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) ����� ���� �����  �!�"# ��� $� %�&h96 50LC'() *&�#  +, -.� �, /# 0�1!23 4( -67

��89� :�;� :$. ��89��# �,)39/0±0/10  (@�A�3� .C��#$7 ���3 �.�  , 	�D ��;3 )Static �, . (

 E�3�	���9�F3� G;�!��2F3	 O.E.C.D.  0�#  ,96 '() *&�#  +, -.� �I�3��89� -67 .�J @�K9� :�;�

 �	C��#$7  *&�#  +, -.� /# 0�1!23 *A���� �	.�L#'()��89� -67 :�;�mg/L 1000-1  �����

�J :�#$ 0�# *N �	 .24  *!�96 �&�#  +, ��# . P�# /# 0�1!23 ���� C��(�� �, �I�3:� � C��(�

 :�(�# .	�� ����h48 50LC  :�(�#  , �
Q9h24 50LC  .�J�	 C&�����+;& 0�# �	 ����� ���� 

 :�#$72   , �
Q9 �I�324  .48  :��9 �� *LT�. C&�� �I�3�	����� ���� :�(�# .	 24 448 472  .

96 �, �,��, U����  ,  FI�3 10 437/8 479/4 . 96/0 *��# �F�! �, @�A	2, �, .  ,  V2����  V�	  � -��,

 :�(�# $� �	�1F3� �, 	�2# ��;3h96 50LC *# WX�#;3 ��9 $� /# 0�1!23 ��9 ��� $� 4	2J -��, ��

 *&�#  +,'()��89� -67 :�;�»*��Y *;3«  Z2QL#*#	2J.  

��*	:� :�"�'$ /# 0�1!23 4��;3����� ���� 4 4Oncorhynchus mykiss.  

1-  �J�� E��J���-[2!2�\�2�, 4���	  . @2�I ��8�9�	 4*329��)� . *����	 @2�I ��\�9�	��Y *����	 :2����#���� 4.: 

2- ����9�	 �Q�$ �.�A�� . @2�I ��8�9�	 4*329��)� . *����	 @2�I ��\�9�	 4���	 *3��J�Y *����	 :2���#���� 4.: 

3-  �J���, -�F�	 -2K�9�	7:��(,4  ��\�9�		*\J(]#�4 :���� ��8�9�	.:���� 4  

4- E��J���  40^�J �J��-��"# ���J *,7	�3 :��&�# 0�_�_L� (��#4 `23��.:���� 4  

5- 4���	 *A	2!7 �J�� E��J��� ��8�9�	 4*329��)� . *����	 @2�I ��\�9�	 ���	 :2�� . @2�I��#�Y *��.:���� 4  

6- 0^�J �J�� E��J���	 4*��
N b,��# ��\�9�	 4 ��8�9�:��1c� *F��c.:���� 4  

* :'2dQ# ���Q�29 amovahedinia@yahoo.com 
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 G,"@, 

�&�#:�  . *\�[2!2�� ��;&� �N�Y  ,

 *,��$�� �	 U3��#  92A e� :�2�I  , -	�fF)�

  V2� 	�2# :��(,7 ��;3��FQ& 92A . -�&

*&�# $� -	��$ ���Q,�!�"# -��, �&0� 

g3*3��J *# �	�1F3�  92A e� Z�XF9� .�92J

 4C��#$7 @�K9� -��,  , :	2, E�F3	 �	:7 4

G_9 . G;D �!2�3 . ��.�� �!2�3  *8FQ,

) 	��	Clark, 2001:��(,7 .(  � b
�# *���� 

:�Q9� �� G�\�� *#4��&	 ��8�3 �c��I 

*���;�J �&� ��J �	 Z7�& �� �	 :�, 	2Y 

 b;V*#���� . �	 :���V  Y�h-�& *FQ�$ 

��� 	�2# ��  , *���� i"3 ��6�, $� 	2Y . �	 

����9  , :�Q9� *# '�_F9���&	. 	.�. 	�2# 

����67  , Z7�& . b;K� :7�& :��(,7 �	  , 

"3�.  *���"Y  � -��, :�Q9� .  0�	2V2#

�8�	 	�K�� *#���� $� ��A��	 4*FJ���, 

-	�fF)� . *\�[2!2�� ���Q, (j�D ��;&� �3� .

-���Q, $� 0�(�� ���  , �2N *��
N $� -�(V� 

G�\�� ���&	 gFQ�32��-�& *,7  , Z�QD 

*#���7 . *FD -	���� $� :7�& -�_, �	 

0�	2V2# ��9$ C_9 *;�# �� �1�� *#����. 

 +9��h :�(�# ��� �c��I  , G�6	 :2A�92A $� 

���# 	.�D ����� 	.� kI�,  , ��N�X# �FY��9� 

0��D  :��(,7*#	2J���� C��(�� . *l�, $� 

	�2# ����67 ��9�;& /# b;K� kI�,  :7�	 

���, :��(,7 *#	2J$� *\� . 0��"Y *J�9 $� 

�	 :7 ���, �	2!7� 4���m �	 ��FY�3 .  	�\�;I

��8F3	-�& *���D Gn# �32� �3� .��!�#��  .

0�1!23 /# $�  F3	 *��
���� ��FQ&  � 

o�;j�	 �	 ��.�� p��(# *&�# ��V :�#�	 

�921I-�& *�89�4  *h��) .*����F��, 	�2# 

�	�1F3� ���) *#-��F3) �9��A 41381.( 

 . 2KFQV$� �	�1F3�  �;T  � U3��# -.��	

 -���	 4Z2�"# *�����g�����  *;3 0��q�

�J�,4  ���2;&-��, -��;�, �, �$��
#-�&  *h��)

 ��	�2Y�, *�6�, ��;&� $� �	2,. *L",�) �3� 

 4:���\;&1384.(  

�2lD @.��# r^#� ��8�3  +9��h C�, $� 

�$��9� �J�, �K�#  ,  FJ�
9� :�J ��� �f�I �	 

���,-�& :�,   ,�s�. �
� �&�2Y �J ./# 

C_9-�& -��FY�3 . -	�\�;I *9�.��� �� �	 

-���Q, $� -�&���7�� *\�!2,�F# $� G�
) ��!2� 

��,2�A2;& . C_9 *���D �	 gQ�!2,�F# 

:s�Q�� . -���Q, gFQ�3$�-�& *;�(97 	��	 

 4:���\;& . *,���)1378.( �,  V2�  , :7  � 

�$.�#� /# -�&	�,��� *9�.��� �	 t�L# 

*��
N  , :�2�I ��7C� . �	�# e
�V�T 

4	��	  �  , *FD�� *#�9�2� �	 t�L# *J�.�� 
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���A�q� 4�J�,  .� ��� $��	 �T�D  �!�"# �q� 

��;3 	�D (�� /# �, -.�  +, :��&�# 

'()��89� -67�, :�;� ����� %�& ���� 

����� 	�2# *3��, ���) �3�  F��A.  

(�� /# ��;&� *9���J -��, 0�	2V2# 

	��	 ��9$ . �	 ��FY�3 g�(97 *��& :2+;& 

��#��.	 �F, $^�Q�.���& . ��Q����23 

$��2;Q�	 #/- -.� 	2V.  	��	)Aaseth and 

Norseth, 1986( ���+;& ��� 4(�� -�&	�,��� 

G,�) *�V2� t�L# �	-�& *,7 . ���c 

-(,7-�.��  , :�2�I 4*9�#�	 �	�# e
�VC� . 

����4 	��	 )MacKenzie, 1961; Havens, 

1994(. �, ��� /# 4	2V. �	 ���� -�&����� 

$� �D 4$��9 06^FY� -	��F# �	 �� r2"3 

u�FX# :�, :��&�# 	�K�� *#��� ./#  , 

:�2�I �Q�92A�F97 �f�I *���D 4g��3 �, 

g�(97 ��!��� -�&g���� ����� *92� Gn# v;� 

 ATPase-+K/+Na *# �q� 	���A. �	  K�F9 

���� *92� ���,�&  , �s�. ���, -�&G�Y	 �	 

�#� g���� -(;3� *# ���) ��q�� �L� ���&	 

)Pelgrom et al., 1995; Li et al., 1998( .

/# ���+;& 0����m� *���;�J2�, *92#�2& . 

�;3^� �� UV2# *# 	2J)Gravel et al., 

2005( . $� /#-��, G89� :�#�	-�&  . *V��Y

:[292#*# �	�1F3� �&	2J . /#  ��I

 . C�,7 *����F��, -��;�, 4/����#2��

e]�Z7 �	 *,7 -�& 	�3 -�& �q2#4�	2,  �T

C�,7 -��, /# .�3� e
�V*;3 �& 4�	2, 

 ����� Z2��3 gFQ�3�3� *�;�� 

g�&��,�) 4:���\;& . -232# �	�$1388.(  

 0�1!23 /# . ��!�#�� ��Q�� �����*��& 

��FQ&  � *#��9�2� -��, *921I�T r2"3 

:��&�# *V��Y  , ��� 9.�.� /# 0�1!23 -��, 

:��&�# ���Q, �3� *;3 . ���� ����� :7  , 

��j���) Z7 *8FQ, 	��	. WX�# ��J �3� 

 � ��� U
3 U���� $.�\9 4 ��� U��X� ���, 

:2Y4$�3 C��(�� *,�h �
� . ���# *Y�, $� 

g�(97-�& *J��2A *#	2J   4-��F3)1378(. 

	2V. /# �	 Z^T��-�& *F��c . *89�Y 

*\� b,��# $� 	.�. /#  , gFQ�32��-�& *,7 

�3� U���  �  , 0�2c e;9-�& 0�1!23 . 

����� '2�L#   ,:�2�I Z�Q�  ��X� *#92J.� 

b
�# 2_!�,� �8�	 �	 4��n\� (���# /# 	�$7 

��J $� 	�2# *K9�, . *Q# �3� �	  � �Y�3 

4067��J -�2��& .  !2!�& 	�2# ���) �	�1F3� 

*#��A.	 	��. :�J /#  , b,��# *,7 $� ��� 

�	 w��N *_N��#  � -���	 Z7-�& @�9 ��FQ& 

C�,�� �3�. �	�1F3� $� *Y�, 0�
���� -.�D 

4/# ��9�# -�]3�-�& 0�1!23 /# �L� 

:�2�I e
�VC� . x��)4C� ��� $�-�& �8�	 
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	.�. ��� (��  , b���c *J�.�� :�2�I  ��J

*!^V) �3� -�1�V *�2J�. . 41387y 

 4*���#1388(.  

 WX�# 4 �!�"# ��� @�K9� $� %�&:	�� 

 ����� ���� ����� . *A���� �	.�L#

h96 50LC  /# 0�1!23 *&�#  +, �,

'()��89� -67:�;� �3�. 

  

H�� � �:
,�I  

 �!�"# ���  '�3 ��# �;�, �	1393  �	

 :��&�# 	�s9 r^c� . e�F9[ 0�_�_L� (��#

`23�� -��"# ���J *,7 	�34  *&�#  +, -.�

'()-67 ��89�:�;� )Oncorhynchus 

mykiss ( @�K9��J �2��# ��� -��, .50   �")

 :$. ��89��# �,) *&�#  +,39/0± 0/10  (@�A

 t���J �, :�J��A$�3 ��VC��#$7  0�#  ,

�	  F1& e� :�. -�&60 -�F�! 3 .��9. �!�

 �;T 0�# ��� �	 .�J -����89 (��# ���

  ,  9�$.�) ��� t32� *&	��� 4U3��# *&	�2&

 -�$�02/0  �c�	$� .���A 0�2c (:�, :$. 

) ����� ����  � *��K97h96 50LC (

 -��, 4	2
9 @2��# *&�# ��� -.� /# 0�1!23

 /# 0�1!23 *A���� �	.�L# �F���-��, 

 *&�#  +,'()��89� -67:�;� e� ��F,� 4

C��#$7 )  �!.�Range Finding Test @�K9� (

) �JInyang et al., 2010 (.  �	.�L#

�, /# 0�1!23 *A���� ��� -��&�#  +,�: 

mg/L 1000-1  .�#7 �3	  , 

C��#$7 ���3 �.�  , 	�D ��;3 

)Static 	���9�F3� G;�!��2F3	 E�3� �, . (

.O.E.C.D1 )1984TRC, (  0�#  ,96 

�&�#  +, -.� �, �I�3:� '() -67

��89�:�;�  :��&�#  +,  ��m� .�J @�K9�24 

 u)2F# 	�D ��;3 C��#$7 @�K9� $� G
) �I�3

) �J(Banaee et al., 2008. 

 G#�J Z7 *���;�J2\�(�� �q2# -�&�F#����

pH 4$� �	�1F3� �, pH '�F�K�	�F# '�#)HI-

98128 4���J Hanna �Y�3 4��!�F��(4 

:s�Q�� ��8F3	 t32� '2�L# :s�Q��z�3 

 '�#)WTW �Y�3 4:�;!7(  �2N  , �#	 .

 �
q  9�$.��J  '.�V)1 .( 

 C��#$7 4*A���� �	.�L# ����� $� ��,

 /# 0�1!23 	�D ��;3 *���9-.�   +,

�&�#:� '()��89� -67:�;�  ��;�� ���h �	

����)-�& 1 410 4100  .1000 *��# �	 @�A

�F�! �&(  ���;&  , ��;�� e� @�K9� �&�J�J .

�& �	  ��;��30 g���2�7 :.�	 *&�# 	�I-�& 

60  -2FL# -�F�!40 7 �F�! G
) $�  � Z

                                                           

1- Organization of Economic 
Cooperation and Development 
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 u�� :��&�# .�J �	�	 ���) 	2, ��J *&	�2&

 ��J,   ��&��# {L# @2���2�7 t�L# $�

b;V-�.7 �J *&�# 0�1�� 	���� . �	 �&

:�#$-�& 24 448 472  .96  �I�3 �
q .

  
3�L#�J .  

�	�	 C��#$7 @�;�� $� /�-�&  $� Gc�D

 C��#$7-��#7 �.� �, 	�D ��;3 Probit 

Analysis  :���;N� i"3 �,95  	�2# �c�	

���A ���) G��L� .  �(K�  :�(�# .95-5LC   ,

.�#7 �3	  :�(�# *3��, -��, *8FQ
;& ��,

�	�	 �& :23��� *8FQ
;& U��T $���,  0�#

:�#$ /# 0�1!23 |��# �	 -��A���) )24 4

48 472  .96 �I�3(  :�(�# .50LC  *N �	

:�#$��J ��} -�& .�J �	�1F3�  

  

J���6  

0����m� *���;�J2\�(�� -�&�2F���  Z7

G#�J pH  '2�L# :s�Q�� . �#	 4 �	 '.�V1 

�3� ��J �	�	 :��9. 

  

��"> 1: K��,C� ��L6: )M ���2��: ��
, ?� )������

���� ��IN�,:��O N���@,�I 

-�56��,) ± (���., P:N+6: 

N�,:��O  �:"@,  

�,� )°C(  77/0± 06/13  

pH  96/0± 75/6  

) �
'+, �Q��$:mg/L(  09/0± 16/7  

  

��"> 2: �I�, GR� N�, � SN, �:��,�� ��/-�56� �4� �� ���$K��,C� 0, 1�2�
� ��7 %���  

)10 GR� G.U/ ����� NI �� )I�,( 

%&'(  24 %;��  48 %;��  72 %;��  96 %;��  

"I�� )mg/L 0(  

mg/L 1  

mg/L 10  

mg/L 100  

mg/L 1000  

0  

0  

0  

5  

10  

0  

0  

0  

8  

10  

0  

1  

3  

9  

10  

0  

3  

5  

9  

10  
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:�(�# ���� �	 ��# . P�# -�&0 41 410 4

100 41000 *��# $� /� �F�! �, @�A24 

 U����  , �I�30 40 40 45  .10   , 	�I

 ���� :�(�# z��F9 ��� E�3� �, .�#7 �3	

 �����)95-5LC( /# 0�1!23  -��, *&�#

'()��89� -67:�;�  :�#$ *N �	24  �I�3

 ����� ���� .�#7 �3	  ,24 )  FI�3 50LC

24h -67 '() *&�# -.� /# 0�1!23 (

 �, :�;� ��89�10 *��# @�A  �F�! �,�3� .

 :�(�# $� /� ��# . P�#48  �	 �I�3

����-�& 0 41 410 4100 41000 *��# @�A �,

  �F�! U����  ,0 40 40 48  .10  �3	  , 	�I

 ����� ���� :�(�# E�3� ��� �, .�#748 

)  FI�3h48 50LC 4/# 0�1!23 (37/8  *��#

 �F�! �, @�A�3�  :�(�#  �h48 50LC  �
Q9

 :�(�#  ,h24 50LC  ���3 .�3�  FJ�	 C&��

��	�_# LC )95-5LC'.�V �	  ( 3 .�3� ��#7 

  

 ��">3:  �"�#$ %&'()95-5LC(  0, 1�2�
���/ )I�, GR� ��� N�-�56� �4���,C )M ���$��I 24 �

46 �72  �96 %;��  

LC 
�"�#$ %&'(  

24 %;��  48 %;��  72 %;��  96 %;��  

5LC  00/6  23/5  52/1 -  30/4 -  

10LC  07/7  92/5  12/0 -  12/0 -  

20LC  08/8  76/6  56/1  25/0  

30LC  80/8  37/7  78/2  52/0  

40LC  42/9  89/7  82/3  75/0  

50LC  00/10  37/8  79/4  96/0  

60LC  58/10  86/8  76/5  17/1  

70LC  20/11  38/9  80/6  40/1  

80LC  92/11  98/9  02/8  67/1  

90LC  93/12  82/10  71/9  05/2  

95LC  76/13  52/11  10/11  35/2  
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 :�(�# $� /� ��# . P�#72  �	 �I�3

����-�& 0 41 410 4100 41000 *��# �, @�A

  �F�! U����  ,0 41 43 49  .10 	�I  �3	  ,

 ����� ���� :�(�# E�3� ��� �, .�#772 

)  FI�3h72 50LC 4/# 0�1!23 (52/2 

*��#�3�  �F�! �, @�A�;& .:   lD^#  �  92A

*# 	2J����  ���-�&  :�#$ 0�# �	 �����

72   , �
Q9 �I�324  .48  C&�� �I�3

 :��9 �� *LT�.*#&	� .�  

 $� /� ��# . P�# :�(�#96  �I�3 �	

����-�& 0 41 410 4100  .1000 *��# @�A

 �F�! �, U����  ,0 43 45 49  .10   , 	�I

 ����� ���� :�(�# .�#7 �3	96   FI�3

)h96 50LC 4/# 0�1!23 (96/0  �, @�A *��#

 �F�!�3�.  

 '.�V  ,  V2� �,44  .���  ,  V2� �,   �

 V�	 :�(�# $� �	�1F3� �, 	�2# ��;3 -��,

h96 50LC  WX�#*# $� /# 0�1!23 4	2J

 ��89� -67 '() *&�#  +, -��, ��;3 ��9
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Abstract  
The purpose of this study was to determine the lethal concentration (LC50 

96h) of copper sulfate in rainbow trout fingerlings (10.0±0.39 g). Acute static 
toxicity test was performed based on the standard O.E.C.D. using rainbow trout 
fingerlings in 96 hours. In experiments the toxicity range of copper sulfate on 
fish, was 1 up to 1000 mg.L-1. Within 24 to 96 hours, mortality was increased 
with increasing concentrations of copper sulfate. LC50 48h has decreased in 
compare with LC50 24h. Lethal concentration at 72 hours showed a significant 
reduction compared to both 24h and 48h. Lethal concentrations of 24, 48, 72 
and 96 hours were 10, 8.37, 4.79 and 0.96 mg.mL-1, respectively. Since the 
toxicity is determined according to the LC50 96h, copper sulfate is very toxic for 
rainbow trout. 
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