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Abstract: The existence of SARS-CoV-2, the etiologic agent of coronavirus disease 2019 (COVID-19),
in wastewater raises the opportunity of tracking wastewater for epidemiological monitoring of this
disease. However, the existence of this virus in wastewater has raised health concerns regarding
the fecal–oral transmission of COVID-19. This short review is intended to highlight the potential
implications of aerosolized wastewater in transmitting this virus. As aerosolized SARS-CoV-2 could
offer a more direct respiratory pathway for human exposure, the transmission of this virus remains
a significant possibility in the prominent wastewater-associated bioaerosols formed during toilet
flushing, wastewater treatment, and sprinkler irrigation. Implementing wastewater disinfection,
exercising precautions, and raising public awareness would be essential. Additional research is
needed to evaluate the survival, fate, and dissemination of SARS-CoV-2 in wastewater and the
environment and rapid characterization of aerosols and their risk assessment.

Keywords: SARS-CoV-2; COVID-19; bioaerosol; aerosolized wastewater; environmental transmis-
sion; agriculture

1. Introduction

Recent research has demonstrated that people with coronavirus disease 2019 (COVID-
19), even those who do not develop symptoms, discharge its etiologic virus, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), through their excrement [1]. The pres-
ence of SARS-CoV-2 RNA in sewage raises the possibility of analyzing wastewater for the
epidemiological monitoring of COVID-19 [2]. Therefore, researchers in many countries are
tracking SARS-CoV-2 in wastewater as a complementary approach to monitor the spread
of COVID-19 [1].

The widespread existence of SARS-CoV-2 throughout wastewater systems could have
important implications in the environmental transmission of COVID-19 [2–4]. Potential
health concerns due to direct waterborne exposure to this virus in wastewater are well doc-
umented [5–7]. However, the aerosolized pathway must also be considered in this context
as it could offer a more direct respiratory pathway for human exposure to SARS-CoV-2.
Aerosolized viruses are often produced locally in buildings and on a larger scale during
wastewater treatment or irrigation [8,9]. This short review is intended to highlight the
potential implications of aerosolized SARS-CoV-2 generated from the top three wastewater-
associated sources of aerosol: toilet flushing, wastewater treatment, and sprinkler irrigation.
Consistent with WHO, and the literature, here the term aerosol is referred for the small
breathable particles of <10 µm (PM10) that can remain airborne with the capability of short-
and long-range transport [10].
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Inhalation of respiratory droplets/aerosols and/or interactions with contaminated
surfaces are the main transmission routes of SARS-CoV-2, which is a highly contagious
virus [11]. According to WHO (2020), airborne transmission of this virus is possible
during aerosol-generating medical events. However, as reported in its scientific brief
of 9 July, 2020, WHO is also evaluating the possibility of SARS-CoV-2 spread through
aerosols in the absence of aerosol-producing processes [11]. Experimental studies involving
aerosols of infectious samples found that SARS-CoV-2 can remain viable for up to several
hours [12,13]. Moreover, aerosols are likely to contribute to longer-range transport and
potential infection from the pathogens [10]. Therefore, it is critical to assess the potential of
the aerosolized pathway where the probability of direct respiratory exposure to SARS-CoV-
2 is substantially higher. In this context, SARS-CoV-2 in aerosolized wastewater becomes
an important scenario in its exposure pathways that should not be ruled out.

2. Exposure to SARS-CoV-2 in Aerosolized Wastewater

Although there is currently no proof of wastewater-related exposure to SARS-CoV-2,
the contribution of aerosolized wastewater as a transmission route was recognized during
the SARS epidemic of 2003 [14]. Respiration of virus-laden aerosols, created through the
defective plumbing and sewage system, was recognized as a potential transmission route
within a housing complex in Hong Kong where 187 people were infected [14]. Therefore,
the transmission of this virus in aerosolized wastewater remains a significant possibility
in the following scenarios: toilet flushing, wastewater treatment, and sprinkler irrigation
(Figure 1). These scenarios are briefly described in the following sections.
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aerosolized wastewater.

2.1. Bioaerosol Generation by Toilet Flushing

The toilet flushing creates a great deal of turbulence that generates bioaerosols con-
taining pathogenic microorganisms [8]. For example, Wilson et al. [15] reported that toilet
flushing increased the concentration of pathogens such as Clostridioides difficile in hospi-
tal air. Moreover, 95% of these droplets were small enough (<2 µm diameter and >99%
<5 µm) to present an airborne infection concern [16,17]. A full-scale pilot experiment on a
two-story wastewater plumbing system using Pseudomonas putida (as a model pathogen
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being flushed into the system) revealed that pathogens can be aerosolized and transmitted
between rooms [18]. Droplet fallout contaminated the surfaces within the system and
rooms. Recently, Li et al. [19] used computational fluid dynamics to model fluid flows to
estimate how far aerosol particles may transport due to toilet flushing. The simulations
show a substantial upward transport of virus particles, 40–60% of which rise above the
toilet seat and may reach to a height of 106.5 cm from the ground. Moreover, these parti-
cles remain suspended in the air more than a minute after the flush [19]. An analysis in
two hospitals from Wuhan, China revealed that the concentration of SARS-CoV-2 RNA
was high in patient toilets, while it was very low in aerosols in ventilated patient rooms
and isolation wards [20]. In a hospital for COVID-19 patients, Ding et al. [21] marked
toilets as the high-risk area where most of the identified SARS-CoV-2 RNA in the hospital
emerged from the fecal-derived aerosols. Thus, bioaerosols generated by toilet flushing
could potentially contribute to the environmental transmission of SARS-CoV-2. Though
there does not exist any specific research on the toilet-associated generation of infectious
bioaerosols containing SARS-CoV-2, it would be judicious to use precautions to prevent
this transmission route [9]. Closing the lid on the toilet before flushing and cleaning the
toilet seat before using it has been recommended [17,19]. Environmental disinfection of
toilet areas should be imposed in healthcare facilities and public toilets [20]. Toilets are gen-
erally indoor, having limited potential for aerosolized virus dilution as compared with the
outdoor settings (wastewater treatment facilities and sprinkler irrigation systems). It has
also been recommended to ensure sufficient and effective ventilation, possibly enhanced
by air filtration and disinfection [22]. In addition, modification in toilet designs should
also be considered [19]. Raising public awareness is crucial to impede the toilet-associated
transmission of SARS-CoV-2.

2.2. Bioaerosol Produced during Wastewater Treatment

Wastewater contains a high number of pathogens such as viruses, bacteria, and para-
sites. Processes involved in wastewater treatment may lead to the aerosolization of these
pathogens [23,24]. Therefore, bioaerosols generated at cooling towers and wastewater
treatment plants (WWTPs) have been widely considered as a potential health hazard for
sewage workers and nearby communities [24,25]. For example, Masclaux et al. [23] found
adenovirus RNA in 100% of summer air samples of WWTP and 97% of winter samples.
They detected norovirus in only 3 of the 123 air samples, but no sample contained the
hepatitis E virus. Courault et al. [25] detected hepatitis E virus and norovirus RNA in the
aerosol produced from active sludge basins of WWTPs and in that of plots irrigated with
the treated water. Indeed, risks of SARS-CoV-2 aerosolization can be particularly high in
uncovered aerobic wastewater treatment facilities like an aerobic tank [26] and activated
sludge process [23]. The potential for the coronaviruses to become aerosolized increases
with the transport in water [27], particularly during the pumping of wastewater, during its
discharge and subsequent flow through the drainage network [28]. Substantial load of
SARS-CoV-2 arriving at WWTPs should raise concerns for its aerosolization and ultimate
implications in public health. Due to the significant concentrations of SARS-CoV-2 RNA in
wastewater, WWTPs are gaining attention for early tracking and removal of this virus [29].
The viral loads can be decreased in WWTPs by wastewater disinfection and filtration [3,30].
However, the effects of the disinfection process on the microbial community in wastewater,
antimicrobial resistance, and associated environmental risks should also be considered [31].
Safety practices should be particularly ensured to protect the health of sanitation workers.

2.3. Bioaerosol Produced during Irrigation

The use of sprinkler/spray irrigation is prevalent in many countries to apply treated
wastewater in urban green spaces and agricultural soils. Sprinkler irrigation can potentially
aerosolize the pathogens if present in the wastewater [32]. It can provide a respiratory route
for exposure to the irrigators and community members in the vicinity [25,33]. In addition
to the irrigation method, viruses and other pathogens transported to the soil by irrigation
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water can also be aerosolized later during windy spells [34]. Indeed, 1–15% of viruses
transported to the soil with irrigation water were aerosolized, of which 11–89% were
aerosolized within the first 30 min [34]. Risk assessment of airborne enteric viruses,
released from wastewater used for irrigation in France, revealed that an increase in wind
speed and a decrease in distance from the pathogen source can significantly increase
the probability of infection [25]. Similarly, pathogens can be aerosolized in wastewater
canals [35]. This can pose disproportionate risks to developing communities having poor
sewage infrastructure. As reported in the 2017 World Water Development Report of the
United Nations, 80% of wastewater worldwide (>95% in some developing countries) is
discharged into the environment without suitable treatment.

3. Concluding Remarks and Perspectives

The COVID-19 patients discharge infectious SARS-CoV-2 virus in their feces [36,37],
highlighting the potential of transmission through fecal–oral route. However, the existing
data on SARS-CoV-2 detection in wastewater were obtained by PCR and not by cell
infection. Therefore, there exists a clear knowledge gap regarding the detection of infectious
SARS-CoV-2 in wastewater. Moreover, further research is needed to assess the survival
of the infectious viruses in wastewater. The evidence from surrogate corona viruses
such as murine hepatitis virus (MHV) and transmissible gastroenteritis virus (TGEV)
showed that it takes at least 10 days for 99% inactivation of these viruses in lake water [38].
That may further highlight the transmission potential of corona viruses such as SARS-COV2
through wastewater.

Though there is no concrete evidence for the spread of SARS-CoV-2 through aerosolized
wastewater, its role in the environmental transmission of COVID-19 cannot be ruled out.
Protection of workers in these fields needs immediate attention. For that, authorities
should ensure that workers, particularly those facing greater exposure risk, have access
to appropriate protective equipment, adequate training in infection control, high testing
rates, and paid sick leave. The situation is particularly critical in developing communi-
ties due to poor sewage infrastructures and their lack of access to adequate water and
hygiene facilities. Substantial viral load within aerosolized wastewater calls for effective
disinfection of wastewater to prevent the formation of pathogen-laden aerosols. Expertise
in wastewater science and technology would be required, whereas transition to the aerosol
phase calls for treatment according to aerosol standards. Research is also needed for the
rapid characterization of aerosols, measurement of SARS-CoV-2 in wastewater aerosols,
and their risk assessment.
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