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Abstract:

There are overwhelming increases of studies and over 200,000 publications related to all
the aspects of COVID-19. Among them, 262 papers were published by authors from 67
countries regarding COVID-19 with water science and technology. Although the
transmission routes of SARS-CoV-2 in water cycle have not been proved, the water and
wastewater play an important role in the control of COVID-19 pandemic. Accordingly, it
is scholarly relevant and interesting to look into publications of COVID-19 in water
science and technology to track the investigations for moving forward in the years to

come. It is believed that, through the literature survey, the question on what we know and
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what we do not know about COVID-19 so far can be clear, thus providing useful
information for helping curbing the epidemic from water sector. This forms the basis of
the current study. As such, a bibliometric analysis was conducted. It reveals that
wastewater-based epidemiology (WBE) has recently gained global attention with the
source and survival characteristics of coronavirus in the aquatic environment; the
methodology of virus detection; the water hygiene; and the impact of the COVID-19
pandemic on the water ecosystem being the main topics in 2020. Various studies have
shown that drinking water is safety whereas wastewater may be a potential risk during
this pandemic. From the perspective of the water cycle, the scopes for further research
needs are discussed and proposed, which could enhance the important role and value of
water science in warning, monitoring, and predicting COVID-19 during epidemic

outbreaks.

Keywords: Bibliometric analysis; COVID-19; SARS-CoV-2; Water and wastewater;

Wastewater-based epidemiology.

1. Introduction

The coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) was epidemically spreading throughout the world in 2020.
As the world hopes for swift roll-outs of COVID-19 via vaccines in 2021, researchers’
ambitions are likely to still be constrained by the continuing pandemic and its effects for
the moment. No doubt, COVID-19 study was the hottest topic throughout 2020. The

scientific community has carried out massive research in various fields to respond this



global challenge, such as tracking the source of the virus, exploring possible treatments,
and addressing the impact of the epidemic on the environment and socio-economy. As a
whole, investigation of the COVID-19 became the most urgent priority while over
200,000 studies were published in 2020 [1]. More significantly, some major publishers
removed paywalls from papers about COVID-19 last year to maximally speed
development and findings into curbing the virus’s impact such as strategies, vaccines and
treatment approaches.

Water and wastewater play a particularly important role in the spread and control of
coronavirus pandemics because clean water is the basic resource for life and any related
activities including virus eradicating. Globally, scientists engaged in water research
began their work at the beginning of the epidemic. Hundreds of articles were published in
2020 which focused on the investigation and discussion of COVID-19 related with water
sector (science and technology). Several webinars to timely update investigation and
exchange of ideas about COVID-19 in the water sector were also organized. There has
been consensus on the role of water, sanitation and personal hygiene in reducing SARS-
CoV-2 transmission and supporting the response to COVID-19 [2-4]. On the other hand,
scientific reports indicated that SARS-CoV-2 has been widely detected in wastewater [5-
18]. The occurrence, fates and potential treatment approaches of this virus in the water
cycle should be urgently studied.

General, a series of scientific output confirmed that the water scientific community has
offered possible solutions to COVID-19. Yet, considerable uncertainty remains the
information about the fate of SARS-CoV-2 in water and wastewater and the removal

efficiency for virus existing treatment infrastructure. It is necessary and interesting to
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look back at the publications to track the investigations for the purpose of moving
forward in the future. As such, we have reviewed the scientific publications related to
COVID-19 in water and wastewater. Information extracted from the published literature
was summarized regarding what we know about COVID-19 in water based on
bibliometric analysis. Furthermore, future efforts and research agenda to help curbing the
COVID-19 pandemic in water industry for professionals in the field of the water science

and technology were proposed.

2. Overall publications related to weekly count case numbers of the epidemic

Several types of publications, such as peer-reviewed articles, reports, editorial material,
letters, and opinions in the Web of Science, Dimensions, PubMed, and Google Scholar
database, were searched. The terms of “COVID-19”, “SARS CoV-2”, “Severe acute
respiratory syndrome coronavirus 2”7, “2019 novel coronavirus”, “coronavirus 2019,
“coronavirus disease 20197, “2019-novel CoV”, “2019 nCoV”, “HCoV-2019”, and
“Water”, “Drinking water”, “Wastewater”, “Sewage”, “Sludge”, were used to search in
the literature and databases. The suitable papers were based on the principles of that: 1)
the accepted time of publication was from January 1, 2020 to December 31, 2020; 2)
publications must closely describe the relationship between the water/wastewater (science
and technology) and COVID-19/SARS CoV-2; 3) each publication must have complete
article structure, for those without references will be removed; 4) the preprint articles are
not included. The brief literature collection process includes several steps. The initial

search yielded over 1,329, 1,799, 217, and 3,150 English papers in Web of Science,

Dimensions, Pub Med, and Google Scholar, respectively. After removing duplicate
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records, 1,030 papers remained. Then, by reading the title and abstract, the 762 records
were screened. The publications were finally narrowed down to 262 full-text articles
based on the above principles, which include 192 articles by context screening and 70
articles from snowball screening. These articles can then be divided into four categories
of research article, review, editorial material & letters, and others (e.g. report, short

communication, commentary, opinion, and news) (Fig. 1).

[Fig. 1]

In Fig. 1, the publications related to weekly count case numbers of the epidemic are
jointly illustrated. Globally, there were 81,484,663 confirmed cases and 701,027 deaths
of COVID-19 from January 4, 2020 to December 31, 2020 [19]. During this period,
scientific publications also show a sharp increase together with the increase of the
confirmed case numbers. The first accepted journal publication was an editorial
perspectives in Environmental Science: Water Research & Technology on March 18,
2020. In this paper, the authors advocated that the water engineers and professionals need
to understand the nature and fate of coronavirus in urban water cycle. The authors also
proposed some future research needs, such as upgrading the existing water and
wastewater treatment infrastructure; understanding the efficiency of inactivating the
coronavirus; monitoring drinking water distribution system; and discussing the potential
risks to the ecosystem and human health of the massive use of drugs; as well as the water
and sanitation systems in developing countries [20]. Later, opinions and reviews were
also accepted in large numbers. The first research article on the detection of the virus in

sewage was accepted on April 9, 2020. In the study, the real-time reverse transcription
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PCR (qRT-PCR) method was applied to detect SARS-CoV-2 RNA in hospital sewage.
The result showed the positive at the entrance of the sewage disinfection pool and the
negative after disinfection [21]. From the summer, the number of publications increased
dramatically. While 48 documents were accepted before June 1, over 166 had been
accepted till September 1, perhaps because the scientists began to return to their posts and

then conduct research after the end of the first lockdown period.

Although 70.7% of the publications were peer-reviewed scientific journal papers, the
number of review papers (106, 40.5%) was more than research articles (79, 30.2%). The
review papers provided broad information and deep analysis about the COVID-19 related
to water science and technology in various aspects. Opinion-type articles also accounted
for a large proportion, while water engineers and professionals provided key viewpoints
and information based on their knowledge and understanding to prevent and control virus
transmission in water environment. For example, Lodder and de Roda Husman [22]
provided perspective on “SARS-CoV-2 in wastewater: potential health risk, but also data
source”, saying that the wastewater could be a sensitive surveillance system and early
warning tool in pandemic. Wastewater-based epidemiology (WBE) has been quickly and
widely tested in many countries and regions around the world, such as Spain [11, 23],
Italy [8, 24, 25], UK [26], Netherlands [13], USA [27, 28], India [14, 29], Japan [15],
Germany [7], Australia [17, 30], and United Arab Emirates [16]. Many countries, such as
Ireland and China, were conducting such kind of research to closely monitor wastewater

related SARS-CoV-2. These studies aimed to provide a diversified way to gain a deeper



understanding of the COVID-19 with the water industry and establish the platform to

help curbing the ensuing and future epidemics.

3. Bibliometric tracking of the investigation trends since outbreak

Fig. 2 presents the network visualization map of co-occurrence based on key terms
extracted from the titles and the abstracts of the 262 publications. The bibliometric
analysis was performed on the VOSviewer software (version 1.6.15), in which the
processes were referred to Ji, et al. [31]. The colors in Fig. 2 represent different clusters.
Research on cluster 1 is focused mostly on the source and survival characteristics of
coronavirus in aquatic environment. There are some evidences to support the possibility
of water transmission of SARS-CoV-2. These include: 1) isolated virus from infected
individuals’ excrement [32, 33]; 2) detected virus RNA in municipal wastewater [7, 10,
14, 24]; 3) investigating the virus persistence in wastewater and tap water [34, 35]. All
these show highly stability under certain conditions. No doubt, it is believed that such
kind of information triggered people’s concerns. Cluster 2 is in close relation to cluster 1.
The methodology of virus detection is a prerequisite to ensure SARS-CoV-2 research in
water and wastewater. The achievements of these investigations have been applied to the
WBE system. In addition, the torrent of COVID-19 has significantly affected the socio-
economy and daily life. Cluster 3 highlights the “Water, Sanitation and Hygiene (WASH)”
as a critical control measure in COVID-19 pandemic. The importance of water and virus
control is generally accepted and practiced, not only in drink water, but in daily water
hygiene as well. The challenges of water availability, accessibility, and quality still

remain a matter both in developing and developed countries because of impact of
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COVID-19 pandemic [36-38]. Meanwhile, water can play an important role in
revitalizing the economy after COVID-19 [37]. Finally, cluster 4 concerns on the impact
of COVID-19 pandemic on water ecosystem. The government management measures
during COVID-19 on the aquatic environment seem to have both positive and negative
impacts. The lockdown measures restricted the human activity, with a consequence, and
improved the surface water quality [39, 40]. However, disinfection threatens the aquatic
ecosystem. Excessive use of disinfectants and the cumulative toxicity of disinfection by-

products (DBPs) may destroy the fragile aquatic ecosystem [41, 42].

[Fig. 2]

Fig. 3 presents the density visualization map of the co-occurrence key terms with the
warm red colors representing hot areas in the COVID-19 publication related to water
science and technology. Sampling and detecting the SARS-CoV-2 and its RNA in
wastewater are undoubtedly the hottest of research in 2020. Although the SARS-CoV-2
RNAs in wastewater have been widely reported, the method of sampling, storage,
concentration, isolation, and detection are not the same in each study [43]. Obviously, as
a key step in WEB system, the analytical protocols need more evaluation and
investigation, which will be discussed in detail in later section of the review. The removal
and fate of the virus in wastewater treatment plant (WWTP) have been widely
investigated as WWTP is the wastewater collection and treatment site in the urban water
cycle [44, 45]. Up till now, conventional WWTPs may be sufficient to eliminate the
SARS-CoV-2, and there are no reports of transmission via contact with the effluent of

WWTPs. Moreover, it is well known that the basic design principle of WWTPs is to
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avoid the spread of potential pathogens in wastewater. Although the SARS-CoV-2 RNA
has been detected in secondary effluent in some cases [11, 15], the infectivity of virus
remains ascertained. In addition, the tertiary treatment and disinfection with a higher
dosage can enhance the inactivation of SARS-CoV-2 in WWTPs [5]. Accordingly, the
survival and persistence of coronaviruses in the environment through water-related routes
are a concern and have also been highly investigating. The infectious of SARS-CoV-2 in
wastewater can be remained for a few days [34], depending on the environmental
conditions. Moreover, the impact of water safety and ecosystem and human health is also

highly concerned.

[Fig. 3]

So far, there are 67 countries and regions contributing to the water science and
technology with COVID-19 research activity (Fig. 4(a)). The country distribution of
publications revealed a strong predominance of articles from the USA, India, UK, China,
and Italy. Authors belonged to these countries have contributed 184 publication, while
the USA has published more than a quarter of the total. Furthermore, regarding COVID-
19 research types related to water science and technology, the USA is undoubtedly the
most comprehensive. Its research directions include measurement of SARS-CoV-2 RNA
in wastewater and sewage sludge [28, 46]; investigation of the persistence of SARS-CoV-
2 in water and wastewater [34]; discussion of the potential transmission for SARS-CoV-2
in the water cycle [47, 48]; application of WBE for tracking COVID-19 [27, 49];
summarization of water policy and law to respond to COVID-19 [50, 51]; and spotlight

on urban water quality under the pandemic [52] etc. India is the second largest productive
9



country regarding wastewater surveillance [14], water quality [53], and water ecology [54]
etc. during COVID-19. However, some countries only have literature reviews without
field research [55, 56], which may depend highly on the country’s scientific research
conditions and socio-economic levels. The technology and resource-poor regions remain
under-studied. Generally, North America, Asia, Europe, and Oceania are active for
scientific research and publication. However, it is evident that COVID-19 has disrupted

science, reflecting the effect of the pandemic.

Travel bans, social distancing, ‘lockdown’ and closed borders hinder communication
across the academic interface, but international cooperation and research have not been
interrupted. Fig. 4(b) presents the cooperative publishing of articles among the top 10
countries. The USA, Australia, Japan, and India are active cooperative communities for
documents publishing. Webinars and online conferences are important communication
ways for academic exchange and dissemination during the pandemic. International Water
Association (IWA) [57-59], International Water Resources Association (IWRA) [60],
Water Research Foundation (WRF) [61], and United States Environmental Protection
Agency (USEPA) [62], etc. have held a series of webinars to share latest research

activities/outcomes and to address some issues related to water and COVID-19.

[Fig. 4]

Table 1 presents the top 10 cited research articles. The detection of SARS-CoV-2 in
different types of wastewaters is of greatest concern to researchers. Ahmed, et al. [17]

published a paper entitled “First confirmed detection of SARS-CoV-2 in untreated
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wastewater in Australia: A proof of concept for the wastewater surveillance of COVID-
19 in the community” in Science of the Total Environment on 15 April 2020, which was
cited over 300 times from Google Scholar database by the end of 2020. They detected the
presence of SARS-CoV-2 in the wastewater and then used the Monte Carlo approach to
estimate the number of infected individuals in the watershed based on the number of
RNA copies observed in the wastewater and proved that the WBE system could provide
valuable information on monitoring the prevalence of infections among the population.
There is an increased interest in the occurrence of SARS-CoV-2 RNA in wastewater
based on other articles with high citation. In addition to the monitoring of SARS-CoV-2
in the wastewater or surface water, the assessment of the impact of COVID-19 pandemic
on nature water bodies has also received extensive attention [40]. In term of the source of
high cited research article, Science of the Total Environment occupied absolutely statues
(6 for 10). Coincidentally, all the water related COVID-19 papers have been published in
111 journals. Science of the Total Environment published 69 papers, the largest source of
publications. As the top professional journal of water science and technology, Water

Research ranked second, with 9 peer-reviewed articles published.

[Table 1]

4. State of the knowledge and research needs

4.1. The facts of COVID-19 with water

Overview of the pass year, the presence of SARS-CoV-2 in aquatic environment is an

uncontroversial fact. Over 20 countries and territories have reported relevant evidences
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(Fig. 5). It was not only presented in raw/untreated wastewater, the SARS-CoV-2 was
detected in effluent from secondary treatment and sewage sludge as well, even in rivers
[10, 18]. According to Bhowmick et al. [63], the virus has various routes into the water
environment, especially in the urban water cycle. The SARS-CoV-2 may hide in faeces,
urine, or vomit of the infected person, and then enter the sewage network. But in general,
there are limited studies on the persistence of SARS-CoV-2 in water and wastewater.
Mean Tg of viable infectious SARS-CoV-2 with a high-starting titer (10°> TCIDso mL™")
in wastewater and tap water at 20 °C in laboratory is 1.6 and 2.0 days, respectively [34].
In conventional wastewater treatment processes, the primary treatment (screens, grit
chamber, primary clarifier) at WWTPs may not be effective because of the size of the
coronavirus (60 to 220 nm), whereas the activated sludge flocs adsorption and membrane
filtration could effectively remove coronaviruses from the aqueous phase [29, 64].
However, the inactivation process is highly dependent on tertiary treatment with chemical
oxidation disinfection and/or UV treatment [6]. Comparing the concentration of SARS-
CoV-2 RNA in wastewater before and after treatment suggests that 1-2 logy viral titers
can be removed [65], depending on the process and operational conditions. To date,
however, the research on the infectivity of SARS-CoV-2 in wastewater is very limited,
which requires trained staff and specialized equipment. One study shows that the
infectivity of SARS-CoV-2 was null both in raw or treated wastewater, despite the
presence of viral RNA in the samples in field investigation in Italy during the pandemic

[10].

[Fig. 5]
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Due to the virus transfer from the aqueous phase to the solids phase by adsorption,
precipitation, and filtration, the sludge is a potential reservoir of SARS-CoV-2 in water
and wastewater treatment [12, 66, 67]. While limited information about the SARS-CoV-2
in sludge, the risk of virus transmission in sludge disposal should not be ignored as the

complex compounds in the sludge can shield viruses from disinfection [68].

The clear water is a fundamental resource to fight the pandemic. So far, there is no
evidence to show that the SARS-CoV-2 was detected in drinking water. Moreover, the
SARS-CoV-2 is an enveloped virus with a single-stranded RNA, it is less persistent in
water than other non-enveloped viruses [69]. Waterworks or drinking water treatment
plants are believed to be enough to remove pathogen and non-enveloped viruses, which
should also inactivate the SARS-CoV-2. What we are trying to pay the attention is the
safety of the water supply network system and the concentration of residual chlorine

and/or monochloramine in the terminal water.

WBE provides a new idea for tracing COVID-19 source and monitoring infection
dynamic in the community (Fig. 6). SARS-CoV-2 RNA can be detected in sewage before
clinically confirmed cases [13, 26, 70], which supports that WBE could be a sensitive and
an early warning tool for COVID-19 epidemiological surveillance. On the other hand,
there is a correlation between the concentration of SARS-CoV-2 RNA in the municipal
wastewater and the rise and fall of cases in COVID-19 pandemic [12, 47, 71]. These

successful applications of WEB have prompted some countries to plan and implement
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national wastewater monitoring programs, which can be used as virus tracking tools to

supplement existing public health indicators [72].

[Fig. 6]

4.2. The scope for further research needs

Numerous publications in 2020 demonstrated and enhanced the important role and value
of water science in warning, monitoring, and predicting COVID-19 during the epidemic
outbreaks. No doubt, further studies are needed to explore the details of the relation

between COVID-19 and the water environment.

4.2.1. The potential transmission of SARS-CoV-2 in the collection, treatment, and
distribution of water cycle

There are several publications exploring the potential SARS-CoV-2 transmission via
wastewater plumbing systems in buildings [73, 74]. Obviously, this is the important study
with high value of COVID-19 early warning and curbing. However, more studies are
needed to find nodes that may be overlooked and eradication of this transmission route.
In the water/wastewater treatment process, workers dealing with drinking water,
wastewater, and sludge may face potential risks. The risks of transmission from direct
contact and derived from the sewage-derived aerosol need to be assessed [75]. For the
distribution of wastewater systems, the sludge and wastewater discharged from WWTPs
are potential infection risks, which may include coronaviruses. There are very limited
research reports on the issue of SARS-CoV-2 RNA being detected in receptors water

bodies. Rimoldi et al. [10] detected SARS-CoV-2 RNA in rivers in Italy and found no
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infectivity. Another research report on SARS-CoV-2 RNA being detected in river water
is from a low sanitation country of Ecuador, but the infectivity of SARS-CoV-2 has not
been discussed [18]. Therefore, the survival characteristics of the virus in the receiving
environment (lakes, rivers, soil, etc.) must be further evaluated. On the other hand, for
drinking water distribution, network accident and cross-contamination are the most likely
source of risk, while the biological safety of booster pumping stations in high-rise
buildings also needs further study.

4.2.2. The survival/infection of SARS-CoV-2 in water cycle under field conditions

To date, only a few experiments have studied the survival of SARS-CoV-2 in tap water
and wastewater. These experiments are cultured under relatively stable conditions (fixed
temperature, constant nutrient substrate), while the survival rates could be different under
complexly and variability field conditions. There are some key nodes that need to pay
attention in water cycle: 1) wastewater plumbing systems: It is necessary to understand
the survival features of virus from source to sink because the wastewater needs a certain
time to be transported to a centralized WWTP; 2) wastewater treatment processes:
Although some studies have described the fate of coronaviruses in WWTPs with
observations of surrogates, the need for confirming the real removal performance of
SARS-CoV-2 in treatment process is desirable. Moreover, mastering the removal or
inactivating mechanism can further develop wastewater treatment technologies that
efficiently remove coronavirus to avoid waste of resources and secondary risks caused by

excessive operations.
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4.2.3. The methods for the detection and quantification of coronaviruses in aquatic
environment

The RT-gPCR and nested RT-PCR are available for detecting SARS-CoV-2 in
wastewater, but more research is needed to effectively recover and optimize RNA
extraction methods from different water matrices. In addition, the main drawbacks of
PCR-based methods for viral nucleic acid detection are time-consumption and high costs.
The paper-based devices may provide a “sample-to-answer” tool for near real-time and
continuous detection of SARS-CoV-2 in wastewater [76]. It is critical indeed to develop
reliable, cheap, easy-to-use protocol/tool for wastewater analysis to help control the

pandemic in low- and middle-income countries and remote rural areas.

4.2.4. The standardized protocol for WBE

The research and application about WBE in COVID-19 has recently gained global
attention, but there is an obvious need to establish a standardized protocol to strengthen
the science of methodology and promote information sharing. Both WRF and IWA have
held international webinars with the themes of “Environmental surveillance of COVID-
19 indicators in sewersheds” [61] and “COVID-19: Wastewater-based epidemiology”
[59], respectively. These Webinars share the cases and results of the WBE monitoring in
COVID-19 and presented some new recommendations in several areas for WBE practices.
The optimized protocols for SARS-CoV-2 detection and quantification from sampling to
reporting the results in WBE have been discussed in great details in Michael-Kordatou et
al. [67] and Daughton [77]. Of course, improving the detection sensitivity of SARS-CoV-

2 RNA in sewage is the basis for reflecting the role of WBE early warning and
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monitoring. In addition, measuring wastewater solids may be more sensitive than
measuring SARS-CoV-2 in wastewater [9, 28]. Meanwhile, research on the viral load per
an infected person or population and sewage network transportation efficiency, as well as
the decay rate of viruses can provide more reliable data for WBE prediction models [78,
79]. All of these approaches and proposals need further study and standardized protocol

should be established.

4.2.5. The secondary risk in water related with COVID-19

In order to control the spread of SARS-CoV-2 in the environment, the intensified
disinfection has been undertaken in indoor and outdoor and water treatment process. The
high concentrations of disinfectants and harmful DBPs (disinfection by-products) will
pose potential risks to water quality and safety of water environment [41, 42]. There is
the need to assess water quality and aquatic ecological integrity in before, during, and
after the COVID-19 pandemic, and to develop novel disinfection technologies to
minimize the environmental hazard load of disinfectants in water treatment. Similarly, the
medical service is increasing the use of antiviral drugs to treat patients, which will have
potential adverse effects on ecosystems when its residues or metabolites were discharging
into wastewater and then entering water environment.

Another potential secondary risk comes from the stagnant water in reopening buildings
after extended stagnation during the pandemic. Stagnant water can have chemical and
microbiological contaminants that pose potential health risks to occupants [80]. In
particular, water stagnation in buildings may lead to Legionella growth, but study on the

relationship between Legionnaires' disease cases and COVID-19 lockdowns is still
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limited [81]. This should be considered to ensure the safety building water system and
devices when reopening buildings.

As an effective and inexpensive way to prevent the coronavirus outbreak, personal
protective equipment (PPE) has significantly increased in the demand and consumption
during the COVID-19 [82, 83]. However, after a large amount of PPE is used, the
challenge is how to dispose of such plastic products. It has been estimated that 1.56
billion masks could enter ocean in 2020, which pose an existential threat to marine
wildlife and ecosystems [84]. In particular, it is noted that plastics will be further broken
down into microplastics (MPs) which are regarded as an emerging pollutant [85].
Actually, limited information was exists in the literature on the source, abundance, and
distribution of PPE in aquatic environment. Some scientists have initially studied its
behavior in the marine environment [86, 87], but in the freshwater environment it remains

unclear.

4.2.6. Water and digital revolution in pandemic

The ongoing COVID-19 limits human activities, but provides an opportunity to focus on
investigating the virus. What happens when the Covid-19 virus gets into the environment
through human digestive waste? We know that faeces from people infected with the
SARS-CoV-2 virus can contain genetic material (RNA) from the virus, and that it is
possible to detect that viral RNA in sewage. This will provide insight into the prevalence
of the virus in the community, and serve as an early warning system for a new wave of
infection. In addition, this is also an opportunity to promote the digital revolution of the

water industry. Merging accurate biosensor tools in wastewater with big data analytics,
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machine learning strategies will provide a valuable scenario for making predictions way
before symptoms appear in a certain community. Digital technology can optimize the
water treatment process and management resource allocation to support the achievement
of the Sustainable Development Goals (SDG) in the COVID-19 pandemic [88, 89]. This
can also help to work out what happens to the SARS-CoV-2 virus in nearby bodies of

water such as rivers, streams and sea, including the swimming water in beach.

5. Conclusions

Although researchers’ ambitions for swift roll-outs of COVID-19 in 2021 are likely to
still be constrained by the continuing pandemic and its effects for the moment, COVID-
19 study was the hottest topic throughout 2020. By December 31, 2020, authors from 67
countries have published 262 COVID-19 publications related to water science and
technology. These studies have greatly demonstrated and enhanced the important role and
value of water science and technology during COVID-19 pandemic. Studies have shown
that drinking water is safe whereas wastewater may be a potential risk during this
pandemic. Based on the bibliometric analysis, the source and survival characteristics of
coronavirus in the aquatic environment, the methodology of virus detection, the water
hygiene, and the impact of the COVID-19 pandemic on the water ecosystem are the
highlighted topics in the past year. Due to the detection of SARS-CoV-2 in sewage in
many places across the world, WBE becomes a highly important water science platform.
Water scientists and professionals can provide unique and powerful information and
practical guides to discover the blind spots of SARS-CoV-2 in the water cycle and further

curb the spread of the virus. For better doing so, we need more research on the
19



relationship between COVID-19 and water. The topics of the potential transmission and
survival characteristics of SARS-CoV-2 in the collection, treatment, and distribution of
water cycle; the method of detection of virus in different aquatic environment; the
standardized protocol for WEB; and the secondary risk for water health; as well as the

digital revolution in water industry are highly desirable for investigation.

Acknowledgement

The authors are grateful for the financial support provided by the Xi’an University of

Technology.

References:

[1] H. Else, How a torrent of COVID science changed research publishing — in seven
charts, Nature 588 (2020) 553.

[2] O.O. Donde, E. Atoni, A.W. Muia, P.T. Yillia, COVID-19 pandemic: Water,
sanitation and hygiene (WASH) as a critical control measure remains a major
challenge in low-income countries, Water Res. 191 (2021) 116793.

[3] J. Stoler, W.E. Jepson, A. Wutich, Beyond handwashing: Water insecurity
undermines COVID-19 response in developing areas, J Glob Health 10 (2020)
010355.

[4] G. Howard, J. Bartram, C. Brocklehurst, J.M. Colford, Jr, F. Costa, D. Cunliffe, R.
Dreibelbis, J.N.S. Eisenberg, B. Evans, R. Girones, S. Hrudey, J. Willetts, C.Y.
Wright, COVID-19: urgent actions, critical reflections and future relevance of
‘WaSH’: lessons for the current and future pandemics, J. Water Health 18 (2020)
613-630.

20



[5] B. Saawarn, S. Hait, Occurrence, fate and removal of SARS-CoV-2 in wastewater:

Current knowledge and future perspectives, J. Environ. Chem. Eng. 9 (2021) 104870.

[6] B. Ji, Y. Zhao, A. Esteve-Nufiez, R. Liu, Y. Yang, A. Nzihou, Y. Tai, T. Wei, C. Shen,
Y. Yang, B. Ren, X. Wang, Y.e. Wang, Where do we stand to oversee the
coronaviruses in aqueous and aerosol environment? Characteristics of transmission
and possible curb strategies, Chem. Eng. J. (2021) 127522.

[7] S. Westhaus, F.A. Weber, S. Schiwy, V. Linnemann, M. Brinkmann, M. Widera, C.
Greve, A. Janke, H. Hollert, T. Wintgens, S. Ciesek, Detection of SARS-CoV-2 in
raw and treated wastewater in Germany - Suitability for COVID-19 surveillance and
potential transmission risks, Sci. Total Environ. 751 (2021) 141750.

[8] G. La Rosa, P. Mancini, G. Bonanno Ferraro, C. Veneri, M. laconelli, L. Bonadonna,
L. Lucentini, E. Suffredini, SARS-CoV-2 has been circulating in northern Italy since
December 2019: Evidence from environmental monitoring, Sci. Total Environ. 750
(2021) 141711.

[9] K. Kitamura, K. Sadamasu, M. Muramatsu, H. Yoshida, Efficient detection of SARS-
CoV-2 RNA in the solid fraction of wastewater, Sci. Total Environ. 763 (2021)
144587.

[10] S.G. Rimoldi, F. Stefani, A. Gigantiello, S. Polesello, F. Comandatore, D. Mileto, M.
Maresca, C. Longobardi, A. Mancon, F. Romeri, C. Pagani, F. Cappelli, C. Roscioli,
L. Moja, M.R. Gismondo, F. Salerno, Presence and infectivity of SARS-CoV-2
virus in wastewaters and rivers, Sci. Total. Environ 744 (2020) 140911.

[11] W. Randazzo, P. Truchado, E. Cuevas-Ferrando, P. Simon, A. Allende, G. Sanchez,
SARS-CoV-2 RNA in wastewater anticipated COVID-19 occurrence in a low
prevalence area, Water Res. 181 (2020) 115942.

21



[12] J. Peccia, A. Zulli, D.E. Brackney, N.D. Grubaugh, E.H. Kaplan, A. Casanovas-
Massana, A.l. Ko, A.A. Malik, D. Wang, M. Wang, J.L. Warren, D.M. Weinberger,
W. Arnold, S.B. Omer, Measurement of SARS-CoV-2 RNA in wastewater tracks
community infection dynamics, Nat. Biotechnol. 38 (2020) 1164-1167.

[13] G. Medema, L. Heijnen, G. Elsinga, R. Italiaander, A. Brouwer, Presence of SARS-
Coronavirus-2 RNA in Sewage and Correlation with Reported COVID-19
Prevalence in the Early Stage of the Epidemic in The Netherlands, Environ. Sci.
Technol. Lett. 7 (2020) 511-516.

[14] M. Kumar, A.K. Patel, A.V. Shah, J. Raval, N. Rajpara, M. Joshi, C.G. Joshi, First
proof of the capability of wastewater surveillance for COVID-19 in India through
detection of genetic material of SARS-CoV-2, Sci. Total Environ. 746 (2020)
141326.

[15] E. Haramoto, B. Malla, O. Thakali, M. Kitajima, First environmental surveillance
for the presence of SARS-CoV-2 RNA in wastewater and river water in Japan, Sci.
Total Environ. 737 (2020) 140405.

[16] A. Albastaki, M. Naji, R. Lootah, R. Almeheiri, H. Almulla, I. Almarri, A. Alreyami,
A. Aden, R. Alghafri, First confirmed detection of SARS-COV-2 in untreated
municipal and aircraft wastewater in Dubai, UAE: the use of wastewater based
epidemiology as an early warning tool to monitor the prevalence of COVID-19, Sci.
Total Environ. (2020) 143350.

[17] W. Ahmed, N. Angel, J. Edson, K. Bibby, A. Bivins, J.W. O'Brien, P.M. Choi, M.
Kitajima, S.L. Simpson, J. Li, B. Tscharke, R. Verhagen, W.J.M. Smith, J. Zaugg, L.
Dierens, P. Hugenholtz, K.V. Thomas, J.F. Mueller, First confirmed detection of
SARS-CoV-2 in untreated wastewater in Australia: A proof of concept for the
wastewater surveillance of COVID-19 in the community, Sci. Total Environ. (2020)
138764.

22



[18] L. Guerrero-Latorre, I. Ballesteros, .M. Villacrés, M.G. Granda, B. Freire-Paspuel,
B. Rios-Touma, SARS-CoV-2 in river water: Implications in low sanitation
countries, Sci. Total Environ. (2020) 140832.

[19] WHO, WHO Coronavirus Disease (COVID-19) Dashboard, (2020)
https://covid19.who.int/.

[20] V. Naddeo, H. Liu, Editorial Perspectives: 2019 novel coronavirus (SARS-CoV-2):
what is its fate in urban water cycle and how can the water research community
respond?, Environ Sci: Water Res. Technol. 6 (2020) 1213-1216.

[21] J. Wang, H. Feng, S. Zhang, Z. Ni, L. Ni, Y. Chen, L. Zhuo, Z. Zhong, T. Qu,
SARS-CoV-2 RNA detection of hospital isolation wards hygiene monitoring during
the Coronavirus Disease 2019 outbreak in a Chinese hospital, Int. J. Infect. Dis. 94
(2020) 103-106.

[22] W. Lodder, A.M. de Roda Husman, SARS-CoV-2 in wastewater: potential health
risk, but also data source, Lancet Gastroenterol Hepatol. 5 (2020) 533-544.

[23] I.G. Fernandez-de-Mera, F.J. Rodriguez del-Rio, J. de la Fuente, M. Pérez-Sancho,
D. Hervés, I. Moreno, M. Dominguez, L. Dominguez, C. Gortdzar, Detection of
environmental SARS-CoV-2 RNA in a high prevalence setting in Spain,
Transboundary Emerging Dis. 00 (2020) 1-6.

[24] G. La Rosa, M. laconelli, P. Mancini, G. Bonanno Ferraro, C. Veneri, L. Bonadonna,
L. Lucentini, E. Suffredini, First detection of SARS-CoV-2 in untreated wastewaters
in Italy, Sci. Total Environ. 736 (2020) 139652.

[25] G. Balacco, V. Totaro, V. lacobellis, A. Manni, M. Spagnoletta, A.F. Piccinni,
Influence of COVID-19 Spread on Water Drinking Demand: The Case of Puglia
Region (Southern Italy), Sustainability 12 (2020) 5919.

23


https://covid19.who.int/

[26] J. Martin, D. Klapsa, T. Wilton, M. Zambon, E. Bentley, E. Bujaki, M. Fritzsche, R.
Mate, M. Majumdar, Tracking SARS-CoV-2 in Sewage: Evidence of Changes in
Virus Variant Predominance during COVID-19 Pandemic, Viruses 12 (2020) 1144.

[27] R. Gonzalez, K. Curtis, A. Bivins, K. Bibby, M.H. Weir, K. Yetka, H. Thompson, D.
Keeling, J. Mitchell, D. Gonzalez, COVID-19 surveillance in Southeastern Virginia
using wastewater-based epidemiology, Water Res. 186 (2020) 116296.

[28] K.E. Graham, S.K. Loeb, M.K. Wolfe, D. Catoe, N. Sinnott-Armstrong, S. Kim,
K.M. Yamahara, L.M. Sassoubre, L.M. Mendoza Grijalva, L. Roldan-Hernandez, K.
Langenfeld, K.R. Wigginton, A.B. Boehm, SARS-CoV-2 RNA in Wastewater
Settled Solids Is Associated with COVID-19 Cases in a Large Urban Sewershed,
Environ. Sci. Techn. 55 (2021) 488-498.

[29] S. Arora, A. Nag, J. Sethi, J. Rajvanshi, S. Saxena, S.K. Shrivastava, A.B. Gupta,
Sewage surveillance for the presence of SARS-CoV-2 genome as a useful
wastewater based epidemiology (WBE) tracking tool in India, Water Sci. Technol.
82 (2020) 2823-2836.

[30] W. Ahmed, B. Tscharke, P.M. Bertsch, K. Bibby, A. Bivins, P. Choi, L. Clarke, J.
Dwyer, J. Edson, T.M.H. Nguyen, J.W. O'Brien, S.L. Simpson, P. Sherman, K.V.
Thomas, R. Verhagen, J. Zaugg, J.F. Mueller, SARS-CoV-2 RNA monitoring in
wastewater as a potential early warning system for COVID-19 transmission in the

community: A temporal case study, Sci. Total. Environ. 761 (2021) 144216.

[31] B. Ji, Y. Zhao, J. Vymazal, U. Mander, R. Lust, C. Tang, Mapping the field of
constructed wetland-microbial fuel cell: A review and bibliometric analysis,
Chemosphere 262 (2021) 128366.

[32] H.W. Jeong, S.M. Kim, H.S. Kim, Y.I. Kim, J.H. Kim, J.Y. Cho, S.H. Kim, H. Kang,
S.G. Kim, S.J. Park, E.H. Kim, Y.K. Chol, Viable SARS-CoV-2 in various
specimens from COVID-19 patients, Clin Microbiol Infect 26 (2020) 1520-1524.

24



[33] Y. Zhang, C. Chen, S. Zhu, C. Shu, D. Wang, J. Song, Y. Song, W. Zhen, Z. Feng,
G. Wu, J. Xu, W. Xu, Isolation of 2019-nCoV from a stool specimen of a
laboratory-confirmed case of the coronavirus disease 2019 (COVID-19), China
CDC Weekly 2 (2020) 123-124.

[34] A. Bivins, J. Greaves, R. Fischer, K.C. Yinda, W. Ahmed, M. Kitajima, V.J.
Munster, K. Bibby, Persistence of SARS-CoV-2 in Water and Wastewater, Environ.
Sci. Techn. Lett. 7 (2020) 937-942.

[35] W. Ahmed, P.M. Bertsch, K. Bibby, E. Haramoto, J. Hewitt, F. Huygens, P. Gyawali,
A. Korgjkic, S. Riddell, S.P. Sherchan, S.L. Simpson, K. Sirikanchana, E.M.
Symonds, R. Verhagen, S.S. Vasan, M. Kitajima, A. Bivins, Decay of SARS-CoV-2
and surrogate murine hepatitis virus RNA in untreated wastewater to inform

application in wastewater-based epidemiology, Environ. Res. 191 (2020) 110092.

[36] N. Rafa, S.M.N. Uddin, C. Staddon, Exploring challenges in safe water availability
and accessibility in preventing COVID-19 in refugee settlements, Water Int. 45
(2020) 710-715.

[37] S.H. Antwi, D. Getty, S. Linnane, A. Rolston, COVID-19 water sector responses in
Europe: A scoping review of preliminary governmental interventions, Sci. Total
Environ. 762 (2021) 143068.

[38] S. Cotterill, S. Bunney, E. Lawson, A. Chisholm, R. Farmani, P. Melville-Shreeve,
COVID-19 and the water sector: understanding impact, preparedness and resilience
in the UK through a sector-wide survey, Water Environ. J. 34 (2020) 715-728.

[39] F. Braga, G.M. Scarpa, V.E. Brando, G. Manfe, L. Zaggia, COVID-19 lockdown
measures reveal human impact on water transparency in the Venice Lagoon, Sci.
Total Environ. 736 (2020) 139612.

25



[40] A.P. Yunus, Y. Masago, Y. Hijioka, COVID-19 and surface water quality: Improved
lake water quality during the lockdown, Sci. Total Environ. 731 (2020) 139012.

[41] H. Zhang, W. Tang, Y. Chen, W. Yin, Disinfection threatens aquatic ecosystems,
Science 368 (2020) 146.

[42] W. Chu, C. Fang, Y. Deng, Z. Xu, Intensified Disinfection Amid COVID-19
Pandemic Poses Potential Risks to Water Quality and Safety, Environ. Sci. Techn.
(2020).

[43] N. Alygizakis, A.N. Markou, N.I. Rousis, A. Galani, M. Avgeris, P.G. Adamopoulos,
A. Scorilas, E.S. Lianidou, D. Paraskevis, S. Tsiodras, A. Tsakris, M.-A.
Dimopoulos, N.S. Thomaidis, Analytical methodologies for the detection of SARS-
CoV-2 in wastewater: Protocols and future perspectives, TrAC, Trends Anal. Chem.
134 (2021) 116125.

[44] Q. Wu, W.-T. Liu, Determination of virus abundance, diversity and distribution in a
municipal wastewater treatment plant, Water Res. 43 (2009) 1101-1109.

[45] A. Carducci, P. Morici, F. Pizzi, R. Battistini, E. Rovini, M. Verani, Study of the
viral removal efficiency in a urban wastewater treatment plant, Water Sci. Technol.
58 (2008) 893-897.

[46] S.P. Sherchan, S. Shahin, L.M. Ward, S. Tandukar, T.G. Aw, B. Schmitz, W.
Ahmed, M. Kitajima, First detection of SARS-CoV-2 RNA in wastewater in North
America: A study in Louisiana, USA, Sci. Total Environ. 743 (2020) 140621.

[47] A. Nemudryi, A. Nemudraia, K. Surya, T. Wiegand, M. Buyukyoruk, R. Wilkinson,
B. Wiedenheft, Temporal detection and phylogenetic assessment of SARS-CoV-2 in
municipal wastewater, Cell Rep. Medi. 1 (2020) 100098.

26



[48] C.V. McDermott, R.Z. Alicic, N. Harden, E.J. Cox, J.M. Scanlan, Put a lid on it: are
faecal bio-aerosols a route of transmission for SARS-CoV-2?, J. Hosp. Infect. 105
(2020) 397-398.

[49] O.E. Hart, R.U. Halden, Computational analysis of SARS-CoV-2/COVID-19
surveillance by wastewater-based epidemiology locally and globally: Feasibility,
economy, opportunities and challenges, Sci. Total Environ. 730 (2020) 138875.

[50] R.B. Sowby, Emergency preparedness after COVID-19: A review of policy
statements in the U.S. water sector, Utilities Policy 64 (2020) 101058.

[51] R. Larson, Water law and the response to COVID-19, Water International 45 (2020)
716-721.

[52] D.W. Hallema, F.-N. Robinne, S.G. McNulty, Pandemic spotlight on urban water
quality, Ecol. Processes 9 (2020) 22.

[53] S. Selvam, K. Jesuraja, S. Venkatramanan, S.Y. Chung, P.D. Roy, P. Muthukumar,
M. Kumar, Imprints of pandemic lockdown on subsurface water quality in the
coastal industrial city of Tuticorin, South India: A revival perspective, Sci. Total
Environ. 738 (2020) 139848.

[54] D.R. Mishra, A. Kumar, P.R. Muduli, S.M. Equeenuddin, G. Rastogi, T. Acharyya,
D. Swain, Decline in Phytoplankton Biomass along Indian Coastal Waters due to
COVID-19 Lockdown, Remote Sens. 12 (2020) 2584.

[55] A. Al-Gheethi, M. Al-Sahari, M. Abdul Malek, E. Noman, Q. Al-Magtari, R.
Mohamed, B.A. Talip, S. Alkhadher, M.S. Hossain, Disinfection Methods and
Survival of SARS-CoV-2 in the Environment and Contaminated Materials: A
Bibliometric Analysis, Sustainability 12 (2020) 7378.

27



[56] S. Cheval, C. Mihai Adamescu, T. Georgiadis, M. Herrnegger, A. Piticar, D.R.
Legates, Observed and Potential Impacts of the COVID-19 Pandemic on the
Environment, Int. J. Env. Res. Pub. He. 17 (2020) 4140.

[57] IWA, COVID-19: A Water Professional’s Perspective, (2020) https://iwa-
network.org/learn/covid-19-a-water-professionals-perspective/.

[58] IWA, COVID-19: Sewage Monitoring for Public Health, (2020) https://iwa-

network.org/learn/covid-19-sewage-monitoring-for-public-health/.

[59] IWA, COVID-19: Wastewater-based Epidemiology, (2020) https://iwa-

network.org/learn/covid-19-wastewater-based-epidemiology/.

[60] IWRA, Water & COVID-19, (2020) https://www.iwra.org/waterandcovid19-

webinar/.

[61] WRF, Virtual International Water Research Summit on COVID-19, (2020)

https://www.waterrf.org/event/virtual-international-water-research-summit-covid-19.

[62] USEPA, EPA Expands Research on COVID-19 in the Environment, (2020)
https://www.epa.gov/emergency-response-research/epa-expands-research-covid-19-

environment.

[63] G.D. Bhowmick, D. Dhar, D. Nath, M.M. Ghangrekar, R. Banerjee, S. Das, J.
Chatterjee, Coronavirus disease 2019 (COVID-19) outbreak: some serious
consequences with urban and rural water cycle, npj Clean Water 3 (2020).

[64] R.M. Chaudhry, K.L. Nelson, J.E. Drewes, Mechanisms of Pathogenic Virus
Removal in a Full-Scale Membrane Bioreactor, Environ. Sci. Technol. 49 (2015)
2815-2822.

28


https://iwa-network.org/learn/covid-19-a-water-professionals-perspective/
https://iwa-network.org/learn/covid-19-a-water-professionals-perspective/
https://iwa-network.org/learn/covid-19-sewage-monitoring-for-public-health/
https://iwa-network.org/learn/covid-19-sewage-monitoring-for-public-health/
https://iwa-network.org/learn/covid-19-wastewater-based-epidemiology/
https://iwa-network.org/learn/covid-19-wastewater-based-epidemiology/
https://www.iwra.org/waterandcovid19-webinar/
https://www.iwra.org/waterandcovid19-webinar/
https://www.waterrf.org/event/virtual-international-water-research-summit-covid-19
https://www.epa.gov/emergency-response-research/epa-expands-research-covid-19-environment
https://www.epa.gov/emergency-response-research/epa-expands-research-covid-19-environment

[65] K. Farkas, L.S. Hillary, S.K. Malham, J.E. McDonald, D.L. Jones, Wastewater and
public health: the potential of wastewater surveillance for monitoring COVID-19,
Curr.Opin. Environ. Sci. Health 17 (2020) 14-20.

[66] W. Yang, C. Cai, X. Dai, The potential exposure and transmission risk of SARS-
CoV-2 through sludge treatment and disposal, Resour. Conserv. Recycl. 162 (2020)
105043.

[67] I. Michael-Kordatou, P. Karaolia, D. Fatta-Kassinos, Sewage analysis as a tool for
the COVID-19 pandemic response and management: the urgent need for optimised
protocols for SARS-CoV-2 detection and quantification, J. Environ. Chem. Eng. 8
(2020) 104306.

[68] D. Zhang, H. Ling, X. Huang, J. Li, W. Li, C. Yi, T. Zhang, Y. Jiang, Y. He, S.
Deng, X. Zhang, X. Wang, Y. Liu, G. Li, J. Qu, Potential spreading risks and
disinfection challenges of medical wastewater by the presence of Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) viral RNA in septic tanks of
Fangcang Hospital, Sci. Total Environ. 741 (2020) 140445.

[69] P.M. Gundy, C.P. Gerba, I.L. Pepper, Survival of Coronaviruses in Water and
Wastewater, Food Environ. Virol. 1 (2009) 10.

[70] W. Randazzo, E. Cuevas-Ferrando, R. Sanjuan, P. Domingo-Calap, G. Sanchez,
Metropolitan wastewater analysis for COVID-19 epidemiological surveillance, Int. J.
Hyg. Envir. Heal. 230 (2020) 113621.

[71] P. Mandal, A.K. Gupta, B.K. Dubey, A review on presence, survival,
disinfection/removal methods of coronavirus in wastewater and progress of

wastewater-based epidemiology, J. Environ. Chem. Eng. 8 (2020) 104317.

[72] P.M. D'Aoust, E. Mercier, D. Montpetit, J.-J. Jia, I. Alexandrov, N. Neault, A.T.
Baig, J. Mayne, X. Zhang, T. Alain, M.-A. Langlois, M.R. Servos, M. MacKenzie,

29



D. Figeys, A.E. MacKenzie, T.E. Graber, R. Delatolla, Quantitative analysis of
SARS-CoV-2 RNA from wastewater solids in communities with low COVID-19
incidence and prevalence, Water Res. 188 (2021) 116560.

[73] M. Kang, J. Wei, J. Yuan, J. Guo, Y. Zhang, J. Hang, Y. Qu, H. Qian, Y. Zhuang, X.
Chen, X. Peng, T. Shi, J. Wang, J. Wu, T. Song, J. He, Y. Li, N. Zhong, Probable
Evidence of Fecal Aerosol Transmission of SARS-CoV-2 in a High-Rise Building,
Ann. In. Med. 173 (2020) 974-980.

[74] M. Gormley, T.J. Aspray, D.A. Kelly, COVID-19: mitigating transmission via
wastewater plumbing systems, The Lancet Global Health 8 (2020) e643.

[75] N.K. Singh, G. Sanghvi, M. Yadav, H. Padhiyar, A. Thanki, A state-of-the-art
review on WWTP associated bioaerosols: Microbial diversity, potential emission
stages, dispersion factors, and control strategies, J. Hazard. Mater. (2020) 124686.

[76] K. Mao, H. Zhang, Z. Yang, Can a Paper-Based Device Trace COVID-19 Sources
with Wastewater-Based Epidemiology?, Environ. Sci. Technol. 54 (2020) 3733-
3735.

[77] C.G. Daughton, Wastewater surveillance for population-wide Covid-19: The present
and future, Sci. Total Environ. 736 (2020) 139631.

[78] A. Carducci, I. Federigi, D. Liu, J.R. Thompson, M. Verani, Making Waves:
Coronavirus detection, presence and persistence in the water environment: State of
the art and knowledge needs for public health, Water Res. 179 (2020) 115907.

[79] D. Polo, M. Quintela-Baluja, A. Corbishley, D.L. Jones, A.C. Singer, D.W. Graham,
J.L. Romalde, Making waves: Wastewater-based epidemiology for COVID-19 —
approaches and challenges for surveillance and prediction, Water Res. 186 (2020)
116404.

30



[80] C.R. Proctor, W.J. Rhoads, T. Keane, M. Salehi, K. Hamilton, K.J. Pieper, D.M.
Cwiertny, M. Prévost, A.J. Whelton, Considerations for large building water quality
after extended stagnation, AWWA Water Science 2 (2020) e1186.

[81] W.J. Rhoads, F. Hammes, Growth of Legionella during COVID-19 lockdown
stagnation, Environ Sci: Water Res. Technol. 7 (2021) 10-15.

[82] G.E. De-la-Torre, M.R.J. Rakib, C.I. Pizarro-Ortega, D.C. Dioses-Salinas,
Occurrence of personal protective equipment (PPE) associated with the COVID-19
pandemic along the coast of Lima, Peru, Sci. Total Environ. 774 (2021) 145774.

[83] J.C. Prata, A.L.P. Silva, T.R. Walker, A.C. Duarte, T. Rocha-Santos, COVID-19
Pandemic Repercussions on the Use and Management of Plastics, Environ. Sci.
Technol. 54 (2020) 7760-7765.

[84] T.P. Bondaroff, S. Cooke, Masks on the Beach: The Impact of COVID-19 on Marine
Plastic Pollution, OceansAsia, 2020.

[85] P. Kang, B. Ji, Y. Zhao, T. Wei, How can we trace microplastics in wastewater
treatment plants: A review of the current knowledge on their analysis approaches,
Sci. Total Environ. 745 (2020) 140943.

[86] G.E. De-la-Torre, T.A. Aragaw, What we need to know about PPE associated with
the COVID-19 pandemic in the marine environment, Mar. Pollut. Bull. 163 (2021)
111879.

[87] T.A. Aragaw, Surgical face masks as a potential source for microplastic pollution in
the COVID-19 scenario, Mar. Pollut. Bull. 159 (2020) 111517.

[88] M. Poch, M. Garrido-Baserba, L. Corominas, A. Perell6-Moragues, H. Monclus, M.
Cermerdn-Romero, N. Melitas, S.C. Jiang, D. Rosso, When the fourth water and
digital revolution encountered COVID-19, Sci. Total Environ. 744 (2020) 140980.

31



[89] E.B. Barbier, J.C. Burgess, Sustainability and development after COVID-19, World
Development 135 (2020) 105082.

Figure Captions:

Fig. 1 The COVID-19 publication related to water science and technology with
coronavirus cascade during 2020. Source for COVID-19 cases data:

https://covid19.who.int/ , accessed on 10 January 2021.

Fig. 2 Key terms occurrences network visualization map in COVID-19 publication

related to water science and technology

Fig. 3 The density visualization map of co-occurrence keywords COVID-19 publication

related to water science and technology

Fig. 4 The countries contributing to COVID-19 publication with water (a) and the

cooperative publishing of articles among the top 10 countries (b).

Fig. 5 Confirmed cases of SARS-CoV-2 detection in global aqueous environment

Fig. 6 Schematic diagram of Water-Based Epidemiology (WBE) and potential application

(Modified from Farkas, et al. [65])
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Table 1 The top 10 cited research articles in COVID-19 publication related to water
science and technology

No

Title

First
Author

Corresponding
Author

Accepted

Cited
Times ?

Source

First confirmed
detection of SARS-
CoV-2 in untreated
wastewater in
Australia: A proof of
concept for the
wastewater
surveillance of
COVID-19 in the
community
SARS-CoV-2 RNA
in wastewater
anticipated COVID-
19 occurrence in a
low prevalence area
First detection of
SARS-CoV-2in
untreated
wastewaters in Italy
Presence of SARS-
Coronavirus-2 RNA
in sewage and
correlation with
reported COVID-19
prevalence in the
early stage of the
epidemic in the
Netherlands
SARS-CoV-2 titers
in wastewater are
higher than expected
from clinically
confirmed cases
Computational
analysis of SARS-
CoV-2/COVID-19
surveillance by
wastewater-based
epidemiology locally
and globally:
Feasibility,
economy,
opportunities and
challenges
SARS-CoV-2 RNA
detection of hospital
isolation wards
hygiene monitoring

Warish Ahmed

Walter Randazzo

Giuseppina La
Rosa

Gertjan Medema

Fuging Wu

Olga E.Hart

Jie Wang

Warish
Ahmed

15 April
2020

Gloria
Sanchez

12 May
2020

Giuseppina La
Rosa

21 May
2020

Gertjan
Medema

20 May
2020

6 July

Eric J. Alm 2020

Rolf U.
Halden

19 April
2020

9 April

Ting ting Qu 2020

336

177

151

147

127

114

91

Science of the
Total
Environment

Water Research

Science of the
Total
Environment

Environmental
Science &
Technology
Letters

mSystems

Science of the
Total
Environment

International
Journal of
Infectious
Diseases
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during the
Coronavirus Disease
2019 outbreak in a
Chinese hospital
Presence and

infectivity of SARS- Sara Fabrizio 10 Jul Science of the
8 CoV-2virusin : S . Y o8 Total
GiordanaRimoldi Stefani 2020 .
wastewaters and Environment
rivers
First environmental
surveillance for the Science of the
presence of SARS- 19 June
9 CoV-2 RNA in Eiji Haramoto Eiji Haramoto 2020 78 '_I'otal
. Environment
wastewater and river
water in Japan
COVID-19 and
surface water 24 Apil Science of the
10 quality: Improved Ali P. Yunus Ali P. Yunus p 66 Total
. 2020 .
lake water quality Environment

during the lockdown

a: number of citations as of the end of 2020
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Highlights

262 papers published by authors of 67 countries/regions regarding COVID-19

with water science and technology in 2020;

Two research trends of source & survival characteristics and the methodology of

virus detection;

Further research needs of standardized protocol for WEB and secondary risk for

water health;

The digital revolution in water industry being helpful for COVID-19 control.
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