AIJRAVOI. | Issue | www.ijcms2015.co ISSN 2455-5967

Delhi’s Air Pollution in Winters: Causes, Impact, and Remediation
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*Dr. Abha Mathur
Abstract

Delhi, the capital city of India, experiences severe air pollution, especially during the winter months.
This report delves into the complex problem of air pollution in Delhi during winters, analyzing the
causes, implications, and potential solutions. We examine data from various sources to present a
comprehensive overview of air quality trends, with particular focus on particulate matter (PM2.5 and
PM10), crop burning, vehicular emissions, industrial pollution, and meteorological conditions.
Furthermore, the report explores successful case studies from cities worldwide that have faced
similar challenges, drawing insights that can be applied to Delhi's context. Finally, this report
concludes with a set of actionable recommendations to mitigate the city's air pollution problem,
aiming for long-term solutions to improve public health and environmental sustainability.

Introduction

Delhi, the capital of India, has long been grappling with severe air pollution that has reached alarming
levels in recent years, with winter exacerbating the crisis that affects millions of residents. Between
October and January, the city’s air quality deteriorates to hazardous levels, making it one of the most
polluted capitals in the world. The air quality indices (AQI) frequently exceed permissible limits set
by national and international health agencies, posing severe risks to public health and the
environment.

During the winter months, Delhi experiences a combination of meteorological factors that intensify
pollution levels. Low temperatures, wind stagnation, and temperature inversion contribute to the
accumulation of pollutants in the lower atmosphere. This phenomenon traps harmful particles close
to the ground, preventing their dispersal. Pollutants such as fine particulate matter (PM2.5 and
PM10), nitrogen dioxide (NO;), sulphur dioxide (S0O.), and carbon monoxide (CO) reach dangerously
high concentrations. These toxic pollutants are emitted from various sources, including vehicular
traffic, industrial activities, construction dust, and biomass burning. The consequences of prolonged
exposure to such pollutants are devastating, leading to respiratory illnesses, cardiovascular diseases,
and a general decline in the quality of life for Delhi’s residents.

1. Air Pollution in Delhi: A Winter Crisis- Analysis of Causes and Contributions
1.1. Air Quality Data Overview
Delhi’s air quality deteriorates significantly in winter months, primarily due to the following factors:

PM2.5 and PM10: These fine particles are the primary pollutants during the winter. They are
microscopic and can easily enter the lungs, causing severe respiratory and cardiovascular issues.
According to the Central Pollution Control Board (CPCB), Delhi’'s PM2.5 levels often exceed 300
ng/m?3, a level 30 times the recommended safe limit set by the World Health Organization (WHO).
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PM2.5 PM10 NO SO
Month wg/m’) | @g/m) | @g/m’) | (g/my | @M
January 350 550 80 10 0.3
February 200 400 70 8 0.25
November 250 450 85 12 0.35

In the data above, PM2.5 and PM10 levels in Delhi remain perilously high in winter months. The
concentration of PM2.5 in January, for instance, is over 350 ug/m3, much higher than the WHO'’s safe
limit of 25 pg/m? for annual exposure.

1.2. Meteorological Conditions in Winter

The climatic conditions during winter, including cooler temperatures, reduced wind speeds, and the
formation of inversion layers, play a significant role in trapping air pollutants near the ground,
thereby amplifying the concentration of harmful particles. A thermal inversion occurs when a layer of
warmer air traps cooler air beneath it, preventing the dispersion of pollutants. This phenomenon is
particularly prevalent in Delhi from November to January.

1.3. Primary Sources of Pollution
The main contributors to Delhi's winter air pollution are:
1. Vehicular Emissions

Vehicular pollution is a major contributor to Delhi's deteriorating air quality. With an exponential
increase in the number of vehicles, particularly private cars and two-wheelers, emissions from the
transport sector have significantly worsened air pollution levels. The primary pollutants from
vehicles include nitrogen oxides (NOx), carbon monoxide (CO), and particulate matter (PM10 and
PM2.5). According to reports from 2015, Delhi had over 8.5 million registered vehicles, and the
increasing trend contributed significantly to emissions.

Figure 1: Contribution of Vehicular Emissions to PM2.5 Levels in Delhi
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Delhi’s roads are filled with vehicles emitting large quantities of nitrogen oxides (NOx), carbon
monoxide (CO), and particulate matter. In 2015, it was reported that around six million vehicles were
registered in Delhi, with older, less fuel-efficient vehicles contributing disproportionately to the
pollution. Data from the Ministry of Environment, Forests and Climate Change (MoEFCC) suggests
that vehicular emissions contribute to approximately 50-53% of Delhi's PM2.5 levels.

The shift to Compressed Natural Gas (CNG) for public transport in the early 2000s temporarily
improved air quality. However, the rise in diesel-run vehicles offset these gains, as diesel combustion
emits high levels of PM2.5 and black carbon, which have serious health implications.

2. Industrial and Construction Activities

In addition to agricultural and vehicular pollution, Delhi's air quality is also impacted by industrial
emissions. Industries in and around Delhi, such as brick kilns, cement plants, and coal-powered
power stations, are responsible for significant amounts of sulphur dioxide (SO;) and nitrogen oxides
(NOx).

Delhi's industrial sector, particularly small-scale units, contributes to significant air pollution due to
the use of unregulated fuel sources like coal and biomass. Many industries operate in surrounding
areas, such as Ghaziabad, Faridabad, and Noida, where emissions travel to Delhi due to prevailing
wind patterns.

Additionally, the construction boom witnessed in Delhi and the National Capital Region (NCR) since
the early 2000s has led to large quantities of suspended dust in the air. The lack of proper dust
management measures, such as sprinkling water and covering construction sites, has exacerbated
particulate pollution.

3. Crop Burning in Neighbouring States

One of the most significant and recurring sources of air pollution in Delhi is the practice of crop
stubble burning in Punjab, Haryana, and Uttar Pradesh. Post-harvest burning of paddy residue
releases large quantities of smoke and fine particulate matter, which travel to Delhi, worsening air
quality, particularly in October and November.

Despite efforts to curb this practice through subsidies for machinery like the Happy Seeder, the
economic constraints of farmers often force them to resort to burning as a cost-effective way of
clearing fields.

Solid Waste Burning: Uncontrolled burning of garbage is a common practice in certain areas,
contributing to toxic smoke and particulate matter in the air.

4. Weather and Geographic Factors

Delhi’s geographical location also plays a crucial role in its air pollution crisis. The city’s landlocked
nature prevents the free dispersal of pollutants, unlike coastal cities where sea breezes help in air
circulation. Additionally, during winter months, the phenomenon of temperature inversion traps
pollutants closer to the ground, leading to a spike in pollution levels.
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The combination of winter temperature inversions and low wind speeds exacerbates the pollution
levels, preventing the dispersion of pollutants into the upper atmosphere. This effect is especially
pronounced in Delhi due to its geographical location and the high concentration of emissions during
winter months.

Wind patterns also contribute to the accumulation of pollutants, as winds from the northwest bring
in dust from the Thar Desert and smoke from crop burning. The seasonal increase in pollution during
winter is thus exacerbated by these meteorological conditions.

2. Impact of Air Pollution on Public Health and Economy
2.1. Health Implications

The impact of severe air pollution on the health of Delhi’s residents is dire, with studies showing a
strong correlation between exposure to high levels of PM2.5 and the prevalence of respiratory
diseases, cardiovascular conditions, and premature deaths.

e Respiratory Diseases: The World Health Organization (WHO) attributes over one million
premature deaths in India annually due to air pollution. Conditions such as asthma, chronic
obstructive pulmonary disease (COPD), and bronchitis are on the rise among residents of
Delhi.

e Cardiovascular Diseases: Air pollution is also a significant contributor to heart disease,
with fine particulate matter being linked to inflammation of the blood vessels and increased
blood pressure.

e Cancer: Long-term exposure to air pollutants like benzene and formaldehyde increases the
risk of lung cancer.

According to studies conducted until 2015, prolonged exposure to PM2.5 particles can lead to chronic
respiratory diseases such as asthma, bronchitis, and even lung cancer. Children, the elderly, and
individuals with preexisting health conditions are particularly vulnerable. Data from 2015 indicate
that hospital visits for respiratory ailments increased significantly during peak pollution months.
Furthermore, long-term exposure to air pollution has been linked to premature mortality, with
estimates suggesting thousands of deaths annually in Delhi due to pollution-related diseases.

2.2. Environmental Damage

Air pollution has also had a detrimental impact on Delhi’s environment. High levels of pollutants have
led to acid rain, which damages soil quality and agricultural productivity. The Yamuna River, already
suffering from industrial pollution, is further affected by airborne pollutants settling in its waters.

Furthermore, Delhi's green cover is under threat due to the deposition of particulate matter on
leaves, reducing their ability to photosynthesize effectively. This, in turn, affects biodiversity and
exacerbates urban heat island effects.

2.3. Economic Consequences

The economic burden of air pollution in Delhi is substantial. Productivity losses due to health-related
absenteeism, increased healthcare costs, and reduced efficiency in outdoor activities have serious
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economic ramifications.

Increased Healthcare Costs: Hospitals and healthcare systems face increased demand for
treating respiratory and cardiovascular ailments.

Productivity Loss: Poor air quality leads to higher absenteeism rates and reduced worker
productivity. People suffering from pollution-related illnesses are less likely to be able to
work.

Damage to Agriculture: Poor air quality and particulate deposition also affect crop yields,
further straining the economy.

A 2015 report estimated that air pollution-related health costs in India amounted to nearly 3% of
GDP. The economic cost of air pollution in Delhi alone is estimated to be around 5,000 crores per
year (approximately USD 700 million). Additionally, tourism in Delhi has been impacted, with foreign
visitors often deterred by the city’s poor air quality, particularly during peak winter months.
Businesses and industries also suffer from reduced workforce efficiency due to pollution-related
illnesses.

3. Measures Taken to Combat Air Pollution

3.1. Government Initiatives

Several measures have been undertaken to address Delhi’s air pollution crisis, particularly in the
years leading up to 2015. Some key steps include:

0dd-Even Traffic Scheme: Implemented in 2015, this measure restricted private vehicles
on alternate days based on their registration numbers. The initiative aimed to reduce
vehicular emissions and was moderately successful in reducing congestion and pollution
levels during its trial phase.

Expansion of Metro and Public Transport: The Delhi Metro expansion has played a crucial
role in providing an alternative to private vehicles. The introduction of more buses and the
promotion of carpooling were also steps taken to curb emissions.

Ban on Diesel Generators: To reduce emissions from non-essential sources, restrictions
were placed on diesel generators, which were widely used in residential and commercial
establishments due to frequent power cuts.

Introduction of BS-IV Emission Norms: Stricter fuel and vehicular emission standards,
such as Bharat Stage (BS) IV norms, were enforced to ensure cleaner fuel and lower emission
levels.

3.2. Judicial and Regulatory Actions

The Supreme Court of India and the National Green Tribunal (NGT) have played active roles in
directing policy changes to tackle pollution. Some key interventions include:
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Ban on Older Vehicles: The NGT imposed restrictions on diesel vehicles older than ten
years and petrol vehicles older than fifteen years.

Closure of Polluting Industries: Several industrial units operating within residential areas
or violating emission norms were ordered to shut down.

Restriction on Firecrackers: Recognizing the spike in pollution levels post-Diwali,
restrictions were imposed on the sale and bursting of firecrackers.

4. Challenges and the Way Forward

Despite these measures, Delhi's air pollution problem remains a significant challenge. Some of the
persisting issues include:

Ineffective Implementation: While several policies have been introduced, their
implementation remains weak due to lack of enforcement, corruption, and resistance from
affected stakeholders.

Interstate Coordination: Pollution control requires coordinated efforts between Delhi and
neighbouring states. The lack of cooperation in tackling stubble burning, for instance,
continues to be a major roadblock.

Public Awareness and Participation: Many residents are still unaware of the harmful
effects of air pollution and do not actively contribute to reducing emissions by adopting
sustainable practices like carpooling and waste segregation.

5. Comparative Analysis with Global Cities

5.1. Beijing: A Case Study in Tackling Air Pollution

Beijing, China, faced similar air pollution challenges in the early 2000s, particularly during the winter
months. However, China took several bold steps to improve air quality, which can offer lessons for

Delhi.

Measures Taken in Beijing:

Stringent Emission Standards: China implemented stricter emission standards for vehicles
and industries, pushing for a transition to cleaner fuels and technology.

Crop Residue Management: The Chinese government launched campaigns to reduce
stubble burning, promoting alternative agricultural practices like using straw for bioenergy.

Public Awareness and Policy Changes: Beijing improved public transportation, encouraged
electric vehicles (EVs), and incentivized the use of clean energy in homes and industries.

Monitoring and Reporting: Real-time air quality monitoring stations and transparent
reporting helped raise public awareness and prompted action.

5.2. London: Tackling Air Pollution with Technology

London, UK, has faced similar air pollution challenges, especially during the 1950s when the
infamous "Great Smog" occurred. However, London’s response provides useful insights into
addressing both short-term and long-term air quality concerns.
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Key Steps in London’s Approach:

e Low Emission Zones: London introduced low-emission zones to limit the number of
older, high-emission vehicles.

e Expansion of Public Transport: The city significantly improved its public transportation
infrastructure, reducing reliance on private vehicles.

e Smoke Control Areas: The UK introduced regulations that banned coal burning in certain
areas, which significantly reduced air pollution from domestic heating.

6. Suggested Remedial Measures for Delhi
6.1. Strict Enforcement of Emission Standards

Delhi must introduce stricter regulations to control emissions from vehicles, industries, and power
plants. The implementation of a clean fuel policy for vehicles and industrial units is essential to
reduce NOx and PM emissions.

6.2. Technology-Driven Solutions for Traffic Management

Smart traffic management systems, promoting electric vehicles (EVs), and improving public transport
networks can help reduce the reliance on petrol and diesel vehicles.

6.3. Sustainable Agricultural Practices

To curb stubble burning, the government should invest in sustainable agricultural practices such as
straw mulching, converting residue into bioenergy, and promoting the use of machinery for residue
management.

6.4. Air Pollution Monitoring and Data Transparency

Real-time air quality monitoring stations across Delhi, along with transparent public reporting, can
help raise awareness and enable citizens to take proactive measures during high pollution periods.

6.5. Public Health Initiatives

Investing in healthcare infrastructure to treat pollution-related diseases and promoting air purifiers
and masks during high pollution events will help mitigate health impacts.

Conclusion

Delhi's air pollution crisis is a multifaceted issue requiring urgent and sustained intervention. While
steps taken until 2015 have had some positive impact, more comprehensive and effectively
implemented measures are necessary to achieve long-term improvements in air quality.
Strengthening regulatory enforcement, enhancing public transport, promoting green energy
solutions, and fostering interstate cooperation are essential to mitigating the crisis. Without decisive
action, Delhi’s air pollution will continue to pose a severe threat to public health, the environment,
and economic development. By learning from international case studies like Beijing and London, the
city can adopt technology-driven solutions, implement stringent emission controls, and promote
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sustainable agricultural practices to combat the crisis. With concerted efforts from the government,
industries, and the public, Delhi can reduce its air pollution and work towards a healthier, cleaner
future for its residents.
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