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Abstract
It is crucial to have access to clean water resources during the COVID-19 pandemic for hygiene, since virus infection through 
wastewater leaks in metropolitan areas can be a threat. Accurate monitoring of urban water resources during the pandemic 
seems to be the only way to confirm safe and infected resources. Here, in this study, the amount of Severe Acute Respira-
tory Syndrome Coronavirus 2’s Ribonucleic Acid (SARS-CoV-2 RNA) in the Tabriz urban water network located in the 
northwest of Iran was investigated by an extensive sampling of the city's water sources at a severe peak of the COVID-19 
pandemic. The sampling process comprised a range of water sources, including wells, qanats, water treatment facilities, 
dams, and reservoirs. For each sample, a combination of polyethylene glycol (PEG) and sodium chloride (NaCl) was used 
for concentration and a laboratory RNA-based method was conducted for quantification. Before applying the extraction and 
quantification procedure to real samples, the proposed concentration method was verified with synthetic serum samples for 
the first time. After the concentration, RNA extraction was done by the BehPrep extraction column method, and Reverse 
Transcription Polymerase Chain Reaction (RT-PCR) detection of the virus was done by Covitech COVID-19 RT-PCR kit. In 
none of the water supply resources, SARS-COV-2 RNA has been detected except in a sample grabbed from a well adjacent to 
an urban wastewater discharge point downstream. The results of molecular analysis for the positive sample showed that the 
CT value and concentration of the virus genome were equal to 32.57 and 5720 copies/L, respectively. Quantitative analysis 
of real samples shows that the city's water network was safe at the time of the study. However, given that the positive sample 
was exposed to wastewater leakage, periodic sampling from wells and qanats is suggested during the pandemic until it can 
be proven that the leakage to these water sources is impossible.

Keywords  SARS-CoV-2 RNA · COVID-19 pandemic · Virus concentration · Virus quantification · Water resources · 
Tabriz

 *	 Reza Yegani 
	 Ryegani@sut.ac.ir

1	 Department of Water Engineering, Faculty of Agriculture, 
University of Tabriz, Tabriz, Iran

2	 Drug Applied Research Center, Faculty of Medicine, Tabriz 
University of Medical Sciences, Tabriz, Iran

3	 Water Research Institute, Tehran, Iran
4	 Membrane Technology Research Center, Faculty 

of Chemical Engineering, Sahand University of Technology, 
PO. BOX 51335/1996, Tabriz, Iran

5	 Health and Environment Research Center, Tabriz University 
of Medical Sciences, Tabriz, Iran

6	 Department of Statistics and Epidemiology, Faculty 
of Health, Tabriz University of Medical Sciences, Tabriz, 
Iran

7	 Iranian Water Resources Management Company, Tehran, 
Iran

8	 Parks and Green Space Organization of Tabriz Municipality, 
Tabriz, Iran

http://crossmark.crossref.org/dialog/?doi=10.1007/s40899-022-00809-8&domain=pdf


	 Sustainable Water Resources Management (2023) 9:21

1 3

21  Page 2 of 16

Introduction

The COVID-19 pandemic is an ongoing global pandemic 
of coronavirus disease caused by severe respiratory syn-
drome coronavirus 2 (SARS-CoV-2) (Najafi et al. 2022; 
Khodadadi et al. 2020). Sustainable water supply plays 
an important role in ensuring public health, during the 
COVID-19 pandemic where there is an increased water 
demand for hygiene (Kalbusch et al. 2020). The worst-
case scenario may happen when the water itself becomes 
the source of infection. This scenario is thought to occur 
if the COVID-19 patients’ excreta enters drinking water 
resources due to the sewage network malfunction or lack 
of a waste management system. Also, if rainwater helps 
the viruses absorbed in household waste to enter the runoff 
(Wang et al. 2020a, 2021; La Rosa et al. 2020). Viral con-
tamination of surface water, as well as drainage channels, 
can lead to the sources of contamination of groundwater 
sources, especially wells that are the source of drinking 
water supply in cities (Salem et al. 2021). On the other 
side, the SARS-CoV-2 virus has been reported to persist 
in aqueous media from a few hours to a few weeks, though 
their viability and infectivity strongly depend on several 
factors (Buonerba et al. 2021). Considering the different 
characteristics of the water resources, intermittent sam-
pling seems to be the only way to answer the upcoming 
important question about the persistence of the SARS-
CoV-2 virus in these hydrological assets.

SARS-CoV-2 is a member of the Coronaviridae fam-
ily, which comprises enveloped and single-stranded ribo-
nucleic acid (RNA) viruses with sizes ranging from 60 
to 220 nm (Corpuz et al. 2020). RNA molecules or their 
fragments can be detected from damaged, and thus inac-
tive, viral particles, although it does not necessarily imply 
infectivity of that specimen. Analytical kits developed 
for the rapid assay based on Reverse Transcription Poly-
merase Chain Reaction (RT-PCR) are also available for 
SARS-CoV-1, Middle East Respiratory Syndrome Coro-
navirus (MERS-CoV), and the novel SARS-CoV-2 virus 
(Buonerba et al. 2021). The infectivity of a virus can be 
determined by plaque assay and cell cultures process (Baer 
and Kehn-Hall 2014) which is specifically described for 
the SARS-CoV-2 virus in the references (Harcourt et al. 
2020; Hoehl et al. 2020). The SARS-CoV-2 RNA has been 
detected worldwide in wastewater but with no viable viri-
ons indicating very limited stability of this virus in aquatic 
medium, while proximal viruses to SARS-CoV-2 showed 
stability within 2 and 14 days in wastewater (Buonerba 
et al. 2021). Unconcentrated viruses in wastewater and sur-
face water results below the detection limit of the analyz-
ing methods have been strongly recommended by research-
ers as a mandatory step to detect viruses in aqueous media 

(La Rosa et al. 2020). Despite a variable number of viral 
particles that can be lost by applying each method, concen-
trated methods, such as centrifugation/ultracentrifugation, 
virus adsorption-elution (VIRADEL), membrane (electro-
positive or electronegative) filtration, centrifugal ultrafil-
tration, or precipitation with suitable coagulating agents, 
have been also recommended (Buonerba et al. 2021). Due 
to uncertainties in terms of the virus's existence in aqueous 
media, preliminary precautions have been recommended 
with chlorine disinfection (Wang et al. 2020b). Neverthe-
less, there is no extensive literature on the effectiveness of 
water treatment processes that ensure the correct elimina-
tion of SARS-CoV-2 (García-Ávila et al. 2020). Not only 
the amount of Chlorine content in water but also variations 
in other characteristics such as temperature, salinity, and 
pH are important factors modulating viral presence in a 
strain-dependent manner (Labadie et al. 2018).

Changes in human water consumption can affect the qual-
ity of freshwater resources (Rezaei et al 2019 and 2020). A 
group of COVID-19-related studies in the water sector found 
the footprint of the virus in the wastewater resources using 
the direct measurement of the virus content in the samples 
(Farkas et al. 2021; Haramoto et al. 2020; Hasan et al. 2021; 
Mlejnkova et al. 2020; Panchal et al. 2021; Perez-Cataluña 
et al. 2021). A study in Palestine alarmed for the risk of 
contamination in urban water supplies—caused by leakage 
from existing cesspits (Anayah et al. 2021). In Iran, research 
reported that the pandemic has increased the pressure on 
the already strained water resources in a studied megacity 
(Feizizadeh et al. 2021). In Brazil, it was proved that the 
effect of the COVID-19 pandemic and the subsequential 
lockdown commands on the water consumption trend is not 
the same for all types of uses, so it was decreasing for com-
mercial, industrial, and public categories while increasing 
for residential category (Kalbusch et al. 2020). Although the 
issue is still unknown in terms of the virus concentration, but 
positive evidence was found showing an unintended while 
the promising trend for the restoration of other water qual-
ity indicators in India until now (Chakraborty et al. 2021). 
Additionally, some studies discovered the association of 
the hydrometeorological parameters with the infection rate 
(Wang et al. 2021; Pal and Masum 2021; Sobral et al. 2020), 
while others suggested the consideration of the pandemic 
in climate change (Armitage and Nellums 2020) and water 
scarcity (Boretti 2020) issues.

Due to the lack of laboratory data from earlier studies 
demonstrating the presence of SARS-CoV-2 RNA in a city's 
water resources, the aim of this study was to look for the 
sampled resources contaminated by SARS-CoV-2 RNA. 
The sampling process comprised a range of water sources, 
including wells, qanats, water treatment facilities, dams, and 
reservoirs to conduct a thorough assessment of the infection 
situation in the urban water network. Samples were taken 
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during a pandemic's peak and were analyzed using an RNA-
based concentrating and precipitating method. Among RNA-
based methods, the concentration approach tries to quantify 
the viral RNA through RT-PCR and Quantitative Reverse 
Transcription PCR (RT-qPCR) methods, while sequencing 
methods study different strains of the virus (Bofill-Mas et al. 
2020; Feng et al. 2020). Despite the development of non-
RNA-based methods due to the need for significant levels 
of amplification in the PCR-based methods (Barceló 2020), 
RNA-based methods are still used widely for identifying 
SARS-CoV-2 in water media. The proposed concentration 
approach in this study was initially validated using several 
synthetic samples before implementing viral extraction and 
quantification on real water samples. The proposed sam-
pling and their concentration steps can be used for conduct-
ing other similar research and to complement the technical 
knowledge in the field of urban health management during 
pandemics.

Materials and methods

Study area

Tabriz is the fourth largest city in Iran having almost 2 mil-
lion population and covering an area of about 245 square 
kilometers with industrial and ancient cultural characteris-
tics located at 1321 m elevation above sea level. The city has 
a semi-arid climate prone to water scarcity crises induced 
by climate change, agricultural and industrial activities, and 
population growth. The city has experienced several waves 
of the COVID-19 pandemic since early 2020 and home 
quarantine began in Tabriz at that time causing a signifi-
cant increase in domestic water consumption and changes 
in water consumption patterns (Feizizadeh et al. 2021). The 
portion of water allocated to sanitation and disinfection was 
more than it used to be consumed before, while it has always 
been a question if the water used for cleaning is the source 
of the infection itself. The annual production of water by 
the Water and Wastewater Company of East Azerbaijan 
Province (WWC-EAP) is 136 million cubic meters. Tabriz 
drinking water is supplied from four types of resources 
including a river, wells (wells distributed in the northern 

slopes of Sahand Mountain and east of Tabriz), a dam, and 
qanats with a share of 55, 33, 12, and 1%, respectively (See 
Table 1). Drilling new wells, restoration of abandoned, 
wells, and increasing the discharge of dedicated water from 
the Nahand Dam are medium-term solutions to solve the 
problem of drinking water shortage in Tabriz (WWC-EAP: 
water and wastewater company of East Azerbaijan Province, 
2021). Figure 1 shows the outline of the Tabriz urban water 
and wastewater network.

Sampling and laboratory measures

Since the PEG concentration and deposition method have 
been widely used in RNA experiments of SARS-CoV-2 in 
wastewater and other environmental samples such as water 
sources, in this study, the same approach was taken for quan-
titative analysis of samples from the city’s conventional 
water resources. Here, the viral concentration was carried 
out using the polyethylene glycol (PEG) precipitation fol-
lowed by RNA extraction and detection by real-time-qPCR 
to target the E and S gene segments. Figures 2 and 3 show 
the sequence of steps taken for this study in phases one and 
two of the project.

Phase one: accuracy assessment of concentration 
methods using synthetic samples

Concentration method using PEG and NaCl

A brief description of the steps taken for concentrating the 
samples is as follows: 100 ml of physiological serum is 
poured into 250 ml of sterile laboratory bottles. Four con-
centrations (3 ± 5, 30 ± 10, 300 ± 100, and 3000 ± 1000 
copies/milliliters) of viral culture medium are injected into 
the laboratory bottles. The resulting solution is stirred at 
4 °C at 100 revolutions per minute (rpm) for 10–30 min to 
homogenize the density of the virus throughout the volume 
of the solution. pH is adjusted to 7–7.5 for the solution 
using 5 Molarity (M) hydrogen chloride (HCl) and 0.5 M 
sodium hydroxide (NaOH) if necessary. In a ratio of 1: 3 of 
the solution, 40% polyethylene glycol (PEG) 8000 and 8% 
sodium chloride (NaCl), were added to serum samples and 
poured into 50 ml centrifuge tubes, and gently shaken to 

Table 1   The share of water 
resources in Tabriz drinking 
water supply (WWC-EAP: 
water and wastewater company 
of East Azerbaijan Province, 
2021)

No Resource Share % from 
the total 
volume

1 Zarrineh River About 2500 L per second (75 million cubic meters per year) 55%
2 Wells About 1500 L per second (47 million cubic meters per year) 32%
3 Nahand Dam About 550 L per second (5.17 million cubic meters per year) 12%
4 Qanats – 1%
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mix. Tubes containing 20 ml of the mixture are incubated 
at 4 °C for 24 h. The centrifuge used has a fixed angle rotor 
with 6 positions, with an acceleration of 9 and a break 
speed of 6, which is set to centrifuge the samples under a 
force of 12,000 g for 30 min at a temperature of 4 °C. After 
centrifugation, the supernatant in each tube was slowly 
overflowed and the resulting pellet was resuspended with 
0.5 ml of saline phosphate buffer (PBS), and finally, 1.5 ml 
of the eluted pellet was transferred for RT-PCR analysis 
or stored (at 4 °C for 3 days, − 20 °C for 1 week or -80 °C 
for a long time) until the process of molecular analysis is 
conducted. Since the plan was to quantify RNA in three 
repetitions, three samples of each concentration were pre-
pared for the next step.

Extraction of RNA

The RNA extraction method was performed using a dem-
onstrated protocol (Fathizadeh et al. 2020) and BehPrep 
viral RNA extraction kit according to the manufacturer's 
instructions. Briefly, 200 µL of the concentrated sam-
ple along with 300 µl (µL) of the lysis buffer containing 
carrier RNA was added to the tube and then incubated 
for 10 min at room temperature. 250 µL of ethanol was 
added to the sample, and after 15 s of vortex, the whole 
sample was centrifuged at 8000 rpm for 1 min. 500 µL of 
washer buffer was added to the column and was centri-
fuged at 8000 rpm for 1 min at room temperature. This 
step was repeated twice. The column was centrifuged at 

Fig. 1   Study area: a Geographical location of Tabriz city, b Tabriz water resources, c Tabriz wastewater network, and d Tabriz urban water net-
work
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13,500 rpm for 3 min to dry. Then, 100 µL of elution 
buffer was added to the membrane. After incubation at 
room temperature, centrifuged at 13,500 rpm for 1 min, 
and then, the extracted RNA was stored for further analy-
sis at − 80 ºC freezer.

Real‑time PCR

Real-time PCR for detection of COVID-19 was done by 
Covitech COVID-19 kit (by CPVITECH, Iran). According 
to the manufacturer's instruction, 10 µL of each sample 

Fig. 2   Flowchart of phase one: 
analysis of synthetic samples
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was added to 10 µL of master mix (containing 1 µL primer 
with 10 µL master mix in the total volume of 20 µL) and 
the program was (55 ºC initial cDNA synthesis step for 
20 min, 95 ºC initial denaturation for 3 min, and 55 cycles 
of 95 ºC for 15 s and 60 ºC for 40 s). E gene was detected 
in FAM channel (green), the S gene was detected in the 
ROX channel (red), and endogenous control was detected 
in the HEX channel (orange). Positive and negative con-
trol were used as provided by the manufacturer. A Mic-
Biomolecular thermal cycler was used for amplification. 
For quantification standard containing 200,000, 20,000, 
2000, 200, and 20 copy virus/µL was used for absolute 
quantification, and quantification was done by a standard 
curve which provided by Magnetic Induction Cycler Poly-
merase Chain Reaction software (MicPCR) according to 
provided standards. Equation 1 was used to calculate the 
number of viruses per milliliter of samples

Phase two: detection tests on real samples

This step aims to identify the virus in real samples 
obtained from water sources and water supply facilities 
and to quantify the number of viral particles in the sam-
ples. The step was taken in two phases including water 
sources sampling according to the time schedule agreed 
upon with the biostatistics and epidemiology team and 
monitoring and testing of the samples according to the 
selected instructions.

(1)

Viral load =

viral gene copies

μL eluted RNA
∗60μL(total volume of eluted RNA)

100 mL(initial volume of concentrated sourfacewater)
.

Sampling schedule

Here, in this study, selection of the sampling sites was 
done by the expert panel including members from the 
city’s Water and Wastewater Company (WWC), the city’s 
municipality, Provincial Headquarters Against Corona 
(PHAC), and the research team. During the sequence of 
meetings, a variety of factors were evaluated for the water 
recourses in terms of their type, geographical location, 
spatial distribution, resource contribution in water sup-
ply, vicinity to the sites that probably produce infectious 
wastewater, and hydraulic connection and flow direc-
tion. The rationale for sampling is that it should include a 
variety of water supply resources such as drinking water 
wells, qanats, water treatment plants, dams, reservoirs, and 
wells for green space and agricultural irrigation. In terms 
of wells, both out-of-town and in-town wells that supply 
urban water were sampled for which an appropriate spatial 
distribution of samples was observed. Attempts were made 
to sample all the wells along the river crossing from the 
middle of the city (Mehranehrood River). Since the river 
is the main drain of the city, wastewater from the upstream 
and also from some parts of the city that are not equipped 
with a wastewater network is discharged directly or can 
probably leak into this river, while in the water shortage 
periods, water is injected from wells around the river into 
the urban water network. Regarding reservoirs, instead of 
focusing on the spatial distribution of sampling, the impor-
tance of the reservoirs' role in the water supply of the city 
was considered as a determining factor in selection. Since 
55% of Tabriz water is supplied from the Zarrineh River, 
the in-line reservoirs of Shahrake Imam, Manzariyeh, and 
Karjan are the representative of it. 12% of Tabriz water 

Fig. 3   Flowchart of phase two: 
analysis of real samples
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supply is also from Nahand dam, for which Valiasr reser-
voir is the representative of this dam and also is the rep-
resentative of its upstream reservoir according to the flow 
direction and hydraulic connection of these two reservoirs. 
Therefore, if the water of the Valiasr reservoir is healthy, it 
can ensure that the water of the upstream reservoir is safe. 
Since the reservoirs of Tabriz have no leakage connection 
with subsurface water and groundwater, and on the other 
hand, sampling from upstream treatment plants was on the 
agenda, so sampling of all reservoirs was not necessary. 
However, a number of important reservoirs in the city, 
which covered a large population, were sampled to ensure 
the safety of Tabriz’s domestic water. Regarding qanats, 
samples were grabbed from almost all of the main qanats 
in the city. Figure 4 shows the spatial distribution of the 
selected sites for sampling. In this study, 55 Tabriz’s water 
resource locations were sampled over the course of 5 days 

(2021 July 22 to 2022 January 7) during the peak of the 
pandemic (Worldometers.info, 2022).

Sampling instructions

Plastic containers with a volume of 5 L were used for sam-
pling, since the containers were temperature sensitive and 
therefore sterilized using the Environmental Protection 
Agency (EPA) method (Fout et al. 2016) instead of the 
autoclave. The disinfection process of these containers was 
done using distilled water and 0.5% sodium hypochlorite 
which were kept in each container for 30 min to remove 
contaminants. Since the presence of sodium hypochlorite 
in the container has a decreasing effect on the number and 
concentration of viruses, after the disinfection process, all 
containers were washed three times with distilled water to 
remove it. Also, to achieve complete elimination of chlorine, 

Fig. 4   Location and name of 
selected sites for sampling. 
Samples No. 38, 40, and 41 
have been taken from Shahid 
Kazemi Dam (located outside 
the map from its southern side), 
which supplies the most portion 
of the urban water requirement 
of Tabriz
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50 ml of 1 M sodium thiosulfate was added to the containers 
and then washed. Washing with distilled water was repeated 
several times to remove residues of the materials used in the 
previous steps, and then, the aluminum foil lid was used to 
prevent the entry of pollutants.

In sampling water for virological testing, care must be 
taken to ensure that the grabbed sample represents the water 
that must be judged. Representative samples must contain 
information, such as location, date, time of sampling, and 
name of the sampler. This information was completed 
and implemented in accordance with the standards 2348-
2347-7960-7961 (Fout et al. 2016). Each sample was taken 
instantly (grabbed) by the sterile plastic containers and 
transferred to the Applied Pharmaceutical Research Center 
of Tabriz University of Medical Sciences. It was best to start 
the test immediately after sampling as such a condition was 

not possible in practice, especially in rural areas. Therefore, 
to control the desired conditions and preserve the majority 
of possible viruses remaining in the samples, the samples 
were stored in refrigerated containers filled with dry ice and 
packages containing ordinary ice at 4 °C while transferring. 
Under no circumstances did the sampling interval before 
the test exceed 12 h. Figure 5 shows the equipment used 
for observing safety at work, sampling, and testing at the 
research center.

Statistical analysis

All statistical analyses were performed using IBM SPSS 
Statistics for Windows, Version 24.0. Armonk, NY: IBM 
Corp; 2016. The normal distribution of continuous variables 
was determined using the Shapiro–Wilk test (Shapiro and 
Wilk 1965). Data were summarized using mean (± SD) and 
frequency (percent) for numerical and categorical variables, 
respectively. The linear regression model was used to deter-
mine the effect of virus concentration on recovery. All tests 
were two-sided and the significance level was set at 0.05.

Results 

The results of this research are presented in two parts: analy-
sis of synthetic and real samples.

Quantitative analysis of synthetic samples

To evaluate the efficiency of the PEG/NaCl precipitation 
method with Covitech quantification kits, the SARS-COV-2 
virus was seeded into each serum sample (n = 12) to a final 
concentration of 3–3000 (copie /ml). The mean virus recov-
ery rate was calculated as 30.41 ± 12.08% (ranging from 
1% to 69.33%). According to the simple linear regression 
test, there was a significant difference between the tested 
precipitation method with the COVITECH kit and the cal-
culated concentration of viruses (p < 0.05). With increasing 
each unit of virus concentration (copies/µL), the average 
recovery has increased by 0.02% (β = 0.02), which is statis-
tically significant (p value = 0.048). There was no inhibitor 
in the present experiment. The result of the real-time PCR 
and quantification test for concentrate samples taken from 
the PEG/NaCl precipitation has been shown in Fig. 6.

Quantitative analysis of real samples (from water 
sources)

As shown in Table 2, of all the samples examined, only 
sample No. 27 was positive for the SARS-COV-2 virus. 
This sample was taken from well No. 7 of Tabriz Grand 
Park. The geographical coordinate of the well is E: 

Fig. 5   Security measures, equipment used for sampling/testing, and 
the center where the tests have been conducted
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46.27208, N: 38.09812 which is located at the site where 
a part of urban wastewater is discharged to Mehranehrood 
River. The results of molecular analysis for the positive 
sample showed that the CT value and concentration of 
the virus genome were equal to 32.57 and 5720 copies/L, 

respectively. Quantitative analysis of real samples shows 
that the city's urban water network currently is not the 
cause of the SARS-CoV-2 outbreak, but this is not a per-
mit for stopping the SARS-CoV-2 detection projects in 
this network. Mehranehrood River has never been the 

Fig. 6   Amplification curves of 
the SARS-CoV-2 identification 
by PEG/NaCl precipitation and 
COVITECH kits: a E gene (in 
the green channel), b S gene (in 
red channel), and c endogenous 
control (in orange channel). 
These curves show the accuracy 
and sensitivity of the identifica-
tion of target genes
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drinking water supplier of the city, so identification 
of positive samples downstream of this river does not 
directly threaten the safety level of the city's drinking 
water. As the main drain, the wastewater discharge from 
the unequipped areas still joins the Mehranehrood River, 
and the adjacency of the positive sample to this river can 
ring the bell for upstream adjacent wells. However, at 
the time of this research, the samples taken from these 
wells were all negative. Figure 7 shows the location of the 
detected positive sample among the spatial distribution 
of suspected elements that probably could transfer huge 
amounts of the virus to the urban water network (such as 
mortuaries, hospitals, public bathhouses, and the areas 
without wastewater network). Although some areas in the 
city (almost 30% of the area) are not yet equipped with a 
wastewater network and despite the relatively wide spa-
tial distribution of suspicious elements, the city's water 
supply sources were fortunately safe at the time of this 
study. However, the threat of leaking makes the continu-
ous monitoring of the resources such as wells and qanats 
essential until the time it can certainly be proved that 
wastewater leakage to these water resources is impossible.

Discussion 

Influenza and SARS-CoV-2 virus transmissibility has been 
associated with meteorological and hydrological variables 
in the literature (Jaakkola et al. 2014; Wang et al. 2020c). 
According to the World Health Organization (WHO), the 
SARS-CoV-2 virus has not been observed in drinking 
water; however, in countries where water treatment is not 
equipped to remove viruses, the presence of the virus is 
unknown (Langone et al. 2021). In reality, no cases of 
transmission by transmission via contact with sewage or 
contaminated water have been documented yet and the few 
investigations of aqueous matrices have not detected infec-
tious viruses. On the other hand, studies are showing that 
SARS-CoV-2 can remain viable, i.e., infectious, for up to 
4.3 and 6 days in sewage and water, respectively. These are 
strong pieces of evidence that the contamination mediated 
by contact with sewage or contaminated water cannot be 
ruled out (Giacobbo, et al 2021). Since previous studies 
have not demonstrated that SARS-CoV-2 RNA might exist 
in a city's drinking water, a validated concentration and 

Fig. 7   Location of the positive sample and the spatial distribution of 
potentially infected elements such as mortuaries, hospitals, public 
bathhouses, and areas that have not been equipped with the waste- 

water (WW) network. The location of the positive sample was adja-
cent to a place where a part of urban wastewater is discharged to the 
Mehranehrood River
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quantification approach was used to look for SARS-CoV-2 
RNA in the city's municipal water resources.

Due to the different conditions in various types of water 
resources, the persistence of viruses is not supposed to be 
similar. Rivers usually provide an unstable substrate for 
viruses due to flow disturbances, where the formation of 
viral aerosols is more probable than in lakes (Wigginton and 
Boehm 2020). The influence of physical, chemical, and bio-
logical factors in the lake environment may help to inactivate 
the viruses. For example, bacteria may inactivate viruses by 
secreting proteases and destroying the capsid of the virus 
(Callan et al. 1997). Compared to river water, lake water 
provides an unsuitable environment for viruses, in which 
hydroxyl radicals with strong standard oxidation—reduction 
potential can inactivate viruses efficiently (Xu et al. 2020). 
This study showed that SARS-COV-2 RNA can exist in the 
environmental conditions of a water well, considering the 
fact that this well has been continuously exposed to leakage 
from a contaminated source.

Given that the water temperature, ambient temperature, 
and pH of the detected positive sample in this research at 
the time of sampling were equal to 17 Co, 27 Co, and 7.06, 
respectively, it can be stated that in the normal condition, 
SARS-COV-2 RNA could persist in a water matrix adjacent 
to an infected wastewater discharge point. However, it can be 
expected that by cutting the infected wastewater discharge, 
the virus becomes inactivated, since literature shows the 
inactivation of 99.9% of the Coronaviruses in tap water at 23 
Co and 4 Co within 10 and more than 100 days, respectively 
(Gundy et al. 2009). High temperature is reported to slow the 
spread of COVID-19 (Sarkodie and Owusu 2020). Since the 
sampling was carried out in the warm seasons and the tem-
perature of the analyzed wells ranged between 17 and 27 Co; 
therefore, the negative results of other analyzed wells could 
be due to the high temperature of the wells' water. Accord-
ing to the WHO reports, Coronavirus was not detected in the 
drinking water after the addition of Chlorine (World Health 
Organization 2020). Since, in the current work, no Chlorine 
was added to the analyzing wells, it can be concluded that 
the probable viability of Coronavirus in the conventional 
water resources is very low. Regarding the impact of pH on 
the Coronavirus viability, different evidence was reported. 
It has been stated that the pH is one of the most important 
influential parameters on Coronavirus viability in an aque-
ous medium (Tubatsi and Kebaabetswe 2022). Although the 
outer membrane of the SARS-COV-2 virus is stable in a 
wide range of pH, indicating an insignificant effect of pH on 
the entry of coronaviruses into host cells (Aydin et al. 2014), 
however, the behavior of the virus against pH under acidic, 
alkaline, and neutral conditions in water environments will 
be different. Chin et al. showed that Coronavirus has strong 
resistance in pH ranging from 3 to 10 at 25 Co (Chin et al. 
2020). Further increase in pH can damage the virus viability. 

In the current work, since the pH of all wells ranged between 
6.5 and 7.6, therefore, pH plays a minor role in the present 
research.

The infected resource adjacent to municipal wastewater 
discharge shows that the leaks from the sewage collectors 
must be taken as a serious issue for the city’s water and 
wastewater organization during the pandemic. It can be 
concluded that both unconventional water sources and their 
adjacent conventional water resources should periodically 
be investigated for detecting infected spots and the virus 
transfer routes to the water supply network due to prob-
able leakages and failures in the wastewater systems. This 
requires a continuous research plan corresponding to the 
peaks and declines of the pandemic, so that the causes and 
behavior of water resource contamination can be pathologi-
cally examined. None of the samples taken after the chlorine 
station were positive for the SARS-COV-2 virus, although 
the results of this study cannot conclusively confirm the 
effect of chlorine in disinfecting this type of virus.

Conclusion and recommendations

The first objective of this study was to test a concentration 
method for the detection of the virus RNA in water matrices, 
which has been carried out with the appropriate number of 
repetitions and with the protocol explained according to the 
methods approved by valid references. A combination of 
polyethylene glycol (PEG) and sodium chloride (NaCl) was 
developed and validated as a useful method for concentrat-
ing real water samples taken from urban water resources 
and preparing them for the quantification procedure. This 
method is proposed to be tested and used for future studies 
that need concentration steps prior to SARS-COV-2 RNA 
extraction. The second goal was the spatial investigation of 
the SARS-COV-2 RNA in the water resources of Tabriz city. 
The logic is that if this SARS-COV-2 RNA is detected even 
in a short time window, then it can be stated that the city’s 
urban water system is at risk of contamination during the 
pandemic and the need for monitoring can be suggested. 
Because the research was able to find SARS-COV-2 RNA 
in one of the water supplies within a time frame in a pan-
demic's peak, monitoring of other time periods is recom-
mended for future studies with a broader scope of purpose, 
such as leakage tracking. The results of this study could 
not comment on the persistence of the SARS-COV-2 RNA 
after cutting off the discharge of sewage to the section of 
the river where the well with a positive sample was adjacent 
to it. Further research with a different design framework is 
needed to determine how long SARS-COV-2 RNA can per-
sist around the wastewater discharge site and how far it can 
be transferred from the site by leakage or water flow. This 
study considered the relationship between the upstream and 
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downstream reservoirs and the resource's vulnerability to 
leakage in distributing the location of the water samples, so 
that compared to the closed reservoirs, more samples were 
allocated to wells and aqueducts. Considerations from the 
current study may be utilized in similar future studies to 
choose the location of water samples, so that they are the 
best representative of all sorts of water resources and the 
entire urban water system.
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