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Combined with human-to-human contact, the potential for SARS-CoV-

2 virus transmission via aerosols and feces raises the urgency for effective

treatment of hospital wastewater (HWW), which has been assumed as an

important source of pathogenic microorganisms spreading into aquatic

environments. However, there are few reviews discussing the presence and

removal of pathogens in hospital wastewaters matrices. This review

summarizes the pathogenic microorganisms including bacteria, fungi,

viruses and parasites present in hospital wastewater, the related diseases

and treatment processes. In addition, the removal of pathogens during

hospital wastewater treatment process is reviewed, including the

preliminary process, secondary process and tertiary process. Due to the

growing concerns over the effects of the current global pandemic on

hospital wastewater treatment process, further research is necessary to

investigate the actual fate of pathogens in hospital wastewater and

optimize disinfection processes.

KEYWORDS

hospital wastewater, pathogen, occurrence, removal, disinfection

OPEN ACCESS

EDITED BY

Huiyu Dong,
Research Center for Eco-Environmental
Sciences (CAS), China

REVIEWED BY

Jun Hu,
Zhejiang University of Technology,
China
Xiangjuan Yuan,
Wuhan Textile University, China

*CORRESPONDENCE

Yaya Pian,
pianyaya0919@163.com

SPECIALTY SECTION

This article was submitted to Water and
Wastewater Management,
a section of the journal
Frontiers in Environmental Science

RECEIVED 07 November 2022
ACCEPTED 05 December 2022
PUBLISHED 04 January 2023

CITATION

Yuan T and Pian Y (2023), Hospital
wastewater as hotspots for pathogenic
microorganisms spread into aquatic
environment: A review.
Front. Environ. Sci. 10:1091734.
doi: 10.3389/fenvs.2022.1091734

COPYRIGHT

© 2023 Yuan and Pian. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permittedwhich does
not comply with these terms.

Frontiers in Environmental Science frontiersin.org01

TYPE Review
PUBLISHED 04 January 2023
DOI 10.3389/fenvs.2022.1091734

https://www.frontiersin.org/articles/10.3389/fenvs.2022.1091734/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.1091734/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.1091734/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.1091734/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenvs.2022.1091734&domain=pdf&date_stamp=2023-01-04
mailto:pianyaya0919@163.com
mailto:pianyaya0919@163.com
https://doi.org/10.3389/fenvs.2022.1091734
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://doi.org/10.3389/fenvs.2022.1091734


1 Introduction

Hospital wastewater (HWW), being hazardous and

infectious, is different from the domestic wastewater. The

effluent discharged from operating rooms, diagnostic

laboratories, radiology and infectious wards (Saguti et al.,

2021) contains pathogenic bacteria and viruses, toxic organic

pollutants, radioactive elements and pharmaceutical

compounds (PhCs) such as antibiotics and psychiatric drugs,

etc. The presence of numerous pathogenic microorganisms in

HWW highlights the potential threat to public health posed by

HWW discharge to receiving water (Cai and Zhang, 2013;

Azuma and Hayashi, 2021). In China, hospital wastewater is

an important reservoir for the spread of antimicrobial

resistance genes and variants. In particular, the COVID-19

pandemic has further increased hospital waste, especially

high concentrations of pharmaceuticals and antibiotic

compounds, posing a greater threat to human health and the

ecological environment.

HWW provides an ideal environment for pathogenic

microbes including bacteria, viruses, fungi and parasites.

Thus, wastewater and sludge from HWW treatment

facilities are considered as hotspots of infectious

microorganisms. It was reported that the average

microorganisms numbers in HWW sludge were detected to

be: total count of dry weight of sludge 8.1 × 107 CFU·g−1 and
1.4 × 106, 3.6×105, 1.6 × 105, 2.2 × 105 and 5.5 × 104 CFU·g−1 for
total coliforms, faecal coliforms, faecal streptococci,

Pseudomonas aeruginosa, and Salmonella spp., respectively

(Tsai et al., 1998). Moreover, resistant bacteria and antibiotic

residues were widely observed in HWW, resulting in growth

suppression of susceptible bacteria and population increase of

resistant bacteria in the receiving water (Hänninen et al.,

2003). Overall, the biological risk of HWW is a variety of

pathogenic microorganisms, which are from the feces of

infected humans. The identified pathogens of concern in

HWW and related diseases is shown in Table 1.

2 Microorganisms and pathogens
originating from HWW

2.1 Bacteria

HWW is thought to be one of the major environmental

reservoirs of pathogenic bacteria, which are the most diverse class

of human pathogens found in HWW. Many different types of

bacteria colonize the human intestine and are excreted in feces.

Although many of these bacteria flora are host-commensal and

host-beneficial, the majority of bacterial pathogens in wastewater

are enteric bacterial pathogens. Salmonella spp., Escherichia spp.,

Shigella spp., Yersinia spp., Klebsiella spp., Aeromonas

hydrophila, Vibrio cholerae, Legionella pneumophila,

Mycobacterium spp., Leptospira spp., and Pseudomonas were

identified in HWW. By 16S rRNA gene fingerprinting, the

pathogenic bacteria abundance in the total bacteria population

was estimated to be .06%–3.20% in general (Cai and Zhang,

2013). In the Nordic countries of Sweden, Norway, and Finland,

waterborne outbreaks caused by Campylobacter jejuni

contaminated drinking water are observed (Hänninen et al.,

2003). Azuma and Hayashi (2021) found that sewage effluent

from the hospital comprised 40 bacterial phyla, 123 classes,

217 orders, 366 families, and 684 genera, with Proteobacteria

being the most common phylum in the hospital effluent (51%),

followed by Bacteroidetes (34%), Firmicutes (11%),

Actinobacteria (1%), and TM7 (1%) before treatment.

2.2 Fungi

Fungi have simpler nutritional requirements compared with

bacteria, and can grow at lower water activity levels. The

microbiological investigation of several HWW revealed the

prevalence of fungal, bacterial and coliform species. The

fungal populations can easily spread their spores into the

surrounding environment, thereby directly affecting humans.

The severity of fungal infectious disease depends on the site

of infection and host immunity. Invasive candidiasis caused by

Candida spp. nowadays serves the 4th common nosocomial

infection in numerous regions, demonstrating mortality of up

to 40% (Thompson et al., 2019). Candida albicans is the major

species responsible for infections of medical origin. As shown in

Table 1, C. albicans, Aspergillus Terreus, Candida tropicalis,

Candida parapsilosis, Fusarium spp., Paecilomyces spp.,

Penicillium and Rhizopus were observed in HWW, which

could induce severe diseases and illness to human beings.

2.3 Viruses

Viruses are one of common waterborne pathogens

responsible for the sporadic outbreak of waterborne illnesses.
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TABLE 1 Major pathogens of health concern in wastewater and related diseases.

Pathogen Detection country Disease or symptoms

Bacteria Campylobacter jejuni Finland (Hänninen et al., 2003) Gastroenteritis

Salmonella spp. Taiwan (Tsai et al., 1998) Salmonellosis, typhoid, paratyphoid

Escherichia coli India (Diwan et al., 2012) Gastroenteritis

Shigella spp. Ethiopia (Simachew et al., 2018), India (Maheshwari
et al., 2016)

Bacillary dysentery

Vibrio cholerae Benin (Omna et al., 2020) Cholera

Yersinia spp. Nigeria (Adekanmbi et al., 2020), Germany
(Alexandrino et al., 2004)

Gastroenteritis

Fungi Candida albicans Turkey (Mataraci-Kara et al., 2020) Candidemia

Aspergillus Terreus United States (Lee et al., 2012; Sugui et al., 2015) Chronic lung diseases, hematologic malignancies, renal and liver diseases,
allergic bronchopulmonary aspergillosis, aspergillus bronchitis,
tracheobronchitis invasive, disseminated aspergillosis, etc.

Candida tropicalis Portugal (Sabino et al., 2015) Bloodstream infections, candidemia

Candida parapsilosis Brazil (Khodabandeh et al., 2020) Bloodstream, skin, soft-tissue infections

Fusarium spp. Spain (Badia-Fabregat et al., 2016) Fusariosis, onychomycosis, cellulitis, erythematous, necrosis

Paecilomyces spp. South Africa (Moreira et al., 2018; Assress et al., 2019) Infections in lower respiratory tract, bone, blood (immunocompromised
patients), pneumonia, endophthalmitis, sinusitis, peritonitis, soft-tissue
infections

Penicillium Nigeria (Ogwugwa et al., 2021) Invasive infections, fungemia, endophthalmitis, pulmonary infection,
esophagitis, cutaneous infection (mostly immunocompromised patients)

Rhizopus India (Bala et al., 2015) Zygomycosis, abscess, gastrointestinal, allergic diseases

Virus Adenovirus Tunisia (Ibrahim et al., 2018), Egypt (Elmahdy et al.,
2019), France (Sedji et al., 2018)

Upper respiratory infection and gastroenteritis

Astrovirus Brazil (Prado et al., 2011), France (Prevost et al., 2015) Gastroenteritis

Hepatitis A virus Brazil (Prado et al., 2011) Infectious hepatitis

Hepatitis E virus Germany (Beyer et al., 2020), Italy (La Fauci et al.,
2010)

Infectious hepatitis, miscarriage and death

Norovirus Brazil (Prado et al., 2011), France (Prevost et al., 2015),
Canada (Qiu et al., 2015)

Gastroenteritis, non-bloody diarrhea, vomiting and stomach pain

Echovirus Tunisia (Belguith et al., 2007) Meningitis, paralysis, encephalitis, fever

Human calicivirus South Africa (Murray et al., 2013) Epidemic gastroenteritis with severe diarrhea

Poliovirus Japan (Katayama et al., 2008) Poliomyelitis

Rotavirus Iran (Kargar et al., 2013), Tunisia (Ibrahim et al., 2016) Acute gastroenteritis with severe diarrhea

Reovirus Australia (Irving and Smith, 1981) Respiratory infections, gastroenteritis

SARS-CoV-2 China (Zhang et al., 2020), Netherlands (Medema
et al., 2020)

Respiratory infections, chest pain or pressure and loss of speech or movement

Parasite Balantidium coli Balantidiasis

Cryptosporidium
spp.

China (Jiang et al., 2020), Brazil (Yamashiro et al.,
2019)

Cryptosporidiosis

Entamoeba
histolytica

Vietnam (Pham Duc et al., 2011) Acute amoebic dysentery

Giardia duodenalis China (Jiang et al., 2020), Brazil (Yamashiro et al.,
2019)

Giardiasis

(Continued on following page)
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It was reported that raw domestic wastewater can contain as

many as 105–107 virus L−1 wastewater. Enteric viruses including

enterovirus (EVs), adenoviruses (AdVs), hepatitis A viruses

(HAV), noroviruses (NoVs) and coronaviruses (including

SARS-CoV-2) among others could be detected in wastewater.

Clinical epidemiology has verified enteric viruses to be frequently

the source of acute gastroenteritis in the human beings. Both the

United States Environmental Protection Agency (USEPA) and

World Health Organization (WHO) have proposed enteric

viruses as powerful contaminant candidates and health risks.

Discharges of faeces, vomit and urine of infected humans could

introduce viruses into HWW, with risk of virus being transmitted

to healthy people via drinking contaminated water. Adenovirus,

astrovirus, Hepatitis A virus, Hepatitis E virus, norovirus,

echovirus, human calicivirus, poliovirus, rotavirus, reovirus,

and SARS-CoV-2 have been identified in HWW, indicating

their potential transmission via ineffective treatment and

disinfection of HWW.

2.4 Parasites

The direct release of HWW into aquatic bodies, heavily

loaded with pathogens could be directly demonstrated by

intestinal parasites and cutaneous infections. Protozoa are

another important microbial taxon in HWW, with 10 times

the size of bacteria. Protozoa was considered to be more

resistant to disinfection than the enteric bacteria

(Okojokwu et al., 2014). By methods of PCR and DNA

sequencing, Jiang examined 164 raw wastewater samples

and found that the positive rates of Cryptosporidium,

Giardia duodenalis, and Enterocytozoon bieneusi in HWW

were 18.9%, 27.4%, and 74.4%, respectively (Jiang et al., 2020).

In 1993, more than 4,00,000 people became ill and 100 died in

Wisconsin, by the waterborne protozoan parasite.

Cryptosporidium is transmitted into raw water bodies

through oocysts and cysts which are excreted in abundance

in the feces of warm-blooded animal or infected hosts

(Ashbolt, 2004). Moreover, the small spores are resistant to

environmental stresses, making them highly resistant to

disposal and inactivation during HWW treatment. Several

studies have detected average Cryptosporidium oocysts

concentration of 10–200 oocysts L−1 in treated and

untreated wastewater (Plutzer et al., 2010; Nasser, 2016).

Since the oocysts of Cryptosporidium is highly resistant to

chemical disinfectants, the water quality may compile with the

fecal coliform guideline while Cryptosporidium outbreak was

observed (Craun et al., 1998). As shown in Table 1, up to now,

Cryptosporidium spp., Entamoeba histolytica, G. duodenalis,

E. bieneusi, Ascaris lumbricoides, Necator americanus,

Hymenolepis nana, Taenia saginata, and Toxocara canis

were successfully identified in HWW, which should be paid

enough attention.

3 HWW treatment process

As the contact with non-treated HWW and fecal wastes can

increase the potential of pathogen transmission, it is

recommended that routine environmental investigation and

efficient treatment and disinfection of pathogens should be

incorporated into the treatment of HWW to reduce the risk

of pathogen transmission. HWW treatment facilities are

engineered to take away nutrients and pollutants in sewage

via the performance of activated sludge. Some pathogenic

microorganisms may survive and reproduce under advantaged

environmental conditions, especially in HWW.

As shown in Figure 1, three conventional stages of

primary, secondary and tertiary wastewater treatment are

also applicable to HWW. Among these processes,

suspended solids, biodegradable organics and pathogenic

microbes were removed through physical-chemical and

biological responses. In accordance with WHO’s safe

management of healthcare waste, the direct discharge of

harmful liquids and chemical waste into sewers is strictly

prohibited. For economic reasons and inadequate analytical

resources of pathogens, some bacteria such as coliforms have

been used as indicators to assess the degree of HWW

TABLE 1 (Continued) Major pathogens of health concern in wastewater and related diseases.

Pathogen Detection country Disease or symptoms

Enterocytozoon
bieneusi

China (Jiang et al., 2020) Chronic diarrhea

Ascaris lumbricoides Iraq (Al-Khalidy, 2019) Ascariosis

Hymenolepis nana Burkina Faso (Konaté et al., 2013) Hymenolepiasis

Necator americanus U.S.A (McKenna et al., 2017) Hookworm disease

Taenia saginata Americas (Braae et al., 2018) Insomnia, anorexia

Toxocara canis Mexico (Zamudio-Pérez et al., 2013) Fever, abdominal pain, muscle ache
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contamination. It is important to note that the removal of

coliforms does not directly correlated with the removal of

fungi, viruses and protozoa from the water.

Different wastewater treatment processes may produce

different log pathogen reductions, resulting in different

concentrations of pathogens in the treated wastewater

(Rachmadi et al., 2018). It was reported that membrane

bioreactor (MBR)-based treatment facility could remove

enteric viruses up to 7-log10, while the activated sludge unit

and drip filter can only remove 4-log10 enteroviruses (Kitajima

et al., 2014; O’Brien and Xagoraraki, 2020). Therefore, it is

necessary to evaluate the removal of pathogens in the

preliminary process, secondary process and tertiary process to

ensure the effective disinfection of pathogens from HWW.

3.1 Preliminary process

The purpose of the preliminary treatment stage is to remove

large objects (such as sand, cans, and plastics), including sieving

and grit removal, either using strip, tumbler, cut or belt screens

that slant the inflow of water and trap objects as the effluent

flows through. As shown in Figure 2, the particulate matter in

HWW is either inert or biogenic, and they vary in size, shape

and density. Influent particles can be classified according to size

as follows: dissolved (<.001 μm), colloidal (.001–1 μm),

supracolloidal (1–100 μm), or settleable (>100 μm). The

removal of pathogens in HWW treatment process could be

affected by physical, chemical and biological processes. The

conventional gravity settling method used for primary

treatment can remove particles smaller than 50 μm, whereas

the chemically enhanced primary treatment process and

flocculation method can remove smaller particles more

effectively. Dense, easily settled inorganic particles, like sand

and grit larger than 10 microns, can be removed in the

preliminary treatment stage, and lower density organic and

inorganic particles between .1 and 35 µm in size are removed in

the primary settling tank. As the sizes of protozoa, bacteria and

virus are usually <1 μm, the removals of those pathogens in

HWW are limited from preliminary process.

3.2 Secondary treatment

3.2.1 Conventional full-scale activated sludge
process

Activated sludge process (ASP) is the most popular

secondary treatment process for HWW, which removes

carbon and nutrients by treating the raw wastewater with

numerous microorganisms. Through secondary

sedimentation tanks, the treated wastewater is eventually

detached from the activated sludge and discharged into the

receiving area. Previous studies showed that the conventional

activated sludge process can not completely remove pathogens.

For example, norovirus and enterovirus have been found in

river basins formed by municipal wastewater treatment

discharges in Netherlands (van Beek et al., 2016). The

removals of many viruses are also poorly by secondary

treatment processes (Cheng et al., 2012). Protozoal

pathogens are widespread in HWW of United States, where

traditional activated sludge process has little success at

removing cysts (Kitajima et al., 2014).

3.2.2 Membrane bioreactor (MBR)
The MBR has a great potential to improve effluent water

quality as the treatment processes include microfiltration

FIGURE 1
Schematic diagram of HWW treatment process including preliminary, secondary and tertiary treatment processes.

FIGURE 2
Distribution of pathogens size in HWW.
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(MF), ultrafiltration (UF), nanofiltration (NF), and reverse

osmosis (RO). In term of the separation ranges, 100–1,000 nm

is for MF; 5–100 nm is for UF; 1–5 nm is for NF; .1–1 nm is for

RO. In particular, by using MF and UF range of membranes

for physical screening, MBR can achieve efficient secondary

treatment. Compared with conventional activated sludge

treatment process, MBR could limit the amount of

generated sludge, which is compact and has many

advantages over traditional biological activated sludge

process, including high output water quality, excellent

bacteriological separation, enhanced sludge retention time,

and operational flexibility. MBR thus have shown promising

results for the pathogen removal from HWW and do so with

greater efficiency than conventional activated sludge

treatment process.

Among a variety of factors that can influence the

effectiveness of MBR in removing pathogens, the presence

of biofilm is the most important. The balance between the

presence of biofilm and regular membrane backwashing and

cleaning to maintain a stable flow rate remains a key

consideration in MBR operations. After ultrafiltration

treatment, the reduction of Cryptosporidium oocysts in the

effluent reached 1.8-log10, such that the concentration of

Cryptosporidium oocysts was below the detection limit. The

removal of Cryptosporidium oocysts by MF and UF could

reach >7-log10 (Hirata and Hashimoto, 1998; Fu et al., 2010).

A medical wastewater treatment system in Vietnam that

combined an MBR system with NF was evaluated and

found to have log removal values higher than four of

Escherichia coli and coliforms throughout the study period

(Tran et al., 2019).

3.3 Tertiary treatment and disinfection

3.3.1 Tertiary treatment
As conventional HWW treatment processes cannot control

pathogens completely, high influent pathogens may induce an

insufficient reduction of pathogens before its discharge into sewer

or receiving water (Nasser, 2016). Tertiary HWW treatment is

tentatively adopted to remove pathogens which are not effectively

removed by secondary processes and subsequently pose a public

health risk. To enhance the effluent water quality in HWW

treatment facility, a treatment package including first chemical

coagulation of secondary effluent, then sedimentation, quick sand

filtration, advanced oxidation and final disinfection may be adopted

to polish the secondary effluent. The effluent concentration of

Cryptosporidium was reported to be <.4 oocyst L−1 with a

removal efficiency of 1.69-log10 in tertiary effluent treated by

flocculation and sand filtration (Fu et al., 2010). Thus, tertiary

treatment process is an effective guarantee for the effective

clearance of pathogens from HWW. With further removals of

turbidity and water matrices, the tertiary treatment of HWW

could enhance the removal of pathogenic microorganism

simultaneously.

3.3.2 Disinfection
Disinfection is the final barrier to prevent the release of

pathogenic microorganisms from HWW into sewer or receiving

water (Hänninen et al., 2003). For chemical disinfection, disinfectants

including free chlorine, chlorine dioxide (ClO2), ozone and

peroxyacetic acid are widely used for HWW disinfection.

Chlorine-based wastewater disinfection is widely used worldwide

because of its broad disinfection efficiency, high inactivation rate, low

price and ease of decomposition with free chlorine and

monochloramine being the most widely used disinfectants

(Rachmadi et al., 2020). A proposal was made to operate direct

chlorination of HWW flowed into municipal wastewater treatment

plant immediately after introduction of sewage (Azuma andHayashi,

2021). When the residual free chlorine exceeds .5 mg·L−1, SARS
viruses could be effectively inactivated within 30min (Chen et al.,

2006). For the inactivation of coronavirus, chlorine and ultraviolet

(UV) irradiation outperformed ClO2. Chlorine disinfection was

observed to be inefficient in inactivating Cryptosporidium, while

UV irradiation was revealed to be very effective in inactivating

Cryptosporidium oocysts (Nasser, 2016). As HWW contains high-

concentration suspended solids, higher doses of free chlorine might

be needed to avoid shielding pathogens from suspended solids

(Mandal et al., 2020). Thus, the maintenance of free chlorine

during disinfection of HWW is vital to achieve the effective

inactivation of pathogens.

ClO2, an alternative to free chlorine, has been widely used

in water and wastewater disinfection. ClO2 has excellent

inactivation ability against bacteria (e.g., E. coli and

Staphylococcus aureus (Huang et al., 1997b)), viruses (e.g.,

poliovirus and adenovirus (Huang et al., 1997a)), fungi (e.g.,

Penicillium chrysogenum and Stachybotrys chartarum) and

protists (e.g., Cryptosporidium parvum (Chauret et al., 2001;

Wilson et al., 2005)). It was reported that the inactivation

kinetics of ClO2 against pathogens consists of two phases: an

initial rapid inactivation phase and a subsequent dragging

phase. Moreover, the disinfection rate increased with

increasing pH or temperature, but exhibited divergent

trends with increasing concentration of dissolved organic

substances.

With oxidation potential being 2.07 V, ozone is a naturally

strong oxidizing gas with a broad antimicrobial spectrum and is

highly reactive against proteins and lipids, especially biological

membranes. Ozone is considered to be one of the best biocides

against pathogenic microorganisms and has been widely used for

water disinfection since the 20th century (Blanco et al., 2021). The

ozone inactivation of pathogens involves a reaction between the

ozone and the biological molecules of the target pathogen. It was

reported that low concentrations of ozone can achieve inactivation

rates of 4-log10 in aerosols, while 1–4 mg·L-1 min exposure may be

required to ensure 3–4 log10 inactivation in different contaminants
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(Bayarri et al., 2021). A two-stage response curve of ozone-

inactivated type 1 poliovirus was reported. In Phase I, 99% of the

viruses could be inactivated within seconds with an ozone dosage of

1.24 mg·L−1, while in Phase II the effective inactivation of

remainder viruses could last several minutes (Katzenelson et al.,

1979).

UV irradiation was green disinfection process without the

addition of chemical disinfectant. It was reported that UV

process is especially efficient for inactivating Cryptosporidium

oocysts. Previous studies have verified the effectiveness of low-

dose UV irradiation in inactivating Cryptosporidium oocysts.

Morita et al. (2002) found that with a UV dosage of

1.0 mW·cm−2, a 2-log10 reduction efficiency could be achieved.

The overall disinfection efficiency of the live oocysts in train can

reach 98% through sand filtration, UV and chlorination treatments

(Montemayor et al., 2005). Although UV radiation is the most

effective disinfection technique for inactivating Cryptosporidium, its

inactivation efficiency is easily impacted by the water matrices,

temperature and fouling. Thus, a real time monitoring of UV

dose is necessary to achieve a stable inactivation of pathogens.

Since the final step in HWW treatment is normally disinfection,

it is recommended that combined disinfection process should be

adopted to inactivate the pathogen effectively. To sum up, the

removal efficiencies of different microorganisms in different

treatment processes are summarized in Table 2.

4 Conclusion

It has been verified HWW is a hotspot for various pathogenic

microorganisms. To manage the health hazards posed by

pathogens transmission, HWW needs to be treated sufficiently

to reduce the release of pathogens. As conventional wastewater

treatment process (e.g., chlorination, UV, ozone, etc.) cannot

effectively remove the pathogen and especially the organic

pollutants (e.g., antivirals, antibacterial, and other toxic

substances, etc.) from HWW, hospital sewage treatment via

combining tertiary and disinfection processes should be

prioritized to ensure public health. Some treatment technologies

for hospital wastewater like integrated MBR-membrane systems

and electron beam technology possesse distinct advantages and

should be further promoted. In addition, as an increasing global

concern about the impact of the COVID-19 pandemic (Shi and

Dong, 2021), more systematic research is necessary to focusing on

the occurrence and fate of pathogens in HWW. Through combing

preliminary, secondary, tertiary and disinfection processes, it is

TABLE 2 The removal efficiencies of microorganisms in different treatment processes.

Treatment
processes

Characteristics/advantages Microbial removal efficiencies

Preliminary process Remove large objects, such as sand, cans and plastics As the sizes of protozoa, bacteria and virus are
usually <1 μm, the removals of those pathogens in HWW
are limited from preliminary process

Secondary
treatment

Conventional full-scale
activated sludge process

It can detach wastewater from the activated sludge and
discharged into the receiving area

Pathogens cannot be completely removed, such as
viruses, protozoal pathogens and cysts are poorly
removed

Membrane
bioreactor (MBR)

It can limit the amount of generated sludge, including high
output water quality, excellent bacteriological separation,
enhanced sludge retention time, and operational flexibility

MF and UF treatments can effectively reduce the content
of Cryptosporidium oocysts in wastewater, NF can
effectively remove the content of E. coli and coliforms in
wastewater

Tertiary treatment It can remove pathogens which are not effectively removed
by secondary processes

The effluent concentration of Cryptosporidium was
reported to be <.4 oocyst L−1 with a removal efficiency of
1.69-log10 in tertiary effluent treated

Disinfection Free chlorine For the inactivation of coronavirus, chlorine and UV
irradiation outperformed ClO2, was observed to be inefficient
in inactivating Cryptosporidium

SARS viruses could be effectively inactivated within
30 min when the residual free chlorine exceeds .5 mg·L−1

ClO2 ClO2 has excellent inactivation ability against bacteria,
viruses, fungi and protists

Ozone It is a naturally strong oxidizing gas with a broad
antimicrobial spectrum and is highly reactive against
proteins and lipids, especially biological membranes

It was reported that low concentrations of ozone can
achieve inactivation rates of 4-log10 in aerosols, while
1–4 mg·L−1·min exposure may be required to ensure
3–4 log10 inactivation in different contaminants

UV For the inactivation of coronavirus, chlorine and UV
irradiation outperformed ClO2

Especially efficient for inactivating Cryptosporidium
oocysts, the overall disinfection efficiency of the live
oocysts in train can reach 98% through sand filtration,
UV and chlorination treatments
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expected to control the human health risk to the pathogenicmicro-

organisms exposure in HWW (Omna et al., 2020, Simachew et al.,

2018, Zamudio-Pérez et al., 2013).
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