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Background
In late December 2019, a novel coronavirus disease (nCoV 19, later named COVID-19) could
be identified to be the cause for a number of infections with severe acute respiratory
syndrome (SARS). As the cases around the place of the original discovery in Wuhan, Hubei
Province, China increased, a human-to-human transmission could be revealed (Li et al.,
2020; Zhu et al., 2020). COVID-19 developed into an epidemic and was later declared as
pandemic by the WHO on March 11th (WHO, 2020a).
The coronavirus disease (COVID 19) proceeds with many different symptoms. Most
commonly, mild and moderate cases are reported, suffering from malaise, sneezing, fever or
light pneumonia. Sometimes, the diseases passes without developing any symptoms, but
sometimes, patients develop severe pneumonia, septic shock an organ failure (Robert Koch
Institut, 2020; WHO, 2020b).
The high infection rate creates a serious threat to healthcare systems, which will face a
quickly increasing number of patients with severe symptoms (Kenyon, 2020; Z. Zhang et al.,
2020).
Similar to SARS-CoV (2003/2004), a human-to-human transmission of the novel corona virus
(SARS-CoV-2) could be linked to direct contact of eyes and nasal and oral mucous
membranes with viral agents in respiratory droplets (Zheng, 2020). The study of (W. Zhang
et al., 2020) also showed, that the shedding of active viral agents is shifting through the
course of infection, from respiratory droplets to feces after 4 to 6 days. Active viral agents
can be found in feces up to 3 weeks after the infection, representing a potential risk for new
infections.
An assessment about the potential risk of infection with SARS-CoV-2 through contaminated
wastewater is still to be published, but the similarity of this virus with SARS-CoV imply a
similar behavior (van Doremalen et al., 2020; Xu et al., 2020).Gundy et al., 2009 and earlier
Wang et al., 2005 investigated the stability of SARS-CoV in water and wastewater. They could
show, that this coronavirus is more vulnerable than other investigated viruses in wastewater.
As major drivers for its faster inactivation, they identified a higher temperature, its
hydrophobicity and the vulnerability of the virus’s envelope.
To understand the environmental resilience and treatment options for SARS-CoV-2, it is
important to take a closer look at its physiology. SARS-CoV-2 is spherically shaped and has a
diameter of about 60 to 150 nm. Its soft outer lipid layer, called envelope, is making it
amorphous and hydrophobic but also less protected against outer impacts. Its envelope can
be easily destroyed by detergents and disinfectants, resulting in its inactivation. The
hydrophobicity lets it adsorb onto suspended particles in water. Which shields it from outer
impacts, such as chemicals and microorganisms, but also gives the opportunity for removal
by separation (Cascella et al., 2020; de Haan & Rottier, 2005; Neuman et al., 2006; Peiris,
2012).
A higher temperature leads to increased denaturation of the virus’s proteins and increased
activity of extracellular enzymes, causing a decay of the virus. Additionally, detergents and
other chemicals present in wastewater can severely damage its envelope. The role of other
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microorganisms in the aerobic zones may be also crucial to the inactivation of SARS-CoV. In
sum, these impacts were responsible for a complete inactivation of the coronavirus after 2 to
4 days in wastewater, without special treatment. However, as the normal residence time in
common sewer systems in the US is about 3 hours (Kapo et al., 2017) and in WWTP less than
a day (Krebs, 2006), before the water is released into the environment, it is necessary, to
target also this virus, in order to provide safe wastewater treatment. Ideally, viruses are
removed as soon as possible after introduction into the sewer, to ease the risk for people in
contact with wastewater and its systems (Ye et al., 2016). Point sources, with elevated
concentrations of pathogens represent a major threat and should be a target for specialized
wastewater treatment (Naddeo & Liu, 2020).
The detection of viruses in water is a complex task, where still compromises have to be
accepted. The currently available methods have different approaches towards the detection of
the viruses (reaction with antibodies, growth on cell layers or detection of viral DNA/RNA
through coloration)(Hryniszyn et al., 2013). Among them, Real-time polymerase-chainreaction (RT-PCR) is one of the most commonly applied (Girones et al., 2010). This method
exploits the enzymatic replication of DNA or RNA happening normally before every cell
division to copy DNA for the new cell. Basically, this process of DNA reproduction is run
artificially with the help of specialized enzymes. If a part of the targeted DNA or RNA-strain is
present in the sample, it will be amplified by the DNA/RNA-polymerase (specialized enzyme).
Depending on the initial concentration of targeted DNA/RNA-strain, a certain amount of
replication cycles is necessary, to create a concentration, sufficiently high enough to be
detected. The detection itself is done optically, after the DNA/RNA-strains are fluorescently
labelled. This way, even a single target DNA-strain can be amplified until its concentration is
measurable and its original concentration can be deducted from the necessary reproduction
cycles (Girones et al., 2010; Hryniszyn et al., 2013; MATER METHODS, 2013). (It is worth to
note that for every targeted strain, a specific primer should be designed for an efficient
detection.) In the present study, RT-PCR was the method of choice, due to its high efficiency,
which makes it possible to even calculate the original virus concentration quite precisely in
real time. However, it should be kept in mind, that detecting targeted DNA/RNA viral strains
does not distinguish between active and inactive viral agents.

Methods
Sampling sites
Two sites were selected for the sampling. In general, the treatment systems of both systems
do not differ (compare Figure 1, page 6): Raw wastewater is collected in a buffer tank. From
here it is pumped over two screens (<1000 nm) followed by two vibrating screens with a grid
size of <800 nm to separate solid wastes from water. The water is then pumped to the
biological reactor, where it passes first through the anaerobic zone for biological phosphate
removal, then through the anoxic zone, where denitrification is desired and finally through
the aerobic zone where nitrification is taking place. Different recirculation flows ensure the
proper efficiencies of the processes. After the aerobic zone, the suspension is separated
through tubular ultrafiltration membranes with a pore size of 30 nm. Constant aeration of the
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membranes together with regular backflushing prevents them from clogging. The clear water
phase is then passing a high flux ozone reactor for further degradation of remaining organic
compounds and disinfection. Final polishing with active carbon filtration removes further
remaining residues, before the water is stored in a buffer as process water or final effluent. A
recirculation flow with an integrated UV-reactor is constantly preventing recontamination,
through UV-C radiation. The major difference between both sites it the treatment capacity.
While site 1 is designed for 10 m3/h and currently operating at around 10 m3/h, site 2 is
designed for 100 m3/h and currently operating at 30-40 m3/h.
Pathogens which are trapped with the solid phase, are undergoing the sludge treatment
processes based on thermophilic anaerobic digestion. This process is separated into four
successive steps: Hydrolysis, acidogenesis, acetogenesis and methanogenesis. During these
steps, bacteria and exoenzymes are breaking larger complex molecules (like proteins, DNA,
fat, carbohydrates etc.) into simple sugars, acids, alcohols and finally into gases such as
carbon dioxide and energetically valuable methane. This resulting biogas can be used for
running a combined heat and power engine (CHP) to produce energy in form of heat and
electricity. The remaining solid phase is further thickened and then heated up to above
100 °C for at least 40 min (4 hours max.), which ensures a thorough decontamination.
The excess air from particularly contagious processes (MBR, digestor, decontamination) is
extracted and pre-filtered (to trap grease and small aerosols, > 1.8 µm), disinfected with UV
radiation and finally filtered through activated carbon.

Figure 1: Scheme of Pharmafilter treatment plant
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Sampling
Samples were taken of the raw water inlet before the vibrating screens, of the permeate after
the ultrafiltration of the MBR and of the final effluent. To catch the real fate of present
SARSCoV2 traces during the course of the treatment system, an approximately 1 l mixedsample was created with 3 approximately 0.333 l samples taken every three hours (at 9:00,
12:00 and 15:00) on the same day at each sampling point of both sites. The samples were
taken directly into the 1 l glass bottles and stored then inside at room temperature. In the
same day, the samples were brought to KWR laboratories in Nieuwegein, The Netherlands.
Here, they were analysed with the standard protocol for RT-PCR of KWR (Medema et al.,
2020), which is described below (until page 8):

Sample processing
“[…] Larger particles (debris, bacteria) were removed from the samples by pelleting using
centrifugation at 4654xg for 30 mins without brake. A volume of 50 ml influent and 100 ml
effluent was filtered through Centricon® Plus-70 centrifugal ultrafilter with a cut-off of 10 kDa
(Millipore, Amsterdam, the Netherlands) by centrifugation at 1500xg for 15 minutes. The
resulting concentrate was used for RNA extraction and RT-PCR.
For practical reasons it was decided to use the magnetic extraction reagents of the
Biomerieux Nuclisens kit (Biomerieux, Amersfoort, the Netherlands) in combination with the
semi-automated KingFisher mL (Thermo Scientific, Bleiswijk, The Netherlands) purification
system to extract RNA from the Centricon concentrates of the samples of April 7th as
previously described (Heijnen & Medema, 2011). Elution of RNA was done in 100 µl elution
buffer for both RNA extraction methods. The volume of sewage used for RNA extraction is
shown in Table 1 for each of the samples
Table 1: Used sample volumes. Equal for both sites.
Sampling Point

Influent

Volume for processing
[ml]

Volume for RNA extraction
[ml]
50

2.5

Permeate

100

5.0

Effluent

100

5.0

Real-time RT-PCR
Primers/probe sets that were published by US CDC (Centers for Disease Control and
Prevention, 2020) and a European study (Corman et al., 2020) were used in this study. Four
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primer sets were selected (Table 2): The N1-N3 sets from CDC that each target a different
region of the nucleocapsid (N) gene and the set against the envelope protein (E) gene from
Corman et al., 2020, to include targets against two separate SARS-CoV-2 genes. The
specificity of these primer/probe sets against other (respiratory) viruses, including human
coronaviruses, was reported (Centers for Disease Control and Prevention, 2020; Corman et
al., 2020). Each reaction contained 5 µl RNA template, 4 µl of 5x EvoScript RNA Probes onestep RT-PCR reaction master mix (Roche Diagnostics, Almere, The Netherlands), different
concentrations of primers and probes (Table 2), 2 µl of 4 mg/ml BSA (Bovine Serum Albumin,
Roche Diagnostics, Almere, The Netherlands) and the reaction volume was adjusted to a final
volume of 20 µl with RT-PCR grade water (delivered with the Evoscript master mix). Thermal
cycling reactions were carried out at 60 °C for 15 minutes, followed by 95 °C for 10 minutes
and 45 cycles of 95 °C for 10 and 55 °C for 30 seconds on a CFX96 Touch Real- Time PCR
Detection System (Bio-Rad Laboratories, Veenendaal, The Netherlands). Reactions were
considered positive if the cycle threshold was below 40 cycles (Centers for Disease Control
and Prevention, 2020).
Table 2: Primer probe sets
Assay

Target gene

Primer/Probe

Conc

Sequence

N1

Nucleocapsid (N)

2019-nCoV_N1-F
2019-nCoV_N1-R
2019-nCoV_N1-P

200 nM
200 nM
200 nM

5’-GACCCCAAAATCAGCGAAAT-3’
5’-TCTGGTTACTGCCAGTTGAATCTG-3’
5’-FAM-ACCCCGCATTACGTTTGGTGGACCZEN/Iowa Black-3’

N2

Nucleocapsid (N)

2019-nCoV_N2-F
2019-nCoV_N2-R
2019-nCoV_N2-P

200 nM
200 nM
200 nM

5’-TTACAAACATTGGCCGCAAA-3’ 5’GCGCGACATTCCGAAGAA-3’
5’-FAM-ACAATTTGCCCCCAGCGCTTCAGZEN/Iowa Black-3’

N3

Nucleocapsid (N)

2019-nCoV_N3-F
2019-nCoV_N3-R
2019-nCoV_N3-P

200 nM
200 nM
200 nM

5’-GGGAGCCTTGAATACACCAAAA-3’ 5’TGTAGCACGATTGCAGCATTG-3’
5’-FAM-AYCACATTGGCACCCGCAATCCTGZEN/Iowa Black-3’

E

Envelope (E)

E_Sarbeco_F
E_Sarbeco_R
E_Sarbeco_P1

400 nM
400 nM
200 nM

5’-ACAGGTACGTTAATAGTTAATAGCGT-3’ 5’ATATTGCAGCAGTACGCACACA-3’
5’-FAM-ACACTAGCCATCCTTACTGCGCTTCGZEN/Iowa Black-3’

Controls
The concentration of F-specific RNA phages was measured according to ISO 10705 in
wastewater before and after the purification and concentration steps, to determine the virus
recovery. A previously described non-target RNA fragment (Stinear et al., 1996) was added
to the lysed sewage concentrates as an internal control (IC). This IC-RNA consists of an in
vitro transcribed RNA fragment with a length of 412 bases derived from dengue virus type 2
and was synthesized as previously described (Stinear et al., 1996). RT-PCR analyses using
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primers IC-F (5´-ATGACAGCCACTCCTCCG- 3´), IC-R (5´-GGAACGAACCAAACAGTCTTC-3´)
and probe IC-P (5´-TexasRed- AGCAGAGACCCATTCCCTCAGAGC-BHQ-3´) were used to
detect a dengue virus fragment (length: 149 bp) in order to control the performance of RNAextraction, RT-PCR and to detect the presence of inhibitors. High-resolution automatic
electrophoresis was performed on an Agilent 2100 Bioanalyzer using Agilent 1000 DNA Kit
(Agilent, Santa Clara, USA) to analyse the length of the PCR-products.” (Medema et al.,
2020).

Results
The RT-PCR analysis indicated, that traces of SARS-CoV-2 RNA were present in raw
wastewater at both sites. All selected primer sets showed a positive signal after less than 40
replication cycles. For the primer N3 at the first site and E-Sabeco at the second site, the
threshold cycle was even less than 35, meaning, that a higher initial concentration was
present. After the MBR, no test for either primer showed positive response. Consequently,
nothing could be detected in the sample of the effluent, either. Table 3 summarizes the
results from the laboratory analysis.
Table 3: Results of RT-PCR analysis
Unit

Influent 1

Permeate 1

Effluent 1

SARS-CoV-2(N1)

-

+

-

-

SARS-CoV-2(N2)

-

+

-

-

SARS-CoV-2(N3)

-

++

-

-

SARS-CoV-2(E-Sarbeco)

-

+

-

-

Unit

Influent 2

Permeate 2

Effluent 2

SARS-CoV-2(N1)

-

+

-

-

SARS-CoV-2(N2)

-

+

-

-

SARS-CoV-2(N3)

-

+

-

-

SARS-CoV-2(E-Sarbeco)

-

++

-

-
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Discussion
It can be seen, that particles of SARS-CoV-2 are present in hospital wastewater at the
selected sites, as all tested primers showed positive response. The true value for Ct can be
assumed to be in between 30 and 40 cycles. With the methods used, it is not possible to
quantify the virus concentration in the examined samples. It has to be stressed, that RT-PCR
does not distinguish between active and inactive viral RNA. Thus, an assessment of the risk
through raw wastewater cannot be definite, either. However, the results still indicate, that the
MBR seems to be a reliable first barrier to remove RNA of SARS-CoV-2. It is thought, that the
elevated temperature of about 22 °C, which causes a higher biological activity of antagonistic
microorganisms and extracellular enzymes in combination with present detergents cause a
decay of the virus already in the biological reactor. Apparently, the membrane pore size of
30 nm detains the remaining residues from the clear water phase. The exact distribution
about which processes are responsible for which proportion of removal was not assessed in
the scope of this investigation. However, it could be interesting for future research, in order
to optimize virus removal at WWTP. When considering the typical length of a primer
necessary to be detected of less than 10 nm, it can be deducted, that the virus is either
degraded to a very large extend already in the biological reactor, or, that it more or less
remains in its original size with a greater diameter than the membranes pore size. The
chance, that a layer cake on top of the membrane decreases the penetrable pore sizes is not
considered, as such a layer is inhibited by constant aeration and regular backflushing. With
no viral residues measured after MBR, it is reasonable, that it could not be detected at the
final effluent either. While a recontamination via the system is very unlikely due to
subsequent ozonation, active carbon filtration and UV-C as additional barriers, a
recontamination through aerosols could have occurred at one site as the final effluent is
stored in open tanks. However, this could be ruled out by the results.

Conclusion
Common hospital wastewater is typically a pool for concentrated pathogens of various forms.
To protect the public from this hazard, a complete removal close to the source is crucial. With
SARS-CoV-2 another infections agent has entered the sewer systems and should be dealt
with. As a newly discovered virus, it has still many unknown properties and behaviours, but
from what is known about its structure, so far and the comparison with SARS-CoV-1, some
treatment technologies seem more promising than others. In common hospital waste water,
all sorts of viruses are present, and some of them have proven to be more persistent in this
environment than SARS-CoV-2. Data found in available literature indicated, that both, MBR,
because of elevated biological decay and filtration, as well as ozonation provide efficient virus
removal at WWTP. With the treatment solution by Pharmafilter, these two are working in
combination with a final active carbon filtration and reliably remove all commonly found viral
DNA/RNA. In the research at hand, it could be proven, that already the first step of this
multi-barrier-system could provide an effluent, free of SARS-CoV-2 traces. This ensures to
eliminate potential breakthroughs by the two following treatment steps. With almost probable
certainty, a transmission of active SARS-CoV-2 with the effluent of a Pharmafilter-treatmentplant is not possible, therefore.
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Outlook
Even though none of the investigated RNA-traces of SARS-CoV-2 were measured after the
MBR, the presented study should be taken as an encouragement for further studies. Any
addition to the scarce information about the fate of the novel coronavirus in the environment
and the sewer-systems in particular can help to understand potential contamination paths,
besides the known ones. Especially, a consecutive analysis to quantify the activity of the virus
during the course through the sewage system is considered to be necessary for this goal. It
would give a clearer answer to the question, whether raw sewage is a considerable infection
route and how crucial it is to treat contagious waste water close to the source. Additional
investigations about the efficiency of the treatment steps which follow MBR would further help
to evaluate their role in the multi-barrier-system to prevent pathogen spreading via the
treatment plant’s emissions in order to protect the public health.
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