed PFAS
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…including fluoroethers, for which we 
lacked standards at the time
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Two-Stage Activated Carbon Block 
Filter Models and Ages
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Device Type  Device Manufacturer/Model Age at Samplea

(yrs)
Age at Sampleb

(yrs)

Custom Formulations KDF/GAC 0.09 3% - - > 78% 93% 95%
EcoAqua EFF-6027A 0.09 12% - - > 78% 90% > 97%
Aquasana AQ-5200 0.07 13% - - ** 85% > 93%
Custom Formulations KDF/GAC 0.47 16% - - > 78% 84% 52%
Hydroviv Tailored Tapwater & HDX Whirlpool 3 0.12 16% 0.12 25% > 84% 97% > 71%
Hydroviv Tailored Tapwater 0.12 24% - - > 84% 99% > 71%
Big Berkey with 2 Black Filters 2.15 29% - - -146% -126% > 67%
eSpring 100189 (UV lamp off) 0.35 35% - - > 86% 99% 79%
EcoAqua EFF-6027A 0.47 62% - - > 78% 99% > 97%
Hydroviv Tailored Tapwater & HDX Whirlpool 3 0.50 66% 0.50 100% > 74% 99% > 93%
LG 5231JA2006B 0.38 77% - - > 86% > 99% 26%
Hydroviv Tailored Tapwater 0.50 99% - - > 74% 97% 74%

aPrimary treatment component (ACB filter) aCalculations based on concentration 
bSecondary treatment component (for devices 5 and 10, two ACB filters were in series) bCalculations based on chromatographic peak area counts

1,4-dioxaneaAll PFASsb

POU-ACB

% of MELa % of MELb GenXaDevice Type  Device Manufacturer/Model Age at Samplea

(yrs)
Age at Sampleb

(yrs)

Custom Formulations KDF/GAC 0.09 3% - - > 78% 93% 95%
EcoAqua EFF-6027A 0.09 12% - - > 78% 90% > 97%
Aquasana AQ-5200 0.07 13% - - ** 85% > 93%
Custom Formulations KDF/GAC 0.47 16% - - > 78% 84% 52%
Hydroviv Tailored Tapwater & HDX Whirlpool 3 0.12 16% 0.12 25% > 84% 97% > 71%
Hydroviv Tailored Tapwater 0.12 24% - - > 84% 99% > 71%
Big Berkey with 2 Black Filters 2.15 29% - - -146% -126% > 67%
eSpring 100189 (UV lamp off) 0.35 35% - - > 86% 99% 79%
EcoAqua EFF-6027A 0.47 62% - - > 78% 99% > 97%
Hydroviv Tailored Tapwater & HDX Whirlpool 3 0.50 66% 0.50 100% > 74% 99% > 93%
LG 5231JA2006B 0.38 77% - - > 86% > 99% 26%
Hydroviv Tailored Tapwater 0.50 99% - - > 74% 97% 74%

aPrimary treatment component (ACB filter) aCalculations based on concentration 
bSecondary treatment component (for devices 5 and 10, two ACB filters were in series) bCalculations based on chromatographic peak area counts

1,4-dioxaneaAll PFASsb

POU-ACB

% of MELa % of MELb GenXa

Tap Water

Tap Water Faucet

Sediment 
Filter*

ACB 
Filter

Treated Water
Faucet

Sampling Locations
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were also effective for the
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Whole-House Filter Models and Ages
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System 
ID

Device Type Device 
Manufacturer/Model

Age at Sample 
Collection (years)

% of MEL

1 POE-GAC Aquasana EQ-1000 0.10 1

2 POE-GAC/CIX Puronics Clarius-W IGEN 0.14 -

3 POE-GAC/CIX Puronics Clarius-W 0.38 -

4 POE-GAC Aquasana EQ-1000 0.47 5

5 POE-GAC/CIX Puronics Clarius-W IGEN 0.51 -

6 POE-GAC/CIX Puronics Defender IGEN 1.25 -

7 POE-GAC/CIX Puronics Clarius-W 1.93 -

Whole-house filters containing activated carbon dechlorinate water and leave premise 
plumbing vulnerable to growth of opportunistic pathogens (e.g. Legionella). This is of
particular concern for homes connected to public water systems that treat surface water.



Whole house filters were least effective 
for PFAS
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Take-home messages
• Under-sink reverse osmosis filters effectively removed PFAS

• Two-stage under-sink activated carbon block filters effectively 
removed PFAS

• Smaller POU filters (e.g., pitcher, faucet) achieved partial 
removal of PFAS

• Whole house filters did not perform well

22
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Thank you!

Questions?

knappe@ncsu.edu
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