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Naddeo and Liu recently published
the following editorial: “2019 novel
coronavirus (SARS-CoV-2): what is its fate
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in urban water cycle and how can the
water research community respond?”™
The editorial raises important questions
about the impact of SARS-CoV-2 on our
water systems, and rightfully encourages
the water community to ensure that our
treatment systems are providing protec-
tion against this new threat. The dialogue
also highlights a broader question,
namely, have we developed water systems
that are sufficiently robust to handle not
just SARS-CoV-2, but emerging and un-
known pathogens both today and in the
future? As researchers and engineers who
have focused on the detection and fate of
viruses through natural and engineered
treatment processes (e.g, physical re-
moval and disinfection), we would like to
provide perspective on what is known,
what is being learned through current re-
search, and how it will help to answer the
essential question: do our existing water
systems adequately protect public health?

To begin, the water industry should be
commended for the speed with which it
identified SARS-CoV-2's potential impor-
tance and mobilized resources to better
understand it. For example, the March
2020 recommendation by Drs. Naddeo
and Liu for targeted SARS-CoV-2 monitor-
ing campaigns has already materialized—
even as early as February and March in
the Netherlands, France, Australia, the
United States, and other countries—and
the effort has helped address critical
knowledge gaps.”™ Beyond individual re-
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search studies, the Water Research Foun-
dation (WRF) also convened a virtual
research summit comprised of ~50 scien-
tists, engineers, public health experts, and
other water industry professionals to es-
tablish best practices for environmental
surveillance of SARS-CoV-2. Other profes-
sional organizations, such as the Water
Environment Federation (WEF), quickly
published documents providing general
information about SARS-CoV-2 and spe-
cific guidance for the wastewater industry,
much of which was also applicable to
drinking water and water reuse.’
Numerous groups throughout the
world continue to track concentrations
of SARS-CoV-2 RNA in wastewater with
the aim of addressing questions specific
to the water industry and also broader
questions relevant to public health. By
coupling these data with clinical re-
search findings, we can reduce some of
the uncertainty around SARS-CoV-2, bet-
ter understand the magnitude of the
potential threat, and also evaluate the
effectiveness of existing treatment sys-
tems. Collaborations and funding for
these campaigns have materialized rap-
idly, with widespread support from uni-
versities, local agencies and utilities,
and state and national research pro-
grams. These recent efforts support the
wealth of information that the industry
has already accumulated on similar vi-
ruses from past outbreaks (e.g., SARS,
MERS, and Ebola).®” We are able to
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leverage this collective knowledgebase
to address many of the authors' ques-
tions in the recent editorial, specifically
as they relate to predicting and under-
standing the fate of coronaviruses
through our water and wastewater treat-
ment systems. This knowledge provides
important grounding as we assess
whether SARS-CoV-2 will require higher
levels of treatment to ensure the safety
of potable water supplies.

As noted in the editorial, one of the
greatest  concerns for  emerging
wastewater-derived constituents is the
potential impact on potable reuse sup-
plies, since these systems will be most
directly impacted by wastewater. The au-
thors suggest that California's indirect
potable reuse (IPR) log reduction value
(LRV) requirements for virus, Giardia,
and Cryptosporidium may need to be in-
creased beyond 12/10/10 in response to
SARS-CoV-2. In evaluating this concern
(or for any pathogen that might be
found in wastewater), it is important to
consider the following factors: (a) the
range of concentrations of infective
pathogens in the source water, (b) the
effectiveness of natural and engineered
treatment barriers in removing or
inactivating the pathogen, and (c) the
risk that consumption of the treated wa-
ter will lead to an infection. This pro-
cess—named quantitative microbial risk
assessment (QMRA)—has been used
over multiple decades to inform a wide
range of regulatory frameworks, includ-
ing the U.S. EPA's Surface Water Treat-
ment Rules, WHO's potable reuse guide-
lines, and California's IPR regulations.
Comparing SARS-CoV-2 to these histori-
cal QMRA efforts can help identify if
there are unique characteristics about
this virus that might raise concerns for
our existing regulations and approaches
to treatment and public health protection.

With regard to concentrations and in-
fectivity in source water, a growing body
of literature shows that the genetic ma-
terial of SARS-CoV-2 can be detected in
raw wastewater. Reported concentra-
tions vary by several orders of magni-
tude, perhaps depending on the local
prevalence of infections and other
sewershed-specific conditions. Impor-
tantly, the data show that concentra-
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tions are either consistent with or less
than those of enteric viruses (e.g,
enteroviruses, adenoviruses, and
noroviruses), which are the traditional
focus of potable reuse regulations and
treatment. One important limitation of
the molecular methods used to detect
SARS-CoV-2 RNA (e.g., RT-qPCR) is the
fact that they cannot generally distin-
guish between infectious and
inactivated viruses, but we can leverage
data from clinical research to better un-
derstand the implications of detecting
SARS-CoV-2 RNA in raw wastewater. Al-
though SARS-CoV-2 is primarily respira-
tory in nature, the virus has been shown
to replicate in cells of the gastrointesti-
nal (GI) tract, perhaps explaining why its
RNA can be detected in feces and ulti-
mately raw wastewater. However, several
studies to date have been unable to re-
cover infectious SARS-CoV-2 from stool
samples, with one meticulous study
demonstrating rapid inactivation of
SARS-CoV-2 in the colonic (gut) fluids of
the lower GI tract.>® This likely explains
the general lack of infectious SARS-CoV-
2 in the feces of infected individuals.

Source water concentrations are im-
portant to know because regulations—
and ultimately treatment requirements—
are informed by calculating how much
reduction is needed to reduce source wa-
ter concentrations down to acceptable
drinking water levels. For example, in de-
veloping the 12-log virus reduction re-
quirement for its existing IPR regula-
tions, California conservatively selected
the highest raw wastewater enterovirus
concentration reported in the literature.
An international panel of experts recently
reviewed the data and confirmed the ac-
ceptability of this approach.'® In compar-
ison with SARS-CoV-2, infective enterovi-
ruses are likely present in raw wastewater
at concentrations that are orders of mag-
nitude higher. In other words, existing
potable reuse regulations are based on a
more conservative starting point in speci-
fying treatment requirements. From the
perspective of source water concentra-
tions, SARS-CoV-2 is unlikely to set a
higher bar. Additional studies to confirm
this are recommended.

The second topic is the effectiveness
of natural and engineered treatment

barriers. In designing treatment pro-
cesses and developing operational
criteria (e.g., disinfectant CT values and
UV doses), the water industry often
identifies representative pathogens with
demonstrated resistance to treatment.
Notably, Cryptosporidium oocysts are
known to be highly resistant to chlorine
disinfection, and adenovirus is known
to be resistant to UV disinfection. One
of the defining features of SARS-CoV-2
—and consistent with other respiratory
viruses such as influenza, SARS-CoV-1,
and MERS—is the lipid envelope that
surrounds its protein capsid and genetic
material. Because of the fragile lipid en-
velope, coronaviruses are less persistent
in the environment and more sensitive
to treatment than the non-enveloped en-
teric viruses targeted in potable re-
use.®'! For Ebola, another enveloped vi-
rus, previous research demonstrated
3.5-log inactivation with a chlorine CT
as low as 0.05 mg min L™'—approxi-
mately 50 times lower than existing EPA
CT requirements for virus inactiva-
tion.>'> With respect to UV disinfection,
the double-stranded genomic DNA of
adenovirus—and more specifically its
propensity for DNA repair—is thought
to be responsible for its reported resis-
tance to germicidal UV irradiation. This
resistance is reflected in the UV dose re-
quirements for virus inactivation in the
U.S. EPA's Long Term 2 Enhanced Sur-
face Water Treatment Rule (LT2ESWTR).
In contrast, the relatively large RNA ge-
nome of SARS-CoV-2 is expected to be
highly susceptible to UV disinfection,
with  previously  published  data
suggesting UV doses <5 m] ecm > for
6-log inactivation of a coronavirus surro-
gate.*"® For reference, the UV-based ad-
vanced oxidation processes (AOPs) in
California's potable reuse treatment
trains operate at UV doses well above
300 mJ cm™. Finally, considering the
large diameter of SARS-CoV-2 (~100
nm) relative to some other enteric
viruses (e.g,, ~30 nm diameter of
norovirus) and the tendency for
enveloped viruses to partition to solids
more than non-enveloped viruses, physi-
cal removal processes are also expected
to be similarly or more effective against
SARS-CoV-2. This includes conventional
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wastewater treatment processes such as
activated sludge and secondary clarifica-
tion in addition to advanced treatment
with membranes.

In summary, SARS-CoV-2 is likely to be
more susceptible than the reference path-
ogens (e.g., enteric viruses) used to de-
velop our existing regulations. Based on
the combination of both lower source wa-
ter concentrations and higher removal
through treatment, we would expect much
lower exposures to SARS-CoV-2 in drink-
ing water than the enteric viruses targeted
by existing regulations and treatment.

The final step of a QMRA relates to es-
timating the probability of an infection
given a certain exposure. SARS-CoV-2
could still theoretically be problematic—
even with lower concentrations and
greater susceptibility—if it is significantly
more infective in drinking water than the
viruses targeted by our regulations. Both
EPA and California utilized a highly infec-
tious virus (rotavirus) when developing
regulatory criteria for both the 1989 Sur-
face Water Treatment Rule and the Cali-
fornia IPR regulations. Rotavirus was se-
lected because it is a virus transmitted via
the fecal-oral route that has been shown
to cause infections at very low levels of ex-
posure. In fact, prior to the development
of the rotavirus vaccine, health organiza-
tions reported that infection with rotavi-
rus was nearly universal by age 5.

While SARS-CoV-2 is also highly in-
fective, its main mode of transmission
appears to be through inhalation and
colonization of the respiratory tract. To
date, it remains unclear whether SARS-
CoV-2 can be transmitted through the
ingestion of drinking water. As with all
of the other unknowns surrounding this
virus, further study on this topic is
merited. However, based on today's
knowledge, it is unlikely that SARS-CoV-
2 will be more infective in drinking wa-
ter than rotavirus. To cause infection,
other human coronaviruses require
doses that are about 2 orders of magni-
tude greater than rotavirus, resulting in
much lower infectivity risk."* On this fi-
nal point, we expect existing potable re-
use regulations developed in the context
of a highly infectious enteric virus to be
more conservative than if based on
drinking water exposure to SARS-CoV-2.

In light of new data specific to SARS-
CoV-2, prior knowledge on similar vi-
ruses, and an understanding of the basis
for existing regulatory frameworks, SARS-
CoV-2 is unlikely to drive new, stricter re-
quirements for the treatment of potable
water supplies. Based on our current un-
derstanding, SARS-CoV-2 is likely (a)
present at lower concentrations in source
waters, (b) more sensitive to treatment,
and (c) less infective than the viruses
upon which existing drinking water and
potable reuse regulations are based. Fur-
ther study of this virus should be pur-
sued to confirm these assumptions. One
reason for optimism is the seriousness
and speed with which the industry is
tackling these issues. In California, the
State Water Resources Control Board is
allocating additional resources to under-
stand the impact of SARS-CoV-2 on the
treatment requirements for direct pota-
ble reuse (DPR). The State is evaluating
SARS-CoV-2 nucleic acid concentrations
in the raw wastewaters of multiple Cali-
fornia facilities covering the period be-
tween 2019 and 2021."° These data will
be used to determine if SARS-CoV-2 (or
other potential challenges brought to
light by the current pandemic) will be a
driver for stricter treatment requirements
for DPR.

In conclusion, we recommend that
the industry leverage past findings on
similar coronaviruses and the growing
body of research on SARS-CoV-2 to esti-
mate its impact on our water systems.
To date, the preliminary findings pro-
vide reassurance that SARS-CoV-2 is un-
likely to be the ‘black swan’ that will re-
set the requirements for public health
protection in the water industry. Our
current requirement for  robust,
multiple-barrier  treatment  systems
evolved to reliably control a diversity of
waterborne pathogens identified in the
past. This same approach appears to be
a solid foundation for the control of
emerging and future pathogens as well.
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