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��> 23=. IJ+����=&! ,� +�6 K+
���8L.3J� ���*�8L 6����  �!.�:+��3/6 NO. I�.3J� ���*�8L 6�� �  +J�� K�,� 	��

=8���P*  )�+).� ?��?3��  .P 6 )!
.+! %��, Q��� ���3�+�*��.��! ���  L�:+��3/6 I�R6�8LSO. ����  .�+,�+%3�+T
)A6�U*A IJ
/6�.3J� ?� VJ �).� ���*�8L 6��+%��+! )A���3� .� ?��<�. �8L�������� ��
?� ?� WX����+J�� K�� H

8�! )!
.��PA� �8+I+).� V�A� .� ?�+�V�/�O! KWX���)Y1Z �8L,+���J�
�+,�+�8?3�J�A �  %3�L ��3�=���+8�! �<P[ �6L
��?�K%�=J)Oncorhynchus mykiss()�\� ,� 0: �]��5�'^.?�  ,�? ���./��A��.� )�_/3J�,���.� K)ACEh ( `3O. �

a���:�!3�/6 �2�� K�� � K�/3 31� P���! ?3� V  �=.
: ?� K�?��L)Y1Z ?� �/E�'/E!�1�/ �  2���� ��+,�+I8�J %3�+)A�
)Eb/Ep< .(/��A����J )�KJ��,�)CK (��! ?3� V �?��L� )S� 
��� ?� �)Y1Z ?�=�/E!�1��8,�? ?� 2��L�5�'^?� � I8�J 

8�!��8Lc��! ?� '/E!�1�/ ?� 2���/��A NO. ���� )+P�6 K+,�? ?� �]�PA� +I+)A�)Eb/Ep< .(/��A NO.�P�6 )+��8L
!6 	��?�-.6�,��U*����3�)AST(��6 ��!6 K�,��U*����3�)AST (8�! %3� PJ31� NO. ���8L� )S� �� ?�=+,�+��! ?3� V  %3��?��L

 �8�! ,� �����8L?�� <3� ?� <���J 
��� 
�!,6 +).� I)Eb/Ep< .(/��A�P�6 )+/��/6 ��K,���U*A)ALP ( ,�? ?� �&���5?�
8�!��8L� )Y1Z �� �8 )S� +,�+�PA� %3�+I+)A�)Eb/Ep< .(8�A����-�<31. �8LJ��L. %�� V1d3J�� ��/31. �.
:3��2?3� �
� �L8�! ��J )A�  ?� ��8L� )Y1Z �� �8 c��! ?� +,�+��� 
�8��! %3�+�.��3� K�A�� ?��[ �e3=f! ?��c��! ?� 	�! 

)Y1Z �8L,+� 
���J�+,�+� H�. %3�+g� ��f�� 	����3�=���+8�! ��J )A�  � %3� ?� �<P[ �6L��? �! %�=J K����� ./�\
�8?3�J�A If�.L ��3�=���+.6 	��/�O! ��H.����! ��J )A�  ��.��! � 
��. ?�P � %�3�4 V  ���3��,?� )&7 + ��WX���23=. 

�  8�! �: �8��3� ��&�� .

1B�
���,�
!�:, )Y1Z +� 
���J�+,�+�8?3�J�A �%3�L ��3�=���+g� ���.6 	���H.�����A�  ��.� ��/3J _�K�,���.�8�! �
<P[ �6L��? �%�=J K

*<3a*! 
��*+3� KU1�:hhhijkkFjhlm 0n�A:hhkopjqFjhlm E-mail: avaghefi@ut.ac.ir 



-, ��.�/� 		� �01 ���	!	"0	� 2�3�045�6 7��... *'9

�	!D	 
�+,�+%3�+��V����� ,� 
����+
��> 23=. KIJ


�U*A/6���� ?� VJ ).� +V8� _L�CbEA��! ?�,�  V  �
���+�.�+�L� ,� 
��U�.� VJ )�\�� +
��> KJI

�8�;A ?� 
�U*AL!3=4 �,?���J e?�P! �L� V  +
9
/����r=8 ��8?�P�s�  K�8L!��r=8 � 
3�?� K

��P-!�����  <���J )&7 �_��� ,� �8L7?�� �
>�18� 	���3���� 23.�! +�(Üner et al., 2006) . 
,��!�

�+
��> K2�� �  IJ�8L?�f� LU1�t! �Y��� �+�%3��
0J3�J�3.�  � 	��+� K��8?�,�  ?� PL?�f� L%�&7 
! Vu�4�V VJ ��3����  �Z?L�8L�*� ��+?� �. K

�v!+�1J 23=. �  V*
/6�=. )14 V  ����  )L��  %6 L
��, 	��373!
Z��r=8 � w�8��: K��8�!�L�.�3��� V

,+)*S!�O�* ?� %6 w�G! ��?�L�8?3�J ,� L%�&7 
��� ?� P�<�. �8L���).� 
�� e3�=! �

(Burkepile et al., 2000; Banks et al., 2005).?�
�v� ��[��+x�� �,� ICE)A6 23=. ,� ��?� �?3! IJ

,?���J e?�P! ?� 
��U�.�L=� w�8 ?3��7 V  P��8 ��.?
! 
��J��: R6 � y�� ��38 ?� c34 ?� ���3�(Moses 

et al., 1993) .�+
��> Kx��/�Z IJ ,� �
��U�.� ,� 0: 
�8, z+��3� 6 �+ � L,?���J e?�P! I�+e?�P! 

,?���JL: ?� �� 6�?�L �� �> ,� I+{?�  ,� 0: �
%�?�  � 
�� V�*� y�� � %�8��� NO. ,� ��1GA L�8

R6 �?���! ���!,�+, ��> � �SO. L�8 ����
(Sohrabi et al., 2001)V�3� V  ��<�> V  �� VJ L�

{?�P�� �. K+� �37� �  ���! L����! L�8 
)�/3 ��! 6 ?� %6 L�8R��> ���!,�+, � �SO. L�8

 )�\� ,� 0:i��oz���! ?� ����: �. %�!, ,� 
�! 
).� V�A�� 	?3� %�&7 |1�t!)Shayeghi et al.,

2001; U.S. EPA, 2005 (�! V1=7 %6 ,� VJ �37� %�3�
 |1�t! z���! L�8?�P�/�� I�8, ?� %3�+,�+�

%��.� �/�=� L�8(Nouri et al., 2000; Tavakol, 2007) 
V�����? �V��=�. � �� �&! �8��?(Honarpajouh, 2003) �
��? ��&�(Tarahi Tabrizi, 2001) ��3�. � �J V�����? �

(Shayeghi et al., 2007)
�� V�����? ���/�� � ��! �?3:

(Shayeghi et al., 2007)�%���� 
�[ � ��?3.)Bagheri, 

2007(�T=�� V�����? (Khara et al., 2008)�V�����? 
}�J(Arjomandi et al., 2010) �V�����? H1Z� �L�8

%�?��,�! %��.�)Shayeghi et al., 2007; Arjomandi et 

al., 2010 (�r=8 ��R6 K�8L,+!,����VvO�! 
��J 
?��� %�?��,�! %��.� �� 6�3=S!)Khazaei et al.,

2010.( 
<�! ,� 
��U�.� �\/�8���3/6 I+�: ?� L?3��7 LL�8

 �  23=. ��+~3/3�  	��W� �.?�  � �O�S! )*+,
Q���<�! )!
. L�8 �L?3��7 � �8���+�!,6 L�8

�!<����! ,� ��+ %�3�4 V  ���3�{�? K+�� ?� �8
�. 	��/�O!���� ?��[ V73� �?3! ��.���)Banaee et 

al., 2008.(<P[ �8�! K���? L�6 ! ,� ��+ %�=J K+��=&
V�3� %��+� |1�t! z���! ?� L?�f� � ��?��: L�8

�! R3*S!�! VJ ��3�X� )�=J I8�J )14 V  V��U.
{?��: ���.� _ �[ R6 )�U�J �� ?� %����8�

<�. /3� NO. ����� L�8���  ?� %6 ��%��.� ,� V �8
�=�� ?3���LI8�J +).� V�A� .R6 VJ �+�f�6 ,� L�8

� ��+ ���!,�+, � �SO.K�!�� � ��! K+��=&! ,
���J
��*�. ,��� �?3! R6�8�! {?��: L�8 � ���. L�8

�! � ��! K+� ���3/6 �\/ �).� L��  L�7 L�+�&� ���3�
���  %��+� ?� %�+P 6 {?��: � ����� 
��+6 .��.� �  

{?�P��8L|1�t! �?�+V���! �  
�� L96hr LC50 �
!�=. %�P�� )+,�+��  %3�LP 6 H1Z� +%�� V  �+8�! 
9��8

x���*� �> ?�* �� y���O� �
�� {?�P� y���O� ?�
 ).�(Burkepile et al., 2000; U.S. EPA, 2004) . 

�+,�+� %3��* ����! P�?�L/6 
�U*A 23=. ,� ��� ,� �+z
S� ���1=4 ,� )���=!�P�6 N+�.� ��_/3J�K� ,���.�

�?LZ � w�8 %�?3��7 �w�8�WX���!��?�\� ./�\

,���� ���L/��A NO. �� )+P�6 K+� V  �+)A�  ?� 
9�8L

Y��� � 	
;4 �Pg! ��%�3�4 V  �=.
: P+Q��� T
,+�*�� ��P+��
��. ,� ��+
�? K�8Lt�� �Q

!3=*!�� �  
��, 	��373! )+
��> K%�3�4 IJ
!��3�(Üner et al., 2006) .�.� �  
�
4�_/3J�K
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?+)t.����)A�  �.���� ���3�=���+A ��P+~3/3+��
P��!���3��, Q��� %�3�4 V  +�*�	��/�O! ?� 
�. .����S!�O��: �+��3/6 I�23  %��,�.�8L 6�

��3/6 V  y3��!�23=. V  
�U*A/6�%3r=8 
�+,�+� ?��[ 
��U�.� �?3! %3����.
��>IJ�8LU*A
�
/6��� ,� ��/�Z +g� z��/��A NO. ����  )�P�6 ,� +��8+�

�t�+ ?����. H��3�=���+?� <
��� ,��  H73! �&�6 
I�J�� ?� �&�6 ���1=4�8L ��3�=���+<31. ?� �8

!���3� (Banaee, 2006) .� ,� w�8+�.?�  �V�/�O! K
��+~3/3��: 	����g���.� �  �+��=��3�  L�8?3�J�A 

! %3�<P[ �8�K���? L�6 %�=J)Oncorhynchus 

mykiss ()�!3=*! ?� �8���+�!,6 <�! T+ %�3�4 V 
).� %3�+,�+� �  � �f�.

E
� 
 /��	��
���	 

<P[ �8�! �I+�!,6 _>��! ,� T+ �8 ?���? L�6�K%�=J
)�.3�! %,� � gmj±qo(T+ ,�V4?P! �[�� ��3G� 

�� }�J � �3� ,� �%���J L��.�? ?� 
���+�!,6 V  � L?��+
������ %�+P 6 {?��:� �����

������ ����� � ��! 

�� 
��� <�v��� %��&� .�8�! �<�v��� ,� 0: )&7 �8
 �8���+�!,6 �+��� �  L?��,�.)Cº '±�b�L�!�
?�� 

L?3�D^/L�� %9�*J� ��±�!�1�2�� � /����'/E±]
pH(�
���+�A %Pt! ?�)�EEEL���/ (VJ� V 	?3 

� V�* ?��! ��*�.?3� V  V��,�? �+3�� �  �Pf! �E
���+��� L?��&�� R6 L��?� .L?��,�. 
?�� �� ?�

�8�!��7 �  �8
<P[ L?�f�  �6 V� ,�? ?� ?�  �� 	?3�
 <���!'��?� ���� V+\g� %�  %,� .

�/!7 ��!D	 
 /�> *
�� &

��LC50�� �0��/ 
v! � ��> )�=. K���� I+�!,6 L��4 ?��LC50��.� �  

?�=� _=�/�?3�.�
'E(L?��=8 %�!,�. L��G�[� L�8 �
V�.3�(OECD)m�	?3� V )A�� 2�f�� T����.� 

(OECD, 1992) . �I+�!,6 ,� V1>�! K+� ?��^E V�O[ 

1. Organisation for Economic Co-operation and 
Development 

<P[ �8�!K���? L�6 %�=J)�.3�! %,� � gmj±qo(�
��8���+�!,6 �+��� �  L?��,�. ,� 0:?3� V A��G� �

?��^�
���+�A %Pt! 'EE H/�[ ?� L���/ �?�=�� 
�  T+ �8 ���+�!,6()Y1Z c��! ?� � �+,3� ?���� L�8

E/E)<���J 
���(�b/E�b/��b/'�b/(�b/5�1�! 2��
 #31� �  L?�f� %3�+,�+� �. ���/ � �E?��[ ���?� 

���� 
��� .�� ?�C���! %�P�! I+�!,6 ,�Z6 ,� )4�. 
! ��! ��8� )�\� ,� 0: �8'5�5^�]'�C��)4�. 

�8�! � )�W w\> ��*�. ,� )4�. V  
��! L�8
�+�����.L��4 ?��v! �I+�!,6 2�=�� ,� 0:LC50 C��

]' �5^�'5�8�! L��  %3�+,�+� V�4�. <P[ L�8 L�6
 %�=J K���?��.� � )� ��: P�/��6 %3!,6 )Probit 

Analysis test (�� V�.�S!)Aydin and Köprücü, 

2005.( 
�� �0��/ 1! 2���0 *
�� 

�V1>�! K+� ?���.� �  _=�/�?3�.� OECD �CEV�O[ 
<P[ �8�! %�=J K���? L�6)�.3�! %,� � gmj±qo(�

��8���+�!,6 �+��� �  L?��,�. ,� 0:?3� V  �A��G� 
?�C�
���+�A %Pt! �EEE H/�[ ?� L���/ '?�=�� 

�=�� T+ � ��+�!,6 �  T+ �8 �<���J ?(� �+,3� ?���� 
)Y1Z c��! ?�<���! �. L�8 

5
1�

10
1)�=. ?��v! 

LC50C�<P[ �8�! L��  %3�+,�+� V�4�. K���? L�6
 	�! V  %�=J'^,�? )�\� ,� 0: � ���� 
��� ?��[ ]�

�5 �'^�8�! V&7�3! ,� 0: ,�? � �8 ��.C,� �8�! 
?�=�� �8)(%Pt! �8 ,� �8�! (	?3� V  � ��� �A��G� 

Tt�! _� ?�3: �  ��3&�  ,� 0:)�V bEEE(�&�6 ,� �
%3� )A�� 	?3� L���.

��� ���
�
��
� ��������� 
%3� ,� 0:V�3=� �L��� <�GS�.� )&7 %3� L�8

 )4�. �  ~3U+����. 
���.� ?� ��=.
:5EEE ?� ?�� 
 Vv�[� 	�! V�b�� 
��� ?��[ Vv�[� .
,���� L���

)�J ,� 
��U�.� �  %3� �+��=��3�  L�8?3�J�A V�&� L�8
 � %3!,6 �?�: )J�� ,� 
�� )J�� K!(MAN) � �

)A�� 	?3� �����8 ?P+���63�� 
���.� .K�a���: NO.
 �=.
: 2����.� �  }3! <3� ?� � 
?3+�  I�J�� okj 
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.
: K�!3�/6 ���!3��� �=��.� � <�,�J3!�  I�J�� K+��
 }3! <3� ?� �lij �=.
: K�/3 31� ���!3��� ��.� �  

�=.
: PJ31� ��=.
: 2�� K�a���: ,� K�!3�/6 )�*� � 
��.�=+P�6 {�? ,���*J� PJ31� �}3! <3� ?� �ojj 

�=+P�6 {�? V  P�� �=.
: <���*1J NO. ���!3���
(CHO-PAP) }3! <3� ?� omj3��� 
,���� ��! L���

�+���.
,���� ��.� ���L/��A NO. ��.� )�_/3J�K
�=.
: ,���.� (AChE)m�8�/�?���3  P��+_��/3J3�K

)S�WX���/��A�P�6 )+=��.� �_/3J�).� ,���.� K.?�
�+?� w��! <31S! �?, ��? I8�J )4�. �I�J�� K

}3! <3�kjoO �? VJ ��!3��� Vv�*! �=�! �  �%�P
/��A�P�6 )+/3J ��K
,���� ��?�� ,���.����L��� +�.NO.

�+P�6 )�/��A,��U*����3��!6 	��?�-.6 L�8 (AST)h�
,��U*����3��!6 K���6 (ALT)i�=.
:��.� �  ?��v! 

w�G!NADPH V  %6 _+��� �NAD+}3! <3� ?� 
ikj ���!3��� ,���U*A K�/��/6(ALP)k��.� �  _+��� 
�����U*A _��A }3! <3� ?� � 	�U*A � <3�A����� V  	�
kjoK����J � ���!3��� ,���J3U*A (CK)o��.� �  _+��� 

K����J }3! <3� ?� K����J V  	�U*A(5E��!3��� K���� 
���.� � L?3� R\7 %�P�! ODl<3!�A ��?�+V?� 
�� 

)�J _=�/�?3�.��+��� V�.�S! �8)Shanmugam et 

al., 2010(.
*��� � ���

)�\� ,� 0:'^�8�! K�A�� ?��[ %�!, ,�Z6 ,� ,�? �8
%�+�: ?� � %3�+,�+� �. c��! ?�
?�� �8 ,� �I+�!,6 

?�=��C���! It  ,� ��A��� ��/�J ,� 0: � ��� �8�! V
��J )A� (V Kd3  <31S! ?� � �+��� ��7 )A�  V�O[ 

	�!5^�� 
��� ?��[ )4�. .)A�  V�&���.� �  {�? 
�?�+V�.3� 
�� Ganji and Arvand (2002) 	?3� 

)A�� .V�3=� �8 L�,� V  e3=f! ?�(2�)CL�,� V  2� 
�8�! �8 ,� )A�  �8 (��? {�? V  � V�&� LP�!6

 
1. Acetyl cholinesterase 
2. Aspartate aminotransferase 
3. Alanine aminotransferase 
4. Alkaline phosphatase   
5. Creatine phosphokinase 
6. Optic density 

��? K+,3d� K�1�*J3��=8 �3�.����! �  � �� LP�!6
 �+�=��?P  �  L?3�5E�+��� 
�8��! �a�� �.�4 .

��	� :
,F� 
 ��$G��
� V+Pf�
��� _�1S� VA�� T+ 0��+?�� V+Pf� {�? V  �8

)ANOVA(
��� %�3  <�!�� �� P�� �8 %3!,6 ��.�
Kolmogorov-Smirrov Normality Test V*+�v! �

K�����! �8��.� � J3� %3!,6 �%���=�� NO. ?� Cb
2�� ,� 
��U�.� �  � ��?� ?�PA�SPSS 15)A�� 2�f�� .

�  P�� �+��� ��.�(Mean ± S.D.)).� 
�� 
��� %��� .

H���( 
L��4 ?��v!LC50)�\� ,� 0: 
�� V�.�S! '5�5^�

]' �C�<��7 ?� I+�!,6 ,�Z6 %�!, ,� )4�. ��?�+V
).� 
�� .��.� �  ��! � ��! %�P�! �
�!6 ).�  �+��� 

�8�! I+�!,6 �� ?� %3�+,�+� �. )Y1Z I+�PA� �  �8
 ��> )�=. K����?3� V ���! ��)A�+ I+�PA� L? .

#
!I4J! 2� *+,- K���	 1/�0����  LC50)MN8O98?P
9?
��7�� (��� ���	 �#$% )��'(� 
���� &
��4 ?��v!LLC50

)!�1�/ �  2�����(
�. �  V&7�3! %�!, 	�! 

)��.� � )4�. (
)��/(FC'/'(�^/E±'b/('5
)b'/'FC(/�(�b/E±''/'5^
)C]/�F55/�(�(/E±]E/�]'
)5(/�FC'/E(�(/E±�]/�C�

�  �8�! ���.� K+�1>�! ?� �8V)�=. 	��W� �.?�  
)Y1Z c��! ?� �%3�+,�+� ���J�+, L�8�/E�'/E

�1�!���� 
��� ?��[ %3�+,�+� ���/ �  2�� .� ?�+V1>�! K
g���?��A? 	��Lg� ����8?3�J�A ?� �L ��3�=���+?�
��'^.?�  �?3! ,�? ��[)A�� ?� .g� ���?��NO. ?� �

�8?3�J�AL ��3�=���+8�! %3� ��8L� )S� �?�=
�+,�+� <���J 
��� � %3��?��3=� 	?3� V  P)?��3=� ���
C(�?�+V��� +�.?� L��! � ��! V�3� ��8 �V1>�! K+� ?�

�8�!�+���� 
�8��! I+�!,6 )S� L�8 .L3�/� ���g�
L�17 �3J3! ?��v! I+�PA� �L?��A? � <����!�� L��� �

K��r=8 � ��� 6 {3:�. I�,�� I+�PA� �R6 NO. ?�
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 ���
 ��	���
 ����� ���� �	�������� ����� ���!" �#�$	��% &#'& ��() 
� �*'+ �, #&# #:&

�8�! %�  ��? L3�/� ���g� _>��! ?� #3G� V  ��8
 
�8��! L�8�� 	����g� K+��=&! ,� �I+�!,6 ���+�:

�8�! ?� 
��� )S� L�8).� %3�+,�+� �. ?�=� .
H�.6 	����g��8�! ��J )A�  �.���<P[ L�8�6L

��?�K%�=J)Y1Z ?� %3�+,�+� �. �  V&7�3! ?� L�8
 
���J�+,�/E�'/E!�1�/ �  2�����	?3� V  T���=� 

�?�+V).� 
�� )_���'.(���! w
���?��LK�  
V�3=� ,� V1>�! �8 ?� |1�t! L�8?�=�� w��> �  L?��� 

).� 
�� Qt�! �*�1���.
 V_�� ���t+? �8<31. L�8�� R3.? �L��J L�8

�. ��3!V�*8 � �=.
:3� ���t+? �&  Vf��� ?� � L�

 � �/31. I+�?6_�� _d3J�� L��� ��J ?� �/31. L�8
�8�! �8 ,� P�� � %3�+,�+� �. ?�=�� )S� L�8

�3��. ���t�*� ?� 
9+� V  ���J )A�  ?� ��3� L�8
�8�! )Y1Z ?�=�� )S� L�8'/E!�1�2�� � /���

).� �3*S! _!�J ?3� V  %3�+,�+� .H+�t� � ,����
<31. ?����.�8�! K+� ?� L��J L�8 L�+3� `3u� V  �8

WX��,���� Vf��� ?� � �/31. L��Z H+�t� ?� %3�+,�+� �
<31.).� L��J L�8 .� � 2?3� )/�>LH1Z� ��J )A�  
�8�!)Y1Z ?�=�� )S� �8 '/E!�1�2�� � /����

����!L8�! ,� ��8L� )S� �)Y1Z ?�=�/E!�1���� 2
/������ 
�8��! %3�+,�+�+�.

��/��(4J��

���� R�� ���
$(� *���� S
:���
���=T �/ 0����� &���	 ����� *F� 
/ S� ����0����  � �	 U��� ��/)VW/Vp<(.
�+P�6 )�/��A NO. AChE �8�! L�=.
: ?� ,� ���� ��. ?�=�� )S� L�8WX���� 
�U*A3���?� �. 
��?��,�  ).� �+P�6 K+� )�/��A �  %3�+,�+.

��/��(9J��

���=T �/ $��,; R�� ������	 ����� *F� 
/ S� ����0����  
�  �8�! L�=.
: PJ31� NO. �
�!6 ).�  �+��� ��.� �� ?� %3�+,�+� ?�=�� )S� L�8
?�� I+�!,6 ?3� V ���! I+�PA� L?��)Eb/Ep<()A�+.
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��/��( <J��

� ������=T �/ #
��Z,� R����	 ����� *F� 
/ S� ����0����  
�8�! ?� �=.
: <���*1J 	����g� ���? %3�+,�+� ?�=�� )S� L�8?3� V ���! ��+�PA� L?��)Eb/Ep<().�.

��/��( ?J��

[�
�T R�� ���
���=T �/ \�� &���	 ����� *F� 
/ S� ����0����  
���! I8�J ?��)Eb/Ep<(.�8�! %3� ?� �=.
: 2�� K�a���: NO �� ?� %3�+,�+� ?�=�� )S� L�8
?��).� �3&�! 
!�J I+�!,6 .

��/��( WJ��

	�"�� R�� ���
���=T �/ &���	 ����� *F� 
/ S� ����0����  
�8�! L�=.
: K�!3�/6 NO. 	����g���? T+ ,� <���J 
��� �  V*+�v! ?� %3�+,�+� ?�=�� )S� L�8���! ��8�J �?��)Eb/Ep<(�! )������J.
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 ���
 ��	���
 ����� ���� �	�������� ����� ���!" �#�$	��% &#'& ��() 
� �*'+ �, #&# #:#

��/��( NJ��

��",; R�� ���
���=T �/ &���	 ����� *F� 
/ S� ����0����  
�8�! L�=.
: K�/3�1� NO. <���J 
��� �  V*+�v! ?� ���� 
��� ?��[ %3�+,�+� c��! ?� VJ �+�8?3� V ���! I8�J L?��)Eb/Ep<().� V�A�+.

��/��( OJ��

���� R�� ���
$(� *�	� �����]�� S
���=T �/ 0��5Z(���� ���	 ����� *F� 
/ S� ����0����  
�8�! ��=� )Y1Z �  �8'/E�1�! �U*A3���?� �. ���/ �  2��
I+�PA� H�. %3�+,�+� )Eb/Ep<(�+P�6 )�/��A NO.AST �� ?� �=.
: ?� 
?�� I+�!,6 

�! � ���� �!� K+� VJ ��3�<31. ,� �+P�6 K+� %�� ��,6 ,H�.6 L�8<31. 
9+� V  �
�+� ).� L��J L�8.

��/��( MJ��

���� R�� ���
$(� *�()� S
	� &
���=T �/ 0��5Z(���� ���	 ����� *F� 
/ S� ����0����  
V�3=� V1>�! K�!�� ?� �+P�6 )�/��A NO. ��8�?�&� ,�? ?� L?��� ALT�8�! ?� � )S� L�8�8�! �  V*+�v! ?� %3�+,�+� �. ?�=� I+�PA� <���J 
��� L�8

���! L?��)Eb/Ep<().� V����.
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��/��( 4VJ��

���� R�� ���
$(� *���@�� S
���=T �/ 0���5Z� &���	 ����� *F� 
/ S� ����0����  
)�\� ,� 0: ��. )Y1Z I+�PA� � �5�'^�/��A NO. �I+�!,6 ,�Z6 %�!, ,� ,�? �+P�6 )ALP ?3� V ���! I+�PA� L?��)Eb/Ep<()A�+.

��/��( 44J��

���� R�� ���
$(� *����� S
&���=T �/ 0���5Z����	 ����� *F� 
/ S� ����0����  
/��A����J )�KJ�,��)CK (��! ?3� V �?��L� )S� 
��� ?� �)Y1Z ?�=�/E!�1�/ �  2����8,�? ?� ��L�5�'^I8�J /�> ?� �V���� �8�! ?� VJ ��8L?�

c��!'/E!�1�/ ?� 2���/��A NO. ���� )+P�6 K+,�? ?� �]�PA� +I+).� V�A�)Eb/Ep<.(

�( 
 ^F�
�G;
��
��3/6 NO. V  V73� � �.3J� ���*�8L 6�� ?3�J 

/6 
�U*A 23=.�,?� �+ ��WX� �� �+P 6 �  23=. K+� %� 
�:+.3J� I���*�8L 6�<�! ,� 
��U�.� �  �8L

�!,6+8�����!� L?��u L).� .����! K�%�PLC50

�6 � 23=.+
���8L,+)*S!�O�+��.�.� ,� ���+K
It �8L�..����S!�O�! R3*S! ��3� .?��v!
LC50��  %3�+,�+�L8�! ��K. V  � ).� ��g�! ?��*  �8

 �+��� ������~ 	���3G� �V�3� e3� �)�*�7 �%,�

[���9+� ��. %3�.�3!�A ���S! �=�1 � ��+P�A L�8
�?�� ���*  )*+, ��S! �+��=�� .�.?�  ,� I�: �\/

���J�+, )�=. 	��W�
L�8?3�J�A �  %3�+,�+� 
�8�! %3� �+��=��3� <P[ K���? L�6 K���� �%�=J 

4 ?��v! L��LC50).� L?��u .).�  �+��� ��.� � 
 L��4 ?��v! �
�!6LC50'5 �5^�]'�C�V�4�. 

�8�! L��  %3�+,�+�<P[ K���? L�6 I+�!,6 K+� ?� %�=J 
H���� V mq/j±ho/i�mo/j±hh/h�mi/j±�j/m�

mi/j±m�/m�1�! �+��� K���� ���/ �  2�� .�/�> ?� K+� 
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 ����� ���� �	�������� ����� ���!" �#�$	��% &#'& ��() 
� �*'+ �, #&# #: 

:@�49J*��� ��
�_� &
��T �� )�� 0� �
��� �� !"� ��� �)���� ;�$� ��x?VV (���	 ��� #�� � 1
�;)Fig. A.(���	 !"� 8���
� *F� ��� 
*+,-4/V	
,�\�; ���
���� �0��/)Fig. B.(���	 !"� 8*+,- ���
� *F� ���9/V	
,�\�; ���
���� �0��/ )Fig. C. & Fig. D. ( 0� `T

 *�a;9P8U��	0� 0�-� ��	0 0� 0
� �����*�� 1!� .Ub�*��� c,�b	 ���� �� !"� ��� �#�,� :	�� �
�����!"� *��� )HC(���G	 8
�
��5d)GB(:e���
 8��)V(��� \��� 8�!"� *��� �/ )CL.( 

VJ ).�?��v! L��4 LC50pl L��  %3�+,�+� �V�4�. 
<P[ �8�! K���? L�6 %�=J(O. mykiss)<P[ �8�! �L�6

 
�+�  31�(O. clarki)�+
� �8�! �(Carassius 

auratus) �� �V�8�!(Ictalurus sp.)
�+� �8�! �
(Leucisc idus)
�v�31&: �8�! �L�(Menidia beryllina)

	��[ �8�! �(Cyprinodon variegates)H���� V  h/h�
h/i�p�q�h/j�h/m�k/m�1�! {?�P� ���/ ?� 2��

 ).� 
��(U.S.EPA, 2005) . 
�!,6 ?� V����+!3=*! I�)Y1Z �  )�8L,+�> �

����J��+,�+! � ��! �%3���L ?� �8�! K��8L)S� 
������ 
�8��! ?�=+L��� ��������Z L�8?��A? ,��  ��

 ��O�S! �+��� V  )�*� )�.�*> I+�PA� �<����!��
 ,� �R6 NO. ?� ��� � ��� 6 {3:�. 	� �u I+�PA�

��=&!+�8�� �d
4 KL!3=*! �� �  )+� VJ ��3  �. K
)�\� � )Y1Z I+�PA��+��� �+��� %�!, .K+� V ��!

%��8�! ?� �8?��A? �:3� (Poecilia  eticulate)�
(Viran et al., 2003)�+�:�?� �8�! V �� �)Silurus 

glanis(�(Köprücü et al., 2006) 3�=1�� �
(Heteropneustes fossilis)�(Saha and Kaviraj, 2003) 

/3=�! ?3-J�(Cyprinus carpio)�)Çalta and Ural, 

2004()A6 c��! ?� VJIJ�8LV���� ?��[ |1�t! ���
��=&! ,� VJ �).� 
�� {?�P�+�� K+� _+! �!� K�%�3�

/��A NO. I8�J V �P�6 )+�.� ��_/3J�K,���.� 
(Dutta and Arends, 2003)!6 �!�� ?�&! ���3 3���+T

.���(GABA) �+. ���S� ��*+��	�!��31� 
(McDonough and Shih, 1997; Tuovien, 2004) �

*J��: e3[��.���/ %3�-��L*J� ���.� ������?� 3
<31.�8L�G4 ��
9+� V  Pg! ?� (Song et al., 2006) �

.6�H�8LP=.� L<31. V  
�?�� �8L�G4 ���� �,�
�PA�+��J 
?��� PJ31� I)Chithra and Leelamma, 
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1999; Piercy et al., 1999; Calcutt, 2002.( 	���J��
/6 
�U*A�?3� V  ,� ��>�? V  � 
�3  ).�� � �� _J 

,� � 
�� R\7 {?�3� ��*�. � I� 6 �).3: z+��
�! ?3�4 Pg! � %3� �. ���J(Vale, 1998) �W� ?� �

%��8�! ?� ,���.� K�/3J _��.� )�/��A ,� )���=!
�! �L?��A? L3�/� ?� ������g� ��f+� H73! ���3�

+�� 	�
��� ,��  � �v  ��� I8�J �V+\g� � ��? ?� �
�3� �&�6 _�!��/3� ?� L?��A? 	�
���)Dutta and 

Arends, 2003.( 23=. �  %�?3��7 V&7�3! ?�
�U*A/6��
Y��� �+,�+J�� 
�U*A 
��� �%3��	��
�U*A/6�
��� V  
8�*J�?��.� _�!6 ���. V�+P�6 ?����. ?� �373! K+�

�.��_/3J�,���.� K� �  � 
��J V1=> +g� ��f��?� �
 ?����.��3�=���+�+P�6 K+/��A ,� ���! ��� )+P�6 K+�

!��3� .�+
��> KIJ/� V  �8�� ���  K���� _�3+�
�?3U*A�	��3 (P=S)/3 ��! ,� 0: ��/�Z ��V %�� 
P

J�������	�U*A��.� �7�� (P=O) ��� %3*J�� 2�� V +_
!���� ,� VJ ���3��3� � )���?��,�  %���.� �_/3J�K

,���.�L ����L).� ?��?3��  (Tang et al., 2001) .
/��A ,� )���=! ��[�� ?��P�6 )+�.� ��_/3J�VJ �,���.� K

Pf� <��*!+�.� V�_/3J��;A ?� KL.�*:����).� 
�S� H73! ).� K�=!+ T�1J R�G4� �> ,� I�-

~��+� VJ ����� T+! �!� K�g� ,��  ���3���?��A? 	��L�
�&� ?� � <���� %�?3� �8�  � V�4?+P 6 ��! )+%�

����(Üner et al., 2006) . 
H�.6 �  �?�3! ,� L?��*  ?� PJ31� )Y1Z 	����g� L�8

�8�! V�1J V  
�?���! ����! L��J 	�
��� � �8 ��� 
(Agrahari et al., 2007; John, 2007) . ���+� �+3. ,�

.3  2�. PJ31� )Y1Z�*����! V1���r�: L�8
��3!?38 
%3!?38 ��+� � K�/3*�� �%���J31� ��Y� ��Y� �8

*J���� � K+�U� �:� ��8��d���.�3���?3J ��Y�� K�
�! ��3� c��! ?� K�A�� ?��[ �W� ?� �\/���.� L�8

�O�S!��! �=.
: PJ31� NO. ���3�?3� V ���! L?�� 
� �+ I+�PA�)Martin and Black, 1998; Agrahari et

al., 2007(.�8�! L�=.
: PJ31� )Y1Z ?� ���g� �+�8
)A6 c��! ?� VJIJx�=�v�*! ���?�� ?��[ �8�!���3�

���  %�?3��7 K+� ?� )�!3=*! ,��  ,� ����)Omkar et 

al., 1984; Husain et al., 1987.(� ��+� �Y� ��.�
=*�1��-�8 �+ %3� PJ31� NO. I+�PA� �K�vvS! %��� �

��8�
	�?��83 �J �*�/3 ��! ���? ?� <
��� ,��  �8
�!x�3=�! VJ ����  %~3��1� V+Pf� I+�PA� ,� ���� 

).� L��J(John, 2007) . �+��� I8�J ��+� ��?��4 V 
 ,� ��+ %3� PJ31� I+�PA� � L��J %~3��1�

�/3=�! I�J�� K+���8�! L�8
��+�6 �  ��=� ?� �8 L�8
! �+��=���! R3*S�3� .��O+��� K��� ?� �[�� ?�

 PJ31�lF+Pf� ,� _��> 	�U*AVV �L��J %~3��1� 
1�.�VPJ31� lFV _��> PJ31� � 
�� P�/�?��8 ,���U*A

�! ��,6 %3� _������� .�8�! ?3-J ?� �=*�1��-�8
L��8 (Labeo rohita)3�=1�� �(H. fossilis)�

�t� 
�J �8�! L�(Sebastes schlegeli)<P[ �L�6
K���? %�=J(O. mykiss))A6 �  ��=� ?�IJL�8

 P�� ��d�����:�!).� �!� K�=8 �+)Das and 

Mukherjee, 2003; Jee et al., 2005; Velisek et al.,.
2006; Saha and Kaviraj, 2009.( 

%��� P�� �=.
: <���*1J I+�PA� 	�
��� ,��  
��8�
).� L��J .�*1J NO.�8�! L�=.
: ?� <�� 3!�� 

(Mystus vittatus)3�=1�� �(H. fossilis)?�!�. �8�! �L
(C. punctatus)V �� ��A� �8�!+�v�+(C. batrachus)


��> �  ��=� ?�IJ� 
�1J3���?� �
�U*A3���?� L�8

��+�6 ��+�)*+, L�8 �O�S!?3� V ���! L?��

 ).� V�A�+ I+�PA�)Goel and Garg, 1980; Tyagi, 

1984; Bano, 1985; John, 2007(.L?�f! ���*��
 � ������: ���1=4 ?� <
��� �L��J )�!3=*! �L���U�
 L�8��Z ?����. H+�t� �%3� PJ31� I+�PA� ��>

<31. L��Z V1=7 ,� ��*+,�! ��G4 L�8 _!�4 ���3�
 ���  �=.
: <���*1J I+�PA�(Banaee, 2010) .PJ31�

1� ��*! ?��! _+��� 	����: V  P�/3�� P�� 	����: � �3�
)A�  ?� _��.� V  L,�38 L�8CoA�! 
P�/3 ��! VJ ��3�

�!I�: %�3�4 V  ���3� ?� <���*1J � R�� L�8��.� ,�.
���V�+�=� _=4 T+���. ��.� (Murray et al., 2003).

�8�! VJ �O+��� ?� �\/ ,� ���� ���.� )S� �8



������ �	
 ���
 ��	���
 ����� ���� �	�������� ����� ���!" �#�$	��% &#'& ��() 
� �*'+ �, #&# #:+

3�+,�+� �  )�!3=*!V�A�� ?��[ %%3� PJ31� I+�PA� ����
�! �������: ���1=4 ?� <
��� �I+�PA� H73! ���3�

)A�  ?� PJ31� %3�.���*J� I+�PA� %6 )���� V  � �8
���� <���*1J NO. .H�.6)A�  L�8 )A�  V  �.���

 �: ?� ��A�  ,���� ,� ���� L���U� L?�f! ���*�� � ��J
! P�� %3�+,�+� �  )�!3=*! _���� ��+��A ?� ).� K�=

 � �+�=� ��f+� <
��� %6 �A� � L���U� L�8��.�K+� V  
L�8��.� z+�� ,� �=.
: �A�u� <���*1J �A� ,� H����

 I+�PA� H�. �!� K+� VJ ��?�6 _=4 V  )���=! L���U�
�! �=.
: <���*1J NO.���� .

,��U*����3��!6 	��?�-.6(AST)��U*����3��!6 K���6 �,
(ALT))A�  ?� ��J ��Y� �U1�t! L�8)Srivastava et 

al., 2004(�Vr�8�! �H1[ ��1�.� L�8)Petrović et al.,

1996(�<3�1� �<�S� �������: �V�1J I� 6 � P!�[ L�8 
�8�! �8(Bhattacharya et al., 2008)�! )A�+ �3� .�+K

P�6+�! _��� ?� ��/�Z �8�?��J3�L<31. � V  ��8+9?� 

<31.�8L��J L?�� ?��[ ��..6 V�3� �8 �\/�U� H��|

R�&�/�+<31. ,���� ��8L� %�� ��,6 H73! ��J +K
P�6+��PA� � �8+! �=.
: ?� %6 NO. I����� .� 
�
4

 ,�� 
���	���JL.6 e3[� ��H�8L��+,��  � �
�1�.� 	
;4 ?� 	�
�����.?�� ��+�1[ 	�
��� ��

���! P�PA� V  �f+� NO. I+P�6 K+! �=.
: ?� ������
(Banaee et al., 2008).�PA� �\/+/��A NO. I�� )+K

P�6+�=.
: ?� �L8�! ��8L� )S� �� ?�=+,�+%3�
!�J�> ���3��.6 ,��  ,� �H�8L8�~3/3��:3�*+��V 

)A�  �8L�|1�t! 
9+� V ���  ��J )A�  .P�6+	��?�-.6 �
!6���U*����3� ,��6 ��!6 K�,��U*����3�=&! Iv��?�

�&� _>��!�+Pf� +a���: V�/3� )&7 K��ATP�+�U
!���J(Petrovic et al., 1996) .� 	?��4 V +�PA� ���+I

/��A NO.�� )+P�6 K+��8Iv� ��!�WL,� 
��U�.� ?� 
.���8�L!6���A ?� V�+*J� ���.���%3+,�  P�~3J31� �L

!���J(Rao, 2006)! ��/�  Q��� ���3�����.��! �
t�� )&7�.6 Q�H�8L�3� R3*S! ��J V  
?�� 

(Philip et al., 1995) .�+P�6 )�/��A NO. I+�PA� L�8
AST �ALT �8�! %3� L�=.
: ?�3�=1�� 

(H. fossilis)?�!�. �8�! �L(C. punctatus)
�! �
��:
��(Oreochromis mossambicus)V �� ��8�! 

�A�+�v�+(C. batrachus)�  ��=� ?� H���� V  
� �+��1J�?��8 	�v��! �
3�7 �+�1J ��3A3���J3�3!

��8� %��� %�?3A3 ?�J
H�.6 ,��  )A�  ?� �+�� L�8
�8�! K+� L��J�! �8��� )Sastry and Sharma, 

1980; Van der et al., 2003; Palanivelu et al., 2005; 
Agrahari et al., 2007.(  

K����J ,���J3U*A (CK)Vr�8�! ?� VJ ).� �=+P�6 L�8
 ��1�.�(Grzyb and Skorkowski, 2005)[ �H1)Liu et 

al., 2001; Haagensen et al., 2008(�I� 6 )Gonga 

et al., 2004(Pg! �(Dickmeis et al., 2001)�8�! �8
�! )A�+K����J %3�.
+?3U*A ?� �=&! Iv� VJ ��3� 

���J P��. ��K	�U*A� �?�� 
�&4 .�f�6 ,��+VJ
���J�K� 	�U*A��P*  Iv� P�+<3�/3! ��f! P��. ?� 

~����:LATP ,� ADP �?�� (Murray et al., 2003).�\/ 
�PA�+� NO. I+P�6 K+<31. ?� ��8L8�! �Vr�L
8�!��8L�6 c��! ?� +
���8L��=���+� � �V�Y�

=���.? .Vr�6 �!��PA� H�. VJ +���J NO. I�KJ�?� ,��
�=.
:L�+8�! K�! �8�.6 V  �3��H�8LV 
�?�� 
�8��ZL,+�*��+<31. K%3� ?� �&�6 %�� ��,6 � �8

! �3 �!��3� .� ,�+�PA� ���+/��A NO. I�� )+P�6 K+�
! �=.
: ?��%��� ���3� �.?�� ,��  
��8��+�8L�1[ ��

�+A���*��
;4 ��.?�� ��+1J�3L.6 � ���� ,��  ��H
��+. V  ���G4 ��*�PJ�! L���  .�?��4 V ��+���

�! �+P�6 K+� )�/��A NO. I+�PA� ���3�+Q��� T
1J�����t�� ?� �H�.6 QL�8���A V  
�?�� L�8

)A�  ��+� �+ � ��
;4 ���  �8(Ozawa et al., 1999) .
�8�! ?� �+P�6 K+� )�/��A NO. I+�PA� V&7�3! ?� ?3-J 

)Y1Z � � �. ��> L�8K+���Am�!� K�=8 �+3! P�� 
).�(Velisek et al., 2008).
/��/6�K,���U*A(ALP)P�6 �+=�:� ?� VJ ).� �1��23

?�f!L���U� L<31. ��8L��J L� ��� 
��? ��t! ?� P
1J�V�8+! )A���3� .� ��J ?�+P�6 K+<31. ?� ��8L

).� �373! �U:3J .�+<31. K. �8��=7 ��*?�6L

1. Bifenthrin  



-, ��.�/� 		� �01 ���	!	"0	� 2�3�045�6 7��... #:9

���U�L! �? ������3: .� NO. �\/+P�6 K+���*�� ?� �
?�f!L���U� L��J }?�� � _��� L. ��,��L�

��J 	�
���L V�PA� 	��+! I�+� �)Banaee et 

al., 2008(.��.� � ��� +x��=�>� �
�!6 ).�  �
.6�H�8L� � ��J V  
�?�� �?�f! ���*�� PL�U� ��L?�

8�!��8L<P[ �6L��? �K� )S� %�=J�� ?�=+,�+%3�
+����=&! ,� +�� K+�PA� _+/��A NO. I�� )+P�6 K+�

).� �&�6 %3� ?�.�r=8 �K��,6 H73! ��J )A�  ,����
<31. ,� �+P�6 K+� %�� Vf��� ?� � 
�+� H�.6 L�8

�+P�6 K+� NO. I+�PA��! %3� ?� ����)El-Sayed 

and Saad, 2008; Saha and Kaviraj, 2009(.I+�PA�
 )�/��A NO. �+P�6K�/��/6 %3� L�=.
: ?� ,���U*A

�8�! ���3t�.� L�8(Rhamdia quelen)8�! ����:
��
(O. niloticus)�3�=1��(H. fossilis)8�! ����:
��

(O. mossambicus)8�! ��/3=�! ?3-J �(C. carpio)�
?�!�. �8�!L(C. punctatus)|1�t! e�3�� �  ��=� ?� 


��+�6 � L,?���J 	�A6 �A� 23=. V  ��+��=�� L�8
 ��f+� P�� � ��J )A�  V  
�?�� H�.6 ,� �G��� %�3�4

�8�! K+� ��J ���1=4 ?� <
��� ).� 
�� �A��! �8
)Ram and Sathyanesan, 1987; Yang and Chen, 

2003; Rao, 2006; Borges et al., 2007; Agrahari et .
al., 2007; El-Sayed and Saad, 2008; Saha and.

Kaviraj,.2009.( 
<31.8�! L��J L�8�<P[ �6L��? �K_�� L�?�� %�=J 

�*8 T+ �  ��1u I� L�8��V�=.
:3��. � ��� 
�! )��3��+����  .�=7 L��f! K�  ��U� V*�J L?�6

<31.).� Q�t�� _ �[ `3u� V  L��J L�8 .,��f�6 �+
�. 2���� ��J VJ��,�+1S! � %�  �I�J�� L��  L�8

 R3*S! ��,6 <��+��? ��J��> ��/3� � ��+�*J� V������
!��3�(Lawrence et al., 1977).��+��A �� ?�

�. 2��J3��. ��*�. �.3� %3�+,�+� �+��,P450

)�/3 ��! ���J ?� ,��9�*J�3�!%9�*J� <��A L�8 L?��
3*J�+� %3r=8%m<3�+��=+��: �h�! ��/3� ,� VJ �����

 
1. Diazoxon  
2. Pyrimidinol  

�! <��A ?��*  ���J�� �Y� ���� (Keizer et al., 1995) 
�! �<��+��? ��+� ����! ����3� 	���J�� � ��,6 L�8

 ��9�*J� ���J�� (ROS)��+�=� _=4 .%3�.���*J��:
<31. L��Z L��-�/<P[ �8�! L��J L�8 K���? L�6

 %�=J)O.mykiss (3! ?� %3�+,�+� ��> )�=. �  V&7�
%��� <��+��? ��/3� 
��8� �*�/3 ��! ��+��A �� ��,6 L�8

�! %3�+,�+� ��� (Isik and Celik, 2008) . �W� ?�
 )�/��A � H+�t� �/31. L��Z L��-�/ %3�.���*J��:

<���J ?��� �/31. L��Z NO. ?� ��3+ ��Y�� L�8
 ���3+ ��Y�� � 
�+��� <
���
9+� V 1J��+� � ��*

%3+ �/31. %�?� ��+�*J� %3�.
+?3U*A ?�&! H73! �8
�! �3�(Zaragoza et al., 2000).� Vf��� ?� �8

��/31. � ��*+, L�8��Z LP=.� ��Y�� %�3� %�?3�
T�*8 � V�*8 �f> �! I+�PA� �8 ���! �!� K+� � � �+

<31. ,���� V  �! L��J L�8 ����(Ahmad et al.,

2002; Sanz et al., 1998) .H�.6 	����g� ��A�  �.���
?�!�. �8�! ��J )A�  ?� �& ��!L(C. punctatus)?� 

).� 
�� {?�P� T��.?6 �  V&7�3!)Roy and 

Bhattacharya, 2006(.
v> ?��: ?� �)v�*J��: �.���/ %3�-��L.���8�L

Z R�����Z e�����L/31. �.� ���8�L
��3J R�� 
f�,�
��L� �  �%��8LR-COOH �R-OOH �R-CHO �

R-OH��� �! _�VJ �3�?3� V �7L�? �  L����� �+
��ZL/31. �WX���!�� ��?�\�� V +K��� ��8���1=4 HL
��ZL/31. �Y��/��A ��� )�
����8L�3!?38 ��

!�f����8��L�G4 �<���J ��8L<�v��� +%3/��A � �8�)
P�6+��8L��Z �+<3�/3! <�v��� ��8L#�� �WX�! 

!��,�. .3. ,��+�+��� ����%3/�! _�L8�/6��
(MAD)� ?� ���A +*J��: ���.���.� %3��8�LR�� 

�8���  �7��L! V����� ���� H�. ���3��: _��8��3L
*����3J�1: ���=+�P7� %�� 
PL��Z L/31. �!��3� .

%3/�! ?������L8�/6�! <31. %�?� V  ��!, ���3���V
J���8,�  �  �? %6 I�L���~����V��? �8LDNA �8��A 
�=�+�(Sureda et al., 2006; Tejada et al., 2007).V 
K+� ������� �H+��  �L��~ I&7 ,��  ����> ��



������ �	
 ���
 ��	���
 ����� ���� �	�������� ����� ���!" �#�$	��% &#'& ��() 
� �*'+ �, #&# #:'

�,?3!3��+23=. c��! ?� %�?3��7 ?� 
�U*A/6�&!��
!��3� .��? I�J��+<���8La���: �  ��,6 �K! �8����3�

,��  H73!.6�H�8L�7L/31. ���=� ?� %�?3��7 ?� 
23=. � 
�U*A/6��3� .��?+<���8L*J��:3. ��,6 ���

8�*J�?��*J��: � _�8 ��! %~�?��H73! ����3�
8�*J�?��.
�Z %3�P�6�+=�/��: �/ � K�P+���� K.

.�*>�a���: )�K��? V  )�*� �8+<���8L/�3� V  ��,6 �
J�� ��.� H��8�L!6��V%6�[3! ��.� )��8�L!6��V

/�3� ?� ��*>�.���8�L!6�� V  V�+�7 ?� 
9+<��A 
��
P�6+���*  �8��?�� .V �?��4��+.� �����8�L!6�V��L
Y���A ��_��6�! �K����3�. �K�a�*�8 �K��*��+� K
��+/� V  %�A3�-�<3�/3! K���� _�8LZ�� e���� �

	�� V  
?3U/3.��? V  )�*� +<���8L� V  ��,6 +
9
J�����J�� <��A 	���*J� �%9.6 � ��*> ?���H\:+�

!����� (Sureda et al., 2006; Tejada et al., 2007) .
g� V  V73� �  �e3=f! ?����8?3�J�A �L ��3�=���+%3� 

8�!��8L� )S� �� ?�=+,�+g� �%3���.6 	���H.����
g� � ��J )A� ��?��A? 	��L�+8�! K�� ��8
,��� L���

�8?3�J�AL�/�O! �%3� �+��=��3�  V.6�H.�����A�  �
.?�  ���8L�8�� L?��A? L8�! ��8LR6 KJ�. �8L

��3/6 V  y3��!�23=. �  
�U*A/6�#3G� V  
�+,�+! �%3��?�P � � ��*+, Q��� T+ %�3�4 V  ���3�

,?� � I+�:+ ��.3J� )!
. ���*�8L6 �)A�� 
�&  .
v> ?��)v23=. �37� �
�U*A/6�	���J�� ��+� �

)Y1Z ?� ��> �+��=���! y��� ?��*  L�8 ?� ���3�
 L�v  � )!
. �  � 31O!�� L�8�!��: 	�! ���3�

� V  �%�+P 6+8�! 
9�� VJ ����  V���� �:?� �8+,� �!� K
�+� 
�����
�S! ��, �+�*�* �=8� Pd�> ?��)).�.
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Abstract 
Pesticides are one of the most pollutants in aquatic ecosystems. Monitoring of aquatic pollution 
with these compounds is very important. Therefore, health status of aquatic animals can be used as 
a bio-indicator for pollution monitoring in surface waters. Diazinon is an organophosphorous 
pesticide, which is found in the aquatic environment of Iran. The concern has arisen over the ability 
of this compound to affect the health of fish in recent years. In this study, the effects of exposure to 
sub-lethal concentrations of diazinon on some biochemical parameters of rainbow trout, 
Oncorhynchus mykiss were examined after 7, 14 and 28 days. Acetylcholinesterase (ACEh) activity 
and the levels of total protein, albumin as well as globulin in plasma were significantly reduced at 
0.1 and 0.2 mg/L concentrations tested (p<0.05). Creatine kinase (CK) activity was significantly 
lower in 0.1 mg/L diazinon group at 14th and 28th sampling periods, whereas its activity 
significantly increased in fishes exposed to 0.2 mg/L diazinon only on 7th day (p<0.05). Aspartate 
aminotransferase (AST), alanine aminotransferase (ALT) activities and glucose levels in diazinon 
treated groups were significantly higher than the controlled group at experimental periods (p<0.05). 
Alkaline phosphatase (ALP) activity only significantly increased after 14 days in both diazinon 
treatments (p<0.05). The hypertrophy of hepatocytes, the vacuolization of cell cytoplasm, as well as 
hepatocyte cloudy swelling were observed in liver tissue of fish exposed to both concentrations of 
diazinon. Therefore, measurement of biochemical markers and liver tissue pathology studies are 
proposed as simple and suitable tools for assessing pesticide effects on fish.  
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