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. of multiplexing to analyze multiple metals simultaneously. This technique has
Introductlon been successfully applied to detect heavy metals such as mercury, arsenic,
o . ] . and cadmium in water and soil samples. For example, mercury is particularly

The contamination of soil and water by heavy metals is a critical  challenging to detect due to its low concentrations in environmental samples,
environmental concern due to the toxicity and persistence of these elements.  pyt flyorescence spectroscopy has been shown to provide highly sensitive
Heavy metals such as lead, mercury, cadmium, arsenic, and chromium  getection even at trace levels [1,2].

pose significant risks to human health and the environment, often entering
ecosystems through industrial activities, agricultural practices, mining, "
and waste disposal. These metals can accumulate in the soil and water, COﬂClUSIOﬂ

contaminating the food chain and harming aquatic life, plants, and animals.

The detection and quantification of heavy metals in environmental samples In conclusion, the innovative use of spectroscopy in assessing soil and
are therefore essential for monitoring pollution levels, assessing environmental ~ water contamination by heavy metals offers several advantages, including rapid,
risks, and informing regulatory policies. Traditional methods for analyzing ~ non-destructive analysis, high sensitivity, and the ability to analyze multiple
heavy metals, such as atomic absorption spectrometry (AAS) and inductively ~ metals simultaneously. Techniques such as atomic absorption spectroscopy,
coupled plasma mass spectrometry (ICP-MS), are highly sensitive but often  fluorescence spectroscopy, UV-Vis spectroscopy, and Raman spectroscopy
require expensive instrumentation, skilled operators, and time-consuming  have proven to be valuable tools for detecting and quantifying heavy metals in
sample preparation procedures. In recent years, spectroscopy has emerged as environmental samples. Advances in portable devices, hybrid techniques, and
an innovative tool for assessing soil and water contamination by heavy metals, ~ data analysis methods are further enhancing the applicability of spectroscopy
offering several advantages, including portability, ease of use, non-destructive ~in environmental monitoring. As the need for effective monitoring of heavy
analysis, and the ability to provide rapid results. The use of spectroscopy ~ metal contamination grows, spectroscopy will continue to play a crucial role in
in environmental monitoring has revolutionized the field by providing cost-  providing cost-effective, real-time, and high-throughput methods for assessing
effective, real-time, and high-throughput methods for detecting heavy metal ~ environmental pollution and guiding regulatory decisions.

contamination.
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atomize the sample. ETAAS allows for the detection of lower concentrations of
metals in complex environmental matrices, such as soil and water, by reducing
interference from other substances. Another advancement is the development
of flame atomic absorption spectrometry (FAAS) with graphite furnace
technology, which allows for the simultaneous analysis of multiple heavy
metals, improving the efficiency of sample analysis. These advancements
have made AAS a more versatile and effective tool for monitoring heavy metal
contamination in the environment.

Fluorescence spectroscopy is another promising technique for the detection
of heavy metals in environmental samples. This method relies on the ability of
certain metals to emit light when excited by a specific wavelength of light. When
a sample containing a metal is exposed to this excitation wavelength, the metal
emits fluorescence, which can be measured to determine its concentration.
Fluorescence spectroscopy offers several advantages, including its high
sensitivity, ability to detect low concentrations of metals, and the possibility
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