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Abstract  
Urban storm runoff is considered as a potentially reclaimable and valuable resource in many arid and 
semiarid areas, in Iran. Urban storm runoff in Shiraz is collected mainly by Khoshk River and 
transported to the Maharloo Lake without any treatment or reclamation. In this study, storm runoff 
quality and the possibility for its reclamation from different parts of the city in certain canals and pipes 
are investigated. The quality of the first flush in three relatively large and small suburban areas with 
different land uses is studied. For the purposes of this study, three stations were considered: one near 
the downstream end of the city on Khoshk River with a relatively large watershed, one in the middle 
of the city where street runoff is the main constituent of the flush, and a third one near the western 
outskirts of the city with relatively small mainly residential watershed.  
 
Keywords: Urban Runoff, Reclamation, First Flush, Suspended Solids, Heavy Metals, Shiraz Khoshk  
 (Dry) River. 
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 *��5� hY�� ����53 ���6� ��I�4� �3 �X�!' �Ei� �V)�X%��1
B4L.(

�53 O�� �� D�� �� ���  � �1 �Q��� ��� ����4� /� >�<8 
H�6) �� ��3�I �i�� 4 ���:��' $G!' ��' ��4V /� >�?S 4  �!!�

 ��� �� ���)4 �X�V �� ���5) �� ��3 .��T�T H�6) ��!�3 ��� ��4V
 3 �Ei� �X3V �D�R��� ��iI ���!0 ����4� ���I�4� ��3 �5X�1 

1 Atomic Adsorption 
2 Holder Filter 

����� � ������� �����	 
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3 /�5�1 /� �RG!' �� ��  !��� 9PI �&P��� *%0 /�Y' 5��, (3
 �' ��# �3� ����� ���iI O�� �3 ���� 2\����� 4� �� ��  !13

 ��5S ���53 ���' W�� �� ��3 /� >?S ��# �3� *�	�� *��� ����5� .
>:1 ��]��&Ti' ���' �X�\���� �� &� 4 @�� 2 �1 2��� -��6� 

*��.
��D4 ) B*+%, (�5���� 2�4 E'���' 2 !��V ����X3��4� 

�5X1 3 ���R' 4 /�5�1 �X3��4� 2 �'V ��� 5\�� $G!' �� �5X1 
*�� .*�	�� ���4� �' �P� 9PI ��I�4� ���)4 *�%0 ��3  ��

 ��3 ���I�4� ��3 ��%�Q' �X3���� �4�4 4 ��/ ���3 $%&' ���'
�6� s�!' �8� *X) ���!0 ���  13.

�' �P� O�\!� (�W%� *�	�� ���53 /� ><8 t��� ���  ���
� O�5�P�3�' W%��� ��)��X3��4��1 5X1 ��8� >3S �O�V W%� /�5 

������X�\���� �I�4� �4� 53 HS�4 �Y!� ���� 4 �5�'4� ���9PI
���6� *1��53 >E' 4*�	�� ����5) 4 ��# ���4� 

�����2����' 5��
� 9PI ��I�4� 5��' 4 /�5�1 �� 

�r	
� �e	�� 

�(��� 	ie�a�. #�.

��. ��ae��ae �
e

�a� ��	���

�%����

56�#0�� �i$ �0�

�(��� 	ie

�

�

� � � �

�	$! )	�.�	J; �	$ ��

��#� ���	$!

�

�yS� #
� ��	���

� �

��

���������	 
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)��*��*+%, (�5���� 2�4 E'���'2 !��V���X3��4��5X13 ���R' 4 /�5�1�X3��4��� �5X15����� $G!'

"��#$ ����� "	
%	4(���
���2g
d	4(���

TS (mg/L)TSS
(mg/L)

TDS
(mg/L)

Fe
(mg/L)

Cu
(mg/L)

Zn
(mg/L)

Mn
(mg/L)pH

	��
)C¼¼(

D���3�I �!� ��880-314010-210030-7600.1-9.5840.001-0.0160.001-2.670.001-0.4546.9-8.95.4-16.3

�T�T�Ei� �V ��6140-36060-251122-544
0.6-3.5
D�%E'-0.001-1.250.001-0.2597.7-8.912.6-16.4

�T�T�Ei� �V ��
)�� ��3 /� >?S(

2--266-9050.428-0.542-0.001-1.90.01-0.0187.3-7.814.2-19.6

9PI ��I�4�/�5�16540-15040155-14700213-58830M0.20.001-2.40.001-0.630-001-5.7467.4-8.612-15.1

9PI ��I�4�/�5�1
)�� ��3 /� >?S(

11--136-3480.3-0.85-0.001-0.010.001-0.0287.3-8.413.1-17.8

�8��X	<� ># �� 4 �� �
)�/��,K^��(

1230-317743-467---0.016-1.92-M

:�5'V ��5X1 O�\��'US-EPA
(Akan, 2003)

MM125MM0.040.21MMM

����East York, Ontario
(Akan, 2003)

MM281MM0.050.33MMM

w
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8

2

11

66

0
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4
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b! "	% �r�r

50h�

b! "	% �r�r 

��	� 5$� 	$ 50h�

 �a� ��	��� �a� ��	���

5m��	$  � ��.

7	$	1� 	i, "	
r	�	,

 d	4
(TT

T�
���

��T
TT2

g

�� �V����6� �X�\���� �� &� X�V *�&S�' s�853 /�5�1 5X1 ���8 �� ����53 

2�4 �E' �� �� *��B/y��j/w��%�' ��' 5���T �� h5�� ���  �13
 2 1 2 �P' D�%E' �� R' 5;�� 8c/c�%�' ��' 5���T �� h5�  �13 .

O�V /�  &3�W�%� O�5�P�3 �4� W%� ��)�' �2�4 �E' �� yyB/y��
p/L�%�' 5��T �� h5�*�� �3 �� ��3 (� �� �2 ��� D��%E' (���<
�' ��1 .O�\!�� (�W�%� �:!�� *%0 (� �� ��3 �3 �D��%E' (���<

 2 1 2 �P' �'� �� *�� O��  �����4� O�3 �5X1 f�Bf�)�� 
�' ����%� 4  13pH ���4� O��3 �5X1 w/j�� wO�\���' �3 

]/q��� ��5S ��� 4pH  �[�) ��5�3 ���5�1 O���# �'� 4 ���%S 
���3 ��) ���' �3 O�\!� (�W%� D= ��� *��� ]q[.�3 O��!76� �

*%0���4�5� $%&' ���' ��[�) O�\!�� (�W%� 2 �1 �X�V D�R��� 4
�'  !3� ./� >�?S (�W�%� 2 1 2 �P' D�%E' �� R' 5;�� 8 O��53!3

 ��' $�%&' ����' 3 �6�  �13.�3�����!0 �� D�;' ��)45I D���
 5;�� 8 �/�5�1 2\P��� �� !X' 2 :P���c/c�%�' W�%� 5���T �� h5�

 3 �4� �*��� 2 1 2 �P' D�%E' (��< .5���R' �'�6� O��53�!3
 O�\!� (�W%� D�%E' *+%,���X3V ��3 ��%Q� ��� ���� 2�4 E' �� 

D4 ) �� ��  ���� ��5S �Ei�L�' �+8�' ��1.
3 ���:�' $G!' ��8� *X) �Ri!' O�5�X ����4� ��'  !�13.

h�Y�� �&') ���53 /�5�1 �5, �� s�!' 2\���� 4� �� O��53!3
 �8 �X��� 2\���� 3 t��� 4  1�����R' 9PI ��I�4� �5X1 �

 ��5�.

&����(��1� ��; �$ b	��� �1J1K R�#$ 
*�	�d���4� �85�/ �� ����'/ >�� �� 4 /�5��1 5X�1 �5X1 ��

���53 �� ��3 1*�� 2.
�T� (�8 �X��� �3V ��51 ># 2\������P�I ���I�4� �5X1 �
�' �d  13���4� ��'/ ( �' �3 �� ���3 ��� /� ><8 ]Byf 

�R�S� �V �� *�� 2 1 ���53 .�8 >� *8�'�9P�I ��I�4� �
2\���� O�� �� wyy]y W�56� �'/ 3 ��:� By*0�� ��'  �13 .

O����4� ��%<8 �X3 ��� �4 3 ��	
� ���� �T��X' �"��� ���4 ��
�'  ��1 ]BB[.

O���� ���'/ ( ��' �� /�5���1 9P��I ����I�4� *���	�� �����53
���4� �' �P� *�1 2 � # ��  �� 42\����� O��� �� ��T4� ��1

 �6� 2 �� ��1¨�8 �V �%<� *%0 �49PI ��I�4� a�W3 ���3 �
DR������4� 4 �5X1 $G!' *��� �5X1 5�, .��6� �� ��� �����
 >:1c�' 2 �� ��1�W��56� ��'/ ��G /� ~# By5;�� �8 ��0�� 

�3 $�%&' ����' *+%, ��4�4 *�%0 ����4� ��3 �5X�1 5��, $G�!' 
*��� 2���� _	�� 2\���� .>�� /4� O� �!" ���I�4� �V �����TV

 ��'��� W��� ���3 HiS /� ~# ��'  �3� ���)�' �����4V53 $�?G ��� 
����2 � # O�� 5b� 53 ypB �jc] �8 �i� /� ZI s&:'5�' ���

�' ���1 ��1 ]BB[.
�(4 ������' �53�d 3 �3�!) �6�� �Ri!' ����8 *8��'By

���:�/�5�1 �5, �� 
*�	�� $�S� ���53���4� (�+ET �� �3��!) ��6�� 2\���� 

2 �!��V ��3 *+%, ����4� �Y�� 4 �� ��3 @451 ��T4� �� �� �� 
*�1 4�' �P� ��T4� ��1  �� .>�1 �� 5'� O��f��+8�' >3S 
*�� .�!���# *�+%, O�\!�� (�W�%� ��%6) /� ��%�Q' ��X����TV

 ���' �3 X�V 5�P�3 4  ���� ��' �[) $%&' ��' D�R��� 4  ���1  �!3� 
)>�1j(.�' s�!' ��	
� *X) O��53!3 2���TV 4 ��T4� -Q3 ����

���4� >� /� �� �4��� � ) �� ���)�' (�4 � 4 $%&' ���' 4 �5�
��� -��.

�(3 �T61 �6�� �3�I /� ��6�S*8�' �4 8 f/y��:� ��
�3 3 /�5�1 �5, ��/ �:���5� �R� �����4� � 1 ���1 /� �1� 

�' ���4 �3�I /� *6�S O�� ��18 D�� �3 �3�I �i� ���1 .�3
 >�1 �3 �)��p�*�	�����4� �����TV W��� �T61 �6�� 2\���� 
*�1 ��3 4�' �P� �5�'��# ��%� ��53 �� ��T4� ��1  �� .��?T�

��(�4 ���4�*�1 /� ~# 4?0 �'/ �X��� � 4 ��T4� ��1���

���������	 
������� � �� 
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)��*��*+%, /Y' �� O�\!� (�W%���� ���� h5� �%�' s�853 �%�Q' �� 535��T (ppm) ]KU MKo[

|�6314i� �� 
(ppm) 

b#� b! 
(1USEPA) 

R0h� b! 

FWPCA) (2

7	�|$! �	1- 
(3St. Canada) 

��� �� U	1$! 
(Adriano,2002) 

Cd 0.005 0.01 0.00006 0.005 
Cu 110.004 0.2 
Fe 0.3 ---
Mn 0.05 0.05 -2
Ni 0.1 -0.15 0.5 
Zn 550.03 5

0.0001

0.01

1

100

10000

0 210 570 1170 1830

(��1.�) 7	� 

(#
(1
r#
$I
#m
5
�1�

)�
y�
z

����	* �, )��0� ����

Fe Zn

�� �`�*�	�����4��51 ># 2\���� �3V �

1210

2470

810 590

228
420 302 260

10

1000

0 3 10 14(��1.�) 7	� 

(#
(1
r#
$I#

m5
�1�

)�
y�
z

����	* �, )��0� ����

 
�� �k�*�1 *�	�� 4�3�!) �6�� 2\���� ��T4� ��1 

1 U.S. Environmental Protection Agency 
2 Federal Water Pollution Control Administration 
3 National Guidelines and Standards Office of Canada 

����� � ������� �����	 
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0.07

0.176

0.044

0.068

7.3 4.48
2.56

1.89

0.001

0.01

0.1

1

10

0 3 10 14
(��1.�) 7	� 

(#
(1r
#$
I#
m5

�1�
)3

14
i�
�
�|
�6
�
y�
z

Zn Fe

�� �t�*+%, ��W�'O�\!� (�W%�/� �1� ��T4� ��1 4 *�1 ���3�!) �6�� 2\���� 

1.35

0.012

0.001

330581

2.9

0.001

1

1000

0 12 22 29 69
209

314

(��1.�) 7	� 

(#
(1r
#$
I#
m5

�1�
)�

y�
z

����	* �, )��0� ���� Fe Zn

 
�� ���*�1 *�	�� 4�T61 �6�� 2\���� ��T4� ��1 

���4� �S3 �'�3 �%���' O��� ��  �' �l�i�� � �1 ����1 5G�I
 ��T	�V�' �3�I �� 4���I �	S4 �4 3 ��5� 4 13.

&�&��1J1K R�#$ b	������  � � 	1-� �$	. ��1r�� U�� 
�� ����< *�1 �� 4�� ��T4� ��1����3 ��R3 /� ����4� ��5�� �) 

���4� 2 �' �S3 *�1��  ����I �8� 5+� /� �?�!' *�	�� .��5�3
 @���' O�� ���53��X����TV ����' *+%, ��?0 /� ~# �%�Q' 

*�1 43 2\���� 4� ��53 4 ��T4� ��1 �� t��� ��  1 ���R' ��
 D4 )]*�� 2 1 2��4V .

��' �P�� ���53 O�� t��� ���T4� *6��S e[�8 /� ~�#  ���
 �3 ����/ ���3 ����TV �T4 �� �Y8 �� ���4� ����R3 ����� 2�5�6�

���4� ��  ����I ��8� ��5�3 �?��!' ���3 *�	�� *�1 .�3�*�%0
 ����' �X�� ���3 �� �&� ���:��' $G�!' �� *�	�� ���3 s�!'

 �' 5�P�3 �3�!) �6�� 2\���� �� ���53  13 .~# 2\���� O�� ��
 *��1 �� (� �') >�� �����TV �����4� ���T4� *6�S e[8 /� 4

�����' *+%, 3 ��T4� ��1BLpy ��%�' *�+%, ��3 �5���T 5�3 h5��
 ����'cjL �%�' 53 h5� �' 5��T  �� .��R3 O��53!3���4� *��	�� 

*1��  ���I �8� ��53 �?�!' ���3.

`�"#1m �n1(� 
�' �P� /�5�1 5X1 �%�Q' �R� �� O�\!� (�W%� *�	�� ���  ���

 �� ��)�' W%� O�5�P�3�X3��4� O��V W�%� /�5��1 5X1 ��8� >3S 
2�4 �E' �� �� *��B/y��j/w��%�' ��' 5���T �� h5��  �13 ���

8��;�� �R' 5�%E' �� �P' D��1 2 ��2 �Vc/c��%�' 5���T �� h5�� 
�'  13 .O�V /�  &3��� *�� �W%� �4� W%� ���4�5� O�5�P�3 /� ��
E'��2�4 yyB/y�p/L�%�' 5��T �� h5��� ������I53�*.?G�$

���������	 
������� � �� 
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)��*&�*�	�����4� *�1 /�  &3 �5X1 4��T4� ��1 6�� 2\�����T61 �6�� 2\���� 3 ���R' �� �3�!) �
d�� d�%	a� #��	�� #+,��- 

���6� (&��
����53 pH TS 

(mg/L) 
TDS 

(mg/L) 
Zn 

(mg/L) 
Fe 

(mg/L) 
d	4(��� I	� 

7 8.32 462 106 0.102 2.54 �3�!) �6�� 
3 8.16 515 71 0.001 2.31 �T61 �6�� 

4 2 1 hY�� ���53 �� �� 3 ���R' 5���R' �'6� 5?�&' ����� ��
 ��5�S �Ei�� ��X3V ��3 ���%Q� ��� ���� 2�4 E' �� O�\!� (�W%�

����� .s�!' ��	
� *X) O��53!3���4� �5X1 *�� h/� ����' 
��� -�� �� ��)�' (�4 � 4 $%&'.

*�	�����4� �P� 9PI ��I�4�  ��� ��' ���)4 *�%0 ��3 
� �4�4 4 ���/ ����3 $�%&' ����' ����I�4� ��3 ��%�Q' �X3���

 ����8������4��8 ���X��� �� ��� s���!' �����!0 ����� ���3 �5X��1 �
�6�  13 .*�� ��45� ����' 4 ����TV DR��� 3 �i3�� �� ��3 $�%&'

 ���1 2 �P�� �� ��� ��X6� �T�X' �"��� ��� ���+!' O��� ��3 ��Y��
������� ����	� 4 �0�!
��' ����[�� ���������4���3 �5X��1 �2�5��6�
��W�Q3V�' �X!P�# �5X1 5�, $G!' �� �� ��5� .

DR��� ��iI���4�3 W�� ���3 ����� /�Y' 5�, �4�4 *%0
 8 D8 �� �X�V�5�6� ���� �8� 5+� /� �?�!' *�	�� �� ���  !13

 ����' �i3�� O�� �3 /�5�1 ����5X1 � ��3 ����S 5�, (3&P�� /� 
�T�T �� ��4V H6) 3 �5���%) �Ei� �V� ��4V >60.�3 $G!'

 ���8� *�X) ��Ri!' O�5��X3 ���:�' �53�� ����4� ��'  !�13.
�' �P� �3�!) �6�� 2\���� *�	�� ��  �� �����< *��1 ��� 4

��R3 /� ����3 �� ��T4� ��1���4�� ) ��5� ����4� ����3 *��	�� 
*��1��  �����I ���8� 5��+� /� �?���!' .���%6) /� ���%�Q' ���X����TV

 !� (�W%� �X�V 5�P�3 4  ���� �!��# *+%, O�\ �[�) ����' $�%&'
2 1 �' DR��� 4 !3� .O��53!3��53 *��1 s��!' ��	
� 4���1

�3 ��T4� ��� -�� �� ��)�' (�4 � 4 $%&' ���' .
�8 ���53�4 ���:�' �53�� 3 ����4� �P�� �3�I �i� 

�� ��� *�1 2 � # 4�� ��T4� ��1 ���' �(� ') >� ����' $�%&' �
D�%E' ���' 4O�\!� (�W%� ��� _	�� *�� 2� .%�<8 t�����P�� 

�' *�1 ��  �� 4��T4� ��1 /� �X����TV @����� �4�8 $�%&' ���'
 O�\!� (�W%� �%6))�4� 4 O�V (�' 13.3 O��53!3 ��' 5+�  ���
 *�	�� 2 60 >:P'���4� *��1 �/��� ) 3 �8� >3S �5X1 4

�T4� ��14 $%&' ���' -�� 4 � 13 >8 >3S ��V (�4 � .
��T4� *6�S e[8 /� ~#���4� s�!' �� ��3 2\����� O�5�

 ���:�' �53���*�1 �� (� ') >� ��/ ���3 ����TV 4��1
 ����' *+%, 3 ��T4�BLpy �%�' �����' *�+%, ��3 5���T 5�3 h5�

cjL �%�' �' 5��T 53 h5�  �� .��R3 O��53!3�����4 ����3 *��	�� 
*1��  ���I �8� ��53 �?�!'.

k�q*�#� 
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