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 �2�
��
��d2�  H8	4:	�^ 78  �E�8  7G8  	)G�5�   �GM6
�9� 4 - E8 �9� �!��2;  G�<�	   I	G#�8 �G����   �� ��G9�

 � L��A� �� �=�; (�56o�� <�= <�����8  p�Q� ��  qG�#l�
� ���E :�	#�; �2� <� �6 ��  :��)#9��� �2! .  3G
� ���	
� ��

:	�^ 78  �� �1
_
��  3
	4      W	G8 �G� :���G�� <�	G� W2 G9
Eg�9   ��2GK   �G9� _�	G�)Talebi Jahromi, 2007 .(  �� kG0
Z9 �!�0  �I2��	; �!�0B�� g�� �� �56 78   �;BG���� �0 ��

   <��G�6 �G
 ��/5 EG�     ��G=�; � (O2G/�� <�� �� _
�BG4
d���?6 ���� � E#�! �   �G���	
� � ��a9 <�= �G�  �2G! 

)Shayeghi et al., 2008 .(E �  	 d:	�^  7G8   �2�
��G
�
?6 �� #
B9� �� <�=� 3/7  <��� �21  GT���  �#��G9  ��	G; 

 �GG� 	GG��	�171  ����GG9� )Abbasian, 2008(r 3GG
��� ���  �GG4
(B�  �= �� k0Z9 �!�0 3�� <�=  3
� ��d����56  7G8  ��

8�Z#�92  <�= �g�� 	#�� (��29� � ����� ��6�� B���.  
iK�GGG! �GGG=�#GGG�
� <1<�	GGG�  7
�GGG0 � ���GGG
���

Z#�928�     �2GT� 	GP�� �� �G�6 <�= :BG�
O6  �G= � 7GQ� �� 
 7G0       BG���� �	���G8 �EGM�� ilG�4 �� ��GaK�)Lam & 

Gray, 2003 .(�*�/#K�  3
	4 iK�!<�	� �56 78   <�G=
	)�5�    M2G8 �GM��5 �� 	Gs4 �M6  <��	#G9� 3 �G5��  <�G= 

 �G9� <�2��T )Ferrari et al., 2007; Varo et al., 2008 .(
 ��S� �g�� �� �6 ��8���9��;	�  	
t0��  ��	#G9� 3M28 Z
A�6
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A�6 <�	� Z= �2Y �	#��29 j
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al., 2008( .    �BG!�BT �u�G9� 3G
� 	� �g�G�  BG����   HG8	4
 <��	#9� Z
A�6 �� :	)�5�6  (�2* B�8 ���Y��   �	G;  EG8

   ��	8AM��BG= EG� ���g Z
A�6 W�G0   ��G9�  ��G/d �G�� �
     �G� �G �4 ��G/d ��G! �� 3M2G8 R#9�    I�GQ#�� � BG��


� ��/dE  qg2#� _
�B4 �G�  �2G! )Moralev et al., 2003 .(
  3M2GG8 Z
AGG�6 ����	#GG9�� EGG� �GG��v�   �#GG�
� iK�GG!

�56 78     �� �(�G�����8 � :	)G�52��;�� <�G= 7=�bG0   <�G=
    :BG! :��)#G9� ��G�� �a�� 7
�0 � �=�\�
���6 �B�#�

  �G9�)Ebrahimzade et al., 2004; Ferenczy et al., 

1997; Moralev et al., 2003; Ferrari et al., 2007; .(  
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1  . Biomarkers 
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� � �� �j
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2  . Acethyle cholinesterase (AChE) 
3  . Bovine serum albumin (BSA) 
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BT ��� �� <��;��9
 ��	#9� 3M28�5�� �=  ��4	X{4  :BG��8��S�   <�G=  �M�G # �̂

�2! ���
��� ��� ��. .B* �=    �G�6 A�G9 j��T x2#9� ��
��M�	|9�4 ) ��8:���    �G�8 �G�� �� :B!F2(  ��2G0 � �

 j�K ��5��E�   �� ����G�4 R1!  ��� �� ��G�  B�BG! EG
ts4 .
 EGG� T �� ?6 �
� GG! � �GG1
A5 <�GG=	#����0pH  ��BGG^

�)=R8 �#l9 �mg L-1  CaCO3 175   I2G��� �bG�8� �
 �� 7� ppm7 <��� �  1±23  GT���  �#��G9  ��	G;   �G�4

B��2� I	#�8 .:	�^ 78  �2�
��
�)60   BG*�� ��G��  I�G�5 (
     GP�U �G� ���G� I2G��� � BG! <��B
	K ���24	0 �8	! �� �

ppm10000  EGGS4BGG! .<�	GG� W�GG��� ���� 7
�GG��6 �GG= �
.B*  �=   �1#G9]0 ���Gl� E�15    B�BG! RGQ#�� <	G#M .
.B* �=  G���� �� Z9 �� (��)#� �P�U _�0 (����� ��E <� 

B�#5	; ��	g �9� .�P�U �=  �2�
��G
� (��)#� < EG�  HG4	4 
	)GG* )B=�GG!( �1 �7 �15 �19 �23 �GG�� W	GG;  � 	GG#M 	GG�

4 �� W�B8	= ��B�22  �425      �AGl� 	G= ���� .BG* EG�ag
E� �1#9]0 ���v� B! E#5	; 	P��� ��	14B� .  ��� 	G= �� ?6

E� ���B�� 10  :����� � B! }
2�4 B*�� �GP�U  �G=  W2 G9 <
 ZP�4 .	~ 	= <�	�B!.  

B!+#! �����8 �7�� �� C1 � �- �D�  D !��9�5:   ��#G�8
.B* �=  �E�2 � <���	�  ���5�� �= �� ���� �)= ��   BG! W�G�
 EGG8EGG� HGG4	4  W��GGSY �W2GG9 �W�� �I�� <�GG=��� ��)���� 

:�GG428 (BGG� ( � Z=���GGSY �Z#GG)= ��GG�� � 
 ZGG1)���� 
B��� (B� (ST�2� 3M�� �� k0�   �2G� ZG9 �� ���2��T 3
� . ��

                                                           

1  . Folin reagent 
2  . Dithiobis nitrobenzoic acid  
3  . Acethylethiocholine iodide (ASCh) 
4  . Spirulina sp. 
5  . Supernatant 

      �� � BG! E#G�8 �GP�U 	G= �� .BG* E�ag E9 ���#�8 	=
�GG5�� <�GG= �GGcd� �GG T :BGG��86BGGU �� �GG!��2;7�GG0 �8 �
7��69B*. �= E#!��	� E�2 �  B!  �AG
	5 �� �70 -  GT��� 
�#��9 ��	;  B ���B! .�5�� <�=     I2G��� jG 8 �G� R*�^

 (�)�5 	5��)1/0  �� �O2�pH    <��G^ � �G)= jG
   BG*��
k1
� �2#
�	4100 (E�    k|G9 �:BG! ��2 = �#9� (�2*

 �2)
	#��9 �� R*�^ 3����E�2 � �=  �BT BG!   EG� �G4  �G��v� 
 :��)#9� Z
A�6 ����!�2 )Ellman et al., 1961 .(  

F1��G A��49� :��7 � H/ �D�  =D!3I  &D4�H� 

:+/9� ���&4�:    RG8 3h4�	G0 �P�U �G5��  �G=   [�� �G�

 <�2M)Lowry et al., 1951 ( y2� I2� ��540   	#�2��G�
��   3G�4 �A
O� :�\#9� BG! .   3M2G5 �� [�� 3G
� �� ��

7Q�  BG! :��)#9� �\�� .	�� . � <�� �� k|G9  �G���
 GM���� � R*�^�      �� �2GT2� 3h4�	G0 �GP�U ��6 �GK

�2 �� �5�� �= �E B�6 �9� . ��BGQ�   bG
� �GM��5�   3M2G8
 3 M� [�� �� <��	#9�)Ellman et al., 1961 (  I2G� ��

 y2�420  	#�2�����  �B
� ��0�	1� :�\#9�:��B�� <	; 
B! . 3���� p2�l� ��2P�� 3
B�)Z
A�6(   (�)G�5 	5�G� �

1/0  �GG\�� .	GG�� ��O2GG�DTNB  3M2GG824 R#GG9� �
    ZG�^ �G
�S��� � BG! :��A5� ?24 	= E� �B
��2
6100 

     �� jG
	= EG� �
�GS� I2G��� �� 	#M�	1� jG=�Y   <�G=
 � �	8 �B0 I�Q#�� ��0�	1����BQ   EGQg� j
 �� ?tT

(O.D./min) �� B! :B��2K :�\#9�.  

J��!� 
���  :�D!3 � 5��4���=�  ��D�38:   <�	G�  ��G�

b
� �M��5�     3h4�	G0 �GP�U � Z
AG�6 ���� Z�^ �� 
A�6
 H�^	���� W	;  	����  	#M�9� ��� ��2� .   ��G 8 3G
�

 	� EQg� �� :B!AM��B= 3M2824 R#9� I2�2��� u�9�	�
��� W	; 3h4�	010 E� ��5�� 	= ���v�   E�G9��� E#���� R��d
B! . k��G
��� AM��6 N
	� �� <���6 AM��6  EG5	���11   W�G���

 E8 �5	
t0�P�U �= <�56 78  ����� �=  �GS�6 �� EST�2� <
B��2� RQ#�� <�=�2#8�5. 3�e =�    k��G
��� AM�G�6 j
 ��

j
 E5	�12 �<�	� �
�Q��  <��	#9� 3M28 �M��5�5��  <�G= 
�2;��2; B! :��)#9� ��2��T 3
� �B� . (��)43\���  �= A��� 

31��� �2��613 �� ���BQ� K I�� L2� <�a05/0  ���
���B!.  

                                                           

6  . Adductor muscle 
7  . Digestive gland 
8  . Foot 
9  . Gill 
10  . nmol hydrolyzed ASCh /min/mg protein 
11.Two-way ANOVA 
12.One-way ANOVA 
13. Duncan Test 
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 .]#K����� <���       3M2G8 Z
AG�6 �GM��5 `2aG9 3G�
 ��	#9��5��  <�G=    	G��	��� .BG* �GP�U  �G= < �2;�G�2; 

 �2�
��GGGG
�)00037/0P =  �996/98F5.16.29 =(  �
��GG�� �GG=    ZGG9 3GG
� �GG� EGGST�2� <)00004/0P=  �

133/1345F6.100.364 =(   �G!�� �2GT� . 3G�e =�   3G�
 R��Q��� Z
A�6 3
� �M��5<�=	X�  R��Q#��P�U �= Z9 <

 GST�2� ���� ��       (��G)4 AG� �GS�6 �G� �2��GT �G��� <��� 
 BGG! :B=�GG��)0011/0P=  �163/2F26.100.277 = .( 	GGX�

�P�U �= <�56 78    �3#5	G;��	g �GS�6 �	�� �� ���� �
  <��	#G9� 3M28 R#9� �M��5 <�� �G5��  <�G=   �.BG*

E� �� j1)4 R1!  <�=1 )e=��� � T :B��8( �2 ) BGU� 
�!��2;( �3 )�0 ( �4 )7��6(� �9� :B! :��� ����.  

 Z9 �P�U 7
�A5�)�Y � 9 <�=���2 � ( 3�e = �
 �	�� �� ����Z9  ��2�) �G9�� � 9 <�=���2 � (  H�G9

BGG���<   <��	#GG9� 3M2GG8 �GGM��5 �� �GG�=�8) HGG�^	�
R#GG9� I2�2��GG� 3M2GG824 :BGG!AM��B= �� EGGQg� 	GG� 
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