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INTRODUCTION

The COVID-19 pandemic, caused by the novel corobnaVSARS-CoV-2, has had

far-reaching effects on human health, economied, @aly life. Beyond its immediate
consequences, the pandemic has had significantcregsons on the environment. This study
seeks to examine the environmental impacts of tA¥I0-19 pandemic, encompassing both
positive and negative effects.

1. Positive Environmental Impacts:

Reduced Air Pollution: COVID-19 mitigation measures, including lockdowersd
reduced industrial activity, have led to a notideabeduction in air pollution
worldwide. NASA reports a 30% drop in air pollutit@vels in certain regions during
the pandemic.

Reduced Carbon EmissionsThe pandemic has resulted in a 7% reduction inajlob
car-bon emissions in 2020 due to economic slowdoand travel restrictions,
according to the International Energy Agency. Tdesline marks the largest recorded
reduction and has the potential to mitigate clincdtange.

Increased Use of Renewable EnergyGovernments and businesses have accelerated
the transition to renewable energy sources as phrigreen recovery plans.
Simultaneously, the de-creasing cost of renewaldggy has made it a competitive
alternative to fossil fuels.

Reduced Waste: Decreased consumption and increased recyclingrteffoave
resulted in a reduction in disposable product usexgduding plastic bags and single-
use containers.

Increased Awareness: The pandemic has heightened awareness regardimg th
intrinsic connection between human health and enwiental health, fostering
discussions on sustainable practices and policies.

Negative Environmental Impacts:

Plastic Waste Generation: The use of personal protective equipment (PPE) has
contributed to a surge in plastic waste, posing{tarm environmental challenges.
Single-Use Plastics: The increased reliance on single-use plasticsnduthe
pandemic may have enduring consequences for emvaotal sustainability.

METHODOLOGY

Understanding the complex environmental impactsC@VID-19 necessitates a

multidiscipline-nary approach involving the follavg steps:

1.

Define the ScopeEstablish the study's scope, encompassing thgsasmaf COVID-19's
impact on air quality, water quality, waste generatbiodiversity, climate change, and
other environmental indicators.

Identify Data Sources: Identify relevant data sources, which may inclsdeellite data,
ground-level observations, and other datasets girayiinformation on environmental
indicators.
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3. Data Collection: Gather data from the identified sources, ensuthmey collection of
diverse data formats and types.

4. Data Cleaning and Analysis:Clean and analyze the collected data, involvingsano
reduction, data aggregation, and statistical amatgsdentify trends and patterns.

5. Results Interpretation: Interpret the data analysis results, discerning ithpact of
COVID-19 on various environmental indicators anentifying contributing factors.

6. Communication of Findings: Disseminate the findings to policymakers, stakeéid,
and the public through reports, presentations, atiter communication materials,
emphasizing the implications of the study's results

It is essential to adapt this methodology to spéc#fic research questions, data
availability, and available resources, ensuring @bust understanding of the
environmental consequences of the COVID-19 pandemic

lll. RESULTS

The analysis demonstrates that the pandemic condstgnificantly raises the quality
of the air around the world, lowers GHG emissiaesluces noise and water pollution, and
eases pressure on tourist destinations, all oftwimay aid in the restoration of the ecological
system. Along with these positive effects, COVID4dlSo has some negative ones, including
a rise in medical waste, careless use and dispbsiinfectants, masks, and gloves, and the
volume of untreated wastes that are continuoudbctfg the environment. Following the
outbreak, it appears that economic development aallelerate, and circumstances could
alter. This study also offers some suggestiongfospective plans of action to bring long-
term environmental advantages. It is anticipateat the effective implementation of the
offered remedies will contribute to the environm&oterall long-term sustainability.

Human Development vulnerability of countries to COVID-19 crisls
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Figure 1: Human Development Vulnerability
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With decreased activity and boat traffic, there nieeya decrease in the risk that
marine animals will be struck by ships, perishsoffer harm. Additionally, it might reduce
the noise that ships, fishing sonar, and recreatidioats make and affect the marine
ecosystem. The pandemic may even be advantageoasirt@ls since it dismantles the
clandestine, usually illegal supply net-works tlkdt native populations and those that
finance the wildlife trade. Large cities and comaondr harbours are a couple of the
unexpected places where individuals have mentioneding into wildlife. Metropolitan
areas have more animals since there are fewergyeapmd cleaner air, water, and noise levels
there.

Fluctuation of nitrogen dioxide concentrations in Europe (10-day average)
1 January 2020 11 March 2020

Source! ESA website Accessed 13/4/2020

Figure 2: Nitrogen dioxide concentration

1. Human Development: Every culture is susceptible to shocks and adwerget some
fare much better than others and bounce back maoklg When crises occur, nations
with lesser levels of human development are modaimger. In addition to being a health
disaster, the COVID-19 pandemic is also a humaaitaand development issue that
threatens to have long-lasting social, economid, @alitical repercussions, especially in
nations already struggling with fragility, povergnd violence. The majority of countries
have exhibited positive tendencies in human dewvetoy over a long period, according
to the Human Development Reports. However, causi@ways advised be-cause growth
is not linear and crises, whether they are natmrahan-made, have the potential to undo
progress.

The ideas of vulnerability, preparation, and resitie significantly enhance the
human development approach by taking into accowth bisks and uncertainties in
addition to accomplishments. The vulnerability tdversity, such as the present
pandemic, is a manifestation of in-equality. Poyencreases the already high risks of
fatalities and long-lasting effects, making heatiocks some of the most destabilising
events for families and society. People who expegemultiple forms of poverty are
among the most vulnerable.

More than 2 billion people still live in or are @k of multidimensional poverty,

and more than 40% of the world's population laakg land of social protection, despite
recent advancements in the fight against poverty.
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Preparedness of countries to respond to the COVID-19 oisis
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Figure 3: Preparedness of countries

Globalization has helped poor countries econonyicallmany ways, but as the
COVID-19 pandemic has demonstrated, disruptionsria part of a linked world can
have serious local effects elsewhere. People wideen countries that heavily depend
on tourism, such as tiny island developing statesnittance inflows, or official
development assistance, may experience negateetefrom such instances. Crises keep
happening and have a detrimental impact. If comitiasnare to better absorb shocks and
recover, disaster preparedness and recovery cajgshmhust be built.

The capacity of a country's healthcare system, elsag institutional capacity to
effectively maintain essential public services, asta social safety net for the most
vulnerable, support the economy, and mobilise ctille action in all spheres of society,
all play a significant role in a country's ability respond to the COVID-19 pandemic.
Social cohesion is stronger in nations with beigels of human development and less
inequality, which suggests greater trust and thityato prepare for safer societies. Due
to widespread lockdowns, many people are relianarnternet connection for their
jobs, continuing their education, and socialisiBgcause billions of people throughout
the world lack access to dependable broadbandngttethe digital divide is now more
crucial than ever. Although COVID-19 is having arlfaimmediate effect on income
poverty among the lower quintiles of the populatiorhe first year of the pandemic, the
long- and medium-term effects on multidimensionalvgrty indicators (health and
nutrition, education, and living standards) wilcbene apparent.

2. Impact of Pollution and Waste: The risk factor for many people who are expectedi¢o
from COVID-19 may be greatly raised by prolongegasure to air pollution. As a result
of the COVID issue, the effects of solid medicalsteacontamination and marine litter
have significantly increased. The negative effectshe health of people and ecosystems
must be kept to a minimum by reducing air pollutiand managing waste properly.
Unprecedented measures have been taken by marpnsdb limit the coronavirus
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outbreak, which has led to the temporary closurawherous businesses and stringent
travel restrictions.

There has been a decrease in air pollution in, Isyticularly in nitrogen dioxide
(NO2) concentrations, according to recent data filoenCopernicus Sentinel-5P satellite.
The air is still contaminated, even if one air ptdht indicated a decline in the satellite
data. Long-term expo-sure to air pollution may #igantly increase the risk factor for
many people who are anticipated to die from the @A virus, according to a Harvard
study. After COVID-19, cleanup activities must bend to minimise contaminants to
reduce the population's susceptibility to the viflise WHO requests that businesses and
governments raise manufacturing by 40% to keepithpriging global demand because a
lack of personal protective equipment puts heattfgssionals in danger all around the
world. 3 According to figures on medical waste asked by the Public Waste Agency of
Flanders for 2018, an additional 164,140 to 246,@IMes of hazardous medical waste
can be anticipated in the European Union. 10- 15%exical waste is hazardous. Point
sources of extremely toxic persistent organic patts (POPs) will be generated due to
improper waste disposal through small-scale ineithem and dumpsite burning, which
negatively affect human health.

3. Wildlife and Pandemic: The Positive Aspects:The pandemic has introduced a
significant and mostly positive dimension to wifdliconservation. Reduced human
mobility has led to fewer wildlife fatalities on adways, particularly evident in Poland
where hedgehog roadkill rates have decreased by ri@n 50% in March 2021
compared to pre-pandemic years. Similar declina®aad fatalities were observed in 11
countries during the initial pandemic restrictiomsth rates dropping by over 40% in
Spain, Israel, Estonia, and the Czech Republic.

The maritime industry has also witnessed a decliméh a predicted 4.1%
reduction in global maritime trade by the end oP@@nd a 10% decrease in container
trade. Reduced maritime activity has lowered tlsk af marine animals colliding with
ships and experiencing harm. Additionally, dimiidhmaritime traffic has reduced the
marine disturbance caused by ship noise, fishingis@nd recreational boats.

The aviation sector's drastic reduction in air ¢tavas potentially decreased the
likelihood of bird strikes, a significant conceror faviation safety. Furthermore, the
pandemic's disruption of illegal wildlife supply ta@rks may prove advantageous for
wildlife conservation efforts.

4. COVID-19, Air and Water Pollution Variation: Numerous international studies have
documented the pandemic's substantial impact onatd and water pollution. Daily
global CO2 levels declined by 17% in the early rhenbf the pandemic. Nitric oxide
pollution levels also decreased by 20-40% acrosdJ)8, Western Europe, and China. A
study encompassing 44 Chinese cities reported tiedscin major air pollutants by
4.58% to 24.67% due to travel restrictions.

In the US, vehicle emissions significantly declirdeding the pandemic, resulting
in reduced concentrations of ultra-fine particlesl &lack carbon emissions by 60-68%
and 22-46%, respectively. Nitric oxide levels desed by up to 77.3%, and carbon
monoxide levels by up to 64.8% during lockdownSmPaulo, Brazil.
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The pandemic crisis has led to improved air qualiggduced greenhouse gas
emissions, and relieved stress on fragile tourestidations. Additionally, decreased
human activity may have contributed to lower seakomone concentrations.

5. Environmental Impact around the World due to COVID-19: Lockdown measures
have triggered a remarkable decline in carbon eomssvorldwide, leading to improved
air quality. In New York, USA, air pollution leveldecreased by over 50% compared to
the previous year. China also recorded substaméidlictions in NO2 and carbon
emissions, contributing to an 11.4% improvemerdirrquality.

Satellite data from NASA and the European Spacenfygendicate a 30%
reduction in NO2 emissions, primarily attributed reduced industrial and vehicular
activities. Decreased transportation, particulawlgriving and aviation, has significantly
contributed to the reduction in greenhouse gassaoms.

Moreover, the lockdown has benefited water bodweish pollution levels in
India's largest freshwater lake decreasing by d&¥. Beach closures and travel
restrictions in Kenya have led to a reduction irastdumping.

IV. INDIA'S EXPERIENCE WITH COVID-19 LOCKDOWNS

The lockdowns in India have had mixed effects anahvironment. While there have
been improvements in air quality due to reducedisiiébl and vehicular activity, increased
waste generation from PPE and disposable itemsspdsallenges. Reports of increased
wildlife sightings and reduced water pollution afso notable.

In India, there has been a notable decrease poéirtion levels, particularly in major
cities, resulting from reduced traffic and industremissions. However, increased waste
generation and untreated effluent discharge haseda@oncerns.

The COVID-19 pandemic has had complex and multieateeffects on the
environment global-ly. While there have been imgroents in air quality, reduced pollution,
and positive impacts on wildlife conservation, smsed waste generation and other
challenges remain. Sustainable practices and psliaere crucial to ensure a healthier
environment in the post-pandemic era.

1. Findings: As of September 23, 2022, India has reported 40060COVID-19 infections
and 528,000 deaths. A series of nationwide lockdovamd unlock phases were
implemented to curb the spread of the virus. Theseasures had unintended
consequences, including significant improvementsimuality.

Fifteen empirical research articles from around wweld were analyzed, all of

which showed a consistent trend of reduced levelsofiutants such as PM10, PM2.5,
CO, NO, NO2, NH3, NOx, and SO2 during lockdown pési.
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Figure 4: Pollution levels before and during lockdo- Indian citie:

The impact of lockdowns on air quality was parieiy evident in India, wher
satellite data from Sentir-5P and NASA revealed a significant decrcin air pollution
levels, with a 50% reduction in air quality. Temgtere and humidity also decreas
while particulate matter (PM2.5) and carbon monexealels reached nenormal levels.
India's megacities experienced a pollution reductanging frm 30% to 80%

Additionally, a link between air pollution and CQON-19 lethality was found i
Kolkata, where aerosol optical depth (AOD) datavetw a 45% reduction durir
lockdown periods compared to the 2-2019 average. Remote sensing data indica
substantial decrease in suspended particulate moatte Ahmedabad, Ind

2. Air Quality: India, home to many of the world's most polluteties] was the focus «
this investigation, along with the northeastertestaof Maharashtra, Uttar Pradesh, T
Nadu, and Delhi. Aergol optical depth (AOD) data at 550 nm were obwifr®m
MODIS/Terra satellite imagery and analyzed overheigears. The AOD data we
compared with grounbased AOD (AERONET) data, with MODIS showing a st
correlation with AERQIET.

During the COVIL-19 pandemic, AOD data from MODIS were examined
several lockdown periods in India. The -lockdown period (PL), followed by fot
lockdown phases (LD 1.0 to LD 4.0) and one unloblage (UL 1.0), were analyze
AOD levels duringhe PL period in 2020 increased compared to 2018848, with ar
average increase of 6.24% and 11.87%, respec
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AOD levels significantly decreased during the lookth phases, particularly over
the IndoGangetic Plains. Delhi experienced a 23.%38tease in AOD during the PL
period compared to 2018. Uttar Pradesh saw theegteeeduction in AOD during LD
1.0, with a 33.37% de-crease from 2019 and a 49.@&&ease from 2018.

Tahle 1. Average Air quality parameters before and dunng lockdown phase among four mijor metropolitan cities of India,

Delin Mumbai
Adr Quality  Before Duuring Difference % Before During Difference %
parameters  lockdown  lockdown  (pgm H Difference  lockdown  lockdown  (pgm gy Dillerence
PM.: I51.8 4.8 97.0 63.9° 474 310 16.4 4.5
MMia 166.0 719 94.1 5.7 809 6.7 162 20,1
M Hil6 214 8.7 H19 9.2 17.3 515 744
NH; b4 5.2 1.2 18.2 NA NA NA NA
50 134 120 1.2 .9 22 2.3 1.2 125
o 914 61.3 298 2.7 80.2 48.1 321 40.1"
_Ozone 30.1 454 153 50.9° 36.0 199 16l HE
Kolkata Chennai
Pha s 137.7 f1.9 73.8 836" 1.0 20 .4 2.4 88
PMo 1095 120 3175 4 432 MNA NA NA
WO, 281 9.6 18.5 H5.8" 0.2 1.2 30 9%
NH; 29 20 IR 315 15.6 13.7 1.9 121
S0 10,7 . 24 2y 9.1 87 0.5 5.0°
O 21.5 6.8 6.7 8.5 17.3 21.5 4.2 W0
Oeone 402 4238 25 b3 10405 119.8 18.9 18.8%

* Statistical significance (p < 0.03),

Figure 5: Air Quality parakeets before and during lockdowndian cities

The Findings include:

A significant increase in AOD before the lockdownZ020. A sharp decrease in
AOD during lockdown phases, especially over theoladngetic Plains. Differences in
the impact of lockdown phases between northerrsanthern or north-eastern regions.

The primary sources of pollutants in Indian megesitinclude emissions from
transportation, industry, power generation, biomassning, construction, and dust.
Industrial emissions are a significant contributir pollution in Mumbai, while
automobiles dominate emissions in Delhi and Kolk@iaennai's pollution is influenced
by shipping and heavy-duty trucks.

Air pollution has been linked to the transmissiard aseverity of COVID-19.
Lockdown measures, while negatively affecting tber®mmy, have significantly reduced
pollution levels, mitigating the risk of diseasarsmission. The results suggest the
importance of implementing sustainable developneitiitives alongside public health
measures.

V. CONCLUSION
The COVID-19 pandemic has demonstrated the irdgrpetween human activity,

environmental sustainability, and public health. ihthe pandemic's impact on the
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environment may be temporary, it highlights the chéer global cooperation to address
climate change. The reduction in air pollution dgriockdowns serves as a reminder of the
potential for positive change when concerted effearte made. As the world navigates the
challenges of the post-pandemic era, focusing staswable practices is essential to protect
the environment and human health
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