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Annotation: This article explores the chemical nature of atmospheric 

pollution, analyzing the main pollutants present in the air and their sources. It 

discusses the chemical reactions that lead to the formation of secondary pollutants 

and the impact of these substances on the environment and human health. The study 

also reviews recent advances in understanding pollutant behavior and strategies for 

monitoring and mitigating air pollution. This comprehensive overview highlights the 

importance of chemistry in addressing atmospheric pollution challenges. 
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Introduction: 

Atmospheric pollution has become a critical global issue due to rapid 

industrialization, urbanization, and increased fossil fuel consumption. Pollutants 

emitted into the atmosphere affect air quality, climate, and human health. 

Understanding the chemical nature of these pollutants is essential for developing 

effective strategies to control and reduce their harmful effects. This article examines 

the major atmospheric pollutants, their chemical properties, and the chemical 

processes that govern their behavior in the atmosphere. 

https://scientific-jl.com/luch/


 

 

https:// journalss.org/index.php/luch/                                    Часть-69_ Том-3_Мая-2026 395 

Atmospheric pollution consists of a complex mixture of gases, particulates, and 

aerosols originating from both natural and anthropogenic sources. Primary 

pollutants such as sulfur dioxide (SO₂), nitrogen oxides (NOx), carbon monoxide 

(CO), volatile organic compounds (VOCs), and particulate matter (PM) are directly 

emitted into the air. These substances have distinct chemical structures and 

reactivities which influence their atmospheric fate. 

Atmospheric pollution is fundamentally a chemical phenomenon driven by the 

emission, transformation, and deposition of various pollutants. The chemical nature 

of these pollutants and their interactions determine the scale and severity of 

pollution-related problems. 

Primary Pollutants and Their Chemistry: 

Primary pollutants are emitted directly from sources such as vehicles, 

industries, power plants, and natural events like volcanic eruptions and wildfires. 

The most common primary pollutants include sulfur dioxide (SO₂), nitrogen oxides 

(NO and NO₂, collectively NOx), carbon monoxide (CO), volatile organic 

compounds (VOCs), and particulate matter (PM). 

Sulfur dioxide originates primarily from burning sulfur-containing fossil fuels 

and is highly soluble in water. Once in the atmosphere, SO₂ undergoes oxidation 

reactions, both photochemically and catalyzed by metal ions in aerosols, to produce 

sulfur trioxide (SO₃). SO₃ readily reacts with atmospheric moisture to form sulfuric 

acid (H₂SO₄), a major contributor to acid rain, which can acidify soils and water 

bodies, damaging ecosystems. 

Nitrogen oxides are produced during high-temperature combustion when 

atmospheric nitrogen reacts with oxygen. NOx plays a dual role as a pollutant and a 

key reactant in photochemical smog formation. Under sunlight, NO₂ photolyzes to 

produce oxygen atoms that combine with O₂ to form ozone (O₃), a secondary 

pollutant harmful at ground level. NOx also participates in the formation of nitric 
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acid (HNO₃) through reactions with hydroxyl radicals (OH), contributing to acid 

deposition. 

Carbon monoxide, a product of incomplete combustion, has high affinity for 

hemoglobin, causing harmful health effects. It also participates in atmospheric 

chemistry by reacting with OH radicals, reducing the atmosphere’s self-cleaning 

capacity and indirectly influencing ozone levels. 

VOCs are a diverse group of organic compounds emitted from both natural 

sources like vegetation and anthropogenic sources such as solvents, gasoline vapors, 

and industrial processes. VOCs react with NOx in the presence of sunlight to form 

a variety of secondary pollutants including ozone and secondary organic aerosols 

(SOAs). These SOAs contribute to haze and influence climate by affecting the 

Earth’s radiation balance. 

Particulate matter is a heterogeneous mixture including dust, soot, sulfates, 

nitrates, metals, and organic compounds. PM is classified by size, with PM2.5 

(particles less than 2.5 micrometers) being particularly harmful as it can penetrate 

deep into the lungs. Chemically, PM can adsorb toxic substances and catalyze 

chemical reactions in the atmosphere, exacerbating pollution effects. 

Secondary Pollutants and Photochemical Reactions:Secondary pollutants 

are not emitted directly but form in the atmosphere through chemical reactions of 

primary pollutants. Ground-level ozone is a primary example, formed through 

complex photochemical reactions involving NOx and VOCs under ultraviolet 

radiation. These reactions are influenced by factors like temperature, sunlight 

intensity, and the relative concentrations of reactants, leading to spatial and temporal 

variations in pollution levels. 

Hydroxyl radicals (OH) play a pivotal role in atmospheric chemistry by 

initiating the oxidation of most pollutants. OH radicals react with SO₂ to facilitate 

acid formation and with VOCs to generate a range of oxygenated compounds that 

https://scientific-jl.com/luch/


 

 

https:// journalss.org/index.php/luch/                                    Часть-69_ Том-3_Мая-2026 397 

contribute to secondary aerosol formation. The balance between OH production and 

consumption regulates the atmosphere’s capacity to cleanse itself. 

Environmental and Health Impacts: 

The chemical transformations of pollutants in the atmosphere influence their 

toxicity, lifetime, and environmental fate. Acid rain resulting from SO₂ and NOx 

emissions damages vegetation, aquatic life, and infrastructure. Ozone at ground level 

causes respiratory issues, aggravates asthma, and reduces crop yields. Particulate 

matter exposure is linked to cardiovascular and respiratory diseases. 

Chemistry also governs the interaction of pollutants with climate systems. For 

example, black carbon particles absorb solar radiation and contribute to warming, 

while sulfate aerosols reflect sunlight, having a cooling effect. The interplay between 

these effects complicates climate modeling. 

Monitoring and Mitigation: 

Advances in analytical chemistry have improved the ability to detect and 

quantify atmospheric pollutants with high sensitivity and specificity. Techniques 

such as gas chromatography-mass spectrometry (GC-MS), differential optical 

absorption spectroscopy (DOAS), and satellite remote sensing provide critical data 

for understanding pollution dynamics. 

Mitigation strategies rely heavily on controlling emission sources through 

cleaner technologies, fuel switching, and regulatory standards. Chemical knowledge 

is essential in developing catalytic converters that reduce NOx emissions and 

scrubbers that remove SO₂ from industrial exhausts. Furthermore, research into 

alternative fuels and renewable energy aims to reduce pollutant release altogether. 

Sulfur dioxide is mainly released by the combustion of fossil fuels containing 

sulfur compounds. In the atmosphere, SO₂ can undergo oxidation to form sulfur 

trioxide (SO₃), which reacts with water vapor producing sulfuric acid (H₂SO₄), a key 

component of acid rain. Nitrogen oxides, produced from vehicle emissions and 

industrial processes, participate in complex photochemical reactions with VOCs 
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under sunlight, generating ground-level ozone (O₃) and other secondary pollutants. 

Ground-level ozone is a powerful oxidant that contributes to smog formation and 

respiratory problems. 

Volatile organic compounds encompass a wide range of hydrocarbons, both 

natural and anthropogenic. They play a significant role in atmospheric chemistry by 

reacting with NOx to form ozone and secondary organic aerosols. Particulate matter 

includes fine solid and liquid particles suspended in the air, derived from combustion 

processes, industrial emissions, and natural dust. PM is chemically diverse, 

containing sulfates, nitrates, carbonaceous material, and metals, and is associated 

with various health issues. 

Recent advances have deepened our understanding of atmospheric chemistry, 

especially the role of radical species such as hydroxyl radicals (OH) which drive the 

degradation of pollutants. The dynamic equilibrium between pollutant emissions, 

chemical transformations, and meteorological factors determines the concentration 

and distribution of air pollutants. Monitoring technologies using spectroscopy, 

chromatography, and remote sensing allow for detailed analysis of atmospheric 

composition. 

Mitigation strategies involve reducing emissions at the source, using cleaner 

fuels, implementing catalytic converters, and regulating industrial discharges. 

Understanding the chemical mechanisms behind pollution formation aids in 

developing targeted interventions and policy frameworks to improve air quality. 

Conclusion: 

The chemical nature of atmospheric pollution is complex, involving diverse 

compounds and intricate reaction pathways. Effective control of air pollution 

requires a thorough understanding of these chemical processes and the interactions 

between pollutants. Advances in atmospheric chemistry have improved our ability 

to monitor and mitigate pollution, but continued research and coordinated policy 

efforts are essential to protect environmental and human health. 
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