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ABSTRACT: Widespread contamination by per- and polyfluoroalkyl substances
(PFAS) and concern about their health impacts require the availability of rapid
sensing approaches. In this research, four PFAS, perfluorooctanoic acid (PFOA),
perfluorobutanesulfonic acid (PFBS), perfluorohexanesulfonic acid (PFHxS), and
perfluorooctanesulfonic acid (PFOS), were studied at micropipette-based
interfaces between two immiscible electrolyte solutions (μITIES) to assess the
potentiality for their detection by ion transfer voltammetry. All four PFAS
substances were detected by ion transfer voltammetry at the μITIES, with half-
wave transfer potentials (E1/2 vs Ag/AgCl) for PFOS, PFHxS, PFBS, and PFOA
of 0.34, 0.32, 0.25, and 0.23 V, respectively. The selectivity of the μITIES for
detection of PFAS mixtures was investigated. Among the six combinations of the
four compounds, most combinations were detectable, except PFOA + PFBS and
PFHxS + PFOS, because of unresolved ion transfer voltammograms. These
findings provide a basis for the design of new PFAS sensing strategies based on
ion transfer voltammetry.
KEYWORDS: PFAS, micropipette, ion transfer voltammetry, liquid−liquid interface, μITIES

Per- and polyfluoroalkyl substances (PFAS) are a group of
synthetic chemicals consisting of fluoroalkyl chains from 4

to 18 carbon atoms in length, with all or almost all hydrogen
atoms substituted with fluorine atoms and with a carboxylic
acid, sulfonate, or alcohol at the end of the chain.1,2 Because of
the strength of the C−F bond, these compounds are
remarkably stable and have found numerous applications in
industrial and domestic settings, for example, fire-fighting
foams, metal plating baths, lubricants, paints, polishes, food
packaging, aerospace, automotive, construction, electronics,
and military.3−8 PFAS are of globally emerging concern
because of their high environmental persistence with long
biological half-lives, toxicity,9,10 and high levels of accumu-
lation in plants and animals11,12 that are linked to various
health conditions such as immunosuppression, cancer, liver
damage, and hormone disruption.13−16

A variety of analytical methods are available for the
determination of PFAS. For example, gas chromatography−
mass spectrometry (GC−MS),17,18 high-performance liquid
chromatography−mass spectrometry (HPLC-MS),19,20 liquid
chromatography−tandem mass spectrometry (LC−MS−
MS),21,22 colorimetric detection,23,24 and fluorimetric anal-
ysis25 are used for ultratrace analysis. Although these methods
have achieved excellent performances, their disadvantages
include use of complex and sophisticated instrumentation with
high costs for establishment and maintenance, requirement for

extensive sample pretreatment, time consumption, and need
for highly trained personnel. More importantly, these are rarely
suited for in-field applications.26 Sensor approaches based on
electrochemistry or other transduction strategies offer ways to
overcome those difficulties while maintaining suitable
analytical performances.

A variety of electrochemical sensing strategies for PFAS have
been reported recently. One such approach is the combination
of electrochemical sensing with molecularly imprinted
polymers (MIPs), which are a popular target-recognition
strategy for specific detection and are suitable for use in a range
of conditions.27,28 MIP-based electrochemical sensors for
redox-inactive PFAS detection have been reported.29,30

Karimian et al.30 developed a sensor for perfluorooctane
sulfonate (PFOS) based on an electrode modified with a MIP
film of o-phenylenediamine (o-PD) and achieved a limit of
detection (LOD) of 0.04 nM. Recently, Lu et al.31 presented
an ultrasensitive voltammetric sensor for PFOS detection
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based on an electrode modified with a thin coating of gold
nanostars and a MIP, achieving a LOD of 0.02 nM. Dick and
co-workers32 developed a o-PD MIP-modified electrode to
detect PFOS, with a LOD of 0.05 nM. This group also
reported a MIP-modified microelectrode for the detection of
ammonium perfluoro(2-methyl-3-oxahexanoate) (GenX), with
excellent selectivity in the presence of humic acid, chloride,
and PFOS.33 Because of the redox-inactive nature of most
PFAS, MIP-based electrochemical sensors employ an in-
solution redox-active signaling species. Clark and Dick34,35

showed that ambient oxygen in a sample can be used for this
purpose.

Because of the chemical stability of PFAS, their direct
detection by electrochemical oxidation or reduction is not
feasible for sensing purposes. This limitation can be overcome
by employing electrochemistry at the interface between two
immiscible electrolyte solutions (ITIES),36−39 which employs
the transfer of ionized species across the interface to produce
the electrochemical signal. Ion transfer electrochemistry of
PFAS was investigated by Amemiya and co-workers40 to
quantify the lipophilicity of perfluoroalkyl chains. They used
this approach to measure the partition coefficients of
perfluoroalkyl carboxylates and sulfonates at n-octanol/water
interfaces to characterize the lipophilicities of perfluoroalkyl
and alkyl oxoanions with the same chain length. Amemiya’s
group41 also reported on PFAS detection by ion transfer
stripping voltammetry at the ITIES formed between an
aqueous electrolyte and a plasticized polymeric thin film on
an electrode, achieving a LOD of 50 pM for PFOS, following a
30 min preconcentration period. Recently, Viada et al.42

reported on PFOS detection by ion transfer differential pulse
stripping voltammetry (DPSV) at an array of μITIES. The
LOD for PFOS in an aqueous electrolyte was 30 pM (i.e.,
0.015 μg L−1) following a 5 min preconcentration period.
Viada et al.42 also studied sample matrix effects, finding
changes in sensitivity and LOD relative to those in pure
aqueous electrolyte solutions.

The advantage of ion transfer voltammetry at the ITIES is
that detection is based on the properties of the ionized analyte,
removing the requirement for use of a redox-label or indicator.
Given the recent achievement of picomolar LODs and
assessment of matrix effects for PFOS, the present study is
focused on characterizing selectivity related to sensing of
mixtures of PFAS by ion transfer voltammetry, so as to
understand whether this approach might be useful for
detection of PFAS mixtures. In particular, this study focused
on the ion transfer electrochemistry of four PFAS, perfluor-
ooctanoic acid (PFOA), perfluorobutanesulfonic acid (PFBS),
perfluorohexanesulfonic acid (PFHxS), and PFOS, at μITIES
formed at the tips of micropipettes. The four chosen PFAS
have very close carbon atom numbers to better gauge their
impact on detection in mixtures. The major objective of this
investigation was to evaluate the inherent selectivity of the
μITIES for the detection of PFAS substances in their mixtures.

■ EXPERIMENTAL SECTION
Reagents. All the reagents were purchased from Sigma-Aldrich

Australia Ltd. and used as received unless indicated otherwise. The
organic electrolyte bis(triphenylphosphoranylidene)ammonium
tetrakis(4-chlorophenyl)borate (BTPPATPBCl) was prepared by
metathesis of equimolar amounts of bis(triphenylphosphoranylidene)-
ammonium chloride (BTPPACl) and potassium tetrakis(4-
chlorophenyl)borate (KTPBCl).43 BTPPATPBCl (0.01 M) solutions

were prepared in 1,2-dichloroethane (DCE). Chlorotrimethylsilane
was used for silanization of pipettes. Aqueous solutions were prepared
in purified water from a USF Purelab plus UV (resistivity: 18.2 MΩ
cm). Pentadecafluorooctanoic acid, 98% (PFOA) and perfluoroocta-
nesulfonic acid, potassium salt, 97% (PFOS) were purchased from
STREM Chemicals. Perfluorobutanesulfonic acid (PFBS) and
perfluorohexanesulfonic acid (PFHxS) were purchased from Sigma-
Aldrich Australia Ltd.
Fabrication of Micropipettes. Micropipettes were prepared

from borosilicate capillaries (O.D. 1.0 mm; I.D. 0.75 mm) using a
P2000 laser pipette puller (Sutter Instruments) using five program-
mable parameters heat (260), filament (3), velocity (15), delay (200),
and pull (170). Before pulling, the capillaries were rinsed with water
and acetone and sonicated in a 50:50 water−methanol mixture for 10
min. After drying, the capillaries were pulled by the pipette puller.
Then, the inner surfaces of the pipettes were silanized with
chlorotrimethylsilane in a simple vaporization process. The pipettes
were placed upturned (i.e., pulled tips pointing upward and away from
the vessel) in holes in the lid of a sealed vessel containing a drop of
chlorotrimethylsilane. As chlorotrimethylsilane vaporized at room
temperature, the vapor passed through the pipettes so that the inner
walls were silanized. This was allowed to take place for ca. 30 min, and
then, the pipettes were removed from the vessel and allowed to stand
in air for 3−5 h. Pipette tips were gently abraded on a clean surface,
visually inspected using an optical microscope, then characterized by
ion-transfer cyclic voltammetry (Figure S1). Stable ion-transfer cyclic
voltammograms indicated a pipette suitable for experiments. Pipette
radii were determined from the steady-state current for the transfer of
tetraethylammonium ions from the outer (aqueous) solution to the
inner (DCE) solution (Figure S1 and Table S1).
Electrochemical Measurements. Electrochemical measure-

ments were conducted using an Autolab PGSTAT302N without a
low current module (Metrohm Autolab, Utrecht, The Netherlands)
with NOVA software. The organic phase electrolyte was introduced
inside the pipette, and the organic reference solution was placed on
the top of the organic phase. Then, the pipette was immersed into the
aqueous phase in a small beaker so that the ITIES formed at the tip of
the pipette. The pipette was held in a slot cut in a rubber stopper
which was held in place by a laboratory clamp stand. A two-electrode
cell was employed for all experiments, using Ag/AgCl electrodes on
each side of the ITIES as combined reference/counter electrodes. All
potentials are reported versus the experimentally used Ag/AgCl
electrodes. Cyclic voltammetry (CV) was employed at 10 mV s−1 in
all cases: forward scans were from higher potential to lower potential
and reverse scans from lower potential to higher potential,
corresponding to anion transfer from the aqueous (outer) phase to
the organic (inner) phase on the forward scan and the reverse transfer
process on the reverse scan. Differential pulse voltammetry (DPV)
was carried out in reverse scan mode, from 0.1 to 0.6 V. The DPV
conditioning potential, equilibrium time, step potential, modulation
amplitude, modulation time, and interval time were 0.1 V, 30 s, 0.005
V, 0.05 V, 0.04 s, and 0.5 s, respectively. Initially, a blank
voltammogram (without analyte) was run, and then, the analyte
was spiked from a stock solution into the aqueous phase. Background
subtraction was applied unless indicated otherwise. Plots of current
versus concentration use data based on averages of three measure-
ments with error bars of ±1 standard deviation; where error bars are
not visible, they are smaller than the symbol sized used in the graph.
Under the conditions employed, stable voltammetry was obtained at
higher concentrations; without silanization, unstable voltammograms
were recorded. Pipettes showing unstable voltammograms were not
used for further experiments. Scheme 1 displays the electrochemical
cell composition.

Scheme 1. Electrochemical Cell Composition Employed in
Studies of PFAS Ion Transfer Voltammetry
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■ RESULTS AND DISCUSSION
Cyclic Voltammetry. The transfer of perfluoroalkanesul-

fonates (PFOS, PFHxS, and PFBS) and perfluoroalkanecar-
boxylate (PFOA) across the μITIES was studied by CV to
analyze their electrochemical behaviors. All PFAS were added
to the aqueous phase of LiCl which had a natural pH of ca. 6.
As the four PFAS were employed as either salts or acids, at this
pH, all were ionized (based on published pKa data44,45) and
anionic, with a charge (z) of −1. All analytes produced well-
defined CVs without indications of adsorption, emulsification,
or instability of the interface. Figure 1a shows the CV of PFOS
and its corresponding blank (i.e., in the absence of PFOS). On
the forward scan (scanning from higher to lower potentials) a
sigmoidal voltammetric wave was recorded, corresponding to
transfer of the analyte from the aqueous phase to the organic
phase inside the pipette under radial diffusion control.46 On
the other hand, the broad peak on the reverse scan (scanning
from lower to higher potentials) indicates linear diffusion
control of PFOS transfer from the inner organic phase to the
aqueous phase.46 These findings are in agreement with
previous accounts of ion-transfer voltammetry of PFAS at
the 1-octanol/water interface,40 at the water/plasticized
polymer membrane interface,41 and of PFOS at a water/
DCE μITIES array.42

The half-wave potential E1/2 provides a qualitative property
for an analyte within a particular supporting electrolyte

solution. Figure 1a (inset) shows that in the forward scan for
background-subtracted 6 μM PFOS, the ion transfer starts at
0.44 V and reaches the plateau at 0.24 V, and the E1/2 is 0.34 V
(see Figure S2 for estimation of E1/2 values, being the potential
at which the current is one half of the limiting current). For the
reverse scan, PFOS transfer back to the aqueous phase gives a
peak at 0.42 V. The background-subtracted voltammograms of
PFOS in the concentration range 1−9 μM are shown in Figure
1b. The steady-state forward current (if) and backward or
reverse peak current (ib) for each concentration was measured
and plotted versus the aqueous phase PFOS concentration
(Figure 1b inset). The linear behavior is as expected for the
modified Saito equation47 and the Randles−Sevcik equa-
tion48,49 for radial and linear diffusion-controlled currents,
respectively. Similar electrochemical behavior was seen for
PFHxS, PFBS, and PFOA (Figure 2a) with different transfer
potentials according to their structures; the observed E1/2
values are shown in Table 1. Diffusion coefficients (D) of
the four PFAS were determined using the equation50 (eq 1).

= | |I z3.35 FDCrss (1)

where Iss is the steady state current, D, C, and z are the
diffusion coefficient, concentration, and ionized charge of the
transferring analyte; F and r are the Faraday constant and
radius of the pipette used to form the interface, respectively.
The value of z used for these experiments was −1. Equation 1,

Figure 1. (a) CV of 6.0 μM PFOS and of blank; inset is the background-subtracted CV. (b) background subtracted CVs of 1.0, 3.0, 4.5, 7.0, and 9.0
μM PFOS; inset is the current vs concentration plot for both forward and reverse scan currents. Pipette radius: 8.5 μm.

Figure 2. (a) Background-subtracted CV of 6 μM PFOA, 6 μM PFBS, 6 μM PFHxS and 6 μM PFOS at 8.4, 7.9, 7.9 and 8.5 μm radii μITIES,
respectively. Other conditions as noted in Scheme 1. (b) Structures of the respective PFAS substances.

Table 1. Data Obtained from Ion-Transfer Voltammetry at a μITIES for PFOS, PFHxS, PFBS, and PFOA

LOD (μM)

substance E1/2 from CV (V vs Ag/AgCl) Ep from DPV (V vs Ag/AgCl) D (cm2 s−1) CV DPV

PFOS 0.34 0.32 4.5 × 10−6 1.1 0.04
PFHxS 0.32 0.31 4.8 × 10−6 0.7 0.02
PFBS 0.25 0.25 5.7 × 10−6 0.2 0.03
PFOA 0.23 0.22 4.7 × 10−6 0.6 0.05
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developed by Beattie et al.,50 is an empirical equation
developed for micrometer-scale pipettes that describes the
steady-state current for ion transfer from the outer solution to
the inner (filling) solution. Calculated diffusion coefficients of
PFOS, PFHxS, PFBS, and PFOA in the aqueous phase are
shown in Table 1 and are in good agreement with literature
values (5.4 × 10−6, 4.5 × 10−6, 11 × 10−6, and 4.9 × 10−6 cm2

s−1, respectively).51

Irrespective of the diffusion mode, the currents are
concentration-dependent (Figure 1b inset). Although the
purpose of this investigation was not trace analysis of PFAS,
the LODs were estimated from the slopes of the calibration
curves for the forward scans of the CVs using the formula LOD
= (3·σ)/S,42 (S is the slope and σ is the y-intercept standard
deviation of the linear regression line). The LODs of PFOS,
PFHxS, PFBS, and PFOA (Table 1) indicate that low and sub-
micromolar concentrations can be determined with this
approach, although these levels are unsuitable for practical
applications.
Comparison of the CVs of PFOS, PFHxS, PFBS, and

PFOA. Figure 2 shows background-subtracted CVs for each of
the PFAS analytes studied in this work. The voltammograms
and the E1/2 values (Table 1) indicate that the transfer
potential of each species decreases with decreasing carbon
number for the perfluoroalkanesulfonates. The CV forward
scans for PFOS (8 carbon chain), PFHxS (6 carbon chain),
and PFBS (4 carbon chain) show that the ion-transfer E1/2
trends from 0.34 to 0.32 to 0.25 V, indicating a greater energy
requirement to transfer each species.

The same pattern is seen with the reverse peak potential, at
0.42, 0.37, and 0.30 V, respectively. The forward scan starts
from higher potential to lower potential. Therefore, the right
hand side of the potential scale indicates lower energy of
transfer and the left hand side of the potential scale indicates
higher energy of transfer. The voltammograms indicated the
order PFOS < PFHxS < PFBS in terms of the required energy
to transfer, although the shapes of the voltammograms are all

similar. This order of transfer corresponds to the reversed
order of lipophilicity, which confirms that with a longer chain,
PFOS is more lipophilic than those with a shorter chain. A
similar result was found by Amemiya and co-workers,41 who
also compared PFOS transfer with octanesulfonate (OS−)
transfer. They found that the alkanesulfonate with the same
chain length was less lipophilic than PFOS,41 attributed to the
electron-withdrawing effects of fluorine, which reduces the
electron density and hydration of the sulfonate group.40

In contrast, PFOA was found to be less lipophilic than PFOS
(Figure 2a). Although the carbon number of the fluorocarbon
chains in PFOA and PFOS are the same (Figure 2b), transfer
of PFOA required more energy, even more than PFBS. The
estimated E1/2 of PFOA is 0.23 V. The lower lipophilicity of
perfluoroalkanecarboxylates is attributed to the greater
hydration energy of the carboxylate group, which is smaller
and more basic than the sulfonate group.52

CVs of a PFOA and PFOS mixture were studied to evaluate
the capability for their detection in a mixture. The CV of the
mixture (Figure S3) shows that it is not possible to detect
them separately, despite the difference in their ion transfer E1/2
values, which was the largest among the four PFAS studied.
Based on these results, it is not be possible to distinguish them
from CVs of their mixtures.
Differential Pulse Voltammetry. The detection of

perfluoroalkanesulfonates and perfluoroalkanecarboxylates
was achievable by CV at the micropipette-based μITIES.
However, in mixtures, CV was unable to resolve their
responses. The peak-shaped responses of DPV offer scope
for improvement in mixture resolution. DPV at the pipette-
based μITIES gave well-defined and sharper peaks at lower
concentrations than possible by CV. Figure 3 shows the
voltammograms and calibration curves obtained for PFOS,
PFHxS, PFBS, and PFOA at a range of concentrations. The
fluctuations in these voltammograms is attributed to noise at
the low current ranges employed here. The lowest concen-
tration detected using background-subtracted DPV for PFOS,

Figure 3. Background-subtracted DPV at different concentrations and the respective current vs concentration plots for (a) PFOS, (b) PFHxS, (c)
PFBS, and (d) PFOA, at 8.5, 7.9, 7.9, and 8.4 μm radius μITIES, respectively. Other conditions are as shown in Scheme 1.
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PFHxS, and PFBS was 0.05 μM; for PFOA, it was 0.1 μM.
Linear current−concentration responses were obtained in all
cases (insets, Figure 3).

Linear regression analyses of the DPV peak currents versus
PFAS concentration were undertaken (Table S2) and the
calculated LODs obtained (Table 1), which were approx-
imately an order of magnitude lower than those from CV
measurements (Table 1). The DPV peak potentials (Ep) for
these four substances (Table 1) are in agreement with the E1/2
values from the CV experiments. Peak widths at half height
(W1/2) of the DPV peaks were also determined (Table S2) and
were slightly greater than those for a reversible process (W1/2
90.4 mV (z = 1)53).
DPV of Combinations of PFOA, PFBS, PFHxS, and

PFOS. Mixtures of the four PFAS in six different combinations
were studied by DPV. The aim of this study was to observe the
impact on detection and analytical behavior of these mixtures
and to understand which mixture combinations are practically
detectable with this ion transfer voltammetry approach. At first,
the mixture of PFOA and PFOS was analyzed. Figure 4a shows
the individual voltammograms for 0.7 μM PFOA and 0.7 μM
PFOS. These regular peak shapes overlap near the peak half-
heights. On the other hand, the voltammogram of the mixture
of 0.7 μM PFOA and 0.7 μM of PFOS gives a broad peak
encompassing the two separate peaks but does still give two
distinct peaks, confirming that two different species are present
(Figure 4a). In the mixture, the peaks do not shift, but their
currents are not exactly the same as obtained in the individual
PFOA and PFOS responses at this concentration. The currents
at different potentials for 0.7 μM PFOA and 0.7 μM PFOS and
the current for the mixture of PFOA and PFOS are similar.

Figure 4b shows the voltammograms of 1.0 μM PFOS plus
increasing concentrations of PFOA from 0 to 1.0 μM. The
voltammograms clearly show that when the concentration
difference between the two substances is high, the DPV does

not provide an indication that two separate species are present
in solution. At concentrations of PFOA from 0.4 μM and
upward, a shoulder is present at the expected potential for
PFOA and this increases in magnitude up to 1.0 μM PFOA at
which point two separate peaks are seen in the voltammogram,
as seen previously for the mixture of 0.7 μM PFOA and 0.7 μM
PFOS. As a result, it can be determined that for detection of
both PFOS and PFOA, their concentration ratio should not be
more than 2:5. Similar findings were observed for the mixtures
of PFOA + PFHxS, PFHxS + PFBS, and PFOS + PFBS
(Figure S4). The detection of PFAS substances in these binary
mixtures was possible for concentration ratios of 2:5.

Mixtures of PFOS + PFHxS and PFOA + PFBS, in which
the transfer potentials were very close, were also analyzed.
From Figure 4c, the individual voltammograms of 1.0 μM
PFOS and 1.0 μM PFHxS are clear. However, because their
transfer potentials are very close, they completely overlap each
other. One the other hand, their equimolar (1.0 μM) mixture
gives a single sharp peak like that for a single substance, and
the peak area is nearly the same as the sum of the two
individual peak areas. The sum of the peak currents of the
individual PFOS and PFHxS at 0.24 V is nearly equal to the
mixture peak current at that potential. Figure 4d shows the
voltammograms for increasing concentrations of PFHxS, from
0 to 1.0 μM, with constant PFOS concentration at 1.0 μM. In
this case, the current increased with the concentration PFHxS
as if one type of species was present. Therefore, for this
mixture, it is not possible to detect both components in the
solution by this approach. Similar observations were seen for
the mixture of PFBS + PFOA (Figure S4).

Figure 5 shows the DPV results for a mixture of the four
PFAS studied here as well as individual voltammograms. The
mixture of 1.0 μM of each of PFOA, PFBS, PFHxS, and PFOS
produces a broad peak. The area of this peak is equal to the
sum of the individual peak areas for PFOA, PFBS, PFHxS, and

Figure 4. Background subtracted DPV of (a) 0.7 μM PFOA, 0.7 μM PFOS, and a mixture of 0.7 μM PFOA + 0.7 μM PFOS, (b) 0.1, 0.2, 0.4, 0.6,
0.8, and 1.0 μM PFOA with fixed 1.0 μM PFOS, (c) 1.0 μM PFHxS, 1.0 μM PFOS, and mixture of 1.0 μM PFHxS + 1.0 μM PFOS and (d) 0.1,
0.2, 0.4, 0.6, 0.8, and 1.0 μM PFHxS with fixed 1.0 μM PFOS. Pipette radius for (a) and (b) was 8.5 μm and for (c) and (d) was 7.9 μm. Other
conditions are as noted in Scheme 1.
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PFOS. From this figure, it is clear that although there are four
different substances present in the mixture, the voltammogram
gives a signal like for two substances. Therefore, this is a
limitation that if there is more than two PFAS present in the
solution, their presence cannot be confirmed by DPV if their
transfer potentials are very close together. Table 2 summarizes
which mixture of two substances in solution are detectable or
not by DPV at the μITIES.

■ CONCLUSIONS
Four per- and polyfluoroalkyl substances (PFOA, PFBS,
PFHxS, and PFOS) were studied by ion transfer voltammetry
at the μITIES formed at the tips of micropipettes. All these
PFAS substances gave well-defined sigmoidal voltammetric
waves for transfers from the aqueous to organic phase,
indicating radial diffusion of the analytes from the outer
aqueous phase to the micrometer-sized interface. On the other
hand, a peak shape voltammogram was obtained on the reverse
scan, corresponding to linear diffusion of PFAS substances
from the in-pipette organic phase to the aqueous phase. The
estimated ion-transfer half-wave potentials E1/2 for each
substance changed according to their lipophilicities, which
depends on their structures, including the functional groups
present in each substance. Diffusion coefficients of these
analytes in the aqueous phase were calculated from the CV
data and were in good agreement with the literature values.
LODs were in the micromolar to sub-micromolar range.
Selectivity for the detection of these four substances in
mixtures was investigated. Although their transfer potentials
were very close together, most mixtures of two PFAS
substances were detectable by DPV. However, PFOA +
PFBS and PFHxS + PFOS mixtures produced single peak

voltammograms because of the very close proximity of their
transfer potentials. Overall, these results show that while ion
transfer voltammetry represents a simple strategy for the
detection of ionized PFAS, there are limitations in the
approach.
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