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Abstract 

This study thoroughly assesses the effects of sulfur dioxide (SO₂) emissions on air quality, human 

health, and ecosystem dynamics in Faridabad, India, a rapidly industrializing area facing increasing pollution 

levels. The research indicates that industrial activities and vehicle emissions are the primary causes of SO₂ 

pollution in the area, substantially impacting environmental deterioration and negative health effects. 

Increased SO₂ concentrations are associated with a significant rise in respiratory disorders, including asthma, 

bronchitis, and chronic obstructive pulmonary disease (COPD). Additionally, ecological repercussions such 

as soil acidification, degradation of water quality, and biodiversity loss are evident. 

This study employs long-term air quality data (2018–2021) to discern seasonal fluctuations and 

persistent violations of permitted limits established by the Central Pollution Control Board (CPCB). The 

analysis highlights the unequal effects of pollution on at-risk individuals and essential ecosystems. The results 

necessitate immediate actions, such as rigorous regulatory frameworks, cleaner industrial technology, and 

public awareness initiatives to reduce SO₂ emissions. 

Keywords:- sulfur dioxide, air pollution, public health, ecosystem degradation, respiratory diseases, industrial 

emissions, Faridabad, CPCB standards, mitigation strategies, environmental sustainability. 

Introduction 

Overview of Air Pollution in India 

Air pollution constitutes a significant environmental challenge in India, especially in urban and industrial 

areas. Accelerated urbanization, industrialization, and population expansion have led to substantial rises in 

pollutant emissions, negatively impacting air quality nationwide. India frequently ranks among the countries 

with the greatest air pollution levels worldwide, notably affecting metropolitan and industrial areas. Particulate 

matter (PM10 and PM2.5), nitrogen oxides (NOₓ), sulfur dioxide (SO₂), and ozone (O₃) are principal pollutants 

adversely affecting air quality in these regions. 

Specific Focus on SO₂ Emissions in Faridabad 

Faridabad, a significant industrial city in Haryana and a component of the National Capital Region (NCR), 

plays a crucial role in India's industrial production. Nonetheless, its flourishing industrial operations, 

combined with elevated vehicle density and energy generation from fossil fuels, have rendered it a focal point 

for air pollution. Sulfur dioxide (SO₂) is a notable pollutant due to its considerable environmental and health 

consequences. Principal contributors to SO₂ emissions in Faridabad encompass: 

• Combustion of fossil fuels in power plants and manufacturing industries. 

• Vehicular emissions, particularly from diesel engines. 

• Residential and commercial use of coal and kerosene for heating and cooking. 
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SO₂ concentrations in Faridabad frequently above allowable thresholds, particularly during periods of 

heightened industrial activity and in winter months when air inversion confines pollutants near the surface. 

This ongoing pollution has resulted in both acute and chronic health consequences for the populace and has 

exacerbated regional environmental degradation. 

Importance of Understanding Regional Impacts 

The ramifications of SO₂ pollution in Faridabad surpass mere deterioration of air quality. Extended exposure 

to SO₂ has been associated with respiratory and cardiovascular disorders, particularly impacting vulnerable 

populations such as children, the elderly, and individuals with pre-existing health conditions. Furthermore, 

SO₂ facilitates the development of acid rain, which can significantly affect soil fertility, water quality, and 

biodiversity. 

Understanding the regional impacts of SO₂ emissions is critical for several reasons: 

1. Public Health: The escalating incidence of respiratory disorders, heightened hospitalizations, and 

fatalities associated with inadequate air quality underscore the pressing necessity for focused health 

interventions. 

2. Economic Costs: The economic costs of pollution-related illnesses manifest through healthcare 

burdens and diminished productivity. 

3. Ecosystem Sustainability: Acid deposition resulting from SO₂ emissions affects ecosystems, 

including agriculture, forestry, and marine systems. 

4. Policy Development: Empirical research is crucial for developing successful pollution control 

measures and implementing environmental regulations. 

This study seeks to thoroughly evaluate the origins, patterns, and effects of SO₂ emissions in Faridabad, 

establishing a basis for practical insights and sustainable solutions. This study emphasizes the necessity of 

collaborative initiatives among governments, companies, and local communities to solve the intertwined 

health and environmental issues related to sulfur dioxide pollution. 

LITERATURE REVIEW 

Studies on SO₂'s Health Effects Globally and Regionally 

Sulfur dioxide (SO₂) is globally acknowledged as a principal air pollutant with considerable detrimental 

impacts on human health. Comprehensive studies have confirmed the association between SO₂ exposure and 

respiratory disorders, cardiovascular diseases, and elevated death rates. The World Health Organization 

(WHO) emphasizes that brief exposure to SO₂ can irritate the respiratory system, exacerbate asthma, and 

elevate hospital admissions for respiratory illnesses, particularly among at-risk populations. Prolonged 

exposure may result in chronic respiratory ailments, diminished lung capacity, and cardiovascular 

complications. 

Regional studies in South Asia, particularly in India, highlight the exacerbated impacts of elevated SO₂ 

concentrations resulting from densely populated urban-industrial zones. Research conducted by the Central 

Pollution Control Board (CPCB) reveals that cities such as Delhi, Faridabad, and Kanpur often above 

allowable SO₂ thresholds, exacerbating the incidence of asthma and bronchitis among inhabitants. A 2018 

study in the National Capital Region (NCR) identified a direct association between increased SO₂ levels in 

winter months and a rise in respiratory-related hospital admissions. The synergistic effects of SO₂ with 

particulate matter (PM) exacerbate health hazards, rendering it a significant pollutant to confront. 
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Overview of Industrial Emissions in Faridabad 

Faridabad is one of the greatest industrial hubs in Haryana and a significant contributor to the economy of the 

National Capital Region. The city accommodates several sectors, including production facilities for steel, 

chemicals, textiles, and machinery. These sectors predominantly depend on the combustion of fossil fuels, 

including coal and oil, resulting in substantial SO₂ emissions. Principal industrial operations contributing to 

SO₂ emissions in Faridabad comprise: 

• Power Generation: Thermal power facilities in and near Faridabad release significant quantities of 

SO₂ as a result of coal burning. 

• Manufacturing Processes: Metallurgical activities, cement making, and chemical production emit 

SO₂ as a byproduct. 

• Small-Scale Industries: Brick kilns and other small-scale enterprises utilizing conventional energy 

sources contribute to the pollution burden. 

Besides industrial sources, automotive emissions in Faridabad significantly contribute to SO₂ levels, 

particularly from diesel-powered vehicles. Research has designated industrial zones as SO₂ hotspots, 

exhibiting pollution levels markedly elevated compared to residential and surrounding areas. Seasonal patterns 

indicate elevated emissions in winter attributed to heightened heating requirements and air inversion 

phenomena. 

Review of Mitigation Strategies for SO₂ Pollution 

Addressing SO₂ pollution necessitates a synthesis of technology solutions, governmental modifications, and 

community involvement. Countries worldwide have implemented several techniques to mitigate SO₂ 

emissions, many of which can be tailored to the Indian environment. Principal strategies encompass: 

1. Technological Interventions: 

• Flue Gas Desulfurization (FGD): Flue Gas Desulfurization systems, extensively utilized in power plants, 

eliminate SO₂ from exhaust gases, thereby substantially decreasing emissions. 

• Low-Sulfur Fuels: Shifting to fuels with reduced sulfur content, including ultra-low sulfur diesel (ULSD), 

has demonstrated efficacy in mitigating SO₂ emissions. 

• Renewable Energy Adoption: Substituting coal and oil-based power generation with renewable energy 

sources, such as solar and wind, reduces SO₂ emissions. 

• Process Optimization in Industries: Enhancing efficiency in industrial processes, particularly in the 

cement and steel industries, decreases SO₂ emissions. 

2. Policy and Regulatory Measures: 

• Emission Standards: Implementing rigorous SO₂ emission regulations for companies and automobiles, in 

accordance with international best practices. 

• Economic Instruments: Enacting pollution levies or cap-and-trade systems motivates industries to 

embrace greener technologies. 

• Monitoring and Compliance: Enhancing air quality monitoring systems and maintaining adherence to 

environmental rules. 

3. Community and Stakeholder Engagement: 
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• Awareness Campaigns: Informing communities on the health effects of SO₂ pollution and promoting 

public engagement in mitigation initiatives. 

• Collaborative Initiatives: Involving industries, governments, and NGOs to formulate sustainable 

pollution control solutions. 

• Support for Cleaner Technologies: Offering financial incentives and subsidies to industries for the 

adoption of ecologically sustainable technologies. 

Case examples from nations such as the United States, which attained a substantial decrease in SO₂ emissions 

via the Clean Air Act, illustrate the potential efficacy of integrated strategies. In India, the National Clean Air 

Programme (NCAP) provides a framework for mitigating urban air pollution, focusing on technological and 

regulatory strategies to manage SO₂ emissions. 

This literature evaluation underscores the imperative for focused measures to mitigate SO₂ pollution in 

Faridabad. Integrating global best practices with localized tactics can facilitate sustainable urban and industrial 

growth while safeguarding public health and the environment. 

METHODOLOGY 

Data Sources 

This study utilizes many data sources to comprehensively evaluate the impacts of sulfur dioxide (SO₂) 

emissions in Faridabad. These sources ensure accuracy and provide a comprehensive perspective on the issue: 

1. Satellite Monitoring: 

• Satellite data from organizations like NASA’s Ozone Monitoring Instrument (OMI) and the European 

Space Agency’s Sentinel-5P offer high-resolution spatial and temporal information on SO₂ concentrations. 

These databases facilitate the detection of emission hotspots and temporal seasonal changes. 

• Remote sensing data facilitates the mapping of the spatial distribution of SO₂, especially in industrial 

regions and densely populated locales. 

2. Local Air Quality Index (AQI) Reports: 

• Real-time air quality data from monitoring stations managed by the Central Pollution Control Board 

(CPCB) and the Haryana State Pollution Control Board (HSPCB) are employed. 

• These reports encompass hourly, monthly, and annual average concentrations of SO₂, facilitating the 

assessment of adherence to legal limits. 

3. Health Survey Data: 

• Information from local hospitals, health authorities, and public health surveys offers information into the 

prevalence of respiratory ailments and other health concerns associated with SO₂ exposure. 

• Demographic and socio-economic characteristics are evaluated to determine the varying effects on 

vulnerable populations, including children, the elderly, and individuals residing near industrial zones. 

4. Ecological Assessments: 

• Data on soil and water quality from environmental agencies and research institutes are utilized to assess 

the impact of SO₂ deposition on the ecosystem. 
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• Biodiversity surveys yield data regarding the effects of acid rain on plant and animal life in ecological 

hotspots. 

Tools and Techniques 

The subsequent tools and strategies are utilized to evaluate the data and extract significant insights: 

1. Geographic Information Systems (GIS): 

• GIS software is employed to map and analyze spatial distributions of SO₂ concentrations throughout 

Faridabad. 

• It facilitates the depiction of emission hotspots, the proximity of sources to residential zones, and the 

intersection with ecological areas. 

2. Statistical Analysis: 

• Time-series analysis is performed to discern trends in SO₂ concentrations over the years. 

• Correlation and regression studies are employed to determine the correlations between SO₂ levels and 

health indicators, including hospital admissions for respiratory ailments. 

3. Comparative Analysis: 

• SO₂ concentrations in Faridabad are juxtaposed with those of adjacent cities and national averages to 

elucidate the extent of pollution in the area. 

• Evaluating against international emission standards reveals the degree of divergence and opportunities for 

enhancement. 

4. Ecological Impact Assessment: 

• Data on acid deposition is analyzed to evaluate its effects on soil pH, water quality, and plant health. 

• Ecological indices quantify biodiversity loss in impacted regions. 

Scope 

The research concentrates on three principal domains in Faridabad to guarantee a comprehensive 

comprehension of SO₂ emissions and their effects: 

1. Industrial Zones: 

• Regions characterized by a dense concentration of industry, like the manufacturing clusters in Sector 24, 

Ballabhgarh, and adjacent locales, are meticulously analysed. 

• Emission patterns from important industrial facilities, power generation stations, and brick kilns are 

delineated. 

2. Residential Areas: 

• The research investigates densely populated residential areas, especially those near industrial zones, to 

assess the health effects of SO₂ exposure on the local populace. 

• Socio-economic aspects affecting vulnerability to pollution are examined. 

3. Ecological Hotspots: 
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• Areas of considerable ecological importance, such the Aravalli Hills and adjacent open areas, are examined 

for the effects of acid rain and pollutant deposition on biodiversity and natural resources. 

Limitations and Challenges 

• Data Gaps: Inconsistent or incomplete data from local monitoring stations can pose challenges in trend 

analysis. 

• Seasonal Variability: SO₂ levels are influenced by meteorological conditions, requiring careful 

consideration of seasonal variations. 

• Access to Health Data: Privacy concerns and limited availability of disaggregated health data may restrict 

the depth of health impact analysis. 

Notwithstanding these challenges, the amalgamation of varied datasets and sophisticated analytical 

instruments guarantees a rigorous technique for examining the SO₂ pollution issue in Faridabad. The results 

intend to offer practical guidance for policymakers, industry participants, and local communities. 

RESULTS 

SO₂ Concentration Trends 

The examination of SO₂ concentration patterns in Faridabad from 2018 to 2021 indicates a consistent rise in 

emissions, especially during times of heightened industrial activity. Data obtained from air quality monitoring 

stations and satellite observations underscore the substantial impact of industrial and traffic sources on overall 

pollution levels. 

Annual and Seasonal Variations 

Annual SO₂ concentration values demonstrate a significant rising trajectory, with the most pronounced 

increase recorded in 2021. Seasonal fluctuations exhibit heightened levels in the winter months (November to 

February), attributable to air inversion, augmented heating demands, and enhanced industrial emissions. 

Year SO₂ Concentration (µg/m³) % Increase/Decrease Standard Limit (CPCB) 

2018 18.3 - 20 

2019 22.7 +24% 20 

2020 20.1 -11.4% 20 

2021 25.6 +27.6% 20 

 

Insights 

• The highest annual increase occurred in 2021, with a 27.6% rise compared to 2020, signalling 

inadequate control measures. 

• SO₂ levels consistently exceeded the CPCB standard of 20 µg/m³ in 2019 and 2021. 

• Winter concentrations often reached 30–35 µg/m³, indicating the need for targeted seasonal 

interventions. 
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The accompanying visualization depicts the rising trend of SO₂ concentrations in Faridabad from 2018 to 

2021, with the CPCB standard of 20 µg/m³ indicated for reference. Notable exceedances in 2019 and 2021 

highlight the necessity for the implementation of more stringent emission regulations. 

Health Impact Analysis 

The health consequences of elevated SO₂ levels in Faridabad are seen in the rising incidence of respiratory 

disorders, such as asthma, bronchitis, and other respiratory tract infections. Hospital admission records and 

morbidity rates demonstrate a definitive statistical link between SO₂ exposure and health outcomes. 

Year Respiratory Cases (%) SO₂ Levels (µg/m³) 

2018 12.5 18.3 

2019 18.7 22.7 

2020 16.2 20.1 

2021 23.4 25.6 

Correlation Analysis 

• 2019: The 24% increase in SO₂ levels coincided with a 49.6% rise in respiratory cases, indicating a direct 

health impact. 

• 2021: The steep rise in SO₂ concentrations to 25.6 µg/m³ was accompanied by a 23.4% prevalence of 

respiratory cases, the highest recorded during the study period. 

• The data underscores the disproportionate burden of SO₂ pollution on vulnerable groups such as children, 

the elderly, and those living near industrial zones. 

Ecological Impacts 
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Sulfur dioxide emissions substantially affect the environment, chiefly via acid rain and pollutant deposition. 

These impacts undermine agriculture, soil integrity, and water quality in the vicinity of Faridabad. 

Acid Rain Effects 

• Acid rain caused by SO₂ and nitrogen oxide (NOₓ) emissions has led to soil acidification, reducing fertility 

and crop yields in agricultural zones. 

• Reports from the Haryana Agricultural Department indicate a 15% decline in wheat and rice productivity 

in areas near industrial zones over the past decade. 

Soil and Water Quality Changes 

• Water samples collected from nearby water bodies such as Badkhal Lake showed elevated sulfur content, 

affecting aquatic biodiversity. 

• Soil analysis revealed a pH decrease from 6.5 to 5.8 in regions with high SO₂ deposition, impacting the 

growth of native plant species. 

DISCUSSION 

Industrial Contribution to SO₂ Levels 

Industries are the primary sources of sulfur dioxide (SO₂) emissions in Faridabad, constituting the predominant 

share of the pollutant in the atmosphere. The industrial landscape of the city is characterized by production 

facilities for steel, textiles, chemicals, and machinery, which predominantly depend on the combustion of coal 

and oil for energy. Furthermore: 

• Power Plants: Thermal power plants around Faridabad use high-sulfur coal, releasing large quantities of 

SO₂ into the atmosphere. The absence of modern flue gas desulfurization (FGD) systems exacerbates 

emissions. 

• Steel Production Units: These units, common in the region, emit SO₂ during processes such as smelting 

and refining. 

• Brick Kilns and Small-Scale Industries: The widespread use of traditional kilns in the region contributes 

to unregulated and substantial SO₂ emissions. 

Notwithstanding current environmental legislation, enforcement is inadequate. Industries persist in utilizing 

obsolete technologies and inadequate emission controls, primarily due to elevated upgrade expenses and 

limited regulatory supervision. Monitoring entities like the Haryana State Pollution Control Board (HSPCB) 

encounter limitations in resources and facilities, hence exacerbating enforcement challenges. 

Additionally, vehicular emissions add to the SO₂ pollution burden: 

• Diesel Vehicles: A significant portion of vehicles in Faridabad runs on diesel, which is a major source of 

SO₂. Heavy-duty vehicles such as trucks and buses operating near industrial zones further aggravate the 

problem. 

• Traffic Congestion: Poor road infrastructure and traffic bottlenecks increase fuel combustion 

inefficiencies, contributing to localized SO₂ hotspots. 

Efforts to reduce industrial contributions are hindered by the lack of severe sanctions for non-compliance, 

insufficient public knowledge, and deficiencies in real-time emission monitoring. 

Disparity in SO₂ Effects Across Socio-Economic Groups 
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SO₂ pollution disproportionately impacts low-income communities residing near industrial zones and high-

traffic areas. These populations frequently lack the resources to reduce exposure and obtain healthcare 

services. Principal discrepancies encompass: 

1. Health Inequalities: 

• Elevated incidences of respiratory ailments, including asthma and bronchitis, are documented among 

inhabitants of industrial regions such as Sector 24 and Ballabhgarh. 

• Restricted access to inexpensive healthcare intensifies health consequences, resulting in numerous cases 

remaining untreated or inadequately managed. 

• Children and elderly persons in these regions are more susceptible to the detrimental effects of SO₂ 

exposure. 

2. Environmental Injustice: 

• Affluent neighbourhoods, typically located further from industrial and high-traffic areas, have 

comparatively superior air quality owing to their geographical positioning and availability of resources such 

as air filtration systems. 

• Inhabitants of rich regions are more inclined to utilize indoor air purifiers and have regular medical 

examinations, hence mitigating their health hazards. 

3. Economic Burden: 

• Low-income families endure the financial strain of pollution-related health issues, encompassing medical 

costs and diminished production resulting from illness. 

• Women in these communities, frequently caretakers, encounter heightened difficulties in overseeing the 

health of family members impacted by SO₂ pollution. 

Mitigating these differences necessitates equitable pollution management measures that emphasize emission 

reduction in high-exposure regions and enhance healthcare access for marginalized people. 

Comparative Study: Faridabad vs. Neighbouring Cities 

Faridabad's SO₂ pollution levels exceed those of neighboring cities, including Gurgaon and Delhi, despite 

their similar urban-industrial characteristics. Elements leading to this discrepancy encompass: 

1. Industrial Density: 

• In contrast to Gurgaon, predominantly characterized by the service industry and IT sectors, Faridabad's 

economy is significantly dependent on manufacturing. This industrial density directly correlates with 

increased emissions. 

• Adjacent cities such as Delhi have adopted comparatively more sophisticated technologies in their 

industrial facilities and power plants, thereby partially reducing SO₂ emissions. 

2. Regulatory Frameworks: 

• Delhi’s Graded Response Action Plan (GRAP) has been instrumental in reducing air pollution, 

particularly SO₂ and NOₓ emissions, during critical periods. Measures such as temporary industry closures 

during severe pollution episodes have been effective. 
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• Faridabad lacks similar comprehensive frameworks. The absence of coordinated inter-agency action results 

in delayed responses to pollution spikes. 

3. Vehicular Emissions: 

• Gurgaon benefits from better road infrastructure and higher adoption of cleaner vehicle technologies, such 

as CNG and electric vehicles. In contrast, Faridabad continues to rely heavily on diesel-powered 

transportation, further elevating its SO₂ levels. 

4. Public Awareness and Community Engagement: 

• Public awareness campaigns in Delhi, including widespread media coverage of air quality issues, have led 

to increased pressure on industries and government agencies to take corrective actions. 

• In Faridabad, limited awareness among residents and local stakeholders has hindered progress in pollution 

mitigation. 

Implications of Comparison 

The comparative research highlights the necessity for Faridabad to implement effective tactics from adjacent 

areas, including tougher enforcement of emission regulations, the promotion of cleaner technology, and 

improved public awareness initiatives. Cooperative endeavors among municipalities in the National Capital 

Region (NCR) could enhance pollution control initiatives, assuring alignment of regional objectives with 

national and global environmental goals. 

CONCLUSION 

This study highlights the significant effects of sulfur dioxide (SO₂) emissions on Faridabad's air quality, public 

health, and ecological equilibrium. Although Faridabad is a center of industrial activity and economic 

development, it encounters considerable difficulties in regulating pollution, as SO₂ levels frequently beyond 

the allowable thresholds established by the Central Pollution Control Board (CPCB). Industrial operations, 

such as fossil fuel combustion in power generation facilities, steel production, and brick kilns, constitute the 

principal sources of SO₂ emissions, further intensified by emissions from diesel-powered cars. The ongoing 

pollution levels not only harm the environment but also provide significant health hazards to the city's 

inhabitants, especially vulnerable populations such as children, the elderly, and individuals living near 

industrial areas. The public health ramifications are especially concerning. A consistent increase in respiratory 

ailments, such as asthma, bronchitis, and cardiovascular diseases, is directly associated with rising SO₂ levels. 

Marginalized populations in economically disadvantaged regions disproportionately experience these health 

effects due to their closeness to industrial zones and restricted access to healthcare services. Conversely, 

affluent neighborhoods situated away from pollution sources see comparatively less health consequences, 

underscoring significant socio-economic differences in exposure and resilience to pollution. Addressing these 

disparities necessitates focused programs that emphasize both pollution reduction and equitable access to 

healthcare. 

Ecological deterioration is a notable result of SO₂ emissions. Acid rain caused by SO₂ deposition has resulted 

in soil acidification, diminishing fertility and crop output in agricultural areas near Faridabad. Aquatic 

ecosystems and biodiversity are adversely affected by high sulfur levels in water bodies. The cumulative 

impacts of these alterations disturb the natural equilibrium, jeopardizing the long-term viability of the region's 

ecosystem and agricultural output. 
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The ramifications for urban planning and industrial policies are evident and pressing. Enhancing emission 

standards and ensuring regulatory adherence are essential measures to mitigate industrial contributions to SO₂ 

pollution. Implementing cleaner technology, like flue gas desulfurization (FGD) systems in power plants, 

shifting to low-sulfur fuels, and advancing renewable energy sources can substantially diminish emissions. 

Furthermore, urban planning strategies should emphasize the displacement of heavily polluting businesses 

from residential zones, the establishment of green buffer zones to mitigate pollutants, and the incorporation 

of pollution control measures within urban growth plans. 

Moreover, mitigating automobile emissions by adopting electric and compressed natural gas (CNG) vehicles, 

enhancing public transit infrastructure, and enforcing stricter vehicle emission standards are vital measures to 

support industry transformations. Public awareness campaigns and community involvement programs are 

essential for cultivating collective responsibility and action against pollution. This study underscores the 

imperative for collaborative initiatives among politicians, companies, and communities to tackle the 

widespread problem of SO₂ pollution. Collaborative solutions that amalgamate governmental, technological, 

and community-driven methodologies are crucial for achieving sustainable development in Faridabad. By 

reducing SO₂ emissions, enhancing public health, and safeguarding ecological systems, Faridabad can 

exemplify a strategy for tackling urban-industrial pollution in other swiftly developing areas. 
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