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#^�i� �	B )Agusa et al., 2004.(  
 ���� (�RR�$��	@:�  DB����4  ��/� P�/�� ��
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 A� @ � �A�   ?NAM
�./$ ��	��T	X� kB 4� �N7 l/S. D� b�R#�� ��
 
	$5�� ��@� �� �:�� 4�:    �#A�
� �A �$ �A�  @A��B 

)Haynes& Johnson, 2000; MAFF3, 2000( . ��
 ��� 0
�:��� �/!
H@ )Otolithes rubber(  DB�� 

 D� M�:�� 4�: 4��J#`� j#
	� �   � a��A3 ]�E
 �� Q 4�
���� m�
n NO$
D	�4 �	#� �!/T  �/AE4� 

�.��  o5� #^� p	�� �� P�/��T�/<9�	   �/AM/� 4�A:
(��/.� �� ���� ��	` .�	1
� L	� ��    DA>�9 DA� 	A6� 

�9 G����� 	#��� H@ Q	
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1. Polyunsaturated fatty acids 
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4. Anthropogenic 
5. Persistent 
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1. Inductively coupled plasma- optical emission 
spectroscopy; ICP-OES 
2 .United states environmental protection agency 
3. World health organization 
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 ;�*<1. ��*=� /�0�1 ,�-�. ��>? ��  )*�5$ �+��)Otolithes ruber(1  �2  

Cd Cr Cu Fe Mn Ni Pb Zn  

250/0 02/1 3/25 7/21 765/0 93/1 447/0 7/31 ,�-!��� 

210/0 979/0 0/23 3/21 763/0 87/1 393/0 2/30 B!��� 

080/0 490/0 4/15 3/16 319/0 951/0 180/0 2/19 CD�*E 

630/0 43/1 4/34 5/29 41/1 83/2 940/0 5/53 �FG�*E  

1. 	
��R�H��@��	4	T  �� H@!30  �� D�/ ��.� H�/� H@
�/! �:�� ��[Q.  

2 Dr��� 	
��R� 	Bz 	*��Q � : 4�	� H@!  j�E ��� �� ;	T 	: �� ;	T�	>� g�^	� H@!�.�.  

  

 ;�*<2. ���=�  ,�-�. /�0�1 �H�I)J 2 
�� K�4 �� K�4��L�� M�E�� ( ��. �� )*�5$ �+�� ��>? �1�� ���+�� 3�+ N��1 O��2*  

  

  

Cd Cr Cu Fe Hg Mn Ni Pb Zn 4�+�� �!5 

063/0 333/0  -  -   -  -  322/0 442/0  -  52�5.)1( 

064/0 062/0  -  -   -  -  284/0 480/0  -  )*�5$)2( 

43/1   -  6/11   -  666/0   -  70/2  40/4   -   �5��+)3(  

90/1   -  4/10   -  307/0   -  91/2  41/4   -   �+�� �1�Q)4(  

71/2  -  5/10  - 301/0  - 77/4 37/4  -  �+�� J!�$)5( 

73/1  - 74/7  - 267/0  - 03/4 31/3  -  �+�� S�4)6( 

27/2  - 21/8  - 133/0  - 07/3 61/4  -  �&5G)7(  

61/3  - 57/9  - 467/0  - 23/3 73/5  -  J UG)8(  

97/2  - 23/6  - 701/0  - 71/3 33/3  -  ���D)9(  

23/4  - 57/6  - 067/0  - 90/3 31/6  -  V�W54)10(  

213/0   -  31/2   -  153/0   -   -  913/0  03/7   J!�$ B7�����)11*(*  

230/0   -  55/1   -   -   -  607/0  310/0   -   )*�5$)12(  

170/0   -  84/1   -   -   -  605/0  625/0   -   ���D)13(  

250/0 02/1 3/25 7/21 23/1 765/0 93/1 447/0 7/31  )*�5$) ��7�8��Y�E(  

(1) Lutjanus russelliussell; (2) Otolithes rubber; (3) Epinephelus coioides; (4) Siganus canaliculatus; (5) Argyrops 
spinyfera; (6) Gnathandon speciosus; (7) Sphyraena barracuda; (8) Pseudorhombus elevatus; (9) Scomberomorus 
guttatus; (10) Nemipterus delagoea; (11) Acanthopagrus latus; (13) Scomberomorus guttatus. 

  

  *�� !H 4�: 1  �2  �� Shahriari )2005( �3  �$10  ��Kureishy  )1993( �11  ��Hosseinkhezri  � Tashkhourian )2011( �12  �13  ��
Dobaradaran  ����> : �)2010.(  

 **H�� ! I/JE ��  4�:3  �$118= �� ����
� �� DB @��/� 	$ ��� g�^	� H��)#.� ��/� ���� �� ]
�#� � Q ��/�� 01��� D>�9 p	3��[ 9 � �: 
70  D�.��� j�E ��� g�^	� ��/� @*��@!@�.  
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 ;�*<3.  ,�-�. /�0�1 �H�I ���=�)J 2 
�� K�4 �� K�4��L�� M�E�� ( �� )*�5$ �+�� ��>? �1�� ���+�� 3�+ ���� Z���� ��.  

 �=8��

���1��[<  
�+�� �!54 Cd Cr Cu Fe Hg Mn Ni Pb Zn 

Caspian 
Sea,  Iran  
(1) 

Huso huso 001/0 38/0 42/1  - 40/1 00/1 -  022/0 2/20 

Caspian 
Sea,  Iran 
(1) 

Acipenser persicus 002/0  37/0 74/1 - 33/0 511/0 - 006/0 7/21 

Caspian 
Sea, Iran 
(1) 

Acipenser stellatus 001/0<  37/0  50/1  -  67/0  523/0  -  002/0  3/20  

Caspian 
Sea, Iran 
(2) 

Rutilus frisii kutum -  33/0  01/1  -  19/0  450/0  -  008/0  2/17  

Black Sea, 
Turkey (3) Trachurus trachurus -  52/1 - 4/32 - 76/3 - 85/0 1/12 

Taihu 
Lake, 
China (4) 

Cyprinus carpio 021/0  nd* nd  -  -  -  -  177/0  1/25  

Taihu 
Lake, 
China (4) 

Carassius auratus 013/0  387/0  89/1  -  -  -  -  287/0  130  

Taihu 
Lake, 
China (4) 

Hypophthalmichthys 
molitrix 

003/0  nd  331/0  -  -  -  -  179/0  1/21  

Taihu 
Lake, 
China (4) 

Aristichthys nobilis 004/0  nd  228/0  -  -  -  -  177/0  1/16  

��<�S� 	U�^ Otolithes ruber 250/0 02/1 3/25 7/21 23/1 765/0 93/1 447/0 7/31 
* not detected 

(1) Agusa et al., 2004; (2) Anan et al., 2005; (3) Tüzen, 2003; (4) Qiao-qiao et al., 2007.  
 

 ;�*<4.  ��>? �� ���� *E ���=��+�� �+ ��*!�%.� ��� 3�+
54�!54 )�& 
�� �� K�4 �+ �� K�4��L�� M�E��(  

Cd Cr Cu Fe Hg Mn Ni Pb Zn  
720/0  294/0  29/7  25/6  -  220/0  556/0  129/0  13/9  H@
�/! �:�� 

                  �:���@��#.� 

2/0  10 10 - 5/0 4/5 05/0 5/1 
100
0 WHOa 

2/0 - 20 - 3/0 - 
 

2  50 MAFFb 
2/0  8 120 - 5/0 - 1 4 150 USEPAc 
05/0 - 20 - - - 

 
5/1 150 ANHMRCd  

1 - 30 - - - 1 2 40 
New 
Zealande 

5/0  -  -  -  1  -  -  5/0  -  Germany  

a World Health Organization (Pourang et al., 2005); b Ministry of Agriculture, Fisheries and Food (UK); 
MAFF (2000); c United states EPA (Mishra et al., 2007);  d Australian National Health and Medical 
Research Council (Pourang et al., 2005); e Vicente-Martorell et al., 2009; f Merian, 1991. 
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