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agricultural runoff. On the other hand, supercritical fluid chromatography, which
uses supercritical fluids (such as carbon dioxide) as the mobile phase, has
shown promise in the separation of non-polar pesticides. However, the high

Pesticides play an essential role in modern agriculture, helping farmers  ¢ost and complexity of SFC instrumentation limit its widespread application
manage pest populations and protect crops from diseases. However, the [1,2].

widespread and often indiscriminate use of pesticides has raised significant
concerns regarding their environmental impact. One of the major routes "
through which pesticides enter the environment is agricultural runoff, a COﬂClUSIOﬂ

process by which water from rain or irrigation carries pesticides from fields

into nearby water bodies. This contamination poses a serious threat to water In conclusion, chromatographic techniques have become indispensable
quality, biodiversity, and public health. Consequently, it has become critical to ~ tools for the detection and analysis of pesticides in agricultural runoff.
develop reliable and efficient methods for detecting pesticides in agricultural ~ Advances in both gas and liquid chromatography, along with the development
runoff to monitor contamination levels and mitigate the associated risks.  of more sensitive and selective detectors, have greatly improved the ability
Chromatographic techniques have proven to be invaluable tools for pesticide ~ to monitor pesticide contamination at low concentrations. The continued
analysis due to their high sensitivity, specificity, and ability to separate complex ~ evolution of chromatographic methods, combined with innovations in sample
mixtures. preparation, detector technology, and hyphenated techniques, will further
enhance the sensitivity, accuracy, and efficiency of pesticide detection. As
agricultural runoff remains a critical environmental issue, the application of
advanced chromatographic techniques will play a crucial role in safeguarding
water quality, protecting ecosystems, and ensuring public health.

Introduction

Among the various analytical methods available for pesticide detection,
chromatography stands out for its ability to isolate individual components from
complex environmental samples, which often contain numerous interfering
substances. The versatility of chromatography allows for the analysis of a
wide range of pesticide classes, from hydrophobic organochlorines to polar
organophosphates, and everything in between. Over the years, advancements References
in chromatographic techniques, such as Gas Chromatography (GC) and
Liquid Chromatography (LC), along with improvements in detectors, have 1. Timofeeva, Irina, Andrey Shishov, Daria Kanashina and Daria Dzema, et al. "On-

significantly enhanced the ability to detect low concentrations of pesticides in line in-syringe sugaring-out liquid-liquid extraction coupled with HPLC-MS/MS for

agricultural runoff. the determination of pesticides in fruit and berry juices." Talanta 167 (2017): 761-
767.

HH 2. Perestrelo, Rosa, Pedro Silva, Priscilla Porto-Figueira and Jorge AM Pereira, et

Descnptlon al. "QUEChERS-Fundamentals, relevant improvements, applications and future

trends." Anal Chim Acta 1070 (2019): 1-28.
The combination of LC and MS, commonly referred to as LC-MS, has

become a powerful tool for the analysis of pesticides in agricultural runoff. The
addition of mass spectrometry allows for the identification and quantification
of pesticides with unparalleled sensitivity, as MS can measure the molecular
weight and structure of analytes. LC-MS can be particularly advantageous in
detecting complex pesticide mixtures that may be present in agricultural runoff,
as it allows for the simultaneous analysis of multiple compounds with different
chemical properties. Furthermore, the ability of LC-MS to detect pesticide
residues at trace levels makes it a highly effective method for monitoring
pesticide contamination in water sources, even when the concentrations are
below regulatory limits. In addition to GC and LC, other chromatographic
techniques such as Thin-Layer Chromatography (TLC) and supercritical fluid
chromatography (SFC) have been explored for pesticide detection, although
they are less commonly used in routine environmental monitoring. Thin-layer
chromatography, while simple and inexpensive, lacks the resolution and
sensitivity required for the analysis of complex environmental samples like
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