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a b s t r a c t
A sensitive sensor has been prepared to detect and quantify electrochemically Pb2+, Cu2+ and Co2+ 
in drinking water. The objective of this work is to qualify the trueness and preciseness of two elec-
trochemical methods which are the square wave (SWV) and the cyclic voltammetry (CV) with 
regard to the detection of lead, copper and cobalt ions in tap water. The electrode used for this 
purpose is modified with an organic molecule EDTA (ethylenediaminetetraacetic acid) of chemi-
cal formula (C10H16N2O8) that we added to a specific amount of graphite carbon powder (CP). The 
formed paste is introduced into a cylindrical plastic cavity. This formed entity is attached to a car-
bon graphite rod to ensure the passage of the current. The detection limit and quantification limit 
of carbon-paste electrode CPE-1% EDTA for the reduction peak (CVPic-red) are the lowest, they are 
respectively 9.31 × 10–10 mM and 3.1 × 10–9 mM. The coefficient of variation (CV*) and repeatability 
uncertainty for measurements made by the SWV are lower compared to the CV. The SWV gives 
more accurate but not correct results while the CVPic-red gives correct but not accurate results. For 
all studied metals, the method is linear in the concentration range (0.6–2.1 mM), except for mercury 
it is linear in the range (0.3–2.1 mM). Cadmium has a low systematic error (SE = 0.009 mA/cm2) 
followed by lead (0.013 mA/cm2) then mercury.

Keywords:  Precision; Accuracy; Regression; Square wave (SWV); Cyclic voltammetry (CV); Drinking 
water

1. Introduction

Consumption of products contaminated with lead, cad-
mium and mercury presents an increased danger to human 
health [1]. Controlling the quality of food and drinking 
water has become a major priority issue [2–5]. Very inter-
esting methods have been used to detect some heavy metals 
such as an inductively coupled plasma mass spectrometry 
(ICP-MS) [6], atomic absorption/emission spectroscopy [7],  

surface-enhanced resonance Raman scattering [8] and 
fluorescence resonance energy transfer [9].

Ultrasensitive fluorometric biosensors based on Ti3C2 
MXenes [2] and silver hairpin DNA nanoclusters [3] are meth-
ods used to analyze mercuric ions in contaminated waters 
These biosensors have proven high reproducibility, good 
specificity and low cost. Qiu et al. [4] developed an inexpen-
sive sensor coupled with thymine-Hg2þ-thymine (T-Hg2þ-T) 
coordination chemistry and invertase-functionalized gold 
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dendrimer nanospheres for signal amplification with 
glucometer reading dedicated to mercury(II) detection. The 
realized sensor has several advantages namely cost effec-
tiveness, simplicity, portability and convenience. In the same 
sense, a DNA-based biosensor was used for the detection 
of Hg(II) in contaminated drinking water samples [5]. The 
detection is performed impedimetrically based on the for-
mation triggered by a specific enzyme. This strategy has a 
high specificity, high selectivity and good repeatability.

Electrochemical techniques are widely used in the agri-
cultural, ecological, medical and industrial fields [10–12]. 
The excessive use of these techniques is due to their high 
efficiency, selectivity, low cost, low maintenance and time 
saving [13,14]. In 1958, Adams [15] used carbon paste as 
an electrode material, and since then, carbon-paste elec-
trodes (CPE) have been over-used because of their ease of 
renewal, stable response and low ohmic resistance [16,17].

Recently very interesting research has been carried out to 
quantify the traces of Pb2+ ions using modified carbon-paste 
electrodes [18–22]. Modified carbon-paste electrodes have 
very important advantages such as absence of toxicity, low 
cost, ease of fabrication and very good selectivity [18–25].

The analysis of samples using such methods requires 
a lot of time, pre-treatment, high cost, qualified personnel, 
and accredited laboratories, etc. Analytical methods are 
undertaken with the aim to exactly determine the quan-
tity of existing elements in a sample which has unknown 
concentration. On the other hand, the validation of an ana-
lytical method is a procedure which enables to confirm, 
through experimental studies, that the performance criteria 
of the method allow to meet the requirements of intended 
use [26–28].

The ethylenediaminetetraacetic acid (EDTA) molecule 
is characterized by the presence of six basic sites which are 
ligand centers. EDTA has a strong chelating (or complex-
ing) power which gives it the possibility to form very stable 
metal complexes [29]. In the present study, we developed 

an EDTA-modified sensor for the detection and quantifica-
tion of heavy metals. The fabricated sensor is characterized 
by its simplicity, sensitivity and low cost. The performance 
of the electrode is evaluated by electrochemical methods 
such as square wave (SWV) and cyclic voltammetry (CV). 
In this framework, we will answer the following question:

Which method (SWV or CV) gives precise and accurate 
results concerning the detection and quantification of lead 
in the tap water of our laboratory via the developed sensor 
(CPE-EDTA).

2. Material and methods

Modified carbon paste is prepared by adding a spe-
cific amount of disodium ethylenediaminetetraacetic acid 
molecule (C10H16N2O8) to a specific amount of graph-
ite carbon powder (CP). The formed paste is introduced 
into a cylindrical plastic cavity. This formed entity is 
attached to a carbon graphite rod to ensure the passage 
of the current. Three modified electrodes with ethylene-
diaminetetraacetic acid (C10H16N2O8) were prepared (CPE-
1% EDTA, CPE-5% EDTA and CPE-10% EDTA). These 
electrodes are rinsed with double-distilled water and then 
immersed in an electrolytic solution containing 0.1 M 
NaCl. The electrode having the highest performance is 
used to validate the proposed electrochemical method. 
The chosen concentrations are ranging from 0.3 mM Pb2+ 
to 2.1 mM Pb2+. Each concentration is repeated 10 times 
and the electrochemical potential occurred between (–1.5 V 
and +1.5 V). The same procedure was conducted for the 
study of mercury, cobalt and cadmium in tap water.

3. Results and discussion

3.1. Optimization of detection parameters

The cyclic voltammograms of CPE-EDTA at different 
EDTA contents is exhibited in Fig. 1. The intensity of oxidation 
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Fig. 1. Cyclic voltammograms of CPE-EDTA at 0.3 mM Pb2+ in 0.1 M NaCl, pH = 2, scan rate 100 mV/s, tp = 10 min at (a) 1%, (b) 5% 
and (c) 10% EDTA in carbon paste (w/w).
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peak is around the value of –0.58 V for 1% EDTA. Here, it 
is stated that is six times greater than that observed for 10% 
EDTA. Similar observations are noted for the reduction 
peaks at –0.79 V, the peak intensity is around –0.755 mA/cm2 
for CPE-1% EDTA and –0.4067 mA/cm2 for the CPE-10% 
electrode. 1% EDTA will be used to modify the electrode.

The ongoing investigations will be based on the listed 
parameters in Table 1.

3.2. Verification of the precision and trueness of the square wave 
and cyclic voltammetry

3.2.1. Calculation of detection limit and quantification limit

The cyclic voltammetry (CV) and SWV of CPE-1% EDTA 
at different concentrations of Pb2+ in 0.1 M NaCl are plotted 
in Figs. 2 and 3, respectively.

In order to design an appropriate equation to calculate 
“the limit of detection” and “the limit of quantification” of 
Pb2+, the manipulation was similarly repeated 10 times with 
two different operators during two months. We calculated 
the average of the current intensities found for each con-
centration from 0.3 to 2.1 mM Pb2+ (each concentration is 
repeated ten times).

The analytical general regression curves connected to 
SWV method (Fig. 4) and CV method (Fig. 5) were plotted 

taking into account the calculated averages. Note that the ana-
lytical regression curves are linear over the aforementioned 
concentration range (from 0.3 to 2.1 mM Pb2+) (cf. Figs. 4 
and 5). The linear regression line equations for each method 
are compiled in Table 2. The limit of detection and quantifi-
cation are calculated using the following equations [26–28]:
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where ij: is the experimental value of the current calcu-
lated at manipulation j. Ij: is the corresponding value recal-
culated at the same concentration using the calibration 
equation. n = 7: number of experiments.

From Table 2, the predictive power of the regression 
line equation for the reduction peak obtained by the CV 
method is stronger than the one obtained by SWV method. 
This equation is able to determine 99.74% of distribution 

Table 1
Optimal settings for Pb2+ analysis

Settings

EDTA  
content

pH Preconcentration  
time

Scan rate Interval of  
potential

Electrolytic 
medium

1% 2 10 min 100 mV/s (CV) 
20 mV/s (SWV)

–1.5 V; +1.5 V 0.1 M NaCl
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Fig. 2. Cyclic voltammograms of CPE-1% EDTA at different concentrations of Pb2+ in 0.1 M NaCl, pH = 2, scan rate 100 mV/s, tp = 10 min. 
The manipulation is repeated 10 times in the same way with the same operator. Four manipulations are shown (n1, n2, n3 and n4).
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Fig. 3. Square wave voltammograms of CPE-1% EDTA at different concentrations of Pb2+ in 0.1 M NaCl, pH = 2, scan rate 100 mV/s, 
tp = 10 min. The manipulation is repeated 10 times in the same way with the same operator. Four manipulations are shown  
(n1, n2, n3 and n4).
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I Ox (-0.6 V) = 182.38[Pb2+] + 381.31
R² = 0.9757
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Fig. 4. Effect of concentration on the oxidation peak of CPE-1% EDTA obtained by SWV in 0.1 M NaCl, pH = 2, tp = 10 min, scan  
rate 20 mV/s.
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Fig. 4. Effect of concentration on the oxidation peak of  CPE-1 % EDTA obtained by SWV in 0.1 M 

NaCl, pH = 2, Tp = 10 min, scan rate 20 mV / s. 
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Fig. 5. Effect of concentration on redox peaks of CPE-1% EDTA obtained by CV in 0.1 M NaCl, pH = 2, tp = 10 min, scan rate 100 mV/s.
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points vs. 97.57% for the equation obtained by the SWV. 
The detection and the quantification limits of CPE-1% 
EDTA for the reduction peak are the lowest, they are 
respectively 9.31 × 10–10 mM and 3.102 × 10–9 mM.

3.2.2. Fidelity

Precision at a given level reflects the degree of agree-
ment between the values found by applying an analytical 
procedure several times (n = 10 replicates) under specified 
conditions. Depending on the conditions under which the 
test is carried out, this characteristic is expressed in the form 
of replicability, repeatability or reproducibility for a method.

3.2.2.1. Repeatability

Here the repeatability is defined as the degree of 
agreement between individual results obtained for the 
same sample tested in the same laboratory “Laboratory of 
the Molecular Electrochemistry and Inorganic Materials 
Team, Faculty of Sciences and Techniques of Béni Mellal, 
Morocco” and for which the analyst is different. In the 
literature, the term “inter-technician precision” is often 
used. This validation parameter was determined from the 
following equation [26–28]:

t

n
Sn0 975 1
2

, ; �� � �  (4)

where S2: standard deviation of a series of measure-
ments referring to repeatability; t(0.975;n–1): student test at 
a 95% confidence level, corresponding to the probability 
of bilateral exceedance. The value of t(0.975;n–1) is obtained 
from Table 4. n = number of replicates.

3.2.2.2. Replicability

Replicability is the degree of the agreement between 
successive individual results obtained for the same sample 
tested in the same laboratory and under the same conditions.

This validation parameter was determined from Eq. (5) 
[26–28]:

t

n
Sn0 975 1
2

, ; �� � �  (5)

3.2.2.3. Reproducibility

Reproducibility is the degree of the agreement between 
individual results obtained for the same sample tested in 

different laboratories and under the following conditions: 
different analyst, different device and the same day.

3.2.2.4. Method of calculating repeatability, replicability and 
reproducibility

The repeatability, replicability and reproducibility 
terms are related to precision and expressed using a confi-
dence interval at a given concentration, as a function of the 
standard deviation (s(n)), at a specified confidence level, usu-
ally 95%, and for a given number of determinations (n = 10 
replicates).The two-sided confidence interval of the arith-
metic mean of a series of measurements at a 95% confidence 
level is defined by the following double inequality [26–28]:

x
t

n
Sn



0 975 1
2

, ; �� � �  (6)

The coefficient of variation (CV*) is the ratio of the stan-
dard deviation to the mean. The higher the value of the 
coefficient of variation, the greater the dispersion above 
the mean. It is usually expressed as a percentage. However, 
the lower value of the coefficient of variation results in an 
accurate estimate [26–28].

CV* � �
S2 100
Im

 (7) 

where Im is the average current intensity observed.
The calculated values are shown in Table 3.
Generally the coefficient of variation (CV*) decreases 

with the increase in concentration for both used meth-
ods. However, this coefficient is even lower for the mea-
surements made by the SWV, and indicating that the 
measurements are precise. The latter method has a lower 
repeatability uncertainty (RU) than the CV. Also, it is 
noticed that the repeatability uncertainty (RU) remains 
constant for all the measurements made by the CVPic-red. 
The percentage of measurements outside the confidence 
interval is 37.2% for the SWV, it is the lowest in compar-
ison with the CVPic-red (46.03%) and the CVPic-ox (50%). 
This means that the SWV gives more faithful results than  
the CV.

3.2.3. Calculating accuracy and errors

The accuracy reflects the closeness of agreement 
between the standard value and an average value found 

Table 2
Representation of the equation of the regression line, the coefficient of determination, standard deviation (SD), LOD and LOQ of SWV 
and CV

Method Equation of the regression 
line I en μA/cm2

Coefficient of 
determination

SD (μA/cm2)2 LOD (10–9 mM) LOQ (10–9 mM)

SWV Iox (–0.6V) = 182.38[Pb2+] + 381.31 R2 = 0.9757 260.604 4.286 14.28

CV
Pic-ox Iox (–0.56V) = 0.7056[Pb2+] + 0.0622 R2 = 0.9913 0.001875 7.973 26.57
Pic Red Ired (–0.79V) = –0.2426[Pb2+] – 0.4331 R2 = 0.9974 7.53 × 10–5 0.931 3.102

Concentrations are expressed in mmol/L.
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by applying an analytical procedure several times [26–28]. 
The accuracy is verifies by the following equations [26–28]:

Accuracy Relative error%� � � �100  (8)

Relative error %� � � �
�

V V
V

S

S

0 100  (9)

where VS: certified value; V0: average of observed values.
The systematic error or bias is the difference between the 

target value (Itarget) and the observed mean value (Im). The ran-
dom error is calculated by the following equation [26–28]:

RE* =
S
n
2  (10)

The results obtained are shown in Table 5. The systematic error 
(SE) and the relative error (RE) are the lowest in the case of 
CVPic-red. The accuracy of CVPic-red is tending to 100% compared 
to the other methods. SWV has the lowest random error (RE*).

3.2.4. Test of χ2

The χ2 test (chi-square or chi-square) provides a method 
for determining the nature of a distribution. Our goal is to 
determine the uniform method.

χ2 is calculated by the following equation:
The χ2 test (chi-square) provides a method to deter-

mine the nature of the distribution. The current work aims 
to determine the uniform method. The χ2 is expressed 
by [26–28]:

�2
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n
target

target
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Based on Eq. (11), the values of χ2 would be accepted 
unless the χ2 > χ2 (theoretical) (cf. Table 6), where n is large 
enough at this point the hypothesis is verified and the theo-
retical distribution is rejected with probability error of 5%.

From the results obtained it can be concluded that the 
methods used are uniform.

Table 3
Calculation of the mean observed current intensity (Im), standard deviation (S2), ts (test student, the value is found using Table 4), 
repeatability uncertainty (RU), confidence interval (CI) = [lower estimate (LE), upper estimate (UE)] and coefficient of variation 
(CV*) or relative standard deviation (RSD), NM = number of measurements made, RM = the percentage of measurements rejected 
(outside the confidence interval)

Concentration (mM) 0.3 0.6 0.9 1.2 1.5 1.8 2.1

SWV

Im (μA/cm2) 424.3714 481.7286 566.7375 620.5 644.7 698.8286 –
S2 132.6716 83.40351 89.78901 55.71514 55.45106 67.9409 –
ts* 2.447 2.447 2.365 2.447 2.447 2.447 –
RU (μA/cm2) 122.7052 77.13816 75.07742 51.52977 51.28552 62.83711 –

CI (μA/cm2)
LE 301.6662 404.5904 491.6601 568.9702 593.4145 635.9915 –
UE 547.0767 558.8667 641.8149 672.0298 695.9855 761.6657 –

NM 7 7 8 7 7 7 –
RM (%) 57.14 28.57 37.5 42.85 28.57 28.57 –
RSD (%) (CV*) 31.2631 17.31338 15.84314 8.979071 8.601064 9.722112 –

CVPic-ox

Im (mA/cm2) 0.213222 0.491556 0.729667 0.962667 1.15375 1.307333 1.503556
S2 0.093615 0.186247 0.198836 0.206118 0.230077 0.27866 0.245669
ts* 2.306 2.306 2.306 2.306 2.365 2.306 2.306
RU (mA/cm2) 0.071958 0.143162 0.152839 0.158436 0.19238 0.214196 0.188838

CI (mA/cm2)
LE 0.141264 0.348394 0.576828 0.804231 0.96137 1.093137 1.314718
UE 0.285181 0.634717 0.882505 1.121102 1.34613 1.52153 1.692393

NM 9 9 9 9 8 9 9
RM (%) 55.55 55.55 44.44 55.55 37.5 55.55 44.44
RSD (%) (CV*) 43.90471 37.88922 27.25025 21.41112 19.94166 21.31513 16.33921

CVPic-red

Im (mA/cm2) –0.50172 –0.57489 –0.651 –0.73522 –0.80811 –0.85978 –0.93874
S2 0.15749 0.148662 0.166389 0.192334 0.200486 0.214848 0.221195
ts* 2.306 2.306 2.306 2.306 2.306 2.306 2.306
RU (mA/cm2) 0.121058 0.114271 0.127898 0.147841 0.154107 0.165147 0.170025

CI (mA/cm2)
LE –0.62278 –0.68916 –0.7789 –0.88306 –0.96222 –1.02492 –1.10877
UE –0.38066 –0.46062 –0.5231 –0.58738 –0.654 –0.69463 –0.76872

NM 9 9 9 9 9 9 9
RM (%) 55.55 44.44 44.44 55.55 55.55 33.33 33.33
RSD (%) (CV*) 31.3899 25.8592 25.559 26.16 24.8092 24.9888 23.5628
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3.3. Interference

The “CPE-1% EDTA” occurred to simultaneously analyze 
the studied elements (lead, mercury, cadmium and cobalt) 
in an electrolytic solution of “0.1 M NaCl and pH = 2 with 
100 mV/s”.

To reveal the interference of Hg2+, Cd2+ and Co2+ in the 
quantification of Pb2+, we constantly increased the concen-
tration of these four elements simultaneously in the solu-
tion. Seven concentrations have been tested in the following 
range (from 0.3 to 2.1 mM).

Each concentration is repeated 10 times (n = 10). The 
cyclic voltammograms for n = 1 is depicted in Fig. 6. From 
the obtained voltammograms, it is clear that the four 

studied elements are perfectly distinguishable. Each ele-
ment keeps its own electrochemical identity in the absence 
and in the presence of the other studied elements. For 
instance, mercury is characterized by two oxidation peaks 
in the presence of other elements in the potential inter-
val ranging from 0.1 to 0.5 V and two reduction peaks in 
the potential interval extended from 0 to –0.5 V. The same 
peaks are observed in the absence of other heavy met-
als (Fig. 8). The cobalt exhibits a single oxidation peak 
observed at –0.3 V in the absence and in the presence of 
other elements (Figs. 9 and 6). Here, it is worthy to mention 
that the prepared electrode is selective and able to simulta-
neously determine Pb2+, Hg2+, Cd2+ and Co2+. The potentials 
of the redox peaks of cadmium, mercury, cobalt and lead 
are determined respectively from Figs. 7–10.

Similar research [20,21] has shown that Pb(II) ions ini-
tially complex on the electrode surface during the precon-
centration moment. Pb(II) ions reduce in the electrolyte 
solution after the application of a voltage of 0.398V(P3). In 
the anodic sweep direction, we note that there are two peaks, 

Table 4
Student’s t-value for a bilateral interval at a 95% confidence level 
[26–28]

Degree of freedom t(0.975)

1 12.706
2 4.303
3 3.182
4 2.776
5 2.571
6 2.447
7 2.365
8 2.306

Table 5
Calculation of mean observed current strength (Im), target peak strength (Itarget), systematic error (SE), relative error (RE), recovery rate 
(RR), accuracy (A), and random error (RE*)

Concentration (mM) 0.3 0.6 0.9 1.5 1.8 2.1

SWV

Im (μA/cm2) 424.3714 481.7286 566.7375 644.7 698.8286 –
Itarget (μA/cm2) 436.024 490.738 545.452 654.88 709.594 –
SE (μA/cm2) –11.6526 –9.00943 21.2855 –10.18 –10.7654 –
RE (%) –2.67246 –1.83589 3.90236 –1.55448 –1.51713 –
RR (%) 78.70276 91.7668 112.9677 96.27883 96.7207 –
A (%) 97.32754 98.16411 96.09764 98.44552 98.48287 –
RE* (μA/cm2) 50.14517 31.52356 31.74521 20.95853 25.67925 –

CVPic-ox

Im (mA/cm2) 0.213222 0.491556 0.729667 1.15375 1.307333 1.503556
Itarget (mA/cm2) 0.27388 0.48556 0.69724 1.1206 1.33228 1.54396
SE (mA/cm2) –0.06066 0.005996 0.032427 0.03315 –0.02495 –0.0404
RE (%) –22.1476 1.234771 4.650718 2.958237 –1.87248 –2.61694
RR (%) 71.34459 101.4162 105.1062 103.1321 98.03582 97.27321
A (%) 77.85243 98.76523 95.34928 97.04176 98.12752 97.38306
RE* (mA/cm2) 0.031205 0.062082 0.066279 0.081344 0.092887 0.08189

CVPic-red

Im (mA/cm2) –0.50172 –0.57489 –0.651 –0.80811 –0.85978 –0.93874
Itarget (mA/cm2) –0.50588 –0.57866 –0.65144 –0.797 –0.86978 –0.94256
SE (mA/cm2) 0.004158 0.003771 0.00044 –0.01111 0.010002 0.003816
RE (%) –0.82189 –0.6517 –0.06754 1.394117 –1.14997 –0.40481
RR (%) 94.2872 97.40924 99.79848 103.0533 97.70948 99.25106
A (%) 99.17 99.34 99.93 98.60 98.85 99.59
RE* (mA/cm2) 0.05249 0.04955 0.05546 0.06682 0.07161 0.07373

Table 6
Calculation of χ2

SWV CVPic-ox CVPic-red

χ2 2.317951 0.019642 –0.0005
χ2 (theoretical) 12.592 15.507 15.507
Hypothesis Accepted Accepted Accepted
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Fig. 7. Cyclic voltammograms of CPE-1% EDTA at various 
cadmium concentrations under the conditions listed in Table 1.

Fig. 8. Cyclic voltammograms of CPE-1% EDTA at various 
concentrations of mercury under the conditions listed in Table 1.

Fig. 9. Cyclic voltammograms of CPE-1% EDTA at various cobalt 
concentrations under the conditions listed in Table 1.

Fig. 10. Cyclic voltammograms of CPE-1% EDTA at various lead 
concentrations under the conditions listed in Table 1.
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Fig. 6. Cyclic voltammograms of CPE-EDTA in 0.1 M NaCl at 100 mV/s, pH = 2 and 1% (w/w) EDTA/carbon graphite after 
10 min preconcentration at different concentrations of Pb2+, Hg2+, Cd2+ and Co2+.
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P1 and P2, respectively at 0.7 and 0.53 V which corresponds 
to the oxidation of the lead metal in the solution or in the 
organic matrix [20,21]. The same reaction mechanism can 
be attributed to other ions (Cd(II), Co(II) and Hg(II)).

The results of the statistical study of the simultaneous 
determination of these heavy metals are listed in Table 7. 
In the presence of heavy metals in the solution, a slight 
decrease in the slope of the calibration curve for the deter-
mination of lead is noted and a slight increase in reduction 
peaks is observed, as well as a decrease in the value of R2 
(from 0.997 to 0.975) is occurred. The detection limit value 
is increased from 0.931 × 10–9 to 5.59 × 10–9 mol/L. The pres-
ence of heavy metals resulted in a significant decrease in 
the coefficient of variation (CV*), it is going from 25.55% 
to 12% for the concentration of 0.9 mM and from 24.98% to 
6.73% for the concentration of 1.8 mM. The relative error 
(RE) increased from –0.067% to –0.86% for 0.9 mM and from 
1.51% to 1.86% for 1.2 mM. The method is linear in the con-
centration range between 0.6 and 2.1 mM. The accuracy of 
the lead determination is around 100% compared to the 
determination accuracy of other elements, the average accu-
racy of all measurements is about 98.23% vs. 98.82% associ-
ated to cadmium, 94.54% for mercury and 97.13% for cobalt. 
All these results show that heavy metals slightly affect the 
determination of lead in solution. The lowest detection limit 
is that of cobalt (1.2 × 10–9 mol/L) followed by cadmium, 
mercury and finally lead. For all studied metals, the method 

is linear in the concentration range (0.6–2.1 mM), except for 
mercury it is linear in the range (0.3–2.1 mM). Cadmium 
has a low systematic error (SE = 0.009 mA/cm2) followed 
by lead (0.013 mA/cm2) then mercury. Regarding the rel-
ative error, cadmium also shows a lower value of 1.70% 
followed by lead with 1.7%, cobalt and mercury. These 
observations are due to the interactions of metal ions with 
EDTA. The change in the electrochemical behavior of lead 
in the presence of different concentrations of mercury, cad-
mium and cobalt is explained by the competition between 
these elements at the active sites of the modified electrode.

3.4. Application: tap water

The elaborated electrode is tested in tap water from lab-
oratory at the Faculty of Sciences and Techniques of Béni 
Mellal. Lead is added to the sample, and the peak observed 
for each concentration is used to find the added concen-
tration based on the general equation given in Table 2. The 
analysis results of lead in drinking water are summarized 
in Table 8. Note that in the case of CVPic-red, the determined 
concentrations by the equation is almost the same as the 
added concentrations with a recovery rate equal to 100%. 
The found concentrations are very far from those added for 
CVPic-ox and SWV. It is noted that some of the metallic lead 
oxidizes in the solution and some oxidizes in the organic 
matrix [20,21]. Thus to measure the amount of lead in the 

Table 7
Statistical study of the simultaneous detection of heavy metals by CPE-1% EDTA

Concentration (mM) 0.3 0.6 0.9 1.2 1.5 1.8 2.1

Lead

Systematic error (SE) in mA/cm2 – –0.021 0.006 0.014 0.019 –0.004 –0.015
Relative error (RE) in % – 3.07 –0.86 –1.86 –2.32 0.50 1.61
Accuracy in % – 96.9 99.1 98.1 97.6 99.4 98.3
Coefficient of variation (CV*) in % – 2.12 10.8 12.0 8.20 6.73 11.95
LOD/LOQ 5.59 × 10–9 mol/L 1.8 × 10–8 mol/L
Linearity interval (0.6–2.1) mmol/L

Cadmium

Systematic error (SE) in mA/cm2 – 0.016 0.0005 –0.03 0.003 0.001 0.008
Relative error (RE) in % – –2.10 –0.06 3.35 –0.37 –0.17 –0.76
Accuracy in % – 97.8 99.9 96.6 99.6 99.82 99.2
Coefficient of variation (CV*) in % – 35.87 34.89 38.63 38.98 36.96 40.18
LOD/LOQ 4.13 × 10–9 mol/L 1.37 × 10–8 mol/L
Linearity interval (0.6–2.1) mmol/L

Mercury

Systematic error (SE) in mA/cm2 –0.017 0.034 –0.001 –0.033 0.017 – –
Relative error (RE) in % 9.98 –10.05 0.20 4.89 –1.96 – –
Accuracy in % 90.0 89.9 99.7 95.1 98.0 – –
Coefficient of variation (CV*) in % 116.02 44.04 73.52 72.51 75.63 – –
LOD/LOQ 5.08 × 10–9 mol/L 1.69 × 10–8 mol/L
Linearity interval (0.3–1.5) mmol/L

Cobalt

Systematic error (SE) in – 2.490 0.219 –2.425 1.871 –9.730 7.610
Relative error (RE) in % – 6.50 0.31 –2.40 1.41 –5.94 3.90
Accuracy in % – 93.4 99.6 97.5 98.5 94.05 96.0
Coefficient of variation (CV*) in % – 63.18 63.92 66.74 67.00 63.70 71.09
LOD/LOQ 1.20 × 10–9 mol/L 4.02 × 10–9 mol/L
Linearity interval (0.6–2.1) mmol/L
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sample it is necessary to use both oxidation peaks and not 
just one. The SWV essentially takes into account the fara-
daic current that results from the redox reactions of the 
elements to be analyzed at the electrode-solution interface 
[30], so the SWV does not allow to give precise and accu-
rate results since lead does not oxidize only in the organic 
matrix of the electrode. All used methods are able to confirm 
the non-presence of lead, since the negative value is always 
found in the case of a concentration of 0 mM Pb2+.

The prepared electrode (CPE-EDTA) has a low detection 
limit (0.93 × 10–9 M) compared to the other sensors performed 
the work mentioned in Table 9.

4. Conclusion

The 1% EDTA modified carbon-paste electrode is capa-
ble of determining Pb2+, Hg2+, Cd2+ and Co2+ in tap water 
of our laboratory. The electrochemical responses obtained 
by CVPic-red allowed determining a general equation for the 
analysis of Pb2+ in tap water, the predictive power of this 
method is greater than that of SWV with a recovery rate of 
100%. The coefficient of variation (CV*) and repeatability 
uncertainty (RU) for measurements made by the SWV are 
lower compared to the CV which means that this method 
is faithful. The CVPic-red specific SE and RE* are the lowest of 
all the used methods, indicating that this method is more 
accurate. The determination of lead is slightly affected by 
the presence of heavy metals. The simultaneous analysis 
of heavy metals showed that cadmium and lead have the 
lowest limit of detection, RE and SE. The use of the gen-
eral equation for the analysis of lead does not apply to the 
analysis in a sample containing Hg2+, Co2+ and Cd2+. Thus, 
we have to find another equation that takes into account the 
interference with the other elements.
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