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Abstract

Per- and polyfluoroalkyl substances (PFAS) are being increasingly measured in water and wastewater due to emerging toxicity
concerns and strict regulatory limits. Previous studies have filtered water samples to remove suspended solids before PFAS
analysis. However, filtration may introduce negative bias to measured PFAS concentrations. Using a well-controlled syringe
pump assembly, we evaluated retention of six perfluoroalkyl carboxylates, three perfluoroalkyl sulfonates, one fluorotelomer
sulfonate, and two perfluorooctane sulfonamides by glass-fiber, glass-fiber cellulose acetate, nylon, polyethersulfone,
polypropylene, polyvinylidene fluoride/ difluoride, and surfactant-free cellulose acetate filters. The impacts of water quality
and operational parameters were also investigated for select filter types. We found that PFAS were retained on all filters,
with the glass-fiber cellulose acetate filters demonstrating the lowest retention. For all filters, PFAS retention was linearly
related to chain length and hydrophobicity above certain thresholds (i.e., log D higher than 1.5). Importantly, more PFAS
were retained at low filtrate volumes, and ~ 30 mL filtrate was required before the retention efficiencies stabilized. Solution
pH only affected the retention of perfluorooctane sulfonamides. Pore size (i.e., 0.20, 0.45, 0.70 pm), filtration rate (i.e., 0.5,
1.0 mL min~"), and PFAS concentration (i.e., 10, 100 ug L"), did not exert major influences on PFAS retention. The presence
of dissolved organic matter improved PFAS permeation. Based on the reported results, filtration introduces bias and is not
recommended for sample pretreatment.
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Introduction

Per- and polyfluoroalkyl substances (PFAS) encompass over
14,000 unique molecules (EPA 2023a). These contaminants
are mobile and persistent in the environment due to their
high solubility and the chemical, biological, and thermal
stability of the C—F bond (Ahrens and Bundschuh 2014;
Krafft and Riess 2015). These properties, along with exten-
sive use of PFAS in industrial and consumer products for
the last 50 + years, have resulted in widespread PFAS detec-
tion in the environment (Dadashi Firouzjaei et al. 2022; Li
et al. 2022; Viticoski et al. 2022) and raised concerns about
impacts on human health (Ehrlich et al. 2023; Padula Amy
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et al. 2023). The US Environmental Protection Agency
recently proposed maximum contaminant levels of 4 ng L™
for perfluorooctanoate (PFOA) and perfluorooctanesulfonate
(PFOS), along with a hazard index for four additional PFAS
(EPA 2023b). To enforce these goals, sensitive and robust
analytical methods are required. Interference or bias intro-
duced from the analytical protocols can greatly influence
measured PFAS concentrations. Two primary challenges
involve (i) introduction of PFAS from laboratory materials
(Denly et al. 2019; Rodowa et al. 2020) and (ii) loss of PFAS
due to interactions with sample containers, glassware, and
filters (Lath et al. 2019; Zenobio et al. 2022). This article
specifically focuses on PFAS retention to filters.

Syringe filters are often used to remove suspended parti-
cles from experimental and environmental samples prior to
chemical analysis. Previous studies have shown that PFAS
interact with common filter materials (Gao et al. 2021; Lun-
dquist et al. 2019; Mulabagal et al. 2018), suggesting that
filtration can influence the accuracy of measured PFAS con-
centrations. To correct for PFAS losses to the filter, some
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analysts add surrogate standards before filtration (Babayev
et al. 2022), but this strategy may involve (i) low recoveries
for certain PFAS and (ii) high uncertainty stemming from
the use of few surrogates for many analytes. To improve
PFAS recovery, organic solvents may be employed to rinse
the sample container and elute PFAS captured by the filter
(Bai and Son 2021; Yao et al. 2022), although this approach
would also elute PFAS from retained solids, potentially
biasing the measured aqueous-phase concentrations. EPA
draft Method 1633 indicates that whole samples should
be analyzed without filtration except the de facto filtration
that occurs during solid-phase extraction (US EPA 2021).
Nevertheless, Table S1 highlights that many recent studies
have employed filters, without surrogates or solvent rinses,
to prepare aqueous samples for PFAS analysis (Cantoni et al.
2021; Chirikona et al. 2022; Coggan et al. 2019a, b; Gao
et al. 2021; Gonzalez et al. 2021; Li et al. 2021; Lundquist
et al. 2019; Mulabagal et al. 2018; Saleeby et al. 2021; Wang
et al. 2018; Yang et al. 2022). Prior work has confirmed that
PFAS interact with filters (Chandramouli et al. 2015; Lath
et al. 2019; Sorengard et al. 2020), but more comprehensive
investigation is needed to quantify PFAS retention for vari-
able water quality and operating conditions.

Our main objective was to measure the retention of
diverse PFAS on common filters during treatment of
synthetic and real waters. Six perfluoroalkyl carboxylates,
three perfluoroalkyl sulfonates, one fluorotelomer sulfonate,
and two perfluorooctane sulfonamides with varying
physicochemical properties were chosen as representative
PFAS. The impacts of filter chemistry, filtrate volume, pore
size, filtration rate, solution pH, water matrix, and PFAS
concentration were investigated using a well-controlled
syringe pump assembly. The outcomes confirm PFAS
losses during filtration, highlight the relative performance
of different filter chemistries, and underscore the importance
of filtrate volume and water matrix on PFAS retention.

Experimental

Standards and analysis of per- and polyfluoroalkyl
substances

Analytical and mass-labeled PFAS standards were purchased
from Wellington Laboratories (Guelph, ON, Canada). Bulk
PFAS were obtained from Sigma-Aldrich (St. Louis, MO,
USA), Fisher Scientific (Hampton, NH, USA), or Toronto
Research Chemicals (North York, ON, Canada) for use
in filtration experiments. The 12 targeted PFAS included
perfluorobutanoate (PFBA), perfluorohexanoate (PFHxA),
PFOA, perfluorodecanoate (PFDA), perfluorododecanoate
(PFDoA), perfluorotetradecanoate (PFTeDA),
perfluorobutanesulfonate (PFBS), perfluorohexanesulfonate
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(PFHxS), PFOS, 6:2 fluorotelomer sulfonate (6:2 FtS),
perfluorooctanesulfonamide (PFOSA), and N-ethyl
perfluorooctane sulfonamidoacetic acid (N-EtFOSAA).
These PFAS were selected to inform the potential impacts
of chain length, head group, and other structural features
on retention to filters. More details of the standards are
provided in Text S1, and key physicochemical properties of
the targeted PFAS are available in Table S2.

A detailed description of PFAS analysis by liquid
chromatography with tandem mass spectrometry (LC-MS/
MS) is available in Text S2, with analytical parameters
and performance metrics summarized in Table S3. All
measurements were conducted in triplicate, and average
concentrations were used for all calculations. The relative
standard deviations on experimental data generally ranged
from 2% for PFHxA to 10% for PFTeDA.

Syringe filters

Syringe filters containing glass-fiber, glass-fiber
cellulose acetate, nylon, polyethersulfone, polypropylene,
polyvinylidene fluoride/difluoride, and surfactant-free
cellulose acetate membranes were investigated. More details
of the specific filters are provided in Table S4. These filter
types were selected due to their prevalent use in preparation
of experimental and environmental samples for PFAS
analysis (Table S1).

Experimental design

Filtration experiments were conducted using a multi-channel
syringe pump to (i) carefully control the filtration rate
and (ii) enable sample collection as a function of filtrate
volume. The experimental solutions were added to 60-mL
high-density polyethylene syringes and pumped through the
filters at a flow rate of 1 mL min~'. Samples (I mL) were
collected in 5 min intervals, namely 0-1, 5-6, 10-11 ...
50-51 min; then, the filter was removed, and another sample
was collected at 51-52 min as a quality control. All samples
were collected into high-density polyethylene vials prefilled
with 1 mL methanol to minimize sorption to the container
walls. Those mixtures were vortexed, and 100 uL aliquots
were immediately added to 200 pL of methanol, 50 pL
of an internal standard solution, and 150 puL of a 20 mM
ammonium acetate solution before LC-MS/MS analysis
(Text S2).

Solutions containing 100 ug L~! of the 12 targeted
PFAS were used to study the impact of filter chemistry,
pore size, filtration rate, solution pH, and matrix effects on
PFAS retention. The seven filter chemistries described in
Sect. "Syringe filters" were evaluated. The influence of 0.20-
and 0.45 pm pores on PFAS retention were determined with
glass-fiber cellulose acetate and polyethersulfone filters.
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Two filtration rates, namely 0.5 and 1.0 mL min~!, were

assessed with the glass-fiber and surfactant-free cellulose
acetate filters. Solution pH was maintained at 5.7, 7.6, or
9.0 with 5 mM phosphate buffer to capture the pH range of
most environmental waters. Matrix effects were investigated
in tap water, groundwater, and deionized water containing 0,
2, or 20 mg L™! of Suwannee River natural organic matter
(SRNOM). In addition, PFAS levels were varied to examine
retention at environmentally (10 ug L™") and experimentally-
(100 pg L) relevant concentrations (Dasu et al. 2022; Li
et al., 2020). The solution pH, matrix effects, and PFAS
concentration studies were conducted with glass-fiber filters,
which have been prevalently used in prior studies (Table S1).
In all cases, PFAS retention by the filter was calculated using
Eq. 1.

1
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e, (D =

t
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In Eq. 1, ng (V) is the percent of PFAS i retained by
the filter at time 7, PFAS, ;_ is the initial concentration of
PFAS i in the influent solution, PFAS, ; and PFAS, ;_, are the
concentrations of PFAS i in the filtrate for sampling events j
and j-1, respectively, V, is the filtrate volume at time ¢, and
V;and V,_, are the filtrate volumes at sampling events j and

J-1, respectively.

Data analysis

All statistical analyses were performed with OriginPro 2023
(Northampton, MA, USA). A one-way analysis of variance
followed by Tukey’s honest significant difference test was

) . PFAS,,
used to compare normalized PFAS concentrations (—PF S . )
i,j=0

in the stabilized filtrates for the tested conditions. The
normalized PFAS concentrations were employed for
statistical analysis because they were more variable than the
fraction of retained PFAS mass in the stabilized filtrates.
Differences were considered significant if p <0.05.

Results and discussion

Effects of filter chemistry, pore size, and filtration
rate

For the variable filter chemistries, the total percent of
retained PFAS mass is plotted as a function of filtrate
volume in Fig. 1. For most conditions, the PFAS reten-
tion stabilized after filtration of 30 mL; therefore, the
data collected for the 31-51 mL filtrate volumes (n=15)
were used to assess apparent equilibrium between the

12 targeted PFAS and seven filter types. The columns in
Fig. 2a show the average retention for each PFAS on each
filter. PFBA (0-16%), PFOA (0-24%), PFBS (1-24%),
PFHxS (0-12%), and PFOS (17-38%) exhibited low
retention for all filters. In contrast, PFDoA (63-100%),
PFTeDA (83-100%), PFOSA (51-82%), and N-EtFOSAA
(72-83%) were well retained for all conditions. The over-
all performance of the glass-fiber cellulose acetate and
surfactant-free cellulose acetate filters was similar to poly-
propylene (p > 0.05, Table S7), which is encouraged for
use with PFAS-containing solutions (US EPA 2021). As
indicated by the error bars, PFOS retention to surfactant-
free cellulose acetate, nylon, polypropylene, and polyvi-
nylidene fluoride/difluoride filters was more variable than
for other PFAS and filters. The average PFAS retention
was slightly higher for surfactant-free cellulose acetate,
nylon, and polypropylene filters compared to glass-fiber
cellulose acetate and polyvinylidene fluoride/difluoride;
however, polyvinylidene fluoride/difluoride filters contain
—CH,CF,- groups and raise concerns about introduction
of unknown PFAS to the filtrate (Lohmann et al. 2020;
Newton et al. 2017). Glass-fiber and polyethersulfone
filters retained significantly more PFHxA, PFDA, PFBS,
and 6:2 FtS than the other options and should therefore
be avoided. Lath et al. had previously reported greater
PFOA retention by polyethersulfone filters compared to
glass-fiber and polypropylene after a 2-mL conditioning
step (Lath et al. 2019). In contrast, Sorengard et al. found
that less PFAS were retained in polyethersulfone filters
compared to glass-fiber and polypropylene options after
passing 5 mL solutions with 21 PFAS (Sorengard et al.
2020). Similarly, Chandramouli et al. reported that 0.45-
um nylon filters retained more PFAS than glass-fiber and
polyethersulfone for pretreatment of 100-500 mL solu-
tions (Chandramouli et al. 2015). We hypothesized that
the variable outcomes may stem from differences in filter
conditioning and filtrate volume.

The diamonds in Fig. 2a show PFAS mass retention for
the first mL of filtrate. Gaps between the diamonds and
columns indicate that PFAS were preferentially retained in
low-volume filtrates before equilibrating at lower retention
efficiencies following filtration of over 30 mL. These
outcomes were also apparent from the mass retention
profiles in Fig. 1. The greatest differences in retention were
observed for perfluoroalkyl sulfonates (e.g., PFHxS, PFOS)
and perfluorooctane sulfonamides with environmentally
relevant pK, values (e.g., PFOSA, N-EtFOSAA) for
the nylon, polypropylene, and polyvinylidene fluoride/
difluoride filter chemistries. These findings suggest that
filters should be conditioned with at least 30 mL of sample
to avoid excessive retention. While retention of long-chain
(e.g., PFDoA, PFTeDA) and partially neutral (e.g., PFOSA,
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«Fig. 1 Percent of per- and polyfluoroalkyl substances (PFAS) mass
retained as a function of filtrate volume for different filter chemis-
tries. The data were collected by passing solutions with 100 ug L™
PFAS at pH 7.6 through (a) 0.70-um glass-fiber, (b) 0.45-um glass-
fiber cellulose acetate, (¢) 0.45-um nylon, (d) 0.45-um polyethersul-
fone, (e) 0.45-um polypropylene, (f) 0.45-um polyvinylidene fluoride/
difluoride, or (g) 0.45-um surfactant-free cellulose acetate filters.
Data are the average of three replicates; for clarity, error bars were
not included. The curves are included to highlight the trends for each
PFAS. A full data summary is available in Table S5. Acronyms:
perfluorobutanoate (PFBA); perfluorohexanoate (PFHxA); PFOA;
perfluorodecanoate (PFDA); perfluorododecanoate (PFDoA); per-
fluorotetradecanoate (PFTeDA); perfluorobutanesulfonate (PFBS);
perfluorohexanesulfonate (PFHxS); PFOS; 6:2 fluorotelomer sul-
fonate (6:2 FtS); perfluorooctanesulfonamide (PFOSA); N-ethyl per-
fluorooctane sulfonamidoacetic acid (N-EtFOSAA)

N-EtFOSAA) PFAS is unavoidable, glass-fiber cellulose
acetate filters exhibited the highest overall PFAS permeation.

Previous studies identified a chain-length dependence on
PFAS interactions with various materials (Blaney and He
2021; Chandramouli et al. 2015; Du et al. 2014). In this case,
the six perfluoroalkyl carboxylates were used to evaluate
trends between PFAS mass retention and log D, which is
the log K, value corrected for acid-base speciation; note,
log D increases with chain length and is a common measure
of hydrophobicity. Figure S1 shows that retention of short-
chain PFAS (i.e., PFBA, PFHxA) was generally independent
of log D, but removal of long-chain PFAS (i.e., PFOA,
PFDA, PFDoA, PFTeDA) was linearly related to log D.
The outcomes suggested a log D threshold of approximately
1.5-2.0 before increased PFAS retention to filters, in
agreement with conventional definitions of hydrophobicity.
The relationships were similar for the glass-fiber cellulose
acetate, nylon, polypropylene, polyvinylidene fluoride/
difluoride, and surfactant-free cellulose acetate filters, but
the linear trends for the glass-fiber and polyethersulfone
filters were shifted to higher retention, presumably due to the
additional interaction mechanisms suggested by Fig. 2a. The
validity of these relationships could be further confirmed
via testing with perfluoropentane carboxylate (PFPeA),
perfluoroheptane carboxylate (PFHpA), and perfluorononane
carboxylate (PFNA).

We hypothesized that PFAS would be better retained
in filters with smaller pores, but Fig. 2b, Figure S2, and
Table S8 confirmed that pore size did not significantly
affect PFAS retention by glass-fiber cellulose acetate or
polyethersulfone filters. One exception was PFOS, which
was better retained by the 0.45-um polyethersulfone filters
than the 0.20-um version (Fig. 2b). The absence of a
universal trend was attributed to the much smaller molecular
diameters of PFAS, namely 7.4-10.8 A (ChemSpider, 2022),
compared to the 0.20-0.45 um pores of the filters. However,
this outcome contrasted with results from Sérengard et al.
(2020), who reported less PFAS retention in polyethersulfone

filters with smaller pores. The methodological differences
related to filtrate volume between the two studies may have
influenced the conflicting outcomes and thereby reinforced
the importance of filter conditioning.

Given the high and low PFAS retention by glass-fiber
and surfactant-free cellulose acetate filters, respectively,
we evaluated these two options for the impacts of filtration
rate. Figure 2c shows the results for the 0.45-um glass-fiber
and surfactant-free cellulose acetate filters; the full profiles
are available in Figure S3. For glass-fiber filters, PFHxA,
PFDA, PFDoA, PFBS, PFOSA, and N-EtFOSAA retention
significantly decreased (p <0.05) when the filtration rate
was changed from 1.0 to 0.5 mL min~! (Table S9). Similar
outcomes were observed for 6:2 FtS and N-EtFOSAA
with the surfactant-free cellulose acetate filters; however,
PFDA and PFDoA retention significantly increased under
these conditions. As a result, no universal rules were
proposed for the impact of filtration rate on PFAS retention,
but our findings suggest the possible influence of analyst
technique (e.g., variable filtration rate when processing
samples by hand) on PFAS losses; therefore, controlled
filtration systems that maintain a constant filtration rate are
recommended to reduce uncertainty.

Effects of water quality parameters

Solutions were prepared at pH 5.7, 7.6, and 9.0 to evalu-
ate the impact of pH on PFAS retention by 0.70-um glass-
fiber filters (Figure S4). The retention of PFBA, PFHxA,
PFOA, PFDA, PFDoA, PFTeDA, PFBS, PFHxS, PFOS,
and 6:2 FtS, which predominantly exist as anions at the
tested conditions, did not vary with solution pH (Fig. 3a).
However, PFOSA and N-EtFOSAA retention did signifi-
cantly vary as a function of pH (Table S11) due to acid dis-
sociation reactions. From pH 5.7 to 9.0, PFOSA retention
decreased from 97 to 56%. This difference was attributed
to the prevalence of the neutral PFOSA species, which var-
ied from 77.6% at pH 5.7 to 0.2% at pH 9.0 due to its pK,
at 6.24 (Rayne and Forest 2009). Similar phenomena were
noted for N-EtFOSAA, which has a pK, at 3.90 (Rayne
and Forest 2009). The greater retention of neutral PFOSA
and N-EtFOSAA molecules was explained by the higher
hydrophobicity. At pH 5.7, the log D values for PFOSA and
N-EtFOSAA were calculated to be 4.75 and 3.33, respec-
tively, but those values decreased to 3.92 and 1.62, respec-
tively, at pH 9.0 due to the aforementioned deprotonation
reactions. As noted in Sect. "Effects of filter chemistry, pore
size, and filtration rate", PFAS retention decreased for lower
log D values (Figure S1).

To inform matrix effects on PFAS retention, filtration
tests were conducted with 100 pug L™! PFAS in deionized
water with 5 mM phosphate buffer, tap water, groundwater,
and solutions with SRNOM (Figure S5). For most
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«Fig.2 Retention of the 12 targeted per- and polyfluoroalkyl sub-
stances (PFAS) by filters with different (a) chemistry, (b) pore size,
and (c) filtration rate. In (a), all membranes contained 0.45um pores,
except for glass-fiber (0.70um). The nominal PFAS concentrations in
the influent solution were 100 ug L™! for all conditions, and the influ-
ent pH was 7.6+0.1. Columns are the mean PFAS mass retention
calculated from PFAS concentrations in the filtrate after passing 31,
36, 41, 46, and 51 mL of solution through the filters, except for the
0.5 mL min~" conditions in (¢), when the 15.5, 18.0, 20.5, 23.0, and
25.5 mL samples were used; error bars are the corresponding stand-
ard deviation (n=35). The diamonds are PFAS mass retention after
passing 1 mL of solution through the filter. The full profiles for (a),
(b), and (c) are available in Fig. 1, Figure S2, and Figure S3, respec-
tively; a full data summary is provided in Table S6. The statistical
significance of differences in the normalized PFAS concentrations in
the filtrate for conditions reported in (a), (b), and (c) are available in
Table S7, Table S8, and Table S9, respectively. Acronyms: glass-fiber
(GF); glass-fiber cellulose acetate (GFCA); nylon (NL); polyethersul-
fone (PES); polypropylene (PP); polyvinylidene fluoride/difluoride
(PVDF); surfactant-free cellulose acetate (SFCA); perfluorobutanoate
(PFBA); perfluorohexanoate (PFHxA); PFOA; perfluorodecanoate
(PFDA); perfluorododecanoate (PFDoA); perfluorotetradecanoate
(PFTeDA); perfluorobutanesulfonate (PFBS); perfluorohexanesul-
fonate (PFHxS); PFOS; 6:2 fluorotelomer sulfonate (6:2 FtS); per-
fluorooctanesulfonamide (PFOSA); N-ethyl perfluorooctane sulfona-
midoacetic acid (N-EtFOSAA)

conditions, PFAS retention to glass-fiber filters decreased
in the real water matrices (Fig. 3b). This result contrasted
with previous findings for nylon filters (Chandramouli
et al. 2015). The most significant differences in PFAS
retention were observed for solutions containing SRNOM
(Table S12), in agreement with previous conclusions
(Sorengérd et al. 2020). In the deionized water matrix,
eight PFAS exhibited greater than 20% retention; however,
fewer PFAS met this criterion for solutions with 2 and
20 mge L~ SRNOM. Compared to deionized water, the
average PFAS retention was 5%, 11%, 17%, and 22% lower
in tap water, groundwater, the 2 mgq L~! solution, and the
20 mg. L~! solution, respectively. The variable retention
could be attributed to (i) competitive adsorption of organic
matter by the filters (Campos Pereira et al. 2018) and/or
(i1) PFAS interactions with metals and organic matter in
the real waters (Cai et al. 2022; Qi et al. 2022). Based on
our aggregate results, PFAS interaction with SRNOM was
not considered to be a major cause for the lower retention.
Instead, we posit that SRNOM coated the membrane pores
and led to lower PFAS capture by the filters. The tap water
and groundwater matrices contained less than 1 mg. L™}
SRNOM, suggesting that PFAS interactions with dissolved
metals may have enhanced PFAS permeation. Future work
is recommended to confirm these mechanisms. Long-chain
(e.g., PFDoA, PFTeDA) and partially neutral (e.g., PFOSA,

N-EtFOSAA) PFAS were well retained regardless of the
background water quality.

The influent PFAS concentrations were changed from
100 pg L' to 10 pg L™! to determine potential effects
on PFAS retention (Figure S6). While some compounds
exhibited minor, but significant, changes in retention
(Table S13), no clear trends were noted in Fig. 3c. This
observation aligns with previously reported results (Chan-
dramouli et al. 2015; Lath et al. 2019) and confirms that
PFAS retention was independent of concentration for the
tested conditions. We acknowledge that the presence of
variable water quality (e.g., dissolved organic matter, met-
als) may cause differential retention for PFAS across con-
centration levels. In addition, the effects of water quality
parameters on PFAS retention may vary for other filter
types. The overall takeaways from this work are summa-
rized in Fig. 4.

Conclusion

Previous researchers have filtered experimental and
environmental samples to remove suspended solids before
PFAS analysis. Through carefully designed and controlled
studies, we determined that PFAS were retained regardless
of filter chemistry. The glass-fiber and polyethersulfone
filters retained more PFAS than the other options, while
glass-fiber cellulose acetate filters demonstrated the lowest
overall PFAS retention and, therefore, best performance.
Greater than 50% retention was observed for long-chain
(e.g., PFDoA, PFTeDA) and partially neutral (e.g.,
PFOSA, N-EtFOSAA) PFAS for all filters. PFAS retention
was frequently higher for low filtrate volumes, and the
retention efficiency did not stabilize until after conditioning
with ~ 30 mL solution. Pore size, filtration rate, and PFAS
concentration did not exert major influences on PFAS
retention. Real water matrices tended to improve PFAS
permeation, especially in solutions with more dissolved
organic matter. Based on these results, filtration is not
recommended for aqueous samples even if surrogates are
used to calculate recovery efficiency, because PFAS recovery
from the filter will be less than 70% for most compounds.
In cases where filtration is unavoidable, solvent could
possibly be used to elute PFAS retained on the filter into
the filtrate; however, further work is needed to confirm the
required solvent volume, calculate recovery efficiencies, and
determine the contribution from suspended solids retained
by the filter. Instead, centrifugation followed by solid-phase
extraction of the supernatant is recommended as a more
appropriate approach.
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«Fig.3 Retention of the 12 targeted per- and polyfluoroalkyl sub-
stances (PFAS) for variable (a) solution pH, (b) water matrix, and
(c) concentration level. In all cases, 0.70um glass-fiber filters were
employed with a 1.0 mL min™' filtration rate. The nominal PFAS
concentrations in the influent solution were 100 ug L™! for all condi-
tions, except in (c). The influent pH was 7.6+0.1, except in (a). Col-
umns are the mean PFAS mass retention calculated from PFAS con-
centrations in the filtrate after passing 31, 36, 41, 46, and 51 mL of
solution through the filters; error bars are the corresponding standard
deviation (n=35). The diamonds are PFAS mass retention after pass-
ing 1 mL of solution through the filter. The full profiles for (a), (b),
and (c) are available in Figure S4, Figure S5, and Figure S6, respec-
tively; a full data summary is available in Table S10. The statistical
significance of differences in the normalized PFAS concentrations
in the filtrate for conditions reported in (a), (b), and (c) are availa-
ble in Table S11, Table S12, and Table S13, respectively. Acronyms:
perfluorobutanoate (PFBA); perfluorohexanoate (PFHxA); PFOA;
perfluorodecanoate (PFDA); perfluorododecanoate (PFDoA); per-
fluorotetradecanoate (PFTeDA); perfluorobutanesulfonate (PFBS);
perfluorohexanesulfonate (PFHxS); PFOS; 6:2 fluorotelomer sul-
fonate (6:2 FtS); perfluorooctanesulfonamide (PFOSA); N-ethyl per-
fluorooctane sulfonamidoacetic acid (N-EtFOSAA)

filter all filters retained PFAS

more PFAS retained at low
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Fig.4 Key findings on per- and polyfluoroalkyl substances (PFAS)
retention to syringe filters
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