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1	 Introduction

Perfluorooctanoic acid (PFOA) is a synthetic per-​ 
fluorinated carboxylic acid that has been exten­
sively employed as a surfactant in various industrial 
applications. Owing to the strength of carbon–​ 

fluorine bonds, PFOA exhibits exceptional chem­
ical stability, leading to pronounced environ­
mental persistence. It therefore fulfills the persis­
tence criterion defined under the REACH Regula­

A graphite paste electrode modified with 3% Agnéby clay was developed for the sensitive elec-
trochemical detection of perfluorooctanoic acid (PFOA). The natural clay was purified and char-
acterized by X-ray diffraction prior to its incorporation into the electrode matrix. The interaction 
between Agnéby clay and PFOA plays a key role in enhancing the electrochemical response through 
adsorption and preconcentration effects, leading to increased active surface area and improved 
electron transfer kinetics.

Electrochemical measurements performed using cyclic voltammetry and square wave voltamme-
try revealed significantly enhanced oxidation signals compared to the unmodified electrode. The 
modified electrode exhibited a detection limit of 0.49×10−6 mol⋅L−1, along with good stability and 
reproducibility.

These results demonstrate that Agnéby clay is an effective, low-cost modifier for the development 
of high-performance electrochemical sensors, offering promising applications for environmental 
monitoring of perfluorinated compounds.
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tion and, considering its documented toxicolog­
ical effects, also meets the toxicity criterion [1, 2]. 
As a result, PFOA is classified in Europe as a sub­
stance of very high concern, which has prompted 
regulatory restrictions and reinforced the need for 
reliable monitoring strategies [3].

The release of PFOA into the environment mainly 
originates from fluoropolymer manufacturing 
processes and the use of firefighting foams. Addi­
tional contributions arise from residual PFOA 
present in treated consumer products and from 
the degradation of precursor compounds such 
as fluorotelomeres, resulting in widespread envi­
ronmental dissemination [4]. Human exposure to 
PFOA has been associated with several adverse 
health outcomes, including reproductive toxicity, 
metabolic disturbances, immune system impair­
ment, and increased risks of certain cancers and 
cardiovascular diseases, as reported in epidemio­
logical and occupational studies [5–7].

Various analytical methods have been devel­
oped for the determination of PFOA, includ­
ing liquid chromatography coupled with mass 
spectrometry (LC-MS), high-performance liquid 
chromatography (HPLC), and spectroscopic 
techniques [8, 9]. More recently, electrochemi­
cal methods have attracted increasing attention 
due to their simplicity, low cost, and high sen­
sitivity [10, 11]. However, the development of 
efficient and selective electrochemical sensors 
for PFOA detection remains a challenge, partic­
ularly in complex matrices [12, 13].

In this context, electrochemical methods rep­
resent an attractive analytical approach for the 
detection of persistent organic pollutants, offer­
ing simplicity, sensitivity, and low instrumental 
cost. Recent advances have focused on the mod­
ification of electrode surfaces with functional 
materials to enhance analyte adsorption and 

charge-transfer efficiency, thereby improving 
sensor performance [14–19].

Among the various modifiers investigated, 
natural clays such as bentonite, kaolinite, and 
montmorillonite exhibit layered structures rich 
in hydroxyl groups and exchangeable cations. 
These features confer high specific surface areas 
and favorable electrochemical properties when 
incorporated into electrode matrices [20, 21]. 
Moreover, the use of locally available natural 
clays enables the fabrication of cost-effective and 
environmentally sustainable electrochemical 
sensors without complex processing steps [22].

Based on these considerations, the present 
study investigates the electrochemical behav­
ior of a graphite-based carbon paste electrode 
modified with Agnéby clay and evaluates its 
performance for the voltammetric detection of 
perfluorooctanoic acid.

2	 Experimental

2.1	 Reagents and solutions

The chemical used to prepare our working 
electrodes is graphite carbon powder. It was 
obtained from Sigma-Aldrich. Distilled water 
was used to prepare all the solutions.

The clay material used was obtained from the 
Agnéby site, a village in Dabou, in southwest­
ern Côte d’Ivoire. This raw clay was air-dried 
in the shade for 21 days. Once dry, the clay 
was crushed, ground, and sieved. The resulting 
powder was then calcined in a Thermolyne kiln 
at 900 °C for one hour to render all the organic 
matter inert. After calcination and cooling, the 
clay was again de-powdered and sieved five 
times before being sampled for use, as shown in 
Figure 1. 
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The supporting electrolyte used is sodium sulfate, 
formula Na2SO4, at 0.1M with a purity of 99% and 
a molar mass of 142.04 g/mol. This product was 
obtained from Prolabo.

Perfluorooctanoic acid, the product under study, 
has the formula C7F15COOH and is character­
ized by a purity of 95%, with a molar mass of 
414.07 g/mol. It was obtained from Sigma-Aldrich.

2.2	 Characterization Methods

2.2.1		 Instrument

Electrochemical experiments, including cyclic 
voltammetry (CV) and square wave voltammetry 
(SWV), were performed using a plug-and-play 
MiniEC2 potentiostat provided by the Information 
Sciences Department of East China University of 
Science and Technology (Shanghai, China). The 
system was controlled by Dorado 2019 software 
for data acquisition.

A three-electrode electrochemical cell was 
employed for all measurements. The working 
electrode was a clay-modified carbon paste elec­
trode (EPC-Arg), the counter electrode was a 
platinum wire, and the reference electrode was a 
saturated calomel electrode (SCE). The reference 

electrode was placed in a Luggin capillary with its 
tip positioned close to the working electrode to 
minimize ohmic drop [23]. All experiments were 
conducted at room temperature in 0.1 M Na₂SO₄ 
supporting electrolyte.

Cyclic Voltammetry (CV) parameters :

•	 Potential range: −0.8 V to +1.2 V vs. SCE
•	 Scan rate: 100 mV s⁻¹  

(unless otherwise stated)
•	 Number of cycles: 3  

(to ensure electrode stabilization)
•	 Step potential: 5 mV
•	 Temperature: 25 °C

Square Wave Voltammetry (SWV) parameters:

•	 Potential range: −0.4 V to +1.2 V vs. SCE
•	 Scan rate: 100 mV s⁻¹
•	 Modulation amplitude: 50 mV
•	 Frequency: 25 Hz
•	 Trigger time: 2 s
•	 Step potential: 5 mV
•	 Temperature: 25 °C

These parameters were selected to optimize the 
sensitivity and reproducibility of PFOA detection. 
All measurements were repeated at least three 

Fig. 1: Clay powder after 
purification:  
(a) uncalcined sample, 
(b) calcined sample



Journal for Electrochemistry and Plating Technology 5

March 2026 � Eugen G. Leuze Verlag  |  www.jept.de

times to ensure consistency, and the results are 
reported as average values.

2.2.2		 Working electrode

Our working electrode was made from a graph­
ite rod extracted from 1.5 V Daniell batteries and 
an electrode body (insulating resin) containing 
a cavity with a surface area of ​​0.1256 cm². Clay 
powder was mixed with graphite carbon powder 
and a few drops of paraffin oil. The resulting 
paste was used to fill the cavity in the support. 
The graphite rod provided electrical contact with 
the paste. The electrode was then rinsed with 
distilled water, cleaned, and degreased with 
acetone before being carefully stored at room 
temperature for 24 hours. Afterward, a smooth 
paper (filter paper) was used to polish the elec­
trode surface before each use. The resulting 
electrode is a clay-modified carbon paste elec­
trode (EPC-Arg). 

2.2.3		 Analytical Procedure 

The carbon paste electrode was modified with 
varying mass percentages of Agnéby clay 
(1–10%) and electrochemically characterized in 
the presence of PFOA in order to determine the 
optimal clay content for sensor performance. 
The clay-modified electrode was electrochem­
ically characterized in 0.1 M Na₂SO₄ in the 
absence and presence of PFOA at a concentra­
tion of 0.0603 mM. Subsequently, the working 
electrode was then characterized under the 
same conditions at different PFOA concentra­
tions. The influence of PFOA concentration was 
investigated to evaluate the variation in current 
density as a function of PFOA concentration, 
which allowed for the calculation of the limit of 
detection (LOD), which represents the smallest 
amount of PFOA that our working electrode 
can reliably detect.

The limit of detection (LOD) and the limit of 
quantification (LOQ) were calculated according 
to the method proposed by work of Miller and 
Miller [24]. In this work, the standard deviation 
of the mean current (SD) measured during the 
voltammetric analysis is determined by equa­
tion <1>. Based on this SD, the limit of detection 
(LD) and the limit of quantification (LQ) are then 
obtained from equations <2> and <3>.

SD = $
1

(n− 2)	,(i. − I.)0
1

.23

 � <1>

LD =  3 ×
SD
slope � <2>

LQ =  10 ×
SD
slope � <3>

In these equations, ij is the experimental value of 
the current measured during experiment I, and 
Ij is the corresponding value calculated at the 
same concentration from the calibration equa­
tion. The term n is the number of measurements 
performed, while S is the slope of the calibration 
equation.

In addition, the influence of pH was studied to 
identify the meduim in which the developed elec­
trochemical sensor performs mort effectively. 
Accordingly, in the presence of PFOA, the sensor 
was characterized in different environments, 
namely acidic, neutral, and basic.

Sensor repeatability was assessed through 
statistical analysis of the relative standard devi­
ation (RSD). A series of six PFOA solutions with 
concentrations of 0.97, 1.93, 3.90, 3.86, 4.83, and 
5.80 µM were examined using a single EPC-Arg 
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electrode. Between consecutive measurements, 
the electrode surface was mechanically renewed 
to ensure consistent experimental conditions. 
The RSD values were determined using the fol­
lowing relationship :

RSD (%) =  100 ×
SD
Cmoy � <4>

With RSD: Relative Standard Deviation; SD: Stan­
dard Deviation; Cmoy: Calculated Average Con­
centration.

The resistance of the proposed electrochemical 
sensor to possible interferences was investi­
gated by introducing a series of inorganic ions 
and organic compounds commonly encoun­
tered in aqueous systems. The tested species 
included K+, Cu2+, Mg2+, Zn2+, NO3−, ascorbic acid 
(C6H8O6), long-chain alcohol (C20H50O) and his­
tidine (C6H9N3O2). Measurements were carried 
out in solutions containing a fixed PFOA concen­
tration of 0.05 mM, while each interferent was 
added separately at a concentration of 1 mM, 
corresponding to a twentyfold excess. All exper­
iments were performed in 0.1 M Na₂SO₄ used as 
the supporting electrolyte. The extent to which 

each species affected the PFOA signal was eval­
uated through calculation of the interference 
factor according to equation <5> [25] :

X (%) = 100 (
i#

i − 1) � <5>

where i and i’ respectively represent the peak 
currents recorded in the absence and presence of 
the interferent.

The practical applicability of the proposed sensor 
was assessed using carrot juice as a real matrix. 
Known amounts of PFOA were added to the sam­
ples to obtain concentrations between 3.99 and 
23.99 mg·L⁻¹ (3.99, 7.99, 11.99, 15.99, 20.01, and 
23.99 mg·L⁻¹). The electrochemical responses 
were subsequently recorded by square wave vol­
tammetry using the prepared electrode.

3	 Results and discussion

3.1	 Choosing the quantity of the modifier

The clay extraction area is located within a sed­
imentary basin particularly rich in clay minerals. 
The purity and composition of the Agneby clay 

Fig. 2: X-ray diffraction 
pattern of Agnéby clay  
(kaolinite K, illite I, quartz Q)
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used as the electrode support were characterized 
by X-ray diffraction (XRD), as shown in Figure 2. The 
analysis revealed that the clay is mainly composed 
of kaolinite (K) and illite (I), with trace amounts of 
quartz (Q) and anatase [26].

Kaolinite possesses a lamellar structure and reac­
tive hydroxyl groups, which facilitate the immobi­
lization of metallic nanoparticles. Its effectiveness 
as an electrochemical support has been demon­
strated by the enhanced sensitivity and stability 
of the electrochemical sensor [27].

To determine the optimal percentage of the 
modifier (clay) capable of detecting PFOA, the 
amount of clay incorporated into the carbon 
paste was varied.  The tested compositions 
contained 1, 3, 5, 7, and 10%. The resulting 
electrodes were characterized in an electrolytic 
solution containing 0.0603 mM PFOA. Incorpo­
ration the modifier at different proportions into 
the graphite carbon paste led to variations in 
the peak current. Figure 3(A) shows the differ­
ent voltammograms recorded for each amount 
of clay content. While the corresponding current 
densities obtained from these peaks observed 

for each amount of clay content allowed us to 
construct the following curve (Fig. 3(B)).

By plotting the variation of current density as a 
function of the clay content, the curve  shows a 
maximum current of 5.593 µA at 3% clay addition to 
the carbon, which the current gradually decreases 
as the clay content increases. This decline may be 
attributed to an increase in surface resistance of 
the modified electrode caused by the excess clay. 
We therefore consider 3% to be the optimal clay 
content in the carbon paste (EPC97-Arg3) for the 
electrochemical detection PFOA.

Figure 4(A) presents the cyclic voltammograms 
of the unmodified electrode (EPC mother elec­
trode) (EPCm) and the modified electrode (EPC97-
Arg3). The two voltammograms are not superim­
posable, indicating that the surface of electrode 
was successfully modified. The surface morphol­
ogy of the electrode before and after modification 
was observed using a Leica EZ4HD optical micro­
scope controlled by LAS EZ software as shown a 
in Figure 4(B), a clear change in color and surface 
morphology, confirming the successful modifica­
tion of the electrode.

Fig. 3: Cyclic voltammograms for EPC electrodes with varying clay % (1–10%) and peak current vs clay content
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Figure 5 presents scanning electron microscopy 
(SEM) micrographs of the clay powder employed in 
the fabrication of the clay-modified carbon paste 
electrode, acquired at two magnification levels. At 
low magnification (20 µm, image A), the material 
is composed of non-uniform aggregates displaying 
a wide distribution of particle sizes and irregular 
geometries. The surface appears highly uneven, 
with numerous cavities and protrusions, indicative 
of a textured morphology that may increase the 
available surface area.

At higher magnification (2 µm, image B), the 
microstructure reveals plate-like assemblies 
characteristic of clay-based materials. The 
presence of stacked layers, partially separated 
sheets, and uneven edges is clearly observed, 

along with surface imperfections. These features 
are associated with the availability of exposed 
sites that can favor the interaction with electro­
active species.

Taken together, the heterogeneous and layered 
morphology observed is well suited for electro­
chemical applications, as it can promote efficient 
contact between the electrode surface and the 
analyte while supporting enhanced charge-trans­
fer processes [28].

3.2	 Influence of variation  
in PFOA concentration 

This sensor was electrochemically characterized 
using cyclic voltammetry and square wave vol­

Fig. 4: (A) CV of bare vs clay-modified electrode in 0.1 M Na₂SO₄; (B) optical microscopy 
images before/after modification (10×/0.25 magnification, scale bar included)

Fig. 5: SEM micrographs of the graphite/clay 
mixture used for electrode preparation, illus­
trating the surface morphology at different 
magnifications (20 µm, 2 µm)
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tammetry to investigate the influence of varying 
PFOA concentration on the electrode response. 
The evolution of anodic and cathodic peaks ob­
served in each cyclic voltammogram depends on 
the amount of PFOA introduced into the solution.

Around 0.129 V (vs. SCE), the anodic peak cur­
rent increases linearly from 4 to 45 µA with 
increasing PFOA concentration in the range 
0.096–7.289 µM. The corresponding anodic 
peak current values are summarized in Table 1.

The observed oxidation peaks are attributed to the 
electrochemical oxidation of perfluorooctanoate 
ions (C₇F₁₅COO-), which are formed through the 
acid–base dissociation of perfluorooctanoic acid 

(PFOA) in aqueous solution according to the fol­
lowing equilibrium reaction [29]:

C₇F₁₅COOH ⇄ C₇F₁₅COO- + H+                                                 <6>

Under these conditions, the perfluorooctanoate 
anion represents the main electroactive species 
in the electrolyte. The increase in oxidation and 
reduction peak current densities observed in the 
voltammograms with increasing PFOA concentra­
tion confirms the involvement of these ions in the 
electrochemical process.

The anodic peak is therefore associated with the 
electrochemical oxidation of the perfluorooc­
tanoate anion, leading to the formation of a rad­
ical intermediate:

C₇F₁₅COO- − e- →  C₇F₁₅COO•   <7>

During the reverse scan, a reduc­
tion peak may appear, which 
can be attributed to the elec­
trochemical reduction of inter­
mediate species formed during 
the oxidation process (e.g., 

Fig. 6: (A) CV of EPC97-Arg3 at 
different PFOA concentrations;  
(B) SWV curves; (C) calibration plot

PFOA concentration (µM) 0.096 2.125 3.236 4.347 5.941 7.289

ipa (µA) 7.04 15.21 19.58 26.11 33.01 40.89

Tab. 1: Anodic peak current as a function of PFOA concentration
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C₇F₁₅COO• + e- ⇌ C₇F₁₅COO-). Such behavior has 
been discussed in recent studies of PFOA elec­
trochemical degradation, where active species 
and transformation pathways influence both 
oxidation and subsequent reduction signals [30].

These electrochemical processes are primarily 
diffusion-controlled at the electrolyte–electrode 
interface [31]. Initially, PFOA undergoes acid–base 
dissociation to generate the perfluorooctanoate 
anion, which readily adsorbs onto the surface of 
the modified electrode. Once adsorbed, the per­
fluorooctanoate anion undergoes electrochemi­
cal oxidation, resulting in the transfer of electrons 
to the electrode. This electron transfer generates 
a measurable current, which is directly propor­
tional to the PFOA concentration in the sample. 
The overall mechanism, therefore, involves 
sequential diffusion, adsorption, acid–base disso­
ciation, electrochemical oxidation, and electron 
transfer, culminating in a detectable electrical 
signal, as illustrated in Figure 7.

Figure 6(C) presents the calibration curve ob-
tained from the square-wave voltammograms. A 
good linearity is observed, expressed by the fol­
lowing equation:

Ipa (µA)  = 4.7062 [PFOA] (µM) + 5.573 
(R² = 0.9947)

The high coefficient of determination R² is close 
to 1. The proportionality between the oxidation 
current and the C7F15COO- ion concentration 
shows that these ions are responsible for the 
rapid increase in the peak current observed on 
the active surface of the modified electrode.

Applying these formulas, the EPC97-Arg3 elec­
trode exhibited a limit of detection of 4.9 × 10-7 
mol.L-1 and a quantification limit of 1.47 × 10-6 
mol.L-1.The detection limit determined in this 
work was compared to that of another sensor in 
Table 2. 

Table 2 compares the performance of the EPC₉₇–
Arg₃ sensor with other electrochemical sensors 
reported for PFOA detection. The EPC₉₇–Arg₃ 
electrode shows a detection limit of 4.9 × 10-⁷ 
mol.L-¹, similar to that of the Aloe vera–modified 
electrode. While graphene-based sensors achieve 
lower limits, they require more complex fabrica­
tion. The EPC₉₇–Arg₃ sensor offers a good balance 
between sensitivity, simplicity, low cost, and suit­
ability for routine analysis.

Fig.7:  
Electrochemical  
Detection Mechanism  
of PFOA
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3.3	 Influence of pH

Since pH is a critical parameter in electrochem­
ical analysis, the voltammetric behavior of Per­
fluorooctanoic acid at the EPC97-Arg3 electrode 
was investigated over a pH range from 1.60 to 
10.38. The pH was adjusted using 2 M H₂SO₄ or 
2 M NaOH solutions.

As shown in Figure 8(A), the maximum anodic 
peak current during the forward scan was 
observed at pH 2.42. Although PFOA is predom­
inantly protonated at this pH, the high proton 
concentration facilitates proton-coupled electron 
transfer (PCET) and activates the surface func­
tional groups of the EPC97-Arg3 electrode, enhanc­
ing electron transfer kinetics and the availability 
of electroactive sites [32]. At higher pH values, 
the peak current gradually decreases, likely due 
to the penetration of OH- ions into the electrode 
matrix, which reduces the amount of electroac­
tive material and slows the electron transfer pro­
cess [33].

Therefore, pH 2.42 was selected as the optimal 
condition for subsequent PFOA detection, provid­
ing both maximal electrode activation and favor­
able electron transfer kinetics.

3.4	 Effect of contact time or accumulation

The effect of contact time on the PFOA oxida­
tion peak was investigated to assess the elec­
trochemical response of the working electrode. 
PFOA adsorption on the electrode likely involves 
both physical and chemical interactions. Physi­
cal adsorption occurs via Van der Waals or hydro­
phobic forces between the perfluorinated tail 
and the electrode surface, forming a reversible 
layer, whereas chemical adsorption involves the 
terminal carboxylate interacting with active sites 
through coordinative or ionic bonds, resulting in 
stronger binding.

Cyclic voltammetry of electrodes immersed 
in 2 mM PFOA in 0.1 M Na₂SO₄ for 1–35 min­
utes revealed that the anodic peak current 

Fig. 8: (A) CV curves 
at different pH; 
(B) oxidation peak 
current vs pH

Electrochemical sensor LOD (mol L⁻¹) Reference

Aloe vera–modified Carbon paste electrode (EPC₉₅–Alo₅) 3.8 x 10⁻7 [34]

Graphene nanosheet-based electrochemical sensor 1.04 × 10⁻⁸ [35]

Clay-modified carbon paste electrode (EPC₉₇–Arg₃) 4.9 x 10⁻7 This work

Tab. 2: Comparison of electrochemical sensors reported for PFOA detection
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increased up to ~15 minutes, indicating effective 
adsorption and electroactivity. The results are 
presented in Figure 8(A), with additional data 
shown in Figure 9(B). This behavior is attrib­
uted to partial surface coverage by perfluorooc­
tanoate ions, facilitated by electrostatic and 
hydrophobic interactions. Beyond 15 minutes, 
the anodic current declined sharply, likely due to 
the formation of an insulating film of adsorbed 
PFOA or intermediate oxidation products, which 
impedes electron transfer.

These results indicate that the electrode is suitable 
for rapid PFOA detection within 0–15 minutes. For 

longer contact times, strategies such as electrode 
rinsing, solution stirring, or surface modification 
could mitigate film formation, prolong electroac­
tive lifetime, and maintain analytical sensitivity.

3.5	 Relative standard deviation (RSD)

Figure 10 shows the values obtained for repeat­
ability and reproducibility over six consecutive 
trials.

The low intra- and inter-day RSD values (< 6%) 
across all trials show that the EPC97-Arg3 sensor is 
highly repeatable, reliably reproducible, and suffi­

Fig. 9: (A) CV curves  
for different PFOA contact 
times; (B) anodic peak current 
vs accumulation time

Fig. 10: RSD (%) 
intra- and inter-day 
for different PFOA 
concentrations using 
EPC97-Arg3
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ciently stable, meeting the standard expectations 
in analytical chemistry [36, 37].

3.6	 Study of selectivity

Table 3 presents the effect of various potentially 
interfering inorganic and organic compounds on 
the detection of 0.05 mM PFOA by square-wave 
voltammetry.

In the absence of interfering species, the PFOA 
peak current was measured at 124 µA, which was 
used as the reference value to evaluate signal 
changes. The addition of common inorganic ions 
(K+, Mg²+, Cu+, Zn²+, and NO₃-) resulted in only 
minor variations, ranging from −3.22% to +4.03%, 
indicating that their effect on the electrochem­
ical response of PFOA is negligible. The slight 
decrease observed with K+ suggests weak ionic 
competition, while the modest signal increases 
in the presence of Cu+ and Zn²+ are likely due to 
electrostatic interactions or localized modifica­
tions at the electrode surface.

Similarly, the tested organic compounds (vita­
min C, vitamin A, and metronidazole) induced 
signal variations below 5%, confirming the 

absence of significant interference. These results 
demonstrate that the proposed electrochemical 
sensor exhibits excellent selectivity for PFOA 
detection, which can be attributed to the specific 
adsorption and electrochemical oxidation of the 
target analyte at the modified electrode surface, 
even in the presence of common inorganic and 
organic species typically found in complex matri­
ces [36].

3.7	 Analytical application

Figure 11 illustrates the electrochemical 
response of the EPC97–Arg3 electrode in carrot 
juice as the PFOA concentration increases from 
0 to 5.796 µM (0, 0.966, 1.932, 2.898, 3.864, 
4.830, and 5.796 µM). The SWV responses show 
a clear increase in anodic peak current with 
rising PFOA concentration.

The PFOA concentration in carrot juice was 
determined using the standard addition 
method, yielding a value of [insert measured 
concentration]. The anodic peak appears at 
a slightly different potential compared with 
standard solutions, likely due to matrix effects 
(organic components, pH, ionic strength, vis­

Interfering compounds PFOA peak current (µA)
Relative signal variation (%)  

in square-wave voltammetry

No interferent 124

K+ 120 -3.22

Mg+ 125 0.80

Cu+ 127.2 2.58

Zn+ 129 4.03

NO3- 126 1.61

Vitamin C 128.9 3.95

Vitamin A 129.5 4.43

Metronidazole 128.7 3.79

Tab. 3: Effect  
of inorganic and 
organic interfering 
compounds on  
the detection of  
0.05 mM PFOA
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cosity) and partial adsorption on the electrode 
surface. Despite this shift, the EPC97–Arg3 elec­
trode provides a well-defined anodic peak, 
enabling reliable quantification. Sample pre­
treatment (dilution, filtration) or standard addi­
tion calibration can further minimize matrix 
effects and improve reproducibility [38].

A linear relationship between the anodic peak 
current and PFOA concentration is observed 
within the studied range. The limit of detection, 
calculated from equation 2, is 1.41 × 10-⁶ mol L-¹, 
demonstrating the good sensitivity of the EPC97–
Arg3 sensor in carrot juice.

4	 Conclusion

The overall results demonstrate that combining 
electrochemical techniques with natural materi­
als provides a promising approach for develop­
ing high-performance and durable sensors. The 
modification of the bare carbon electrode was 

successful, resulting in a composition of 97% 
carbon and 3% clay in an acidic medium with a 
pH of 2.24.

the performance of the EPC97-Arg3 electrode 
was then evaluated by adding known concen­
trations of perfluorooctanoic acid for detection. 
The experiment showed improved interaction 
between the conductive matrix and the per­
fluorooctanoic molecules, with a maximum con­
tact time of 15 minutes and a detection limit of 
0.49 × 10-⁶ mol L-¹. This allows us to easily study 
the influence of environmental parameters on 
PFOA in solution. Modification of the bare elec­
trode increased the active surface area and facil­
itated electron transfer.

The observed sensitivity and reproducibility under­
score the potential of the EPC97-Arg3 electrode for 
detecting organic acids, supporting its application 
in analytical contexts. Future work will involve elec­
trochemical studies in river and well water.

Fig. 11: SWV responses  
of EPC97-Arg3 in carrot juice 
at increasing PFOA concen­
trations (0–5.796 µM)
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