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Abstract

In this study, SARS-CoV-2 and gastrointestinal pathogens in a municipal wastewater treatment plant (MWWTP)
in Elaz1g (Turkey) were investigated. The gastrointestinal pathogen analyzes were performed in influent and effluent of
MWWTP, and SARS-CoV-2 analyzes were performed in different treatment units. According to obtained analysis
results, gastrointestinal pathogens (bacterial, viral, EPA, and stool parasites) were detected in influent of the MWWTP.
Enterohemorragic/verotoxin-producing Ecsherichia coli, all viral agents causing gastroenteritis (except sapoviruses
(Sapo)), human parechovirus (HPeV) and adenoviruses from EPA, and Giardia lamblia from stool parasites were
detected in effluents of the MWWTP. When bacterial agents causing gastroenteritis, viral agents, EPA, and stool
parasites were investigated in the effluent of MWWTP, only 1 agent out of 7, 4 agents out of 6, 2 agents out of 3, and 1
agent out of 3 was detected as positive (+), respectively. SARS-CoV-2 could not be detected in the samples taken from
each unit of the wastewater treatment plant. As a result, according to research findings, since pathogens are encountered
in wastewater treatment plant effluents, it is necessary to have a disinfection system in the treatment plants and to
5000nit6r pathogens and SARS-CoV-2 continuously in order to protect environmental and human health.
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Tiirkiye’de Kentsel Bir Atiksu Aritma Tesisinde SARS-CoV-2 ve
Gastrointestinal Patojenlerin Arastirilmasi

Oz

Bu calismada, Elazig’da (Tiirkiye) bir kentsel atiksu aritma tesisinde (AAT) SARS-CoV-2 ve gastrointestinal
patojenler arastirilmistir. Gastrointestinal patojen analizleri AAT giris ve ¢ikis sularinda, SARS-CoV-2 analizleri ise
aritma tesisinin farkli {initelerinde yapilmistir. Elde edilen analiz sonuglarina gére AAT nin girisinde gastrointestinal
patojenler (bakteriyel, viral, EPA ve diski parazitleri) tespit edilmistir. AAT nin atiksularinda enterohemorragik /
verotoksin tireten Esherichia coli, gastroenterite neden olan tiim viral ajanlar (sapoviriisler (Sapo) harig), insan
parekoviriis (HpeV) ve EPA’dan adenoviriisler ve diski parazitlerinden Giardia lamblia tespit edilmistir. AAT ¢ikisinda
gastroenterite neden olan bakteriyel ajanlar, viral ajanlar, EPA ve diski parazitleri incelendiginde 7’de sadece 1, 6°da 4,
3’te 2 ve 3’te 1 ajan pozitif (+) olarak tespit edilmistir. Atik su aritma tesisinin her bir tinitesinden alinan numunelerde
SARS-CoV-2 tespit edilememistir. Sonug olarak, arastirma bulgularina gore, atik su aritma tesisi atik sularinda
patojenlerle karsilasildigindan, ¢evre ve insan sagligini korumak icin aritma tesislerinde dezenfeksiyon sistemine sahip
olmak ve patojenleri ve SARS-CoV-2"yi siirekli izlemek gerekmektedir.

Anahtar Kelimeler: Gastrointestinal, patojen, SARS-CoV-2, aritma, viriisler, atiksu

INTRODUCTION

The World Health Organization predicts that  Ustiin et al., 2008). Furthermore, water pollution has
globally about 10% of diseases can be attributed to  resulted in deaths of 100 million human, 100,000 sea
water quality and related hygienics issues (Priiss- mammals, and 1 million seabirds per year according
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to World Water Assessment Programme (2003-2016)
and United Nations Education, Scientific, and
Cultural Organization) (Kumar et al., 2018). The
main source of pollution in water bodies is the
discharge of wastewater (Xu et al, 2018).
Wastewaters may contain various pollutants such as
heavy metals (toxic pollutants that are non-
biodegradable in the ecosystem and can accumulate
in the food chain) and pathogens (Ahmad et al., 2015;
Topal and Arslan Topal, 2017; Arslan Topal and
Elitok, 2018) Effluents of wastewater treatment
plants (WWTPs) are important for public health if
they are given into the water bodies to be used for
drinking, recreation or agricultural purposes.
Because, urban wastewaters contribute to infectious
diseases (Xiao et al., 2018). Among pollutants in
wastewater, pathogens are a source of concern
because of their ability to cause diseases (Arora and
Kazmi, 2015) including lethal ones (e.g., reactive

arthritis, diabetes, myocarditis, and cancers)
(Ashbolt, 2004; Kumar et al., 2018).
The potential pathogens present in

wastewater are enterovirus, bacteria, rotavirus,
protozoa, and helminth eggs (Verlicchi and
Zambello, 2015; Marin et al., 2015). In year 2019,
novel coronavirus (SARS-CoV-2) was added to these
pathogens. Viruses and microorganisms can cause the
risk for human health, environmental pollution and
economic impacts. Not adequately treated wastewater
can lead to persistence of these viruses and
microorganisms in the environment (Barrett et al.,
2016). Furthermore, pathogenic microorganisms via
aeration and mechanical mixing can be released to the
atmosphere and can lead to potential health risks in
workers of WWTP (Xu et al., 2018).

SARS-CoV-2 (severe acute respiratory
syndrome coronavirus 2) causes COVID-19. The
disease includes both pauci-symptomatic or
asymptomatic forms and quickly progressive deadly
forms (Vespa et al., 2021). Over 90 million cases are
confirmed worldwide as of early January 2020
resulting in pandemic (Ballow and Haga, 2021).
Before COVID-19 pandemic, published studies have
proved that coronaviruses can be shed in the feces.
Also in recent studies, viral RNA has been identified
in samples of stool from infected patients (Vespa et
al., 2021). Therefore, the system of wastewater
represents viruses ending up there from feces, urine,
sneezing, sputum, and coughing of patients (WHO,
2020; Hokajarvi et al., 2021).
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In the literature, there are some different studies
about COVID-19 in wastewaters. Hart and Halden
(2020) studied the computational analysis of SARS-
CoV-2/COVID-19 surveillance by wastewater based
epidemiology locally and globally. Orive et al. (2020)
studied early SARS-CoV-2 outbreak detection by
sewage-based epidemiology. Olesen et al. (2021)
reviewed the lead time of wastewater based
epidemiology for COVID-19. Cao and Francis (2021)
studied forecasting of the community-level COVID-
19 cases from SARS-CoV-2 concentration in
wastewater. Mandal et al. (2021) reviewed the
presence, survival, and disinfection/removal methods
of coronavirus in wastewater as well as the progress
of wastewater based epidemiology. Pulicharla et al.
(2021) reviewed the rethinking of wastewater
monitoring as a preemptive approach for COVID-19
pandemic. Cervantes-Avilés et al. (2021) reviewed
the approaches applied to detect SARS-CoV-2 in
wastewater and perspectives post-COVID-19.

Enteric viruses resulting from human
gastrointestinal tract can exist in fecal contaminated
waters. Urban wastewaters have more than 100 viral
species of enteric origin, and many of them can cause
diseases in humans. Viruses causing waterborne
diseases are mnoroviruses (NoVs) and human
adenoviruses (HuAdV). NoV is an unencapsulated
capsid and a small single-stranded RNA genome with
small round-shaped viruses with a diameter of 38-40
nm (Dias et al., 2018). NoVs are one of the most
important causes of gastroenteritis outbreaks among
enteric viruses (Ito et al., 2017). NoV is major cause
of diarrhoeal disease in adults. NoV is known to be
causing epidemic situations, particularly in slum
areas with densely populated (Teunis et al., 2008;
Katukiza et al., 2013; Fuhrimann et al., 2016). Sima
et al. (2011) reported NoV is present in stool during
acute phase of the infection and persists for 3 weeks
after symptoms have subsided (Dias ve dig., 2018).
Therefore, it is not surprising to encounter NoV in
domestic wastewater. Dias et al. (2018) reported
occurrence of NoV in domestic wastewater. HuAdVvV
is a medium size (with a diameter of 90-100 nm) virus
with envelope-free capsid and linear double-stranded
DNA genome. HuAdV is found in the stool. For this
reason, it is present in raw wastewater, WWTP
effluent and water environments (Dias et al., 2018).
HuAdVs are the most common pathogenes associated
with various clinical syndromes (e.g. conjunctivitis,
gastroenteritis, and respiratory diseases (Swenson et
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al., 2003). Outbreaks of HuAdV infections occur in
swimming pools, hospitals, day care centers, and
military areas (Jiang, 2006). Rotavirus is one of the
leading causes of childhood diarrhoea (Katukiza et
al., 2013; Sigei et al., 2015; Fuhrimann et al., 2016).
Campylobacter spp. are zoonotic bacteria causing
campylobacteriosis, with Campylobacter jejuni (C.
jejuni) which is common cause of diarrhoea
(Kaakoush et al., 2015). Enterohemorrhagic E. coli
(EHEC) is considered pathogenic. Serotype E. coli
O157:H7 1is responsible for largest public health
impact (Okeke, 2009; Hynds et al., 2014). Salmonella
spp. have more than two thousand sero-groups.
However, S. typhi and S. para-typhi A, B and C, and
the enteric salmonella strains are concern for health
of human (Kariuki et al., 2015; Fuhrimann et al.,
2016). Protozoan pathogens are found in water
sources throughout the world (WHO, 2004). The
parasitic protozoan diseases cause deaths in
developing countries. Furthermore, protozoan
pathogens cause important diseases in developed
countries (Fletcher et al., 2012; Pulutzer and Karanis,
2016). Protozoa are unicellular eukaryotic organisms

including  sporozoa (e.g., Cryptosporidium),
flagellates  (e.g., Giardia), amoebae (e.g.,
Entamoeba) and ciliates. Giardia and
Cryptosporidium are well known waterborne

protozoa causing outbreaks (Karanis et al., 2007
Baldursson and Karanis, 2011; Pulutzer and Karanis,
2016) because they have high infectivity and
resistance to disinfection and treatment of water
(WHO, 2009; Xiao et al, 2018). In
immunodeficiency human (e.g. human
immunodeficiency virus infected human), the most
prevalent worldwide waterborne infection producing
diarrhea caused by Cryptosporidium and Giardia is
more common and can threat life (Hunter and
Nichols, 2002; Xiao et al., 2018). At least 8 different
amoebae live in human intestinal lumen. However,
they are usually accepted as commensals with
exception of E. histolytica (Raza, 2013; Pulutzer and
Karanis, 2016).

This study is the first research article study
investigating SARS-CoV-2 and gastrointestinal
pathogens together. This study focuses on the SARS-
CoV-2 and gastrointestinal pathogens (bacterial
gastroenteritis, viral gastroenteritis, enteroviruses,
human parechovirus, adenoviruses, stool parasites) in
a MWWTP in Turkey. The following points are
aimed in our study; (i) SARS-CoV-2, which has
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affected the whole world, in different units of a
MWWTP in Turkey was investigated. (ii)
Gastrointestinal pathogens known to cause various
epidemics at different times in the influent and
effluent of the MWWTP were investigated. However,
various studies have been done world-wide on the
existence of SARS-CoV-2 in wastewater, this study
is a specific study on the research on the existence of

SARS-CoV-2 and gastrointestinal  pathogens
(Enterohemorragic/verotoxin-producing Esherichia
coli, Campylobacter  coli/jejuni/lari and 1C,

Clostridium difficile, Salmonella spp., Shigella spp.,
Enteroinvasive Escherichia coli, Yersinia
enterocolitica, Noroviruses (NoroGl), Noroviruses
(NoroG?2), Rotaviruses (Rota), Astroviruses (Astro),

Adenoviruses  (HAdV), Sapoviruses (Sapo),
Enteroviruses, Human Parechovirus (HPeV),
Adenoviruses, Entamoeba histolytica, Giardia

lamblia, Cryptosporidium parvum) in wastewater.
Therefore, our study will contribute to the literature.

MATERIAL AND METHODS
Study Area and Sample Collection

In our study, municipal wastewater treatment
plant was chosen as study area (Elazig, Turkey)
(Figure 1). MWWTP treats the wastewater of 383.975
people reaching the sewage treatment plant.
MWWTP project flow is 820 and 1671 L/s for 2000
and 2020, respectively. MWWTP basically consists
of a screen, grit removal, primary clarifier, aeration
tanks and secondary clarifier, respectively. The
wastewater treatment plant was revised in 2007 and
operated in 2008 (Topal and Arslan Topal, 2011;
Topal et al, 2014; Topal et al., 2016). The
coordinates (UTM WGS84 6°) of WWTP influent
and effluent points are as follows: Influent point
=Y:529256, X:4271844 and effluent point=
Y:529401, X:4271832. Magellan eXplorist 510
(Santa Clara, USA) was used to determine the
coordinate values. Flow diagram of the MWWTP and
sampling points were given in Figure 2.

Sampling points for SARS-CoV-2 analysis
were carried out as follows; (1) Influent, (2) Inlet of
primary clarifier unit (outlet of grid chamber unit), (3)
Inlet of aeration tanks unit (outlet of primary clarifier
unit), (4) Inlet of secondary clarifier unit (outlet of
aeration tanks unit), (5) Effluent, and (6) Sludge
thickening unit. Sampling points for gastrointestinal
analysis were carried out as follows; (1) Influent and
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(2) Effluent. Composite samples from influent and
effluent of MWWTP were taken. Wastewater
samples for analyses of SARS-CoV-2 and
gastrointestinal were collected in 0.25 L tube
(sterilized before use). The samples were brought to
laboratory and prepared for analysis. Gastrointestinal
pathogens were examined under 4 groups. These; (i)
Bacterial agents causing gastroenteritis, (ii) Viral
agents causing gastroenteritis, (iii) EPA, and (iv)
Stool parasites. The gastorintestinal pathogens are
summarized in Table 1.

Analysis
Gastrointestinal pathogens and SARS-CoV-2
analysis were performed in the wastewater samples as
follows;
The working stages of the gastrointestinal
panel are as follows:

g5
S 3.

Municipal wastewater
treatment plant
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(1) Isolation stage: At this stage, DNA isolation
is performed using the EZ1 device. In the
gastrointestinal panel, 400 pl wastewater is taken and
transferred to a 2 mL tube for wastewater isolation.
This tube is placed in the appropriate place in the
device. For each sample to be isolated, mix is
prepared using 54.2 ul of AVE buffer, 3.8 ul of
CRNA, 2 ul of internal control (IC) into separate 1.5
mL tubes. These tubes are thoroughly vortexed and
spun. They are placed in the appropriate place in the
device. Then, 1.5 mL tubes are placed in the section
where DNA transfer will be made on the device, and
EZ1 mini kit cartridges are placed in the appropriate
section with pipettes and chambers. The isolation
protocol is started. The isolation protocol takes 43
minutes.

Figure 1. Study area
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Figure 2. Flow diagram of the municipal wastewater treatment plant and sampling points

Table 1. The gastorintestinal pathogens

Gastrointestinal pathogens

Bacterial gastroenteritis

Viral gastroenteritis

EPA

Stool parasites

Enterohemorragic/verotoxin-producing Escherichia coli
Campylobacter coli/jejuni/lari and IC

Clostridium difficile

Salmonella spp.

Shigella spp.

Enteroinvasive Escherichia coli

Yersinia enterocolitica

Noroviruses (NoroG1)
Noroviruses (NoroG2)
Rotaviruses (Rota)
Astroviruses (Astro)
Adenoviruses (HAdV)

Sapoviruses (Sapo)

Enteroviruses
Human Parechovirus (HPeV)
Adenoviruses

Entamoeba histolytica
Giardia lamblia
Cryptosporidium parvum
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(i)PCR stage: Bacterial gastroenteritis, viral
gastroenteritis, EPA and fecal parasite kit boxes are
removed from -20°C. PPmix, buffer, negative control
(NC), positive control (PC) are left to dissolve at
room temperature. The enzyme is stored at -20°C
until the PCR mix is prepared. The buffer solute, PP
mix, NC, IC, and PC are vortexed, spined. The
enzyme is then removed from -200C and spined
briefly. For each sample, the mix is prepared using
12.5 ul buffer, 1.5 ul PP mix, 1 pl enzyme. This mix
is distributed to the numbered 0.2 mL PCR tubes in
15 pl each. Then 10 pl. from the DNA of each sample
into these 0.2 mL tubes each numbered for it is
distributed. The PCR stage is started in the Fast Track
Diagnostics multiplex PCR protocol in the ROTOR-
GENE instrument. This protocol takes 113 min.

(iii) Analysis stage: Analysis is done
through green, orange, yellow and red channels. For
bacterial agents causing gastroenteritis; E. coli and
Clostridium difficile (C. difficile) from green
channel; Shigella and internal control from orange
channel; Camplylobacter and Salmonella from red
channel; Yersinia enterocolitica (Y. Enterocolitica)
from yellow channel. For viral agents causing
gastroenteritis; Noroviruses G2, Astroviruses, and
Sapoviruses from green channel; Rotavirus and
internal control from yellow channel; Norovirus G1
and Adenoviris from red channel. For EPA;
Enterovirus from green channel; Parechovirus from
yellow channel; internal control from orange channel;
Adenovirus from red channel. For fecal parasites;
Giardia lamblia (G. lamblia) from red channel;
E.histolytica from yellow channel; Cryptosporidium
from orange channel. Factors located across these
channels are looked at.

SARS-CoV-2 analysis was done by Reverse
Transcription quantitative PCR (RT-qPCR). RT-
gPCR was performed by RT-qPCR primers targeting
the viral RNA-dependent RNA polymerasegene
(RdRp) gene and the RT-qPCR probes SARS CoV-2
Double Gene RT-qPCR Kit (Bio-Speedy). SARS-
CoV-2 Double Gene RT-qPCR kit (Bio-Speedy) is a
single channel, real-time, one-step reverse
transcription PCR test used for the qualitative
detection of SARS-CoV-2 specific ORFlab and N
(Nucleocapsid) genes (URL, 1). The analysis of
SARS-CoV-2 are briefly as follows: 400 ul were
taken from the wastewater samples and loaded into
the isolation device. 60 ul of RNA was obtained at the
end of the isolation process. RNAs were kept in deep
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freeze until PCR process. PCR mixes were prepared
as much as the number of samples, negative controls
and positive controls. For samples and controls, a
total of 140 ul of 2X Prime solution and 70 ul of
Oligo mix were added to an empty, screw-capped
sterile tube of 2 ml and vortex-spin was performed.
15 ul of the prepared PCR mix was distributed to 0.2
ml PCR tubes. 5 ul of the isolated RNAs were added
to the same tubes by pipetting. The tubes whose caps
were closed were placed in the rotor pulleys and the
related COVID-19 PCR protocol was opened on the
device and the PCR process was started.

RESULTS AND DISCUSSION

In our study, both gastrointestinal pathogens and
SARS-CoV-2 are investigated in samples taken from
different units of the MWWTP.
Enterohemorragic/verotoxin-producing E. coli, C.
coli/jejuni/lari and 1C, C. difficile, Salmonella spp.,
Shigella spp., and Yersinia enterocolitica were
determined as positive (+) in terms of bacterial agents
causing gastroenteritis in samples taken from influent
of MWWTP. However, Enteroinvasive E. coli was
not observed in the influent of MWWTP. Therefore,
a negative (-) result was obtained. When effluent of
MWWTP were examined in terms of bacterial agents
causing gastroenteritis, Enterohemorragic/verotoxin-
producing E. coli, C. difficile, Shigella spp.,
Salmonella spp., Y. enterocolitica and Enteroinvasive
E.coli were found to be negative (-).The reason why
these bacterial agents causing gastroenteritis are
negative in MWWTP effluent can be explained by
their adherence to treatment sludge discharged from
system at the wastewater treatment plant. C.
coli/jejuni/lari and IC, which were positively (+)
detected in the influent of MWWTP, were positively
(+) detected in the effluent. The reason why C.
coli/jejuni/lari and IC has a positive value in
wastewater treatment plant effluent shows that
treatment plant cannot eliminate these species. In
addition, the absence of any disinfection system in
treatment plant can explain this situation. When
bacterial agents causing gastroenteritis were
investigated in the effluent of MWWTP, only 1 agent
out of 7 was detected as positive (+). When the
influent of MWWTP were examined in terms of viral
agents  causing  gastroenteritis, = Noroviruses
(NoroG1), Noroviruses (NoroG2), Rotaviruses
(Rota), Astroviruses (Astro), and Adenoviruses
(HAdV) were determined as positive (+).
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Sapoviruses was not found in the influent of
MWWTP. Therefore, a negative (-) result was
obtained. When the effluent of MWWTP were
examined in terms of viral agents causing
gastroenteritis, only Adenoviruses were detected as
negative (-). Noroviruses (NoroGl), Noroviruses
(NoroG2), Rotaviruses (Rota), and Astroviruses
(Astro) were observed as positive (+). The reason
why these viral gastroenteritis are positive shows that
the wastewater treatment plant does not have a
mechanism to remove viruses. In addition, the
absence of a disinfection system of treatment plant
increases possibility of viruses in effluent. When viral
agents causing gastroenteritis were investigated in the
effluent of MWWTP, only 4 agent out of 6 was
detected as  positive  (+).  Enteroviruses,
Parechoviruses and Adenoviruses, which are other
gastrointestinal pathogens and expressed as EPA,
were investigated in the influent and effluent of the
MWWTP. According to obtained analysis results,
Enteroviruses, Parechoviruses, and Adenoviruses
were found to be positive (+) in the influent of the
MWWTP. When the effluent of MWWTP were
examined in terms of EPA, enteroviruses was found
as negative (-). When EPA was investigated in the
effluent of MWWTP, only 2 agent out of 3 was
detected as positive (+). When the influent of
MWWTP were examined in terms of stool parasites,
G. lamblia, E. histolytica, and Cryptosporidium
parvum (C. parvum) were found to be positive (+).
According to obtained analysis results, E. histolytica
and C. parvum were determined as negative (-) in the
effluent of MWWTP. When stool parsites were
investigated in the effluent of MWWTP, only 1 agent
out of 3 was detected as positive (+).One of the most
important aims of this study was to research SARS-
CoV-2 in MWWTP. For this purpose, wastewater
samples were taken from every stage of MWWTP
and SARS-CoV-2 analysis was performed.
According to obtained analysis results, SARS-CoV-2
could not be detected in any unit of MWWTP.
Hokajdrvi et al. (2021) reported that persistency of
non-enveloped viruses (e.g. norovirus, adenovirus, or
enterovirus) is not necessarily higher than persistence
of enveloped ones (e.g. SARS-CoV-2) in cold
environmental conditions. In our study, we detected
the occurrence of non-enveloped viruses in
wastewater. Therefore, it is thought that SARS-CoV-
2 can also be detected as well. The probable reasons
are as follows: (i) Viruses previously investigated in
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researches are most commonly non-enveloped ones.
However, SARS-CoV-2 is an enveloped virus.
Currently, protocols for testing of SARS-CoV-2 in
samples of wastewater vary a lot. Since, aim is
detection of virus at low concentrations in
wastewater, efficiency of procedures employed for
processing samples are critical (Medema et al.,
2020a). Also, developing standardized, reliable virus
quantification protocols are needed (Orive et al.,
2020; Hokajérvi et al., 2021). In our study, the primer
used in detection of SARS-CoV-2 in samples of
wastewater probably was not successful in detection.
In further studies it was aimed the changing
of the primer by addressing different genes for
detection of SARS-CoV-2. (ii) Hokajarvi et al. (2021)
reported that SARS-CoV-2 being an enveloped virus
has higher affinity for attaching onto particulate
matter of wastewater in comparison with non-
enveloped ones. Therefore, it can be thought that
SARS-CoV-2 attached to the solids in WWTP.

CONCLUSION

In our study, bacterial and viral agents causing
gastroenteritis, EPA, stool parasites, and SARS-CoV-
2 in the MWWTP were investigated. In this context,
important results were obtained in the study. When
the effluents of MWWTP were examined in terms of
gastrointestinal pathogens, Campylobacter
colifjejuni/lari and IC, Noroviruses (NoroGl),
Noroviruses  (NoroG2), Rotaviruses  (Rota),
Astroviruses (Astro), Parechoviruses and
Adenoviruses, and G. lamblia were observed as
positive (+). In addition, SARS-CoV-2 could not be
detected in units of MWWTP. As a result, according
to research findings, since pathogens are encountered
in wastewater treatment plant effluents, it is necessary
to have a disinfection system in the treatment plants
and to monitor pathogens and SARS-CoV-2
continuously in order to protect environmental and
human health.

CONFLICT OF INTEREST
The Author report no conflict of interest relevant
to this article.

RESEARCH AND PUBLICATION ETHICS
STATEMENT

The author declares that this study complies with
research and publication ethics.

506



Int. J. Pure Appl. Sci. 7(3):500-508 (2021)

Research article/Arastirma Makalesi

DOI:10.29132/ijpas.956919

REFERENCES

Acter, T., Uddin, N., Das, J., Akhter, A., Choudhury, T.R.,
Kim, S., 2020, Evolution of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) as
coronavirus disease 2019 (COVID-19) pandemic: A
global health emergency, Science of The Total
Environment, 730, 138996.

Ahmad, A., Siddique, J. A., Laskar, M. A., Kumar, R,
Mohd-Setapar, S. H., Khatoon, A., Shiekh, R. A,
2015. New generation Amberlite XAD resin for the
removal of metal ions: a review. Journal of
Environmental Sciences, 31:104-123.

Arora, S., Kazmi, A.A., 2015, The effect of seasonal
temperature on pathogen removal efficacy of
vermifilter for wastewater treatment, Water Research,
74, 88-99

Arslan Topal, E.I., 2018, Seasonal Monitoring of Cu and
Zn in the Sewage Sludge of Malatya Advanced
Biological Wastewater Treatment Plant, Int. J. Pure
Appl. Sci. 4(1): 51-60.

Ashbolt, N.J., 2004, Microbial contamination of drinking
water and disease outcomes in developing regions,
Toxicology, 198(1-3), 229-238.

Baldursson, S., Karanis, P., 2011, Waterborne transmission
of protozoan parasites: review of worldwide
outbreaks - an update 2004-2010, Water Res., 45,
6603-6614.

Ballow, M., Haga, C.L., 2021, Why do some people
develop serious COVID-19 disease after infection,
while others only exhibit mild symptoms? The
Journal of Allergy and Clinical Immunology: In
Practice, in press.

Barrett, M. Fitzhenry, K. O'Flaherty, V. Dore, W.
Keaveney, S. Cormican, M. Rowan, N. Clifford, E.,
2016, Detection, fate and inactivation of pathogenic
norovirus employing settlement and UV treatment in
wastewater treatment facilities, Science of The Total
Environment, 568, 1026-1036

Cao, Y., Francis, R., 2021, On forecasting the community-
level COVID-19 cases from the concentration of
SARS-CoV-2 in wastewater, Science of The Total
Environment, 786, 147451.

Cervantes-Avilés, P., Moreno-Andrade, 1., Carrillo-Reyes,
J., 2021, Approaches applied to detect SARS-CoV-2
in wastewater and perspectives post-COVID-19,
Journal of Water Process Engineering, 40, 101947.

Dias, E., Ebdon, J., Taylor, H., 2018, The application of
bacteriophages as novel indicators of viral pathogens
in wastewater treatment systems, Water Research,
129, 172-179

Fletcher, S.M., Stark, D., Harkness, J., Ellis, J., 2012,
Enteric protozoa in the developed world: a public
health perspective, Clin. Microbiol. Rev., 25, 420-
449,

[JPAS

ypas@munzur.edu.tr
ISSN: 2149-0910

Fuhrimann, S., Winkler, M.S., Stalder, M., Niwagaba,
C.B., Nauta, M., 2016, Disease burden due to
gastrointestinal pathogens in a wastewater system in
Kampala, Uganda, Microbial Risk Analysis, 4, 16-28.

Hart, O.E., Halden, R.U., 2020, Computational analysis of
SARS-CoV-2/COVID-19 surveillance by
wastewater-based epidemiology locally and globally:
Feasibility, economy, opportunities and challenges,
Science of The Total Environment, 730, 138875.

Hokajarvi, A.-M., Rytkénen, A., Tiwari, A., Kauppinen,
A., Oikarinen, S., Lehto, K.-M., Kankaanpés, A.,
Gunnar, T., Al-Hello, H., Blomgqvist, S., Miettinen,
LT., Savolainen-Kopra, C., Pitkdnen, T., The
detection and stability of the SARS-CoV-2 RNA
biomarkers in wastewater influent in Helsinki,
Finland, Science of the Total Environment, in press.

Hunter, P.R., Nichols, G., 2002, Epidemiology and clinical
features of  Cryptosporidium  infection in
immunocompromised patients, Clin. Microbiol. Rev.,
15, 145-154

Hynds, P.D., Gill, L.W., Misstear, B.D., 2014, A
quantitative risk assessment of verotoxigenic E. coli
(VTEC) in private groundwater sources in the
Republic of Ireland, Hum. Ecol. Risk Assess., 20,
1446-1468

Ito, T., Kitajima, M., Kato, T., Ishii, S., Segawa, T., Okabe,
S., Sano, D., 2017, Target virus loglO reduction
values determined for two reclaimed wastewater
irrigation scenarios in Japan based on tolerable annual
disease burden, Water Research, 125, 438-448.

Jesse D. Contreras, Rafael Meza, Christina Siebe, Sandra
Rodriguez-Dozal, Joseph N.S. Eisenberg, 2017,
Health risks from exposure to untreated wastewater
used for irrigation in the Mezquital Valley, Mexico:
A 25-year update, Water Research, 123, 834-850

Kaakoush, N.O., Castafio-Rodriguez, N., Mitchell, H.M.,
Man, S.M., 2015, Global epidemiology of
Campylobacter infection, Clin. Microbiol. Rev., 28,
687-720

Karanis, P., Kourenti, C., Smith, H., 2007, Waterborne
transmission of protozoan parasites: a worldwide
review of outbreaks and lessons learnt, J. Water
Health, 5, 1-38.

Kariuki, S., Gordon, M.A., Feasey, N., Parry, C.M., 2015,
Antimicrobial resistance and management of invasive
Salmonella disease, Vaccine, 33 (Suppl 3)), C21-C29

Katukiza, A.Y., Ronteltap, M., van der Steen, P., Foppen,
JJW.A., Lens, P.N.L, 2013, Quantification of
microbial risks to human health caused by waterborne
viruses and bacteria in an urban slum, J. Appl.
Microbiol., 116, 447-463

Kumar, P., Bansal, V., Kim, K.-H., Kwon, E.E., 2018,
Metal-organic frameworks (MOFs) as futuristic
options for wastewater treatment, Journal of
Industrial and Engineering Chemistry, 62, 130-145.

507



Int. J. Pure Appl. Sci. 7(3):500-508 (2021)

Research article/Arastirma Makalesi

DOI:10.29132/ijpas.956919

Liu, L., Johnson, H.L., Cousens, S., Perin, J., Scott, S.,
Lawn, J.E., Rudan, I., Campbell, H., Cibulskis, R., Li,
M., Mathers, C., Black, R.E., 2012, Global, regional,
and national causes of child mortality: an updated
systematic analysis for 2010 with time trends since
2000, Lancet, 379, 2151-2161.

Mandal, P., Gupta, A.K., Dubey, B.K., 2021, A review on
presence, survival, disinfection/removal methods of
coronavirus in wastewater and progress of
wastewater-based  epidemiology, Journal  of
Environmental Chemical Engineering, 8(5), 104317.

Marin, 1., Goii, P., Lasheras, A.M., Ormad, M.P., 2015,
Efficiency of a Spanish wastewater treatment plant
for removal potentially pathogens: Characterization
of bacteria and protozoa along water and sludge
treatment lines, Ecological Engineering, 74, 28-32

Okeke, I.N., 2009, Diarrheagenic Escherichia coli in sub-
Saharan Africa: status, uncertainties and necessities,
J. Infect. Dev. Countries, 3, 817-842

Olesen, S.W., Imakaev, M., Duvalle, C., 2021, Making
waves: Defining the lead time of wastewater-based
epidemiology for COVID-19, Water Research, 202,
117433.

Orive, G., Lertxundi, U., Barcelo, D., 2020, Early SARS-
CoV-2 outbreak detection by sewage-based
epidemiology, Science of The Total Environment,
732, 139298.

Pulicharla, R., Kaur, G., Brar, S.K., 2021, A year into the
COVID-19 pandemic: Rethinking of wastewater
monitoring as a preemptive approach, Journal of
Environmental Chemical Engineering, 9(5), 106063.

Priiss-Ustiin, A., Bos, R., Gore, F., Bartramm, J., 2008,
Safer Water, Better Health: Costs, Benefits and
Sustainability of Interventions to Protect and Promote
Health, World Health Organization, Geneva,
Switzerland.

Raza, A., 2013, Amoebiasis as a major risk to human
health: a review, Int. J. Mol. Med. Sci., 3, 13-24.
Sigei, C., Odaga, J., Mvundura, M., Madrid, Y., Clark,
A.D., 2015, Cost-effectiveness of rotavirus
vaccination in Kenya and Uganda, Vaccine, 33

(Suppl 1)), A109-18

Sima, L.C., Schaeffer, J., Le Saux, J.C., Parnaudeau, S.,
Elimelech, M., Le Guyader, F.S., 2011, Calicivirus
removal in a membrane bioreactor wastewater
treatment plant, Appl. Environ. Microbiol., 77 (15),
5170-5177

Stanley, S.L., 2003, Amoebiasis, Lancet, 361 (2003), pp.
1025-1034, 10.1016/S0140-6736(03)12830-9
(London, England)

Teunis, F.M., Moe, C.L., Liu, P., Miller, S.E., Lindesmith,
L., Baric, R.S., Le Pendu, J., Calderon, R.L., 2008,
Norwalk virus: how infectious is it?, J. Med. Virol.,
80, 1468-1476

[JPAS

ypas@munzur.edu.tr
ISSN: 2149-0910

Topal, M., Arslan Topal, E.I., 2011. Evaluation of the
Elazig municipal wastewater treatment plant with
some parameters in 2010-2011 Winter season
Cumbhur. Sci. J., 32: 1-12.

Topal, M., Uslu, G., Obek, E., Arslan Topal, E.I., 2014.
Evaluation of Elaz1g municipal wastewater treatment
plant with physicochemical parameters, Eurasia 2014
Waste Management Symposium, p.1169-1176,
Istanbul, Turkey.

Topal, M., Uslu, G., Obek, E., Arslan Topal, E.I., 2016.
Investigation of relationships between removals of
tetracycline and degradation products and
physicochemical parameters in municipal wastewater
treatment plant, Journal of Environmental
Management, 173:1-9.

Topal, M., Arslan Topal, E.I., 2017. Determination of
Concentrations of Lead and Nickel in Keban Dam
Lake (Elaz1g) within Water Framework Directive,
Int. J. Pure Appl. Sci. 3(1): 41-53.

URL, 1. https://www.bioeksen.com.tr/sars-cov2-double-
gene-rtgper-kit

Verlicchi, P., Zambello, E., 2015, Pharmaceuticals and
personal care products in untreated and treated
sewage sludge: Occurrence and environmental risk in
the case of application on soil — A critical review,
Science of The Total Environment, Volume 538, 750-

767
Vespa, E., Pugliese, N., Colapietro, F., Aghemo, A., 2021,
STAY (GI) HEALTHY: COVID-19 and

Gastrointestinal manifestations., Techniques and
Innovations in Gastrointestinal Endoscopy, in press.

WHO, 2004, Waterborne Zoonoses World Health
Organization Titles with IWA Publishing Guidelines,
W.Q., Bartram, J., n.d., Public Health.

WHO, 2009, Risk Assessment of Cryptosporidium in
Drinking Water, World Health Organization, Geneva
(2009)

WHO, 2020. Status of environmental surveillance for
SARS-CoV-2 virus. Scientific brief, 5 August 2020.
World Health Organisation. WHO/2019-
nCoV/Sci_Brief/EnvironmentalSampling/2020.1.
Journal Pre-proofJournal Pre-proof

Xiao, S., Hu, S., Zhang, Y., Zhao, X., Pan, W., 2018,
Influence of sewage treatment plant -effluent
discharge into multipurpose river on its water quality:
A quantitative health risk assessment of
Cryptosporidium and  Giardia, Environmental
Pollution, 233, 797-805

Xu, G.,Han, Y., Li, L., Liu, J., 2018, Characterization and
source analysis of indoor/outdoor culturable airborne
bacteria in a municipal wastewater treatment plant,
Journal of Environmental Sciences, 74, 71-78.

508



	(17) 956919_1sf
	(17) 956919_diğersf

