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Abstract: The presence of SARS-CoV-2 in sewage and water resources has been used as an
indication for the possible occurrence of the virus among communities and for its potential of
transmission among humans through the surrounding environment or water resources. In order
to reduce the transmission of SARS-CoV-2, contaminated surfaces should be disinfected frequently
by using an effective disinfectant. The present review discusses a bibliometric analysis of the
global SARS-CoV-2 research and focuses mainly on reviewing the efficiency of the most traditional
disinfection technologies. The disinfection methods reviewed include those for hospitals’ or medical
facilities’ wastewater, contaminated surfaces, and contaminated masks. The elimination of the virus
based on the concept of sterility assurance level (SAL) is also discussed. In addition, the chemical
disinfectants that are currently used, as well as their temporary efficiency, are also reviewed.
The different technologies that are globally used for disinfection processes during the COVID-19
pandemic are shown. However, more advanced technologies, such as nanotechnology, might have
more potential for higher inactivation effectiveness against SARS-CoV-2.

Keywords: disinfection; COVID-19; sterility assurance level; medical masks; inactivation;
UV irradiation

1. Introduction

The genus of coronavirus is composed of at least three genetically and antigenically distinct
groups of CoV that cause mild to severe enteric, respiratory, or systemic disease in domestic and
wild animals, poultry, rodents, and carnivores, as well as mild colds in humans. SARS-CoV-2,
from the genus of coronavirus, is an enveloped and positive-sense virus with single-stranded RNA.
However, SARS-CoV-2 has a high potential to cause respiratory or systemic illnesses in humans.
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The zoonotic transmission of this virus has been reported in several regions, including a severe acute
respiratory syndrome CoV (SARS-CoV) infection, which was transmitted from bats and the Himalayan
palm civet (Paguma larvata) in 2002–2003 in China, and the Middle East respiratory syndrome CoV
(MERS-CoV), which has been transmitted from dromedary camels (Camelus dromedaries) in the Arabian
Peninsula since 2012. SARS-CoV-2 causes self-limiting upper- and lower-respiratory infections in
people with immunocompetence. It has been detected that SARS-CoV-2 has 89% similarity in the
nucleotide sequences to bat SARS-like-CoVZXC21, while it has 82% similarity to the human SARS-CoV
genome [1–3].

One of the main serious problems with SARS-CoV-2 is the transmission route. It has been revealed
that the virus has a clear transmission route through respiratory droplets and survives for more
than one day in the environment. It is hypothesized that there is a risk of exposure to the virus on
environmental surfaces, which has not yet been proven. Thus, indoor and outdoor surfaces should be
disinfected frequently [4,5]. This study presents a bibliometric analysis of global SARS-CoV-2 research
and focuses mainly on reviewing the efficiency of the most traditional disinfection technologies on
contaminated surfaces, medical masks, and hospital wastewater, which have a higher probability
of having greater loads of the virus. The elimination of the virus based on the concept of sterility
assurance level is also discussed.

2. Bibliometric Analysis of SARS-CoV-2 in the Literature

Literature data were collected from the SCOPUS database by restricting the search to all published
documents from 1 January, 2019 to 24 June, 2020 under the keywords “SARS-CoV-2” AND “Transmission
Route” OR “Genomic Map” OR “Pathogenicity” OR “Symptoms” OR “Therapeutics” OR “Survival”
OR “Environment”, from which 2000 documents were obtained. The bibliometric analysis used various
bibliometric ranking indices, including the top journals, countries, and the most frequent keywords in
the obtained documents. The worldwide distribution of documents was used to clarify the connections
and relationships between terms, keywords, and countries as well as to establish a rainbow density
map of bibliographic coupling and countries of publication in this area, as presented in Figures 1–3.
In the current review, the top countries are shown in the bibliometric map of the published documents
and their links among countries (Figure 1). A circle’s size indicates a country’s number of publications,
while the color of the circle refers to the utilized keywords. In the same sense, the connected lines
between countries express the citations and the link strengths between the publications of each country.
It was noted that most research conducted on SARS-CoV-2 was performed in the USA, followed by
China and Italy. The Journal of Medical Virology and Journal of Medical Hypotheses were the top journals
that published high numbers of SARS-CoV-2 articles (Figure 2). The articles addressed the infection
among females, the isolation and purification of the virus for further studies, genetic mapping, and the
symptoms of the infections, such as fever (Figure 3).
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Figure 1. Bibliographic map of the publisher countries of SARS-CoV-2 documents listed in the SCOPUS
database (2019 to 22/07/2020).
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The main findings of the reviewed articles are summarized in Figure 4. In order to focus on the
literature within the study scope, all reviews were categorized into five sections, including the sources
of the SARS-CoV-2 pandemic, pathogenicity and symptoms, transmission, diagnostic and genome
organization, and therapeutics that are associated with the research objectives.

The life cycle of the virus is presented in Figure 5. The virus enters into the cell cytoplasm through
the ACE2 receptors available on the surface of the human cells. The virus genome is multiplied inside
the cells and each of the new genomes is enveloped by the cell membrane and then released to infect a
new cell.
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3. SARS-CoV-2 in Wastewater

Hospitals’ and medical facilities’ wastewater may contain significant numbers of microbial
communities including pathogenic bacteria and viruses. With the emergence of the novel coronavirus,
scientists are now facing challenges in understanding its potential faecal-oral transmission and its
association with the environmental pollutants originating from the disposal of hospital wastewater.
It has been indicated by researchers in the literature that the pathogenicity and virulence factors of
the infectious agents lie in their ability to survive in the environment as well as their potential to
transmit into humans and animals without a host cell [6]. Hospital and medical facilities’ effluents
should be subjected to an efficient disinfection process before final disposal into the environment.
There are two factors that should be considered for any disinfection process, namely the biological
indicators and the assessment procedure. The selection of an indicator for evaluating the efficiency
of the disinfection process depends on the nature of the inactivation process, including chemical or
physical processes. The response of indicator organisms reflects the behavior of infectious agents.
For instance, bacteriophages are used as an indicator for human viral pathogens [7].

Although there are no scientific reports on the presence of SARS-CoV-2 in sewage, a number
of studies have reported high levels of viral shedding on fecal samples derived from SARS-CoV-2
patients [8,9]. In addition, several news reports in France and the Netherlands have reported the
presence of SARS-CoV-2 gene fragments in sewage and water surfaces [9].

4. Treatment of Hospital Wastewater Contaminated with SARS-CoV-2

Many of the treatment processes used in treating wastewater focused mainly on inactivating
pathogenic bacteria that are harmful to aquatic life. However, recent studies have revealed a detectable
number of pathogens that remained in effluents even after they underwent sewage treatment [10].
Chlorine is one of the most common disinfectants used in hospitals and medical facilities. In addition
to being effective in killing most microbial communities, this detergent has a negative effect on the
environment, which may be harmful to aquatic life if these contaminants enter the streams. Chlorination
may also lead to the production of nitrosodimethylamine (NDMA), which is known to be carcinogenic
to humans. The chlorination process can react with organic matter, forming another carcinogenic
compound called trihalometanes (THMs) [11]. Conventional filtration techniques employed in
wastewater treatment are not highly effective in removing micropollutant such as viruses. In addition,
some microbes were found to be resistant to certain types of chemical materials. These findings are
consistent with the study reported by Al-Gheethi et al. [12], which showed the presence of viable
microbial cells even after going through the treatment process.

The use of solar-based disinfection (SODIS) technology is a promising approach, especially
in the process of disinfection of water and wastewater. This technology is suitable based on the
availability of high solar radiation, and is characterized by low resources cost and sustainability [13].
Meanwhile, the application of nanotechnology in wastewater treatment has also been reported in
the literature [14]. For instance, Noman et al. [15] investigated the inactivation of antibiotic-resistant
Escherichia coli (Gram-negative) and Staphylococcus aureus (Gram-positive) seeded in greywater by
bimetallic bio-nanoparticles. The bimetallic nanoparticles (Zn/Cu NPs) were biosynthesized in
secondary metabolite of a novel fungal strain identified as Aspergillus iizukae EAN605. This study
revealed the high efficiency of Zn/Cu NPs in inhibiting the growth of E. coli and S. aureus. The inactivation
mechanism showed that the bacterial cells were inactivated due to the damage in the cell wall structure.
This is due to the degradation of carbohydrates and protein structures of the bacterial cell wall. Analysis
using Fourier transform infrared spectroscopy (FTIR) confirmed that destruction has occurred in
the C–C bond of the functional groups found in the bacterial cell wall. The combination between
SODIS and nanotechnology might provide a novel process of disinfection in inactivating human
viruses. ZnO are the most common nanoparticles used for wastewater disinfection and these particles
were reported to be more effective under sunlight, which might increase the antiviral activity [16,17].
Wastewater treatment plants are usually operated all days of the week for 24 hours. In many places
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located far from the Equator, solar radiation is very limited in winter and the solar radiation is depleted
during night; hence, SODIS is not a suitable method to employ in these areas. In addition, adequate
UV radiation cannot penetrate the surface of wastewater effectively. Therefore, if UV radiation is
used, treatment should be performed using a reactor, where wastewater is mixed and drained under
UV lamps. Nonetheless, Kibbee and Örmeci [18] stated that peracetic acid (PAA) with low-pressure
ultraviolet (LP-UV) radiation can inactivate Coxsackievirus B3 (CVB3) in municipal wastewater.

Sterility assurance level (SAL) is a term used to describe the killing efficiency of a treatment
process, where the treatment process is very effective if the SAL is very low, as described by ISO
13408-1 [19], and log reduction (accepted by United States Environmental Protection Agency USEPA) is
a term that is commonly used for assessing the efficiency of the disinfection processes. SAL is usually
expressed as 10−n. A 10−3 or 10−6 value is most often used for sterilization depending on the initial
concentration of the pathogen. Log reduction is calculated as (10−1), representing a 90% reduction
in microbial population. The process of disinfection with a 6 log reduction (10−6) indicates that the
microbial population decreases from one million (106) to almost zero, or a reduction of 99.9999%. A kill
rate of 99.99% is expressed in the form of a 4 log reduction.

In order to confirm that the removal of treated effluent is safe, the growth of inactive bacteria
should be determined as an indicator for inactive viruses. Therefore, samples should be isolated and
cultured on enrichment media. These cells are considered killed if no growth can be seen in the culture
medium after the incubation period. However, the storage conditions of disinfected samples may
affect the ability of microbial cells to resuscitate. Al-Gheethi et al. [20] revealed that Salmonella spp.
S. aureus and E. faecalis were resuscitated in sewage samples treated with solar disinfection (SODIS)
for 6 h and stored at 37 ◦C for 4 days. The survival of cells may occur due to the insufficiency of the
disinfection process to damage the cell walls of the bacteria and in this case the pathogen growth
potential (PGP) bioassay needs to be carried out.

5. Disinfection of Sars-Cov-2 in Contaminated Surfaces

The efficiency of several disinfectants against microbes depends on the ability to create an
irreversible destruction of microbial cells. Thus, several methods can be used including the process of
physical and chemical disinfection.

However, the concept of chemical disinfection depends on the inhibition of a critical metabolic
and anabolic pathways that cause microbial activity to be irreversibly inhibited. For some types of
microbes, the cell has an alternative metabolic pathway, which can cause the cell to remain active even
after disinfection. On the other hand, the physical disinfection is dependent on the destruction of the
cytoplasm. This damage is irreversible when microbial cells do not have the potential to recover to
normal activity due to damage to the cells’ enzymes.

Many studies have been conducted to better understand the mechanism of action of antibacterial
disinfectants. By contrast, similar studies on viruses are relatively sparse. Viruses have no metabolic
activity. Therefore, studies related to whether the disinfectant agent used can inactivate prions are still
limited. However, a study has reported that lipophilic disinfectants and chaotropic agents have little
difficulty in reacting to a normal lipid bilayer [19]. The veridical efficiency of chemical disinfection
may act by denaturing virus envelops, which are derived from portions of host cell membranes
(phospholipids and proteins). Nonetheless, the denaturation of the virus envelop may not cause
damage to the virus genome. Thus, many chemical disinfectants, such as alcohol (70%), chlorine, soap,
and detergent may be inadequately effective in inactivating the virus genome. Physical disinfection,
such as temperature and pressure, would be more effective due to its ability to destruct both the viral
envelope and the genome.

Another limitation in the use of chemical disinfectants is their stability in the environment.
The inactivation of viruses on contaminated surfaces by using alcohol or detergents may work
immediately. However, the ability of disinfectants to kill viruses on the surface in outdoor areas,
which are exposed to pollutants, is limited. This is because the coverage rate of detergents is limited,



Sustainability 2020, 12, 7378 8 of 12

and it is possible that the detergent is not evenly distributed. Alcohol and other disinfectants loss
their activity against the viruses or any microbes after a few minutes due to high evaporation rates,
especially in tropical countries. It has been demonstrated that the natures of chemical disinfectants
play an important role in determining their efficacy. This process is influenced by environmental
parameters, such as temperature and relative humidity.

In the chlorination of water and wastewater, there is an amount of residual chlorine that
constitutes an important safeguard against the risk of subsequent microbial contamination after
treatment [20]. The diluted chlorine is also effective to inactivate the virus. The diluted chlorine should
be freshly prepared due to its sensitivity to light, which may cause it to lose its effectiveness [21].
Residual chlorine is not available for surface disinfection. Thus, outdoor surfaces, such as in public
transport, are recommended to be disinfected frequently. For this reason, there is an urgency to find a
disinfectant that contains stable active ingredients, which can be used to frequently combat surface
contamination, particularly in open public areas. SARS-CoV-2 has the ability to survive for longer
periods (possibly up to 24 hours) compared to chemical disinfectants that disperse on contaminated
surfaces. This is because chemical disinfectants have short stability. By contrast, nanoparticles have a
longer stability in the environment. This has been proven by a study of the use of nanoparticles against
the H1N1 virus in different environments [17].

NPs biosynthesis represents an alternative to chemical and physical synthesis processes.
For example, the surface of fungal cells consists of proteins, enzymes, and reducing components
that produce reducing agents, such as napthoquinones and anthraquinones [22]. Therefore, the use
of fungi as stabilizing/reducing agents is very effective in producing NPs. Moreover, fungi have a
significant morphology, as they can produce various types of intracellular enzymes for the development
of metal and metal oxide NPs. Various species of fungi have been used in synthesizing NP metals due
to their high binding capacity and ability to bioaccumulate metals as well as their intracellular uptake.
The biosynthesis of NPs using fungi is better than other microorganisms because fungi are easy to
isolate, grow fast, and can be cultured in the laboratory [15].

ZnO-NPs with a size of less than 100 nm may have the potential to inactivate SARS-CoV-2 (with a
size of 400 nm) and physically destroy the viral genome. In addition, ZnO-NPs plays a dual role as
an anti-adhesive and antimicrobial agent simultaneously. It also has the ability to stabilize on the
surface under different humidity and ambient conditions [23]. Because SARS-CoV-2 poses a high risk
of infection, studies on the effectiveness of nano-disinfectants have been initiated using bacteriophage
as a modal organism.

6. Disinfection of Disposable Medical Face Masks Contaminated with SARS-CoV-2

The use of disposable masks such as respirators facial filters (N95), medical face masks, and other
face masks (such as non-medical, cloth, or barrier masks) during the SARS-CoV-2 pandemic has
increased the amount of waste. A WHO report [24] states that approximately 89 million medical
masks are needed each month in dealing with this pandemic. Accordingly, the disposal of this mask
to the environment, especially among public users, without undergoing the process of disinfection
may contribute to the spread of the virus. Several countries have adopted regulation for reuse of
disposable masks, as studied by Rubio-Romero et al. [25]. These regulations are used to ensure that
the disinfection process is carried out in accordance with the mandated procedure. The choice of
disinfection process depends on the type of mask and the species of the virus.

It has been reported that the survival period of the COVID-19 virus ranges from few hours (72 h)
to several days, which might reach up to 9 days [26,27]. The most common disinfectants used are
ethanol (62–71%), hydrogen peroxide (0.5%) and sodium hypochlorite (0.1%). These disinfectants
have the ability to inactivate the virus within 1 minute, since the inactivation process depends on
the oxidation reactions. Heat sterilization may be more efficient in disinfection. However, it is not
suitable for direct use because most masks are sensitive to high temperatures [28]. Some references
have recommended to keep the mask for at least five days before reuse. However, all masks that have
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been used will eventually be disposed of into the environment, which may cause virus transmission.
Therefore, it is important to find an effective and safe disinfection process before disposing or reuse.

Disinfection methods are categorized into two types, namely chemical methods (by using H2O2,
bleach, chlorine dioxide, soap solutions, alcohol, ozone or ethylene oxide) and physical methods (heat,
steam autoclave, dry air, microwaves, gamma irradiation or UV irradiation) [29]. To date, many studies
have focused on non-thermal disinfection, which depends on high pressure (which may reach to
40 MPa), such as supercritical carbon dioxide (SC-SO2). This technology is more suitable than others
because there is no toxic by-product generated, as in the case of chemical methods [30]. However,
the SC-CO2 instrument is very expensive and not applicable for personal use. Medical masks are not
classified as clinical waste unless they have been contaminated with blood. In addition, more than
90% of these masks are used by the public for non-medical use. Thus, these masks are not subject to
clinical waste management. Chemical disinfectants are more suitable for individual use. Due to these
limitations, treatment methods using UV radiation have been widely used compared to other methods.

Studies in the literature have revealed that UV radiation (pulsed xenon ultraviolet (PX-UV))
is effective in inactivating the Ebola virus on glass carriers and Polyethylene terephthalate (PET)
materials [31]. O’Hearn et al. [32] concluded that ultraviolet germicidal irradiation (UVGI) with a dose
of 40,000 J/m2 was effective for disinfecting N95 masks. The main advantage of disinfection using
UVGI is that it does not degrade the polymers if a double 36 W lamp is used and the inactivation
process occurs within 148 s from the time of exposure. According to Rubio-Romero et al. [25], radiation
through 254 mm UV light has high efficacy for disinfection during the COVID-19 pandemic. ultraviolet
light (UV-C) is also used as one of the disinfection methods. However, one of the disadvantages of
its use is the inability to reach the inner layer of the masks. However, the use of a pair of UV lamps
(above and below the mask) can enhance the inactivation process. Furthermore, the efficiency of
UV in inactivating and killing viruses must be confirmed based on the concept of sterility assurance
level (SAL).

7. Survival of SARS-CoV-2 in the Air

Many studies have been conducted to investigate the survivability of SARS-CoV-2 in aerosols.
These studies have revealed that the survivability of the virus depends on the moisture and size of
droplets. Larger droplets, which can only travel through aerosols at a short distance, settle down very
quickly. Nonetheless, as saliva droplets have a longer drying time, viable viral cells present in the
saliva droplets can easily be transmitted through direct contact. It has been reported that the survival
period of the virus in aerosols and on a surface ranges from 3 h to several days, depending on the type
of the surface, as presented in Table 1 [33–35].

Table 1. Survival period of Sars-Cov-2 in aerosol and on different surfaces.

Surface Survival Time

Aerosols 3 h
Plastic 3 days

Stainless steel 2–5 days
Cardboard 8 h

Paper 5 min to 5 days
Glass 4–5 days

Polyvinyl chloride (PVC) 5 days
Silicon rubber 5 days

Surgical gloves (latex) 5 days
Polyfluorotetraethylene (PTFE) 5 days

The ability of SARS-CoV-2 to survive for different periods of time on different surfaces depends
on the properties of a surface. For example, the ability to absorb moisture plays an important role
in the adhesion of viral particles. The virus is transmitted from an infected person to the air with a



Sustainability 2020, 12, 7378 10 of 12

droplet adhesion mechanism that depends on the droplet size (aerosol), where smaller droplets are
more easily suspended in air than larger droplets.

8. Conclusions

The presence of SARS-CoV-2 in water and wastewater indicates the potential for the spread of
the virus in the environment. However, there is no evidence to show that DNA fragments detected
in water and wastewater are pathogenic. In addition, the survival of the virus on surfaces requires
effective disinfection to ensure that the virus has become inactive.
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