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Biochar-modified carbon paste electrode as an advanced material for electrochemical investigation of 
pesticide mancozeb 

Jasmina Anojčić, Sanja Mutić, Nina Đukanović, Tajana Simetić, Tamara Apostolović, Jelena Beljin 
Department of Chemistry, Biochemistry and Environmental Protection, Faculty of Sciences, University of Novi Sad,  

Trg Dositeja Obradovića 3, 21000 Novi Sad, Serbia jasmina.anojcic@dh.uns.ac.rs 

 
Biochar (BC) is a carbonaceous material produced from naturally abundant raw materials (biomasses – mostly from 
the agricultural tailing and forestry ecosystem wastes or municipal wastes) via a pyrolysis process. With the growth 
of green chemistry concepts, the preparation and application of BC have attracted strong interest owing to the 
combination of fascinating physicochemical properties including large surface area, high porosity, surface charge, 
sustainability and low-cost which are beneficial in various fields, such as the remediation of polluted environments, 
soil amendments, wastewater treatment, and electrochemical sensors [1-3]. From the various electrode materials 
available nowadays, the classical carbon paste electrode (CPE) has widespread popularity as a working electrode 
due to its unique properties such as wide potential range, long-time stability, good conductivity, renewable surface, 
ease of preparation and modification, whereby the modifying agents can be added directly to the paste, either to 
the material in its final state or during its preparation [4]. In this work, CPE was bulk modified with biochar obtained 
from the hardwood source (BC-CPE) with the aim to develop a reliable alternative method for the determination of 
broad-spectrum fungicide mancozeb (MCZ). Cyclic voltammetric experiments showed that the oxidation of MCZ is 
irreversible and an adsorption control process at the BC-CPE surface. In the next step, a simple, sensitive and 
selective electroanalytical method for the determination of MCZ using differential pulse adsorptive stripping 
voltammetry (DP-AdSV) was proposed. Optimization of various experimental parameters was carried out including 
the pH of the supporting electrolyte, the amount of the modifier and the preconcentration step. At pH 7.0 of 
Britton-Robinson buffer, with accumulation potential of -0.2 V and accumulation time of 30 s, a linear relationship 
between MCZ concentration and peak current intensity was established between 0.025 and 2.78 µg mL-1, the 
relative standard deviation did not exceed 3%, while achieved detection limit in the model solution was 7.5 ng mL-

1. The BC-CPE showed adequate selectivity for MCZ in the presence of various interfering compounds. The obtained 
results indicate that BC-CPE with an optimized DP-AdSV method could be applied for the trace-level 
electroanalytical determination of MCZ in real samples. 
 
Acknowledgement: This research was supported by the Science Fund of the Republic of Serbia, #10810, Sustainable solutions 
in environmental chemistry: exploring biochar potential–EnviroChar. 
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Exploring biochar potential for electrochemical sensing of pesticide maneb 
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The great potential of biochar as a low-cost material obtained from renewable resources for the development of 
electrochemical sensors is recognized for the analysis of various electroactive organic compounds [1-3]. In this 
study, an electrochemical sensor based on biochar derived from a hardwood source as an environmentally 
sustainable material is used as a modifier of carbon paste electrode (CPE) to improve the voltammetric 
determination of pesticide maneb (MAN). Maneb belongs to the group of dithiocarbamate fungicides that could be 
used for the treatment of fruits and vegetables. The increase of dithiocarbamates metabolite concentrations in the 
environment may disrupt protein synthesis and metabolism. Therefore, a rapid, simple, and sensitive analytical 
approach for the analysis of MAN is needed [4]. Biochar (BC) material was prepared from hardwood at two 
temperatures, 400 °C (BC400) and 700 °C (BC700), and characterized by scanning electron microscopy, and specific 
surface area analysis. Obtained results showed a porous structure of BC with relatively high surface areas, i.e. 
176 m2 g-1 at 400°C and 284 m2 g-1 at 700 °C. As it is expected, BC produced at high temperatures has a higher surface 
area and better conductivity [5]. Due to the good catalytic properties of BC as a material, an enhanced sensitivity 
of electrochemical sensors based on BC could be achieved [6]. Accordingly, observed oxidation peak intensities 
have shown the differences between an unmodified CPE, CPE modified with a BC400 (BC400-CPE), and CPE 
modified with a BC700 (BC700-CPE) for the analysis of MAN whereby BC700-CPE provides the most favourable 
analytical response of target analyte. Cyclic voltammetric investigations revealed that the electrode reaction is 
irreversible and controlled by the adsorption of MAN at the surface of the working electrode, which led to an 
optimization of the differential pulse adsorptive stripping voltammetric (DP-AdSV) method for quantifying MAN in 
a model solution. Under the optimized experimental parameters (10.0 % BC700 in CPE, Britton-Robinson buffer 
pH 7.0, Eacc = -0.2 V, tacc = 90 s), the oxidation peak of MAN (at 0.55 V) showed a linear response in a concentration 
range from 0.04  to 1.84 μg mL-1 with evaluated limit of detection of 0.015 μg mL-1 and relative standard deviation 
of 3.23 %. The obtained results open the possibility of exploring BC700-CPE potential for MAN determination in 
environmental samples. 
 
Acknowledgement: This research was supported by the Science Fund of the Republic of Serbia, #10810, Sustainable solutions 
in environmental chemistry: exploring biochar potential–EnviroChar. 

References 
1. C. Kalinke, P.R. de Oliveira, M.B. San Emeterio, A. González-Calabuig, M. del Valle, A.S.Mangrich, L. Humberto Marcolino Junior, M.F. 

Bergamini, Electroanalysis 31 (2019) 1– 9. https://doi.org/10.1002/elan.201900072 
2. C. Kalinke, A.P. Zanicoski-Moscardi, P.R. de Oliveira, A.S. Mangrich, L.H. Marcolino-Junior, M.F. Bergamini, Microchem. J. 159 (2020) 

105380. https://doi.org/10.1016/j.microc.2020.105380 
3. P. Alves Ferreira, Rafael Backes, C. Alves Martins, C.T. de Carvalho, R.A. Bezerra da Silva, Electroanalysis 30 (2018) 1–5. 

https://doi.org/10.1002/elan.201800430 
4. D.M. Stanković, Electroanalysis 28 (2016) 1–7. https://doi.org/10.1002/elan.201600268 
5. G. Infurna, G. Caruso, N.Tz. Dintcheva, Polymers 15 (2023) 343. https://doi.org/10.3390/polym15020343 
6. Y. Li, R. Xu, H. Wang, W. Xu, L. Tian, J. Huang, C. Liang, Y. Zhang, Biosensors 12 (2022) 377. https://doi.org/10.3390/bios12060377 

 

mailto:sanja.mutic@dh.uns.ac.rs
https://doi.org/10.1002/elan.201900072
https://doi.org/10.1016/j.microc.2020.105380
https://doi.org/10.1002/elan.201800430
https://doi.org/10.1002/elan.201600268
https://doi.org/10.3390/polym15020343
https://doi.org/10.3390/bios12060377

