Arabian Journal of Chemistry (2022) 15, 103988

King Saud University

Sommion [ Arabian Journal of Chemistry

King Saud University

www.ksu.edu.sa
www.sciencedirect.com

ORIGINAL ARTICLE

Check for
updates

Green synthesis and characterization of Tb-Fe-O-
Cu ceramic nanocomposite and its application in
simultaneous electrochemical sensing of zinc,
cadmium and lead

Hadi Mahmoudi-Moghaddam *, Mahnaz Amiri ", Hamid Akbari Javar ¢,
Qahtan A. Yousif !, Masoud Salavati-Niasari ©*

4 Environmental Health Engineering Research Center, Kerman University of Medical Sciences, Kerman, Iran

® Neuroscience Research Center, Institute of Neuropharmacology, Kerman University of Medical Science, Kerman, Iran
¢ Pharmaceutics Department, Faculty of Pharmacy, Tehran University of Medical Sciences, Tehran, Iran

9 Department of Materials, College of Engineering, University of Al-Qadisiyah, Diwaniyah, Iraq

¢ Institute of Nano Science and Nano Technology, University of Kashan, P.O. Box 87317-51167, Kashan, Iran

Received 18 January 2022; accepted 19 May 2022
Available online 23 May 2022

KEYWORDS Abstract In this work, a green technique for preparing TbFeO5;/CuO was reported by employing
Cd(11), Zn(11), Pb(II); Crataegus and Lantana Camara leaves as fuel and alkalizing agents, respectively. The new sensor
Nanocomposite; based on the perovskite-type nanocomposite was employed as a sensitive and selective platform
Electrode; to detect Pb(Il), Zn(II) and Cd(Il) simultaneously. TbFeO3;/CuO/Carbon paste electrode (CPE)
Anodic stripping; exhibited a large specific surface area and great electrical conductivity, which enhanced electron
Nanostructures transport in the electrochemical process considerably. Moreover, square wave anodic stripping

voltammetry (SWASV) was used for the investigation of some factors influencing the sensor sensi-
tivity like pH, modifier concentration, as well as accumulation time and potential. Therefore, the
low detection limit (LOD) and a wide linear range were obtained at optimum conditions. In this
study, a linear range between 0.9 and 110 pg/L for three ions and LOD of 0.48, 0.29 and 0.12
for zinc, cadmium and lead were achieved, respectively. Moreover, TbFeO;/CuO/CPE was
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employed to detect zinc, cadmium and lead ions simultaneously in the real samples so that the
results have shown consistency with a standard inductively coupled plasma (ICP).

© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Previous studies have considered heavy metals (HMs) to be
strongly toxic and non-biodegradable with abundant distribu-
tion, which causes major threats to the biosphere. Excessive
HM leads to oxidative stress (OS), impaired anti-oxidant meta-
bolism, and enzyme inhibition (Paithankar et al., 2021). Fur-
thermore, they result in fatal impacts in living organisms
through free-radical production and mutations in DNA, lipid
peroxidation and a decrease in the protein sulfhydryl (Azeh
Engwa et al., 2019; Vardhan et al., 2019). In this regard, Pb
(IT), which introduces into the environment through agricul-
tural or industrial wastewater causes numerous severe impacts
like cancer, coma and kidney disease (Huang et al., 2007). Cd
(ID) is utilized in pigment and battery industries but higher
doses of cadmium ion lead to kidney disease and higher blood
pressure. Finally, Zn(II) is one of the crucial nutrients that
does not produce in the body naturally. This ion contributes
to skin health and growth with a critical role in immune func-
tion and DNA synthesis. Even though Zn(II) deficiency can
harm the body, higher doses may exhibit consequents like
headache, nausea and diarrhea (Chasapis et al., 2020; Tubek,
2007).

Ton chromatography (Wang et al., 2020), atomic absorp-
tion spectroscopy (AAS) (Manjusha et al., 2019) and
inductively-coupled-plasma mass spectrometry (ICP/MS)
(Alexander et al., 2017) have been introduced as the common
quantification techniques for these metals. Although the men-
tioned methods usually have shown higher sensitivity and
selectivity, they are costly and their completion is hard. More-
over, intricate operations and processing time of the samples
restrict throughout and several measurements (Piovesan
et al., 2020; Abdulsahib et al., 2021; Aljeboree et al., 2020;
Malakootian et al., 2021). However, electrochemistry has been
considered as one of the candidate detection methods com-
bined with affordable sensors for trace metal analysis. SWASV
is usually employed to detect heavy metals because of its
higher sensitivity which is one of the results of a preconcentra-
tion process, accumulating metal on the electrode surface
(Pizarro et al., 2020; Aljeboree et al., 2021; Alshamusi et al.,
2021).

Recently, experts in the field have dealt with the synthesis of
diverse rare earth elements (Sm, Tb, Eu, Yb, Pr, Sr, Dy, Tm, &
Gd) in the formula of oxides of metal, hexacyanoferrates of
metal, and dopant metal that employed them for the modifica-
tion of electrodes (Huang and Zhu, 2019; Ganduh et al., 2021).
Amongst the above materials, the Tb ion owns a great ionic
radius of 0.92 A and several valence states (Tb*" & Tb*"),
resulting in the orientation for generating higher electronic
holes/charges and creation of the effective path of electron
transfer. Hence, integrating the Tb>" into the nano-materials
lattice (e.g., metal oxides) largely enhances the electronic con-
ductivity, sensing features as well as electrochemical perfor-
mance (Wu et al., 2021; Ganduh et al., 2021). Now, the

perovskite-type ABO3; nanoparticles (A = rare or alkali earth
metals, BO; = transition metals oxides) have been employed
by researchers in multiple areas like gas transducers, solar bat-
teries, solid-electrolyte batteries, magnetic sensors, and cata-
lysts (Ahmad et al., 2020; Jasim et al., 2022). Even though
other investigations have shown numerous achievements in
reducing resistance, poor conductivity and particle aggregation
have seriously constrained the uses and performances of the
perovskite-type oxides. The copper oxide (CuO) as a p-type
semiconductor metal oxide with the narrow bandgap (nearly
1.3-2.2 eV) possess suitable properties for sensor development
such as low price, abundance in nature, high specific surface
area, good electrochemical activity, excellent stability and
proper redox potentials. Hence, the incorporation of TbFeO;
NPs and CuO, could display a hybrid nano-composite that
ameliorates the rate of electron transfer and create a higher
surface area of electrochemical sensors (Ibarlucea et al.,
2020; Mahdi et al., 2021).

Recently, research has focused on the design of
environmental-friendly processes and products because of the
issues regarding the changes in climate, water pollution,
human health, and limited natural resources. For this reason,
some methods have been presented for improving the produc-
tion of NPs with the use of green techniques (Khorasanizadeh
et al., 2019). In this way, the synthesis of the TbFeO;/CuO
composite was performed according to the green approaches.
In this regard, Crataegus and Lantana Camara leave as fuel
and alkalizing agents respectively were employed. Addition-
ally, we utilized TbFeO;/CuO for modifying CPE and also
employed SWASV for selective detecting of Pb(II), Zn(II)
and Cd(II) (Scheme 1). In the end, TbFeO;/CuO/CPE was
applied to the determination of these ions simultaneously in
the milk, apple juice and water.

2. Experimental

2.1. Materials and methods

Each reagent used in this study was of analytic grade. We
choose Merck Co. (Darmstadt, Germany) for obtaining Cu
(NO3)2'3H20, FC(NO3)3'9H20, Tb(NO3)36H20 as well as
standard solution of zinc ((Zn(NOs3),, 1000 ppm), lead ((Pb
(NO3),, 1000 ppm) and cadmium (CdCl,, 1000 ppm). The
ultra-pure water was used to provide the chemical solution.

In the next step, each electrochemical measurement was con-
ducted with 797 computrace software and a Metrohm 797 appa-
ratus. Moreover, a three-electrode cell including a platinum wire
as a counter electrode, an Ag/AgCl (3 M KCl) as the reference
electrode and a bare or modified CPE as the working electrode
was employed. For the recording of NP XRD patterns, a diffrac-
tometer with Cu Ka radiation (k = 1.54 A) was employed (Phi-
lips). In addition, the dimension and morphology of TbFeO;/
CuO nanocomposite were studied using scanning electron
microscope (TESCAN Mira3 XMU).
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Scheme 1  Development of the modified sensor for simultaneous determination of Zn(II), Cd(II) and Pb(1l).

2.2. Preparation of ThFeOj; nanoparticles 6H,0 with 1:1 stoichiometric ratio dissolved in ultrapure water

(20 mL). In the following step, the extracted Crataegus
In this section, we used a sol-gel technique for the synthesis of (10 ML) was poured into the above solution at 80 °Coand stir-
perovskite TbFeO; NPs. Fe (NO;),-9H,O and Tb(NOs)s- red for sixty minutes. By heating the solution to 180 °C, a gel-
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like product was obtained and dried at 75 °C for a day.
Finally, the calcination of the product was done at 800 °C
for four hours.

2.3. Preparation of Lantana camara leaves extract

Lantana Camara leaves were collected from Ghaem Forest in
Kerman, Iran. Fresh Leaves of Lantana Camara were washed
3 times and finally dried at 25 °C. Dried leaves were pulverized
mechanically, sieved and poured into distilled water for three
days. The final solution was concentrated at 40 °C and reduced
pressure using a rotary flash evaporator. Next, the drying of
the product was done in an oven at 60 °C.

2.4. Preparation of CuO NPs

A precipitation procedure using extract of Lantana Camara
leaves as the alkalizing agent and copper(II) acetate as a pre-
cursor was done for the synthesis of CuO NPs. The extracted
plant (2.5 wt%), copper(Il) acetate solution and 25 mL of
water were mixed under stirring at 70 °C. Next, the mixture
was cooled to ambient temperature. After the centrifugation
of the mixture at 5000 rpm, the washing of the final product
was performed with water and an oven with 60 °C was used
for drying of NPs for 12 h. Lastly, the obtained NPs were cal-
cinated in a furnace at 400 °C for two hours for purification.

2.5. Synthesis of ThFeO3/CuO nanocomposite

A one-pot simple mixing-sonication technique for the prepara-
tion of TbFeO3/CuO nanocomposites was applied. In a typical
procedure, a sample containing TbFeO; nanoparticles with the
appropriate amount of CuO was grounded in an agate mortar
for 5 min. Finally, sonication of the mixed powder in distilled
water was done for 15 min and agitated for one day. The
obtained product was dried in the oven at 60 °C for 24 h.

2.6. Modified electrode preparation

The TbFeO3/CuO/CPE was developed by blending TbFeOs/
CuO nanocomposite (10% w/w) and graphite powder in the
presence of 0.5 mL paraffin oil to get a homogeneous mixture
for 20 min. The obtained paste was transferred to the glassy
tube and a copper wire was utilized for the electrical contact.

2.7. Real sample preparation

Pasteurized milk, apple juice and drinking water samples were
collected from the local market in Kerman (Iran). For the
preparation of drinking water and apple juice samples, all sus-
pended particles were eliminated by filtering the samples and
analysis was performed via setting pH at 4.8 by acetate buffer
solution (ABS). In addition, ultra-sonication-assisted acid
digestion was employed for treating the milk samples. For this
reason, 50 pL of H,O, (30 wt%) was poured into the milk
sample (20 mL) and sonication was performed for 15 min.
After that, we poured 5 mL glacial acetic acid and 5 mL
HCl into the solution and proceeded to sonication for 8 min.
Afterward, the mixture was centrifuged at 7000 r.p.m. for
10 min. In the final step, we poured the filtered sample solution

into the container and adjusted the pH at 4.8 by 0.1 M sodium
hydroxide solution and diluted it with the ultrapure water to
50 mL before moving it to the electrochemical cell.

2.8. Electrochemical measurement

SWASYV voltammograms were recorded at the modified CPE
in the presence of Pb(Il), Zn(II) and Cd(II) in the potential
ranges between —1.2 and —0.2 V. Furthermore, they were accu-
mulated at the potential of —1.2 V for 180 s followed by 5 s
equilibration time. These ions were measured with a positive
scan of potential in the amplitude of 50 mV, a frequency of
25 Hz and a potential step of 4 mV.

3. Results and discussion

3.1. Characterization of TbFeO ;/CuO nanocomposite

The XRD pattern of the TbFeO3;/CuO nanocomposite is
shown in Fig. 1A. In the XRD pattern, no impurity was
observed and crystalline nanostructure was formed for the
new nanocomposite. The synthesized nanoparticles in the pres-
ence of Crataegus were consistent with the JCPDS card No.
01-080-1268 of a monoclinic phase of CuO (Sorbiun et al.,
2018) and perovskite-type TbFeO; (JCPDS card No. 47—
0068) showed the successful development of TbFeO;/CuO
nanocomposites. The calculation of the crystal size of TbFeO3/
CuO was done using the Deby-Scherrer equation and was
35.04 nm.

(Fig. 1 1B. displays the EDS spectrum of the TbFeO3;/CuO
nanocomposite and confirms the presence of Cu, O, Tb, and
Fe elements. Moreover, the uniform distribution of terbium,
iron, oxygen and copper on the surface of nanocomposite
can be seen from the mapping (Fig. 1C).

The SEM was used for analyzing the morphology of the
present nanocomposite, indicating the development of nano-
sized particles with uniform and smooth morphology at the
surface of the nanocomposite with 50 nm size (Fig. 2A & B).
It is obvious that SEM creates an image by detecting reflected
or knocked-off electrons, while TEM uses transmitted elec-
trons (electrons that are passing through the sample) to create
an image. TEM images provide internal details of small sam-
ples at near-atomic resolution. Furthermore, we sent the sam-
ples for the transmission electron microscopy (TEM) image of
the perovskite nanocomposite sample that is presented in
Fig. 2C. Fig. 2C displayed the formation of nanosized particles
at the surface of nanocomposite with uniform morphology and
without any agglomeration. The obtained data of TEM is con-
sistent with SEM results as well. Fig. 2D indicates the particle
size histogram curve according to SEM image.

3.2. Electrochemical features of the electrodes

In this step, the electrochemical behavior of bare CPE (a),
CuO/CPE (b) and TbFeO5/CuO/CPE (c) in 5 mM [Fe(CN)¢]*
~/4= redox probe were investigated. As displayed in Fig. 3A, a
pair of redox peaks were seen at CuO/CPE (curve b) and bare
CPE (curve a). According to the recorded voltammograms, the
peak current of a redox couple on the CuO/CPE surface was
remarkably enhanced and AE, declined, which can be caused
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Fig. 1

by the large surface area of the CuO NPs and acceleration of
the electron transfer at the electrode surface, resulting in larger
current signals. The comparison of redox response on the
TbFeO3/CuO/CPE (c) with CuO/CPE and bare CPE showed
a higher redox peak current on TbFeO3;/CuO/CPE than on
bare and CuO/CPE, probably due to the great surface area
and synergistic impact of CuO and TbFeO; NPs, thereby
improving the electrochemical behavior of the electrode.
CuO is a component of catalysts with the extensive utilization
to provide affordable sensors due to acceptable electrocatalytic

A) XRD Pattern of TbFeO3;/CuO, B) EDS spectrum and C) map of TbFeO3/CuO nanocomposite.

and electrochemical features, as well as good availability
(Ahmad et al., 2017). Therefore, the integration of TbFeO;
NPs and the p-type semi-conductor CuO with the nearly
1.2 eV bandgap, good stability and catalytic performance
might present a hybrid nanocomposite with the synergistic fea-
tures that enhance the rates of the electron transfer on the sur-
face of the electrodes and exhibit reasonable bio-compatibility
and higher surface areas.

In addition, CV was implemented for calculating the active
surface area (4) of electrodes in the [Fe(CN)¢]*" solution at
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Fig. 2 A&B) SEM of TbFeO3/CuO in two scales, C) TEM image of TbFeO3/CuO and D) particle size histogram (1: samples under

30 nm, 2: 20-30 nm, 3:40-50 nm, 4: more than 50 nm).

diverse rates of the scan. Hence, Randles—Sevcik equation was
applied for a reversible process of the electrode. The I, has
been defined by Eq. (1):

I, = £(2.69 x 10°)n*>4AD'>Cv'/? (1)

where n refers to the number of electrons engaged in the redox
reaction, A represents the electrode surface area (cm?), D
stands for the diffusion coefficient, and C refers to the K;[Fe
(CN)g] concentration. In the next step, I, plot vs. v'? was
employed to calculate the electroactive areas for bare and
modified sensors. The electrochemical active surface area for
the bare, CuO/CPE and TbFeO;/CuO/CPE were computed
0.042, 0.121 and 0.159 cm?, respectively.

In Fig. 3B, SWASY responses of 70 pg/L Pb(II), Cd(II) and
Zn(II) are observed at bare and TbFeO3/CuO/CPE in 0.1 M
ABS (pH of 4.8). The bare CPE displayed 3 weak current
peaks at —1.0, —0.71 and —0.49 V relative to the zinc, cad-
mium and lead ions, respectively. The larger surface areas of

the CuO and TbFeO; which provided several active sites for
electrochemical reactions and acceptable conductivity of new
nanocomposite enhanced the stripping signals of zinc, lead
and cadmium ions at TbFeO;/CuO/CPE compared to the
obtained signal of bare CPE.

3.3. Investigation of chemical and electrochemical parameters

In this section, the impact of the modifier %, potential and
time accumulation as well as pH on the stripping response of
three ions were studied. In the analysis step of optimal modi-
fier%, the highest striping current was achieved to be nearly
10% (w/w) of TbFeO3/CuO as a modifier for the development
of CPE (Fig. 4A). The number of the available active site
would be declined to accumulate the analyte at the lower ratios
of modifier in the constructed TbFeO;/CuO/CPE, causing
lower current responses of the analyte. On the other hand,
forming higher active sites at the surface of the modified elec-
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trode with the higher ratio of the modifier enabled the deposi- Furthermore, the pH impact of the supporting electrolyte
tion of the electrode with an enhanced number of these ions. on the response of cadmium, lead and zinc ions was examined
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in the range between 3.0 and 8.0. With regard to the outputs in
Fig. 4B, the highest response at a pH of 4.8 was achieved. The
lower current signals at a lower pH may be caused by electro-
static interactions and competition of the H" ions with metal-
lic ions to be accrued on the negatively charged surface of
electrodes. However, above the pH of 4.8, decreasing in the
peak current could be related to the hydrolysis of these ions.
Finally, the pH of 4.8 as the optimum value was selected.

The effects of accumulation potential (E,..) on the signal of
110 pg/L Zn(II), Cd(II) and Pb(II) and were examined between
—1.4 V and —0.6 V. Each measurement was repeated three
times (n = 3) with an RSD of < 5%. As shown in Fig. 4C
at the potentials < — 1.0 V the current signals were enhanced,
reaching a maximum at —1.2 V for these ions. Moreover,
decreasing the response of each ion at the potential more neg-
ative than —1.2 V was related to H, evolution. Hence, —1.2 V
was selected as the optimal potential.

Fig. 4D depicts the dependence of the response of zinc, lead
and cadmium with the time of accumulation (t,..). As seen, the

A 48
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current signal of ions was enhanced by increasing f,.. until it
reaches a maximum within 180 s. After that, any remarkable
elevation was not seen, revealing the saturation of three ions
at the modified electrode surface. Therefore, 180 s was used
as the optimum deposition time for subsequent tests.

3.4. Determination of Pb(Il), Zn(II) and Cd(II) using
ThFeO3/CuO/CPE

The stripping process of the mentioned ions for the verification
of the practicality of TbFeO3;/CuO/CPE for simultaneous
determination of Zn(II), Cd(II) and Pb(II) was done.

In this stage, the concentration of one ion changed, whereas
the other ions remained constant. As demonstrated in Fig. 5A,
the signal of zinc ion indicated a linear relation with its concen-
tration between 0.9 and 110 pg/L in the case of a fixed concen-
tration of lead and cadmium; however, Cd(II) and Pb(II)
response did not alter with the enhanced concentration of Zn
(II). Moreover, linear calibration graph for zinc showed
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Fig.5 Voltammograms of SWASYV for determination of different concentrations of A) Zn(II), B) Cd(II) and C) Pb(II) (0.9-110 pg/L) in
the presence of fixed concentration of other two ions at TbFeOs;/CuO/CPE. Insets: I, vs. difference concentration of analytes. D)
Voltammograms of SWASYV for simultaneous determination of Zn(II), Cd(II) and Pb(II) at TbFeO3/CuO/CPE in 0.5 M ABS (pH 4.8).
From bottom to top, 0.9, 2.0, 5.0, 15.0, 30.0, 50.0, 70.0 and 110.0 pg/L for Zn(II), Cd(IT) and Pb(II). Insets: the corresponding calibration

curves of Zn(II), Cd(II) and Pb(II) (n = 3).
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Comparison of the present electrode with other electrochemical sensors for the Zn(II), Cd(II) and Pb(II) detection.
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1-50

5-110
1-50

BiFE

2020)

0.107 0.007 (Hassan et al.,

0.037

0.012-0.120
0.8-165

Hg-Bi/PDAAQ/GC

2020)

(Malakootian et al.,

(Chaiyo et al

0.8-165

Eu’* —doped NiO/CPE
Bismuth film/N/IL/G/SPCE

AgNPs@p-1,8-DAN/GC

., 2016)

8 x 107

0.03
1.65

6 x 107

0.019
10.9

1 x 10%0.1 1 x 10*0.1 9 x 107

0.016-337.2

1 x 10%0.1

2019)

(Hassan et al.,

0.027-2.4 x 10>

(Yildiz et al., 2022)

46.22

6.21-1.6 x 10*

10-80

35.9-2.7 x 10*
10-80

154.3-1.1 x 10*

10-80
0.65-653.8

BiNP/MWCNT-NNaM/PGE

2022)

(Ngoensawat et al.,

PEDOT/PVA/AgNPs/SPCE

Ala/GCE

., 2019; Mahdi
2020; Mahdi et al.,

(Kokab et al

et al.,

0.64

0.58

0.84-843

This study

0.9-110 0.9-110 0.48 0.29 0.12

0.9-110

TbFeO;/CuO/CPE

y = 0.2889x + 8.44 (R = 0.998). With regard to Fig. 5B & C,
in the case of a fixed concentration of the other two metals, the
signal of lead and cadmium experienced a linear increase with
concentration. In addition, y = 0.3779x + 8.7646
(R? = 0.998) for linear regression equation of Cd(II) in the
concentration range between 0.9 pg/L and 110 pg/L was
obtained. Furthermore, linear regression equation for Pb(II)
was 'y = 0.4478x + 8.87 (R*> = 0.998) in the concentration
range between 0.9 and 110 pg/L. Hence, clear separation of
the stripping peak of the mentioned metals in the ternary mix-
ture containing cadmium, lead and zinc was observed. Conse-
quently, LOD was calculated 0.29 pg/L for cadmium, 0.12 pg/
L for lead and 0.48 pg/L for zinc ions, respectively.

A comparison was made between the analytic function of
the present sensor and other investigated sensors for cadmium,
lead and zinc determination (Table 1). With regard to the
results, TbFeO3;/CuO/CPE exhibited a broader dynamic range
and smaller LOD than some of sensors. Furthermore, the low-
cost and green materials employed in the fabrication of
TbFeO3/CuO/CPE resulted in its attractiveness for analyzing
heavy metals.

The TbFeO3/CuO/CPE was also employed for simultane-
ous detection of cadmium, lead and zinc ions. Fig. 5D shows
the SWASV voltammogram of three ions mixture in a range
from 0.9 to 110 pg/L. As shown, three distinct and completely
resolved peaks were obtained at nearly —1.0, —0.73 V
and — 0.51 for zinc, cadmium and lead, respectively. Further-
more, linear range and sensitivity remained constant and no
shifts close to the peak position of Zn(II), Cd(II) and Pb(II)
in comparison to their independent detection were not
observed, demonstrating the minimum mutual interferences
between cadmium, lead and zinc ions. Therefore, due to the
entire separation of the above three peaks, simultaneous deter-
mination of these ions using TbFeO;/CuO/CPE is possible.

3.5. Stability, reproducibility and repeatability

The SWASV was employed to study the reproducibility, stabil-
ity and repeatability of the modified electrode in the presence
of 50 pg/L of three ions. Five independent TbFeO3;/CuO/CPEs
were analyzed for investigating the ability for the reproduction
of the modified electrode and relative standard deviations
(RSD%) 3.32, 3.14 and 3.44 achieved for zinc, cadmium and
lead ions, respectively. Moreover, 10 replicate measurements
of 50 pg/L Cd(I), Zn(II) and Pb(II) were performed and
RSD% for peak currents were 2.41, 2.62 and 2.18, respec-
tively. Then, the stability of the modified electrode for four
weeks via repetition of measurement once a week was per-
formed. According to the analysis, the new electrode displayed
long-term stability and kept ~ 94.9% of the initial current
which would be favorable for analytical applications.

3.6. Investigating the effects of interferences

We accomplished interference experiments with the addition of
diverse ions into a solution consisting of 10 pg/L of three ions
in 0.1 M ABS (pH of 4.8) (Fig. 6). Based on + 5.0% tolerated
ratio, the 250-fold concentration of K(I), Mg(II), Ca(Il) and
Na(I); 100-fold concentration of Fe(II), Al(IIT), Hg(Il) and
25-fold concentration of Cu®>* showed no interfering in ana-
lyzing of three ions. The inhibitory impact of Cu®>" can be
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Fig. 6 The relative signals of TbFeO3;/CuO/CPE in the presence of 10.0 pg/L of Zn(Il), Cd(I1l) and Pb(Il) and other interfering

compounds.

Table 2 Determination of Zn(II), Cd(IT) and Pb(II) in real samples using TbFeO3/CuO/CPE (n = 3).

Sample Zn(IT) Zn(II) Recovery RSD  Cd(II) Cd(IT) Recovery RSD  Pb(II) Pb(II) Recovery RSD
Spiked Found (%) Zn(Il (%) Spiked Found (%) Cd (%) Spiked Found (%) Pb (%)
(ng/L)  (ng/L) (ng/L) (ng/) (D) (ng/L)  (pg/L)  dD
Drinking 0.0 13.5 - 2.9 0.0 0.09 - 3.2 0.0 0.1 - 2.9
water 3.0 16.0 97.0 2.6 10.0 10.4 103.0 2.8 5.0 4.9 96.0 3.1
9.0 22.0 97.7 2.0 20.0 19.5 97.0 2.5 10.0 9.9 98.0 2.6
12.0 26.2 102.7 2.1 30.0 29.7 98.7 2.0 15.0 15.5 102.6 2.2
Apple juice 0.0 26.2 - 2.6 0.0 0.9 - 3.1 0.0 0.5 - 3.2
5.0 31.8 102.0 2.5 3.0 3.8 97.4 3.2 10.0 10.3 98.0 2.2
10.0 35.5 98.0 1.9 9.0 10.3 104.0 2.4 20.0 21.0 102.4 2.5
15.0 42.2 102.4 2.3 12.0 12.5 96.8 2.6 30.0 31.2 102.3 2.0
Pasteurized 0.0 98.3 - 2.2 0.0 0.2 - 3.3 0.0 N.D - -
milk 10.0 107.0 98.8 1.8 5.0 5.3 102.0 2.7 5.0 5.1 102.0 2.8
20.0 120.1 101.5 2.3 10.0 10.6 103.9 2.4 10.0 9.8 98.0 2.4
30.0 130.6 102.0 2.0 15.0 14.8 97.3 2.6 15.0 20.7 103.0 2.9

due to the competition of copper with the target metal ions for
active sites at the TbFeO3;/CuO/CPE. Based on the masking
effect of potassium ferrocyanide for Cu(ll), we applied
0.5 uM potassium ferrocyanide for the copper elimination in
detecting zinc, lead and cadmium ions.

Additionally, some organic materials such as phenol, glu-
cose, ascorbic acid, sucrose, pentachlorophenol, tetrachloro-
catechol, L-phenylalanine, tyrosine and lactose as probable
interfering materials were examined in the presence of Pb(II),
Zn(Il) and Cd(II). According to the outcomes, adding the
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Table 3 Comparing the analytical data for Zn(II), Cd(IT) and Pb(II) detection in real samples with SWASV and ICP/MS (n = 3).

t

Pb(II) Found (ng/L)

Pb(II) Spiked (pg/L)
SWASV

t

Cd(1I) Found (png/L)

t Cd(11) Spiked (ug/L)
SWASV

Zn(I11) Found (ug/L)

SWASV

Zn(IT) Spiked (pg/L)

Sample

ICP/MS

ICP/MS

ICP/MS

0.86

02 + 0.2
4.6 = 0.4

0.1 + 0.003

49 + 0.2
99 £ 0.3

0.35 0.0

0.15 £ 0.3
10.8 = 0.5
20.2 £ 0.7
1.2 £ 0.6
36 £ 04

0.09 £ 0.003
104 £ 0.3
19.5 £ 0.5
0.9 £+ 0.03
38 £ 0.1

0.0
10.0

20.0

38
62
07

1.

13.1 £0.3
16.6 = 0.5
22.7 £ 0.3
258 £ 0.4
31.2 £ 0.6
350 £ 0.5

13.5 + 0.4
16.0 + 0.4

22.0 £ 0.5

0.0
3.0
9.0
0.0
5.0

10.0

Drinking water

1.16
l.

5.0
10.0

1.19
1.4

0.86
0.84
1.93

1.

73

104 + 0.4
0.8 £ 0.5

2.

1.04
1.66

0.5 £ 0.02

0.0
10.0
2

0.0

0.86
1.04

1.01

26.2 +£ 0.7
31.8 £ 0.8
355 £ 0.7

Apple juice

11.0 £ 0.7

10.3 £ 0.2
21.0 £ 0.5

3.0
9.0

209 £ 04 0.27

0.0

109 £ 0.5

10.3 £ 0.2

mentioned substances up to 100-fold did not impact the signal
of the TbFeO3;/CuO/CPE for zinc, cadmium and lead ions,
which implies the reasonable selectivity of this approach and
its functions for quantifying three ions in the real samples.

3.7. Cd(Il), Zn(Il) and Pb(Il) determination in real samples

For studying the reliability of practical applications, TbFeO3/
CuO/CPE was utilized to determine lead, zinc and cadmium
ions in the real samples. Table 2 reports experimental outputs.
For all ions, the recovery was < 104 % and greater than 97 %,
revealing the potential of this modified electrode for the deter-
mination of these ions. Moreover, acceptable RSDs and recov-
eries and implied the reproducibility and precision of the
modified electrode. In addition, the determination of ions
was done by ICP-MS and the modified electrode in real sam-
ples and for comparison of the results the paired r-test was
used (Table 3). Due to smaller t-values than the critical t-
value, the null hypothesis would be confirmed. Hence, the
new method with 95% confidence did not display different
results.

4. Conclusion

In this study, we addressed the optimization of one of the
highly affordable and environmental-friendly electrodes to
detect Pb(II), Zn(II) and Cd(II) in the milk and drink samples
simultaneously. According to the analyses, TbFeO3;/CuO/CPE
showed more electrocatalytic behavior for the determination
of ions than the bare sensor. Moreover, a linear range between
0.9 and 110 pg/L with a LOD equal to 0.29, 0.12 and 0.48 pg/L
for cadmium, lead, and zinc was calculated at optimum condi-
tions. Finally, it was found that the TbFeO3;/CuO/CPEs pos-
sess great potential for the detection of zinc, lead and
cadmium in the water and food samples.
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