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Introduction

COVID-19 has disrupted human life, affecting multiple eco-
nomic and social aspects, from the restrictions on movement with 
the consequent closure of businesses and changes in production 
rates to the need to regularly wear a mask to try to halt the rapid 
spread of the virus. The global population has been at war against 
a virus of unknown properties, while also dealing with major 
deficiencies that put it at a disadvantage in this battle. This situa-
tion has prompted concerns about climate change being pushed 
to the sidelines. However, the consequences are starting to 
become apparent. Plastics are currently pouring into rivers and 
seas around the world. For this reason, countries need an ade-
quate recycling system to address both the growing volume of 
personal protective equipment (PPE) and the increase in dispos-
able packaging used in food (European Environment Agency 
[EEA], 2021; Malpass, 2020).

All this has sparked great interest in the scientific community, 
where numerous studies are being carried out in this area. The 
role of air quality in the spread of coronavirus has been analysed 
in different territories: Brazil (Nakada and Urban, 2020), India 
(Beig et al., 2020; Shehzad et al., 2020; Singh et al., 2020), Italy 
(Cazzolla-Gatti et al., 2020; Conticini et al., 2020) and China (He 
et al., 2020; Huang and Sun, 2020; Pei et al., 2020; Wang et al., 

2020a; Wu et al., 2021; Yao et al., 2021; Zhao et al., 2020). The 
influence of meteorological factors on the evolution of the dis-
ease has also been studied, focusing on the United States (Dogan 
et al., 2020; Gupta et al., 2020) or the Eastern Mediterranean 
(Hochman et al., 2021), with one study even covering a total of 
166 countries to draw more precise conclusions (Wu et al., 2020).

The measures taken to control the spread of the virus and deal 
with the slowdown of economic activities have significant effects on 
the environment (Rume and Islam, 2020). With all the environmen-
tal information about COVID, there is an urgent need for statistical 
methods to integrate these data into COVID analyses. Specifically, 
the text mining technique is ideal for analysing the main lines of 
research currently emerging as a result of the pandemic.

In this context, where economic and social decisions have to 
be taken immediately, the guidance about climate change pro-
vided by the studies carried out represents a valuable tool. 
Therefore, the objective of this article was to identify the lines of 
research focusing on COVID-19 and waste, using the text mining 
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technique, in order to identify the measures that could be readily 
implemented by the authorities and the general public.

Over the course of 2020 and 2021, several literature reviews 
of studies related to COVID-19 and some of its most relevant 
aspects have been carried out. For example, Kumar et al. (2020a) 
focus on understanding and summarising all reported findings on 
coronavirus related to prognosis, pathogenesis, symptoms and so 
on to discover the possible influence of environmental factors on 
disease transmission. Franch-Pardo et al. (2020) carry out a geo-
spatial and spatial-statistical analysis of the geographical dimen-
sion of coronavirus, based on a review of 63 articles, offering an 
understanding of the spatio-temporal dynamics of the virus, 
which is essential for mitigating its spread. Shakil et al. (2020) 
present a critical analysis of 57 papers on the nexus between 
COVID-19 and the environment, revealing that environmental 
degradation, atmospheric pollution, climatological factors and 
temperature have been the most extensively analysed topics. 
Similarly, Casado-Aranda et al. (2021) propose a bibliometric 
analysis to explore the scientific publications on the virus in the 
environmental field.

Unlike the previous studies, this article focuses on identifying 
more specific elements, making novel contributions on the waste 
management issues that may have arisen due to COVID-19: (1) 
the use of the text mining technique helps ensure the robustness 
of the findings regarding research lines identified, (2) the system-
atic review of studies covers the paradigms of the greatest con-
cern to researchers, (3) the conclusions will help decision-makers 
to implement the necessary changes and be able to curb the envi-
ronmental consequences of the disease.

Data and method

Specifically, the analysis included 111 articles published in jour-
nals indexed in the Web of Science (WoS) whose central focus 
was environmental topics. However, the text mining method was 
used to identify the most frequently mentioned terms in environ-
ment research papers that study COVID-19 and waste and, next, 
to detect research lines or groups of the most frequent terms. A 
statistical analysis was performed using the R environment for 
statistical computing (R Core Team, 2021).

Data

The procedure to build the database consisted of seven search 
criteria, which can be summarised as follows (Figure 1).

A search of WoS was conducted on 15 March 2021 for articles 
written in English containing the terms COVID and waste in the 
keywords, abstract or title. In line with the aim of this research, 
the Science & Technology domain and the Environmental 
Sciences Ecology area were selected in the core collection1 (the 
main part of the WoS platform), from which a total of 129 studies 
were obtained. These studies were reviewed, and finally, only 
fully informed papers were selected. Applying all the above 
search criteria yielded a database consisting of 111 research 

papers published in environmental journals which are indexed in 
the WoS database (Table 4 of Appendix 1).

Before applying the text mining method, these research papers 
had to be pre-processed to make them more suitable for computer 
analysis. Then, to prepare the database, the following actions 
were taken: conversion of all terms to lowercase so there are no 
differences between the same terms; removal of punctuation 
marks, digits and stopwords which are commonly used in English 
but do not provide information in the text analysis (a, an, and, 
that, then, the, among others) and finally, the application of a 
stemming process which extracts the roots of the terms to group 
all derived terms under the same root. Table 1 shows the database 
in detail with the number of papers published and the quartile 
corresponding to the journal, ordered from the highest to the low-
est frequency.

The Journal of Science of the Total Environment has pub-
lished the greatest number of articles on research related to 
COVID and waste (21.62% of all selected papers), followed by 
the International Journal of Environmental Research and Public 
Health and Sustainability (8.11%). It is observed that 32 journals 
have only published one research paper that deals with the 
COVID-19 pandemic and waste, highlighting an area for envi-
ronmental researchers to focus their attention on. It is important 
to mention that half of the database is made up of Journal Citation 
Reports (JCR) journals ranked in Q1 which means that this study 
is based on a solid and robust systematic literature review. Finally, 
the analysis detected four journals that are not JCR, meaning the 
quartile is not available.

Text mining method

Text analysis, also referred to as text mining, is an interdiscipli-
nary field of activity that combines elements of data mining, lin-
guistics, computational statistics and computer science (Meyer 
et al., 2008). Its principal aim is to extract high-quality informa-
tion from a large number of textual documents. After processing 
the database, the text summarisation technique was used to iden-
tify the most frequently mentioned terms in environmental 
research papers that study COVID-19 and waste. This technique 
generated a list of all the terms that appear in the database with 
their frequency, where only the most frequently mentioned 
repeated terms were selected. Next, the text clustering method 
was applied to the most frequently identified terms. Clustering is 
a statistical classification technique used in exploratory data 
analysis, which has been applied in various disciplines (Carracedo 
et al., 2021; Han et al., 2019; Täuscher and Laudien, 2018; 
William and Chang, 2019).

A hierarchical cluster analysis was used, where the Ward’s 
minimum variance method and chi-square distance were 
applied (Husson et al., 2017). It is based on maximising the 
similarity between documents and, consequently, minimising 
the chi-square distance between them. Document clustering 
groups papers with the smallest chi-square distance to the 
average vocabulary of the cluster. Finally, the best number of 
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clusters was validated through three popular clustering valid-
ity indices.

Average silhouette width. A measure that considers how closely 
related objects are within the cluster and how clusters are sepa-
rated from each other. The average silhouette width provides 
clustering validity and is widely used to select the best number of 
clusters. Its value ranges between 1 and −1, with a value of 1 
indicating a very good cluster (Kaufman and Rousseeuw, 1990; 
Rousseeuw, 1987).

Average between clusters. A measure of the average distance 
between cluster centres. It is influenced by the geometry of the 
cluster centres and increases with the number of clusters 
(Halkidi et al., 2001). The higher the value, the greater the sepa-
ration between groups.

Dunn index. High values of this metric indicate compact and 
well-separated clusters where the means of different groups are 
sufficiently far apart, considering the internal variance of the 
cluster (Dunn, 1974; Halkidi et al., 2002).

Results and discussion

Text summarisation technique

The text summarisation technique of text mining is applied to 
detect the most frequently mentioned terms in environmental 
research papers that study COVID-19 and waste. The R-output of 
the database contains 2562 different terms or words in the 111 
documents or environmental research papers. The non-/sparse 
entries are necessary to obtain the sparsity measure, which repre-
sents the frequency of the terms in the database. A low sparsity 

Figure 1. Summary of the review process.
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value means terms are repeated often among the different docu-
ments (Dinov, 2018), which implies that the documents that 
make up the database are very similar. The longest terms, with 17 
characters, are multidisciplinary and interrelationship.

The most frequent terms are those that appear at least 55 times 
in the database (Figure 2). The letter size represents the frequency 
of the term where the larger the font size, the higher the fre-
quency. In this study, covid (772), wast (491) and pandem (223) 
are the three most commonly mentioned terms. It should be noted 

that the name of each term indicates the root obtained in the stem-
ming process (see section ‘Data’).

Text clustering method

The hierarchical cluster analysis described in section ‘Text min-
ing method’ is applied to identify research lines. To determine the 
best number of groups, three popular clustering validity statistics 
are presented in Table 2. The best number of clusters will be the 

Table 1. Environmental journals in the WoS database.

Journal Frequency % Quartile

Science of the Total Environment 24 21.6 Q1
International Journal of Environmental Research and Public Health 9 8.1 Q1
Sustainability 9 8.1 Q2
Environment Development and Sustainability 5 4.5 Q3
Environmental Science and Pollution Research 5 4.5 Q2
Journal of Cleaner Production 5 4.5 Q1
Resources Conservation and Recycling 5 4.5 Q1
Environmental Pollution 4 3.6 Q1
International Journal of Hygiene and Environmental Health 3 2.7 Q1
Energy Sources Part A-Recovery Utilisation and Environmental Effects 2 1.8 Q3
Environmental Chemistry Letters 2 1.8 Q1
Global Journal of Environmental Science and Management-Gjesm 2 1.8  
Waste Management 2 1.8 Q1
Waste Management & Research 2 1.8 Q2
Aerosol and Air Quality Research 1 0.9 Q2
Air Quality Atmosphere and Health 1 0.9 Q2
American Journal of Infection Control 1 0.9 Q2
Appetite 1 0.9 Q1
Bulletin of Environmental Contamination and Toxicology 1 0.9 Q3
Cogent Environmental Science 1 0.9  
Drug Development and Industrial Pharmacy 1 0.9 Q3
Ecotoxicology and Environmental Safety 1 0.9 Q1
Environment and Urbanisation 1 0.9 Q2
Environment International 1 0.9 Q1
Environmental Management 1 0.9 Q2
Environmental Research 1 0.9 Q1
Environmental Research Letters 1 0.9 Q1
Environmental Science & Technology 1 0.9 Q1
Environmental Technology 1 0.9 Q3
Eurasian Geography and Economics 1 0.9 Q1
Eurosurveillance 1 0.9 Q1
Frontiers of Environmental Science & Engineering 1 0.9 Q2
Health Research Policy and Systems 1 0.9 Q2
Indian Journal of Biochemistry & Biophysics 1 0.9 Q4
Indian Journal of Community Health 1 0.9  
International Journal of Environmental Health Research 1 0.9 Q3
International Journal of Environmental Science and Technology 1 0.9 Q2
Journal of Environmental Health Science and Engineering 1 0.9 Q3
Journal of Environmental Management 1 0.9 Q1
Journal of Hazardous Materials 1 0.9 Q1
One Health 1 0.9 Q1
Renewable & Sustainable Energy Reviews 1 0.9 Q1
Smart and Sustainable Manufacturing Systems 1 0.9  
Sustainable Development 1 0.9 Q1
Tropical Medicine and Infectious Disease 1 0.9 Q1
World Development 1 0.9 Q1
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one with the highest value in the average silhouette width, aver-
age between and Dunn index measures. It can be observed that 
Clusters 2 and 3 get the best results, which are very similar. 
Finally, three clusters are selected to facilitate the interpretation 
of these groups.

Table 3 shows the composition of each cluster made up of 
similar papers, that is, papers that share the most mentioned 
terms. The columns present the number of the clusters, number of 
papers, number of journals, number of terms in the cluster and 
finally, the JCR ranking.

Next, Figure 3 shows the graphical representation of the three 
clusters obtained on a two-dimensional plane. Each term is repre-
sented by a triangle where the closeness of terms indicates simi-
larity between them (Lancia, 2008). The distance between each 
term and the origin (0,0) shows the quality of the terms in the 
two-dimensional plane, so that the terms farthest from the origin 
will have more discriminatory power and therefore will be better 
represented in a cluster (Kassambara, 2017). These three clusters 

show the most important concerns in the pandemic, revealing the 
patterns that could guide environmental authorities in the imple-
mentation of measures to mitigate and correct the consequences.

Main research lines linking COVID-19 and waste in the envi-
ronmental field. The methodology applied has revealed three 
clearly distinct clusters, highlighting the lines of action proposed 
in the literature (Figure 3). Below, we examine the main ideas 
that emerge from each cluster.

Cluster 1: Understanding transmission as a means for 
early detection of COVID-19. This cluster contains 42.6% of all 
the papers analysed, with 15 of the most frequent terms in the 
context of the proposed research (Figure 3). Specifically, Cluster 
1 is made up of the following: covid (26%), impact (5.68%), envi-
ronment (5.40%), health (4.25%), sustain (4.02%), air (3.44%), 
system (3.39%), water (3.04%), transmiss (2.64%), global 
(2.47%), develop (2.41%), research (2.41%), econom (2.41%), 
country (2.30%) and public (1.95%), where covid has the highest 
frequency in this group in relation to the total database. The com-
mon thread running through these papers is the concern about 
the environmental impact of the production of plastics, a conse-
quence of the protective products used during the pandemic to 
prevent infection. Figure 4 shows the papers and the number of 
citations, grouped in relation to the journal where they were pub-
lished. Only journals that have more than seven citations have 
been shown; the remaining journals are grouped in ‘Others’. In 
Figure 4, Science of the Total Environment stands out with more 
than 320 citations in a total of 10 papers.

This stream of the literature has focused on analysing the 
possible routes of transmission of the virus to be able to halt its 
spread and alleviate the human and environmental impacts gen-
erated in all countries around the world. Although there is still 
no proven evidence to confirm the different ways the virus is 
spread, there are various theories that are being put into practice 
to curb transmission. The most widespread approaches are mini-
mising direct contact between people and constant sanitising. 
Both have reduced the viral load and the number of people 
infected (Kalpana et al., 2020; Rupani et al., 2020). During 
2020, lockdown measures and major efforts to disinfect areas 
with heavy human traffic succeeded in bringing the pandemic 
under control, producing a notable decrease in cases and thus 
reducing pressure on hospitals.

Associated with this radical change in economic and social 
activity, significant environmental effects have been detected. On 
the one hand, the lockdown of the population and the consequent 
drop in production helped limit carbon emissions, significantly 
mitigating environmental pollution (Saadat et al., 2020). 
However, authors, such as Sarkodie and Owusu (2021) and 
Mostafa et al. (2021), advise the authorities to adopt the neces-
sary measures to encourage the productive sectors to reactivate 
the economy.

On the other hand, it has been observed that almost all coun-
tries have relegated sustainable practices to the sidelines. Indeed, 

Figure 2. Most frequent terms in the database.

Table 2. Cluster validation statistics.

No. of 
clusters

Average 
silhouette width

Average 
between

Dunn 
index

2 0.40 3.80 0.81
3 0.37 3.80 0.88
4 0.22 3.00 0.52
5 0.12 2.60 0.34
6 0.12 2.50 0.35
7 0.02 2.30 0.30
8 0.03 2.30 0.31
9 0.04 2.30 0.33
10 0.02 2.30 0.33
11 0.03 2.30 0.34
12 0.05 2.30 0.34
13 0.05 2.30 0.35
14 0.07 2.30 0.35
15 0.07 2.30 0.37
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a widespread disregard for waste management can be seen, a pos-
sible source of transmission of the coronavirus. In critical situa-
tions, such as the one we are currently experiencing, prompted by 
the need to fight a seemingly endless pandemic, its most immedi-
ate consequences should not be overlooked. Nakada and Urban 
(2020) point out that the accumulation of medical waste and its 
inappropriate disposal facilitate the spread of the virus. In this 
regard, Carraturo et al. (2020) call for the appropriate treatment 
of water and waste, not only in industry but also in the healthcare 
system, where the massive use of PPE requires a specific proce-
dure for its disposal. Rowan and Laffey (2021) argue there is a 
need for technological advances that allow the reuse of PPE and 
the innovative management of biomedical waste, preventing 
inappropriate processes that can be harmful to human health.

Currently, mass vaccination of the population is the centre of 
attention of policymakers and researchers, but this effort must be 
complemented by research into the environmental context to gain 
an understanding of the role it plays in mass infection. Huraimel 
et al. (2020) call for sound evidence on modes of transmission to 
validate what are as yet simply indications. A more intense focus 
on aerosol and faecal-oral transmission modes is recommended, 
and on air quality and wastewater for early detection. There is 
some evidence that the survival of the virus in biosolids and 
wastewater is low at temperatures above 20°C, and according to 
Setti et al. (2020), it has a major impact in areas with high con-
centrations of particulate matter PM10 and PM2.5.

In short, the studies of this cluster suggest that research efforts 
should be stepped up to obtain solid evidence that confirm the 
conclusions. The results will help ensure future diseases do not 
turn into a pandemic as virulent as that of COVID-19. Early 
detection of possible outbreaks requires an in-depth understand-
ing of the environmental perspective, which is the main driver of 
the speed of the circulation of viruses. Specifically, the concen-
tration of particulate matter and the climate must be thoroughly 
explored in light of the existing evidence on the role they play in 
areas where the effects of the pandemic have been particularly 
deadly. All this must be supported by policies that bring about a 
change in standard practices, fostering sustainable development 
in all areas and thereby ensuring environmentally clean sur-
roundings for the public.

Cluster 2: The accumulation of plastic from products 
used to tackle the pandemic presents a serious threat to 
the planet. Cluster 2 comprises 12 studies, representing 9.3% 
of the total analysed. Following the same criteria as above, 
the most frequent are the following: plastic (21.54%), pol-
lut (5.89%), protect (3.05%), increas (2.85%) and pandem 

(7.32%), where plastic, in addition to having the highest fre-
quency in this cluster in relation to the total database, has the 
highest discriminatory power (Figure 3). There is a strong con-
nection between the terms increase, protect and pandem, indi-
cating that it would be worthwhile for researchers to focus on 
protection in the new pandemic-related environment. The com-
mon thread running through these papers is the concern about 
the environmental impact of the production of plastics, a con-
sequence of the protective products used during the pandemic 
to prevent infection. Figure 5 shows that the papers published 
in the journal Renewable and Sustainable Energy Reviews are 
the most cited – a single article has 71 citations (Klemeš et al., 
2020) – followed by Science of the Total Environment with 39 
citations in five papers.

Pollution from plastic waste is a constant feature of all inter-
national agreements on climate change. In March 2019, the 
European Union adopted very strict directives to combat the 
plague of plastic invading the planet’s oceans: a ban on single-
use plastics from 2021 and a 90% collection target for plastic 
bottles by 2029, with 30% of them recycled by 2030 (https://
ec.europa.eu/environment/topics/plastics/single-use-plastics_
es). However, COVID-19 has seriously undermined countries’ 
ability to achieve these targets.

Before the pandemic, the use of PPE, gloves or surgical masks 
was limited to within the healthcare system, so the management 
of this waste was never considered an environmental problem. 
Humanity’s pressing need to protect itself against the virus has 
led to the mass use of these products, generating huge amounts of 
plastic waste and thus triggering urgent calls for effective treat-
ment. According to Prata et al. (2020), an estimated 129 billion 
masks are used monthly worldwide, along with 65 billion gloves, 
adding to the PPE and waste from rapid diagnostic tests as real-
time polymerase chain reaction (RT-PCR).

Silva et al. (2020) argue against delays to the reinforcement of 
plastic reduction policies, considering it necessary to combine 
them with technological advances that facilitate recycling and 
reuse. Incentives to promote public–private investments should 
be oriented in this direction: the transition to a circular economy 
model requires rapid implementation. Authors, such as You et al. 
(2020) and Parashar and Hait (2021), claim that plastic is a pro-
tector that requires appropriate management in terms of reduc-
tion, recycling and recovery to prevent harmful leakage into the 
environment. According to Celis et al. (2021), the way forward 
should involve the manufacture of biodegradable biomedical 
products that are free from toxic chemicals.

Current waste management systems do not have the 
capacity to absorb these new flows (Vanapalli et al., 2021). 

Table 3. Characterisation of clusters of environmental research on COVID-19 and waste.

Clusters No. of papers No. of journals Specific terms Journal Citation Reports ranking

Cluster 1 55 31 15 Q1 (17), Q2 (9), Q3 (2), Q4 (1), not JCR (2)
Cluster 2 12 8 5 Q1 (5), Q2 (1), Q3 (2)
Cluster 3 44 20 9 Q1 (9), Q2 (5), Q3 (5), not JCR (1)

https://ec.europa.eu/environment/topics/plastics/single-use-plastics_es
https://ec.europa.eu/environment/topics/plastics/single-use-plastics_es
https://ec.europa.eu/environment/topics/plastics/single-use-plastics_es
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Figure 3. Hierarchical clustering of the most frequent terms in the database.
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In addition to healthcare products, the general public is 
demanding hyper-hygienic products, hermetically packaged 
to prevent the transmission of the virus, exacerbating the 
problem even further. It is not known whether this new demand 
will be short-lived or if it represents a change in people’s 
behaviour, where protection against possible diseases will 
mean the environmental disaster, this cause is overlooked. 
Given the scale of the problem, Klemeš et al. (2020) propose 
the introduction of the plastic waste footprint to track the 
environmental footprint of plastics during their life cycle. 
This would allow abstract environmental burdens to be quan-
tified, providing valuable information to non-specialised peo-
ple with decision-making power.

Specifically, Ardusso et al. (2021) show that in South America, 
the lack of appropriate protocols, the inadequate management of 
the growing volumes of medical waste combined with a lack of 
collection adapted to the new circumstances, is increasing the 
pollution of its rivers and beaches. The synthetic nanoparticles in 
PPE and other protective items pose a growing threat to marine 
life in this region. In this vein, Liu et al. (2021) call on the Chinese 
government to simultaneously manage virus containment and 
environmental protection.

In conclusion, all the authors agree on the importance of 
applying sustainable strategies and policies that encourage 
research and thus ensure the appropriate treatment of these new 
types of waste. It is a problem that threatens the planet as a whole, 
requiring a proper commitment commensurate with the danger 
we are facing. Large-scale implementation of circular economy 
systems, together with citizen awareness and educational cam-
paigns, could help to allay this serious problem.

Cluster 3: Municipal solid waste management must be 
adapted to the new situation. This cluster revolves around 
the following nine terms of frequency: wast (22.42%), dispos 
(5.00%), manag (7.63%), medic (3.71%), studi (4.32%), generat 
(2.50%), result (2.36%), outbreak (2.16%) and diseas (2.06%), 
where wast has the highest frequency in this group in relation 
to the total database. Following the same criteria as in Figure 5, 
Figure 6 shows only those journals that have more than seven 

citations, with the rest being grouped into ‘Others’. It is observed 
that Science of the Total Environment stands out with more than 
66 citations in a total of nine papers.

In line with the previous two clusters, this one also highlights 
the need of proper disposal of the enormous amount of biomedi-
cal waste to prevent the transmission of the disease. It is esti-
mated that the virus can survive for more than 3 days on the 
masks used by infected patients; Ilyas et al. (2020) thus point to 
the need for urgent action. Chemical disinfection with 1% NaOCI 
could be a short-term solution and would even allow recycling 
and the reuse of PPE and other textiles used in the field of 
healthcare.

In addition, there has been a widespread lack of concern about 
the management of municipal solid waste, where improper pro-
cedures carry a huge potential risk for whoever is handling it 
(Kulkarni and Anantharama, 2020). According to Ragazzi et al. 
(2020), the selective collection rate in Italy has decreased by 
around 15%, with the authors noting a lack of protocols for lock-
down situations. Given this concern, the Italian National Institute 
of Health set up a working group during the early days of the 
pandemic to establish guidelines related to solid waste collection, 
delivery, withdrawal, transport, treatment and disposal (Di Maria 
et al., 2020). As a result, a temporary stop on waste sorting was 
recommended, the population was informed about how to pack-
age waste, companies were informed about the proper use of PPE 
and recommendations were provided on the use and sanitation of 
vehicles.

As a result of a study carried out in Romania, Mihai (2020) 
recommends using spatial statistics and thematic cartography to 
monitor the waste generated by COVID-19 in healthcare facili-
ties and places where people are isolating. Similarly, in some cit-
ies, such as Isfahan (Iran), the pandemic has led to a ban on waste 
separation, recycling and composting programmes, with waste 
being directly disposed of in landfills. Zand and Heir (2021) call 
for the implementation of protocols to ensure proper manage-
ment of urban waste. It is necessary to resume the composting 
practices abandoned as a result of the pandemic, and there is also 
a need for greater public awareness to prevent the foreseeable 
environmental impact of this inadequate treatment.
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Sharma et al. (2020) claim that lockdown has reduced the gen-
eration of food waste, due to a change in people’s shopping hab-
its, as they look to buy non-perishable products. However, the 
lack of warehouse workers to handle the food and the restriction 
on movement limits transport and can lead to breaks in the supply 
chain. Only the introduction of innovative processes could 
resolve situations like these.

In conclusion, the studies in this cluster recommend new 
regulated action procedures for decision-makers regarding how 
to manage waste in extreme situations, such as those caused by 
COVID-19. Public urban hygiene services need to be prepared 
and know the guidelines to follow. Situations should be avoided 
where a lack of information causes anxiety for people who have 
been locked down and barely able to leave their home for weeks 
or months, and for whom waste disposal is a daily task that 
needs to be done. In general, there is a need for proper manage-
ment of facilities for incineration, sterilisation and landfills for 
the treatment of waste that could have a viral load, representing 
a possible source of transmission. The introduction of auto-
mated processes could be one way of reducing contact with any 
type of waste.

Conclusion

The healthcare emergency caused by the rapid spread of the virus 
and its grave consequences for all economic and social sectors 
has sparked the interest of the scientific community. The research 
carried out has explored different avenues to determine the extent 
of the impact and to be as prepared as possible to tackle it. In this 
study, 111 papers have been analysed, grouping the most frequent 
terms into three clusters, in which the common thread has been 
COVID-19 and waste. Each of them has a different area of spe-
cialisation: the first focuses on transmission; the second on the 
concern about the mass production of plastics and the third on the 
lack of adequate treatment for solid waste in extreme circum-
stances. However, all the papers analysed converge on the same 
recommendation: leaders should have contingency plans for 
waste management in place to be able to deal with situations such 
as those caused by this pandemic.

Strengths and limitations of the study

After having determined the three lines of study developed in the 
literature, the authors consider that the guidelines should focus 
on the following directions:

•• There is a need for the introduction of technological advances 
that allow the reuse of protective medical products, while 
also avoiding the direct handling of this type of waste.

•• The authorities should incentivise research into the transmis-
sion of the virus, where certain environmental conditions 
could accelerate the rate of infection.

•• Circular economy systems need to be established in all pro-
ductive sectors to reduce pollution and ensure full use is 
made of the waste generated.

•• Educational and information campaigns on the guidelines to 
follow to achieve environmentally clean surroundings must 
be carried out all over the world.

Only by raising citizens’ awareness can pollution – which 
causes global warming and many of the diseases that afflict 
humanity – be reduced.

It is worth mentioning two limitations of this study. The 
first is the database used, which could be expanded with the 
Scopus database. Furthermore, it would be interesting to carry 
out a comparative study on the results obtained with the two 
databases. This information would help researchers and poli-
cymakers both in selecting a journal for their research and in 
having up-to-date information on what is currently being 
researched. The second is that our objective is specific to 
COVID-19 and waste in the environmental field, but the analy-
sis could be expanded with other search criteria. Finally, this 
process should be automated using the programming language 
provided in R to continuously track all the papers that are pub-
lished. Any advances and new proposals made by researchers 
could thus be detected.

Declaration of conflicting interests 
The authors declared no potential conflicts of interest with respect to 
the research, authorship and/or publication of this article.

Funding
The authors received no financial support for the research, author-
ship and/or publication of this article.

ORCID iD
Luisa Marti  https://orcid.org/0000-0001-8861-4442

Note
1. It includes six main citation indexes: Science Citation Index 

Expanded, Social Sciences Citation Index, Arts & Humanities 
Citation Index, Conference Proceedings Citation Index, Books 
Citation Index and Emerging Sources Citation Index.

References
Ardusso M, Forero-López AD, Buzzi NS, et al. (2021) COVID-19 pan-

demic repercussions on plastic and antiviral polymeric textile causing 
pollution on beaches and coasts of South America. Science of the Total 
Environment 763: 144365.

Beig G, Bano S, Sahu SK, et al. (2020) COVID-19 and environmental 
-weather markers: Unfolding baseline levels and veracity of linkages in 
tropical India. Environmental Research 191: 110121.

Carracedo P, Puertas R and Marti L (2021) Research lines on the impact of 
the COVID-19 pandemic on business. A text mining analysis. Journal of 
Business Research 132: 586–593.

Carraturo F, Del Giudice C, Morelli M, et al. (2020) Persistence of SARS-
CoV-2 in the environment and COVID-19 transmission risk from envi-
ronmental matrices and surfaces. Environmental Pollution 265: 115010.

Casado-Aranda LA, Sanchez-Fernandez J and Viedma-del-Jesús MI (2021) 
Analysis of the scientific production of the effect of COVID-19 on the 
environment: A bibliometric study. Environmental Research 193: 110416.

Cazzolla-Gatti R, Velichevskaya A, Tateo A, et al. (2020) Machine learning 
reveals that prolonged exposure to air pollution is associated with SARS-
CoV-2 mortality and infectivity in Italy. Environmental Pollution 267: 
115471.

https://orcid.org/0000-0001-8861-4442


Puertas et al. 1489

Celis JE, Espejo W, Paredes-Osses E, et al. (2021) Plastic residues produced 
with confirmatory testing for COVID-19: Classification, quantification, 
fate, and impacts on human health. Science of the Total Environment 760: 
144167.

Conticini E, Frediani B and Caro D (2020) Can atmospheric pollution be 
considered a co-factor in extremely high level of SARS-CoV-2 lethality 
in Northern Italy? Environmental Pollution 261: 114465.

Di Maria F, Beccaloni E, Bonadonna L, et al. (2020) Minimization of spread-
ing of SARS-CoV-2 via household waste produced by subjects affected 
by COVID-19 or in quarantine. Science of the Total Environment 743: 
140803.

Dinov ID (2018) Data Science and Predictive Analytics: Biomedical and 
Health Applications using R. Cham: Springer.

Dogan B, Jebli MB, Shahzad K, et al. (2020) Investigating the effects of 
meteorological parameters on COVID-19: Case study of New Jersey, 
United States. Environmental Research 191: 110148.

Dunn JC (1974) Well-separated clusters and optimal fuzzy partitions. Journal 
of Cybernetics 4: 95–104.

European Environment Agency (EEA) (2021) Plastics, a growing environ-
mental and climate concern: How can Europe revert that trend? European 
Environment Agency. Available at: https://www.eea.europa.eu/high-
lights/plastics-environmental-concern

Franch-Pardo I, Napoletano BM, Rosete -Verges F, et al. (2020) Spatial anal-
ysis and GIS in the study of COVID-19. A review. Science of the Total 
Environment 739: 140033.

Gupta S, Raghuwanshi GS and Chanda A (2020) Effect of weather on 
COVID-19 spread in the US: A prediction model for India in 2020. 
Science of the Total Environment 728: 138860.

Halkidi M, Batistakis Y and Vazirgiannis M (2001) On clustering validation 
techniques. Journal of Intelligent Information Systems 17: 107–145.

Halkidi M, Batistakis Y and Vazirgiannis M (2002) Clustering validity 
checking methods: Part II. ACM Sigmod Record 31: 19–27.

Han T, Zhang L, Pirbhulal S, et al. (2019) A novel cluster head selection 
technique for edge-computing bases IoMT systems. Computer Networks 
158: 114–122.

He G, Pan Y and Tanaka T (2020) The short-term impacts of COVID-19 
lockdown on urban air pollution in China. Nature Sustainability 3: 1005–
1011.

Hochman A, Alpert P, Negev M, et al. (2021) The relationship between 
cyclonic weather regimes and seasonal influenza over the Eastern 
Mediterranean. Science of the Total Environment 750: 141686.

Huang G and Sun K (2020) Non-negligible impacts of clean air regulations 
on the reduction of tropospheric NO2 over East China during the COVID-
19 pandemic observed by OMI and TROPOMI. Science of the Total 
Environment 745: 141023.

Huraimel KA, Alhosani M, Kunhabdulla S, et al. (2020) SARS-CoV-2 in the 
environment: Modes of transmission, early detection and potential role of 
pollutions. Science of the Total Environment 744: 140946.

Husson F, Lê S and Pagès J (2017) Exploratory Multivariate Analysis by 
Example using R. New York: CRC Press, Taylor & Francis Group.

Ilyas S, Srivastava RR and Kim H (2020) Disinfection technology and strate-
gies for COVID-19 hospital and bio-medical waste management. Science 
of the Total Environment 749: 141652.

Kalpana P, Trivedi P, Patel K, et al. (2020) Impending scope of Water 
Sanitation and Hygiene (WASH) in the post COVID19 pandemic 
era: An opportunity call. Indian Journal of Community Health 32: 
244–247.

Kassambara A (2017) Practical Guide to Principal Component Methods 
in R: PCA, MCA, FAMD, MFA, HCPC, Factoextra, vol. 2. STHDA. 
Available at: http://www.sthda.com/english/articles/31-principal-compo-
nent-methods-in-r-practical-guide/

Kaufman L and Rousseeuw PJ (1990) Finding Groups in Data: An 
Introduction to Cluster Analysis. New Jersey: Wiley-Interscience.

Klemeš JJ, Fan YV, Tan RR, et al. (2020) Minimising the present and future 
plastic waste, energy and environmental footprints related to COVID-19. 
Renewable and Sustainable Energy Reviews 127: 109883.

Kulkarni BN and Anantharama V (2020) Repercussions of COVID-19 pan-
demic on municipal solid waste management: Challenges and opportuni-
ties. Science of the Total Environment 743: 140693.

Kumar M, Taki K, Gahlot R, et al. (2020a) A chronicle of SARS–CoV–2: 
Part–I – Epidemiology, diagnosis, prognosis, transmission and treatment. 
Science of the Total Environment 734: 139278.

Lancia F (2008) Word co-occurrence and similarity in meaning. In: Salvatore 
S and Valsiner J (eds) Mind as Infinite Dimensionality. Rome: Firera 
Publishing Group, pp.1–39.

Liu J, Vethaak AD, An L, et al. (2021) An environmental dilemma for china dur-
ing the COVID-19 pandemic: The explosion of disposable plastic wastes. 
Bulletin of Environmental Contamination and Toxicology 106: 237–240.

Malpass D (2020) Fighting against a tide of marine plastic as COVID-19 
worsens problem. World Bank. Available at: https://blogs.worldbank.org/
voices/fighting-against-tide-marine-plastic-covid-19-worsens-problem

Meyer D, Hornik K and Feinerer I (2008) Text mining infrastructure in R. 
Journal of Statistical Software 25: 1–54.

Mihai F-C (2020) Assessment of COVID-19 waste flows during the emer-
gency state in Romania and related public health and environmental 
concerns. International Journal of Environmental Research and Public 
Health 17: 5439.

Mostafa MK, Gamal G and Wafiq A (2021) The impact of COVID 19 on 
air pollution levels and other environmental indicators – A case study of 
Egypt. Journal of Environmental Management 277: 111496.

Nakada LYK and Urban RC (2020) COVID-19 pandemic: Impacts on the air 
quality during the partial lockdown in São Paulo state, Brazil. Science of 
the Total Environment 730: 139087.

Parashar N and Hait S (2021) Plastics in the time of COVID-19 pandemic: 
Protector or polluter? Science of the Total Environment 759: 144274.

Pei Z, Han G, Ma X, et al. (2020) Response of major air pollutants to COVID-
19 lockdowns in China. Science of the Total Environment 743: 140879.

Praveena SM and Aris AZ (2021) The impacts of COVID-19 on the envi-
ronmental sustainability: A perspective from the Southeast Asian region. 
Environmental Science and Pollution Research 28(45): 63829–63836.

Prata JC, Silva ALP, Walker TR, et al. (2020) COVID-19 pandemic repercus-
sions on the use and management of plastics. Environmental Science & 
Technology 54: 7760–7765.

R Core Team (2021) R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing, Vienna, Austria. Available 
at: https://www.R-project.org/

Ragazzi M, Rada EC and Schiavon M (2020) Municipal solid waste man-
agement during the SARS-COV-2 outbreak and lockdown ease: Lessons 
from Italy. Science of the Total Environment 745: 141159.

Rousseeuw PJ (1987) Silhouettes: A graphical aid to the interpretation and 
validation of cluster analysis. Journal of Computational and Applied 
Mathematics 20: 53–65.

Rowan NJ and Laffey JG (2021) Unlocking the surge in demand for personal 
and protective equipment (PPE) and improvised face coverings aris-
ing from coronavirus disease (COVID-19) pandemic – Implications for 
efficacy, re-use and sustainable waste management. Science of the Total 
Environment 752: 142259.

Rume T and Islam SDU (2020) Environmental effects of COVID-19 pan-
demic and potential strategies of sustainability. Heliyon 6: e04965.

Rupani PF, Nilashi M, Abumalloh RA, et al. (2020) Coronavirus pandemic 
(COVID-19) and its natural environmental impacts. International Journal 
of Environmental Science and Technology 17: 4655–4666.

Saadat S, Rawtani D and Hussain CM (2020) Environmental perspective of 
COVID-19. Science of the Total Environment 728: 138870.

Sarkodie SA and Owusu PA (2021) Global assessment of environment, health 
and economic impact of the novel coronavirus (COVID19). Environment, 
Development and Sustainability 23: 5005–5015.

Setti L, Passarini F, De Gennaro G, et al. (2020) Searching for SARS-COV-2 
on Particulate Matter: A Possible Early Indicator of COVID-19 Epidemic 
Recurrence. International Journal of Environmental Research and Public 
Health 17: 2986.

Shakil MH, Munim ZH, Tasnia M, et al. (2020) COVID-19 and the envi-
ronment: A critical review and research agenda. Science of the Total 
Environment 745: 141022.

Sharma HB, Vanapalli KR, Cheela VRS, et al. (2020) Challenges, opportuni-
ties, and innovations for effective solid waste management during and 
post COVID-19 pandemic. Resources, Conservation and Recycling 162: 
105052.

https://www.eea.europa.eu/highlights/plastics-environmental-concern
https://www.eea.europa.eu/highlights/plastics-environmental-concern
http://www.sthda.com/english/articles/31-principal-component-methods-in-r-practical-guide/
http://www.sthda.com/english/articles/31-principal-component-methods-in-r-practical-guide/
https://blogs.worldbank.org/voices/fighting-against-tide-marine-plastic-covid-19-worsens-problem
https://blogs.worldbank.org/voices/fighting-against-tide-marine-plastic-covid-19-worsens-problem
https://www.R-project.org/


1490 Waste Management & Research 40(10)

Shehzad K, Sarfraz M and Shah SGM (2020) The impact of COVID-
19 as a necessary evil on air pollution in India during the lockdown. 
Environmental Pollution 266: 115080.

Silva ALP, Prata JC, Walker TR, et al. (2020) Rethinking and optimising 
plastic waste management under COVID-19 pandemic: Policy solutions 
based on redesign and reduction of single-use plastics and personal pro-
tective equipment. Science of the Total Environment 742: 140565.

Singh V, Singh S, Biswal A, et al. (2020) Diurnal and temporal changes in 
air pollution during COVID-19 strict lockdown over different regions of 
India. Environmental Pollution 266: 115368.

Täuscher K and Laudien SM (2018) Understanding platform business mod-
els: A mixed methods study of marketplaces. European Management 
Journal 36: 319–329.

Urban RC, Kondo N and Liane Y (2021) COVID-19 pandemic: Solid waste 
and environmental impacts in Brazil. Science of the Total Environment 
755(1): 142471.

Vanapalli KR, Sharma HB, Ranjan VP, et al. (2021) Challenges and strate-
gies for effective plastic waste management during and post COVID-19 
pandemic. Science of the Total Environment 750: 141514.

Wang Y, Wen Y, Wang Y, et al. (2020a) Four-Month Changes in Air Quality 
during and after the COVID-19 Lockdown in Six Megacities in China. 
Environmental Science and Technology. Letters 7: 802–808.

William D and Chang B (2019) Analysis of energy consumption of 
selected cluster technique. Engineering Science & Technology 
Journal 1: 37–44.

Wu Q, Tang Y, Wang L, et al. (2021) Impact of emission reductions 
and meteorology changes on atmospheric mercury concentrations 
during the COVID-19 lockdown. Science of the Total Environment 
750: 142323.

Wu Y, Jing W, Liu J, et al. (2020) Effects of temperature and humidity on the 
daily new cases and new deaths of COVID-19 in 166 countries. Science 
of the Total Environment 729: 139051.

Yao Y, Pan J, Liu Z, et al. (2021) Ambient nitrogen dioxide pollution 
and spread ability of COVID-19 in Chinese cities. Ecotoxicology and 
Environmental Safety 208: 111421.

You S, Sonne C and Ok YS (2020) COVID-19: Resource recovery from plas-
tic waste against plastic pollution. Sustainable Environment 6: 1801220.

Zand AD and Heir AV (2021) Emanating challenges in urban and health-
care waste management in Isfahan, Iran after the outbreak of COVID-19. 
Environmental Technology 42: 329–336.

Zhao Y, Zhang K, Xu X, et al. (2020) Substantial Changes in nitrogen diox-
ide and ozone after excluding meteorological impacts during the COVID-
19 outbreak in Mainland China. Environmental Science. Technology 
Letters 7: 402–408.

Appendix 1

Table 4. Paper analysed. 

Journal References

Science of the Total Environment Huraimel et al. (2020); Aldaco et al. (2020); Di Maria et al. (2020); 
Franklin and Bevins (2020); Ilyas et al. (2020); Kargar et al. (2020); 
Kulkarni and Anantharama (2020); Kumar et al. (2020c); Orive 
et al. (2020); Silva et al. (2020); Ragazzi et al. (2020); Rowan and 
Galanakis (2020); Saadat et al. (2020); Zambrano et al. (2020); 
Ardusso et al. (2021 Celis et al. (2021); Hartanto and Mayasari 
(2021); Parashar and Hait (2021); Rowan and Laffey (2021); 
Sunkari et al. (2021); Tirkolaee et al. (2021); Urban et al. (2021); 
Fan et al. (2021); Vanapalli et al. (2021)

International Journal of Environmental Research and 
Public Health

Jin and Qian (2020); Liu et al. (2020); Mihai (2020); Setti et al. 
(2020); Yu et al. (2020); Cosgrove et al. (2021); Dabrowska et al. 
(2021); Lassi et al. (2021); Mahdi et al. (2021)

Sustainability Ben Hassen et al. (2020); Dombroski et al. (2020); Fleetwood 
(2020); Giudice et al (2020); Ismail et al. (2020); Kapecki (2020); 
Qian et al. (2020); Shurson 2020); Tleuken et al. (2021)

Environment Development and Sustainability Jribi et al. (2020); Kumar et al. (2020b); Sarkodie and Owusu 
(2021); Aydin et al. (2021); Islam et al. (2021

Environmental Science and Pollution Research Tabish et al. (2020); Younis et al. (2020); Boroujeni et al. (2021); 
Praveena and Aris (2021); Quinete et al. (2021)

Journal of Cleaner Production Chauhan et al. (2021); Manupati et al. (2021); Shah et al. (2021); 
Thakur (2021); Varbanov et al. (2021)

Resources Conservation and Recycling Neumeyer et al. (2020); Sharma et al. (2020); Giordano et al 
(2021); Ikiz et al. (2021); Yang et al. (2021)

Environmental Pollution Carraturo et al. (2020); Hendryx and Luo (2020); Wang et al. 
(2020b); Ammendolia et al. (2021)

International Journal of Hygiene and Environmental 
Health

Mouchtouri et al. (2020); Maher et al. (2021); Pandey et al. (2021)

Energy Sources Part A-Recovery Utilisation and 
Environmental Effects

Göçmen (2020); Mehran et al. (2021)

Environmental Chemistry Letters Prabha et al. (2020); Sun and Han (2020)
Global Journal of Environmental Science and 
Management-Gjesm

Abu-Qdais et al. (2020); Ouhsine et al. (2020)

(continued)



Puertas et al. 1491

Journal References

Waste Management Kalina and Tilley (2020); Richter et al. (2021
Waste Management & Research Agamuthu adn Barasarathi (2020); Rhee (2020)
Aerosol and Air Quality Research Liu and Schauer (2021)
Air Quality Atmosphere and Health Bashir et al (2020)
American Journal of Infection Control Peng et al (2020)
Appetite Rodgers et al (2021)
Bulletin of Environmental Contamination and Toxicology Liu et al. (2021)
Cogent Environmental Science You et al. (2020)
Drug Development and Industrial Pharmacy Rahma et al. (2019)
Ecotoxicology and Environmental Safety Hoseinzadeh et al. (2020)
Environment and Urbanisation Suter and Luethi (2021)
Environment International Yuan et al. (2020)
Environmental Management Belhadi et al (2020)
Environmental Research Casado-Aranda et al. (2021)
Environmental Research Letters Greer et al. (2020)
Environmental Science & Technology Prata et al. (2020)
Environmental Technology Zand and Heir (2021)
Eurasian Geography and Economics Cloke (2020)
Eurosurveillance Wurtzer et al. (2020)
Frontiers of Environmental Science & Engineering Wang et al. (2021)
Health Research Policy and Systems Hanney et al. (2020)
Indian Journal of Biochemistry & Biophysics Chitra et al (2020)
Indian Journal of Community Health Kalpana et al. (2020)
International Journal of Environmental Health Research Irfan et al. (2021)
International Journal of Environmental Science and 
Technology

Rupani et al. (2020)

Journal of Environmental Health Science and Engineering Torkashvand et al. (2021)
Journal of Environmental Management Mostafa et al. (2021)
Journal of Hazardous Materials Ding et al. (2021)
One Health Trottier et al. (2020)
Renewable & Sustainable Energy Reviews Klemeš et al. (2020)
Smart and Sustainable Manufacturing Systems Diaz-Elsayed et al. (2020)
Sustainable Development Khan et al. (2020)
Tropical Medicine and Infectious Disease Mahdi et al. (2020)
World Development Sen (2020)

Table 4. (Continued)

References cited only in Appendix 1
Abu-Qdais HA, Al-Ghazo MA and Al-Ghazo EM (2020) Statistical analysis 

and characteristics of hospital medical waste under novel Coronavirus 
outbreak. Global Journal of Environmental Science and Management-
GJESM 6: 21–30.

Agamuthu P and Barasarathi J (2020) Clinical waste management under 
COVID-19 scenario in Malaysia. Waste Management & Research 39: 
18–26.

Aldaco R, Hoehn D, Laso J, et al. (2020) Food waste management during 
the COVID-19 outbreak: A holistic climate, economic and nutritional 
approach. Science of the Total Environment 742: 140524.

Ammendolia J, Saturno J, Brooks AL, et al. (2021) An emerging source of 
plastic pollution: Environmental presence of plastic personal protective 
equipment (PPE) debris related to COVID-19 in a metropolitan city. 
Environmental Pollution 269: 116160.

Aydin S, Nakiyingi B, Esmen C, et al. (2021) Environmental impact of coro-
navirus (COVID-19) from Turkish perceptive. Environment Development 
and Sustainability 23: 7573–7580.

Bashir MF, Ma B and Shahzad L (2020) A brief review of socio-economic 
and environmental impact of Covid-19. Air Quality Atmosphere and 
Health 13: 1403–1409.

Belhadi A, Kamble SS, Khan SAR, et al. (2020) Infectious waste man-
agement strategy during COVID-19 pandemic in Africa: An integrated 

decision-making framework for selecting sustainable technologies. 
Environmental Management 66: 1085–1104.

Ben Hassen T, El Bilali H and Allahyari MS (2020) Impact of COVID-19 on 
food behavior and consumption in Qatar. Sustainability 12: 6973.

Boroujeni M, Saberian M and Li J (2021) Environmental impacts of 
COVID-19 on Victoria, Australia, witnessed two waves of Coronavirus. 
Environmental Science and Pollution Research 28: 14182–14191.

Chauhan A, Jakhar SK and Chauhan C (2021) The interplay of circular 
economy with industry 4.0 enabled smart city drivers of healthcare waste 
disposal. Journal of Cleaner Production 279: 123854.

Chitra J, Rajendran SM, Mercy JJ, et al. (2020) Impact of COVID-19 lock-
down in Tamil Nadu: Benefits and challenges on environment perspec-
tive. Indian Journal of Biochemistry & Biophysics 57: 370–381.

Cloke J (2020) Writing anthropandemics – the strangely connected social 
geographies of COVID-19, plastic waste, and obesity. Eurasian 
Geography and Economics 61: 374–388.

Cosgrove K, Vizcaino M and Wharton C (2021) COVID-19-related changes 
in perceived household food waste in the United States: A cross-sectional 
descriptive study. International Journal of Environmental Research and 
Public Health 18: 1104.

Dabrowska J, Sobota M, Swiader M, et al. (2021) Marine waste-sources, fate, 
risks, challenges and research needs. Journal of Environmental Research 
and Public Health 18: 433.



1492 Waste Management & Research 40(10)

Diaz-Elsayed N, Morris KC and Schoop J (2020) Realizing environmen-
tally conscious manufacturing in the post-COVID-19 era. Smart and 
Sustainable Manufacturing Systems 4: 314–318.

Ding Z, Chen H, Liu J, et al. (2021) Pyrolysis dynamics of two medical plas-
tic wastes: Drivers, behaviors, evolved gases, reaction mechanisms, and 
pathways. Journal of Hazardous Materials 402: 123472.

Dombroski K, Diprose G, Sharp E, et al. (2020) Food for people in place: 
Reimagining resilient food systems for economic recovery. Sustainability 
12: 9369.

Fan YV, Jiang P, Hemzal M, et al. (2021) An update of COVID-19 influence 
on waste management. Science of the Total Environment 754: 142014.

Fleetwood J (2020) Social justice, food loss, and the sustainable development 
goals in the era of COVID-19. Sustainability 12: 5027.

Franklin AB and Bevins SN (2020) Spillover of SARS-CoV-2 into novel 
wild hosts in North America: A conceptual model for perpetuation of the 
pathogen. Science of the Total Environment 733: 139358.

Giordano P, Carmenlucia S and Soares de Castro MA (2021) Covid-19 
effects on municipal solid waste management: What can effectively be 
done in the Brazilian scenario? Resources Conservation and Recycling 
164: 105152.

Giudice F, Caferra R and Morone P (2020) COVID-19, the food system and 
the circular economy: Challenges and opportunities. Sustainability 12: 
7939.

Göçmen E (2020) Linear programming with fuzzy parameters for inventory 
routing problem in effective management of personal protective equip-
ment: A case study of corona virus disease 2019. Energy Sources, Part A: 
Recovery, Utilization, and Environmental Effects. Epub ahead of print 24 
December. DOI: 10.1080/15567036.2020.1861133.

Greer F, Rakas J and Horvath A (2020) Airports and environmental sustain-
ability: A comprehensive review. Environmental Research Letters 15: 
103007.

Hanney SR, Kanya L, Pokhrel S, et al. (2020) How to strengthen a health 
research system: WHO’s review, whose literature and who is providing 
leadership? Health Research Policy and Systems 18: 72.

Hartanto BW and Mayasari DS (2021) Environmentally friendly non-med-
ical mask: An attempt to reduce the environmental impact from used 
masks during COVID 19 pandemic. Science of the Total Environment 
760: 144143.

Hendryx M and Luo J (2020) COVID-19 prevalence and fatality rates in asso-
ciation with air pollution emission concentrations and emission sources. 
Environmental Pollution 265: 115126.

Hoseinzadeh E, Javan S, Farzadkia M, et al. (2020) An updated min-review 
on environmental route of the SARS-CoV-2 transmission. Ecotoxicology 
and Environmental Safety 202: 111015.

Ikiz E, Maclaren VW, Alfred E, et al. (2021) Impact of COVID-19 on house-
hold waste flows, diversion and reuse: The case of multi-residential build-
ings in Toronto, Canada. Resources Conservation and Recycling 164: 
105111.

Irfan M, Ahmad M, Fareed Z, et al. (2021) On the indirect environmental 
outcomes of COVID-19: Short-term revival with futuristic long-term 
implications. International Journal of Environmental Health Research 
Jan 15: 1–11.

Islam SMD, Mondal PK, Ojong N, et al. (2021) Water, sanitation, hygiene 
and waste disposal practices as COVID-19 response strategy: Insights 
from Bangladesh. Environment Development and Sustainability Jan 2: 
1–22.

Ismail MH, Ghazi TIM, Hamzah MH, et al. (2020) Impact of movement con-
trol order (MCO) due to Coronavirus Disease (COVID-19) on food waste 
generation: A case study in Klang Valley, Malaysia. Sustainability 12: 
8848.

Jin H and Qian X (2020) How the Chinese government has done with public 
health from the perspective of the evaluation and comparison about pub-
lic-health expenditure. International Journal of Environmental Research 
and Public Health 17: 9272.

Jribi S, Ben Ismail H, Doggui D, et al. (2020) COVID-19 virus outbreak 
lockdown: What impacts on household food wastage? Environment 
Development and Sustainability 22: 3939–3955.

Kalina M and Tilley E (2020) This is our next problem: Cleaning up from the 
COVID-19 response. Waste Management 108: 202–205.

Kapecki T (2020) Elements of sustainable development in the context of 
the environmental and financial crisis and the COVID-19 pandemic. 
Sustainability 12: 6188.

Kargar S, Pourmehdi M and Paydar MM (2020) Reverse logistics network 
design for medical waste management in the epidemic outbreak of the 
novel coronavirus (COVID-19). Science of the Total Environment 746: 
141183.

Khan MS, Saengon P, Alganad AMN, et al. (2020) Consumer green behav-
iour: An approach towards environmental sustainability. Sustainable 
Development 5: 1168–1180.

Kumar H, Azad A, Gupta A, et al. (2020b) COVID-19 creating another 
problem? Sustainable solution for PPE disposal through LCA approach. 
Environment Development and Sustainability 23: 9418–9432.

Kumar M, Patel AK, Shah AV, et al. (2020c) First proof of the capability 
of wastewater surveillance for COVID-19 in India through detection of 
genetic material of SARS-CoV-2. Science of the Total Environment 746: 
141326.

Lassi ZS, Naseem R, Salam RA, et al. (2021) The impact of the COVID-
19 pandemic on immunization campaigns and programs: A systematic 
review. International Journal of Environmental Research and Public 
Health 18: 988.

Liu Q and Schauer J (2021) Airborne microplastics from waste as a trans-
mission vector for COVID-19. Aerosol and Air Quality Research 211: 
1–5.

Liu Z, Li Z, Chen W, et al. (2020) Path optimization of medical waste trans-
port routes in the emergent public health event of COVID-19: A hybrid 
optimization algorithm based on the immune-ant colony algorithm. 
International Journal of Environmental Research and Public Health 17: 
5831.

Mahdi H, Alqahtani A, Barasheed O, et al. (2020) Hand hygiene knowledge 
and practices among domestic Hajj Pilgrims: Implications for future mass 
gatherings amidst COVID-19. Tropical Medicine and Infectious Disease 
5: 160.

Mahdi HA, Assaggaf HM, Alfelali M, et al. (2021) Hand hygiene knowl-
edge, perception, and practices among domestic visitors to the Prophet’s 
mosque in Al Madinah City amid the COVID-19 pandemic: A cross-
sectional study. International Journal of Environmental Research and 
Public Health 18: 673.

Maher OA, Kamal SA, Newir A, et al. (2021) Utilization of greenhouse 
effect for the treatment of COVID-19 contaminated disposable waste – 
A simple technology for developing countries. International Journal of 
Hygiene and Environmental Health 232: 113690.

Manupati VK, Ramkumar M, Baba V, et al. (2021) Selection of the best 
healthcare waste disposal techniques during and post COVID-19 pan-
demic era. Journal of Cleaner Production 281: 125175.

Mehran MT, Raza Naqvi S, Ali Haider M, et al. (2021) Global plastic waste 
management strategies (Technical and behavioral) during and after 
COVID-19 pandemic for cleaner global urban life. Energy Sources, Part 
A: Recovery, Utilization, and Environmental Effects. Epub ahead of 10 
January. DOI: 10.1080/15567036.2020.1869869.

Mouchtouri VA, Koureas M, Kyritsi M, et al. (2020) Environmental con-
tamination of SARS-CoV-2 on surfaces, air-conditioner and ventilation 
systems. International Journal of Hygiene and Environmental Health 
230: 113599.

Neumeyer X, Ashton WS and Dentchev N (2020) Addressing resource and 
waste management challenges imposed by COVID-19: An entrepreneur-
ship perspective. Resources Conservation and Recycling 162: 105058.

Orive G, Lertxundi U and Barcelo D (2020) Early SARS-CoV-2 out-
break detection by sewage -based epidemiology. Science of the Total 
Environment 732: 139298.

Ouhsine O, Ouigmane A, Layati El Aba B, et al. (2020) Impact of COVID-
19 on the qualitative and quantitative aspect of household solid waste. 
Global Journal of Environmental Science and Management-GJESM 6: 
41–52.

Pandey D, Verma S, Verma P, et al. (2021) SARS-CoV-2 in wastewater: 
Challenges for developing countries. International Journal of Hygiene 
and Environmental Health 231: 113634.

Peng J, Wu X, Wang R, et al. (2020) Medical waste management practice 
during the 2019-2020 novel coronavirus pandemic: Experience in a gen-
eral hospital. American Journal of Infection Control 48: 918–921.



Puertas et al. 1493

Prabha S, Durgalakshmi D, Rajendran S, et al. (2020) Plant-derived silica 
nanoparticles and composites for biosensors, bioimaging, drug delivery 
and supercapacitors: A review. Environmental Chemistry Letters 19: 
1667–1691.

Qian K, Javadi F and Hiramatsu M (2020) Influence of the COVID-19 pan-
demic on household food waste behaviour in Japan. Sustainability 12: 
9942.

Quinete N and Hauser-Davis RA (2021) Drinking water pollutants may 
affect the immune system: Concerns regarding COVID-19 health effects. 
Environmental Science and Pollution Research 28: 1235–1246.

Rahma A, Adriani M, Rahayu P, et al. (2019) Green isolation and physical 
modification of pineapple stem waste starch as pharmaceutical excipient. 
Drug Development and Industrial Pharmacy 45: 1029–1037.

Rhee SW (2020) Management of used personal protective equipment and 
wastes related to COVID-19 in South Korea. Waste Management & 
Research 38: 820–824.

Richter A, Ng KTW, Vu HL, et al. (2021) Waste disposal characteristics and 
data variability in a mid-sized Canadian city during COVID-19. Waste 
Management 122: 49–54.

Rodgers RF, Lombardo C, Cerolini S, et al. (2021) Waste not and stay at 
home evidence of decreased food waste during the COVID-19 pandemic 
from the US and Italy. Appetite 160: 105110.

Rowan NJ and Galanakis CM (2020) Unlocking challenges and opportuni-
ties presented by COVID-19 pandemic for cross-cutting disruption in 
agri-food and green deal innovations: Quo Vadis? Science of the Total 
Environment 748: 141362.

Sen S (2020) The pandemic under siege: A view from the Gaza Strip. World 
Development 135: 105063.

Shah SAA, Cheng L, Solangi YA, et al. (2021) Energy trilemma based 
prioritization of waste-to-energy technologies: Implications for post-
COVID-19 green economic recovery in Pakistan. Journal of Cleaner 
Production 284: 124729.

Shurson GC (2020) What a waste-can we improve sustainability of food ani-
mal production systems by recycling food waste streams into animal feed 
in an era of health, climate, and economic crises? Sustainability 12: 7071.

Sun S and Han J (2020) Open defecation and squat toilets, an overlooked risk 
of fecal transmission of COVID-19 and other pathogens in developing 
communities. Environmental Chemistry Letters Nov 29: 1–9.

Sunkari ED, Korboe HM, Abu M, et al. (2021) Sources and routes of SARS-
CoV-2 transmission in water systems in Africa: Are there any sustainable 
remedies? Science of the Total Environment 753: 142298.

Suter F and Luethi C (2021) Delivering WASH education at scale: 
Evidence from a global MOOC series. Environment and Urbanization 
33: 99–116.

Tabish M, Khatoon A, Alkahtani S, et al. (2020) Approaches for preven-
tion and environmental management of novel COVID-19. Environmental 
Science and Pollution Research Sep 24: 1–11.

Thakur V (2021) Framework for PESTEL dimensions of sustainable health-
care waste management: Learnings from COVID-19 outbreak. Journal of 
Cleaner Production 287: 125562.

Tirkolaee EB, Abbasian P and Weber GW (2021) Sustainable fuzzy multi-
trip location-routing problem for medical waste management during the 
COVID-19 outbreak. Science of the Total Environment 756: 143607.

Tleuken A, Tokazhanov G, Guney M, et al. (2021) Readiness assessment 
of green building certification systems for residential buildings during 
pandemics. Sustainability 13: 460.

Torkashvand J, Jafari AJ, Godini K, et al. (2021) Municipal solid waste man-
agement during COVID-19 pandemic: A comparison between the current 
activities and guidelines. Journal of Environmental Health Science and 
Engineering 19: 173–179.

Trottier J, Darques R, Mouheb NA, et al. (2020) Post-lockdown detection of 
SARS-CoV-2 RNA in the wastewater of Montpellier, France. One Health 
10: 100157.

Varbanov PS, Jia X and Lim JS (2021) Process assessment, integration and 
optimisation: The path towards cleaner production. Journal of Cleaner 
Production 281: 124602.

Wang C, Wang J, Liu Y, et al. (2021) Less attention paid to waterborne 
SARS-CoV-2 spreading in Beijing urban communities. Frontiers of 
Environmental Science & Engineering 15: 110.

Wang J, Shen J, Ye D, et al. (2020b) Disinfection technology of hospital 
wastes and wastewater: Suggestions for disinfection strategy during coro-
navirus Disease 2019 (COVID-19) pandemic in China. Environmental 
Pollution 262: 114665.

Wurtzer S, Marechal V, Mouchel JM, et al. (2020) Evaluation of lockdown 
effect on SARS-CoV-2 dynamics through viral genome quantification in 
waste wáter. Eurosurveillance 25: 38–44.

Yang L, Yu X, Wu X, et al. (2021) Emergency response to the explosive 
growth of health care wastes during COVID-19 pandemic in Wuhan, 
China. Resources Conservation and Recycling 164: 20210101.

Younis I, Longsheng C, Zulfiqar MI, et al. (2020) Regional disparities in 
Preventive measures of COVID-19 pandemic in China. A study from 
international students’ prior knowledge, perception and vulnerabilities. 
Environmental Science and Pollution Research 10: 1–16.

Yu H, Sun X, Solvang WD, et al. (2020) Reverse logistics network design for 
effective management of medical waste in epidemic outbreaks: Insights 
from the Coronavirus disease 2019 (COVID-19) outbreak in Wuhan 
(China). International Journal of Environmental Research and Public 
Health 17: 1770.

Yuan D, Gao W, Liang S, et al. (2020) Biosafety threats of the rapidly estab-
lished labs for SARS-CoV-2 tests in China. Environment International 
143: 105964.

Zambrano-Monserrate MA, Ruano MA and Sanchez-Alcalde L (2020) 
Indirect effects of COVID-19 on the environment. Science of the Total 
Environment 728: 138813.


