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Abstract

A facile method was proposed for the elaboration of an electrochemical sensor for heavy metal’s trace detection by using
square wave anodic stripping voltammetry (SWASV); this method is based on a simple anodic conversion of tin electrode into
Sn/SnO, modified electrode. Both electrochemical and physico-chemical techniques were used to confirm the modification
process and better understand the electrode’s behavior. Then, depending on the operating conditions, the response signal
was studied and adjusted in order to obtain optimal sensor performance. When optimized, the proposed method reached a
lowest detection limit (LOD) of 2.15 pg L' (0.0104 pM), and quantification limit (LOQ) of 5.36 pg L' (0.0259 pM), in
linearity range between from 6.2 and 20.7 ug L™!. Additionally, after having used the elaborated electrode for ten successive
measurements, the repeatability remains very high with an RSD of approximately 5.3%; furthermore, ten other species appear
to have very slight effect on Pb(II) detection. Finally, for the method validation, the proposed electrode was able to sense dif-

ferent lead concentration integrated in a local bottled spring water by showing recovery levels ranging from 103.8 to
108.4%.

Introduction

The presence of heavy metal ions (HMIs) in the environ-
ment, even in trace amounts, is dramatic because the tox-
icity of these pollutants disrupts ecosystems, deteriorates
soil quality, and accumulates in the food chain, causing
a major risk to human health (Jiang et al. 2019; Wu et al.
2019). It has been known for years that the discharge of
wastewater from the paint and dye industry, metallurgy, and
many other industries automatically leads to environmental
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pollution with the majority presence of Pb** (An et al. 2001)
and that the contamination of the environment and soils by
these heavy metals inexorably leads to their incorporation
in drinking water and therefore in food, which explains this
harmful effect (Masindi and Muedi 2018; Ackerman and
Chang 2018).

The accumulation of lead Pb(II) in human blood can
result in major complications such as: growth disorders,
hyperactivity, learning problems, kidney damage, and ane-
mia (Bai et al. 2022; Nodehi et al. 2022). The incidents in
Flint (2014) and New York (2019), where lead levels were
above 100 ppb and 50 ppb, respectively, have attracted pub-
lic attention due to the occurrence of some lead poisoning
cases in the area (Brennan et al. 2017). Since these events,
the US Environmental Protection Agency has limited the
permitted level of lead to 15 ppb in drinking water, and at
this time, no alerts have been given on blood lead levels in
young children (Dil and Sadeghi 2018). In small quantities,
certain heavy metals such as Cu, Mn, Zn, and especially Fe
are necessary for the human body (Vallee and Ulmer 1972),
but other heavy metals such as As(III), Cd(II), Hg(II), and
Pb(II) can in particular damage the nervous system or cause
cancer.
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The detection of Pb(II) ions by traditional
analytical methods such as atomic absorption or
emission spectros-copies (AAS, AES) (Hk 2016),
inductively coupled plasma mass spectrometry (ICP-MS)
(Bansod et al. 2017), and atomic fluorescence mass
spectrometry (Corns et al. 2010) are expensive and require
more or less difficult pretreatment processes.

In the last few years, new alternative technologies
have been developed to allow the rapid detection of HMIs;
among them, electrochemical detection methods stand out
for their advantages: simplicity of use, high sensitivity, rapid
detection, good selectivity, and high precision (Beitollahi
et al. 2019; Safaei et al. 2019; Karimi-Maleh et al. 2022).
These advan-tages can be fully exploited by the nature and
structure of the sensor. Nanomaterials have been utilized in
different applica-tion areas due to their particular physical
and chemical char-acteristics. Baghayeri et al 2014 used a
nanostructured carbon paste electrode for the detection of a
pharmaceutical drug. Moreover, nanomaterials can also
be used for the removal of organic pollutants (Sun et al.
2023; Golikand et al 2009).

Square wave anodic  stripping  voltammetry
(SWASYV) used for metal ion detection as an alternative
to traditional spectroscopic methods is a simple and
reliable analytical technique, inexpensive, fast, and
suitable for field applica-tions (Bansod etal. 2017,
Terbouche et al. 2016) superior in terms of sensitivity,
reproducibility and accuracy (Alghamdi 2010). Its high
sensitivity can be attributed to the pre-con-centration step
(Nodehi etal. 2021). During this step, metals of the
electrolyte are accumulated on the working electrode.
Then, the electrode is swept linearly to positive
potentials so that their metals, one at a time, are
removed from the electrode and re-oxidized to a potential
characteristic of each metal (Baghayeri et al. 2021).

Previously, anodic voltammetry of metal ions was
per-formed on mercury-based electrodes (Phal et al.
2021), but due to their negative effects on the environment,
many coun-tries have banned their use and it has become
urgent to find other types of electrodes.

Recently, due to their low cost, compatibility, and
high adsorption to HMIs (Gao et al. 2013; Aragay et al
2011), inorganic materials and in particular
nanomaterial-based metals, carbonaceous metals and
their composites as well as metal oxides have attracted
considerable attention and have become most commonly
used elements in the electro-chemical detection of HMIs
(Kim et al. 2022; Abdul Hamid et al. 2021).

The 3.6-eV band gap of the n-type semiconductor SnO,
makes it appropriate for usage in a variety of
applications such as gas sensors, lithium-ion batteries,
and superca-pacitors (Xu etal. 2013). SnO,
nanoparticles with unique properties such as high
electrical conductivity and chemical sensitivity (Zhang
et al. 2015) have attracted the attention of

many research groups to develop new types of electrochemi-
cal sensors (Song et al. 2011).

The objective of this work is to develop a simple electro-
chemical method allowing the detection of Pb(II). The Sn/
SnO, modified electrode showed improved electron trans-
fer properties compared to bare Sn. Therefore, such elec-
trode was used to effectively detect lead in drinking water
by anodic square wave voltammetry. Several electrochemi-
cal and physicochemical techniques were used for surface
characterization, such as open circuit potential (OCP),
electrochemical impedance spectroscopy (EIS), scanning
electron microscope (FESEM), X-ray diffraction (XRD),
and X-ray photoelectron spectroscopy (XPS). Then, sev-
eral parameters were studied and optimized, including sup-
porting electrolyte, pH, potential and deposition time, in
order to obtain a higher signal for Pb(II) detection. The
interference of other heavy metals and repeatability experi-
ments were also conducted, and finally, the applicability
was demonstrated by the determination of Pb(II) in real
water samples.

Experimental details
Chemicals

All chemical substances employed in this work were of ana-
lytical grade. A sodium hydroxide NaOH with a purity of
99% (Fluka) was used as supporting electrolyte. Hydrogen
chloride HCI with purity of 37% and density 1.19 (Sigma-
Aldrich) was used for adjusting pH. The PBS buffer solution
of sodium phosphate Na,HPO, (MERCK 99.0%) and potas-
sium dihydrogen phosphate KH,PO, (MERCK 99.5%) was
used as supporting electrolyte for the detection of Pb(II).
The distilled water used for the preparation of all solutions
has a pH of 6.65 and an electric conductivity of 31.1 uS m™".
Tin electrode was purchase from Reine Metal company with
a purity of 99.9%.

Apparatus

All experiments were carried-out at constant tempera-
ture 25 °C using a thermostatic bath; square wave anodic
stripping voltammetry (SWASV), open circuit potential
(OCP), chronoamperometry, cyclic voltammetry (CV),
and electrochemical impedance spectroscopy (EIS) were
performed using a Princeton Applied Research poten-
tiostat model Versastat 3 instrument equipped with the
Versa-Studio 2.50.3 software. The impedance data were
analyzed by fitting to electrical equivalent circuits with the
Zview 3.5 software. The electrochemical tests were carried
out in a double-walled glass cell with conventional three-
electrodes, where Sn electrode with surface of 0.5 cm? was
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used as a working electrode, a saturated calomel electrode
(SCE) filled with KClI as reference (XR 110, Radiometer),
and a platinum plate as the counter electrode.

The morphology of the modified electrode was char-
acterized by scanning electron microscope JEOL JSM-
7610FPlus. The X-ray diffractogram was obtained using
the Bruker D2 Phaser 2G X-ray diffractometer). The XPS
analysis were performed using ESCALAB Xi" from Thermo
Scientific highlighting a monochromatic Al K Alpha X-ray
source (1486.68 eV).

Elaboration process of Sn/Sn0, modified electrode

In order to determine the potential of tin dioxide elabora-
tion, a cyclic voltammogram was recorded in a sodium
hydroxide solution (0.1 M NaOH). The potential scan was
performed in the anodic direction on a tin electrode of
0.5 cm? surface area. The cyclic voltammetry curve was
recorded in a potential range from — 0.1 to 1.5 V/SCE, with
arate of 50 mV s~!. Figure 1 shows two anodic peaks upon
the oxidation of the tin electrode, and after reversing the
potential, a shoulder and a reduction peak are obtained.
The surface oxidation was performed using a chrono-
amperometry technique in 0.1 M NaOH. SM 1 shows that
the current decreases rapidly in the first second, due to the
double-layer charging process. Then, the current stabilizes
at a practically constant value (17.3 pA) (Tabti et al. 2022).
The decrease of the current is due to the gradual covering
of the Tin surface by Tin dioxide, while the constant of the
current indicates the growth rate of the oxide film, which is
controlled by a diffusion mechanism (Hu and Hsu 2008).
In order to have reproducible results, the working elec-
trode was polished (Mecapol Presi-type 2B), under water

Current intensity (mA cm™)

0 R e

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
Potential (V/SCE)

Fig.1 Cyclic voltammogram of bare Sn in 0.1 M NaOH at scan rate
of 50 mV s~! at 25 °C

with sandpaper grits 1200/4000 (Silicon Carbide). Before
each test, the polished samples were properly rinsed with
distilled water.

Results and discussion
Electrode characterization
Electrochemical characterizations

Electrochemical impedance spectroscopy (EIS) and open
circuit potential (OCP) are effective methods for solid/
liquid interface analysis. The comparison of the OCP of
tin electrode before and after modification is a good tool
to check the changes of surface state. According to SM 2,
the anodic treatment of tin has ennobled the free potential
confirming the modification process.

Furthermore, in order to properly study the electro-
chemical performance and the electron transfers proper-
ties of the bare and modified electrode materials, EIS tests
were performed in PBS. The tests were performed at open
circuit potential in the frequency range from 100 kHz to
0.01 Hz with an AC signal of 10 mV.

The corresponding Nyquist plots are presented in
Fig. 2, the semicircle portion is corresponding to the elec-
tron-transfer resistance (Ret) at higher frequency range,
while the linear part at lower frequency range represents
the diffusion limited process (Wei et al. 2011; Brahimi
et al. 2022). In Fig. 2, the semicircle diameter is gradually
decreased at the modified electrode in comparison to bare
tin electrode confirming a lower charge transfer resistance
and higher electron transfer rate, consistent with the work
of (Ziyatdinova et al. 2021), where they observed that
the electron transfer resistance of glassy carbon modified
with SnO, nanoparticles is 1.7 times lower than that of
unmodified electrode. After data treatment (SM 4) with
an appropriate equivalent circuit (inset Fig. 2), we can
determine that the value of the double layer capacitance
has decreased from 100 to 46.2 uF cm™? after the anodique
treatment and the formation of SnO,, and the charge-trans-
fer resistances have also decreased from 6719.41 to 335.4
Q cm™2. This result confirms the electrode modified with
SnO, thin layer has better conductivity and faster electron
transfer than the bare electrode (Liu et al. 2022).

SEM

To characterize the surface morphology of the modified
electrode and compare its structure to the initial polished
pure tin, Schottky-FEG scanning electron microscopy
(SEM) observations were performed at different primary
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beam energies from 1 to 5 kV depending on the level of
magnification. The micrographs in Fig. 3 show that after
the oxidation process for 10 min, a thin nanoporous layer
was formed on the electrode surface. To reveal this mor-
phology, the beam deceleration mode (GB or Gentle Beam)
was used to decrease the landing energy of primary elec-
trons below 1 keV. By this mean, the volume effects were
reduced (avoid detection of SEs and BSEs emerging from
the depth tin substrate) and the contrast of the top-sur-
face nanopores increased. This structure provides a large
specific surface area and can hence have a positive effect
on the detection capacity of the sensor (in particular by
increasing the active surface of the electrode). SM 3 reveals
that when the anodization time is extended up to one hour,
a more compact layer is formed; however, this increase has
no effect on the lead detection process; therefore, a 10-min
process was sufficient to achieve maximum performance.
Furthermore, the elemental mapping results (Fig. 3¢ and d)
reveal that tin and oxygen elements are present and evenly
distributed at the electrode surface.

XRD analysis

X-ray diffraction (XRD) analysis was used to study the
crystallinity of modified electrode and to confirm the
achievement of the desired phase after the anodic treat-
ment. Figure 4 shows the observed pattern of the modi-
fied electrode. In addition to the substrate peaks (tin) that

15 20 25
7' (kQ)

appear at 260 =31°, 32.31°, 44.24°, 45.2°, 55.63° (ICDD
card no. 00-004-673) (Gurgul et al. 2020), new peaks
assigned to tin dioxide (SnO,) can be observed after 10 min
of anodic treatment. These Bragg peaks which appear at
20=62.87°, 64.89°, 72.66°, 73.41°,79.76°, and 89.61° are
successfully indexed to (221), (112), (202), (212), (321),
and (312) diffraction planes of SnO, (ICSD # 880,287)
which crystallize in the tetragonal system with the spa-
cial group P 4,, nm, confirming, therefore, the successful
oxidation process and the crystallinity of the SnO, layer.

XPS analysis

The XPS analysis is an excellent analytical tool for ele-
mental investigation, as the binding energy (BE) values
of core levels are, to a certain extent, dependent on the
molecular environment. Hence, the Sn/SnO, modified
electrode was analyzed using XPS. All the XPS peaks
were adjusted by referring the Cls binding energy (B.E.)
to 284.6 eV.

Figure 5a depicts the XPS survey spectrum, which
clearly shows the peaks of Sn, O, and C elements. The
carbon could occur from pollution in the air or during
the deposition process. The high resolution spectrums
for the Sn3d and Ols regions are respectively shown in
Fig. 5b and c. In Fig. 5b, two mirrored pair peaks were
observed and centered at 486.2 eV and 494.7 eV which
are corresponding to Sn 3ds;, and Sn 3d;,, respectively.
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Fig.3 FESEM images of Sn/
SnO, modified electrode a
before and b after 10 min of
anodization; EDS elemental
mapping of ¢ tin and d oxygen

* (221)

Relative intensity
*

%Sn
%Sn0,

30 40 50 60 70 80
2 theta (°)

Fig.4 X-ray diffractogram of Sn/SnO, modified electrode

90

There is a spin—orbit separation of 8.5 between the two
peaks, which indicate that the Sn is in an oxidation
state of +4 (Babu et al. 2018; Suvith et al. 2020). Fig-
ure Sc depicts a wide non-symmetric curve of the Ols
spectra, which has been fitted by two peaks having bind-
ing energies centered at 531.7 and 529.6 eV, which indi-
cates the existence of two different oxygen species. Peak
at 529.6 eV is commonly assigned to O~ surface lattice
oxygen, while the second peak at 531.7 eV is characteris-
tic of oxygen adsorbed on the surface (0%*~, 0™ etc.) (Liu
et al. 2018; Mahieddine and Adnane-Amara 2023). The
adsorbed oxygen is responsible for interacting with the
external species, which enhances the SnO, performance
in diverse applications such as molecules detection, pho-
tocatalytic efficiency, and CO, conversion (Vorokhta
et al. 2018; Wang et al. 2019; Chen et al. 2019).
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Fig.5 XPS analysis of Sn/SnO,. a The full survey spectrum; b Sn3d high-resolution spectrum; (¢) O1s high-resolution spectrum

Lead detection by SWASV

In the detection of heavy metal, SWASV analysis has
proven its effectiveness and remains favorable; its oper-
ating principle is based on redox reactions to generate a
recorded current flow. The proposed mechanism for the
detection of Pb%* is illustrated in Scheme 1: it consists
of two steps: electrochemical pre-concentration of heavy
metals at a continuous potential onto the surface of the
electrode. The targeted HMs ions (Pb?") we electroplated
onto the surface of the sensor according to reaction 1,
using a reduction potential of — 0.8 for 300 s under stir-
ring. Then, it was left for 30 s to allow the solution to
reach equilibrium

Reaction 1 : Pb** +2¢ = PB°

The second step is the dissolution process, in which the
deposited lead is removed (stripped) from the electrode sur-
face and re-oxidized back into the solution according to the
following reaction

Reaction 2 : PH’ = Pb** +2¢”

It can be seen that the modified electrode is able to gen-
erate a connection with more Pb(II) ions, due to its porous
structure that creates more active sites for the selected ions.

The analytical performance of a given electrochemical
sensor in stripping voltammetry methods is reflected in the
height and shape of signal peak, which depend on various
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Scheme 1 The proposed mechanism for the detection of Pb(I) ions

parameters: (i) sensor-related parameters, i.e., sensitivity and
nature of the selective electrode layer; (ii) technique-related
parameters, such as, the supporting electrolyte, pH value,
deposition potential, deposition time, frequency, pulse height,
and step height. In the current study all these parameters were
evaluated and optimized for Pb(II) detection.

Modification effect

In order to get an idea of the effect of the modification pro-
cess, a square wave measurement was carried out at bare and
modified electrode in PBS containing 20.7 pg L™" of lead ions
(Fig. 6). While a good response was register at bare Sn, it can
be seen that it was significantly improved after oxidizing the
tin electrode for 10 min and forming Sn/SnO,, in which the
current value was almost doubled, indicating that the modi-
fied electrode is almost 48% more efficient in lead sensing
compared to bare tin electrode; this phenomenon is due to
anodic treatment which creates cavities and increase of the
active surface area of the electrode, confirming the findings

{50 HA

=== Sn/Sn0,
= = =hare Sn

Current intensity (p.A.cm'z)

-1.0 -0.9 0.8 -0.7 0.6 0.5 -0.4
Potential (V/SCE)

Fig. 6 Effect of modification process on Pb(II) SWASYV signal at bare
Sn electrode and Sn/SnO, modified electrode in PBS. Deposition
potential: —0.8 V, deposition time: 300 s, frequency: 50 Hz, pulse
height: 40 mV, step height: 2 mV

obtained in the EIS results.
Effect of supporting electrolyte and pH

The effect of several supporting electrolytes were compared at
Sn/Sn0, modified electrode by adding 20.7 pg L™" of Pb(II).
In general, buffer solutions are widely used as an aqueous elec-
trolyte solution because of their buffering properties that pre-
vent large pH changes. Among Borax-HCI buffer solution (pH
8), phosphate buffer solution (pH 5.7), acetate buffer solution
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(pH 4.6), and phosphate buffer solution (pH 7), the last one
(PBS) provide the best shape and height of the peak; it was
therefore chosen for all following experiments. Afterward, the
pH effect was examined by varying the PBS pH from 5 to 10,
and recording the response at 20 pg L™! of Pb(II), As shown
in Fig. 7a, the response (stripping peak current) is remarkably
influenced by the pH values, where a common behavior was
observed (Flores-Alvarez et al. 2021). Indeed, in basic solution
(pH 8 and 10), Sn/SnO, does not show any adsorption capacity
for Pb(II) by cationic exchange since the re-oxidation charge
recorded is very weak which is due to hydrolysis of metals.
On the other hand, in the acidic medium (pH 5 and lower) the
Pb(II) metal ions compete with the protons of the solution for

70

y=563.19670 x +2.48934 ¢ o -

60 R’=0.96

40 |-

c 8 w0 12 14 16 18 2 2
[P} (g L")

30

20 -

Current intensity (LA cm™)

-1.0 -0.9 -0.8 -0.7 -0.6
Potential (V/SCE)

Fig.8 SWASYV curves of Pb(Il) in PBS (pH 6) at concentration range
from 6.2 to 20.7 pg L™! under optimum conditions; deposition poten-
tial: — 0.8 V, deposition time: 120 s, frequency: 60 Hz, pulse height
80 mV and step height 4 mV, inset: calibration curve of Pb(I) detec-
tion

the active sites of the electrode, which minimizes the amount
of metal deposited on the electrode, as the pH increases, the
concentration of hydrogen ions decreases, consequently, the
signal increases considerably until it reaches a maximum at
pH 6 and then decreases at pH 7. Thus, the pH value of 6 was
taken as the optimal.

Efficiency of the pre-concentration step

The effect of deposition potential on peak intensity was stud-
ied in the range of — 1.0 to—0.6 V at Sn/SnO, modified elec-
trode (Fig. 7b). The importance of this parameter lays in its
influence on the accumulation rate of the targeted ions. The
curve shows that peak intensity increases when the potential
value goes from —0.6 to—0.8 V until it reaches a maximum
at this last value and then decreases at more positive values;
at cathodic potentials, the hydrogen evolution became more
and more important, creating bubbles at the electrode surface
which prevent the reduction of lead, which reduce the current
signals at extremely negative potentials.

Furthermore, the accumulation time impact on the peak cur-
rent was studied between 120 and 360 s; the results are shown in
Fig. 7c; it can be seen that as the deposition times increase, the
signal response increases, indicating that more Pb(II) ions are
accumulating and being absorbed at the electrode surface, which
enhance the sensor sensitivity. However, after 180 s, the peak
current started to decrease, indicating that saturation of the Pb(II)
charge in the active sites on the electrode surface has occurred.
As a result, the pre-concentration optimum conditions of Pb(II)
was chosen as: potential: —0.8 V, time: 180 s.

Optimization of the method parameters
The optimization of the instrumental parameters of the SWASV

method (frequency, pulse and step heights) was also performed,
starting from the frequency, in the range from 10 to 80 Hz

Table 1 Comparison of the

h Electrode
analytical performance for

Technique

Linearity LOD (ug L™ Ref

electrochemical lead detection
of other modified electrodes

(PA/PPy)/ZIF-8 @ZIF-67 DPV

4.14-41,440 0.6 Zhang et al. (2020)

BiFE-PLG ASV 48.3-233 11.5 Bedin et al. (2018)
IJP-MW-CNT SWASV 1036-5180 10.36 Rahm et al. (2020)
ErGO-MWNTs-L-cys DPASV 41.44-8288 10.36 Al-Gahouari et al. (2020)
Fe,0;NPs/ ZnONRs/ ITO SWASV 41.44-248.6 2.07 Hamid et al. (2021)
MnFe,0,/GO /GCE SWASV 41.4-227.9 18.23 Zhou et al. (2018)
NiO/rGO/GCE SWASV - 2.07 Sun et al. (2019)
BiNP/Nafion/PGE ASV 10-150 31.07 Palisoc et al. (2019)
NH, —Fe;0,@C/ GCE SWASV 165-2072 5.90 Bai et al. (2019)
polyPCA/GE SWASV 40-1000 13.6 Dahaghin et al. (2021)
AOrGOC SWASV - 1.96 Kim et al. (2022)
Sn/SnO, SWASV 6.2-20.7 2.15 This work
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(Fig. 7d), and the result shows that the peak current of Pb(II)
increased with the increasing of the frequency and then slightly
increased at frequency above 40 Hz. The pulse height effect was
studied next in the range 10 to 100 mV; Fig. 7e shows that the
peak current increased up to 80 mV, then maintained the same
value at 100 mV. Finally, as shown in Fig. 7f, the step height
produced the maximum current signal at 4 mV upon the varia-
tion from 1 to 6 mV. Thus, the optimal square wave parameters
chosen for subsequent experiments were frequency of 60 Hz,
pulse height of 80 mV, and step height of 4 mV.

Calibration curve and analytical performance

As described above, the optimization of the experimental
parameters allows to find the ideal conditions for Pb(II) detec-
tion at Sn/SnO, modified electrode in PBS (pH 6) as sup-
porting electrolyte. A current density vs lead concentration
was obtained under the established conditions, as shown in
Fig. 8 when lead concentration increase from 6.2 to 20.7 pg
L~!; the observed peaks are increasing, producing a linear
relationship (calibration curve) between the current density
and lead concentration (inset Fig. 8), the according correlation
coefficient and regression equation are R*=0.96 and Tppan(A
cm™2)=563.2 x+2.489 7%, respectively, where x represent
the [Pb>*] in M. To access the analytical performance of an
electrochemical sensor, the limit of detection (LOD) and the
limit of quantification (LOQ) must be calculated, which is
based on the calculation of the lowest concentration that the
sensor can detect. The formulas used to calculate the detection
and quantification limits of Pb(Il) are the following.

Sipop = 6i + 30

diop = 0i+ 1l

where 8i is the average value of eleven times the blank signal
and o is the standard deviation between these measurements,
i op and 6i;p are then replaced in the calibration curve
equation, leading to a detection limit LOD of 2.15 pg L™}
(0.0104 pM) and a quantification limit LOQ of 5.36 pug L™!
(0.0259 pM). Which is comparable and in the most cases, lower
than the LOD values obtained by several authors (Table 1).

Study of repeatability

Figure 9 show the repeatability capacity of the proposed sensor,
which was studied via successive measurements (n=10) without
surface regeneration in PBS (pH 6) containing 20.7 pg L™! of
Pb(II) ions at the Sn/SnO, modified electrode. After each meas-
urement, the working electrode was carefully polished to elimi-
nate any adsorbed species using a chronoamperometry method,

1100 LA

Peak Current (UA)

Numbre of repetitions

Fig.9 Repeatability of Sn/SnO, in PBS (pH 6) containing 20.7 pg
L~! of Pb(Il) under optimum conditions

a good relative standard deviations (RSD) of 5.28% was estab-
lished, demonstrating the ability to use the Sn/SnO, modified
electrode for multiple measurements with excellent precision.

Foreign ion effect

The interference study was performed under optimum con-
ditions, in PBS (pH 6) containing 20.7 pg L~! of Pb(II),
by adding possible interfering ions of different nature and
at different concentration, onefold (20.7 pg L‘l), 10 folds
(207 pg L1, and 100 folds (2.07 mg L"), Ag(I), Ca(II),
Cdd1), Co(II), Cu(Il), Fe(Il), Mg(I), Ni(Il)m and Zn(II)
were chosen due to their common presence in water sources.

Percentage (%)

Interfiring ions

Fig. 10 Influence of interfering ions at Sn/SnO, modified electrode
response to Pb(II) detection in PBS (pH 6) under optimum conditions
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Fig. 11 Real sample analysis of Pb(II) from 1.24 to 2.28 mg L™! in Ovitale bottled water with the corresponding regression equations and cor-

relation coefficients

In order to assess the selectivity of the proposed method,
the influence of each ion was evaluated by calculating the
signal's percentage change with and without the foreign ions.
The ion interference is displayed in the histogram in Fig. 10,
where it is obvious that, in all cases, no ion has an influence
more than +10% on peak current even at very high concentra-
tions (100 times Pb(II) concentration), suggesting that the pres-
ence of those ions had no effect on the electrode's selectivity,
indicating the high selectivity of the proposed method.

Sensor validation

Standard addition method was used to assess the poten-
tial applicability of the Sn/SnO, modified electrode for
the measurement of trace lead ions in drinking water sam-
ples. This method is commonly employed when the spe-
cific composition of the solution is unknown (Berrabah
et al. 2021). The water chosen is a local bottled spring
water Ovitale originating from the Kabyle mountains in
the northeast of Algeria. The results achieved upon appli-
cation of the proposed method using the electrochemical
conditions optimized throughout this work are illustrated
in Fig. 11; a founded concentrations of 1.8 and 1.808 mg
L~! were measured after the addition of 1.66 and 1.741 mg
L~! of Pb(II), suggesting recoveries of 108.4 and 103.8,
respectively, which demonstrate the suitability of the Sn/
SnO, modified electrode and the SWASV technique for the
determination and detection of trace lead ions in in real
aquatic environment and drinking water samples.

Conclusion

In the present study, a low-price electrochemical sensor
was elaborated by a simple electrochemical conversion
process based on tin modified electrode for ultra-sens-
ing of lead ions in drinking water using SWASV. After

investigating the effect of operation conditions on the
response signal, an optimum performance of the elabo-
rated sensor was achieved. Under ideal conditions, the pro-
posed method displayed linear relationship between the
currents and the Pb(II) concentrations in the range between
6.2 and 20.7 pg L™ and a low limits of detection (LOD)
and of quantification (LOQ) of 2.15 pg L™ (0.0104 uM)
and 5.36 pg L' (0.0259 pM), respectively, which is much
lower than the World Health Organization WHO guideline
of the maximum allowable lead concentration in drinking
water which is 9.98704 pg L~! (0.0482 uM). Addition-
ally, the proposed method exhibited a good repeatability
and a sensitive, accurate and rapid response towards Pb(I)
ions, even in the presence of several interfering ions. The
proposed sensor was validated for lead detection in drink-
ing water samples with very satisfactory outcomes, which
indicate its ability to be used for source water monitoring.
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