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Abstract

This article provides an introduction to the various chemical techniques used for contamination analysis in
metals and plants. Contamination analysis is crucial for identifying and quantifying pollutants in these samples,
as it helps in assessing the potential risks to human health and the environment. The common contaminants
found in metals and plants are discussed, highlighting the need for accurate and sensitive analytical methods.
The article then delves into the sample preparation techniques required for successful contamination analysis,
emphasizing the importance of proper sample handling and processing. The article further explores three main
spectroscopic techniques used for metal contamination analysis: atomic absorption spectroscopy, inductively
coupled plasma mass spectrometry, and X-ray fluorescence spectroscopy. These techniques offer precise and
reliable measurements of metal concentrations in samples. For plant contamination analysis, gas
chromatography-mass spectrometry and high-performance liquid chromatography are discussed. These
techniques allow for the detection and quantification of various organic contaminants in plants. Lastly, Fourier
transform infrared spectroscopy is presented as a powerful tool for plant contamination analysis, as it provides
information about the chemical composition and structure of contaminants. Overall, this article highlights the
significance of contamination analysis and provides an overview of the different chemical techniques utilized
in this field for both metals and plants.
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1. Introduction

The analysis of contamination in metals and plants
is crucial for understanding environmental and
health implications. Various chemical techniques
are employed to assess and mitigate contamination
in these systems. The identification of
contamination sources and the evaluation of
anthropogenic effects in soils near traffic-related
facilities have been conducted using principal
component analysis (PCA) and cluster analysis
(CA) (Lee et al., 2021). Additionally, heavy metal
analysis of medicinal plants has revealed that the
metal contamination in plant parts was within
permissible limits set by the World Health
Organization (Poongothai & Sripathi, 2015).
Furthermore, the  measurement of the
concentration of major elements and heavy metals
in surface sediments has been conducted to assess
the level of heavy metal contamination using
various indices and factors (Perumal et al., 2021).
Moreover,  plant-growth-promoting  bacteria
(PGPB) have been found to play a key role in host
plant  adaptation to  metal-contaminated
environments by triggering physiological changes
in plant cell metabolism, enabling plants to tolerate
high concentrations of heavy metals (Hao et al.,
2012). Phytoremediation, a technique where plants
are used to remove and stabilize metal
contaminants, has been identified as a promising
tool for the cleanup of polluted environments
(Wuana & Okieimen, 2011). Furthermore, the use
of Pb and Zn-resistant plant growth-promoting
bacteria has been suggested to protect plants
against the inhibitory effects of heavy metals
present in contaminated soil (Yadav & Commerce,
2019).

In the context of contamination analysis, it is
essential to consider the health risks associated
with heavy metal contamination in urban surface
soil, and statistical methods have been widely used
to identify heavy metal soil pollution sources
(Yuswir et al, 2015). Additionally, the
significance analysis of the absolute abundance of
bacterial taxa has been performed to understand
aquifer bacterial community differences as a
function of creosote contamination and its
potential for contaminant remediation (Jalio et al.,
2019).

The assessment and detection of bacterial
contamination in apheresis platelets have been
improved through the use of inlet-line diversion
and increased culture volume, demonstrating the
importance of advanced techniques in ensuring
component safety (Eder et al., 2009). Furthermore,
the limitations and drawbacks of drilling
techniques for organic contamination distribution
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have been highlighted, emphasizing the need for
efficient and cost-effective methods for chemical
analysis of samples (Jian et al., 2022).

In summary, the analysis of contamination in
metals and plants involves a diverse range of
chemical techniques, including statistical methods,
bacterial community analysis, and the use of plant-
growth-promoting bacteria. These techniques are
essential for understanding, mitigating, and
managing contamination in various environmental
and biological systems.

2. Importance of Contamination Analysis

The significance of contamination analysis cannot
be overstated, as it plays a critical role in various
fields such as environmental science, health, and
food safety. The identification and quantification
of contaminants are essential for providing
accurate and reliable data, which is crucial for
decision-making and risk assessment. For instance,
emphasized the significance of choosing the
appropriate analytical technique to address
contamination issues effectively. Early detection
of contamination is vital to prevent bias in
measurements and databases, as highlighted by
Piro and Renard. Furthermore, understanding
contamination is essential for communities to take
action to protect and promote health, as
demonstrated in the analysis by (Jian et al., 2022).
Contamination analysis is particularly crucial in
the context of food safety and animal health.
Guerre highlighted the importance of analyzing
mycotoxin  contamination in animal feed
formulations, emphasizing the need to consider the
relative importance of various factors on
mycotoxin contents. Similarly, the assessment of
heavy metal contamination in surface soils from
wetlands in Nigeria, as discussed by underscores
the significance of using contamination factors and
indices to evaluate environmental risks. Moreover,
the impact of milking and housing environments
on milk microbiota, as studied by suggests the need
to address contamination to ensure effective
sanitization and prevent secondary contamination
(Tubaon et al., 2017).

In environmental science, contamination analysis
is crucial for assessing and mitigating the impact of
pollutants. demonstrated the importance of using
multivariate statistical techniques to identify
contamination sources and assess surface water
quality. Additionally, the study by Matteucci et al.
2022) on chlorinated solvent contamination in
aquifers  highlighted the significance of
multivariate statistical analysis and geographic
information ~ systems  (GIS) to  model
contamination. Furthermore, the analysis of
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rhizosphere microflora in oil-contaminated soil, as
conducted by Kumar et al., emphasized the role of
microbial communities in hydrocarbon
degradation, underlining the importance of
understanding contamination for bioremediation
efforts.

Contamination analysis also holds significant
implications for public health and safety.
(Narduzzi et al. 2016) emphasized the importance
of analyzing predictors of environmental pollutant
levels, particularly in locally produced food items,
to address potential health risks. Moreover, the
estimation of the rate of unrecognized cross-
contamination with Mycobacterium tuberculosis in
microbiology laboratories, as studied by Ruddy et
al., underscores the critical need for thorough data
review to ensure the reliability of clusters and
prevent potential transmission of infectious agents
(Mandrile et al., 2015).

In conclusion, contamination analysis is of
paramount importance across various disciplines,
including environmental science, food safety,
public health, and microbiology. The references
provided underscore the critical role of
contamination analysis in identifying, quantifying,
and mitigating contaminants, thereby contributing
to informed decision-making, risk assessment, and
the protection of human and environmental health.

4. Common Contaminants in Metals and Plants
Common contaminants in metals and plants
encompass a wide array of substances that pose
significant risks to both environmental and human
health. Heavy metals such as arsenic, cadmium,
chromium, copper, lead, mercury, nickel, and zinc
are frequently encountered contaminants that not
only endanger higher organisms but also impede
plant growth and soil microflora. Additionally,
copper, zinc, and cadmium are prevalent metal
contaminants found in subantarctic and Antarctic
stations, impacting marine invertebrates and
aquatic organisms. Furthermore, medicinal herbs
and herbal products are susceptible to
contamination by naturally occurring substances
such as radionuclides and metals (Anyasi &
Atagana, 2011).

Urban centers are often hotspots for metal
contamination due to the  processing,
manufacturing, and use of metal-based materials,
leading to the presence of various metal
contaminants in urban riparian sediments.
Moreover, endophytic bacteria, particularly
Bacillus spp., are common contaminants in banana
in vitro cultures, posing challenges to plant
survival and propagation. The contamination of
rice with heavy metals, particularly arsenic and
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cadmium, is a prevalent environmental issue with
significant implications for food safety and human
health. Plants play a crucial role in the remediation
of contaminated soils, with various species
demonstrating the ability to accumulate high levels
of metals without exhibiting toxicity symptoms.
Additionally, volatile organic compounds (VOCs)
are common groundwater contaminants, and plants
serve as a pathway for the translocation of these
contaminants into the human and animal food
chain. Furthermore, the accumulation of heavy
metals in plants, such as arsenic, and their
subsequent impact on the soil-plant continuum
underscore the pervasive nature of metal
contamination in the environment (Zhang et al.
(2009).

The presence of contaminants in plant genetic
resources and commercial micropropagation is a
significant concern, with endophytic bacteria
posing a common problem for the in vitro
propagation of woody plants. Enzymatic inhibition
due to metal(loid) contamination serves as an
indicator of soil quality and the potential health
risks associated with metal(loid) contamination.
Moreover, the influence of nano- and microplastics
on the bioaccumulation of environmental
contaminants in soil organisms highlights the
complex interactions between contaminants and
biota in the environment (Zhang et al. (2009). The
ability of certain bacteria, such as Variovorax
paradoxus, to degrade toxic contaminants and
promote plant growth underscores the potential for
microbial remediation  of  contaminated
environments (Holan et al., 2016). Emerging
contaminants, including a diverse range of
chemical compounds and organisms, pose
challenges to wastewater treatment plants and
environmental quality (Kosalec et al., 2009).
Additionally, aquatic plants such as common
mare's tail (Hippuris vulgaris L.) serve as
indicators of water contamination levels through
their accumulation of heavy metals (Bain et al.,
2010).

Phyto stabilization, a common remediation
technique, involves the use of plants such as
Miscanthus to stabilize contaminated military sites
and decrease contaminant bioavailability (EI-
Banna et al., 2021). The impact of petroleum
hydrocarbons on plant growth and the potential for
phytoremediation of hydrocarbon-contaminated
soils underscores the importance of understanding
the effects of contaminants on plant species
(Javdan et al., 2021). Furthermore, the lack of
plant-available nitrogen due to diesel fuel
contamination can influence the nodulation of
plants, highlighting the intricate relationship
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between contaminants and plant physiology
(Anyasi & Atagana, 2011). In conclusion, the
prevalence of common contaminants in metals and
plants underscores the pervasive nature of
environmental pollution and its impact on
ecosystems, human health, and food safety.
Understanding the sources, effects, and
remediation of these contaminants is essential for
mitigating their adverse effects and ensuring the
sustainability of natural and agricultural systems.

5. Sample Preparation Techniques

Sample preparation techniques are essential for the
accurate and reliable analysis of various samples,
especially when the target analytes are present in
low concentrations or in complex matrices. The
choice of sample preparation method significantly
impacts the quality and reliability of the analytical
results. Several studies have highlighted the
importance of sample preparation techniques in
different fields, including proteomics,
environmental analysis, metabolomics, and
biomedical analysis.

Discussed the trends in sample clean-up strategies
for electrospray ionization mass spectrometry
applications in bottom-up proteomics,
emphasizing the importance of effective sample
preparation methods for the analysis of peptides
and the proteome (Tubaon et al., 2017). Similarly,
emphasized the significance of high-throughput
sample preparation methods for the extraction of
emerging contaminants in river water samples,
particularly when the target analytes are present in
low concentrations and in complex matrices
(Morés et al., 2017). These studies underscore the
critical role of sample preparation in ensuring
accurate and sensitive analysis of complex
samples.

In the context of environmental analysis, sample
preparation techniques are essential for the
extraction and analysis of volatile compounds in
matrices of vegetable origin. provided an overview
of new trends in the analysis of the volatile fraction
of plant matrices, highlighting the importance of
sample preparation, analysis, and data elaboration
in this field (Bicchi et al., 2011). discussed the
nondestructive sampling of living systems using in
vivo solid-phase microextraction, emphasizing the
need for state-of-the-art techniques for sampling
and sample preparation in the chemical analysis of
complex samples, such as live biological samples
(Ouyang et al., 2011).

Sample preparation techniques are also crucial in
proteomic analysis of plant samples. highlighted
the SP3 protocol for proteomic plant sample
preparation prior to LC-MS/MS, emphasizing the
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challenges and importance of efficient sample
preparation for proteomic analysis of plants
(Mikulasek et al., 2021). Furthermore, the direct
determination of soil surface-bound polycyclic
aromatic hydrocarbons in petroleum-contaminated
soils by real-time aerosol mass spectrometry
necessitates sample preparation methods to isolate
the compound class prior to analysis (Rodgers et
al., 2000).

In the biomedical field, sample preparation
techniques are essential for the analysis of various
biological samples. discussed the application of
microextraction sample preparation techniques in
the analysis of complex biological samples such as
saliva, serum, urine, and pharmaceutical
preparations, highlighting the versatility and wide
applicability of these techniques (Szultka et al.,
2014). Additionally, emphasized the challenges
and techniques for sample preparation in
microgram-quantity  protein  analysis  from
biological samples, particularly in the context of
proteomics and mass spectrometry (Feist &
Hummon, 2015).

Sample preparation techniques are also crucial in
the analysis of food products and environmental
contaminants. discussed recent advances in the
analysis of phthalate esters in foods, emphasizing
the challenges associated with sample preparation
and the potential loss of ultratrace analytes during
the process (Yang et al.,, 2015). Furthermore,
highlighted the approaches for the simultaneous
extraction of tetrabromobisphenol A,
tetrachlorobisphenol A, and related phenolic
compounds from sewage sludge and sediment
samples based on matrix solid-phase dispersion,
underscoring the significance of efficient sample
preparation methods for environmental analysis
(Blanco et al., 2006).

In conclusion, sample preparation techniques play
a critical role in various fields, including
proteomics, environmental analysis,
metabolomics, and biomedical analysis. The
references provided underscore the importance of
effective and efficient sample preparation methods
for the accurate and sensitive analysis of complex
samples, thereby contributing to reliable analytical
results and informed decision-making.

6.  Chemical
Contamination
6.1 Atomic Absorption Spectroscopy

Atomic Absorption Spectroscopy (AAS) is a
powerful analytical technique widely used for the
detection and quantification of heavy metal
contaminants in various environmental matrices,
including soil, water, and plant samples. AAS

Techniques  for  Metal
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offers high sensitivity and selectivity, making it
particularly suitable for the analysis of trace metal
concentrations. The technique relies on the
absorption of light by free atoms in the gaseous
state, providing valuable information about the
elemental composition of the sample.

In the context of environmental analysis, AAS has
been extensively employed to assess heavy metal
contamination in soil samples. Studies such as
those by Afonne et al. (2022) and Hu et al. (2017)
have highlighted the importance of AAS in
evaluating heavy metal pollution in agrarian soils
and the soil-plant-human system, respectively.
AAS enables the accurate determination of heavy
metal concentrations, providing crucial insights
into the potential risks associated with livestock
exposure and the absorption of heavy metals by
edible plants. Additionally, AAS has been utilized
to assess heavy metal pollution in intense industrial
areas, as demonstrated by (Su et al., 2022), and to
determine the concentration of major elements and
heavy metals in surface sediments, as discussed by
(Perumal et al., 2021).

Furthermore, AAS has been instrumental in the
analysis of heavy metal bioaccumulation in soil
and food crops. Emurotu & Onianwa (2017)
utilized AAS to determine the concentration of Cd,
Co, Cu, Ni, Pb, and Zn in soil samples, providing
valuable insights into the bioaccumulation of
heavy metals in selected food crops. The
application of AAS in the assessment of heavy
metal contamination in pond sediments, as
highlighted by (Hill et al., 2023), underscores its
significance in identifying metal contaminants
associated with urban and industrial areas.
Moreover, AAS has been employed in the analysis
of metal enrichment factors and the
geoaccumulation index, as discussed by (Li et al.,
2013), and in the determination of DNA
methylation associated with plant adaptation to
metals, as demonstrated by (Kim et al., 2016).
These studies showcase the versatility of AAS in
providing valuable information about the
ecological risks associated with heavy metal
contamination and the genetic responses of plants
to metal exposure.

In addition to environmental applications, AAS has
been utilized in the assessment of heavy metal
tolerance genes associated with contaminated
sediments, as highlighted by (Long et al., 2021).
The relative abundance of heavy metal resistance
genes, determined using metagenomic analysis and
AAS, provided insights into the contamination
level and exposure time, demonstrating the utility
of AAS in microbial ecology studies.
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In summary, Atomic Absorption Spectroscopy
(AAS) is a valuable analytical technique for the
detection and quantification of heavy metal
contaminants in various environmental matrices.
The references provided underscore the
widespread application of AAS in assessing heavy
metal pollution in soil, water, and plant samples, as
well as its role in providing crucial insights into
ecological risks and genetic responses associated
with heavy metal contamination.

6.2 Inductively Coupled Plasma Mass
Spectrometry

Inductively Coupled Plasma Mass Spectrometry
(ICP-MS) is a powerful and versatile analytical
technique widely used for the detection and
quantification of trace elements and heavy metal
contaminants in various sample matrices. ICP-MS
offers high sensitivity, wide dynamic range, and
multi-element capability, making it a valuable tool
for metal contamination analysis in environmental,
biological, and industrial samples.

In environmental analysis, ICP-MS has been
extensively utilized for the determination of heavy
metal contamination in soil, water, and plant
samples. Studies such as those by Balcaen et al.
(2015) and Quéroué et al. (2014) have highlighted
the capability of ICP-MS to provide low detection
limits and a large linear dynamic range, making it
well-suited for the analysis of trace metals in
environmental samples. ICP-MS has been
instrumental in the offline trace metal extraction of
Mn, Co, Ni, Cu, Cd, and Pb from open ocean
seawater samples, as discussed by (Quéroué et al.,
2014), demonstrating its utility in assessing metal
contamination in marine environments.

Moreover, ICP-MS has been employed in the
determination and assessment of toxic heavy metal
elements abstracted from traditional plant
cosmetics and medical remedies, as highlighted by
(Bobaker et al., 2019). The relative simplicity, low
sample volume requirements, and low detection
limits of ICP-MS make it a frequently used method
for heavy metal analysis in cosmetic products.
Additionally, ICP-MS has been utilized for the
profiling of metals in Cordyceps sinensis, a
valuable medicinal fungus, as demonstrated by
(Wei etal., 2017), showcasing its application in the
analysis of trace metals in natural products.

In the biomedical field, ICP-MS has been
employed for the speciation of intracellular Zn, Fe,
and Cu within both induced pluripotent stem (iPS)
cells and differentiated cells, as discussed by the
study of Chen ("Speciation of Intracellular Zn, Fe
and Cu within both iPS Cells and Differentiated
Cells Using HPLC Coupled to ICP-MS", 2016).
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The high sensitivity and multielement detection
capability of ICP-MS make it an effective tool for
the quantification of intracellular  metal
concentrations, providing valuable insights into
metal homeostasis and cellular responses to metal
exposure.

Furthermore, ICP-MS has been utilized for the
determination of heavy metal accumulation and
interactions with zinc, copper, and manganese in a
long-term Caco-2 TC7 cell model, as highlighted
by (Noél et al., 2006). The combination of closed
vessels microwave digestion and ICP-MS has
enabled the accurate determination of trace
elements in cellular models, contributing to the
understanding of metal uptake and toxicity in
biological systems.

In the industrial context, ICP-MS has been
employed for the rapid determination of mercury
in plant and soil samples, as demonstrated by the
study of Liu et al. (Han et al., 2006). The high
sensitivity, wide linear range, and limited
interferences of ICP-MS make it a valuable tool for
the analysis of trace impurities in advanced
materials, contributing to the quality control and
safety assessment of industrial products.

In summary, Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) is a versatile and powerful
analytical technique for the detection and
guantification of heavy metal contaminants in
various sample matrices. The references provided
underscore the widespread application of ICP-MS
in environmental, biomedical, and industrial
analyses, highlighting its critical role in assessing
metal contamination and providing valuable
insights into environmental and biological
systems.

6.3 X-ray Fluorescence Spectroscopy

X-ray Fluorescence Spectroscopy (XRF) is a
powerful analytical technique widely used for the
non-destructive elemental analysis of various
sample types, including environmental, biological,
and industrial samples. XRF enables the
determination of elemental composition and the
quantification of trace elements, making it a
valuable tool for metal contamination analysis.

In environmental analysis, XRF has been
extensively utilized for the rapid screening of
heavy metals and trace elements in environmental
samples. Studies such as those by Garcia-
Florentino et al. (2017) and Mccomb et al.
McComb et al. (2014) have highlighted the
advantages of XRF for the non-destructive analysis
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of heavy metals and trace elements in
environmental samples. XRF has been established
as advantageous when compared to other multi-
elemental techniques, such as ICP-MS/ICP-OES,
due to its non-destructive character and rapid
analysis capabilities.

Moreover, XRF has been instrumental in the
assessment of metal contamination in cultural
heritage materials and archaeological artifacts, as
demonstrated by (Pessanha et al., 2013). The non-
destructive nature of XRF makes it particularly
suitable for the determination of the thickness of
coatings and the elemental composition of
historical materials, providing valuable insights
into the preservation and conservation of cultural
heritage.

In the industrial context, XRF has been employed
for the analysis of metal content in various
materials, including pigments and oil sands, as
highlighted by the studies of Kocsonya et al.
(2011) and (Li & Xu, 2019). XRF is a widely used
and well-established method for elemental
analysis, providing valuable information for the
diagnosis of ore processability and the
characterization of materials in industrial
applications.

In the field of materials science, XRF has been
utilized for the characterization of nanoparticles
and contrast agents for bioimaging, as
demonstrated by (Li et al., 2018). XRF
tomography, based on XRF quantitative analysis
using monochromatic synchrotron X-rays, has
been developed as an imaging technique for
elemental analysis of small samples, showcasing
the versatility of XRF in materials science and
biomedical applications.

Furthermore, XRF has been employed for the
elemental imaging of aquatic plants and the
analysis of solid/liquid interfaces, as highlighted
by the studies of Hayashi (2014) and (Tsuji et al.,
2008). The confocal 3D micro-XRF method has
been applied for solid/liquid interface analysis,
providing valuable insights into elemental
distribution and interface characterization.

In summary, X-ray Fluorescence Spectroscopy
(XRF) is a versatile and valuable analytical
technique for the non-destructive elemental
analysis of various sample types. The references
provided underscore the widespread application of
XRF in environmental, cultural, industrial, and
materials science analyses, highlighting its critical
role in metal contamination analysis and elemental
characterization.
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7. Plant Contamination Analysis Techniques
7.1 Gas Chromatography-Mass Spectrometry
Gas Chromatography-Mass Spectrometry (GC-
MS) is a powerful analytical technique widely used
for the analysis of volatile and semi-volatile
organic compounds in plant samples. It combines
the separation capabilities of gas chromatography
with the detection and identification capabilities of
mass spectrometry, making it a valuable tool for
plant contamination analysis.

The application of GC-MS for the analysis of
volatile contaminants in plants has been
demonstrated in various studies. He et al. (2021)
highlighted the use of solid-phase
microextraction—gas chromatography-mass
spectrometry (SPME-GC-MS) for the rapid-
throughput analysis of volatile contaminants in
plants. This technique has become popular due to
its rapidity, simplicity, high sensitivity, and solvent
elimination, making it well-suited for the analysis
of volatile organic compounds in plant tissues.
Furthermore, Hernandez et al. (2007) emphasized
the wide use of gas chromatography coupled to
mass spectrometry (GC/MS) for the identification
and quantification of volatile and semi-volatile
organic pollutants in environmental samples. The
high selectivity and resolution, good precision, and
satisfactory sensitivity of GC-MS make it a
valuable technique for the analysis of organic
micropollutants in water, demonstrating its
versatility in environmental analysis.

In addition, Pitarch et al. (2007) highlighted the
major adoption of gas chromatography coupled to
mass spectrometry (GC-MS) for multiresidue
monitoring of semi-volatile compounds. This
technique has been widely used for the
quantification and confirmation of priority organic
micropollutants in  water, showcasing its
applicability in the analysis of organic
contaminants.

Moreover, GC-MS has been utilized for the
investigation ~ of  imposter  perfumes, as
demonstrated by (Mowery et al., 2004). The
decline in prices for bench-top gas chromatograph-
mass spectrometers and the increased use of GC-
MS in industry have led to its widespread
application in various fields, including the analysis
of perfumes and fragrances.

Furthermore, GC-MS has been employed for the
determination  of  pesticide residues and
transformation products in groundwater, as
highlighted by the study of (Portolés et al., 2007).
This hyphenation of gas chromatography to mass
spectrometry has become a routine analytical tool
for the determination of organic contaminants in
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environmental and biological samples due to its
relatively low cost and ease of use.

In summary, Gas Chromatography-Mass
Spectrometry (GC-MS) is a versatile and valuable
analytical technique for the analysis of volatile and
semi-volatile organic compounds in plant samples.
The references provided underscore the
widespread  application of GC-MS in
environmental, biological, and industrial analyses,
highlighting its critical role in plant contamination
analysis and compound characterization.

7.2 High Performance Liquid Chromatography
High Performance Liquid Chromatography
(HPLC) is a powerful analytical technique widely
used for the analysis of a wide range of compounds
in plant samples, including contaminants, natural
products, and phytochemicals. HPLC offers high
sensitivity, selectivity, and precision, making it a
valuable tool for plant contamination analysis.
The application of HPLC for the analysis of
contaminants in plant samples has been
demonstrated in various studies. For instance,
Corrigan et al. (2010) highlighted the use of HPLC
for the analysis of drug residues and contaminants,
showcasing its versatility in pharmaceutical
analysis. The high resolution and sensitivity of
HPLC make it well-suited for the detection and
quantification of residues and contaminants in
complex matrices. Furthermore, Willison (2014)
emphasized the use of HPLC coupled with mass
spectrometry for the detection and quantification
of organic pollutants and degradation products in
environmental samples. HPLC-MS has become a
routine analytical tool for the determination of
contaminants and pollutants in water, soil, and
plant samples, demonstrating its critical role in
environmental analysis.

In addition, Yang (2006) highlighted the pre-
eminence of high-performance liquid
chromatography-mass spectrometry (LC-MS) as
the pre-eminent technique for the analysis of
expected analytes in complex mixtures without
prior component isolation.

7.3 Fourier Transform Infrared Spectroscopy
Fourier Transform Infrared Spectroscopy (FTIR) is
a powerful analytical technique widely used for the
analysis of a wide range of compounds in plant
samples, including contaminants, natural products,
and phytochemicals. FTIR offers high sensitivity,
selectivity, and precision, making it a valuable tool
for plant contamination analysis.

The application of FTIR for the analysis of
contaminants in plant samples has been
demonstrated in various studies. For instance,
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Primera-Pedrozo et al. (2008) highlighted the use
of FTIR for the detection of high explosives
mixtures using fiber optics coupled with grazing
angle  probe/Fourier  Transform  Reflection
Absorption Infrared Spectroscopy. The study
demonstrated the high sensitivity of FTIR in
detecting low concentrations of organic
compounds, showcasing its potential for the
analysis of contaminants in complex matrices.
Furthermore, Jha et al. (2020) emphasized the use
of FTIR for the detection and quantification of
patulin in apple juice. The study highlighted the
speed, economy, and user-friendly nature of FTIR,
making it a valuable technique for the analysis of
contaminants in food products.

Moreover, Hamilton et al. (2005) discussed the use
of Fourier Transform Infrared Reflection
—Absorption Spectroscopy (IRRAS) for in situ
cleaning validation. The study demonstrated the
well-established method of FTIR for analyzing
thin films on solid surfaces, showcasing its
applicability in surface analysis and contamination
detection.

In addition, Devi & Battu (2019) highlighted the
application of FTIR for qualitative phytochemical
screening and spectral analysis of Grewia tilifolia
leaf extracts. The study demonstrated the ability of
FTIR to provide compositional and structural
information in plants, making it a valuable tool for
the analysis of phytochemicals in plant samples.

8. Conclusion

In conclusion, the chemical techniques for
contamination analysis in metals and plants play a
crucial role in identifying and quantifying various
contaminants, providing valuable insights into
environmental, biological, and industrial systems.
Gas Chromatography-Mass Spectrometry (GC-
MS) has been widely used for the identification of
general chemical profiles of plant extracts, as well
as the detection and quantification of organic
compounds in environmental samples.
Comprehensive two-dimensional gas
chromatography (GC x GC) has been instrumental
in characterizing petroleum chemicals, food
components, and flavors. Additionally, Fourier
Transform Infrared Spectroscopy (FTIR) has
demonstrated high sensitivity in detecting low
concentrations of organic compounds, making it a
valuable technique for the analysis of contaminants
in complex matrices. High Performance Liquid
Chromatography (HPLC) has been utilized for the
detection and quantification of residues and
contaminants in various samples, showcasing its
versatility in pharmaceutical and environmental
analysis. These techniques, along with others such
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as Ultra Performance Liquid Chromatography
(UHPLC), have become essential tools for the
identification and quantification of various
compounds in metals and plants, contributing to
the understanding of contamination and its impact
on the environment and human health.
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