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ARTICLE INFO ABSTRACT

Keywords: The coronavirus known as COVID-19, which causes pandemics, is causing a global epidemic at a critical stage
SARS-CoV-2 today. Furthermore, novel mutations in the SARS-CoV-2 spike protein have been discovered in an entirely new
:/Jv\z;stewater-based epidemiology strain, impacting the clinical and epidemiological features of COVID-19. Variants of these viruses can increase

the transmission in wastewater, lead to reinfection, and reduce immunity provided by monoclonal antibodies
and vaccinations. According to the research, a large quantity of viral RNA was discovered in wastewater, sug-
gesting that wastewater can be a crucial source of epidemiological data and health hazards. The purpose of this
paper is to introduce a few basic concepts regarding wastewater surveillance as a starting point for comprehend-
ing COVID-19’s epidemiological aspects. Next, the observation of Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1),
Delta (B.1.617.2), and Omicron (B.1.1.529) in wastewater is discussed in detail. Secondly, the essential informa-
tion for the initial, primary, and final treating sewage in SARS-CoV-2 is introduced. Following that, a thorough
examination is provided to highlight the newly developed methods for eradicating SARS-CoV-2 using a combi-
nation of solar water disinfection (SODIS) and ultraviolet radiation A (UVA (315-400 nm)), ultraviolet radiation
B (UVB (280-315 nm)), and ultraviolet radiation C (UVC (100-280 nm)) processes. SARS-CoV-2 eradication re-
quires high temperatures (above 56°C) and UVC. However, SODIS technologies are based on UVA and operate at
cooler temperatures (less than 45°C). Hence, it is not appropriate for sewage treatment (or water consumption) to
be conducted using SODIS methods in the current pandemic. Finally, SARS-CoV-2 may be discovered in sewage
utilizing the wastewater-based epidemiology (WBE) monitoring method.

Alpha (B.1.1.7)

Beta (B.1.351)
Gamma (P.1)

Delta (B.1.617.2)
Omicron (B.1.1.529)

1. Introduction

An outbreak of COVID-19 occurred in December 2019 and the World
Health Organization declared it a worldwide threat in March 2020. Sev-
eral single-stranded RNA viruses are associated with respiratory disease
in humans (Pal et al., 2020). SARS-CoV-2 infections can result in res-
piratory or gastrointestinal problems when viral spike proteins bind to
human angiotensin-converting enzyme 2 (ACE-2) receptors, causing res-
piratory or gastrointestinal problems. Infections caused by SARS-CoV-2
are similar to those caused by MERS, SARS-CoV, and other Betacoron-
aviruses (Fig. 1) (Zhou et al., 2020). A change in the genetic sequence of
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the virus caused numerous variants of SARS-CoV-2 to arise during the
epidemic.

On the other hand, compared with other variations, most include
minor changes, whereas specific acquired mutations give exceptional
fitness by boosting transmissibility and resisting medical interventions,
such as vaccinations. These variants have been associated with an in-
creased risk; thus, they are deemed of concern (Harvey et al., 2021).
A total of five variations have been categorized as a concern. In Oc-
tober 2020, the Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), and
Delta (B.1.617.2) varieties appeared in the United Kingdom, South
Africa, Brazil, and India, becoming the dominant strains in mid-2021
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Fig. 1. SARS-CoV-2 particle targets ACE2 receptors in order to enter infected cells.

(Bugembe et al., 2021). In November 2021, five virulent concerns were
reported across multiple countries, including Omicron (B.1.1.529, South
Africa). The Omicron variant is notable for having 26_32 mutations in
the spike protein. In spite of early results showing that Omicron is more
infectious and immune evading than Delta, public health authorities are
concerned about its rapid spread throughout South Africa and world-
wide. In addition, only 10% of COVID-19 cases contain the Omicron
variant (Pulliam et al., 2021).

Public health remains seriously impacted by the COVID-19 pandemic
despite ongoing threats (Zahmatkesh et al., 2022). In addition to pro-
tecting individuals, vaccination programs are helping society to open up
and return to normalcy (Fig. 2) (Vissers et al., 2021). Nonetheless, vac-
cination strategies are at risk if some SARS-CoV-2 variants can evade the
immune system (Fig. 3) (Dubey et al., 2022). The efficacy of the SARS-
CoV-2 vaccination can only be retained by developing a robust, effi-
cient, and proactive monitoring approach for new or known variations
(Polo et al., 2020, Thompson, 2020). In addition to enhancing public
health response and facilitating variants of concern’s (VOCs’) contain-
ment, molecular diagnostics provides a faster and more comprehensive
diagnosis than genomic sequencing alone.

Genomic sequencing of clinical samples currently serves as the ba-
sis for diverse surveillance. A downside of genomic sequencing is that
it is neither accessible nor sustainable because of its high cost and spe-
cialized infrastructure. Sequencing is necessary for a meaningful dataset
for a significant number of confirmed cases. Moreover, monitoring the
spread and introduction of these new threats in flavivirus-naive and vac-

cinated populations is becoming increasingly essential to combating the
pandemic. This pandemic has prompted much interest in wastewater-
based surveillance (WBS). WBS provides a comprehensive, real-time
view of the population in the catchment area at a very affordable price.
Additionally, this method provided a straightforward way to determine
the trends across different countries during the COVID-19 pandemic
(Crits-Christoph et al., 2021; Fontenele et al., 2021; Napit et al., 2021).

Furthermore, the WBS technique has the potential to track the spread
of SARS-CoV-2 strains in wastewater. Monitoring wastewater change
is typically achieved through enriching and sequencing SARS-CoV-2
genomes that are detected in wastewater. Unfortunately, the lack of
quantitative data modeling and low sensitivity to low-frequency vari-
ants limits its widespread application. In clinical samples, the capacity
to target particular variations of the SARS-CoV-2 genome has been es-
tablished utilizing RT-qPCR technologies (Van Poelvoorde et al., 2021).
Measurement of multiple variants of wastewater has been adapted and
validated with these techniques (Graber et al., 2021; Yaniv et al., 2021).
In contrast to sequence-based methods, RT-qPCR is more sensitive and
this technology distinguishes specific variant-linked mutations; thus, re-
sults can be quantified and interpreted within hours (Lee et al., 2021).

In September 2020, patients began acquiring new types of SARS-
CoV-2 virus. Amongst them, the Alpha mutation (B.1.1.7) and Beta
(B.1.351) are two of several genetically-altered variants. They are
mainly resistant to neutralization by serum and plasma antibodies de-
rived from convalescent patients (Trimpert et al., 2021). For the pur-
poses of controlling the pandemic, community-level surveillance is nec-
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essary to identify potential public health issues (Mao et al., 2020).
Thus, S proteins determine whether a virus is infective or transmissi-
ble (Syed et al., 2021). SARS-CoV-2’s receptor-binding domain (RBD)
contains six essential amino acids critical for virus entry into host cells
(L455, F486, Q493, S494, N501, and Y505) (Kim et al., 2021). Despite
the link between spike protein (S) and human ACE2, polymorphisms in
other amino acids may alter viral infection. There is an urgent need to
understand the effects of amino acid substitutions in S proteins from new
variants compared to the original strain on the transmissibility and vir-
ulence of SARS-CoV-2 (Mehra et al. 2021; Nagy et al., 2021; Xia, 2021).

As of November 26, 2021, the Omicron version of B.1.1.529 COVID-
19 has been identified (COVID et al. 2021). In response to reports that
the disease is more infectious and may be immune evading, flights
were banned, and more measures were taken to control its spread in
various regions of the world (Chen et al., 2021; Gu et al., 2021). Be-
sides community-based monitoring of SARS-CoV-2 mutations, wastew-
ater surveillance has been demonstrated to be a proper supplemental
strategy (Hrudey et al. 2021; Lee et al., 2021). An epidemiological
study retrospectively on routine surveillance data revealed that Omi-
cron viruses might increase the risk of reinfection following primary
infection (Ferré et al., 2022). A study in Nature suggests that omi-
cron may be capable of evading immunity, especially for SARS-CoV-
2 infections found among individuals with confirmed laboratory diag-
noses. Over 2,796,982 individuals, 35,670 suspected reinfections were
detected (Pulliam et al., 2021). As new variants are released, the severity
of COVID-19 may increase or decrease. Variable factors impact COVID-
19 severity and mortality, such as vaccination coverage, population
demographic characteristics, age, socioeconomic status, comorbidities,
management guidelines, and the simultaneous presence of numerous
cases saturating the health system. Controlling these parameters allows
large-scale case-control studies to establish clinical severity (Lee et al.,
2021).

This paper argues that a wastewater treatment facility is necessary
for the treatment of water generated by private homes, public facili-
ties, and industrial facilities. Through the "sewage system", this water is
taken to facilities that treat it through the " sewage system", before be-
ing discharged into the environment. To control and surveil infectious
diseases, monitoring wastewater and WBEs is crucial. Among the essen-
tial aspects of combating SARS-CoV-2 are prevention and control within
the community and continuous surveillance. By monitoring RNA in ge-
netic material and screening for virus presence in the entire community,
sewage or wastewater that contains viruses like SARS-CoV-2 has the ca-
pability to be detected. In addition, SARS-CoV-2 can be shed through
stools; thus, wastewater is likely to contain the virus.

2. SARS-CoV-2’s practical application in wastewater treatment

There was the first detection of Alphas (B.1.1.7), Betas (B.1.351),
Gammas (P.1), Deltas (B.1.617.2), and Omicrons (B.1.1.529) by a
wastewater surveillance program. As a result, variant tracking data can-
not be used to confirm the existence of a specific variant because all
of the mutations required to define a variant cannot be determined on
a single genome (Zahmatkesh et al., 2022). The presence of multiple
mutations associated with variants, as well as mutations that are linked
(i.e., mutations on a single sequence read), is more likely to increase
confidence in the results. Identifying unique mutations not shared by
known variants, collecting data on RNA concentration corresponding to
emergence (for example, a low initial concentration followed by an in-
crease over time), and detecting multiple variant-associated mutations
trending together in consecutive samples or using multiple methods are
all important (Zahmatkesh et al., 2022). Clinical case reports in the area
should also be considered as well. There are several limitations to vari-
ant tracking in wastewater, such as detections that do not align with
the current epidemiology, low quality sequencing data, sporadic detec-
tions, detections associated with a single variant, and conflicting trends
in concentrations or abundances associated with the same variant. The
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usefulness of this data is limited by reporting times longer than one week
(Zahmatkesh et al., 2022).

Detection of mutants associated with all mutants in community
wastewater indicated that mutations associated with all mutants were
more abundant than previously reported by clinical testing alone; all
mutations associated with mutants were recorded. In order to detect
emerging variants early, wastewater sampling can be used in conjunc-
tion with clinical testing. A public health messaging strategy and testing
strategies can be derived from this information to guide decisions about
the allocation of clinical and public health resources (Zahmatkesh et al.,
2022).

3. Evaluating the epidemiology of COVID-19 by monitoring
wastewater

WBE has proven to be one of the significant successful methods of
tracking viral circulation in a community, providing data on the fre-
quency, variations in genetic profile, and distributions geographically of
viruses within that group (Sinclair et al., 2008; Xagoraraki et al. 2020).
Viruses excreted in feces can be identified by the general wastewater
analysis from a specific area (Carducci et al., 2006; La Rosa et al. 2013).
As a result, this method allows monitoring viral infection epidemics even
when clinical surveillance does not reveal the infection, mainly because
many viral infections are asymptomatic and clinical cases are rarely
diagnosed (Johansson et al., 2014; Qi et al., 2018). The restrictions
are equally applied to viruses shed via feces, including adenoviruses,
noroviruses, sapoviruses, enteroviruses, rotaviruses, and hepatitis a
viruses (Okabayashi et al., 2008; Rodriguez-Lazaro et al., 2012). To
viruses that surveillance systems rarely or never reported, including Saf-
fold virus, cosavirus, and salivirus/klasseviruses (Bonanno Ferraro et al.,
2020; Kitajima et al., 2015; Kitajima et al., 2014; Thongprachum et al.,
2018).

According to various reports, SARS-CoV-2 infections have been de-
scribed as asymptomatic or nonsymptomatic (Lai et al., 2020; Mizumoto
et al., 2020; Nishiura et al., 2020); however, estimating the extent of vi-
ral circulation in a community can be challenging. In addition, compar-
ing nations with varying diagnostic skills and procedures to ascertain
the natural level of viral circulation, is difficult. Additionally, wastew-
ater surveillance could provide in-depth information on infection out-
breaks in different regions, even if the clinical diagnosis is impractical or
unavailable, such as in countries with limited diagnostic resources. Phy-
logenetic analysis has also been demonstrated to be an effective method
of detecting changes in strains over time through wastewater monitor-
ing, providing the ability to compare strains across regions and evaluate
the evolutionary origins of strains, as has been demonstrated in previous
studies of enteric viruses and, more recently, of the SARS-CoV-2 virus
(Bisseux et al., 2018; La Rosa et al., 2014; Nemudryi et al., 2020).

As part of wastewater observation, finding low levels of viruses can
be of importance; this can be demonstrated by the fact that the num-
ber of infections decreased after public health interventions such as the
eradication of the poliovirus. The method has the capability of not only
determining a new virus outbreak within a population, but can also iden-
tify seasonal variations in precipitation and temperature (Asghar et al.,
2014). The purposes of this surveillance approach include serving as
an early warning indicator that SARS-CoV-2 has been reintroduced in
a community (Savolainen-Kopra et al., 2011; Sinclair et al., 2008). Ad-
ditionally, investigating the effectiveness of public health intervention
methods for reducing exposures related to lockdowns, loneliness, and
social disengagement following public health interventions could be of
benefit (Hellmér et al., 2014; Prevost et al., 2015; Sedmak et al., 2003).
In addition to detecting new viruses from wastewater, viral virome anal-
yses can allow the dissemination of resources to areas that may be in-
fected and allow preventative measures to be taken before they become
clinically apparent (Xagoraraki et al. 2020). According to recent Monte
Carlo simulations, an estimate of the number of copies of SARS-CoV-2
RNA that can be found in untreated wastewater and the number of in-
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dividuals affected has been made. The results of the model indicate that
171 to 1090 individuals were infected, which is consistent with clinical
findings, and is consistent with the results of the study (Ahmed et al.,
2020).

The usefulness and accuracy of wastewater monitoring may be in-
creased by more excellent methodological and molecular test validation.
Although wastewater surveillance can be used for many purposes, there
is a limit to its use. In terms of epidemiologically determined cases and
viral levels, a correlation may be complex due to differences in viral
excretion rates during infection. As well as factors such as the length
of transmission time, and a lack of consistency in the collection of spa-
tial variability that occurs when traveling and transporting wastewa-
ter between multiple systems and dilution caused by precipitation or
inactivation throughout the transit procedure and/or frequent clinical
testing. There is a possibility that detecting and quantifying viruses
may be challenging due to factors such as stable DNA in wastewater,
inefficient methods of virus concentration, sample variability (mostly
grabbing samples as opposed to composing samples). Moreover, the ab-
sence of sensitive kits, exceptionally at low viral concentrations (La Rosa
et al. 2013).

Despite these challenges, the objective of implementing environmen-
tal monitoring systems for SARS-CoV-2 has not been achieved. A num-
ber of countries, including the Netherlands, France, the United States,
and Australia, have identified SARS-CoV-2 in wastewater (Ahmed et al.,
2020; Lodder et al. 2020; Medema et al., 2020; Nemudryi et al., 2020;
Wu et al., 2020; Wurtzer et al., 2020). An example of recent research
performed in the USA utilized wastewater monitoring to discover the
genetic origins of the SARS-CoV-2 virus and estimate the efficiency
of social isolation as a public health strategy to limit the epidemic
(Nemudryi et al., 2020). Recent research, mainly continuing through-
out the globe, may provide essential data for assessing the incidence of
SARS-CoV-2 in communities and notifying communities that may mini-
mize disease transmission. Public acceptability of wastewater monitor-
ing may necessitate stressing ethical considerations linked to cleanli-
ness, privacy, and rights. The WBE may give epidemiological statistics
regarding illness prevalence in a community, thereby avoiding stigma-
tization associated with clinical diagnosis in epidemics like COVID-19
(Murakami et al., 2020).

3.1. Determination of Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1),
Delta (B.1.617.2), and Omicron (B.1.1.529) in wastewater

According to recent reports, SARS-CoV-2 RNA was found at the same
level as other enteric viruses in the feces of COVID-19 patients. De-
spite the fact that SARS-CoV-2 has the potential to be identified in un-
treated sewage, as was the case previously, a viral concentration step
may still be necessary in order to detect the virus (Medema et al.,
2020; Priiss et al., 2002; Wurtzer et al., 2020; Wyn-Jones et al.
2001).

As a model virus, most studies have been conducted on viruses
that can be cultured or on bacteriophages, which include enveloped as
well as non-enveloped enteric viruses such as norovirus, enterovirus,
adenovirus, and hepatitis (Haramoto et al., 2018). Several methods of
concentrating enteric viruses in water samples, whether treated or un-
treated, have been developed based on membranes with electropositive
and electronegative properties (Cashdollar et al. 2013; Haramoto et al.,
2018). The process of enteric virus infection involves electrostatic in-
teractions between filters and enteric viruses. When in water with al-
most neutral pH, a significant number of enteric viruses are electro-
statically negatively charged. A positively charged virus particle can be
bind directly to an electropositive filter or indirectly to an electronega-
tive filter by virtue of salt-bridging (Hill et al., 2005; Ikner et al., 2012;
Michen et al. 2010). Viral concentrations can be achieved using ultrafil-
tration, a process that utilizes the principle of size exclusion to concen-
trate bacteria from ambient water samples. Other techniques have been
employed to isolate viruses in wastewater samples, such as polyethy-
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lene glycol (PEG) (Lewis et al. 1988), ultracentrifugation (Fumian et al.,
2010), and the use of skimmed-milk flocculation (Calgua et al., 2013).

A variety of indigenous enteric viruses have been successfully de-
tected using these virus concentration methods without using any model
viruses during their development (Fong et al. 2005; Haramoto et al.,
2018). Due to the limits of existing viral concentration technologies,
limited information is known on the recovery efficiency of encapsu-
lated viruses, including CoVs. According to Ye et al., and Wiggin-
ton (2016), enveloped viruses such as mouse hepatitis virus (MHV)
and Pseudomonas phage ®6 adsorb more to the solid part of sewage
than nonenveloped viruses (Ye et al., 2016). Haramoto et al., and
Ohgaki (2009) report that enveloped koi herpesviruses are able to ad-
here to an electronegative filter with an average absorption rate of 87%
or higher (Haramoto et al., 2009). These findings suggest that filter fil-
tering may be an effective technique for recovering SARS-CoV-2 from
water and sewage; however, more research is necessary. As a result of
the virus and the aquatic environment, virus recovery behavior can vary
greatly, even within enteric viruses (Haramoto et al., 2018). Therefore,
due to a difference between SARS-CoV-2 and enteric viruses in structure
and physical properties, this method of virus concentration is not very
useful for evaluating its efficacy. For instance, an electropositive mem-
brane filter method, used by Wang et al., did not recover SARS-CoV from
wastewater, a significant decrease in recovery compared to other types
of enteroviruses (Wang et al., 2005).

However, SARS-CoV-2 concentrations in wastewater will most cer-
tainly need to be more significant for detection, and further research
should be conducted to determine the effectiveness of the recovery pro-
cess. At the same time, further research must be conducted in order
to determine how effective these existing methods are for concentrat-
ing on SARS-CoV-2. Due to their low pathogenicity, MHV and human
CoV strains may be utilized as models to assess and improve SARS-CoV-
2 techniques. Several elements potentially influence the development
of SARS-CoV-2 models, including Pseudomonas phage ®6. SARS-CoV-
2 RNA analysis in wastewater has been conducted using a variety of
concentration methods in Australia, France, the Netherlands, and the
United States, including ultrafiltration, precipitation with PEG, elec-
tronegative membrane adsorption, and direct RNA extraction (Wu et al.,
2020; Wurtzer et al., 2020).

The water concentration considerably impacts the identification of
viruses in the sample; for example, untreated sewage samples should be
concentrated at 100 mL in order to identify enteric viruses (Haramoto
etal., 2018). For preliminary studies, rapid molecular detection of SARS-
CoV-2 was accomplished by evaluating up to 200 mL of untreated
sewage specimens. However, if SARS-CoV-2 is less widespread in the
local area, processing a more significant number of wastewater samples
may be appropriate (Medema et al., 2020; Nemudryi et al., 2020).

A novel testing method has been developed to detect SARS-
CoV-2 using RT-qPCR and nested RT-PCR (Corman et al., 2020;
Coronavirus, 2019; Organization, 2020; Shirato et al., 2020). These
methods were employed to detect SARS-CoV-2 in the new test-
ing approach. Assays based on TagMan have been developed by
Corman et al. (2020) for detecting three genes: RNA-dependent RNA
polymerase (RdRp), envelope (E), and nucleocapsid (N) with detection
limits of 3.8, 5.2, and 8.3 RNA copies per reaction for three genes. It
has been explained above that SARS-CoV-2 is identified using RT-qPCR
using the RdRp sequence (Table 1). After this, the SARS-CoV-2 is com-
pared to the SARS-CoV-2 and bat-SARS-related CoVs, while the SARS-
CoV-2 and SARS-CoV-2 are detected by E gene-RT-qPCR. Due to its sig-
nificantly larger ALOD than the two others, the performance of the N
gene-RT-qPCR test was not thoroughly examined in the study (Fig. 4)
(Corman et al., 2020). In contrast, Shirato et al. (2020) observed that
only RT-qPCR of N genes recognized SARS-CoV-2 and performed well
on their RT-qPCR platform when compared to the three other tests. The
N protein gene is the most extensively used as a candidate for RT-qPCR
assays (Shirato et al., 2020). According to Shirato et al. (2020), RT-qPCR
can identify as few as five copies of RNA per reaction.
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Table 1
Human feces contain SARS-CoV-2.
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Process of detection

SARS-CoV-2 positive patients’ rate

Infection rate (copies/L) References

rRT-PCR 44/153 (29%)
Cell-culture 2/4 (50%)
rRT-PCR 31/65 (48%)
rRT-PCR 28/42 (67%)
- 9/59 (15%)
rRT-PCR 39/73 (53%)
RT-qPCR 10/10 (100%)
rRT-PCR 5/14 (36%)
rRT-PCR 5/13 (38%)
rRT-PCR 41/74 (55%)
rRT-PCR 9/17 (53%)
rRT-PCR 5/6 (83%)
rRT-PCR 1/1 (100%)

<2.6 x 107 (Wang et al., 2020)
(Wang et al., 2020)
(Lin et al., 2020)
(Chen et al., 2020)
(Cheung et al., 2020)
(Xiao et al., 2020)
(Lo et al., 2020)
(Zhang et al., 2020)
(Li et al., 2020)
(Wu et al., 2020)
(Pan et al., 2020)
(Jiehao et al., 2020)
(Tang et al., 2020)
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Fig. 4. Fluorescent probe-based RT-qPCR.

3.1.1. Developing a novel method

A passive sampling system may be a viable and affordable alterna-
tive to auto sampling due to the fact that the materials are deployed
directly into wastewater to sorb viruses over time. The Moore swab (i.e.
pieces of gauze tied to a fishing line) was used by Liu et al. (2020)
to monitor SARS-CoV-2. Despite the fact that the swabs were deployed
over a period of 24-72 hours, no evidence of accumulation of SARS-
CoV-2 over time was observed. Three passive samplers (i.e., sorbents)
were tested in a study conducted by Schang et al. (2020) for monitoring
the presence of SARS-CoV-2 in sewage at larger scales (lot, suburb, and
city). These materials were continuously exposed to flowing wastewa-
ter via a perforated device, resembling a torpedo, allowing for contin-
uous use. SARS-CoV-2 samplers showed greater sensitivity than tradi-
tional samplers, especially when the concentrations were <1 copy/mL.
In addition, Hayes et al. (2021) tested four different materials, including
cotton gauze, cheesecloth, cellulose sponges, and electronegative mem-
brane filters. Cheesecloth and membrane filters performed better (for
accumulating SARS-CoV-2). There was no assessment, however, of the
optimal deployment time (based on the concentration of SARS-CoV-2 in
the wastewater).

4. Removing SARS-CoV-2 from wastewater

Firstly, the virus must be prevented from spreading before reclaimed
water can be used. Water must be cleaned from coronaviruses in three
steps before it can be used for recycling or reused. In the first phase of
wastewater treatment, physical methods like screening and grit cham-
bers remove suspended solids. The process of treatment is primar-
ily conducted through biological treatment, with the remainder utiliz-
ing physicochemical treatment, which reduces turbidity, heavy met-
als, organics, and pathogens such as coronavirus (Gerba et al. 2019;
Metcalf et al., 1991; Teymoorian et al., 2021). There is still a need for
more extraordinary investigation into the effectiveness of these tech-
nologies for SARS-CoV-2. In addition, frequent evaluation of their per-
formance in natural sewage treatment must evaluate the numerous as-
pects that impact viral survival and environmental effects in order to de-
cide which methods are most efficient. Furthermore, (Zahmatkesh et al.,
2022) prevented the disease from reaching the sewage system by reduc-
ing the trace amounts of SARS-CoV-2 in the stool with the use of hyssop.
Finally, like with other coronaviruses, several variables, including pH,
temperature, sunshine, and solids, significantly impact SARS-CoV-2.
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4.1. Effect of physical processes on SARS-CoV-2

Separation by physical means is one approach to removing sus-
pended volatile and fixed solids from sewage. After virus adsorption
on large suspended solids, gravitational sedimentation is the dominant
method of virus removal during the treatment phase. Despite this, grav-
ity sedimentation does not eliminate viruses from wastewater. Coron-
avirus RNA is eradicated from secondary and tertiary wastewater treat-
ment, and advanced wastewater is promptly utilized for agricultural and
municipal purposes (Randazzo et al., 2020).

4.2. The impact of biological processes on SARS-CoV-2

There are many biological processes that are used in wastewater
treatment plants to treat wastewater, including membrane bioreactors,
activated sludge, and extended aeration (Randazzo et al., 2020). Stud-
ies conducted in the past found that secondary treatment significantly
reduced the incidence of gastrointestinal viruses compared to the initial
treatment method. According to another study, the primary treatment
stage contains higher levels of organics that protect viruses, which in-
creases the resistance and survival of coronaviruses. (Quilliam et al.,
2020).

4.3. SARS-CoV-2 influence on biological process activated sludge and
membrane

The uptake of viral particles effectively disinfects activated sludge-
treated wastewater by organic biomass (Zahmatkesh et al., 2022;
Zahmatkesh et al. 2020) and their sedimentation in the secondary clar-
ifier (Foladori et al., 2021).

In secondary wastewater treatment, membrane bioreactors effec-
tively remove viral particles. Filtration by membranes and growth by
suspended particles comprise these processes. Compared to traditional
processes, the membrane process is less expensive and more environ-
mentally friendly, since very few chemicals are used, minimal technol-
ogy is required, and it is simple to run (Obotey Ezugbe et al. 2020;
Tetteh et al., 2020). Research demonstrates that this approach has sig-
nificant restrictions due to its considerable power consumption, rang-
ing from 0.45 to 0.65 kWhm-3 for the most outstanding results
(Obotey Ezugbe et al. 2020). The treatment of activated sludge (Abu Ali
et al., 2021) is achieved in membrane bioreactor processes with longer
solids retention times, which results in distinct treatment results. Mem-
branes are more complex and have more significant operational chal-
lenges than activated sludge (Fortunato et al., 2019). As a result of
the membrane bioreactor method, log reduction values of 6.8, 6.3, and
4.8 were achieved, respectively, for enteroviruses, adenoviruses, and
noroviruses.

4.4. An assessment of the impact of the advanced process on SARS-CoV-2

In the tertiary phase, various treatment procedures are performed,
including coagulation, filtration, ultraviolet light (UV), chlorine, and
ozonation (Teymoorian et al., 2021). Virus inactivation and virus erad-
ication in wastewater have been achieved with a variety of nanomateri-
als, including titanium dioxide, zero-valent iron, and carbon nanotubes
(CNTs). As well as a genome, COVID-19 includes a protein capsule with
an envelope or without it. A primary aim of viral sterilization methods
(for example, UV, chlorination, and ozonization) was to impose envi-
ronmental stress on one of these sections. Viral envelopes can be dis-
rupted more easily. Therefore, non-enveloping viruses exhibit excellent
resistance to inactivation and are less sensitive to adverse conditions
(Fitzgibbon et al. 2008). A recent study conducted by Nasseri and col-
leagues has demonstrated that SARS-CoV 2 can be detected in 5 out
of 6 water outlet samples when UV disinfection is used, and it can be
detected in 1 out of 4 water outlet samples when chlorine disinfection
is used. In this laboratory, only chlorine disinfection samples remained
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positive in the study (Nasseri et al., 2021). Thus, UV disinfection has
been shown to be more effective than chlorine, and therefore WWTP
operators should aim to reach a free residual chlorine concentration of
0.5 mg/L at all times.

5. Improves the efficiency of wastewater treatment by reducing
the spread of SARS-CoV-2

The maximum temperature, light exposure, organic matter, and
hostile bacteria are necessary for coronaviruses to live in water
(Naddeo et al. 2020). Even though solar or UV light and temperatures
above 23°C cause the virus to be inactivated, organic matter provides
an adsorbent surface, increasing the virus’s survival. Thus, it is vital
to follow safe work practices and wear protective gear when work-
ing in the vicinity of untreated wastewater (Heilingloh et al., 2020;
McGuigan et al., 2012).

5.1. Effects of solar, UV, and chlorination on SARS-CoV-2

UV disinfection machines are employed in public venues such as hos-
pitals, airports, and shopping malls because they can disinfect regularly
touched surfaces and streams of circulating air. Even so, UV treatment
for water treatment offers a few advantages: it ensures clean disinfec-
tion, removes even some contaminants that can be treated relatively
ineffectively, and is effective against most waterborne pathogens. The
phosphodiester bonds, which form links between molecules and the viral
genome, are reduced due to UV light exposure, depriving the infectious
particles of their ability to replicate. Likewise, UV light is mainly effi-
cient in disinfecting biologically polluted water. Other methods, such
as chlorination, produce harmful by-products, but this procedure pre-
vents microorganisms from growing in any medium. Depending upon
their wavelength, UV photons consist of three types: UVA (315-400 nm),
UVB (280-315 nm), and UVC (100-280 nm). (UVA photons have lim-
ited energy, while UVC photons may destroy the DNA of pathogens).
In addition to UVA photons having minimal energy, UVC photons may
also destroy pathogen DNA. By interacting with UVA and UVB wave-
lengths on Earth, UVC wavelengths, and pathogens, including viruses,
may be damaged directly or indirectly via endogenous or exogenous
components.

On the other hand, they are absorbed by the ozone layer and hence
not visible on Earth. In solar water disinfection (SODIS), the amount
of UV, heat, and duration are vital factors. In spite of this, the degree
of exposure to sunlight (the amount of UV exposure) significantly in-
fluences viral disinfection more than time or temperature because pro-
longed exposure to heat only affect capsid proteins and have limited
genome structure. Temperatures above 40°C may cause thermal-optical
synergy, preventing each photon from inactivating more viruses. Conse-
quently, the secondary treatment maintains residual protection, UV, and
redundant protection against microbes (Fig. 5) (Parsa, 2021; Parsa et al.,
2021).

The UVA approach has been found in multiple investigations to be
unsuccessful at eliminating SARS-CoV-1 (Darnell et al., 2004), whereas
UVC eradicated the virus (Darnell et al., 2004; Parsa et al., 2021). Other
investigations; however, failed to inactivate SARS-CoV-1 with UVC, the
findings are ambiguous (Kariwa et al., 2006). Studies have been per-
formed to determine whether UV irradiation may act as a preventa-
tive against the transmission of SARS-CoV-2 to individuals, explicitly
employing UVC. By utilizing UVC wavelengths, it was possible to ef-
fectively remove surfaces infected with SARS-CoV-2 (Hadi et al., 2020;
Helling et al., 2020; Raeiszadeh et al. 2020). On diverse surfaces, UVC
(222 nm) reduced SARS-CoV-2 concentrations by as much as 99.7%,
based on Kitagawa et al. ’s study (Kitagawa et al., 2021). At the same
time, Heilingloh reported 1048 mg/cm? as the best UVC dose to inacti-
vate SARS-CoV-2 based on its studies (Heilingloh et al., 2020). Various
types of UV seem to affect SARS-CoV-2 solutions differently. According
to tests, UVA has a modest impact on deactivating SARS-CoV-2, but UVC
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Fig. 5. Analyzing the conformation of SARS-CoV-2 spike protein.

is fully absorbed by the atmosphere and UVB only reaches the ground
at a rate of 5% (Heilingloh et al., 2020). The UVC range of 260 to 265
nanometers is the most effective and optimum wavelength range for
viral nucleic acids (Kowalski, 2010). When the ultraviolet wavelength
is lower than 320 nm, the UVA wavelength is considered actinic, and
at wavelengths above 320 nm, the virus nucleic acid is able to absorb
fewer wavelengths, therefore this wavelength does not seem germicidal
(Kowalski, 2010). Increasing wavelength decreases germicidal action,
which reverses the relationship between germicidal action and wave-
length (Pozo-Antonio et al. 2018).

Thermal energy is vital in solar disinfection, although its importance
changes depending on the season. Due to the fact that thermal stress af-
fects enzyme structure and activity above the optimum temperature for
microorganisms, thermal stress has significant implications for health
(Al-Gheethi et al., 2019). Most fecal bacteria, for example, can survive
between 20 and 45°C (Marugéan et al., 2020). Bacteria’s ability to inacti-
vate increases as temperatures rise above 45°C., whereas temperatures
below 45°C do not significantly affect this process (McGuigan et al.,
1998; Vivar et al., 2017). This means that SODIS is only capable of re-
moving microorganisms in winter to a very limited extent. There is a di-
rect relationship between volume, turbidity, and the environment with
regard to thermal effects. Inhibition of DNA repair mechanisms is facil-
itated by thermal stress (McGuigan et al., 2012; Theitler et al., 2012).
This leads to an increase in cell wall permeability (Theitler et al., 2012),
leading to a reduction in enzyme activity and protein denaturation and
cell death (Al-Gheethi et al., 2019; Marugéan et al., 2020). As research
has demonstrated, thermal and optical inactivation enhance the effec-
tiveness of SODIS at temperatures more extraordinary than 45°C. How-
ever, it can only be beneficial in certain situations and under certain con-
ditions (Castro-Alférez et al., 2017; McGuigan et al., 2012; Theitler et al.,
2012; Vivar et al., 2017). Using the SODIS approach, the researchers
assessed the temperature of the water to examine the influence of envi-
ronmental factors on E. coli elimination. During summer, the water tem-
perature fluctuates between 40 and 50 degrees Celsius . (Sichel et al.,
2007). An examination of the effects of temperature, turbidity, and op-
tical irradiation on the SODIS method has been conducted. According

to the results of the research, pathogens must be completely inactivated
at a temperature of 55°C (McGuigan et al., 1998). Despite this, exper-
iments carried out in the field indicated that the surface temperature
of the water reached only 45°C (Gomez-Couso et al., 2009). hus, us-
ing TiO2 photocatalysts in SODIS with and without photocatalysts pro-
duced water temperatures of 39°C and 38.6°C, respectively, while using
a TiO2 photocatalyst produced water temperatures of 32.6°C and 36.6°C
(Rincoén et al. 2004). Furthermore, during colder seasons and warmer
seasons, the actual water temperature is 15-21°C and 25-30°C, respec-
tively (Sichel et al., 2007).

The process of disinfection produces free chlorine from several
sources, including chlorine elements, chloramines, sodium hypochlo-
rite, chlorine dioxide, calcium hypochlorite, and chloroisocyanurates.
A highly successful approach to eliminating viral particles is using
hypochlorous acid (HOCI) and hypochlorite ions (CIO~). Hypochlorite,
a robust oxidizer, operates as an effective oxidizer of organic pollutants,
whereas undissociated hypochlorous acid functions primarily as a mi-
crobicide. Based on a new investigation, the SARS-CoV was wholly in-
activated after 30 minutes when the free residual chlorine amount was
more than 0.4 mg/L and a free residual chlorine amount of about 2.19
mg/L (Wang et al., 2005). A recent study demonstrated that 1:99 diluted
household bleach could inactivate the SARS-CoV-2 within five minutes
when tested in vitro on SARS-CoV-2.

It is ammonia that is one of the most critical elements impacting ef-
fective chlorination, as chlorine helps take care of co-pollutants and pH.
When chlorine interacts with ammonia, it generates a chlorine com-
pound (chloramine), which is less effective at killing virus particles.
Therefore, it is vital to prevent the absorption of Cl by any of the numer-
ous substrates such as organic matter, ferrous ions, ammonia, hydrogen
sulfide, and nitrites. Usually, organic elements mitigate the harmful ef-
fects of chlorinated chemicals, which represent short-term dangers to
plants and soils (Ding et al., 2022).

A sampling of early studies revealed the presence of coronavirus RNA
in the second and tertiary wastewater treatments. However, following
the tertiary treatment of disinfectant treatment with NaClO, 100% of
the samples were negative. However, the UV treatment was in addi-
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tion to the disinfection procedure. The findings of Zhang et al. It was
shown that sodium hypochlorite was capable of disinfecting SARS-CoV-
2 viruses. This strategy, however, resulted in severe environmental pol-
lution (Zhang et al., 2020).

6. Conclusion

During the outbreak of SAR-CoV-2, various research studies were
conducted investigating the transmission of coronaviruses via polluted
water or treated wastewater. Each investigation added to our knowledge
of the virus’s propagation in connection to water. During a COVID-19
pandemic, wastewater management is difficult and complex, and WBE
and UV are critical approaches for treating sewage to prevent the dis-
semination of the virus.

The WBE may be applied as an additional tool to track COVID-19
instances among patients with SARS-CoV-2 and provide early detection
of outbreaks. SARS-Co-2 is among numerous emerging severe infectious
viruses in sewage that bring novel obstacles and potential when employ-
ing WBE for its monitoring. Finally, a viable WBE technique depends on
a representative sample, virus quantities in wastewater, the averaging
of the population, and ethical norms.

Based on the identification of SARS-CoV-2 in feces and the
widespread transmission of the virus as demonstrated by virological
tests, a WHO recommended that the WBE strategy be developed to min-
imize and prevent the transmission of COVID-19. Based on WBE, the
original concentration of any stable substance emitted by the serviced
community can be back calculated if humans excrete it in wastewater.
The same approach can also be applied to examine the circulation of
pathogens in sewers, which are typically excreted by infected individ-
uals in their feces or urine. Whenever clinical assessment resources are
scarce or information resources are lacking, this approach is advanta-
geous.
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