
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Science of the Total Environment 761 (2021) 143192

Contents lists available at ScienceDirect

Science of the Total Environment

j ourna l homepage: www.e lsev ie r .com/ locate /sc i totenv
Review
SARS-CoV-2 in hospital wastewater during outbreak of COVID-19: A
review on detection, survival and disinfection technologies
Mounia Achak a,b,⁎, Soufiane Alaoui Bakri a, Younes Chhiti c,e, Fatima Ezzahrae M'hamdi Alaoui a,
Noureddine Barka d, Wafaa Boumya a,d

a Science Engineer Laboratory for Energy, National School of Applied Sciences, Chouaïb Doukkali University, El Jadida, Morocco
b Chemical & Biochemical Sciences, Green Process Engineering, CBS, Mohammed VI Polytechnic University, Ben Guerir, Morocco
c Advanced Materials and Process Engineering Laboratory, National School of Chemistry, Ibn Tofail University, Kenitra, Morocco
d Sultan Moulay Slimane University of Beni Mellal, Research Group in Environmental Sciences and Applied Materials (SEMA), FP Khouribga, Khouribga, Morocco
e Mohamed VI Polytechnic University, Ben Guerir, Morocco
H I G H L I G H T S G R A P H I C A L A B S T R A C T
• Physical-chemical and biological char-
acterization of hospital wastewater

• Routes transmission of SARS-CoV-2 in
aquatic environment

• Presence and survival of SARS-CoV-2 in
hospital wastewater

• Influence of environment parameters in
survival of SARS-CoV-2

• Disinfection technologies of Coronavi-
rus disease 2019
⁎ Corresponding author at: Science Engineer Laboratory
E-mail address: achak_mounia@yahoo.fr (M. Achak).

https://doi.org/10.1016/j.scitotenv.2020.143192
0048-9697/© 2020 Elsevier B.V. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 18 October 2020
Accepted 18 October 2020
Available online 24 October 2020

Editor: Paola Verlicchi

Keywords:
SARS-CoV-2
Hospital wastewater
Transmission
Detection
Survival
Disinfection technologies
Currently, the apparition of new SARS-CoV, known as SARS-CoV-2, affected more than 34 million people and
causing high death rates worldwide. Recently, several studies reported SARS-CoV-2 ribonucleic acid (RNA) in
hospital wastewater. SARS-CoV-2 can be transmitted between humans via respiratory droplets, close contact
and fomites. Fecal-oral transmission is considered also as a potential route of transmission since several scientists
confirmed the presence of SARS-CoV-2 RNA in feces of infected patients, therefore its transmission via feces in
aquatic environment, particularly hospital wastewater. Hospitals are one of the important classes of polluting
sectors around theworld. It was identified that hospital wastewater contains hazardous elements and awide va-
riety of microbial pathogens and viruses. Therefore, this may potentially pose a significant risk of public health
and environment infection.
This study reported an introduction about the Physical-chemical andmicrobiological characterization of hospital
wastewater, which can be a route to identify potential technology to reduce the impact of hospital contaminants
before evacuation. The presence of SARS-CoV-2 in aqueous environmentwas reviewed. The knowledge of the de-
tection and survival of SARS-CoV-2 inwastewater and hospitalwastewaterwere described to understand the dif-
ferent routes of SARS-CoV-2 transmission, which is also useful to avoid the outbreak of CoV-19. In addition,
disinfection technologies used commonly for deactivation of SARS-CoV-2 were highlighted. It was revealed
that, chlorine-containing disinfectants are the most commonly used disinfectants in this field of research. Mean-
while, other efficient technologies must be developed and improved to avoid another wave of the pandemic of
COVID-19 infections.
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1. Introduction

Coronavirus disease 2019 (COVID-19), also known as SARS-CoV-2,
appeared in 31 December 2019 in the city of Wuhan, Central China,
and has spread quickly to 213 Countries around the world to date. The
virus affected more than 38 million people (38.554.552) and caused
more than 1 million deaths in the world (WHO, 2020a). SARS-CoV-2
is a large family of viruses that causemalady. Illness in humans ismostly
respiratory, while symptoms can range from common cold to those of
more severe lower respiratory infections (Channappanavar and
Perlman, 2017). SARS-CoV-2 can also presents other serious manifesta-
tions such fatigue, fever, dry cough, myalgia and dyspnoea, with less
common symptoms being nasal congestion, headache, runny nose,
sore throat, vomiting and diarrhea (Li et al., 2020). For this reason,
many scientists were focused to find a rapid and accurate detection of
SARS-CoV-2 in environment and aqueous environment, notably hospi-
tal wastewater, in order to control his development and to determine
the different ways of his transmission.

Hospital wastewater presents a wide range of hazardous pollutants,
such as pharmaceutical residues, chemical substances, radioisotopes,
and microbial pathogens and viruses as SARS-CoV-2 (Verlicchi et al.,
2010a; Basturka et al., 2020; El-Ogri et al., 2016). These substances,
which represent a chemical, biological, and physical risk for public and
environmental health, inmany country, they are discharge into themu-
nicipal collector or directly onto surface water without any treatment
(Leprat, 1998).

SARS-CoV-2 can be transmitted between humans via respiratory
droplets, close contact and fomites. Recently, many studies predicted
another route of SARS-CoV-2 transmission; it is fecal-oral transmission
(Y. Wu et al., 2020; Yang et al., 2020; Ling et al., 2020; J. Zhang et al.,
2020; Y. Zhang et al., 2020; N. Zhang et al., 2020). According to
Casanova et al. (2009); Hung (2003) and Leung et al. (2003), the fecal
discharge of infected patients by SARS led to viability and persistence
of virus in sewage. For this consideration, an increasing attention was
reported in order to highlight the presence and persistence of SARS-
CoV-2 in aquatic environment. Researches indicated that the presence
of SARS-CoV-2 in wastewater was confirmed by several studies in mul-
tiple geographical regions (Tai et al., 2020; Green et al., 2020; Sharif
et al., 2020). The survival of SARS-CoV-2 and its transfer fromwastewa-
ter systems, especially infectious disease units such hospitals, require
in-deep investigation. Many studies reported that the survival of
SARS-CoV-2 could be influenced by different parameters such as tem-
perature, pH, retention time, organic matter, light exposure and aerobic
organisms, aswell as by pathways used for quantification of RNAviruses
(Wang et al., 2005a).

In point of fact, if the transmission of SARS-CoV-2 via the fecal-
oral route in the aquatic environment, particularly in hospital
2

wastewater, can survive for long time in sewage from hospitals, effi-
cient disinfection strategies will be recommend, especially in areas
with poor sanitation where diagnostic capacity might be limited,
such as Africa (Lodder and de Roda Husman, 2020). Nevertheless,
very frequently there are no legal requirements for hospital effluent
treatment prior to its discharge into the municipal collector or di-
rectly onto surface water without treatment. Many treatment tech-
nologies of hospital wastewater were investigated by different
studies such as ultraviolet irradiation, coagulation-filtration and bio-
cidal agents as gaseous ozone, alcohol, formaldehyde, hydrogen per-
oxide, peroxyacetic acid, povidone iodine and chlorine-based
disinfectants (Kühn et al., 2003; Yu et al., 2013; Chen et al., 2014;
Fan et al., 2017; Christensen and Myrmel, 2018). Several other new
advances such as supercritical water oxidation, reverse polymeriza-
tion, plasma, constructed wetlands, and thermal gasification were
also developed (Khan et al., 2020; Top et al., 2020). However, there
are fewnumbers of studies investigated the disinfection technologies
for deactivation of SARS-CoV-2 from hospital wastewater (D. Zhang
et al., 2020a; D. Zhang et al., 2020b; Xing et al., 2020).

In this review, an introduction about the Physical-chemical and mi-
crobiological characterization of hospital wastewater was reported. The
information on presence of SARS-CoV-2 in aqueous environment was
addressed. The knowledge of the detection and survival of SARS-CoV-
2 inwastewater and hospital wastewater were described to understand
the different routes of SARS-CoV-2 transmission, which is also useful to
avoid the outbreak of CoV-19. Furthermore, the inactivation of corona-
virus in hospital wastewater using disinfectants and disinfection tech-
nologies are discussed. The efficiency, advantages and limitations of
these disinfectants were highlighted.

2. Characterization of hospital wastewater

The wastewater amount produced by hospitals reached 200 to
1200 L/bed of hospitalized people/day (Verlicchi et al., 2010a). The in-
crease of wastewater charge depends on various parameters asmedical
specialty, bed capacity, climate, geographical factors, cultural and nature
of services offered by the healthcare institution (e.g., kitchen, bathroom
and laundry).

The pollutant substances in hospital wastewater are divided into
two main categories as macro-pollutants and micro-pollutants. As
shown in Table 1, micro-pollutants included absorbable organic halo-
gens (AOX), analgesics, cytostatics, hormones, detergents, antiseptics,
contrast substances, phenols, antibiotics such as paracetamol, ciproflox-
acin and sulfamethoxazole, and heavy metals such as cadmium,
chrome, iron, copper, lead, nickel, and zinc. While macro-pollutants
substances are physic-chemical parameters as pH, chemical demand
of oxygen (COD), biological demand of oxygen (BOD), total demand of



Table 1
Macro and micro-pollutants of hospital wastewater and their origin.

Pollutant
substances

Parameter Origin Reference

Micro-pollutants AOX Sterilization of surgical tools, cleaning activities Verlicchi et al., 2010a
Antibiotics Humans excretion, disposal of unused compounds

Chemotherapy drugs
Diwan et al., 2009; Lien et al., 2016

Cytostatics Humans excretion, some materials that humans deal with
them on a daily basis (detergents, shampoos, lotions,
cosmetics)

Pieczyńska et al., 2017

Hormones (Progesterone,
Cortisol, Aldosterone,
Testosterone, Estrogen)

Medical applications (radiology, oncology) Guedes-Alonso et al., 2014

Contrast substances Sterilization of surgical tools, drugs application, humans
excretion

Roudbari and Rezakazemi, 2018

Phenols Cleaning and building maintenance Verlicchi et al., 2010a; Basturka et al., 2020
Detergents Excreted by oncology patients Basturka et al., 2020
Heavy metals
Platinum

Diagnostic agents and
active ingredients of disinfectants and diuretics

El-Ogri et al., 2016

Mercury Iodinated contrast media (ICM), magnetic resonance imaging
(MRI)

Kummerer et al., 1999; Lenz et al., 2007

Gadolinium, Silver, nickel, zinc,
copper, lead, arsenic

Disinfectants used at diagnosis/examination units and at
sterilization units

Kummerer et al., 1998
Kummerer and Helmers, 2000; Basturka et al., 2020

Macro-pollutants Physic-chemical parameters
(COD, BOD, TOC, SS, ammonium
ions and chloride)

Diagnosis, equipment disinfection, laboratory activities,
anesthetics and sterilization products, nutrient solutions used
in microbiology laboratories

Chong and Jin, 2012, Casas et al., 2015, Kumari et al.,
2020

Microbiological taminants Atmosphere, soil, medical devices and water employed in the
hospital practice

Nuñez and Moretton, 2007; Kaur et al., 2020

Viruses Human fecal matter from infected persons Xu et al., 2005; Symonds et al., 2009; Prado et al.,
2011; Radin, 2014; Gerba et al., 2017; Holshue et al.,
2020; F. Wu et al., 2020

Table 2
Physical-chemical and microbiological characterization of hospital wastewater.

Parameter [a] [b] [c] [d] [e] [f] [g] [h]

pH 8.6 7.28 6.94 8.2 8.28 7.5–7.9 6.8 7.47
Conductivity (mS
cm−1)

n.d n.d 1468 n.d 230 n.d n.d 814

SS (mg L−1) 138 571 11 236 n.d 259–520 900 n.d
COD (mg L−1) 365 810 710 2664 1594 450–654 150 441
BOD5 mg L−1 n.d 450 227 1530 131 220–345 80 187
TKN (mg L−1) 94 124.1 40 n.d n.d 81–120 27.6 n.d
NH4

+ (mg L−1) 75 n.d n.d 68 2.53 18–41 16.7 n.d
Total phenols
(mg L−1)

8.4 2.26 n.d n.d n.d n.d n.d n.d

Ptot (mg L−1) n.d 15.1 n.d n.d n.d 14–19 n.d n.d
Chlorides (mg L−1) n.d n.d n.d 359 n.d n.d 110 65
AOX (mg L−1) n.d 11 n.d 1.24 n.d n.d n.d n.d
Fats and oils
(mg L−1)

n.d n.d 3.5 n.d n.d n.d n.d n.d

Total coliforms
(MPN/100 mL)

4.16
106

n.d n.d n.d n.d n.d n.d n.d

Ecotoxicity (TU)
(μg/L)

4.8 n.d 163 n.d n.d n.d n.d n.d

Total copper (Cu)
(μg/L)

n.d n.d 34 110 n.d n.d <1.0 n.d

Total mercury (Hg)
(μg/L)

n.d n.d 2.8 n.d n.d n.d n.d n.d

Total zinc (Zn)
(μg/L)

n.d n.d 95 536 n.d n.d 0.077 n.d
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oxygen (TOC), suspended solids (SS), ammonium ions and chloride,mi-
crobiological taminants as coliforms, bacteria (enterococcus, lococcus,
shigella, salmonella) and viruses.

Based on the above, hospital wastewater is considered as a source of
pathogenic microorganisms, toxic chemicals and radioactive elements.
It constitutes a source of transmission of infections and epidemic dis-
eases (Sanaa et al., 2019), which may present a potential danger to
humans and their environment. Table 2 presented the analysis of the
physical-chemical andmicrobiological characteristics of different hospi-
tals in various countries. Management of this effluent varies from coun-
try to country. Generally, it was discharged in municipal sewage
network without pre-treatment. Data indicated in Table 2 can be a
route to identify potential technology to reduce the impact of hospital
contaminants before evacuation.

In many countries, the hospital wastewater and urban wastewater
are similar in terms of pollutants, concentrations and loads, particularly
when they are discharged in municipal sewage and then collected to a
wastewater treatment plant (Fig. 1) (Leprat, 1998).

Moreover, according to several studies, the physical-chemical and
microbiological characterization of hospital wastewater and urban
wastewater showed that the charge pollutant in hospital effluent is in
general higher than in urban wastewater (Tsakona et al., 2007;
Mesdaghinia et al., 2009; Verlicchi et al., 2010b; Verlicchi et al., 2012).
Referring to comprehensive review of the literature, Table 3 can com-
piled the main characterization of hospital wastewater and urban
wastewater (Verlicchi et al., 2012). As showed, COD, BOD and SS in hos-
pital wastewater are 2–3 times higher than urban wastewater. This ob-
servation indicates that the collection of hospital wastewater together
with urban wastewater increases more pollutant concentration and a
dedicated pre-treatment of hospital wastewater before discharge was
recommended (Verlicchi et al., 2010a).
Total silver (Ag)
(μg/L)

n.d n.d 8.1 n.d n.d n.d n.d n.d

Total chromium (Cr)
(μg/L)

n.d n.d 121 4 n.d n.d 0.042 n.d

[a]Munoz et al. (2016); [b] Top et al. (2020); [c] Basturka et al. (2020); [d] Emmanuel et al.
(2005); [e] Sanaa et al. (2019); [f] Pirsaheb et al. (2015); [g]Meo et al. (2014); [h] Ouardaa
et al. (2019).
3. Presence of viruses in aqueous environment: SARS-CoV-2

In addition to pathogenic microorganisms, radioactive elements and
toxic chemicals, water media contains a wide variety of viruses.
3

International Committee for the Taxonomy of Viruses (ICTV) in 2016
classified 7 orders, 104 families, 505 genera, and 3286 species of viruses
including Ebola, Severe acute respiratory syndrome (SARS),Middle East
Respiratory Syndrome (MERS), avian influenza (H5N1) as enveloped



Fig. 1. Collection of domestic, industrial and hospital effluents to wastewater treatment plant.
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viruses, and other nonenveloped enteric viruses, such as adenoviruses,
hepatitis A (HAV), polioviruses, enteroviruses, noroviruses and rotavi-
ruses (Lago et al., 2003; Lefkowitz et al., 2018). These viruses are some
of the principal human pathogens viruses transmissible via water
media, notably hospital wastewater. As known, enteric viruses cause
waterborne diseases such as diarrhea (Pietruchinski et al., 2006) and
are associated with other disease outbreaks (Thongprachum et al.,
2018). Enteric viruses may also cause nausea, vomiting, bronchiolitis
and fever (Bishop and Kirkwood, 2008; Kocwa-Haluch, 2001).

SARS is a viral respiratory disease caused by a SARS-associated coro-
navirus (SARS-CoV). Itwasfirst identified at the end of February 2003 in
China and spread to all world. SARS-CoV 2003 outbreak affected 8098
people and caused 774 deaths, and a case fatality rate of 9.7%
(Woolhouse et al., 2015). It is considered as an airborne virus and can
spread directly through small droplets of saliva in a similar way to the
cold and influenza, and indirectly via surfaces that have been touched
by infected individual (WHO, 2020b). SARS-CoV-2 virus is genetically
similar to SARS-CoV that was ceased in June 2003 with intense public
health mitigation measures. By contrast, the novel SARS-CoV-2 that
emerged in December 2019, rapidly caused a global pandemic until
Table 3
Range of variability of physical-chemical and microbiological characterization of hospital
wastewater and urban wastewater.

Parameter Hospital wastewater Urban wastewater

pH 6.9–9.18 7.5–8.5
Conductivity (mS cm−1) 750–1000 420–1340
SS (mg L−1) 120–400 120–350
COD (mg L−1) 450–2300 500–600
BOD5 mg L−1 150–603 100–400
TKN (mg L−1) 30–100 20–70
NH4 (mg L−1) 10–55 12–45
Ptot (mg L−1) 3–8 4–10
Chlorides (mg L−1) 80–400 30–100
Fats and oils (mg L−1) 13–60 50–150
Total detergents (mg L−1) 3–7.2 4–8
Total coliforms (MPN/100 mL) 106–109 107–108

Fecal coliforms (MPN/100 mL) 103–107 106–107

E. coli (MPN/100 mL) 103–106 106–107

Streptococci (MPN/100 mL) 103–105 103–105
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now, affectedmore than 34million people, and causedmore than 1mil-
lion deaths in the world (WHO, 2020a).

The genetic material of the SARS-CoV-2 is positive single-stranded
RNA (ssRNA) and its virion has four main structural proteins including
nucleocapsid (N) protein, transmembrane (M) protein, envelope
(E) protein, and the spike (S) protein (Fig. 2).

The nucleocapsid namedNprotein is directly associatedwith nucleic
acid material of the virus (RNA). While the N protein is involved in pro-
cesses related to the viral genome, it plays a role in the viral replication
cycle, and the cellular response of host cells to viral infections
(Schoeman and Fielding, 2019, Tai et al., 2020). Another important
part of SARS-CoV-2 is M protein, with play a principal role in determin-
ing the shape of the virus envelope. M protein may turn cellular mem-
branes into factories where virus and host factors join to make new
virus particles. This operation stabilizes N protein-RNA complex, inside
the internal virion. Protein S is responsible for the attachment of the
virus to host cells via the ACE2 receptor (angiotensin converting en-
zyme 2). This ismainly expressed in the respiratory and digestive tracts.
The smallest protein in the SARS-CoV-2 structure is the envelope pro-
tein (E). This protein contributes in the production and maturation of
the virus (Schoeman and Fielding, 2019).

SARS-CoV-2 as enveloped virus differ structurally fromnonenveloped
viruses due to the presence of different proteinmembranes (M, S, E) that
enveloped the viral protein capsid, which contains proteins or glycopro-
teins. Structure and different functional on the outer surface of SARS-
CoV-2 compared to nonenveloped viruses impact its detection, persis-
tence and survival in aqueous environments (Arbely et al., 2006; Gundy
et al., 2009; Shigematsu et al., 2014).

4. Modes transmission of SARS-CoV-2 and its survival against envi-
ronmental factors

Based on recent and previous published studies, many pathways of
SARS-CoV-2 transmission were discussed. As shown in Fig. 3, SARS-
CoV-2 can be transmitted between humans via respiratory droplets,
when any individual is in close contact with an infected person, a high
risk of contamination is possible mainly when this person coughs,
sneezes, talks, or exhales (Morawska and Cao, 2020). Some droplets
(0.5–20.0 μm) lingering in the air are more likely to be retained in the



Fig. 2. Structure of enveloped and nonenveloped SARS-CoV-2.
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respiratory tract and produce the infection (McCluskey et al., 1996).
Indeed, some other droplets are too heavy to remain in the air, and
fall on floors; consequently, all surfaces become contaminated with
SARS-CoV-2, touchingby a susceptible personwould be infected. The vi-
ability of SARS-CoV-2 in droplets form is more stable than aerosols on
plastic and stainless steel, copper, cardboard, and glass with durations
detected up to 72, 4, 24, and 84 h, respectively. For this reason, main-
taining social distance and cleaning hands regularly are the main mea-
sure recommended by the World Health Organization (WHO, 2020a).
Based on a study carried out by Morawska (2006), it was estimated
that some droplets ejected from an infected individual, convert to
aerosol particles (small aerodynamic diameters), and then become air-
borne. For that, the presence of droplets in the air for longer period is
limited; evaporation process transforms droplets to bioaerosol residues,
which could linger in the air for extended periods.

Airborne transmission route refers to the presence of particles with
diameter < 5 μm, who can remain in the air for long periods and can
be transmitted to others persons over the distances greater than 1 m
(Morawska and Cao, 2020). TheWorld Health Organization denounced,
at early hours of manifestation of COVID-19, that airborne transmission
did not play any role in disease transmission from 75,465 confirmed
COVID-19 cases in China as of March 27, 2020 (WHO, 2020c). However,
another recent study reported that SARS-CoV-2 could survive in the air
for many hours, causing potential aerosolized transmission (Van
Doremalen et al., 2020). Experiences carried out by Ong et al. (2020)
corroborated that transmission by airborne is plausible. Their studies in-
dicated that physicians, wearing the personal protective equipment
Fig. 3. Transmission of SARS-CoV-2 via

5

(PPE), exiting the patient rooms were negative for SARS-CoV-2, al-
though, samples from the air outlet exhaust fans in patient-rooms ex-
cept corridors and anterooms have been reported as positive for SARS-
CoV-2. Another study carried out in Singapore reported that COVID-19
was detected in swabs from air exhaust outlets in a hospital room of a
symptomatic patient, suggesting the shifting of virus-laden aerosols by
airflows and their depositing on equipment (Ong et al., 2020). Another
case reported positive of COVID-19 in Inner Mongolia of China, when a
person has passed the door of a symptomatic patient several times
(Wang and Du, 2020). Read (2020) reported that there was cases of
COVID-19 reported positive in cruise ship, when many of the infections
occurred after the imposition of isolation that confined passengers for
the majority of time to their cabins, and limited direct contact, and
with hand hygiene carefully obeyed, giving evidence of the airborne
transmission.

Based on the above studies, experiences, and understanding the
basic science of viral infection spread, it is strongly plausible that
SARS-CoV-2 virus spread through the air. If this is the case, according
to Morawska and Cao (2020), it will take at least several months for
this to be confirmed by science, especially it is difficult to directly detect
the viruses traveling in the air. This is valuable time lost that could be
used to properly control the epidemic and prevent more infections
and loss of life.

Contact transmission route is caused by close contact, this type of
transmission locatedwhen viral particles, emitted from infected person,
are in contact with object, then another individual touches that object,
then touches one of his senses (noise, mouth, eyes). The virus
respiratory droplets and aerosol.
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immediately enters to respiratory tract (Chin et al., 2020). Contact
transmission also caused when people is in face-to-face contact with a
confirmed or probable case for more than 15 min in total over the
course of a week, or people shares an enclosed space with a confirmed
or probable case for more than 2 h. During the spread of COVID-19,
many reports confirmed that the primary route of transmission of
SARS-CoV-2 is face-to-face contact transmission, can occur by direct
and indirect contact via respiratory droplets such as talking, breathing,
sneezing, coughing and close contact with infected people or with sur-
faces and fomites in the immediate environment or with objects used
by the infected person (Morawska, 2006).

Another mode of transmission is fomite transmission (Fig. 3). The
World Health Organization reported that droplets expelled by infected
individuals could contaminate surfaces and objects, creating fomites
(contaminated surfaces) (WHO, 2020c). On depend of ambient envi-
ronment, SARS-CoV-2 can be found on those surfaces from hours to
days. According toWorld Health Organization, there are not specific re-
ports confirmed the fomite transmission, despite consistent evidence
that SARS-CoV-2 survive on surfaces (WHO, 2020c).

Beyond these previous reports concerning the transmission of
SARS-CoV-2 from person-to-person by droplets and airborne micro-
organisms in multiple geographical regions, many recent studies
wondered how environmental conditions could influence the persis-
tence of SARS-CoV-2 and remain infectious in the air and on surfaces.
The most important environmental factors that could affect the via-
bility of SARS-CoV-2 are temperature, retention time, humidity, PM
(particle matter), radiation (light exposure) and open-air (ventila-
tion) (Wang et al., 2005a). Furthermore, Zhu et al. (2020) found
that air pollutions could be a risk factor for respiratory infection by
carrying microorganisms and affecting body's immunity. Air pollu-
tion refers to the presence of gas and contaminating particles in the
atmosphere. The gases include (CO), nitrogen oxides (NOx), ozone
(O3), sulfur dioxides (SO2), ammonia (NH3), and volatile organic
compounds (VOCs). While PM formed of mixture of compounds
grouped into five major categories: sulphates, nitrates, elemental
carbon, organic carbon, and crustal materials (such as earth and
ash). PM, as defined by the Environmental Protection Agency (EPA),
is classified as PM10 (diameter < 10 μm) and PM2.5 (diame-
ter < 10 μm). In this trend, the long-term exposure to air pollution
may represent a favorable context for the spread of the virus, while
the combination of SARS-CoV-2 and particulate matter may produce
a loaded airborne (Fattorini and Regoli, 2020; Conticini et al., 2020).

Based on various researchers, Table 4 summarized the correlation
between environment factors and SARS-CoV-2 survival.

5. Fecal-transmission of SARS-CoV-2

Based on previous studies (Xu et al., 2005; Radin, 2014; Graaf et al.,
2017), the transmission of viruses from liquid effluent to humans can be
carried out in the case of oral-fecal transmission by direct contact or in-
direct contact via contaminated fluids, including surface water, food,
and carriers such as fomites. Feces are potentially an additional route
of transmission. This observation suggests that this may also be a case
for SARS-CoV-2 (Fig. 4).

Currently, all reported data on COVID-19 mentioned that SARS-
Cov-2 was detected in feces from infected patients. Holshue et al.
(2020) reported that RT-PCR assay carried out for a patient in
United States (Washington) revealed the presence of SARS-Cov-2
RNA in a stool specimen collected on day 7 of the patient's illness. Al-
though, authors observed that the serum specimens from this patient
were repeatedly negative for SARS-Cov-2. This observation is in
agreement with that indicated by Y. Wu et al. (2020); Yang et al.
(2020); Ling et al. (2020) and J. Zhang et al. (2020). Viral RNA can
be persistently shed in feces for a maximum of 33 days after the pa-
tient has tested negative for respiratory viral RNA. Potential presence
of SARS-Cov-2 in stool specimens has been also reported by Y. Zhang
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et al. (2020); Tang et al. (2020) and Y. Chen et al. (2020). Authors
noted that fecal transmission is a new finding in the transmission
routes of SARS-Cov-2. In this framework, Yeo et al. (2020) indicated
that whether SARS-Cov-2 is confirmed to be fecally transmissible,
health care and laboratory settings pose another potential target for
preempting further spread of the disease. Regarding the mechanism
transmission, the experiences carried out by limited studies try to ex-
plain the potential for fecal-oral SARS-CoV-2 transmission. Ong et al.
(2020) collected samples from the bathroom of a patient infected by
COVID-19. The samples from the surface of the toilet bowl, inside
bowl of the sink and the door handle were positive results, while
post-cleaning samples were negative. In the same context, the details
given by Van Doremalen et al. (2020), reported that viable virus
existed for at least 3 h in aerosols after their formation, and for up
to 2 or 3 days on plastic and stainless steel surfaces. N. Zhang et al.
(2020) observed that the median duration of virus emission was
10 days in swabs from respiratory tracts and up to 22 days in feces.
Based on Ong et al. (2020); N. Zhang et al. (2020) and Van
Doremalen et al. (2020) studies, the exposure to areas with poor san-
itation (e.g. toilet public) may cause oral-fecal transmission where
individuals touch their mouth, nose or eyes with contaminated
hands. However, Xu et al. (2020) noted that the transmission mech-
anism of SARS-CoV-2 via fecal-oral route remains unclear, although
viral shedding from the digestive system can last longer than shed-
ding from the respiratory tract. In the same trend, Y. Wu et al.
(2020) indicated that this route of transmission remains yet
unquantified as pathway for increased exposure during the current
outbreak. Tian et al. (2020) proclaimed that more clinical and exper-
imental data about virus viability in feces and varying environmental
conditions such as temperature and relative humidity are needed.
Other studies also indicated that more works are needed to explore
the potential for fecal-oral SARS-CoV-2 transmission (Nghiem et al.,
2020; Collivignarelli et al., 2020).

Based on all studies cited previously, there is literature agreement
about the detection of SARS-Cov-2 in feces of infected individuals,
while the occurrence in the urine has not been always confirmed. W.
Wang et al. (2020) also indicated that no study has shown the presence
of SARS-CoV-2 in the urine. Ling et al. (2020) reported that the trans-
mission by urine or blood might occur less frequently because of the
low rate of positive findings in patients. This finding is in agreement
with the series of clinical studies involving affected patients carried
out by Lescure et al. (2020). They observed that among five patients ad-
mitted to French hospitals, the viruswas detected in the feces of two pa-
tients, while no urines samples appeared positive.

Another approach of coronavirus transmission was determined by
Mullis et al. (2013) and Yépiz-Gomez et al. (2013). They concluded
that the involvement of fecally-contaminated food in coronavirus trans-
mission cannot be ignored, given the survival of the human or animal
coronavirus on vegetables (Fig. 4).

6. Detection and survival of SARS-CoV-2 in wastewater and hospital
wastewater

As mentioned in Table 2, hospital wastewater contains a wide range
of many macro and micro-pollutants including many bacteria and vi-
ruses as SARS-CoV-2, discharges from different units of hospital such
as operation room, laboratories, laundry, kitchen, rooms and research
lab. Currently, several research studied the presence and survival of
SARS-CoV-2 in water, wastewater and river (Latorre et al., 2020;
Rimoldi et al., 2020; Ahmed et al., 2020; Carducci et al., 2020;
Casanova et al., 2009; Lodder and de Roda Husman, 2020; Naddeo and
Liu, 2020). However, in spite of all the health risks associated with vi-
ruses, very few research oriented their investigations specifically to de-
tection of SARS-CoV-2 in hospitalwastewater, and thus, requires special
attention due to the fact that, it is one of themain sources to spread the
pathogenic and deadly viral diseases (D. Zhang et al., 2020a; J. Wang



Table 4
Influence of environment parameters in survival of SARS-CoV-2.

Environment
factor

Condition Study area/period Interpretation References

Temperature −33.8–26.9 °C 122 cities (China) 23 January–29
February

Linear relationship with the number of COVID-19 cases in the range of
<3 °C and became flat above 3 °C. No evidence supporting that case
counts of SARS-CoV-2 could decline when T increase

Zhu et al., 2020

Increasing ambient daily
average temperature up
to around 13 °C

31 provinces of Mainland China
23 January–1 March

Decrease in the rate of progression of COVID-19 with the arrival of
spring and summer in the north hemisphere

Oliveiros et al.,
2020

24.6–28.6 °C Jakarta Indonesia
January–29 March

Significant correlation with SARS-CoV-2 only at average temperature
(°C). Insignificant correlation with minimum and maximum
temperature.

Tosepu et al.,
2020

Increase of temperature as
spring and summer
months

China (North Hemisphere)
January 23–10 February

Negative association of daily number of SARS CoV-2 cases W. Luo et al.,
2020

−10–10 °C 31 provinces of mainland (China,
Wuhan)
January 20–29 February

Strong association of decrease of SARS-CoV-2 incidence at lower and
higher temperatures

Ma et al., 2020

High temperature China cities
January 19 to 23
U.S cities
March 15–16 April

Reduced Reproductive number (R values) of COVID-19 in China and USA
at high temperature

J. Wang et al.,
2020a

13–24 °C Wuhan (China)
October 1–15 December

SARS-CoV-2 survival between 13 and 24 °C. 19 °C lasting about 60 days
is conducive to the spread between the vector and humans

Bu et al., 2020

−10-30 °C South Korea, Japan, Iran, Northern
Italy, Northwestern United States,
Spain, France

Cold temperature include stabilization of the droplet and enhanced
propagation in nasal mucosa

Sajadi et al.,
2020

21 cities/provinces in Italy, 21 cities/-
provinces in Japan, and 51 other coun-
tries around the world
January 20–11 March

Temperature alone could not correlate with the SARS-CoV-2 case counts
very well. Combination of several meteorological factors could describe
the epidemic trend much better than single-factor models.

B. Chen et al.,
2020

Wuhan (China)
20 January–29 February

Negative associations with daily death counts of COVID-19 patients Ma et al., 2020

Humidity 75%–93% Jakarta Indonesia
January–29 March

Insignificant correlation with SARS-CoV-2 and humidity Tosepu et al.,
2020

Increase of humidity as
spring and summer
months

China (North Hemisphere)
January 23–10 February

Negative association of daily number of SARS-CoV-2 cases W. Luo et al.,
2020

30–95% South Korea, Japan, Iran, Northern
Italy, Northwestern United States,
Spain, France

Low humidity include stabilization of the droplet and enhanced
propagation in nasal mucosa

Sajadi et al.,
2020

50%–80% Wuhan (China)
October 1–15 December

75% humidity is conducive to the survival of the coronavirus Bu et al., 2020

High humidity China cities
January 19 to 23
U.S cities
March 15–16 April

Reduced Reproductive number (R values) of COVID-19 in China and USA J. Wang et al.,
2020a

Wuhan (China)
20 January–29 February

Negative associations with daily death counts of COVID-19 patients Ma et al., 2020

Air pollution PM2.5, PM10, CO, NO2, SO2

and O3

Wuhan (China)
20 January–29 February

Mortality counts of COVID-19 are negatively associated with PM2.5 and
PM10

Mortality counts of COVID-19 are positively associated with SO2, No
effect for CO, NO2 and O3

Ma et al., 2020

PM2.5, PM10, CO, NO2, SO2

and O3

120 (China) January 23–29 February Short-term exposure to air pollutants (PM2.5, PM10, CO, NO2, O3) is
associated with increased risk of COVID-19
Infection
Short-term exposure to a higher concentration of
SO2 is associated to decreased risk of COVID-19 infection

Zhu et al., 2020

PM2.5, PM10, CO, NO2, SO2

and O3

Prefectures (China), provinces (Italy),
Counties (U.S)

Positive significant correlations between COVID-19 infections and air
quality variables in each country and concluded that higher mortality
was also correlated with poor air quality, namely, with high PM2.5, CO,
NO2 values

Pansini and
Fornacca, 2020

PM2.5, PM10, NO2 and O3 Italian provinces Long-term exposure to air pollution may represent a favorable context
for the spread of the virus

Fattorini and
Regoli, 2020
Conticini et al.,
2020

PM2.5 United States
Up 22 April

Small increase in long-term exposure to PM2.5 leads to a large increase
in the COVID-19 death rate

X. Wu et al.,
2020

Ultraviolet
radiation

UV-B radiation China cities
January 31–29February

Higher transmission risks for COVID-19 Liu et al., 2020

UV radiation 224 cities (China)
Early January to early March for

Spreadability of COVID-19 would not change with increasing UV
exposure

Yao et al., 2020

UV radiation 173 countries and five continents
January 01–10 April

Ultraviolet (UV) radiation has a statistically significant effect on daily
COVID-19 growth rates

Carleton and
Meng, 2020

UV radiation Jakarta (Indonesia)
March 2–10 April

Sunlight exposure correlated significantly with recovery from Covid-19.
However, sunlight exposure did not correlate significantly with the
occurrence of and death from Covid-19.

Asyary and
Veruswati,
2020
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Fig. 4. Fecal transmission of SARS-CoV-2.
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et al., 2020b). Indeed, this negligence likely due to direct discharge of
hospital wastewater into municipal sewage network without analysis
and characterization.

Several types of methods were developed for detecting SARS-CoV-2
in wastewater, notably hospital wastewater. The detection process will
be precede by virus concentration step(s) such as ultrafiltration, PEG
precipitation, and electronegative membrane adsorption, and follows
by direct RNA extraction. According to numerous studies, detection of
SARS-CoV-2 RNA primarily relies on RT-qPCR or (nested) RT-PCR
(Ahmed et al., 2020; Medema et al., 2020; Nemudryi et al., 2020; F.
Wu et al., 2020; Wurtzer et al., 2020; Randazzo et al., 2020; Lodder
and de Roda Husman, 2020; La Rosa et al., 2020; Haramoto et al.,
2020; J. Wang et al., 2020b; D. Zhang et al., 2020b). Table 5 summarized
concentration methods and main RT-qPCR and nested RT-PCR assays
available for SARS-CoV-2.

As reported in Table 5, most of the recent studies indicated that the
detection of this virus in wastewater and hospital wastewater needs to
be investigated in order to avoid the outbreak of CoV-19. In fact, various
studies in France, Netherlands, Spain, Italy, USA and recently in Australia
reported that SARS-CoV-2 RNAwas successfully detected inwastewater
and hospital wastewater using different types of virus concentration
methods.

One of the first detections of SARS-CoV-2 in wastewater was re-
ported by Medema et al. (2020) in Netherlands. This study indicated
the presence of SARS-CoV-2 in wastewater samples of six cities and
the airport using four qRT-PCR assays. In the same trend, Ahmed et al.
(2020) confirmed the presence of the viral RNA of SARS-CoV-2 in the
untreated wastewater in Australia using the same clinical specimen
testing (qRT-PCR). Other study in Chennai (India) reported that the
sewage samples collected from five sewage-pumping stations across
the city were analyzed by qRT-PCR technique. The results indicated
that COVID-19 viral RNAwas detected in two samples and a correlation
of confirmed cases was also established in the locations from where
samples were lifted (Lakshmi, 2020). Study carried out by Wurtzer
et al. (2020) in Paris (France) demonstrated the detection of viral ge-
nome before the exponential phase of the epidemic. A similar study
conducted in Murcia (Spain) by Randazzo et al. (2020) indicated that
SARS-CoV-2 could be detected weeks before the first confirmed case.
La Rosa et al. (2020) revealed that 6 out of 12 influent sewage samples,
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collected between February and April 2020 fromwastewater treatment
plants in Milan and Rome (Italy) were positive. A published study by F.
Wuet al. (2020) announced the presence of SARS-CoV-2 at high titers in
the period from March 18–25 using RT-qPCR in tested wastewater col-
lected at a major urban treatment facility in Massachusetts (United
States).

On the other hand, Gormley et al. (2020) and Carducci et al. (2020)
reported that aerosols generated from wastewater system are consid-
ered as a potential transmission route of COVID-19. According to
Casanova et al. (2009), the aerolization of the virus can be formed par-
ticularly during the pumping of wastewater through sewerage systems
and at the wastewater treatment works, and during its discharge and
subsequent transport through the catchment drainage network.
Gormley et al. (2020) noted that hospitals and health-care buildings
could be as a high-risk transmission setting. In addition, Carducci et al.
(2020) indicated that sewage generated from hospital, especially infec-
tious disease units, might contain epidemic virus.

Beyond these previous reports concerning the detection of SARS-
CoV-2 in wastewater and hospital wastewater in multiple geographical
regions, more recent studies wondered how long this virus can survive
and remain infectious one discharged intowastewater. A scientific liter-
ature searchwas thus carried out to highlight the current state of the art
and knowledge gaps regarding survival of coronavirus in wastewater.
The survival of coronaviruses inwastewaterdependson anumber of pa-
rameters such as temperature, pH, retention time, organic matter, light
exposure and aerobic organisms (Wang et al., 2005a). In general, at
higher temperature the survivability of enveloped RNA viruses de-
creases (Hasija et al., 2013). Otherwise, studies carried out by Wang
et al. (2005a) revealed that at low temperatures (4 °C) the virus main-
tained its vitality up to 14 d in domestic and hospital sewage, while it
was inactivated only after 2d at higher temperatures (20 °C). In the
same trend, Gundy et al. (2009) observed an inactivation of virus
(23 °C) after 2.36 days and 1.85 days in urbanwastewater after primary
and secondary treatment, respectively.

According to previous studies, the exposure to UV light can also de-
crease the activity of coronavirus, especially SARS-CoV, in aquatic envi-
ronment (Darnell et al., 2004). It was demonstrated that UV-B
(315–280 nm) and UV-C (190–290 nm) cause a significant and rapid
decrease in infectious SARS-CoV (Pratelli, 2008). The effectiveness of



Table 5
Detection of SARS-CoV-2 in wastewater and hospital wastewater.

Wastewater sampling Wastewater
type

Study area Virus concentration
method

Detection method Finding and interpretation Reference

Untreated wastewater
(nine samples)

Sewage,
Wastewater
treatment plant

Netherlands
(Hague, Utrecht,
Apeldoorn,
Amersfoort,
Schiphol, Tilburg)

Ultrafiltration RT-qPCR:
E_Sarbeco
CDC N1, N2, N3

Sensitivity of the primer/probe sets of
N1 = N3 > N2 on SARS-CoV-2 RNA.
Positive rate (58%).

Medema et al.,
2020

Untreated wastewater Swage,
Wastewater
treatment plant

Australia (South-
east Queensland)

Electronegative
membranes
Ultrafiltration

RT-qPCR:
N_Sarbeco
NIID_2019-nCOV_N

N_Sarbeco assay produced positive signals
for two wastewater samples (12
copies/100 mL) with 22% positive rate,
while the same samples were negative
when tested using NIID_2019-nCOV_N.
N_Sarbeco assay is more sensitive than the
NIID_2019-nCOV_N assay.

Ahmed et al.,
2020

Untreated wastewater Wastewater
treatment plant

U.S.A (Bozeman,
Montana)

Ultrafiltration RT-qPCR:
CDC N1, N2

Number of COVID-19 cases should have a
linear relationship with viral RNA copies in
wastewater. 98.5% SARS-CoV-2 genome
sequence from the wastewater

Nemudryi
et al., 2020

Untreated wastewater Raw and filtered
swage

U.S.A
(Massachusetts)

PEG precipitation RT-qPCR:
CDC N1, N2, N3

Presence of SARS-CoV-2 at high titers (>2
105 copies/L) in the period from March
18–25. Viral titers observed were
significantly higher than expected based on
clinically confirmed cases as of March 25.

F. Wu et al.,
2020

Wastewater Untreated
wastewater

France (Paris) Ultracentrifugation RT-qPCR:
E_Sarbeco

Increase of genome units in raw
wastewater accurately followed the
increase of human COVID-19 cases.
SARS-CoV-2 concentration exceeds 3.16
106 and less 105 with 100% and 75% of
positive rate for untreated and tread
wastewater respectively.

Wurtzer et al.,
2020

Treated
wastewater

France (Paris) Ultracentrifugation RT-qPCR:
E_Sarbeco

Wastewater Influent,
secondary and
tertiary treated
effluent

Spain (Murcia,
Cartagena, Molina
de Segura, Lorca,
Cieza, Totana)

Aluminum hydroxide
adsorption-precipitation

RT-qPCR:
CDC N1, N2, N3

From 42 influent 35 are positive for
SARS-CoV-2 RNA.
From 18 effluent (secondary treated) 2 are
positive for SARS-CoV-2 RNA.
From 12 effluent (tertiary treated) 0 is
positive for SARS-CoV-2 RNA.
SARS-CoV-2 RNA positive wastewater
samples were detected in three
municipalities 12–16 days ahead of
confirmed COVID-19 cases.

Randazzo
et al., 2020

Wastewater Untreated
wastewater
(Amsterdam Air-
port Schiphol)

Holland
(Haarlemmermeer,
Netherlands)

Not available RT-qPCR:
Not available

Samples tested positive for virus RNA
4 days after the first cases of coronavirus
disease 2019 (COVID-19) were identified
in the Netherlands on Feb 27, 2020

Lodder and de
Roda Husman,
2020

Wastewater Swage
Wastewater

Italy (Milan, Rome) PEG-dextran Nested RT-PCR SARS-CoV-2 RNA detected in 6/12 (50%) of
wastewater samples.
Design of a novel nested RT-PCR assay for
SARS-CoV-2.

La Rosa et al.,
2020

Wastewater
River water

Influent,
secondary
treated effluent

Japan (Yamanashi) Electronegative
membranes
Adsorption

RT-qPCR:
E_Sarbeco, CDC N1,
N2,
NIID_2019-nCOV_N

SARS-CoV-2 RNA was detected in one of
five secondary-treated wastewater
samples (2.4 × 103 copies/L) by N_Sarbeco
qPCR assay following the Electronegative
membranes method.

Haramoto
et al., 2020

Nested RT-PCR:
ORF1a, S protein

ARS-CoV-2 RNA was not detected in any of
the five influent and three river water
samples tested with N_Sarbeco,
NIID_2019-nCOV_N, CDC-N1, and
CDC-N2assays and two nested PCR (ORF1a
and S protein) assays.

Hospital wastewater
(Hospital of
Zhejiang University)

Sewage pools China (Shanghai) Not available Not available Three sewage samples from the inlets of
sewage disinfection pool were positive for
SARS-CoV-2 RNA (Cycle threshold value
29.37, 30.58, and 32.42).

J. Wang et al.,
2020b

Hospital wastewater
(Jinyintan Hospital,
Huoshenshan
Hospital, Wuchang
Fangcang Hospital)

Wastewater
(adjusting tank)

China (Wuhan) PEG precipitation RT-qPCR:
CCDC-ORF1, CCDCN

SARS-CoV-2 in Jinyintan Hospital was only
detected in water from the adjusting tank
(255 copies/L), but undetected in other
tanks and effluents.
Hospital wastewater in the adjusting tank
of Huoshenshan Hospital contained 633
copies/L of SARS-CoV-2,

D. Zhang et al.,
2020b
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UV light in the inactivation of SARS-CoV-2 is not yet explored to date.
However, if this behavior occurs, it is evident to take into account the
variation of season and geography in UV light availability
(Grigalavicius et al., 2016).
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On the other hand, the presence of suspended organic matter in
wastewater can also affect coronavirus survive. As reported by Murray
and Jackson (1992), suspended solids can provide shielding from light
and affect settling behavior. Although, it may also influence the viral
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diffusion coefficient and potentially result in clusters of viruses. Evalua-
tion of thepresence of SARS-CoV-2 viral RNA in septic tanks ofWuchang
Cabin Hospital by D. Zhang et al. (2020a) indicated a high level of
(0.5–18.7) × 103 copies/L after disinfection with sodium hypochlorite.
This result set evidence to release of virus embedded in patient's stool,
protected by organic matters, in septic tanks.

The detection of coronavirus and then its survival in wastewater can
be influenced by pathway used for quantification of RNA viruses. Liter-
ature reviews showed that several qRT-PCR assays have been designed
for the detection of SARS-CoV-2, which are efficient for wastewater sur-
veillance (Vogels et al., 2020; Corman et al., 2020; Chan et al., 2020).
However, despite the fact that qPCRmethod is rapid, sensitive and accu-
rate, it remains limited due to the presence of high load of organic con-
taminants in wastewater, especially in hospital wastewater, which
often interfere with downstream virus detection.

Nonetheless, many other emerging technologies were tested for
SARS-CoV-2 detection inwastewater samples, includingdigital PCR, iso-
thermal amplification and biosensors (Farkas et al., 2020). However,
thesemethods are more expensive and less sensitive (Ishii et al., 2014).

Knowledge of the presence of the coronavirus (andmore specifically
of SARS-CoV-2) in wastewater, along with its survival generates a great
debate since the outbreak of COVID-19. Xiao et al. (2020a) and Sun et al.
(2020) reported that the infectivity of SARS-CoV-2 in wastewater has
not been assessed, even though culturable viral particles have been de-
tected in the feces of infected individuals. Venugopal et al. (2020) indi-
cated that the survival of the viruses decreased drastically when the
parameters such temperature, UV-light and organic matter were unfa-
vorable. In addition, the presence of solvents and detergents in waste-
water can compromise the viral envelope (Gundy et al., 2009).
However, according to World Health Organization (WHO, 2020c),
there is no evidence on the persistence of SARS-CoV-2 virus inwastewa-
ter. Along these same lines, Naddeo and Liu (2020) showed that the per-
sistence of SARS-CoV-2 in the environment could be short, although
little is known concerning survival of this virus in wastewater.

Although the presence, survival of SARS-CoV-2 and its transfer from
wastewater systems, especially infectious disease units such hospitals,
accommodate many sources of uncertainty, it is recommended to be
treated and disinfected in order to limit its outbreak in the population,
and its effect on public health.

7. Disinfection technology for inactivation of coronavirus fromHos-
pital wastewater: SARS-CoV-2

In many countries such as Australia, Iran, Egypt, India, Japan, South
Africa, and Thailand, hospital wastewater is usually discharged in the
municipal sewage, where they combined with other charged effluent
before being collected to a wastewater treatment plant. However, in
many other countries such as Algeria, Bangladesh, Congo, Ethiopia,
India, Nepal, Pakistan, Taiwan, and Vietnam, hospital wastewater is
discharged into drainage systems, rivers without any pre-treatment
(Al Aukidy et al., 2018). This practice have an adverse impact on envi-
ronment and human health through spread of pathogenic microorgan-
isms, viruses, antibiotic resistant bacteria, pharmaceuticals, and
chemical pollutants. Several technologies were adopted acting as pri-
mary, secondary, and tertiary steps, the most widely applied technolo-
gies for hospital wastewater disinfection are activated sludge,
membrane bioreactor, ozonation, coagulation-flocculation and Fenton-
oxidation studies (Kühn et al., 2003; Yu et al., 2013; Chen et al., 2014;
Fan et al., 2017; Christensen and Myrmel, 2018). Recently, other prom-
ising technologies were developed such as constructed wetland (Khan
et al., 2020) and supercritical water oxidation (Top et al., 2020).

Methodical researches regarding the disinfection of SARS-CoV in
wastewater and hospital wastewaters, particularly distinct disinfection
propositions throughout the coronavirus pandemic, were targeted by
various studies (Kühn et al., 2003; Yu et al., 2013; Chen et al., 2014;
Fan et al., 2017; Christensen and Myrmel, 2018). The complete
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deactivation of SARS-CoV can be achieved by combination of three
steps of water processing.

The first stage, known as primary treatment, concerning the remove
of material that will either float or readily settle out by gravity by sedi-
mentation or flotation processes. The second stage, known as secondary
treatment, concerning remove of the soluble organic matter that es-
capes primary treatment and the suspended solids, which protect
virus from disinfection, by free chlorine. Removal is usually accom-
plished by biological processes (trickling filter, activated sludge process,
and oxidation pond) inwhichmicrobes consume the organic impurities
as food, converting them into carbon dioxide, water, and energy for
their own growth and reproduction. This stage is generally considered
a practical and available hospital wastewater treatment technology
that is particularly well suited to destroying pathogens, as relatively
long retention times, combined with sunlight, elevated pH levels, bio-
logical activity and other factors serve to accelerate pathogen destruc-
tion (WHO, 2020d). The third stage, as known tertiary treatment,
aimed to improve the quality of water. Many technologies can be in-
cluded in this stage for treatment of hospital wastewater such as acti-
vated carbon (granular and powdered activated carbon), membrane
technique (microfiltration, ultrafiltration, and reverse osmosis),
coagulation-floculation (zirconium, chitosan and polyaluminium chlo-
ride) and oxidation (UV, UV/H2O2, photo-fenton, ozonation).

On the other hand, Chen et al. (2014) reported that the efficient
technologies of deactivation of viruses as SARS-CoV from hospital
wastewater are Chlorine (Cl2), Sodium hypochlorite (NaOCl), Chlorine
dioxide (ClO2), Ozone (O3) and UV irradiation. Every disinfection tech-
nology presents advantages and disadvantages; selection of efficient
methods depends on different parameters such as operation cost, disin-
fectants toxicity, safety conditions, energy consumption, nature and
amount of wastewater, operating parameters, and reliability (Chen
et al., 2014) (Table 6).

Inactivation of SARS-CoV in hospital wastewater can be completely
after 30 min of disinfection with more than 10 mg L−1 chlorine
(0.4 mg L−1 of free residual chlorine). However, chlorine dioxide was
less effective for the inactivation of SARS-CoV than chlorine.
40 mg L−1 of chlorine dioxide (2.19 mg L−1 of free residual chlorine)
can inactive completely SARS-CoV about 30 min (Wang et al., 2005a).

Removal of another kind of Human coronavirus (HCoV) NL63 and
(HCoV) OC43 by adsorption using modified chitosan nano/micro-
spheres N-(2-hydroxypropyl)-3-trimethyl chitosan (HTCC-NS/MS)
was attempted. HTCC-NS/MS adsorb strongly (HCoV) NL63, but ineffec-
tive in removing (HCoV) OC43 coronavirus. The result of this study also
showed an increase of HCoV-NL63 adsorption effectwith the increase of
degree of cationization of modified chitosan (Ciejka et al., 2017).

In case of COVID-19, fewnumbers of studieswere developed the dis-
infection of wastewater and hospital wastewater spiked with SARS-
CoV-2 (Table 7). This scarcity of information can be caused by the lack
of environmental research on COVID-19, insufficient of laboratory
equipment and/or the risk toworkers handlingwastewater. The review
reported by J. Wang et al. (2020c) represented the disinfection technol-
ogies commonly used for hospital wastewater such as ultraviolet light
(UV), ozone, Chlorine-containing disinfectants, and provided just sug-
gestions for hospital wastewater disinfection during COVID-19 pan-
demic in China. To determine the sustainable technology to inactive
SARS-Cov-2, J. Wang et al. (2020c) indicated that the disinfection tech-
nologies adopted during SARS epidemic could be used as good reference
to inactivation of SARS-Cov-2 in hospitalwastewater, due to the similar-
ities between SARS-CoV-1 and SARS-CoV-2. The disinfection with free
chlorine for effective centralized disinfection was also suggested by
World Health Organization (WHO, 2020d) under optimal conditions
(pH < 8.0, contact time least 30 min and concentration dosage
≥0.5 mg L−1).

According to previous study (J.Wang et al., 2020c; How et al., 2017),
chlorine-based disinfectants arewidely used for their broad sterilization
spectrum, high inactivation efficiency and easy decomposition with



Table 6
Comparison of disinfection technologies in hospital wastewater (Chen et al., 2014).

Parameter Cl2 NaOCl ClO2 O3 UV

Concentration (g/L) 10 10–15 2–5 10 300 g/m2

Time (min) 10–30 10–30 10–20 5–10 10s
Reliability Good Better Good Good Better
Effects to endospore Bad Bad Good Better Better
Secondary pollution Yes Yes Yes No No
Toxicity of disinfection More More More Less No
Energy consumption Lower Low Lower High Lower
Influence of pH to disinfection More More More Little No
Application Water supply plant

and sewage
treatment
Traditional method

Seldom
used

Medium scale projects,
especially in hospital
wastewater treatment

Advanced waste treatment in water
supply plant and industrial water
consumption

Large-scale municipal water supply
and wastewater treatment in food
industry
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little residue, aswell as represents the best economic solution.However,
excess use of chlorine-based disinfectants can generate more than 600
kinds of disinfection by-products, which are harmful to ecosystems
and human health (Table 6) (Richardson, 2011; Wang et al., 2014; Y.
Luo et al., 2020). On the other hand, chlorine reacts with ammonia con-
tains in wastewater and forms a new product (chloramine), which be-
haves differently to free chlorine during disinfection (Wang et al.,
2005b). As part of an emergency treatment of hospital wastewater con-
taining SARS-CoV-2, China has launched a guideline requiring free chlo-
rine ≥6.5 mg L−1 at 1.5 h of contact time and without condition of pH.

D. Zhang et al. (2020a) studied the presence of SARS-CoV-2 viral
RNA in septic tanks of Wuchang Fangcang Hospital (Wuhan, China) in
order to evaluate the disinfection performance and optimize disinfec-
tion strategies to prevent SARS-CoV-2 from spreading through drainage
Table 7
Disinfection of SARS-CoV by different technologies.

Virus removed Wastewater sampling Disinfection technology D
m

SARS-CoV Hospital wastewater
(Xiao Tang Shan
Hospital)

Chlorine
Chlorine dioxide

RT

Human coronavirus
NL63
(HCoV-NL63),
human
coronavirus OC43
(HCoV-OC43)

Aqueous virus
suspensions

Adsorption using chitosan
nano/microspheres (CHI-NS/MS)

RT

SARS-CoV-2 Hospital wastewater
(Wuchang Cabin
Hospital)

Sodium hypochlorite RT

SARS-CoV-2 Hospital wastewater
(Jinyintan Hospital,
Huoshenshan Hospital,
Wuchang Fangcang
Hospital)

Adjusting tank, Moving Bed Biofilm
Reactor
(MBBR)-sedimentation-disinfection
(sodium hypochlorite)

RT
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pipelines. They concluded that despite of addition of 800 g/m3 of so-
dium hypochlorite as indicated by the guideline for emergency treat-
ment of medical sewage containing SARS-CoV-2 suggested by China
CDC, SARS-CoV-2 viral RNAwas present in the effluents at 12-h after so-
dium hypochlorite addition when free chlorine declined to no detect-
able. Xing et al. (2020) explained this behavior by the fact that SARS-
CoV-2 embedded in feces particles, which are rich in organic com-
pounds, could escape from disinfection and slowly release into aqueous
phase, as well as in drainage pipelines and then in septic tanks. There-
fore, disinfection technology recommended by WHO and China CDC
cannot ensure a complete deactivation of SARS-CoV-2 in hospital
wastewater.

The study of detection and disinfection of SARS-CoV-2 from three
hospitals (Jinyintan Hospital, Huoshenshan Hospital, Wuchang
etection
ethod

Inactivation
rate (%)

Result and interpretation Reference

-qPCR 100 10 mg L−1 of chlorine resulted in 100%
inactivation of SARS-CoV.
40 mg L−1 of chlorine resulted in 100%
inactivation of SARS-CoV.
Chlorine dioxide was less effective for the
inactivation of SARS-CoV than chlorine.

Wang et al.,
2005b

-qPCR 92 5 mg of modified CHI-NS/MS was mixed with
the virus suspension and incubated at 23 °C
for 30 min with mixing. RT-qPCR analysis
revealed the decrease of virions (92%).
No significant adsorption was observed in the
case of human coronavirus OC43
(HCoV-OC43).

Ciejka
et al., 2017

-qPCR Not
available

Absence of SARS-CoV-2 viral RNA in the
effluent of septic tanks after disinfection with
800 g/m3of sodium hypochlorite.
Presence of SARS-CoV-2 viral RNA in the
influent of septic tanks with the increase of
sodium hypochlorite (6700 g/m3), suggested
that SARS-CoV-2 might be embedded in
patient's stools, protected by organic matters
from disinfection, and slowly release when
free chlorine declines.

D. Zhang
et al.,
2020a

-qPCR Not
available

255 copies/L of SARS-CoV-2 viral RNA were
detected only in adjusting tank of Jinyintan
Hospital.
SARS-CoV-2 viral RNA was found in first
adjusting tank (633 copies/L), MBBR (not
detected-505 copies/L), and sedimentation
tank (not detected-2208 copies/L).
SARS-CoV-2 RNA was detected in wastewater
from the septic tanks disinfected by
800 mg L−1 of sodium hypochlorite, ranging
from 557 to 18,744 copies/L, and it declined to
non-detected after the dosage of sodium
hypochlorite increased to 6700 mg L−1.

D. Zhang
et al.,
2020a
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Fangcang Hospital) located in China (Wuhan) was investigated by D.
Zhang et al. (2020a). The treatment technologies applied in Jinyintan
Hospital are an adjusting tank, an aeration tank for biodegradation, a
secondary sedimentation tank and a disinfection tank. Only in adjusting
tank, 255 copies/L of SARS-CoV-2 viral RNA were detected, while the
virus was undetected in other tanks and effluents. The wastewater of
Huoshenshan Hospital comprised a series of treatment steps including
adjusting tank-septic tank adjusting tank-moving bed biofilm reactor
(MBBR)-sedimentation-disinfection, in which SARS-CoV-2 viral RNA
was found in first adjusting tank (633 copies/L), MBBR (not detected-
505 copies/L), and sedimentation tank (not detected-2208 copies/L).
In the third hospital treatment unit (Wuchang Fangcang Hospital),
therewas twodisinfection units (preliminary disinfection tank followed
by septic tank). SARS-CoV-2 RNA was detected in wastewater from the
septic tanks disinfected by 800mg L−1 of sodium hypochlorite, ranging
from 557 to 18,744 copies/L, and it declined to non-detected after the
dosage of sodium hypochlorite increased to 6700 mg L−1.

Recently other disinfection technologies such as radiation, reverse
polymerization, plasma, constructed wetlands, and thermal gasification
were also tested for hospital wastewater. They approve certain promo-
tion value, but due to the high investment costs and the efficient equip-
ment, these technologies have not been applicable at a large scale.
8. Conclusion

This review highlighted the detection, survival and route transmis-
sion of SARS-CoV-2 in hospital wastewater during outbreak of CoV-
19. The disinfection technologies of this virus were also discussed,
with special emphasis on efficiency of disinfection technologies used
commonly for deactivation of SARS-CoV-2 from hospital wastewater.

Physical-chemical and biological characterization of hospital waste-
water presents a wide range of hazardous pollutants, such as pharma-
ceutical residues, chemical substances, radioisotopes, and microbial
pathogens and viruses as SARS-CoV-2. The discharge of this effluent
into the municipal collector or directly onto surface water without any
treatment represents a chemical, biological, and physical risk for public
and environmental health, and allows a rapid outbreak of CoV-19.

There are many pathways of SARS-CoV-2 transmission; it can be
transmitted between humans via respiratory droplets, aerosol, close
contact and fomites. Fecal-oral transmission is considered also as a po-
tential route of transmission since several scientists confirmed the pres-
ence of SARS-CoV-2 RNA in feces of infected patients. The survival of
SARS-CoV-2 could be influenced by different parameters such as tem-
perature, pH, retention time, organic matter, light exposure and aerobic
organisms, as well as by pathways used for quantification of RNA
viruses.

Many techniques were developed to removal of organic pollutants
andmicrobial pathogens and viruses fromhospitalwastewater. Accord-
ing to few studies investigating the deactivation of SARS-Co V-2 showed
that chlorine-based disinfectants are widely used for their broad steril-
ization spectrum, high inactivation efficiency and easy decomposition
with little residue, as well as represents the best economic solution.
The complete deactivation of SARS-CoV-2 can be achieved by combina-
tion of other technologies (biological and/or physical-chemical
processes).

In the meantime, we should to develop more secure, efficient, eco-
nomical disinfection technologies in order to limit the transmission of
COVID-19 and to avoid other waves of the pandemic of COVID-19
infections.
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