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Abstract
The nexus of COVID-19 and environment is conspicuously deep-rooted. The roles of environmental factors in the origin, 
transmission and spread of COVID-19 and the mutual impact of the pandemic on the global environment have been the two 
perspectives to view this nexus. The present paper attempts to systematically review the existing literature to understand 
and explore the linkages of COVID-19 with environment and proposes conceptual frameworks to underline this nexus. Our 
study indicates a critical role of meteorological factors, ambient air pollutants and wastewater in severe acute respiratory 
syndrome coronavirus 2(SARS-CoV-2) transmission-spread dynamics. The study also focuses on the direct and indirect 
impacts of COVID-19 on the regional and global environment. Most of the indirect environmental effects of COVID-19 
were attributed to global human confinement that resulted from the implementation of the pandemic containment measures. 
This worldwide anthropogenic ‘pause’ sent ripples to all environmental compartments and presented a unique test bed to 
identify anthropogenic impacts on the earth’s natural systems. The review further addresses emerging sustainability chal-
lenges in the new normal and their potential solutions. The situation warrants critical attention to the environment-COVID-19 
nexus and innovative sustainable practices to address the ramifications of short- and long-term environmental impacts of 
the COVID-19 pandemic.
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Introduction

Infectious diseases have been known to exist since humans 
lived as foragers. Though, it was only after the shift to 
agrarian lifestyle some eleven thousand years ago, that 
the magnitude and spread of these diseases increased sig-
nificantly (Dobson and Carper 1996, Wolfe et al., 2007). 
The threat of infectious disease outbreaks has been loom-
ing over the human civilization with epidemics and pan-
demics erupting and fading at regular intervals ever since. 
A pandemic is an epidemic with worldwide occurrence, 
spread over a vast geographical area, crossing international 
boundaries and affecting human populations globally 
(Feinleib 2001). As humans grew more civilized with pro-
liferating urban areas, expanding global transport networks 
and increased contact with different populations, the prob-
ability of disease outbreaks amplifying into a pandemic 
increased concurrently (Tatem et al. 2006, Brockmann 
2017). In the domain of infectious diseases, pandemics 
present worst case scenarios claiming millions of human 
lives, plummeting economies, and resulting in large scale 
socio-economic impacts. Some of the major outbreaks in 
the recent past include the Spanish Flu (1918), Mexican 
Smallpox (1967), Acquired Immune Deficiency Syndrome, 
AIDS (1980s), SARS (2002/03), Bird Flu (2005), Swine 
Flu (2009/10), Middle East respiratory syndrome-MERS 

(2012), Avian influenza (2003–2019), Ebola (2014) and 
Nipah virus (1998–2018).

COVID‑19

During the late November of 2019, a series of pneumonia 
like cases with inexplicable reasons appeared in Wuhan 
city situated in the Hubei province of China. Deep sequenc-
ing analysis performed on the lower respiratory tract sam-
ples suggested the presence of a novel coronavirus (Huang 
et  al. 2020; Wu et  al. 2020) which was named initially 
as the 2019 novel coronavirus (2019-nCoV) on 12 Janu-
ary 2020 by World Health Organization (WHO). On 11th 
February 2020, WHO officially named the disease as the 
coronavirus disease 2019 (COVID-19) and the International 
Committee on Taxonomy of Viruses (ICTV) named the 
causal virus as SARS-CoV-2. The SARS-CoV-2 is a type 
of β-coronavirus which was found to be like SARS-CoV-1 
and MERS-CoV, responsible for the pandemics of 2003 
and 2012 respectively. Coronaviruses belong to a large and 
diverse viral family of Coronaviridae and are known to have 
the potential to infect humans and animals. Coronaviruses 
are divided into four genera viz. alpha (α), beta (β), gamma 
(γ) and delta (δ).The SARS-CoV-2 which is contagious to 
humans, is a type of β-coronavirus, enveloped and with a 
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non-segmented positive-sense single-stranded ribonucleic 
acid (RNA). SARS-CoV-2 has 96% of its whole-genome 
similarity with a Bat-CoV, reported from Rhinolophus 
affinis (an intermediate horseshoe bat) sampled from Yunnan 
Province (Zhou et al. 2020), thereby suggesting its zoonotic 
origin. However, the exact source and location of origin of 
SARS-CoV-2 remains unclear. The source of infections for 
most of the initial cases were found to be linked to a seafood 
market in Wuhan, though bats were not available for sale 
therein (Zhou et al. 2020).

The disease quickly spread out from Wuhan, engulfing 
several countries, and increasing death tolls. Taking cog-
nizance of the burgeoning cases of the coronavirus illness 
in various countries and the sustained risk of further global 
spread, the WHO on 11th March 2020, declared COVID-19 
a pandemic.

SARS-CoV-2 was observed to be transmitted between 
humans by direct, indirect, or close contact with infected 
people. Transmission occurred through infected individuals 
by their secretions such as saliva, respiratory secretions or 
respiratory droplets which are propelled by talking, cough-
ing, or sneezing (WHO 2020a; Gorbalenya 2020; Wangand 
Du 2020; Stadnytskyia et al. 2020). The heavier droplets 
usually descend on the ground or other environmental sur-
faces and were not reported to travel through air over long 
distances. However, smaller droplets remain suspended in air 
columns for lengthier time periods and exhibited potential 
for SARS-CoV-2 transmission (Morawskaand Cao 2020; 
Galbadage et al. 2020; Jayaweeraa et al. 2020; Samet et al. 
2021; Chirizzi et al. 2021). Recently, WHO acknowledged 
the ‘evidence emerging of airborne spread of coronavirus’ 
(WHO 2020a; Wilson et al. 2020). Common symptoms of 
coronavirus infection are fever, dry cough, fatigue, breath-
ing difficulties and change in chemosensory modalities such 
as taste and smell (Gane et al. 2020). Pneumonia and acute 
respiratory distress syndrome are the further complications 
that might occur (Matthay et al. 2020). Preventive measures 
recommended for COVID-19 include wearing a face mask 
in public settings, hand washing and sanitizer use, maintain-
ing social distancing, disinfecting environmental surfaces, 
increasing ventilation, enhancing indoor air filtration and 
isolating individuals suspected of infection (Mahmood et al. 
2020; Thu et al. 2020; Golin et al. 2020; Velavan and Meyer 
2020; Hu et al. 2020).

The environment‑pandemic nexus

Environment, social and demographic factors along with 
globalization and health system capacities are established 
drivers of emerging infectious diseases (Semenza et al. 2013; 
Suk and Semenza 2011; Arthur et al. 2017). Amongst these 
determinants the role of environment-epidemic nexus in the 

emergence and spread of infectious diseases has increas-
ingly been acknowledged (Patz et al. 2003; Metcalf et al. 
2017). Distal (viz. deforestation, climate change) and proxi-
mal (viz. Air temperature, humidity, faecal contamination) 
environmental characteristics and associated changes are 
known to impact transmission dynamics of infectious patho-
gens (Eisenberg et al. 2007; Schneider and Machado 2018). 
The present linkages of environment and COVID-19 with 
respect to disease emergence spread and impacts are evident 
as well, with its ramifications affecting several environmen-
tal compartments. A conceptual framework to explore the 
COVID-19 and environment nexus has been presented in 
Fig. 1. Several epidemiological investigations in the trans-
mission mechanism of SARS-CoV-2 have already shed light 
on its spread primarily through the atmospheric compart-
ments. Meteorological factors of the atmosphere such as air 
temperature, humidity, precipitation were reported to play a 
key role in COVID-19 transmission (Jahangiri et al. 2020; 
Zhang et al. 2020). Additionally, associations of ambient 
air pollutants with COVID-19 spread and related mortality 
was observed in several studies (Ogen 2020; van Doremalen 
et al. 2020). Particulate matter in particular was reported 
to be an aid to the airborne transmission of SARS-CoV-2 
(Setti et al. 2020; Cai et al. 2020). Apart from several reports 
of SARS-CoV-2 transmission via the atmospheric com-
partment, an alternative route of its spread was speculated 
through wastewater (Ahmed et al. 2020). With the detection 
of SARS-CoV-2 RNA in excreta specimens, such as fae-
ces and anal/rectal swabs (Gu et al. 2020; Song et al. 2020; 
Gao et al. 2020) and subsequently in wastewater (Ahmed 
et al. 2020; Lodder and de RodaHusman 2020), there was an 
increased concern to better understand wastewater as poten-
tial sources of transmission and associated human health 
risks (Gormley et al. 2020).

While the environmental determinants mediated the 
transmission dynamics of SARS-CoV-2, the pandemic of 
COVID-19 presented mutual environmental impacts via 
reduced modern human activity. As we advance in the 
Anthropocene with increasing human alterations as drivers 
for global environmental change (Lewis and Maslin 2015; 
Nava et al. 2017), a wide range of impacts are anticipated 
upon the infectious diseases in human populations via the 
interplay of pathogens, host and environment (Jones et al. 
2008; Engering et al. 2013). In view of the profound influ-
ence of the ongoing human activity on the global envi-
ronment, it is also implied that any large-scale impact on 
modern human activities will send ripples in all the environ-
mental compartments. TheCOVID-19 associated widespread 
human confinement had many short as well as long term 
indirect effects on the global environment. The pandemic has 
impacted the humankind with such an enormity that prob-
ably has no parallel in the recent past; the most challenging 
crisis since the Second World War (UN 2020).
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Although, the effects of the pandemic outbreaks on public 
health, society and economy have been frequently discussed 
(Huremović 2019), their larger, long lasting, unforeseen and 
strong impacts on environment have so far been neglected. 
The environmental perspectives of COVID-19 pandemic, 
though, has received significant scientific attention as is 
evident from several peer-reviewed and preprint publi-
cations in a brief period of time (Chakraborty and Maity 
2020; Muhammad et al. 2020a,b; Paital 2020; Saadat et al. 
2020; Shakil et al. 2020; Zambrano-Monserrate et al. 2020; 
Nature Index 2020). The COVID-19 pandemic brought 
the world to a standstill with countries implementing strict 
lockdowns, travel bans and several other restrictions. This 
initial period witnessed unusual global slowdown of modern 
human activities, notably travel and was aptly referred to as 
anthropause (Rutz et al. 2020). The ‘anthropause’ set up the 
stage for a natural experiment where researchers and scien-
tist could disentangle the anthropogenic impacts from their 
naturogenic analogues. Dramatic environmental alterations 
were reported throughout the world in a brief period of time. 
Ancient populations restricted to their homes, tiding over 
the pandemics of the distant past might not have been a wit-
ness to such an immediate environmental impact. Since the 
record of the pandemic history, such an opportunity, though 
poignant, has perhaps never been presented before.

The environment‑pandemic nexus: lessons 
from the past

The role of environmental determinants such as climate, 
temperature, humidity in the transmission and pathogen 
dynamics of epidemics and pandemics in the near and dis-
tant pasts have been widely discussed (Stenseth et al. 2006; 
Schmid et al. 2015; Xu et al. 2019; Tennant et al. 2020). In 
comparison, studies pertaining to the impact of pandem-
ics on environment are scarce, though few investigations 
have unravelled these aspects of the past pandemics as 
well. The series of bubonic plagues (1499–1720 AD) for 
example, have been known to leave their signatures on 
the global environment. Ruddiman (2003) observed cor-
relations between plague pandemics and decreased car-
bon dioxide (CO2) concentrations from reconstructed ice 
cores. These correlations were attributed to mass human 
deaths which caused widespread abandonment of farms 
and rural villages. As new forests started to reclaim aban-
doned farmlands, they sequestered huge amounts of carbon 
leading to significant decrease in carbon dioxide (CO2) 
concentrations of the atmosphere. On the contrary, cou-
pled climate–carbon simulation studies have indicated 
minor global impacts of pandemics on atmospheric CO2 
between 800–1850 AD (Pongratz et al. 2011).

Fig. 1   A conceptual framework for the COVID19 and Environment 
nexus. Yellow lines indicate direct impacts of Covid-19 pandemic on 
the environment. Green lines indicate indirect impacts of Covid-19 
pandemic on the environment. Red lines indicate transmission/origin 

of SARS-CoV-2 via environmental compartments. [+] sign indicates 
positive impact on environment. [−] sign indicates negative impact 
on environment
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Studies pertaining to quantitative estimates of environ-
mental impacts of epidemics and pandemics of the recent 
past such as the Spanish Flu, SARS, and MERS are scanty. 
This could be attributed to the fact that most of the past 
outbreaks, but for Spanish Flu, did not escalate to the scale 
of COVID-19 pandemic, had more regional than global 
impacts, and thereby attracted less scientific attention with 
respect to their environmental perspectives. The Spanish Flu 
of 1918 which caused nearly 50 million deaths worldwide 
was a pandemic in true sense, comparable in enormity to the 
present pandemic humanity is going through (Johnson and 
Mueller 2002). Emerging transportation networks, which are 
established drivers of infectious diseases spread (Khan et al. 
2009; Nakata and Röst 2015), seem to have played a pivotal 
role in the quick spread of Spanish Flu. The invention of air-
planes in 1903 and their widespread use as military aircraft 
during the World War I (1914–1918) was perhaps the major 
cause of the rapid spread of Spanish Flu to several countries 
in a brief period of time. However, the pandemic of Spanish 
Flu and associated global impacts failed to attract required 
scientific attention probably due to the scientific and tech-
nological constraints, economic breakdown followed by 
global depression and the overarching effects of the World 
War I during that era (Clay et al. 2018). While the scale of 
impact of past pandemics on the then global environment is 
debatable, the imprint of the present pandemic on the world 
environment is not. COVID-19 has caused an upheaval in 
the major compartments of global environment. While some 
of these impacts are explicit and evident, others are obscure 
and shall gradually unravel as investigations continue.

The present paper is an attempt to review the existing 
literature to understand the role of environmental factors in 
COVID-19 transmission and spread and to account for the 
direct and indirect impacts of the pandemic on the immedi-
ate and global environment. Conceptual frameworks have 
been developed to address the linkages of COVID-19 and 
environment. The review further aims to address the envi-
ronmental sustainability challenges closely associated with 
the crisis and their potential solutions. As we adapt to the 
new normal, it is intended that the critical review would reit-
erate the importance of the encompassing aspects of envi-
ronment on the COVID-19 pandemic along with redefined 
sustainability measures.

Methodology

The methodology adopted in the present study includes a 
detailed literature search in the popular databases such as 
Web of Science, Science Direct, Google Scholar, Pub Med 
and Research Gate. The keywords and strings used for the 
database search were COVID-19 OR SARS-CoV-2 OR Epi-
demics in combination with Environment OR Air Pollution 

OR Carbon emissions OR Water Pollution OR Biodiver-
sity OR Wastewater OR Disinfectant OR Sustainability OR 
Meteorology OR Transmission OR Spread.

All results of the search were manually scrutinized to 
extract information relevant to the topic of the paper. Fur-
ther the screened references were used to search additional 
publications that might be of larger relevance. A total of 
518 papers and several other reports were examined, out 
of which 240 were extracted for the present paper. The 
themes of scholarly articles were coded manually after going 
through and including relevant texts. Manuscripts in the pre-
print form were also reviewed along with peer-reviewed arti-
cles and anecdotal evidence.

COVID‑19 and the atmosphere

Strong linkages between COVID-19 and the atmospheric 
environment have been revealed with respect to coronavi-
rus transmission and indirect impacts of the pandemic on 
ambient air quality (Fig. 2). With the eruption of corona-
virus disease, lockdown measures were first implemented 
in Wuhan City, the epicentre of the outbreak, on January 
23, 2020 and were later extended to other parts of China. 
Transportation and various industrial activities were majorly 
suspended. These restrictions together with Spring Festi-
val effects and a ban on fireworks resulted in improved air 
quality (Ming et al. 2020). In an effort to curb the rapid 
spread of the pandemic, several risk reduction measures 
such as partial to complete industrial shutdown, lockdowns 
and extensive travel bans were implemented globally. It 
prompted several investigations under the assumption that 
such a massive reduction of modern human activities would 
bring about considerable alterations in emissions of anthro-
pogenic origin thereby impacting ambient air quality and 
reducing air pollution. Marked improvements in air quality, 
particularly from countries with high levels of air pollution, 
were reported by media. Several scholarly studies noted 
reduction in major air polluants that include nitrogen diox-
ide (NO2), sulphur dioxide (SO2), carbon monoxide (CO), 
PM with aerodynamic diameter of  ≤ 2.5 μm, PM10, PM with 
aerodynamic diameter of  ≤ 10 μm (PM10, PM2.5), (Jain and 
Sharma 2020; Sharma et al. 2020; Sicard et al. 2020; Tobías 
et al. 2020; Zambrano–Monserrate et al. 2020). Nitrogen 
oxide, that is majorly added to the atmosphere by vehicular 
emissions serves as an important precursor for tropospheric 
ozone as well as secondary aerosol formations (Manisalidis 
et al. 2020). Significant drop in tropospheric NO2 concen-
trations received significant early attention (NASA 2020, 
Dutheil et al. 2020; Muhammad et al. 2020a, Muhammad 
et al. 2020b Baldasano 2020; Biswal et al. 2020; Hashim 
et al. 2021). Several studies focussed on PM concentra-
tions in ambient air, aiming not only to analyse the impact 
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of lockdowns and shutdowns on PM but also to investigate 
its potential for the transmission of SARS-CoV-2 (Zheng 
et al. 2020a).

Cities with high levels of air pollution observed signifi-
cant reductions in air pollutants during the lockdown period 
(Shi and Brasseur 2020; Jain and Sharma 2020; Sharma 
et al. 2020; Sicard et al. 2020; Bao and Zhang 2020; Wang 
et al. 2020a) relating primarily to reductions in vehicular 
emissions (Collivignarelli et al. 2020; Abdullah et al. 2020; 
Cadotte 2020; Kambalagere 2020; Tobías et al. 2020; Zam-
brano-Monserrate et al. 2020; Zheng et al. 2020a). Large 
scale studies at the global level also reported significant 
decline in air pollutants (Saadat et al. 2020; Chauhan and 
Singh 2020; Muhammad et al. 2020a, Muhammad et al. 
2020b; Kanniah et al. 2020; Lal et al. 2020). In general most 
of the studies compared pollutant concentrations before and 
after lockdown or from the data of previous years (Wang and 
Su 2020; Saadat et al. 2020; Jain and Sharma 2020; Sharma 
et al. 2020). It was also noted that in regions where transport 
emissions had minor impacts compared to emissions from 
other sources such as coal-fired thermal power plants, lock-
down may not have clearly contributed to ambient air quality 
improvements (Kerimray et al. 2020; Dantas et al. 2020).

Contrary to the reports of overwhelming reductions in 
air pollutants, unexpected air pollution events were also 
reported during lockdown phase. Despite emission reduc-
tions, an enhanced pollution episode over Northern China 
was observed and was attributed to aerosol-chemistry-mete-
orology interactions (Le et al. 2020a). Similarly, residual 
pollutants were still high over the Yangtze River Delta, 
the majority of which was contributed from the industry, 
residential sectors, and other long-range transport (Li et al. 
2020).

While there were worldwide reports of dramatic reduc-
tions in primary air pollutants, increase in secondary air 
pollutants like ozone and secondary particulate matter was 
observed in several studies (Huang et al. 2020). Amongst 
the secondary pollutants, tropospheric ozone concentrations 
observed a marked increase in most parts of the world during 
the execution of shutdown phases of the COVID-19 pan-
demic (Tobías et al. 2020; Sicard et al. 2020; Sharma et al. 
2020) and was majorly attributed to unprecedented reduction 
in NOx emissions (Nakada and Urban 2020; Sicard et al. 
2020). Plummeted vehicular transport during the lockdown 
period resulted in a drastic reduction of NOx emissions from 
road traffic. The decrease of oxides of nitrogen (NOx) in a 

Fig. 2   Outline of the linkages of COVID19 and the atmosphere. 
Green arrows indicate positive impacts of Covid-19 pandemic on the 
atmospheric compartments. Red dotted lines indicate transmission of 

SARS-CoV-2 via atmospheric compartments. Red solid lines with 
arrows indicate negative impacts of Covid-19 pandemic on the atmos-
pheric compartments
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volatile organic compounds- ‘VOC-limited’ environment of 
large urban settlements coupled with a lower ozone titration 
by NO led to an increase in ozone concentrations (Tobías 
et al. 2020; Sicard et al. 2020; Sharma et al. 2020; Li et al. 
2020; Dantas et al. 2020). A similar phenomenon of the 
“weekend effect” has been widely studied worldwide where 
increased ozone concentrations are reported on weekends 
attributed to reduced traffic and consequent NOx reductions 
(Blanchard et al. 2008; Adameet al. 2014; Zou et al. 2019). It 
is also speculated that the decrease of particulate matter due 
to transport and industrial restrictions led to more penetra-
tion of solar radiations through the atmosphere which in turn 
favoured increased ozone formation in some regions (Sicard 
et al. 2020; Sharma et al. 2020).

The anthropause of COVID-19 thus served as a natural 
experiment to evaluate air quality responses to a dramatic 
emissions reduction and to comprehend the interrelation-
ships between emissions, meteorological conditions, and 
atmospheric chemistry.

In view of the rapid spread of the coronavirus disease, 
several etiological studies have been undertaken to under-
stand the relevant environmental components that affect the 
transmission of COVID-19 along with associated mortal-
ity and morbidity. Meteorological parameters like relative 
humidity, air temperature, precipitation and wind speed 
have been well correlated with increasing transmission 
rates (Jahangiri et al. 2020; Zhang et al. 2020; Sobral et al. 
2020; Qi et al. 2020; Ma et al., 2020; Pirouz et al. 2020; 
Şahin 2020; Zhu et al. 2020). A correlation of COVID-19 
spread with ambient air temperature was addressed in sev-
eral studies (Sobral et al. 2020; Prata et al. 2020; Xie and 
Zhu 2020; Shi et al. 2020; Jahangiri et al. 2020). During the 
initial period of COVID-19 pandemic it was speculated that 
high temperatures would negatively impact SARS-CoV-2 
transmission. However, further investigations yielded mixed 
results with temperatures having either positive/negative 
or insignificant impacts on SARS-CoV-2 transmissions, as 
reported from different areas (Briz-Redón, 2020; Prata et al. 
2020; Shi et al. 2020; Xie and Zhu 2020).

Ambient air polluants have received maximum atten-
tion with reference to their correlations and further impacts 
on disease severity, spread and associated mortality rates. 
Ambient air pollution is chiefly attributed to mixtures of 
PM2.5, PM10, NO2, CO, ozone, and volatile organic com-
pounds which have their origins from vehicular traffic, 
industrial emissions and indoor air pollution sources. Ambi-
ent air pollution has been recognized to enhance human mor-
bidity and mortality and has been established as a leading 
contributor to global disease burden (Cohen et al. 2017). 
With the backdrop of plentiful scientific evidence linking 
chronic exposure to air pollution with increased morbidity 
and mortality (Pope et al. 2011; Cohen et al. 2017), there is a 
growing concern that air pollutants may affect the severity of 

COVID-19 by impacting spatio-temporal patterns in disease 
spread, directly affecting the lungs’ ability to clear pathogens 
and indirectly by exacerbating underlying cardiovascular or 
pulmonary diseases (Brandt et al. 2020). Moreover, the rapid 
initial spread of SARS-CoV-2 in densly populated and pol-
luted city of Wuhan and subsequently to the heavily indus-
trialized area of Northern Italy further drew the attention 
towards the speculative nexus of air pollution and COVID-
19 (Fattorini and Regoli 2020, Contini and Costabile 2020).

Further studies revealed correlations between COVID-
19 infection and mortality rates and concentrations of NO2, 
CO, O3 and PM (Zhu et al. 2020). Associations between 
COVID-19 infection rate and related fatality with NO2 expo-
sure levels have been recorded (Ogen 2020; Filippini et al. 
2020). PM in particular has received significant attention, 
not only in view of increasing susceptibility to and morbidity 
from SARS-CoV-2 related respiratory infections (Comunian 
et al. 2020; Zoran et al. 2020), but also being an aid to the 
airborne transmission of SARS-CoV-2 (Setti et al. 2020a 
(Setti et al. 2020b, van Doremalen et al. 2020; Cai et al. 
2020). Additionally, réductions in air pollution and related 
mortality benefits during the lockdowns and shutdowns have 
also been documented (Chen et al. 2020; Yoo and Managi, 
2020).

It is noteworthy that the implication of chronic exposure 
to air pollution as a contributor to coronavirus infection 
rates and associated mortality can be misleading as the air 
pollution-COVID-19 link may be obscured by a number of 
factors such as population mobility, density and misrepre-
sentation of COVID-19 confirmed cases (Riccò et al. 2020; 
Benmarhnia 2020).

COVID‑19 and carbon emissions

The confinement measures internationally implemented dur-
ing the COVID-19 pandemic had profound impact on fossil 
fuel consumption and CO2 emissions with an unprecedented 
decrease of 7.8% in global fossil-based CO2 emissions when 
compared with the same period last year (Liu et al. 2020). 
Daily global CO2 emissions have been reported to decrease 
by –17% by early April 2020 compared to the mean levels of 
2019 (Le Quéré et al. 2020). With restricted use of vehicles, 
temporary shutdowns of industries, offices, shopping com-
plexes, theatres, and educational institutions during the lock-
down phase, carbon emissions were significantly reduced 
from all sectors in general with largest emission reductions 
observed from ground transport, electric power and indus-
trial sectors (Le Quéré et al. 2020). Though the confinement 
of human populations to their homes, throughout the world, 
resulted in an increase of household energy consumption, 
an overall net electricity decline was observed due to the 
plummeted demand of industrial electricity (Abu-Rayash 
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and Dincer 2020). A dramatic plunge of around 60% was 
observed in emissions related to aviation industry since strict 
domestic and international travel restrictions were imposed 
by and large by most countries. The airplane emissions, 
though, contribute only a small fraction to the global car-
bon emissions, yet a single transatlantic flight can add as 
much carbon footprint as a typical year’s worth of driving 
(Flaherty and Holmes 2020).

As compared to the readily available data of air pollut-
ants such as NO2 and ozone from satellite measurements 
and real time monitoring stations, there has been a lack of 
measurements of CO2 emissions in real time and are often 
reported as annual values (Friedlingstein et al. 2019). More-
over, large uncertainties are known for satellite measure-
ments for the column CO2 inventory which also reflect the 
variability of the naturogenic CO2 fluxes and hence are not 
suitable to determine anthropogenic emissions in near-real 
time (Le Quéré et al. 2020). Therefore, supplementary analy-
ses such as the carbon footprint (CF) indicator and confine-
ment index (CI) have been used to estimate CO2 emissions 
during the pandemic with the available daily data of activ-
ity for selected economic sectors (Ruganiand Caro 2020; 
Le Quéré et al. 2020). These estimates, though not free of 
uncertainties, offer insights into the quantitative estimation 
of the impacts in carbon emissions during the COVID-19 
related shutdowns and the ensuing climate variability and 
vulnerability.

While the COVID-19 pandemic seems to indirectly cause 
a sudden plunge in global greenhouse gas emissions, the 
global CO2 concentrations hit a record high of 417 ppm 
in the month of May 2020 (National Oceanic and Atmos-
pheric Administration-NOAA 2020). It is known that CO2 
has a long atmospheric residence time of two hundred years 
(Harde 2017 IPCC) and its concentrations in the atmos-
phere are driven by cumulative factors of anthropogenic and 
naturogenic nature (Yue and Gao 2018). As such, the impact 
of a relatively brief lockdown period on CO2 concentrations 
built-up over decades is expected to be negligible (Rugani-
and Caro 2020).

It is estimated that by the end of 2020, global emissions 
will decline by about 8% (almost 2.6 gigatonnes) compared 
to 2019 and would equate to levels that of 10 years ago (IEA, 
2020). Le Quéré et al. (2020) have projected the drop to 
be somewhere between 4 and 7%, depending on how the 
resumption of activities at all levels takes place over the 
rest of the year. Though a reduction in carbon emissions has 
been recorded during world wars and economic recessions 
(Andres et al. 1999), such a rapid and massive emission 
decline has never been witnessed in the recent past. Yet there 
seems to be a consensus that the drop in emissions which 
was evident in the initial part of the year would be short 
lived and would bounce back once the resumption of normal 
activities is accelerated (Brief Carbon 2020). The emission 

data generated during the post lockdown phases seems to 
corroborate with this supposition. The carbon emissions 
which had declined by an estimated 25% in the six weeks 
following the lockdown in China, have already climbed back 
to pre-pandemic levels with European countries following 
suit (Zheng et al. 2020b).

Systematic and structural changes such as increased 
reliance on green energy, major plunges in deforestation 
rates seem to be the plausible solutions to combat futur-
istic climate change scenarios. Atmospheric levels of CO2 
are cumulative and it will not decrease until anthropogenic 
activities and natural processes can together remove more 
greenhouse gases than what is going into the atmosphere. 
The coronavirus pandemic though, offered a glimpse of 
the massive cuts in global carbon emissions that would be 
required in times to come for the realization of Paris Agree-
ment goals under the United Nations Framework Conven-
tion on Climate Change (UNFCCC). Nevertheless, it shall 
depend how nations and the international community takes 
lessons from this poignant opportunity.

COVID‑19 and hydrosphere

The partial or complete cessation of modern human activi-
ties during the initial phase of COVID-19 pandemic resulted 
in improved conditions of various spheres of environment 
(Lal et al. 2020). In response to the industrial shutdown 
and business lockdown, the hydrosphere compartment too 
showed marked improvement albeit to a lesser degree than 
its atmospheric counterpart. COVID-19 pandemic surely 
provided aquatic bodies some breathing space with marked 
reductions in plastic waste, cleaner ponds, and irrigation 
canals (Kannadasan 2020). As Italy went under lockdown 
to fight the spread of COVID–19 in the early half of March 
2020, numerous pictures and videos surfaced up in social 
media showing the Venetian canals with clear blue waters 
sans its usual boat traffic. The unprecedented increased water 
transparency reported from the Venetian canals was regarded 
as a positive environmental impact of the curtailment meas-
ures of COVID-19 pandemic. Braga et al. (2020) used Senti-
nel-2 imagery for qualitative visual interpretation and satel-
lite-derived turbidity for quantitative analysis of suspended 
matter patterns in the lagoon of Venice. The authors consid-
ered the increased water transparency as an ephemeral phe-
nomenon governed by the impacts of COVID-19 restrictions 
and a combination of natural seasonal factors. Water traffic, 
which causes particle re-suspension, was greatly reduced 
along with a decrease of wastewater discharges in the canals 
contributing to the marked increase in transparency. Natu-
ral factors such as a lower runoff from lagoon tributaries 
and phytoplankton phenology augmented the transparency 
levels (Braga et al. 2020).Similar improvements in water 
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quality were also reported from Vembanad Lake in South 
India (Yunus et al. 2020). Application of remote sensing data 
for suspended particulate matter (SPM) estimation indicated 
a significant decrease (15.9% on average) in 18 out of 20 
zones of the lake during the lockdown phase. This decrease 
in SPM concentrations was attributed to the reduction in 
tourism and effluent discharge from industries which are a 
major source of pollution in the Vembanad lagoon system.

Improved water quality was reported from some of the 
most polluted rivers such as the river Ganges in India, 
which still runs severely polluted even after the implemen-
tation of several high budget government schemes such as 
Ganga Action Plan and Namami Gange (National Mission 
on Clean Ganga). About 80% of the pollution in Ganges 
River has been attributed to domestic sewage discharge 
from villages and cities situated on the banks of 2500 km 
river that crosses different states and agro-climatic zones of 
the country. Numerous industries located along the banks 
of Ganges such as tanneries, distilleries, sugar mills, rub-
ber and pesticide factories, further discharge huge amounts 
of biochemical oxygen demand (BOD) load into the river 
(Chaudhary and Walker 2019). A nearly complete industrial 
shutdown prevented industrial effluents from entering the 
Ganges along with suspension of other anthropogenic activi-
ties such as bathing, recreation etc. resulted in improved 
water quality. The Ganges was reported to recover as 27 out 
of 36 real-time water monitoring units set up by CPCB (Cen-
tral Pollution Control Board, India) along the river showed 
significant improvement with reference to dissolved oxy-
gen (DO), pH, BOD and ammonia (Singhal and Matto 2020) 
and were found suitable for bathing and propagation of fish-
ery. Many stretches of the Ganges were reported to have met 
the standards of drinking water (Mohapatra 2020). Addition-
ally, reduced turbidity was observed in selected stretches of 
the Ganges River during the lockdown phase (Garg et al. 
2020). In another study by CPCB, a comparative assessment 
of water quality of river Ganga during pre and post lock-
down was carried out, after the collection of data from 8 real 
time water quality monitoring systems (Somani et al. 2020). 
Significant reductions were observed in BOD and chemical 
oxygen demand (COD) in most stations. However, at a few 
sites’ local meteorological conditions such as precipitation 
seem to impact the DO concentrations. Owing to limited 
agricultural and industrial activities, a significant decrease 
in nitrate levels was also observed in the river water.

Investigations carried out by Delhi Pollution Control 
Centre (Patel et al. 2020) at three sites along River Yamuna 
revealed improvement in water quality with respect to DO, 
BOD and COD when compared with pre-lockdown and 
lockdown period. Similarly, Mandaland Pal (2020) reported 
considerable improvement in water quality of Dwarka River 
which flows through Eastern India with areas dominated by 
stone quarrying and crushing industries. The investigators 

recorded water quality parameters such as temperature, pH, 
turbidity, total dissolved solids (TDS) and DO during lock-
down period and compared it from the data of their previous 
study in the year 2019. The improvement in water quality 
was ascribed to complete shutdown of mining industries 
which prevented huge amount of dust from entering the 
Dwarka River through drains.

Improved water quality of rivers due to Covid-19 lock-
down was observed from other parts of the world as well 
such as Turkey (Tokatli and Varol 2021), China (Liu et al. 
2021), Malaysia (Najah et al. 2021) and Peru (Custodio et al. 
2021).

The impacts of lockdown measures seem to permeate to 
sub-surface water bodies as well, which should hypotheti-
cally take a longer duration to respond to the anthropogenic 
restraint as compared to surface water ecosystems. Improved 
chemical and biological water quality was observed from 
twenty two groundwater samples of a coastal industrial city 
of Southern India during the lockdown period (Selvam et al. 
2020). Concentrations of arsenic, iron, selenium, and lead 
along with total coliforms and fecal coliforms decreased due 
to suspension of activities of metal related industries and 
reduction of fisheries related organic sewage generation dur-
ing the period of the lockdown. Alterations in Escherichia 
coli and faecal streptococci were not observed due to lack 
of any significant change in domestic sewage production 
during the lockdown.

The state of sewage management in developing and 
underdeveloped countries is not very encouraging wherein 
still a lot of untreated wastewaters is directly offloaded in 
lakes, rivers and wetlands. With the detection of SARS-
CoV-2 in wastewater (Lodder and de RodaHusman 2020; 
Ahmed et al. 2020), densely populated countries like India 
with less advanced sewage treatment facilities, can face 
major challenges with respect to contamination and subse-
quent control of COVID-19. SARS-CoV-2 is known to sur-
vive up to several days in untreated sewage thereby increas-
ing the risk of transmission several folds in such countries 
(Bhowmick et al. 2020).

COVID-19 and the hydrosphere compartment were thus 
found to be critically linked. Figure 3 denotes the conceptual 
framework to address this linkage.

COVID‑19 and noise pollution

As countries one after the other went into lockdown and 
shutdown mode to contain the coronavirus spread several 
anecdotal reports of the descent of an unusual silence with 
‘songs of birds replacing car horns’ surfaced up. With fewer 
transport networks, the absence of the hum of public life, 
changing city ‘soundscapes’, there were indications that 
the world was less noisy at least for a while. With cruises 
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Fig. 3   Framework exploring the nexus of COVID19 with water and wastewater. Viral transmissions through water and wastewater have been 
depicted by arrows accompanied by pictures of SARS-CoV-2
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temporarily on hold, even the oceans were reported to be 
more tranquil (Dugald et al. 2020).

Human activity is known to cause vibrations that propa-
gate into the ground as high-frequency seismic waves that 
can carry ample energy in the 1–10 Hz frequency band 
(Inbal et al. 2018). Over the past few decades, this anthropo-
genic seismic noise has gradually increased with the growth 
in economies and populations. A recent study revealed that 
widespread global lockdowns and reduced human mobility 
during the COVID-19 pandemic has reduced the amount 
of anthropogenic seismic noise to drop by an average of 
50% in 77 countries between March and May 2020 (Lecocq 
et al. 2020). This seismic noise quiet period of 2020 is the 
longest and most notable global reduction in ever recorded 
in human history. The study also recorded strongest reduc-
tions by surface seismometers in populated areas like New 
York and Singapore. However, the seismic quiescence was 
reported to extend several kilometres radially and hundreds 
of meters in depth, thereby affecting remote areas as well.

Apart from providing unique opportunities to probe the 
impacts of massive cut downs of greenhouse gas emissions 
and ambient air pollutants, the pandemic also offered to pick 
up the Earth’s natural vibrations without confounding human 
inputs. The ambient seismic wavefield has been explored 
with reference to its natural sources, a probing signal for 
the solid Earth and earthquake ground motion prediction 
(Riahi and Gerstoft 2015). In comparison, the anthropogenic 
seismic noise has received little attention (Groos and Rit-
ter 2009). COVID-19 presented an opportunity to perceive 
subtle signals from subsurface seismic sources that would 
otherwise be obscured sans pandemic induced anthropause. 
Correlations between seismic noise and human mobility fur-
ther suggested that real-time estimates of population dynam-
ics can be aptly provided by seismology.

COVID‑19 and biodiversity

Most of the emerging infectious diseases in humans are 
zoonoses (caused by pathogens that spread from animals to 
humans) and about 70% of these zoonoses originate from 
wild animals (Jones et al. 2008; Wood et al. 2012). Driv-
ers of infectious disease outbreaks mainly include increased 
human activities in natural areas, deforestation, disruptions 
to natural ecological relationships and the commodifica-
tion of wild animals and other natural resources (De Sad-
eleer and Godfroid 2020). The origin of SARS-CoV-2 has 
been indicated to be zoonotic, with horseshoe bats as the 
primary reservoir (Andersen et al. 2020), while the number 
and identities of intermediate hosts still remains uncertain 
(Lu et al. 2020). The tracing of the origin of SARS-CoV-2 
to the wet markets of Wuhan and subsequent global focus 
on associated zoonotic diseases invigorated wildlife experts, 

conservationists, and organisations which for long have 
been urging governments to ban live animal markets, stop 
illegal trafficking and poaching of wild animals. The pan-
demic of COVID-19 threw a spotlight on this insidiously 
sustaining wildlife trade of several countries which remains 
as one of the greatest threats to biodiversity (Ripple et al. 
2016; Benítez-López et al. 2017; Symes et al. 2018). Calls 
to discontinue wildlife trade were echoed by many interna-
tional organizations during the pandemic which has pushed 
China and the global wildlife trade controlling organisa-
tions, towards a re-evaluation of the relationship with wild-
life. Changes in legislation of China led to the prohibition 
of commercial breeding and trade in most terrestrial wild 
animal species for the purpose of consumption as food (Zhu 
and Zhu 2020). However, the trade of wildlife for non-food 
uses such as medicines has not been banned, which could 
present opportunities for wildlife traffickers who may exploit 
the non-food exemptions to sell or trade live wildlife. The 
legal global trade in wildlife and wildlife products comprise 
an economic value that has been estimated to be around US 
$300 billion per annum (Smith et al. 2017; WWF/Dalberg 
2012), whereas the illegal aspect of wildlife trade is esti-
mated to be a US $5–20 billion-dollar industry (Smith et al. 
2017). During the COVID-19 pandemic wildlife trade bans 
can render millions of people unemployed resorting to ille-
gal trafficking, thereby alleviating the beneficial effects of 
the imposed bans.

As the world focuses on wildlife trade and related pro-
hibitory policies increase, it is worthwhile to mention the 
dramatic surge in the usage of traditional herbal medicines 
against COVID-19 (Mirzaie et al. 2020; Timoshyna et al. 
2020). An estimated 60,000 plant species are known to be 
utilized for their aromatic, nutritional and medicinal prop-
erties and trade of such plant material constitutes to a stag-
gering 5,00,000 tons annually (UN COMTRADE 2013). 
Unmonitored plant trade, increasing recollection and habitat 
loss have put severe stress on the plant populations growing 
in the wild (Hamilton 2004). Habitat alteration, overharvest-
ing, and climate change have already caused severe decline 
in several commercially important wild plant resources used 
in food and medicines (Barata et al. 2016). With the unavail-
ability of vaccines and specific antiviral drugs, initially there 
was sudden upsurge in the usage of traditional herbal medi-
cines against COVID-19, particularly in the Southeast Asian 
countries (Kumar et al. 2020). Current research has focussed 
more on the efficacy of Chinese herbal medicines and Ayur-
veda for health care support. Ensuring the sustainability of 
supply chains providing herbal ingredients requires immedi-
ate attention to save several threatened species from extinc-
tion (Vandebroek et al. 2020; Timoshyna et al., 2020). The 
explosive demand of herbal medicines, many of which are 
sourced from the wild, is likely to cause significant pres-
sure and unsustainable gathering or harvesting of wild 
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plant populations. It is imperative to assess and monitor the 
escalated plant trade for reiterating the objectives of species 
conservation and their sustainable use as per the guidelines 
proposed by Convention on International Trade in Endan-
gered Species(CITES), Trade Record Analysis of Flora and 
Fauna In Commerce (TRAFFIC), International Union for 
Conservation of Nature (IUCN) and Adis Ababa principles.

The initial months of the COVID-19 pandemic spread 
witnessed one of the harshest lockdowns in several coun-
tries. With humans withdrawing to the safety of their houses, 
invasion of wild animals was observed in urban-forest inter-
faces. Deserted public places seemed to throw a lucrative 
opportunity for wild animals to venture beyond their usual 
area during their foraging activities and increasing their 
breeding success (Manenti et al. 2020). Numerous sight-
ings of wild animals were reported from urban areas such as 
sea lions on the street of Mar del Plata, Argentina; coyotes 
walking down San Francisco streets and peacock sightings in 
urban areas of New Delhi, India. Similar behaviour has been 
documented in national parks and sanctuaries wherein wild-
life has been spotted in areas they typically don’t frequent. 
Additionally, several misleading videos and photographs of 
wildlife sightings in urban areas such as dolphins in Venice 
canals, elephants strolling in the streets of Dehradun, India, 
were found to be unrelated to lockdown and were eventually 
debunked. The near absence of humans during the lockdown 
phase did not only prompt an inquisitive loiter for the wild-
life around unfamiliar terrain but also generated crisis situ-
ations for certain species. Animals such as stray dogs and 
monkeys adapted to urban environments and grown heavily 
dependent on humans for their sustenance, found it very dif-
ficult to pull through the pandemic (Bhardwaj 2020). Many 
Southeast Asian countries, where certain animals are catered 
for by humans, due to their religious beliefs and sentiments, 
reported man-animal conflicts (Roy 2020).

The COVID-19 pandemic has drastically affected the 
global tourism industry leading to the closure of many pro-
tected and conserved areas and an estimated 75 million job 
losses (World Travel and Tourism Council, 2020, World 
Economic Forum 2020). Wildlife tourism helps to secure 
long-term conservation of wildlife and wildlife habitats 
by financial and non-financial contributions and socio-
economic incentives (Higginbottom 2004). These tourism 
programmes are usually well managed and contribute in 
wildlife protection for better conservation outcomes and 
support local livelihoods (Newsome 2020). The COVID-19 
pandemic engendered dramatic declines in wildlife tourism 
causing massive unemployment and inadequate protected 
area management (Weber et al. 2020). Many locals who had 
lost their livelihoods turned to poaching in order to fend 
themselves. There have been reports of a surge in deforesta-
tion activities in the Amazon (López-Feldman et al. 2020) 
and increased unsustainable harvest of bushmeat in parts 

of Africa as well as Cambodia (Price 2020; Meseko et al 
2020).With the spread of the coronavirus, countries focused 
on enforcement of lockdowns and maintenance of public 
health, the diversion of law enforcement to the pandemic 
related duties and reduced ranger patrols served as ideal 
opportunities for poachers and criminals involved in wild 
life trafficking. Africa and south east Asian countries such 
as India, Pakistan and Nepal observed a considerable rise in 
reports of illegal wildlife trade (Lindsey et al. 2020; Lappan 
et al. 2020). So severe was the increased poaching crisis in 
certain countries that dozens of rhinos were dehorned con-
troversially in South Africa to prevent the surged-up poach-
ing during the lockdown (Siyabonga and Cocks, 2020).
Contrastingly, the negative pressures of over-tourism and 
inappropriate use of the protected areas seemed to ease off 
(Buckley 2020). Visitation is known to render cumulative 
and substantial detrimental effects on wildlife and their natu-
ral habitats (Marion and Reid 2007) such as interference 
to foraging, nesting or breeding behaviour and destruction 
or modifications of animal habitats (Ballantyne et al. 2009, 
2011). Owing to the near absence of tourists, it is expected 
in all its probability that such detrimental impacts might 
have decreased in protected areas, though these aspects need 
further investigation.

COVID-19 has significantly impacted global biodiver-
sity with several short term as well as long term effects 
(Fig. 4). The initial lockdown phase of the pandemic wit-
nessed several anecdotal reports of reduced human pressures 
on wildlife (Bates et al. 2020). Enthusiastic narratives of 
‘nature hitting the reset button’ and ‘reclaiming territories’ 
seems to invoke a sense of exhilaration during the otherwise 
testing times of the pandemic. This effect soon faded out 
with the gradual relaxation of the lockdowns imposed in 
various countries. Nevertheless, it apparently increased the 
public support for wildlife conservation policies. However, 
the imminent global economic crisis is expected to reduce 
funds available with national governments and conservation 
foundations which in turn may cause a significant decline in 
grants for conservation research. Challenges in wildlife and 
conservation research with already disrupted field work and 
cancelled conferences during the pandemic, may be aug-
mented in times to come (Corlett et al. 2020).

COVID‑19 and waste management

The COVID-19 pandemic will have profound impacts on 
the waste sector which may not be initially evident but 
shall manifest in due course of time. The present situation 
demands the need to highlight the essential role that solid 
waste management must play as a humanitarian response 
towards growing public health disaster risks (Kalina 
and Tilley 2020). The informal settlements especially in 
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underdeveloped and developing countries were least pre-
pared for the pandemic since basic amenities of potable 
water, toilets, sewage, drainage systems, waste collection, 
segregation and disposal, along with safe, secure and ade-
quate housing are either inadequate or almost non-existent 
(Coburn et al. 2020). A fast generation of a massive amount 
of medical waste globally has occurred during the pandemic 
as increased number of people started wearing masks, using 
gloves, and applying hand sanitizers and soaps on a daily 
basis as precautionary measures against COVID-19 spread 
(Zambrano-Monserrate et al. 2020). Recent reports of unsafe 
disposal of medical waste in landfills or water bodies’ fur-
ther raise concerns on the contamination of soil, water and 
marine ecosystems (Saadat et al. 2020).

Initially, during the first stage of pandemic progression 
and lockdown being imposed in many countries, public 
authorities and municipal waste operators had the chal-
lenge to rapidly adapt their waste management systems 
and procedures to meet and address the globally emerging 
grave situation. The pandemic along with many other grow-
ing environmental consequences, presented issues related to 
overuse of plastic and follow-up waste. Urgent public health 
care demands have so far been overshadowed particularly in 
reference to the waste and its potential impacts on immedi-
ate environment that includes landfills, soil, water bodies 
and marine environment. The discharge of hospital wastes 
and wastewater, especially without appropriate treatment in 
many countries have exposed the public towards a greater 
risk of infection (Wang et al. 2020a, b). There have been 
negative secondary impacts of pandemic and lockdown that 

largely include reduction in waste segregation as well as 
recycling and reuse of the waste. The increase in waste has 
further endangered the contamination of physical spaces 
(water and land), in addition to air (Zambrano-Monserrate 
et al. 2020). The energy, carbon and environmental foot-
prints of public health related product systems have also 
increased rapidly and tremendously in response to the huge 
surge in COVID-19 cases across the world. Critical haz-
ardous waste management issues have also emerged due to 
the growing need to ensure reduction and management of 
residual pathogens in household, public spaces and medical 
waste in hospitals and quarantine centers. A sudden shift in 
waste composition has been clearly observed and the quan-
tity highlights the demands for a dynamically responsive 
waste management system (Klemes et al. 2020).

So far, there has been a dearth in studies that highlight 
and provide a broad overview with focus on the design of 
an epidemic reverse logistics network to deal with the medi-
cal waste during epidemic outbreaks. While if this waste 
is improperly treated, may largely accelerate the risk of 
the disease spread and pose huge risk to both the medical 
staffs and patients (Yu et al. 2020). There are important core 
issues related to waste management during the pandemic 
(Fig. 3), which include insights on the half-life of the virus 
on waste containers and in wastewater and further possible 
transmission via contaminated waste surfaces and aerosols 
generated from wastewater systems (Nghiem et al. 2020). 
Rag pickers and waste segregators involved in waste col-
lection and segregation will be part of this larger risk in 
developing and underdeveloped countries where proper 

Fig. 4   The short and long-term impacts of COVID19 on biodiversity and wildlife
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precautions have not been taken care of during the process. 
Pandemic has enhanced the global supply for face masks 
and personal protective equipment (PPE), however, the pro-
duction capacity is severely limited in many countries. This 
calls for the Research and Development community, espe-
cially in the waste management, polymer degradation and 
stability field for finding extended, reuse and recyclability 
options (Dargaville et al. 2020). Larger risk to soil, aquatic 
and marine ecosystems warrants attention of nations to more 
trans boundary cooperation in order to address the issue to 
protect the already fragile marine environment and biota 
from further degradation.

COVID‑19 and disinfectants

Amongst the safety measures to contain the spread of 
COVID-19, hand hygiene by frequent soap wash and sani-
tizer use is highly recommended (Golin et al. 2020; WHO 
2020b). Consequently, there was a surge in the use of alcohol 
based hand sanitizers with ethanol, isopropyl alcohols and 
hydrogen peroxides used in varying proportions for effec-
tive transmission reduction of SARS-CoV-2 (Berardi et al. 
2020). However, sanitizer preparations have been reported to 
be toxic to human health (Moon et al. 2006; Gormley et al. 
2012; Barrett and Babl 2015) and hazardous to environment 
when released by evaporation or other methods (Slaughter 
et al. 2014). Overuse of alcohol-based hand sanitizer dur-
ing COVID-19 may incur toxic health effects apart from the 
possibility of rendering the microbes resistant (Mahmood 
et al. 2020; Morgan 2020). Soap hand wash is preferable 
over sanitizer use and should be frequently practiced as a 
preventive measure.

In order to reduce the role that fomites might have in the 
transmission and consequent spread of COVID-19, several 
countries have already opted for disinfecting surfaces of 
private and public settings. Among the curtailment meas-
ures in infectious disease control, chemical disinfectants are 
considered to play a key role in disrupting transmission and 
are recognized as an effective strategy for controlling the 
spread of pathogens (Ha et al. 2016).To reduce the transmis-
sion of SARS-CoV-2 in the early phases of the pandemic, 
exhaustive disinfection of environmental surfaces in urban 
settings was practised by several countries including China, 
South Korea, France and Spain (Roth 2020). Fleets of trucks, 
drones, and robots were used to spray copious amounts of 
disinfectant throughout densely populated urban areas which 
included houses, offices, schools, publicly accessible build-
ings, religious community centres, markets, and restaurants 
(Palmer et al. 2020; You 2020). Majority of disinfectants 
have active components which are generally corrosive 
and harmful chemicals such as chlorine and iodine releas-
ing agents, aldehydes, oxidizing agents and quaternary 

ammonium ions (Nabi et al. 2020; Al-Sayah 2020; Yari 
et al. 2020). Apart from having detrimental health impacts 
on humans, these chemicals can cause toxic effects on urban 
wildlife as well (Nabi et al. 2020). During the early phase 
of the pandemic in China, indiscriminate use of disinfect-
ants had resulted in abnormal deaths of wild animals includ-
ing wild boars, weasels, blackbirds and other birds (You 
2020; Yingzi and Xiaomin 2020). Chlorine disinfectants are 
known to be toxic to aquatic and terrestrial organisms by 
causing cell damage (Sedlak and Gunten 2011) affecting res-
piratory and digestive systems (Bull et al. 1990), giving rise 
to secondary carcinogenic chemicals (Marine et al., 2019) 
apart from exhibiting potential for bioaccumulation (Bar-
ghi et al. 2018). The introduction, persistence and probable 
transfer of such toxic chemicals in the interconnected food 
webs of terrestrial and aquatic ecosystems raise grave con-
cerns. Unrestrained use of such chemicals may contaminate 
drinking water resources, lakes and rivers through sewage 
systems affecting human and wildlife (Fig. 1). It is thus rec-
ommended that indiscriminate spraying of high volumes of 
disinfectants should be avoided, and more attention should 
be paid to research addressing the toxicological effects of 
disinfectants in order to develop an effective environmental 
safety and prevention system.

COVID‑19 and sustainability

The pandemic of COVID-19 has severely impacted the polit-
ical, social, economic, religious and financial infrastructures 
throughout the world and has given sustainability a novel 
dress rehearsal when the world has already entered a new 
normal. While COVID-19 initially created some short-term 
headwinds for sustainability; it also generated strong tail-
winds for future. It was seen as a dress rehearsal for dealing 
with climate change and biodiversity losses (Peccoud and 
Branden 2020).

Prior to COVID-19, the world had been witnessing 
increasing environmental degradation that many believed 
mostly arose from controversial economic policies and 
global trade. Anthropogenic land use changes, climate 
change, unsustainable wildlife exploitation and globaliza-
tion have been the conspicuous drivers for emergence of 
novel zoonoses in the human populations (Daszak et al. 
2001). The risk of a new zoonotic disease emerging in the 
future is higher than ever and COVID-19 may just be one 
of the many deadly pandemics to show up in coming time. 
The discontinuation of the unsustainable wildlife trade by 
enforcement of strict regulations, upgrading food safety and 
providing alternative livelihood opportunities to locals reli-
ant on wildlife resources could be the critical measures to 
prevent future emergence of zoonotic diseases.
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The impacts of the COVID-19 pandemic have ramified 
to all macrosystems with economies plummeting to record 
lows and huge threats of recession and further global 
depression loom large to worsen the situation. Economic 
rescue packages are being rolled out with high priority 
for public health care support and prevent the collapse of 
various businesses and economic sectors. While public 
health is of utmost importance, thoughtful attention should 
also be paid to sustainable utilization of several long-term 
packages for economic revival. The outbreak caused very 
serious problems in the renewable energy sector and 
policies need to be modified accordingly (Hosseini 2020; 
Eroglu 2020). The trajectory of recovery from the pan-
demic should essentially include the rebuilding of human 
habitats in a sustainable way. Renewal of built environ-
ment, prioritizing multimodal transport, innovative waste 
management practices, encouraging conservation pro-
grammes and funding, reinstatement of sustainable energy 
and resilient global supply chains will help in progres-
sion to the achievement of UN Sustainable Development 
Goals (Megahed and Ghoneim 2020; Simon 2020; Sarkis 
et al. 2020; Kuzemkoa et al. 2020; Dente and Hashimoto, 
2020). The attainment of these sustainability goals shall 
be more challenging for developing countries due to con-
siderable reduction in international support (Barbier and 
Burgess 2020; Leal Filho et al. 2020).

The pandemic made the world realize that health should 
not only be treated as a demographic or an individual issue, 
rather its large-scale global impacts demands the creation 
of a fourth pillar of global sustainability (Hakovirta and 
Denuwara 2020). A preliminary analysis carried out by Insti-
tute for Global Environmental Strategies (IGES), Japan to 
understand the environmental and sustainability challenges 
associated with the crisis, and their potential solutions 
suggests categorizing core issues that require attention in 
“short-term by addressing Urgent Concerns (medical waste, 
air quality, and sustainable lifestyles)”, “medium-term for 
paving the way for Post-Crisis Green Recovery by promot-
ing green recovery”, and “long-term by creating a Resilient 
and Sustainable Society that includes integrated approaches, 
sustainable cities, climate adaptation planning and manage-
ment of global risks” (Mori et al. 2020). It has been globally 
acknowledged that sustainable recovery and development is 
only possible in the new normal when innovative sustainable 
practices, plans and policies are given due importance.

Human mental health was another area which was 
severely affected, though it was overlooked during the 
major phase of the pandemic (Dubey et al. 2020). There was 
increased stress, fear, anger and other negative feelings due 
to several economic and social changes induced by COVID-
19 (Roy et al. 2020, Duan and Zhu 2020). However, the 
pandemic also taught us to live with restricted resources and 
strive for a greener world.

Conclusion

The COVID-19 pandemic is critically linked to the environ-
ment. With respect to SARS-CoV-2 transmission, spread 
and consequent mortality various meteorological factors 
played an integral role. The pandemic also brought about 
both positive and negative impacts on the global environ-
ment. However, the long-term negative impacts seem to 
eclipse the short term positive environmental effects of the 
pandemic. Enormous generation of biomedical waste and 
indiscriminate use of disinfectants has posed a formidable 
challenge to the sustainability. In the new normal, the situa-
tion warrants the rebuilding of society in a sustainable way 
along with redefining sustainability. Development of virtual 
infrastructure and green buildings along with a clear shift 
to energy efficient designs particularly in the industrial and 
transport sectors is the need of the hour. Comprehensive 
waste management policies suitable for the pandemic man-
agement should be prioritized. Finally, we should nurture 
the eco-centric view and should develop more eco-friendly 
sustainable practices.

Funding  It is hereby certified that no funding from any funding agency 
was received for the present work.
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