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	J1�� ��1 K��H)�1��6�0 M1 �N�	J�TAN= ( M H PJ�= Q
 /��% ��4R�   �S�T� D#TU   >TV�� KW0
 �� �� 14�1 �?J=X% K�S40  K	JIZ! [���� .�7�8 �� 5��6�0 FGH ��#�                                      �S K�S�� 3 KFGH Z��1� 5��6�0 0 �5 �10  �15  [	\

 ���� �� �� 	JI ��12  �24  �� � �E�=4=  P1�	320 �50  �80  4TR�    T�1 	TS �� �S�T�    �T:	\ ��	TU 9��T= ��6T� 4 .   ��#T� 9
�#T:�
FGH ;Z��1                                      �S���� � �S�� P1�	3 �5��6�0 K� 4� �6� ���� ���K� 4� ^3	3 ^�=  9
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�6� �6_�� ���� ���� � P1�	3 	`� 9
���0 >
� .� �I6$� >�  FGH �� �
�
	J1�� ��1 K��H D��: >�	1TAN�   �T��� ��T�� )��*3  K���
 Z! �:�
(P<0.001) .�I6$�� �� 4�
�C� �� D��: >�	1� �
�a� b
�J� 9c�  �� K	3��� ����.  
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1 ..�2��  
 /��%  � K�����1 �� �!�� �1��6�0K#�0  K��	%  >T? �

�=� /0 �6=�?:�	36
 ^�=  K�S�:�
��  � �6! ;Z��1
�4 f=��� � =  ��6T��   �T7�8 �� �TJH                                       �TS   #T� >
�T% K

�=� >? �  	`� K�S�*�� K�   	T� �T:��    K�TS�6J1�: � �TS
 ��T
#�0 	
�= � �S�� �?
N6I6
#:�     �ZT!� g	T� MT�U ��

K�� � 	��	� �� ����C� � �<�1� F	h� ��#��  4J!��
ZTT!�� (Piper & Smith, 1984; Berka, 1986) .�� 

 PJT�=                                       K�TS  �T!��	% �  MT H  �S�T� �  �T=	
 #�0 ���T
 
 5�TT�6�04TT� �fTT=��   �TTI��: � >d3�	TT% PTT�I6��J�

 ZI63 ��:� ��6� �
�
	J1�� �T�  �6T! Boyd & Tucker 

1998; Zhang & Perschbacher, 2003) .(9
�#TT:� 
 M H D6� �� 5��6�0 �7�8�?
 �� 9I�iK�S   ��T+�

= ��PJ�  M H4R� �S�� �Z�� D#U �=W0 .�;��	�� K�	� 
 ��S�� M H �� �0 �7�8 9S�1��  j�� ��1 . 9S�1

  	� �� �N�	TJ� ZTI63 g	� BT
    � �6?T= �/0 ��	1�	T=
 4�=	\ 4TV� >JT!��     � D�TCJ�� �� MT�U ��TS��2 .  FGTH

     �TT
 ��6TT
 D��TT�3 ZTT�
0	: �TT� ;ZTT!ZI63 5�TT�6�0
�
�
	J1�� �6=�?*
	J�  ;��*J=���  �6T! (Philips & 

Brockway, 1954; Amend et al., 1982; Teo et al., 
1989; Chiayvareesajja & Boyd 1993; Cole et al. 

1999; Emadi et al., 2001( 
D���3 ��6
 KZ�
0	: �=� 41 �� �0 �6
K�S  k�Tl 

Q
 ;��� �� �6
K�S  D���3 /0 	7� ��6� �T�  ZT�1 . >T
��
K�S �E6�h� � ���� K�Z�J� K�	� FGH  5�T�6�0  �T� 

;��*JTT=� �� D��TT�3 ��6TT
 m	JTT=��� ZTT��   �TTI6$� 4TT1
�TTTI6�J%6��1 )Clinoptilolite (4TTT� n�� >
	3	`oTTT� 

>
��                                      K�S ���� K�	� >
� �67�� �=� . �> Ta��   ZT�
0	:
�� Z�
0	: �6=�?*
	J�4�H	� K�   5�T�6�0 �6=�Z�1�

�=�  K	J1�T� �=63 41 K�TS    [�T��� F�	36T3� �T�  �	
GT% 
Zhang & Perschbacher, 2003) (Turner & Bower, 

1981; j�� >
� ��� ��  �D��: >�	1 M�U �� K��6� �JT=6% 
 �FZT+     ;	T8 � 4T=�� �p�T= 4T�  �T��q�  	JT��   �
�T
	J1��
 ;��*J=��� �6!       >
	JT�� D�T�: >�	T1 >T� >T
� �� 4T1 

�� �
�
	J1�� ��	CJ=� rf=�     �T�� �6T�� QT
 ��ZTH ��
�TT�	�	J� 4TT� K��� 	TTS [	\6TT�1 �� ��0  PS�	TT:�TT� ZTT�1 

)Wheaton, 1977 .(�
���0��41  D��: >�	1 4T�  �
�T_�3 �� 
Z�
0	: �6=�?*
	J� �=� ��� ����Z� ��C� sS�  �� M�U

;��*J=�� K	J1�� �S Z���
 ��	CJ=� �_�0 K�� .  

�I6�J%6��1 �� 4�1                                      K�S �?J=X%  MT H  ��TS�� 
;Z�� 4� ��1  5��6�0 FGH �� � ;Z! 4J:	\	`o�   �T=� ;�6�

(Turner & Bower, 1982) .  4T� �I6$� �� ;��*J=� ���� ��
;���0 K��= 9% �� ;��*J=� ��� ����     4T� D�T�: >�	T1 ���
;���0 K��= � 41 ���� ������ 	� �=� .�:	��� �I6$� ���� 
�����	3  D��: >�	1 ��t�=� >
������  >
� BTC�3  4T�  �6T7�� 

��
�C� 	`u3   D�T�: >�	T1 � �I6$�� ��  �
�	T!  ���T�?
  ��
= Q
 /��%PJ�  ;Z�� �S�� M H [�T���  ZT!   ��6TJ� �T3P 

j�� �� K	TTJ_� 5��K�TTS 	3	`oTT� �� FGTTH 5�TT�6�0 �� 
/��% PJ�=K�S j��	% ��S�� 4�  ;<T
�    ZT�
0	: D6T� ��

;Z�� �S�� M H� 4� �=� P
��0.  

2 . � �&��Q�#  �0  

 1.2.���� ��R� ��# �	���� ���  
K	J1�� ��1 K�	�  K�S�
	J� D��: D�8� K�� ;Z��1� �� 

[6
��610                                      �S4�! K       K��Tc� � �6TS p�T= 4T� #T_�� K�
 ��6
��610 ;��*J=�Z! .     �T� [6T
��610 ��6T7�� >T
� K�	�

P�  j��	% D���1 Q
 �� M+�H /��% 	JID#U  W0	% Z! 
 MTT?3�	% B��TTf� �Turner  ����TT? S �)1982(�  ZTT
	�1

 [6�6�04� ���q�        �T3 ZT! ;��#T:� /0 4T� 5�T�6�0 �T���
K	J1��  �6=�Z�1� �:	v 4� Z���6J� �S5 ��� [	\   	T�

 	JITAN )  �1�T�6�0 �N�	TJ� w6 �� ( ��24   �E�T=
Z�=	� .n���  >� /0 )��	H22-24 n��� �J��=   ��	T\

Z! 4J!�� 4V� ���` .  4T?�
� 4� 4n63 ��pH   ��ZTH /08 
 ��6�sS   4:�Ta� [6
��610 /0 4� K	:�� 4�6\ ZT�� .  K�	T�

�
�
	J1�� Z!� �
	�3   �T_�0 �D�T�: >�	1 K��  4T�  )�6T+ 
4�68 ��  [6
��610 	J�: ���c� ��)  	TJ�: K�	T�� (  ��	TU

Z�Z! ;���� 4� K6�� 41     >�	T1 )�T�fU >T� �� Z��6J� /0
  ZTT�1 �6TT�E D�TT�:)Landau, 1992 .( ��	CJTT=� �� xTT%

 � PJ�=;���0 �
�
	J1�� ��1 �Z!� � /0 K���4  b
�Z3
 4���Z��� 13-15 �J��= �n�� ��	\   �T3 Z! ;��� 9S�1

K	J1��  Z���6J� �S�� Z�6! ��\��= 9
���0 K���.  

2.2.S����) �&	T&  
       9
�T��0 >T
� �� ;��*JT=� ��6T� �TI6$� � D�T�: >�	1

4n��  KZ��Z!Z�  >� �_�0 �=6J� 	fU �1-2 ���   	TJ�

�6� . �TI6$� ) �TI6�J%6��1(   ;��*JT=� ��6T�   D6Th��

 �6T� �?=63 Z�	:� �1	! . 4T�1                                        �TS   ��6T� �?JT=X% K
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   #T� �S�T� M H K�	� ;��*J=���   ��T��� �� 4T
W90×60 
�J��= 	J�   ZT��6�)Woynarovich & Horvath, 1980 .(

4� ��1	S  �?JT=X%  MT H  �S�T� 20  	TJI /0  4T��l��� 
D���1 /0 K��ZC� K��H 41 Z! 4:�a�K�S �!��	%  #T�  �6T� .

K��� ���� /0 >� 13 -15 �n�� �J��= ��	\  ���6\  ��6T� 
 9
���0 >
� �� ;��*J=�4R�  ��TS��  D#TU KW0  >TV��  ��T 1 

)Oncorhynchus mykiss (4 �TT�	\ )[ x
± SD] g 3/0 

±4  (Z��6�  K�	� 41��c3 K�6J�� ���� ��_�0 
G234  ��T! 24 
�6� ;Z! {U6J� 9
���0 w�	! �� M�U �E�=.   

4= �� 3 K��H 5 �10 � 15 [	\ �� �	JI  K�	� PS
�
�TT
	J1�� �TT�1 K��TTH D�TT�: >�	TT1 PTTS � �TTI6$�� 

4� ;�	 S �� 3 �ZS�!  K�	T�  9
�T��0  /�TcJ��  Z�ZT! � 
K�	� 	S �� 3 #�  ��4= �P1�	3 4� ^3	3  K��H20�50 

 �80  �ZE4R� ��S��  ��4= ��	?3  ;��*J=�Z! . 4T�  MTI� 
 D�TT JH�	`uTT3 ��TT
���TT� �TTS	:�� K�� K	J1�TT�K�TTS 

�
	J� �;Z��1 sS4�6\   4:�Ta� �S�� 3 4� K	:�� ZT�� .
 4� ��S�� D�CJ�� �� x%4�1 K�S    ��S�T� MT H �TC� 

P�H 4�1 �S �� B
�#3 �<�1� |I�l 	% Z!   x}T= �
4�1 �S �� /0 �	= )13 -15 �n�� �J��= ��	\ ( D�T��1
K�S Z�Z! ;��� ��	U j��	% .4� �^3	3  �� x%12  �24 

 ���S�� ��	CJ=� �� Z�� �E�=��6 � 100  �T��  K	TJI 
/0 �� 4�1                                      K�S M�� �S��  4TJ:	\  ZT! � ��  K	Tf�

K�S �	3 K��H   �T3 Z! 4Jc
� Q
�6*I6= Z=�pH  �0
 4�2 Z��
 9S�1 .K	f�K�S K��H  4T�6 �                                       K�TS /0 �� 
�~
   K�	T� ;��ZT��  K	T\                                       K�TS  MT��6E  �
� T!6?
#: 

�KZ�� 4� D�Rc
 )4 - �n��  �J��= ��	\ ( ZT�J:�
 D�CJ�� .
 ��#TT�TAN )�1�TT�6�0 �N�	TTJ� MTT1 (4TT�6 � �TTS �TT� 
;��*J=� �� j��  T��	8PCJ  �6T=�#
	��� )Indirect 

Nesslerisation) (Clesceri et al., 1989 (;��Z�� K	\ 
Z�Z!.  

3.2. �#��) -��>H  
�	� C�3 >
� �� 9
���0B �}=�� -�}=��   �� )XT%

 �� ���� 4T=  ��	T?3       	
��TC� >T� K��T�0 )��T*3 � �6T�
 K�S�� 3 >V����6\��6\ �� �6��0 >?��� �  [	T� ��#T:� 

SPSS  >�3Z! .D��	� ��6� �V S ��  x��
���;��� �S 
�TT� ;��*JTT=� �� �6TT��0K�TTS Kolmogorov-Smirnov 

=�	�� Z! )Zar, 1974 .(4� MI�  ��ZC:�JI��	�  [�T 3 
 M?! 	23 j�� �� ;���Box-Cox  ;��*J=�Z!.  

3 .?���(  

>�  ��#��Z�� U�� TAN  ����1 �S�� 3 �� ���� K�TS 12 
 �24  )��*3 �E�=���� K���   ZT! �:�
(P<0.001)   >T
� �

 ���� �� ��#�24  ��T�
	C3 �E�= ��  	T��	�  ��T�� 12  �E�T= 
�6� .>�R S >� P1�	3                                      K�S �6\��6\ )20 �50 �80  �� �ZE
 	S��1 M H �S�� (���� ���� )��*3 ���K   �T!�� �6n�

(P<0.001)t >
Z�  ��#� �P1�	3 9
�#:� �� 41 ���� �ZT�� U�� 
5��6�0  �:�
 9
�#:� #�) M?!1 .(  

   4T�1 4T1 ��� ��T�� BC�3 >
� b
�J�                                       �TS  K��TH K
�I6$�� 4� �6� ���� ���� TAN �� K	J��  �T� 4�
�C� �� 

       ;�	T1 /GTn �
�T
	J1�� �T�1 K��TH D�T�: >�	T1  ZTT��
(P<0.001) ./Gn ��6� ��#� >�  ZT��1�  5�T�6�0   #T�

 )��*3���� ���    �T!�� �6Tn� �
W�� ����(P<0.001)t 
     D�T�: >�	T1 � �TI6$� ��#T� 9
�#:� �� 41 ���� >
Z�

      /GTn ��#T� ��
�T
	J1�� �T�1 K��THTAN  9
�#TT:�
�:�
 . �6f= �� 5��6�0 /Gn ��#� >
	3W��15   [	T\

/Gn ��6� 	JI �� Z��1�   MT+�H 5��6�0 ZT! .  9
�#T:�
  /GTn �� 	TS ��#�  ZT��1�   5�T�6�0)   >�	T1 � �TI6$�

D�TT�: ( ��15  9
�#TT:� 	TTJI �� [	TT\�� K	V TT�i  ��
 /GnTAN�  �� 4�
�C� ��10 	JI �� [	\�   ��ZT� ��T�� .

��� D6� ��� 9
���0 Z�� ;Z
� �3�*�3 .pH 4�1  �TS K
   � �
�TT
	J1�� �TT�1 K���� D�TT�: >�	TT1 K��TTH MTT H

6$���� K�_J�� �� ��I�  9
�T��0�  T�4    �� 	TJ 1 ^T3	37 
)5/6-6 ( >� �7-8  ��`Z!.  

4 .U>� .V��( � �	�G  

)��*3   ��#T�TAN   �� ;ZT�� U�� ��T�� K�TS 12 �24 
 �� �E�=��1 �S�� 3  41 ��� ����;�361  ��	T1  ��T�� 

M H �S�� j�� ��d f�    5�T�6�ĤJ7�8 9S�T1 K�	�
 ��4�1 K�S  �S�� M H�=� � Z
�� K��?S��  P_��� 
	7� 4J:	\ �6! .K6=�� �	V
�    5�T�6�0 ��#T� 9
�#:�

   �T�� �9
�T��0 >
� �� P1�	3 9
�#:� �� M1���   )��	Ta
 ��Z�3 9S�14R�  ��TS�� ��  4T�  �6T7��    �6fT= 9S�T1

 ��TTT�� 5�TTT�6�0�TTT� ZTTTS�. 4TTT� )��TTT�E �	TTTV
� 
j��	% ��\Z�S� �� Z���63   P1�	T3 9S�1 �� 4TR�  �S�T� 

M H ��d f� 4J!�� �Z�!��      MT H ��T�� 9S�T1 �T��
��?�� 4� S 	
G% ���.  
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>,# 1.  �J�K L����MNTAN )+ SD ( O6P7 ��
6Q�!6Q ����  �� B�� 8R�S12  �24  >"3 �-�7?��# 2��7  UB#  

)
647 U��N � U���6#�A 	B�V7 2�A	 ?� W�N�N	 =/��N  2�A20	50 � 80  �B-?@� �A��(  

>
�% ��6�  /Gn ��#�TAN �
�
	J1�� ��1 ��� �� 
4�
�C� �� �I6$�� >? � �=�   M��6E 4���6\��6\ �VJ�� 
4J!�� �Z!�� �	
� Z�
0	: �6=�?*
	J�K  �?
N6I6��=� 

�  ��3	`u3  M��6E�6\��6\ � �f��4 ;<
� �n�� )��	H 
 �T=� )Bower, 1982 Turner & .(�� �
�TT��0 4T1 �TTn�� 

)��	H /0  ��6T�  ;��*JT=�  K�	T�  MT H  ��TS�� 13 -15 
�n�� �J��= ��	\   T���� �� 	TJ 1 ��  �
�T�� %� TJ  K�	T� P 

�6� �6=�?*
	J� Z�
0	:�  >T? �  �T=�     MTI� 	T�� >T
�
>
�%Z!�� Z�
0	: >
� �
���1 ��6� .4�  D6T �� �6��  T����� 

%� �
���J   	J1�T� ZT!� K�	T� P K  �TSK � �T
	J  � ;ZT��1
  T� �6T=�?*
	J� Z�
0	:> 25 -30  Tn���  J��T=�  ��	T\ 

     ��ZTH 4T� �T�� 9S�T1 �� � �=� ;Z! j��#\18  Tn��� 
J��=� ���	\ � >T
 0	: ZT�
    9S�T1 �T�50  ZT+��K   4Tn�6�

 Z! ZS�6l)Berounsky & Nixon, 1993.( 
�4 ;�XE� pH 4�1     D�T�: >�	T1 K��TH MT H K�S

;��� �� Z�� ��
�
	J1�� ��1 K���� K� >���  �� 	J 17 
�6� . 4?�
� �� 4n63 ��pH    �6T=�?*
	J� K�	T� P J%�
4�  �
��U 9c� �� D6 �� �6�pH  �q�l)pH<7 ( ��	U

4�1 �� �����                                          D�T�: >�	T1 K��TH K�TS�   �\ZT�������
	
� �� �6=�?*
	J�7pH=     � ZT! w�	T! K��ZTH �3

� >
��  5��6�0 FGH �� �0 �
���1 9S�1 4� ����63
 	����6! . ��pH �	
 3/7 -8 	J1�� Z!�K   9S�T1 �TS

�� �Z��
 4� �6�K 41�>
 	: ZT�
0  ��pH � 	T
 6   {TU6J�
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