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Abstract. The novel coronavirus (COVID-19) is sweeping the world starting in 2019. According to the
analysis based on big data technology, the wastewater generated by hospitals hosting SARS-CoV-2 infected
patients is complex in origin and composition, and contains a large number of pathogenic microorganisms
and drugs, etc. Without effective treatment, it will become an important pathway for the spread of the epidemic
and a source of environmental pollution, so wastewater treatment processes more effective for degrading
organic matter and inactivating viruses are required. This paper investigates the improvement measures
adopted for hospital wastewater treatment systems in response to COVID-19. For instance, reinforced septic
tanks and fine grilles with smaller grids were used for wastewater treatment. Besides, the Moving-bed Biofilm
Reactor (MBBR) process and the flocculation slant plate process were widely used for biochemical treatment
and sedimentation processes. It is critical to increase the dosage of disinfectant since coronaviruses can be
transmitted through water bodies and pose a threat to the environment and human health. Finally, a high-
temperature anaerobic digestion and incineration disposal scheme can effectively inactivate sludge pathogenic
bacteria and viruses for sludge generated from hospital wastewater treatment. In addition, we propose
recommendations for the shortcomings and risks in this treatment system, which are important for improving
the efficiency of medical wastewater containing the SARS-CoV-2 virus and stopping further virus
transmission.

incontrovertible fact Fig. 1 [3]. Since SARS-CoV-2 can
maintain biological activity in the water, medical
wastewater may also be the transmission medium of the
virus. Wastewater treatment facilities are usually
connected to the air. If the wastewater is not thoroughly
treated to kill the virus, the virus may spread from the
wastewater to the external environment and expand the
number of infected people. Therefore, it is very important
to adopt more targeted sewage treatment technology to

1 Introduction

Since the end of 2019, SARS-CoV-2, a new pneumonia-
causing virus, has swept the world and rapidly spread to
more than 200 countries. The total number of infected
people worldwide has reached nearly 200 million, posing
a huge threat to human health. Therefore, there have been
a series of public health emergencies around the world. L . .
SARS-CoV-2 is an enveloped plus stranded RNA virus eliminate the virus and improve sewage treatment.
belonging to the beta coronavirus genus that causes However, few studies on the treatment process of medical
COVID-19 [1]. The main transmission routes are direct ge&s’tevslzater contain t.heHSARSiCOV_zh v1ruls ’ sof it lﬁ
contact and respiratory droplets [1], while aerosol or fecal iicult to .syste?matlca Yy analyze t ¢ role ol cac
transmission is also proven possible [2]. treatment facility in the treatment of this wastewater.
Countries began to build shelter hospitals to separate Based on the medical wastewater treatment process of

SARS-CoV-2 patients from healthy people, target them P}Iluoshenshan Hospltal, this paﬁ)er sys}tlematlcally at;alyl;es
for treatment, and relieve the strain on the health system the most appropriate process that each component facility

caused by many COVID-19 patients. A large number of canb adlc(>pt léndﬁr thq backglr Ounf ththe COVIAD;W
COVID-19 patients were treated in the shelter hospital, outbreak and the unique role of each process. After
which generated a large amount of medical wastewater research, this process still has shortcommgs. We propose
during its operation. With big data, SARS-CoV-2 will suggestions to improve these problems, which are of great

. . . . ignificance for improving the treatment efficien f
survive in a water environment and transmit an sighiticance 1o proving the treatment etliciency o
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medical wastewater containing the SARS-CoV-2 virus,
ensuring the safety of medical staff and other staff, and
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Fig. 1. Confirmed cases of SARS-CoV-2 detection in global aqueous environment [3].

2 Treatment technology

2.1. Processing flow chart

Huoshenshan Hospital in Wuhan, China, was established
during the COVID-19 epidemic and is a hospital specially
designed to treat COVID-19 patients. Hospital wastewater
contains a large amount of human excrement [4],

containing various inorganic and organic substances such
as undigested carbohydrates, fibers, proteins, fats [5].
Therefore, in the process of wastewater treatment,
attention should be paid to the removal of viruses.

To better treat medical wastewater, its treatment
facilities should be composed of a septic tank, grille,
regulating  reservoir, biochemical tank, clarifier,
disinfection pool, and perfect sludge disposal facilities.
That ensures all kinds of waste can be the perfect treatment.
The specific processing flow chart is shown in Fig. 2 [6].

Disinfector Disinfector
“Eteed\l:::er ﬁ H ﬂ Effluent
Municiple
pipe
Advance Septic tank Regulating MBBR Clarifier  Disinfection pool
disinfection pool reservoir  biochemical pool

Fig. 2. Flowchart of treatment of medical wastewater containing Novel Coronavirus [6].

2.2. Septic tank

Septic tank is a kind of domestic sewage pretreatment
facility, using the principle of static separation and
anaerobic fermentation. When entering the septic tank,
some large particles settle to the bottom of the septic tank
to form sludge for anaerobic fermentation. The other
suspended particles enter the next stage of sewage

treatment facilities and the water flow. However, the
sewage treatment efficiency of traditional septic tanks is
very low, which will lead to an increase in soil and
groundwater pollution [7]. Therefore, it is of great
significance to improve the process of the septic tank.
Currently, there are four types of intensified septic
tanks, including biogas septic tanks, Up-flow Anaerobic
Bed (UASB) septic tanks, packed septic tanks, and baffle-
type septic tanks. Among them, the characteristics of a
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biogas septic tank are to provide an anaerobic environment
for the fermentation of sewage, which is conducive to
preventing mosquito breeding, and the methane produced
can also be used as energy for the operation of the facility.
UASB type septic tank is equipped with a gas/liquid/solid
three-phase separation device, which helps to improve the
removal rate of suspended particulate matter and the
conversion rate of soluble organic matter [8]. Packing type
septic tank uses the biofilm attached to the filler to filter
and decompose the pollutants in the water. The baffle type
septic tank divides the septic tank into several small
chambers by using the baffle plate. It has the advantages
of completing the separation of the process of acid
production and methane production [9], resistance to the
change of water pressure, and better residence time of
sewage and sludge [10]. As a facility for treating medical
wastewater from New Coronet, septic tanks should also
pay attention to the use of pre-disinfection and
strengthening sealing measures to prevent virus spiltration
based on improving sewage treatment effect.

2.3. Grille

The grille is an important auxiliary facility in sewage
treatment facilities used to remove coarse suspended
particulate matter in water. Its removal efficiency is
related to the width of the gap. Later, the Moving Bed
Biofilm Reactor (MBBR) Reactor is needed for
biochemical treatment of wastewater, so a relatively fine
grid is needed to remove larger particles and prevent the
Biofilm on the filler from being destroyed [11].

2.4. Regulating reservoir

The regulating pool is an important facility for regulating
the change of water quantity, especially for the facility
with great change of inflow flow and weak impact
resistance. For example, the wastewater of Huoshenshan
Hospital comes from the areas with higher height and the
areas with a lower height. Therefore, it is necessary to
install this facility to regulate wastewater flow from
different sources to protect the subsequent treatment
facilities. For example, the low wastewater is subjected to
pressure treatment to ensure its smooth and stable flow
into the wastewater treatment system.

2.5. Biochemical pool

A biochemical pool uses biochemical principles to remove
organic matter, nitrogen compounds, phosphorus
compounds, and other pollutants in sewage facilities.
MBBR process is generally used in hospitals treating
patients with SARS-CoV-2. In Fig. 3, the MBBR
biochemical pool in operation, which relies on the biofilm
growing on the moving medium added to the reactor under
the condition of oxygen to complete biodegradation, is
shown in Fig. 4. The growth on the medium white filler is
the biofilm. Biofilm contains different types of
microorganisms, including aerobic, anaerobic, and
facultative anaerobes, which can complete different
biochemical processes and remove different pollutants. At

the same time, its specific surface area is high, so it has a
high water treatment efficiency [12]. The tank has a small
volume, no need for aeration and flushing, and no need for
packing support, which greatly saves construction time
and operation cost and is very suitable for use in the case
of public health emergencies. Therefore, after weighing,
MBBR biochemical tank was selected as the treatment of
medical wastewater which contains SARS-CoV-2.

Fig. 4. Filler in MBBR biochemical pool.

2.6. Clarifier

The clarifier is the core structure of the conventional
process of water plant treatment. It is used to separate the
sewage from the particles in the water. By sedimentation,
80% to 90% of the particles in the water can be removed.
Based on the traditional process, the removal methods of
particulate matter in water have also developed new ways.
These processes can greatly promote the treatment
efficiency of medical wastewater, reduce the residence
time of sewage in the facility, and reduce virus spiltration.
To deal with the epidemic, flocculation inclined plate
clarifier is a relatively high-quality choice, which is also
the type of sedimentation tank selected by Huoshenshan
Hospital. Inclined plate sedimentation tank is referred to
between two pieces of the parallel plate forming shallow
tank, is with particles in the precipitation of shallow water
is separated. It uses the principle of "shallow layer
settling”", which can reduce the particle sedimentation
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distance, shorten the settling time, improve efficiency. The
technology can also be combined with flocculation
technology. People can add flocculant to sewage. The
flocculant generated depends on the physical method to

Flocculating agent
Inflow

Flocculation basin

Inclined plate
clarifier

adsorb the pathogenic virus in water and separates it from
sewage through precipitation to prevent incomplete
disinfection. Its specific structure diagram and operation
process are shown in Fig. 5.

Effluent

Magnetic drum
separator

[

Excess sludge

Fig. 5. Flocculation inclined plate sedimentation tank.

2.7. Disinfection technology

Coronaviruses can be introduced into sewage through
various sources, such as hand washing, sputum, vomiting
[13], and primarily through viral shedding in the feces of
infected individuals [14]. In addition, coronaviruses have
been detected in urine samples from infected patients,
such as SARS-CoV in 2003 [15], Middle East respiratory
syndrome coronavirus in 2012 [16], SARS-CoV-2 in 2020
[17]. As a result, viruses can enter water bodies through
multiple pathways and are discharged from hospitals
along with the effluent. Suppose hospital wastewater is not
disinfected and enters directly into the drainage system or
river. In that case, it can transmit pathogenic
microorganisms, viruses, antibiotic-resistant bacteria,

drugs, and chemical contaminants, adversely affecting the
environment and human health. Therefore, to eliminate
the possibility of hospital wastewater becoming a
transmission source, it is crucial to choose the appropriate
disinfection technology to inactivate disease-causing
microorganisms.

2.7.1. Chlorine-containing disinfectants

Chlorine-containing  disinfectants mainly include
bleaching powder, liquid chlorine, sodium hypochlorite,
chlorine dioxide, etc. Most chlorine-containing
disinfectants have strong oxidizing properties, effectively
inactivating pathogens and having good hygienic effects
[18]. The advantages and disadvantages of various
chlorine-containing disinfectants are shown in Table 1.

Table 1. Comparison of Disinfection technologies for hospital wastewater [19].

Disinfection technology Advantages Disadvantages
Liquid chlorine Low energy consumption High storage risk
Chlorine dioxide High efficiency and low operation costs Inconvenient storage and
Chlorine-containing transport
disinfectants Low toxlglty, simple equipment, stable High energy consumption,
Sodium hypochlorite operation, casy control,‘ and low strong corrosiveness, and high
operation and preparation costs pollution
The ability of decoloring and High operation costs and
deodorizing and quick decomposition of hazardous by-products
Ozone microorganisms
. . . . Inadequate depth of penetration
Ultraviolet light Low investment and operation costs and occupational health risks

Liquid chlorine is one of the most commonly used
disinfectants in hospital wastewater disinfection. Chlorine
is a strong oxidizer and broad-spectrum bactericide that

effectively kills bacteria and viruses in wastewater and has
a continuous disinfection effect. Liquid chlorine
disinfection has the advantages of easy availability of
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agents, low cost, simple process, mature technology,
simple operation, accurate dosage, and does not require
huge equipment. However, chlorine gas is toxic and highly
corrosive, and its operation, management, and storage are
hazardous to a certain extent. In a COVID-19 health
emergency, when a septic tank is disinfected, the
disinfection efficiency with chlorine is guaranteed by
applying a dose higher than 6.5 mg/L and a contact time
of at least 1.5 h [20].

Chlorine dioxide is recognized as a highly effective
disinfectant globally and has been used in China as a
disinfectant for drinking water and hospital wastewater. In
chlorination disinfection technology, chlorine dioxide has
a strong oxidizing effect, does not produce organic
chlorides, is simple and convenient to administer, is not
affected by pH, and has a broad-spectrum, highly effective
disinfection effect. So chlorine dioxide disinfection
technology has become the preferred method for hospital
treatment that combines environmental and ecological
benefits [18]. However, the disadvantage of chlorine
dioxide is that it is inconvenient to store and transport and
must be prepared on-site. The equipment should be placed
in a ventilated place to prevent damage to the human
respiratory system caused by improper operation of a
small amount of chlorine dioxide escaping into the air.
Wang et al. [21] found that SARS-CoV was completely
inactivated by disinfection with chlorine at more than 10
mg/L for 30 min after inoculation of 1 ml of 105 TCIDsy
of SARS-CoV in 100 ml of domestic sewage. However,
under the same conditions, SARS-CoV could be
completely inactivated only after 30 min of disinfection
with 40 mg/L chlorine dioxide. So, Chlorine dioxide was
less effective for the inactivation of SARS-CoV than
chlorine.

Sodium hypochlorite disinfection wuses sodium
hypochlorite solution or on-site prepared sodium
hypochlorite liquid as a disinfectant, and the hypochlorous
acid produced after its dissolution has a good killing effect
on pathogenic bacteria in the water, which can disinfect
the sewage. Sodium hypochlorite has low toxicity, simple
equipment operation, stable operation, easy control, low
preparation cost, high energy consumption, high
corrosiveness, and high pollution. Human-specific
coronaviruses can last from 2 hours to 9 days on inanimate
surfaces such as metal, glass, or plastic. Still, the survival
time of the virus is shorter in environments above 30°C.
Therefore, as shown by data on coronaviruses, for viruses
surviving on the surface of objects, 0.1% concentration of
sodium hypochlorite can effectively inactivate them
within 1 minute [22].

2.7.2. Ozone disinfection

Ozone is a disinfectant with a high bactericidal effect, with
the capacity of decoloring and deodorizing [19], and is
widely used in wastewater treatment projects. A schematic
representation of the mentioned inactivation mechanisms
for enveloped viruses is displayed in Fig. 6 [23]. The
inactivation of viruses by ozone results from the reaction
between ozone and the biomolecules that constitute the
basic external and internal structure of the target organism.

Ozone can react with the nucleic acids of the viral genome
after the molecules have diffused internally through the
external structure. The external structure refers to the
proteins and lipids of the viral envelope, such as the
enveloped virus SARS-CoV-2. For SARS-CoV-2, ozone
levels of approximately 0.1-0.4 mg/L in one minute can
achieve about 4logio of inactivation in aerosols [23]. The
advantages and disadvantages of ozone are shown in Table
1. Ozone disinfection can decolorize and deodorize the
treated wastewater. It is bright and transparent without
odor. Although ozone disinfection can improve water
quality and efficiency in a relatively short period, ozone
preparation has high operating costs, produces by-
products that are harmful to human health, and excessive
ozone can easily cause odor and secondary pollution.
Therefore, ozone disinfection is mainly suitable for small-
scale wastewater treatment systems, especially those with
high effluent quality [19].

Enveloped virus

Glycoprotein

Lipid Envelope

Capsid

Genetic material

Fig. 6. Inactivation mechanisms of enveloped viruses by ozone
[23].

2.7.3. Ultraviolet light (UV) disinfection

Ultraviolet light (UV) can be divided into 4 bands
according to different wavelengths, including ultraviolet A
(315 nm-400 nm), ultraviolet B (280 nm-315 nm),
ultraviolet C (200 nm-280 nm), and vacuum ultraviolet
(100 nm-200 nm). Of these, vacuum ultraviolet is
absorbed by wastewater and cannot be used for
disinfection. The energy band with wavelengths between
200 nm and 300 nm may damage the structure of DNA and
RNA of Dbacteria, viruses, and single-celled
microorganisms, thereby inhibiting protein synthesis.
Therefore, ultraviolet B and ultraviolet C have the best
germicidal effect [19]. Exposure of the virus to UV
radiation causes cross-linking of nucleotides in the viral
genome, leading to virus inactivation [24]. Studies have
shown that DUV-LED inactivates SARS-CoV-2
efficiently and rapidly, with DUV-LED at 2804+5 nm
achieving 87.4% reduction in infectious virus titers within
1 second of UV irradiation and 99.9% reduction within 10
seconds [25].

The advantages and disadvantages of UV disinfection
are shown in Table 1. UV disinfection has various
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advantages, such as short contact time for the disinfection
process and no formation of any disinfection by-products,
and low investment and operating costs. However, the
penetration depth of UV radiation is not deep enough, and
the occupational health risk is high.

2.8. Sludge disposal

After isolation of infectious SARS-CoV-2 from feces and
urine of COVID-19 patients, the corresponding RNA was
also detected from wastewater and sewage sludge [26]. In
fact, enveloped viruses have been shown to survive in
municipal wastewater systems for days to months. Sewage
sludge, a byproduct of wastewater treatment plants, is also
considered a reservoir for this novel coronavirus, as it
enriches 30-50% of the pollutants in the effluent. The
complex organic matter in the sludge protects the
pathogenic virus from inactivation [27]. This suggests that
novel coronaviruses can also be transmitted through
sludge. Therefore, when carrying out medical wastewater
treatment, attention should be paid to safe disposal
methods for sludge promptly to avoid sludge staying in the
storage tank for too long. Research findings indicate that
the high-temperature anaerobic digestion of sludge and the
multi-stage digestion processes have better-reducing
effects on viruses. In response to the requirement of
thorough sanitization of sludge, inactivating pathogens
and viruses of sludge, using sludge disinfection combining
with anaerobic digestion or high-temperature sanitization
conduces to inactivate sludge pathogenic bacteria and
viruses. Also, incineration is a suitable method of sludge
disposal [28]. In the incineration treatment, the
combustion temperature is usually maintained above
850°C, and the residence time of the waste in the furnace
is greater than 1 hour, ensuring the deactivation of SARS-
CoV-2 and achieving a safe sludge disposal solution [29].
The residual sludge from the sewage treatment of
infectious disease hospitals is dewatered and packaged
airtight and incinerated by incineration equipment,
achieving the goal of the complete elimination of
pathogenic bacteria [30].

3 Recommendations

3.1. Reduce residual chlorine

During the epidemic period, to ensure the effectiveness of
medical wastewater treatment and prevent the spread of
viruses, the treatment units enhanced disinfection, and
most of the disinfection processes use chlorination
disinfection, which led to an increase in the residual
chlorine content of the influent water of the sewage
treatment plant. In this case, the activity of activated
sludge may be inhibited, which affects the efficiency of
the biochemical treatment process. Chen L. et al. [31]
found that sludge microorganisms' nitrification activity
and denitrification activity were affected when high-
concentration sodium hypochlorite was applied to
activated sludge. In this regard, each treatment unit should
strengthen the monitoring and management of the

biochemical system and closely observe the condition of
activated sludge. During the epidemic, it is also necessary
to closely observe influent and effluent water quality and
quantity changes and predict and adjust the process
parameters to ensure that the system can operate stably. If
the system has been affected by the high-concentration
residual chlorine, it is necessary to consider adding ferrous
iron to the adjustment tank to reduce it. The reaction
products could enhance the coagulation process to
maintain the stable structure of the floc and avoid the loss
of nitrifying bacteria. What’s more, it’s also effective to
add reducing agents such as sodium sulfite into the
regulating pool, which can also reduce hypochlorite [32].
Relevant departments should also research the residual
chlorine concentration of influent and effluent as soon as
possible and introduce corresponding  standard
specifications for different types of residual chlorine. So,
the future emergency treatment of medical wastewater can
be justifiable and reasonable and reduce the impact of
residual effluent chlorine on the water environment [33].

3.2. Improve the degree of automation control

As the sewage treatment work during the epidemic
involves risks of virus infection, it is essential to boost the
automatic management system. For example, the
processing units can consider monitoring the flow rate,
fecal coliform count, and other indicators to realize the
automation operation of the selection and dosing of
disinfectants, which will reduce the frequency of on-site
work for workers. In addition, the inlets and outlets, agent
dosing ports of each unit, or special equipment should be
equipped with detection and emergency alarm measures to
improve the efficiency of automated operation. So that the
emergency plans can be launched timely when an accident
occurs [34].

3.3. Classify and treat medical wastewater
reasonably

According to the actual function, hospitals can be divided
into general hospitals, specialized hospitals, infectious
discase hospitals. The quality of wastewater produced by
hospitals with different functions has significant
differences, so it cannot be treated according to a uniform
treatment process. Furthermore, when treating wastewater
in hospitals, medical wastewater needs to be properly
classified and treated according to quality. It’s a must to
strictly separate the sewage from hospital wards and non-
ward areas. The sewage and feces from infectious wards
should be treated separately before being combined with
other wastewater [35]. Rainwater needs to be collected
entirely, and measures such as disinfection and
physicochemical treatment before discharge shall be
strictly enforced [36].

3.4. Adjust the treatment plan in time

During the epidemic, all sewage treatment units should
optimize the disinfection process according to the
treatment effect and costs to avoid affecting further
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treatment after the mixing of various up-to-standard
wastewater. The disinfection method for different projects
may not be limited to one single type. A combination of
multiple disinfection processes is also available to reduce
the dosage of disinfectant and the generation of
disinfection by-products and reduce disinfection contact
time. For instance, compared with the chlorine
disinfection process, the ultraviolet disinfection process
lacks the capacity for subsequent disinfection. It is
recommended to construct temporary pipelines for dosing
chlorinated disinfectants as an aid [36]. The "ozone +
sodium hypochlorite" method is also practicable [37].
Ozone disinfection takes less time to kill pathogens and
does not produce toxic or harmful by-products. In the
process of processing, adding a small amount of sodium
hypochlorite to control the residual chlorine in the water
can provide the disinfection method with the continuous
disinfection capability [37].

3.5. Improve sealing of facilities

To prevent the spread of viruses through aerosols, medical
wastewater treatment facilities should be strictly sealed. In
addition to capping all sewage and sludge structures, the
waste gas should also be appropriately disinfected, such as
ultraviolet disinfection, ozone disinfection, etc., to further
prevent the spread of the virus. In addition, sealing checks
regularly is also essential. People are more likely to
contact drainage facilities than other processing facilities.
Hence the processing units should also attach importance
to the sealing of drainage facilities and pipelines and
regularly check the sealing and blockage of sewers to
prevent contaminating non-patient areas by backflow and
groundwater pollution because of sewage leakage [35].

4 Conclusion

Under the influence of COVID-19, the content of the virus
in medical wastewater has increased, and various
treatment units have adjusted the treatment process
correspondingly in response to the epidemic. For instance,
reinforced septic tanks and fine grilles with smaller grids
were used for wastewater treatment. Besides, MBBR and
the flocculation slant plate process were widely used for
biochemical treatment and sedimentation processes. It is
crucial to increase the dosage of disinfectant since
coronavirus can be introduced into water bodies through
various sources and pose a threat to the environment and
human health. In addition, safe disposal methods such as
incineration are also needed for sludge, and it’s proved that
the disposal scheme of high-temperature anaerobic
digestion and incineration can effectively inactivate
sludge pathogens and viruses. Finally, the paper reflects
on the existing treatment system for medical wastewater.
It concludes by summaries and suggestions for specific
treatment priorities and improvements for reference, such
as paying attention to reduce residual chlorine, improving
the degree of automation control, classifying and treating
medical wastewater reasonably, adjusting the treatment
plan in time, and improving the sealing of facilities.
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