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Abstract 

Recycled wastewater is considered as a sustainable source of irrigation water. Despite 

commendable safety records, viral contamination of agricultural products has occurred the past 

causing disease outbreaks. This review examines the apprehension that the novel coronavirus 

(SARS-CoV-2) may also spread through recycled wastewater irrigation (RWI) industry. The 

novel SARS-CoV-2 is now perceived as an enteric pathogen, and has been found to remain 

stable in the wastewater for days. Mounting evidences also suggest that viral particles shed by 

infected individuals through sewage, and greywater is much higher (up to 10 Log10) than the 

amount typically removed (6-7 Log10) through the recycled water disinfection processes. Such 

gap indicated an increased risk of infection through fecal-oral transmission route. This study 

also identified greywater irrigation schemes posing a higher risk of transmission of SARS-

CoV-2. It was recommended that countries putting greywater in the ‘low risk’ category may 

rewrite the safety guidelines in post COVID-19 times. This review also suggest that the choice 

of irrigation method could be critical in protecting the farmers, and the consumers from 

possible infections during the pandemic. In this regard, irrigation methods (i.e. sprinkler) that 

generate airborne droplet (leading to aerosols) may be operated with caution when public 

spaces are in the vicinity. The study also indicated that the developing countries should regulate 

surface irrigation practice that pump water from polluted rivers during the pandemic. 
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1. Introduction 

The use of recycled water has been largely proven safe in the irrigation industry. This is mainly 

attributed to the disinfection practices (WHO, 2006) followed by the producers and users of 

recycled water. Despite safety regulations employed in the sector, instances of microbial 

contamination has also been recorded. Consumption of agricultural products irrigated with 

wastewater has even caused cross-border outbreaks (Mäde et al., 2013; Sarvikivi et al., 2012; 

Terio et al., 2015) of infectious diseases. The majority of these outbreaks are from enteric 

viruses (Bosch et al., 2018) imparting serious burden on the economy and public health. The 

virus (SARS-CoV-2) behind the most recent outbreak of coronavirus diseases (COVID-19) is 

also perceived as an enteric pathogen (Gu et al., 2020; Lodder & Husman, 2020). The pandemic 

has been declared as “public health emergency of international concern” by the World Health 

Organization (WHO, 2020). The SARS-CoV-2 virus inflicts respiratory distress in patients  and 

is very similar (Medema et al., 2020) to the severe acute respiratory syndrome (SARS) virus 

that appeared in 2003 (Manocha et al., 2003; Peiris et al., 2003) and the Middle East respiratory 

syndrome (MERS) in 2012 (CDC, 2013; Zaki et al., 2012). This similarity (up to 82%) of 

SARS-CoV-2 with SARS and MERS is a serious concern for the irrigation industry, 

particularly for the wastewater users of the world. This is because of the novel virus’s likeliness 

to spread through fecal–oral (Lodder & Husman, 2020) route of transmission. Although SARS-

CoV-2 mainly spreads through virus-carrying aerosols during close personal contacts (Gu et 

al., 2020; F. Q. Wu et al., 2020), there is growing apprehension that sewage wastewaters 

(Mallapaty, 2020; Wang et al., 2005) could also help spread the virus. SARS-CoV-2 virus has 

already been traced in sewage waters in the US (F. Q. Wu et al., 2020), Netherlands (Medema 

et al., 2020) and Sweden (Mallapaty, 2020). Moreover, earlier corona outbreaks (e.g., SARS) 

was attributed to a faulty sewage line (Cyranoski & Abbott, 2003) in Hong Kong. Regarding 

this, later studies explicitly showed evidence of surrogate coronaviruses surviving for days up 
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to weeks (L. Casanova et al., 2009) in water and wastewater. This means, even domestic 

greywater originating from an area with COVID-19 patients might be a potential source of 

transmission. Such potential fecal–oral or other routes of transmission through wastewater has 

serious implications on the people working with wastewater management, and reuse in 

agriculture. Particularly, farmers in the developing world are mostly at risk because, many 

countries permit unregulated use of wastewater (Mandal, et al., 2011) for irrigation. It is 

therefore important that SARS-CoV-2 related information are carefully read in the context of 

irrigation and water management. This manuscript discusses the possible implications of 

COVID-19 pandemic on the irrigation industry with particular focus on the maneuvers required 

for ensuring the health and safety of wastewater users in agriculture. 

2. Updating sewage wastewater treatment guidelines 

In order to protect public health safety, any agricultural product irrigated with recycled 

wastewater must be free from microbial contamination. Viruses, in particular, must be 

removed/reduced to an acceptable limit in the reusable wastewater. Regarding the scale of 

removal of viruses, Gerba et al. (2017) argued that traditional 6 to 7 log10 reduction (LR) of 

virus from the wastewater as recommended by WHO (2006) needs further review. This 

traditional LR criteria set by the WHO was in fact, proposed by the United States 

Environmental Protection Agency (USEPA) in the early nineties through a series of reviews 

known as Surface Water Treatment Rules (USEPA, 2016). The aim of such LR during 

wastewater treatment was to keep “less than one case of microbiologically-caused illness” per 

year per 10,000 individuals (USEPA, 1990) exposed to recycled wastewater. In order to 

provide this level of protection, 3-5 LR was proposed considering a specific organism i.e., 

Giardia cyst. This was also based on the earlier observations that infective virus population in 

greywater do not usually exceed 6 log10/L (Asano et al., 2007). Based on this, many countries 

of the world developed their own criteria. For instance, Queensland Water Supply Regulator 
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(2008) in Australia recommends a virus removal credit of 6.5 log10 for its best quality recycled 

sewage water (Class A+). From this perspective, the present day practice of 6-7 LR may appear 

to be safe for wastewater users. However, the real virus population in wastewaters may be 

much more than what has been shown so far in the literature.  

A particular concern in coronavirus outbreak is that many COVID-19 patients develop diarrhea 

(Y. Song et al., 2020), and the virus has been confirmed (Wu et al., 2020) in the stools of 

patients. In diarrheal patients, there are reports (Haas et al., 2014) that suggests viral particles 

could spike up to 1012 per gram of feces. In a recent study, Wu et al. (2020) reported more than 

5 log10 units of viral titers per liter of fecal materials collected from an urban wastewater 

treatment plant in Massachusetts. Another study by Zhang et al. (2020) suggested even higher, 

108 viral genomes per liter of fecal materials from COVID-19 patients. The highest so far has 

been reported by Wölfel et al. (2020) who observed a up to 1010 number of viral particles/L in 

a fecal sample of COVID-19 patient. This information can also be read in conjunction with the 

earlier studies of Drexier et al. (2011),  Kirby et al. (2014) and Wen et al. (2019) who reported 

higher concentration of common enteric viruses in wastewater. Therefore, 6 to 7 average LR 

credits during wastewater disinfection can no longer serve as the standard practice, particularly 

at times when community transmission of a virus is at its peak. Since the novel coronavirus 

(SARS-CoV-2) is now perceived as an enteric pathogen, its survival in the sewage wastewater 

treatment process must now be investigated in greater details. It is also to be noted that higher 

average log reduction does not necessary mean a higher effective log reduction as shown by 

Schmidt et al. (2020). It is still unclear what range of effective removal of SARS-CoV-2 could 

be achieved through traditional disinfection processes. Special guidelines based on real-time 

analysis are therefore, required so that the irrigators using wastewaters do not get infected due 

to underestimated LR credit followed by the wastewater vendors. 
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There are several factors that affect the concentration of viruses in wastewater. According to 

Gerba et al. (2017), virus load in wastewater varies on a temporal basis (season, time of day) 

and depends on how frequent and widespread an outbreak is. Temperature happens to be 

another important factor as concluded by La Rosa et al. (2020). Naturally, viral presence in 

wastewater recedes over time although asymptomatic infected individuals may continue to 

spread the virus. The concern is, new reports are emerging that states a significant number (Al-

Tawfiq, 2020) of COVID-19 patients are asymptomatic (Table 1). Moreover, it is yet to 

understand whether patients who recover from COVID-19 develop a life-long or temporary 

immunity. Therefore, in post-COVID-19 times, even if the number of new cases nears zero, a 

close monitoring of wastewater quality is required. This would require not only identifying the 

SARS-CoV-2 virus in the wastewater collection, and distribution system but also quantifying 

the viral load through advanced molecular techniques. More importantly, updated guidelines 

need to be formulated with regards to log reduction credits (LRC) achieved during the 

disinfection processes. In connection to this, domestic greywater treatment guidelines also 

needs to be reviewed since it is often reused without any treatment posing greater risk to public 

health.  

Table 1 Asymptomatic COVID-19 patients in different regions of the world. 

Location Proportion Reference  

China 

> 10% (Day, 2020a; Han & Yang, 2020; Hu et al., 2020) 

18% - 54% (Nishiura et al., 2020) 

14%-28% (children) (Qiu et al., 2020; Sun et al., 2020) 

22% (H. Song et al., 2020) 

Germany 22% (Streeck et al., 2020) 
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Iceland 50% (Otmani, 2020; Renwick, 2020) 

India 69% (Dey, 2020) 

Iran 18% (Shakiba et al., 2020) 

Italy 50% - 75% (Day, 2020b) 

USA 25% (CDC, 2020) 

57% (Kimball et al., 2020) 

‘most cases’ (Bendavid et al., 2020) 

 

3. Updating guidelines for greywater treatment and use 

The overwhelming evidence of the presence of viral particles in wastewaters makes it a 

possible agent of transmission (Hui & Zumla, 2019) if not reclaimed properly. Compared to 

sewage wastewater, greywater is more likely to spread the coronavirus because of the lower 

treatment that it receives, and the sheer amount of it produced worldwide (Table 2). Also, 

greywater is often used in the cropping sector without any treatment at all (Raschid-Sally & 

Jayakody, 2008) in many developing countries. For instance, in Bangladesh (Akhtar et al., 

2015), India, Pakistan and Iran (Thebo et al., 2017) raw wastewater irrigation is a common 

practice in the peri-urban areas.  

Table 2. Greywater production in different regions of the world. 

Regions  Greywater 

Production 

(L/capita/d

ay) 

References 
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Africa  15-30 (Alderlieste & Langeveld, 2005; Bakare et al., 2016; 

Katukiza et al., 2015; Olanrewaju & Ilemobade, 2015) 

South and 

South East Asia 

72-160 (Busser et al., 2006; Mandal, et al., 2011; Oliver & 

Hossain, 2016)  

Australia 120 ANZS 1547:2000 

Europe 65-98 (Noutsopoulos et al., 2017; Ottoson & Stenström, 2003)  

Middle East 50-151 (Al-Hamaiedeh & Bino, 2010; Jamrah et al., 2008; Oron et 

al., 2014; Underwood, 2012) 

USA 123 (L. M. Casanova et al., 2001; Hurlimann et al., 2016) 

 

In the developed countries as well, for instance, the State of Victoria in Australia encourages 

its residents to recycle their own greywater for gardening (Department of Health and Human 

Services, 2020). It even puts the bath and shower water into the ‘lower risk’ category for 

irrigation. In the post COVID-19 times, such practice could potentially create a great public 

health concern. This is because, COVID-19 patients have been diagnosed with cough, vomiting 

(Gu et al., 2020) and their saliva contain higher number of SARS-CoV-2 viral particles 

(Holshue, et al., 2020). A recent study by Wyllie et al. (2020) has quantified the viral load in 

the saliva of COVID-19 hospital inpatients. It was shown (Fig. 1) that the patients’ 

nasopharyngeal swabs, and the saliva contained more than 1010 viral copies/mL. If we take that 

30 mL of water is required for a person to gargle once, and an average productive cough volume 

of around 1 mL, the gargled greywater would contain at least 1011 infectious viral copies/L. A 

homestay COVID-19 patient’s gargled water, in most common cases, usually go through the 

hand basins or shower outlets, and mixes with other sources of greywater. Fecal contamination 

of greywater (USEPA, 2012; WHO, 2006) is also a risk factor. Under these circumstances, 
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untreated greywater is more likely to contain higher viral particles, and its use in surface 

irrigation cannot be marked as ‘safe’ or ‘low risk’ anymore in post COVID-19 times. In order 

to protect the irrigators and the public, further studies are therefore, needed regarding the risk 

of transmission of SARS-CoV-2 through greywater use in common irrigation practices. 

 

Figure 1. SARS-CoV-2 titers in the saliva and nasopharyngeal of hospital inpatients [after 

Wyllie et al. (2020) - permission obtained] 

If this greywater containing unusually high amount of viral load is not treated and used for 

outdoor irrigation, there is an increased risk of infection for any healthy individual who may 

come in contact. This is because coronaviruses have been found to be ‘exquisitely stable’ 

(Florek et al., 2014) in aqueous environment, and could live up to 4 days (Gundy et al., 2009) 

in wastewater, and several weeks in tap water (L. Casanova et al., 2009). Nonetheless, if 

wastewater is used for irrigation in post-COVID-19 times, the choice of irrigation method 

could be critical (Pachepsky et al., 2011). In particular, irrigation methods (i.e., sprinkler) that 

generate ‘aerosols’ may be avoided. Aerosols are suspensions in the air/water interface and 

their size ranges between 0.001 to 100 μm (Tang et al., 2006). Only 3% of the water droplets 

(Molle et al., 2009) applied through micro-sprinklers are smaller than 100 μm, and being 
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airborne may travel farther than the target area of application. This volume corresponds to a 

minimum application rate of 300 mL/m2/h and is not accounted in usual irrigation efficiency 

studies. However, with regards to transmission of pathogens, such aerosol droplets are 

considered very important. An apprehension is that infectious aerosol from wastewater used in 

sprinkler droplets could potentially carry viral particles in far distances depending on the 

environmental factors (Pachepsky et al., 2011) in the field.  

Information regarding pathogenic transport in irrigation systems are but few. A study by Molle 

& Tomas (2016) in France has shed some light into this topic while experimenting with micro-

sprinklers applying wastewater. In order to quantify small water droplets beyond the target 

zone, Molle & Tomas (2016) mixed fluorescent dyes (traceable at 450 nm) with wastewater. 

In order to collect airborne drifts which are more likely to create aerosol, 2-mm-diameter 

monofilaments were placed at different heights along with petri plates on the ground.  The 

results showed that micro droplets were traceable (4 mLh−1m-2) even 50 m away from the 

sprinkler that has only 12.5 m irrigation range. The highest collections of these airborne 

droplets were recorded (up to 48 mLh−1m-2) within 20 m distance. It was also shown that higher 

wind speed tends to increase the volume of transport beyond the irrigation zone. An important 

observation was that the volume of droplets captured from air was more than that of the petri 

plates. This means micro particles are in the air has the potential to raise the aerosol content of 

areas far from the irrigation zone. It is very likely that such aerosols could be a potential source 

of transmission if the viral particles remain infectious due to lower LR credits achieved during 

wastewater treatment process. This apprehension is compounded by the fact that a widely 

accepted view behind SARS virus outbreak in Hong Kong (Cyranoski & Abbott, 2003) was 

theorized to have been caused due to aerosols created from a leaked wastewater line.  

This concern regarding SARS-CoV-2 transmission through greywater may be eliminated by 

introducing stricter wastewater treatment and reuse guidelines particularly during a potential 
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outbreak like COVID-19. In extreme cases, where community transmission risk appears to be 

significantly high, a complete ban on the use of greywater irrigation may be implemented for 

a period until new cases of infection stops emerging. During these times, public safety 

measures may also be enforced in parks irrigated with secondary treated recycled water. This 

is because, treatments up to secondary disinfection are very poor (Ottoson, Hansen, Westrell, 

et al., 2006) at removing microorganisms, particularly viruses. A study by Ottoson, Hansen, 

Björlenius, et al. (2006) showed that secondary wastewater treatment plants’ log reduction was 

less than 1.5 for common enteric viruses.  

We understand that the present-day secondary disinfection protocols may well be ineffective 

in removing the novel coronavirus (SARS-CoV-2) from wastewaters. Although coronaviruses 

are thought to be unstable in oxidants (La Rosa et al., 2020), failure to quantify the viral titers 

accurately in greywater might lead to public health emergencies. Use of recycled water 

receiving secondary or less treatment must therefore, be limited in irrigation and other purposes 

during an outbreak. Considering the risk categories that we produced (Fig. 2), this situation 

could also be used to promote efficient microirrigation technologies such as subsurface drip 

irrigation (SDI) that protects the irrigators, and the fresh produces from direct contact with 

wastewater. These studies regarding recycled water irrigation brings the perspectives of the 

developed world. The developing countries, on the other hand, should be more concerned about 

this issue, since many of their surface water sources (i.e., rivers or canals) are known to be 

polluted (Thebo et al., 2017) with raw wastewater. We understand, in situations like COVID-

19 outbreak, stricter surface irrigation rules should be implemented in the developing countries 

in order to protect their marginal farming communities.  

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 June 2020                   doi:10.20944/preprints202006.0105.v1

https://doi.org/10.20944/preprints202006.0105.v1


12 

 

 

 

 

Figure 2 Wastewater sources, and their potential safety categories under different irrigation 

methods. 
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4. Conclusion 

Recycled wastewater is a sustainable alternative source of irrigation water in many countries. 

It is generally considered safe to use for homestead or commercial irrigation if the water is 

treated at appropriate levels. With regards to microbial disinfection of wastewater, typical 6-7 

log10 reduction credit has been is followed in the industry. Recent research endeavors has 

however, convincingly showed that viral particles in wastewater can exceed this threshold. The 

studies regarding SARS-CoV-2 virus responsible for COVID-19 pandemic has reported that 

the viral titer in the sewage effluents could reach up to 10 log10 units. In household greywater 

generated from COVID-19 patients, the viral titer has also been documented to reach up to 10 

log10 units/L. This means untreated greywater irrigation practice could potentially help transmit 

the novel coronavirus which is now perceived as an enteric pathogen. Therefore, the 

wastewater industry should be concerned about revising the effective log reduction (LR) credits 

for viruses from wastewaters particularly during a pandemic. The data also suggests that the 

choice of irrigation method could be critical in limiting the spread of viral particles from 

wastewater. Methods that create aerosols (i.e., sprinklers) may be advised to operate with 

caution in order protect the public working or living in the vicinity of 50 meters. We strongly 

feel that even if the pandemic recedes, water treatment plants should strictly, and regularly 

monitor their products since the novel corona virus has been shown to survive in water for days 

to weeks. Meanwhile, authorities may reconsider their advice regarding irrigation with locally 

reclaimed greywater. This situation also calls for renewed efforts to promote microirrigation 

technology that can safely irrigate the soil without letting farmers, and fresh produces coming 

into direct contact with the wastewater. 
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