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Abstract  
The prevalence of COVID-19 causes many environmental problems, including increased medical waste 
and household waste, increased detergent consumption, reduced waste recycling and pollution of surface 
and groundwater resources through the entry of contaminated wastewater and leachate transfer, as well as 
increasing demand and water consumption in the household sector. COVID-19 virus RNA is found in 
feces, urine and sewage in different parts of the world, and in fact, hospital sewage, especially infectious 
disease units, contains the pandemic COVID-19 virus. Therefore, the study of this virus in wastewater is 
necessary to protect the quality of water resources. This study is based on a review of more than 200 
published scientific literatures (articles, books, reports, valid scientific sites, etc.) in relation to the 
coronavirus. For this purpose, keywords such as "coronavirus contamination of water and wastewater 
resources", "environmental effects of coronavirus", "effects of physico-chemical indicators of wastewater 
on coronavirus survival" and "number of infected and deaths due to Coronavirus" have been used and 
downloaded through electronic tools from Springer, PubMed, ISI Web of Knowledge and Google Scholar 
databases. In addition, data on the amount of water consumption in different parts (residential and non-
residential) of Mashhad city, and the concentration of physicochemical parameters (such as temperature 
(T), pH, suspended solids, total solids (Ammonia, etc.) of wastewater, related to Khin Arab and 
Parkandabad treatment plants in Mashhad, has been obtained from Mashhad water and sewerage 
company. The required diagrams were drawn in Excel software, and the environmental impact and the 
contamination of water resources with COVID-19 and variations in physico-chemical parameters of 
wastewater affecting the survival of COVID-19 in wastewater were examined and analyzed. The global 
prevalence of Coronavirus has many negative impacts on the environment and on water and wastewater 
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resources and caused increased water consumption (in residential sector) and wastewater production. By 
January 2022, worldwide, Iran and Khorasan Razavi province levels, more than 312 million, 6 million 
and 75 thousand people, respectively, were suffering from coronavirus outbreak, and more than 5.5 
million, 133 thousand and 11 thousand people died. In general, the effect of concentration of 
wastewater’s physico-chemical indicators on the concentration and survival of COVID-19 has been 
proven in the world (especially in the South African coazolonatal treatment plant). The results of this 
study show that the parameters of each wastewater and survival and concentration of COVID-19 depends 
on the characteristics of the wastewater source, which should be given special attention in research on the 
epidemiology of wastewater. The variations in the concentration of physico-chemical indicators of 
Mashhad treatment plants’ (Parkandabad and Khin Arab) wastewater shows increase in concentration of 
some wastewater indicators. This can be due to the high input of organic and chemical substances and of 
solids (suspended, soluble and volatile) such as: detergents and disinfectants and pharmaceuticals, 
hospital and medical waste were attributed to wastewater after the outbreak of COVID-19. The outbreak 
of Coronavirus in the world has not only caused the death and infection of many people, but it has also 
caused increasing and decreasing in water consumption in the residential and non-residential sectors. The 
concentrations of some wastewater’s physico-chemical indicators (such as pH, TS and ammonia) effects 
on the concentration, survival and shelf life of Coronavirus in wastewater. Therefore, by determining the 
concentrations of these indicators in wastewater at different times and monitoring its variations, it is 
possible to determine the survival of COVID-19 virus in wastewater, the rate of infection and the 
contaminated areas from the virus, and also to be able to control COVID-19 and to manage the pollution 
and infection. 
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b) a) 

Fig. 1. a) Countries identified as COVID-19 (WHO, 2021), b) COVID-19 patient density status in different areas of 
Mashhad (Saberifar, 2020) and c) Patients and deaths caused by COVID-19 in the world, Iran and  

Khorasan Razavi province until January 2021 (WHO, 2021) 
8>�(ta(Z���COVID-19 ��� ��!7 )WHO, 2021()bU7#�$ ���O� (	�� C��K+VCOVID-19 ��!	 ��� ^'+P	 z1��	 �� 

)Saberifar, 2020(�c(s�	 � C��K+V	 ��?� �-# ���� ��	 COVID-19C��� ��)C�+�# � C#��# �$ ��O� C��#�B��0�	Q�RR )WHO, 2021(

312000

6210 75

5500

132.823 10.863
0

1000

2000

3000

4000

5000

6000

0

50000

100000

150000

200000

250000

300000

350000

The world Iran Khorasan Razavi
N

um
be

r
of

pe
op

le
ki

lle
d

(*
10

00
pe

op
le

)

N
um

be
r

of
in

fe
ct

ed
pe

op
le

(*
10

00
pe

op
le

) Number of people affected Number of people killed
c)

0

10

20

30

40

50

60

70

80

90

0

1000

2000

3000

4000

5000

6000

M
ar

ch
A

pr
-2

0
M

ay
-2

0
Ju

n-
20

Ju
l-2

0
A

ug
-2

0
Se

p-
20

O
ct

-2
0

N
ov

-2
0

D
ec

-2
0

Ja
n-

21
Fe

b-
21

M
ar

-2
1

A
pr

-2
1

M
ay

-2
1

Ju
n-

21
Ju

l-2
1

A
ug

-2
1

Se
p-

21
O

ct
-2

1
N

ov
-2

1
D

ec
-2

1
Ja

n-
22

T
he

nu
m

be
r

of
ad

m
itt

ed
pe

op
le

in
th

e
pr

ov
in

ce
(*

10
0

pe
op

le
)

T
he

nu
m

be
r

of
ad

m
itt

ed
pe

op
le

in
th

e
co

un
tr

y
(*

10
0

pe
op

le
)

Whole country Khorasan Razavi

a) 



B���\� 0@� � 5#�
��6� P�GC dx.doi.org/10.22093/wwj.2022.327322.3228 100

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 33, No. 4, 2022 

Fig. 2. The average a) number of COVID-19 patients admitted to hospitals and b) the number of deaths due to 
COVID-19 in Khorasan Razavi province and in the whole country (WHO, 2021) 
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���T'6�B���� ��� ���G���I������?�������� JK��O�������
;*$�����B � �B�F��!	 ������7�L � J�:#�� )����0�� �� ��V,

� -# ����� Z��)����7 i�� �7��� -# �� ����!	 JK�O�� � J�
��.�	� ��� 

� �+	#��L���G�I�����?����������0���# �� �� F@ �Y�L 
2��V: #:-# �� 

����	�[)pH )����7z���'�	 ����	�� �#����	k����7 )����	�� �#����	})
&7#�CY #�B���?����~�&7#�CY #�B������?������ � �#��?� .

��3#�
� � ����	 ��GH$ � U�� -����'M$����.

1 Temperature (T) 
2 Total Suspended Solids (TSS) 
3 Total Solids (TS) 
4 Chemical Oxygen Demand (COD) 
5 Biochemical Oxygen Demand (BOD) 

-4(4	q��Q� ��%� 	5QC� U!q`%� 
��!	 ���)��O� C���#�B C�+��# G�7�	�)�����Q 7�����	 �+	��'

���� �� ���-# @�	�'�C��?� �;� ���)���,�	 ���#�y� ������
}r ���� �}�,���?� �"�)�n� �����S,���",���0�� �,#�

��# �I�)�()Statistical Center of Iran, 2019(.���!	 ���)
���4;*$��3�� �� JKO�� ���B B )������7�L �� �F.���# )J�:t

+#���V1 � ��?��?����#� �� �7;*$��B ���B�FJ��:)��,#� ��
�,�	���#�y�����}����� �kk,��� ��"[���c �� �?�� �����
���� �}�,���"�[���c�,�� ��;*$ ���������7�L ���B�,#� )��
�,�	��#�y� �����}����� �k~,��� �"k���c �� �?�� �����
���� �}~,���"�����c �� ,��� ��U��	 )��+�&  ��M$ 0����M	 .

;*$ @��L�����B � �������7�L �B�FJ�:��$�$�@P� X���6�
�G7�	 @P��.���# ��� ;�*$ ��M	������B �� �JK�O�� ����

C�- � ��!	 ���� �����I��I� �� C�}.���# 0��� 0�#� C�!�
;*$ a���;*$ �� �����7�L ���B�V�$ ��7�� Z��� -# ��� �� �
8 � ��C

 �#� �#��� X����	�-����!7 _���*	��� �����������GV��
)Mehravaran et al, 2015(;��*$ �����B �����B�FZ���� -# J���:
��#�L �� ������ N����� F��H �+����!ASBR _5��% �#���� X�����	 )

��$����)� BOD )TN  �TP)0�� J�P+�# J�&L � ��#;*$�����B)
���, 'P$�MA� ����� �� ����# Kochakzadeh, 2018)(.
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Fig. 3. Geographical location of Mashhad and hydraulic zoning of its treatment plants 
8>� �t�,�	���#�y������C�- ���� �����I�;*$�����B � ���!	 ��� 

14KL+ � M2�N@ 
��� Z��i��COVID-19 )C��� ���� ���$ �� ��#G�# ��@	��C#G

3��	 0��;+�# -#+�#��� �#�	�)��;:��O�0����7 ��  )��� �#��	�0��[)
D��	)@I+�� #G�# XV��@���- � �I�GL�����- �� ���	��

������# 0�� )Rume and Islam, 2020()�I'� c��$��;�	 2#��
-����M	 ���W-�J� ����	 � �& JKO�� �#���� .���# 0��7 ��H

����Z�COVID-19	 )��� ��� )J� _���*	 C#G��1���B C���� �����- 
%��&����� ���#��� �� 3��	 ��#G��# )�@��+����+� ������� ��H

JKO�� C#�#�� � �9��B���� )�+��� )����� ���� ����� 0���
M	�W-��� ����	 )�&�U��� #��G0���� 0���7 ��� ��H�	 ��7 -����
����?�� ������C�&�# ��  # ��� i��?$ �� 2#�����	 �������� F
	���� )Bosch, 1998(.

��M	 2#�c# �	#�#�W\+�&�- ��������7 i��y$ )���	 2#� �� C#G
 J� _��*	 y$ ����� 2#� ���T'6 �B��� ��� ���G���I������?����

JKO��$ ��c�� �� C� ������7 i�������.��# 0�� 

34F!L� y�0R� $N\2/ Z�02�COVID-19 
34(4	��+/ "!�%9 l2�=�� O>�=, U\2/ G�  "���E G� "@��\, �

U��2/�+ l �' � G0.� 
':�U6����?�?:) 2��;+	 -#�/��� �:���j�	(Cortes and 

Zuñiga, 2020) �$�/��� �:���+�KL�D(La Rosa et al.,  )
2020) )COVID-19 ��
-������+!�#����� ��� C����	 0��-�

1 Detergents 

A���	�� w)�$�-�� �� ����� � G�'����$ � )��! }�� ��� -���
0�- .�- �8��� (+� ����H�8�1 ������$�#����C���7 0����

 C��&�# ��#� )Van Doremalen et al., 2020(.#�����������$ F���
���- � ��$���� C�	- ���&� ����7 Z��.��# U�	 �� 

�� C�	- -#�Z�COVID-19 ��	 C���� ���$ C#G �� ����- ��� �
I�GL����- �� ���;:�#G��# C���� lA�� ���@���:�� � ��+��
��$���#���	�?: �	K��M	 ��W-���& )
����������	 )#�� 

��# 0�� d�B � J� )Islam et al, 2016(�� .�4 �� N��	 C#��:�F
��� �����R�R ��#-�� )�/Q�	�'�I��GL D���	 C���$ �� � ���

���4 C��� ��-�� F����#��R F��$(Rume and Islam, 2020) )��
��� -�� ���  ���� ���# QRRR 7�3�
��')Somani et al, 2020(���
�L�� a�K9�� �P+���#-�� G�rR I�GL ���- F$��$ �� �	 ������ 

.(Rume and Islam, 2020).
���4�#G���# F������
�� @������- � ���?��&L � ��� �I���GL�#�����

M	�W-�&� �&�d���AB �� ��#� �����	 ��� -����M�� ����#� l
�V$ �7��� ��#�� s�G� @�4 D���� � C8�(&	 .���# 0�� � 

�����4��� ��C���� G��	 ����	 �� 3���	 @��#�������?�&L ��� �
��;:�# 3��	 ��7# )����?&L FV1 �� #� � ����� �� � ����� � -���

	����7����- �B#� �� #� ���� ��� �9���B��	���# � ���G �� ��	# F

��� XV����M	 �� �+!�W-��&	�.������- �� �����+����?�

5�6�7 N�?+��� )@I+��� )D���	 ).��� ����	��� ��#� �����
 �+B#��#������M� ��1��	 l���� ����;: N��"+�# �:�� �$ ���� �


����M	 ����!� W��.(Rume and Islam, 2020)  
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u8�?�	 D��	90tN@I+�� )§��M	 � �  � ��V1�j��� -#
'L�L��L�	 �7 ��+&  F'���� ���#�$ �8��1 2��	��M	 ���,��� W�

� � ���?��&7��>?� ����: � F��M	 �� #�����7 �#-� W.(Singh et 

al., 2020) .
I;$ � �������- D� ���9��B��H$ ��+T��M	 2#G��+V	�

+��KL �������-) 0���� D�� �I��GL��&� (�� 0���� d����AB �� 
# C�� ��'P	�����- F�� )� N��"+�# ��AB����?��� F+���
 �#��, �

�����	COVID-19 #���� #��#G���# �����- C#�
����7���	 @���� � 
)Singh et al., 2020, Somani et al., 2020(-�� .�����- ���� ��  
�� C#���: ��I�a�� -# �� ��	b#��� �c�
��'����
���� -#����G

���� �������?  �
�����COVID-19 ���#�9� ��a�+��&
 ���AB -#
COVID-19��&� �� )����� ����!7 -#)#�������&� �� N����	����-#

� ����#�0�M+	 28��$~����� )@ �7����# ��+��.(Somani 

et al., 2020) .
� ���� Z��i�� #G��# � �����7�@ ��7 � � ���?�&L � ����- @

-���� ���� ��� G��#�� �� ���$ �������- F��� ��M	 `��B W��  ��
��!	 )Mohammadzadeh, 2013(F��� ��M	 C���� X����	�� �

)2012and Behniafar,  ardfaramarziGSoltani (u8��?+%# )#��F
���- � 
��� XV����  � ��4��M	 �+�!�W-������ �����	 � ��&�
MA��- ��	-������ ��	 ���� �� X�.��� 

34-4"C2%�� y_%�:L� � O�C�2� y�=�!.�9 /� ��fN�� l2�=��
O@%f#"� � ON��".+ "CC' � 

#�����
���'�������� K+���# -#COVID-19 D����	 -# 0��;+���# ))
@I+��)��;:�O �#�	�N��V�� ��� � 0����7 � C� �� �#��	 -# 0��;+��# G

���+�#��� 0���#G�# 2�� ���@��+�� ��# # �7����B ���� �� �	# F
#G�# �� �H�	�>?7 _��*	 @�� J�#G�#�@	��JK�O�� C#G �� �

�����M	 ���W-��{?  � �&�F@ ��77�;��J� �0��� .���#
���4�0��+��&
 0��;+���# F#����O -# ����;:�0�����7 ���� �#���	 � ��� �0��

+�#����;� ��0���7� ����
 ���# F�I?	 ����$ �� )�  �� �;	��6 ����
� -# #� _� �	�?: �	K� � 0��� F�M	 ��W-�� #� �&���AB �� G

��� �� ��
����	 ��#��: �:�� ��# FI?	 �I'� )�-#�� �� 0�9+��� � �
�� )U�� )a�#�
�	�?&	 � ���L � U!4 �� X��� �)G�y	 )���%

��'7 � �V7 )��� ���{?  .��� G�F# �����J� �� �#�	 F)��� 0�K�:
����*+,# 2KI��!	�#�����
����- � C���&�# �	K��� )C#-�����!7�

 �	�C�)DV'� G��� 2#����	 � � �� #� �� ��AB ��� G���# ��+B#��#
(Madsen et al., 2001) . 

� �#�	�?�������;� )0���� 0���7�d�L �7 N�'M	 0���7�����1
 N�?�	� � CE��  )��
�
 )F��7��'7 � �;&� )CE��+��#�)�1 -#�z

��U+& � �9��B J�&L��1 -# ��0�4 z�� ��5�� JK�O����� )
��� � �� �,�����?� U+�& ������� )JK�O�� "+�&	 ���1���#� U

���� ���M	 ����	�MA��- ��	-�����+�&� � 0���� #� ���� � 0��
V������	�#������I���!$�7�$ ������ 2����V�?����>?���� ��^���'+P	

)Mirzakhani, 2020(# ������H � Z#����#�����?�� ���  2KI��!	
�$���'�	������ )����� ��� ���� X�# U+��&����?��� NK+��B# )C����

C�	��  � 	 C�� �� C�1�� ������)Mirzakhani, 2020.( 
# �� ���$ ���JKO�� 3�?$ ��!	 ��� �� �7 �'(&	 F� ��$ �� �

+���) 0���9��B ��;�*$ �� (��#��  ����B��?� ��U�H% � �����
&��- ������# -#�JKO�� F�� �  ;*$ 2����M	 ��#� 0�!� ��� W
�'P$ ��� ^!7 ���B��� �� ��	 �������)#G��# ����_��*	 @�#��	
��?������� �#��	 -# ����%�+��#��� � 0����M	 ��� C� ���� ��W


��� �:���M	�W-����� � �&�MA��- ��	-�����	�� ����
L�� �	��5L�� C#�V����	 ���� �� #������(Balai Khezrloo et 

al, 2011) �7����+�#�\���� )@ �YL 0�� ��#.

3414����� � OC!�/02/ � OLQ� G�.+� ~+�C� OA�%�� F�%9 � 
COVID-19 

��i�� ����7	��1 -# ��#�$ �� � C��&�# C��� ��#� 0���� J� zG���
� �� �H�	���?����)Vellingiri et al., 2020(� .�-# @��D���
� ���
��	 �7 ��# 0�� a�#G
 JKO�� �� i������ ��H�	 ���#�$

����?�� ��$�m  ����	�Y��	 )0��� � 0��	 3�� )��2#����� )X$ )�
+��L��� C�&�# �� �?M+'	 3�� )�.RNA ��i��COVID-19 ��

� 0��� �#��# Z���	�-# � 0�� 0� #�F�#�9� ���� ���� ����	 ���Z�
#�� F��1 -# i�� ��� z����# 0��� w��A	 J� U+�&.(Xu et al, 

2020) � ��� JKO�� ���7#��# �� -���	� 0�M+	 28���� )�I ���1
W�����+	mL-1 S/��)RNA ����� i��COVID-19 ���� ��-# @

mL-1QRR )RNA �����i�� 0-#�����# i������ 
�����������# 0����� 
(Collivignarelli et al., 2020) .� �&�#�� ���GQRr��$mL-1 QRS

���%#� COVID-19  RNA 0-#����# JK��O�� �� 
���������# 0����
)Wurtzer et al, 2020(.	 ���# 3� � CK��+ ��� )� �� �� G�R����� 
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���?� ;*$ -# 0�� �+�#��� � ��JKO�� ���B )� RNA COVID-19 
����# 0���� 0� ���!	 (La Rosa et al., 2020).���{? ��� F

@ �YL x�  ���9RNA COVID-19 ;*$ JKO�� ������ 0�!� �
� �T'6 ��7#�%�-# @QRr  �� �P&��U�H% .���# 0�� a�#G
 �+

 J��I�U�	 -# �$�'	#�: F��	 �7 ��#���+� �� ���#�$�P�!$ e��
����i�� c���$ ��� �#���� )��#5��9� ��P��!$����I�	 ������i�� 

COVID-19 �$ JKO�� ���RR 	��'��3��B JK�O�� ����?� ��+
�����# -(Kitajima et al., 2020).

COVID-19 ��� ��	�����i�� #��� �� ���� ��"� �� �M	 D�W
� X���	�� )��#� -��
Y�� �&�����)���� )��	� ����	pH ���� )�)
� �#�	�z'�	 �#�	 )�� �;� C�	- )2����� ���� JK�O�� �� i��

	�;*$ �#�	 C#G��	#��'7 )��'7 ���	) J� �� �����	 0���7�(F��"��
���i�� �	 N��+�7 J� �� #� �� ����7 .(Carducci et al, 2020, 

Naddeo and Liu, 2020) ��
����	�COVID-19 ��	� ����R
�����i����&'� ) J� Z#���# 3���?$ ��������� JK��O���)C�+�����?

 9���B JKO������ J� ��!7��� ��	# )@ ��7 ( ��	��������
i��&'� ���Q�#G��# -����	 @������ .(Collivignarelli et al., 

2020) .
C#���I?  � .�#� N��� ���RR� ��
����	�COVID-19 �� )

� JKO���9���B JKO�� )C�+���?���� J� )�!7������ D�?� )
Z���	 )2�;&� ��#��# �T'6 �� � �� � ��'7 ^'+P	��&7#���'7 �

)�)QR)�R��R	�'� �� 3�
������ #� (�+��� � �����7����+��
 �7COVID-19 �8�1 2�	��$��������i��&'� �"	 ����&
���R����i��&'� )�� JK�O�� �� (-���JK�O�� )C�+����?

9��B��� J� �!7����, 0�� 0�'7� P!$�,�� � ��.���# 0���	
�	� ����R����� i���&'� )COVID-19 Z����	 ����?� ��� ��

���� 2���	�2���	 ���� �#��# �����?� �� �� � -��QS,���� -���0�����	
 .��#COVID-19 �"	 ����� �� �&�� ��i�� ) � E.coli E�� �f2 (

��;:�O ��#�� ���0����7 ��� �� �X5�L�#��� � ���# �$��6�N�����
C�����7 COVD-19 )� ����'7���	 �#-b� -# �$�c����&7#������# ����'7 �

)Wang et al., 2005(.
��#G
 �+V#�-#WHO  �7 �#� C�!��7��	 q�0���- ����	 ��

 C���	COVID-19 JKO�� �� �� 	���� J� ������ ��#��� �����
#���� ���;*$��� N�#�+	 JKO�� ���� ���#� i��6����7 N�����

)WHO, 2020(.

���� i����#@ �Y��L C#����I?  � �-)COVID-19 ��	�-# ����#�$
�1���� ����7 �� �#��# u8��?+%# � Z����	 z����� ��� ����&�#����

# ���� ������ JK��O�������h )N���% F���� C�����	 0����- ���� �� i��
;*$��&� ���B�+�# � ���# �P�!	�� �� N��"COVID-19 �1 -# �� z

��# ���M	 J� (Xu et al., 2020, Venugopal et al., 2020).
�+��e@ �YL ���
�C#��I?  �N�� ���RR� �	 C�!� )��� �

 �7COVID-19 &� �	� �� �V&��i�&% ��.��# #�� F��i��QR
�� -��������i��&'� #�� �����8��1 0��� D��?P$) ��$�F
0�� 0�-QRR>�� (-������� i���&'� ��� J� �� �!7�0���

�����, P��!$����	� �� W��"� JK��O�� �� )���	# .����# ����������
i��&'� #���0�$�7 2�	 �$�)��$�	 0��- (-���J� �� .���	�

������i����&'� ������� i���-# @QRR J� �� � -����������
i��&'� QR8�� J� �� � -��������� i���&'� ���$�-��

�	 �� ��SR����i��&'� �,��	 0��- �"���{?  .���	���+� F�e
#�F@ �Y�L ��7 �#� C��!�COVID-19 �� �#��	 J5���2#�g �

��� -�� � 0���� J� �� z��'�	����+��!���	 0����- J� �� #��������	 
)Gundy et al., 2008(#������ .��� �#��	 )��	�� �#��	 F������ )

��
�#�U&�#�	 )� �����;:��O �#��	 � 0������ ��	� � J� �� 0����7
��
���	���i�� $ � �c�"+&	 ��.���#� U

COVID-19 #���#��L JK�O�� J� �� ��#�+� �I� �� )����?� �#�
����r/�r	�'��$ C��/QQ	�'�� 3���E ���������#�������� �� 

# �� .��� JKO�� ��#� -�� �� 0������ )i��# F�FrRR ��$ �#G� 
�R 	�'�� 3��E C������COVID-19 	 �  ���'��Z����	 0��	 �+

 Z���	 ��� ��� ��)QRR �$�RR U7#��$ � ����/-�� �� Z���	 3�

Rr/Q	 �� 3�
�'�����# 0�� a�#G
 (�+.(Brown et al, 1996, 

Hart and Halden, 2020) .
�����M	 ����P�!$ ���QR3���ECOVID-19 RNA ��
	 � �'���� ���� 3��: ��� �� � JKO�� �+ ��C��� ����H$��
+����� ���P!$ �� )JKO�� U+&�"��	 ���	���GCOVID-19 
W��$qRT- PCR ���uK	��7 JK�O�� D����% )F�9? ��/R
���� � -#)QQ� 6 ����0����Q����% � (0���� ��;�RRRR�/R
���� )Q���% �� 0��� ���	�	�'�6 ��� C���?� -# (0����� �� �

��� �"A�	 D$�$��$�� �� X��+�� � F�C��� 0���� ��#�� �� ��% F
��+& )Hart and Halden, 2020.( 
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�# �#��$ ��� ���� ��i��(N0)QRR � �#��$ ��-# j�L i��
 C�	- ��5
���$S�) �:��Nt��{?  � (��� F�+��(��7�%) D

���� �����$ ���� )N�# ���V$�	 ������	 N(t)=N0(0.5)t/t0.5)����?� ���?:
COVID-19 #�� ����M	 W�) W�R����� i���&'� �� (��"$ F�u��V

�/��$�/S?P$ �:���	 0�- F����(Gundy et al., 2008).��
#�����	 FN(t)  �#�"	 ����5
 -# jL i��t��c �� )�N(0) �#��"	

�#�� ��C�	- �� i�� t=0 )t�m� C�	- 2�	�� 0��0.5t����?: �?
��i�����	- 2�	 ��	 N�1 �7��# �#��"	 ^�*� ��� 0��	 �!7 �� �

.��# ���� a��B���#���� �� )F�#�� �� ��#�	 �+!�A��� ��7 �� C�
�	� �� JKO����R����i��&'� �,#��% )������������ -#

� ������ i���,�� C��{?  ��+% )���?��#��� ���A�	 ��7 ��9���F
�8���1 JK��O�� �� �;��� C���	-�����)N����	 C#����:QR� (�:����

�L�����#������� ) ������� U���7 u�+V���&� i���/�=t0.5 �:�����)(
)Mao et al., 2020(.

#�F@ �YL � �$ w�O� ����	 ���7 ��7COVID-19 	����#�$
� ���U+��& ��� �;��*$�-����  ���	# )������ �+���#� ������ JK��O�� �

�	-� 3�H�# 3G'+&	 � �P!	���$�!�-�# _��  ��� �����
��-����
���"$ �7 ��# i���0�!� 3�H�# C��7�$ u�V ��# (Collivignarelli .

et al., 2020) �����c�$�#�� �����B W�)��	� �����	 )pH N����	
�/��$�/�� �;�� C��	- ��4�  �7 )�;� C�	- � ���	 C�	- ���+�!

���)� C���	 0��- C�I	#��	 ��+?7 JKO�� �� i�������.(Hart 

and Halden, 2020) &��.��# U�	 �� 
#������zV1 F@ �YL � 2����#G
 �0��� 3��H�# � �7���	 q�

�V	�� N��"+�# ��� ��i�� COVID-19 �1 -# �� .��#��� ����� J� z
a�� �+V# � ����#�� G�P!$�� ����#� ����� JKO�� �� i��

-# �7 # �'?��a�� F	 � �a�� �� C#�$ � �P!$�"+&	 ������	 U
# Jg�� a����?�G�� N�*$# ���?�[)H�- @��7#� ��0�#��'L�-#��	

i�I�	kH�- @�7#� )�0�#�'L�� i�I�	 -#�	�H�a�� )N��+ �� �
�+V	��"$ ����# ��('7�� ��# D�N�	�$�G��+V	 0�9+�� ��)5�6�7 ��
������#�� � �V�2��T� � ^!7COVID-19 $ �����;�*$ 2��&��

JK�O�� ���� 3��� .(Hart and Halden, 2020, Dong et al., 

2021).

1 ELISAs 
2 RT-PCR 

P!$ -# �����COVID-19 JKO�� ��)��a�� ��� -� �� ��
��# �1 -# C#�+� �7�� ���� z�i�� � �	#�: � � ����?�#-x�����	

� -# #� J� ���a�� .��� F� �'?:��;'+P	�	)����I���#�+'�)C�
�+P -����#�+�# )��#�+'������ )C���#�+'�����# )i��I�	 G?�# )C�
#���	x)@;��� C-# ��-�'7 ��#��� (�;�*$�6 � JK�O�� ��N�����

����� � C��7����JK�O�� -# i�� ����� �� �#���I��)�(.���
 �O�$ �� ���$�2�M 
���� C��I	# � ������M	�W-������	 � ��&

�����MA��- ��	-�������- X���	�� F�� �c# �� ��!	 ��� �� �
��;:��#�	 C#�#�� _�*	 ����# �� 0���� 3��� Z��� �����7 i��
�{? �^!7 FF�# ��;*$ JKO�� �� i���;�*$ � 0�� ��0��!� �

� ��� ����� �� ^'+P	�# ��� N��?+%# F������� G��#�)JK�O��
� ��!	 ����� �� G����� 0��� ����7 i�� # �:�� ��
���� ��H���

�� ����	�M	 ��W-�.��� �& 

Fig. 4. Practical method of virus eradication in 
wastewater (Nasseri et al., 2021) 

 8>�3t'?: a�����������i�� JKO�� �� �  
)Nasseri et al., 2021(

3434�]�� y�0R� O��0+ 0�+ ������ O2�!�!� � O>2=!� G� 
 G�5+COVID-19 

� C���� ^�'+P	 �� ��!�� ������ )�+��!���L �� ��!��� `�*B
W�M	 W�#�O ���:� \+&�- JKO�� -# � ���;*��$ 0��;+��# 0���

��	������)����� �� )������$ N���% �� �� ����!� �� ���	#�-# ��#���	
JKO�� 	 �7 3�B �� �� ��	�% ���#�$ �� � ��	#�: � i������?�#-

��	 0��;+��# �-���!��� 28�*��M	 ����$ �#��� G��� )���� .����
#������� JK�O�� �'(�&	 �� ���$ F\����� c��$�^�'+P	 ��	#�: �
M	�A���
���	 ���COVID-19 &������� .���# U�	 ���2���

��
���	�COVID-19 W��$M	 �	#�:�A��	 )������$ ��� ���#�$
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@ �YL x��  6�N����� -����������7 D�?7 i��.(Paul et al., 

2021) .
�B�� � ���G�I�� ��?����;'+P	��B��� ��'?� -# �� �

BOD )COD )TSS)TS)PH� )����	� )�#����  )�;���&� )2#����+��
�+I#�I��#�	 )������4 )0������
 � F�6���#��� j�� �B���� 
;*$�B�� 2#�c# �	#�# �� �7 ��# U�	 JKO�� ��# -#��B�� F� 

�"� ���COVID-19 �������# 0��:

3434(4�]��BOD 

	 �4 � �&7# C#G�CY #�B��+7���� �-#�� �#����GH$ �� �#��	 �
��8� ��� JKO�� �� ����	 0���C�!� )���� �+! 
���� 0��� ��
-�JKO�� ��.��# � �#�	 �������
����	 ����COVID-19 ��

�$�	�j� �c�$ J� ^'+P	�	 ��#����� )��#5
�F�� �#�	 �4 � ��
� J� �� z'�	 2#�g����� �+!COVID-19 # J5�� ��� �� � �#��	 F

y$ � ��� -# C�� �T��M	��#�� ���$ �� �!������ -������+�!�#�
	�����?� 0���- J� �� ���#�$ .(Naddeo and Liu, 2020, Paul et 

al., 2021) .
�����C�	- ��
���	������� ��i�� ����7 HCoV-229E) 

�(FIPV  �� ���� J� ���?� ���4�� ��� J� )0��!� �+'�)0��� ��+'
�# J�&L�� C��� ��� J�&L � �+'��	� �� 0�� �+'����c�������
i��&'� ��N���QC�!� )	�� �#G�# �� �7��� �#�	 @�J� �� )

C�	- ��
���	��"� �x��i�� ����7 #G�#�	 @�����.)C� �� 0�K: 
NK% ���� � � �� �#�	�	 JKO�� �� 0���@��L ��#�$ J��
�G

COVID-19 ��$ #��6 #� C� � ^�N�������J5� ���	 �� �+!
� 2#�g�� � �#�,)Gundy et al., 2008(.

3434-4�]��COD 

�4 �  �#��"	COD � JK�O����� �#��	 �#��"	 )����� �+�!�?����
&7#�� C� �� 0�������+! ��# J��&L �0���� ��  �$��+�&  ���7 ���

���$ � �#�	 Z�� ���?�����"����$ �M$ #� i���c�	 �#�, ���� �.

#�������� �#���	 ���� ���4�  N����	�?�������� �#���	 -# �����%�� 0��
��;:�O�� JKO�� �� 0���7�� ���% )��� �+!�i�� � ����;:�

	 @ �7 JKO�� �������)Gholipour et al, 2021(.

343414�]��TSS 

�#�#G�@TSS )J� �������
��V&4��� 2#�g�������	 ����#� 

#G�# XV� )�	����L @��#����	 JKO�� �� i���# ��� .��� ��F
��	�� 2#�	�� �7��+!)� N��*$# ��� ��H�	 ��# FI?	�2#�g �+�!
������d��B �� ����% �� k}�����)Forés et al., 2021(�� �
+��-�� ��H ����������� JK�O�� -# �+�!)Amoah et al, 2021(.

#G���#����T'6 @TSS ��	 �����$ ���������#�$���:�� #G���#�-�� @������
COVID-19 �����)#G���# ���� ���H�	 ����B ���7�� ���T'6 @��� i��

��	������(��	 ���I'� )�����#�$��#����7 #���;��*$ �����0�#� @ ���7 #� �
2013)Verma et al, ()# �7��� ��� U��� C�� �� ��# FI?	 ��B F

� C����������� ����	#�: � i��������?�#�� -# #-�;���*$ ��������#����	 �
��;:�O�0���7.�	�H���� 

343434�]��pH 

y$���#�"	 2#� pH J� 	�X��	 ��#�$)�$!��FN��'M	 �#�	 C��
� J� -#�.��� �#�	 NKM�# ��{? �y$ F��� 2#�pH �� ������"��

��i�� � JKO�� � J� �� � �&� G�.���# U��	 �� ��� C#���: N���	 
i���� MBV 	���#�$ ������� ��� ��T'6 ���  ���$ ppt ~��

��pH��  �)�)�)�����B ���;: ���#- ���B #�§�;% ���7.��
��% ��� F��# i����� ��pH ��� }�[kuK	��� N������6 0��� �
2#�c# ���;: ��B #�-#��� �	� � 2006) .,alet(Afsharnsab.

F��+��!�� RNA ��������COVID-19 ����pH ����FQ/S���$�/S
	 �7 ��# WV$�	��L �� ��#�$��#��� 2#�g�����# ����M	 F�0���
 ���� 0�#� �V�&� )Amoah et al, 2021(# ��� 0�K�: . �� �� )FpH 

',����COVID-19 � 2#�g�����	 #��6 C#��$���	# )���7 N�����
pH )U7 #G�# -#�+�!L 2�Vc @���V��	�# � ���7 �� �	 F�� ���#�$ �� �

0���� 0� ���!	 ����V$�#pH U��7 ���T'6 ���������- COVID-19 ��
JKO������ )Varbanov et al., 2021(.

3434n4��� �]�� 

�	��JKO�� �	���c# ���#�$ "+�&	�?�
���- ����COVID-19 �
�{? ��� F� �+	#��L �#�"	���G��I�����?��������� �+��#� J� 

)Ghanizadeh and Islami, 2001(.JK�O�� � J� �� �	� �4� 
#G�#�@�����)	����
����	 C#G���"� �����@ ��7 i�� �	������ .
�� N��	 C#��:������7 i������&�#��L �����i�� J� ��~)k})
��Fk}�$��� ��-# �+!������i��&'� ��$�$ �� ����% X[�� 

)-��[�-��)k�$~� -���,��	 0��- �"����	.(Gundy et al.,  
2008).
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��"E(t(-��) C�	- ������ ���
���	 i�������7) �HCoV-229E �FIPV�� ()0�� �+'�� J� )0�!� �+'�� ��� J� ���?� ���4 

���c ��	� �� 0�� �+'�� J�&L � �+'�� C��� ���# J�&L������) i��&'�Gundy et al., 2008(
Table 1. The shelf life of two strains of coronavirus (HCoV-229E and FIPV) in four unfiltered tap waters, filtered tap 
water, unfiltered wastewater and filtered wastewater samples at a constant temperature of 23 °C (Gundy et al., 2008) 

SewageTap water

Coronavirus strains Filtered 
water 

Unfiltered 
water Filtered water Unfiltered 

water 

2.353.54 10.112.1 HCoV-229E
2.42.56 10.112.5 FIPV

�{? �F��	� ����R����� i���&'� ���i��COVID-19 
�� $�$��,#��% X��QS� �#��# � Z����	 �� -���C#���? ��� K+�V	

COVID-19 	 0��-����	 �	# )�	� �������� i���&'� ���i��
� ���?� �� �  ���-# @QS0��- -��	����	 (Wang et al, 2005).

�� � JKO���9��B JKO�� )C�+���?�����% )�#���'7 J� �
n/nn�?� @ �7 ������ ����������	� �� -����R�����

i��&'� 0� �!	\	����	# )��
���	���i�� ��	� ���������
i��&'� ��Q�#G�# -���@\	���� )Gholipour et al., 2021(.

34n49o0!R COVID-19 �� �� u0�:� <�=�!� y�0�!!z9 0+
 ".i� G� 0.� 

���'7 ��1�a�+�&
 ���19-COVID	 )��C#G J� _��*	 ���� ��
��!	 �� -# ����Z�19-COVID -# j�L)N��� [}�� (�V�&� ��� 

V,��� -#��� Z��?����)�#�#G�@���+�� ��#I�)���	# .(��	��C#G 
J� _�*	 ��I&	 @P� ����)������#G�#�@��&%����� �#���#
��� ��#����)7��#�#G�#�@�@P� �� � �6���I�&	��G�7#�	)

+������)����H$��F7���	# 	���?:�()���� �����N���?:# #�����W
���M	��� )A�$�'��#���WA��,�)�� 7��#�@ ��7 ���+�� ���# 
�I�)�(.-#�H�����#��$ �7 �?���N�� -# ��!	[}�� -# �V,)

���N�� �$ (Z�[}�� � -# ���)����$ (Z����[��# ��;� �#G� �#G�@
7�+�!	 �#��$ � �+�#��� F��W�"� Gkk-#) ��;� �#G� ��� ��� �#G� 

��k #G�# (�#G ���# �+�#� @�# �� ���$ ����I�����	#�: �����	
� #�  � J��G���D��	- 0-���	 2�	-#��b� ��� �� #�B �c ��� ��

�D0�$�7 0-�� )2�	�{? �F��C�	- ��Z���i�� )�����7 �"$�u��V 
'7�������� ���H$��+����)�9����
����$���& ������ 

�!	��+	�^,� ���)���#����F�': �#�#G�@*	�_�J���@P� 

Fig. 5. Water consumption in Mashhad before 2018 and 
after the 2020  COVID-19 outbreak 

 8>�ntN�� �V, ��!	 ��� �� J� _�*	 C#G�	Q�nS N�� ��� �

Q�nn -#COVID-19 

��I&	��@ ��7 C���@�P� 6���I�&	��W�"� ��� �������Z�
��i�� ����7 ���.

�{? �F� ��!7 � � ��� ������9��G#G�# �����!�_��*	
9�����B @���P� �� J�������������! �7�@���P� �� J� _����*	

6�9���B������ ����!	 ��� . N���	 C#���: �� -# ���� C��?� ���Z�
COVID-19 #�� N�?:# ��WA��,���)���#-�� J� _�*	 N��1 ��

 2�	#�,#COVID-19)� -# �"+&	�
Y�� �#�  � J������#���$
�?���)���% }/[~���� :�V,)��/k��[� �1 �� )X�I	�+	�
#�����WA��,������ :k�/}[��� �+	 X���I	� (��+���! �����# 0����

.(Lüdtke et al., 2021).
�E ����� ���������-������) -# ���V, 0��� ��k[�������t[�

	�� (i�� ����) -# �[�	��i��t[k������,# (�	#��2�,�A������
?+�#��:����)*	��@P� �� J� _�  �����H$�����)?:��	����� �
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Fig. 6. Average water consumption (residential, non-
residential and annual water consumption) in Mashhad 
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Fig. 7. Monthly variations in concentration of physicochemical parameters of Perkandabad inlet wastewater before 
(2018) and after (2019 and 2020) Coronavirus outbreak (all concentrations in mg/L) 
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Fig. 8. Monthly variations in concentration of physicochemical parameters of incoming sewage in Khein Arab inlet 
wastewater in before (2018) and after (2019 and 2020) coronavirus outbreak (all concentrations in mg/L) 
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Fig. 9. Annually variations in concentration of 
physicochemical indices of wastewater Parkandabad 

water treatment plant before (2017- late 2019) and after 
(2020-2021) COVID-19 outbreak 

(all concentrations in mg/L) 
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Fig. 10. Annual variations in concentration of 
physicochemical parameters of wastewater of Khein 

Arab treatment plant before (late 2018-2019) and after 
(2020-2021)  COVID-19 outbreak 

(all concentrations in mg/L) 
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Fig. 11. Variations in concentration of ammonia (NH3
+), 

TS and COD parameters (in mg/L) and pH in wastewater 
treatment plants Quasolonatal city and its effect on 

concentration and survival of COVID-19 (number/ml) 
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