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ARTICLE INFO ABSTRACT

Editor: Zhang Xiwang Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) caused the global pandemic coronavirus 2019

Keywords: disease (COVID-19). The outbreak of COVID-19 as Public Health Emergency of International Concern is declared
COVID-19 by World Health Organization on January 30, 2020. The known route of transmission is due to direct contact or
SARS-CoV-2 via respiratory droplets. Recently, several studies reported SARS-CoV-2 ribonucleic acid (RNA) in wastewater
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treatment plant samples. The presence of SARS-CoV-2 RNA in wastewater may predict COVID-19 occurrence
qualitatively and quantitatively. The concept is known as wastewater-based epidemiology (WBE) or sewage
epidemiology. The present study reviewed the presence of coronavirus in wastewater and investigations relating
to WBE development as a tool to detect COVID-19 community transmission. Few articles reported a correlation
of SARS-CoV-2 RNA concentration in wastewater with the number of COVID-19 cases, whereas few reported
higher prediction by wastewater surveillance than confirmed cases. The application of WBE is still in a pre-
liminary stage but has the potential to indicate an early sign of transmission. The knowledge of persistence of
coronavirus in municipal and hospital wastewater is needed for the application of WBE and to understand the
chances of transmission. The studies reported more prolonged survival of coronavirus in low-temperature
wastewater. Studies relating to the inactivation of coronavirus by disinfectants and removal of coronavirus are
also presented. Research on the performance of the commonly adopted disinfection technologies in inactivating
SARS-CoV-2 in municipal and hospital wastewater is required to reduce the risk associated with municipal and
hospital wastewater.

1. Introduction

In the year of 2002 and 2003, in Guangdong province, China, the
outbreak of severe acute respiratory syndrome (SARS) occurred [1].
After ten years, in 2012, emergence of Middle East respiratory syn-
drome coronavirus (MERS-CoV) occurred in Middle Eastern countries
[2]. The coronavirus disease 2019 (COVID-19) is caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) [3]. China informed
cases of pneumonia to World Health Organization (WHO) on December
2019 [4] and WHO declared the outbreak of COVID-19 as Public Health
Emergency of International Concern on January 30, 2020 [5]. There-
after, based on “alarming levels of spread and severity, and by the
alarming levels of inaction”, a pandemic was declared by WHO on
March 2020 [6]. Enveloped coronaviruses [7] (subfamily: Coronavir-
inae, family: Coronaviridae, order: Nidovirales) contain positive-sense,
single-stranded ribonucleic acid (RNA). The four genera of the sub-
family are Alpha-, Beta-, Gamma-, and Deltacoronavirus. The respiratory
infection in humans is usually caused by Alpha- and Betacoronavirus [8].

* Corresponding author.

SARS coronavirus, MERS coronavirus, and SARS-CoV-2 belong to Be-
tacoronavirus genera [9,10].

The main route of transmission of COVID-19 is either by direct
contact with infected person or via respiratory droplets [11]. However,
for SARS, the wastewater plumbing system is believed to act as a po-
tential route of transmission and caused the super spreading occurrence
of SARS (342 cases in a 50-storied building) in Hong Kong due to the
transportation of “virus-laden droplets” through empty U-bends of
plumbing system [12]. The understanding of scientific knowledge re-
lated to COVID-19 and SARS-CoV-2 is rapidly changing. The presence
of nucleic acid of SARS-CoV-2 has been reported in raw wastewater
[13,14], sewage sample collected from hospital [15], and wastewater
sample after secondary treatment [14]. The requirement of manage-
ment of wastewater and fecal waste during the COVID-19 pandemic has
been addressed in the interim guideline of WHO on Water, sanitation,
hygiene, and waste management for the COVID-19 virus (April 23,
2020) [11].

Wastewater-based epidemiology (WBE) is a concept in which
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wastewater can be utilized as an indicator to understand the presence
and scale of infection. WBE can provide an alarming and early indica-
tion about the presence of COVID-19 infected individuals in a city,
town, and even in a housing complex. However, WBE is unable to de-
tect specific infected individuals [16]. Currently, only 27 % of the
global population is served by wastewater treatment facilities, which
seriously undermine WBE’s applicability (reliance on access to waste-
water treatment plants) [16].

Although there are few review articles describing persistence, oc-
currence, and detection methodology of coronavirus on water and
wastewater [2,9,17], the present review is an attempt towards con-
necting the information available regarding occurrence and survival of
coronavirus in wastewater with the booming concept of application of
WBE for early detection of COVID-19 transmission. Besides, the in-
formation available on performance of wastewater treatment plants
(WWTPs) in removing coronavirus and the importance of disinfection
technology in inactivating coronavirus in hospital and municipal was-
tewater are also highlighted. Furthermore, the rapid progress of the
field to fulfill the ever-increasing need also demands an updated review.

The review summarizes the information on the presence or occur-
rence of coronavirus (related to human health) in sewage, municipal
wastewater, sludge sample (of treatment plant), biosolid, and hospital
wastewater. The knowledge of the survival or persistence of cor-
onavirus in sewage, municipal wastewater, and hospital wastewater are
included to understand the chances of transmission which is also useful
for the implementation of WBE. Furthermore, the inactivation of cor-
onavirus in wastewater using disinfectants and removal methods are
discussed. The important research needs to strengthen the knowledge of
coronavirus in wastewater are highlighted.

2. Presence of coronavirus in wastewater and wastewater-based
surveillance

Although there is a lack of studies on the presence of SARS-CoV-2 in
wastewater, the detection of viral RNA (ribonucleic acid) in wastewater
samples has gained considerable attention based on the idea of waste-
water-based surveillance to detect community spread. As per the aim
and scope of the present study, 34 works (eight research articles
(Table 1) and 26 pre-print articles [18-43]) are included to understand
the applicability of wastewater-based surveillance.

Wang et al. [44] tested sewage samples collected from two hospitals
receiving SARS (severe acute respiratory syndrome) patients. Both the
raw sewage samples and sewage samples after the disinfection by
chlorine were obtained. All samples were tested negative for the pre-
sence of infectious titer of SARS-CoV. However, RNA of SARS-CoV was
found in sewage for both the hospitals before disinfection and only in
one hospital after disinfection. Bibby et al. [45] found nine sequences of
CoV 229E and one sequence of CoV HKU1 in class B biosolid samples
(mixture of primary sedimentation residuals and activated sludge pro-
cess residuals further treated by anaerobic digestion followed by de-
watering) collected from a wastewater treatment facility (United
States). Bibby and Peccia [46] reported abundance of coronavirus
HKU1 in mesophilic anaerobic digester influent (primary + secondary
sludge) and effluent (prior to dewatering) biosolid samples.

In an investigation conducted in Australia by Ahmed et al. [13],
nine samples (composite grab samples) were collected, one was from
suburban pumping station, and eight from two different WWTPs (in-
fluent). Out of nine samples, two (22.2 %) were tested positive (sam-
pled from the same treatment plant but at different sampling events)
and seven tested negative for SARS-CoV-2. However, for the two posi-
tive samples, they observed inconsistent results for different con-
centration methods used (one positive, one negative by direct extrac-
tion of RNA from electronegative membranes and one positive, one
negative by ultrafiltration). The inconsistency in results was also ob-
served for the two reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) assays (N_Sarbeco and NIID_2019-nCOV) used.
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Both the samples were tested positive by N_Sarbeco assay but tested
negative by NIID_2019-nCOV assay. The study concluded that waste-
water monitoring can help to control SARS-CoV-2 by providing an early
indication of community spread even for asymptomatic individuals
[13].

Wang et al. [15] investigated the occurrence of SARS-CoV-2 in
sewage samples collected from a hospital to evaluate viral shedding in
human feces. Three samples (total collected samples: 3) collected from
inlet of preprocessing disinfection pool and one sample (total collected
sample: 1) collected from outlet of preprocessing disinfection pool were
tested positive for the presence of SARS-CoV-2 RNA. However, the
sample collected from final outlet of sewage disinfection pool tested
negative. To identify the viability, virus culture was conducted for all
the RNA positive samples but came out negative [15]. Randazzo et al.
[14] selected six treatment plants in the locality of low COVID-19
prevalence in the Iberian Peninsula to investigate the applicability of
wastewater surveillance as an early signal of infection. Influent samples
and samples after secondary and tertiary treatment were obtained in
this regard. Among the samples collected, 35 out of 42 influent samples,
2 out of 18 secondary treated effluent samples, and O out of 12 tertiary
treated effluent samples tested positive for the presence of SARS-CoV-2
RNA. The study concluded that wastewater surveillance can be used as
a complementary tool to estimate the presence of COVID-19 cases. In
Italy, La Rosa et al. [47] studied presence of SARS-CoV-2 in 12 influent
sewage samples obtained from three WWTPs, out of which six samples
were detected as positive. The study suggested that environmental
surveillance may prove to be effective in detecting the extent of viral
spread. Haramoto et al. [48] investigated presence of SARS-CoV-2 RNA
in influent and secondary treated effluent of a WWTP in Japan. Al-
though one out of five secondary treated effluent samples tested posi-
tive, none of the influent samples were positive. The discrepancy was
probably due to higher limit of detection and lower filtration volume
for influent samples.

A study is conducted by Green et al. [18] to evaluate the feasibility
of combating COVID-19 spread by surveillance of SARS-CoV-2 in was-
tewater. Wastewater samples were obtained from influent pump sta-
tions, WWTPs, and interceptor lines located in Syracuse and Onondaga
County, New York. The group attempted to develop a simple ultra-
centrifugation method for quantitative environmental surveillance of
COVID-19 transmission. Furthermore, the ratio of log;o(SARS-CoV-
2):log;o(cross-assembly phage or crAssphage) appeared to be correlated
with the cumulative COVID-19 cases in Syracuse. The higher values of
the ratio were observed in regions of higher cases [18]. In the United
States, Peccia et al. [19] studied the presence of SARS-CoV-2 RNA in
primary sewage sludge collected from the wastewater treatment fa-
cility, and RNA was detected in all the samples collected during the
study period. They also observed that quantified RNA concentration
was correlated (when adjusted for time lag) with the epidemiological
curve (R? value of 0.99) and the number of admissions in local hospital
(R2 values of 0.99). Ampuero et al. [20] attempted to detect the cir-
culation of SARS-CoV-2 by sewage surveillance of two WWTPs serving
85 % of the wastewater generated in Santiago, Chile. When the cases of
COVID-19 were low, SARS-CoV-2 RNA was not detected in wastewater.
However, as the number increased, SARS-CoV-2 genome copy number
increased progressively correlating the number of confirmed cases in
Santiago. Wu et al. [21] tracked SARS-CoV-2 dynamics using long-
itudinal wastewater analysis on a WWTP located at Massachusetts.
Higher correlation was observed between viral titers and new clinical
cases when a time lag of 4 days was considered which suggests that
wastewater analysis may provide indications ahead of the clinical
testing. They have also investigated several demographic variables af-
fecting wastewater viral titers. Kaplan et al. [22] has also developed a
SARS-CoV-2 epidemic model for the estimation of COVID-19 incidence
based on the detection of SARS-CoV-2 RNA in municipal sewage sludge.
The study also suggested that sewage sludge monitoring may lead the
early detection of COVID-19 patients. With the objective of developing
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a statistical model to determine the infected population based on the
viral load on wastewater, Vallejo et al. [23] established that natural
logarithm of viral load obtained from WWTP fitted linearly (R®> =
0.851) with number of COVID-19 cases. Quadratic LOESS model also
depicted higher R? value of 0.88. While establishing the model, the
authors considered several factors such as flow, viral load, temperature,
rainfall, and humidity out of which only viral load was appeared to be
significant. However, the other factors may appear as significant for
different locations, even at different seasons. Trottier et al. [24] de-
tected SARS-CoV-2 RNA in the influent of main WWTP of Montpellier,
France during and post-lockdown. However, no temporal correlation
was found as the RNA concentration was higher although there were
few new cases post-lockdown.

Randazzo et al. [25] detected the presence of SARS-CoV-2 RNA in
WWTPs samples even at the time of initial appearances of COVID-19
cases. The study also collected treated samples but did not observe the
presence of viral RNA in nine samples tested. The study suggested
wastewater surveillance as useful based on the signal of RT-qPCR as-
says, which increased continuously and reached a plateau faster than
the confirmed cases [25]. Wu et al. [26] tested raw sewage samples
(composite samples) collected from urban WWTP in Massachusetts.
They observed SARS-CoV-2 viral titers at a significantly higher level
than clinically confirmed cases using RT-qPCR assay [26]. The dis-
crepancy in results was observed possibly due to the assumptions, for
examples, no losses in viral titer during processing of samples, extrac-
tion of RNA, and due to degradation. For an accurate estimation, testing
of individual stool samples may be required [26]. In France (Paris),
Wurtzer et al. [27] investigated the occurrence of SARS-CoV-2 using
RT-qPCR assay in samples obtained from three different WWTP inlets,
and all the samples were tested positive. They tried to correlate the
quantified of SARS-CoV-2 genomes in wastewater with carrier numbers
and observed a positive correlation of genome units with the number of
COVID-19 cases. They concluded that wastewater surveillance may
provide an alternative and early tool for the identification of SARS-CoV-
2 spread [27].

Medema et al. [28] investigated the presence of SARS-CoV-2 in
domestic wastewater and airport wastewater at the beginning of the
COVID-19 epidemic in the Netherlands and thus to understand the ef-
fectiveness of sewage surveillance to monitor the viral spread. Com-
posite samples were taken from treatment plants, and no RNA of SARS-
CoV-2 was identified in samples collected three weeks ahead of the first
reported COVID-19 case. However, they detected SARS-CoV-2 in was-
tewater even when prevalence was low, which indicates the sensitivity
of sewage surveillance [28]. In an investigation, in Istanbul, Turkey,
samples were collected from two manholes and the inlet of seven
WWTPs located at very serious, serious, moderate, and mild COVID-19
spots [29]. Five samples from treatment plants and two samples from
manholes came out as positive for SARS-CoV-2 using RT-qPCR assay.
The quantification of SARS-CoV-2 in wastewater may help in identi-
fying areas with high risk and provide an early sign [29]. Kocamemi
et al. [30] observed two positive cases of SARS-CoV-2 for primary
sludge samples and seven positive cases for waste activated sludge
samples collected from treatment plants located in Istanbul. Nemudryi
et al. [31] obtained samples (pretreated) from the inlet of WWTP
(Bozeman, Montana, United States) over a duration of 17 days to
monitor increase or abatement of the spread of SARS-CoV-2 at the
community level using RT-qPCR assay. SARS-CoV-2 was detected over
the entire duration of the study but reduction was observed after the
implementation of social isolation. Two sample collection methods
(grab and composite sampling) were used, and composite sampling
method was found to provide more reliable data [31]. Municipal was-
tewater samples (treated and untreated) and downstream river water
samples were monitored by Rimoldi et al. [32] for the presence of
SARS-CoV-2. Some raw samples tested positive, and all treated samples
tested negative. Few river water samples also tested positive in real-
time RT-PCR tests, possibly due to discharges without treatment or

Journal of Environmental Chemical Engineering 8 (2020) 104317

combined sewage overflows [32]. Bar-Or et al. [33] attempted to de-
velop a virus concentration method using polyethylene glycol or alum.
They have also collected raw sewage samples and WWTP samples from
different locations in Israel, out of which several tested positive for
SARS-CoV-2 using RT-qPCR assay.

In order to evaluate WBE as an early indication tool of COVID-19
spread, six municipal WWTPs were selected by Arora et al. [34] at
Jaipur, India. Two sites were tested positive and four sites were tested
negative and the areas served by the two positively tested WWTPs re-
corded increased number of patients soon. However, no positive results
were found for treated wastewater of the two positively tested WWTPs
where moving bed biofilm reactor and sequencing batch reactor were
used for wastewater treatment confirming efficacy of the treatment
process in removing viral particles. The applicability of WBE surveil-
lance was also investigated by Kumar et al. [35] and for this purpose, a
WWTP receiving effluent of a hospital treating COVID-19 patients lo-
cated at Ahmedabad, Gujarat, India was selected. SARS-CoV-2 RNA was
observed in the influent but not spotted in the effluent for samples
collected on two different dates. The study suggested WBE as a poten-
tial tool for pandemic monitoring on the basis of higher viral loading in
wastewater with increased number of COVID-19 patient. The reduction
in viral RNA after upflow anaerobic sludge blanket and aeration pond
treatment was also reported.

Hata et al. [36] evaluated the applicability of WBE in terms of de-
tection limit by several PCR-based assays and they observed presence of
SARS-CoV-2 in wastewater even when the number of cases per 100,000
was below 1. However, higher detection frequency was observed for
cases greater than 10 per 100,000 population. The detection limit may
change depending on the size of population served by WWTP. Although
most of the studies on WBE are based on influent of WWTP, one recent
study conducted by Balboa et al. [37] reported sludge thickener as a
suitable monitoring/sampling spot for detecting SARS-CoV-2 due to the
affinity of the enveloped virus towards biosolids. They have also in-
vestigated the presence of virus genetic material in the effluent of the
WWTP and reported absence of SARS-CoV-2 RNA as they are retained
by the sludge. However, after sludge treatment by thermal hydrolysis
and anaerobic digestion, SARS-CoV-2 RNA was not detected in sludge
leaving the plant. Curtis et al. [38] examined the difference between
grab sampling and composite sampling in determining SARS-CoV-2
RNA concentration in wastewater and results showed good agreement
between the grab and composite sampling. However, when the con-
centration data was used for viral load calculation and carrier pre-
valence estimation in a catchment population, discrepancy in results
were obtained. The viral load and carrier prevalence estimation were
underestimated when SARS-CoV-2 RNA concentration was determined
using grab sampling technique. The variability in viral load and carrier
prevalence estimates were also higher for grab samples.

In a study conducted by Chavarria-Mir6 et al. [39], SARS-CoV-2
RNA was detected in sewage sample collected from WWTP located in
Barcelona, Spain 41 days ahead of the declaration of first COVID-19
case indicating the advantage of wastewater based surveillance for
early detection of its emergence. Fongaro et al. [40] also reported that
SARS-CoV-2 RNA was present in sewage collected from Florianopolis,
Santa Catalina, Brazil much earlier than the first reported case. Based
on wastewater analysis of Milan, Turin, and Bologna, La Rosa et al. [41]
suggested that SARS-CoV-2 was present before the first clinically con-
firmed case due to fecal viral shedding by both symptomatic and
asymptomatic carriers. Therefore, the monitoring through WBE can
provide an early indication of emergence of COVID-19. Dohla et al. [42]
observed 10 out of 66 wastewater samples as positive collected from
toilets, showers, and washbasin of quarantined households. Sharif et al.
[43] collected 78 wastewater samples (74 from polio surveillance sites,
3 from drains of affected area, 1 from drainage of quarantine center)
out of which 21 samples were tested positive for the presence of SARS-
CoV-2 RNA.

The studies related to coronavirus in wastewater and application of
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WBE for detection of infection, if any and also scale of infection within
a community have highlighted several issues which requires special
attention for successful implementation of WBE. The issues are ex-
plained point wise as (a) the several methods currently being used for
SARS-CoV-2 detection produce inconsistent results (for example, posi-
tive result by one method and negative by another) [13], (b) variability
in results were observed when grab and composite samples were
compared, two investigations [31,38] suggested composite sampling
technique to provide more reliable data, (c) although wastewater
samples are collected in majority of the WBE related investigations, the
study conducted by Balboa et al. [37] suggested WWTP sludge as more
suitable due to the affinity of enveloped viruses towards solids, (d) the
finding of no detection of SARS-CoV-2 due to low number of COVID-19
cases [20] expresses the necessity of research for finding detection limit
and factors affecting detection limit, study conducted by Hata et al.
[36] can provide some light in this regard, (e) although several in-
vestigations reported correlation being observed between SARS-CoV-2
in wastewater/sludge with confirmed COVID-19 cases, few reported
lack of correlation [24,26]. Above all, WBE has the potential to detect
infection within a community ahead of the onset of symptoms in
COVID-19 positive individuals and even in case of asymptomatic in-
dividuals.

3. Persistence/survival of coronavirus in different types of
wastewater

The articles describing the persistence/survival of coronavirus in
different types of wastewater are presented in Table 2. The survival of
coronavirus depends upon the wastewater characteristics [49,50], type
of virus [51,52], presence of suspended solids and organic matter [52],
and temperature [49-52].

Wang et al. [49] investigated the survival of SARS-CoV in hospital
wastewater and domestic sewage. They observed a significant effect of
wastewater temperature on the survival of SARS-CoV. SARS-CoV sur-
vived for two days at the higher temperature of 20 °C, whereas, at the
lower temperature of 4 °C, SARS-CoV persisted for =14 days in both
hospital wastewater and domestic sewage. The study also hypothesized
(based on the results on urine and phosphate-buffered saline) that the
persistence of the virus will be higher in fluids containing salts as it
helps to maintain osmotic pressure. The study suggested that the per-
sistence of SARS-CoV is dependent on temperature, and the probability
of survival of SARS-CoV is greater in wastewater with relatively low
temperature [49].

The persistence of human CoV 229E (HCoV) and feline infectious
peritonitis virus (FIPV) (an enteric feline coronavirus) in primary (fil-
tered and unfiltered) and secondary effluent (unfiltered) of a WWTP
was studied by Gundy et al. [52]. At 23 °C, 99 and 99.9 % decrease in
virus titer for HCoV in filtered and unfiltered primary effluent took 1.57
and 2.35 days and 2.36 and 3.54 days, respectively. For secondary ef-
fluent, 99 and 99.9 % decrease in virus titer was obtained in 1.85 and
2.77 days at 23 °C. HCoV and FIPV survival was higher in unfiltered
primary effluent than filtered effluent, which indicates that organic
matter and suspended solids present in wastewater may protect and
shield the virus [52]. At the same time, the settlement of solids from
wastewater may also help in reduction. The tendency to adhere to so-
lids is exerted by the hydrophobic nature of the envelope of coronavirus
[52]. The above explanation is also supported by the higher persistence
of HCoV in primary effluent in comparison with secondary effluent
(both unfiltered).

The study on the persistence of two surrogate coronaviruses
(transmissible gastroenteritis (TGEV) and mouse hepatitis (MHV)) was
conducted by Casanova et al. [51]. They observed that these two
viruses stayed infectious in pasteurized settled sewage for days to weeks
at both the temperature studied (25 °C and 4 °C) (Table 2). The tem-
perature showed a great influence on viral survival in settled sewage. At
25 °C, the time required for 99.9 % reduction in TGEV and MHV was 14
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and 10 days, respectively, whereas the required time drastically in-
creased to 73 and 105 days (predicted), respectively, at 4 °C. The pH of
the settled sewage did not affect the viral infectivity much. They have
also reported greater virus inactivation in pasteurized settled sewage in
comparison with reagent grade water.

Ye et al. [50] investigated the persistence of murine hepatitis virus
(MHV) (genus: coronavirus) in raw municipal wastewater (after
screening and grit removal) at 10 °C and 25 °C (typical winter and
summer temperature of wastewater). The time required for 90 % in-
activation of MHV for unpasteurized wastewater was 13 + 1 h for
wastewater at 25 °C, whereas, the required time for 90 % inactivation
increased to 36 = 5 h at 10 °C. However, the time required for pas-
teurized wastewater was higher, 19 + 8 h at 25 °C and 149 + 103 h at
10 °C. The study anticipated that the long enough survival period of the
model enveloped virus is of concern for stormwater overflow occur-
rence, wastewater treatment facilities, and wastewater intrusion event.

In this section, the survival of different kind of viruses related to
coronavirus have been discussed. Although studies focused on survival
of specifically SARS-CoV-2 in wastewater would be of particular in-
terest, the persistence study of SARS-CoV-2 in wastewater is still rare.
However, the methodology and approach described here can be
adopted for future studies dealing with persistence of SARS-CoV-2 in
wastewater. It is appeared that persistence of coronavirus in wastewater
with low temperature may be much higher than wastewater with high
temperature. In addition, the presence of organic matter, suspended
solids may significantly influence the survival of coronavirus. Research
focused on survival or persistence of SARS-CoV-2 in wastewater de-
pending on temperature, presence of organic matter and suspended
solids is the basic requirement to increase the reliability of the data
used for WBE and also to understand the chances of transmission.

4. Inactivation by disinfectants and removal of coronavirus

Understanding the decay of SARS-CoV-2 during disinfection or re-
moval by other treatment technologies will help in taking proper con-
trol measures to eliminate chances of transmission. The findings of
three research articles (Table 3) [49,53,54], and one pre-print article
[55] are summarized in this section.

The disinfection of SARS-CoV in wastewater was analyzed by Wang
et al. [49] using chlorine and chlorine dioxide. Chlorine concentration
of 10 mg/L was able to inactivate SARS-CoV by 100 % in 10 min
contact time, and residual chlorine was obtained as 0.4 mg/L. At the
same conditions, inactivation rates of Escherichia Coli (E. Coli) and
bacteriophage f, were 14.29 and 18.32 %, respectively. Chlorine di-
oxide concentration of 40 mg/L resulted in 100 % inactivation of SARS-
CoV in 5 min, and free residual chlorine was measured as 17.59 mg/L.
Although the same dose of chlorine dioxide inactivated E. Coli by —100
%, only 23.46 % inactivation rate was found for bacteriophage f, [49].
Ciejka et al. [53] attempted adsorptive removal of Human coronavirus
(HCoV) NL63 and HCoV OC43 using Nano/microspheres of N-(2-hy-
droxypropyl)-3-trimethyl chitosan (HTCC-NS/MS). Although the ad-
sorbent (10 mg/500 pl high-HTCCNS/MS in the viral samples) yielded
~415-fold (i.e., 99.7 % reduction in virus titer) decrease in TCIDs, (50
% tissue culture infective dose) and Log removal value of ~3.1 (i.e.,
99.92 %) for HCoV-NL63, it was ineffective in removing HCoV —OC43.
The study also showed that HCoV-NL63 removal efficiency would be
higher for more cationic HTCC-NS/MS [53].

Zhang et al. [54] investigated the presence of SARS-CoV-2 viral RNA
by RT-gPCR in influent (after preliminary disinfection) and effluent
(before discharge into drainage pipeline) of septic tanks of a hospital in
China. Although the presence of SARS-CoV-2 viral RNA was not found
in the influent sample, the effluent of septic tank tested positive for the
presence of viral RNA, even after 2nd stage of disinfection with 800 g/
m?® of sodium hypochlorite. This was possibly due to protection pro-
vided by suspended solids and organic compounds by embedding
viruses during disinfection, which later on gets released into the
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Fig. 1. Schematic for the ease of selection of disinfection technology for hos-
pital wastewater depending on various factors. Reprinted with permission from
{Wang et al. [78]}. Copyright {2020} Elsevier B.V.

aqueous phase [54]. The disinfection with 800 g/m® of sodium hypo-
chlorite resulted in free chlorine > 6.5 mg/L after 1.5 h contact, but the
presence of viral RNA was identified after 12 h of addition. The increase
in disinfectant concentration to 6700 g/m?> resulted in free chlorine of
21 —25 mg/L after 12 h of addition, and disinfection by-products, i.e.,
trichloromethane, tribromomethane, bromodichloromethane, and di-
bromochloromethane concentrations were detected in the range of
182-482, 0.6-3.1, 1.3-8.9 and ND (not detectable)-1.2 ug/L, respec-
tively. Zhang et al. [55] studied wastewater samples of three hospitals
located in China for the detection of SARS-CoV-2 viral RNA by RT-
gqPCR. The wastewater treatment sector of the first investigated hospital
comprised of a series of treatment technologies (adjusting tank-bior-
eactor-secondary sedimentation-disinfection) and 255 copies/L of
SARS-CoV-2 viral RNA was detected only in adjusting tank. The was-
tewater coming from the second hospital was treated by a series of
treatment steps in the following order of adjusting tank-septic tank-
adjusting tank-moving bed biofilm reactor (MBBR)-sedimentation-dis-
infection, in which SARS-CoV-2 viral RNA was detected in three units,
first adjusting tank (633 copies/L), MBBR (not detected-505 copies/L),
and sedimentation tank (not detected-2208 copies/L). In the third
hospital treatment unit, which consisted of two units (preliminary
disinfection tank followed by septic tank), SARS-CoV-2 viral RNA was
detected in the range of 557-18744 copies/L only in septic tank when
800 mg/L sodium hypochlorite was used. However, SARS-CoV-2 was
not detected when 6700 mg/L of sodium hypochlorite was applied
[55].

Although investigations conducted by Wang et al. [49] and Ciejka
et al. [53] depicting disinfection and removal of coronavirus are in-
cluded, two later studies [54,55] are of particular interest as they dealt
with hospital sewage disinfection to inactivate SARS-CoV-2. Con-
sidering the current scenario of worldwide infection, the evaluation of
the commonly adopted municipal wastewater treatment technologies in
removing SARS-CoV-2 is urgently needed to prevent transmission. For
non-centralized hospital wastewater treatment facilities containing
high amount of suspended solids, higher dosage of disinfectant may be
required as suspended solids may shield and protect the virus. However,
the application of high dosage may also form disinfection byproducts
which will eventually create ecological risk [54].

5. Issues of serious concern, wastewater surveillance, and urgent
research needs

Presence of SARS-CoV-2 in patient’s feces has been reported re-
cently [56-58] which raised concern about possible transmission via
fecal-oral [59] and aerosols-borne route [60]. Besides, during the
wastewater treatment process, the infected stool particles present in
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wastewater may form aerosols and act as a transmission route [61]. The
first study which put some light on the risk of sanitation workers due to
the presence of novel coronavirus in wastewater is conducted by Zaneti
et al. [62]. The quantitative microbial risk assessment study considering
three stages of COVID-19 pandemic (moderate, aggressive and extreme)
suggested that only in case of moderate scenario, the risk is below the
WHO benchmark. Therefore, it is of utmost importance to ensure usage
of personal protective equipment for handling untreated wastewater.
Adaptation of decentralized wastewater treatment facilities, monitoring
SARS-CoV-2 in wastewater, policy intervention, improved sanitation,
and usage of point-of-use device may significantly help fighting battle
against COVID-19 for low-income countries [63]. Increased monitoring
on WWTPs and nearby areas is also needed to prevent the transmission
from humans to wildlife [64]. To test the hypothesis of possible fecal-
oral transmission route, a framework is suggested by Heller et al. [65]
considering the persistence of virus and environmental dynamics. On
the contrary, the task force of Diamond Princess, a commercial cruise
ship (712 COVID-19 affected persons), reported that the transmission
through wastewater is less probable [66].

The urgency of developing WBE as an indicator of the scale of in-
fection and to control the spread of COVID-19 has been expressed by
Christian Daughton, former scientist of the United States Environmental
Protection Agency and pioneer of the WBE concept [67,68]. Other re-
searchers ([17,61,69-72]; Hata and Honda, 2020) also supported the
emerging need for developing wastewater-based epidemiology to assess
and manage the COVID-19 pandemic. The computational modeling
study by Hart and Halden [16] identified WBE as a rapid, cost-effective,
and robust tool for tracing COVID-19. Although some recent studies
[18,19,25-28] made serious efforts to correlate viral RNA concentra-
tion in wastewater with clinically confirmed COVID-19 cases, the ap-
plication of WBE in combating COVID-19 pandemic is still in a pre-
liminary stage. Currently, RNA based RT-PCR testing is the most
commonly used method for SARS-CoV-2 detection in wastewater,
which requires time and skilled personnel. The use of WBE can be ac-
celerated by developing easy, paper-based devices to detect SARS-CoV-
2 [73]. Electrospun nanofiber membranes which has the property of
attracting virus genetic material can be used as a monitoring tool for
WBE [74]. Above all, standardization of detection method, limit of
detection, sampling point, sampling techniques are required for the
success of WBE in forestalling COVID-19 and rapid progress of the field
by compiling all the available findings.

Evaluation of the conventional wastewater treatment processes as
well as advanced treatment technologies in removing SARS-CoV-2 re-
quire special attention [75]. Membrane bioreactors are suggested to
work efficiently in this regard by filtering the coronaviruses attached to
suspended solids [76]. The use of ultraviolet based advanced oxidation
processes for the disinfection of SARS-CoV-2 containing wastewater
should also be evaluated [76]. The inactivation rate of SARS-CoV using
chlorine and chlorine dioxide has been reported by Wang et al. [44].
The performances of several other disinfection technologies commonly
used by WWTPs (sodium hypochlorite, ultraviolet radiation, and ozone)
need to be examined. Study considering disinfectant dose and contact
time requirement with varying virus concentration in wastewater is
needed. The measurement of residual chlorine after the disinfection
process is of equal importance as the treated wastewater will eventually
end up in rivers and lakes and may cause risk to aquatic ecosystems
[771.

The general disinfection system of hospital wastewater consists of
units in the following order of primary disinfection-sedimentation-de-
chlorination-moving bed biofilm reactor-disinfection [78] and the
treatment series can be adopted to reduce the risk associated with
hospital wastewater. Among the common disinfectants used for hospital
wastewater (e.g., liquid chlorine, sodium hypochlorite, chlorine di-
oxide, ultraviolet radiation, and ozone), selection of suitable technology
depends on various factors, i.e., investment and cost of operation,
safety, the quantity of wastewater, the supply of disinfectants, level of
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operation management, etc. For the ease of selection of disinfection
technology to treat hospital wastewater during COVID-19 pandemic,
visual representation is shown in Fig. 1 [78].

6. Conclusions

The paper describes occurrence, survival, and disinfection/removal
methods of coronavirus in wastewater with special emphasis on ap-
plication of WBE to detect and forestall spread of COVID-19. Numerous
investigations reported presence of SARS-CoV-2 RNA in municipal
wastewater, sewage sludge, and hospital wastewater. Although fecal-
oral transmission route is a point of concern, it is important to evaluate
the stability of SARS-CoV-2 in infectious stage in different kinds of
wastewater before drawing any conclusion. The knowledge of the sci-
entific community regarding infectivity of SARS-CoV-2 in wastewater
needs to be strengthened. The factors influencing persistence of SARS-
CoV-2 in wastewater (for example, temperature, presence of organic
matter and suspended solids) needs to be thoroughly studied for the
implementation of WBE. The evaluation of the generally adopted mu-
nicipal and hospital WWTP technologies in removing SARS-CoV-2 will
surely help in answering questions related to transmission risk asso-
ciated with wastewater. The investigations dealing with coronavirus in
wastewater are heterogeneous, considering aim, methodology, and
findings. As discrepancies in results were found among published arti-
cles, research on coronavirus related to wastewater needs to progress
further for drawing concrete conclusions.
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