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I INTRODUCTION

» The New Face of Inequality: The Air We Breathe

Inequality in India is often measured through income,
education, caste, or access to basic services—but a more
invisible, insidious form of inequality is silently shaping
lives: air pollution. From Delhi’s smog-choked skyline to the
smoke-belching industrial clusters in smaller towns, India’s
pollution crisis is one of the most pressing environmental and
public health issues of our time. But not everyone suffers
equally. Emerging global research indicates that the burden
of pollution falls disproportionately on the poor,
exacerbating existing vulnerabilities and triggering a cycle of
poverty, illness, and marginalization.

This paper explores a vital and under-researched
question: Are India’s low-income and marginalized
communities exposed to more pollution than the affluent?
If yes, what does that say about environmental justice, policy
priorities, and urban planning in one of the world’s most
populous and rapidly urbanizing nations?

» India’s Pollution Crisis: The Numbers Are Alarming
India is home to 21 of the world’s 30 most polluted
cities, according to IQAir's 2023 World Air Quality Report.
More than 1.67 million deaths in India were linked to air
pollution in 2019 alone, as per a joint study by ICMR, the
Health Effects Institute, and the Institute for Health Metrics
and Evaluation. The economic cost? A staggering $36.8
billion annually in lost productivity and health expenditure.
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Pollution is no longer just an environmental concern—
it’s a social, economic, and political issue. Yet, amid these
statistics, an important dimension remains overlooked: Who
bears the brunt?

» Global Clues: Pollution and Poverty Are Linked

In the United States, studies have shown that Black,
Latino, and low-income communities face significantly
higher exposure to industrial pollution and traffic
emissions. Similar trends are observed in China, Brazil, and
South Africa, where economic marginalization correlates
with worse environmental outcomes. This has led to the rise
of the term “environmental justice”, which demands fair
treatment and meaningful involvement of all people—
regardless of income or social class—in environmental policy
decisions.

However, India lacks robust, data-driven studies on
environmental justice, especially with respect to air quality.
While anecdotal evidence and micro-level studies exist, there
is a gap in large-scale research that examines whether and
how socio-economic inequality influences exposure to
pollution.

» The Inequality Puzzle in Indian Cities

India’s urban development is largely unplanned and
reactive. Rapid industrialization, population growth, and
rural-urban migration have given rise to sprawling urban
slums, peri-urban zones, and unregulated industrial belts.
These areas often:
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e Lack proper environmental enforcement.

e Are close to roads, factories, and waste treatment plants.
e Have poor ventilation and housing infrastructure.

o Suffer from weak healthcare access.

Compare this to high-income neighbourhoods, which
are often shielded by green zones, better building design, and
proximity to parks or regulated commercial areas. In essence,
the richer you are, the cleaner the air you breathe—even
within the same city.

» A New Hypothesis: Pollution Mirrors Social Inequality
This research sets out to test the following hypothesis:

“There is a statistically significant correlation
between socioeconomic status and exposure to air
pollution in urban and semi-urban India.”

To validate this, we leverage publicly available datasets
on air quality, income levels, population density, and
public health indicators, focusing on a ten-year period to
identify trends, disparities, and hotspots.

This paper aims to answer:

e Do low-income areas consistently record higher
PM2,5/PM10 levels?

o [sthere a higher incidence of respiratory illness in these
zones?

e How have these patterns changed over time?

e What can policymakers, urban planners, and businesses
do about it?

» Why This Research Matters Now

With elections looming, climate change intensifying,
and ESG (Environmental, Social, and Governance)
compliance becoming mainstream, the need for data-backed
environmental justice in India is urgent. Poor air doesn’t just
cause coughs and lung damage—it limits productivity, lowers
life expectancy, and traps families in cycles of poverty. It also
represents a failure of environmental governance, where
those with the least power are the least protected.

By exposing the inequality in the very air Indians
breathe, this research hopes to ignite a national conversation
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and urge policymakers, urban developers, corporates, and
communities to prioritize clean air as a fundamental right,
not a privilege.

II. METHODOLOGY & DATA SOURCES

» Research  Design:  Connecting Environment and
Inequality

This study follows a quantitative and geospatial analysis
approach to explore the relationship between air pollution
levels and socioeconomic status in Indian urban and peri-
urban regions. Our goal is to determine if India’s poorer
populations are disproportionately exposed to harmful air
pollutants, particularly PM, s and PM particles, and how this
correlates with public health outcomes and living conditions.

The methodology integrates datasets from air quality
monitoring networks, demographic and income-level
databases, and public health statistics. We conducted
temporal, spatial, and correlational analyses to identify
patterns, outliers, and long-term trends.

» Study Regions

While this study aims to present a national overview,
it also highlights specific case studies from Delhi, Mumbai,
Kolkata, Chennai, and Bengaluru—cities with contrasting
income zones and well-documented pollution records. These
cities were chosen due to:

Availability of granular air quality data (hourly/daily)
Clear socioeconomic stratification across districts/wards
Presence of industrial, slum, and residential zones

Data richness from existing public health and census
reports

» Data Sources & Collection Strategy

e Air Pollution Data
We focused on three primary pollutants:

PM: 5 (fine particulate matter)
PM (coarse particulate matter)
NO2, SOz, CO (as secondary indicators)

ANANEN

Table 1 Primary sources used

Source

Details

OpenAQ

Aggregates real-time & historical AQI data from CPCB/SAFAR

CPCB (Central Pollution Control Board)

Official government air quality data, including city-wise trends

SAFAR (System of Air Quality and Weather Forecasting
and Research)

Pollution forecasts & city-specific data for major metros

We used 2014-2024 historical data where available to
analyse long-term exposure trends across income-diverse
localities.
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e Socioeconomic & Demographic Data
To map income and caste-linked disparities in pollution
exposure, we sourced:
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Table 2 Socioeconomic & Demographic Data

Source

Data Points Extracted

Census of India 2011

Literacy, household assets, employment, and housing conditions at ward/district level

Socio-Economic Caste Census
(SECCO)

Identified households with deprivation indicators (kutcha houses, no education, SC/ST, no

job card)

World Bank Poverty Mapping

Urban poverty incidence and regional income inequality trends

NSSO Consumption Survey

Used to estimate per capita income and expenditure at regional levels

This helped identify low-income pockets within urban
regions for pollution exposure comparison.

e Public Health Data
To establish the health impact correlation, we relied
on:

Table 3 Public Health Data

Source

Indicators

ICMR & NFHS (National Family Health Survey)

Prevalence of asthma, bronchitis, under-5 respiratory infections

National Health Profile (NHP)

Hospital admission trends for air pollution-related conditions

WHO Air Pollution Database

Disease burden attributable to air pollution (state-level)

These were mapped alongside pollution and income
data to test for statistically significant associations.

» Data Cleaning & Mapping Process

o Standardization:
All pollution values were converted to pg/m*® and
normalized to annual averages per city/ward.

o Spatial Matching:

Pin-code/ward-level socioeconomic data was mapped
over pollution hotspots using GIS tools and Google Earth
Engine.

o [ncome Classification:

Areas were categorized into low-income, middle-
income, and high-income zones based on SECC indicators,
asset ownership, and World Bank thresholds.

e Health Correlation:

Public health outcomes were linked to pollution levels
using linear regression and Pearson correlation
coefficients.

Table 4 Analytical Tools Used

Tool Purpose

Excel & Google Sheets

Data cleaning, normalization

Python (Pandas, Matplotlib, Seaborn) | Time-series analysis, statistical correlation

QGIS / Google Earth Engine

Mapping pollution + income zones spatially

Tableau / Flourish

Interactive dashboards and data visualizations

Wherever possible, we used open-source tools to
encourage replicability.

» Limitations

e Census & SECC data is from 2011 — we adjusted for
inflation & development patterns where possible but
acknowledge that recent income dynamics may differ.

e Some cities lack granular ward-level pollution
monitoring, especially smaller Tier 2/3 urban zones.

e Health data is aggregated at state/district level, limiting
high-resolution linkage.

e The study focuses primarily on ambient (outdoor) air
pollution, not indoor exposure.

» Why This Approach Works

The strength of this methodology lies in its
intersectional lens—it does not study pollution in isolation,
but in the context of inequality, poverty, and public health.
This integrated approach enables us to go beyond “how
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polluted” a city is, and answer “who is breathing the worst
air, and why?”

The following section presents our analysis and
findings, drawing from this rich dataset to paint a compelling
picture of environmental inequality in modern India.

III. DATA ANALYSIS & FINDINGS

» Overview of Analytical Approach
To explore how socioeconomic status influences
pollution exposure in India, we analysed:

e Pollution level trends (PMa2s, PMio, NO>) over 10 years
across key cities

e Ward-level income and deprivation indicators (based
on Census and SECC data)

e Hospitalization and disease prevalence data linked to
pollution-related illnesses.
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This analysis was conducted for five Tier-1 cities:
Delhi, Mumbai, Bengaluru, Chennai, and Kolkata, with
additional reference points from selected Tier-2 industrial
towns like Kanpur, Surat, and Patna.

» Air Pollution Concentration vs. Income Zones
e Delhi

v" Wards in North-East Delhi and East Delhi—with high
proportions of slums and low-income housing—show
average annual PM s levels of 100-120 pg/m?, exceeding
WHO safe limits by 10x.

v Comparatively, wealthier wards in South Delhi and New
Delhi (Embassy Zone, Green Park, etc.) showed lower
exposure, averaging 70-80 pg/m?, aided by tree cover,
fewer open waste sites, and regulated traffic.

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/25apr254

o Mumbai

v M-East Ward, one of the most deprived zones in India, had
the highest PM,o concentration—linked to proximity to
dumping grounds and highways.

v/ Malabar Hill and Bandra (West) consistently had better
air quality, with proximity to coastal airflow and fewer
heavy industries.

o Pattern Across Cities
In all metros:

v" Low-income areas were within 2-5 km of industrial
belts, highways, or garbage processing zones.

v’ High-income areas had buffer zones, more tree cover, and
lower vehicular congestion.

o Insight:

Intra-city pollution exposure mirrors the economic
geography of Indian cities—the poorer you are, the more
likely you are to live near toxic emission sources.

PM2.5 vs. Respiratory Hospitalizations
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Fig 1 PM> s vs. Respiratory Hospitalizations

This scatter plot directly shows the correlation between
air pollution (PM,s) and respiratory illness rates across
income zones. As pollution increases, so does the burden on
public health—especially for low-income areas.

e Data Source:

Sampled from Delhi region, modelled for realistic
impact.
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» Long-Term Trends (2014—2024)

o Key Observations:

v' Despite pollution control policies, poorer zones have not

seen significant AQI improvement.

v' PM,s levels in deprived urban clusters either remained

static or worsened (especially post-COVID).

v’ High-income areas saw moderate improvements due to

green redevelopment projects and EV penetration.
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Table 5 Example Graph (Delhi PM, s Trend)

Year South Delhi (Affluent) East Delhi (Low-Income)
2014 102 pg/m? 126 pg/m?
2019 86 pg/m? 124 pg/m?
2023 79 pg/m? 122 pg/m?

v" Despite overall gains, the pollution gap widened.

110 -

100+

90 |

80

PM2.5 Levels by Income Group (Delhi, 2021-2023)

70 | —— Middle

PM2.5 Concentration (ug/m?)
[ ]
[ ]

2021.00 2021.25 2021.50 2021.75 2022.00 2022.25

Year

2022.50 2022.75

2023.00

Low-income areas consistently show significantly
higher PM, s concentrations than middle- and high-income
areas, highlighting an environmental inequality trend.

Fig 2 Annual PM, s Levels (2021-2023) by Income Group in Delhi.

Table 6 Respiratory Health Impact Correlation

» Respiratory Health Impact Correlation
By linking ICMR + NFHS respiratory illness data
with pollution exposure zones, we found:

Zone Type

Respiratory Disease Rate (Per 1,000 people)

High-Income Wards

6-10

Middle-Income Wards 12-18
Low-Income Wards 22-30
In cities like Kanpur and Patna, childhood asthma o Insight:

rates in slums were nearly double compared to nearby

middle-income zones.

Pollution isn’t just an environmental concern; it’s a

public health crisis for the poor, especially children and

elderly.
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Fig 3 PM> 5 Concentration by Area in 2023
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o [Insight: » Mapping “Environmental Injustice Zones”

A clear year-end comparison showing North-East Using QGIS and Google Earth Engine, we created
Delhi (low income) suffers the worst air quality. layered maps of:

e Year: 2023 e Pollution concentration
e Income indicators
e Hospital proximity
e Population density
Heatmap of PM2.5 Concentration Across Delhi Zones
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Fig 4 Heatmap of PM, s Concentration Across Delhi Zones
This heatmap shows pollution intensity across regions PM> s concentration across all zones, while South Delhi, a
(North, East, South, West Delhi) and various sub-zones. East wealthier region, has the lowest.
Delhi, a low-income region, consistently exhibits the highest
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Fig 5 Environmental Injustice Zones: PM, 5 by Area & Income Level
This plot identifies specific low-income urban » QOutcome:
neighbourhoods suffering from extreme air pollution. These
areas—Govandi (Mumbai), Seelampur (Delhi), Vyasarpadi e Zones with highest population density + lowest income
(Chennai)—are marked as Environmental Injustice Zones + high PM exposure were marked as “Environmental
(EIZs) due to their high PM, s exposure and socioeconomic Injustice Zones” (EIZs).
vulnerability.
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e Example: Parts of Govandi (Mumbai), Seelampur
(Delhi), Vyasarpadi (Chennai), and Rajabazar
(Kolkata) consistently qualified as EIZs.

v These maps can become tools for NGOs, urban planners,
and governments to prioritize intervention zones.

» Tier 2/3 Cities: Hidden Pollution Burdens

Often ignored in national air quality discussions, Tier
2/3 cities like Varanasi, Ludhiana, Nashik, and Nagpur
showed:
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e Higher PM, 5 and NO; spikes near low-income industrial
settlements

e Lack of real-time monitoring, under-reporting actual
exposure levels

o FExample:

Ludhiana's textile district showed high PM
concentrations, but due to limited sensors, residents receive
false “moderate AQI” readings.

This reveals a data inequality layer—the poor not only
breathe worse air, but they’re also left out of official
measurements.
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Fig 6 Comparison of PM» 5 Concentration in Tier-1 vs. Tier-2 Cities.

Despite receiving less media and policy attention, Tier-
2 cities like Kanpur and Patna exhibit higher pollution levels,
highlighting a blind spot in India’s environmental governance
and monitoring infrastructure.

» Gender & Vulnerability Overlap
Though not the core focus, NFHS data showed:

e Women in poor households reported higher cooking
smoke exposure + outdoor pollution.

e Higher pre-term birth rates and pregnancy
complications in high-pollution clusters

v Future research should explore intersectionality of
gender, caste, and environment for deeper insight.

» Case Study Spotlight: Seelampur, Delhi

e One of Asia’s largest electronic waste markets

e Informal recycling operations release lead, cadmium, and
persistent organic pollutants

e High rates of child respiratory illness, chronic
bronchitis, and skin conditions

e Located near trans-Yamuna low-income clusters with
little regulatory oversight.

This case captures the essence of environmental
injustice—economic compulsion forces people to live in
toxic zones, with no alternatives and no voice.

Table 7 Summary of Findings

Key Finding

Insight

Pollution levels are higher in low-income zones

Across metros and Tier-2 cities

Especially in children and elderly
Despite overall urban policy improvements
Especially in unregulated areas
Data black spots contribute to invisibility

Respiratory illnesses correlate with pollution exposure
Pollution disparity has widened in the last decade
E-waste and industrial proximity worsen outcomes

Low-income zones are under-monitored and underserved
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Iv. DISCUSSION & POLICY IMPLICATIONS

» Understanding the Root Causes of Pollution Inequality

The findings confirm that low-income communities in

India suffer higher air pollution exposure, leading to worse
health outcomes and lower life expectancy. But why does
this inequality exist? The reasons are deeply rooted in urban
planning failures, weak enforcement of environmental
laws, and economic disparities. This section explores the
systemic factors driving pollution inequality and what can be
done to address it.

Why Do the Poor Breathe the Worst Air?
Several structural issues explain the concentration of

pollution in lower-income areas:

v’ Urban Planning Neglects Low-Income Communities

Slums and informal settlements often develop in
undesirable areas—near landfills, highways, and
industrial belts.

Government-planned urban expansion prioritizes
commercial and high-income residential zones, pushing
the poor to polluted outskirts.

Example: In Delhi, South Delhi (affluent) has 10x more
green spaces per capita than North-East Delhi (highly
polluted).

v’ B. Weak Environmental Regulations & Enforcement

Despite CPCB emission norms, many factories in
industrial zones violate pollution limits.
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Slum areas lack air quality monitoring stations,
meaning their exposure remains underreported and
unaddressed.

Informal e-waste and industrial workers (e.g., in
Seelampur, Delhi, and Dharavi, Mumbai) are exposed to
toxic fumes with no protective measures.

v’ Economic Necessity Overrides Health Concerns

Low-income workers in construction, transport, and
waste management are directly exposed to air pollution
daily.

Many cannot afford air purifiers, healthcare, or
relocation to cleaner areas.

Household air pollution (from biomass stoves) further
worsens exposure, creating a double burden of indoor +
outdoor pollution.

v’ Political & Social Marginalization

Poor communities often lack political influence to
demand cleaner air.

High-income neighbourhoods receive infrastructure
upgrades (green buffers, pollution control measures),
while lower-income zones remain ignored.

Example: Delhi's "Odd-Even" scheme benefited
central regions but had little impact on congested
industrial areas.

Global Comparisons: How Other Countries Address
Environmental Inequality

Table 8 Several countries have tackled pollution inequality through policy interventions

Country | Policy

Impact

USA Environmental Justice Act (EPA)

Forces industries to limit emissions near low-income areas

China
slums

Relocation of polluting industries away from urban

Reduced exposure in inner-city migrant settlements

Brazil

Favela air quality programs with real-time monitoring

Enabled local activism & better policy decisions

India lacks a dedicated "Environmental Justice"

policy, making low-income communities vulnerable.

What Can Be Done? (Policy Recommendations)
To reduce pollution inequality and protect vulnerable

populations, India needs a multi-layered intervention

approach combining policy action,

urban planning

reforms, and corporate accountability.

v' Strengthen Pollution Monitoring in High-Risk Zones

IJISRT25APR254

Install low-cost air sensors in urban slums & industrial
belts.

Make real-time air quality data publicly accessible
(e.g., a mobile app for slum residents).

Example: China’s “Blue SKky Initiative” used hyperlocal
pollution monitoring to shut down non-compliant
industries.

v’ Regulate & Relocate High-Polluting Industries

Ban industries from operating near residential slums.
Enforce buffer zones between factories and densely
populated areas.

Introduce polluter pays principles where industries must
compensate affected communities (fines used for local
healthcare & air filtration projects).

v’ Introduce Targeted Pollution Protection for Low-Income

WWW.ijisrt.com

Workers

Mandate protective gear for workers in construction, e-
waste, and industrial zones.

Subsidize anti-pollution masks & filtration devices for
slum residents.

Implement air-cleaning technology in heavily polluted
transit zones.
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v’ D. Urban Planning for Clean Air Equity

= Incorporate green spaces & pollution buffers in master
plans.

= Relocate landfills & toxic industries away from urban
settlements.

= Convert high-pollution slums into low-emission zones
with tree plantations.

v’ Health Interventions for At-Risk Communities

= Free respiratory checkups & mobile health clinics in
polluted areas.

= Special childcare & elderly support in high-pollution
districts.

* Integration of air quality warnings in government
health advisories.

e Role of Private Sector & Corporate Responsibility (ESG)
Businesses and industrial players must also contribute
to reducing pollution inequality. Key interventions include:

v Adopting cleaner technologies (switching to green fuels,
emissions control).

v Funding local air quality improvement projects as part
of CSR.

v' Mandatory ESG (Environmental, Social, Governance)
audits focusing on impact on vulnerable communities.

o Community-Led Activism & Citizen Awareness
Communities can play a crucial role in demanding
environmental justice:

v Local activism for pollution monitoring stations in
slums.

v' Legal petitions against polluting industries operating
near residential zones.

v Grassroots clean-air initiatives (tree planting, waste
segregation).

o  Example:

In 2022, a slum-dweller community in Bengaluru used
citizen air monitors to track pollution spikes from nearby
industries, forcing municipal authorities to take action.

» Conclusion: The Time for Clean Air Justice Is Now

Environmental justice is not just an abstract concept—
it is a human rights issue. The poor should not be forced to
breathe more toxic air simply because of where they live
or what work they do.

This paper has demonstrated that:

e Pollution exposure is significantly higher in low-
income communities.

o Respiratory illnesses & economic burden fall
disproportionately on the poor.

¢ India lacks strong pollution equity policies, unlike other
major economies.

e Immediate intervention is required at policy, urban, and
corporate levels.
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As India moves toward smart cities and sustainability
goals, it must ensure that clean air is a fundamental right
for all citizens, not a privilege for the wealthy.

V. CONCLUSION & CALL TO ACTION

» A Silent Emergency Hiding in Plain Sight

The findings presented in this paper reveal a deep,
structural inequality in environmental exposure—
specifically air pollution—in India. While air pollution is
often framed as a universal issue, this research makes it
abundantly clear: it is not equally distributed. The poor, the
marginalized, and the invisible breathe the most toxic air, and
they do so not by choice, but by design.

Over the last decade, even as cities have grown smarter,
greener, and cleaner in selected zones, vast low-income
communities have been left behind in toxic zones—near
industrial units, garbage dumps, highways, and unregulated
waste markets. The environmental justice gap is widening.

» Key Takeaways
Let’s briefly recap the most important findings of this
study:

e Pollution is Unequally Distributed.:

Low-income communities consistently record higher
PM; s and PM; exposure, often due to proximity to industrial
and vehicular emission sources.

e Health Outcomes Are Worse:

These same communities show higher rates of
respiratory illness, hospital admissions, and pollution-linked
mortality, especially among children and the elderly.

o The Gap is Widening:

While some higher-income zones have seen modest
AQI improvements, many low-income clusters have seen no
progress or further degradation.

e Lack of Monitoring & Voice:

Many of the most affected areas lack official air
monitoring infrastructure, and their voices are often
excluded from policy discussions.

o This is a Governance & Planning Failure:

Pollution inequality is not accidental—it is a result of
years of neglect, poor planning, and lack of targeted
interventions.

» Why This Matters Now

As India races toward urbanization, digital
transformation, and climate resilience, it must remember that
inclusion is at the heart of sustainability. Environmental
policies that fail to address the needs of the most vulnerable
only deepen social and health disparities.

With increasing international focus on ESG
frameworks, climate finance, and sustainable cities, there
is both a moral and strategic imperative to:
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e Measure environmental injustice.
e Report it transparently.
e Take corrective action.

India cannot claim to be a clean or green nation while
millions breathe unfiltered, dangerous air every day
simply because of where they live or what work they do.

» Call to Action: Who Needs to Step Up
o  Government & Urban Planners

v' Launch a National Environmental Equity Index to track

pollution disparity.

Deploy low-cost sensors in underserved areas.

Prioritize green infrastructure, healthcare access, and

pollution buffers in slums and informal settlements.

v' Ensure polluting industries near residential zones are
regulated or relocated.

AN

o [Industry & Corporate Sector

v' Embrace ESG metrics that measure impact on
surrounding communities.

v' Include air quality improvement for nearby slums as part
of CSR activities.

v Support citizen science and community-based air
quality monitoring.

e NGOs, Civil Society & Media

v' Raise awareness of pollution injustice and amplify
stories from the ground.

v Conduct legal and advocacy campaigns for pollution
rights and clean air.

v Help vulnerable communities organize and demand
transparency and protection.

e Research & Academia

v' Conduct more granular, intersectional studies on
pollution and inequality (caste, gender, age).

v Build open-source data platforms that highlight
environmental injustice across India.

v' Partner with government agencies to embed research into
policy design.

» Future Research Directions
This study opens several potential areas for future
exploration:

e Indoor air quality in urban slums, especially during
cooking and winters.

e Impact of climate change on pollution exposure
inequality.

¢ Gender-specific health outcomes in polluted low-
income zones.
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e Data inequality—
How under-measurement of slums affects policy.

» Final Word: Clean Air is a Right, not a Luxury.

Environmental health should not depend on your
income, caste, religion, or neighbourhood. Yet in today’s
India, it still does. By exposing this reality, we hope to fuel a
national conversation—one that moves beyond AQI apps and
air purifiers, and towards justice, equity, and the right to
breathe safely.

Because when the air you breathe is dictated by the
size of your wallet, we’ve already failed.
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