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ABSTRACT: We present a simple and efficient method for preconcentrating per- and
polyfluorinated alkyl substances (PFAS) in water. Our method was inspired by the sea-
spray aerosol enrichment in nature. Gas bubbles in the ocean serve to scavenge surface
active material, carrying it to the air-ocean interface, where the bubbles burst and form a
sea-spray aerosol. These aerosol particles are enriched in surface-active organic
compounds such as free fatty acids and anionic surfactants. In our method, we in situ
generate H2 microbubbles by electrochemical water reduction using a porous Ni foam
electrode. These H2 bubbles pick up PFAS as they rise through the water column that
contains low concentration PFAS. When these bubbles reach the water surface, they burst
and produce aerosol droplets that are enriched in PFAS. Using this method, we
demonstrated ∼1000-fold preconcentration for ten common PFAS in the concentration
range from 1 pM to 1 nM (or ∼0.5 ng/L to 500 ng/L) in 10 min. We also developed a
diffusion-limited adsorption model that is in quantitative agreement with the experimental
data. In addition, we demonstrated using this method to preconcentrate PFAS in tap water, indicating its potential use for
quantitative analysis of PFAS in real-world water samples.

Per- and polyfluorinated alkyl substances (PFAS) are a
group of anthropogenic compounds, some of which have

been manufactured since the 1950s.1 Due to their unique
oleophobic and hydrophobic properties and high stability,
PFAS are widely used in textile, upholstery, nonstick product
manufacturing, aqueous film forming foams, and hydraulic
fluids.2,3 Widespread use and extreme resistance to degradation
have resulted in the ubiquitous presence of these compounds
in the environment. According to the previous studies,4,5 the
cumulative global emissions of PFAS are at least 46 000 tons
with a large fraction released directly to the water systems.
Recent results have shown PFAS can activate oxidative stress
which is related to several diseases in humans, including
atherosclerosis, heart attacks, chronic inflammatory diseases,
central nervous system disorders, age-related disorders, and
cancer.6−9 Because of PFAS-related health concerns, the U.S.
Environmental Protection Agency (EPA) published a health
advisory for PFOS and PFOAthe two most common
PFASin drinking water to be 70 ng/L individually or
combined in 2016.10 Following the EPA, some state govern-
ments have published stricter health advisories than the EPA
standard. For example, Vermont’s health advisory level for the
sum of five PFAS should not exceed 20 ng/L in drinking
water.11 More recently, the state congress of Pennsylvania

proposed that the State Environmental Quality Board shall
adopt a maximum PFAS contaminant level as low as 5 ng/L.12

Detection of 5 ng/L PFAS in water, however, imposes an
analytical challenge. The most commonly used analytical
method for PFAS is EPA Method 537.13 This method was
established for determination of 18 different PFAS in drinking
water using solid phase extraction and liquid chromatography/
tandem mass spectrometry. The reported detection limit of
this method varies among different laboratories but is typically
a few ng/L which is just around the desired detection limit of 5
ng/L.13,14 Besides, these detection limits are achieved by a 250-
fold preconcentration using a multistep and time-consuming
(up to several hours) solid-phase extraction before mass
spectrometry detection.13 Therefore, there is a critical need for
a rapid and efficient preconcentration method for PFAS
analysis.
Sea-spray aerosol enrichment is a well-known phenomenon

in nature.15−17 The ocean wind causes a near surface velocity
gradient in the water column that results in wave breaking. The
entrainment of air into the water column produces a plume of
bubbles. These bubbles serve to scavenge surface-active
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material, carrying it to the air-ocean interface, where the
bubbles burst and form a sea-spray aerosol.18 These aerosol
particles are enriched in surface-active organic materials such
as free fatty acids and anionic surfactants.16,17 Recently, Chen
and co-workers19−21 mimicked this phenomenon by generat-
ing gas bubbles in water using an air diffuser and collected the
aerosol droplets formed by bubble bursting. They found the
organic solutes in the aerosol were enriched by 6 to 12-fold for
organic metabolites in urine (e.g., lipids and lipid-like
molecules, phenylpropanoids and polyketides),20 20 to 1000-
fold for rhodamine dyes,21 and 10 to 100-fold for amino acids,
protein, and DNA.19

Inspired by these previous studies, we developed a
preconcentration method for PFAS that is based on electro-
chemical aerosol formation. Rather than using an external gas
supply to generate bubbles, we in situ electrogenerated H2
bubbles by water reduction (Scheme 1). The advantages of our

design are 3-fold. First, electrogeneration of gas bubbles
simplifies the design making miniaturization easy. Second, it
allows additional modulation of the bubble formation by
electrochemistry (e.g., controlling the bubble sizes and
affecting the PFAS and electrode interactions by electrode
potential). Third, it also improves the reproducibility of the
aerosol-based enrichment by minimizing the initial momentum
of gas bubbles, which helps to achieve a predictable low
Reynolds number motion of bubbles,22−24 and by reducing
random bubble coalescence, which often occurs when using a
porous frit to generate bubbles.25 In this study, we demonstrate
1000-fold preconcentration of PFAS within 10 min using our
method, taking advantage of the high surface activities of
PFAS.26

■ EXPERIMENTAL SECTION
Chemicals and Materials. Perfluorohexanoic acid

(PFHxA, 97%), perfluoroheptanoic acid (PFHpA, 99%),

perfluorooctanoic acid (PFOA, 95%), perfluorononanoic acid
(PFNA, 97%), perfluorodecanoic acid (PFDA, 98%), per-
fluoroundecanoic acid (PFUnDA, 95%), perfluorododecanoic
acid (PFDoDA, 95%), perfluorobutanesulfonic acid (PFBS,
98%), perfluorohexanesulfonic acid (PFHxS, 98%), perfluor-
ooctanesulfonic acid (PFOS, 98%), sodium phosphate
dibasic(99%), sodium phosphate monobasic (99%), methanol
(99.9%), and nickel foam (mean aperture: 0.074 mm) were
purchased from Sigma-Aldrich. Platinum electrodes were
purchased from Aida Hengsheng (Tian Jin, China). Glass
slides were purchased from Fisher Scientific. Deionized water
(PURELAB, 18.2 MΩ cm, total organic carbon <3 ppb) was
used in all the experimental processes.

Electrochemical Aerosol Enrichment. All the enrich-
ment experiments were carried out in a home-built H-type
two-compartment electrochemical cell (Figure S1). The cell
was filled with ∼700 mL of 0.2 M phosphate buffer solution
(pH = 7.0). A 1 cm × 1 cm Pt foil and a 1.5 cm × 1.5 cm Ni
foam electrode were separately immersed in the two
compartments and used as the anode and cathode,
respectively. A constant voltage was applied between the two
electrodes to electrolyze water. H2 and O2 bubbles were
formed at the Ni electrode and Pt electrode, respectively. The
aerosol produced by bubble bursting was collected using a
slanted glass slide placed at ∼3 mm above the liquid surface
(Figure S1). Twenty μL of the collected aerosol was
transferred to a polypropylene microcentrifuge tube from the
glass slide using a pipet.

Mass Spectrometry Analysis. Before analysis, the
collected aerosols were diluted 20 times in 50:50 v:v H2O/
MeOH to ease sample handling and minimize chemical
contamination of the mass spectrometer. Collected aerosols
were analyzed operating a linear ion trap mass spectrometer
(LTQ Velos, Thermo Fisher Scientific, San Jose, CA, United
States)27 with electrospray ionization. Mass spectra were
acquired in the negative ion detection mode with a spray
voltage of ±4.0 kV, respectively. The solvent flow was set at
0.010 mL/min, and data acquisitions time was 30 s. The
transfer capillary was heated to 275 °C.

Bubble Size Analysis. Photographs of gas bubbles in the
solution were taken using a Sony RX100 M4 (full manual
mode, aperture f8, ISO 800, shutter speed 1/2000−1/1000 s)
and analyzed using ImageJ software (NIH, Bethesda, MD) to
obtain the bubble size distributions.

Finite Element Simulation. The finite element simu-
lations were performed using COMSOL Multiphysics 5.3
(Comsol, Inc.) on a high-performance desktop PC. The
simulation geometry, mesh, and boundary conditions are
provided in the SI.

Tap Water Samples. Tap water was collected at the
chemistry building of Wayne State University. No PFAS was
found in the tap water sample. A mixture of PFAS was added
to the tap water to prepare an artificial PFAS-contaminated tap
water which contained 0.04 nM (16 ng/L) PFHxS, 0.02 nM (8
ng/L) PFOA, and 0.2 nM (100 ng/L) PFOS. The same
procedure was used to preconcentrate PFAS as described
above.

■ RESULTS AND DISCUSSION
Preconcentration of PFAS. We carried out this study

using perfluorooctanesulfonic acid (PFOS) as the model
analyte because it is one of the PFASs found most frequently
and at the highest concentration in the environment and

Scheme 1. Preconcentration of PFAS via Electrochemical
Aerosol Formationa

aBecause of the high surface activity of PFAS, they will spontaneously
adsorb and accumulate on the surface of gas bubbles. When the
bubbles burst, only a thin layer of liquid surrounding the bubbles is
ejected into the air resulting in a high concentration of PFAS in the
aerosol droplets.
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humans.28−31 We used a Ni foam with nominal aperture sizes
of 0.074 mm as the cathode, a Pt foil as the anode, and 10−8 M
(or 5 μg/L) PFOS in 0.2 M phosphate buffer (pH = 7.0) as
the electrolyte. The Ni foam electrode was immersed at a
depth of 25 cm. At a voltage of 70 V, the current level was ∼0.8
A, which corresponds to a volumetric flux of 5 mL of H2 per
minute. The radii of H2 bubbles slightly increased from ∼0.05
mm to ∼0.08 mm with an average value of 0.07 mm as they
rose to the water surface (Figure S2). The average bubble
velocity was ∼1.2 cm/s. The aerosol droplets formed by
bubble bursting were collected at a glass slide at ∼3 mm above
the water surface (Figure S1). The collection rate of the
aerosol droplets was estimated as ∼9 μL/min. After 5 min
aerosol collection, millimeter-sized droplets were visible on the
glass slide (Figure S1). To avoid chemical contamination of
the mass spectrometer because of the high PFOS concen-
tration in these droplets, we diluted 20 times using a 50/50 v/v
H2O and MeOH mixture before mass spectrometry analysis.
Figure 1a shows the mass spectra of diluted aerosol sample,

two PFOS standards (5 × 10−7 M and 10−8 M both in 50/50
v/v H2O and MeOH mixture), and the blank in the negative
ion detection mode. These mass spectra were recorded and
accumulated continuously throughout the acquisition of each
sample for 30 s. The signal at mass-to-charge (m/z) = 498.8
corresponds to [PFOS − H]−. We found good linearity
between the signal intensity at m/z = 498.8 and the PFOS
concentration in standard solutions ranging from 10−12 to 10−5

M (or 0.5 ng/L to 5 mg/L) with an r2 value of 0.98 (Figures
S3 and S4). Therefore, we directly used the signal intensity of
[PFOS − H]− to quantify the PFOS in all collected aerosol
samples. The diluted aerosol sample shows a similar
concentration as the 5 × 10−7 M standard, indicating an
enrichment factor of ∼1000-fold using our electrochemical
aerosol formation method. The control experiments using 10−8

M standard and the blank show very low intensity at m/z =
498.8. We further tested other PFOS solutions with a
concentration between 10−12 M and 10−8 M (or 0.5 ng/L to
5 μg/L) using our preconcentration method. At CPFOS,bulk <
10−9 M (or 500 ng/L), R is around 1000. At higher
concentrations, R starts to decrease to ∼800. Overall, our
preconcentration method has achieved an average R of 1000 ±
100 for PFOS. To test the reproducibility of our method, we
carried out eight independent enrichment experiments
following the same experimental protocol and measured the
enrichment factors. We obtained a between-run coefficient of
variation of 8% (Figure S5), indicating good producibility of
our method.
Besides PFOS, we have also tested other 9 common PFAS

including 7 perfluorinated carboxylic acids with carbon chain
lengths from 6 to 12 (PFHxA, PFHpA, PFOA, PFNA, PFDA,
PFUnDA, and PFDoDA) and 2 perfluorinated sulfonic acids
(PFBS and PFHxS). We conducted the preconcentration
experiments using a Ni foam electrode at an immersion depth
of 25 cm and a voltage of 70 V for 10 min and then measured
R using mass spectrometry. The information on the ion peaks
used for quantitation is provided in Figures S3, S4, and S6 and
Table S1. Figure 2 shows the R’s for all 10 PFAS are close to
∼1000 at CPFAS, bulk = 10−10 M. The R slightly increases with
the chain length of PFAS from ∼500 to 1300, which is
probably caused by the increased surface activity. Most
importantly, for each PFAS, the R-value varied by <10% at
the concentration range of 10−12 to 10−9 M (Figure S7). The
consistent enrichment performance of our method at a large

concentration range makes it a promising technique for real-
world applications.

Figure 1. (a) Mass spectra of diluted aerosol sample, two PFOS
standards (5 × 10−7 M and 10−8 M in a 50/50 v/v H2O and MeOH
mixture), and the blank in the negative ion detection mode. The
aerosol sample was collected at 70 V for 10 min using 10−8 M PFOS
solution as the electrolyte solution. The signals at m/z = 498.8
correspond to [PFOS − H]−. (b) Enrichment factor, R, as a function
of the PFOS concentration in the bulk solution (CPFOS,bulk). R is
defined as the ratio of PFOS concentrations in the aerosol
(CPFOS,aerosol) and its corresponding CPFOS,bulk. The pink box shows
the average and standard deviation of R’s at all concentrations. The
error bars are the standard deviations of three independent injections
of the collected aerosol samples at each concentration.

Figure 2. Enrichment factor, R, for 10 common PFAS including 7
perfluorinated carboxylic acids with carbon chain lengths from 6 to 12
(PFHxA, PFHpA, PFOA, PFNA, PFDA, PFUnDA, and PFDoDA)
and 3 perfluorinated sulfonic acids (PFBS, PFHxS, and PFOS) at
CPFAS,bulk = 10−10 M. Experimental conditions were identical to those
in Figure 1.
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Preconcentration Mechanism. To understand the
preconcentration mechanism, we conducted a bubble path
length (h) dependence study. We placed the Ni foam electrode
at different depths of the electrolyte solution to control the
interaction time between PFOS and H2 bubbles. We did not
observe any significant changes in current at different h (i =
0.74 ± 0.08 A) when a constant voltage of 70 V was applied.
Figure 3 shows R vs h at different CPFOS,bulk. At CPFOS,bulk =

10−11 M or 5 ng/L, there is a great linear relationship between
R and h with a slope of 30 cm−1 and r2 = 0.99. At CPFOS,bulk =
10−10 M and 10−9 M, we found the same linearity and slope.
Until CPFOS,bulk was increased to 10−8 M, the R-value started
deviating from the linearity and reached a plateau at h = 25 and
30 cm, suggesting the adsorption reached an equilibrium.
To quantitatively understand the linearity in Figure 3, we

first revisited a model previously developed by Chen and co-

workers21 for rhodamine dyes adsorption onto the surface of a
rising spherical bubble. In their model, they assumed (1) the
liquid near a bubble was renewed constantly due to bubble
movement and (2) every surfactant that meets a rising bubble
got adsorbed (the “total adsorption” model in Figure 4a).
Based on these two assumptions, they expressed the total
amount of surfactants adsorbed by a bubble (n) as the product
of the solution volume that a bubble sweeps and the bulk
concentration of surfactant (Cbulk)

π=n r hCbubble
2

bulk (1)

where rbubble is the bubble radius. They then estimated the
surfactant concentration in the aerosol, Caersol, to be

≈C C h r150 /aerosol bulk bubble (2)

by relating the total volume of aerosol droplets produced by a
single bubble to the bubble size.32 Using eq 2 and our
experimental conditions, we calculated the enrichment rate
(∂R/∂h) to be 2.1 × 104 cm−1 which is 700 times our
experimental result of 30 cm−1.
To address this discrepancy, we propose a simple diffusion-

limited adsorption model (Figure 4b). In our model, the liquid
near a bubble is not renewed and moves at the same velocity as
the rising bubble. Because PFOS has very high surface
activity33 and bubble surface is far from being saturated with
PFOS during its lifetime, we assumed the bubble surface acted
as a PFOS sink. Therefore, the adsorption of PFOS is limited
by the diffusion of PFOS from the surrounding solution to the
bubble surface. From electrochemical current and bubble
velocity, we estimated there were approximately 106 H2
bubbles in the bubble stream above the Ni foam electrode.
The mean interbubble distance is, therefore, ∼360 μm. The
“PFOS source” for a 70-μm-radius bubble is approximately a
solution cube with a side length of 360 μm. Note that the size
of a rising bubble was gradually increasing, so we used the
average bubble radius of 70 μm for simplicity. Using these
parameters, we simulated the diffusion of PFOS to bubble
surface during the 20 s lifetime of a bubble using finite element
simulation (see the SI). Figure 5 shows the simulated CPFOS/
CPFOS,bulk near a bubble as a function of time. The adsorbed
PFOS, nPFOS, linearly increases after 5 s. When CPFOS,bulk was
set as 10−11 M, nPFOS reaches 1.3 × 10−19 mol at t = 20 s
accounting for ∼29% of the total available PFOS in the source.
When a bubble bursts, it typically forms ∼5 aerosol droplets

Figure 3. Plots of R vs h at different CPFOS,bulk from 10−11 to 10−8 M.
At CPFOS,bulk = 10−11, 10−10, and 10−9 M, there is very similar linearity
between R and h with a slope of 30 cm−1 and a y-intercept of ∼250.
At CPFOS,bulk = 10−8 M and h > 20 cm, R starts deviating from such
linearity.

Figure 4. (a) The “total adsorption” model proposed by Chen and co-workers.21 This model assumes that the liquid near a bubble was constantly
renewed due to bubble movement, and every surfactant that meets a rising bubble was adsorbed. (b) Our diffusion-limited adsorption model. We
assume the liquid near a bubble is not renewed during the rise of a bubble. The bubble surface acts as a PFAS sink. Diffusion of PFAS limits the
adsorption rate.
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with sizes of ∼10% of the bubble size.34 In other words, the
ratio between the total volume of aerosol droplets and the
corresponding bubble volume (Vaerosol/Vbubble) is 0.005. For a
70-μm-radius bubble, Vaerosol should be ∼7.2 × 10−12 L, giving
a final CPFOS,aerosol of 1.8 × 10−8 M and an R of 1800. This
simulated R using our diffusion-limited model is close to the
experimental value of 1140 ± 90 at CPFOS,bulk = 10−11 M in
Figure 1b.
Now, we move on to derive the analytical expression of

enrichment rate (∂R/∂h). The simulation result in Figure 5b
shows that the diffusion of PFOS reaches a quasi-steady state
after ∼5 s. This is caused by the spherical diffusion field of
PFOS near a gas bubble. The growth of the PFOS depletion
region fails to significantly affect the concentration gradients at
the surface because the diffusion field is able to draw material
from a continually larger area at its outer limit.35 The solution
of the diffusion equation in a spherical diffusion field at steady
state is given by35

∂
∂

=
n

t

A D C

r
PFOS bubble PFOS PFOS,bulk

bubble (3)

where DPFOS is the diffusion coefficient of PFOS in water, and
Abubble is the surface area of a bubble. We obtain the expression
of CPFOS,aerosol after approximating t as the ratio of h to the
average bubble velocity (vbubble) and using the empirical
Vaerosol/Vbubble ratio of 0.005 described above.34

=C
A D C h

r v V

200
PFOS,aerosol

bubble PFOS PFOS,bulk

bubble bubble bubble (4)

which can be then rearranged to yield

∂
∂

=R
h

A D
r v V
200 bubble PFOS

bubble bubble bubble (5)

As vbubble can be estimated by Stokes’ law,36 eq 5 is simplified
as

∂
∂

= × [ · ]−R
h

D
r

2.4 10 m s4 2 PFOS

bubble
4

(6)

Using DPFOS = 0.4 × 10−9 m2/s37 and rbubble = 70 μm, eq 6
predicts an enrichment rate of 40 cm−1 which is close to the
experimental value of 30 cm−1 in Figure 3. The great
agreement between our prediction and experimental data
again confirms our diffusion-limited adsorption model. Please
note that this model may underestimate the enrichment rate
for bubbles generated by pushing high-pressure gas through a
microporous membrane where substantial convective mass
transfer, as well as the turbulent flow, can take place.
Next, we discuss the enrichment plateau at CPFOS,bulk = 10−8

M and h > 20 cm (Figure 3). This plateau indicates the PFOS
in the solution and on the bubble surface have reached an
equilibrium. To further confirm this, we estimated the air−
water interface adsorption coefficient, K, by

=
Γ

≈K
C

R
V

A
0.005PFOS

PFOS,bulk

bubble

bubble (7)

where ΓPFOS is the surface excess concentration of PFOS at
equilibrium. We obtained a K value of 0.011 cm for a 70-μm-
radius gas bubble. This value is in good agreement with the
literature value of 0.014 cm,38,39 confirming the enrichment
plateau is caused by the adsorption equilibrium of PFOS.
Finally, another interesting finding is the large intercepts of

the R vs h plots in Figure 3. At a bubble path close to zero, the
enrichment factor is still as high as 250, accounting for ∼25%
of the total enrichment. In comparison, Chen and co-workers
only observed an enrichment factor of ∼30 at zero-bubble path
using their aerosol enrichment setup.21 This difference may be
caused by electrode-PFOS interactions, which increase local
PFOS concentration near the electrode surface.

Modulating the Preconcentration by Electrochemis-
try. According to eq 6, the enrichment rate (∂R/∂h) is
inversely proportional to the fourth order of bubble radius
(rbubble

4 ). To test it, we tuned bubble size by applying different
voltages. Figure S2 shows the average rbubble increases slowly
with the applied voltage from 0.045 mm at 30 V to 0.064 mm
at 80 V. The corresponding current increased from 0.31 to
0.98 A, the enrichment factor, R, decreased from 2600 to 1200,
and the enrichment rate, ∂R/∂h, decreased from ∼100 to ∼30
cm−1 (Figure 6). After fitting the plot of ∂R/∂h vs rbubble in the
form of eq 6, we obtained a DPFOS value of 0.22 × 10−9 which
is in a reasonable agreement with the literature value of 0.4 ×
10−9 m2/s.37 The good agreement confirms our model and also

Figure 5. (a) Simulated CPFOS/CPFOS,bulk near a 70-μm-radius gas
bubble as a function of t. (b) The amount of PFOS adsorbed on the
surface of a bubble (nPFOS) as a function of t when CPFOS,bulk = 10−11

M.

Figure 6. Enrichment rate, ∂R/∂h, as a function of rbubble and the fit of
experimental data in the form of eq 6. The average radii of bubbles,
rbubble, was tuned by applying different voltages from 30 to 80 V.
Other experimental conditions: h = 25 cm and CPFOS,bulk = 10−10 M.
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indicates that the enrichment process can be readily modulated
by electrochemistry.
Preconcentration of PFAS in Tap Water. To test the

performance of this preconcentration method for real-world
samples, we collected tap water at the chemistry building of
Wayne State University and spiked the tap water with a
mixture of PFHxS, PFOA, and PFOS. The PFAS concen-
trations in the unspiked tap water are below the detection limit
of mass spectrometer (Figure S9). Even after preconcentration,
no PFAS signal was observed (Figure 7a). The spiked tap

water contains 0.04 nM (16 ng/L) PFHxS, 0.02 nM (8 ng/L)
PFOA, and 0.2 nM (100 ng/L) PFOS. This PFAS pattern is
the same as that found in Robinson Elementary School’s
drinking water on October 29, 2018, in Grand Haven, MI.40

After preconcentration, the mass spectrum shows the signals of
PFHxS, PFOA, and PFOS (Figure 7a). The CPFAS in the
aerosol sample is then calculated from these mass spectrometry
signals, yielding an enrichment factor, Rmeasured, of 490 ± 60,
870 ± 90, and 910 ± 70 for PFHxS, PFOA, and PFOS,

respectively. These Rmeasured values are in good agreement
(∼10% difference) with the Rexpected values determined using
the standard solutions (Figure 1b and Figure S7). The
consistent enrichment performance indicates the potential
analytical utility of our preconcentration method in analyzing
ultralow concentration PFAS in real-world water samples.

■ CONCLUSIONS
In conclusion, we have presented a simple and efficient method
for preconcentrating PFAS in water via electrochemical aerosol
formation. We have demonstrated 1000-fold enrichment of 10
common PFAS within 10 min. For each PFAS, the enrichment
factor shows less than 10% variation at the concentration range
of 10−12 to 10−9 M. We have built a diffusion-limited
adsorption theory for this electrochemical aerosol enrichment
method and validated it. We have also demonstrated using this
method to preconcentrate PFAS in tap water, indicating it can
be useful for addressing the current challenges in analyzing
ultralow concentration PFAS in water.
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