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ABSTRACT: A sensitive electrochemical method for the detection of trace heavy metal ions such as 

lead Pb (II) and cadmium Cd (II) using a Carbon Graphite Electrode (CPE) chemically modified  

by a dolomite powder was applied. Firstly, local Moroccan dolomite was deeply characterized 

 in order to understand its chemical composition and morphological structure. The performance  

of this sensor is revealed by three electrochemical methods: Square Wave Voltammetry (SWV), Cyclic 

Voltammetry (CV) and Electrochemical Impedance Spectroscopy (EIS). The effect of preconcentration 

time, concentration effect, media pH, and interference ionic response to the electrochemical response 

of the working electrode were all investigated under various experimental settings. The SWV 

determination coefficient (R² (Pb (II)) = 0.8385 and R² (Cd (II)) = 0.9307) is lower than the cyclic 

voltammetry result (R² (Pb (II)) = 0.989 and R² (Cd (II)) = 0.977), showing the latter's superior 

predicting ability. Even in the presence of interfering ions, the suggested electrochemical sensor 

exhibits good repeatability and selectivity, with detection limits of 0.10113 μM and 0.22227 μM 

 for Pb2+ and Cd2+, respectively. These values obtained from the calibration curves of the substances 

studied reveal that the developed sensor showed excellent electroanalytical performances for the detection 

of heavy metal ions. According to Atomic Absorption Spectroscopy (AAS), the prepared electrode 

 from CPE-dolomite showed a highly sensitive capacity toward cadmium detection with a content  

of 178.43 mM was detected after mineralization of the electrode immersed in CdSO4 solution.  

The same electrode has been used to reduce the lead in which the resulting solution was analyzed 

involving a value of 125.23 mM. 
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INTRODUCTION 

Heavy metals such as cadmium (Cd) and lead (Pb) 

exist naturally in varying concentrations in the earth’s 

crust. Thus, they are omnipresent in the environment 

where they are found in ionic forms, in compounds  

or complexes, which are generally inoffensive to 

living organisms. However, an insufficient or too high 

concentration of a given metal in its bioavailable  

can harm ecosystems and the health of living beings, 

particularly the central nervous system, the kidneys or 

liver, skin, and bones [1-10]. Therefore, there is an 

urgent need to develop sensitive, rapid, and simple 

analytical methods for the simultaneous determination 

of Cd2+ and Pb2+. In comparison to the widely used 

Atomic Absorption Spectroscopy (AAS), Inductively Coupled 

Plasma Atomic Emission Spectroscopy (ICP-AES), and 

Inductively Coupled Plasma Mass Spectrometry (ICP-MS), 

electrochemical detection offers a number of 

advantages, including easy handling, low cost, 

suitability for on-site monitoring, and readily available 

equipment. Numerous electrodes have been developed 

as of late for the simultaneous measurement  

of Cd2+ and Pb2+ [11-14]. 

On the other hand, the dolomite of the chemical formula 

MgCa(CO2)3 has very interesting properties that will influence 

the performances of the measurement like the mechanical 

thermal properties and the chemical inertia. Furthermore,  

the advantageous properties of dolomite (MgCa(CO2)3)  

are attributed to its ability to form "complexes" with heavy 

metals [18-20]. A common approach is to integrate carbon 

materials, such as graphite. Moreover, graphite has  

a wide variety of properties and uses. This mineral is sought 

after for its electrical and thermal conductivity, softness, 

chemical inertness, heat resistance and lubricity. This 

combination of physical properties enables graphite 

applications in a wide range of technological fields such as 

nanoelectronic devices, capacitors, and sensors [21-26]. 

In this context, chemical sensors have gained 

increasing interest in heavy metal detection due to their 

advantages of fast analysis speed, simple instrumentation, 

low costs, and high sensitivity. Many studies have been 

carried out on chemical sensors using a combination of 

materials-carbon composite [27-34]. In this work, we developed 

a new electrochemical sensor based on Carbon Graphite 

Paste (CPE) functionalized with dolomite for the 

electroanalysis of Pb2+ and Cd2+ in solution by cyclic 
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voltammetry, square wave voltammetry and EIS.  

The search for optimal parameters, such as the best 

CPE/dolomite ratio (mass for mass), the best 

preconcentration time, the best scan speed, the ideal 

solution pH value, and the ionic concentration giving  

the best running response, was carried out. In addition,  

the interference effect and the performance and stability  

of the modified CPE-dolomite electrode were also studied.  

To evaluate the performance of the proposed analytical 

methodology the detection of heavy metals by the prepared 

electrode was tested in a real sample, such as tap water, 

without any pretreatment and under the optimal 

conditions. 

 

EXPERIMENTAL SECTION 

Raw materials 

The dolomite material used in this work was the subject 

of previous work, which this substance was selected from 

the Boudkek deposit, which is located on the left side of 

the Oued Bouhya in the Rif of Morocco [20] in which, The 

raw sample taken in the carrier are crushed and dried in the 

open air, then steamed at 110°C for 24 hours. The dry 

materials are introduced into jars into which balls of 

various diameters are added. The whole is crushed  

for 30 min. The obtained powder is homogenized and then 

sieved to recuperate the size fraction < 63µm. The 

substance used in this study are analytically trustworthy, 

therefore they haven't been previously purified. Moreover, 

the binder used (paraffin oil) and Carbon paste electrode 

was supplied by (carbon, Lorraine, ref. 9900, French). 

Pb(NO₃)₂  and Cd(NO₃)₂  are obtained from Merck 

chemicals. Deionized water was used to prepare all 

solutions. Finally, the extrapure sodium sulfate Na2SO4 

used comes from Scharlau Chemie. 

 

Characterizations 

Chemical composition was determined by XRF using 

Bruker S8 Tiger X-ray spectrometer with wavelength 

dispersive detector (WD-XRF) equipped with an 

anticathode. The electrochemical experiments were 

carried out by a voltalab potentiostat (PGSTAT 100 

model, Eco Chemie B.V., Utrecht, The Netherlands) 

controlled by the voltalab master 4 software. The 

dolomite-modified carbon paste electrode was used  

as working electrode, the saturated calomel electrode  

as reference electrode and a platinum plate was used  

as a counter electrode. The pH meter (Copenhagen, PHM210, 

Tacussel, French) was used to adjust the pH values.  

 

 Preparation of chemical sensor  

The Electrode was prepared by thoroughly mixing  

the dolomite powder (50%) with the carbon graphite powder 

(50%) using 0.36 mL paraffin oil, and thoroughly hand-

mixing in a mortar and pestle. Subsequently, the resulting 

composite material was manually inserted into the 

cylindrical cavity of the electrode body (geometric surface 

of about 0.1256 cm²). Electrical contact is established with 

a carbon rod. By dissolving 0.1598 g of lead nitrate 

(Pb(NO3)2) in deionized water and then diluting to 1000 mL, 

a solution of Pb ions was obtained. Similar steps were taken 

to produce the cadmium solution, which was obtained  

by dissolving 0.16 g of Cd(NO3)2 in ultrapure water and then 

diluting to 1000 mL which on the one hand 0.242 × 10−6 μmol/L 

of lead (II) and on the other hand 0.259 × 10−6 μmol/L  

of cadmium (II). 

 

RESULTS AND DISCUSSION 

Characterization of raw dolomite  

The chemical composition obtained by XRF (Table 1) 

showed a variable composition with the presence of several 

major chemical elements of the dolomite. This raw material 

generally consists of 28.73% CaO, 26.63% MgO and 40.34% 

fire loss due to the high carbonate content. The main 

undesirable impurities in the carbonate rocks are silica, K2O, 

Na2O, Fe2O3 and alumina. These types of impurities combine 

with calcium oxi de at elevated temperatures to form a slag, 

which reduces the pore volume and the amount of available 

active lime [35]. Such impurities are either present in the matrix 

or are derived from material in crevices and other strata 

excavated with the limestone. Sample was selected from  

a career in which these impurities were low. 

Fig. 1 shows the SEM micrographs on dolomite powder  

in which the results reveal a clearer and more apparent 

automorphic crystalline form. Noted that the rhombohedral 

aspect structure of the crystals of dolomite, as well as the edges 

of these crystals that are sharp (100 μm). It can be also 

observed the micro porosity, which appears on the images 

as dark gray areas in different fractions of 10 μm, 50 μm 

and 100 μm (Fig. (2.a, 2.b, 2.c)). At the texture level, 

there is color homogeneity, indicating that the dolomite 

matrix shows a higher calcium and magnesium content  

in the gray areas. In addition, we can draw that the 10 μm 
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Table 1: Chemical composition of dolomite in oxides (% Wt) 

Sample SiO2 Al2O3 Fe2O3 MgO CaO K2O Na2O P2O5 MnO LOI (*) 

Dolomite 3.06 2.96 0.13 26.63 28.73 0.06 0.19 0.02 0.01 38.34 

LOI (*): Loss on ignition at 1000 °C 

 

     
Fig. 1: SEM images of the raw dolomite powder of different scales of the 100 μm granular fraction 

 

  
Fig. 2: SEM images of raw dolomite powder. (a): fraction of 10 μm, (b): fraction of 50 μm, (c): fraction of 100 μm 

 

          
Fig. 3: SEM micrographs of CPE-dolomite electrode coupled with EDS analysis 

 

 
Fig. 4: Behavior of electrodes CPE and CPE-dolomite by cyclic 

voltammetry 

 

granular fractions of dolomite have very fine small grains 

with great compactness (Fig.2-a). Fig. 3 shows the scanning 

electron microscopy image of the CPE-Dolomite in the 

presence of Pb (II) and Cd (II). Carbon paste modified with 

the dolomite (CaMg(CO3)2), shown a uniform surface with 

homogenous dispersion, also, the particles shows non-uniform 

and irregular grey grains appear surrounded by a black 

graphite flakes. In addition, the EDS data confirmed and 

justified the good results obtained which we found small 

traces of lead (Pb) and Cadmium (Cd). 

 

Electrochemical behavior of CPE-dolomite 

Fig. 4 represents the cyclic voltammograms recorded, 

in electrolytic medium (Na2SO4; 0.05 M; pH = 7.2)  

in the potential range between -1.5 V and 2 V, respectively 

by carbon paste electrode, and the dolomite modified carbon  
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Fig. 5: Sensitivity of electrodes with Pb2+ by (a) cyclic voltammetry and (b) Square wave voltammetry 

 

 
Fig. 6: Sensitivity of electrodes with Cd2+ by cyclic voltammetry 

 

paste electrode at 100 mV.s-1. The voltammograms shows 

that the reduction peak, which appeared in 0.0 V (red 

voltammogram) transferred to 0.5 V (blue one) in modified 

electrode, which indicate that the CPE-dolomite shows 

more electrocatalytic effect compared with CPE, 

suggesting that the carbon paste electrode is well modified 

by dolomite. 

 

Behavior of CPE-dolomite with Pb 

Fig. 5 shows the voltamograms obtained in the absence 

and presence of Pb (II) (0.52 mM) in the electrolyte 

medium. The anodic peak clearly corresponded  

to the oxidation of lead taken up chemically from  

the preconcentrating solution with the CPE-dolomite  

and the cathodic peak corresponded to the reduction of 

lead in which the voltamogram (b) shows two Red-Ox 

systems: the first one concerns the oxidation-reduction  

of lead ions in the interface (peaks 1 and 4 respectively  

di = -11.5 mA/cm2 at -0.77 V, di = 7.352 mA/cm2) and  

the second one concerns the oxidation-reduction of lead  

in the electrode matrix (peaks 3 and 2 respectively  

di = -1.024 mA/cm2 at -1.275 V, di = 0.79 mA/cm2 at -0.70 V). 

The difference between the values of the anodic and 

cathodic peaks reveals that the system is quasi fast. 

 

Behavior of CPE-dolomite with Cd  

The electrochemical behavior of CPE-dolomite  

was studied as shown in Fig. 6. Cyclic voltammograms 

were recorded in 0.1 M of Na2SO4 in the potential range  

-2 V to 2 V. After 3 minutes of pre-concentration,  

the voltammograms show cathodic current peaks around  

-0.75 V and -1.18 V indicating the presence of cadmium 

and an anodic peak of 1.2 V potential very far from Cd 

reduction peaks (suggesting that Cd is trapped in the 

electrode matrix due to its interactions with other 

compounds). These relatively low peak currents compared 

to those obtained in the presence of lead can be explained 

by low energy interactions (which may suggest 

physisorption) between cadmium and the CPE-dolomite 

composite. Comparing the peak currents of the CPE-

dolomite electrode against the metal ions Pb2+ and Cd2+ 

under the conditions of the experiment, this electrode  

is found to be more reactive and sensitive to lead. Similar 

results have been reported in previous work [36]. 

 

Influence of the preconcentration time  

The final factor of critical relevance is the length of 

time permitted for the Pb (II) and Cd (II) to accumulate 

from the preconcentration solution at the electrode surface. 

The influence of the preconcentration time on the current 

intensities of the anodic peak of lead and the cathodic peak 

of cadmium is shown in Fig. 7. The intensity increases 

with the preconcentration time, between 0 and 25 min. 

Normally, the response increases until a maximum signal 

level is reached, which is expected to be equivalent  

to either a saturation or an equilibrium surface coverage.  
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Fig. 7: Effect of accumulation time by SWV (Hg/Hg2Cl2; pH = 

7; 0.1 M of Na2SO4) 

 

 
Fig. 8:  Effect of pH by SWV (Hg/Hg2Cl2; pH = 7; 0.1 M  

of Na2SO4) 

 

The results showed that exposure periods of 5 min  

for 0.57 M Pb (II) and 3 min for 0.51 M Cd were necessary 

to achieve higher accumulation levels of Pb (II) and Cd (II) 

at the electrode surface. In principle, it was discovered  

that the peak current is briefly dependent on the 

preconcentration time. However, a steady change in the 

peak current was seen as the preconcentration time 

increased. This observation is consistent with the 

outcomes of other adsorptive accumulation-based 

stripping techniques [37-40]. Beyond 12 and 5 min 

respectively for lead and cadmium, it becomes almost 

constant due to the probable saturation of the surface of the 

CPE-dolomite. 

 

Influence of the pH of the medium  

The electrode response with respect to variation in pH 

of the medium was investigated, with the objective of 

achieving the maximum peak current during practical 

experiments. In a solution with 0.57 M of Pb (II) and  

0.51 M of Cd (II), the influence of pH on the voltammetric 

response of the dolomite modified carbon paste electrode 

was investigated in the pH range of 2 to 9. The square wave 

voltammograms clearly displayed the current peak 

responses for the ions in the electrolytes at various pHs. 

The effect of the electrolyte's pH on the reaction of  

the CPE-dolomite is shown in Fig. 8, which shows that  

the peak current increases with pH in the range of 6.5–7.5, 

where the peak achieves a maximum, and then declines 

from pH = 7.5 to 9. This is caused by the completion of 

complex formation at higher pH and the increased 

complex formation of Pb (II) and Cd (II) with CPE-

dolomite at the electrode surface. This wasn't observed  

in this study, though, since the Pb (II) solution was added 

to the preconcentration cellule just before the electrode 

was inserted, and because a stable CPE-dolomite-Pb (II) 

and CPE-dolomite- Cd (II) complexes subsequently formed 

on the surface of the electrode [41-43]. As a result,  

pH = 7.2 was chosen as the ideal pH for the medium  

for the next experiments. 

 

Study of the effect of ionic concentration 

In order to assess the effect of ionic strength on the 

electrochemical behaviour of the proposed working 

electrode, electrochemical measurements were performed 

with Pb (II). The variation of the anodic peak intensity with 

lead concentration was followed by cyclic voltametry  

(Fig. 9a), square wave voltametry (Fig. 9b). Based on these 

Figs, it can be seen that the peak currents increase linearly 

with the concentration of Pb2+ in solution with a 

correlation coefficient of the order of 0.9986, indicating 

that the new electrode surface has a large number of active 

sites. The impedance diagrams confirm this result, which 

show curves in the form of semicircles at high frequencies 

attributed to electron transfer (Rt), the diameter of these 

semicircles corresponds to the electron transfer resistance. 

The increase of the lead concentration decreases the value 

of Rt (Fig. 9c). 

Cyclic voltamograms recorded by the dolomite-

modified electrode in Na2SO4 (0.1 M) electrolyte medium, 

containing different concentrations of Cd2+. We note that 

the voltamograms show two peaks at about -0.5 V and 0.5 V. 

These peaks are associated with the reduction of Cd2+ ions 

adsorbed on the electrode surface. It also appears that  

the peaks grow linearly with the concentration of Cd2+ (Fig. 10). 

From this figure, the finding is that the peak currents 

increase linearly with the concentration of metal ions  

in solution with correlation coefficient of the order of 0.9955. 
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Fig. 9: Effect of concentration of Pb2+ (Hg/Hg2Cl2; pH = 7; 0.1 M of Na2SO4). (a) CV, (b) SWV and (c) EIS 

 

 
Fig. 10:  Effect of concentration (Hg/Hg2Cl2; pH = 7; 0.1 M of 

Na2SO4) of Cd2+ 

 

This increase is more pronounced with Pb2+ (Fig. 9a) than 

with Cd2+ (Fig. 10). This criterion the fact that the CPE-

dolomite electrode is more reactive to Pb2+ than to Cd2+. 

Furthermore, the detection limits were 0.10113 μM and 

0.22227 μM, respectively, for Pb2+ (anodic peak) and Cd2+. 

 

Study of the effect of the scan rate 

The intensity of the oxidation peak varies linearly with the 

scan rate (V1/2) in the potential range between 20 and 120 mV/s 

(Fig. 11a and Fig. 11b). The linear increase of the anode peak 

currents with the square ratio of the scan rate (coefficient of 

correlation equal to 0.9847; 0.9806 for Cd2+ and 0.8385; 0.9307 

for Pb2+, respectively) shows some diffusion of the analyte  

on the electrode surface. This linearity reflects a surface 

phenomenon, and Pb (II) and Cd (II) ions have probably been 

scattered to the active sites of the CPE-dolomite [44]. 

 

Interference of Cd2+ and Pb2+ ions  

At sites on CPE-dolomite, we evaluated elements  

that might exhibit some competition, and these tests  

were conducted under ideal circumstances. The voltamogram 

was plotted after preconcentration of CPE-dolomite  

in aqueous solutions of lead nitrate Pb(NO₃)₂ and cadmium 

nitrate Cd(NO₃)₂. The cathodic reduction of cadmium occurs 

at -0.7 V/ECS, lower than that of lead -0.45 V/ECS. 

The oxidation peak of metallic lead occurs at about + 0.1 V/ECS. 

The clear separation of the three peaks offers us the possibility 

to determine both metals simultaneously (Fig. 12). 

 

Application of the electrodes to tap water analysis 

The CPE-dolomite electrode was subjected to tap water 

for application in a real-world environment. The study 

was performed by cyclic voltametry and square wave  
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Fig. 11: Scan rate effect (Hg/Hg2Cl2; pH = 7; 0.1 M of Na2SO4; V: 100 mV/s). (a): Pb2+, (b): Cd2+ 

 

 

 

 
Fig. 12: Ionic interference effect by SWV (Hg/Hg2Cl2; pH = 7; 0.1 M of Na2SO4) 

 

voltameter in 0.1 M Na2SO4 solution. The concentration of 

Pb (II) varied from 0.25×10-6 M to 1.75×10-6 M as shown 

in Fig. 13a. For Cd (II), the electrochemical responses 

were recorded in the concentration range of 0.27×10-6 M 

to 1.82×10-6 M as shown in Fig. 13c. From the above, it is 

clear that the anodic peak currents increase linearly with 

the concentration of Pb (II) in the solution with a strong 

correlation (R2 = 0.9962, Fig. 13b) for a qualified detection 

limit of anodic peak at 0.06468 μM. Furthermore,  

the electroanalysis of Cd (II) also shows that the peak 

currents that evolve with the concentration of Cd (II)  

in the reaction medium. The correlation between peak 

current density and concentration is also high (R2 = 0.987, 

Fig. 13d) but not as high as that of the concentration 

detection limit for the case of cadmium was 0.54502 μM. 

These results show that the fabricated sensor detects Pb (II) 

more reliably in tap water than in distilled water. With 

Cd2+ on the other hand, this sensor is more reliable  

in distilled water than in tap water during electrochemical 

detection. Table 2 allows to evaluate the reliability of  

the sensor according to the study environment and to compare 

it with other works. 
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Table 2: Comparison of the performance of some electrodes with other analytical methods for lead and cadmium 

Electrode material Technique used Solvent 
Limit of detection 

References 
Pb Cd 

CPE-EDTA SQW Distilled water 0.0087 μM - [45] 

RGO-GNPs SWASV Distilled water 0.00058 μM 0.00071 μM [46] 

ZnFe2O4-GCE DPASV Distilled water 0.00541 μM 0.02224 μM [47] 

BiPs-CNFs/[EMIM][NTf2]/CP SWASV Distilled water 0.00058 μM 0.00222 μM [48] 

CPE-ACC SQW Distilled water 0.15513 μM 0.24227 μM [44] 

CPE-ACC SQW Tap water 0.08438 μM 0.4652 μM [44] 

CPE-dolomite SQW Distilled water 0.10113 μM 0.22227 μM This work 

CPE-dolomite SQW Tap water 0.06468 μM 0.54502 μM This work 

 

 

 
Fig. 13: Effect of the concentration and calibration curve of the Pb2+ ions (a, b) and Cd2+ (c, d) in tap water 

 

Determination of Pb and Cd by Atomic Absorption 

Spectroscopy (AAS) 

In order to confirm the membrane's effectiveness to store 

metal cations in the anode compartment, as well as to verify  

the natural non-adsorption of heavy metals on the cell's 

materials (cell body, electrode, etc.), and to detect any other 

process that results in metal cation losses. Electrode material 

samples were processed in digestion tubes for 3 h in the 

presence of a mixture (3:1 hydrochloric acid: nitric acid)  

at a temperature of 100 °C. The resulting solutions were analyzed 

by atomic absorption spectroscopy technique to determine  

the content of cadmium and lead in the samples. 

The AAS measurement of the cadmium and lead contents 

in the mineralized samples reveals that the digested 

solution of the graphite carbon electrode has no traces  

of cadmium or lead, suggesting that the graphite electrode 

is not sensitive to any form of ion reduction. However,  

the prepared electrode from CPE-dolomite showed  

a highly sensitive capacity toward cadmium detection.   

A content of 178.43 mM was detected after mineralization 

of CPE-dolomite electrode immersed previously in  

a solution of CdSO4. The same electrode has been used  

to reduce the lead contained in an electrolyte charged  

with Pb2+, and consequently to detect its presence  
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Table 3: Determination of Pb and Cd by atomic absorption spectroscopy (AAS) 

Sample Digested mass (mg) Concentration (mg/l) Dilution factor 
Average concentration 

(mM) 

C1 0.071 <0.01 300 -- 

CPE-dolomite-Cd (II) 0.068 0.1311 300 578.434 

CPE-dolomite-Pb (II) 0.1007 0.1183 300 352.432969 

 

 
Fig. 14: Cadmium (a) and lead (b) concentrations in electrode 

after digestion 

 

after an electrochemical cyclic voltameter. The recovered 

electrode after cyclic voltammetry was mineralized and 

the resulted solution was analyzed involving a value of 

125.23 mM (Table 3 and Fig. 14). The high detected 

concentrations of cadmium and lead ions as well as  

the difference between these values and those calculated 

from the electrochemical results could be attributed  

to the sorption, intercalation and ions exchange 

phenomena which could be occurred simultaneously  

with the electrochemical reduction [49-50]. 

 

CONCLUSIONS 

A simple and efficient system for the detection of 

heavy metals such as Pb 2+ and Cd 2+ was developed in this 

work. Measurements of these pollutants were carried out 

with a dolomite-based electrode, using mainly cyclic  

and square wave voltametry. Optimized experimental 

conditions were determined by the variation of 

preconcentration time, the pH of the preconcentration 

solution. The intensity of the peak corresponding to the 

electroactivity of the analyzed element increases with  

the accumulation time until a limit is reached at which  

the peak profile changes. It becomes broader and the 

intensity of its maximum remains constant. The limit 

detection values obtained from the calibration curves of 

the investigated substances show that the dolomite 

modified electrodes are very sensitive to the detection of 

the investigated metals. The proposed method for  

the detection of these metals is characterized by simplicity  

of invention. The modifiers are not soluble in water,  

non-toxic and non-polluting. 
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