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Abstract 

Detection and monitoring of pesticide residues in the environment have become crucial due to their 

potential adverse effects on human health and ecosystems. Among these pesticides, Profenofos has 

garnered primary attention due to its widespread usage and persistence in agricultural practices. 

Voltammetric techniques offer a promising approach for sensitive and selective detection of 

Profenofos, with carbon-based derivative electrodes emerging as highly promising candidates. This 

review critically examines recent advancements in the utilization of carbon derivative electrodes for 

Profenofos detection via voltammetry. It explores the fundamental principles, fabrication methods, 

and performance characteristics of these electrodes, highlighting their strengths and limitations. 

Additionally, the review discusses strategies for enhancing the sensitivity, selectivity, and stability 

of carbon derivative electrodes, as well as their potential application in environmental monitoring 

and agricultural practices. Through a comprehensive synthesis of recent research findings, this 

review aims to provide valuable insights into the current status, challenges, and future directions in 

the field of Profenofos pesticide detection using carbon derivative electrodes and voltammetric 

techniques. 
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1. Introduction 

The pesticide profenofos, an organophosphate compound commonly used in agriculture 

to control pest insects on various types of crops, has increasingly drawn attention in the context 

of environmental and human health. The widespread use of profenofos has raised serious 

concerns about its impact on ecosystems and human well-being, given its ability to persist in 

the environment and potential for accumulation in the food chain. Therefore, accurate and 

sensitive detection of profenofos is essential in efforts to monitor and control exposure to this 

pesticide (1). 

Voltammetry, as an electrochemical technique that utilizes changes in electric current 

at the working electrode during electrochemical reactions, has proven to be an effective method 

in detecting various types of compounds, including pesticides. With its ability to provide rapid 

and sensitive responses to chemical changes at the electrode, voltammetry has emerged as a 

promising choice in developing sensors for profenofos (2). 

In recent years, carbon-based electrodes and their derivatives have garnered significant 

attention in voltammetric sensor research for detecting profenofos. Carbon, with its high 

conductivity and large surface area, provides a solid platform for capturing and detecting 
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profenofos molecules with high sensitivity. Moreover, carbon's ability to be chemically 

modified allows for flexible adjustments to suit sensor application needs (3,4). 

This research aims to investigate recent developments in the use of carbon-based 

electrodes and their derivatives in voltammetric detection of profenofos. We gather and analyze 

various methods, modification strategies, and recent performance results of these sensors. 

Emphasis will be placed on evaluating detection limits, linear response, stability, and other 

factors influencing sensor performance to provide a deeper understanding of the potential use 

of carbon-based electrodes in voltammetric sensors for profenofos detection. 

 

2. Development of Carbon-Based Electrodes for Profenofos Detection 

Carbon-based electrodes and their derivatives have garnered considerable attention in 

the realm of developing voltammetric sensors for detecting profenofos. Carbon possesses 

notable traits such as high conductivity and extensive surface area, rendering it highly suitable 

for efficiently capturing target molecules. Furthermore, the chemical versatility of carbon 

materials facilitates the creation of sensors adaptable to diverse experimental conditions and 

applications. 

Various types of carbon-based electrodes have been explored for profenofos detection, 

including activated carbon, graphite, carbon nanotubes (CNTs), graphite oxide (GO), and their 

derivatives modified with substances like TiO2, chitosan, or molecularly imprinted polymers 

(MIPs). Such modifications aim to enhance the sensor's sensitivity, selectivity, and stability 

toward profenofos. 

Recent studies have demonstrated that carbon-based electrodes such as TiO2-modified 

carbon (Carbon/TiO2), GO/chitosan (GO/Chitosan), multi-walled carbon nanotubes/graphene 

(MWCNT/Gr), and carbon nanotubes embedded in a three-dimensional network (3D-

CNTs@MIP) have exhibited proficient profenofos detection with low detection limits and 

rapid response times (Table 1). Our analysis in this article will primarily focus on comparing 

the performance of different types of carbon electrodes in this regard. 

 

Table 1. Research developments related to the detection of Profenofos pesticides using 

voltammetry 

Working electrode Method Limit of 

detection 

References 

Carbon/TiO2 Voltammetri 4.0 × 10–5 μM (5) 

GO/Kitosan Voltammetri 0.1 nM (6) 

MWCNT/Gr Voltammetri 0.052 ng·ml−1 (7) 

3D-CNTs@MIP Voltammetri 0.002 μM (8) 

  

Additionally, the research underscores the significance of modifying carbon electrode 

strategies to enhance sensor performance. For instance, modifications involving metal 

nanoparticles, metal oxides, or molecularly imprinted polymer recognition molecules have 

demonstrated efficacy in augmenting sensor sensitivity and selectivity (9). We will assess 

various proposed modification strategies and their practical implications in advancing sensor 

technology. 

Moreover, it is imperative to address the challenges and constraints linked with utilizing 

carbon-based electrodes for profenofos detection. A primary challenge involves ensuring 
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sensor stability and reproducibility during prolonged usage, particularly in intricate 

environments like water or soil samples. We will delve into recent endeavors aimed at 

mitigating these challenges, including the development of protective technologies and 

enhancements in sensor design. 

Through this comprehensive analysis, the article endeavors to offer a more nuanced 

understanding of the potential applications of carbon-based electrodes in voltammetric sensors 

for profenofos detection. It is envisaged that this article will furnish valuable insights for 

researchers striving to develop sensors that are more sensitive, selective, and dependable, 

thereby contributing to more effective environmental monitoring and food safety measures. 

 

3. Challenges and Future Prospects  

Despite the promising potential of carbon-based electrodes in the development of 

voltammetric sensors for profenofos detection, several challenges still need to be addressed to 

enhance the performance and applicability of these sensors. One major challenge is the 

development of simpler and scalable preparation methods for carbon-based electrodes that can 

be mass-produced at low cost. Additionally, improving sensor stability during long-term usage 

and enhancing measurement reproducibility have become crucial research focuses. 

Furthermore, a deeper understanding of the interaction mechanisms between profenofos 

and carbon-based electrodes is needed to improve sensor sensitivity and selectivity. This 

requires fundamental studies involving analytical techniques such as spectroscopy and 

molecular modeling to accurately depict the interactions between profenofos molecules and 

carbon electrode surfaces. Alongside these challenges, there are also promising prospects in 

the development of voltammetric sensors for profenofos detection using carbon-based 

electrodes.  

The utilization of nanomaterials and cutting-edge technologies such as 3D electrode 

development and electrochemical imaging may open new opportunities to enhance sensor 

sensitivity, response, and stability (10). Moreover, integrating sensors into miniaturization and 

automation platforms such as lab-on-a-chip or microfluidic-based devices could enable 

practical field applications. By addressing these challenges and leveraging the potential of 

prospects, carbon-based electrode-based voltammetric sensors have the potential to become 

essential tools in monitoring and controlling profenofos exposure in the environment and food. 

Therefore, ongoing research and collaboration among scientists, engineers, and relevant 

stakeholders will be key in addressing challenges and maximizing the potential of this 

technology. 

 

Conclusions 

This review highlights the effective use of carbon-based electrodes in voltammetric 

sensors for detecting the pesticide profenofos. Various carbon electrodes, including 

Carbon/TiO2 and MWCNT/Gr, show high sensitivity, selectivity, and stability. Modifying 

these electrodes with metal nanoparticles or imprinted polymers enhances performance. 

However, challenges like long-term stability and reproducibility remain. With advancements 

in preparation technologies and understanding electrode interactions, the future of these sensors 

looks promising. 
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