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To provide further clarification on the virus that causes
COVID-19 infections, which is technically named SARSCoV-2, and concerns about how it relates to residuals,
sludge, and biosolids for water resource recovery
facilities (WRRFs) as well as the wastewater sector at
large, this paper includes a review of available data
related to the virus and surrogates as well as their
potential associations with residuals, sludge, and
biosolids. This update is intended to supplement to the
currently published article, “The Water Professionals
Guide to COVID-19” the Waterborne Infectious Disease
Outbreak Control (WIDOC) working group of the Water
Environment Federation (Maal-Bared et al., 2020).

Executive Summary

U.S. Environmental Protection
Agency (EPA) Biosolids Classification
EPA defines Class A disinfected
biosolids as those where pathogenic
organism densities are reduced to
below detectable limits which
include Salmonella sp. to less than 3
Most Probable Number (MPN) per 4
grams total solids, Enteric viruses to
less than 1 Plaque Forming Unit
(PFU) per 4 grams and viable
helminth ova to less than 1 viable
helminth ova/4 grams total solids.
Class A biosolids are achieved
through a Process to Further Reduce
Pathogens (PFRP). Class B biosolids
can be achieved by showing that the
sludge was treated by a Process to
Significantly Reduce Pathogens
(PSRP) or that the treated biosolids
contain less than 2 million Colony
Forming Units (CFU) or MPN of fecal
coliform per gram of biosolids (dry
weight basis). While pathogens are
greatly reduced in Class B biosolids,
they are not completely eliminated,
therefore there are public access,
agricultural and grazing restrictions
placed on their use in land

There have been concerns and studies related to
potential effects to public health associated with
municipal sludge. The development of USEPA 40 Code
of Federal Regulations Part 503 was intended to
ensure safety to the public and environment from
infectious diseases (Reimers et al., 2004; USEPA,
1992). The regulations have been monitored and
assessed by two reports from the National Academies
of Sciences National Research Council (NRC, 1996;
NRC, 2002). As indicated by these reports and further
literature review, no direct disease-related effect has
been established for Class A or Class B stabilized
biosolids since the inception of these regulations.
Because the COVID-19 virus is more susceptible to
treatment (Figure 1), including heat, no additional protective equipment or measures are
required for managing properly treated biosolids.
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Figure 1. Pathogenic microorganisms present in wastewater sludge by pathogen class and
their susceptibility to disinfection and environmental stress

(EPA 1999; CDC 2008; Gattie & Lewis, 2004; Image: CDC Public Health Image Library
https://phil.cdc.gov/Default.aspx)
It should be emphasized that biosolids would not be expected to contain infectious COVID-19
virus. Currently, there is no documented evidence that biosolids (either Class A or B) are a
source of transmission of coronavirus. The evidence indicates the main virus sources are
respiratory droplets from infected people and respiratory deposits of these people on
surfaces in direct contact with others —— that is, direct human-to-human contact.
Aerosol transmission also has not been clearly documented, except possibly for aerosol
generation procedures in healthcare settings, such as respiratory therapy, used on severely ill
patients as a part of their treatment and care (full infection control recommendations may be
found at the U.S. Centers for Disease Control and Prevention (CDC) website under Precautions
When Performing Aerosol Generating Procedures).
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Overview of Virus Density in Feces, Untreated Sludge, and Biosolids
Residuals can be categorized into: (1) human feces, (2) untreated municipal sludge, (3) Class B
biosolids and (4) Class A biosolids. Based on available literature, virus densities vary greatly by
pathogen and by residual category and by process used for pathogen removal (see Table 1).
Further discussions of viral load along with associated indicators such as bacteriophage was
quantified in a review by Martin-Diaz et al. (2020). As viruses are typically adsorbed to solid
particles both under natural and manmade conditions, certain solids (Fongaro et al. 2017; Hurst
et al., 1980; Sobsey et al., 1980) and water characteristics can affect the adsorption efficiencies
of viruses. These characteristics include pH, virus ionic characteristics (surface charge), virus
surface hydrophobicity, dissolved salts, and organic matter among others (Hurst et al., 1980;
Zhao et al., 2008; Bitton and Mitchell, 1974; Bixby; O’Brien, 1979). It has also been noted that
other enveloped viruses used as COVID-19 virus surrogates (e.g. murine hepatitis virus (MHV)
and Pseudomonas phage ϕ6) exhibit higher partitioning to solids compared to non-enveloped
viruses (Ye et al., 2016).
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Table 1. Summary of Virus Levels in Human Waste Residuals
Source

Human Feces
(Feachem et al.,
1980; Shuval and
Fattal, 2003;
Metcalf and Eddy,
2014)

Untreated
Municipal Sludge
(Pederson, 1981)

Class B Biosolids
(PSRP)
(USEPA, 1992)

Class A Biosolids
(PFRP)
(USEPA, 1992)

Comments relevant
to virus removal
It can be called Night
Soil, Septage or
Human Feces;
without treatment,
the infectivity of
most viruses present
in feces decreases by
half within the range
of 7 days to 6
months (Reimers et
al. 2001; Madeley,
1979)
WRRF report
identified more than
250 viruses (Pillai et
al., 2011). Infectivity
ranged from 2 days
to 6 months
(Reimers et al.,
2001).
Viruses found in
partially disinfected
biosolids will
inactivate once
applied to soil in
outdoor field
conditions between
30 days and 3
months
Class A processes are
required to obtain
virus reduction to
reach less than 1
PFU/4 grams dry
weight solids.

Average number of
viruses/g matrix

Enteroviruses: 104 to 107

References
(Shuval and Fattal, 2003)
(Shuval and Fattal, 2003)

Hep A virus: 106

(Hung et al., 2004)

SARS: 106.1

Coliphages: 10 – 10
2

7

Enteroviruses: 102 – 104
Noroviruses: 104 – 107

(Metcalf and Eddy, 2014;
Yates et al., 2006)
(Shuval andFattal, 2003;
Reimers et al, 2001)
(Gerba et al., 2011)

Coliphages: 105 - 106

(Yates et al., 2006)

Enteroviruses: 102 - 103

(Shuval and Fattal, 2003)

Enteroviruses: ≤0.25
(as determined by the
detection limits of the
assay)

(Reimers et al., 2001)

The extent to which COVID-19 virus is present in wastewater is unknown, and its presence in an
infectious form has not been documented. The resulting illness has been shown, from a public
health standpoint, to have a higher infectivity rate, but a lower case fatality rate than other
coronaviruses previously studied including SARS-CoV-1 and MERS-CoV (NIAID-NIH, 2020;
Ceccarelli et al., 2020; Pederson & Ho, 2020).
Recent evidence has highlighted the COVID-19 virus’s ability to attach to ACE2 receptors in the
intestinal tract; details regarding infectivity of the COVID-19 virus may be found in the following
Water Environment Federation
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references and also detailed in the WIDOC recommendations (Maal-Bared et al., 2020; Prussin
et al., 2020; Rodriguez-Lazaro et al., 2012; Wigginton et al., 2012).

Biosolids Disinfection Processes: Evaluation of Effectiveness and Regulation
The disinfection processes included in approved biosolids treatments have been documented
to inactivate pathogens more resistant to treatment than COVID-19 virus or any other
enveloped viruses (AAMI, 2010; Gattie & Lewis, 2004; Wang et al. 2005; Wolff et al., 2005).
Members of the coronavirus family die off rapidly in wastewater, with the time required for the
virus amounts to decrease 99.9% between 2 and 4 days before any treatment at 23°C (Gundy et
al. 2009). Even in the examination of enteric viruses, typical wastewater treatment mechanisms
(primary sedimentation, trickling filter/activated sludge, disinfection or coagulation, filtration,
disinfection) have been shown to achieve a greater than 99.9% reduction in viral load (Pepper
et al., 2006).
Mesophilic anaerobic digestion reduced enteric virus (believed to be largely enteroviruses)
numbers in digested sludge by an average of 94.4% (1.97 log10), while thermophilic anaerobic
digestion reduced enteric viruses to below detection limits (less than 316 virus/mL) (Sassi et al.,
2017). Wang et al. (2005) noted SARS Cov-1 virus was more susceptible to disinfectants (free
chlorine more effective than chlorine dioxide) than E. coli and f2 phage. Table 2 highlights the
ranges in log reductions by sludge treatment type (Godfree, 2003). Coronaviruses have been
shown to survive up to 9 days on surfaces; inactivation can be achieved with 62% to 71%
ethanol, 0.5% hydrogen peroxide, or 0.1% sodium hypochlorite within 1 minute with higher
temperatures reducing survival (Kampf et al., 2020). These disinfectants can be helpful when
addressing concerns related to potential surface contamination that workers may come into
contact with in the WRRF.
Table 2. Summary of pathogen reductions during sludge treatment (Godfree et al., 2003;
Ward et al., 1984)
Treatment
Mesophilic anaerobic digestion
Aerobic digestion
Composting
Air drying
Lime stabilization

Bacteria
0.5 to 4
0.5 to 4
2 to >4
0.5 to 4
2 to >4

Log10 reduction range
Viruses
0.5 to 2
0.5 to 2
2 to >4
0.5 to >4
>4

Parasites
0
0
2 to >4
0.5 to >4
0

When it comes to biosolids treatment, for a process to achieve equivalency status, it must be
approved by the EPA’s Pathogen Equivalency Committee (PEC) (Fitzmorris et al., 2007). Table 3
broadly shows EPA’s requirements for demonstrating equivalency of an innovative or
alternative technology to a PSRP or PFRP equivalent process. PEC has a strict protocol for this
evaluation that includes describing the exact mechanism of disinfection along with key process
Water Environment Federation
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control parameters. To demonstrate the required log reductions, the untreated sludge must
contain an adequate number of organisms. For example, to demonstrate PFRP equivalency
untreated sludge must contain more than 1,000 PFU of enteric viruses /4 g TS (dry weight
basis); and 100 viable Ascaris spp. ova/4 g TS. If the untreated sludge does not naturally contain
these density levels, the applicant must spike the sample to demonstrate the process’ capability
for achieving a 3-log reduction in enteric viruses and a 2 log reduction in viable Ascaris spp. ova.
Table 3. Requirements for Demonstrating Equivalency*
PSRP Equivalency
> 1 log reduction of Salmonella sp. or
> 2 log reduction of fecal coliforms
> 1 log reduction of enteroviruses

PFRP Equivalency
> 3 log reduction of enteroviruses

Final product contains < 2,000,000 fecal
coliforms/g

Final product contains < 1000 fecal coliforms or
< 3 Salmonella sp./4 g; < 1 pfu/4g of enteroviruses
and < 1 helminth ova/ 4g

> 2 log reduction of viable Ascaris sp. ova

*Detailed information on demonstrating equivalency can be found at
https://www.epa.gov/biosolids/pathogen-equivalency-committee.

Most virus-related research in the biosolids field has been related to enteroviruses. Work by
Gundy et al. (2009) showed that SARS-CoV-1, a relative of the COVID-19 virus, displays less
environmental persistence in primary and secondary effluent compared to poliovirus, which is
used as an indicator for biosolids PFRP equivalency. Wang et al. (2005) noted SARS Cov-1 virus
was more susceptible to disinfectants (free chlorine more effective than chlorine dioxide) than
E. coli and f2 phage. Recent work has observed that reoviruses and bacteriophages could be
excellent surrogate indicators for viruses due to their resistance to treatment (Diaz et al., 2020;
Viau and Peccia, 2009; Gerba et al., 2018). It should be noted that proposed surrogates that are
non-enveloped viruses are expected to display higher levels of resistance to environmental
stressors and disinfection compared to enveloped viruses in general and COVID-19 virus
specifically, thereby making them conservative indicators (CDC, 2020).
Decentralized Treatment
In non-centralized treatment such as septic tanks, previous research related to Ebola from
2015 indicated current World Health Organization guidance of holding latrine waste for
longer than 7 days was sufficient to inactivate enveloped viruses (Casanova, 2015). This data
represents pit latrine conditions, not current septic tanks or decentralized treatment facilities
currently in place in the U.S. Therefore, these recommendations are particularly protective if
treatment is via a current septic tank or decentralized treatment facility.

Water Environment Federation
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Presence of COVID-19 Virus in Each Level of Residuals and Likelihood of
Transmission
A traditional risk assessment includes four stages: a) hazard identification; b) exposure
assessment; c) dose–response assessment, and d) risk characterization. As the infective dose
of COVID-19 virus remains unknown, performing a quantitative microbial risk assessment is
not possible. We can, however, perform a qualitative risk assessment that is based on a
hazard assessment — that is, presence and infectivity in all four categories of residuals and
on an exposure assessment that examines likelihood of transmission.
Human Feces/Stool
Presence:
Presence of SARS Cov-1 RNA in stool samples was noted by He et al. (2004) in 57.4% of SARS
patients (FQ-PCR method, infectivity not determined). Additional quantification of median
duration of SARS Cov-1 virus excretion from stools was 27 days (16 to 126 day range) but no
infectivity was noted (Liu et al. 2004). Studies on other coronaviruses, namely SARS Cov-1
indicated the virus only survived in in-vitro experiments 3 days in feces, but at 4°C persisted
for 17 days in feces (Wang et al., 2005). Detection frequencies of the genetic material (RNA)
of other coronavirus in feces of infected individuals ranged from 16% to 97% with a peak for
SARS-CoV-1 RNA at 9 to 14 days after illness onset (Cheng et al., 2004; Wigginton et al.,
2015). Three other human coronaviruses — HCoVNL63, HCoV-OC43, and HCoV-229E — that
infect the upper respiratory tract have been detected in stool samples (Esper et al., 2010;
Risku et al., 2010).
Excerpt from Maal-Bared et al. (2020):
While there are limited data on the concentrations of enveloped viruses in feces and
urine (Wigginton and Boehm, 2020), various reports have now confirmed the presence
of COVID-19 virus RNA in stool samples from positive patients (Wu et al., 2020; Chen et
al., 2020; Holshue et al., 2020; Xiao et al., 2020; Ong et al., 2020; Tang et al., 2020b;
Woelfel et al., 2020). Wang et al. (2020) reported the percentage of RNA positive fecal
samples in a sample of 205 patients to be 29%. Chen et al. (2020) reported 64% of
fecal samples to be RNA positive in a sample of 44 patients. Wölfel et al. (2020)
reported that stool samples remained RNA-positive over three weeks in six of the nine
examined patients, in spite of full resolution of symptoms. Wölfel et al. (2020) also
remarked that no infective virus was detected in spite of high RNA concentrations in
feces. The authors recommended that future work evaluate if exposure to the gut
environment inactivates COVID-19 virus. To this date, only two studies (Zhang et al.
2020a; Wang et al 2020) were able to detect infective virus in feces. These studies
confirmed intact viral presence with electron microscopy but did not quantify the viral
particles detected. The latter suggested that the detection of infective virus is highly
dependent on virus concentrations in feces (Wang et al., 2020).
Water Environment Federation
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Likelihood of transmission through exposure:
The main mode of transmission of COVID-19 virus is person-to-person contact through
respiratory droplets produced when an infected person coughs, sneezes, or talks. These
droplets can land in the mouths or noses of people who are nearby or possibly be inhaled into
the lungs. Evidence from other coronaviruses shows that these viruses can survive on
surfaces (i.e., fomites), especially when surrounded by mucous for up to 9 days (Kampf,
2020). Similar studies have been conducted for COVID-19 virus (van Dormalen et al. 2020;
Chin et al., 2020). Thus, cleaning of PPE, shared equipment, and frequently touched surfaces
is advisable to interrupt this possible route of transmission.
There is currently little epidemiological or virological evidence that COVID-19 virus is
transmitted by the fecal–oral route. The only documented incident occurred for the SARS
coronavirus in Hong Kong, where possible evidence of airborne exposure was suggested as
the source of transmission due to faulty wastewater piping in a building (Brown, 2020). Both
the World Health Organization (WHO) and further studies have indicated airborne
transmission was likely, but did not present evidence linking the airborne transmission to
feces (WHO, 2003; Yu et al., 2014; Yu et al., 2004). Additionally, recent work has shown that
COVID-19 virus binds to the angiotensin-converting enzyme 2 (ACE2) receptors on Type II
alveolar cells and intestinal epithelia (Hoffman et al., 2020; Wan et al., 2020; Wrapp et al.,
2020). Its ability to attach to these cell receptors in the intestinal tract supports the potential
for fecal–oral transmission. Based on the limited number of studies that were able to culture
viable COVID-19 virus from fresh feces, it is reasonable to assume that the highest risk of
infection would be related to exposure to freshly excreted feces in the bathroom, plumbing
system, and the collections system (Gormley et al., 2020) and in conditions where
recommended hygiene practices are difficult to apply (Lodder and de Roda Husman, 2020).
Untreated Municipal Sludge
Presence:
From the Netherlands, Australia, and the U.S., COVID-19 virus genetic material (nucleic acid)
but not infectious virus were found in municipal wastewater (Medema et al., 2020; Ahmed et
al., 2020; Wu et al., 2020). They noted the occurrence of coronavirus genes in municipal
wastewater before cases were identified (Medema et al., 2020). Previous studies also have
noted untreated wastewater sludge and Class B biosolids contained genetic material from
other coronaviruses in more than 80% of the samples (as were Klassevirus and Rotavirus)
(Bibby and Peccia, 2013). Again, this assessment was performed by nucleic acid (genetic)
analysis and does not indicate infectivity of the viruses.
Likelihood of transmission through exposure:
Current practices related to the appropriate use of personal protective equipment (PPE)
when in potential contact with untreated wastewater and municipal sludge are considered to
be effective, even in the vicinity of processes that create airborne droplets and aerosols. The
Water Environment Federation has convened a Blue-Ribbon Panel to evaluate biological
hazards and precautions for wastewater workers – there will be more information
Water Environment Federation
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forthcoming from this group. In general, agencies should follow recommendations from the
U.S. Occupational Safety and Health Administration (OSHA) and local occupational health and
safety agencies based on the conditions at their local facilities.
Class B (PSRP) Biosolids
Presence:
Since the coronaviruses are fragile and typically at a very low density in wastewater, the
likelihood that Class B biosolids will contain infective COVID-19 virus is low (Wolff et al.,
2005). Concentrations in Class B biosolids of enteric viruses, which are more resistant to
treatment than COVID-19 virus, after mesophilic anaerobic digestion ranged between 101 and
104 MPN/gram (Wong et al., 2010).
Likelihood of transmission through exposure:
Potential risk from pathogenic microorganisms associated with land application of biosolids
vary based on the biosolids application method, the microbiological quality of the biosolids at
the time of application, environmental factors, and the management of the site (Yates et al.,
2006). Thus, when evaluating the risk of COVID-19 virus transmission from biosolids the
assessment must include the nature of the residuals in question. In the highly unlikely
probability that a viable COVID-19 virus is present in Class B biosolids, models of bioaerosol
transport indicate little risk to surrounding communities and workers at application sites. In
fact, no risk was determined from aerosolized viruses at estimated distances of 10,000 m from
the site and a 3% risk to workers on site (2 m/s wind, 1 hour of exposure) (Dowd et al., 2000). It
is also of note that these models tend to overestimate actual risk of populations by the nature
of their design. Indeed, though application methods vary, there is no indication of viruses found
further than 5 m from application when they were even found in the aerosols at all (Brooks et
al., 2004).
Westrell et al. (2004) examined the application of hazard analysis and critical control points
along with quantitative microbial risk assessment tools to quantify risk to workers and
communities surrounding land application sites (Class B, mesophilic anaerobically digested
biosolids). They found the highest individual risk from a single exposure occurred via aerosols
for workers at the belt press for dewatering (prior to Class B treatment) and overall risk was
highest in the early processes, prior to stressors/disinfection as opposed to during land
application (Westrell et al., 2004). While there is concern, it is highly unlikely infection can
occur from Class B biosolids based on current evidence (Sobsey, 2020). Over the last 40 years,
there have not been recorded infections due to viruses in Class B biosolids applications as noted
by the National Research Council reports (NRC, 1996 and 2002). No additional measures are
needed for protecting workers against COVID-19 virus beyond what is typically used when
handling Class B biosolids. See CDC recommendations for additional details on these measures.
Class A (PFRP) Biosolids
Water Environment Federation
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Presence:
It is of note that the vast majority of research related to virus presence and survival in
biosolids, including research on the effectiveness of treatment, has been focused on nonenveloped viruses. Non-enveloped viruses, such as Poliovirus, are much more robust than
enveloped viruses, such as the COVID-19 virus.
One study on these non-enveloped, primarily enteric viruses showed thermophilic digestion
to be more effective than mesophilic anaerobic digestion (Wong et al., 2010). Mesophilic
anaerobically digested Class B biosolids further treated to Class A with heat pelletization (35°
to 37°C for 10 to 20 days, dewatering, followed by a low-pressure oxidation drying system)
and composting (agitated windrow method) resulted in even lower virus levels (Viau and
Peccia 2009).
Likelihood of transmission through exposure:
The risks of contracting COVID-19 from Class A biosolids are negligible. The virus itself is less
stable than the virus surrogate utilized to get approval as disinfected Class A biosolids by the
EPA PEC (Wang et al., 2005).

Water Environment Federation
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Recommendations
In alignment with CDC and OSHA recommendations, we recommend that workers and
employers manage untreated residuals and sludge with potential or known COVID-19 virus
contamination like any other untreated material. As noted by LeChevallier et al. (2019) there
is a hierarchy of PPE that follows the treatment through the WRRF. As material progresses
through treatment, risk decreases. Contact transfer PPE including gloves, boots, and
uniform/coveralls should be utilized throughout WRRF operations, with the addition of safety
glasses/goggles or face shields in areas with splash hazards. Use of typical engineering and
administrative controls, safe work practices, and personal protective equipment (PPE) when
handling untreated wastewater, feces, and untreated municipal sludge to prevent worker
exposure is important.
Figure 2. How to Stay COVID-19 Free at the WRRF

Water Environment Federation
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In general, agencies should follow recommendations from OSHA and the state agency
responsible for occupational health and safety. More specifically, the following
recommendations should be highlighted during this time (Rubin, 2020; Burton and Trout,
2009):
1.

As is current practice, remain mindful of the operation; take precautions to
minimize the production of aerosols from feces and municipal sludge in the
collections system and in the headworks of the WRRF. In addition, when land
applying Class B biosolids, observe site buffer requirements as outlined in permits.
o Management notes: Periodic training regarding standard hygiene
practices and PPE use and maintenance should continue. Ensure workers
are up to date on CDC-recommended vaccinations such as tetanus–
diphtheria and hepatitis A immunizations.

2.

Wash hands often, carry disinfecting wipes and disinfecting gel to use anytime the
operator touches surfaces that may have been exposed to aerosols. Switches,
valves, and other surfaces exposed to aerosol from processes prior to complete
biosolids treatment should be sanitized. Operators also should sanitize exposed
surfaces prior to leaving an area to assure surfaces are as sanitary as possible and
do not pose a hazard to other personnel.
o Management notes: Hand-washing stations with clean water and mild
soap should be readily available wherever contact with wastewater or
sludge may occur.

3.

During operation, wear heavy rubber gloves over surgical gloves as well as goggles
or face shield. If surgical gloves are used, discard them and sanitize the outer
rubber gloves.
o Management notes: CDC has established guidelines for workers along
with WHO.

4.

At the end of a shift at the office or maintenance shop, change out field clothes,
place in clothes hamper for dirty clothes/uniforms/shower, and change into street
clothes before heading home. If your go directly from the field to home, take steps
to protect family members — remove clothes in mudroom, garage, or laundry
room. Handle as dirty clothes do not commingle dirty clothes from the household
with field clothes. Remove field boots before entering home and wash boots
(especially the bottoms) before entering house, office, or personal vehicle.

5.

In summary, be aware of hazards. Wash hands frequently — before smoking,
before drinking water or other drinks, before eating. Avoid hand contact with face
and do not touch face with glove covered hands. Face coverings can help with
protecting face from contact with gloves.

Water Environment Federation

P a g e 12 | 20

Residuals and Biosolids Issues Concerning COVID-19 Virus

WSEC-2020-TR-001

Conclusions
Based on evidence presented, there is no currently available epidemiological data that
establishes a direct link between wastewater sludge or biosolids and risk of infection from the
COVID-19 virus. Despite shedding of the virus RNA in feces, there is no evidence supporting the
transmission of COVID-19 virus through the wastewater system including biosolids. Research
efforts have been undertaken to quantify the presence of the virus in wastewater, but
infectivity thus far has not been included in these assessments. Put simply, presence of RNA in
wastewater does not indicate the virus is necessarily infective. Additional research is needed to
directly assess the public health risks of the COVID-19 infection via feces and untreated sludge.
Even though there is no evidence establishing the presence of infectious COVID-19 virus in
feces, wastewater, or biosolids, workers should remain vigilant and practice good hygiene and
effective safety practices to minimize the risks of exposure to any viruses or other pathogens
from these potential sources.
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