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� �!�P 5�  

  

   ��K
 � �����K���� 
K��� �
����� :��   �L"�K�J

��
���  

 ,-.�-    �0��-.� ��-� 12�-
 Pollution Load Index 

(PLI)  
^5 B��+K %�C sQ�� B��  � %>5� �
� :x��� */!��� y

*�   ���>\ �>� ��� Q� �! �� M�13E */!��� y^5 '� *��8AK ���K

sQ�� W�R <U�= H��- '� sQ�� B�� .
�! */!��� ���

.%5� :,5�)� <��\ ��' T���E M��U :� M�13E  

)1(       7
Cd Pb Zn CuPLI CF CF CF CF= × × ×   

 T���E B�� �!CF     �>�' T�>��E :>� '� �!�� */!��� �� ��E

�*� %5

��:   

)2(                                                     i

n

C
CF

C
=   

 :^��� B�� �!iC :#�8# �! B���5 M�13E %S3J : W�5� �

 �nC :%5� (<�� B��#���) .C�� �!�� �! 13E ��8� %S3J  :�

   :>� 2���!�>� � W�5 	��� 	e� 	B�� M�13E ���� %S3J B��

�K ����� f�K4700 	45 	95 	20  �38/0 *3��  2�/�>3�� �� 2�/

*�  �>K (�!��� ��J)�PU '� */!��� ��� sQ�� ��!�O� .
���10 

*� ���{K �!��� ���&� '� � 
d�� ��!�O� T�8+� ��- :� :� 
���

1     ��>�# a>� '� �> /�1� ��!�>O� � */!��� 2
4 �
��! ���#-

�
��!� B���5 M�13E :� %,&# */!��� � %514�23.  
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3-   4-56	� �� "!7	8 9�*:; �%�<�.�'� �62 ���� ��

4�.�6� ����  

  (>>5�K ��>>� B�>>��� *
�F�>>���� �>>^Q *��>>�'�� sQ�>>�

) ��&����1980     M���>5� */!�>�� �>^Q *��>�'�� ��S�� :� (

  
>�!�/ �!�P >5� B���5 M�13E :3�5��23    ��1>�� ��>5��� :>� .

D�� M�13E %�85    A� ��>OO)� :3�>5�� *=$>U� ���  *>P3

 ��[8�Yi  )����
8� �2011 � (Wang  )����>
8� �2013 (

   %>5� �
>� :> E�/ ��
�42 �52   !�>
��� ��>5��� .Hakanson 

)1980 	e� 	2���!�� 	���C M�13E ���� %�85 v5�� �� ��E (

  �>���� f�K�K :� ��� � 2��� 	<
�# 	W�540 	30 	5 	5 	2  �

1 *>>�F�>>���� �>>^Q <�>>&#� � H>>�O)K B>>�� �! :>>� .
>>��� *
�

 
�!�/ :,5�)� ��' :�!�+� ��5���02.  

)3       (                                   
0

i

i i

r ri

C
E T

C
= ×  

)4(                                             
7

1

i

r

i

RI E
=

=∑   

MX!�+� �!  ^Q <�&#� � sQ�� :  	*
�F�>���� �iC  �

  �'�
#� ��
O� f�K�K :� ��
O� � �
� ���/  *>+�,- ��!�>O� 

 (Background value) 	    	1>3E %�8>5 v>5�� �� ��E ����� :

 T�
C1     B���>5 M�1>3E *>^�)� � *
�F�>���� �^Q ��1�� 	

*� 7��8# �� *5��� !���.
�!  

  

  

  

�B 1,���  

���� �����M. ?"�@N!12D�! �" ����� �  

 B���5 13E ���d %S3J M����{K �!�
)��'�
#��
� ���/ 

M���5� �! ���� f�K�K :� ����� �� 5� *3=�5  W�513/0± 

51/7  �28/0± 76/14 2���!�� 	03/0± 02/1 � 16/0± 87/3 	

 e�16/0± 43/29  �4/1 ± 20/43 ��� � 	18/1± 89/47  �

39/0 ± 29/58    2�>/ �>� 2�/ ��
�� >5
� 
>�� %  � B��>��� .

      1>3E :>� o�>��� *>5��� !��>� M�13E %S3J B��#��� B�� 8�

 ��1>>>>�� :>>>>� 2���!�>>>>� � ���62/2±4/52  �89/0± 41/2 

�'� 2�/ �� 2�/��
�� %S3J *���K .%5� �!�� W�5� a�Q

 *3�  ��>��� �� 5� Y3 A� <=��5 M���5� �! B���5 M�13E

  M��>U :>� f�K�K :�Zn > Cu > Pb > Cd    ��1>�� :>�89/0± 

41/2	 01/20±53 /11	 76/2± 99/34 	 62/2±4/52  �>>>>>>>�

�'�
#� 	2�/ �� 2�/ ��
�� f&=	T�
C) 
� ���/2 .(  

  

   �" ����KK� ���KK�� /KKO�P ���I�KK�! 1KK���2!

+���)*�
 +�,�� ��&�� %�B  

B���5 M�13E %S3J :&��O� *5��� l�� #  	W�5 	2���!��

e� �  �����! 	;C) ����� �� 5� Y3 A� <=��5 �!	  

  

Q�@H 1: B���5 M�13E *
�F����� �^Q *���'��  

�=��  >!#� ? �%�<�.�'� �62  �62 12�
  *:; �@ �%�<�.�'� �62  
  

B���� �^Q  150 ≤   B���� �^Q  40≤  

(5� � �^Q  300 ≤  ≤ 150  (5� � �^Q  80≤≤40  

$� <��\ �^Q(!��'):Z=  600 ≤  ≤ 300  :Z=$� <��\ �^Q  160≤ ≤80  

!��' *3�Q �^Q  600 ≥   !��' �^Q  320≤ ≤160  

-  -  !��' *3�Q �^Q  320 ≥   

 

Q�@H 2: B���5 M�13E *3� %S3J :&��O� )	2���!�� e� 	W�5  � f&=�� (����/��
�� 2�/ �� 2�'� a�Q W�5� ����� <=��5 T�- �!  

*:;  ��!�� A��#B�± C��)�  ��!�� A��#B�± �D'�)�  ��!�� A��#B�± "!7B�!�  
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W�5  13/0± 51/7  28/0± 76/14  01/20±53 /11  

2���!��  03/0± 02/1  16/0± 85/4  89/0± 41/2  

e�  16/0± 43/29  4/1 ± 20/43  76/2± 99/34  

���  18/1± 89/47  39/0 ± 29/58  62/2±4/52  
  

 ;>>3�! � ���>>�/ 	* >>�! 	��>>���(   ��>>�'� '� �!�P >>5� �>>�

ANOVA  y^5 �!*�+� ���!95      B�>� :>� !�! ��>�# 
>U�!

� <=��5 �! *5��� !��� M�13E %S3J*�+� V$ Q� Y3 A-

!��! !�>>C� ���!)	��!�>>8# 2 .>>\�� �! .(:>> E����>>�# �>>� !�!j 

%S3J B�� 8� � B�� ��� 13E ���  f�K�K :�:�  ��1>�� 31/1+ 

29/56 � 35/1+ 25/50 �� 2�/��
��   � ;>C <=��>5 �! 2�>/ 

����/2���!�� 13E j  �! � ��! <=��5 * >�!   ��1>�� :>� 31/1 +

11/3  �11/0 +32/1  2�/ �� 2�/��
��  ���>� j W�>5 50/1 +

28/13 � 24/0 +8/7 �� 2�>>/��
��  � ;>>C <=��>>5 �! 2�>>/

* �!jB��[8� .  13E %S3J B�� 8� � B�� ���e�   f>�K�K :�

 <=��5 �!����/    ��1>�� :>� * >�! � 11/3 +01/37  �25/1 +

96/31  2�>/�� 2�/��
��   W�>5� a>�Q �'�    �
>�� %>5
�

%5� )	��!�8# 2(.  

  

   ��K
 � �����K���� 
K��� �
����� :��   �L"�K�J

��
���  

      ��>�# M�1>3E */!�>�� ��>� sQ�>� *5��� *3� ��- :�

*� ��!�O� :� 
�!PLI  �! Y>3 A� <=��5 T�- �!   �!�
>)�

31/1- 81/0 *�.
���  
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��"�GI 2:  l�� #*5��� 13E %S3J B��#��� :&��O�M� W�5)��� 	2���!�� 	 (e� �  Y3 A� <=��5 �! �� ����� �� 5�5� ���'� '� �!�P ANOVA  

  

���# L�R�� B�� :�*/!��� 2
4 �
��!   B���>� */!�>�� �� 

   *>� T�
>C ��>5��� B��[8� .%5� B���5 M�13E :� :O^��-

 ��� &�� :� !�� ���� ���K42 ) (;C <=��5 *���C 7A� �! �

3 )<=��5 �����(      ��>� B��> 8� � B�� >��� ����! f>�K�K :�

 ��1�� :� */!���31/1  �81/0 *� 	T�
C) 
���3.(  

    (�>)� a>&�� � *
�F�>���� �>^Q *5��� l�� #  * >&�'

 T�
C �! B���5 M�13E3   B>�� *3� ��- :� .%5� �
� �!���

: E��*� ���# �� 
�! :8���� &��  	*>5��� !��>� ���   �>S# '�

B���5 M�13E *
�F����� �^Q ����      � e>� 	W�>5 1>3E :>5

��� �! :O,- ���\ B���� �^Q 
#��!)40 <��� .( 13E 2���!�� 

��� &�� �!����! Y3 A� ���  *
�F����� �^Q!��' �K (5� � 

 �!��)%5� �!��320 <  < 40.(  �^Q M����{K 
#�� ��$+�

    *>� ��>�# :>O^�� �! 1>3E �� *3� 
>�!  :>�  f>�K�K  �>^Q  :>� 

 ���)M��U>  W�5>  e�> (2���!�� *� *���'��!!�/ .�! 

.\�� B�� ��� � B�� 8� �^Q :� f�K�K o���� :� 13E  2���!�>� 

� ��� : E�� B��[8� .%5�  (�>)� �^Q sQ�� *5��� ���

* &�')RI(       ��!�>O� :>� :>C�K�� :>� !�! ��>�# M�13E B��

 �
�� %5
� �!�
)� �! :�60/313- 73/86 *� 	
>���   �>^Q

M�13E B�� * &�' (�)�    :>Z=$� <>��\ �>K (5� � :O^�� �! 

*���
� 	T�
C)3.(    

  

Q�@H 3:  sQ�� ��!�O� l�� # *
�F����� �^Q�'�
#� M�13E :� * &�' (�)� �:+��^� !��� *3=�5 M���5� �! �
� ���/  

E�7=���  "!7	8 9�*:;  

(?�  F�  G�!���'  3�8  RI* PLI  

1  60/0  31/3  26/100  40/3  58/107  98/0  
2  61/0  47/3  68/158  11/3  88/165  086/1  
3  54/0  57/3  53/80  09/2  73/86  81/0  
4  53/0  35/3  63/102  91/1  43/108  83/0  
5  55/0  61/3  84/116  14/2  13/123  90/0  
6  51/0  52/4  00/87  30/2  33/94  89/0  
7  52/0  80/4  53/110  28/2  13/118  96/0  
8  55/0  81/3  42/118  12/2  89/124  91/0  
9  55/0  65/3  05/146  43/2  67/152  98/0  
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10  54/0  35/3  63/102  34/2  86/108  87/0  
11  53/0  31/3  58/121  53/2  95/127  92/0  
12  54/0  99/3  16/138  70/2  40/145  02/1  
13  52/0  08/4  66/172  77/2  02/180  08/1  
14  56/0  09/4  18/187  55/2  38/194  10/1  
15  52/0  12/4  92/155  60/2  17/163  04/1  
16  53/0  04/4  89/172  80/2  26/180  09/1  
17  54/0  97/3  34/145  81/2  66/152  04/1  
18  55/0  97/3  76/182  50/2  78/189  07/1  
19  52/0  08/4  79/165  54/2  93/172  04/1  
20  56/0  77/4  32/216  93/2  57/224  23/1  
21  55/0  78/3  58/166  90/2  69/173  07/1  
22  56/0  14/4  82/145  93/2  45/153  07/1  
23  53/0  09/4  32/162  35/3  29/170  12/1  
24  55/0  68/3  76/224  19/2  19/231  08/1  
25  52/0  74/3  47/114  11/3  84/121  98/0  
26  51/0  84/3  79/210  51/3  64/218  18/1  
27  53/0  97/3  16/171  44/3  10/179  13/1  
28  56/0  57/3  84/221  88/1  85/227  03/1  
29  53/0  87/3  74/184  35/3  49/192  14/1  
30  55/0  75/3  47/114  53/2  30/121  94/0  
31  56/0  61/3  53/170  79/2  69/177  08/1  
32  54/0  63/3  72/225  41/2  29/232  09/1  
33  55/0  91/3  32/246  63/2  41/253  17/1  
34  56/0  94/3  74/124  54/2  8/131  98/0  
35  57/0  78/3  26/115  29/3  91/122  02/1  
36  57/0  85/3  50/190  08/3  00/198  15/1  
37  59/0  01/4  21/149  69/3  50/157  15/1  
38  58/0  73/3  92/161  44/3  66/169  12/1  
39  61/0  85/3  58/196  57/3  61/204  22/1  
40  55/0  75/3  32/246  37/3  98/253  23/1  
41  51/0  85/3  61/305  64/3  60/313  30/1  
42  55/0  13/4  74/289  40/3  82/297  31/1  
43  56/0  63/3  95/243  35/3  49/251  22/1  
44  53/0  027/4  47/189  09/3  11/197  14/1  
45  56/0  97/3  00/198  38/3  92/205  19/1  
46  55/0  91/3  11/217  21/3  78/224  19/1  
47  54/0  24/4  79/225  37/3  94/233  24/1  
48  54/0  54/3  11/232  38/3  56/239  19/1  
49  52/0  57/3  47/219  19/3  76/226  15/1  
50  50/0  06/4  97/94  41/3  95/102  97/0  
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51  56/0  68/3  00/225  88/1  12/231  04/1  
52  58/0  04/4  63/147  68/2  94/154  06/1  
53  54/0  74/3  11/112  18/2  57/118  90/0  
54  56/0  89/3  27/183  07/2  78/189  02/1  

;3�! <=��5 B��#���  53/0  93/3  26/183  93/2  66/190  11/1  
����/ <=��5 B��#���  55/0  86/3  65/196  09/3  15/204  16/1  
* �! <=��5 B��#���  55/0  55/3  86/104  95/1  92/110  85/0  

�����  57/0  85/3  92/162  83/2  16/170  08/1  
��!  55/0  74/3  20/245  59/2  09/252  15/1  
;C  59/0  74/3  26/190  32/3  91/197  17/1  

<=��5 <� B��#���  56/0  82/3  47/180  79/2  62/187  09/1  

∗sQ�� (�^Q)a&�� RI)Risk Index�� (  �^Q*
�F����� (�)� * &�'  

  
  

  

  

  

RN
  
 ��>��� �� 5� <=��5 :� %5� �� '� *��= 
����  >)K %

 	B���>>5 %>>P# */!�>>�� ��N�>>K* >>�� �>>�#� <>>��= �>>� !��� �

W$R�E���� ���   * +�>U � %>5� 26�27.    *��>�'�� B�����>��

; &�5��� B�� �! */!��� (���� T� �� 	������� ��S�� :� ��

   .%>5� ��!��>Q�� *#����E %�8�� '� ���� .���C :� ��
�� �

 D�� '� *>
� ���� B�� �!     �! */!�>�� (���>� *��>�'�� ��>�

     %>�C .%>5� :>O^�� M���>5� �! ��#� *5��� � 1���#� 	(�)�

�� *5���     !�>C� �!
>+ � ���>��� M���>5� �! */!��� ��1

*� :38C '� :� !��! *+�,- 
= 	.C�� ��!�O� �� :&��O� :� ���K

    :>&��O� 1>�# � *#�>�C ���!��
#� 5� �� :&��O� 	:O^�� T���# �

�'�
#� ��!�O��
� ���/  .!�� ���>�� ���C o�O# ���5 �!  *���>K

 *3� %S3J Y3 A� <=��5 M���5� �! B���5 M�13E  �� >5�

   M��>U :>� f�K�K :� �����Zn > Cu > Pb > Cd    ��1>�� :>�

89/0± 31/2 	 01/20±53 /11 	 76/2± 99/34 	 

62/2±4/52 �'�
#� 	2�/ �� 2�/ ��
��  .
>� ���/  � *#�>5��Q

 ����
8�1384 W�5 M�13E *3� %S3J B��#���e� 	 B>�� 	 	

���  2��� � ��1�� :� f�K�K :� ��5/10 	45/48 	5/34 	3/68 

 �9/71 �'�
#� a�Q �'� 2�/ �� 2�/��
�� 
>#!�� ���/  :>� 

%S3J :� %,&#  %>5
� ����  �>� �! �
>� �>R�= 7��   ���>�

    �> 8� W�>5 %>S3J '� ��� 	� ��� fK��� :� ��� 	e� M�13E

%5� �!��	 ��� B��[8� ��#�E */!��� �  B���>5 M�1>3   	e>�)

��� 	2���  �(W�5 �!   *>��# �� ���E l�3Q M���5� � W�

# '�� %>>P * >>�� � H��>>\ !!�>>K 
>>#!�� �>>�~ Y>>3 A� ��>>� 
82.deAstudillo    ����>
8� �2005 � Kilemade   ����>
8� �

2004	 %S3J �X�� �13E e� 	W�5 	2���!�� 	���C B���5 M

 M���>>5� �!  ����$>>R�E !��� '� *>>��# �� *3=�>>5 *O-�>>��

     <=��>5 B>�� V��>-� �! �>�#� .���� !�C� � * +�U � ����


#!�� ���� 92 � 30 .Dehghani ����
8� � )2014 	
� ��! ���� (

�1E��7 ��+E�%���  +�U* X�� �� ���>�*   >3Q <=��>5 �!�l 

���E	 �1E� :� �"���7 X���
� ��� Y3 A�   ���>E l�>3Q �! 

 �
� %5�9. �������B W$R�E !��� :� :C�K �����  ��>��  �

 +�U*  :38C'�)* �� 	*�����X�� � *8���� � .���U '�>5 �

   *��I>J .���>U 	:>5�� � B� 	%��P5� 	����13E �  ��>�J � ( �

�[8��B  �� %+�U !�C��#��*   >� :>O^�� �!*    %>S3J ���>K

X��� ��5 M�13E�B ��# ��* � '��B .%&#�! <���4   

  

 1���2! �" ����� ����� /O�P+��� %�B�&�� 

 +�,���)*�
  

 :&��O� *5���B���5 M�13E %S3J  	W�5 	2���!��e� 

 � ���  	;>C) ����� �� 5� Y3 A� <=��5 �!   	��>��� 	�>�!

 [
 D

O
I:

 1
0.

29
25

2/
je

he
.5

.4
.3

59
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
2-

19
 ]

 

                             9 / 17

http://dx.doi.org/10.29252/jehe.5.4.359
https://jehe.abzums.ac.ir/article-1-545-en.html


5��3� ����	 
�J�� eE��� =��3�   , (1F  F Q� �P3��,�. �O5�) 4�<�� =	>�( 
%&M3@3.	 N�&  
��&$ 	 F S��� 

368    �    !	"
 #$��%& '(��%
 ���
) *��+&�, 1397 ،  0
��$ )1��2 3�(4          

;3�! � ����/ 	* �!(      !��>� M�1>3E %>S3J B�>� :� !�! ���#

*>>�+� V$ >>Q� Y>>3 A� <=��>>5 �! *>>5��� y^>>5 �! ���!

95 T�
C) !��! !�C� 
U�!2(. ��B  >� rX�8 =� :��&�* 
>#��K 

 '� *��#!
+ � <���4� :38C '�*/��� �! M��PK :  * E�>� ���

���5�M	  �� Q�5 � *
�1�E��8��*� ��5�M�   �>�S#pH �>�! 		 

��N�K  <���4  �! *>^�)�  W�>5� k�># ��I>/�    :>� W� '� 1>3E

W�5�	 3��\ � 13E L�#�% ' �!�� �� 5! �!� &* #� ��
���3 .

 �>>�S# ��/�>>#�/ */
>>��X� .��>>�� !�>>C� '� *>>��# �>>� .���>>U

* �� 	*�����X�� � *8���� �    	%��P>5� 	���>�13E � �'�>5

B� *��IJ .���U 	:5�� �W$R�E 	   *#��� >�� 	*#�
>&� ���

       .���>U L�># � !�
>+K 	1>��8K �! M��>PK B�>�[8� � ���J �

   <>���4 B>�� :>� .
��� <=��5 T�- �! !�C��  f>C��  !���

 M��P � ��1��*��# B���5 M�13E '� %���+E  *#�>&#� ��>�   :>�

���! W� 
���	 B��[8�   ��N�>K   *>�� M�>,���K ��1>��  :>���'��	 

���KM�,   *>�� (�>)� �! �
� %&�# :K M���5� *5��� *#�� 

      
>��� :> E�� B>�� �
>��� :>�C�K 
>#��K *� 1�# 4� 27 .  � *>,�,=

)����
8�13913J ��1�� M����{K <��! '� *
� 	(S�
��X� % ��

<=��5 �! Y3 A�   >5�     	;>-$K ��1>�� '� *>��# �� ��>��� ��

M�#���C W���  
>#!�8# ��>�� M��P � *����! ���  B�>�[8� 	

  :>> E�/ M��>>U ��>>� *>>5��� H��>>^� :>>� %>>5� �>>�~ <>>��\

7A�      7Q�>d 	;>� H>84 <>��! :>� ���E l�3Q *��8� ���

!�
)�  �   �
>��X� ��N�>K %>)K �� ��� ��1�� :� X�� ����  �>�

   
� >&� B���>5 M�1>3E ?�@A�31-34 .  ����>
8� � *��>&= 

)1394 ( 1�#    M��>��{K 
>#�� � ��1>�� 	
� ��! ���� *����� �!

S3J  �! 2���!�>� � %��,� 	<
�# 	W�5 	e� B���5 �U��4 %

����� �� 5� Y3 A� <=��5 ���/ 	;3�!)    �>� (��>��� � �>�! 	�

��! M��PK ;�!  !��! %>O��^� H>�O)K B�� l�� # �� :� 	 5.   �>�#�

<�X! !�O��� Y3 A�  %>S3J  M�1>3E    Y>3 A� <=��>5 �! ��

'� *��# �!��� .���� �! L��K �
��� * 5!X���� ��~
#! .  

 13E �X�� %S3JW�5	 ���  ;C <=��5 �! �! 2���!���

 ;C � ��! <=��5:&��O� �! �� <=��5 ���5 *� �����K   *>��#

 '�
=�� !�C����  +�U* ��� ��8* � � *�����X�� 3AK >�: 

�&����� ��B � 	<=��5 :� ��
=��!�C  ��>U � .�����.  >S4�; 

 P#*  � 1��8K%���+E!!�K ��S# *#�&#� ��� * ��H��\ � �� 	��

D1�� %>���+E '� <U�= * P# ���     	��/�
>�� :>� o�>��� ��>�

W$R�E    :>���' .>8"K B�>�[8� � *�#�>Q � ���� ���  � �>�

* �� '� *��# M�+��R l�>� � ��   �! �������>� ��>�  <=��>5

��! � ;C %&#�! . :� ��d��5 M�13E�B :� �!�� ?�@Q�2� 

 W�5 � '�W$R�E X���������	 8 "� . >��� ��8 � * �>U .��

 *�� (�)� !��� *>�  
#�>�    *3=�>5 M���>5� �! %>���# �! �

*� W�5� 
���9. �� 	%��! :C�K 
�� :��B  :513E ��K �!�f 

� ���\ �!�P 5� !��� �� �#�*/�� >#
  �   /!�>�� %>5� B>
8�* 

��!�" ��# 	�
�* 384 '��M� �� �#��1�  :3
>5� �! !�C��  �>�

�d ;� ��B ���'�5� ��B �U��4    >�� :>#
� �>#� '� 	*  � �>�


��� ������� )17	  �53 .(���! *��5 '� Arfaeinia  ����>
8� � 

)2016:+��^� �! (   �! B���>5 �>U��4 %S3J *5��� :� :� ��

   
>� Q�!�� ���>E l�3Q <=��5 �     � 1>��8K :>� 
� >��! ��>��

�
��X� %S3J      �X�>� 1>��8K %>34 :>� :��3>&4 <=��5 �! ��

 � ��� fK��� :� .���U*� *=��# ���5 '�
��� 18.  

3� ��- :�* #����E* �!���2� ,- �!�%+ ����B �*
��� 36  �

E��{C n�4 �! X�8+���*� X�� y^5 X���  �!�>� '��2� ! >��
 

�* ��^� .!���  :O^�� �! :�Kurile Islands  W�J T�8� �!

\����#�  <5���! 	2���Mytilus trossulus �1E��7 J��  T�8+�

�!���2� ���
� �
� 37������ .�B 3Q :O^���l �
� ���E�<  ���\

E��{C n�>>4 �! B E�>>/>>��*� �>>���B ��>>�
 ���!�  1>>3E ��
>>O�

�!���2� 8�* �� 
���* �
��< Q %P# >�1     ��
>O� :>O^�� �!�>�

�!���2� %5X�� �� 2  �9 .�!�< ��B  :>� X�8 =� ���  %>34  !���

��5� M��~ <8= � �� W�#���* ��=� ��B �! :� 13E�� � o���

!���C �! ��5�# .�M�#� !���� �! :��	� /
#���*��	 �
�'* 

   >�� <>���4 '� �>� W�#��� � W�; {K >���     1>3E %>S3J ��!�>�+�

�!���2� �! W� �!�� �* 
���38. : E���� �   B�� >��� 	!�! ��>�#

�'�
#� ����/ <=��5 �! e� 13E %S3J .%5� �
� ���/ %34

��B � �� ���*���K  �X�� ;���K :�* ��H��\ � ��B��[8� � �� 

 Y3 A� �13E .���U !�C�.!�! o�,K�� :O^�� B�� �!   e>� 13E

 [
 D

O
I:

 1
0.

29
25

2/
je

he
.5

.4
.3

59
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
2-

19
 ]

 

                            10 / 17

http://dx.doi.org/10.29252/jehe.5.4.359
https://jehe.abzums.ac.ir/article-1-545-en.html


eJ f 0�	 �%�+ F '��� 

          !	"
 #$��%& '(��%
 ���
، *��+&�, 1397 0
��$ )1��2 3�( )4    �    369 

 �K
84   * >�� �! �!�P >5� !��>� M�,���K �!   � ������>� � �>�

 B��[8��� W�&�� ����  �  2�8>5 '���>���   .!��! !�>C�

��K �! e��M�, �#� ��>�    ��>� �!�P >5� !��>��   >��* �>�  �

� :� !��! !�C� ��������B  	���#�  *K
>� '� e� ��>8K*   e>�

�! �! �� !�Q�� � ���*
��� 31.  

   ���>� !��
#� >5� ; &�5 a� ����4 :� */!��� ��� sQ��

  ��>>�� */!�>>�� ��1>>�� :>>&��O� :>>� %>>5� */!�>>�� s�A>>�K

%��>>5��>>
�� �� Y>>3 A� ��>>�#��' �! � Y>>3 A� ��>>�>>�I ��

*�!'�539	 � '� *3� *���'�� ��
�� sQ�� B��R %�85 %�+

*��#      B�>OO)� :>� W�>5� :>#�8# a� �! �� 13E 
�d ;�5 '�

*�
�!40 .    ��!�>O� :>� !�! M�1>3E */!��� ��� sQ��PLI  �!

 �!�
)� �! Y3 A� <=��5 T�-31/1- 81/0  *>�   :>� .
>���

���# L�R�� B�� �
��! B��[8� .%5� :O^�� �! B���� */!���

��5��� : E�� ;C �� 5��� <=��5 Y3 A� <=��5 B�� �! ��

!     ��1>�� :>� */!�>�� ��>� B�� ��� ����71/1    :>� �� '� 
>+� �

       */!�>�� ��>� * >�! � ��>��� 	;>3�! 	�>�! 	����/ �
�� f ��K

��� �!�� X�� .
#��! �� ���  */!��� �!   �! ����>� <=��>5 B��

*� ;C <C��5  *8�>��� � .���>U �X�� 1��8K '� *��# 
#��K 

:��3&4 Y3 A� ���'�E �����  1��8K � %>���+E    �>�S# *#�>&#�

H��\ <O# � <8=* �� � ��   ...� ���>� W$>R�E !��� � 	��

.
���  

    (�>)� a>&�� � *
�F�>���� �>^Q *5��� l�� #  * >&�'

 B���5 M�13E	!�! ���#��� &�� :8� .    '� 	*>5��� !��>� ��>�

B���5 M�13E *
�F����� �^Q �S# ����   e>� 	W�5 13E :5

�� ��! � :O,-    ���>\ B���>� �>^Q  )
>#��!04 < �>�� .(  1>3E 

��� >>&�� �! 2���!�>>�����! Y>>3 A� ��>>�  *
�F�>>���� �>>^Q

)%5� �!�� �!�� !��' �K (5� �320 <  < 40.(  
#�� ��$+�

*� ���# :O^�� �! 13E �� *3� �^Q M����{K  :>� 
>�!  f>�K�K 

�^Q :�   ���)M��>U>   W�>5>   e>�>  (2���!�>�   *��>�'��

*�!!�/ .�! .\�� B�� ��� � B�� 8� �^Q :� f�K�K o���� :� 

13E 2���!�� � : E�� B��[8� .%5� ���  sQ�>� *5��� ���

)* &�' (�)� �^QRI    :>C�K�� :>� !�! ��>�# M�13E B�� (

 �!�
)� �! :� �
�� %5
� ��!�O� :�60/313- 73/86 	  �^Q

    :>Z=$� <>��\ �>K (5� � :O^�� �! M�13E B�� * &�' (�)�

*�
��� .       %>^3J * >&�' (�>)� �>^Q :�>5�O� B>�� �� ��$4

*� ���# Y3 A� <=��5 �! B���5 M�13E   f>�K�K :>� :� 
�!

   B�� >��� ���! * >�! � ����� 	;3�! 	;C 	����/ 	��! <=��5

	T�
C)
� &� * &�' (�)� �^Q2.(  

  

 1���2!     �K
 �NDK� ��
�K�� �" ���K�� /O�P

�I�)H %�B "��@I�,��  

 :� :C�K�� ���! V�- '� ; >&�5��� �! :� :
���  *>�� ��>� 

M�!�C�� �
#' *#����E �! ��8K �� M���5� � &�  �!�>� �  �>� 

�! �� */
#' *�	
��� M���5� *�
�#��K ����4 :�  a>�  ��>&� 

;�� �! :�C��� M�!�C�� �1�� :� �
��X��� <84  
>���8# . :>� 

B�8� %�C *���!��
#� 5� ���� M���5� B��
K  �
>�!�/  :>� 

*����K '� ��#� %�C :C�!�
�� M���5� �!��� � 1�# 7��*��� 

T�8 =� '��� M��N� ��5 * &�' �! *#��1�� :� �! ��8K �� B�� 

M���5� ���\ 
#��! �!�P 5� !�8#.      ��>S�� :>� %>�C B�>8� :�

    :>� :>+��^� !��>� :O^�� *)^5 M���5� */!��� ��1�� B��+K

M�13E 	���C 	W�5  	2���!�� 	<
�# 	2��� �� 	e>�� �  B>�� 

      W�>5� %>�P�� ���!��
#� >5� �>� �>�#� %S3J B��#��� ��
O�

 �!�>#��SQGs  (Sediment Quality Guidelines)   ��>8���� �

 �>>
���� W�>>5� %>>�P��NOAA (National Oceanic and 

Atmospheric Administration)     ���!��
#� >5� .
>� :>&��O�

SQGs  �NOAA  *>>5��� � */!�>>�� :>>C�! *��>>�'�� ���>>� 	

�1���
��X� ��N�K � ���\ �!�P 5� !��� �
#' M�!�C�� ��� �� ��

*>>�
>>#��/41 !��
#� >>5� �! .NOAA  */!�>>�� ���>>� �>>^Q �!

        M��>U :>� :>� %>5� �
>� ��>�� M���>5� �! M�1>3EERL  

)Effect RangLow '� �>> 8� :>>� �
>>= (10  .>>���C 
>>U�!

� 
>>#�^Q �! *
�F�>>���� ERM)Effect Range Medium (

'� � 8� :� �
= 50  :x��� 
#�^Q �! *
�F����� .���C 
U�!

 ) W�>5� %�P�� !��
#� 5� .%5� �
�SQGs   sQ�>� �! �>� (

TEC )Threshold effect concentration � (PEC )Probable 

 [
 D

O
I:

 1
0.

29
25

2/
je

he
.5

.4
.3

59
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
2-

19
 ]

 

                            11 / 17

http://dx.doi.org/10.29252/jehe.5.4.359
https://jehe.abzums.ac.ir/article-1-545-en.html


5��3� ����	 
�J�� eE��� =��3�   , (1F  F Q� �P3��,�. �O5�) 4�<�� =	>�( 
%&M3@3.	 N�&  
��&$ 	 F S��� 

370    �    !	"
 #$��%& '(��%
 ���
) *��+&�, 1397 ،  0
��$ )1��2 3�(4          

Effect Concentration  ��N�>K :#� 5� �
��! ���# f�K�K :� :�(

*>>� ��N�>>K %>>S3J 	%>>S3J*>>� �!�! ��>>�# 	
�>>��� �! .
#�>>�

!��
#� >>5�  y^>>5 �! �!�>>#�� W�>>5� %>>�P��LEL )Lowest 

Effect Level     :>� %>5� */!�>�� '� *)^>5 �
��� sA�� (

    �! *>U�Q �>N� � �!�>� <8)K <��\ �1P� ����#�C �
84 ����

  *>8# �
��>�� a�F����� .���C  � 	!�>� SEL)Sever Effect 

Level    %�$>>5 :>>� %>>5� 
�
>>� */!�>>�� �
>>��! ��>>�# (

� �^Q :� �� a� �� M�!�C��    B>�� '� */!�>�� �>/� � !'�
#� *

     B�>�+K W�>5� %�8>5 H>�\! M�����'� 
��� .
��� �KX�� 
=

!!�/42.   	e>� M�1>3E %S3J B��#��� *3� ��- :�   '� 2���!�>�

 ���!��
#� 5�ERL 	LEL  �TEC  .%>5� �!�� � ���   B�����>��

B�� %S3J %P/ ���K *� *� 13E �! �
�
�K �!�
= �K 
#��K

3 A� M�!�C�� ����  T�
C)
>��� :>O^�� �! Y	4  *>E�- '�.(

W�5 %S3J ��!��
#� 5� B�� �� :&��O� �! M���5� �! ��� � 

B���� �
� ���� :O^�� �
C */!��� 2
4 �
��! ���# :� !�� �K

.%5� M�13E B�� :� %�C B�8� :�  :>O^�� �! M�13E B�� ����

    .!��
># !�>C� �!�>�' *>#���# :+��^� !���    %>S3J B�>�[8�

 	W�5 M�13E     :>� :>���' %>S3J �>� :&��O� �! e� � 2���!��

  �! *#�>&#� ��� ���+E ��N�K '� ���# :� .%5� �!�� � ��� fK���

*� <)� �I� .
����� :C�K :� %�+\�� <=��5 B�� � :� :+5�K 

���E�'��   �� V��>-� * +�>U � ���� *=��# �  ��>�  */!�>�� 

*��# '��� ���+E B��	  ~�>AK� ��� ��>����  f>5���  :>� �� � 
># �! 

%�C 7��� :� a8� �
��X��� 	
��� �N�� ����R %5�  .  

Q�@H 4: *3��) e� � ��� 	2���!�� 	W�5 M�13E *3� %S3J B��#��� :&��O� ���!��
#� 5� �� (2�/�3�� �� 2�/NOAA  �SQGs 

�
	@��  3�8  F�  (?�  G�!���'  NO	�  

Metal background 

guidelines 
00/5  00/15  100  3/0  )43(  

ERL 47  34  150  2/1  )41(  
ERM  218  270  410  6/9  )41(  
TEC  8/38  6/31  121  99/0  )41(  
PEC  128  149  459  98/4  )42(  
LEL 31  16  120  6/0  )44	42(  
SEL 250  110  820  10  )44(  

�P�� 4�.�6��� "!7B�!�  53/11  49/33  4/52  41/2  -  

  

  

 Q�@H5 :�� :+��^� !��� M�13E *3� %S3J B��#��� :&��O� ���! H-��� <=��5 '� *Q��  

  3�8  F�  (?�  G�!���'  NQ��  

(*��8Q 2��� �
��) ���E l�3Q 
5/6  

)1/8-6/5(  

4/15  

)3/18-9/12(  

2/48  

)6/59- 6/42(  

-  

-  

)19(  

 f@�Shuangtaizi B�d 	   88/6  5/6  65/53  49/0  )14(  

(���E l�3Q)1��� :��K  5/22  8/48  5/27  -  )51(  

:���K 	���5 ����!  1/31-03/0  5/95-4  4/267-9/33  93/0-02/0  )52(  

�@� 	k�5 ����! 5/10  10/4  4/21  00/1  )53(  

��84 ����! 42/21  99/9  72/36  42/1  )11(  

 �1Q ����!  08/17  65/29  92/76  -  )45(  

 [
 D

O
I:

 1
0.

29
25

2/
je

he
.5

.4
.3

59
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
2-

19
 ]

 

                            12 / 17

http://dx.doi.org/10.29252/jehe.5.4.359
https://jehe.abzums.ac.ir/article-1-545-en.html


eJ f 0�	 �%�+ F '��� 

          !	"
 #$��%& '(��%
 ���
، *��+&�, 1397 0
��$ )1��2 3�( )4    �    371 

:��3&4 �
�� ���E l�3Q  3/9  43/15  08/21  -  )48(  

*#��C M���5� �! �U��4 B��#���  19  33  95    )55(  

E *3� %3J�R�= :+��^� �! M�13  53/11  49/33  4/52  41/2    
  

  

  

*/
��X� ��1�� B��+K %�C M���5�     B���>5 �>U��4 :>�

  : Q��>� !��
#� 5� a� �� :O^�� �! �U��4 %S3J ��1�� * &���

!�� :&��O� �
�   ���!��
#� >5� �� :&��O� 	:&��O� L�# B�� ��

 :O^�� ��8� ���� !�C��%5�  <>��! :>� :+��^� B�� �! 	   2
>4

 */!��� ���� ?�Q !��
#� 5� !�C�   :>+��^� !��>� :>O^�� '� 	

���!��
#� 5� � *#��C   .
>� �!�P 5� ������ ���! �! !�C��

:&��O� �! :d �/� �! *P3 A� ���K��PK ���' !�� o� )� 
��� ��

*
�1�E ���� ����� �� � M��U�@Q-  ��#� %S3J B�� 	*���8�

    !�>C� Y>3 A� ��>� ���' � <)� �!�!!� 27�45    .>\�� �! �

�'�
#� <)� � 13E L�# :� : &� ��#� %S3J B��#���  �> 8� ���/

  M���>5� �! M�13E %S3J *3� ��- :� ��� .%5� �!�� � ��� ��

     �>��! ���>� �
>� B�>�+K ��!�O� �� ��&8� :+��^� !��� :O^��

 	T�
C) %5� �!�� ���E l�3Q :O^�� �! �
� 2�"#� M�+��^�

5.(  

� B�� :38C '�*� M�+��^   :>+��^� :>� ���>K  Karbasdehi �

)����
8�2016(  :�3J !�
)�S % <C��5 �! �� e� � ���

  f>>�K�K :>>� (��>>���)
�,��# B�>>� ��6/15- 4/5  �3/8- 60/1 

   %>5
� %>S3J :� %�&# :� 
#!��� %5
� 2�/ �� 2�/��
��

  *>� �> 8� fK��� :� 7���� B�� �! �
�� 
>���31 .Monikh  �

 ����
8�)2013( 3JS %  W�>5 � e>� 	2���!�� M�13E  �! ��

 M���5� ��Q *=��# *5��)(���E l�3Q  ���>�� :� f�K�K :� 

 B�>>>>>�63/0- 27/0 	19/170 9-/11  �87/6- 5/2 027/0  �

03/0 ��
��
#��� %5
� 2�/ �� 2�/46	  :� %,&# f�K�K :� :�

 �R�= :+��^�� 8�    *>� �� �>�� B>�� %34 :� .%5� �!��  
>#��K

:#�Q!�� D1��%���+E ��1�� B��[8� � ���! :� �� *#�&#� ���

    ��>[8� *>5��� B�>�' � *^�)� ����� ��E ��N�K �� M��P �

M����{K  a>�����! W�      .!�>� ��>�� Y>3 A� o�>O# �!Bilos � 

����
8� �! T�5 1998 D��1/ 
#!�! :� M����{K !��'  M�1>3E 

B���5 �! W�5� �� M��~ H3+�  %>34 :�  M��>��{K  a>�����! 

W� *� 
���74 	48  �94 .'� *E�- <��4 *3U� :K*���# M���5� 

�! W� ���! � ����Q :3�5�� M�#���C � a�����! %��=  �>��� 

T� �� *�!�� 50.      ��>��� <=��>5 %>&�' (�>)� *3���- :�

 %>���+E '� *��# �����E M��-�A� � M��
U ��N�K %)K  ��>�

     ��>� ���+E D� >&/ � %>�+8C 
>�� 7��1E� %34 :� *#�&#�

*��� %+�U 	*8���� � � %P# .���U �� (,K�� * +�U  ��>�/

    7��>� :>� 
�
>� '��# L�R�� B�� :� .!��! ���\ ����!�/ �

���!�
��X� ��*� �� f5��� *834 M�O�O)K 2�"#� � ��.
,3-  
  

����	
���  

    �'�
>#� ��>S�� :>� �>R�= :+��^�¬ >�/��    M�1>3E %>S3J

��>>5�B  >>� 	W�>>52���!��� � e>>� 	� '�� �>>���*  �>>^Q

F������
*   )^>5 M���>5� �! ��#�*    ��>��� �� >5� <=��>5 

 .%E�/ M��U >3� ��- :�*   �> # ��>5����l    '� �
>�� %>5
�

O)K�H  >� �R�=*¬ ���>K � >���   	!�>�    �! M�1>3E %>S3J B�>�

Y3 A� <=��5 *�+� V$ Q� ����� �� 5� y^5 �! ���!95 

 .!��! !�C� 
U�!  jY>3 A� <=��5 B�� �! �    ;>C <=��>5

5 :� %�&#'� *=��# ���     B���>5 M�1>3E */!�����>� 	��1>��  �

F����� �^Q�
* ��� � %>5� ��!��Q�� � >�[8� .�B   ��>5���

� #�	l  sQ�>� :,5�)�¬ ��>�   �O� � M�1>3E *
�F�>����� :>& 

 %S3J��#� +� ����� !��
#� >5� ��� ��P >�%   W�>5�)SQGs  �

NOAA( *�¬ ���>K � # :>"      M�1>3E �>S# '� M���>5� 	%>E�/

�'�
#�¬�/�� �! �
���� /!���*   F�>���� �>^Q ��
*    �>K ;>�

=$� <��\S:  .
� &�  

  

%������U�  
     *#�!�
>\ � ���>5 f>K��� :>��O� ��/
�&��# :3�5� B�
�

  � ���>>� �F�>>#� �!�>>@ \� ��>>�� :>>O^�� ���'�>>5 '� �� !�>>Q

  
>8)� ��� �
��� � �!�'
8=� �
��� ��\� W��C B��[8�

 [
 D

O
I:

 1
0.

29
25

2/
je

he
.5

.4
.3

59
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
2-

19
 ]

 

                            13 / 17

http://dx.doi.org/10.29252/jehe.5.4.359
https://jehe.abzums.ac.ir/article-1-545-en.html


eJ f 0�	 �%�+ F '��� 

          !	"
 #$��%& '(��%
 ���
، *��+&�, 1397 0
��$ )1��2 3�( )4    �    371 

*��8���� �-�Q :� B�������
8� � �� {��! *>� ���  �! ��>�*� 2$4� �� �F��� B�� 2�"#�.
#��!  
  

  

References  

1. Maanan M, Saddik M, Maanan M, Chaibi M, Assobhei 

O, Zourarah B. Environmental and ecological risk 

assessment of heavy metals in sediments of Nador 

lagoon, Morocco. Ecol Indic 2015 : 31(48):616-26. 

2. Nalina E, Puttaiah E. Studies on the ground water quality 

of Kadur and its surrounding area Karnataka-A statistical 

Analysis. J Aquat Bio. 2006;21:105-10. 

3. Dundar M, Altundag H. Investigation of heavy 

metalcontaminations in the lower Sakarya river water and 

sediments. Environ Monit Assess 2007;128:177-81. 

4. Lamanso R C, Chan KM. Metal concentration in the 

tissues of  rabbitfish collected from  Tolo Harbour in 

Hong kong. Mar Pollut Bull. 1991; 39:123-34. 

5. Hosseini M, Nabavi S, Golshani R, Nabavi S, Raeesi Sa. 

The heavy metals pollution (cd, co, pb, cu and ni) in 

sediment, liver and muscles tissues of flounder Psettodes 

erumei from busheher province, Persian Gulf. Journal of 

Animal Research  2015;24(4):441-449[ In Persian]. 

6. Zhu YG, Williams PN, Meharg AA. Exposureto 

inorganic arsenic from rice: a global health issue?. 

Environ Pollut, . 2008;154, (169-171). 

7. Stewart A. Accumulation of Cd by a freshwater mussel 

(Pyganodon grandis) is reduced in the presence of Cu, Zn, 

Pb, and Ni. Can J Fish Aquat Sci. 1999;56(3):467-78. 

 

8. Jinfeng Z, Xuelu G. Heavy metals in surface sediments of 

the intertidal Laizhou Bay, Bohai Sea, China: 

Distributions, sources and contamination assessment. Mar 

Pollut Bull. 2015;98(1-2): 320-327 

9. Dehghani M, Nabipour I, Dobaradaran S, Godarzi H. Cd 

and Pb Concentrations in the Surface Sediments of the 

Asaluyeh Bay, Iran. J Community Health 2014;3(10): 22-

30. 

10. Soylak M, Peker DSK, Turkoglu O. Heavy metal contents 

of refined and unrefined table salts from Turkey, Egypt 

and Greece. Environ Monit Assess. 2008;143(1):267-72. 

11. Pakzad HR, Pasandi M, Soleimani M, Kamali M. 

Distribution and origin of heavy metals in the sand 

sediments in a sector of the Oman Sea (the Sistan and 

Baluchestan province, Iran). Quat Int. 2014; 345: 138e47. 

12. Dalia M.S. Aly Salem, Azza Khaled, Ahmed El Nemr , 

Amany El-Sikaily .Comprehensive risk assessment of 

heavy metals in surface sediments along the Egyptian 

Red Sea coast. Egypt J Aquat Res 2014; 40( 4): 349-362 

13. Karbasdehi, V.N., Dobaradaran, S., Nabipour, I., Ostovar, 

A., Vazirizadeh, A., Ravanipour, M., Nazmara, S., 

Keshtkar, M., Mirahmadi, R. and Noorinezhad, M., A 

new bioindicator, shell of Trachycardium lacunosum, and 

sediment samples to monitors metals (Al, Zn, Fe, Mn, Ni, 

V, Co, Cr and Cu) in marine environment: The Persian 

Gulf as a case. Iranian J Environ Health Sci Eng 2016. 

14(1), p.16. 

14. Li C, Yanyan Yin CS, Menghan Sun, Tao P, Shao M. 

Spatial distribution and risk assessment of heavy metals 

in sediments of Shuangtaizi estuary, China. Mar Poll Bull  

http://dxdoiorg/101016/jmarpolbul201505051. 2015. 

15. Zhang J, Gao X. Heavy metals in surface sediments of the 

intertidal Laizhou Bay, Bohai Sea, China: Distributions, 

sources and contamination assessment. Mar Poll Bull. 

2015;http://dx.doi.org/10.1016/j.marpolbul.2015.06.035. 

16. Alt"nda A, Yi!iti S. Assessment of heavy metals 

concentrations in the food web of lake  Bey#ehirTurkey. 

Chemosphere. 2005;60:522-56. 

17. Heidari B, Riahi Bakhtiari A, Yousefi Z. The Survey of 

Concentration and correlation nickel and vanadium in 

surface sediments and rock oysters (Saccostrea cucullata) 

and Hendorabi island and the coast of Bandar Lengeh, 

Journal of Marine Biology 2011; 2 (3): 23-45[In persian] 

18. Arfaeinia H, Nabipour I, Ostovar A, Asadgol Z, Abuee E, 

Keshtkar M, et al. Assessment of sediment quality based 

on acid-volatile sulfide and simultaneously extracted 

metals in heavily industrialized area of Asaluyeh, Persian 

Gulf: concentrations, spatial distributions, and sediment 

bioavailability/toxicity. Environ Sci Pollut R 2016; 

23:9871-9890.. 

19. Abdollahi S Z, et al. Contamination levels and spatial 

distributions of heavy metals and PAHs in surface 

sediment of Imam Khomeini Port, Persian Gulf, Iran. Mar 

poll bull 2013; 71:336-345. 

20. Gurumoorthi K, Venkatachalapathy R. Spatial and 

seasonal trend of trace metals and ecological risk 

assessment along Kanyakumari coastal sediments, 

southern India. Pollution 2016;2(3):269-87. 

21. Abrahim G.M. Holocene sediments of Tamaki Estuary: 

Characterisation and impact of recent human activity on 

an urban estuary in Auckland, New Zealand. Phd. Thesis, 

University of Auckland, Auckland, New Zealand2005; P 

162 [Thesis] 

22. Yap C, Ismail A, Tan S, Oma H. Correlations between 

speciation of Cd, Cu, Pb and Zn in sediment and their 

concentrations in total soft tissue of green-lipped mussel 

Perna viridis from the west coast of Peninsular Malaysia. 

Environ Int. 2002;28(1):117-26. 

23. Hakanson L. An ecological risk index for aquatic 

pollution control, a sedimentological approach. Water 

 [
 D

O
I:

 1
0.

29
25

2/
je

he
.5

.4
.3

59
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
2-

19
 ]

 

                            14 / 17

http://dx.doi.org/10.29252/jehe.5.4.359
https://jehe.abzums.ac.ir/article-1-545-en.html


5��3� ����	 
�J�� eE��� =��3�   , (1F  F Q� �P3��,�. �O5�) 4�<�� =	>�( 
%&M3@3.	 N�&  
��&$ 	 F S��� 

372    �    !	"
 #$��%& '(��%
 ���
) *��+&�, 1397 ،  0
��$ )1��2 3�(4          

Res 1980;14, 975–1001. 

24. Yi Y, Yang Z, Zhang S. Ecological risk assessme nt of 

heavy metals in sediment and human health risk 

assessment of heavy metals in fishes in the middle and 

lower reaches of the Yangtze River basin. Environ Pollut 

2011; 159: 2575- 2585 

25. Wang J, Liu W, Yang R, Zhang L, Ma J. Assessment of 

the potential ecological risk of heavy metals in reclaimed 

soils at an opencast coal mine. Disaster Adv. 2013 Jul 

1;6:366-77. 

26. Guan Q, Wang L, Pan B, Guan W, Sun X, Cai A. 

Distribution features and controls of heavy metals in 

surface sediments from the riverbed of the Ningxia-Inner 

Mongolian reaches, Yellow River, China. Chemosphere 

2016;144:29-42. 

27. Haghshenas A, Hatami-manesh M, Mirzaei et al. 

Measurement and Evaluation of Ecological Risk of 

Heavy Metals in Surface Sediments of Pars Special 

Economic Energy Zone. Iran South Med J. 2017; 20 (5) 

:448-469  

28. Khorasani K, SHaygan J, karimi Shahri N. A Survey of 

Heavy metal Concentration in the Upper Sesdiment 

Layers of Bandar Abbas Coasts. IJNNR. 2006;58(4):869-

1. 

29. deAstudillo LR, Yen IC, Berkele I. Heavy metals in 

sediments, mussels and oysters from Trinidad  and 

Venezuela. Rev Biol Trop. 2005;53:41-53. 

30. Kilemade M, Hartl M, Sheehan D, Mothersill C, Van Pelt 

F, O’Brien N, et al. An assessment of the pollutant status 

of surficial sediment in Cork Harbour in the South East of 

Ireland with particular reference to polycyclic aromatic 

hydrocarbons. Mar Poll Bull. 2004;49:1084-96. 

31. Habibi S, Safahieh A,Pash H. Determination of impurity 

levels of heavy metal(Cd,Ni, Pb and Cu)Bushehr coastal 

sediments. IJSTS 2011; 11:84-95[In persian]. 

32. Davari A, Danehkar A, Khorasani N, Poorbagher H. 

Heavy metal contamination of sediments in mangrove 

forests of the Persian Gulf. JFAE. 2010;8:1280-1284. 

33. Zhou F, Guo H, Hao Z. Spatial distribution of heavy 

metals in hong kongs marine sediments and their human 

impacts: A GIS based chemometric approach.  Marine 

Poll Bull 2007;54:1372- 1384 

34. Reynolds R. Pysical oceanography of the Persian Gulf, 

Strait  of Hormuz, and the Gulf of Oman- Result from the 

Mitchell Expedition. Mar Poll Bull. 1993;27: 35-59. 

35. Al-Taani AA, Batayneh AT, El-Radaideh N, Ghrefat H, 

Zumlot T, et al. Spatial distribution and pollution 

assessment of trace metals in surface sediments of Ziqlab 

Reservoir, Jordan. Environ Monit Assess 

2015;328(1):117-26.  

36. Kanakaraju D, Ibrahim F, Berseli MN. Comparative 

study of heavy metal concentrations in razor clam (Solen 

regularis) in Moyan and Serpan, Sarawak. GJER. 

2008;2(2):87-91. 

37. Kavun VY, Shulkin V, Khristoforova N. Metal 

accumulation in mussels of the Kuril Islands, north-west 

Pacific Ocean. Mar Environ Res 2002;53:219-26.. 

38. Duzzin B, Pavoni B, Donazzolo R. Macroinvertebrate 

Communities and sediments as pollution indicators for 

heavy metals in the  river Adige (Italy). Water Res 1995; 

22: 1353-1363 

39. Angula, E. The Tomlinson Pollution Index applied to 

heavy metal, Mussel–Watch data: A useful index to 

assess coastal pollution. Sci. Total Environ. 1996; 187: 

19–56 

40. Rahman SH, Khanam D, Adyel TM, Islam MS, Ahsan 

MA, Akbor MA. Assessment of heavy metal 

contamination of agricultural soil around Dhaka Export 

Processing Zone (DEPZ), Bangladesh: implication of 

seasonal variation and indices. Appl. Sci 2012; 2(3):584-

601. 

41. Long ER, Macdonald DD, Smith SL, Calder FD. 

Incidence of adverse biological effects within ranges of 

chemical concentrations in marine and estuarine 

sediments. J Environ Manage 1995; 19(1):81-97. 

42. Hongyi NI, Wenjing DE, Qunhe WU, Xingeng CH. 

Potential toxic risk of heavy metals from sediment of the 

Pearl River in South China. J Environ Sci 2009; 

21(8):1053-8. 

43. SEPA (Swedish Environmental Protection Agency). 

Quality criteria for lakes and watercourses. Chapter 6: 

Metals. Suggested revision for EPA guidelines, as of 

4/27/98. Swedish Environmental Protection Agency. 

1998:pp. 18-23. 

44. Persaud D, Jaagumagi R, Hayton A. Guidelines for the 

protection and management of aquatic sediment quality in 

Ontario. Standards Development Branch. Ontario 

Ministry of Environment and Energy, Toronto, 

Canada.1993, 27 pp . 

45. Haritonidis S, Malea P. Seasonal and local variation of 

Cr, Ni and Co concentrations in Ulva rigida C. Agardh 

and Enteromorpha linza (Linnaeus) from Thermaikos 

Gulf, Greece. . Environ Pollut. 1995;89:319-27. 

46. Monikh FA, Safahieh A, Savari A, Doraghi A. Heavy 

metal concentration in sediment, benthic, benthopelagic, 

and pelagic fish species from Musa Estuary (Persian 

Gulf).Environ Monit Assess. 2013 ;185(1):215-22. 

47. Bilos C, Colombo JC, Presa MJ. Trace metals in 

suspended particles, sediments and Asiatic clams 

(Corbicula fluminea) of the Río de la Plata Estuary, 

Argentina. Environ. Pollut. 1998 ;99(1):1-1. 

48. Delshab H, Farshchi P, Keshavarzi B. Geochemical 

distribution, fractionation and contamination assessment 

of heavy metals in marine sediments of the Asaluyeh 

port, Persian Gulf. Mar poll bull 2017 Feb 15;115(1):401-

11. 

 [
 D

O
I:

 1
0.

29
25

2/
je

he
.5

.4
.3

59
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
2-

19
 ]

 

                            15 / 17

http://dx.doi.org/10.29252/jehe.5.4.359
https://jehe.abzums.ac.ir/article-1-545-en.html


eJ f 0�	 �%�+ F '��� 

          !	"
 #$��%& '(��%
 ���
، *��+&�, 1397 0
��$ )1��2 3�( )4    �    373 

49. Kiani Harchegani M. S.H.R. Sadeghi(2013) Spatial 

variations of relationship between heavy metals 

transportation and particle size distribution of suspended 

sediments. J of Water and Soil Conservation, Vol. 20(1), 

169-184[In Persian]. 

50. Maanan M. Heavy metal concentrations in marine 

molluscs from the Moroccan coastal region. Environ. 

Pollut  2008;153(1):176-83. 

51. Bastami KD, Afkhami M, Mohammadizadeh M, 

Ehsanpour M, Chambari S, Aghaei S, Esmaeilzadeh M, 

Neyestani MR, Lagzaee F, Baniamam M. 

Bioaccumulation and ecological risk assessment of heavy 

metals in the sediments and mullet Liza klunzingeri in the 

northern part of the Persian Gulf. Mar poll bull 2015 

15;94(1):329-334. 

52. Topcuoglu S, Kirbasoglu C, Gungor N. Heavy metals in 

organisms and sediments from Turkish Coast of the Black 

Sea 1997-1998. Environ Int 2002:27, 521-6. 

53. Mansour AM, Nawar AH, Madkour HA. Metal pollution 

in marine sediments of selected harbours and industrial 

areas along the Red Sea coast of Egypt. Ann Naturhist 

Mus Wien Ser . 2010; 113, 225-244. 2011 

54. Hashemi SJ, Riahi Bakhtiari A, Lak R. Source 

Identification and Distribution of Lead, Copper, Zinc, 

Nickel, Chromium and Vanadium in Surface Sediments 

of Caspian Sea  J Mazand Univ Med Sci 2013;23(1):36-

50 [In Persian]. 

55. Karimi M, Ghassempoorshirazi M.. Geochemical 

distribution and pollution rate of heavy metals (Pb, Zn, 

Ni, Cr & As) in Kor river sediments (south of 

Marvdasht). JAG 2012;8(2):133-145[In persian]. 

 

 

 

 [
 D

O
I:

 1
0.

29
25

2/
je

he
.5

.4
.3

59
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
26

-0
2-

19
 ]

 

                            16 / 17

http://dx.doi.org/10.29252/jehe.5.4.359
https://jehe.abzums.ac.ir/article-1-545-en.html


Journal of Environmental Health Engineering, August 2018; Vol. 5, No. 4: 359-374 

Journal of Environmental Health Engineering  

http://jehe.abzums.ac.ir 

Determination and Ecological Risk Assessment of Heavy 

Metals (Cd, Pb, Cu, Zn) in Surface Sediments of Coastal 

Regions of Bushehr Province 

 
Arash Haghshenas1, Masoud Hatami-manesh2, Mehraban Sadeghi,  

Mohsen Mirzaei3*, Behzad Mohammadi Bardkashki5 

 

1. MSc, Institute of Shrimp, Bushehr, Iran 

2. PhD student of Environment. Department of Environment, Faculty of Natural Resources, Malayer University, Iran 

3. Associate professor, Department of Environmental Health Engineering, Shahrekord University of  

Medical Sciences. Shahrekord, Iran. 

4. PhD student of Environment, Institute of Grapes and Raisins, Malayer University, Iran 

5. MSc of Civil Planning, Shiraz Municipality, Shiraz, Iran 

 

* E-mail: mohsenmirzayi27@yahoo.com 

 
Received: 11 Feb 2018      ;  Accepted: 20 Jun 2018            

 

 

ABSTRACT 

 

Background: Persian Gulf is one of the most important ecosystems in the world that in recent 

decades has been exposed to various environmental pollutants such as heavy metals from human and 

natural activities. Therefore, the aim of this study investigates the concentration of heavy metals 

(cadmium, lead, copper and zinc) and ecological risk assessment of them in coastal sediments in of 

Bushehr province in Persian Gulf. 

Methods: In order to assess the concentration of metals, 54 stations along the coastal zones were 

selected and in each station three samples of sediment and plant were taken. After preparation and 

digestion of the samples, the concentrations of these metals were determined by using polarography.  
Results: The average of total concentration of detected metals Zn, Cu, Pb and Cd in sediment 52.40 

± 2. 62, 34.99±2.76, 11.53 ±2.01 and 2.41± 0.89 µg/g, respectively. Also, the results of comparison 

of heavy metals concentration in coastal areas in Bushehr Province (Jam, Deir, Bushehr, Dashti, 

Genaveh and Deilam) with ANOVA test showed there was a significant difference between the 

concentrations of sediments in different coastal areas. The results showed that the Pollution Load 

Index (PLI) and ecological risk represents less to moderately pollution in the region. Also, the 

environmental risk of metals in the region was evaluated as (Cd>Cu> Pb> Zn). 

Conclusion: According to the results, the pollution and ecological risk of metals in the region for Zn, 

Cu and Pb is low but for Cd is moderateevaluated.  

 

Key words: Heavy Metals, Ecological Risk Assessment, Sediments, Coastal zones of Bushehr 

province, Sediment Quality Index. 
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