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Abstract 

The Indian metropolitan areas maintain a permanent position among the globe's most polluted urban areas 

because their air quality remains worse than both national and international safety standards. The primary 

pollutants that create health risks for humans include particulate matter which consists of PM2.5 and PM10 

particles and nitrogen dioxide and sulfur dioxide and ground-level ozone and carbon monoxide and benzene. 

The health impact of these conditions has reached a severe level which researchers have established through 

multiple studies. Indian urban residents experience respiratory diseases and cardiovascular conditions and 

neurological impairment and adverse birth outcomes and premature death because they are exposed to air 

pollution for both short and long duration which exists in their environment. The cities of Delhi and Mumbai 

and Kolkata and Chennai and Bengaluru experience higher health risks because their residents face more 

dangerous environmental conditions than those found in areas with cleaner air. The article analyzes air 

pollutant sources and their concentrations at major Indian metropolitan areas while evaluating health effects on 

various organ systems and demographic groups and investigating monitoring and regulatory systems and 

demonstrating the difference between policy objectives and actual implementation. The research presents 

several practical methods that can lead to substantial improvements which are supported by scientific research 

and the political system which governs urban development in Indian cities. 
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I. Introduction 
Step outside on a winter morning in Delhi and the air hits you differently. There is a thickness to it — a 

grey-brown haze sitting low over the rooftops that catches in your throat before you have even reached the end 

of the street. Children heading to school cover their faces with scarves. Elderly residents stay indoors. Delivery 

workers and auto-rickshaw drivers who have no choice but to be outside breathe it all in, hour after hour, day 

after day. This is not an exceptional event. For millions of people in India's largest cities, it is simply what 

winter feels like. 

India has thirteen of the world's twenty most polluted cities by PM2.5 concentration, according to 

IQAir's 2022 World Air Quality Report. Delhi regularly tops global rankings for ambient air pollution, but the 

problem is not Delhi's alone. Kolkata, Patna, Lucknow, Kanpur, and Faridabad consistently record annual 

average PM2.5 concentrations several times above the WHO guideline of 5 µg/m³. Even cities with reputations 

for relatively better air quality — Bengaluru, Pune, Hyderabad — have seen deteriorating trends as population 

growth, vehicle fleets, and construction activity have accelerated. 

The health consequences of this sustained exposure are not abstract or distant. They show up in hospital 

admission records, in the rising prevalence of chronic obstructive pulmonary disease among non-smokers, in the 

fraction of childhood asthma cases that cluster near major traffic arteries, in low birth weight statistics from 

urban maternity wards, and in the years of healthy life lost prematurely to pollution-related disease. The Global 

Burden of Disease study estimated that air pollution caused approximately 1.67 million deaths in India in 2019 

alone — making it one of the leading risk factors for mortality in the country. 

This article assesses what we know about air pollution in Indian metropolitan cities: where it comes from, how 

bad it actually is, what it does to human health across different body systems and population groups, how well 

India's monitoring and regulatory systems are functioning, and what realistic improvement looks like given the 

scale and complexity of the problem. 

 

II. Sources of Urban Air Pollution in Indian Metropolitan Cities 
2.1 Vehicular Emissions 

Road transport operates as the major source which continuously and visibly generates urban air 

pollution across Indian cities. The Indian vehicle fleet system is among the world's quickest expanding fleets 

because it reached more than 300 million registered vehicles by 2022. The two-wheeler and three-wheeler 

vehicle system currently uses outdated engine technology which produces excessive particulate matter and 
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hydrocarbon emissions beyond their actual vehicle count. Diesel-powered vehicles which include trucks and 

buses and SUVs serve as primary generators of nitrogen oxides and black carbon emissions which constitute 

fine particulate matter that produces severe cardiovascular impacts. 

The problem gets worse because of urban traffic patterns. The combination of high vehicle density and 

urban road networks in India experiences both stop-and-go driving patterns and extended vehicle idling at traffic 

signals and maintenance problems which create dusty roads. Vehicles release higher amounts of pollutants for 

each kilometer traveled under these conditions than they do during free-flowing traffic. India introduced Bharat 

Stage VI emission norms in April 2020 which function as its equivalent to Euro VI standards. The existing fleet 

operates at a slow replacement rate because millions of outdated, high-emission vehicles continue to operate in 

the present day. 

According to source apportionment studies, vehicular sources produce 20-40% of PM2.5 ambient 

levels in Delhi and Kolkata throughout the year depending on different monitoring locations. The actual 

proportion reaches even higher levels during non-monsoon months because of limited atmospheric mixing in 

areas near roadways. 

 

2.2 Industrial Emissions and Power Generation 

Industrial facilities — brick kilns, cement plants, chemical factories, thermal power stations — ring 

most major Indian cities and contribute substantially to their air pollution loads. Delhi-NCR's notorious 

pollution is partly explained by the dense cluster of brick kilns, foundries, and small-scale manufacturing units 

operating across Haryana and western Uttar Pradesh, whose emissions drift into the city under prevailing wind 

patterns. 

Thermal power plants burning coal remain a critical source of sulfur dioxide, nitrogen oxides, and fine 

particulate matter across the Indo-Gangetic Plain. India's power sector has been slowly installing flue gas 

desulfurization equipment and tightening emission standards for power plants, but implementation has been 

delayed repeatedly. A 2021 analysis found that a significant fraction of coal power plants near major cities were 

still operating without mandated pollution controls, years after the deadlines set by the Ministry of Environment, 

Forest and Climate Change. 

 

2.3 Crop Residue Burning and Seasonal Spikes 

People who track air pollution levels in Delhi throughout October and November will discover that 

pollution levels become higher during this time because of paddy stubble burning activities that farmers perform 

in Punjab and Haryana. Farmers in these states burn crop residue after the kharif harvest to quickly clear fields 

for the rabi wheat season — a practice driven by economic necessity and time pressure. The smoke from 

millions of acres of burning stubble travels hundreds of kilometers under autumn wind patterns which combine 

with Delhi's own vehicular and industrial emissions to create the dense smog events that have become annual 

media spectacles.  

Crop residue burning causes substantial seasonal PM2.5 increases because satellite data and ground-

level monitoring have shown that fire counts during peak burning periods reached thousands and Delhi 

experienced corresponding PM2.5 spikes which exceeded 500 µg/m³. The problem affects multiple cities 

beyond Delhi because Lucknow, Chandigarh, Amritsar, and Ludhiana all experience the same seasonal 

pollution deterioration. 

 

2.4 Construction Dust and Road Dust 

Rapidly expanding cities produce massive amounts of construction dust which continues to 

accumulate. Indian cities maintain their permanent urban appearance through road construction activities and 

building demolition work and infrastructure development projects. The activities produce dust which contains 

coarse PM10 particles and generates additional fine PM2.5 emissions throughout the year, with dust emissions 

reaching their peak in the dry pre-monsoon period when wind resuspension most frequently occurs.  

Road dust resuspension occurs when vehicle movement kicks back particles that have settled on road 

surfaces into the atmosphere, which acts as a major source that Indian cities often fail to recognize. The unpaved 

shoulders and poorly maintained road surfaces together with the insufficient road sweeping and water sprinkling 

methods, create a significant increase in this particular source of dust pollution on the roads. 

 

III. Air Quality Status Across Major Indian Metropolitan Cities 
3.1 Delhi: The Extreme Case 

Delhi's air quality situation has attracted more research attention than any other Indian city, partly 

because of its severity and partly because of its political visibility as the national capital. The annual average 

PM2.5 concentrations in Delhi range between 80 and 120 µg/m³ which represents 16 to 24 times the WHO 
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annual guideline. The winter months experience daily average pollution levels that surpass 300 µg/m³ while 

Diwali fireworks and stubble burning create pollution spikes that sometimes reach 900 µg/m³. 

The source apportionment studies which used receptor modeling and chemical tracer analysis discovered vehicle 

exhaust and road dust and coal combustion and biomass burning and secondary particulate formation and 

industrial sources as the main pollutants which differed according to the seasonal time period and the specific 

city area. The Delhi pollution problem requires multiple sources to control because its complexity makes all 

single solutions ineffective. You need a complete solution that combines various methods to control all city 

pollution sources. 

 

3.2 Mumbai, Chennai, and Coastal Cities 

Mumbai and Chennai demonstrate their unique pollution patterns through different environmental 

conditions. The coastal locations of these cities receive sea breezes which result in continuous air circulation 

that maintains lower yearly PM2.5 levels between 30 and 60 µg/m³ for coastal areas when compared to northern 

inland cities. Kolkata and Chennai both experience high levels of air pollution because vehicles produce most of 

the emissions while Mumbai's suburban industrial centers and Chennai's manufacturing district supply extra 

pollutants.  

Air quality remains a major problem for both cities even though they have a coastal location. The 

combination of Mumbai's heavy traffic and its widespread informal waste burning and changes in seasonal wind 

patterns results in pollution hotspots that occur throughout the city. The air quality in Chennai has worsened 

during the last ten years because of its fast industrial growth and rising number of two-wheeled vehicles 

although the city has better meteorological conditions. 

 

3.3 Bengaluru and Hyderabad: Rising Concern 

Bengaluru and Hyderabad were once considered among India's more livable cities by air quality 

standards. The picture of the city has deteriorated because both urban development and increased vehicle 

numbers have occurred during the last fifteen years. Bengaluru has experienced higher vehicle growth rates than 

almost all other Indian cities and the city now shows yearly PM2.5 levels that exceed 40 µg/m³ which surpasses 

both Indian national standards and WHO guidelines. The city's infrastructure development projects have created 

significant dust pollution through their construction activities. 

As illustrated in Figure 1, annual average PM2.5 concentrations across India's major metropolitan cities 

show a consistent pattern of exceedance relative to both Indian national ambient air quality standards and WHO 

guidelines, with inland northern cities experiencing the most severe conditions. 

 

 
Figure 1: Annual Average PM2.5 Concentrations in Major Indian Metropolitan Cities Compared to National and 

WHO Air Quality Standards, 2018–2022 

The horizontal bar chart shows the five-year average annualPM2.5 concentrations which are measured 

in µg/m³ across eight major Indian metropolitan cities. The chart includes Delhi, Kolkata, Patna, Lucknow, 

Mumbai, Chennai, Bengaluru, and Hyderabad. The chart measures PM2.5 pollution from 2018 to 2022. The 

chart displays six different cities which all exceed WHO guidelines by at least six times. The northern inland 
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cities exceed the more permissive Indian national standard. Delhi's bar extends substantially beyond all others. 

Chennai and Hyderabad show lower results but they still exceed international guidelines at dangerous levels. 

 

IV. Health Impacts of Air Pollution Across Organ Systems 
4.1 Respiratory Health 

The respiratory system is the most directly affected by air pollution, and the evidence linking ambient 

particulate matter and gaseous pollutants to respiratory disease in Indian urban populations is extensive and 

consistent. Fine particles which measure less than 2.5 micrometers in size can reach the deepest parts of the 

lungs where they accumulate in the alveoli which serve as gas exchange sites. The body experiences permanent 

lung tissue damage after repeated exposure, which causes inflammation and interrupts the natural process of 

mucociliary clearance.  

People living in Indian cities that experience high pollution levels have higher rates of chronic 

obstructive pulmonary disease (COPD) and asthma and lung infections and they also experience decreased lung 

function when compared to people who live in rural areas or regions with lower pollution levels. Sharma et al. 

(2013) found that Delhi residents had lower spirometric lung function, which doctors use to measure breathing 

capacity, when compared to age-matched controls from lower-pollution regions after they adjusted for smoking 

patterns. Children have heightened vulnerability because their lungs continue to undergo development. 

Childhood exposure leads to two outcomes: immediate respiratory symptoms and a permanent decline in lung 

function which continues into adulthood and boosts the likelihood of developing diseases throughout life. 

 

4.2 Cardiovascular Disease 

The connection between air pollution and heart disease does not make immediate sense because people 

do not think about polluted air as a threat to heart health yet. The scientific community has established that 

chronic exposure to PM2.5 particles leads to cardiovascular disease because it represents one of the most 

scientifically proven research findings in environmental epidemiology throughout the world. Fine particles enter 

the bloodstream after they pass through the alveolar membrane which leads to system-wide inflammation and 

oxidative damage and endothelial cell malfunction and fast-tracked atherosclerosis development. Short-term 

pollution spikes lead to more hospital admissions for heart attacks and strokes while people who experience 

long-term pollution exposure develop higher baseline cardiovascular disease risk. Indian research studies have 

started to validate these relationships among indigenous Indian communities. Rajaraman et al. (2020) discovered 

that people who lived near busy roads for long periods experienced higher rates of cardiovascular diseases in an 

urban study from Chennai which they used as a measure to assess their pollution exposure. The pollution 

exposure creates the most intense health problems for people who already carry diabetes and hypertension and 

obesity as cardiovascular risk factors because these three conditions make their cardiovascular risk much worse 

than what each individual factor would cause. 

 

4.3 Neurological and Cognitive Impacts 

The last ten years of brain research into air pollution has produced alarming results. Ultrafine particles which 

have a size less than 0.1 micrometers can enter the brain through the nasal mucosa by traveling through 

olfactory nerves while they avoid the blood-brain barrier. Pollution exposure causes systemic inflammation 

which disrupts brain function through various biological mechanisms. 

International studies show that long-term exposure to air pollution leads to cognitive decline and higher 

dementia risk and attention deficits in children and depression. Indian research in this area is still limited yet 

preliminary findings match global research patterns. Pediatricians in Delhi and Lucknow have reported that 

children from heavily polluted neighborhoods suffer from increased attention and learning difficulties which 

need further research through systematic investigation. 

 

4.4 Reproductive and Developmental Health 

Pregnant women and developing fetuses represent one of the most vulnerable groups to air pollution 

exposure. Maternal pollution exposure during pregnancy leads to preterm birth, low birth weight, intrauterine 

growth restriction, and gestational diabetes because fine particulate matter travels through the placenta. Indian 

urban maternity data from cities including Delhi, Mumbai, and Kolkata have documented elevated rates of low 

birth weight deliveries in areas with higher ambient pollution, even after accounting for socioeconomic 

confounders. 

The implications extend beyond the perinatal period. Low birth weight infants face elevated lifetime 

risks of cardiovascular disease, diabetes, respiratory disease, and cognitive impairment — meaning that air 

pollution during pregnancy does not just harm the current generation but shapes the health trajectory of the next 

one. The intergenerational health burden must receive better acknowledgement in urban air quality policy 

discussions. 
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V. Vulnerable Populations and Inequitable Exposure 
5.1 The Urban Poor and Outdoor Workers 

Air pollution affects different levels of impact across various city neighborhoods. The combination of 

geographic location and job type and income level results in people experiencing different levels of exposure to 

environmental pollutants. The urban poor who reside in informal settlements close to industrial zones and main 

roads and waste burning areas experience higher pollution exposure than wealthier residents who reside in 

cleaner areas and use air-conditioned transportation and work in air-conditioned offices.  

Outdoor workers including street vendors and construction laborers and traffic police officers and rickshaw 

pullers and delivery workers spend eight to twelve hours per day breathing heavily polluted ambient air at 

ground level, which they experience most intensely near major traffic intersections. A traffic police officer who 

monitors a busy Delhi intersection inhales pollution that matches the daily intake of multiple cigarettes 

according to monitoring study estimates. These workers rarely appear in health statistics because they lack 

access to the healthcare facilities where pollution-related disease would be diagnosed and recorded. 

 

5.2 Children and the Elderly 

Children breathe more air per unit body weight than adults because they need to breathe more while they 

are active outdoors and their developing body systems that include immune and respiratory functions become 

damaged from pollution. Elderly residents face higher mortality risk from short-term pollution spikes because 

their cardiovascular and respiratory reserve capacity has decreased with aging. Ghosh et al. (2019) found that 

school-age children in high-pollution urban areas of West Bengal experienced much higher respiratory 

symptoms which matched the levels of PM2.5 found in the environment during different times of the day. 

Figure 2 captures the differential health burden across population subgroups in Indian metropolitan cities, 

illustrating how exposure intensity and biological vulnerability combine to concentrate health impacts among 

already disadvantaged groups. 

 
Figure 2: Differential Air Pollution Exposure and Health Risk Across Demographic and Socioeconomic Groups 

in Indian Metropolitan Cities 

 

The matrix diagram displays population data for four Indian cities which include Delhi, Mumbai, 

Kolkata and Chennai while it presents six different population groups which include affluent indoor workers, 

middle-income commuters, urban poor residents, outdoor manual workers, children under twelve, and elderly 

adults over sixty-five. The cells of the table use a four-level risk scale which ranges from low (light green) to 

very high (dark red) to display the combined risk of each city-population combination through their estimated 

exposure and biological vulnerability. The matrix shows that outdoor workers and urban poor residents traverse 

all four cities because they encounter extremely high combined risk, while children and elderly individuals 

possess high-to-very-high risk from outdoor exposure, which results from their heightened biological 

vulnerability. The cities demonstrate lower risk for affluent indoor workers throughout all locations, which 

shows how different income levels impact the health effects of pollution. 

 

VI. Conclusion 
Air pollution in Indian metropolitan cities is one of the most serious and underappreciated public health 

crises the country faces. The numbers — thirteen of the world's twenty most polluted cities, 1.67 million 

premature deaths annually, PM2.5 levels routinely twenty times international safety guidelines — are stark 

enough. Behind those numbers are individual lives: children with stunted lung development, adults with 
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respiratory disease that limits their ability to work, elderly residents who cannot go outside safely for months of 

the year, and outdoor workers who have no option but to endure conditions that would trigger emergency 

responses in most other countries. 

The science of what is happening and why is reasonably well understood. Source apportionment 

studies have identified the major contributors. Epidemiological research has documented the health 

consequences across organ systems and population groups. Monitoring infrastructure, while still inadequate, is 

expanding. Regulatory frameworks exist, even if implementation falls short. 

Closing the gap between policy ambition and ground-level reality requires treating urban air pollution 

as the health emergency it genuinely is. That means coordinated multi-source emission controls, health system 

investments to identify and treat pollution-related disease, equitable attention to the populations most exposed, 

and political accountability for delivering the clean air improvements that millions of Indian city residents 

urgently need and have every right to expect. 
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