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A B S T R A C T   

The coronavirus disease (COVID-19), a variant of Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV- 
2) originated in Wuhan city of China and has now transmitted over the world. Till the April 24, 2020, nearly 
144,367,284 confirmed positive cases with 3,066,270 deaths worldwide. The recent studies have reported that 
SARS-CoV-2 is transmitted through respiratory droplets. Several vaccines are available now. However, the 
vaccination process has not completed yet. Worldwide lockdown was initiated to restrict gathering, transport and 
industrial activities. Lockdown due to COVID-19 showed reduction in environmental pollution. The quality of air 
and water improved in metro cities and in rivers during COVID-19. This review not only provides the updated 
information related to impact of COVID-19 on air, water and noise pollution, generation of biomedical waste and 
global environmental sustainable development but also it covers the basic mechanism of COVID-19 transmission.   

1. Introduction 

The SARS-CoV-2 originated in the Wuhan animal market, China, in 
December 2019 (Walls et al., 2020) and by now has spread over 
worldwide infecting over 144,367,284 people till April 2020 (WHO, 
2021; Wang et al., 2020). The World Health Organization (WHO) has 
named it as coronavirus disease 2019 (COVID-19) and the International 
Committee on Taxonomy of Viruses (ICTV) has given the nomenclature 
as SARS-CoV-2 (Serve Acute Respiratory Syndrome Coronavirus-2) to 
the novel coronavirus (Kandeel et al., 2020). The higher transmission 
and infectious rates of the SARS-CoV-2 are due to genetic modification at 
S protein of receptor-binding domain (RBD) region and long incubation 
period (2–14 days) (Shereen et al., 2020). The recent investigation has 
reported that the mortality rate also depends on the level of environ-
mental pollution. As per WHO, mortality due to COVID-19 is more 
pronounced in elderly people (60+ age) suffering from diabetes, high 
blood pressure and kidney troubles (Hackethal, 2020). 

The transmission of COVID-19 in humans is caused by droplets due 
to sneezing, coughing or through physical direct contacts like hand 
shaking (Li et al., 2020). The transmission of SARS-CoV-2 second wave 
2021 in India was more infectious than the first one in 2020. During the 
year 2020, the maximum cases were detected in the month of September 
12, 2020 as 97,570 cases/day. During the second wave, the infection 
rate was much higher and total 346,786 positive cases were reported in a 
single day as on April 24, 2021 (WHO, 2021; Pandey and Nazmi, 2021). 
The higher infection rate in the India has challenged several medical 

facilities such as availability of medical oxygen, ventilators and shortage 
of COVID-19 medicines in the hospitals (Mehrotra and Sharma, 2021). 
Table 1 depicts the number of COVID-19 affected persons and deaths 
caused in various countries of the world. 

Currently, several vaccines such as Covishield (AstraZeneca and 
Serum Institute of India), Covaxin (Bharat biotech), Sputnik (Russia) 
etc., are available in the market and vaccination process is in a pro-
gressive state. The existing drugs like lopinavir, remdesivir, umifenovir 
and chloroquine have been identified as potential candidates by drug 
repurposing strategies and take an important part in COVID-19 treat-
ment (Lu, 2020; Song et al., 2020). 

Governments have restricted several activities like outing of people, 
transportation and industrial processes (Zambrano-Monserrate et al., 
2020) by imposing lockdown. The environmental pollution (air, water, 
soil and noise pollution) has decreased due to COVID-19 induced lock-
down. The emission of greenhouse gases, nitrogen dioxide and black 
carbon has dropped substantially (Muhammad et al., 2020). Several 
industrial units have shut down during lockdown period which is 
responsible for reduction in water pollution (Barouki et al., 2021). A 
decrease in noise pollution due to restriction in movement of vehicles 
has been reported (Asensio et al., 2020). Besides this, the volume of 
biomedical waste has increased in the COVID-19 pandemic due to 
tremendous hospitalization of COVID-19 patients. In the pandemic 
period, large number of quarantine centers were constructed for 
confirmed and suspected COVID-19 patients. The large amount of 
biomedical waste like mask, gloves and other COVID-19 safety materials 
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were discarded from these quarantine centers (Ilyas et al., 2020). During 
COVID-19 lockdown, people stayed in their home and preferred online 
shopping to routine one which was responsible for the generation of 
waste such as plastic waste (packaging material) (Parashar and Hait, 
2021). 

This review aims at summarizing and critically assessing the avail-
able information on COVID-19 environmental impact and its trans-
mission mechanism. 

2. Environmental impact of COVID-19 

Mass gathering and close contacts are the major causes for COVID-19 
transmission. The WHO has suggested for maintaining a social distance 
(6 ft) in gatherings or at work place (WHO, 2020b). Most of the COVID- 
19 affected countries have taken necessary remedial measures including 
lockdown to combat against COVID-19. The complete lockdown and 
sealing of hotspots have reduced unnecessary movement. Moreover, 
complete lockdown in the country (India) with social distancing also 
helped in breaking the chain of COVID-19 transmission (Srivastava and 
Dasgupta, 2020). The lockdown has been found to be the most effective 
step in reducing the COVID-19 transmission by minimizing person-to- 
person interaction (Srivastava and Dasgupta, 2020; Lamba, 2020). The 
Indian Government enforced country wide lockdown in four steps from 
25th March, 2020 to 31st May, 2020 during the early stage of COVID-19 
transmission. In this period, the Indian Government restricted several 
industrial activities, transportation and sealed tourist places as well as 
needless movement of people. During lockdown period, the water 
quality of rivers including Ganga, Yamuna improved due to shutdown of 
many industrial processes (Elsaid et al., 2021). The noise and air 
pollution was also reduced during lockdown period due to restricted 
movement of motor vehicles and shutdown of coal and gas-fired power 
stations (Liu et al., 2021; Kumar and Managi, 2020). 

It has been reported that the level of greenhouse gases decreased for 
the first time during lockdown after World War II. In the industrial cities, 
there has been a decrease in air pollution during lockdown period (He 
et al., 2020). This pandemic is responsible for better air and water 
quality along with several negative waves such as generation of 
tremendous volume of hospital and household waste with disturbed 
solid waste recycling process. Besides these environmental impacts, 
COVID-19 pandemic also affected the sustainable development goals 

(SDGs). World leaders adopted 2030 agenda for sustainable develop-
ment and committed to a shared vision to set the world on sustainable 
path for people, planet, partnership, peace and prosperity. Due to 
COVID-19 pandemic crisis, the 2030 agenda of UNSDGs has been 
affected. 

2.1. Positive impacts of COVID-19 

COVID-19 pandemic out broke in December 2019 and lockdown was 
initiated in many countries since March 2020. During the lockdown 
several human and industrial activities remained suspended to minimize 
human to human interaction. Several positive effects of lockdown due to 
COVID-19 on environment like reduction in air pollution, improvement 
in water quality and minimum noise pollution (Ghosh, 2020) were 
observed. 

2.1.1. Air quality improvement 
The industries, vehicles and companies were closed during lockdown 

and this was responsible for the sudden drop of greenhouse gas emission. 
In New York, the air pollution was reduced up to 50% in 2020 as 
compared to 2019 due to COVID-19 induced lockdown. NO2 is gener-
ated from burning of fossil fuels (diesel and petrol) (US EPA, 2016). NO2 
present in the atmosphere is the major cause of acid rain and is 
responsible for human respiratory diseases (EEA, 2020). European 
Environmental Agency (EEA) reported that NO2 emission condensed up 
to 60% in the major cities of Europe during COVID-19 (EEA, 2020). N2O 
and CO emission were also observed to be decreased worldwide during 
COVID-19 lockdown due to closure of the most of the industries. In 
China, N2O and CO emission was reduced up to 50% (Biswal et al., 
2020). The NO2 level in the Ontario (Canada) was also reduced (Adams, 
2020). The NO2 level in the Delhi (India) decreased up to 70% during 
nationwide lockdown. The air quality parameters during lockdown and 
their comparison with unlock period have been shown in the Table 2. 

According to the Central Pollution Control Board (CPCB), India, the 
air quality was improved as compared to normal situation (CPCB, 2021). 
The concentration of PM2.5, PM10, NO, NO2, SO2, CO and toluene 
decreased and ozone concentration was found to be enhanced up to 
standards of CPCB (Table 2). The increase in ozone concentration was 
attributed to reduction in NO2 emission during lockdown. This investi-
gation indicated that COVID-19 mediated lockdown was responsible for 
reduction in air pollution. 

The overall NO2 emission in India was found to be 50% less during 
nationwide COVID-19 lockdown (Thiessen, 2020). Nigam et al. (2021) 
compared the air quality data of normal situation with lockdown period 
and reported that PM10, PM2.5, CO, NO2, O3, and SO2 emission decreased 
during lockdown period from March 2020 to June 2020. 

2.1.2. Reduction in water pollution 
The availability of fresh water is a big challenge worldwide (Singh 

and Mishra, 2021). The industrial and domestic wastewater is 

Table 1 
Spread of COVID-19 in various countries (since December 2019 till April 24, 
2021).  

Country Number of infected persons Number of recorded deaths 

USA  31,530,214  564,091 
India  16,263,695  186,920 
Brazil  14,122,795  381,475 
France  5,325,495  101,513 
Russian Federation  4,744,961  107,501 
Spain  3,456,886  77,496 
Italy  3,920,945  118,357 
Turkey  4,501,382  37,329 
Germany  3,245,253  81,158 
Colombia  2,701,313  69,596 
Argentina  2,769,552  60,083 
Mexico  2,315,811  213,597 
Poland  2,742,122  64,707 
Iran  2,335,905  68,366 
South Africa  1,571,348  53,995 
Ukraine  2,004,630  41,700 
Indonesia  1,626,812  44,172 
Peru  1,726,806  58,261 
Czechia  1,615,461  28,863 
Netherland  1,435,772  17,002 
Canada  1,147,463  23,763 
Chile  1,148,320  25,532 

Source: WHO, 2021. 

Table 2 
Comparison between air quality data of lockdown and unlock period 
(https://app.cpcbccr.com/ccr/#/caaqm-dashboard-all/caaqm-landing).  

Parameters May 31, 2019 May 31, 2020 Standards (CPCB) 

PM2.5 (μg/m3)  98.49  28.61 0.00–60.00 
PM10 (μg/m3)  439.14  39.44 0.00–100.00 
NO (μg/m3)  125.16  4.57 0.00–80.00 
NO2 (μg/m3)  113.59  16.89 0.00–80.00 
NOx (ppb)  149.73  12.71 0.00–200.00 
NH3 (μg/m3)  48.06  21.03 0.00–400.00 
SO2 (μg/m3)  19.63  11.97 0.00–80.00 
CO (mg/m3)  2.30  2.97 0.00–4.00 
Ozone (μg/m3)  45.95  83.48 0.00–180.00 
Benzene (μg/m3)  4.62  2.33 0.00–5.00 
Toluene (μg/m3)  25.41  26.38 0.00–5.00  
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discharged into the rivers and other water sources without or with 
partial treatment (Singh et al., 2021a; Singh et al., 2021b). During 
COVID-19 pandemic, most of the industries were completely shut down. 
This was a major reason for improvement in the water quality. For 
instance, water of some of the major rivers in India like the Ganga and 
Yamuna achieved a good purity level (Yunus et al., 2020). The water 
quality parameters of the Ganga river, Prayagraj city, India are given in 
the Table 3. (Source: Pollution Control Board, Uttar Pradesh, India) 
(UPPCB). 

The water quality of the river Ganga in the Prayagraj indicated that 
bacterial population of coliform and fecal coliform decreased during 
COVID-19 pandemic. Sangam, Prayagraj is one of the most popular 
religious and tourist place in the India where large number of pilgrims 
visit throughout the year. When COVID-19 lockdown was implemented, 
the tourist and religious places were totally closed for people. This 
resulted in the reduction in water pollution in the river Ganga. Several 
real time monitoring stations were constructed on banks of the river 
Ganga and 27 out of 36 stations reported water quality under permis-
sible limit during lockdown period (Singh et al., 2020). Water quality 
data obtained from real time monitoring stations of Uttarakhand 
Pollution Control Board (UPCB), India, showed that the pH (7.4–7.8), 
total coliform microbes (40–90 MPN/100 mL), DO (9.40–10.60 mg/L) 
and BOD (0.60–1.20 mg/L) of the Ganga river were much below the 
permissible limit as demarcated by the Indian Government (Rume and 
Islam, 2020) during lockdown. In the Grand Canal city of Italy, the water 
quality improved substantially and many rare aquatic species reap-
peared during lockdown (Clifford, 2020). The water quality in beach 
area of Malaysia, Thailand, India, Indonesia and Bangladesh improved 
as most of the places were closed for visitors and other water activities. 
The water and soil quality also improved due to absence of waste food at 
tourist places (Kundu, 2020). 

2.1.3. Reduction of noise pollution 
The noise pollution is responsible for hearing loss in about 300 

million people worldwide (Sims, 2020). WHO reported that one of the 
major noise pollution source is road traffic and around 40% European 
population suffers from high noise pollution. The noise pollution in 
Dublin was monitored at 12 noise pollution monitoring station between 
January and May 2020. Among these, 80% of stations reported 60% 
reduced noise in the lockdown period in comparison to normal situation 
(Basu et al., 2021). Asensio et al. (2020) monitored the reduction in 
noise pollution from March to June 2020 in the City of Madrid, USA. 
Authors reported 4–6 dB noise level was reduced during lockdown 
period as compared to unlock period. Curovic et al. (2021) investigated 
effect of COVID-19 mediated lockdown on noise pollution level. Authors 
analyzed noise pollution data in the various traffic areas in the Koper 
city, Slovenia during January 2018, February 2020 and April 2020, and 
authors reported the reduction in noise pollution by 2.2 dB to 5.7 dB due 
to COVID-19. 

2.1.4. Positive impacts on SDGs 
COVID-19 decreased the progress of SDGs by affecting all 17 goals 

during the year 2020–21. However, pandemic also brought positive 
hopes in many ways like reduction in environmental pollution, climatic 
changes and decline in global warming by drop in emission of green-
house gases. Additionally, during pandemic situation, digitalization and 
consolidation of healthcare system was enhanced. People were 

motivated for helping others, for performing social service and started 
working in collaboration for research, medical science and social 
welfare. 

The pandemic guided and encouraged for adjusting the negative 
effect of COVID-19 and provided us an outline where effective leader-
ship and responsibility of group members are required for fulfilling 2030 
agenda of SDGs [Schmidt-Traub, 2020]. The priorities of member states 
of SDGs are shifted towards the effective management of medical facility 
and protection of people from COVID-19. However, to avoid risk in the 
progress to be achieved by 2030, the COVID-19 pandemic can be used as 
an opportunity to attain a goal of sustainable development [Leal-Filho 
et al., 2020]. This crisis provided a better solution to the future crisis by 
implying stronger health system, with a view to achieve the aim of SDG3 
(health and well-being). The present crisis also gave an appropriate 
response for healthier natural environment and gender inequality. 
Balanced ecosystem is much important for disease control and also 
highlights the importance of interdependencies between human and 
biosphere [Di Marco et al., 2020; Bodin et al., 2019]. 

2.2. Negative environmental impacts of COVID-19 

COVID-19 induced lockdown showed various positive impacts along 
with few negative influence. The negative impacts COVID-19 are 
enlisted below. 

2.2.1. Generation of biomedical waste 
Biomedical waste consists of pathogenic microbial consortia. Several 

medical facilities and equipment are required for COVID-19 patients dur-
ing their treatment, which result in the generation of various types of 
biomedical waste like disposable PPE kits, gloves, face masks, medicines, 
dressing materials, blood and serum samples etc. (Haque et al., 2021). 
India suffered as the second most affected country with COVID-19 after 
USA (https://www.worldometers.info/coronavirus/#countries). Some of 
the most populated cities of India like Delhi, Chennai, Mumbai, Bangalore 
and Hyderabad showed maximum COVID-19 cases. On the basis of report 
published on September 18, 2020, India generated biomedical wastes more 
than 180 tons/day (https://www.thehindu.com/news/national/cor 
onavirus-india-witnesses-surge-in-covid-19-related-biomedical-waste/ 
article34563675.ece). The Maharashtra alone contributed to around 17% 
portion of the biomedical waste in India. The volume of biomedical waste 
generated during COVID-19 from June to September 2020 is shown in 
Fig. 1. 

It is evident from Fig. 1 that the volume of biomedical waste grad-
ually increased from June to September 2020 due to month-wise in-
crease in COVID-19 cases. The maximum cases (about 98,000 per day) 
were reported in September 2020 (https://www.worldometers. 
info/coronavirus/#countries). Among these, a large fraction of pa-
tients needed hospitalization. Surge in COVID-19 cases in the month of 
September 2020 involved more medical facilities as compared to normal 
situation. The generation of biomedical waste from hospitals and 
quarantine centers increased due to surge in COVID-19 cases. CPCB and 
Ministry of Environment, Forestry and Climate (MoEFC), India have 
issued guidelines for the management of biomedical waste generated 
during isolation, diagnosis and treatment of COVID-19 patient (NCDC, 
2020). 

2.2.2. Reduction in waste recycling and municipal waste generation 
This type of waste consists of packaging materials, glasses, de-

tergents, kitchen waste, etc. Urban sector contributes more municipal 
waste than rural society. The municipal waste consists of both liquids 
and solids (Somani et al., 2020). During the lockdown period, people 
stayed in their home and most of them did online shopping. These ac-
tivities are responsible for the generation of household waste from 
packaging materials (Zambrano-Monserrate et al., 2020). The genera-
tion of large amount municipal waste adversely affects the environment 
(Islam and Azam, 2015). However, waste management is an effective 

Table 3 
The comparative water quality of the river Ganga before and during lockdown.  

Parameters Before lockdown During lockdown 

DO (mg/L)  11.50  8.00 
BOD (mg/L)  2.60  2.30 
Total coliform (MPN/100 mL)  8400.00  2400.00 
fecal coliform (MPN/100 mL)  3300.00  790.00  
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method for the reducing environmental pollution and conserving na-
ture. During COVID-19 pandemic, most of the countries decreased waste 
recycling in order to reduce COVID-19 transmission. For example, in 
USA waste recycling was diminished in its many cities (up to 46%) to 
prevent COVID-19 transmission in workers involved in such operations. 
Waste pickers collect re-usable waste from roads and waste dumping 
area and sell it on low profit for recycling. These waste pickers play an 
important role in the waste management and circular economy espe-
cially for developing countries [Moreno-Sanchez and Maldonado, 
2006]. During COVID-19, about 8000 waste pickers were banned by the 
Turkey Government as part of pandemic measures. Due to restriction in 
waste collection, the waste recycling and management process became 
affected (Hikmet, 2020). Other countries like Italy, United Kingdom, 
Spain, France, etc., also restricted waste management process during 
pandemic. Due to disruption in proper waste management activities and 
waste recycling, the environmental pollution increased worldwide 
(Somani et al., 2020; Islam and Azam, 2015). 

3. Lessons learnt from COVID-19 and strategies for 
environmental sustainability 

COVID-19 is a worldwide global health emergency which is 
responsible for large number of deaths (Singh and Mishra, 2021). Along 
with its lethal effect, COVID-19 brought positive environmental impacts 
that might serve as an example and inspiration for future behavior of 
human towards nature. The current pandemic showed a direct rela-
tionship between level of environmental pollution and economic activ-
ities like transportation, energy production and industrial operations 
(Cheval et al., 2020). The pandemic taught us that eco-friendly energy 
based system is far more beneficial and waste materials should be of 
biodegradable type. The lockdown period brought us a hope that there 
are possibilities of minimizing unnecessary anthropogenic activities in 
the environment (Singhal, 2020). In order to make positive changes in 
the environment, individuals and Governments may follow the 
following strategies  

i. regular maintenance of vehicles,  
ii. well-organized public transport system,  

iii. improved traffic management system,  
iv. reduced emission of chlorofluorocarbons (CFCs),  
v. use of eco-friendly products,  

vi. well organized and effective waste management system,  
vii. promotion of reused and recycled waste materials and  

viii. proper treatment of wastewater before discharging in the 
environment 

Praveena and Aris (2021) investigated the effect of COVID-19 on air, 
water and noise pollution. Authors collected environmental data from 
Southeast Asian region before and during COVID-19. Authors reported 
an improvement in air and water quality, lower noise level and reduc-
tion in the surface land temperature. In the lockdown period, social and 
economy activities were highly affected. However, this pandemic was 
also responsible for the decline in oil exploration and overall improve-
ment in environmental quality (Abubakar et al., 2021). COVID-19 
showed several short and long term environmental impacts which 
play an important role in the environmental sustainable development. 
Impacts of COVID-19 for global environmental sustainable development 
are shown in Fig. 2. 

The reduction in pollution level, ecological restoration and climatic 
change is a global issue that are considered under political boundaries. 
So, strengthening of global cooperation is a part of 2030 agenda of the 
SDGs. Moreover, learning from current COVID-19 related experiences, 
management system and policies are lessons learned for dealing with the 
climate and environmental issues. The 2030 agenda of SDGs for envi-
ronmental sustainable development, which covers sustainability in all 
forms, can be a useful agenda to form guidelines for sustainable 
ecological future (Shulla et al., 2021). 

It is the need of the hour that important strategies such as sustainable 
industrialization, use of renewable energy sources and international 
cooperation should be adopted for environmental sustainability (Cheval 
et al., 2020). 

3.1. Sustainable industrialization 

The sustainable industrialization plays an important role in energy 
savings as well as environmental protection. It is necessary to adopt less 
energy consumption technologies in industries together with the use of 
renewable energy (Li et al., 2021). Moreover, the industries may be 
positioned at specific places, where the effluent or waste of one industry 
can be utilized as raw material for another industry (Hysa et al., 2020). 
After a defined period, old industries may be shut down/demolished in a 
circular way to reduce unnecessary emission of pollutant without 
affecting the economy. In few industries like readymade garments 
manufacturing unit where people work in group, the physical distance 
and aseptic condition must be assured in order to avoid COVID-19 
transmission (Booth, 2020). 

3.2. Use of renewable energy and public transport 

The policy ‘The Road to Sustainable Transport’ provides important 
recommendations regarding structural changes to achieve minimum 

Fig. 1. Volume of biomedical waste engendered during COVID-19 pandemic from June to September 2020.  
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emission of greenhouse gases. The Government of Colombia recom-
mended the use of transit systems during pandemic. It could solve 
several problems linked to vehicular pollution, road accidents, deaths 
and issues related to economic, social and environment (IISD, 2021). 

3.3. Wastewater treatment and reuse 

Trace amount of SARS-CoV-2 virus was also reported in the waste-
water samples in the USA, Europe (Finland, Netherlands, Sweden and 
Switzerland) and Israel. The COVID-19 virus can multiply in high gen-
eration number and can cause COVID-19 infection. Therefore, it is 
necessary to monitor coronaviruses contamination in the wastewater 
which must be treated before reuse (UNEP, 2021). 

3.4. Waste management: recycling and reuse 

The circularity process should be used to minimize waste production 
and maximum utilization of raw materials (Yousefi Oskoei et al., 2021). 
The hazardous medical wastes should be properly treated as per WHO 
guidelines (WHO, 2020a). Majority of people do not have sufficient 
knowledge about waste disposal and waste segregation (Rahman et al., 
2020). In pandemic, the Governments and healthcare system allow the 
single use of plastic made PPE kits, gloves and disposable syringes which 
increased while dealing with COVID-19. It is needful to understand the 
management of these plastic wastes in order to get maximum benefit 
without affecting ecosystem (Benson et al., 2021). It can be achieved by 
adopting proper disposal and approved medical waste management 
procedures for single use medical waste like mask, gloves, surgical suits 
and PPE kits. US FDA recommended to the healthcare providers to 
implement the re-usable surgical gowns and avoid PPE kits. In addition, 
personal COVID-19 protective materials should be disposed in the 
separate bins and followed by its recycling at authorized medical waste 
management facility (US FDA, 2020). These practices can be useful in 
decrease of plastic pollution which is mediated by single use plastic 
during pandemic. 

4. Conclusion 

The nation wise lockdown was observed as an effective option to stop 
transmission of pandemic due to lack of therapeutic facilities of COVID- 
19 during initial transmission phase. The lockdown period minimized 
environmental pollution, which improved the water and air quality and 
brought reduction in noise pollution due to shut down of industrial 
process. COVID-19 taught us to improve healthcare system for future 
and provided a clue to achieve 2030 agenda of UNSDGs. The environ-
mental sustainability can be achieved by using green and clean energy, 

sustainable industrialization, well organized waste management system, 
wastewater treatment and its reuse. 

CRediT authorship contribution statement 

Veer Singh wrote the manuscript and prepared graphs and figures. 
Vishal Mishra supervised the complete work including data manage-
ment, added more technical facts and complied the manuscript. 

Funding 

Authors declare that there is no financial support for this research 
work. 

Declaration of competing interest 

The authors declare that there is no conflict of interest. 

Acknowledgments 

Authors are thankful to IIT (BHU), Varanasi, India for providing 
required facilities for this research work. 

References 

Abubakar, L., Salemcity, A.J., Abass, O.K., Olajuyin, A.M., 2021. The impacts of COVID- 
19 on environmental sustainability: a brief study in world context. Bioresour. 
Technol. Rep. 15, 100713 https://doi.org/10.1016/j.biteb.2021.100713. 

Adams, M.D., 2020. Air pollution in Ontario, Canada during the COVID-19 state of 
emergency. Sci. Total Environ. 742, 140516 https://doi.org/10.1016/j. 
scitotenv.2020.140516. 

Asensio, C., Pavon, I., de Arcas, G., 2020. Changes in noise levels in the city of Madrid 
during COVID-19 lockdown in 2020. J. Acoust. Soc. Am. 148, 1748. https://doi.org/ 
10.1121/10.0002008. 

Barouki, R., Kogevinas, M., Audouze, K., Belesova, K., Bergman, A., Birnbaum, L., 
Boekhold, S., Denys, S., Desseille, C., Drakvik, E., Frumkin, H., Garric, J., 
Destoumieux-Garzon, D., Haines, A., Huss, A., Jensen, G., Karakitsios, S., Klanova, J., 
Koskela, I.M., Laden, F., Marano, F., Franziska Matthies-Wiesler, E., Morris, G., 
Nowacki, J., Paloniemi, R., Pearce, N., Peters, A., Rekola, A., Sarigiannis, D., 
Sebkova, K., Slama, R., Staatsen, B., Tonne, C., Vermeulen, R., Vineis, P., HERA- 
COVID-19 working group., Electronic address: https://www.heraresearcheu.eu/., 
2021. The COVID-19 pandemic and global environmental change: Emerging 
research needs. Environ. Int. 146, 106272. doi:https://doi.org/10.1016/j.envint.20 
20.106272. 

Basu, B., Murphy, E., Molter, A., Basu, A.S., Sannigrahi, S., Belmonte, M., Pilla, F., 2021. 
Investigating changes in noise pollution due to the COVID-19 lockdown: the case of 
Dublin, Ireland. Sustain. Cities Soc. 65, 102597 https://doi.org/10.1016/j. 
scs.2020.102597. 

Benson, N.U., Bassey, D.E., Palanisami, T., 2021. COVID pollution: impact of COVID-19 
pandemic on global plastic waste footprint. Heliyon 7, e06343. https://doi.org/ 
10.1016/j.heliyon.2021.e06343. 

Fig. 2. COVID-19 impacts and strategies for environmental sustainable development.  

V. Singh and V. Mishra                                                                                                                                                                                                                        

https://doi.org/10.1016/j.biteb.2021.100713
https://doi.org/10.1016/j.scitotenv.2020.140516
https://doi.org/10.1016/j.scitotenv.2020.140516
https://doi.org/10.1121/10.0002008
https://doi.org/10.1121/10.0002008
https://www.heraresearcheu.eu/
https://doi.org/10.1016/j.envint.2020.106272
https://doi.org/10.1016/j.envint.2020.106272
https://doi.org/10.1016/j.scs.2020.102597
https://doi.org/10.1016/j.scs.2020.102597
https://doi.org/10.1016/j.heliyon.2021.e06343
https://doi.org/10.1016/j.heliyon.2021.e06343


Bioresource Technology Reports 15 (2021) 100744

6

Biswal, A., Singh, T., Singh, V., Ravindra, K., Mor, S., 2020. COVID-19 lockdown and its 
impact on tropospheric NO2 concentrations over India using satellite-based data. 
Heliyon 6, 04764. https://doi.org/10.1016/j.heliyon.2020.e04764. 

Bodin, O., Alexander, S.M., Baggio, J., Barnes, M.L., Berardo, R., Cumming, G.S., Dee, L. 
E., Fischer, A.P., Fischer, M., Mancilla-Garcia, M., Guerrero, A.M., Hileman, J., 
Ingold, K., Matous, P., Morrison, T.H., Nohrstedt, D., Pittman, J., Robins, G., 
Sayles, J.S., 2019. Improving network approaches to the study of complex 
social–ecological interdependencies. Nat. Sustain. 2, 551–559. https://doi.org/ 
10.1038/s41893-019-0308-0. 

Booth, C.M., 2020. Applying aseptic practices to protect yourself from COVID-19. https 
://www.pharmaceuticalonline.com/doc/applying-aseptic-practices-to-protect-yours 
elf-from-covid-0001 (accessed 20 April 2020). 

Cheval, S., Mihai-Adamescu, C., Georgiadis, T., Herrnegger, M., Piticar, A., Legates, D.R., 
2020. Observed and potential impacts of the COVID-19 pandemic on the 
environment. Int. J. Environ. Res. Public Health 17, 4140. https://doi.org/10.3390/ 
ijerph17114140. 

Clifford, C., 2020. The water in Venice, Italy's canals is running clear amid the COVID-19 
lockdown. https://www.cnbc.com/2020/03/18/photos-water-in-venice-italys-cana 
ls-clear-amid-covid-19-lockdown.html. (accessed 17 April 2020). 

CPCB., 2021. Central control room for air quality management-all India. https://app. 
cpcbccr.com/ccr/#/caaqm-dashboard-all/caaqm-landing (accessed 17 June 2021). 

Curovic, L., Jeram, S., Murovec, J., Novakovic, T., Rupnik, K., Prezelj, J., 2021. Impact of 
COVID-19 on environmental noise emitted from the port. Sci. Total Environ. 756, 
144147 https://doi.org/10.1016/j.scitotenv.2020.144147. 

Di Marco, M., Baker, M.L., Daszak, P., De Barro, P., Eskew, E.A., Godde, C.M., 
Harwood, T.D., Herrero, M., Hoskins, A.J., Johnson, E., Karesh, W.B., Machalaba, C., 
Garcia, J.N., Paini, D., Pirzl, R., Smith, M.S., Zambrana-Torrelio, C., Ferrier, S., 2020. 
Opinion: Sustainable development must account for pandemic risk. Proc. Natl. Acad. 
Sci. U. S. A. 117, 3888–3892. https://doi.org/10.1073/pnas.2001655117. 

EEA, 2020. Air Pollution Goes Down as Europe Takes Hard Measures to Combat 
Coronavirus. European Environmental Agency (EEA), Copenhagen. https://www.ee 
a.europa.eu/highlights/air-pollution-goes-down-as. (Accessed 14 April 2020).  

Elsaid, K., Olabi, V., Sayed, E.T., Wilberforce, T., Abdelkareem, M.A., 2021. Effects of 
COVID-19 on the environment: an overview on air, water, wastewater, and solid 
waste. J. Environ. Manag. 292, 112694 https://doi.org/10.1016/j. 
jenvman.2021.112694. 

Ghosh, I., 2020. The emissions impact of coronavirus lockdowns, as shown by satellites. 
https://www.visualcapitalist.com/coronavirus-lockdowns-emissions/. (Accessed 13 
April 2020). 

Hackethal, V., 2020. Medscape medical news. Diabetes, CVD tied to worse prognosis for 
COVID-19 infection. https://www.medscape.com/viewarticle/925681. (Accessed 25 
February 2020). 

Haque, M.S., Uddin, S., Sayem, S.M., Mohib, K.M., 2021. Coronavirus disease 2019 
(COVID-19) induced waste scenario: a short overview. J. Environ. Chem. Eng. 9, 
104660 https://doi.org/10.1016/j.jece.2020.104660. 

He, G., Pan, Y., Tanaka, T., 2020. The short-term impacts of COVID-19 lockdown on 
urban air pollution in China. Nat. Sustain. https://doi.org/10.1038/s4189 3-020- 
0581-y. 

Hikmet, A., 2020. Waste pickers: we cannot make ends meet only with food aid. 
Retrieved from https://buff.ly/2X83iGb (accessed 24 March 2020). 

Hysa, E., Kruja, A., Rehman, N.U., Laurenti, R., 2020. Circular economy innovation and 
environmental sustainability impact on economic growth: an integrated model for 
sustainable development. Sustainability 12, 4831. https://doi.org/10.3390/ 
su12124831. 

IISD., 2021. Shifting to Sustainable Transit Systems Post-COVID for Health and 
Environment. http://sdg.iisd.org/news/shifting-to-sustainable-transit-systems-post- 
covid-for-health-and-environment/. (accessed 3 June 2021). 

Ilyas, S., Srivastava, R.R., Kim, H., 2020. Disinfection technology and strategies for 
COVID-19 hospital and bio-medical waste management. Sci. Total Environ. 749, 
141652 https://doi.org/10.1016/j.scitotenv.2020.141652. 

Islam, S.M.D., Azam, G., 2015. Seasonal variation of physicochemical and toxic 
properties in three major rivers; Shitalakhya, Buriganga, and Turag around Dhaka 
city, Bangladesh. J. Biodivers. Environ. Sci. 7, 120–131. 

Kandeel, M., Ibrahim, A., Fayez, M., Al-Nazawi, M., 2020. From SARS and MERS CoVs to 
SARS-CoV-2: moving toward more biased codon usage in viral structural and 
nonstructural genes. J. Med. Virol. 92, 660–666. https://doi.org/10.1002/ 
jmv.25754. 

Kumar, S., Managi, S., 2020. Does stringency of lockdown affect air quality? Evidence 
from Indian cities. EconDisCliCha 4, 481–502. https://doi.org/10.1007/s41885- 
020-00072-1. 

Kundu, C., 2020. Has the Covid-19 lockdown returned dolphins and swans to Italian 
waterways? The India Today, 22 March 2020. https://www.indiatoday.in/fact-chec 
k/story/has-covid19-lockdown-returned-dolphins-swans-italian-waterways- 
1658457-2020-03-22. (accessed 14 April 2020). 

Lamba, I., 2020. Why India needs to extend the nationwide lockdown. Am. J. Emerg. 
Med. 38, 1528–1529. https://doi.org/10.1016/j.ajem.2020.04.026. 

Leal-Filho, W., Brandli, L., Lange-Salvia, A., Rayman-Bacchus, L., Platje, J., 2020. 
COVID-19 and the UN sustainable development goals: threat to solidarity or an 
opportunity? Sustainability. 12, 5343. https://doi.org/10.3390/su12135343. 

Li, Q., Guan, X., Wu, P., Wang, X., Zhou, L., Tong, Y., et al., 2020. Early transmission 
dynamics in Wuhan, China, of novel coronavirus-infected pneumonia. N. Engl. J. 
Med. 382, 1199–1207. https://doi.org/10.1056/NEJMoa2001316. 

Li, Y., Wang, Z., Wei, Y., 2021. Pathways to progress sustainability: an accurate 
ecological footprint analysis and prediction for Shandong in China based on 
integration of STIRPAT model, PLS, and BPNN. Environ. Sci. Pollut. Res. Int. https:// 
doi.org/10.1007/s11356-021-14402-7. 

Liu, F., Wang, M., Zheng, M., 2021. Effects of COVID-19 lockdown on global air quality 
and health. Sci. Total Environ. 755, 142533 https://doi.org/10.1016/j. 
scitotenv.2020. 

Lu, H., 2020. Drug treatment options for the 2019-new coronavirus (2019-nCoV). Biosci. 
Trends 14, 69–71. https://doi.org/10.5582/bst.2020.01020. 

Mehrotra, N., Sharma, A., 2021. Indian hospitals plead for oxygen, country sets virus 
record. https://apnews.com/article/india-hospitals-oxygen-tanks-coronavirus-surge 
-eeed59f1a8574e34353c046ca80419b1#:~:text=NEW%20DELHI%20(AP)%20% 
E2%80%94%20India,who%20are%20struggling%20to%20breathe. (Accessed 23 
April 2020). 

Moreno-Sanchez, R.D.E.L.P., Maldonado, J.H., 2006. Surviving from garbage: the role of 
informal waste-pickers in a dynamic model of solid-waste management in 
developing countries. Environ. Dev. Econ. 11, 371–391. https://doi.org/10.1017/ 
S1355770X06002853. 

Muhammad, S., Long, X., Salman, M., 2020. COVID-19 pandemic and environmental 
pollution: a blessing in disguise? Sci. Total Environ. 728, 138820. https://doi.org/ 
10.1016/j.scitotenv.2020.138820. 

NCDC., 2020. Ministry of Health and Family Welfare, Government of India. Guideline for 
quarantine facilities COVID-19. New Delhi; 2020. Available at: https://ncdc.gov. 
in/WriteReadData/l892s/90542653311584546120.pdf. (accessed 25 April 2020). 

Nigam, R., Pandya, K., Luis, A.J., Sengupta, R., Kotha, M., 2021. Positive effects of 
COVID-19 lockdown on air quality of industrial cities (Ankleshwar and Vapi) of 
Western India. Sci. Rep. 11, 4285. https://doi.org/10.1038/s41598-021-83393-9. 

Pandey, V., Nazmi, S., 2021. BBC News Delhi. Covid-19 in India: why second coronavirus 
wave is devastating. https://www.bbc.com/news/world-asia-india-56811315. 
(Accessed 21 April 2021). 

Parashar, N., Hait, S., 2021. Plastics in the time of COVID-19 pandemic: protector or 
polluter? Sci. Total Environ. 759, 144274. https://doi.org/10.1016/j. 
scitotenv.2020.144274. 

Praveena, S.M., Aris, A.Z., 2021. The impacts of COVID-19 on the environment 
sustainability: a perspective from the Southeast Asian region. Environ. Sci. Pollut. 
Res. https://doi.org/10.1007/s11356-020-11774-0. 

Rahman, M.M., Bodrud-Doza, M., Griffiths, M.D., Mamun, M.A., 2020. Biomedical waste 
amid COVID-19: perspectives from Bangladesh. Lancet Glob. Health 8, 1262. 
https://doi.org/10.1016/S2214-109X(20)30349-1. 

Rume, T., Islam, S.M.D.U., 2020. Environmental effects of COVID-19 pandemic and 
potential strategies of sustainability. Heliyon 6, e04965. https://doi.org/10.1016/j. 
heliyon.2020.e04965. 

Schmidt-Traub G. The SDGs can guide our recovery. 2020. https://www.sustain 
ablegoals.org.uk/wp-content/uploads/2020/10/074-076-SCHMIDT-TRAUB.pdf. 
(accessed 12 Nov 2020). 

Shereen, M.A., Khan, S., Kazmi, A., Bashir, N., Siddique, R., 2020. COVID-19 infection: 
origin, transmission, and characteristics of human coronaviruses. J. Adv. Res. 24, 
91–98. https://doi.org/10.1016/j.jare.2020.03.005. 

Shulla, K., Voigt, B.F., Cibian, S., Scandone, G., Martinez, E., Nelkovski, F., Salehi, 
Pourya, P., 2021. Effects of COVID-19 on the sustainable development goals (SDGs). 
Discov. Sustain. 2, 15. https://doi.org/10.1007/s43621-021-00026-x. 

Sims, J., 2020. Will the world be quieter after the pandemic? https://www.bbc.com 
/future/article/20200616-will-the-world-be-quieter-after-the-pandemic. (accessed 
14 July 2020). 

Singh, V., Mishra, V., 2021. Coronavirus disease, 2019, (COVID-19): current situation 
and therapeutic options. Coronaviruses 2, 481–491. https://doi.org/10.2174/ 
2666796701999201005211854. 

Singh, V., Singh, M.P., Mishra, V., 2020. Bioremediation of toxic metal ions from coal 
washery effluent. Desalin. Water Treat. 197, 300–318. https://doi.org/10.5004/ 
dwt.2020.25996. 

Singh, V., Singh, J., Mishra, V., 2021a. Sorption kinetics of an eco-friendly and 
sustainable Cr (VI) ion scavenger in a batch reactor. J. Environ. Chem. Eng. 9, 
105125. https://doi.org/10.1016/j.jece.2021.105125. 

Singh, V., Singh, J., Mishra, V., 2021b. Development of a cost-effective, recyclable and 
viable metal ion doped adsorbent for simultaneous adsorption and reduction of toxic 
Cr (VI) ions. J. Environ. Chem. Eng. 9, 105124 https://doi.org/10.1016/j. 
jece.2021.105124. 

Singhal, T., 2020. A review of coronavirus disease-2019 (COVID-19). Indian J. Pediatr. 
87, 281–286. https://doi.org/10.1007/s12098-020-03263-6. 

Somani, M., Srivastava, A.N., Gummadivalli, S.K., Sharma, A., 2020. Indirect 
implications of COVID-19 towards sustainable environment: an investigation in 
Indian context. Biores. Technol. Rep. 11, 100491 https://doi.org/10.1016/j. 
biteb.2020.100491. 

Song, F., Shi, N., Shan, F., Zhang, Z., Shen, J., Lu, H., Ling, Y., Jiang, Y., Shi, Y., 2020. 
Emerging coronavirus 2019-nCoV pneumonia. Radiology 295, 210–217. https://doi. 
org/10.1148/radiol.2020200274. 

Srivastava, V., Dasgupta, A., 2020. India locks down to arrest coronavirus spread. Nat. 
India. https://doi.org/10.1038/nindia.2020.51 (accessed 24 March 2020).  

Thiessen, T., 2020. How clean air cities could outlast COVID-19 lockdowns. 
https://www.forbes.com/sites/tamarathiessen/2020/04/10/h 
ow-clean-air-cities-could-outlast-covid-19-lockdowns/#292a5e866bb5. (Accessed 
13 April 2020). 

UNEP (United Nation Environmental Programme)., 2021. COVID-19, wastewater, and 
sanitation. https://wedocs.unep.org/bitstream/handle/20.500.11822/32802/FS9. 
pdf?sequence=1&isAllowed=y (accessed 18 June 2021). 

US FDA, 2020. Surgical Mask and Gown Conservation Strategies - Letter to Health Care 
Providers. https://www.fda.gov/medical-devices/letters-health-care-providers/sur 
gical-mask-and-gown-conservation-strategies-letter-health-care-providers (accessed 
27 April 2020). 

V. Singh and V. Mishra                                                                                                                                                                                                                        

https://doi.org/10.1016/j.heliyon.2020.e04764
https://doi.org/10.1038/s41893-019-0308-0
https://doi.org/10.1038/s41893-019-0308-0
https://www.pharmaceuticalonline.com/doc/applying-aseptic-practices-to-protect-yourself-from-covid-0001
https://www.pharmaceuticalonline.com/doc/applying-aseptic-practices-to-protect-yourself-from-covid-0001
https://www.pharmaceuticalonline.com/doc/applying-aseptic-practices-to-protect-yourself-from-covid-0001
https://doi.org/10.3390/ijerph17114140
https://doi.org/10.3390/ijerph17114140
https://www.cnbc.com/2020/03/18/photos-water-in-venice-italys-cana%20ls-clear-amid-covid-19-lockdown.html
https://www.cnbc.com/2020/03/18/photos-water-in-venice-italys-cana%20ls-clear-amid-covid-19-lockdown.html
https://app.cpcbccr.com/ccr/#/caaqm-dashboard-all/caaqm-landing
https://app.cpcbccr.com/ccr/#/caaqm-dashboard-all/caaqm-landing
https://doi.org/10.1016/j.scitotenv.2020.144147
https://doi.org/10.1073/pnas.2001655117
https://www.eea.europa.eu/highlights/air-pollution-goes-down-as
https://www.eea.europa.eu/highlights/air-pollution-goes-down-as
https://doi.org/10.1016/j.jenvman.2021.112694
https://doi.org/10.1016/j.jenvman.2021.112694
https://www.visualcapitalist.com/coronavirus-lockdowns-emissions/
https://www.medscape.com/viewarticle/925681
https://doi.org/10.1016/j.jece.2020.104660
https://doi.org/10.1038/s4189 3-020-0581-y
https://doi.org/10.1038/s4189 3-020-0581-y
https://buff.ly/2X83iGb
https://doi.org/10.3390/su12124831
https://doi.org/10.3390/su12124831
http://sdg.iisd.org/news/shifting-to-sustainable-transit-systems-post-covid-for-health-and-environment/
http://sdg.iisd.org/news/shifting-to-sustainable-transit-systems-post-covid-for-health-and-environment/
https://doi.org/10.1016/j.scitotenv.2020.141652
http://refhub.elsevier.com/S2589-014X(21)00122-5/rf0085
http://refhub.elsevier.com/S2589-014X(21)00122-5/rf0085
http://refhub.elsevier.com/S2589-014X(21)00122-5/rf0085
https://doi.org/10.1002/jmv.25754
https://doi.org/10.1002/jmv.25754
https://doi.org/10.1007/s41885-020-00072-1
https://doi.org/10.1007/s41885-020-00072-1
https://www.indiatoday.in/fact-check/story/has-covid19-lockdown-returned-dolphins-swans-italian-waterways-1658457-2020-03-22
https://www.indiatoday.in/fact-check/story/has-covid19-lockdown-returned-dolphins-swans-italian-waterways-1658457-2020-03-22
https://www.indiatoday.in/fact-check/story/has-covid19-lockdown-returned-dolphins-swans-italian-waterways-1658457-2020-03-22
https://doi.org/10.1016/j.ajem.2020.04.026
https://doi.org/10.3390/su12135343
https://doi.org/10.1056/NEJMoa2001316
https://doi.org/10.1007/s11356-021-14402-7
https://doi.org/10.1007/s11356-021-14402-7
https://doi.org/10.1016/j.scitotenv.2020
https://doi.org/10.1016/j.scitotenv.2020
https://doi.org/10.5582/bst.2020.01020
https://apnews.com/article/india-hospitals-oxygen-tanks-coronavirus-surge-eeed59f1a8574e34353c046ca80419b1#:~:text=NEW%20DELHI%20(AP)%20%E2%80%94%20India,who%20are%20struggling%20to%20breathe
https://apnews.com/article/india-hospitals-oxygen-tanks-coronavirus-surge-eeed59f1a8574e34353c046ca80419b1#:~:text=NEW%20DELHI%20(AP)%20%E2%80%94%20India,who%20are%20struggling%20to%20breathe
https://apnews.com/article/india-hospitals-oxygen-tanks-coronavirus-surge-eeed59f1a8574e34353c046ca80419b1#:~:text=NEW%20DELHI%20(AP)%20%E2%80%94%20India,who%20are%20struggling%20to%20breathe
https://doi.org/10.1017/S1355770X06002853
https://doi.org/10.1017/S1355770X06002853
https://doi.org/10.1016/j.scitotenv.2020.138820
https://doi.org/10.1016/j.scitotenv.2020.138820
https://ncdc.gov.in/WriteReadData/l892s/90542653311584546120.pdf
https://ncdc.gov.in/WriteReadData/l892s/90542653311584546120.pdf
https://doi.org/10.1038/s41598-021-83393-9
https://www.bbc.com/news/world-asia-india-56811315
https://doi.org/10.1016/j.scitotenv.2020.144274
https://doi.org/10.1016/j.scitotenv.2020.144274
https://doi.org/10.1007/s11356-020-11774-0
https://doi.org/10.1016/S2214-109X(20)30349-1
https://doi.org/10.1016/j.heliyon.2020.e04965
https://doi.org/10.1016/j.heliyon.2020.e04965
https://www.sustainablegoals.org.uk/wp-content/uploads/2020/10/074-076-SCHMIDT-TRAUB.pdf
https://www.sustainablegoals.org.uk/wp-content/uploads/2020/10/074-076-SCHMIDT-TRAUB.pdf
https://doi.org/10.1016/j.jare.2020.03.005
https://doi.org/10.1007/s43621-021-00026-x
https://www.bbc.com/future/article/20200616-will-the-world-be-quieter-after-the-pandemic
https://www.bbc.com/future/article/20200616-will-the-world-be-quieter-after-the-pandemic
https://doi.org/10.2174/2666796701999201005211854
https://doi.org/10.2174/2666796701999201005211854
https://doi.org/10.5004/dwt.2020.25996
https://doi.org/10.5004/dwt.2020.25996
https://doi.org/10.1016/j.jece.2021.105125
https://doi.org/10.1016/j.jece.2021.105124
https://doi.org/10.1016/j.jece.2021.105124
https://doi.org/10.1007/s12098-020-03263-6
https://doi.org/10.1016/j.biteb.2020.100491
https://doi.org/10.1016/j.biteb.2020.100491
https://doi.org/10.1148/radiol.2020200274
https://doi.org/10.1148/radiol.2020200274
https://doi.org/10.1038/nindia.2020.51
https://www.forbes.com/sites/tamarathiessen/2020/04/10/how-clean-air-cities-could-outlast-covid-19-lockdowns/#292a5e866bb5
https://www.forbes.com/sites/tamarathiessen/2020/04/10/how-clean-air-cities-could-outlast-covid-19-lockdowns/#292a5e866bb5
https://wedocs.unep.org/bitstream/handle/20.500.11822/32802/FS9.pdf?sequence=1&amp;isAllowed=y
https://wedocs.unep.org/bitstream/handle/20.500.11822/32802/FS9.pdf?sequence=1&amp;isAllowed=y
https://www.fda.gov/medical-devices/letters-health-care-providers/surgical-mask-and-gown-conservation-strategies-letter-health-care-providers
https://www.fda.gov/medical-devices/letters-health-care-providers/surgical-mask-and-gown-conservation-strategies-letter-health-care-providers


Bioresource Technology Reports 15 (2021) 100744

7

USEPA., 2016. Nitrogen dioxide (NO2) pollution. https://www.epa.gov/no2-pollution 
/basic-information-about-no2. (accessed 21 April 2020). 

Walls, A.C., Park, Y.J., Tortorici, M.A., Wall, A., McGuire, A.T., Veesler, D., 2020. 
Structure, function, and antigenicity of the SARS-CoV-2 spike glycoprotein. Cell 181, 
281–292. https://doi.org/10.1016/j.cell.2020.02.058. 

Wang, C., Horby, P.W., Hayden, F.G., Gao, G.F., 2020. A novel coronavirus outbreak of 
global health concern. Lancet 395, 470–473. https://doi.org/10.1016/S0140-6736 
(20)30185-9. 

WHO., 2020. Coronavirus disease (COVID-19) weekly epidemiological update. https:// 
www.who.int/docs/default-source/coronaviruse/situation-reports/20200907- 
weekly-epi-update-4.pdf?sfvrsn¼f5f607ee_2. (Accessed 14 September 2020). 

WHO., 2020b. Coronavirus disease (2019-nCoV) situation report-1. (2020). https://www 
.who.int/docs/default-source/wrindia/india-situation-report-1.pdf?sfvr 
sn=5ca2a6720. (accessed 15 April 2020). 

WHO, 2021. WHO Coronavirus (COVID-19) dashboard. Situation by country, territory 
and area. https://covid19.who.int/table. (Accessed 24 April 2021). 

Yousefi Oskoei, V., Jonidi-Jafari, A., Farzadkia, M.M., Hasham-Firooz, M., 
Abdollahinejad, B., Torkashvand, J., 2021. Municipal solid waste management 
during COVID-19 pandemic: effects and repercussions. Environ. Sci. Pollut. Res. Int. 
3, 1–10. https://doi.org/10.1007/s11356-021-14214-9. 

Yunus, A.P., Masago, Y., Hijioka, Y., 2020. COVID-19 and surface water quality: 
improved lake water quality during the lockdown. Sci. Total Environ. 731, 139012 
https://doi.org/10.1016/j.scitotenv.2020.139012. 

Zambrano-Monserrate, M.A., Ruano, M.A., Sanchez-Alcalde, L., 2020. Indirect effects of 
COVID-19 on the environment. Sci. Total Environ. 728, 138813 https://doi.org/ 
10.1016/j.scitotenv.2020.138813. 

V. Singh and V. Mishra                                                                                                                                                                                                                        

https://www.epa.gov/no2-pollution/basic-information-about-no2
https://www.epa.gov/no2-pollution/basic-information-about-no2
https://doi.org/10.1016/j.cell.2020.02.058
https://doi.org/10.1016/S0140-6736(20)30185-9
https://doi.org/10.1016/S0140-6736(20)30185-9
https://www.who.int/docs/default-source/wrindia/india-situation-report-1.pdf?sfvrsn=5ca2a6720
https://www.who.int/docs/default-source/wrindia/india-situation-report-1.pdf?sfvrsn=5ca2a6720
https://www.who.int/docs/default-source/wrindia/india-situation-report-1.pdf?sfvrsn=5ca2a6720
https://covid19.who.int/table
https://doi.org/10.1007/s11356-021-14214-9
https://doi.org/10.1016/j.scitotenv.2020.139012
https://doi.org/10.1016/j.scitotenv.2020.138813
https://doi.org/10.1016/j.scitotenv.2020.138813

	Environmental impacts of coronavirus disease 2019 (COVID-19)
	1 Introduction
	2 Environmental impact of COVID-19
	2.1 Positive impacts of COVID-19
	2.1.1 Air quality improvement
	2.1.2 Reduction in water pollution
	2.1.3 Reduction of noise pollution
	2.1.4 Positive impacts on SDGs

	2.2 Negative environmental impacts of COVID-19
	2.2.1 Generation of biomedical waste
	2.2.2 Reduction in waste recycling and municipal waste generation


	3 Lessons learnt from COVID-19 and strategies for environmental sustainability
	3.1 Sustainable industrialization
	3.2 Use of renewable energy and public transport
	3.3 Wastewater treatment and reuse
	3.4 Waste management: recycling and reuse

	4 Conclusion
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	Acknowledgments
	References


