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Abstract  
In recent years, excessive usage of surface and underground water resources has exerted great 
stress on Iran's water resources. A survey of water use trends in the past years and forecasts of 
water needs in the coming years, creates an undesirable  perspective for the imbalance between 
water demand and resources in the near future. Planning for the exploration and use of 
unconventional water resources, such as gray water and sullage reuse, will greatly help in 
balancing water shortage. In this research, sewage of swimming pools has been investigated 
because it is a type of urban sewage that has high technical, economic and environmental 
potential for implementation of urban sullage recycling project. A case study was carried out on 
10 public swimming pools in Tehran to determine the volume and 7 pools for qualitative 
investigation on sewage of different parts of swimming pools. The results indicate that pools 
have a high quality and high volume wastewater that cause conceivable potential for recycling. 
For example, the average COD of the tested samples was 153 ppm and the maximum was 246 
ppm, which is equivalent to organic load of weak urban wastewater. This wastewater also meets 
the standards of landscape irrigation in most of the parameters, and in the other parameters such 
as organic load of some samples has a small variance from these standards, which could be met 
with a simple treatment unit like depth filtration and an activated carbon. In addition, an average 
of 120 cubic meters of sullage per day is generated in each aquatic center complex, which is 
more than the production of gray water in a 700 people capacity residential complex. Reuse of 
this sullage, in addition to reducing transportation costs and load of centralized treatment plants, 
will reduce the pressure on water resources of our country by supplying water for non-potable 
purposes such as irrigation of landscaping. 

Keywords: Wastewater, Swimming Pool, Bath, Water Recycling, Jacuzzi, Shower, Landscape. 



dx.doi.org/10.22093/wwj.2019.118532.2624 100
مطالعه موردي

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 31, No. 1, 2020 

و فاضلاب، دوره 99-110، صفحه:1، شماره13مجله آب

)!�&�1 )�"� �� )�	"�2+� 0�H� *� ��@� E��.2+� V&H��2� �+!"�
��"(C "(� )�!�� $U9�4� R-'+ )�_� 

�*[�5 � h %�&��$ Y�%: !>g-"�N� �,

=>�2��8 c��# )�� ��@A)���� � ��A ��A,)�@A�EL� 
�* �#�;�� ,78 
5�Q���#)����A ��A,5�Q���# ^�#�' ,+�� ��	� ,����� ,����� 5�/���#���� 

I>���#�,�� ^�V� )�@A�EL� 
�* �#�;�� ,785�Q���# )����A ��A,
5�Q���# ^�#�' ,+�� ��	 � ,����� ,����� 5�/���#���� 

�)�5��L (4NL�sarrafzdh@ut.ac.ir 

������)	�/�	/������	�/�/��(

$� $9��� :�� $� ;�<!� )�"�:�&���".� 7��8� "�* �!�/ 
���U/G� �@�.J��1 ��� �@�.�.N����" ��/+� 	�q� 	&�*#3 	��# ��� 	���"5�� 2�RU �� �:) ��05�� i*R��5U  �&�# 

���,H �,� 	&
) �O\�7) �289�� � 23 �-:) "��)��(��f=��.Doi: 10.22093/wwj.2019.118532.2624 

����� 
:�/ �
 �%X# 6�5)
�R9/# &�&�%	@��@ � &DW/ LO ����	 @# ����.�Q��� &Q/��� .G/# )
�7 
�#� �#��# LO ����	 �� 6
��@ [��

:�/ �
 LO s��	 [%] � �9<?� 6�5 &�%� :�/ �
 &�O @�%� @# �9��� ���^ 6�5 U�2 .&�O 6�5 8%� b/��� ��( @# &��3W	�� @#��#
U%/�� J�
$� )���O �
 ���7 LO ����	 � �N��� &	����	���� . �Q���	 .s��Q�9	�� &Q�O ���Q�	 @# )
�R9Q/# � &��Q/��< 6#�� 6$��

 6�Q%��� LMQN�� .[5�\Q] 8Q�# �
 .
�Q>� �Q5#�X LO 
�QH>7 ���� �� &����< J>7 .L��] � 6�9�7�X LO @# 
�K	 )
�R9/#
��9/# �� ��< 6�5 _%D	 � 6
��9g# .&�� �S� @# �7 6��< LMN�� Z#��# @# &1� �#��( @%Q���9] @# &9�� 6#�Q� 6
�Q�@ 6#�Q;#

 6�� �� 6
��	 ����W	 .G��� �#�g &/��� 
��	 .G/# �#
��X�� 6��< L��] 
�K	 )
�R9/# ��Eei�
 &	�Q>( 6��Q< ��9/#
 � UK" 8%%�� 6#�� �#��� ��<t[�� �
 6�%��� LMN�� &R%7 &/��� 6#�� ��9/# .�Q< ��QK�# ��Q< 6�5��9/# Y39�	 6�5

� ^�" a��9� UK" � G%R%7 �� &�MN�� .�5��9/# �
 $����
 LO �7 G/# �O �-��% G/# 
��@ )
�R9Q/# 6#�Q� &��QX %Q���9] �7
�� .
�#
 
�K	 8%-��%	 :�~	 �#��(COD ���>� )�< [��	@O 6�5 ppm eol ��O �#��	 8��9�%�ppm nmd ��Q� :
�Q�	 �7 
��

 6��< Y%�N LMN�� &�OG/# 6��%�� �
 L��] 8�# . $HQ/ 6��� 6��%�O 6�5
�#���9/# �� FHW�	 �5�9	#��] GQ/# &QX�� �
 �

�#�	����	 ���>� @# 6
#��� &�O &�
��O ��� �� �� �7 
�#
 $H/ 6��� 6��%�O 6�5
�#���9/# �� &>7 sM9X# $%� �5 �%R�� J� 6�%���7

:��� 8��7 � &�>( ��%/#�93%� ��!>5 )
�/.�5#�X Z��g# #� �5
�#���9/# 8�# �� .8�# �� ��$�# .
�>� �Q(�>K	 �5 �
 8%-��%	 ��E
 ��#@�� &�Oeni &	 �%��� L��] b�1	�9	 &��1Q�	 �Q>9K	 J� �
 6�%��� 6�9�7�X LO @# [%� 
�( 8�# �7 
�<tii 6�QR�

���$5 [5�7 �� )�M( L��] 8�# @# 
�K	 )
�R9/# .G/# �%R�� �� 
�#� ��� [5�7 � :��9�# 6�5 ���X .$Q7�>9	 6�Q5 LO 8%	�Q� �Q�
 @�%� 
��	6#�� .�< �5#�X ���7 LO ����	 �� ���� [5�7 �� �K�	 $H/ 6��� 6��%�O ����	 6��< L�< �%T s���	 

�E�� ,�� ,�"�F :;A� ,�_� KV�� K,���# KH1 .��6�`��- � L����- KZ�
 ��� K��� �*��� KH�+/ 

�/	�"0� 
��� �� ���?,� ��	
 �����$��� !&�&2�� >-����  � (�� ��4��Z
)$��>-��� �- �2�$J� H��^$�(-7��
34
 S&�����-��$� �� ,�(�I

�"� �21&H��^$� >-��� !�������2�=2� H���^$��� >-��� /�c�� ,
2��� ,&�&!&>-����� (��\���)(��- C
����1 ����)�
���-�
 �� �(�����& 6

��(�(�$4�� �
��< (��@ ���� !��
 
 
 . �&,� 6=��"$��
 (�- ?����
 �2�I� � � (�- C
���1 �&Y>��*�� (�� , 6��.�� H���^$���  ���& Y
2��.JU����U ��V�� (- ���&(L2L� (- ���-����*#$�
 �- =,� �� �

-��$B�� (�
������(Rezaee and Sarrafzadeh, 2017).




� #�"� 5#�G2)� 0�L��2' +)��*... dx.doi.org/10.22093/wwj.2019.118532.2624 
101

����� � �� 	
�� Journal of Water and Wastewater 
��� ������ ����� ����� Vol. 31, No. 1, 2020 

C[� ��� C
��@ �- 6$�
� ��a&, ��,S�J��$U ����C
,
�4 ��' 
(�� �����	
 2��� 2�� ���.B\ !�^.� =��- !��
 (�- ��I�� (��

�&
34
 2&2� H�D� -� ��@ ,  ��=2���� C
��� =2�� !��
.(�-
.��6S�7� (��@ (- 6&3�&�� >-��� 
�-���� C
��@ (- {��D	 �� 

��D4 ���� ���� (�� H���D� �����K�1
 
  ��� , �����L 

�&
34
 �� �2-�&  !�.�
&�����
�.(Rezaee and Sarrafzadeh, 

2017) .6&
 �� �$�
� (�����- 3�&���
��- =��"$��
 �2�I�
U ��J
�Q- ���@��2	�����7�@ (��A�- KIF =2��� 2�����  ��JU�
2�$J� �- (*�� C��� ��X7 ���l�0$Q� !�J& ����X� (�- C
���1 
��)�
��j�����
�- C
�*� ��BQ- 
 6�&
 �����*.� ,6���n.� 

���� ����7� ���� �� (��@ !�
 )Ardakanian, 2005(.
��"0$Q� S���
�1�
3��4
 (��0.� 
&���c�#@ C,3��4
,� ��, �

�,2X�&���� �� >-��� !U�!4�B �����,��4 "D@�,  � (
34
&�
`U&?���.1��(^��@ j��� b�' �����2�I� =��"$��
  ��� ��-

 ����
2��$��
 6$4�� �V��$��
2�-�!��
 =2�� l�0$Q� >��
�� �� 
)Behzadian et al., 2014, Chung et al., 2008(.�� 
��&���

 �JU ��#$�
 ��&����7���- �-�K�@ (�-f�����J "�D@�(� [�c�4
3�&(�������& U �����
� ,j��� 
34
&�H�D�  �, ��	&�
 � �� ����� ,��J-�������
��� 
 (�- ��������"�D@�((���	 
0X��
�-��2�I� =��"$�
 =,[�1 �
3�4
 ��-&=���- ��,��(�- ��I��

���� 3� (��@ S-�<&(����0Q@�( ��JU ,  � ���#$�
 ,��� ���� 
)(Hazell and Nimmo, 2006, Reißmann et al., 2005.

���Q$�
���.1�(- ��� �1C
�&)��Q- 
 ����@��2�	���U
��� H�D��� ($	�������Q$�
 .2�����V� 
 (� ��� ���,�,

�"@&��X�C����� ����
�� ��.�
��� !��&���7� (��- �2����
����S�
2��^@
C,34
,� C
�����   � H�D� ,&�Q- �� �� ���_���@ l0$Q�

 =��"$��
 �V� 
 C
����� �2�I��  � �� �� 3��.�� ��#� 2���
�@���
2���&�&�����  � !�
&�.� ���"&2���.(Glauner et al., 2005, 

Izadpanah and Sarrafzadeh, 2014) .
7�@  [c�4�2��Q$�
 ��Q- S��� �� �����"0$Q��(�0.� 


�,� �&�^@  � ��Q$�
 (��� 3&������?,�  �JU ����  �JU
�����7� .!���
 !��7
�@  [��c�4 , �������, �Q$���
  ������� 


�
���$��
2�- �
��� ���� S�������� , ��� , !���U 
 !�*<
��&�
���7�������J�
 ����� ��
,  � (- C
����� _��@ !�
 6).� (�

?,� �Q- �� ,
 ��- =,[�1 �� �& ��� H��D� 
 ���
��� 6&=2� , ���

A� �,�,&=2��� �������- 
 =2��� ($��J������ �C
������� C2����� ����� .

�-��-&�Q-  �JU 6����
��� /
���
 (- !�
 6).� �Q$�
 l0$Q�
7��- ,�R�7�&)�2��- =��7�)Barbot and Moulin, 2008(.


 ����&H���Z ���- ��,a��U 6���  [��c�4 
 ���V�� [��c�4) =�
(!7
�@���&�Q- ����JU ��>.� �,��2����- ���� ,��
��<
.!4�� T�� ��$�&7��� |����3���"�����Q$��
  [�c�4 !������

(��.� =�X� �����.� ,��Q- !���l0$Q�
&.2�� (m
�
  [c�4 6
�n.��(- 6���- ��V���U ,�"D@ ����B�� ���� (��#� ��&(J
�-�6

�$J��	  � , �Q$�
  �JU����	�2� ��I�
 U ��
��� ,������B�

�-�2�&�&=��"$�
 !
 
 �2I�& [c�4 6.2� (m
�
 

3/2����W 
&)���U � ��JU 
 �2�I� =��"$�
 ���,30� 
&� ���"� [�c�4

�,�,�"D@  � ,�
�- =2� (�.!��
 �V� ���� H��D� �� =��"$�

�n.��(- 6�F
�' ��V�����"�D@ K$�J�� ����� (�������-��� , ��
=�#7�- "�D@  � 
 �2�I� =��"$��
�^@ �=2�� (���� 6�"�� [�c�4 !
�,�c��� 
 .!�
��&F
�' ��V�� (- ���"D@�(, j����� (��	

��(����- 3�&3�
��-�"�D@  � 
 �2�I� =��"$��
����1['
 =2�� (
�.��>.� S-�<  �JU �,��� �����.!�
 � (�- S��7� 6��.� 
 �� �& 6

�J� ,� �� ��,aU��.� (0 ��� , !�"��!
 ���DX$�
 S�-�<  ��JU
���Q$�
�!4�� �
�< (��@ ���� ���.

3/�/��%R;�� �� ��g[ ">�)D d6�*� @��%6 
7�@  [c�4�2��Q$�
 �Q- 
 �� ���"0$Q����������- .2����

 r��
����- ��� =2� ��I�
 
 ��&��,aU 6�4�D�  �����Q$��

0Z
 �Q- ,� S����!�
 ��  � =2�.1 , �,
 ��Q- : ��Q- ����

�
�*�����&*���� �����)�
 �3�V�����)� , ����� ��?,� �, ���
,��&T����$��
2�-��� �
��< =��"$��
 ����������' 
 (�� �� �& %

� >4�  [c�4�Q*@ C
�*� H�Z (� �,� �Q- , ��� �� $�B� ���,
��&���  � H[@
 ��
�� .��� 
 (- (��@ �-&6(0��J�  [�c�4 (��
��=��.� K���D�  � 
4���� {��D$	
 ���	 (�- 
���� , 2���
1�,�F ��F 6����7��J-������& 
�4 �� �!��
&>�.� 2�� �,���

 
&KB\ �Q- 6��U�2�
�-��- .&���Q$�
 �� 6���������.1��

 ��JU 7�@  [�c�4 ���.@ S���� ���DX$�
 S�-�< ��2�(��- �Q$��

��]$�
�!7
�@  [c�4 ��!�
.



���H R�LF��6� � 5��'#(�� ���� 5#�
 dx.doi.org/10.22093/wwj.2019.118532.2624 

102

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 31, No. 1, 2020 

�� ?�, ��� (-7��Sr�.@ #$J��KC2- C�J�
 �- ��Q$��
 ,
��3C�)�
 ^0-�=2C2�  �_��@ �C��J�
  ������� ��(���� ����

�Q$�
 ,���� (-��"12�c j�@�� ���'�������� ,��"��! �
(��� ���Q$�
����(-j@�� ��' X� !�[� 3��� _��@�_���� ,

A� �V� 
 !�
2�- ��
,&=2�� ����4�3&�)�����-�)��� ,�.���&
�������-�,�U&��
�< ��������.��� =,� �BQ-�
 �(���� 
�Q$�
 (�����^� K�IF C2�- C
������ !��
 
����&��3��Q$��
 
���	 ����� ,���^� .��6�
2#�� �.@�3(-=
��.� �
2�#� 4����
=��� 2c��"1��=2��� 2���� ��#$B���0� (-�Q$��
 ��
, ������� .
 � ���&3(��� �Q$�
 *��� ����)�
 ,�
�2��� (���&��� ���� ,
��"�A�- !�&���
� -��� 
�.�
S� [c�4 (1�.I� ����-��
,���Q$�
 
�)�B@�S���2��� .��Q- �&���  [�c�4 �Q$��
 (�� 
��C
�@ 
C�(-C
��1 =��7� �@&6�Q-  [�c�4 �Q$��
 �&������ 

+�-�� (- [c�4 ?,� ��!�
���7� .�
&6!.J<�-��$�B �����
�� 
&=2� ���
3�4
 j���� (�� !�
 ��.F �� =��"$�
 ����&����-
7���, ��"J4 ���,2�pH �  [c�4�������Q$�
  [c�4 .�

� ��������6.IF�(.� 
&6!�
 ��
��.

3/3/kR6 �� B">�)D ��g[ h�- !>>FD �
;R� B�� 
&)�K�� 
 �@&�J��$U , C�)�
 �I�� �� ��
�� 6��2�I� =��"$��
 S

 �JU&�4 ��X7 (- �QB� >*�� Y����D$<
 ,�S�-�<  � K�IF �
����� =���- �� �2��I� =��"$���
�
 
 .!���
 �Q��B���&6
 �� ,���& 6

(- ��,aU ^@ ���V�� ���.� 6��� 7�@  [�c�4 !��2���Q- �� ����
���Q$���
 l��0$Q��=
2���
 ?,� ������ ������#$��J�����- (*F���D� �K

����,��*F��D� ����Q$��
 ��DQ$� C����� C
2������ ��- (����
7���$�������- ,������-�,�,  � >��
���< =��"$���
 ������ ���Q$���


 �
2^@ .!4��kt���� �Q$��
����.1�
��- C
���@ �����(�^7���
�����.2� ($4�� �V� �� 

(��� !.J< �� 

 (- �Q$�
�-� KIF ������ �� �,�,����^�
 ����	 �Q$�
 
 ����� C2- KIF ��� ���� �' 
 ,�&)��
 %����.�

�Q$�
 �����,  [c�4 ��
,&(nc�F ����*^@ �� !.�J< �� =2�� (
@f����J ��
 .���&�
�2I�  � �
2#� 6��� T��� �� 
 2^-&3�&6
��
�-��- .���&7�@  �JU 6�2�
&(- �Q- 6#$�J� ��'��' 
 K�&%

=
2�
 ��������  � K�IF&3�,�,�(n�c�F (�- ������ ������
@ !.J<f���< ��J=
2�
 S- ����.!�
 

�I@�*��� �
3�, ����� S���� ���Q$��
 ����� ��]�
 �� (�� �
� �!�
 ����� ���Q$�
 �� ����@ S�-�<  [�c�4 3�7�@ �� �� 2�.2���

 !.J<  [c�4���� (-U�� ���Z�, ($�� (���@ ��- � (�-�"��!
 ����� =�- ���u�@z(- �=,� 0Q@ S���� ����Z �� ��^@ , (&¢
�� ����n.� .�64�G���  � !���� (���@ �- ��� (�-&�� ����� 3
2F
, ���
 �Q$�
 �� �� ��
 ��,�"$� l0$Q�&!�
 �QB� KIF 6
(- ,�,2�F �� _��$� ��'u4�G j�^)��$� �� (�- (���@ ��- .��
� !
4�G� � !���� =�- ,�����^@&K�IF ��Q$��
 �� ��  � ¢


 �JU&(*��X� �Q- 6�.2
7�@  [c�4���� �� =2� 2� ��-� 3�C��2���� (�^�
�� (�� !�



�-��U�&��� C��,� 6�� =��"$�
 ��	 C2-�
 .2���&�V� 
 �Q- 6
.IF��)\�� K���7�@  �JU 
�2�{�D$	
 ��	 (- 
� ���Q$�

�����- r��
 �- .2�������=2� ��I�
 7�@  [�c�4 ��2�
 �� �& 6

(- �Q- � ��'������,2F �� 6o7�

 (- �$���,��- �"� ���.2
?,� !.J< �� � ���(- 37���#$�J� �,�, S�C��)�
 � [�c�4 K

(*��X� #$J��7�@  [c�4 K�2����J.��*� �(-�S�7� 6�.� (*���X�
7�@  [c�4�2�
 �� �& �' 
 ���Q- 6�&=
2��
 %����� � K�IF

4�D��4�D�  � KIF .2� (*��X��?,� �Q- �� (�- �� ����Z
(*��X� C��?,� 
 =��"$�
 =
2�
 , �� �����-�����  � �&
 Y
?,� (*��X� �Q$�
 �� �� ���
�- .2�
3�4
&
 !�<� ��&
�4 6&�2��
-��?,� ��.@  � =
2�
 �Q$�
 �� �� �� �����$� .2�&��- S�Z�F |

(�
�� 4�D�  ���
����� ?�, C����� _���@ (�� ������ ���
=
2�
 C
��@ �����!�
 =2� !#-���.!�
� 

3/�/	#)�# �
;R� d6�*� $� B%>V 

 ��&� 
 ��,aU 6�C�8:
��- =2�  �Q$�
 �Q$�
�����-���.��

�� � [c�4�(���.� C�)�
 ���� �
���-�
7�@  [�c�4 ��2���
Q-����l0$Q� ���J���  [c�4 
 .2� �&, 
2�$-
 �� ���Q$�
 3

����$�
������ (0��Z�4 �� T�������,2��F8(����.� !1���� �
����-�,
(��.� !*J� �- ��&+��0Q� C�J) 2�� .
?,�  [�c�4 � ��� �� ��- 3

*J� C��� �,2J���,�	 =
����� (0Z�4 ��  [c�4��,2F8�
<��(- (# H�G �- 2$.� ���Z�:��0�7��$�(��.� �
��-�2� ��I�
 

(��.� ,+�0Q� ��2�2�  � (���.� . ����� (�- #$�J� ����Z�
 K
��4 �� �����  ��0Q@ 
 S*< C
,�� ����� �� .2�� !��
��- (��3

��(��.� =� ����(��.� (-�B� �
��-�?,� 
 .��- �� (��.� �
���-�





� #�"� 5#�G2)� 0�L��2' +)��*... dx.doi.org/10.22093/wwj.2019.118532.2624 
103

����� � �� 	
�� Journal of Water and Wastewater 
��� ������ ����� ����� Vol. 31, No. 1, 2020 

���Q- ���������� ����I�
 , , �Q$���
 l��0$Q�&����- ���� r����

?,� S.^7
��$���� ���������� ��
2��$���
&������ [��c�4 ,  �

 !4�� ��I�
(APHA, 2005).

3/H/	#)�# 	>8D B�� EG%� 
(- 7����� ����, S�&C��������Q$��
 ��  [�c�4 l�0$Q�������
&�����(7�7 C��- B������@ ,�!�7
�@  [�c�4 �- ?,�  � j

���Q$�
 ��^- ����$�� C�)�
 ����Q- 
 j����  ��JU (- ����
7�@ l0$Q��(- .!�
2� ���, =2��� 2�.��7� 6��
��- S��@��(���.� (

��.@ S��� (�  �JU��Q- ^<
, !*J� �- ����2��-2&�- (��.� ���
>�.� l0$Q� �,������ ��@ ,���.IF j�!*�J� r���
 ��- �����
7�@  �JU�2��@ �Q- �� ���(��� .(-S��7� 6�.� (���.� ��������

7�@  �JU KIF C2� �QB� 
 TU�2����I�
 ��Q- �� �� 2�� .
$� ���(����.� (��I �������.IF !*��J� ���- j������7�@  ���JU���2�

(��.� �����@ ��Q- �� 
 =2� !�
��-��@ , j�(2�(���.� . (�- ���

=�@�� �� , !1�� �@&��� (�- 6�).� C��� 6&��@ 2�� S�#$�� =���B
7������3�� �����,� �- ��.��� ��I�
 ���� 

3/U/k ��$� ���#� �� J>9>G !>>FD B�� 
 �JU �- �� � r��
�"�!�'�=��$J� l
�2��
�
�- .� �JU ���&�
�[*< (� ��"�^@ ���� !��!��
 =2�B� 6�7��� ���I�
����3����"� �
7��� S������3�4�3&)�� ��.���&� ,�-�)��,�c�.!�
 


 ��I�
 �-&��� 6&�� ������7� C
3� �JU �QB������� ,
J��$U�
�- C� S�-�	 (- l0$Q� H��D��6�,������ ��� 
 .�
�&�$� 6$�
� !�� �� �- ��&� |�"���.� ,� ��JU  ��Q$�
 C��)�

��"D@ K$J�(.!�
� 2�
�	 ���, �V� ���� H��D� �- j���$� 


 ��&-� 6$4�� �V� �� �- ��,aU 6��������4�(�- 3*�� C
���1
�V� ���� H�D��
�-� �JU "�D@����� =2�� (&�����4�3&�)�

V���pH�EC �TDS �TSS ��,2� ,����&������.���&S���
A���-&=2� ���7��COD) ,(BOD5`i� �
�� ,�2���� ��, CR,�$

����� , ��"��J4&� ����-�)�0������
�� ����"�(����.� r����
 ���- ����
?,� ���=
2�
 ��
2��$�
 ����.2� 

�,2��� ��k?,� �=
2���
 ����� =�����$�� , ������� ������ �����
�&��� �� =���"$�
 .!�
 =2� =�
� C�B� �� 

�/MN6 � O �;# 
�/�/�*� B��%R;�� ����� @��G J>F�� 
(- ���- ��V����.���� (�- (^�
�� �- � [c�4 �& ���Q$��
 
 Y�

� �V� �����7�@  [�c�4 C
3 ��2���Q- �� ������ ����� l�0$Q�
=�� ���.2� ��,��- ��� l0$Q� 

�$�&�,2�� �� =2� (m
�
 |o�������>�.� S�-�<  ��JU 6�,��
�Q- �� (�
,� ����� l�0$Q�ktC��B� 
� (�^7��� ����� �Q$��


���n.� .2���
 �� 6&7�@ K��� �,2�� 6����Q- ��  ��JU 2����
� l0$Q��(*���X� .!�
 =2� =�
� C�B� 3� ��JU 2��7�@ �
2�#� ��-

 ���,�	  � j��JF������ C
���*�&4���D�  � ��Q$���
 (����� 3�
?,� ���� , �Q$�
�*��� ����)�
 3���� , ����) �(2�� ���I�
 .

- ���V�� (- T�� �������$� !X�Z&
 �S�Z�F |�& � ��- �
2�1
 6
�,�,�� , ���Q$�
 �� 4��D�  � 3�

 (�- ������� ��� (�p _���@

�
���� ?�, C�����=2� (*��X� C
��@��#�&(J�.2
C�.� �,2� �� (� (���o�&� =2�
 SZ�F  [c�4 K�� ����
?,� �2���
 �����-������  [��c�4 
 �$��B&�Q$���
 3!���
 �� ,

���Q$�
�&, ����� (- 3�I� (� ����� 2�$�J� ,*���� �����)�
�
�$.�&� �� 
� K�� 6��Q- C� ���7�@ l0$Q���Q$�
  �JU =2��� 2

.2��
� 
�#�&- (J�7�@  �JU 6��� =2� 2&(1�.I� Y � , ���� �Q$�

�$J��	�7�@�=2� 2&��)J� >.$I� Y�����Y.� 2�
�@&���(�-
6�,� 
  �JU �
2#� C2� �@&�.I� 6(1�.� �� �& ��$� r���
 ��- .2&|

�,2� �� =2� (m
�
o(-� ��'������Q$�
 (1�.I� �� �� 6�(��
,� 
v/kk~ 7�@  �JU j^)��$���� 2���- .������V� �� �� � 6$4��� �

4�D��(�
,�ovt 7�

 (- �$���
��@ 2�,���� ���� ,����V� �� 3

 6$4��&�#@ (� ($)� 6&��* zt2Z�� 4��D�  ����Q- �� ����	�
2*@&�$J��	  � (- S����$J��	  � �����7�@�2�(-

����

�
��@ 2�,�����,2F �� (�
,� �k�x 7��$!�
@��*1 (- .��&�� ��
&��� �Q$�
 Y���.1��#@ (�
,�&�$�J��	  � ����^� ��*��&Y

��)J� >.$I��ztt �"��7�@  �JU�� 2�� (�$)� .���&����(��
"D@ WX- �����"$�
 , (J-  � 
 �2I� =��F ���m��.�
 3���!��
 !

J��3� (0&(����>.� �,��"�D@ SX� (- ��#$�
 ,�(��- .!��
 (���	
 
 ��  ��JU C���- >.$I� (- (��@ �& 7�@ , ��2�F
, 6��2��\ _���@ 2

*���^� >�� ��QB� , �,2�3&.� (��>�,��
�&JU 6��(- !*J�  � 



���H R�LF��6� � 5��'#(�� ���� 5#�
 dx.doi.org/10.22093/wwj.2019.118532.2624 

104

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 31, No. 1, 2020 

��"1�g?,� ���=
2�
 =��$�� , ���� �&��� �� =��"$�
 ���� ��� ��
Table 1. Measurement methods and used devices in tests 

Test name Unit Test method Used devices Device model and 
manufacturer country

EC µs/cm Device analysis Multi-parameter AQUA LYTIC, AL 15; 
Germany 

TDS ppm Device analysis Multi-parameter AQUA LYTIC, AL 15; 
Germany

TSS ppm Gravimetric Scale ADAM, PW124; England

Turbidity NTU Device analysis Turbidity meter AQUA LYTIC, AL250T-IR; 
Germany

pH - Device analysis Multi-parameter AQUA LYTIC, AL 15; 
Germany

COD ppm Stnd 5220 D UV-vis. Spectroscopy OPTIZEN 2120 UV; Korea

BOD5 ppm Stnd 4500-O G Hot & Cold Incubator 
& Multi-parameter 

Shimaz; Iran 
AQUA LYTIC, AL 15; 

Germany 
Nitrite ppm Stnd 4500-NO2

- B UV-vis. Spectroscopy OPTIZEN 2120 UV; Korea 
Nitrate ppm N-NO3 Stnd 4500-NO3

- B UV-vis. Spectroscopy OPTIZEN 2120 UV; Korea 
Ammonium ppm Stnd 4500-NH3 F UV-vis. Spectroscopy OPTIZEN 2120 UV; Korea 
Phosphate ppm PO4 Stnd 4500-P D UV-vis. Spectroscopy OPTIZEN 2120 UV; Korea 

Fecal coliform No. of coliform 
per 100 ml Multiple tube Incubator &

Autoclave
Fan Azma Gostar, KNC65: Iran

Reyhan Teb; Iran

��"1,g�Q- �� �2�7�@  �JU KIF ���.1 ���� ����Q$�
 l0$Q� ��� 
Table 2. Produced sullage volume in different sections of public swimming pools 

Total 
wastewater 

volume

Amenities wastewater Shower wastewaterOverflow wastewaterPool 
No. PercentageVolume

(m3)PercentageVolume
(m3)PercentageVolume

(m3)
125 24.0 3048.0 6028.0 351
152 19.7 30 52.6 80 27.6 42 2
147 21.8 3251.0 7527.2 403
165 21.2 35 51.5 85 27.3 45 4
130 19.2 3553.8 7026.9 355
65 0061.5 40 38.5 25 6

105 17.1 1852.4 5530.5 327
115 17.4 20 52.2 60 30.4 35 8
107 20.6 2251.0 5528.0 309
83 0066.3 55 33.7 28 10 

119.416.1 21.2 54.0 63.5 29.8 34.7 Average 
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Fig. 1. TDS quantity in samples of investigated 
swimming pools sullage 
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Table 3. Results of physical, chemical and microbial tests on compound samples (volume composition) 

Microbial test Chemical tests Physical tests Test 
type

Fecal coliform
(no. per 100ml) 

Phosphate
(mg/L) 

Ammonia
(mg/L) 

Nitrate
(mg/L) 

Nitrite
(mg/L) 

BOD5
(mg/L)

COD
(mg/L) pH TSS

(mg/L) 
Turbidity

(NTU)
TDS

(mg/L)
EC

(µs/cm)Pool No.

30.29 0.20 64.92 0.016 1558.43 7.71 9.72 20.4 562847 1

<3 0.30 0.17 62.80 0.017 75 170.06 7.68 16.8 22.3 376564 2

7.2 0.87 0.37 67.52 0.033 141 217.30 7.89 29.18 24.56 420631 3

<3 0.31 0.19 81.18 0.061 23 40.43 7.69 1.14 9.1 626938 4

62.17 0.40 35.61 0.051 112 245.94 7.91 18.37 29.3 348519 5

32.83 0.54 40.39 0.036 61 114.27 7.78 3.16 9.46 480720 6

16 0.96 0.75 28.320.035139 224.667.1836.3213.65 551 824 7

5.89 1.10 0.37 54.390.03580.86153.017.6916.3818.40 480.43720.43Average

4.78 1.01 0.21 19.58 0.016 51.77 82.89 0.24 13.02 7.80 104.02 156.59 Standard 
deviation

00.29 0.28 27.04ND ND ND 7.222.35 0.10 405 603 
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Fig. 2. COD quantity in samples of investigated 
swimming pools sullage 
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Fig. 4. Fecal coliform quantity in samples of  
investigated swimming pools sullage 
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Table 4. Standards for landscape irrigation water  

Irrigation water quality guide Maximum 
allowed 

Average 
concentration in 

pool water
Pollution parameter 

>3000700-3000<700-720.43EC (µs/cm)

>2000450-2000<450-480.43TDS (mg/L)

5018.40Turbidity

100 16.38 TSS (mg/L) 

200153.01COD (mg/L)

10080.86BOD5 (mg/L)

6.5 – 8.5 6 - 8.5 7.69 pH

>305-30<5-13.21 Nitrogen-NO3+ Nitrogen-NH4 (mg/L)

>50<50-1.10Phosphate (mg/L) 

>10(me/L)4–10 
(me/L)<4 (me/L)

600 (mg/L) <2.5 (me/L) 
Surface 
irrigationChloride 

>3 (me/L)<3 (me/L)Sprinkler 
irrigation

<1000 3400186.33Fecal coliform (no. per 100 mL)
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