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Introduction

The analytical evaluation of environmental pollutants has become increasingly crit-
ical for safeguarding public health and ecosystems. Chromatographic techniques,
renowned for their separation power, have emerged as indispensable tools in this
domain, offering the sensitivity and selectivity required to detect and quantify a
vast array of chemical contaminants in complex matrices. These methodologies
are constantly evolving, driven by the need for more accurate, efficient, and com-
prehensive analytical approaches. Recent advancements have focused on en-
hancing detection limits, reducing analysis time, and improving the overall accu-
racy of pollutant assessments, thereby contributing significantly to more effective
environmental monitoring and remediation strategies. These continuous improve-
ments are vital for understanding the pervasive nature of pollutants and developing
targeted interventions. [1]

The growing concern over emerging contaminants, such as pharmaceuticals and
personal care products (PPCPs), necessitates the development of robust analyti-
cal methods. These substances, even at low concentrations, can exert significant
ecological and health impacts. Research in this area has focused on develop-
ing techniques capable of simultaneously determining these complex mixtures in
challenging matrices like wastewater. The robustness, sensitivity, and efficiency
of these methods are paramount for generating crucial data that illuminates the
prevalence and environmental fate of these often-undetectable pollutants. Such
insights are fundamental for effective wastewater management and the protection
of aquatic environments. [2]

Persistent organic pollutants (POPs), due to their longevity and bioaccumulative
potential, pose a significant threat to terrestrial and aquatic ecosystems. Their
analysis, particularly in soil samples, requires meticulous sample preparation to
overcome matrix effects and maximize analyte recovery. Solid-phase extraction
(SPE) has been extensively investigated and optimized for this purpose, serving
as a crucial step before instrumental analysis. Effective SPE protocols are indis-
pensable for accurate quantification and comprehensive risk assessment of these
recalcitrant compounds, ensuring a clearer understanding of their distribution and
impact. [3]

Per- and polyfluoroalkyl substances (PFAS), often referred to as ’forever chemi-
cals,’ are a class of widespread environmental contaminants with growing regula-
tory and public health implications. Their complex chemical structures and the vast
number of individual compounds present in environmental samples pose signifi-
cant analytical challenges. The development of novel chromatographic methods,
such as ion-pairing reversed-phase liquid chromatography, has been instrumental
in achieving the simultaneous analysis of these mixtures with high sensitivity and
accuracy. These advancements are vital for regulatory compliance and protecting

public health from the risks associated with PFAS exposure. [4]

Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental contam-
inants, particularly prevalent in atmospheric samples, originating from both nat-
ural and anthropogenic sources. Their analysis often involves complex mixtures
that demand sophisticated separation techniques. Hyphenated chromatographic
methods, especially comprehensive two-dimensional gas chromatography-mass
spectrometry (GCxGC-MS), offer enhanced separation power, enabling more ac-
curate identification and quantification of these diverse environmental pollutants.
The increased resolving power provided by these advanced techniques is crucial
for understanding atmospheric pollution dynamics. [5]

Mycotoxins, toxic secondary metabolites produced by fungi, represent a significant
foodborne contaminant concern. Their detection in various food matrices, such
as cereal samples, requires sensitive and selective analytical methods. While
traditional chromatographic methods are widely used, techniques like capillary
electrophoresis-mass spectrometry (CE-MS) are emerging as rapid and effective
alternatives. The ability of CE-MS to provide sensitive and selective detection
makes it a viable option for routine screening and ensures the safety of food prod-
ucts. [6]

The comprehensive monitoring of organic pollutants in surface water is a cor-
nerstone of environmental protection. Non-target screening approaches, utilizing
techniques like liquid chromatography coupled with high-resolution mass spec-
trometry (LC-HRMS), are revolutionizing this field. This powerful combination al-
lows for the identification and quantification of a broad spectrum of known and even
unknown compounds with remarkable accuracy. Such broad analytical coverage
is essential for a holistic understanding of water contamination and for identifying
emerging threats. [7]

Lipophilic contaminants, including persistent organic pollutants like PCBs and
dioxins, often require specialized analytical approaches. Supercritical fluid chro-
matography (SFC) has gained prominence in this area due to its inherent advan-
tages over traditional liquid chromatography. SFC offers increased speed, reduced
solvent consumption, and unique selectivity, making it an attractive and environ-
mentally conscious alternative for the efficient analysis of these challenging com-
pounds in food matrices. Its application is critical for ensuring food safety and
regulatory adherence. [8]

Volatile organic compounds (VOCs) are a common and significant component of
indoor air pollution, impacting human health and well-being. Accurate determina-
tion of these compounds relies on optimized sample collection and injection tech-
niques coupled with sensitive detection methods. Gas chromatography with flame
ionization detection (GC-FID) has been widely employed and refined for this pur-
pose. The ongoing development in GC-FIDmethodologies ensures high sensitivity
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and accuracy in identifying and quantifying these prevalent indoor air pollutants,
directly contributing to improved indoor air quality assessment. [9]

Inorganic anions and cations are fundamental components of environmental wa-
ter quality, and their accurate determination is essential for various water man-
agement practices. Ion chromatography (IC) stands out as a simple, rapid, and
effective technique for the routine monitoring of these major ions in diverse water
types. Its straightforward application and reliability provide indispensable data for
comprehensive water quality assessment, enabling informed decisions regarding
water resource management and pollution control. [10]

Description

Chromatographic techniques form the bedrock of environmental pollutant analysis,
providing the necessary resolution and sensitivity to identify and quantify contam-
inants in intricate environmental samples. Advances in methodologies, such as
High-Performance Liquid Chromatography (HPLC) andGas Chromatography (GC)
often coupled with Mass Spectrometry (MS), have significantly improved detection
limits and analytical accuracy, crucial for effective environmental monitoring and
remediation efforts. These continuous refinements are essential for staying ahead
of evolving pollution challenges. [1]

The challenge of emerging contaminants in wastewater, including pharmaceuticals
and personal care products, has spurred innovation in analytical chemistry. Ultra-
High Performance Liquid Chromatography (UHPLC) coupled with tandem mass
spectrometry (MS/MS) offers a powerful solution for the simultaneous determina-
tion of these substances. The robustness and efficiency of UHPLC-MS/MS are
vital for generating reliable data on the prevalence and fate of these pollutants in
aquatic ecosystems, informing crucial environmental protection strategies. [2]

For persistent organic pollutants like organochlorine pesticides in soil, effective
sample preparation is paramount. Solid-Phase Extraction (SPE) protocols have
been optimized to enhance analyte recovery and minimize matrix interference
when coupled with Gas Chromatography-Mass Spectrometry (GC-MS). These op-
timized procedures are critical for accurate quantification, risk assessment, and
understanding the behavior of these long-lasting contaminants in terrestrial envi-
ronments. [3]

Per- and polyfluoroalkyl substances (PFAS) are a group of chemicals of significant
environmental and health concern. Developing methods capable of resolving the
complex mixtures of PFAS in matrices like drinking water is a priority. Novel ap-
proaches, such as ion-pairing reversed-phase liquid chromatography, are being
developed to achieve high sensitivity and accuracy, essential for ensuring regu-
latory compliance and protecting public health from these persistent compounds.
[4]

Atmospheric samples often contain complex mixtures of polycyclic aromatic hydro-
carbons (PAHs). Comprehensive two-dimensional chromatography, specifically
GCxGC-MS, has proven highly effective in enhancing separation power for these
challenging analytes. This advanced technique allows for more precise identifi-
cation and quantification of PAHs, providing critical insights into air quality and
sources of pollution. [5]

Food safety is a major concern, and the analysis of mycotoxins in food products like
cereals requires sensitive and selective methods. Capillary electrophoresis-mass
spectrometry (CE-MS) is emerging as a rapid and efficient alternative to traditional
chromatography for the detection of these foodborne contaminants. Its ability to
provide reliable screening results contributes significantly to ensuring food safety
standards. [6]

Comprehensive environmental monitoring of surface water necessitates the abil-

ity to screen for a wide array of organic pollutants. Liquid Chromatography-High-
Resolution Mass Spectrometry (LC-HRMS) enables non-target screening, identify-
ing and quantifying numerous known and unknown compounds with high accuracy.
This broad analytical capability is indispensable for a thorough understanding of
water quality and the identification of potential environmental threats. [7]

The analysis of lipophilic contaminants in food samples, such as PCBs and diox-
ins, presents unique challenges. Supercritical Fluid Chromatography (SFC) of-
fers an advantageous alternative to conventional HPLC, providing faster analysis
times, reduced solvent usage, and distinct selectivity. These benefits make SFC a
valuable tool for the efficient and environmentally sound determination of lipophilic
pollutants in food. [8]

Indoor air quality is directly impacted by volatile organic compounds (VOCs). The
accurate determination of VOCs in indoor air, often achieved through Gas Chro-
matography with Flame Ionization Detection (GC-FID), requires optimized sample
handling and injection techniques. Continuous improvements in GC-FID method-
ologies are essential for sensitive and accurate quantification, contributing to bet-
ter indoor air quality assessments and healthier living environments. [9]

Inorganic ions in environmental water samples play a crucial role in water quality
assessment. Ion Chromatography (IC) offers a straightforward, rapid, and reliable
method for the determination of both anions and cations. Its suitability for rou-
tine monitoring of major ions in various water types makes it an essential tool for
effective water resource management and pollution control strategies. [10]

Conclusion

This collection of research highlights the pivotal role of advanced chromatographic
techniques in environmental analysis. Studies showcase the application of High-
Performance Liquid Chromatography (HPLC), Gas Chromatography (GC), Ultra-
High Performance Liquid Chromatography (UHPLC), and Supercritical Fluid Chro-
matography (SFC), often coupled with mass spectrometry (MS), for detecting
a wide range of pollutants including emerging contaminants, pesticides, PFAS,
PAHs, mycotoxins, and VOCs. Emphasis is placed on improved sensitivity, selec-
tivity, and efficiency in sample preparation (e.g., Solid-Phase Extraction) and in-
strumental analysis. Techniques like comprehensive two-dimensional chromatog-
raphy and High-Resolution Mass Spectrometry enable non-target screening and
the analysis of complex mixtures. Capillary Electrophoresis-Mass Spectrometry is
presented as a rapid alternative for specific contaminant classes. Ion Chromatog-
raphy is highlighted for inorganic ion analysis in water. These advancements col-
lectively contribute to more robust environmental monitoring, risk assessment, and
regulatory compliance.
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