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 ��� ����)(Carassius auratus auratus � ��  �!�� "����� #�$�� %&' � #���  () "����� *�  

�� (�+� ,- �������.) "�&�� ,/$�0� ��12� ,- .��)#�45�!6�� �789� ��  %�:$� ���� #�� �	 ;����7�� *� <

17�6--  @�2� A�- <@��	��68�A )BPA �	 �B �C�� �8��- .�  �	�D68� �!.���- � #$�6D4 <(,!���  �&F�

 .���G H�F4� ,!��� �	�+I4<  ;����7��BPA ;��*�	 �- �!.���- � #$�6D4 <µg/L500 <µg/L200 <

µL/L28/0  O�� �B15 H�����.) ,- *��"�P � �4�  ,��C� ��� ���� ;��� ;��;��*�� �	 ;��G  <QF2�

�  H�F4� Q�	&4�� � Q�	.  �	,!���  ;����7�� <H�	17�6--  <@��	��68�BPA �- R���� ,- �!.���- � #$�6D4 <

 ;��*�	mg/mL5/0 <mg/Kg50 <mg/Kg50 � µL20���� ,- �7�:6+� < *� A� � �4�  S��&� ��48 

"�P �T�8���G O��U ;��G. <�789� ;*�8��' *� �/-  �+� *� �	�D68� �-ALP "�&�� O�D+�  �#�45�!6�� 

 ����7�� *� V� ���*��4� � ;��G ,8�W�� - X��64 . , *� ���) �8	,!���  ��	�:� #�- 	�	 "��4 @��#�45�!6�� 

�2/� Y96P� ���  ���G � ����7��	��	 	�'� ��	 )05/0P<( ��6-� ����7�� #�- �	 .17�6--  AZ8 � @��	��68�

BPA [�- "�&�� #���#�45�!6��  �!.���- � #$�6D4 ��7�� �	 #�- ;���) \�W$ *� .�4	�	 ]�^6P� 	�P ,- ��

�2/� Y96P� .� ��4 	�'� ;��	H�	 ,!��� �	<  X��64 ���) �8	 ,-�2/� Y96P���	;  �� � ���  ���G #�-

 ���8 	�	 "��4 ����7��)05/0P<( ��7�� �	 #�- ,. �$�� �	 <BPA #$�6D4 � Y96P� �2/�;��	 	�'� .� ��4 

�- ,'�� ,- X��64 ,- �8	 ���) �	 #�� �8��- BPA< #$�6D4 � �!.���- �- %�:$� �P�8 #�45�!6�� �	 �� �	 ,!��� 

[���*)< "��4 �4	�	 ,. ���24��� ,- "��2T EDC �	 �14 ,6��G .�4�   

��=	!� :�/�28  17�6--  @�2� A�- <@��	��68�A <�!.���- <#$�6D4 <ALP <EDC.  

1- �+�* ;�6.	 ;�F�4�	�+�* ���G<���	 �8�2 "9�G ��_�4�	 <,��� H�!T ��`�4�	 <�8�2  <� �."���� <  

2-  <�8�2  �+�* ���G ���	�68� <,��� H�!T ��`�4�	"9�G ��_�4�	 <� �< "���� � ���G TH�! �����	 �a ��`����� ,C

	 �-)� ;��&P� < ��_�4�	9�G" < �� <"����.  

3- �6+�* H�!T ��`�4�	 <�7� ��- ���G ����4�	< <"���� <c��� ��-�� ��_�4�	 "����.  

* :@�d+� ��2+��4 bheidari@guilan.ac.ir 
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 #(/0( 

 #�45�!6�� e90U�(Vtg)  ��- #�$�� ;��-

 f8��Pan  @�8 �	 "���`7� �1969 ;��- 

 #�d���� h�U���a��  h2$�7� �	 �	�� A2'

 ����Cecropia moth - , .�  �	�- ��.Hara 

 �Hirai  @�8 �	1976  ���8 #�d���� �a��

 �	�� A2')FSSP(1 H�i 	�*) �����	 ��2  �

@&j#�_4� ;k)"�7.3  #�� .�4	�. h�.

l�!I� *� �/- #�d����<  �	 ��- #�$�� ;��-

 �4��I68� "�����- , �  ���/� #�45�!6�� "��2T

)Hiramatsu et al., 2006 <#�45�!6�� .(

[�� #�d���� <�	�* *�8

2�d�����Z�$�D+��`�!G�4  k�- �$�`$�� "*� �-

 "����� ,- 
8�� �	 ,. �8�17�6-- @��	��68�5 

 �. �	6P�8��  ,< ��� *� A�"�P ,- ;*�8< 

�� (�' ��8��� f8��) 	� Watts et al., 

2003(.  <���.�2i #�d���� "��2T ,- #�45�!6��

 � � ��' ��4*�8 �!U� ;������ ��2�	 @�:64�

 � O�D+� <��Z�$ <#�d���� m�j *� ��8���

) �8� ��8��� ,- �. *� O������-�.Rocha 

et al., 2008(.  

                                                           

1- Female-specific Serum Protein  
2- Chum Salmon) Oncorhynchus keta  )  
3- Rainbow Trout (O. mykiss) 

 "�2.��- <"����� *� ;���+- �	 #�45�!6�� ,

��� ,!�8� � �`�5�$�27�� h!6I� ;��

 #��/� � ���8�2  <l�!I� ����7� ��-�Ga�� 

#�45�!6�� ,7� �!. ��B ,- .�8� ��  ;���	 ��

�Ga�� e�  ,- n�6�� ;����* :�26+�  

1 ���789� �� ���8 #�d���� (�a��  A2'

.�26+� �	��  

2 *�8 [�� #�d���� (.�26+� �	�*  

3 (�P�8 ")"5��68� f8�� �� �:$� ��

��.	�   

42�d�����Z�$�D+��`�!G (�  �$�`$�� "*� �-

 #�-300-600 .�26+� "�6$�	�!�.  

5#�d���� ( O��.�� � ��Z�$ m��� ;��

H���	�. <;�� <Q�+!. m�j *� �4�� �  #�)

) �26+�Hiramatsu et al., 2006.(    

[�� #�d���� <�	�* *�8 *� A� <#�45�!6��

"�  ,6P�8< �. �	  �24�� �����2�)�� �W�

 "�  ,!�*�`�!G � "�  ,!��D+� <"�  ;��Z�$

 ���j��	��G )Bieberstein et al., 1999 � (

"���' ,- "�  	�*) *� A�<  ��8��� f8�� "�P

(�' � � @�� �	 ���4�  )Hiramatsu et 

4- Glycophospholipoprotein 
5- 17β-Estradiol 
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al., 2006( . ,. R���� #�� ,-*� #�45�!6�� 

o���� S��B �$�`�$�� ;�`� ,�k 	��� ��

�� "��7I� ,. ,��� ;��p S��B *� AZ8 <	� 

@�!8 ��22.��' 	��� �8� �*�$�4��G � �`� ;��

�q��� �*�$�4��G �$�!8 ,�k �$�!8 #�- ;��-

 (�	�* [ ��) ����	���4�* S��B *� �6���4 � 	� 

�� ���j �7$��� �- c�7� �	) 	��GPatino and 

Sullivan, 2002.(  �	 #�45�!6�� (�'

��8��� S��B *� <���� � � @�� �	 ;��

��4��G ,08�� �- *�6�8��4)1 �� O��U 	��G

)Stifani et al., 1990.( ��8��� "��	< 

 ,- �7�&4) ;���2�)�� *� A� #�45�!6��

#�d����@�4��G m`  ,- ����4 �	 ,. �	�* ;�� -

��!� �� �� Q89���� �	 �	�* ;�� ���Pr

���� m��� <�4� ) 	� Hiramatsu et al., 

2006(.  

 f���  ��st� �W� ;	��* "�&�� ,- mu���$��

�� ���j �0�W� Q+�4�`� ,!�8� ,- � 	��G

 ��W� S��B *� ,. �2��.��4����4 Q�12�

c��k���Z��- �&���Z�- G�� m7T ;	�2 �2.

�� H�F4�) 	� Weltzien et al., 2004.(  

 �	 ��  ��$�� ����7�  O��.�� *� ;���+-

 �2��.��4����4 Q6+�8 �- ��st� ���4��� ��P� "�j

                                                           

1- Receptor-mediated Endocytosis 
2- Mimic and Antagonize 

���� ����� ;���2�)�� ��22. Q�12� ,. �� "���	

 mu���$�� � Q+�$�-�6� <� � <�24���4��	 <�8� .

 ���� �� ��22. ��!:� ,. ����.�� �!. ��B ,-

��22.2 "����� �/�B m7TQ��- <�26+� �� 

��24* �2��.��4� ;��)EDCs(٣  �����4�� �4� 

)Hiramatsu et al., 2006(.  �	 O��.�� #��

 :�24�� ,4�*�� �	�D68� 	��� Ok�^W� *� ;���+-

;�0-�B�j <�`�689� ;�� <��p ;&!� ;��

��2�� ��p <����;*�- (�8� < �����) m��8� <��

��) �[.�� "��4 ����  .�4��	 	�'� �� ��	

 *� ��'�� m-�j ���:� <;&-) "����4�' *� ;���+-

 "��2T ,- �� �/�B � ;&628 ����7�  O��.��

EDC �� �����	�� ,. �22.����� �24��� 

��/7' �!u���$�� ��_68	 ��98 ��22. ;��

 	��� v-�2� .�2 �- ����EDCs (9C�� m�� 

(9C�� *� �P�- � ;��  ;�� ;�� �6/2U

.�26+� [��a���  ,. �8� �	�	 "��4

	�'�EDCs  �� f�W� �	 ��2� ,4 O��s� �4���

,4�G �- ;�q� � �- ,6 �	 [�� O��� ;��

 &�4 ���_����*) #���� ;��*�	 �	 ,`!-

) �8� ���G��st�Hutchinson et al., 2006(.  

BPA ;	 %&'"�`$) m�2���4  ,�$�� �	�� �

�!� �24�� �����7�!� ��$��O�2-�.<�� #�*� ;��

3- Endocrine Disrupting Chemicals 
4- Diphenyl Alkane 
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�+.��� � V�$�2�1< �!����68� � 

�!�O9��.)��2 �8�. #�2w7� BPA  O��U ,-

 �` &� "��4	 �	 ;��F�)  ��6P�8 �	

(SealantV�689� v��2U <;�0-) ;*�8 ;��

,��  <() ,6+- <"�	�*�4 �� ;�2- <����p ;��

V+�	(�8� � V2�T ;��&2$ <�	��� ;�� 

;*�- ����p v��2U � (���B�j)��p ;�� � 

;�0- ����	�� ���j �	�D68� 	��� (�� � 	��G

(9C�� ,- 	��� �- �	 @96P� xT�- �6/2U ;��

�� ;&-) O�	�'�� �2��.��4����4 Q6+�8 	� 

)Lv et al., 2007(.  

X��� *� �`� "��2T ,- �!.���-h!T #���[. -

 <�� ;��-@�62. h!T 	��� X4�- y��&� *�� ;��

 �	�D68��� ���j�u.� ,. #�� ,- ,'�� �- .	��G 

#��*,4�P	�� ��+� �	 ;*����. ;�� vj�� ��

�� ��) f8�� ��  �	�$) (��* �4��� [.-

��$�� �- �4��� � mu��Ga��;�� `�5�$��&�� �

����QI� ;��- ,. ���� SB�2� #�� ,- ;&��

�� O�'��� �!�T�78�) � �- ���G��st� �22.

 <;��81381(.  

����#-�.�,:!��2i V������) ;�� ;�

)PAHs(3 Q��- "��2T ,-��24* �2��.��4� ;��

��  ,6P�2 �4� ,. V8 *� �`� #$�6D4 #���

                                                           

1- Epoxy and Phenolic Resin 
2- Polyacrylate 

") y�4�� �8�  �@�p* �	 ���� ,- ��j � z28

�� ����	� #$�6D4 .  � ��!� ;���2�)�� f8��

 �8	 ,- ��j *� ��0:���) ��)Cooper and 

Kavlock, 1997 .(��_��k�� (9C�� <��

V����� <����7�  	��� � �6D4 O���$�� ;��

��� *� #p�� � m�{�*�G <�����	 #$�6D4 	��� ;��

 f�W� ,-�8�.  <n�P �	 #$�6D4 ,F�64 �	

() <(�8� ���� �:7T � �W08 ;���� 	� 

)Pollino et al., 2009(.   

 *��*��4�#�d���� ;��G Q�12� m-�j ;��

"5��68� f8�� R!p� < ;��- l�I��,�'��� 

 �- O�4����EDCs "5��68��� �	�D68� �*� 	 � 

#�45�!6��  ����- ;��- �	�D68� 	��� l�I�� #��

�8� ,6��G ���j )Hiramatsu et al., 2006 .(

 �*�� �0�W� � ���_����*) O�/$�0�

#�45�!6��  ��4�  %�:$� �.�����- V� "��2T ,- ��

"5��68� f8�� v��8 � ���64)"5��68� �	 ��

�	�. O�s� |$�-�4 � |$�- "����� .�4�#�45�!6��  ,-

 �	�� "����� ;�789� �	 �/�B ��B�� ���	-

 	�  �!P�	 "5��68� ,- 
8�� �	 ,.,6P�8 ��-

 "5 ;��� &�4 �4 "����� .	� #�45�!6�� �26+�. 

"5 #�45�!6�� ��"5��68� �- ,C��/� �	 �4��� -

��  "��- �'��P ;��<  ,- �F2��P�8 

3- Polycyclic Aromatic Hydrocarbons 
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#�45�!6�� ) 	�  �4 	���� �	Hutchinson et 

al., 2006(.  O��s� �C�� [��a� c�8� #�� �-

 O��.��BPA- �� �.���- � #$�6D4 < , "��2T

EDC  %�:$� �	�P�8  �4 A2' �	 #�45�!6��

 ���j �8��- 	��� ��� ������.��	  

  

?�� � �!
(�'  

#*
�*��!�)� ��!/7@* A�!)� �  

,4�74��� ���� ;�� )(Carassius 

auratus auratus  �	 � ���� �I68� V� *� �4

�	��' �	�'-   ,��� �D 4��  ��_����*) ,- �

�+�*���	 �8�2  ; ��_�4�	 ,��� H�!T ��`�4�	

.�26��� @�:64� "9�G  ,. #�� ,- ,'�� �-

,4�74 <�  H�F4� mu���$�� m^� �	 ;��	�-

�	���� #6 �	 m�$	 ,- }08 �7`  H��6���  *�

���4  �4�- ,.V���- � ����.  m-�j #6 �	

�4	�- V�`D�. �4 "����� ;*�8��' *� A�  ,-

 ;��- [���*) y��  *� mj ,6D� V� O��

 ���j ���_����*) f���  �W� <"�  ��G*�8

���� AZ8 .�26��G��  "*�)g4/17±3/65  �

 @�Bcm2/1±7/15H�����.) ,- ( ;��70 

 �� �	 .�4�  m:2� ��i () ;��� ;�6�$

 H�����.)12-10  �  �	�	 ���j ���� ,/0j

,4�74 "	�- �4 *� "�2�7B� ��') "���� �	 <��

,4�74 <��7�� ���	}���� �� �4�  � ") "	�- �4�� 

����� � (.    

 <��7�� ���	 @�B �	 ,8 �� �� H�����.) ()

V� *�� ��-���� � ~��/� �	��) ;��p f8�� ��

 ,������ .�4� () ����7� �`�&�� ;����6.�� 

m��   ��	�-) X28��	( "a�+.� < �-)"a�+.��6� 

@�� ECDO602K <Eutech Instrument <

����_28(  �pH �-) pH �6� @��

ECPH502PLUSK <Eutech Instrument <

����_28(  &�4 @�62. *�� ���� .�4�   

  

�'�����  

�C�� ,/$�0� �	  ;��-�8��-  Q��- �s�

��24* �	 #�45�!6�� "�&�� �- �2���.��4� ;��

O��.�� *� �4 ��� ����  @�2� A�-A 

(BPA) %99 )Sigma-Aldrich(�`���) <  <

 �!.���-%60 mG �.� ) � ("���� <"�G�G Q8

 #$�6D4)Merck-Schuchardt("�7$) <  ���7� ,-

17�6-- @��	��68� )E2 � ("���� <"�W���-� �.� 

 �u� ���  "��2T ,-�	�D68� �   ;��- � �8��-

S�j	��  O��s�O��.�� #���	 ,/$�0� #�� <  �	

,!��� .���G H�F4� ,4�G��'  

  

#2%)(  :��!�/�*5 6')� �����!�'  #� B�

�
��!
8�&'�( ���% ��'  
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 #�� �	,!���  	��� ��24* Q��- O��.��

,8 ,- ,/$�0�  ,��C� ��� ���� ;��� H�����.)

�4�   O�� ,- "����� �15 ") ��/� �	 *�� ��

�26��G ���j .m��  O��.�� #��BPA  %99  ,-

 "�&��g/Lµ500 �  m�� ) @�4��� �	Lv et 

al., 2007(  "�&�� ,- #$�6D4 <g/Lµ200  m�

� � ) @�4��� �	Pollino et al., 2009 � (

 �!.���-%60 "�&�� ,- µL/L28/0 )Wang et 

al., 1992 ( �4	�-,.  V� �� ,-�� H�����.) ;

�&F�  .�4�  ,��C� <��7�� ���	 @�B �	 #��

 O��.��*� �/- ��- ��  () ,- �	�F� <() ~��/�

�� ,��C� H�����.) .�4�  "��- ;���4 #�2w7�

.�4�  ,6��G �14 �	 ���  "��2T ,- ��7�� 

"�P ;��G���� *� �� ;��*�� �	QF2� <Q�	  �

��7�� Q�	&4�� z4�8 *� �	�D68� �- ;��;��� 

EDTA1 <�6�� o� *�< mW� *�  �'�I� ,$�-

���G H�F4� .) 5��D��64�8 *� A�g3000  �	10 

 (,:�j	,4�74 <"�P ;��;�789� ")��  ��' � 

�  ;��- �	 [���*) ;�/- m���� H�F4�С˚20-  

 .�  ;����_4  

  

#2%)(  C���� :��� 6')��/�*5�'  #�&'�(�'  

 #�� �	,!���<  *� ���iH�����.) �� <V�  �-

12-10 ,4�74 �	�D68�  � � R�.��  �14 �	

                                                           

1- Ethylenediaminetetraacetic Acid  

H�����.) �� ;��- ��  ,6��G ����� ,-" ") 

�  S��&�. ,. R���� #��-  "����� *� ���G ��

O��.�� *� �`� 17�6--  �	 ��  m� @��	��68�

 ,- O�r #p�� ���:�mg/mL5/0 )Sun et al., 

2003 <(BPA %99  @�4��� �	 ��  m� ���:� ,-

mg50 �!��,- H�G �� ;�*� "�- "*� H�G�!�. 

)Lv et al., 2007 <( @�4��� �	 ��  m� #$�6D4

 ���:� ,- mg50 ,-  "�- "*� H�G�!�. �� ;�*�

)Tintos et al., 2006� ( �� % �!.���-60  ,-

 ���:�µL20 )Wang et al., 1992 S��B *� (

"��	 S��&� .�4	�. �����	 �j�DU ��7��17�6-- 

 "��- ;���4 � �u� ���   "��2T ,- @��	��68�

 .�4�  ,6��G �14 �	 �D2� ���  "��2T ,- ��7��

"�P *� A� ;��G48 H�F4� �T�8  � � 

��  ��' ;�789�  S-�0�,!��� mj  ;����_4

 .�  

  

 DE��1�*	
2��� ?�� #� ALP2     

 m`���� c�8� �- ,. ,!��� #��Hallgren 

) "���`7� �2009 ,. �8� � �� ���G H�F4� (

 ��6P�8 �	 	�'�� O�D+� ") �B#�45�!6��  	�*)

 ��� ,- �789� mP�	 ,- 	��� *� A� �

�*��4� ;�6��6���6`Z8� ;��G��	�  #���-�2- .

ALP  "�&�� [F28 �	 Q�:6+���p � ��

2- Alkali-labile Phosphate  
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#�45�!6�� �8��12� #��- . O�D+� "�&�� ��6-� �

,4�74 ") c�8� �- AZ8 � ��  [F28 ��

�� ,8�W� #�45�!6��.	�   

 ,- <m`���� SBLµ100  �789� *�µL45 

 f8�� "�  ��!I� *� A� � �  ,��C� #68�

 ��	 �	 <A`���g 5000  O�� ,-5  �	 ,:�j	

 ;��	С˚4 5��D��64�8 )Hettich Rotanta 

460R("�7$) < �  @�!W� "	�. ���P *� �/- .

 ��4�� �j�- (�8� ,- <����µL300  A��� ���-

A`��� *� A� � �  ,��C� µL162  ,��C� #68�

�  A`��� �/��8 � � .  O�� ,- AZ85  ,:�j	

 ��	 �	g5000  ;��	 �	С˚4  � 5��D��64�8

 ;��6+  ,!��� #�� �	 .�  ���P ���� @�!W�

 f8�� ��4�� �j�- (�8� H�	µL300 � � @�4��

µL162  ��	 �	 5��D��64�8 *� A� #68�g 

10000  O�� ,-5  ;��	 �	 ,:�j	С˚ 4  H�F4�

 <���� @�!W� "	�. ���P *� A� .�  ;��-

 ��4�� �j�- (�8� *�µL100 NaOH  �k�� V�

 *� A� � �  �	�D68� #�$�`$) ��7�� "��2T ,-

 <A`��� ,4�74 O�� ,-90  ;��	 �	 ,:�j	

С˚70  � "��8�-�`4� "���� *� A� .�  ,-�`4)

 <���� ;��	 ,- ,4�74 ;��	 "��8�µL40 

;�� A� � �  ,��C� ,4�74 ,- ��8� V�68���!.

A`��� *�<  ��	 �	g20000  O�� ,-5  ,:�j	

 AZ8 .�  5��D��64�8µL105  ���� @�!W� *�

C� *� A� � ���� @�:64� ���' ���� ,- "	�. ,��

 � �0:� ()1-  ���:� ,- V� �� @�4���-µL435 

 ��	 �	 <"	�. A`��� �g 20000  O�� ,-5 

 <5��D��64�8 "���� *� A� .�  5��D��64�8 ,:�j	

 *�� � �$�4���- ���� *�� m��  *�� �	 ,- @�!W�

#���� *� .�  Q�+:� �-) ;��* �	 �-) *�� #���

 �7+jµL145 ���� ,- � �  ��'' ;�� ,4�G��

 @�� ���� ,- .�  m:62�µL50 O���$�� � 

µL50  H�	 ���� ,- � V�-��`8) ��8�µL50 

 � O���$��µL50  *� A� .�  ,��C� ()60 

 O�� ,- <�8	 �- "	�	 "�`� ,�4�s60  �	 ,:�j	

 ;��	С˚40 �  ,-�`4)AZ8 .  (�',4�74�� 

 �	nm 630 �6��6���6`Z8� ��_68	 f8�� 

)SQ-4802 <UNICO <�`���)( ��4��P �   �

 O�D+� "�&��")��  	���4�68� �2W2� c�8� �-

) �  ,8�W�Hallgren et al., 2009.(  

 ��6-� <#�45�!6�� ���:� #��/� ;��- �1!p

#�45�!6��  ��7�� *� ��  l�!I�17�6-- 

	���	�- �+� ,!�8� ,- @��	��68� �*��4� ;��G

�  )mg/mL 05/0(<  �+4 AZ8 #�-�1!p 

#�45�!6��  � O�D+��*��4� ;��G��   �	 "�7�

��7�� � ��) �8	 ,-  ���8 ;��- ,!U�� �+4

.�  @�7T� ����7��  

  

F�2G� � #��E���' ���(�  
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 � O�D+� "�&�� ,8�W� *� A�#�45�!6�� <

�2/� V� �� �	 ���6����� O������ "�&�� ;��	

 #�- #�2w7� � [���*) ���	 �B ����7�� *�

 "��*) f8�� h!6I� ;����7��ANOVA 

V�A� � ,��B "��*)Dunnett  }08 �-

 "�2�7B�95  .���G ���j �8��- 	��� �U�	

#�_4���;�� ���6�����  ;�0P ���7� ,- &�4

) 	���4�68�SE±( ��  "��-�4� ��&�$�4) H�7� .

 ��&�� H�4 f8��SPSS 19.0 - ����	�74 Q8� � ,

 ��&�� H�4 ,!�8�Microsoft Excel  �W�

 m��T Q6+�8WINDOWS 7  H�F4�� .  

  

H���*  

() ����7� �`�&�� ;����6.�� ,. �	  ���	 �B

[���*) �*��4� �4�  ;��G � "a�+.� <��	 m��  

pH ") ��	�:� ,. �4	�- R���� ,- ��С˚2±18< 

1±4/8 �!�� H�G�-  � �6�$1±8 ��) �8	 ,-.  

 ,. �8� �.r ,- H*k �C�� [��a� �	

 ��	�:� R+� �- X��64 ,- ��-�� ;����	�74

) O�D+�3-
4PO�8� ��  ���&G ����7�� ( 

m` ) ;��3-1(  ��	�:� �#�45�!6��  �2�T ,.

 O�D+� �- ,-��� ;�4��� �	  *� ;��G�!' ;��-

 @��' �	 <���`�1  .�8� ��  �	��)  

  

  

�/�*5 6')� �����! )I!B� #� �' &'�( ���%  

 ��7�� <[���*) QF2� *�� �	17�6-- 

 #�2w7� � ����7�� ���8 �- ,+��:� �	 @��	��68�

��7�� [�- <���  "�&�� #��� O�D+� 	�P ,- ��

) 	�	 ]�^6P�8/144± 1/2212  �	 H�G��`��

�!�� ��	�:� ,+��:� �- .(�6�$ O�D+� ,- ��-��

 ;����7��BPA )8/30±356  �	 H�G��`��

�!���6�$) #$�6D4 <(5/32±8/215 �	 H�G��`��

�!���6�$) �!.���- � (5/16±9/161  H�G��`��

 �	�!���6�$ ������ m-�j �$�&4 ��8 	�'� (	�- .

 Y96P� ������ 	�'� �- ;���) \�W$ *�

�2/� ���  ,4�74 � ����7�� #�- ��	

)7/1±39/17  �	 H�G��`���!����6�$ 

05/0P<( O��D� �!.���- � #$�6D4 ��7�� �	 #�- <

�2/� m` ) � ��4 	�'� ;��	A1 #�7�	 �	 .(

[���*) *�� &�4  Y96P��2/� ��	 � ����7�� #�-

 �  ������ ���  ,4�74)05/0P<( *�� �24�� .

 #�- <QF2�O�D+�  ��7��17�6-- @��	��68�

)75/7±8/2554  �	 H�G��`���!���6�$ �- (

 ���  ���G #�2w7� � ����7�� ���8

)7/1±39/17  \�W$ *� (�6�$ �!�� �	 H�G��`��

 � �	 	�'� ��	 �2/� Y96P� ;���)

)05/0P<( .  
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F� 1: J!)��K� �!/0( J�L�� �� �'������ M2�N( �� ��(5��' .J��L�( A: 5�� 6E�.. B: 5�� 6'�. 

C:  5�� 6'��*�. 1�@*��()± (��!/*���! ��4R �
,� �/�'� ��S* J��L�( 1��T U�)% �
,� .U-�R! 
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 ,- ��-�� ��  ,8�W� O�D+� ��	�:�

 ;����7��BPA R���� ,- �!.���- � #$�6D4 <

9/47±2/394 �!�� �	 H�G��`�� <�6�$

7/24±7/177 �!�� �	 H�G��`�� � �6�$

1/8±179 �!�� �	 H�G��`�� #�- ,. 	�- �6�$

�2/� O��D� �!.���- � #$�6D4 ;����7�� *� ;��	

 m` ) � ��4 	�'� ;���) \�W$B1 .( *�� �	

 ��7�� ,8 #�- <Q�	&4��17�6--  @��	��68�

)6/34±2/2554 	 H�G��`���!�� � <(�6�$

BPA )9/59±9/403 �!�� �	 H�G��`�� (�6�$

) #$�6D4 �62/5±8/41 �!�� �	 H�G��`�� (�6�$

) ���  ���G #�2w7� �7/1±39/17  H�G��`��

�!�� �	 ��	 �2/� Y96P� ;���) \�W$ *� (�6�$

� �	 	�'� )05/0P<(. ,4�74 ,- ��-�� ;��

 Q�	&4�� *�� ,- "��8� *� mj �!.���- ��7��

 m` ) �26�� #�- *� [���*)C1.(  

m`  2  ����7�� *� V� �� ,- ��-�� O������

 "��4 �&F� O��U ,- [���*) ���	 @�B �	 ��

�� Q�	&4�� � Q�	 <QF2� ;��*�� #�- .��	

 ��7�� �	 �	 [���*)17�6--  � @��	��68�BPA 

� ;��*�� � \�W$ *� �!.���- ��7�� Q�	 � QF2

 O��D� ;���)�2/� ;��	�$�� �	 .� ��4 	�'� 

 ���:� �	 ;	�/U �4�� ,. O�D+� QF2� *�� *�

 ������ m-�j ��7�� ,8 �� �	 Q�	 ,-�8� .

 ��	�:� ,+��:�O�D+�  �	 #$�6D4 ��7�� *� mU��

 "��4 �� �$�&4 �4�� [���*) ���	 �B	�	 #�� �- .

 Q�	 � QF2� ;��*�� #�- ;���) \�W$ *� 	�'�

 Y96P� [���*)�2/� ;��	.��4 ������  

  

�/�*5 6')� C���� )I!&'�( #� �'�' 

 ������ 	�'� �- <H�	 ,!��� [���*) �	

�2/� Y96P�) ���  ���G #�- ��	7/1±39/17 

�!�� �	 H�G��`��) ����7�� � (�6�$05/0P< <(

 ��7�� �	 #�-BPA )9/5±4/60  �	 H�G��`��

�!��) #$�6D4 � (�6�$4/10±84  �	 H�G��`��

�!���2/� O��D� ;���) \�W$ *� (�6�$ ;��	

,4�74 .� ��4 	�'� �!.���- ��7�� ,- ��-�� ;��

 m` ) �26�� #�- *� [���*) @�B �	3.(  
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 F�2: J!)��K�  �� J�L�� �!/0()' D��(5� ���� &X �� �'����� 5! Y�  1�@*��()± (��!/*���! ��4R .

 �
,� �/�'� ��S* ��)= )' �� J��L�( 1��T U�)%U-�R! &�3(.V�! �!�  

  

  

  
F�3: J!)��K�  �� J�L�� �!/0( 5! +. &0���� ��'�����48 V"��  1�@*��()± (��!/*���! ��4R .

 J��L�&�3(/S* �/'�S( �'����� 1�� ��!� .  
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 ��/,1: )���0(  J�L��D��(5� ���� &X �� �'����� 1�*	
2��� �  1�@*��()± (��!/*���! ��4R U�)% .

1��T J��L�(  �
,� �/�'� ��S*U-�R! &�3(.V�! �!�  

 ��(5#*
�*��!�)�  �'�����    J�L��(μg/mL)  1�*	
2���  (mg/mL)  

 6E�. 5��  17 ���- ��!�
��!)  a8/1±144/2212  a6/6±2/39  

BPA  b8/356±30  b5/3±0/6  

1���L*  c5/8±32/215  c5/8±0/3  

)28��
�  c5/9±16/161  c16/6±0/2  

6'� 5��  17 ���- !�
��!)��  a75/8±7/2554  a31/9±0/45  

BPA  b9/2±47/394  b8/7±0  

1���L*  c7/7±24/177  c4/1±0/3  

)28��
�  c1/179±8  c15/2±0/3  

6'��*�. 5��  17 ���- !�
��!)��  a6/2±34/2554  a73/3±0/46  

BPA  b9/9±59/403  b2±1/7  

1���L*  c62/8±5/41  c1/7±0/0  

)28��
�  -  -  

48 V"��  

(C����)  

BPA  a9/4±5/60  a1/1±0  

1���L*  a4/84±10  a2/48±0/1  
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 ��/,2 )���0( :J�L��  1�@*��() D��(5� ���� &X �� �'����� 5! Y� )' 1�*	
2��� �±  .(��!/*���! ��4R

1��T U�)% J��L�(  �
,� �/�'� ��S*U-�R! &�3( .V�! �!�  

  �
R ��(5�)�=    J�L��(μg/mL)  1�*	
2���  (mg/mL)  

�
��!)��!  6E�. 5��  a8/1±144/2212  a6/6±2/39  

6'� 5��  a75/8±7/2554  a31/9±0/45  

6'��*�. 5��  a6/2±34/2554  a73/3±0/46  

BPA  6E�. 5��  b8/356±30  b5/3±0/6  

6'� 5��  b9/2±47/394  b8/7±0  

6'��*�. 5��  b9/9±59/403  b2±1/7  

1���L*  6E�. 5��  c5/8±32/215  c5/8±0/3  

6'� 5��  c7/7±24/177  c4/1±0/3  

6'��*�. 5��  c62/8±5/41  c1/7±0/0  

)28��
�  6E�. 5��  c5/9±16/161  c16/6±0/2  

6'� 5��  c1/179±8  c15/2±0/3  

6'��*�. 5��  -  -  

  

]G�  

 	��� *� �/�8� ��6+G 	�'� ,. #�� �	

 �	 ��- �8	 ,- ��  ,6P�8 ����7� 

f�W� �-) ;���� �	 @96P� 	�F�� xT�- �4���

 	�  O�	�'�� �!u���$�� � �2��.��4� Q6+�8

 �u.� ,. #�� ,- ,'�� �- .	���4 	�'� ;��	��

"5��68� h�. �j�D�� ��B ,- �0�W� ;��

�� Q�+:� #���-�2- �4�`���76+�8 ;�2-�  ;��-

 	���4 	�'� �45��68� ��$�/� ;���	 O��.��

)Tyler et al., 1996 "	�- �	�6+G m�$	 ,- .(

"����� ��$�/���24* Q��- <"�- �	 �� ;��

� �2��.��4�� *� �/�8� h�B xT�- �24���

 �2��.��4� Q6+�8 �- ��2� ,4 ,. �4�  Ok96P�

Q6+�8 �- ,`!-�	� ;�� Q6+�8 mu� ��k�- ;��

 .�2 �- ���G��s�� Q� �27�� � �^T

)Yamanaka et al., 1998�*��4� �- .( ;��G
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 "�&��#�45�!6��  �4 ���� "�P ;�789� �	

"�`�� "5��68� O��s� n�	 �- �0�W� ;��

 ;&-) O�	�'���  ����P Q����.  

  

�/�*5 6')� �����! )I!&'�( ���% B� #� �' 

���� �	"5��68� �� �:$� @�d+� ��2� ,4 ��

 �P�8#�45�!6�� �26+�  ��!- � &��7� �	 ,`!-

@�!8 V��W� #�2w7� � �+2' �	 ;�. ;��

 �P�8#�d���� �8�8� [:4 �	�* [ �� ;��

�� �D�� .�22.���� �	 #���-�2- 	�'� <��

"5��68� ;��- �	�* ��$�� � QI� m�`�� ��' ��

 ;���C � � @�� �	 #�2'�8�Q�� . #���

"5��68����� �	 	�'�� ;�� ��17�6-- 

"��68� <@��	��68�1 @���68� �2 �8� "�&�� .

"5��68� #�2w7� <"�P �	�G �	 	�'�� ;��

	��� "��* ") �� ��W� f8��c��k���Z��- 

&���Z��-�� @�62. ;	�2G ,�'��� .	� 

"5��68� #�� �- R8�2��4 *� �4��W- m���� �	 ��

�1!p �	 �� � �G�4* ,P�i lI���4 ;��

�� �!u���$�� ,P�i �- �-�I� O��s� �4���

����) � �- ,6 �	 ��Di Giulio and 

Hinton, 2008 .(  

                                                           

1- Strone 
2- Estriol 

 �1!p ,4�68) ��17�6--  ,. @��	��68�

R'�� �� 
8�� *��-�	��4�P #�- �	 	�  ;��

�	��4�P ;��- �� #�� .�8� O��D6� h!6I� ;��

 #�- � ,-��� "�������Z. � ����4�7$�8µg/L 

25  ��50 �8� �`��W� �s� ,. �8� �.r ,- H*k .

17�6--  �	 @��	��68� �P�8#�45�!6��  V�

 "��* � *�	 ,- ,6+-�� �2�)�� �8� #�- �	 �

�	��4�P ;�� V� ,- ��-�� 	���� �6� � h!6I�

�� �	��4�P) � �- O��D6� �4���Sun et al., 

2003.(   

�2�i ��$ �4 A2' �-) ,C��/�3�- 17�6-- 

 @��	��68��1!p �	 ;��1/0 <5/0 <1  �µg/L5 

 �B �	42 ����D6� X��64 *�� ��  ,- <	�	 "��4

;��B �1!p ,.;�� 1  �µg/L5  *�17�6-- 

 *� �/- @��	��68�7  R'�� *�� �P�8#�45�!6�� 

"�&�� ,- 2/2±12/18 �g/mL 

µ06/27±93/211 �$�� �	 �8� ��   "��* ,.

 �1!p �	 
8�� *��- ��' *��4 	���µg/L5/0 

 *�17�6--  <@��	��68�14  *��

)g/mLµ46/0±04/43�1!p � (µg/L 1/0 <

35 ) *��g/mLµ11/19±05/50 *� A� (

) 	�- ,C��/�Lv et al., 2007 �	 .(����a� 

 f8�� ,. �_�	Shao ) "���`7� �2007(  �-

3- Chinese Loach 
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 S��&� ���G O��U ,4�G #�� ;��5 �!�� H�G

;�*� ,- ��  *� "�- "*� H�G�!�.17�6-- 

 *� A� @��	��68�21  R'�� *�� �P�8

#�45�!6��  "�&�� ,-µg/mL7/0±9/2  .� 

 "�&��mg/Kg6/1  ;�*� ,- "�- "*�17�6-- 

 R'�� ,6D� �	 �B �	 <@��	��68� �P�8

#�45�!6��  "�&�� ,-mg/mL 45/43  A2' �	

�����	 Q�8 ���� �4١ <Lmg/m6/17  A2' �	

 ���� �4Black porgy  �mg/mL 3/45  �	

 ���� �4 A2'Skew band grunt ) � Wu 

et al., 2003 .(#�� �	 ,/$�0���� ���� �	 < 

 "�&��#�45�!6��  f8�� ��  %�:$�17�6--

 �1!p �- @��	��68�mg/mL5/0  <QF2� *�� �	

[���*) Q�	&4�� � Q�	 R���� ,- 

64/2±65/39 <13/0±95/45  �

mg/mL37/0±31/46  ,. �  ,8�W��-  	�'�

�2/� Y96P� ;���) \�W$ *� ;	�/U ��8 ;��	

�� �14 ,- .��4 ������ [���*) ���	 @�B �	-

�8� <,/$�0� #�� �	  �	 ��� ���� �s� �`��W�

17�6--  �	 @��	��68� �P�8#�45�!6��  *�	 �	

 �B �	 �	�D68� 	���5  #���k�- ,- @�� *��

 ���789� }08 #�� � ���8� 	�P "�&��

#�45�!6��  *�� ��15  .�8� ��  �D�  

                                                           

1- Red Sea Bream 

A�-  @�2�A )(BPA<  ,�$�� �	���P�8 

 v��2U �	 �	�6+G �	�D68� m�$	 ,- <���7�!�

Q8 O�/$�0� �	 ����7� <h!6I� 	��� �8�2 

 �45��68� ��U�P .�8� ,6��G ���j ,'��BPA 

 "����� m7T ��!:� ,08�� ,-17�6--  @��	��68�

"��	 �0�W� � ���_����*) O�/$�0� �	 �*

) �8� ���8� �s ,- ;���+-Letcher et al., 

2005 .(Huang ) "���`7� �2012(  O��s�

 �45��68�BPA  ;��*�	 �	 ��1/0  �ng/L1  �	

 �:$� �P�8 �4 A2' �	 #�45�!6��

Macrobrachium asperulum  *� �	�D68� �-

 ���ALP  .�4	�	 "��4Lv ) "���`7� �2007 (

��$�� #�45�!6��  ��$ ���� �4 A2' ;�789� �	

�1!p �- ,C��/� �	 �� �2�i h!6I� ;��BPA 

)10 <50 <100  �µg/L500 �B �	 (42  *��

�1!p �4	�. ������ � �4	�	 ���j �8��- 	��� -

 #���� ;��BPA )10 <50 <µg/L100 �� (28 


8�� *��- R'�� ,C��/� *� A� *�� m-�j ;��

 � ��4 l�I�� �P�8#�45�!6��  *�� *�35 

 *�� �� � y�� 42 �$�� �	 .���� [��&��  ,.

 �1!pµg/L 500 BPA  R'�� �P�8

#�45�!6��  "�&�� ,-µg/mL43/9±98/31  �	

 �� Q�	���i *�� *� � �  Q6D� *��42  "�&�� #��

 *�mg/mL02/0±22/4  ,-mg/mL 61/47 
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 �	 .���� [��&��@&j#�_4� ;k) "�7. �1!p

#���� *� ��µg/L70 BPA  �:$� �	 <() �	 �P�8

#�45�!6�� �$�� �	 � ��4 ;��s�� ,.  [��&�� �-

p �1!BPA  "�&�� ,-µg/L500  *� �/-6  *��

 R'�� �P�8#�45�!6��  "�&�� ,-

µg/mL1168 �  )Lindholst et al., 2000 .(

 #�2w7�Van den Belt ) "���`7� �2003 (

���� ,C��/� ,. �4	�	 "��4 ;�P��G  � �4

 |$�-�4 ����@&j#�_4� ;k)"�7.  �-µg/L1000 

BPA  ���789� }08 [��&�� xT�-#�45�!6�� 

 ,6D� ,8 �B �	�  �$�� �	 �1!p ,. ;��

#����) ��µg/L200 �B 
8�� *��- �	 ;��s�� (

 ,C��/� �C�� [��a� �	 .� ��4 ,6D� ,8

���� �q!p �- ��µg/L500 BPA  R'��

 �P�8#�45�!6��  "�&�� ,-5/0±37/6 <

8/0±05/7  �mg/mL1±22/7  ;��*�� �	

 ������ 	�'� �- ,. �  Q�	&4�� � Q�	 <QF2�

 Y96P� ;���) \�W$ *� <����&�� �4���2/� ;��	

 "�&�� �	 �P�8#�45�!6��  ���	 @�B �	

��4 ������ [���*).  �8� #�� �$�76�� m�$	

- X��64 ,+��:� �- ,. , V� 	���� *� ���) �8	

,4�G #�- #�2w7� � ,4�G <h!6I� ;�� �� #7C

O��D� "	�	 ���j �14,4�G ;�� �	 O��D� <;�

��$�� ,!��� ,4�G V� 	���� #�- �	 �!u��� �4���


8�� ����� R'�� � 	�  ��8�+� O��D� � ��

	��_- ���j ,'�� 	��� ���-.  #�� ���  �_�	 m�$	

 ��s�� ����4 ,. � �-BPA  �	5  � �	�- @�� *��

 ;�67. (�I� O��s� ") *� �/- ;��- �P�8

#�45�!6��  X��64 .�8� ,6 �	���) �8	 ,-  "��4

�� ,. ��	BPA  ,- �	�j �	�D68� 	��� *�	 �	

 �:$� �P�8#�45�!6��  ��� ���� �4 A2' �	

 #�� *� &�i�4 �1!p �6� ,. �2/� #��- �	�-

�	�� *� ;���+- ��4*�8 ;�&'� *� ,. ����7�  ;

 �8� ;�7�!� O��.���� "��2T ,- �4��� V�

�	�. m7T �/�B �	 ��2�k)< ��$�� Q6+�8-

 .��	 ���j ��s�� �W� �� �	�� � �4 "����� �!u�  

#-�.����� �8� ��  �-�s V������) ;��

 ;� ,:!� �2i(PAHs) #6 �	 ,08�� ,- <

[�' ��U�P"�B�8 � ���* �- ���*

 Q�12� � mu� ��$�� <� � �24�� �����2�)��

 �s�� "����� ;&78��8� )Nicolas, 1999(  .

PAHs  "	�- #�- *� �� � "	�. ��!:� ,08�� ,-

"����� �/�B O��s� ��R'�� �k96P� *��-� 

�2�)�� �� � �4����� Q+�$�-�6� �	 � �$�!8 ;��

 "����� f8�� ��4�  Q�12� �`�5�$��&��

�� "����� �2��.��4����4 Q6+�8 �- � �4� 

 �-�j���) �22.Navas et al., 2004.(  

Cooper  �Kavlock )1997 <(PAHs  ��

��24* Q��- #����s�� *� �`� "��2T ,- ;��

 .�4	�. ���/� �2��.��4�Pollino  "���`7� �
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)2009�1!p �s� () #$�6D4 h!6I� ;��130 <

200 � µg/L400 ( y�4 V� "��2T ,- ��PAH 

#�_4� ���� �	�� � �4 A2' �-"�7.1  �B �	3 

 �14 �j ,/$�0� 	��� *�� �	 �������� � �4	�	 ��

��{��68� "�&�� *� �/- �+2' ;��3  *��

�$�� �	 �4	�`4 ������  "�&�� [��. ,.

17�6-- �	�� �	 @��	��68� "�&�� [��&�� � ��

 *� A� �� ���4 �	 "��6+6+�14  .�4	�. "��- *��

Thomas  �Budiantara )1995 �- ,/$�0� �- (

Atlantic croaker2  ���_����*) f���  �	

 �1!p �	 #$�6D4 �26 �	 �����ng/mL10  ,-

"����� ����p ;����6Z8� �- mP��� ,08�� ��

 ,- &���Z�� ��p ��8�+� [��. xT�-

 �4����� O�`��W��� .	� Thomas )1989 (

 [��. 	�	 "��4 ���_����*) O�/$�0� c�8� �-

 �1!p17�6--  [��. ,F�64 �	 @��	��68���$�� 

8�@�!8 f8�� ��{��6 �	 .�+�4 �$�`�$�� ;��

�$��  ,.Anderson "���`7� � )1996 (

&���Z�� ��W� �	 @96P�- ;	�2G �� ,- �F2� ,.

#������	�2G ���789� e�08 [��. � ��

 "��7I� �	 ����{��68� &628��- #�2w7�

��	� <  "�&�� [��. �- �!�$	17�6-- 

 �4	�	 "��4 #�2w7� .�4	�. e�0� @��	��68�

                                                           

1- Rainbowfish (Melanotaenia fluviatilis)  
2- M. undulatus 

�1!p �	 #���� ;��17�6--  ,C��/� @��	��68�

�6- Q. �1!p �-- "�9��6D43  O��.�� *� �`�)

PAH� mg/Kg 5/12( �	�* V��W� R'�� -

 �	�� A2' �	 ;*�8@&j#�_4� ;k)"�7. ��-

�$�� �	 	�  �1!p ,.�6- ��k�- ;��- 

) "�9��6D4mg/Kg 25-50�	�* ���� R'�� (-

 ;*�8���1!p �	 #�2w7� .	�  ;k�- ;��

17�6-- �1!p ,7� <@��	��68� "�9��6D4 ;��

�	�* "�  @�/� R'�� ;*�8�  )Stegeman 

and Hahn, 1994 .(  

 <,/$�0� #�� �	 �	 ��� ���� "�&��

#�45�!6�� ��$��  � Q�	 <QF2� ;��*�� �	 �� 

 ;�*� ,- [���*) Q�	&4��µg/L200 #$�6D4 *�  ,-

R���� 5/0±82/3 <4/0±16/3  �

mg/mL1/0±7/0  	�'� �- ,. �  ,8�W�

 Q�	 � QF2� ;��*�� #�- �$�&4 �4�� ������

[���*)< �2/� Y96P� ;���) \�W$ *� ;��	

 ��  �.r h!6I� m�k	 ,- ,'�� �- .��4 ������

 "����� "�&�� �- #$�6D4 �s� 	��� �	17�6-- 

 @��	��68� 	��� ,4�G �	 #$�6D4 �`��W� �s� �

,/$�0� �14 ,- <�� "�&�� [��&�� �!T �8�

#�45�!6��  �s� ,08�� ,- Q�	 � QF2� ;��*�� �	

) �45��68� ;����6Z8� �- #$�6D4ER }08 �	 (

3- β- Naphthoflavone 
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@�!8 m7T ��!:� � ;�. ;��17�6-- 

 �6���4 � @��	��68� �P�8#�45�!6��  ,- � �-

;��B  �- �4 ���� O�� �4k�B ,C��/� ,.

 �7�&4) Q6+�8 "�  @�/� R'�� #$�6D4P450 

Q8 ��U�P �Q�&4) #�� ��$�/� *� � �4 ���	* ��

 "	�- #�- *� � #$�6D4 "	�. �&�$�-�6� ,F�64 �	 �

��$�-�6� �`��W� �s� �- ") *� mU�� ,��4�s ;��

 �_�	 O��T ,- .�8� ��  �45��68� ;����6Z8�

$�-�6��� #$�6D4 ,�&F� *� mU�� ,��4�s ;��

�7�&4) Q6+�8 f8��P450  �8	 *� #7C <

 �- ��s�� ,- �	�j 	�P �45��68� ��U�P "	�	

��4��G@�!8 }08 �	 �45��68� ;�� ;�. ;��

 �:$� ,F�64 �	 � �P�8#�45�!6�� 	�- �2���I4 

)Snowberger et al., 1991 .(Pollino  �

) "���`7�2009 �	 ����� ( �78 O��s� ,. �26

PAHs  <,C��/� }08 �24�� ������6.�� ,-

 Q+�$�-�6� "�&��PAHs ��$�-�6� m`  � ;��

�78 ���7T ,. ,!U�� 	�P ,�$�� O��.�� *� ��

�26+�  Q+�$�-�6� .	��	 �_6+-PAHs  f8��

Q�&4) *� ����GQ8 ;��- �	* , �7�&4) �	��4�P H�4

 H��.�6�8P450 �� O��U 	��G

)Snowberger et al., 1991 "�  @�/� .(

 H��.�6�8 �7�&4) Q6+�8P450 1A 

)A1CYP( "��� �D$) �&2- �- ,C��/� �s� �	1 

                                                           

1- Benzo[α]pyrene 

 O��.�� *� �`�)PAHs��$�-�6� ��$�� � ( ;��

�78 ,��4�s f8�� ��Wu ) "���`7� �2003 (

 .�  e�0�Livingstone )1998 	�. "��- (

 m`  �����PAHs ��$�-�6� ,- ,��4�s ;��

�� [��&�� R'�� �4���10  ��100  ;�-��-

 ��$�/�CYP1A  �45��68��C ��$�/� .	� 

 H��.�6�8P450  [��. ,- �F2� ,. �P�8

#�45�!6��  QI� m�`�� ���f8�� 	�  

Anderson ) "���`7� �1996 .�  e�0� (

 *��4 	��� ;���C 	��� �$�!8 }08 [��. ;��-

 �P�8#�45�!6��  O�D+� � Q�+!. ,!7' *�

�� �$�&4 ��8 �- �_�	 �$�76�� m�$	 �4���

 �P�8#�45�!6��  �- O�� �4k�B ,C��/� �	

 �	 #$�6D4 #�� �	 <��� ����,/$�0�<  �- .� �-

 ,- ,'��[��a�;��  �	 ,6��G O��U 	��W�

 ���j �14 �� #7C � �4 A2' �- #$�6D4 �s� 	���

O��D� "	�	,4�G ;��4 ,- <;��� �1 ,. �8�

 #$�6D4�� V� "��2T ,- �8�2� ;����4�. �4���

Q��- ��2�k) ��24* #�� �- � �- �2��.��4� ;

 Q� �G�24* Q��- �s� #�� ,. O��D��� ,- �4���

 m`  �P�8#�45�!6��  O�� ����. ,C��/� �	

 *� ;��G�!' Q� � �P�8 O�� �4k�B �	 ")

 @�� #�� �- .� �- �4 A2' �	[��a�� ;�
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�	�6+G ,2��* #�� �	 ����Y�D  
8�� �4��� -

 �8� Q!+� ,w4) ��� � �- ,6 �	 ���7� ,- ;��

 R�.�� #�� �G�2�k) ��U�PPAH  �	 �6�

�1!p ;��Q6+�8�.� �	 &�i�4 .�8� �-) ;��  

���� �24�� ;&628 ����7�  	���[. <��

��)[.h!T � ��[. "��� ;5�$�2`� �	 ��

"��2T ,- ;*����.  ��' �s�� �T��	 ,!�8� V�

��) @�62.h!T � �� ��$�� ��12� ,- *�� ;��

[�- ����p Ok�^W���D�. �- � ����  	���

�� ���j �	�D68� ,- O��.�� #�� 	��� .�4��G

Q6+�8�.� <�-) ;���� ��98 �- �4���

Q�� ,. "����� �a�� ,- ;&-) O�	�'�� #���

�G��s�� �26+� ����p ���F4* �qT� �- �� 

)Faromb et al., 2008; Ndimele et al., 

2010 ,- 	��W� ��2� O��.�� #�� %�8 O��s� .(

 � ;&-) O�	�'�� �:- � �`�5�$��&�� O������

�74 "����� 	�F�� � ���45 R�8) ,`!- 	� 

"�B�8 � [�' ,�'��� �_�	 ;������� *� ���*

 ��7  ,- O��.�� #�� �- ;&-) O�	�'���� 	��

)Nwani et al., 2010 �`� "��2T ,- �!.���- .(

*� Y�^� ��h!T #���[.h!T @�62. ��' ��-

�� ���j �	�D68� 	��� X4�- y��&� *�� ;�� 	��G

)Lasheidani et al., 2008; Faromb et al., 

                                                           

1- Caspian Kutum (Rutilus frisii kutum)  
2- Genotoxic  

2008 ��6P�8 �- �!.���- �8� ��  �-�s .(

"5��68� ,-��� ����7�  ,- 	��� �- <��

Q6+�8�.� ;�� �-)�� O������ ,- �F2� �4���

 	�  ;&-) "����4�' �	 ��'�� m-�j �`�5�$��&��

 <;��8 �!�T�78�)1381 .(Chang  "���`7� �

)2013 � �!u���$�� Q6+�8 �- �� �!.���- O��s� (

 �4����� e�08;�P��G ����  �8��- 	���

�4	�	 ���j �  X��64") �� �	 �!.���- ,. 	�	 "��4

 *�	µg/L100 2� "�&�� [��&�� ,- �F

�� �4 A2' �	 �789� #�45�!6�� ,C��/� .	� 

�4 ��D8 ����1 ) �!.���- ;k�- �1!p �-%75 

50LC <ppm322/0 � Q.��� <QF� [��. (

H�Z8� 	��/�H�Z8� 	��/� [��&�� #�2w7� � �� -

 � �	 @�4	 ,- �� �/�B��p ;��

)Lasheidani et al., 2008(. Yadav  �

) "���`7�2010 O��s� ,/$�0� �- (V�+.���452 

 #���  () ���� �- �!.���-Cirrhinus 

mrigala [��&�� <,6+�Vi�. ;��3  �	

��8��6��� *� A� ��48  � � [��. � �T�8

 *� A�60  �1!p �- ,C��/� *��ppm1  �!.���-

 .�4	�. ���&G �� �	 ���:���) ���� ,-�G ,�'���

�1!p �- ;��) �!.���- h!6I�1 <2  �ppm 5/2 (
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Abstract 
The goldfish (Carassius auratus auratus) is a freshwater species that is one of the 

earliest fish to be domesticated, and is one of the most common aquarium fish. To 
study plasma levels of induced vitellogenin by endocrine disrupting chemicals 
(EDCs), 17β-estradiol, Bisphenol A, Naphthalene and Butachlor were used. This 
study was conducted in two separate parts. First, Bisphenol A, Naphthalene and 
Butachlor were added to aquariums containing goldfish with doses of 500µg/L, 
200µg/L and 0.28µg/L, respectively, for 15 days. Then blood sampling was 
performed on days 5, 10 and 15 of the experiment. Second, 17β-estradiol, Bisphenol 
A, Naphthalene and Butachlor were injected directly to the fishes with doses of 
0.5mg/mL, 50mg/Kg, 50mg/Kg, 20µL and blood sampling was performed after 48h. 
After separating plasma, phosphate and vitellogenin amounts of each treatment were 
measured and calculated by using of ALP test. Results from the first experiment 
showed that there was significant difference between vitellogenin content of 
treatments and control (P<0.05). The highest level of vitellogenin was devoted to 
17β-estradiol and Bisphenol A, respectively. There was no statistically significant 
difference between Naphthalene and Butachlor treatments. Results from the second 
experiment showed that there was significant difference between control and 
treatments (P<0.05), while there was no significant difference between Bisphenol A 
and Naphthalene treatments (P>0.05). According to the results, in this study, 
Bisphenol A, Naphthalene and Butachlor can be considered as EDC in both 
experiments by inducing of vitellogenin synthesis. 
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