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ABSTRACT

The COVID-19 pandemic induced an unprecedented nationwide lockdown in India beginning on 25 March 2020,
which sharply curtailed industrial activity, vehicular traffic, and construction. The Delhi-National Capital Region
(NCR), among the most polluted regions in the world, experienced drastic short-term improvements in
environmental quality. This article synthesizes empirical findings from peer-reviewed studies focusing on the
lockdown period, presenting quantitative evidence of air pollutant reduction and examining the spatial and chemical
characteristics of these changes.
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INTRODUCTION

Delhi-NCR is frequently ranked as one of the world’s most polluted metropolitan areas, with annual PM..s levels often
exceeding WHO guidelines by 10-15 times. The COVID-19 lockdown of March—-May 2020 provided an unplanned
“natural experiment” to assess the extent of anthropogenic contributions to pollution. Numerous environmental studies have
since quantified reductions in pollutants across the NCR during this restricted-mobility period.

THEORETICAL FRAMEWORK

The environmental impact of the COVID-19 lockdown in Delhi-NCR can be understood through the lens of
Anthropogenic Activity Reduction Theory and Environmental Kuznets Curve (EKC) Hypothesis. The sudden halt of
industrial production, vehicular movement, and construction activities provided a natural experiment to examine the direct
relationship between human activity and environmental quality.

The EKC hypothesis posits that environmental degradation initially rises with economic growth but eventually declines
after a threshold due to improved technology and policies. The lockdown created a temporary “de-growth” situation,
allowing observation of how reduced economic activities led to immediate ecological improvements.

Additionally, the framework is supported by the Systems Theory of Environment, which emphasizes interdependence
between air, water, and noise pollution levels. Declines in transportation emissions not only reduced air pollutants (PMa.s,
NO-) but also indirectly influenced water quality (less vehicular and industrial effluent runoff) and noise levels.

Thus, the theoretical grounding combines human-environment interaction models, resilience theory, and sustainability
paradigms, providing a holistic approach to interpret the empirical evidence of environmental changes during the
lockdown period in Delhi—-NCR.

PROPOSED MODELS AND METHODOLOGIES

To empirically review the environmental impact of the COVID-19 lockdown in Delhi-NCR, the following models and
methodologies are proposed:

1. Data Collection and Sources
Secondary datasets from the Central Pollution Control Board (CPCB), System of Air Quality and Weather
Forecasting and Research (SAFAR-India), and Delhi Pollution Control Committee (DPCC) for air quality
indicators (PMz.s, PMio, NO2, SOz, Os, and CO).
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Central Water Commission (CWC) and Delhi Jal Board (DJB) reports for Yamuna water quality parameters (DO,
BOD, COD, pH).
Noise level data from CPCB monitoring stations and published environmental studies.

Comparative Temporal Analysis Model

Pre-lockdown vs. Lockdown vs. Post-lockdown pollutant concentration analysis using descriptive statistics and
percentage change calculations.

Trendline comparisons across different phases to identify short-term and rebound effects.

Spatial Analysis
GIS-based mapping of pollution data across Delhi-NCR districts to visualize regional variations in air and water
quality.

AQI Modeling
Application of the Air Quality Index (AQI) framework to evaluate changes in public exposure risk during lockdown
periods.

Statistical Tools
Paired t-tests/ ANOVA to assess the significance of pollutant reduction between pre- and lockdown phases.
Correlation analysis between vehicular movement (traffic volume datasets) and pollutant concentrations.

EXPERIMENTAL STUDY

The COVID-19 lockdown in Delhi-NCR served as a natural experiment, providing a unique opportunity to analyze the
environmental effects of a sudden and large-scale reduction in human activities. Unlike conventional laboratory-based
studies, this investigation relies on observational and empirical data gathered during pre-lockdown, lockdown, and post-
lockdown phases.
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Study Area
The study focuses on the Delhi-National Capital Region (NCR), one of the most polluted urban agglomerations
globally, comprising Delhi and surrounding districts such as Gurugram, Noida, Ghaziabad, and Faridabad.

Study Period

Pre-lockdown Phase: January—March 2020

Lockdown Phase: March—May 2020 (strict restrictions)
Post-lockdown Phase: June—August 2020 (gradual reopening)

Parameters Measured

Air Quality: PMz.s, PMio, NO2z, SOz, Os, and CO concentrations.

Water Quality (River Yamuna): Dissolved Oxygen (DO), Biological Oxygen Demand (BOD), Chemical Oxygen
Demand (COD), and pH.

Noise Pollution: Ambient decibel levels recorded across residential, commercial, and industrial zones.

Data Sources

Air and noise data from CPCB, DPCC, and SAFAR-India monitoring stations.

Water quality data from CWC and DJB sampling points along the Yamuna.
Supplementary datasets from published articles, government bulletins, and media reports.

Data Collection and Validation

Continuous monitoring station data was downloaded and cleaned for missing or anomalous entries.
Averaged daily values were computed, and seasonal variations were adjusted to avoid bias.
Validation was performed by cross-referencing multiple official sources.

Experimental Approach

Comparative Design: Environmental indicators were compared across the three study phases.

Control Factor: Meteorological parameters (temperature, humidity, wind speed, rainfall) were accounted for to isolate
the impact of reduced anthropogenic activity.

Statistical Analysis:

Page | 42



International Journal of Enhanced Research in Science, Technology & Engineering
ISSN: 2319-7463, Vol. 10 Issue 8, August-2021, Impact Factor: 7.957

Descriptive statistics to identify magnitude of change.
Paired t-tests to assess significance of differences.
Correlation models linking vehicular/industrial activity to pollution levels.

COMPARATIVE ANALYSIS IN TABULAR

Comparative Analysis of Environmental Indicators During Pre-Lockdown, Lockdown, and Post-Lockdown Phases

in Delhi-NCR
Parameter Pre-Lockdown (Jan- | Lockdown (Mar-— Post-Lockdown % Change (Lockdown vs.
Mar 2020) May 2020) (Jun-Aug 2020) Pre-Lockdown)
PM..s (ug/m’ 110-140 40-60 90-120 ~55%
(ng/m’) !
PMio (ug/m?) 220-250 70-100 180-210 1 ~60%
NO: (ng/m?) 50-70 15-25 40-55 1 ~65%
SO: (ng/mv) 15-20 8-12 14-18 | ~40%
3 . g 1 ~30% (due to lower NO
0s (ng/m?) 25-35 40-50 30-40 ttration)
CO (mg/m?) 1.5-2.0 0.7-1.0 1.2-1.5 1 ~45%
Yamuna DO 0
(mg/L) 2.0-3.0 4.0-6.0 3.04.0 1 ~80%
Yamuna BOD 0
(mg/L) 20-30 8-12 15-20 1 ~60%
Amb'(ed”é)'\‘o'se 75-85 (traffic/markets) 50-60 70-80 1 ~35%

SIGNIFICANCE OF THE TOPIC

The study of the environmental impact of the COVID-19 lockdown in Delhi-NCR carries significant academic, policy-
oriented, and societal relevance:

1. Natural Experiment for Environmental Science
The lockdown acted as a large-scale, unplanned experiment that revealed the direct relationship between anthropogenic
activities and environmental quality. Such opportunities are rare, providing unique empirical evidence to strengthen
environmental research.

2. Air Quality and Public Health

o Delhi-NCR is one of the world’s most polluted regions, with chronic air pollution linked to respiratory, cardiovascular,
and neurological illnesses. The lockdown demonstrated that reducing vehicular emissions and industrial activity can
result in immediate and measurable health benefits, offering insights for future urban health policies.

3. Water Resource Management

o The improvement in Yamuna water quality underscores the role of industrial discharge controls in sustainable water
management. These findings are critical for designing policies targeting river restoration projects across India.

4. Noise Pollution and Urban Livability

o Significant reduction in noise levels enhanced urban livability and wildlife activity. This highlights the overlooked
dimension of noise control in urban planning and policy-making.

5. Policy Implications for Sustainable Development

o The findings can guide long-term strategies to balance economic growth with environmental sustainability, supporting
India’s commitments under the Paris Agreement (2015) and the United Nations Sustainable Development Goals
(SDGS), particularly SDG 3 (Good Health), SDG 6 (Clean Water), and SDG 13 (Climate Action).

6. Behavioral and Societal Lessons

o The lockdown showcased the potential of behavioral changes—such as reduced travel, work-from-home models, and

sustainable consumption practices—in mitigating environmental stress.

In essence, this study not only evaluates a historic environmental event but also provides a blueprint for sustainable policy
interventions, public awareness campaigns, and urban resilience planning in megacities like Delhi.
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LIMITATIONS & DRAWBACKS

While the COVID-19 lockdown in Delhi-NCR provided unprecedented insights into the link between anthropogenic

activities and environmental quality, this study is not without its limitations and drawbacks:

1. Short-Term Nature of Improvements

o The positive environmental changes observed during the lockdown were temporary. Air and water quality indicators
quickly rebounded once restrictions were lifted, limiting the long-term applicability of findings.

2. Confounding Meteorological Factors

o Variations in weather conditions (temperature, humidity, wind speed, and rainfall) also influenced pollutant dispersion
and water quality. Isolating the exact contribution of reduced human activity is therefore challenging.

3. Data Limitations

o Reliance on secondary datasets from CPCB, DPCC, and other agencies may involve gaps, inconsistencies, or biases.
Some monitoring stations reported incomplete or missing data during the study period.

4. Geographical Coverage

o The study focuses on Delhi-NCR and may not fully represent environmental responses across other regions of India,
where industrial and urban activity patterns differ.

5. Lack of Primary Data Collection

o Due to pandemic restrictions, field-based sampling and direct measurements were limited, reducing the ability to
validate secondary data comprehensively.

6. Economic and Social Trade-offs

o  While environmental indicators improved, the lockdown caused severe socio-economic disruptions, including job
losses, food insecurity, and mental health challenges. These trade-offs highlight the impracticality of achieving
sustainability through extreme restrictions.

7. Ozone Formation Anomaly
The increase in ground-level ozone (Os) during lockdown complicates the narrative of universal environmental
improvement and suggests complex atmospheric chemistry not fully captured in this review.

In summary, although the lockdown highlighted the environment’s resilience, these limitations suggest that long-term
sustainable solutions require systematic policy interventions, not crisis-driven shutdowns.

Methodology of Reviewed Studies

This article reviews data from government monitoring stations, remote sensing platforms, and chemical composition
analyses published in peer-reviewed journals between 2020 and 2022. Emphasis is placed on pollutant concentration
changes during the Phase | lockdown (25 March-14 April 2020) and subsequent extended phases through May 2020.

RESULTS

1. Particulate Matter (PM..s and PMo)

* PM..s and PMio concentrations declined by 55-65% relative to pre-lockdown baselines (Gurugram, Noida, Delhi,
Faridabad) [Sharma et al., 2021].

« IIT Delhi reported a 60% reduction in traffic-related PM2.s sources, with vehicular emissions falling by ~96% in chemical
source apportionment studies [Ganguly et al., 2020].

2. Nitrogen Oxides (NO, NO:)

* NOx decreased by 50—78% across monitoring stations [Sharma et al., 2021].

* Roadside NO: levels fell from ~60 pg/m* (pre-lockdown) to ~20 pg/m3 during lockdown, highlighting transport’s
dominance.

3. Sulfur Dioxide (SO:) and Carbon Monoxide (CO)
* SO: dropped by ~33%.
* CO fell by ~45%, attributed to reduced combustion and transport activity [Mahato et al., 2020].

4. Ammonia (NHs) and Benzene (CsHs)

* NHs declined by 27%.
* Benzene decreased by ~53%, showing the impact of curtailed petrochemical and traffic activity.
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5. Ozone (03)

* Initial decline in the first week of lockdown was followed by a 19-27% increase later. This was due to reduced NO
titration, as lower NOx emissions allowed ozone accumulation, especially in vegetated or residential areas [Jain & Sharma,
2020].

6. Air Quality Index (AQI)

* Overall AQI improvement across NCR was 45-68%, shifting from “very poor/severe” to “moderate/satisfactory”
categories [Sharma et al., 2021].

DISCUSSION

The sharp decline in primary pollutants during lockdown unequivocally demonstrated the magnitude of anthropogenic
emissions from transport, construction, and industry in NCR. However, the rise in ozone highlighted complex atmospheric
chemistry and secondary pollutant dynamics. Meteorological conditions, including higher rainfall in March 2020 compared
to 2019 and fewer dust storms, further reinforced pollutant dilution [Pata et al., 2021].

The temporary improvements underscore the feasibility of policy interventions such as restricted vehicular days, promotion
of electric mobility, and industrial emission controls, albeit in targeted, sustainable forms rather than enforced shutdowns.

CONCLUSION

The COVID-19 lockdown of 2020 resulted in an unprecedented improvement in Delhi-NCR’s air quality, with particulate
matter and gaseous pollutants dropping by 30—70%. While this was a temporary phenomenon, it highlighted the crucial role
of anthropogenic activity in NCR’s chronic pollution and provided an experimental baseline for designing long-term
mitigation strategies.
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