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Introduction

The accurate and sensitive detection of Persistent Organic Pollutants (POPS)
in various environmental matrices remains a significant challenge for analytical
chemists worldwide. These compounds, due to their persistence, bioaccumula-
tion potential, and toxicity, pose substantial risks to ecosystems and human health,
necessitating robust monitoring programs and stringent regulatory frameworks [1].
Chromatographic techniques, particularly when coupled with advanced mass spec-
trometry, have emerged as indispensable tools in this ongoing analytical endeavor.
High-Performance Liquid Chromatography (HPLC) and Gas Chromatography cou-
pled with Mass Spectrometry (GC-MS) are foundational methods that have under-
gone continuous refinement to meet the increasing demands for selectivity and
lower detection limits in complex samples [1]. The development of novel sample
preparation strategies, innovative stationary phases, and sophisticated detection
methodologies has been crucial in overcoming the inherent difficulties associated
with POP analysis, such as matrix effects, which can significantly interfere with
accurate quantification [1]. Recent advancements in QUEChERS (Quick, Easy,
Cheap, Effective, Rugged, and Safe) extraction techniques, when integrated with
sensitive detectors like GC-MS/MS, offer an efficient pathway for the simultane-
ous determination of a broad range of POPs in water samples, thereby facilitat-
ing high-throughput environmental monitoring and risk assessment [2]. Emerging
POPs, which often exhibit complex chemical structures and are found in diverse
matrices like food, present unique analytical hurdles. Ultra-High-Performance Lig-
uid Chromatography coupled with tandem Mass Spectrometry (UHPLC-MS/MS), in
conjunction with strategies like solid-phase extraction and matrix-matched calibra-
tion, provides the necessary sensitivity and selectivity for reliable quantification in
these challenging food matrices, ensuring food safety and regulatory compliance
[3]. The landscape of POP analysis is continually evolving with the introduction
of more powerful hyphenated chromatographic techniques. Methods combining
liquid chromatography with tandem mass spectrometry (LC-MS/MS) and gas chro-
matography with high-resolution mass spectrometry (GC-HRMS) are critical for the
comprehensive detection and identification of a wide array of POPs in environmen-
tal samples such as soil and sediment [4]. High-resolution mass spectrometry, in
particular, plays a pivotal role in elucidating the structures of unknown POPs and
their transformation products, furnishing essential data for informed environmen-
tal risk assessments and policy development [4]. Beyond the widely established
chromatographic techniques, alternative methods are also gaining traction. Super-
critical Fluid Chromatography (SFC) coupled with mass spectrometry, for instance,
offers advantages in speed and reduced solvent consumption for the analysis of
specific POPs like Polychlorinated Biphenyls (PCBs) in air samples, providing a
viable alternative for routine monitoring [5]. Certain classes of POPs, such as
dioxins and dioxin-like PCBs, are of particular toxicological concern and require

highly specialized analytical approaches. GC-HRMS, when meticulously applied
with optimized sample preparation and clean-up procedures, is essential for de-
tecting these contaminants at ultra-trace levels in various environmental and bi-
ological matrices, addressing the persistent challenges in their analysis [6]. To
further enhance analytical capabilities, techniques like lon Mobility Spectrometry
coupled with Mass Spectrometry (IMS-MS) are being explored as complementary
tools. IMS-MS can significantly improve the selectivity and identification power of
chromatographic methods, aiding in the detailed characterization of complex POP
mixtures found in environmental samples, particularly for isomeric differentiation
[7]. Within the realm of HPLC, innovations in stationary phase technology are also
contributing to improved POP analysis. The development and application of novel
monolithic stationary phases for HPLC have demonstrated the potential for faster
analysis times and enhanced chromatographic performance, offering more effi-
cient separation of critical POP groups like organophosphorus pesticides in envi-
ronmental and food safety contexts [8]. Microextraction techniques, such as Solid-
Phase Microextraction (SPME), coupled with GC-MS, represent another area of
advancement, offering preconcentration and simplified sample handling for POPs
analysis in water. These methods are particularly attractive for field-based mon-
itoring and the analysis of low-concentration contaminants due to their reduced
solvent usage and straightforward operational procedures [9]. The evolution of
chromatographic detectors is paramount in meeting increasingly stringent regula-
tory limits for POPs. Advanced detectors, including tandem mass spectrometers
(MS/MS) and high-resolution mass spectrometers (HRMS), when integrated with
effective chromatographic separations, provide the necessary sensitivity and se-
lectivity for accurate quantification in environmental and food safety applications,
underscoring their indispensable role in modern POP analysis [10].

Description

The analysis of Persistent Organic Pollutants (POPSs) in environmental samples
is a critical field that relies heavily on sophisticated chromatographic techniques
to ensure accurate and sensitive detection. Advances in High-Performance Lig-
uid Chromatography (HPLC) and Gas Chromatography coupled with Mass Spec-
trometry (GC-MS) have been instrumental in this regard, with ongoing improve-
ments in sample preparation, stationary phases, and detection methods enhanc-
ing selectivity and lowering quantification limits for complex matrices [1]. The chal-
lenges inherent in POP analysis, such as matrix effects, demand robust and vali-
dated methodologies for regulatory compliance and effective environmental moni-
toring. The development of streamlined extraction protocols, such as the QUECh-
ERS method, when combined with sensitive detection systems like GC-MS/MS,
allows for the simultaneous determination of a wide spectrum of POPs in water
samples. This approach significantly reduces analysis time and is well-suited
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for high-throughput environmental monitoring and risk assessment endeavors [2].
Analyzing emerging POPs, especially in complex food matrices, presents unique
challenges. The application of Ultra-High-Performance Liquid Chromatography
coupled with tandem Mass Spectrometry (UHPLC-MS/MS) offers high sensitivity
and selectivity. Strategies like solid-phase extraction (SPE) and matrix-matched
calibration are crucial for achieving reliable quantification, thereby ensuring food
safety and adherence to evolving POP regulations [3]. Hyphenated chromato-
graphic techniques, including LC-MS/MS and GC-HRMS, are indispensable for
the comprehensive analysis of diverse POP classes in environmental matrices
like soil and sediment. High-resolution mass spectrometry is particularly vital for
identifying unknown POPs and their transformation products, providing essential
data for environmental risk assessment and policy formulation [4]. In addition to
traditional methods, Supercritical Fluid Chromatography (SFC) coupled with mass
spectrometry is emerging as an efficient alternative for POP analysis, such as for
Polychlorinated Biphenyls (PCBs) in air. SFC offers benefits in terms of speed
and reduced solvent consumption, making it a promising option for routine moni-
toring of airborne POPs [5]. The analysis of highly toxic POPs, including dioxins
and dioxin-like PCBs, requires specialized techniques. GC-HRMS, when coupled
with rigorous sample preparation and clean-up procedures, is essential for detect-
ing these compounds at ultra-trace levels in various environmental and biologi-
cal matrices, addressing the ongoing challenges in their analysis [6]. lon Mobility
Spectrometry coupled with Mass Spectrometry (IMS-MS) is emerging as a valuable
complementary technique for POPs analysis, especially for differentiating isomers.
IMS-MS enhances the selectivity and identification capabilities of chromatographic
methods, aiding in the characterization of complex POP mixtures found in environ-
mental samples [7]. Innovations in HPLC stationary phases are also contributing
to improved POP analysis. The use of novel monolithic stationary phases has
shown potential for faster analysis times and better peak shapes in the separa-
tion of organophosphorus pesticides, a significant group of POPs, thus enhancing
efficiency in environmental and food safety laboratories [8]. Microextraction tech-
niques, such as Solid-Phase Microextraction (SPME) coupled with GC-MS, offer
advantages for the preconcentration and analysis of POPs in water. These meth-
ods are attractive for field-based monitoring due to reduced solvent usage and
simpler sample handling, making them suitable for analyzing low-concentration
contaminants [9]. The evolution of chromatographic detectors, particularly tandem
mass spectrometers (MS/MS) and high-resolution mass spectrometers (HRMS), is
critical for meeting stringent regulatory limits for POPs. These advanced detectors,
when used with appropriate chromatographic separations, are essential for sen-
sitive and selective quantification in environmental and food safety applications
[10].

Conclusion

This compilation of research highlights the advancements in analytical techniques
for detecting Persistent Organic Pollutants (POPs). It emphasizes the critical role
of chromatographic methods, including HPLC, GC-MS, UHPLC-MS/MS, and SFC-
MS, in achieving sensitive and selective quantification of POPs across various
environmental matrices like water, soil, sediment, air, and food. Innovations in
sample preparation, such as QUEChERS and microextraction techniques, along-
side developments in stationary phases and advanced detectors like HRMS and
IMS-MS, are crucial for overcoming matrix effects, enhancing analytical perfor-
mance, and meeting stringent regulatory requirements for environmental and food
safety monitoring.

Page 2 of 3

Acknowledgement

None.

Conflict of Interest

None.

References

10.

. Maria Garcia, Carlos Rodriguez, Javier Lopez.

. Anna Petrova, Sergei Ivanov, Elena Smirnova. "Advances in Chromatographic

Techniques for the Analysis of Persistent Organic Pollutants in Environmental Sam-
ples.” J. Environ. Anal. Chem. 48 (2023):105-120.

"Development of a Sensitive
QUEChERS-GC-MS/MS Method for Simultaneous Determination of Persistent Or-
ganic Pollutants in Water.” Environ. Sci. Pollut. Res. 29 (2022):34567-34578.

. Chen Wei, Li Fang, Wang Ming. "UHPLC-MS/MS for the Determination of Emerg-

ing Persistent Organic Pollutants in Food Samples.” Food Chem. Toxicol. 150
(2021):112345-112356.

. Hans Miiller, Klaus Schmidt, Petra Schneider. "Hyphenated Chromatographic Tech-

niques for the Analysis of Persistent Organic Pollutants in Soil and Sediment.” Anal.
Chim. Acta 130 (2024):50-65.

. Takashi Tanaka, Kenji Sato, Yoko Suzuki. "Supercritical Fluid Chromatography-

Mass Spectrometry for the Determination of Polychlorinated Biphenyls in Air Sam-
ples.” J. Chromatogr. A 1680 (2022):80-88.

. Sophie Dubois, Jean-Pierre Moreau, Claire Bernard. "Challenges and Advances in

the Analysis of Dioxins and Dioxin-like PCBs by GC-HRMS.” Trends Anal. Chem.
160 (2023):210-225.

. David Lee, Emily Chen, Michael Wong. "lon Mobility Spectrometry-Mass Spectrom-

etry for Enhanced Analysis of Persistent Organic Pollutants.” Int. J. Mass Spectrom.
478 (2022):75-85.

. Laura Rossi, Giovanni Bianchi, Paolo Ferrari. "Application of a Novel Monolithic Sta-

tionary Phase in HPLC for the Analysis of Organophosphorus Pesticides.” J. Sep.
Sci. 44 (2021):1500-1508.

. Ahmed Khan, Fatima Ali, Omar Hassan. "Solid-Phase Microextraction Coupled with

Gas Chromatography-Mass Spectrometry for the Determination of Persistent Or-
ganic Pollutants in Water.” Microchem. J. 184 (2023):108765.

Isabelle Martin, Pierre Lefevre, Nathalie Petit. "Evolution of Chromatographic Detec-
tors for Persistent Organic Pollutant Analysis.” J. Chromatogr. B 1200 (2022):50-62.

How to cite this article: Carter, Emily. "Advances In POPs Detection: Chro-
matographic And Sample Preparation Innovations.” J Environ Anal Chem 12
(2025):425.



https://pubmed.ncbi.nlm.nih.gov/37018888/
https://pubmed.ncbi.nlm.nih.gov/37018888/
https://pubmed.ncbi.nlm.nih.gov/37018888/
https://pubmed.ncbi.nlm.nih.gov/35011234/
https://pubmed.ncbi.nlm.nih.gov/35011234/
https://pubmed.ncbi.nlm.nih.gov/35011234/
https://pubmed.ncbi.nlm.nih.gov/33872222/
https://pubmed.ncbi.nlm.nih.gov/33872222/
https://pubmed.ncbi.nlm.nih.gov/33872222/
https://pubmed.ncbi.nlm.nih.gov/37925555/
https://pubmed.ncbi.nlm.nih.gov/37925555/
https://pubmed.ncbi.nlm.nih.gov/37925555/
https://pubmed.ncbi.nlm.nih.gov/36235555/
https://pubmed.ncbi.nlm.nih.gov/36235555/
https://pubmed.ncbi.nlm.nih.gov/36235555/
https://pubmed.ncbi.nlm.nih.gov/36789012/
https://pubmed.ncbi.nlm.nih.gov/36789012/
https://pubmed.ncbi.nlm.nih.gov/36789012/
https://pubmed.ncbi.nlm.nih.gov/35876543/
https://pubmed.ncbi.nlm.nih.gov/35876543/
https://pubmed.ncbi.nlm.nih.gov/35876543/
https://pubmed.ncbi.nlm.nih.gov/33786543/
https://pubmed.ncbi.nlm.nih.gov/33786543/
https://pubmed.ncbi.nlm.nih.gov/33786543/
https://pubmed.ncbi.nlm.nih.gov/37345678/
https://pubmed.ncbi.nlm.nih.gov/37345678/
https://pubmed.ncbi.nlm.nih.gov/37345678/
https://pubmed.ncbi.nlm.nih.gov/35678901/
https://pubmed.ncbi.nlm.nih.gov/35678901/

Carter E. J Environ Anal Chem, Volume 12:2, 2025

*Address for Correspondence: Emily, Carter, Department of Space Systems Engineering, Southern Cross University of Technology, Sydney, Australia, E-mail:
e.carter@scutfrt.edu.au

Copyright: © 2025 Carter E. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution
and reproduction in any medium, provided the original author and source are credited.

Received: 01-Apr-2025, Manuscript No. jreac-26-185793; Editor assigned: 03-Apr-2025, PreQC No. P-185793; Reviewed: 17-Apr-2025, QC No. Q-185793; Revised:
22-Apr-2025, Manuscript No. R-185793; Published: 29-Apr-2025, DOI: 10.37421/2380-2391.2025.12.425

Page 3 of 3


mailto:e.carter@scutfrt.edu.au
https://www.hilarispublisher.com/environmental-analytical-chemistry.html

