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(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>�)
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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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