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Abstract

Management of hospital wastewater is a challenging task, particularly during the situations like coronavirus 2019 (COVID-
19) pandemic. The hospital effluent streams are likely to contain many known and unknown contaminants including severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) along with a variety of pollutants arising from pharmaceuticals,
life-style chemicals, drugs, radioactive species, and human excreta from the patients. The effluents are a mixed bag of con-
taminants with some of them capable of infecting through contact. Hence, it is essential to identify appropriate treatment
strategies for hospital waste streams. In this work, various pollutants emerging in the context of COVID-19 are examined. A
methodical review is conducted on the occurrence and disinfection methods of SARS-CoV-2 in wastewater. An emphasis is
given to the necessity of addressing the challenges of handling hospital effluents dynamically involved during the pandemic
scenario to ensure human and environmental safety. A comparative evaluation of disinfection strategies makes it evident
that the non-contact methods like ultraviolet irradiation, hydrogen peroxide vapor, and preventive approaches such as the
usage of antimicrobial surface coating offer promise in reducing the chance of disease transmission. These methods are
also highly efficient in comparison with other strategies. Chemical disinfection strategies such as chlorination may lead to
further disinfection byproducts, complicating the treatment processes. An overall analysis of various disinfection methods
is presented here, including developing methods such as membrane technologies, highlighting the merits and demerits of
each of these processes. Finally, the wastewater surveillance adopted during the COVID-19 outbreak is discussed.
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Introduction

The world has been facing phenomenal crisis due to the
global pandemic caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). The novel coronavirus
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disease 2019 (COVID-19) was reported during Decem-
ber 2019 in Wuhan, China (Di Maria et al. 2020). Subse-
quently, public health emergency of international concern
was announced by the World Health Organization (WHO).
The spread of the virus continued at an unprecedented rate,
where it crossed all geographical boundaries, spreading
the infection to many countries across the world. Later as
reported COVID-19 cases drastically increased and later in
month of March 2020, COVID was declared by WHO as a
global pandemic (Usman et al. 2020). The novel coronavirus
has significantly affected the whole world causing a high
number of infections and fatalities all over the world. In this
crisis, the safety considerations of human beings are prior
concern for the authorities at all stages.

The adequate availability of safe water is necessary to
ensure the well-being of the public in this era of COVID-19.
Cleanliness, sanitation and self-hygiene are key factors to
keep the society safe from global pandemic. In this situation,
the tracking of wastewater is considered as a potent strat-
egy to fight against this virus (Street et al. 2020). Research
investigations have revealed the occurrence of SARS-CoV-2
ribonucleic acid (RNA) in the samples collected from waste-
water streams and other water bodies in various locations
in countries like Australia, France, Netherlands, Finland,
Germany, and USA (Mandal et al. 2020). With respect to
COVID-19, immediate tracking, screening, testing, and iso-
lation is the common strategy adopted in most of the coun-
tries (Street et al. 2020).

The major sources of toxic contaminants in the context
of hospital wastewater are from diagnostics, laboratories
and from research activities as well as through excreta of
patients, pharmaceutical compounds, metabolites and other
radioactive components in hospitals (Heller et al. 2020;
Mandal et al. 2020; Wang et al. 2020a, b). The toxic effluents
may cause several health issues like cancer, skin disorders,
neurotoxicity, nausea, headache etc. (Sarizadeh et al. 2021).
The regulatory bodies have also considered these pollutants
as emerging organic pollutants, defined as non-regulated
organic trace pollutants that are newly added or seen in the
biosphere (Khan et al. 2020). The typical mean concentra-
tion of many of these pollutants in hospital wastewater is 4
to 150 times greater than domestic wastewater (Khan et al.
2020). Further, hospital wastewater may also contain many
pathogens such as bacteria, viruses and fungi. The emission
of hospital wastewater, without proper treatment technology,
exposes the community to severe health risks. Therefore, it
is evident that proper waste disposal units at hospitals are
necessary to provide safe health and environment to public.

As an effect of COVID-19, a dramatic growth in the
healthcare sectors is seen along with the research on new
vaccines and drugs. It is highly evident that SARS-CoV-2
and emerging variants have the capability to persist in natu-
ral ecosystem. Literature also states that novel coronavirus
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and its genetic fragments are detected in different aqueous
systems (Zhang et al. 2021). Hence, disinfection of these
contaminated resources is critical. Hospital wastewater must
be subjected to an appropriate treatment procedure before
it is discharged and transported. Researchers have been
investigating various modes of SARS-CoV-2 transmission
and its survival against environmental factors (Achak et al.
2021). The fecal-oral route of SARS-CoV-2 transmission
still remains a valid concern and necessitates safe hospital
wastewater management for public health protection.

In this context, the current article aims to examine the
reported data regarding the presence of SARS-CoV-2 and
its genetic fragments in wastewater including hospital efflu-
ents and critically evaluate various disinfection strategies for
the treatment of hospital wastewater. A systematic literature
review was performed to achieve the objective. The litera-
ture was collected and analyzed following the guidelines of
preferred reporting items for systematic reviews and meta-
analyses (PRISMA) (https://prisma-statement.org/). Briefly,
the following stage-wise methodology was pursued. In the
first stage, articles were identified based on search strategies
with an aim to examine the strategies adopted for hospital
wastewater management during the pandemic. The search
was performed using Google Scholar and Scopus data-
bases using keywords such as hospital wastewater, hospital
effluents, wastewater treatment, disinfection, COVID-19,
SARS-CoV-2 and pandemic. These keywords helped to set
the boundaries of the research areas. In the screening stage,
titles and abstracts of the articles were checked to determine
their relevance for inclusion in the review. Subsequently,
the full-texts of the screened articles were read to ascertain
the eligibility of articles in addressing the main objective of
the study regarding treating and managing hospital waste-
water. Finally, the articles to be included in the review were
determined to be 111 and a critical review was performed
based on the selected articles. The quality of the studies
was selected in accordance with the PRISMA checklist. A
summary of the procedure used for literature selection is
presented in the PRISMA flow diagram (Figure S1).

Hospital wastewater characteristics

Hospitals generate pollutants resulting from various activi-
ties involving diagnostics and treatment of patients apart
from medicinal excretion by patients (Wang et al. 2020a,
b). The treatment of any type of waste originating from
hospital, whether hazardous or non-hazardous. The health-
care-related waste materials such as discarded diagnostic
samples, unused drugs, sterilants, swabs, etc. are collected
separately and disposed.

The hospitals require large quantities of water to meet
its daily needs. The consumption of water in a hospital
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is dependent on the size of the hospital, number of beds,
number of inpatients, services provided, and their mainte-
nance (Achak et al. 2021). The guidelines given by WHO
suggest that almost 40-60 L/day of water is needed for
each inpatient in hospitals for proper functioning of health-
care facilities. In case of specific requirements such as
operation theaters and isolation wards, the water require-
ment varies from 100 to 400 L per patient per day depend-
ing on the intensity and nature of the disease and health of
a person (Majumder et al. 2020). The high consumption
of water in turn reflects in high wastewater production.
Literature reports indicate that typically 400—1200 L of the
wastewater streams are generated from hospitals per bed
per day in developed countries and 200—400 L per capita
per day in developing countries (Kumari et al. 2020).

The regulatory bodies usually classify wastewater
into domestic wastewater, comprising of polluted water
streams discharged from the households, residential areas;
and industrial wastewater, denoting wastewater gener-
ated from the facilities in which business or production
of good occurs (Verlicchi 2018). Different countries have
their policies and regulations for the treatment of hospi-
tal wastewater streams (Kumari et al. 2020). The USA
follows Effluent Guidelines and Standards in which spe-
cific treatment for hospital wastewater is recommended.
In Italy, the waste generated from the hospitals with less
than 50 beds is considered domestic wastewater and it can
be discharged without prior pretreatment (Verlicchi 2018).
In India, the characteristics of the effluent produced by
the hospital are described in the waste management regu-
lations (Ilyas et al. 2020) and treatment can be specific,
direct disposal or cotreatment. It is observed that often
the hospital wastewater streams are considered similar to
urban wastewaters and mixed together in public sewer net-
works prior to treatment.

In addition to the above classification, pollutants existing
in hospital wastewater are broadly categorized as micro-pol-
lutants and macro-pollutants. Micro-pollutant is an anthro-
pogenic chemical that exists in the water system above the
natural level because of human actions and its concentration
remains at trace levels. The main categories of micro-pollut-
ants existent in hospital wastewater and their typical aver-
age concentrations include adsorbable organic compounds
(1371 pg/L), iodized contrast media (1008 pg/L), analge-
sics (100 pg/L), gadolinium (32 pg/L), cytostatics (24 pg/L),
antibiotics (11 pg/L), etc. While macro-pollutants include
contaminants such as bacteria, viruses and contributors
to physio-chemical aspects like chemical oxygen demand
(COD), biological oxygen demand (BOD), suspended solids
(SS), pH, etc. (Achak et al. 2021; Castillo Meza et al. 2020;
Lee et al. 2014; Luo et al. 2014; Verlicchi et al. 2010). Both
types of pollutants are of significant concern to humans and
environment.

Table 1 represents the typical physio-chemical and micro-
biological characteristics for hospital wastewater that may
vary depending on the operational conditions and working
environment. The important parameters like COD, BOD,
suspended solids, and pathogens are key in understanding
hospital wastewater characteristics (Asfaw 2018). The toxic-
ity of effluent stream described by the COD and BOD. Along
with that, the E. coli load seen in municipal wastewater is
typically higher than in hospital wastewater due to the higher
dilution of wastewater in hospital (Carraro et al. 2016). The
microbiological characteristics are generally reported in
terms of population density of microorganisms expressed
as most probable number per 100 ml (MPN/100 mL).

Coronavirus in wastewater

The occurrence of coronavirus has been observed in the
water environment across the globe and its survival and
infectivity under different conditions has been a matter of
investigation. Figure 1 gives a schematic overview of various
aspects that should be considered regarding SARS-CoV-2
in hospital wastewater. These include presence and persis-
tence of virus in hospital wastewater, its potential routes of
transmission (direct and indirect), methods for disinfection
of wastewater and wastewater surveillance. The presence
of SARS-CoV-2 and its genetic fragments in the aqueous
medium has raised grave concerns with respect to human
health (Mandal et al. 2020). The main transmission pathways

Table 1 Typical parameters for the hospital wastewater (Achak et al.
2021; Amouei et al. 2015; Daouk et al. 2016; Nour-eddine and Lah-
cen 2014; Verlicchi 2018)

Parameter Unit Concentration
Electrical conductivity pS/cm 300-2700
pH 6-9
Chlorides mg/L 80400
Redox potential mV 850-950
Nitrite mg/L 0.1-0.6
Nitrate mg/L 1-2

Total suspended solids mg/L 116-32,600
COD mg/L 39-7776
Dissolved organic carbon mg/L 120-130
Total organic carbon mg/L 31-180
BOD mg/L 16-2575
BOD/COD 0.3-0.4
Total disinfectants mg/L 2-200
Total surfactants mg/L 4-8

E. coli MPN/100 mL 10°-10°
Total coliforms MPN/100 mL 10%-10°
Fecal coliforms MPN/100 mL 10°-107
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Fig. 1 Various aspects of
consideration regarding SARS-
CoV-2 in hospital wastewater
including persistence of virus,
potential routes of transmission,
disinfection and wastewater u )
surveillance '

N

{mm N Wastewater
Persistence N “ surveillance
So _‘fp
Sampling — Analysis
P fa
/ s \

|
‘ \ \h‘ S
Hospital wastewater \ —

Transmlssmn

of SARS-CoV-2 include person to person contact, inhalation
of droplets and aerosols, excretory substances such as urine
and feces (Daughton 2020; Foladori et al. 2020; Hart and
Halden 2020). The possibility of viral transmission medi-
ated by contact with contaminated wastewater cannot be
discarded, particularly in the light of emerging newer and
more infectious and resistant mutations of SARS-CoV-2
(Giacobbo et al. 2021). The presence of coronavirus has
been reported in different forms in various research inves-
tigations conducted worldwide that makes it necessary to
deploy suitable disinfection strategies (Choi et al. 2021).
Further, the wastewater surveillance can play a significant
role in limiting the community spread of disease.

In a recent study, researchers observed the existence of
SARS-CoV-2 in wastewaters in Australia. The samples were
sourced from couple of separate locations namely a suburban
pumping station and from a wastewater treatment plant (8
samples). Among these nine samples, two samples exhibited
positive test results and pointed to the occurrence of SARS-
CoV-2 in wastewater (Ahmed et al. 2020). The occurrence
of SARS-CoV-2 RNA fragments in the sewage water in Italy
was identified using nested reverse transcription-polymerase
chain reaction (RT-PCR) and quantitative polymerase chain
reaction (QPCR). The suitability of the protocol by the WHO
in sewage wastewater treatment toward enveloped viruses
after suitable modifications was highlighted (La Rosa et al.
2020). Another study emphasized the presence of SARS-
CoV-2 RNA in untreated water collected from 3 effluent
treatment units, and 3 river water samples collected from the
Milano region of Italy (Rimoldi et al. 2020).

Another study was undertaken in February 2020 to inves-
tigate the presence of SARS-CoV-2 in samples procured
from a hospital in Zheziang, China where confirmed infected
individuals were hospitalized (Wang et al. 2020a, b). The
samples were collected from solid surfaces in isolation
wards, personal protective equipment of staffs and sewage.

o’
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Disinfection/treatment

A preprocessing disinfection equipment was provided before
sewage was drained from isolation wards into the final dis-
infection pool. Three sewage samples collected at the entry
point of preprocessing disinfection pool showed positive
outcome for SARS-CoV-2 RNA with cycle threshold val-
ues of 29.37, 30.58, and 32.42. After preprocessing step,
the result of sewage sample was weakly positive with cycle
threshold value of 33.55. The analysis of sample collected at
the final outlet of the sewage disinfection pool tested nega-
tive, suggesting the efficacy of disinfection. Further, all of
the 5 sewage samples collected at various locations were
negative by viral culture of SARS-CoV-2. Another recent
study conducted in Niter6i, Rio de Janeiro, Brazil involved
monitoring of wastewater samples collected over a period
of 20 weeks between April 15 and August 25, 2020 (Prado
et al. 2021). More than 84% samples showed positive results
for SARS-CoV-2 RNA with about 42% samples showing
positive results in the first week of study and 100% testing
positive during the peak. However, none of the raw sewage
samples collected from the two hospitals showed any posi-
tive results for detection of SARS-CoV-2 RNA. The obser-
vation could be possibly attributed to the usage of diapers in
patients along with hospital sanitary measures.

In another investigation, the occurrence of SARS-CoV-2
was observed in an effluent treatment plant in Gujarat, India.
The existence of open reading frame 1ab (ORF1ab), N gene
and S genes of coronavirus were detected in aqueous streams
using quantitative reverse transcription-polymerase chain
reaction (RT-qPCR) methodology. The gradual increase in
the genetic loading of virus is expected with an increment in
the number of active species (Kumar et al. 2020). Research-
ers identified the virus in six water treatment units in the
Iberian peninsula of Spain having relatively low COVID-
19 pervasiveness. The RT-qPCR results showed that 35 out
of 42 influent samples and 2 out of 18 samples that had
undergone secondary treatment showed positive outcomes
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for coronavirus (Randazzo et al. 2020). Table 2 provides a
glimpse of worldwide reports on the occurrence of coro-
navirus and its genetic fragments in wastewater. A suitable
treatment technology is necessary to eliminate the presence
of these viruses from water to establish a safe water distribu-
tion system.

The survival of coronavirus in wastewater constitutes a
crucial aspect of research investigations. The survival of
virus in aquatic environments depends on a number of fac-
tors including temperature, characteristics of water, concen-
tration of suspended solids and organic matter and alkalinity
levels and requires a comprehensive study with respect to
SARS-CoV-2 (Tran et al. 2021). A recent study investigated
the persistent of infectious SARS-CoV-2 and SARS-CoV-2
RNA in water and wastewater.

Nevertheless, based on prior knowledge about the corona
virus and improved understanding of SARS-CoV-2, waste-
water-based transmission of COVID-19 has been given a
milder concern so far. However, the rapid emergence of
SARS-CoV-2 variants with enhanced transmissibility and
varying levels of virulence emphasizes the need of a more
systematic investigation on the persistence of these vari-
ants and preservation of their viral activity in aquatic envi-
ronments, especially wastewater. Analysis of wastewater
for virus variants is far more complicated than analysis of
clinically collected samples. Since wastewater is not patient
specific, rather it may contain mixture of mutants from mul-
tiple subjects, the assessment should be able to discriminate
between various mutations and their apt combinations to
identify specific variants. The field is relatively new and
making right and justified inferences about viral lineages
dominating in the population is essential. In a recent study,
122 wastewater samples from three sites in Switzerland were
subjected to genomic sequencing for analysis of B.1.1.7,

B.1.351, and P.1 SARS-CoV-2 variants. The studies revealed
local outbreak of B.1.1.7 in two cities based on wastewa-
ter analysis upto 8 days before it was detected in clinical
samples (Jahn et al. 2021). A full genome sequencing is,
howeyver, time consuming, expensive and needs sophisticated
tools. The development of novel approaches such as nested
RT-PCR assays that target key mutations of the spike protein
in virus can aid in initial rapid screening for variants of con-
cern in wastewater samples (La Rosa et al. 2021).

COVID-19 and changing health ecosystem

COVID-19 pandemic situation has driven discernible
changes in the healthcare sector, ranging from changes in
pattern of administering drugs to the use of non-therapeutic
products. A significant increment in the usage of various
personal hygiene products has been observed across the
globe during the pandemic (Abtahi-Naeini 2020; Bs and
Wambier 2020). The market reports indicated an enormous
annual growth in sales of hand sanitizers by 470% in March
2020 when compared to the earlier year (Berardi et al. 2020).
The proper self-hygiene is very crucial against the fight of
the COVID-19 pandemic as it easily spreads through res-
piratory droplets. A few mechanisms for plausible action
of soaps against coronaviruses have been proposed. Studies
have observed that the soap has the capacity to dissolve the
lipid bilayer that envelopes the virus. Once the protective
lipid membrane is solubilized, the virus breaks down into
fragments and is inactivated. Later the fragmented com-
ponents are dissolved by surfactant molecules and washed
away (Usman et al. 2020). Another possible mechanism
involves entrapment of virus by surfactant micelles (Chirani
et al. 2021). Although antimicrobial activity of soaps hardly

Table 2 Studies conducted
to investigate the presence of

coronavirus in wastewater

Sample Country Detection method References
Untreated wastewater Australia RT-qPCR Ahmed et al. (2020)
Untreated wastewater France RT-qPCR Waurtzer et al. (2020)
Untreated wastewater Italy RT-qPCR La Rosa et al. (2020)
Untreated, biologically treated, and India RT-qPCR Arora et al., (2020)
disinfected wastewater
Sewage Israel RT-qPCR Bar-Or et al. (2020)
Influent wastewater Japan RT-qPCR Hata et al. (2021)
Primary and secondary wastewater ~ Spain RT-qPCR Balboa et al. (2021)
and sludge
Activated sludge Turkey RT-qPCR Kocamemi et al. (2020)
Human wastewater Netherlands RT-qPCR Lodder and de Roda
Husman (2020)
Untreated wastewater USA RT-qPCR Sherchan et al. (2020)
Primary sludge RT-gPCR Peccia et al. (2020)
Untreated hospital wastewater China RT-gPCR Zhang et al. (2021)
Untreated hospital wastewater Slovenia RT-qPCR Gongalves et al. (2021)

]
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has any effect on viruses, their surfactant action along with
thorough hand scrubbing and water rinsing can remove coro-
naviruses from hands. The high residual contents of soaps
and detergents with persistent chemicals, though, add a con-
cern from environmental perspective.

Hand sanitizers constitute another category of chemical
compounds essentially utilized in preventing the transmis-
sion of infectious diseases among public and health work-
ers. The hand-antiseptic and alcohol-based hand rub are the
most regularly used forms of sanitizers after the upsurge
of COVID-19 infected cases (Berardi et al. 2020). Some-
times, they may cause side effects like hand dermatitis or
eczema, skin irritations, hormone disorders, may weaken
human immune functions etc. Studies have also reported that
excessive usages of hand sanitizers may lead to antimicrobial
resistance (Mitsuboshi and Tsugita 2018). Thus, it should
be addressed with utmost care to minimize environmental
hazards and health concerns.

A comprehensive study conducted by researchers dur-
ing the first wave of pandemic examined the patterns of
various pharmaceuticals in wastewater, that reflected their
consumption during the pandemic (Galani et al. 2021). The
analysis of wastewater samples collected from wastewater
treatment plant of Athens, Greece revealed increase in the
consumption of hydroxychloroquine by 387%, azithromycin
by 36.3%, and paracetamol by 198%. Overall, antiviral and
antibiotic drugs registered an increase in the consumption
by 170% and 57%, respectively. It was also noticed that for
many drugs, the consumption increased substantially even
in the absence of data supporting their efficacy in treating
COVID-19 infection. Such instances were primarily driven
by public perception.

Therapeutics like antibiotics are supposed to play an
important role in the treatment of confirmed bacterial co-
infections during the COVID-19 scenario (Usman et al.
2020). Different antimicrobials like chloroquine, hydroxy-
chloroquine, remdesivir, sarilumab, tocilizumab, lopina-
vir/ritonavir and ribavirin have been explored by medical
researchers for COVID-19 infection (Sanders et al. 2020;
Vellingiri et al. 2020). The guidelines issued by Center for
Disease Control and Prevention for the clinical treatment
of COVID-19 specifically stated that no treatment method
was yet available for the handling of the COVID-19 (Sand-
ers et al. 2020). In early March 2020, US Food and Drugs
Administration (FDA) allowed Emergency Use Authoriza-
tions (EUA) for chloroquine, hydroxychloroquine, and rem-
desivir. Later in June 2020, FDA withdrew the EUA as these
therapeutics like hydroxychloroquine were largely ineffec-
tive against the COVID-19 and there were possible health
risks linked with the drug (Zhang et al. 2020a, b).

Here, it must be noted that an excessive usage of antimi-
crobial agents may lead to the development of antimicrobial
resistance and pose new problems. The discharge of effluents
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containing these agents contributes to induction of antimi-
crobial resistance in microorganisms, thereby resulting in the
multiplication of the growth rate of the undesirable micro-
organisms. Literature reports have indicated the presence of
various antibiotic components in the aquatic streams (Usman
et al. 2020). Therefore, this issue needs to be addressed very
seriously to minimize the additional risks associated with
health and environment. Nevertheless, an increased usage
of medicines has opened a pathway for various harmful per-
sistent components to enter the ecological cycle and cause
environmental contamination.

Wastewater disinfection strategies

Disinfection plays a crucial role in hospital wastewater treat-
ment. It is defined as a process of eliminating all the patho-
gens including viruses, bacteria or any other microorganisms
(Dandie et al. 2019). Different methods like ozone, ultravio-
let (UV) irradiation, chlorination are commonly used meth-
ods for disinfection of hospital wastewater (Dandie et al.
2019; Huo et al. 2020). Various factors such as the amount
of discharge stream, safety and hazard considerations, stock
and availability of disinfectants, potential investment, eco-
nomic and potential feasibility of the process play a role in
selection of a disinfection approach (Wang et al. 2020a, b).

Thermal disinfection

Thermal disinfection, used even as a benign disinfection
method in household, is possibly one of the oldest disinfec-
tion treatment methods. The process works on the princi-
ple of pathogen inactivation using heat, e.g., the usage of
autoclaves for sterilization purposes. The pathogen inactiva-
tion is based on three mechanisms which include (1) loss of
functionality of the cell due to the denaturing of enzymes,
(2) cell wall damage due to the damage of the structure of
proteins and fatty acids, and (3) rupturing of the cell walls
and leaking of the cell components by expansion of fluids
within the cell walls.

Chemical disinfection

Chlorination is a disinfection method through the addition of
chlorine or chlorine compounds in minor quantities for the
destruction of microorganisms (Pichel et al. 2019). Bleach-
ing powder, sodium hypochlorite, sulfuryl chloride and lig-
uid chlorine are commonly used chlorination agents (Wang
et al. 2020a, b). This process involves the addition of chlo-
rine or chlorine byproducts to wastewater, which leads to the
formation of hypochlorous acid and hypochlorite ion known
to be free chlorine which is responsible for the destruction of
the virus (Pichel et al. 2019). Generally, the chlorine-based
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disinfectants possess extremely high oxidizing capacity,
which results in the elimination of microbes (Collivignarelli
et al. 2018). The guidelines given by Chinese authorities
for hospital wastewater containing SARS-CoV-2 prescribe a
minimum free chlorine dosage of 6.5 mg/L for 1.5 h (Achak
et al. 2021).

An interesting observation was reported by researchers
investigating the presence of SARS-CoV-2 viral RNA in
septic tanks of Wuchang Fangcang Hospital (Zhang et al.
2020a, b). In spite of the recommended dosage of 800 g/m*
of sodium hypochlorite, a considerable high level of viral
load of approximately (0.5-18.7)x 10* copies/L was found
in the effluents. The complete inactivation was observed
at higher dosage of 6700 g/m® of sodium hypochlorite,
although it resulted in high concentration of disinfection
byproducts, at least 15 times higher than ordinary hospital
wastewater. The incomplete inactivation at lower dosage lev-
els could be attributed to the fact that SARS-CoV-2 embed-
ded in stool particles escaped disinfection and continued
prolonged release into the aqueous environment.

Ozone, prepared by on-site passage of dry oxygen or air
over the high voltage electrodes, is also employed as a water
disinfectant in addition to chlorine (Wang et al. 2020a, b).
It is reported that ozone is relatively more powerful dis-
infection agent than chlorine and chlorine dioxide (Pichel
et al. 2019). However, the excessive usage of ozone leads
to the development of bad odor and secondary pollution
(Wang et al. 2020a, b). Therefore, this technique is gener-
ally adopted for the small-scale wastewater treatment plants.

Peracetic acid is also considered as the alternative toward
classical disinfectants. The peracetic acid is synthesized as
the product of reaction between hydrogen peroxide and
acetic acid. The disinfecting capability of peracetic acid is
ascribed to the release of intensely reactive OH radicals,
which targets bacterial cells (Collivignarelli et al. 2018).
This also results in rupturing of cellular wall and membrane
belonging to the pathogen. While many disinfectants have
been shown to be effective against SARS-CoV (Rabenau
et al. 2005), a systematic study comparing efficacy of vari-
ous disinfectants against SARS-CoV-2 and its variants in
hospital wastewater has not been reported.

Non-contact methodologies
Ultraviolet irradiation

Ultraviolet (UV) irradiations correspond to wavelengths
shorter than visible light and longer than X-rays in the elec-
tromagnetic spectrum. The UV spectrum is categorized into
four wavebands: UV-A (range between 315 and 400 nm),
UV-B (range between 280 and 315 nm), UV-C (range
between 200 and 280 nm), and vacuum UV (range between
100 and 200 nm) (Dale Wilson et al. 2012; Yap et al. 2019).

The UV band within a wavelength of 200-300 nm is com-
pletely responsible for the destruction of deoxyribonucleic
acid (DNA) and ribonucleic acid (RNA) of microorganisms.
So, the UV-B and UV-C corresponding to the wavelength of
200-300 nm is the suitable light source having the microbi-
cidal effect (Wang et al. 2020a, b).

UV disinfection is usually performed by utilizing different
light sources such as mercury-based sources, pulsed-xenon
bulb sources, etc. for producing ultraviolet radiation (Hadi
et al. 2020). Recently, a study demonstrated the utilization
of Xe-based light source for the inactivation of viruses on
both the hard surfaces and in N95 respirators within 300 s of
irradiation (Simmons et al. 2020). A recent report claimed
that the UV-C light displayed almost 100% deactivation of
BHCoV-OC43 strain within 25 min at 207-222 nm (Buo-
nanno et al. 2020). Another study investigated the impact
of ultraviolet germicidal irradiation (UVGI) doses in range
of 120-950 J/cm? on the performance and integrity of N95
filtering facepiece respirators. The findings revealed that the
irradiation exposure resulted in a minor increment in the
particulate penetration within 1.25% with minimum flow
hindrance (Lindsley et al. 2015).

However, problems related to traditional mercury lamp
(health and safety considerations) can be overcome by using
ultraviolet light-emitting diodes (UV-LEDs) (Pichel et al.
2019). The commonly used materials in this regard are alu-
minum gallium nitride, gallium nitride and aluminum nitride
corresponding to wavelengths of 210-365 nm. The appro-
priate wavelength corresponding to deep UV or near UV
region is an important parameter influencing the disinfec-
tion efficacy (Song et al. 2016). The light-emitting diode
(LED) lamp is found to be environmentally friendly, com-
pact and durable with less energy consumption and long
life (Wiirtele et al. 2011). These specialties make UV-LED
lamp more attractive for disinfection applications. The effec-
tiveness of the ultraviolet irradiation-based disinfection for
various types of microorganisms is emphasized in Table 3.
Log inactivation is a mathematical term used to express the
relative number of microorganisms inactivated by means of
disinfection.

In a study conducted during the period April 04-May
02, 2020 in Iranian cities Tehran, Qom and Anzali, 28 raw
and treated wastewater samples were collected from three
wastewater treatment plants and analyzed for the presence
of SARS-CoV-2 RNA (Nasseri et al. 2021). All the inlet
samples showed positive results for the presence of SARS-
CoV-2 RNA. A comparative was made between chlorination
and disinfection methods used at all three sites. The results
from two sites in Qom and Anzali showed absence of SARS-
CoV-2 RNA irrespective of the disinfection method used.
However, 2 out of 4 samples collected from the outlet of
chlorine-based disinfection modules showed positive results
for the presence of SARS-CoV-2 RNA whereas none of the
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Table 3 Action of ultraviolet

Log inactivation References

Dosage (mJ/em?)

N T X Microorganism uv

(UV) irradiation against

microorganisms Wavelength
E. coli 280
E. coli 285
Bacillus species 268
B. subtilis 250
E. coli 268
Listeria

15.35 4.5 Liet al. (2017)

8.4 2.5-3.0 Zou et al. (2019)

46.08 5.7 Shen et al. (2020)

59.20 3 Li et al. (2018)

7 1.2 Green et al. (2018)
0.6

samples from UV disinfection modules showed any traces of
SARS-CoV-2 RNA. The data pointed out that UV disinfec-
tion was more effective than chlorination.

Hydrogen peroxide vapor

Hydrogen peroxide vapor (HPV) is vaporized form of hydro-
gen peroxide employed for the inactivation of viruses (Boyce
2016; Choi et al. 2021). Researchers also claimed that hydro-
gen peroxide has a higher oxidizing capability compared to
chlorine dioxide and chlorine and their working principle
relies upon the presence of free oxygen radicals that causes
disruption of the microbial cell (Totaro et al. 2020).

Various literature reports suggest that HPV can be used
as a disinfection agent against Clostridium difficile, vanco-
mycin-resistant Enterococcus, spore-forming bacteria, gram
positive and gram negative bacteria, transmittable gastroen-
teritis coronavirus of pigs, avian influenza virus and swine
influenza virus (Blazejewski et al. 2015; Holmdahl et al.
2019; Saini et al. 2020). In a recent study, researchers dem-
onstrated development of a very efficient and cost-effective
vaporized H,0,-dependent approach for personal protective
equipment (PPE) decontamination during the period of epi-
demic. The results also indicated that the HPV was able to
disinfect PPEs and PPE room of 10X 10x 12 feet within
10 min (Saini et al. 2020). The usage of HPV as a room
disinfectant for the elimination of norovirus was also exam-
ined. The studies revealed that the average impact of human
norovirus gPCRs was 0.40 log,, (Holmdahl et al. 2019).

On comparison of UV light and H,0,-based systems, a
few distinguishing aspects have been noticed (Weber et al.
2020). H,0,-based systems are less sensitive to parameters
like dosage, room configuration than UV-based counter-
parts. The set up for disinfection system based on UV irra-
diation needs sophisticated equipment to ensure effective
decontamination. Also, H,O,-based systems are capable to
attain higher levels of sporicidal kill.

Membrane-based technologies

Pressure driven membrane processes have average pore-
sizes lower than the physical sizes of virus and bacteria.

]
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Ultrafiltration which has higher average pore-size compared
to the microorganisms and are well suited for disinfection for
point of use applications. These units operate at lower pres-
sures and can be backwashed to minimize effects of mem-
brane fouling. Membrane technology illustrated on the basis
of particle size enables retention of macromolecules, colloi-
dal and suspended matters along with bacteria, pathogens,
and virus. This makes it more suitable for water disinfec-
tion technologies. The main advantages of membrane-based
system over conventional systems are: minimization of the
requirement of disinfectants, compactness, ease of opera-
tion and maintenance, less production of sludge and high
efficiency. The chief features of membrane-based technolo-
gies applicable for disinfection such as microfiltration and
ultrafiltration are described in Table 4.

Hybrid strategies

Adopting multiple disinfection barriers has also received a
major research attention with the objectives to ensure and
improve the efficiency of disinfection process to a greater
extent. The efficacy of combining different disinfection
strategies must be examined for the complete elimination of
SARS-CoV-2 from the wastewater.

Another investigative finding explained the combined
effect of ozone and ultraviolet irradiation for the decontami-
nation of Bacillus subtilis spores. The study highlighted the
role of hydroxyl radicals and ozone as completely responsi-
ble for higher deactivation efficiency (Jung et al. 2008). The
usage of solar and UV/TiO, photocatalytic ozonation pro-
cess was employed for the deactivation of pathogens like E.
coli, Salmonella species, Shigella species and Vibrio cholera

Table 4 Features of membrane-based methods useful for disinfection

Method Microfiltration Ultrafiltration
Porosity (um) 0.1-10 0.01-0.1
Pressure (bar) 1-5 1-7
Target removal Suspended solids, macro- Macromolecules,
molecules and bacteria viruses, humic
acids
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in artificially prepared and real municipal water samples.
The hybrid disinfection system exhibited a 50-75% higher
disinfection than the individual unit processes. Synergy indi-
ces of up to 1.86 were observed during photocatalytic 0zo-
nation. The integrated approach also overcame the limita-
tions of the individual processes by suppressing the bacterial
regrowth resulting from irreversible damage to the micro-
bial cells (Mecha et al. 2017). In another study, researchers
developed a combined pilot scale unit including anaerobic
reactor, hybrid constructed wetlands and ozonation for the
treatment and reusage of municipal wastewater. The hybrid
wetlands comprised of floating treatment wetland anaerobic-
anoxic baffled constructed wetland and a saturated vertical
flow. The experimental studies exhibited a removal of 99.1%
turbidity, 91% of nitrogen, 78.9% of organic matter. The sys-
tem demonstrated a very simple construction with a longer
lifespan (Colares et al. 2019).

The wastewater treatment plants employ a series of steps
for decontamination of pollutants (Ahmed et al. 2021). The
effectiveness of wastewater treatment plants in removing
SARS-CoV-2 viral load was examined in the United Arab
Emirates (UAE) in May and June 2020 (Hasan et al. 2021).
The effluent treatment plants employed preliminary, primary,
and secondary steps followed by tertiary treatment including
sand filtration and chlorination. The viral load in incoming
streams of treatment plants was determined using RT-qPCR

Table 5 Advantages and disadvantages of various disinfection methods

to be in the range of 7.50x 10? to 3.40 x 10* gene copies/L.
The outgoing streams from none of the 11 treatment plants
showed any detectable presence of covid-19, suggesting the
efficacy of treatment plants.

The literature survey suggests that the biological treat-
ment approaches have been relatively underexplored so far
in the context of removal of SARS-CoV-2 from wastewa-
ter (Bhatt et al. 2020). The processes involving the use of
algae have shown promising results in wastewater treatment
for removal of heavy metals, organic contaminants and
pathogens (Chai et al. 2021; Cheng et al. 2019; Rambabu
et al. 2020). Thus, systematic research must be undertaken
to explore the potential of algae-mediated approach as an
alternative to energy-intensive disinfection technologies.
The principal merits and limitations of different disinfec-
tion strategies are reported in Table 5. Future studies must
aim at developing approaches that can tap the advantages of
individual methods to deliver sustainable technologies for
decontamination (Show et al. 2021).

Preventive strategies

Several modes of transmission of SARS-CoV-2 are likely
involved in the spread of infection. Some of the emerg-
ing variants like SARS-CoV-2 B.1.1.529 (Omicron) have

Method Advantages Disadvantages
Chlorination Efficient against bacteria and virus Ineffective against spores and cysts
Better protection against recontamination Issues concerned with taste and odor
Possibilities for disinfection byproducts (DBPs) formation
Chloramination Minimum problems associated with taste and odor Poor disinfection capability

Highly effective against biofilms

Chlorine dioxide High efficiency and low costs

Independent of pH

Ozonation Highly efficient against virus, bacterial

UV irradiation High efficiency against viruses, spores, cysts
No byproducts formation

Minimum chemical requirements

UV-LEDs Better life than UV lamps
Environmentally friendly
Minimum energy consumption
No byproducts formation
Boiling Ease of operation

Solar disinfection Simple and inexpensive
No electricity requirements
No byproducts formation

Minimum chemical requirements

Requirement of trained personnel

Problems with storage and transport
Expensive
Issues concerned with taste and odor

Requirement of proper maintenance
Expensive

Requirement of high energy input
Formation of hazardous byproducts

Cost associated with replacement and maintenance of lamp

High cost
High energy demand

Environmental issues
Requirement of large quantities of fuel
Long time requirements

Dependent on solar light intensity
Necessity of pretreatment
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exhibited high transmissibility. Even though the major
modes of viral transmission are considered to be personal
close contact and through aerosol respiratory droplets, the
possibility of indirect transmission of coronavirus cannot
be ruled out (Marques and Domingo 2021). The contami-
nation of inanimate surfaces form a prominent source of
indirect transmission and poses a critical challenge. Anti-
microbial surfaces have attained significant research interest
in the past decade to counter microbial contamination. The
usage of different materials and coatings with antimicrobial
characteristics is considered as one of the best strategies to
control the transmission of viruses in hospital construction,
storage, covering and piping materials (Goel et al. 2020).
Researchers have reported application of various materials
like copper, silver nanoparticles and chitosan-based materi-
als as antimicrobial coatings (Choi et al. 2021).

The action of an antimicrobial coating or an antimicrobial
surface occurs in three modes, namely: antifouling mecha-
nism, release-kill mechanism, and contact-kill mechanism
as shown in Fig. 2. The antifouling action repels different
microorganisms and restricts their adhesion to the coating
surface. Further, the microorganisms get terminated in the
near-surface environment through the release of antimicro-
bial agents. In contact-killing action, microorganisms are

Chitosan based coating with

antimicrobial agents Chitosan coating

Antimicrobial
agents

Changing the
permeability of cell wall

Protein damage

Cell wall—
Cytoplasmic DNA damage
membrane k
Cell death

ROS
generation

Collapse of the
outer membrane
of cell wall

Fig.2 Mechanism of antimicrobial coating toward disinfection

adhered and killed on the antimicrobial surface (Goel et al.
2020).

Different researchers described the need for a long-life
antimicrobial surface to restrict the transport of different
agents through different surfaces. Several researchers proved
the capability of a Cu-based surface against bacterial disin-
fection (Salgado et al. 2013). A study highlighted immediate
action of copper and brass alloys in the deactivation of coro-
naviruses. It was also noticed that the disinfection efficiency
increased with a higher composition of brass or copper in the
material (Warnes et al. 2015). Another study reported that
the microbes like E. coli, S. aureus and P. aeruginosa were
eliminated within 15 min upon the irradiation of wire-arc
sprayed with a copper coating (Kocaman and Keles 2019).
Studies have also been reported regarding the utilization of
cuprous oxide and polyurethane coating adhered on glass
and stainless steel. These coatings exhibited very high effi-
cacy and inactivated 99.9% of coronaviruses (Behzadinasab
et al. 2020).

The unique features exhibited by metallic nanoparticles
like large surface area to volume ratio, localized surface
plasmon resonance, and enhanced Raman scattering can be
employed for the inactivation of the virus. Different materi-
als like FeO nanoparticles, silver nanoparticles, gold nano-
particles and TiO, nanoparticles were found to be promising
for these applications (Choi et al. 2021; Goel et al. 2020).
The deactivation of influenza A and feline calicivirus using
the silver nanoparticles immobilized on textile material was
also proposed in another study. Researchers emphasized
that the interaction of viral envelope is a key mechanism for
this behavior (Huy et al. 2017). Table 6 summarizes various
metal nanoparticles employed for deactivation of different
viruses.

The interaction of water/wastewater with solid surfaces
takes place during storage, physical treatment (such as filtra-
tion) and transportation. Typically, by design, the solid sur-
faces do not affect the quality of water during these opera-
tions. However, the characteristics of aqueous medium and
surface properties of solid can alter the scenario. Some of
the microbes present in wastewater can attack the surface
and deteriorate it, which can subsequently impact water
quality and cause cross contamination, etc. The specifically

Table 6 Various metal

. Nanoparticle Virus References

nanoparticles employed for

disinfection Ag Coxsackie virus B3 Nancy strain Salem et al. (2012)
Ag Poliovirus type-1 Huy et al. (2017)
Ag Feline calicivirus Pangestika and Ernawati (2017)
TiO,-DNA nanocom- HINT1, H5N1 and H3N2 Levina et al. (2016)

posites

Si Hepatitis B Skrastina et al. (2014)
Ag, CuO SARS-CoV-2 Merkl et al. (2021)

w @ Springer



International Journal of Environmental Science and Technology

tailored and modified surfaces can counter this by facilitat-
ing disruption of vital physiological processes and biologi-
cal activities of contaminating microbes. Hence, the growth
and reproduction of microbes on the modified surfaces can
be prevented. The approach deserves further systematic
investigation, especially with respect to coronaviruses. The
technologies must be developed that can actually destroy the
harmful viruses rather than merely removing them (Goel
et al. 2020). This could possibly be achieved by covering
the membranes used in filters with antiviral coatings, for
instance (Alayande et al. 2021; Sinclair et al. 2019). Such
technologies have potential to check the viral transmission
and reduce the spread of disease.

Wastewater surveillance

The continuous monitoring of coronavirus in effluent stream
is useful for decision-makers to analyze and prepare different
strategies to overcome the risks associated with COVID-19
(Sharma et al. 2021). Appropriate preventive and control
measures for checking the spread of the pandemic can be
taken by timely monitoring and tracking the virus. There-
fore, the wastewater epidemiology is very essential in esti-
mating the exposure of a community to coronavirus. Studies
have emphasized that various factors and conditions should
be taken into account to optimize methodology of the entire
surveillance procedure comprising of sampling, concentra-
tion, extraction of RNA, detection and analysis (Michael-
Kordatou et al. 2020). The key steps involved are briefly
mentioned here. Sampling is referred to the collection of
wastewater from selected points. The sampling is usually
performed using grab sampling or composite sampling.
Grab sampling is the individual sample procured without
the addition of any other samples. On the whole, composite
samples are mixtures of individual samples collected over a
fixed period. The sampling is affected by the sampling time
and storage temperature. Similarly, the presence of organic
matter, suspended solids, dissolved solids, pretreatment
temperature and virus concentration also interfere with the
analysis. In the next step, the samples of a particular vol-
ume are concentrated by concentration method and the viral
recovery yield is calculated.

The extraction of RNA without any destruction toward
molecular structure is relatively tough in real environmen-
tal samples due to complex nature of wastewater matrices.
The RNA is extracted using an extraction kit and thereby
final concentration of RNA is quantified. The subsequent
step involves the use of quantitative reverse transcription-
polymerase chain reaction analysis (Sharma et al. 2021). The
appropriate evaluation must be made regarding use of single
or dual step RT-qPCR, type of qPCR equipment, thermal
cycling parameters, limit of detection, limit of quantitation,

etc. (Michael-Kordatou et al. 2020). Finally, the concentra-
tion of SARS-CoV-2 per volume of sample or SARS-CoV-2
per ng of RNA is determined, and the overall efficiency of
the process is evaluated. A systematic assessment at each
step is very essential in maintaining quality control and
accuracy.

Raw wastewater sampling and monitoring corresponding
to a particular region serves as an indicator for community
health for the region. However, a few recent studies have
suggested that hospital wastewater monitoring can provide
additional critical insights that can aid in public health pro-
tection (Achak et al. 2021; Gongalves et al. 2021). In a mul-
ticenter study performed on monitoring hospital wastewater,
while it was expected that the presence of SARS-CoV-2 in
wastewater would increase with increase in admission of
more infected patients, the observations provided further
insights (Acosta et al. 2021). The wastewater was analyzed
for SARS-CoV-2 gene-targets N1, N2 and E, among which
N1 exhibited the best sensitivity. The viral burden data
showed distinct spikes when hospital-acquired infections
happened. A positive correlation was observed between
wastewater N1 signal and nosocomial cases (Pearson’s
r=0.389, p value <0.001). The outbreak was also detect-
able using hospital wastewater sample analysis that showed
significant differences in median SARS-CoV-2 N1-RNA
for outbreak vs outbreak-free periods (112 genomic copies/
ml vs 0 genomic copies/ml; p value <0.0001). Further, the
detection in hospital wastewater corresponded to infections
immediately before or at the onset of symptoms, suggest-
ing the usefulness of hospital wastewater surveillance. Such
monitoring would help in better and timely understanding
of nosocomial infections and outbreaks that affect patients
and healthcare workers.

Conclusion

SARS-CoV-2 pandemic has created numerous potential
challenges in various sectors on a global scale. Several prob-
lems have been encountered from environmental perspective
due to the improper management of different hospital efflu-
ents. The research investigations have revealed the exist-
ence of SARS-CoV-2 and its genetic fragments in different
wastewater sources, including hospital wastewater. Although
the persistence of SARS-CoV-2 in hospital wastewater is
presumed to be low, the possibility of infection of humans
from liquid effluents through the fecal-oral transmission
route cannot be ignored. Considering the variety of envi-
ronmental factors governing the survival of coronavirus and
emergence of new variants, more comprehensive studies are
needed to ascertain the potential for fecal-oral transmission
of SARS-CoV-2. The concern also necessitates deployment
of suitable strategies for disinfection of hospital wastewater

a
* @ Springer



International Journal of Environmental Science and Technology

before discharging. A variety of disinfection strategies are
available for dealing with presence of coronavirus in waste-
water. The selection of a suitable approach or combination
of approaches is likely to be governed by process effective-
ness as well as site-specific factors. A techno-economic
analysis should be performed with health as primary con-
cern for a comprehensive evaluation of various technological
approaches.

The studies with actual wastewater containing SARS-
CoV-2, especially hospital wastewater have been limited and
caution must be taken while extrapolating prior knowledge
of disinfection with other similar contaminants to COVID-
19 and its emerging variants. The continuously evolving
nature of SARS-CoV-2 poses serious challenges in the
formulation of pandemic management strategies from soci-
etal health and environmental perspectives. The mutations
in virus that allow it to escape immune response in human
beings even after vaccination has already raised global con-
cern among medical experts. In the same way, the efficacy
of disinfection strategies in changing scenarios must be
evaluated. The survival of various strains of SARS-CoV-2
in wastewater streams must be comprehensively explored in
the absence and presence of disinfection protocols. The per-
sistence of SARS-CoV-2 on inanimate surfaces in hospital
effluent handling facilities should be investigated consider-
ing the ability of virus to last on various surfaces on the
timescales of hours to days. The scientific and industrial
opportunities also exist to explore and develop portable and
online water quality assessment tools that can be deployed
for in situ sampling and monitoring. The implementation
of hybrid strategies along with wastewater surveillance can
prove to be effective in timely monitoring and elimination
of coronavirus in wastewater streams.
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