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A scaffold of multiwalled carbon nanotubes (MWCNT) and chitosan biopolymer were assembled on 

glassy carbon electrode (GCE) for Cadmium(II) ion detection in aqueous solution. The electrodes were 

characterized using cyclic voltammetry and electrochemical impedance spectroscopy. Parameters for 

the electrochemical detection of cadmium ions were optimized using Square Wave Anodic Stripping 

Voltammetry (SWASV), with an acetate buffer at a pH of 5. A limit of detection of 0.09 μg L-1 was 

achieved. Moreover, detection selectivity was demonstrated using SWASV with this modified electrode 

for Cd(II) detection in the presence of other toxic heavy metal ions, including 30 μg L-1 Pb(II), 30 μg L-

1 Co(II), and 100 μg L-1 Hg(II). This electrode combined with SWASV provides a new perspective for 

simultaneous detection of these species with a very low limit of detection.  
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1. INTRODUCTION 

Environmental pollution caused by heavy metals has been a major concern over the last 50 years, 

primarily due to the increasingly frequent presence of these pollutants in marine environments, 

agricultural soils, and air. Cadmium is one of the most dangerous heavy metals and is considered to 

damage both the human body and ecosystems. Exposure to this heavy metal generally arises from 

contaminated water intake, caused by the discharge of mining and industrial leaching, which is a primary 

route of contamination in water bodies [1]. In living organisms, cadmium causes severe health problems. 

For instance, high concentrations of cadmium generate physiological alterations, causing damage to 

tissue, cardiovascular system, central nervous system, and immune system. Furthermore, cadmium has 

been confirmed as a carcinogenic element [2]. 

Therefore, it is necessary to monitor and quantify this metal in very small concentrations, 

http://www.electrochemsci.org/
mailto:monica.galicia@uacj.mx


Int. J. Electrochem. Sci., Vol. 15, 2020 

  

6816 

preferably at the trace level. For this purpose, various analytical methods are currently used, such as 

atomic absorption spectroscopy [3], atomic fluorescence spectroscopy, [4] and, more recently, 

inductively coupled plasma mass spectroscopy [5]. However, these techniques have some disadvantages, 

such as the requirement for highly complex equipment representing high operating costs [6], time-

consuming sample preparation procedures [7], and the necessity of a high level of knowledge for 

operation [8]. Fortunately, electrochemical methods offer an alternative approach for trace analysis of 

cadmium and other metals in solution [9-11].  

Among the electroanalytical techniques employed, Square Wave Anodic Stripping Voltammetry 

(SWASV) offers high selectivity and low detection limits. This technique is based on the application of 

(stair case potential). In this process, the current is recorded for the anodic and cathodic potentials, and 

the difference between these two currents is the maximum current (∆ip = ipa-ipc), which is directly 

proportional to the concentration of the chemical species [12,13]. The results obtained from 

electroanalysis are straightforward, resulting in Gaussian bell-shaped peaks, with little distortion caused 

by the capacitive current [14]. Compared to other electroanalytical techniques such as Differential Pulse 

Anodic Stripping Voltammetry (DPASV) and Normal Pulse Voltammetry (NPV), SWASV is more 

sensitive and selective [15]. Additionally, voltammograms can be rapidly obtained, and the technique is 

relatively simple and low-cost [8,16].  

An appropriate electroanalytical technique is essential for obtaining accurate and reliable results. 

However, the experimental setup is also a fundamental component of this technique; for example, 

modified glassy carbon electrodes allow to significantly improve the precision, detection limits, 

quantification, precision, accuracy, and reproducibility [17]. For this approach, various materials have 

been proposed, including polymers, metal/organometallic complexes, metal nanoparticles (M-NPs), 

organic molecules, and macromolecules [18]. However, carbon nanotubes (CNT) and their variants have 

emerged as one of the most versatile and efficient materials [19,20]. CNT are carbon allotropes with 

properties that are intermediate between those of graphite and fullerenes. CNT can be formed by sp2-

oriented carbon bonds and consist of a single layer [single-walled CNT (SWCNTs)] or multiple 

concentric tubes [multi-walled CNT (MWCNTs)] of rolled graphene, with a separation of approximately 

0.35–0.40 nm [21]. CNT also exhibit a low production cost per unit [22], high thermochemical stability 

[23], remarkable surface activity [24], and chemical inertia [25]. Moreover, the electrical properties of 

CNT can be modified via functionalization processes, reflected as an increased electrical conductivity 

[9,26,27] and low resistance during charge transfer in aqueous and non-aqueous solutions [21]. Such 

properties are important in electrochemical measurements, which depend directly on an intermolecular 

electronic transfer process between the electroactive species and the electrode when a potential 

difference is applied.  

The activity of CNT can be further improved by chemical mixed interaction with both organic 

molecules and biomolecules (polysaccharides and proteins) [28]. At this respect, CNT doped with 

chitosan have been reported in various investigations due to the excellent results obtained in the 

modification of glassy carbon electrodes (GCE), primarily in bioelectrochemistry [18, 29-34] and 

environmental remediation [35]. The functionalization of MWCNTs in HNO3 allows the insertion of 

carboxyl and hydroxyl groups [23,36], which facilitates interactions with the chitosan amino and 

hydroxyl groups by hydrogen bonds. The possible interactions between Cd(II) and chitosan ions are 
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shown in Fig. 1. It has been reported that the cadmium ion can easily complex with the amino group (-

NH2) due to the high affinity of the N-Cd bond [37].  

In this work, a new voltammetric application is introduced based on a glassy carbon electrode 

(GCE) modified with MWCNTs-chitosan (MWCNTs-Chit) for the quantification of trace levels of 

Cd(II) in aqueous solution. The MWCNTs-Chit/GCE was characterized by various electrochemical 

techniques, and the morphology was analyzed by scanning electron microscopy (SEM). To evaluate the 

efficiency of this electrode in quantifying cadmium by SWV, an analytical validation was performed, 

and an interference study was conducted to assess its application in real water samples.  

 

 
 

Figure 1. Scheme of the chemical modification of electrode with MWCNTs-Chit and supramolecular 

interaction between chitosan and MWCNTs complexing Cd(II) ions. 

 

 

 

2. EXPERIMENTAL METHOD 

2.1. Materials 

All chemical reagents used were analytical grade and of the highest purity. A standard solution 

of Cd(II) 100 mg L-1 from Merck (Germany) was used. The supporting electrolyte was a 0.1 M acetate 

buffer prepared with CH3COOH (99%) and CH3COONa (99%) from Sigma-Aldrich. Dilutions were 

prepared with ultrapure deionized water (18 MΩ cm). For the parameters optimization, NaCl (99%), 

HNO3 (70%), HCl (37%), K3[Fe(CN)6] (99%) and KCl (99%) from Sigma-Aldrich were used. The 

interference study comprises utilization of CoCl2 (99%), Pb(NO3)2 (98%) and HgCl2 (98%) from J. T. 

Baker. 

 

2.2. Functionalization and purification of multilayer carbon nanotubes (MWCNTs) 

0.5 g MWCNTs (≥98% carbon basis; OD x ID x L = 10 nm ± 1 nm x 4.5 nm ± 0.5 x 3~6 μm, as 

determined by transmission electron microscopy (TEM) was weighed. The MWCNTs were heated at 

270°C for 60 min to eliminate impurities. Subsequently, a chemical digestion was performed in 3 M 

HNO3 by continuous reflux during 7 h at 120 °C. The samples were then filtered (Whatman filter No. 2) 
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and washed with deionized water, dried in an oven during 1 h at 35°C, and stored in a desiccator until 

use [38]. 

 

2.3. Electrode modification with MWCNTs-Chit 

In this step, 10 mL of 0.5% chitosan (Sigma-Aldrich) was prepared in 2 M CH3COOH, and the 

solution was ultrasonically dispersed (Chicago Electronic®) during 30 min. Subsequently, 25 mg 

functionalized MWCNTs was added to the chitosan solution and homogenized with a magnetic stirrer 

for 45 min. Then, 5 μL was added to the surface of the GCE (Φ = 3 mm), which had been previously 

polished with alumina powder (0.3 µm). The electrode was allowed to dry until a uniform dispersion 

was observed. The sample was then immersed in 0.1 M NaOH solution during 5 min to remove traces 

of CH3COOH and it was rinsed with deionized water and 10 mL of ethanol (99%, J. T. Baker). Finally, 

the electrode was allowed to dry and was used immediately for experimentation. 

 

2.4 Instrumentation  

All experiments were carried out in an electrochemical cell with a three-electrode arrangement. 

A saturated calomel electrode (SCE) was employed as a reference electrode, and a platinum mesh was 

used as the auxiliary electrode. Cyclic voltammetry (CV), electrochemical impedance spectroscopy 

(EIS), and SWASV were performed using a VSP-300 potentiostat/galvanostat (Bio-Logic Science 

Instruments) with the software EC-Lab® V.10.32. The pH was adjusted via the addition of standard 

solutions of 0.1 M NaOH and 0.1 M HCl using a Thermo Scientific Orion 3 StarTM pHmeter. All 

experiments were performed at room temperature (25°C ± 2°C).  

 

2.5. Morphological characterization of the MWCNTs-Chit electrode 

Micrographs of the surface morphology of the modified electrode were obtained by SEM, and 

the elemental composition was analyzed by X-ray energy dispersion spectrometry (EDS) using a JEOL 

JSM-7000F electron microscope. 

 

2.6. Analytical procedure 

Measurements of Cd(II) solutions were performed in a 0.1 M acetate buffer at pH 5 (supporting 

electrolyte). No oxygen purge was performed to simulate real-time analysis conditions. The modified 

electrode (MWCNTs-Chit/CGE) was used as a working electrode, and peak currents of Cd(II) ion 

samples with known concentrations were measured. The electroanalysis began at a potential of -1.0 V 

vs. SCE and continued for 60 s (deposition time) or until analyte accumulated on the electrode surface. 

SWASV was then performed, and the peak current was recorded at -0.80 V vs. SCE, corresponding to 

the Cd(II) peak potential, with the following parameters: pulse height (ESW) of 25 mV, frequency (f) of 

100 Hz, and step height (Estep) of 5 mV. EIS was performed in a frequency range of 100 kHz to 0.01 Hz 
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with a ±10 mV peak-to-peak amplitude vs. the open circuit potential (OCP) over a duration of 10 min. 

 

 

3. RESULTS AND DISCUSSION 

3.1 Morphological analysis by SEM 

The morphology of the glassy carbon electrodes modified with MWCNTs and MWCNTs-Chit 

were characterized by SEM. Fig. 2 shows three micrographs of different surfaces. For the unmodified 

glassy carbon (Fig. 2a), a relatively flat, smooth surface was observed. As shown in Fig. 2b, the 

MWCNTs were distributed in a highly disorganized manner. This micrograph has a low definition due 

to the formation of lumps and agglomerations, suggesting that a lower CNT concentration should be 

used. As shown in Fig. 2c, the MWCNTs exhibit a more even dispersion when they are attached to 

chitosan, which provides a greater electrode area for interaction with Cd(II) ions. This phenomenon may 

be due to supramolecular interactions (MWCNTs-chitosan), where the chitosan, which is anchored by 

hydrogen bonds, can protect and stabilize the CNT, thus preventing a wrinkled and tangled structure, as 

observed in the CNT-modified electrode without chitosan. 

 

 
 

Figure 2. SEM images of electrodes a) GCE, b) MWCNT/GCE, c) MWCNTs-Chit/GCE. 

 

3.2 Electrochemical impedance spectroscopy (EIS) 

EIS is one of the most effective techniques for characterizing electrochemical processes on an 

electrode/dissolution interface. The Nyquist diagram is a typical representation of an impedance 

spectrum, and the charge transfer resistance (Rct) provides information regarding the kinetics of the 

process [39]. Thus, EIS was used to evaluate the properties of the MWCNT/Chit-modified electrode in 

1 mM [Fe(CN)6]
3- + 0.1 M KCl.  

2 μm 2 μm

2 μm

a) b)

c)



Int. J. Electrochem. Sci., Vol. 15, 2020 

  

6820 

 
Figure 3. Impedance results for different conditions of superficial modification of GCE a) Nyquist 

diagram (inside Randles circuit) b) Phase angle diagram.  

 

 

Charge transfer resistance (Rct) and double-layer capacitance (Cdl) parameters were determined 

by simulating the experimental results using Randles circuit as an equivalent circuit, as shown in Fig. 

3a, where the resistance of the electrolyte solution (Rs) is in series with a parallel combination of the 

charge transfer resistance (Rct) and Warbug impedance (ZW). Due to the physical properties of MWCTNs 

(roughness, porosity, high surface area, among others), a constant phase element (CPE) was used as the 

CPE and is closely related to the distribution of "unbalanced" current due to the surface defects [38,40]. 

According to equation 1, the CPE is an element that describes the dielectric properties whose impedance 

response is based on the angular frequency (𝜔), however, the phase angle is not time-based. 

Z CPE = 
1

Y0(jω)n
                                                                          (1) 

Y0 it is a constant, while j and ω are given by j = √-1 ; ω = 2πf. The effect of the accumulation or 

repulsion of electrical charges on the interface is described with the value of n (-1≤n≤1). If n=1, the 

surface acts as an ideal capacitor and Y0 will be equal to the capacitance value according to C =Y0(ω)
n-1

 

[41]. The Nyquist diagram shown in Fig. 3a indicates that Rct decreases for the MWCNTs-Chit/GCE in 

contrast to the GCE bare. Table 1 presents the values obtained for each electrode condition standardized 

with respect to the area, and section 3.3 shows the procedure for calculating the MWCNTs-Chit/GCE 

area. The Rct values decreased by a factor of eight approximately, and a significant increase in CPE was 

recorded for the GCE. This result is attributed to the increased superficial area and the accumulation of 

surface charges. Similar results were reported by Galicia et al. [38] under static conditions and laminar 

flow. 

 

Table 1. Impedance parameters of each electrode condition, using the equivalent Randles circuit. 

 

Electrode 

EIS parameters 

Rs 

(Ω cm2) 

CPE 

(F sn-1 cm-2) 

n Rct 

(Ω cm2) 

W 

 

χ2 

Bare GCE 1.1±0.03 0.22x10-4±0.5x10-6 0.91 34.3±0.6 812.9±8.4 2.6x10-4 

MWCNT-Chit/GC 8.7±0.1 1.78x10-4±1.1x10-6 0.93 2.1±0.1 1386.5±13.1 7.9x10-4 
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These results suggest that by modifying the electrode surface with MWCNT-Chit, the kinetics 

of the redox processes are strongly accelerated at the interface. It has been shown that the maximum 

phase angle (φ) can be used as a parameter to determine the electronic transfer kinetics, because φ is 

related to Rct and Rs (Eq. 2), the phase angle decreases when the charge transfer occurs more rapidly at 

the electrode interface [42, 43].  

φ = tan-1 (
1

1 + 2RctRs

)                                                                    (2) 

As shown in Fig. 3b, a smaller phase angle was observed for the modified electrode (φ = 65), 

compared with the unmodified electrode (φ = 71), indicating that the kinetics are faster on the modified 

surface. To confirm this interpretation, the standard rate constant (kapp) was determined, considering the 

typical redox reaction in aqueous medium as a reference: [Fe(CN)6]
3-↔[Fe(CN)6]

4-. The constant was 

calculated according to the following equation (Eq. 3).  

Rct= 
RT

(nF)2ACkapp

                                                                     (3) 

where A is the electrode area (cm2), n is the number of electrons (n = 1), R is the ideal gas 

constant (8.314 J mol-1 K-1), T is the absolute temperature (K), C is the analyte concentration (mol cm-

3), and F is the Faraday constant (96,485 C mol-1) [44]. The standard rate constants were 0.13 cm s-1 and 

7.8x10-3 cm s-1 for the MWCNT-Chit/GCE and bare GCE samples, respectively. These results confirmed 

that the redox reaction occurs more rapidly in the presence of MWCNT-Chit, as previously observed in 

impedance experiments. It is important to note that although the MWCNT-Chit/GCE area is larger, the 

kinetics of the redox process are still more favorable, considering that the area and the kapp are inversely 

proportional. This behavior is primarily attributed to the electrical and electronic properties of MWCNT, 

which are better for electron transfer than glassy carbon. In addition, the increased surface area facilitates 

diffusion during the redox processes of [Fe(CN)6]3-/4- at the interface.  

 

3.3. Voltammetry characterization 

By means of CV, the effective work area was determined using the de Randles–Sevcik equation 

(Eq. 4) by analyzing the reversible process of [Fe(CN)6]
3-. 

ip = 0.4463 (
F3

RT
)

1/2

n3/2ACv1/2D1/2                                                  (4) 

The peak current was measured at 10, 20, 50, 100, 200 and 500 mV s-1. Subsequently, the area 

was calculated using the following parameters: the number of electrons transferred (n = 1), the diffusion 

coefficient of [Fe(CN)6]
3- (7.6x10-6 cm2 s-1 [45]), and the [Fe(CN)6]

3- concentration (1x10-6 mol cm-3). 

The peak current (ipa) was measured in μA, and the scan rate (v) was given in V s-1. As shown in Fig. 4, 

there is a linear correlation between ipa and v1/2, indicating that the mass transport mechanism at the 
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interface is controlled by diffusion. This finding was confirmed by the log-log graph of ipa vs. v, as 

shown inside of Fig. 4, which has a slope close to 0.5 [46]. From the slope fitted to ipa vs. v1/2, the 

effective work area was found to be 0.5932 cm2. This increase in the area is consistent with the results 

obtained by EIS, exhibiting an increase in Cdl. This result can be primarily attributed to the larger surface 

area of MWCNT-Chit, which has both a large surface area and a large molecular size [28]. 

 
 

Figure 4. Graph of ipa vs. v1/2, at different scan rates with 1 mM [Fe(CN)6]
-3 + 0.1 M KCl. Zoom: Graph 

of log Ipa vs. log v.    

 

Using SWASV technique, the Cd(II) detection efficiency was investigated using the MWCNTs-

Chit/GCE. The modified electrode was initially evaluated in a solution of 30 μg L-1 Cd(II) in 0.1 M HCl, 

with standard SWASV parameters of Estep = 25 mV, ESW = 5 mV, calculated Estep = 50/n, and ESW = 

10/n, where n is the number of transferred electrons [14,15]. Figure 5 presents voltammograms of 

electrodes with and without the modification. A well-defined peak corresponding to the electrochemical 

oxidation of Cd(II) was observed at -0.8 V vs. SCE for MWCNTs-Chit/GCE. For the bare GC electrode, 

only instrumental noise was observed, demonstrating the need to modify the glassy carbon electrode in 

order to detect species at a lower concentration.  

 
 

Figure 5. SWASV of 30 μg L-1 Cd(II) in 0.1 M HCl. ESW: 25 mV, f: 100 Hz. 
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3.4. Optimization of experimental parameters  

The influence of SWASV parameters was studied in order to optimize the experimental 

conditions, which impact the quality of the Cd(II) quantification. The effect of the supporting electrolyte 

was studied in different media: HCl, NaCl, HNO3, and acetate buffer in a 0.1 M concentration. 

 

 
 

Figure 6. Optimization of SWASV parameters in 30 μg L-1 Cd(II) with a MWCNT-Chit/GCE: a) 

electrolyte effect b) influence of pH c) effect of deposition potential d) effect of the time of 

deposition. 

 

 

As depicted in Fig. 6a, the highest current was recorded in the 0.1 M buffer solution; thus, this 

electrolyte was selected for subsequent experiments. The influence of pH was studied over a range of 2–

8, as shown in Fig. 6b. The highest current was observed at a pH of 5. This result is attributed to the fact 

that at lower pH values, the chitosan amino groups protonate, weakening the interactions with Cd(II) 

ions by electrostatic repulsion; in contrast, at higher pH values, the Cd(II) ions may precipitate as 

hydroxides [47]. The deposition potential was studied over a range of -1.3 to -0.9 V vs. SCE. The highest 

recorded current was obtained at a potential of -1 V vs. SCE, as shown in Fig. 6c. At more positive 

potentials, the current declined significantly. The second highest current value was recorded at -1.1 V 

vs. SCE; however, at this potential and at more negative potentials, small bubbles appeared in the 

electrode, corresponding to the electrochemical reduction of H+ ions evolving into hydrogen gas. In 

addition, highly cathodic potentials could not be scanned because the electroactivity window (not shown) 
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ends at approximately 1.25 V vs. SCE. The occurrence of an electrochemical reaction may cause the 

peak current, ip to decrease at more negative potentials because hydrogen bubbles interfere with the 

deposition of metal at the interface reducing the amount of the deposited Cd(II) consequently reducing 

the kinetics of the process. This effect has been reported by Ezzahra et al. [39], Afkhami et al. [43], and 

Dahaghin et al. [47]. The effect of deposition time was investigated over a range of 5–100 s. As 

illustrated in Fig. 6d, an increase in the peak current was initially recorded up to 60 s, followed by a 

gradual decrease. Therefore, this deposition time of 60 s was applied for the following experiments. 

 

3.5 Calibration curve 

To verify the correlation between peak current and concentration, a calibration curve was 

constructed under optimal conditions for a Cd(II) concentration range of 1–50 μg L-1 in a 0.1 M acetate 

buffer at pH 5 with a deposition time of 60 s, as displayed in Fig. 7. The following linear equation was 

determined: ip(μA) = 0.67696CCd(II) + 6.19482 with a correlation coefficient of 0.9991.  

 

 

 
 

Figure 7. SWV for different concentrations of Cd(II), in an 0.1 M acetate buffer at pH 5, modified glassy 

carbon (Φ=3 mm), with MWCNT-Chit, ESW: 25 mV, f: 100 Hz. (inside calibration curve). 
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Table 2. Compilation of techniques and data applied for detection of Cd(II) in aqueous systems. 

 

Electrode Method Lineal range 
Detection 

limit 
Ref 

MWCNT-Chit/CGE 

SWASV 

(Square Wave Anodic Stripping 

Voltammetry) 

1 – 50 μg L-1 0.09 μg L-1 
This 

work 

MWCNT/GCE 
ASV 

(Anodic Stripping Voltammetry) 
1x10-5 - 2.5x10-8 M 6.0x10-9 M [46] 

MWCNT-EBP-NA/GCE SWASV  1 – 50 μg L-1 0.06  μg L-1 [23] 

L-MWCNT/CPEIL ASV 0.2 – 23 μg L-1 0.08 μg L-1 [43] 

MWCNT-Nafion/GCE                     

(mercury film) 

DPASV (Differential Pulse 

Anodic Stripping Voltammetry) 
10 – 250 μg L-1 25 ng  L-1 [49] 

NGP-Nafion/GCE  

(mercury film) 
DPASV 0.25 – 5 μg L-1 3.5  ng  L-1 [49] 

SO/GCE 
AdSV (Adsorptive Stripping 

Voltammetry 
1x10-8 - 1x10-10   M 3.30 x 10-11 M [50] 

Sb/NaMM-CPE ASV 4 – 150 μg L-1 0.25  μg L-1 [51] 

 

3.6. Validation of the analytical method 

To validate the applicability of MWCNTs-Chit/GCE for Cd(II) quantification, several samples 

of tap water and drinking water were analyzed using the standard addition method. No pre-concentration 

treatment was applied to the collected water samples; the pH was simply adjusted to 5, and the 

measurements were performed in a buffer solution of 0.1 M acetate. As shown in Table 3, the actual 

concentrations of Cd(II) in the tap and drinking water samples could not be quantified because the ion 

concentrations were below the LOD for this method. The percentage recovery (%R) values in the water 

samples were found within the ideal range (100 ± 2%), and the relative standard deviation (%RSD) was 

less than 5%, demonstrating the excellent precision and accuracy of the modified electrode. Thus, the 

MWCNTs-Chit/CGE is a viable tool for the analysis of real samples. 

 

 

Table 3. Recovery data for detection of Cd(II) in drinking and tap water using MWCNTs-Chit/CGE in 

0.1 M acetate buffer (pH 5). 

 

Sample                       

(Cd2+) 

Original    

(μg L-1) 

Added        

(μg L-1) 

Found                

(μg L-1) 

Recovery 

(%) 

RSD                

(%) 

Drinking water 1 ND 5 5.01 101.97 2.99 

Drinking water 2 ND 10 9.81 98.07 2.14 

Tap water 1 ND 5 4.95 99.09 3.16 

Tap water 2 ND 10 9.85 98.52 3.98 

ND: Not detected, n = 10. 

 

3.7. Selectivity 

The selectivity of the MWCNTs-Chit/GCE was investigated in a solution containing Cd(II) ions. 
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Besides, another ion species were added during the pre-concentration period. Pb(II) and Co(II) were 

added at concentrations of 30 μg L-1, while Hg(II) was added at 100 μg L-1. Figure 8 exhibits four 

characteristic signals corresponding to the anodic peaks of the ionic species. These oxidation peak 

potentials do not overlap with the specific oxidation peak for cadmium detection. Therefore, the accuracy 

and precision of this detection remained constant, with only a slight shift towards -0.7 V vs. SCE. It is 

important to note the clear separation between the Cd(II) and Pb(II) peaks, whose peak potentials are 

very close, demonstrating the high accuracy of our modified electrode. In addition, Co(II) and Hg(II) 

ions were clearly detected, indicating that our modified electrode has potential for simultaneous 

detection of these species.  

 

 

 
Figure 8. Results for selectivity-interference test in presence of 30 μg L-1 Cd(II), 30 μg L-1 Pb(II), 30 μg 

L-1 Co(II) and 100 μg L-1 Hg(II), using SWASV with MWCNTs-Chit/GCE. ESW: 25 mV, f: 100 

Hz. 

 

 

 

4. CONCLUSIONS 

This paper reports on a highly sensitive and accurate electrochemical method for detecting 

cadmium(II) in aqueous solution. Nanostructured modified glassy carbon electrodes with a scaffold of 

MWCNT and chitosan biopolymer were successfully assembled for application with SWASV. 

Impedance analysis verified an enhancement in the charge transfer efficiency for this modified electrode. 

This enhancement was characterized by CV and EIS analysis, and the parameters for electrochemical 

detection via SWASV were optimized. An acetate buffer was employed as the electrolyte for our 

experiments. Further experiments for real systems of both drinking water and tap water exhibited 

excellent accuracy and precision for the MWCNTs-Chit/GCE. Finally, this modified electrode exhibited 

high efficacy, with a promising sensibility and selectivity in the presence of several ionic toxic heavy 

metals, including Pb, Co, and Hg. 
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