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HIGHLIGHTS 14 

• Potential transmission of SARS-CoV-2 via wastewater should not be 15 

underestimated. 16 

• Reducing risks of transmission could contribute to limiting COVID-19 resurgence. 17 

• Future research should focus on the virus in different aquatic environments. 18 

• Low-income countries should be assisted to improve wastewater surveillance. 19 

 20 

 21 

 22 



ABSTRACT 23 

The new coronavirus, SARS-CoV-2, has spread internationally and whilst the current 24 

focus of those dealing with the COVID-19 pandemic is understandably restricting its 25 

direct transmission, the potential for secondary transmission via wastewater should 26 

not be underestimated. The virus has been identified in human fecal and wastewater 27 

samples from different countries and potential cases of transmission via wastewater 28 

have been reported. Our recommendations for hospital wastewater treatment, 29 

municipal wastewater plants, sewage sludge, water reuse and aquatic environments 30 

are designed to reduce the risk of such transmission, and contribute to limiting the 31 

resurgence of COVID-19 as current restrictions are relaxed. A particular urgent 32 

recommendation focusses on supporting low-income countries in tackling the 33 

potential for secondary transmission via wastewater. 34 
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1. Introduction 38 

Effective water, sanitation, waste and wastewater management are important for 39 

public health. This has been highlighted during the ongoing COVID-19 pandemic 40 

(WHO and UNICEF, 2020a and 2020b; World Bank, 2020). As of 16 August 2020, 41 

the number of confirmed cases of the novel coronavirus, SARS-CoV-2, has risen to a 42 

global total of 21.29 million (WHO, 2020a). The primary modes of the virus 43 

transmission are through respiratory droplets and direct or indirect contact (Li and 44 



Gao, 2020). However, a particular concern in managing the current pandemic is 45 

potential secondary transmission of SARS-CoV-2 via wastewater. 46 

 47 

SARS-CoV-2 and its sequence have been identified and isolated in human fecal 48 

samples (Chinese Center for Disease Control and Prevention, 2020; Guan et al., 2020; 49 

Holshue et al., 2020; Wang W et al., 2020a). To date, the virus has been detected in 50 

wastewater in Australia, China, France, Japan, Italy, Spain, the Netherlands, and the 51 

United States of America and Turkey (see Table 1). The potential for onward 52 

transmission of SARS-CoV-2 via human waste has been demonstrated via a case 53 

reported from Guangzhou, China. Here several individuals from different households 54 

became infected via wastewater leaking from a broken sewer from the apartment of a 55 

confirmed patient with whom they had no other contact (Guangzhou Center for 56 

Disease Control and Prevention, 2020). As the virus has spread, to now over 200 57 

countries, territories and areas (WHO, 2020a), many more cases can be expected in 58 

low-income countries with weaker health and waste management systems. This 59 

increases our concerns regarding potential further escalation of the crisis and the need 60 

to recognize the importance of wastewater management in tackling COVID-19. 61 

 62 

In order to treat huge, and rapidly growing, numbers of COVID-19 patients, many 63 

hospitals and civil buildings have been transformed to infectious disease hospitals 64 

with new facilities being constructed over a short period of time (Wang et al., 2020b; 65 

Zhang et al., 2020). These tremendous efforts are laudable and necessary in order to 66 



control the spread of the virus whilst treating those directly impacted. A concern is 67 

whether the wastewater systems of the transformed and new hospitals, as well as 68 

municipal wastewater treatment plants, are able to meet the necessary to eradicate the 69 

virus and prevent secondary transmission. This is a particular issue in situations where 70 

there are large numbers of patients, and consequently large volumes of viral 71 

wastewater, and where existing wastewater systems are underdeveloped. 72 

 73 

Effective waste management of health care facilities is an often-neglected problem 74 

(Harhay et al., 2009; Maina et al., 2019). There are major differences in healthcare 75 

waste and wastewater management around the world. Management regulations and 76 

standards are, for example, strict in Europe (e.g. Hansen et al. 2014; Nessa et al., 77 

2001), China (Ministry of Ecology and Environment of China, 2005; The State 78 

Council, 2011) and the United States of America (Council of State Government, 1992; 79 

Nessa et al., 2001). During the early stages of the pandemic, the Ministry of Ecology 80 

and Environment of China stressed that hospitals, including those which were 81 

upgraded or newly established, should process waste and wastewater according to the 82 

established rules and standards (Ministry of Ecology and Environment of China, 83 

2020a and 2020b). However, healthcare facilities in many less developed countries 84 

and regions, including for example much of Africa and South-East Asia, have far less 85 

stringent measures in place whilst waste and wastewater infrastructure is often lacking 86 

(Nessa et al., 2001).  87 



Globally 2 billion people are without basic sanitation (WHO, 2019), and effective 88 

wastewater management is rare in major urban areas of less developed countries (Moe 89 

and Rheingans, 2006). An estimated 1.5 billion use medical facilities with no 90 

sanitation services (WHO and UNICEF, 2019). In most cases, waste and wastewater 91 

from such facilities, including patient’s excreta, is not treated safely. As of 16 August 92 

2020, the number of confirmed cases in Africa stands at nearly 1 million (WHO, 93 

2020a), although given the difficulties in obtaining reliable data it could be 94 

considerably larger, and there is huge potential for this to increase considerably. In 95 

sub-Saharan Africa, 709 million people live without basic sanitation (WHO, 2019), 96 

and non-sewered sanitation system are common throughout the region (Street et al., 97 

2020). Furthermore, large populations share toilet facilities with, on average across 98 

Sub-Saharan Africa, 33% of urban populations relying on shared sanitation 99 

(Rheinländer et al., 2015). At the best of times, poor basic sanitary infrastructure has 100 

significant implications for human health (World Bank, 2020) but during a global 101 

pandemic, there are significant concerns that it could promote secondary transmission. 102 

 103 

2. Viruses in waters and wastewater 104 

It is well known that viruses eliminated by feces can be found in wastewater, and may 105 

not be completely removed by conventional secondary treatment of sewage (Carducci 106 

et al., 2008; Carducci and Verani, 2013; Wigginton et al., 2015). As a result, they can 107 

be released into natural waters and can be bioaccumulated within aquatic species such 108 

as shellfish (Farkas et al., 2018). Humans can, in turn, be infected by viruses in 109 



natural waters by drinking contaminated water or eating contaminated food as well as 110 

by bathing or inhaling bioaerosols from polluted waters (Cook, 2013; 111 

Rodríguez-Lázaro et al., 2012). Decline in viral load within aquatic environments 112 

depends upon the time since their release, the viral resistance to natural and artificial 113 

disinfection factors, as well as dilution. In contrast to the majority of enteric viruses 114 

normally found in wastewaters, coronaviruses are enveloped and are considered less 115 

resistant in the environment (Wigginton et al., 2015; Ye et al., 2016).  116 

 117 

Although waterborne transmission was not considered a concern during the 2003 118 

SARS epidemic, the potential for transmission via toilet systems was recognized in 119 

Hong Kong (Yu et al., 2004). It was also suggested in a recent study on SARS-COV-2 120 

environmental monitoring in Singapore (Ong et al., 2020), where positive surface 121 

samples were found from exhaust air outlets, although air samples were negative. 122 

Studies of coronavirus survival in sewage and water have usually been undertaken 123 

using surrogates. These have demonstrated persistence from days to weeks depending 124 

on the surrogate virus, type of water and temperature (Casanova et al., 2009; Gundy et 125 

al., 2009). An experimental study showed that SARS-CoV persistence of infectivity 126 

was only 2 days at 20◦C, but 14 days at 4◦C (Wang et al., 2005). Studies of 127 

coronavirus resistance in fresh produce (lettuce and strawberries) have also been 128 

carried out with results suggesting persistence of some days at low temperatures 129 

(Mullis et al., 2012; Yépiz-Gómez et al., 2013).  130 

 131 



Although studies on coronavirus presence and persistence in sewage and natural 132 

waters are growing daily, knowledge is still relatively scarce (Carducci et al., 2020). 133 

However, as stated above, SARS-CoV-2 has been identified in wastewater samples 134 

from different countries (Table 1). The potential exists, therefore, for secondary 135 

transmission of COVID-19 via wastewater systems. This possibility has been debated 136 

in reviews and commentaries (Amirian, 2020; La Rosa et al., 2020a) with the first 137 

potential case now being reported (Guangzhou Center for Disease Control and 138 

Prevention, 2020). In the meantime, the WHO has recommended “safely managing 139 

water and sanitation services and applying good hygiene practices” in order to prevent 140 

infection (WHO and UNICEF, 2020b). The following sections provide 141 

recommendations for reducing the risk of transmission via wastewater, and thereby 142 

contributing to limiting the resurgence of COVID-19 as current restrictions are 143 

relaxed. 144 

 145 

3. Hospital wastewater treatment 146 

The wastewater systems of hospitals treating COVID-19 patients, including the 147 

collection and transport subsystems, wastewater treatment units and disinfection 148 

methods (e.g. chlorine, ClO2, sodium hypochlorite, O3 or UV) must be built and 149 

operated in line with strict standards for infectious disease hospitals. Chlorine-based 150 

disinfectants are strong oxidizers and are commonly used for hospital wastewater 151 

disinfection due to their high inactivation efficiency and relatively low cost (How et 152 

al., 2017; Ma et al., 2010). Sodium hypochlorite has been used as a disinfectant in the 153 



Cabin Fangcang temporary hospital created in Wuhan’s stadium and designated for 154 

COVID-19 patients (Zhang et al., 2020). Meanwhile, enhanced maintenance of 155 

infrastructure, including pipe and sewer system, should be undertaken to avoid 156 

wastewater leaks. Regular and robust monitoring of all wastewater systems should be 157 

in place. Oversight of monitoring by environmental authorities will limit opportunities 158 

for manipulating data in cases where systems do not meet the required standards. 159 

If the wastewater systems of COVID-19 inpatient wards within a regular hospital that 160 

has been upgraded in response to the ongoing coronavirus outbreak is not separate 161 

from other wastewater systems, fecal material could be first disinfected on-site using 162 

sodium hypochlorite. Coronavirus is sensitive to temperature (Li and Gao, 2020；163 

Wang et al., 2005) with the persistence of infectivity extending under low temperature 164 

conditions (Wang et al., 2005). In accordance with the adoption of precautionary 165 

principles, and especially in hospitals located in middle to high latitudes, increasing 166 

the temperature of wastewater treatment by 5-10ºC in winter or other cold periods as a 167 

temporary measure would be desirable. According to the actual conditions of each 168 

hospital, this could be achieved using electrical or steam heating of equipment. After 169 

China’s new environmental law came into effect in 2016 (Liu, 2015), civil coal 170 

burning boilers have been prohibited in many cities. Given the pressing need to 171 

address the coronavirus emergency, local authorities should provide temporary 172 

exemptions for coal boilers being used in hospital. Similar temporary relaxation of 173 

such regulations is recommended in other countries where short-term declines in air 174 

quality could be countenanced in the face of COVID-19. Meanwhile, given the 175 



presence of vapor from warm wastewater, the operators of treatment facilities should 176 

wear personal protective equipment. 177 

 178 

Where current infrastructure is poor, such as in low-income countries, and where 179 

complete wastewater treatment systems cannot be built in a short time, the use of 180 

mobile treatment facilities with disinfection devices could be considered. Rural solar 181 

toilets (Moe and Izurieta, 2003; Oswald et al., 2009) may be an appropriate choice in 182 

low-income countries. They can achieve temperatures up to 44ºC which can help in 183 

the removal of pathogens (Moe and Izurieta, 2003). If these options are not available, 184 

inspired by the common approach of disposing of waste in sanitary landfills 185 

(Zamorano et al. 2007), treating fecal material with cheap but effective disinfectants, 186 

such as sodium hypochlorite, and then storing and burying (or covering) them with 187 

soil could be an alternative. This should, however, only be done at carefully controlled 188 

sites that include anti-seepage measures. The key rule should be to prohibit the virus 189 

from entering the natural environment via healthcare wastewater. 190 

 191 

4. Municipal wastewater treatment plants, sewage sludge and water reuse 192 

Municipal wastewater treatment plants receive wastewater from residential areas, 193 

office buildings, education institutions, factories, and hospitals. In these plants the 194 

water is treated before being discharged to the environment. However, these plants are 195 

not designed specifically to treat hospital wastewater, and should therefore strengthen 196 

their disinfection procedures using chlorine, ClO2, sodium hypochlorite, O3 or UV 197 



treatments during the current period. 198 

 199 

Viruses survive longer with suspended particles within wastewater (Gundy et al., 200 

2009). Some of these suspended particles eventually settle in sewage sludge. As a 201 

result, sewage sludge from hospitals treating coronavirus should be handled as 202 

hazardous waste. For the same reasons, during this period sewage sludge from 203 

municipal wastewater plants in cities which have large numbers of coronavirus cases, 204 

should, if not used within sludge incinerators to produce electricity, be buried in 205 

carefully regulated landfill sites. The use of this sewage sludge as a fertilizer should 206 

be prohibited. 207 

 208 

Water discharged from municipal wastewater plants in many cities and elsewhere is 209 

often reused for watering green spaces (tree, shrubs and grassland), cleaning roads 210 

and flushing toilets. In some cases, such as in Singapore, it is even used for drinking 211 

(Tortajada and van Rensburg, 2020). We suggest that during the current period, 212 

governments should reduce or prohibit such reuse of waste water for watering and 213 

cleaning, and prohibit its use for flushing toilets and drinking in cities with large 214 

number of coronavirus cases until robust risk assessments focusing on the potential 215 

for secondary transmission have been undertaken. 216 

 217 

5. Aquatic Environments 218 



Discharge of wastewater to recreational waters was recently suggested as a potential 219 

transmission pathway for the novel coronavirus (Cahill and Morris, 2020). Where 220 

wastewater is discharged into aquatic environments, there should be restrictions on 221 

recreational activities (e.g. swimming, boating, fishing) in areas near to outfalls whilst 222 

harvesting of aquatic-based products including fish, shellfish, and molluscs should be 223 

curtailed. Given the different stages of the pandemic in different countries, some 224 

nations or regions have lifted the restrictions that were imposed to tackle the spread of 225 

COVID-19. People who have been locked-down for long periods are often seeking 226 

relaxation by rivers, lakes or the sea. Our proposed restrictions should, nevertheless, 227 

be implemented and only slowly removed in order to avoid virus transmission and the 228 

potential for local resurgence and second waves. 229 

 230 

As with population virus-testing, there is also an urgent need to modify and further 231 

develop the present analytical methods to quickly identify the novel coronavirus in 232 

surface waters, groundwater, tap water, wastewater and sewage sludge, as well as 233 

within aquatic animals such as fish and shellfish. Detection in wastewater could assist 234 

in refining estimates of the virus’s spread at the community level and for providing 235 

early warnings (Medema et al., 2020; Street et al. 2020). This will be critical for 236 

managing the pandemic especially when extensive human testing is not available. 237 

Testing should not only include the presence of the virus but also its potential 238 

infectivity. However, there are considerable worldwide variations in the capacities of 239 

organizations responsible for wastewater monitoring. Less developed regions, most 240 



notably in Africa where our concerns related to poorly developed health and sanitation 241 

systems are greatest, are also characterized by relatively limited resources in terms of 242 

laboratory equipment and technicians. For example, Schroeder and Amukele (2014) 243 

suggested that less that 1% of laboratories met international standards in Kampala, 244 

Uganda. There is an important role for international cooperation in improving local 245 

capacity in this area.National and regional laboratories in developed countries have 246 

started surveillance of SARS-CoV-2 in wastewater (WHO, 2020b). To date, 247 

international aid has focused on supporting laboratories in less developed countries in 248 

testing human samples (BGI, 2020) and there is a need to expand this support for 249 

monitoring SARS-CoV-2 in the environment.  250 

 251 

Although the evidence for secondary transmission of COVID-19 via wastewater is 252 

currently limited (WHO and UNICEF, 2020a), the case from Guangzhou suggests that 253 

it is possible (Guangzhou Center for Disease Control and Prevention, 2020). Future 254 

scientific research should focus on the status of the virus in different aquatic 255 

environments and food chains with the data being made openly available to the 256 

scientific community. These data could support the use of ecological models to 257 

simulate the potential spread of SARS-CoV-2 through environments and in the 258 

preparation of risk assessments. This would, in turn, aid official decisions and policy 259 

making. In addition, the effects of residual chlorine (Zhang et al., 2020) and other 260 

disinfectants, which are likely to increase in response to their greater use in treating 261 

wastewater during the pandemic, on aquatic ecosystem should be researched. 262 



6. Conclusions 263 

The current focus of the medical and public health experts dealing with the 264 

SARS-CoV-2 is understandably restricting its direct transmission and the care of those 265 

who are infected. However, the potential for secondary transmission should not be 266 

underestimated. Secondary transmission could otherwise damage the hard-won 267 

achievements of current transmission control measures and possibly contribute to a 268 

resurgence of COVID-19. The potential for secondary transmission is perhaps greater 269 

in those low-income that have relatively poorly developed heath, sanitation and 270 

wastewater infrastructure, monitoring and policies. International cooperation therefore 271 

has a significant role to play in curbing the risks of secondary transmission. 272 
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