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Abstract  

Cadmium ions (Cd²⁺) are toxic environmental pollutants that require sensitive and 

reliable detection methods. This study aimed to develop a NiAl₂O₄/MWCNT-

modified glassy carbon electrode (GCE) using NiAl₂O₄ synthesized from napa soil as 

a sustainable local resource for electrochemical Cd²⁺ detection. The electrode was 

fabricated through a drop-casting method and characterized using cyclic 

voltammetry. The electrochemical performance of the modified electrode was 

evaluated for Cd²⁺ detection, including the effects of supporting electrolytes, stability, 

and analytical performance. The results showed that the incorporation of NiAl₂O₄ and 

multi-walled carbon nanotubes significantly enhanced the electrochemical response 

and electron-transfer kinetics compared with the bare GCE. Among the tested 

electrolytes, 0.1 M KCl provided the highest current response. The sensor exhibited a 

linear response toward Cd²⁺ concentrations in the range of 1–4 mM with a regression 

equation of y = 14.332x + 39.895 and a correlation coefficient (R²) of 0.9941. The limit 

of detection (LOD) and limit of quantification (LOQ) were calculated as 0.2988 mM 

and 0.9961 mM, respectively. In addition, the electrode demonstrated good stability 

during repeated measurements. These findings indicate that the napa soil-derived 

NiAl₂O₄/MWCNT-modified GCE is a promising, low-cost, and environmentally 

sustainable platform for Cd²⁺ monitoring. 
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INTRODUCTION
The increasing intensity of industrialization, 

mining activities, electronic waste disposal, and 

chemical usage has significantly contributed to 

heavy metal pollution worldwide. Among 

various heavy metals, cadmium ions (Cd²⁺) are of 

particular concern because of their high toxicity, 

persistence, and bioaccumulation potential. Long-

term exposure to Cd²⁺ can cause kidney and liver 

damage, neurological disorders, and carcinogenic 

effects even at low concentrations (Qu & Zheng, 

2024). Therefore, the development of sensitive, 

rapid, and cost-effective analytical methods for 

Cd²⁺ detection is essential for environmental 

monitoring and public health protection.  

Compared with conventional techniques such 

as Atomic Absorption Spectroscopy (AAS) and 

Inductively Coupled Plasma Mass Spectrometry 

(ICP–MS), electrochemical sensors offer advent-

ages including high sensitivity, simple operation, 

rapid response, and lower analytical costs (Gibi et 

al., 2023). Recent advances in electrochemical 

sensing have highlighted nanomaterials as 

effective modifiers for improving sensor 

performance. MWCNTs offer high electrical 

conductivity and large surface area, while 

NiAl₂O₄ provides good electrocatalytic activity 

and stability. Their combination can enhance 

electron-transfer kinetics and increase the 

electroactive surface area, resulting in improved 

sensor sensitivity (Kanoun et al., 2021). 
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Alumina (Al₂O₃), an important precursor for 

NiAl₂O₄ synthesis, is commonly obtained from 

commercial chemicals or mineral ores. However, 

naturally occurring aluminosilicate minerals 

provide an alternative and more sustainable 

source of alumina. Napa soil, a local mineral 

resource from West Sumatra, Indonesia, contains 

abundant aluminosilicate compounds and has 

been successfully utilized as a source of alumina 

through acid-leaching processes (Frissherly & 

Mawardi, 2022). Previous studies also 

demonstrated that optimization of sulfuric acid 

concentration can improve alumina recovery and 

purity from napa soil (Ilmi & Mawardi, 2023). 

These findings indicate that napa soil has 

significant potential as a low-cost and 

environmentally friendly precursor for advanced 

material synthesis. 

Several studies have reported the successful 

application of nanocomposite-based 

electrochemical sensors for heavy metal detection. 

Grabarczyk et al. (2023)demonstrated that carbon 

nanotubes significantly enhanced Cd²⁺ sensing 

performance, while Fathi et al. (2023) reported 

improved electron-transfer kinetics using 

MWCNT-modified electrodes. Furthermore, 

Hammami et al. (2024) developed a highly 

sensitive NiAl₂O₄-based electrochemical sensor 

for ascorbic acid detection. Despite these 

advances, most studies have employed synthetic 

or commercially available alumina sources. 

Reports concerning the use of napa soil-derived 

alumina for NiAl₂O₄ synthesis and its application 

in NiAl₂O₄/MWCNT-based electrochemical 

sensors for Cd²⁺ detection remain limited. 

Therefore, a clear research gap exists in the 

development of environmentally sustainable 

electrochemical sensors utilizing locally sourced 

napa soil-derived NiAl₂O₄. The novelty of this 

work lies in the synthesis of NiAl₂O₄ from napa 

soil and its integration with MWCNTs for the 

modification of a Glassy Carbon Electrode (GCE). 

This approach combines the electrocatalytic pro-

perties of NiAl₂O₄ with the excellent conductivity 

of MWCNTs while promoting the utilization of 

local natural resources. The resulting composite is 

expected to provide enhanced electrochemical 

performance for Cd²⁺ detection through improved 

electron-transfer efficiency and increased 

electroactive surface area. 

Based on these considerations, this study aims 

to synthesize napa soil-derived NiAl₂O₄, fabricate 

a NiAl₂O₄/MWCNT-modified Glassy Carbon 

Electrode, and evaluate its electrochemical 

performance toward Cd²⁺ detection using 

voltammetric techniques. The findings are 

expected to contribute to the development of 

sensitive, economical, and environmentally 

sustainable electrochemical sensors for heavy 

metal monitoring. 

METHOD  
Research Design 

A laboratory-based experimental method with 

a quantitative research design was employed in 

this study. The work focused on the synthesis of 

napa clay-derived NiAl₂O₄, the fabrication of a 

NiAl₂O₄/MWCNT-modified Glassy Carbon 

Electrode (GCE), and the assessment of its 

electrochemical sensing capability toward Cd²⁺ 

ion determination. 

Instruments and Materials 

Electrochemical experiments were performed 

using a potentiostat with a three-electrode system 

consisting of a Glassy Carbon Electrode (GCE, 3 

mm diameter), an Ag/AgCl reference electrode, 

and a platinum wire counter electrode. 

Ultrasonication was applied during electrode 

cleaning and modifier preparation. 

The materials used were napa clay-derived 

NiAl₂O₄, MWCNTs, alumina powder (0.05 μm), 

K₃[Fe(CN)₆], KCl, Na₂SO₄, NaCl, CH₃COONa, 

HCl, Cd(NO₃)₂, and deionized water. All reagents 

were used without further purification. 

Electrode Preparation 

Preparation of Bare GCE 

The GCE was polished with 0.05 μm alumina 

powder, rinsed with deionized water, 

ultrasonically cleaned for 3 min, and dried at 

room temperature. 

Preparation of NiAl₂O₄-GCE 

A NiAl₂O₄ suspension was prepared by 

sonication for 15 min. Then, 5 μL of the 

suspension was drop-cast onto the GCE surface 

and dried for 1 h at room temperature. 

Preparation of NiAl₂O₄-MWCNT-GCE 

A homogeneous NiAl₂O₄/MWCNT 

suspension was prepared by sonication for 15 

min. Subsequently, 5 μL of the suspension was 

drop-cast onto the GCE surface and dried for 1 h 

before electrochemical analysis. 

Electrochemical Characterization 

Electrochemical characterization of the 

electrodes was performed using Cyclic 
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Voltammetry (CV) in a solution containing 4.0 

mM K₃[Fe(CN)₆] and 0.1 M KCl. Measurements 

were carried out over a potential range of −1.0 to 

1.0 V at a scan rate of 100 mV s⁻¹ to evaluate the 

electron-transfer characteristics of the modified 

electrodes. This scan rate was selected because it 

produced clear and stable oxidation and 

reduction peaks with minimal signal distortion 

and capacitive current. 

Cd²⁺ Detection and Supporting Electrolyte 

Study 

The detection of Cd²⁺ was carried out using a 

Cd(NO₃)₂ solution under the optimized condi-

tions obtained from electrode characterization. 

The performance of several supporting 

electrolytes (0.1 M KCl, Na₂SO₄, NaCl, and 

CH₃COONa) was compared to determine the 

most suitable electrolyte for Cd²⁺ detection. 

Data Analysis 

All measurements were performed in five 

replicates and reported as mean ± standard 

deviation. Linear regression analysis was used to 

construct the calibration curve and determine the 

coefficient of determination (R²). The LOD and 

LOQ were calculated using the standard 

deviation of the response and the slope of the 

calibration curve. 

Stability 

Prepare an analyte solution with the lowest 

concentration used in the previous detection limit 

test (1 mM), optimum support (0.1 M KCl), and 

optimum pH. Repeat the peak current (Ip) 

measurement five times to ensure consistent data. 

 

RESULTS AND DISCUSSION  
Electrochemical Performance of Modified 

Electrode 

The cyclic voltammetry results demonstrated 

that electrode modification significantly 

improved the electrochemical behavior of the 

[Fe(CN)₆]³⁻/[Fe(CN)₆]⁴⁻ redox system. The bare 

GCE exhibited the lowest oxidation and reduction 

peak currents, indicating relatively slow electron-

transfer kinetics. Modification with NiAl₂O₄ 

increased the peak currents due to the presence of 

additional electroactive sites, while the 

NiAl₂O₄/MWCNT/GCE electrode produced the 

highest current response. This enhancement 

confirms that the incorporation of MWCNT 

improved electrical conductivity and facilitated 

electron transfer between the redox probe and the 

electrode surface (Rangaswamy et al., 2024).  

 
Figure 1 Cyclic voltammograms of (a) Unmodified 

GCE electrode (b) Modified GCE electrode NiAl2O4 

in K3[Fe(CN)6] in 4.0 mM containing 0.1 M KCl. Scan 

rate 100 mVs-1, (c) GCE + NiAl2O4/MWCNT in 

K3[Fe(CN)6] in 4.0 mM containing 0.1 M KCl 

Table  1  Current and Redox Potential Characteristics 

of a Glassy Carbon Electrode (GCE) Before and After 

Modification 

Non modified 

Oxidation Reduction 

Ipa = +31 µA Ipc = -31 µA 

E= 0,37 V E= 0,06 V 

Modified with NiAl2O4 

Oxidation Reduction 

Ipa = +39 µA Ipc = -36 µA 

E= 0,34 V E= 0,08 V 

Modified with NiAl2O4 /MWCNT 

Oxidation Reduction 

Ipa = +54 µA Ipc = -64 µA 

E= 0,25 V E= 0,13 V 

The improved electrochemical performance 

can be attributed to the synergistic effect between 

NiAl₂O₄ and MWCNT. NiAl₂O₄ provides active 

sites for redox reactions (Kunde et al., 2020), while 

MWCNT enhances charge transfer through its 

high electrical conductivity (Perenlei et al., 2011). 

Furthermore, the lower peak-to-peak separation 

(ΔEp) indicates improved reversibility and faster 

electron-transfer kinetics, demonstrating the 

potential of the NiAl₂O₄/MWCNT composite for 

sensitive Cd²⁺ detection. 

The bare GCE exhibited oxidation and 

reduction peak currents of +31 μA and −31 μA, 

respectively, which increased to +39 μA and −36 

μA after modification with NiAl₂O₄. The 

NiAl₂O₄/MWCNT/GCE electrode displayed the 

highest response, with peak currents of +54 µA 

and −64 μA, indicating enhanced electron-transfer 

capability and electrocatalytic activity. This 



 

Ayu, et al. Napa Soil-Derived NiAl₂O₄/MWCNT-Modified …. 

 

Hydrogen: Jurnal Kependidikan Kimia, June 2026, 14(3)  |475 

 

improvement is attributed to the presence of 

NiAl₂O₄, which provides abundant active sites for 

redox reactions and enhances electrocatalytic 

performance(Hammami et al., 2024). In addition, 

MWCNTs facilitate electron transport through 

their high electrical conductivity and large 

specific surface area, thereby improving charge-

transfer efficiency at the electrode surface 

(Perenlei et al., 2011). 

Furthermore, the peak-to-peak separation 

(ΔEp) decreased from 0.31 V for the bare GCE to 

0.26 V for the NiAl₂O₄/GCE and 0.12 V for the 

NiAl₂O₄/MWCNT/GCE. The lower ΔEp indicates 

faster electron-transfer kinetics, improved 

electrochemical reversibility, and reduced charge-

transfer resistance at the electrode–electrolyte 

interface (Streeter et al., 2008). These results 

demonstrate the potential of the 

NiAl₂O₄/MWCNT composite as an effective 

sensing platform for Cd²⁺ detection. 

Testing the Modified Electrode on Cd2+ Analyte 

 
Figure 2 (a) Background KCl 0.1M (b) Analyte Ion 

Cd2+ 2mM with Background KCl 0.1M 

Table  2 Electrochemical Characteristics of Bare 

GCE-NiAl2O4-MWCNT Cd2+ in KCl 0,1M 

Oxidation Reduction 

Ipa = 155µA Ipc = -195 µA 

E= -0,75 V E= -1,20 V 

The cyclic voltammograms revealed a clear 

difference between the response obtained in 0.1 M 

KCl solution and that recorded in a 2 mM Cd²⁺ 

solution containing 0.1 M KCl. The KCl solution 

produced a relatively low current response 

because it functions only as a supporting 

electrolyte and does not participate in redox 

reactions within the applied potential window. In 

contrast, the presence of Cd²⁺ resulted in a 

substantial increase in current, indicating 

electron-transfer processes associated with the 

oxidation and reduction of Cd species at the 

electrode surface. Similar observations have been 

reported by Gao et al. (2023), who attributed the 

enhanced current response to cadmium 

deposition and stripping processes. 

The higher current response obtained in the 

Cd²⁺ solution confirms the electroactive nature of 

Cd²⁺ and demonstrates the capability of the 

developed electrode to detect cadmium ions. The 

increase in current can be attributed to the 

participation of Cd²⁺ in electrochemical redox 

reactions, leading to more efficient charge transfer 

at the electrode–electrolyte interface (Abd et al., 

2023). These results highlight the potential of the 

NiAl₂O₄/MWCNT-modified electrode as a 

sensitive platform for Cd²⁺ detection (Costa et al., 

2023). 

The presence of Cd²⁺ produced a 

significant increase in current with well-defined 

oxidation and reduction peaks. The oxidation 

peak appeared at approximately −0.75 V (Ipa = 

+155 µA), while the reduction peak was observed 

at around −1.20 V (Ipc = −195 μA), confirming the 

electrochemical activity of Cd species at the 

electrode surface. The oxidation peak 

corresponds to Cd deposition/stripping 

processes, whereas the reduction peak is 

associated with the reduction of Cd²⁺ during the 

reverse scan. The high peak currents indicate 

efficient electron transfer and strong interaction 

between Cd²⁺ ions and the NiAl₂O₄/MWCNT-

modified electrode. 

Variety of Supporting Electrolytes 

 
Figure 3 Supporting Variations 

The cyclic voltammetry results showed that 

the supporting electrolyte significantly influenced 

the electrochemical performance of the 
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NiAl₂O₄/MWCNT-modified electrode. Among 

the investigated electrolytes, 0.1 M KCl produced 

the highest oxidation and reduction peak 

currents, whereas 0.1 M CH₃COONa generated 

the lowest response. This result indicates that KCl 

provides a more favorable environment for ion 

transport and electron-transfer processes at the 

electrode/electrolyte interface. 

These findings are consistent with previous 

studies showing that supporting electrolytes are 

not entirely inert and that cations such as K⁺ and 

Na⁺ can affect interfacial properties and electron-

transfer kinetics (Ding et al., 2021). Furthermore 

Schalenbach et al. (2022) previous studies have 

shown that supporting electrolytes are vital for 

maintaining high ionic conductivity and 

facilitating charge transport, which are essential 

for efficient electrochemical reactions. 

Consequently, the differences observed among 

KCl, NaCl, Na₂SO₄, and CH₃COONa can be 

attributed to variations in ion mobility and 

charge-transfer efficiency. Similar observations 

were also reported by Brudzisz & Brz, (2021)who 

demonstrated that electrolyte composition can 

influence both voltammetric responses and 

electrocatalytic activity. 

Overall, 0.1 M KCl was identified as the most 

suitable supporting electrolyte for Cd²⁺ detection, 

providing the highest current response and the 

most efficient charge-transfer process. Further 

studies involving electrolyte concentration, 

solution pH, and interfering ions are required to 

optimize sensor performance. 

Stability Test 

 
Figure 4 Stability Cd2+ 1 mM and Supporting KCl 1 M 

The stability of the modified electrode was 

evaluated in a solution containing 1 mM Cd²⁺ and 

0.1 M KCl through five consecutive cyclic 

voltammetry measurements. As shown in Figure 

X, the voltammograms exhibited excellent 

overlap with no significant shift in peak potential 

or change in peak shape, indicating a stable 

electrochemical response during repeated 

measurements. 

The oxidation peak at approximately −0.8 V 

showed nearly identical current values in all runs, 

suggesting that the electrode surface remained 

electrochemically active without significant 

fouling or deactivation. The consistent current 

response also indicates strong adhesion of the 

NiAl₂O₄/MWCNT modifier layer to the electrode 

surface, which promotes efficient and 

reproducible electron transfer. Similar 

observations have been reported by Tadesse et al. 

(2013), who associated stable current responses 

during repeated measurements with good 

electrode repeatability and operational stability. 

Overall, the results demonstrate that the 

developed electrode possesses good repeatability 

and stability for Cd²⁺ detection. The negligible 

variation in peak current and peak potential after 

five consecutive measurements confirms its 

potential for reliable electrochemical monitoring 

applications. 

Calibration Curve 

 
Figure 5 Cyclic voltammograms of Cd2+ at 

concentrations of (a) 1 mM, (b) 2 mM, (c) 3 mM, and 

4 mM in 0.1 M KCl. 

The calibration curve of Cd²⁺ (Figure 6) in the 

concentration range of 1–4 mM shows a linear 

increase in peak current with increasing analyte 

concentration, namely 51.99 µA (1 mM), 68.13 µA 

(2 mM), 80.92 µA (3 mM), and 98.55 µA (4 mM). 

This phenomenon indicates that the 

electrochemical response is dominated by a 

diffusion-controlled process, where an increase in 

concentration leads to a higher number of Cd²⁺ 

ions reaching the electrode surface, resulting in an 
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increased current response. The linear 

relationship between concentration and peak 

current is a typical characteristic of voltammetric 

sensors for heavy metal ion analysis (Machhindra 

& Yen, 2022). 

 
Figure 6 Calibration Curve of Cd²+ 

The obtained linear regression equation y = 

14.332x + 39.895 with a coefficient of 

determination (R²) of 0.9941 demonstrates that the 

modified electrode exhibits good and stable 

analytical performance within the investigated 

concentration range. The R² value close to 1 

indicates that most of the variation in the current 

signal can be explained by changes in Cd²⁺ 

concentration, confirming the system’s suitability 

for quantitative analysis. High linearity is an 

important indicator in evaluating the 

performance of voltammetric electrochemical 

sensors (Mohammed et al., 2024). 

The sensitivity represented by the slope value 

(14.332) reflects the ability of the electrode to 

respond to changes in Cd²⁺ concentration. In 

addition, the standard deviation value of 1.4276 

was used to calculate important analytical 

parameters, namely the Limit of Detection (LOD) 

and Limit of Quantification (LOQ), which are 

0.2988 mM and 0.9961 mM, respectively. These 

parameters represent the minimum detectable 

and quantifiable concentrations of the sensor 

system. This calculation method is consistent with 

standard analytical evaluation procedures for 

stripping voltammetry-based electrochemical 

sensors (Reguera, 2007). 

The obtained LOD value is still within the 

typical range for modified electrode-based 

sensors without advanced nanomaterial 

enhancement. However, further improvement 

can be achieved through electrode material 

optimization, such as the use of conductive 

nanocomposites or increasing the effective 

surface area. Several studies have reported that 

modification of electrodes with nanostructured 

carbon materials can significantly enhance 

sensitivity and reduce LOD to the µM or even nM 

level (Hossein et al., 2024). 

CONCLUSION  
A NiAl₂O₄/MWCNT-modified glassy carbon 

electrode was successfully fabricated using 

NiAl₂O₄ synthesized from napa soil and applied 

for electrochemical detection of Cd²⁺ ions. The 

incorporation of NiAl₂O₄ and MWCNTs 

enhanced the electrochemical performance of the 

electrode, resulting in improved sensitivity, 

stability, and analytical capability toward Cd²⁺ 

detection. These findings demonstrate the 

potential of napa soil-derived NiAl₂O₄/MWCNT 

composites as a low-cost, environmentally 

sustainable, and promising sensing material for 

heavy metal monitoring applications. 

RECOMMENDATION  
Further research should focus on testing the 

sensor in real environmental samples and 

evaluating its selectivity against potentially 

interfering metal ions such as Pb²⁺ and Zn²⁺. 

Comprehensive analytical validation, including 

precision, accuracy, and recovery studies, is also 

recommended to strengthen its potential for 

practical environmental monitoring. 

BIBLIOGRAPHY  
Abd, K. M., Mohamed, E., Elsabour, A., Assaf, F. H., & 

Hasan, I. M. A. (2023). Electrochemical Estimation 

of Cd and Cu Ions Simultaneously Using a 

Modified MgO / Fe 2 O 3 Nanocomposite / Carbon 

Paste Electrode. Electrocatalysis, 875–890. 

https://doi.org/10.1007/s12678-023-00843-w    

Brudzisz, A. M., & Brz, A. (2021). Effect of the Supporting 

Electrolyte on Chloroform Reduction at a Silver 

Electrode in Aqueous Solutions. 1–11. 

Costa, M., Di, S., Garcia-cruz, A., & Piletsky, S. A. 

(2023). Sensors and Actuators : B . Chemical 

Disposable electrochemical sensor based on ion 

imprinted polymeric receptor for Cd ( II ) ion 

monitoring in waters. Sensors and Actuators: B. 

Chemical, 383(February), 133559. 

https://doi.org/10.1016/j.snb.2023.133559 

Ding, X., Garlyyev, B., Watzele, S. A., & Sarpey, K. 

(2021). Spotlight on the Effect of Electrolyte Composition 

on the Potential of Maximum Entropy : Supporting 

Electrolytes Are Not Always Inert. 10016–10020. 

https://doi.org/10.1002/chem.202101537 

y = 14,332x + 39,895

R² = 0,9941

0

20

40

60

80

100

120

0,5 1,5 2,5 3,5 4,5

C
u

rr
en

t 
(µ

A
)

Concentration



 

Ayu, et al. Napa Soil-Derived NiAl₂O₄/MWCNT-Modified …. 

 

Hydrogen: Jurnal Kependidikan Kimia, June 2026, 14(3)  |478 

 

Fathi, A., Molouk, S., & Khalifa, E. (2023). in real water 

samples †. 31141–31150. 

https://doi.org/10.1039/d3ra05374a 

Frissherly, A., & Mawardi, M. (2022). Ekstraksi Alumina 

( Al 2 O 3 ) dari Mineral Tanah Napa Pesisir Selatan. 

11(3), 26–30. 

Gao, J., Qiu, C., Qu, W., Zhuang, Y., Wang, P., Yan, Y., 

Wu, Y., Zeng, Z., Huang, G., Deng, R., Yan, G., Yan, 

J., & Zhang, R. (2023). Detection of Cd2+ based on 

Nano-Fe3O4/MoS2/Nafion/GCE sensor. Analytical 

Sciences, 39(9), 1445–1454. 

https://doi.org/10.1007/s44211-023-00359-9 

Gibi, C., Liu, C., & Anandan, S. (2023). Recent Advances 

on Electrochemical Sensors for Detection of 

Contaminants of Emerging Concern ( CECs ). 1–26. 

Grabarczyk, M., Wardak, C., Piech, R., & Wawruch, A. 

(2023). An Electrochemical Sensor for the Determination 

of Trace Concentrations of Cadmium , Based on Spherical 

Glassy Carbon and Nanotubes. 

Hammami, A., Bardaoui, A., Eissa, S., Elgaher, W. A. 

M., Chtourou, R., & Messaoud, O. (2024). Novel and 

Extremely Sensitive NiAl2O4-NiO Nanostructures 

on an ITO Sensing Electrode for Enhanced 

Detection of Ascorbic Acid. Molecules (Basel, 

Switzerland), 29(12). 

https://doi.org/10.3390/molecules29122837 

Hossein, M., Norouzi, Z., Biesalski, M., & Etzold, B. J. 

M. (2024). Superior performance of N-doped carbon 

Nanoonions / Nafion based microfluidic 

electrochemical Cd 2 + sensor when compared to 

Screen-Printed Carbon-Based electrode devices. 

Microchemical Journal, 201(December 2023), 110506. 

https://doi.org/10.1016/j.microc.2024.110506 

Kanoun, O., Lazarević-Pašti, T., Pašti, I., Nasraoui, S., 

Talbi, M., Brahem, A., Adiraju, A., Sheremet, E., 

Rodriguez, R. D., Ali, M. Ben, & Al-Hamry, A. 

(2021). A review of nanocomposite-modified 

electrochemical sensors for water quality 

monitoring. Sensors, 21(12). 

https://doi.org/10.3390/s21124131 

Kunde, G. B., Sehgal, B., & Ganguli, A. K. (2020). Jo u rn 

a of. Journal of Alloys and Compounds, 158019. 

https://doi.org/10.1016/j.jallcom.2020.158019 

Machhindra, L. A., & Yen, Y. (2022). A Highly Sensitive 

Electrochemical Sensor for Cd 2 + Detection Based on 

Prussian Blue-PEDOT-Loaded Laser-Scribed Graphene-

Modified Glassy Carbon Electrode. 

Mohammed, R. H. R., Hassan, R. Y. A., Mahmoud, R., 

Farghali, A. A., & Hassouna, M. E. M. (2024). 

Electrochemical determination of cadmium ions in 

biological and environmental samples using a 

newly developed sensing platform made of nickel 

tungstate-doped multi-walled carbon nanotubes. 

Journal of Applied Electrochemistry, 54(3), 657–668. 

https://doi.org/10.1007/s10800-023-01976-y  
Ilmi F, Mawardi. Effect of Concentration Sulfuric Acid 

on Alumina Extraction from Napa Soil. J Pijar 

MIPA. 2023 Sep;18(5):766-770. 

Perenlei, G., Tee, T. W., Yusof, N. A., & Kheng, G. J. 

(2011). Voltammetric Detection of Potassium 

Ferricyanide Mediated by Multi-walled Carbon 

Nanotube / Titanium Dioxide Composite Modified 

Glassy Carbon Electrode. International Journal of 

Electrochemical Science, 6(2), 520–531. 

https://doi.org/10.1016/S1452-3981(23)15013-9 

Qu, F., & Zheng, W. (2024). Cadmium Exposure: 

Mechanisms and Pathways of Toxicity and 

Implications for Human Health. Toxics, 12(6). 

https://doi.org/10.3390/toxics12060388 

Rangaswamy, R., Manohara, S. R., Supritha, K. M., & 

Kumar, N. S. A. (2024). Fabrication of nickel 

aluminate based electrochemical sensor for 

dopamine detection. Hybrid Advances, 6(January), 

100221. 

https://doi.org/10.1016/j.hybadv.2024.100221 

Reguera, E. (2007). Evaluation of carbon paste electrodes 

modified with 1-furoylthioureas for the analysis of 

cadmium by differential pulse anodic stripping 

voltammetry. 123, 488–494. 

https://doi.org/10.1016/j.snb.2006.09.030 

Schalenbach, M., Durmus, Y. E., Tempel, H., Kungl, H., 

& Eichel, R. A. (2022). Ion transport and limited 

currents in supporting electrolytes and ionic 

liquids. Scientific Reports, 1–10. 

https://doi.org/10.1038/s41598-022-10183-2 

Streeter, I., Wildgoose, G. G., Shao, L., & Compton, R. 

G. (2008). Sensors and Actuators B : Chemical Cyclic 

voltammetry on electrode surfaces covered with porous 

layers : An analysis of electron transfer kinetics at single-

walled carbon nanotube modified electrodes. 133, 462–

466. https://doi.org/10.1016/j.snb.2008.03.015 

Tadesse, Y., Tadese, A., Saini, R. C., & Pal, R. (2013). 

Cyclic Voltammetric Investigation of Caffeine at 

Anthraquinone Modified Carbon Paste Electrode. 2013. 

https://doi.org/10.1155/2013/849327   

  


