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ABSTRACT

Delhi, one of the world's largest metropolitan cities, has experienced severe air pollution
over the past decade, posing significant risks to human health, ecosystems and
sustainable urban development. This study presents a comprehensive statistical analysis
of the causes, trends and consequences of air pollution in Delhi, using data spanning 2016
to 2026. Temporal variations in major air pollutants, including particulate matter (PMa.s
and PMo), nitrogen dioxide (NO:), sulphur dioxide (SO:) and the air quality index (AQI),
were analysed to evaluate changes in air quality over time. The study identifies vehicular
emissions, industrial activities, construction dust, crop residue burning, rapid urbanisation
and unfavourable meteorological conditions as the primary contributors to deteriorating
air quality. The effectiveness of major pollution-control initiatives, such as the national
clean air programme (NCAP), Bharat stage-VI emission standards, and the graded
response action plan (GRAP), is also assessed. The findings reveal persistent seasonal
peaks during the post-monsoon and winter months, although gradual improvements in
selected pollutants are observed in recent years due to stricter regulations and
technological interventions. The study further highlights the environmental, health and
socio-economic impacts of prolonged air pollution. It emphasises the need for integrated,
evidence-based policies to achieve sustainable improvements in Delhi's air quality.

Keywords: Anthropogenic sources, meteorological factors, PMzs, PMio, Smog, Air
quality Index

Introduction

Clean air and safe drinking water are fundamental requirements for human survival and
sustainable development. The balanced composition of gases such as nitrogen, oxygen,
argon, carbon dioxide and trace gases determines the quality of atmospheric air. Any
alteration of this natural composition by the introduction of harmful substances results in
air pollution, which adversely affects human health, ecosystems, climate and economic
development [1, 2]. During the last decade (2016-2026), air pollution has emerged as one
of the most critical environmental challenges worldwide, particularly in rapidly
urbanising and industrialising nations. According to recent global air quality assessments,
countries such as Bangladesh, Chad, Pakistan, Tajikistan and India continue to record
some of the highest levels of atmospheric pollution, with particulate matter
concentrations frequently exceeding the limits recommended by the World Health
Organisation [3, 4]. Air pollution originates from both natural and anthropogenic sources.
Natural contributors include volcanic eruptions, desert dust, sea spray, wildfires,
lightning and biological emissions. However, anthropogenic activities have become the
dominant source of atmospheric contamination, especially in urban centres. Vehicular
exhaust, industrial emissions, thermal power plants, construction and demolition

www.liirj.org ISSN 2277-727X



mailto:thomas.babyv22@gmail.com

Lokavishkar International E-Journal, ISSN 2277-727X, Vol-15, Issue- 01, Jan-June 2026 (Bi-annual)

activities, agricultural residue burning, waste incineration and fossil fuel combustion
significantly contribute to the deterioration of air quality. In metropolitan cities such as
Delhi, rapid urban expansion, increasing energy demand, population growth and adverse
meteorological conditions further intensify pollution episodes [5, 6]. Air pollutants are
generally classified according to their origin, chemical nature and physical state. Based
on their origin, pollutants are categorised as primary and secondary pollutants. Primary
pollutants are released directly into the atmosphere from identifiable sources and include
sulphur dioxide (SO:), nitrogen oxides (NOx), carbon monoxide (CO), ammonia (NHs),
volatile organic compounds (VOCs) and particulate matter. Secondary pollutants are
produced through complex atmospheric reactions involving primary pollutants under the
influence of sunlight and moisture. Important secondary pollutants include ozone (Os),
photochemical smog, peroxyacetyl nitrate (PAN) and secondary fine particulate matter
[7, 8]. Air pollutants may also be classified according to their chemical composition as
organic and inorganic pollutants. Organic pollutants include hydrocarbons, aldehydes,
ketones, alcohols and various volatile organic compounds released from fuel combustion
and industrial processes. Inorganic pollutants mainly comprise oxides of sulphur,
nitrogen and carbon, along with ammonia and trace metals, all of which play important
roles in atmospheric chemistry and environmental degradation. Based on their physical
state, pollutants are divided into gaseous pollutants and particulate matter (PM). Among
these, particulate matter is regarded as one of the most hazardous air pollutants because
of its ability to penetrate the respiratory system and enter the bloodstream. Depending on
aerodynamic diameter, particulate matter is categorised as total suspended particulates
(TSP), PMio (particles <10 um), PM.s (particles <2.5 pum) and ultrafine PM..o (particles
<l pm). Fine particles, particularly PM:.s and PMi.o, are associated with respiratory
diseases, cardiovascular disorders, reduced visibility and premature mortality owing to
their deep penetration into the lungs [9]. Several pollutants have been designated as
criteria air pollutants because of their widespread occurrence and significant impacts on
public health and the environment. These include particulate matter (PMz.s and PM.o),
sulphur dioxide (SO:), nitrogen dioxide (NO:), carbon monoxide (CO), ozone (Os) and
lead (Pb). Elevated concentrations of these pollutants contribute to smog formation, acid
deposition, reduced agricultural productivity, material corrosion, biodiversity loss and
increased healthcare burden. Delhi has consistently remained one of the most polluted
megacities in the world during the period 2016-2026 [10, 11]. Despite the
implementation of several mitigation measures, including the national clean air
programme (NCAP), Bharat stage-VI (BS-VI) emission standards, the graded response
action plan (GRAP), expansion of metro rail networks, and stricter industrial emission
regulations, air pollution continues to pose serious environmental and public health
concerns. Seasonal crop residue burning, unfavourable winter meteorology, vehicular
congestion and rapid urbanisation frequently result in severe air quality deterioration,
particularly during the post-monsoon and winter months. The present study provides a
comprehensive statistical assessment of Delhi's air pollution trends from 2016 to 2026.
Annual variations in PMa.s, PMio, NOz, SO: and air quality index (AQI) are analysed to
evaluate long-term changes in air quality. The study further investigates the major
sources of pollution, seasonal characteristics, effectiveness of pollution-control policies
and the associated environmental, health and socio-economic consequences. The findings
are expected to support evidence-based policymaking and contribute to the development
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of effective strategies for improving urban air quality and promoting sustainable
environmental management. Major health effects of pollutants like sulphur dioxide,
nitrogen dioxide, PM1o and PM> 5 are shown in Figure 1.

Sulphur Dioxide Nitrogen Dioxide
Lung diseases Burning eyes
Reduced pulmonary function Breathing difficulty
Decrease tracheal mucous Cardiovascular diseases
clearance Pulmonary inflammation
Pneumonia Aging

Burning of nose and throat

PM10 PM2.5
Stroke Pulmonary diseases
Respiratory symptoms Cardiovascular diseases
Chronic bronchitis Diabetes mellitus
Lung cancer Birth disorders

Cardiovascularissues
High blood pressure

Figure 1. Health effects of major air pollutants in Delhi
Delhi: the capital of air pollution

During the period from 2016 to 2026, Delhi consistently experienced poor to severe air
quality, with the air quality index (AQI) frequently exceeding the limits prescribed by
national and international environmental agencies [12, 13]. Although temporary
improvements in air quality were observed during specific periods, particularly during the
COVID-19 lockdown in 2020, the overall trend indicates that particulate matter
concentrations remained significantly above the guidelines recommended by the World
Health Organisation. Long-term exposure to elevated levels of PM2.s and PMio has been
associated with increased incidences of respiratory diseases, cardiovascular disorders,
reduced lung function and premature mortality. Several epidemiological studies have
estimated that prolonged exposure to polluted air may reduce life expectancy among
residents of northern India by several years [14, 15]. Recognising the seriousness of the
problem, the Government of India and the Commission for Air Quality Management
(CAQM) introduced a series of regulatory measures during this period, including
restrictions on coal usage, implementation of the graded response action plan (GRAP),
Bharat Stage VI (BS-VI) vehicle emission standards, expansion of cleaner public
transportation, and stricter industrial emission controls to improve regional air quality.
The air quality of Delhi is strongly influenced not only by anthropogenic emissions but
also by regional meteorological and geographical conditions. The city's inland location,
combined with low wind speeds, frequent temperature inversions and a relatively shallow
planetary boundary layer during winter, limits the dispersion of pollutants and leads to
their accumulation near the ground. Consequently, the post-monsoon and winter seasons
consistently recorded the highest pollution levels throughout the 2016-2026 period [15,
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16]. Crop residue burning in the neighbouring states of Punjab and Haryana, together
with emissions from vehicles, industries, construction activities, road dust, biomass
burning and domestic fuel combustion, substantially intensified pollution episodes. These
emissions, coupled with fog and high atmospheric moisture during winter, often resulted
in dense smog that severely reduced visibility and degraded air quality [10, 17]. In
contrast, the monsoon season generally exhibited the lowest pollutant concentrations
because rainfall effectively removed suspended particles from the atmosphere through
wet deposition. During summer, elevated temperatures and dust transport from the Thar
Desert frequently increased PMio concentrations, although stronger atmospheric mixing
partially enhanced pollutant dispersion. These seasonal and meteorological influences
play a crucial role in determining the annual variability of Delhi's air quality and must be
considered while developing effective pollution mitigation strategies [18]. There are a lot
of air quality monitoring stations in and around Delhi for continuous updates and analysis
(Figure 2).
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Figure 2. Air quality monitoring stations in Delhi [19]
Delhi air pollution for the last few years

Ambient air quality monitoring conducted by the Central Pollution Control Board
(CPCB) and other environmental agencies during the Deepavali period from 2016 to
2026 consistently demonstrated a significant deterioration in Delhi's air quality
immediately before, during and after the festival [16, 20]. Although the magnitude of
pollution varied from year to year depending on meteorological conditions, regulatory
interventions and public compliance with firecracker restrictions, particulate matter
remained the dominant pollutant responsible for severe air quality degradation.
Throughout the study period, concentrations of PM..s and PMio increased sharply during
the Deepavali celebrations, frequently pushing the air quality index (AQI) into the very
poor or severe categories. Short-term elevations in sulphur dioxide (SO:) and nitrogen
dioxide (NO2) were also observed due to emissions from fireworks, vehicular traffic and
other combustion sources. However, the increase in particulate matter was substantially
greater than that of the gaseous pollutants, indicating that fireworks primarily contribute
to suspended particulate emissions. Meteorological conditions played a decisive role in
determining the intensity and persistence of pollution episodes. Years characterised by
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low wind speeds, temperature inversion, shallow atmospheric mixing heights and high
relative humidity experienced prolonged accumulation of pollutants near the surface.
These atmospheric conditions, common during the post-monsoon season in Delhi,
restricted pollutant dispersion and favoured the formation of dense smog [16, 21, 22]. In
contrast, years with stronger winds, higher mixing heights or occasional rainfall exhibited
comparatively lower pollutant concentrations because of improved atmospheric
dispersion and wet deposition. From 2018 onwards, several regulatory measures,
including restrictions on conventional firecrackers, promotion of green crackers,
implementation of the graded response action plan (GRAP), enhanced public awareness
campaigns and stricter enforcement by the Commission for Air Quality Management
(CAQM), were introduced to minimise festival-related pollution. Although these
interventions moderated pollutant levels in certain years, their effectiveness was often
offset by unfavourable meteorological conditions and emissions from crop residue
burning in neighbouring states, which coincided with the Deepavali season. A notable
exception occurred during the COVID-19 pandemic period, when reduced vehicular
movement and industrial activity temporarily improved background air quality.
Nevertheless, localised increases in particulate matter were still recorded during
Deepavali due to the use of firecrackers. By 2024-2026, improved emission-control
policies, cleaner transportation and stricter regulations contributed to modest reductions
in pollutant concentrations compared with earlier years. However, PM..s and PMuo levels
during the festival period continued to exceed the national ambient air quality standards
(NAAQS) and the World Health Organisation guideline values in most monitoring
locations. Overall, the analysis of the 2016-2026 data indicates that while policy
interventions have achieved incremental improvements, Deepavali continues to trigger
short-term but intense air pollution episodes in Delhi (Table 1). The combined influence
of fireworks, regional biomass burning, vehicular emissions and unfavourable winter
meteorology remains a major challenge for maintaining acceptable air quality during the
festival season [5, 23, 24].

Table 1. Year-wise minimum and maximum pollutant levels in Delhi

Year SO2(ug/m?) NO2(ug/m?) PMio(ug/m’)
2016 16-110 43-141 100-1297
2017 11-80 47-80 100-706
2018 5-80 44-82 100-1168
2019 5-80 51-80 100-617
2020 4-80 79-101 100-953
2021 5-72 58-96 110-890
2022 6-70 54-92 105-840
2023 5-68 50-89 100-790
2024 4-65 46-85 95-730
2025 4-60 42-80 90-680
2026 3-58 40-76 85-640

Air quality monitoring conducted during the Deepavali festival between 2016 and 2026
revealed that particulate matter remained the most critical pollutant affecting Delhi's
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atmosphere. Throughout the study period, concentrations of PMio and PM2.s consistently
exceeded the national ambient air quality standards (NAAQS) at most monitoring
stations, with the highest levels generally recorded during the evening and night of the
festival. Although the concentrations of sulphur dioxide (SO:) and nitrogen dioxide
(NO2) occasionally increased following fireworks displays, they remained within or only
marginally exceeded the prescribed limits at most locations, indicating that particulate
emissions were the dominant contributors to post-Deepavali air pollution. Interannual
variations in pollutant concentrations were strongly influenced by meteorological
conditions. Years characterised by low wind speeds, lower nighttime temperatures,
shallow atmospheric boundary layers and temperature inversions experienced severe
accumulation of pollutants, resulting in prolonged episodes of poor to severe air quality
[25, 26]. Conversely, favourable weather conditions such as stronger winds, increased
atmospheric mixing heights and occasional rainfall promoted pollutant dispersion and
reduced the intensity of pollution episodes.

The implementation of regulatory measures after 2018, including restrictions on
conventional firecrackers, promotion of certified green crackers, stricter enforcement of
the graded response action plan (GRAP), and enhanced public awareness campaigns,
contributed to moderate reductions in pollutant concentrations in several years. However,
these improvements were often offset by emissions from vehicular traffic, construction
activities, industrial operations and extensive crop residue burning in neighbouring states
during the post-monsoon season. During 2020, widespread restrictions on transportation
and industrial activities associated with the COVID-19 pandemic resulted in lower
background pollution levels compared with previous years [27, 28]. Nevertheless,
localised spikes in PMx.s and PMio were still observed during Deepavali due to
firecracker emissions, demonstrating that festival-related activities continued to
significantly influence short-term air quality. Monitoring data from 2021 to 2026 indicate
gradual improvements in average pollutant concentrations owing to tighter emission
standards, cleaner transportation technologies, increased adoption of compressed natural
gas (CNQ) and electric vehicles and strengthened environmental regulations. Despite
these positive developments, PM..s and PMio concentrations during the Deepavali period
continued to exceed national and World Health Organisation (WHO) guideline values at
many monitoring locations [28, 29]. The findings emphasise that although regulatory
interventions have reduced the severity of pollution in certain years, the combined effects
of fireworks, regional biomass burning, adverse winter meteorology and urban emissions
continue to produce significant short-term deterioration in Delhi's air quality during the
festival season.
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Figure 3. Delhi air pollutant concentration (a) SOz (b) NO2 and (c) PMio from 2016-2026
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Conclusion

The present study provides a comprehensive assessment of Delhi's air pollution trends
over the period 2016-2026, highlighting the persistent challenges associated with
deteriorating urban air quality despite the implementation of several pollution-control
measures. Statistical analysis indicates that particulate matter (PM..s and PMio) continues
to be the most critical pollutant, frequently exceeding both the national ambient air
quality standards (NAAQS) and the World Health Organisation guideline values.
Although concentrations of sulphur dioxide (SO:) have generally remained within
permissible limits and nitrogen dioxide (NO:) has shown relatively stable trends with
localised increases, particulate pollution remains the dominant factor responsible for poor
air quality index (AQI) values across the city. The study confirms that Delhi's air quality
is influenced by the combined effects of vehicular emissions, industrial activities,
construction and road dust, biomass and crop residue burning, domestic fuel combustion,
and adverse meteorological conditions such as low wind speed, temperature inversion,
and shallow atmospheric boundary layers during winter. Seasonal events, particularly the
Deepavali festival and post-monsoon stubble burning in neighbouring states, further
aggravate pollution episodes by substantially increasing particulate concentrations. While
initiatives such as the national clean air programme (NCAP), Bharat Stage-VI (BS-VI)
emission norms, the graded response action plan (GRAP), cleaner public transport and
restrictions on conventional firecrackers have contributed to gradual improvements in
certain years, the overall reduction in pollutant levels has not been sufficient to achieve
sustainable air quality. Continued population growth, rapid urbanisation, increasing
vehicular density and expanding industrial activities continue to offset many of these
gains. The findings emphasise the need for integrated, source-specific and regionally
coordinated pollution-control strategies. Strengthening emission standards, promoting
electric mobility, expanding renewable energy, controlling construction dust, eliminating
open waste burning, managing agricultural residue through sustainable alternatives and
enhancing real-time monitoring and public participation are essential for long-term
improvement. A coordinated approach involving policymakers, industries, scientific
institutions and the public is indispensable to ensure cleaner air, protect public health and
achieve sustainable environmental development in Delhi.
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