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Abstract
The ongoing pandemic of the coronavirus disease 2019 (COVID-19) is a global health emergency. Thousands of articles have
been published to tackle this crisis. Here, a bibliometric study of the publications in environmental studies has been conducted to
identify the emerging research trends in this field in the era of COVID-19. Bibliometric analysis serves as a useful tool to evaluate
research productivity and scholarly trends in a field. For this, publications were searched in nine environment-related subject
categories indexed in Science Citation Index Expanded (SCI-EXPANDED) database of the Web of Science Core Collection. A
bibliometric evaluation of 495 relevant documents was performed to identify various essential research indicators, including the
type of the publication, the most prominent journals, subject categories, authors, institutions, and the countries, that contributed
significantly to this theme. Major focus of this bibliometric study is to illustrate the potential research hotspots emerged during
this pandemic. It has been found that significant amount of research has been conducted for the assessment of environmental
quality and its contribution in environmental transmission of COVID-19. In addition to its positive impacts on environment,
COVID-19 has contributed indirectly in worsening many environmental threats such as increased exposure to disinfectants and
antimicrobials, poor solid waste management, and food insecurity. Researchers have also been focusing on the strategies for the
planning of post-COVID-19 cities and buildings and to protect the ecology. This bibliometric study allowed the visualization of
research agenda in the field of environmental studies during this pandemic.
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Introduction

The ongoing pandemic of the coronavirus disease 2019
(COVID-19) is a global health emergency. This disease has
infected more than 68 million people causing more than 1.5
mil l ion deaths worldwide (Worldometers 2020) .
Governments are responding at local, national, regional, and

global levels in the face of an evolving body of evidence and
other circumstances. For that, authorities and scientific com-
munity are seeking for emergent insights on how to tackle this
crisis. As expected, major portion of the research is related to
the medical interventions for the prevention and treatment of
this disease. However, environmental community has contrib-
uted significantly in research related the implications of this
pandemic in environment. In addition to the research reported
in regular issues, many journals have devoted special issues to
cover the research on this theme.

Present study is intended to evaluate the emerging research
trends with the help a bibliometric analysis of the existing liter-
ature on COVID-19. Bibliometrics is particularly useful in facil-
itating the researchers to examine, interpret, and derive indicators
on the progress and dynamics of scientific knowledge on a sub-
ject. Bibliometric analysis of the existing literature on a particular
theme allows recognition of the future research directions and
facilitates the decision making by decreasing the margin of error
(Vanzetto and Thomé 2019; Colares et al. 2020). Therefore,
present study was performed to evaluate the research related to
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COVID-19 that appeared in environment-related journals cate-
gorized in SCI-EXPANDED. This database was chosen as its
comprehensive coverage of the multidisciplinary journals makes
it themost efficient database to represent the search results. There
are 254 subject categories in SCI-EXPANDED and each journal
is assigned to at least one category. For this study, nine categories
were selected due to their relevance to the environment including
(i) environmental sciences; (ii) environmental engineering; (iii)
public, environmental, and occupational health; (iv) ecology; (v)
water resources; (vi) green and sustainable science and technol-
ogy; (vii) meteorology and atmospheric sciences; (viii) soil sci-
ence; and (ix) forestry. A SCI-EXPANDED-based analysis of
the search result was performed to identify the important research
hotspots along with other essential indicators like the type of
publications and the most prominent authors, scientific journals,
institutions, and the countries that have contributed substantially
to this subject. This bibliometric study would facilitate the re-
searchers to identify the potential research hotspots and latest
trends in this field.

Methodology

For this study, the Clarivate Analytics Web of Science Core
Collation was used which is an online version of the Science
Citation Index Expanded (SCI-EXPANDED). The SCI-
EXPANDED Web of Science database has been chosen be-
cause of its high efficiency to represent search results.
Therefore, its use has been recommended to search for
journals and references (Vanzetto and Thomé 2019). These
authors reported that WoS was more efficient at representing
the results, providing 61.5% more articles than the Scopus
database. Though it is highly efficient database at representing
the search results, its search representation could vary as com-
pared to other databases like Scopus, Google Scholar. This
limitation merits to be acknowledged. It should also be noted
that research on some themes is not conclusive and consider-
ing the evolving nature of this pandemic, more reviews on this
topic would be required. It is worth mentioning that certain
impacts (e.g., socio-economic impacts) take some more time
to appear (Sharifi and Khavarian-Garmsir 2020).

On the basis of a preliminary review (data not shown), data
was retrieved on September 14, 2020 by using the following
keywords within title (TI), abstract (AB), and author key-
words (AK) in advanced search: “COVID-19” or “COVID-
2019” or “2019-nCoV” or “COVID19” or “Coronavirus
Disease 2019” or “severe acute respiratory syndrome corona-
virus 2” or “SARS-CoV-2.” Use of quotation marks (“ ”)
allows finding the exact search term by avoiding the synonym
and lemmatization features of Web of Science which are by
default ON in search settings of this database. However, to
find exact expressions, we relied on the use of Boolean oper-
ator “or” to ensure that at least one search term appeared.

These keywords were searched in the nine Web of Science
categories related to environment including environmental
sciences (265 journals), environmental engineering (53
journals), public, environmental and occupational health
(193 journals), ecology (168 journals), water resources (94
journals), green and sustainable science and technology (41
journals), meteorology and atmospheric sciences (93
journals), soil science (38 journals), and forestry (68 journals).
This search yielded 2217 documents which were then
screened by relying on the title and or abstract to eliminate
the articles which were irrelevant to the theme, e.g., medical
interventions to address COVID-19, studies on the impacts of
COVID-19 on public health and behavior. After this initial
screening, 570 documents were shortlisted from which early
access (which do not have the publication information such as
publication year, volume or page numbers) were excluded.
This led to a total of 495 publications which has been used
for further screening and analysis.

Impact factors of journals reported in present article (IF2019)
are based on the latest Journal Citation Reports 2019. The ob-
tained records were rearranged with Microsoft Excel 2016 as
explained previously (Li and Ho 2008). It is worth mentioning
that the term “corresponding author” has been retained which is
designated as the “reprint author” in the SCI-EXPANDED data-
base (Chiu andHo 2007). In articles havingmultiple correspond-
ing authors, only the last corresponding author has been retained.
Affiliations of authors in England, Scotland, Northern Ireland,
and Wales were categorized as being from the United Kingdom
(UK) (Chiu and Ho 2005).

Results and discussion

Characteristics of the documents published on this
theme

Firstly, publicationswere categorized into different types indexed
in theWeb of Science (Table 1). Among them, article category in
document types is ranked 1st (62% of 495 publications) followed
by editorial material (20%), letter (9.3%), review (7.9%), news
item (0.61%), correction (0.40%), and book review (0.20%). A
total of 99 editorial materials were published in 62 journals. A
total of 39 reviews appeared in 18 journals in which Science of
the Total Environment issued the maximum number, 11, of
meeting abstracts (28% of 39 reviews).

The Web of Science denotes article as “reports of research
on original works. Includes research papers, features, brief
communications, case reports, technical notes, chronology,
and full papers that were published in a journal and/or pre-
sented at a symposium or conference.” Therefore, article cat-
egory (composed of 305 articles) was chosen for further anal-
ysis to depict the correct picture of emerging research land-
scape in environment due to COVID-19.
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Web of Science categories and journals

Web of Science category of environmental sciences published
the most of COVID-19 articles with 242 (79% of 305 articles),
followed by public, environmental, and occupational health
(81 articles; 27%); green and sustainable science and technol-
ogy (35; 11%); environmental engineering (12; 3.9%); mete-
orology and atmospheric sciences (11; 3.6%); ecology (9;
3.0%); water resources (8; 2.6%); soil science (1; 0.33%);
and forestry (1; 0.33%). It has been pointed out that WOS
categories the journals in multiple categories. For example,
Water Research is categories in environmental engineering,
environmental sciences, and water resources that leads to the
sum of percentages >100% (Usman and Ho 2020).

In total, 305 COVID-19 articles were published in 71 journals
in nine environment-related categories. The top 15 most produc-
tive journals with their IF2019 and number of authors per publi-
cation (APP) are listed in Table 2. Science of the Total
Environment (IF2019 = 6.551), categorized in environmental sci-
ences, published the most articles (100 articles; 33% of 305
articles) followed distantly by other journals. Considering
journal’s impact factor, Nature Climate Change ranked top in
category of meteorology and atmospheric sciences (1st of 93
journals), stood first with the highest IF2019 of 20.893 (one arti-
cle), followed by MMWR-Morbidity and Mortality Weekly
Report (IF2019 = 13.606, five articles), Nature Ecology &
Evolution (IF2019 = 12.541, two articles), Renewable &
Sustainable Energy Reviews (IF2019 = 12.110, one article).
Comparison of the top 15 productive journals (Table 2) indicates
that articles published in MMWR-Morbidity and Mortality
Weekly Report had the highest APP of 19 followed by those in
Environment International (APP = 14).

Countries that have published the most in this field

The contribution of countries relied on the affiliation of at least
one author of articles. Authors from 61 countries contributed
in these 304 articles published in this theme. Among these 304

articles, there were 196 country-independent publications
(64% of 304 articles) from 41 countries and 108 internation-
ally collaborative publications (36% of 304 articles) from 53
countries. In this context, countries’ research performance was
evaluated on the basis of six publication indicators including
total (TP), country independent (IP), internationally collabo-
rative (CP), first author (FP), corresponding author (RP), and
single author (SP) articles (Hsu and Ho 2014; Usman and Ho
2020). Table 3 shows the top 15 productive countries which
include six Asian countries, five European countries, three
American countries, and Oceania country. There were no
African countries in the top 15. The most productive African
country was South Africa with three articles ranked 29th. All
of the seven major industrialized countries of the world (G7)
including the USA, Italy, the UK, Japan, Canada, France, and
Germany were ranked in the top 15. China published the most
articles with a TP of 76 articles (25% of 304 articles), a CP of
40 articles (37% of 108 internationally collaborative articles),
an FP of 65 articles (21% of 304 first author articles), while the
USA ranked top with an IP of 41 articles (21% of 196 country
independent articles), an RP of 54 articles (18% of 304 corre-
sponding author articles) and an SP of 10 articles (24% of 42
single author articles).

Institutions that have published the most on COVID-
19 articles

For this, six publication indicators (Table 4) were used which
are derived as explained elsewhere (Hsu and Ho 2014).
Among the total 304 articles, there were 29 single institution
articles (30%), whereas inter-institutional collaborations re-
sulted in 212 articles (70%). The top 13 institutions with four
articles or more are shown in Table 4. Among them, seven are
located in China, two in Taiwan, and one in each the UK,
Italy, and Saudi Arabia. The Chinese Academy of Sciences
in China is the most prominent institute having a TP of seven
articles (2.3% of 304 articles), a CP of seven articles (3.3% of
212 internationally collaborative articles), and an RP of three
articles (0.98% of 304 corresponding author articles). The
Centers for Disease Control and Prevention (CDC) in the
USA, the Chapman University in the USA, the University of
Sao Paulo in Brazil, and the University of Wah in Pakistan
also published three corresponding author articles. The
University of Calabria in Italy ranked top in institute indepen-
dent articles with an IP of two articles (0.66% of 92 institute
independent articles). The Karunya Institute of Technology
and Sciences in India, the National Institute of Research and
Development for Optoelectronics in Romania, the Purdue
University in the USA, and the University of Naples
Federico II in Italy also published two institute independent
articles. Hefei University of Technology in China ranked top
in first author articles with an FP of four articles (1.3% of 304
first author articles). University Exeter in the UKwas the only

Table 1 Authors according to document type

Document type TP % AU APP

Article 305 62 1500 4.9

Editorial material 99 20 420 4.2

Letter 46 9.3 166 3.6

Review 39 7.9 184 4.7

News item 3 0.61 3 1.0

Correction 2 0.40 5 2.5

Book review 1 0.20 1 1.0

TP, number of articles; AU, number of authors; APP, number of authors
per publication
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top 13 institutes published single author articles. The Karunya
Institute of Technology and Sciences in India was the only
institute published two single author articles. It is worth men-
tioning that the Chinese Academy of Sciences has multiple
branches in different cities (Li et al. 2009), whereas its publi-
cations were pooled as of one organization at present.
However, different rankings could be yielded if publications
were divided according to its branches (Li et al. 2009).
COVID-19 articles published in environment-related

categories were published by Chinese Academy of Sciences
in Beijing, Xian, Lanzhou, and Guangzhou, respectively.

Research hotspots and their trends

Air quality assessment and its significance

Air quality assessment has been the major focus of COVID-
19-related research in environmental science that has been the

Table 2 Top 15 journals (TP ≥ 3)
Journal TP (%) IF2019 AU APP

Science of the Total Environment 100 (33) 6.551 518 5.2

Sustainability 31 (10) 2.576 128 4.1

International Journal of Environmental Research and Public Health 29 (10) 2.849 116 4.0

Aerosol and Air Quality Research 24 (7.9) 2.735 136 5.7

American Journal of Infection Control 8 (2.6) 2.294 40 5.0

Air Quality Atmosphere and Health 7 (2.3) 2.870 31 4.4

Environmental Research 6 (2.0) 5.715 24 4.0

Epidemiology and Infection 6 (2.0) 2.152 27 4.5

MMWR-Morbidity and Mortality Weekly Report 5 (1.6) 13.606 97 19

Bulletin of Environmental Contamination and Toxicology 4 (1.3) 1.657 18 4.5

Frontiers in Public Health 4 (1.3) 2.483 22 5.5

Journal of Hospital Infection 4 (1.3) 3.271 17 4.3

Environment International 3 (1.0) 7.577 41 14

Environmental Science & Technology Letters 3 (1.0) 7.678 20 6.7

Journal of Urban Health-Bulletin of the New York Academy of Medicine 3 (1.0) 2.356 6 2.0

TP, number of total articles; IF2019, journal impact factor in 2019; AU, number of authors;APP, number of authors
per article (AU/TP)

Table 3 Top 15 countries
(TP ≥ 8) Country Rank (TP) Rank (IP) Rank (CP) Rank (FP) Rank (RP) Rank (SP)

China 1 (76) 2 (36) 1 (40) 1 (65) 2 (53) 6 (1)

USA 2 (71) 1 (41) 2 (30) 2 (50) 1 (54) 1 (10)

Italy 3 (35) 4 (20) 4 (15) 3 (29) 3 (28) 3 (4)

India 4 (32) 3 (21) 6 (11) 4 (28) 4 (24) 2 (6)

UK 5 (21) 8 (4) 3 (17) 8 (7) 9 (7) 4 (2)

Australia 6 (15) 20 (1) 5 (14) 8 (7) 9 (7) 6 (1)

Brazil 6 (15) 5 (11) 19 (4) 5 (13) 5 (15) N/A

Japan 8 (14) 8 (4) 7 (10) 7 (8) 7 (9) N/A

Spain 9 (13) 6 (6) 9 (7) 6 (9) 7 (9) 4 (2)

Taiwan 10 (11) 7 (5) 12 (6) 10 (5) 6 (10) N/A

Canada 11 (10) 20 (1) 8 (9) 18 (3) 35 (1) 6 (1)

France 12 (9) 14 (2) 9 (7) 10 (5) 16 (4) 6 (1)

Germany 12 (9) 12 (3) 12 (6) 10 (5) 11 (5) 6 (1)

Pakistan 14 (8) 14 (2) 12 (6) 24 (2) 11 (5) N/A

Saudi Arabia 14 (8) 20 (1) 9 (7) 31 (1) 24 (2) 6 (1)

TP, total number of articles; IP, number of country-independent articles; CP, number of internationally collabo-
rative articles; FP, number of first author articles; RP, number of corresponding author articles; SP, number of
single author articles; N/A, not available
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focus of at least 78 articles (Fig. 1). This trend is also evident
from the frequent distribution of the air associated words in
article titles, author keywords, abstract, and KeyWords Plus
(Table 5). This distribution of words provides the most impor-
tant information that authors of a manuscript want to convey
to their readers (Wang and Ho 2016).

COVID-19 pandemic has been suggested as a blessing in
disguise in reducing the environmenta l pol lut ion
(Muhammad et al. 2020). Reduction in noise pollution has
been recorded amid lockdown in Shillong, India (Somala
2020). Impacts of lockdown on the emissions of CO2, CO,
NO2, O3, PM2.5, PM10, and SO2 have been assessed at local
as well as international scale. Significant reductions in the
emissions of CO2, CO,NO2, and SO2 have been noted due to
the lockdownmeasures inmanycitiesaround theworld. Ithas
been reported that lockdownmeasures have pronounced im-
pact in reducing the concentration of pollutants (like CO,
NOx) which are directly related to the transportation sector
(Sharifi and Khavarian-Garmsir 2020). However, decrease
in the concentration of PM was less significant because it is
mainlycontributedbynon-transportationsourcessuchasbio-
mass burning, industrial emissions, or residential heating
(Sharifi and Khavarian-Garmsir 2020). Therefore, policy
measures to address air pollution should focus on both trans-
portationandnon-transportationsectors(e.g., residentialsec-
tor). For example,Sharmaet al. (2020) analyzed the effectsof
lockdown on air quality in 22 cities of India. They noted a
decline of 43%, 31%, 10%, and 18% in PM2.5, PM10, CO,
and NO2, respectively while 17% increase in the concentra-
tion of ozone (O3). It should be noted that reductions in NOx

could create an imbalance in air pollution that could change
the air pollution chemistry. For example, unprecedented de-
cline in NOx can increase in the concentration of O3 due to
lower titration of O3 by NO (Sicard et al. 2020). Similar in-
crease in O3 concentration accompanied by a decline in the
contents ofNO2andother pollutants (PM2.5, PM10,CO)have
been noted in Wuhan (by 145%) (Wang et al. 2020b) and
Milan (by a factor of 2.25) (Zoran et al. 2020a). Comparison
of air quality in four European cities (Nice, Rome, Valencia,
andTurin) and oneChinese city (Wuhan) revealed a substan-
tial decline in NOx (~ 56%) in all cities (Sicard et al. 2020).
Reductions in PM were much lower in European cities (<
10%) than in Wuhan (42%). Moreover, concentration of O3

increased in all cities (36% in Wuhan and 17% in Europe).
These studies highlight the challengeof formationof second-
arypollutants that should alsobeconsidered in addition to the
efforts to reduce the primary pollutant emissions. For this,
better understanding of complex chemistry of air pollutant
formation, transport, and temporal variability is required.
Moreover, further research is needed to understand the role
ofmeteorological conditions indictating theconcentrationof
air pollutants. For example, a modeling study in China asso-
ciated the occurrence of severe air pollution episodes despite
reduced activities to the unfavorable meteorology (Wang
et al. 2020c). Therefore, role of meteorology should also be
considered in designing emission control strategies.
Significant associations of air pollution in exacerbating
COVID-19 have also been reported which are discussed in
section “Environmental factors affecting the transmission of
SARS-CoV-2 and disease vectors.”

Table 4 Top 13 institutions
(TP ≥ 4) Institute Rank

(TP)
Rank
(IP)

Rank
(CP)

Rank
(FP)

Rank
(RP)

Rank
(SP)

Chinese Academy of Sciences, China 1 (7) N/A 1 (7) 8 (2) 1 (3) N/A

Peking University, China 2 (6) 6 (1) 2 (5) 8 (2) 6 (2) N/A

Shandong University, China 2 (6) 6 (1) 2 (5) 2 (3) 34 (1) N/A

King Saud University, Saudi Arabia 4 (5) N/A 2 (5) N/A N/A N/A

Lanzhou University, China 4 (5) 6 (1) 5 (4) 2 (3) 6 (2) N/A

China Medical University, Taiwan 6 (4) N/A 5 (4) 36 (1) 6 (2) N/A

Chinese University of Hong Kong,
China

6 (4) N/A 5 (4) 8 (2) 6 (2) N/A

Fudan University, China 6 (4) N/A 5 (4) 8 (2) 6 (2) N/A

Hefei University of Technology,
China

6 (4) N/A 5 (4) 1 (4) N/A N/A

Hunan University of Arts and
Science, China

6 (4) N/A 5 (4) 36 (1) N/A N/A

National Central University, Taiwan 6 (4) 6 (1) 12 (3) 36 (1) 34 (1) N/A

University of Calabria, Italy 6 (4) 1 (2) 38 (2) 2 (3) 6 (2) N/A

University of Exeter, UK 6 (4) N/A 5 (4) 8 (2) 34 (1) 2 (1)

TP, total number of articles; IP, number of institute independent articles; CP, number of inter-institutionally
collaborative articles; FP, number of first author articles; RP, number of corresponding author articles; SP,
number of single author articles; N/A, not available
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Water quality assessment and its significance in COVID-19

Access to clean water plays a crucial role in ensuring adequate
health conditions for people and controlling the spread of this
virus particularly via handwashing. Therefore, water demand
has been found to increase during this pandemic (Balacco
et al. 2020). Researchers have also been investigating the im-
pact of this pandemic on the quality of the water resources.
Overall an improvement in the quality of the surface water
was witnessed in the reports from Italy (Braga et al. 2020),
India (Mandal and Pal 2020; Yunus et al. 2020) etc. Similarly,
groundwater quality has also been improved (Selvam et al.
2020) due to a decrease in agricultural and industrial activities.

It is worth mentioning that studies on the assessment of the
water quality are quite limited as compared to those on the air
quality.

Due to the fecal shedding of the SARS-CoV-2 from
COVID-19 infected persons, use of the wastewater-based ep-
idemiology has received significant attention among the sci-
entific community. Since its first detection in sewage in the
Netherlands (Lodder and Husman 2020), SARS-CoV-2 has
been identified in sewage in many countries such as Australia
(Ahmed et al. 2020a), Czech Republic (Mlejnkova et al.
2020), Italy (La Rosa et al. 2020), Japan (Haramoto et al.
2020), and Spain (Randazzo et al. 2020) where it correlated
well with the clinically confirmed patients. People excrete this

Table 5 Top 20 most used words
Rank Words in title TP Author

keywords
TP Words in

Abstract
TP KeyWords Plus TP

1 COVID-19 212 COVID-19 158 COVID-19 218 Transmission 21

2 Air 58 SARS-COV-2 42 2020 144 Pollution 20

3 Pandemic 47 Coronavirus 37 Pandemic 115 Coronavirus 19

4 SARS-COV-2 42 Air pollution 25 Coronavirus 102 Impact 17

5 Quality 40 Lockdown 25 Air 99 Outbreak 16

6 Impact 38 Air quality 15 Disease 93 Health 14

7 Lockdown 36 NO2 15 Health 85 PM2.5 13

8 China 35 Pandemic 15 Spread 82 Air pollution 12

9 Transmission 25 Temperature 12 2019 78 Influenza 12

10 Outbreak 22 PM2.5 10 Cases 70 Mortality 11

11 Coronavirus 21 India 8 Control 70 China 10

12 Case 20 PM10 8 Virus 70 COVID-19 10

13 Pollution 20 Transmission 8 Quality 65 Risk 9

14 Health 19 Humidity 7 SARS-COV-2 64 Exposure 8

15 India 18 O-3 7 Significant 63 Model 8

16 Environmental 16 SO2 7 World 62 Quality 8

17 Food 15 Airborne
transmis-
sion

6 March 61 Temperature 8

18 Changes 14 CO 6 Outbreak 61 Virus 8

19 Temperature 14 Sustainability 6 Lockdown 60 Acute respiratory
syndrome

7

20 Environment 13 AQI 5 Infection 59 Air quality 7
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virus well before they develop symptoms for this disease.
Therefore, wastewater-based which could enable the quick
detection of this virus before the clinical confirmations. It
has been suggested by Hart and Halden (2020) on the basis
of a computational analysis that theoretically; it is possible to
detect one infected individual among 100 to 2,000,000 per-
sons. However, collection and interpretation of data for waste-
water surveillance is an emerging field. This becomes partic-
ularly important to choose the correct virus concentration
method (Ahmed et al. 2020b).

Despite its benefits in wastewater-based epidemiology, the
existence of SARS-CoV-2 in wastewater can have potential
health risks. Although there is currently no evidence of fecal-
oral transmission of SARS-CoV-2, it remains a significant
possibility particularly in developing communities with weak
water and sewage infrastructure (Usman et al. 2020b).
Similarly, researchers have also raised concerns about envi-
ronmental transmission of SARS-CoV-2 in recreational water
(Cahill and Morris 2020) and rehabilitation pools (Romano-
Bertrand et al. 2020). Moreover, McDermott et al. (2020)
suggested that role of virus-laden bioaerosols released from
the toilets in transmission of this virus must not be ignored.
Therefore, standard precautions, wastewater disinfection and
raising awareness are called for. Further insights into the dis-
infection are provided in the Section “Increased exposure to
the emerging environmental pollutants and disinfectants”

Environmental factors affecting the transmission
of SARS-CoV-2 and disease vectors

Transmission of SARS-CoV-2 mainly occurs through inhala-
tion of respiratory droplets or through contact with contami-
nated surfaces (WHO 2020). As recognized by the WHO,
airborne transmission can occur during medical procedures
that generate aerosols. (WHO 2020). Moreover, WHO is also
evaluating the airborne transmission of this virus through
virus-laden particles in the absence of aerosol-generating
medical procedures (WHO 2020). Therefore, environmental
researchers have also been focusing on evaluating the persis-
tence and transmission of this virus in the environment and the
environmental factors affecting its fate. As detailed in above
sections, researchers have been raising concerns for the envi-
ronmental transmission of this virus through air (Morawska
and Cao 2020; Wang and Yoneda 2020) and wastewater
(Cahill and Morris 2020; Romano-Bertrand et al. 2020;
Usman et al. 2020b). Transmission dynamics of this virus
can be affected by the characteristics of the ambient environ-
ment. Therefore, researchers have been studying the effect of
different environmental and meteorological parameters such
as humidity, temperature, wind speed, pollution levels, and
indoor ventilation.

Regarding the impact of ambient temperature on the spread
of COVID-19, researchers reported conflicting results. For

example, Jahangiri et al. (2020) found that COVID-19 trans-
mission rate exhibited low sensibility towards temperature in a
study of 31 provinces across Iran and ruled out the reasoning
that COVID-19 cases are less in warmer climates as compared
to that of moderate or cold regions. However, Lin et al. (2020)
found a negative and exponential relationship between temper-
ature and COVID-19 transmission rate in a study of 20
provinces/municipalities across China. Therefore, authors sug-
gested that it would be challenging to mitigate COVID-19
spread in cold regions (Lin et al. 2020). Similarly, Prata et al.
(2020) reported in their study of 27 cities of Brazil that at
average temperature below 25.8 °C, each 1 °C increase was
linked to a − 4.8951% decline in the decrease in the number of
daily cumulative confirmed COVID-19 cases. However, au-
thors did not find any evidence to support that COVID-19
cases could decrease when the weather becomes warmer,
above 25.8 °C (Prata et al. 2020). A negative correlation be-
tween temperature and COVID-19 cases has also been reported
by Sobral et al. (2020). They found that each 1 °F increase in
average daily temperature was associated to a decline of 6.4
cases/day. However, they noted a positive correlation between
precipitation and COVID-19 transmission (Sobral et al. 2020).
A study across 33 locations in China reported that association
of air quality index (AQI) and COVID-19 cases is statistically
significant. The impact of AQI is pronounced in the tempera-
ture range of 10 °C ≤ T < 20 °C and in the relative humidity
(RH) range of 10% ≤ RH < 20% (Xu et al. 2020). The trans-
mission of the virus may be facilitated by the drier air (Sharifi
and Khavarian-Garmsir 2020; Xu et al. 2020), whereas in hu-
mid air, airborne transmission of virus droplets is decreased as
they are more likely to drop down (Sharifi and Khavarian-
Garmsir 2020). Similar findings have been reported by Pani
et al. (2020) who found a positive significant association of
temperature, dew point, and humidity with virus transmission.
Regarding wind speed, SARS-CoV-2 transmission is negative-
ly correlated with wind speed in Italy (Zoran et al. 2020b), Iran
(Ahmadi et al. 2020) and Singapore (Pani et al. 2020).
Accumulation of air pollutants is more likely to be pronounced
at low wind speed. However, a positive association between
wind speed and COVID-19 cases has also been reported in like
New York, USA (Bashir et al. 2020), Oslo, Norway (Menebo
2020), and Turkey (Şahin 2020). Wind speed is of substantial
importance in modulating the dynamics of pathogens and dis-
ease vectors (Ellwanger and Chies 2018). Considering the dis-
crepancy in the findings related to the impact of environmental
factors on the COVID-19 transmission rate, further investiga-
tions are required to get conclusive insights it.

Air quality has shown significant correlation with the ex-
tent of the COVID-19 cases. Initial investigations from China,
Italy, and the Netherlands etc. provide compelling evidence
that exposure to higher PM2.5 can result in increased morbid-
ity, hospitalization, and fatality due to COVID-19 (Conticini
et al. 2020; Fattorini and Regoli 2020; Wang et al. 2020a). A
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nationwide study in the USA suggested that air pollution has
significantly worsened the outbreak and COVID-19-
associated death counts (Wu et al. 2020). They suggested that
an increase of just 1 μg/m3 in fine particulate matter (PM2.5 <
2.5 μm) corresponded to an 8% increase in the COVID-19
death rate. The evidence from SARS, the disease caused by
another Corona virus, suggests that increased PM2.5 result in
significantly higher mortality and morbidity (Comunian et al.
2020). They found that SARS patients residing in areas with
high air pollution index were twice as likely to die from this
disease than those from localities with lower air pollution.
Significance of the air quality highlights the need to promote
the green environmental policies.

COVID-19 and associated indirect environmental threats

During the outbreak, many types of additional environmental
challenges have arisen such as exposure to disinfectants, in-
creased production of solid waste, and reduced recycling, in-
creased use of biomass, food insecurity, and halting of the
projects for renewable energy projects. These challenges are
briefly described below:

Increased exposure to the emerging environmental
pollutants and disinfectants

Marinating proper hygienic conditions has been recognized as
the first line of defense against COVID-19 which has in-
creased the use of antibacterial soaps, household cleaning
agents, and disinfectants (Gharpure et al. 2020; Usman et al.
2020a). Increased and sometimes unnecessary use of cleaners
and disinfectants is also accompanied by the possibility of
improper use such as using in more than directed on the label
or mixing different products etc. (Gharpure et al. 2020). As
biocides present in these products are not completely elimi-
nated by the existing wastewater treatments (Kümmerer et al.
2018), these compounds may end up in water bodies and soil
and thus may pose severe risks to the ecosystem. These com-
pounds may also spread the antimicrobial resistance in the
environment (Usman et al. 2020a). Similarly, disinfection rou-
tines (mainly relying on chlorination) at wastewater treatment
plants are being strengthened to prevent the spread of this
virus through wastewater (Zambrano-Monserrate et al. 2020).

Solid waste management Generation of the medical waste is
particularly on the rise. For example, in March 2020, Hubei
Province (China) reported a sharp increase (by 370%) in the
generation of medical waste with a high proportion of plastics
(Klemeš et al. 2020). These face masks, being polymer-based,
may serve as the source of microplastic fibers in the environ-
ment (Fadare and Okoffo 2020). Therefore, management of
the huge amount of the medical waste and personal protective
equipment has emerged as a new challenge during this

pandemic (Fadare and Okoffo 2020; Peng et al. 2020; Rhee
2020). Since improper disposal of medical waste could be a
source of infection, COVID-19-related waste should be dealt
with strict implementation (Peng et al. 2020). Even before this
pandemic, worldwide waste management systems were lag-
ging behind particularly to address the plastic waste (Klemeš
et al. 2020). During this pandemic, many incidents of improp-
er transport, storage, and disposal of COVID-19-associated
medical waste has been reported particularly in the developing
countries (Mihai 2020; Times-of-India 2020). Similarly, use
of disposable plastic products and packaging materials has
been increased due to hygienic concerns contributing towards
increased volume of solid waste (Klemeš et al. 2020). As
highlighted by Klemeš et al. (2020), the amount of waste
threatens to overwhelm existing treatment and disposal facil-
ities. Problems with the solid waste management worsened
because the recycling programs have been reduced during this
pandemic due to the concerns of the spread of the COVID-19
at these facilities (Zambrano-Monserrate et al. 2020). It is
worth mentioning that researchers have also been looking
for suitable strategies to disinfect the face masks for reuse.
For this, techniques like dry heat pasteurization (Xiang et al.
2020) and germicidal UV light (Zhao et al. 2020) were found
satisfactory. On the other hand, autoclave sterilization and
ethanol treatment affected the filtration efficiency and breath-
ability of reused masks (Grinshpun et al. 2020). Researchers
also highlighted the need to develop bio-based face masks to
curb environmental pollution (Das et al. 2020).

Food insecurity COVID-19 has a strong impact on crop pro-
duction systems, livestock farming, supply chain, and global
food availability (Fleetwood 2020; O’Kane 2020). Even the
developed countries like Australia experienced pockets of
food shortage (O’Kane 2020). Agriculture sector has suf-
fered from thewastage of fresh fruits andvegetables, poultry,
livestock, and dairy products due to restricted movements
and the shortage of the workforce due to restricted move-
ments and social distancing (World-Bank 2020). With fam-
ilies out of work and schools closed, food insecurity is ex-
pected to skyrocket (Kinsey et al. 2020). Researchers have
also raised concerns that COVID-19may threaten the imple-
mentation of the sustainable development goals (Fleetwood
2020; Leal Filho et al. 2020; Sakamoto et al. 2020). To ad-
dress the problems of food supply, researchers have been
proposing different strategies like urban agriculture
(Pulighe and Lupia 2020), urban-rural collaborations
(Cattivelli andRusciano2020;Sukhwani et al. 2020), shorter
supply chains (Pulighe and Lupia 2020), and use of innova-
tive agri-food systems based on artificial intelligence (Di
Vaio et al. 2020). These studies highlight the need of alter-
native food systems having high resilience to such global
crisis. It has also been suggested that combined efforts of
volunteering association and local communities would be
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highly rewarding to respond to food provisioning problems
during this pandemic (Cattivelli and Rusciano 2020).

Planning and management of cities and buildings

To better prepare the cities for future pandemics like
COVID-19, researchers have been exploring different strat-
egies for post-COVID-19 cities. During this crisis, inade-
quate health facilities and poor public services emerged as
the crucial factors contributing towards low capacity to tack-
le this pandemic (Pisano 2020). For example, during this
pandemic, Paris a concept of a “15 min city” in Paris which
is intended to provide citizens’ basic needs, such as work,
health, shopping, or culture, within 15 min of their home
(Pisano 2020). Similarly, Milano 2020 has been proposed
as an adaptation strategy in Milan (Italy) that also insists on
revaluating the neighborhood size so that all necessary ser-
vices are available within a walking distance (Pisano 2020).
After a thorough investigation of these strategies, Pisano
(2020) highlighted that following three factors in post-
COVID-19 cities seem particularly relevant including (i) de-
centralization of facilities, (ii) hierarchization of the public
services and transport system, and (iii) redundancy of public
and semipublic functions. Similarly, Pineda and Corburn
(2020) stressed that cities shouldbepromoted to ensure equal
access for all citizens, including those with disabilities
through more inclusive community planning. Maintaining
proper ventilation in buildings and good indoor air has also
been regarded as an effective prevention strategy (Amoatey
et al. 2020). Considering the risks associated contaminated
air and sewage, researchers have also been highlighting the
need to find better pollution control strategies in the build-
ings and cities as summarized in previous sections.

Conclusion

Present bibliometric study has evaluated the publications related
to the environment and the COVID-19 which are available in the
Web of Science. Relevant articles were searched in 9
environment-related categories in Web of Science and after an
initial evaluation, 495 articles were retained for further analysis.

Most of the articles were issued in journals like Science of the
Total Environment, Sustainability, International Journal of
Environmental Research and Public Health, and Aerosol and
Air Quality Research. China, USA, and Italy were the leading
countries in research related to this theme. We also identified the
leading institutions working on this theme to facilitate the collab-
orations and other knowledge exchange activities.

Finally, this bibliometric study allowed visualization of the
research trends that emerged prominently during this pandemic.
It has been found that assessment of air andwater quality has been
widely focused. Sharp decline in air andwater pollution have been

reported due to COVID-19 imposed lockdowns. Concentration of
major air pollutants like PM, NO2, and CO2 decreased except for
O3 which increased in the air due to a pollution imbalance.
Therefore, better understanding of complex chemistry of air pol-
lutant formation, transport, and temporal variability is required. It
was found that there exists a significant associations of air pollu-
tion in exacerbating COVID-19 which highlights the need of a
clean environment in the time of a pandemic.

Similarly, existence of SARS-CoV-2 in sewage opened
many avenues for an early monitoring of the prevalence of
this disease in a community. However, researchers also raised
concerns about the potential risks of COVID-19 transmission
due to the exposure to this virus in sewage. Therefore, devel-
opment and implementation of effective disinfection strategies
for sewage treatment is needed. Environmental transmission
of COVID-19 has been another important focus of research in
this theme where effect of various meteorological factors has
been studied. In addition to the direct threats associated with
COVID-19, this pandemic has contributed in indirect threats
like increased exposure to disinfectants and antimicrobials,
food insecurity, and solid waste management. Disposal of
infectious plastic waste has emerged as a prominent threat in
many countries. Similarly, inadequate health facilities and
poor public services emerged as the crucial factors hindering
effective tackling of this pandemic. Therefore, researchers
have also been stressing the need to learn from COVID-19
to ensure sustainable city planning and management in the
event of future crisis.
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