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. systems that reduce solvent consumption and waste production. Additionally,
Introductlon green chromatography methods that use alternative stationary phases or

) ) ) ] o recyclable solvents are gaining attention in both academic research and
Green Analytical Techniques (GATs) have become increasingly significant  jnqustrial applications [1,2].

in the field of environmental monitoring, driven by the rising awareness of
environmental sustainability and the need for safer, more efficient analytical "
methods. As traditional analytical techniques often require hazardous COﬂClUSIOﬂ

chemicals, generate large amounts of waste, or consume considerable energy,

GATs offer the potential for reducing environmental impact while maintaining In conclusion, advances in green analytical techniques are making
high analytical performance. In this context, GATs encompass a wide range significant contributions to the field of environmental monitoring by promoting
of approaches designed to minimize the use of toxic reagents, reduce waste, ~ safer, more sustainable practices. The development of greener solvents,
enhance energy efficiency, and use non-toxic materials wherever possible. portable devices, non-toxic reagents, and innovative analytical methods have
The push toward green chemistry and green analytical chemistry stems not only enhanced the sensitivity, selectivity, and efficiency of environmental
from a growing concern over environmental degradation and human health ~ monitoring but have also addressed growing concerns regarding environmental
issues linked to hazardous substances. Chemical industries, laboratories, and ~ sustainability. These advancements hold great promise for improving pollution
research organizations are increasingly focusing on adopting green alternatives ~ detection and control while minimizing the environmental impact of analytical
to traditional analytical methods, which typically involve solvents, reagents, ~ processes. Moving forward, the continued development and adoption of green
and processes that are detrimental to the environment. This paradigm shiftin ~ analytical techniques will play a vital role in achieving the broader goals of
analytical chemistry is aligned with the broader principles of green chemistry, ~ sustainable environmental management and protecting human health. As the
which advocate for processes that reduce or eliminate the use of hazardous ~ demand for more sustainable and efficient environmental monitoring tools
chemicals and improve the sustainability of industrial practices. grows, itis expected that green analytical chemistry will become an increasingly

essential part of global efforts to address environmental challenges.
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reagents like surfactants, natural extracts, and organic acids. For example,
enzymatic digestion has gained popularity as a greener method for sample
preparation in the analysis of organic contaminants in environmental samples,
as it avoids the use of strong acids or bases. Furthermore, the use of biological
matrices, such as plants or microorganisms, for bioaccumulation and biosorption
studies has reduced the need for synthetic reagents in certain environmental
assessments. In terms of analytical techniques themselves, the integration
of green principles has led to the development of more efficient, sustainable
methods. One prominent example is the application of green analytical
techniques in chromatography. Traditional chromatographic methods, such
as Gas Chromatography (GC) and High-Performance Liquid Chromatography
(HPLC), often rely on the use of organic solvents, which can have detrimental
environmental effects. To address these concerns, researchers have focused
on developing solvent-free or low-solvent chromatography techniques, such
as Supercritical Fluid Chromatography (SFC) or miniaturized high-efficiency
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