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Abstract

The issue of pesticide residue pollution is now recognized as a pressing problem due to
its substantial impact on both human health and environmental sustainability. As the
global population grows, the demand for agriculture increases. Consequently, the use of
pesticides has significantly risen, resulting in the introduction of hazardous, mobile, and
bio accumulative substances into the environment. Traditional detection techniques, such
as Gas Chromatography (GC) and High-Performance Liquid Chromatography (HPLC),
are effective but have drawbacks such as being sensitive to heat, limited capacity to detect
specific pesticides with low volatility, requiring time-consuming sample preparation, and
relying heavily on organic solvents. Capillary Electrophoresis (CE) has become a
promising alternative because to its high sensitivity, minimum reagent consumption, and
streamlined operational processes. Nevertheless, the application of CE is impeded by its
poor detection sensitivity caused by the small quantities of samples.

This thesis addresses these problems by developing a portable device that combines a
microfabricated chip with a pulse amperometric detecting mechanism, all based on CE
technology. The development process entails the integration of a Data Acquisition (DAQ)
system with LabVIEW for the purpose of collecting and controlling data, as well as the
fabrication of the microchip through the use of photolithography. The effectiveness of the
microchip is confirmed through electrochemical tests employing cyclic voltammetry and
chronoamperometry.

The work progresses by developing a disposable chip made of Polymethyl Methacrylate
(PMMA) with screen-printed carbon electrodes and laser-engraved microchannels. This
portable device, created using the Arduino platform, has been verified for its ability to

separate and identify pesticides, including Chlorpyrifos, §midacloprid, and Fipronil, in soil
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samples. The working electrode is enhanced with the addition of Prussian Blue to
improve sensitivity and selectivity.

The results illustrate the effective segregation and measurement of pesticides utilizing the
inhouse developed portable instruments, which serves as a cost-efficient and effective
solution for on-site uses. The device's adaptability and portability, along with the creative
production techniques, signify significant progress in the field of pesticide detection and
environmental monitoring. This research establishes a strong basis for future
advancements in electrophoresis technology and its utilization in protecting the

environment and human well-being.
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PICIID AT YU B JAWT 3 T T1HR eI A STt § iifes 38bT A
WA 3R TgiaRufiy fRRA IR Hedqui UHTd USdl ¢ | dfYd SHRe & g & I1Y
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