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Abstract – Industrial activities are indispensable to the economic and technological progress of modern 

societies; however, they simultaneously generate considerable risks to environmental quality and human 

health due to the release of atmospheric pollutants. Emissions from power plants, chemical processes, 

metallurgical operations, petrochemical industries, and waste incineration facilities comprise a broad 

spectrum of contaminants, including volatile organic compounds, polycyclic aromatic hydrocarbons, 

pesticide residues, and heavy metal derivatives. These pollutants are well-documented for their toxic, 

mutagenic, and carcinogenic effects, posing direct threats to public health while also causing persistent 

disruptions in ecosystem dynamics. Accordingly, the accurate and reliable determination of such 

substances, even at trace concentrations, is vital for the effective enforcement of environmental regulations 

and the development of sustainable public health strategies. 

Over the last decade, chromatographic techniques have become central to the monitoring and quantification 

of industrial air pollutants. Gas chromatography (GC) and high-performance liquid chromatography 

(HPLC) are widely employed for the analysis of volatile and semi-volatile organic compounds. Parallel 

advancements in sampling techniques (e.g., passive and active sampling, thermal desorption, 

microextraction approaches) and detector technologies (e.g., MS/MS, FLD, FID) have markedly improved 

analytical sensitivity, precision, and environmental sustainability. 

This review aims to provide a systematic overview of recent progress in chromatographic methods for 

industrial air pollution monitoring, critically evaluate current applications, and identify emerging research 

opportunities for future developments. 
 
Keywords – Industrial air pollution, emissions, chromatographic methods, gas chromatography, high-performance liquid 

chromatography. 

 

I. INTRODUCTION 

Atmospheric air, essential for sustaining all life forms, faces increasing degradation due to pollutants 

generated by human production and consumption activities. These emissions significantly impact Earth's 
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ecosystems and pose substantial risks to global health. When released into the atmosphere, pollutants-

whether from natural or anthropogenic sources-undergo complex chemical transformations, become 

entrained in air currents, and disperse across regional and global scales, making air pollution a pervasive 

transnational challenge. 

The detrimental effects of atmospheric pollution manifest across multiple domains, primarily affecting 

human health while simultaneously damaging flora, fauna, and infrastructure. The economic consequences 

are equally substantial, representing a considerable burden on societies worldwide. Industrial 

establishments constitute major contributors to contemporary air pollution, emitting substantial quantities 

of gaseous compounds and particulate matter. The persistent chemical contamination observed at numerous 

decommissioned industrial sites demonstrates the long-term environmental persistence of industrial 

emissions. 

Growing environmental consciousness and strengthened regulatory frameworks have stimulated the 

development of innovative technologies for monitoring emissions and assessing their potential impacts. In 

Türkiye, industrial air pollution exhibits significant variation due to differences in raw materials, fuel types, 

combustion systems, and production processes across facilities [1]. This diversity results in complex 

pollutant mixtures with varying implications for human health. Rapid urbanization and increased energy 

consumption associated with industrial development have exacerbated air quality challenges, particularly 

in major urban centers. Research indicates that synergistic effects between industrial emissions, residential 

heating sources, and vehicular traffic significantly degrade urban air quality [2]. In metropolitan areas such 

as Istanbul, this combination produces pollution levels that pose substantial health risks [3]. 

Comprehensive monitoring of specific pollutants, including sulfur dioxide (SO₂) and nitrogen dioxide 

(NO₂), is crucial for understanding their health impacts and temporal trends. Investigations in industrial 

regions like Çerkezköy have demonstrated significant correlations between pollutant concentrations and air 

quality indices [4]. Such findings underscore the necessity for evidence-based policy and management 

strategies to improve air quality in industrial zones [5]. 

The health implications of industrial air pollution are severe, with documented links to respiratory diseases, 

cardiovascular conditions, and various forms of cancer [6]. In response, international efforts are advancing 

regulatory measures and technological innovations to mitigate industrial emissions [7]. Addressing 

industrial air pollution requires a multifaceted approach incorporating stringent regulations, advanced 

monitoring systems, technological solutions, and public education initiatives. This comprehensive strategy 

is essential not only for protecting human health but also for ensuring long-term environmental 

sustainability. 
 

 

II. RESULTS 

In recent years, gas chromatography (GC) has emerged as a pivotal analytical tool for monitoring industrial 

air pollution and identifying airborne contaminants. This technique allows the separation of complex gas 

mixtures, facilitating precise quantification of a wide range of pollutants. Gertsiuk demonstrated the 

application of zeolite-based stationary phases in GC for the determination of carbon dioxide, nitrogen 

oxides, sulfur oxides, and hydrocarbon gases [8]. Similarly, Toros et al. employed GC to assess the impact 

of pollutants such as benzene, lead, and other heavy metals on air quality [9]. Specialized GC methodologies 

have also been developed for the detection of volatile organic compounds, including trichloroethylene and 

tetrachloroethylene, enabling comprehensive analysis of ambient air samples [10]. 

Various studies have highlighted the effectiveness of using gas chromatography to measure air quality. For 

instance, Çukurluoğlu and Besim created an emission inventory based on the loss of raw materials and the 

formation of air pollutants in the Denizli Organised Industrial Zone. This study demonstrates the critical 

role of analytical methods, such as gas chromatography, in determining the impact of industrial activities 
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on air pollution (1). Furthermore, Çetin's study, which examined the impact of natural gas use on air quality, 

detailed the process of improving air quality through the detection of pollutants by gas chromatography 

[11]. 

In a 2019 study, Kalıpcı and Başer employed a combination of geographic information systems and gas 

chromatography to evaluate air pollution in Turkey. Such integrated studies represent a significant 

advancement in air quality monitoring, supported by the precise measurements provided by gas 

chromatography [12]. Conversely, integrating data from air quality monitoring stations with gas 

chromatography data contributes to calculating the air quality index and developing a comprehensive 

understanding of the effects of industrial air pollution [4]. Li et al.'s study combined gas chromatography 

and ion mobility spectrometry techniques to detect halogenated airborne pollutants using passive samplers 

in Hamilton and Sarnia, Ontario, Canada. This study demonstrates an innovative approach to determining 

harmful air pollutants generated by industrial activities [13]. Similarly, Moura and Vassilenko 

demonstrated how gas chromatography and ion mobility spectrometry can be used to rapidly assess indoor 

and outdoor air quality. This study highlights the effectiveness of this technology in detecting various 

hazardous volatile organic compounds [14]. 

Moreover, Ratnaningsih et al. utilized air quality monitoring systems in the shoe manufacturing district of 

Taipei, demonstrating the critical role of gas chromatography in tracking airborne pollutants—especially 

particulate matter such as PM₂.₅ and PM₁₀ [15]. Complementing this, Baur et al. explored the integration of 

gas chromatography with metal oxide semiconductor gas sensors to achieve selective monitoring of volatile 

organic compounds in indoor environments [16]. These studies underscore the efficacy of gas 

chromatography as a robust and versatile tool for industrial air quality assessment and pollutant 

characterization. 

Further advancing this field, several investigations have combined gas chromatography with 

comprehensive air quality monitoring networks and computational data analysis techniques. For instance, 

Siregar et al. developed linear models of air quality parameters through such integrated approaches, 

reinforcing the value of gas chromatography as a reliable method for pollution determination in industrial 

atmospheres [17]. 

In parallel, the application of liquid chromatography-particularly when coupled with mass spectrometry-

has emerged as a significant methodological focus for the determination of industrial air pollution. This 

technique enables precise identification and quantification of diverse environmental contaminants derived 

from industrial emissions. In certain applications, liquid chromatography serves as a complementary 

analytical strategy. For example, Wang et al. employed graphene-functionalized materials to enhance 

radical reaction rates, combined with liquid chromatography, for the separation and analysis of peroxyl 

radicals in air samples [18]. This innovative approach expands the potential for detecting highly reactive 

pollutant species. 

Notably, Sitasuwan et al. focused on refining sample preparation techniques for biopharmaceutical quality 

control [19]. While aimed at product integrity, their methodologies offer valuable insights for rapid air 

quality assessment in industrial settings, where timely and accurate monitoring is essential. Similarly, 

Ghosh et al. conducted an ambient air quality evaluation in an industrial cluster in Paradip, India, employing 

a suite of analytical methods-likely including liquid chromatography-to measure pollutant levels and 

compute the Air Quality Index (AQI) [20]. Their findings underscore the correlation between industrial 

operations and elevated particulate matter, directly linking analytical data to public health outcomes. 

Further extending its utility, Evans et al. introduced an innovative multi-attribute monitoring method using 

liquid chromatography–mass spectrometry to track critical quality attributes in biotherapeutics [21]. 

Although developed for pharmaceutical applications, this approach is highly relevant for characterizing 

complex mixtures of airborne pollutants, enabling a more nuanced understanding of their composition and 

potential impacts. 



International Journal of Advanced Natural Sciences and Engineering Researches 

 

13 

Additionally, Kuldeep et al. investigated the spatial distribution of criteria pollutants in urban areas and 

highlighted how liquid chromatography can elucidate the chemical profile of air samples, supporting both 

source apportionment and impact assessment in densely populated regions [22]. Meanwhile, Liu et al. 

applied a liquid chromatography-based framework for detailed characterization of monoclonal antibodies 

[23], suggesting analogous strategies could enhance the resolution of environmental sample analysis. 

Collectively, these studies affirm that liquid chromatography-especially when hyphenated with mass 

spectrometry-constitutes a powerful analytical arsenal for industrial air pollution research. These 

methodologies not only facilitate accurate identification and quantification of pollutants but also contribute 

to evidence-based regulatory decisions and targeted public health interventions. 
 

 

III. CONCLUSION 

Over the past decade, chromatographic techniques have become indispensable tools in environmental 

analysis, particularly for monitoring air pollutants originating from industrial sources, due to their high 

selectivity and sensitivity. Nonetheless, the practical application of these methods requires careful 

consideration of both their advantages and inherent limitations. 

The primary strengths of chromatographic approaches lie in their ability to detect and quantify pollutants 

at trace levels, often down to ng/m³, providing exceptional analytical precision. Modern methodologies 

enable the simultaneous determination of multiple pollutant classes within a single analytical run. The 

advent of online chromatography systems and portable devices has further expanded their utility, allowing 

continuous, real-time monitoring in industrial settings. In addition, advanced sample preparation 

techniques, including thermal desorption, solid-phase microextraction, and other miniaturized approaches, 

support environmentally sustainable “green analysis” by minimizing solvent use. 

Despite these benefits, several challenges hinder routine implementation. Chromatographic analyses often 

require extensive sampling and pretreatment steps—such as filtration, extraction, and derivatization—that 

are time-consuming and may introduce additional errors. The high cost of advanced chromatographic 

systems limits accessibility, particularly in resource-constrained regions. Moreover, the absence of 

standardized protocols, including variations in sampling volumes, solvent selection, and chromatographic 

conditions, reduces comparability across laboratories and studies. While portable and online systems show 

promise for real-time applications, their sensitivity remains lower than laboratory-based instruments, and 

complex industrial emissions can produce analytical interferences that complicate data interpretation. 

In conclusion, gas and liquid chromatography have been extensively applied for the determination of 

industrial air pollutants, offering sensitive and reliable data essential for environmental management and 

emission control. Despite certain limitations, these methods remain critical for assessing industrial air 

pollution, enhancing our understanding of its environmental and public health impacts. Continued 

advancements in instrumentation, miniaturization, and method standardization are expected to further 

improve their applicability and accessibility in the coming years. 
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