
  �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /
.+%� /01/  

  

���  

 

  

��2-3 �
4. $5��
6 �&
� 
#����
�6 �$ �78
� ��
+��9 � � :�4&
;. �
<�   

�
#
�= � >
� 5� ��  
 

  

�)!
? ��� @�! A&9$ �
�B' �/*    

  

)���	�
 �	�
� :��/�/����  � ���	�� �	��: ��/�/����(  

  
 

CD�(@  
      ��2-3 �
4. ,�2�6 ��3
E�EF3 �
6 G+9 �$ �&
�      
2;!9 ,BH @B�� 5B' �78
� �
#  ���
�6 �$ ($�         � I5J+� �� �J2�6 $�)�#� I
!95� �

  !�5� $��� K
*;!��             @' ��
+��9 �
#
�= � >
� 5� �� ���L�
& K95<9 :�4&
;. � ,�5= �95?  .       �9 NJ+ 5J# �
4J. �9 ���JO�� GJ+9 �95J�
��2-3 �&
� 
#�        �&�)&  
! N+ K@� �
 �$ 5O& $���     �&�)& � @+$5= ��9$5�     �
#5;�9�
. 5O& �9 
#pH9@# �  ��J+ ,JO�P ��*+5;*Q9 ,+   �
J#

       �� ��395;�& �R�5;�& ���� �@+95�6 �"+%��� �"�4�� �"+@!   �5� � K
��56�         @J�;�5= �95J? A+
��� $��� G�S�! K9%�� �9  .       
J;& �J� �JH�3 
J�+ T
��     ��2-3 �
4. $5��
6 �(@�� ,!$ �&
�         �� ,O�P 5O& �9 ����
�6 �$ @B�� 5B' �
#   K
��56)meq/L ///VWX/Y ( @F� 
�    � �@+@J' ,+$�

 �LE& �9      �*+5;*Q9 ,+9@# �
#5;�9�
. 5O&)dS/m 1//W0//(    "+@! ,O�P �)[/YWY/\   ]4^5� SAR(      @J+95�6 ,JO�P �)meq/L \/_WV/0 ( �
        (@' "�O�3 "+@! �`H ,	4& a�
' %�&)[///WY/[(            ,J!9 �JH9�� bJ!�;� 
J3 "J6 ,+$�@F� 
� � .9 J+   Q
J^ �$ G�       5+$
JE� �J6 ,J!9   

pH) YW0/[(  �& �R�5;�& �  �395;)mg/L V/cW\/X(   ��� �)mg/L Y/XWV/X (           �
4J. GJ+9 �9 ($
2;!9 �95� 9� �;+$�@F� G�S�! K9%�� �    �$ 
J#
  @&$9@& �
�& ����
�6 .��                    
� ����
�J6 �$ �
4J. �9 ($
2;J!9 �J� $�9$ �� 5J� ,Qd$ A#�e. G+9 T+
;& �����
 J+;4�     ,J+
�� I
J!95� 

��
&5� �%+� `. �
�&9 �;+5+@� � A+
. f�?$ �
#+$5.  
  
  

(R9� 
#�  ���@� : �78
� ��2-3 �K
*;!� � I5+� $�)�#� ��� �2�6 �
#5;�9�
. ���
��� ��
4.  

  

  
  
  
  
  
  

  

�. ����� ��� ! "#$% &'�
�
 ��($)�
 !&'"*#% �"+$)�
  
* : % ,-./%01� �/� !2�3��0)��4506: sdanesh@ferdowsi.um.ac.ir  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.9

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             1 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.9.6
https://iutjournals.iut.ac.ir/jstnar/article-1-2433-en.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /%�+
. /01/  

���  

��@E�  
     75%8 9: 8�5) !�5;� ��< �
   �$=> ?�@  9=: ?8��      8� 6A:�=� 2�-=B

        �'� 94
�	 C	�D
� 2"E 9: !�5A�F "E�)G .(     !7=	� �=: ��H�
  6I%�-�"*)�%          �
 J='�*%�) �	�	"=% !�"=E 64A*B !6*5$)�#E 

  �"*	KL 
��� � ?8���$> CM: �@   !�/=	8 N5=O% 9: PI4M% ?
  75%8 �Q�/% C@�>  �@          �='� �"=E J=F-% �� �$=> R:�< ? .

     :L SL �5T5> U5V4/% �5WX� �8��%�       � Y�=; 2�5B-Z=; �: ?��5
      �='� �"	
�  [M$% \H%�> ?8���$> 2K-ZO% .    ��-=*� 9=:

   U#% 8� 6+	 ,�]%            U=> SL ^:�=*% 
�:��=> 8� 6E�) 2H_A% 7	��
        �='� Y�=; �"E �-E ?8���$> �
 �5T5> .   9=)-  9=:    9=> ?�

  9)K�'��    75%8 8� ��4+@ �-5I5%    �=@        9=: ��=#F �
 ?8���$=> ?
    75%8 9: ?�-E C	�D
� R51
  �@?    6% R	"3� �$> R:�<�5`   ")-E

)�a .(     75%8 �Wb% 
�:��> �� 7	� 8�  �@      ?��=5:L SL � ?8���$> ?
   �DF� 8� 6+	 9:c  9%�)�: U#%   �@       ?8���$=> 9A='-� � �	�	"% ?

  �'� �"E R	"3� .         R_=A% 6=*5%8�	8 � 6Od' SL ^:�*% 
-3�>
      ,�=' �
 9> �'� ?�(	
 U#%   �=@        C=M: �
 \�B-Z=; !�=5;� ?

� 94
�	 2"E ?8���$>�'.  
 /% 7	�X U5�Z� 91            ��=' 9=: �=5)
 PI4M% e�V) �
 �� ���5 

    S�/===� \�B-Z===; � f��===A4%�5` SL ^:�===*% 8� �
�T4==='�
95TZ� 9)�;  �@    �'� �
�
 g-' SHh�
 ? . 95TZ� S�/� 9)�;  �@ ?

           6% S�/Q 9: ��"	�� SL ^3*% i	 9> 7	� �: ��H� SHh�
  !"	L
        75%X� �� ��@�5  8�5) 
�-% 6	��` 
�-% 8� 6$M:      7=	� 8� � �
-�) 

   2K-Z==O% "==51-� �
 �� 6	�5�5==E ?�==@
-> f�Z==% j==	�k
  6% C@�> ?8���$>   "@
)�l .(      �
 f��=A4%�5` SL ^3*% 
�:��>

     U#% 8� 6+	 ?8���$> 2K-ZO% ?��5:L       C@�=> R=%�-� 7	�=�
     9: ?"51-� 2K-ZO% � Y�; �5T5>  6% S�/Q   "	L)�� .(  �-=E

  (*==' 2�D==I
 ^==�m� !Y�==; ���4;�==' J==	�M� � �"==E !75
     )L 
�+I�� C@�> � ��@�5  �5%-�/%�#  9=)-�)    �=@    8� ?8��=: ?

     2K-Z==O% ?��==5:L �
 S�/==� 8� �
�T4=='� S-Id%�==) �5WX==�
            "=5	X� 
�-=% ���($=@�n� 8� ?��5/: N'-� 9> �'� ?8���$>

    �'� 94
�  ���<)�� .(      ����+�@ � K")�> �"5V� 9:)�a ( C	�D
�
  ?"F Y�; ?�-E             �=> 9=m54) �
 9=> �='� ?�=d; 7	�=� 
�:�

6==% ?8���$==> �
 S�/==� 2"==% 6)K-==k "==4T5: g�==T�� "==)�-� .
       �-@ 7: � �
K ^%�F 2�A1�d%)�l (      2��=W� 6:�	8�� �: e�3��� �


 i$; jk�*% �
 Y�; 2�5B-Z; �: ?�#E SHh�
 �: ?��5:L
 9�5) �       Y�=; ?��5:L 9> 
�
 ��$) i$;   �=@        �=: 6='� � 6*=E ?

          
�"=Q j�� �� Y�; ?�-E C	�D
� o��: SHh�
l/�   ?�=4% 
6% 
-E .     ����=+�@ � �
�D5I�)�� (         7=	� 9=: 
-=; 2�=V5VO� �


           �#E �"E 95TZ� SHh�
 �: 2�p ?��5:L 9> "*4
�	 �'
 9m54)
    2"% 9: "#$%�    C@�> !,�' �lG    ?�	��p-T) �5
�q ?"B�
 

                94=E�
 ,�=3)
 9=: j5VO� 8�`L 8� R3< ��%8 �: 9/	�V% �
 �� Y�;
�=='� . 7	�	�==' � r�>
�==E)a (C@�==> D==5) �
 �� ?�5(�$==s 

  Y�; 6+51��"5@ �	�"@  �@           �=: ?��=5:L �=W� �
 �� 9A1�d% 
�-% ?
  ")
-�) �"@�$% S�/� .       ����=+�@ � -*54)�4/=)-> -s-1)�t (  �=:

              �
 P=I4M% �=B�*� ^=�m� �=: SHh�
 �: ?��5:L �5WX� 6:�	8��
            �-=: �Z=*� �uI` 9> ")
�
 ��$) !i	D+% ?D>�% v��D% Y�;

       8� w� jk�*% 7	� Y�; �
��       !SH=h�
 �: ?��5:L ,�' ��   �=� 
��    �'� 94
�	 C	�D
� �:��:  .    ����+�@ � -51)�G (   �5WX� 6'��: �:

             �
 Y�=; 6 
-=1L � 75(*' 2�DI
 ^	8-� �: SHh�
 �: ?��5:L
             !w=% !r��=> !U5%
�=> 2�D=I
 �uI` 9> ")
-�) �"@�$% !7+�
           �	
�=V% 9: �3/) SHh�
 �: �"E ?��5:L Y�; �
 S�' � ?��

 K�: ^F�% �'� �� .        !S�=' �uI` 9> ")
-�) �:�W 75VVO% 7	�
       9)-�) e�V) 8� 6;�: �
 U5%
�> � r��>       R=:�< �	
�=V% 8� !?��
�:

�'� �4$5: ?8���$> 2K-ZO% "51-� ?��: ,-3<.  
9:    !6I> �-k��WL         6=;�: 
-F� 9: \��"�� �"E �>p S-Id%�) 
 �-	 8�  �@        )L ^�m� 9m54) �
 � ?��5:L SL �
 �#      �3/=) Y�=; �
 

 6% �
�
 
-E .��:�*:	7          SL �=5T5> �	�	"=% !6=IA
 �5Ah� �
 
            � �=5T5> �=: ?8���$> 2K-ZO% 75%X� �#F �
 U#% ?��D:�

 ��#: 75�_�     75=%8 8� ?��"	�� ?��
�:   �=@       S�/=Q 9=: 6=���8 ?
6% "	L .           x�='��: ���-=�@ ?��=5:L SL �5:-Id% ��D5% � �5T5>

       5A� �@
-�*@� � �@
��")�4'� �
 �"E 9y��� �	
�V% 6% 75  

�=  . 8�
     95B-� !�@
-�*@� � �@
��")�4'� 7	� ��5%  �@    2�+4'� � x�	L ?

)�� (  U#% ��-*� 9:       ?��5:L SL �5T5> 6:�	8�� R�A1��-4'
 7	��
 6% 94;�*E 
-E .            2�+4='� � x�=	L ?�=@
-�*@� 9=> �=m)L 8�

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.9

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             2 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.9.6
https://iutjournals.iut.ac.ir/jstnar/article-1-2433-en.html


��2-3 �
4. $5��
6  �&
� 
#����
�6 �$ �78
� ��
+��9 � � :�4&
;. ...  

���  

             6I%�-=� 74
�=  �u) �
 �: � 
�	8 2�V5VO� � 2�A1�d% x�'��:
   z� !6	-$:L "B�
 "*)�%       R=:�< �=5
�q !Y�; ?�	��p-T) 2��55

                �	�=' � �-=: �5�=' !U	"=' !?�-=E R=:�V% �
 ��@�5  R�O�
     6% !�'� �"E 7	�"� !S�5�> �B�*�      �=5T5> 6:�=	8�� �
 "=)�-�

             "=E�: 63='�*% ?�=*3% D5) ?8���$> �
 
�:��> ?��: S�/�)� .(
   �
 2�+4'� � x�	L 6T5> ?�@
-�*@� ,��"F� � � �"E 9y��� 

�'� . 5VO� �
    95TZ� S�/� �5T5> �h�Q j 9)�;  �@   SH=h�
 ?
    � Y�==; �==: ?���== �W� R5/==)�4� �==u) 9==dV) 8� "#$==% �#==E
         9y��� 6T5> ?�@�4%���� �
�
 ���< YH% �: !?8���$> 2K-ZO%

�'� 94
�  ���< 6:�	8�� 
�-% 2�+4'� � x�	L ?-' 8� �"E.  
  

h�� � $9�� 
#  

f�EF3 �
�&9 :F� i�j�3  
      <�=E ,��=E �
 ?�#E "#$%      ��='��; ��4='� D=>�% � ���=	� 6

 �'� ?-h� .             ,-=k �
�"=O% �
 6	�=5
��zF �=u) 8� �#=E 7	�
6	�5
��zF'�l l��   �� '�G G��  6	�5
��zF {�� � 'a� �l� �� '� 

�t�    �='� �"	
�  ^<��  .          � i$=; 6=�5I<� ?���
 "#$=% �#=E
            �='� 6 "=)��: "<�
 ��4/:�� �
 \�31�` � �'� �5z4%)� .(  
-=F�

6�-==0I% ��== ��:  r�==%�  U4$==@  ��5A5==E 6==I� ! 7==:� 6=='-%  �==h�1�
95I�  rH/1�   ��(	�F !    �5A<-% �   �n	�   9: ?�      �
�
 "#$=% �#E     �L �
 9: ��  2�-=B   |=	    �H=}     63@�=% �#=E   �
��L �
    �='�  .   ,�=Q �


       �: ~1�: 645A�F �: �#E 7	� !�h�Qa/�  �#=E 75%�
 !�T) �-5I5% 
   9: �-$> �5A�F ��   6=% S�/Q    "=	L)G .(   #$=% �#=E   ?���
 "� 

95TZ�      r�=) �: SHh�
 ��D: 9)�;      
�:L"=*>�� !�=*1�� ?�=@)� ( �

�:L"*>��)� (           
�"=Q �
 95TZ=� 9=T5q� 9=> �'��t    8� "=B�
 

          ")��
 �"#� �: �� �#E 7	� �
 ?"51-� SHh�
)l .(95TZ�   9=)�;
       
�"=Q 64Q�/=% �: �*1��G��          ^=<�� "#$=% g�=E �
 ��=4+@ 

 �'� �"	
�  .       N='-4% 6=:
 �=h�Q ,�Q �
     SH=h�
 ��=	�F 
   95TZ� 7	� 9: ?
���     
�"=Q 9)�;�����      9)�3=E �
 J=A+%�4% 

   �'� �"E ���D  8�� .   95TZ=� 7	� �
        95TZ=� "=*	L�
 8� 9=)�;
9>�:       �='� �"E �
�T4'� SHh�
 �53]� ?�@ .    6I=B� ?�@"=Q��

   95TZ� 7	� �
 95TZ�     9=>�: �
 � ?��=54;� 9>�: ��#s R%�E 9)�;

 6% 6@
HF     �@ R;�
 �
 9> "E�:  9>�: 8� i	      �
 ?��=54;� ?�=@
   
��
 
-F� U_@ 91�s .  9>�: ")�% ��%8      6=@
HF � ?��54;� ?�@

9:   J5����G   � l    �'� 8�� )l   � � .(95TZ�    "*>�� SHh�
 9)�;

�:L)� (            �
 � 
�� P$=> 6IZ=
 9)�;
�� 6:-*F 95E�Q �
�� 

       �='� 94
�  ���< "#$% S�` ,��E ?�4%-I5> .    6�='� �=5
�q
  95TZ=� 7	�    9=)�;�l���          �=5A�F � 8�� 9)�3=E �
 J=A+%�4% 

     ,
�A% �L CE-� �O����   6% �T) ��D@   "=E�: .    95TZ=� "=*	L�

      95TZ=� 7=	� �
 �
�T4'� 
�-%            �=: 6@
�-=@ �-= K v-=) 8� 9=)�;

  6% R%�> eH4;�   9)-  9: "E�:           8� �-=3� �=: r�=; SHh�
 9> ?�
  �- K !�5(1�zEL "Q��    9�=h-Q !6@
�-@ ?�@    9=� ?�=@   !6*5$=)

  9>�:       6=% 95TZ=� 6	�
8"*  "Q�� � 6@
HF  
-=E .    "=)�% ��=%8
  �- K �
 SHh�
   9�h-Q !6@
�-@ ?�@  9� ?�@     9=>�: � 6*5$)

 9: 6@
HF   J5���l  !�   � a   8�� �'�) � .(95TZ�   SHh�
 9)�;
 
�:L "*>��)� (    6�'� �5
�q �:G����      8�� 9)�3=E �
 JA+%�4% 

   �'� �"E ��"Q� "#$% �#E 6<�E ,��E �
 . SHh�
 ?
���
  95TZ� 7	� 9:           SH=h�
 8� 6$=M: � 6)�/)� SHh�
 R%�E 9)�;

    x-k 64A*B Y�#E)    �4%-I5> �
 ^<���l   ��s-< "#$% �
�F  (
6==% "==E�: . 95TZ==� �
 �
�T4=='� 
�-==% "==*	L�
  SH==h�
 9==)�;


�:L"*>��)� (  9>�: v-) 8�      �='� SH=h�
 �53]� ?�@ .  SH=h�

       6: 9>�: ��#s 75: ?�5(1�zEL 8� w� r�; �-@     � �"=E ^	8-� ?8

  8� 6==@
HF 9==>�: ��==#s � ?��==54;� 9==>�: �
 8� �-==3� 8� �==:
95TZ� 6% ���; 9)�;  
-E)l � �.(  

  
�&�)& T+
;& :��F3 � K
�+
��� ���9$5�  

           95TZ=� S�/=� �=5T5> 6:�=	8�� ?��: j5VO� 7	� �
  9=)�;   �=@ ?
      ,�' i	 2"% 9: !"#$% �#E SHh�
)����( 9)-�) !   �=@   �=: 6	

  6)�%8 RB�-
�l  �8��)�a�:-)  (  95TZ=� S�/=� 8�  9=)�;  �=@ ?
 
�:L"==*>�� !�==*1��)� ( 
�:L"==*>�� �)� (  � "==	
�  �==E�
�:
   6TI4M% ?�@�4%����"*)�% pH      !U	"=' �uI` !6+	�4+1� �	�"@ !

      6=: !�-=: !U	D5*% !U5/I> !"	��I>         � 6=���45) ����=45) � 2�=*:�>
   75(*' 2�DI
)      R=+5) � S�=' !U5%
�> !r��> (  9=)-�) �
   �=@ ?

>�% �8�")� �-  "E ?�5  .             v-=) D=5) � ^=F��% 95=B-� 9=: 9F-� �:  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.9

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             3 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.9.6
https://iutjournals.iut.ac.ir/jstnar/article-1-2433-en.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /%�+
. /01/  

���  

  �@H/. K
*;!� � I5+� ��
��� �� ,�2�6 �
#$�)�#� )/0(  

�
�T4'� �
 �	
�"O% ��D5% 
�-V1�: R+$%  "Q�� 

�	
�"O% ��": N'-4% �� U> "	"E 

?�-E 6+	�4+1� �	�"@ dS.m-1 t/�< ��t/� �> 

 ,-IO% 2�"%�F �uI` mg.L-1 al�< �����al� ����> 

?�	��p-T)  U	"' S�F �3/)= ���  6+	�4+1� �	�"@ �= t/�> t/���/� �/�< 

  U	"' S�F �3/)= G��  �/�> �/���/� �/�< 

  U	"' S�F �3/)= ���G  �/�> �/��l/� l/�< 

  U	"' S�F �3/)= �����  �/�> �/���/� �/�< 

  U	"' S�F �3/)= a����  �/l> �/l��/� �/�< 

'�-	 �5� ��; ?�@  U	"')6Od' ?��5:L( SAR �< ��� �> 

 "	��I> meq.L-1 a< ���a ��> 

 �-: mg.L-1 t/�< ��t/� �> 

�(	
 2��W� 6���45) ����45) mg.L-1 l< ���l ��> 

 2�*:�> 6: meq.L-1 l/�< l/��l/� l/�> 

 pH �  ,�%�) �
�"O%a/��l/G 

  
 �@HV.,O�P 5k69@^  5� (@' ��j�3 �
# ��
��� �� �$ �
�)6 5j
�� �9)/0(  

�4%���� "Q�� ��"V% �4%���� "Q�� ��"V% 

r-5*5%-1L mg.L-1 ��/l 7@L mg.L-1 ��/l 

i5*'�L mg.L-1 ��/� r-5451 mg.L-1 l�/� 

r-5I	�: mg.L-1 ��/� D*(*% mg.L-1 ��/� 

U5%
�> mg.L-1 ��/� �"351-% mg.L-1 ��/� 

�1�3> mg.L-1 �l/� R+5) mg.L-1 ��/� 

r��> mg.L-1 ��/� S�' mg.L-1 ��/l 

w% mg.L-1 ��/� r-5*I' mg.L-1 ��/� 

"	��-I
 mg.L-1 ��/� r-	
�)�� mg.L-1 ��/� 

?�� mg.L-1 ��/� r-5)�45� mg.L-1 � 

  
9===)-�) !C	�===%8L 
�-===% ?�===@�4%���� 9===: ?��
�===:  2�-===B

 J=>�%)Composite Sampling(   �
�	�=� r�=m)� )�� .(  �=#F
  755A� �-	 �uI`  �@          8� 6=���45) ����=45) � �-: !"	��I> !U	"' ?

   �4%-4
��4+�='� ��(4='
)HACH-DR 2800 (  "=	
�  �
�T4='� .

               ��(4='
 8� �
�T4='� �=: 75(*=' 2�D=I
 �uI` 7	� �: ��H�
 6=45
��  ��-> 9: D#m% 6��� S�F)Varian SpectrAA280 

 ===<
 �===:�ppb �( !pH  i===�> 9===: pH  ,�===45m	
 �===4%   
)HACH, sensION156(   8� �
�T4='� �=: 6+	�4+1� �	�"@ !EC 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.9

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             4 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.9.6
https://iutjournals.iut.ac.ir/jstnar/article-1-2433-en.html


��2-3 �
4. $5��
6  �&
� 
#����
�6 �$ �78
� ��
+��9 � � :�4&
;. ...  

���  

 ,�==45m	
 �==4%)Metrohm, 660( j==	�k 8� U	D==5*% � U5/==I> !
   �=: �-5='��45�EDTA) Ethylenediaminetetraacetic Acid( � 

6==: �==uI`  "5=='� �==: �-5=='��45� ��� i==�> 9==: D==5) 2�==*:�>
 �8�")� i	�-T1-'    ")"E ?�5 )��   � �� .(      9=> �='� �>p ��	�E

  � �-u*% 9:   
�*4'� � �<
 C	�D
       �
 �@�4%���� 95I> !�	�4) ?�	��� 
    "*4
�  ���< C	�%8L 
�-% ���+� .       R=5IO� � 9	Dm� !��k 7	� �


   �	�4) ?��%L    �"=%L �='
 9:           8� �
�T4='� �=: P=I4M% R=Q��% 8� 
r�)   ��D
�MINITAB)    C	��=	��a (         U='� ?��=: � "=E r�=m)�

r�) 8� �@��
-�)  ��D
�Excel"	
�  �
�T4'� .  
  

lF� � T+
;&  
�*+5;*Q9 ,+9@#  

     �
 �"E 9y��� �	�4)  ��
-�)�  6% ��$)        �	�"=@ 2��=55z� 9> "@

   95TZ� S�/� �
 6+	�4+1�  9=)�;          8� "#$=% �#=E SH=h�
 ?�=@
   6% �5A3� 6#:�$% ")��    "=**>)�lt/� ≤ r ≤ ��G/� � � = p .(

      95TZ=� S�/=� 7	� �: ��H�  9=)�;    
�:L"=*>�� ?�=@)� (   �=*1�� �
  � ���
 6k�
  9: j5VO� r�m)         7	�4$=5: � 7	�=4�> ?���
 !J=5���

    �'� �
-: 6+	�4+1� �	�"@ �	
�V% .       U=mQ �3/=) �
-=: �4$5:
         6)"5%�=EL SL ^=	8-� 9+3=E �
 6Od=' SL 9=: 6*5%8�	8 SL

    "#$% 6<�E jk�*%)  ̂ =�F �
�"O%   95TZ=� ?��L    �=*1�� 9=)�; (
      �L 6:�` jk�*% 9: �3/)) ̂ �F �
�"O%  95TZ� ?��L  9=)�;   ?�=@

L"*>��
�: (             �
�"=O% �
 7	�
�/=% � 7	�=y�8 �4$=5: U>��� D5) �
^�F   95TZ� SHh�
 ?��L     6=% �� !�*1�� 9)�;    U=#% ��-=�   7	�=�

     95TZ� S�/� 6+	�4+1� �	�"@ C	�D
� R%�-�  �3/) �*1�� 9)�;
  95TZ� �
 9:       
��L S�/Q 9: �(	
 9)�;)�G .(     R=5IO� � 9=	Dm�

 U@ �	�4)     6=% ��$=) 75*s        =+	�4+1� �	�"=@ 9=> "=@
   S�/=� 6
95TZ� 9)�;      �
 9A1�d% 
�-% ?�@G        � �	�"=� 9: !,�' �/M) ��% 

9:   9uQH% R:�< �-k              v-=h-% 7=	� 9=> �='� 9=4
�	 C	�D=
� ?�
6%                 9=>�: �d=' 8� �=5M3� ��D=5% C	�D=
� R=51
 9=: "=)�-�    � �=@

9�h-Q               2�-=B �H=%� �=uI` 63/=) C	�D=
� 9m54) �
 � �@
 "E�: 94
�	�� .   y��� �	�4) �: �->�% 94
�	  � ?��)���=E N'-� �"E 9

  
�5
)�� (      95TZ� S�/� �5T5> 6:�	8�� �: e�3��� �
     �=:�; 9=)�;

 
��
 �==V:�d% �
�� �
 ����/==1�.   S�/==� 6==+	�4+1� �	�"==@ 
95TZ� 9)�;              �
 !j=5VO� r�=m)� ���
 6=k �
 !9=A1�d% 
�-% ?�@

  �
�"O%�/�   �� dS.m-1 �/�   �'� 94E�
 ���< .      ��=5A% 9: 
�*4'� �:
9V3k  5> ?"*:           �	�"=@ �=u) 8� !2�+4'� � x�	L ?��5:L SL 6T

    95TZ� S�/� 8� �
�T4'� !6+	�4+1� 9)�;     "#$% �#E SHh�
 ?�@
    ��% 95I> �
 !?8���$> �
        N'-4% �� U> �	
�"O% �: !,�' ?�@

 �'� ����@ .   6='��: x�='��:          �=' 2�=A1�d% �=: 6=*43% ?�=@	 �
VVO%5  6=% !7                S�/=� 8� �
�T4='� 9=> �=E�
 ��=5: 75=*s ��-=�
Z�95T          !?8���$=> 2K-ZO% 8� 6;�: ?��5:L ?��: �*1�� 9)�;

  ��� ,���� ��":      6=% !?�-=E �	�	"% ?�@       C@�=> 9=: "=)�-�
    
-E �m*% ?"51-� ,-ZO% ��D5% . 9)-  9:     6)�@�5  ?��5:L 9> ?�

  J5' !2�p "*)�%          !,�=V��� !2��=
 �=	�  !�"3E !UzIE !6*5%8
    C@�> !-1L � r�
�:��9: �� ,-ZO% "51-� ?"B�
  ?�-E R51
 

         �=E�
 "=@�-; ,�=3)
 9: !S�/� ?K�: \�43/) . U=@     ��D=5% 75=*s
    x�/Q ��@�5  �
 ,-ZO% C@�>   ��"*)�%       
�8 � �	-=@ !�=5:-1 

    
�"Q �
 !-1L�l  C5� "B�
     6=% 6*5:    
-=E)��   � �� .(  9=m54)
      95TZ=� S�/=� �=5T5> 6:�	8��           N='-� 9=> �-='�	 �#=E 9=)�;

    ����+�@ � 6)�"	�
)� (    D5) "E r�m)�       9=> �=E�
 �L �: �1K

 95TZ� S�/�             9=V3k �
 !6=+	�4+1� �	�"=@ �=u) 8� �->�% 9)�;

SL         6% ���< N'-4% �� U> 
�:��> �	
�"O% �: 6	�@ 
�5  . 6;�:
       
�:��=> �	
�"=O% 9=: 
-=; 2�=A1�d% �
 D5) 75VVO% 8� �(	


 95TZ� S�/� 9)�;             �	�"=@ �=u) 9=dV) 8� ?�#=E SH=h�
 ?�@
�
-�) ���E� 6+	�4+1� ")�) � � t.(  

  
(@' "�O�3 "+@! �`H ,	4&  

     �"=E U5=u*� U	"=' S�=F �3/) 9)�@�% 75()�5%)adj RNa ( �
   95TZ� S�/� 6+	�4+1� �	�"@ 9)�;    
�:L"=*>�� !�*1�� ?�@)� ( �


�:L"*>��)� (  �
  ,�"F�   �='� �"%L  .      2��=55z� "=)�� 6='��:
9: �	
�V% 6% ��$) �"%L �'
    N='-4% 9=> "@
adj RNa  S�/=� 

95TZ� �;9)      ��% �
 9A1�d% 
�-% SHh�
 ?�@     ��4/=:�� RZ
 ?�@
9:   9uQH% R:�< �-k    �'� 94
�	 C	�D
� ?� .      �	�=4) 7=	� �: ��H�

      95TZ� S�/� 9> 
��
 �L �: �1K
     �
 �*1�� 9)�;l�    8� "=B�
   

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.9

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             5 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.9.6
https://iutjournals.iut.ac.ir/jstnar/article-1-2433-en.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /%�+
. /01/  

��a  

  
 �9$�)&/.��2-3 �
4. �$ �*+5;*Q9 ,+9@# �&
�Q
! K95��m3  �&
� @B�� 5B' �78
� �
#  

  
  �@H0.��2-3 �
4. �$ (@' "�O�3 "+@! �`H ,	4& � �*+5;*Q9 ,+9@# �&d
! � �&
#
� b!�;�  �&
� @B�� 5B' �78
� �
#  


�:L"*>��)�( 
�:L"*>��)�( �*1�� 

adj RNa EC (dS.m-1) adj RNa EC (dS.m-1) adj RNa EC (dS. m-1) 

��% 

�/� G/� �/� l/� �/� t/� 7	
���
 

�/� l/� G/� a/� �/t G/� �$#3	
�� 

G/� G/� t/�� l/� G/� �/� 
�
�; 

G/� G/� �/�� l/� �/� �/� �5� 

�/�� G/� a/�� l/� l/� �/� 
�
�% 

�/�� G/� t/� l/� �/� �/� �-	�#E 

�/� l/� �/� l/� �/� �/� �#% 

�/� l/� �/� l/� �/t �/� ��:L 

�/� G/� �/� l/� �/� t/� �pL 

l/� G/� �/� l/� �/� �/� ?
 

�/� a/� �/� a/� t/� G/� 7�#: 

�/� a/� l/� �/� �/� G/� "*T'� 

a/� l/� l/� l/� t/� t/� 75()�5% 

  
 7	�4�> j5VO� ���
 ,-kadj RNa  S�/=� R:�V% �
 � 94E�
 �� 

95TZ�  
�:L"*>�� 9)�;)� (  �
la   ���
 8� "B�
   9)-�) ?�@  ?��
�:
 ��"V% 7	�4$5: Dy�Qadj RNa�'� �
-:  . :�=	8��   S�/=� 6=T5> 6

     ��5: 2�+4'� � x�	L ?�@��5A% x�'��:       �='� J=Id% 7	� � 

95TZ==� S�/==� 
�:��==> 9==> 9==)�; 
�:L"==*>�� !�==*1�� ?�==@)� ( �

�:L"==*>��)� ( �==u) 9==dV) 8� ?8���$==> 2K-Z==O% ?��==5:L �

 [;�Eadj RNa       �=� U=> �	
�"=O% �=: !6=+	�4+1� �	�"=@ � 

�'� ����@ N'-4%.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.9

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             6 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.9.6
https://iutjournals.iut.ac.ir/jstnar/article-1-2433-en.html


��2-3 �
4. $5��
6  �&
� 
#����
�6 �$ �78
� ��
+��9 � � :�4&
;. ...  

��l  

"+@!  

     5�=' �=d; 6:�	8�� ?��:           ?��=5:L �
 U	"=' �-=	 8� 6=E�) �
        U	"' S�F �3/) [;�E 8� !?8���$> 2K-ZO% 6Od'

  �	SAR    6=% �
�T4='�     
-=E]� .[  �
   ��
-=�)�     2��=55z� "=)�� 
  [;�ESAR   95TZ� S�/� �
  9)�;    
�:L"=*>�� !�*1�� ?�@)� (

 
�:L"*>�� �)�(       �"=E �
�
 ��$=) j=5VO� r�=m)� 2"=% 6k �
 !
�'� . ��=�@       ��
-=�) 8� 9=> 9=)-    6=%�: �->�=%     2��=55z� "=	L

  [;�ESAR  95TZ� S�/�  9)�;        8� "#$=% �#=E SHh�
 ?�@
   6% �5A3� 6#:�$% ")��    9=)-  9: "*>        J	��=h 93='�O% 9=> ?�

 [;�==E 75==: 6(4/==3�@SAR95TZ==� S�/==� �
  9==)�;  ?�==@
 
�:L"*>�� !�*1��)� ( 
�:L"*>�� �)� (       "=5	X� �� v-=h-% 7	� D5)

6==% "==*>) tt�/� ≤ r ≤ t�a/� � �  =p .( 6()-==(s 6=='��:
 � 2��55z�	  U@ [;�E 7   6% ��$) 75*s       N='-4% 9=> "@
SAR 

 95TZ� S�/� 9)�;           9=�5) ���
 9=' �
 9A1�d% 
�-% SHh�
 ?�@
           9: ��% ?
 ,�� 9�5) D5) � 
�
�% r�
 9�5) !
�
�; r�
     R=:�< �-=k

9uQH% �'� 94
�	 C	�D
� ?�.  
    S�/==� 9==> 
��
 �L �==: �==1K
 �	�==4) 7==	� �==: ��H==�

95TZ�     �
 �*1�� 9)�;t�        7	�=4�> j5VO� ���
 ,-k 8� "B�
 
SAR       95TZ� S�/� !R:�V% �
 � 94E�
 ��   
�:L"*>�� 9)�;)� ( �

l�   ���
 8� "B�
    9=)-�) ?�@        ��"=V% 7	�4$=5: ?���
 ?��
�=:

SAR  �'� �
-:  .        [;�E 75()�5% 9> �'� �>p 9: r8KSAR 
 95TZ� S�/� 9)�;   
�:L"*>�� !�*1�� ?�@)� ( � �
�:L"*>�)� ( �


    9: !j5VO� r�m)� ���
 6k    ,
�A% J5����/t  !l/t   � �/t   �
-=: 
�=='� .   � x�==	L 
-==�*@� x�=='��: S�/==� 6==T5> 6:�==	8��

  2�+4'�)�� (��5:             S�/=� 
�:��=> 9=> �='� J=Id% 7	� � 
95TZ� 9)�;   
�:L"*>�� !�*1�� ?�@)� ( 
�:L"*>�� �)� (  ?��5:L �


        �=u) 9dV) 8� ?8���$> 2K-ZO% 6Od'     8� 6=E�) �5�='
       �'� 9F�-% N'-4% �� U> �	
�"O% �: !U	"' �-	 .7/Q   6=1

   ��-F �)� (    95TZ� 6	���> 6'��: �: D5)       �#=E SH=h�
 9=)�;
 95TZ� 7	� S�/� 8� �
�T4'� 9> ")
�
 ��$) !�E
��%   �
 9=)�;
  [;�==E �==u) 8� !?8���$==> 2K-Z==O% ?��==5:LSAR �==: 

:�� N'-4% �� U> �	
�"O%9 �'� ��.  

@+95�6  
 � ��==@�5  ?��==: �5�==' 
�==m	� �
 6==�#% C==V) "==	��I> �-==	

    
��
 ?8���$> 2K-ZO%)�� .(      �
 �"=E 9y��� �	�4)   ��
-=�)� 
        95TZ=� S�/=� 9> 
��
 �L �: �1K
  9=)�;    
�:L"=*>�� ?�=@)� ( �
9==: !2�==A1�d% ���
 6==k �
 �==*1��  � 7	�==4�> ?��==Q !J==5���

     �'� �
-: "	��I> �-	 �	
�V% 7	�4$5: .     7=	� �=: ��H=�   N='-4% 
  95TZ==� S�/==� �
 "==	��I> �-==	 �==uI` 9==)�;  !�==*1�� ?�==@


�:L"*>��)� ( 
�:L"*>�� �)� (     9: j5VO� r�m)� ���
 6k �
  J5���
  ,
�A%G/l  !G/�   � meq.L-1 �/a 9:     �='� �"%L �'
 .    YH=% �=:

  6% 2�+4'� � x�	L 6T5> 
-�*@� �
�
 ���<     ��=5: 75=*s ��-=�
  9: 9> 
�>   95TZ� S�/� DF  L"*>�� 9)�;  
�:)� ( 6% 9>     �L 8� ��-=�

  �	�==' S�/==� !
�==> �
�T4=='� x�/==Q 2K-Z==O% ?��==5:L �

95TZ� 9)�;                ?��=5:L ?��=: !"=	��I> �-=	 �=uI` �=u) 9dV) 8� �@

   6�) J'�*% �->�% ��@�5  "E�: .        �
 "=	��I> �-=	 ��D=5% 6'��:
 95TZ� S�/� 9)�;    U@ 9A1�d% 
�-% ?�@       
��
 7=	� �: �1K
 75*s

   �/� 8� �
�T4'� 9> 95TZ� S           ��=@�5  ?��=5:L ?��=: �=*1�� 9=)�;
           �/=5) J'�*% 2�3>�% � -1L !-1L
�8 !r�
�: "*)�% x�/Q)�� .(

        95TZ=� 7=	� S�/=� 8� �
�T4'� 
-F� 7	� �:     ?��=5:L ?��=: 9=)�;
 9�5) ��@�5              ^)�=%H: !"=	��I> �-=	 �=uI` �u) 9dV) 8� !x�/Q

�'� .       ���$=M1� 2�=A1�d% 9=m54))�� (      6:�=	8�� �=: e�=3��� �
 
  95TZ� S�/� 6	�5�5E          
-: �L 8� 6>�Q �
�� �-$> �
 ��A% 9)�;

          95TZ=� S�/=� �
 "=	��I> �-	 �uI` 75()�5% 9>     �->�=% 9=)�;
 ,
�==A%meq.L-1 G�/� � �
-==: ��:�==*:	7 ?��==5:L �
 �L 
�:��==> 

     �	
�"=O% "=<�
 "	��I> �-	 �u) 9dV) 8� ?8���$> 2K-ZO%
�'� .      6_5
 � 6)��Q� 2�A1�d% �
)� ()5 � D 95TZ� S�/   9=)�;

              "=	��I> �-=	 �=uI` �=u) 9dV) 8� ��#TB� �#E ,��E SHh�

"E �
�
 [5M$� J'�*% ?8���$> �
 �
�T4'� ?��:.  

  
���  

           �='� ��=@�5  "E� ?��: ?���h ?�Z*� !U	"' fH;�: �-:
     ��=5  8�=5) 
�-% ��D5% 8� C5: 9: Y�; �
 �L ��"V% 9s ��*s �%�

      6% ��5  �
 �5%-�/% 
�m	� o��: "'�:   
-E)�� .(���@  9>�-k  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.9

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             7 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.9.6
https://iutjournals.iut.ac.ir/jstnar/article-1-2433-en.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /%�+
. /01/  

��G  

  
 �9$�)&V.��2-3 �
4. �$ "+@! �`H ,	4& a�
' �&
�Q
! K95��m3  �&
� @B�� 5B' �78
� �
#  

  

  
& �9$�)0.��2-3 �
4. �$ @+95�6 ��+ ,O�P �&
�Q
! K95��m3  �&
� @B�� 5B' �78
� �
#  

  
  8�  ��
-�)a 6%�:    95TZ� S�/� "	L  
�:L"*>�� 9)�;)� (   9/=	�V% �


 95TZ� �: 9)�;    
�:L"*>�� � �*1�� ?�@)�(     8� C5: �
 !�l   "=B�
 
���
  9)-�) ?�@         �='� �
-=: �-: �	
�V% 7	�4$5: ?��Q !?��
�:. 

    9: �	
�V% 6)�%8 ?�' R5IO�          j=5VO� ���
 ,-=k �
 �"=%L �'

6==% ��$==)   S�/==� �
 �-==: �==uI` 2��==55z� "==)�� 9==> "==@


95TZ� 9)�;    
�:L"*>�� � �*1�� ?�@)� (    95TZ=� �: 9/	�V% �
   9=)�;

�:L"*>��)� (      �'� ��
�-;�: ?�4$5: �#:�$% 8�)�tt/� = r  � 

�t/� = p .(     64A*B Y�#E SHh�
 8� 6$M: 
���     9=: x-=k 

95TZ�  
�:L"*>�� 9)�;)� ( 6% ��    U=#% ��-=�       C	�D=
� R=%�� 7	�=�
  7==	� S�/==� �
 �-==: �-==	 2��==T4% 2��==55z� "==)�� � �==uI`

95TZ==� 9==: 9==)�;  
��L S�/==Q)l � � .(��==�@  9==uQH% 9==>�-k
6%    95TZ� S�/� �
 �-: �uI` 2�)�'-) 

�  9)�;  SHh�
 ?�@

     �
�"O% �
 "#$% �#E�/�    �=� mg.L-1 �/�  9=:      94='-5� v-=<� 
�'�.  

           �
 64	
�"=O% !2�+4='� � x�=	L 6T5> 
-�*@� x�'��:
SL 8� �
�T4=='�  8� �==4�> �-==: �==uI` �==: 6	�==@ mg.L-1t/� �
   

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.9

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             8 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.9.6
https://iutjournals.iut.ac.ir/jstnar/article-1-2433-en.html


��2-3 �
4. $5��
6  �&
� 
#����
�6 �$ �78
� ��
+��9 � � :�4&
;. ...  

��t  

  
 �9$�)&c.��2-3 �
4. �$ ��� ,O�P �&
�Q
! K95��m3  �&
� @B�� 5B' �78
� �
#  

  
  
��") 
-F� ?8���$> .   95TZ� S�/� �5T5> 7	��:�*:  9=)�;   ?�=@

*1��  
�:L"*>�� � �)� (          �
 �
�T4='� ?��=: �-: �uI` �u) 9dV) 8�
     6% 6:�	8�� S-Id% ?8���$> 2K-ZO% ?��5:L  
-=E .  6='��:

    95TZ� S�/� �
 �-: �uI`  
�:L"*>�� 9)�;)� ( 6% ��$)    9=> "@

    95TZ� 7	� S�/� 8� �
�T4'�      ,�� 9=�5) 6)�=%8 ���
 6=k �
 9)�;

       U@ � ��% "*T'� ,�� 9�5) �� 7�#:   ) 75=*s         �=: ��=% ��=:L r�
 9=�5
     �'� ����@ N'-4% �� U> �	
�"O% . 6'��: 9m54)     r�=m)� ?�=@


�"A� N'-� 94
� ? 9> �'� 94E�
 �L �: �1K
 ���($@�n� 8� 
       95TZ=� S�/=� �
 �-=: �uI`  9=)�;        �
 ?�#=E SH=h�
 ?�=@
 
��
 ���< ?��5:L 8�m% �
�"O%)� !t � ��.(  

  
�395;�& �R�5;�&  

   R+E 8� 6+	 2��45) ?�@          "=*	L�
 v-=) 9: 94/: 9> �'� ����45) 
   95TZ� S�/� �
 !95TZ� 9)�;    6% �
�	 SHh�
 ?�@    
-=E)�t .(

����45) "Q 8� C5: �	
�V% 
-F�    6=% S�/=� �
 6=���45)   "=)�-�
           "E� o��: 7�h �
 � ,-ZO% �5T5> � 
�+I�� C@�> J3'

 PI� �"*	�D
     
-E 8�@ ?�@)� .(     ����=45) �uI` 2��55z� ")��
  6���45)   �
 9>  ��
-�)l   6=% ��$=) !�'� �"%L      �=uI` 9=> "=@


   95TZ� S�/� �
 2��45)   
�:L"*>�� SHh�
 9)�;)� (   �
 9: �3/)
95TZ�     �'� �
-: �4$5: �(	
 9)�; .       �
-=: ?8�-@ R51
 9: �%� 7	�

   95TZ� �
 95TZ� U4/5'      
�:L"=*>�� SH=h�
 9=)�;)� (   
-=F� �
     �-5'�+5T	�45) "*	L�
 r�m)� ?��: �4#: N	��E       94='-5� v-=<� 9=: 

  �'�)��   � �� .(          S�/=� �
 6=���45) ����=45) �=uI` 75()�5%
95TZ� 9)�;     
�:L"=*>�� !�=*1�� ?�@)� (  
�:L"=*>�� �)� (   6=k �


     9=: !j=5VO� r�m)� ���
      ,
�=A% J=5����/�  !�/�   � mg.L-1 �/� 
9:   �'� �"%L �'
 .           �
 �"=E 95=B-� �	
�=V% �
�
 ���< YH% �:

     !2�+4='� � x�=	L 
-�*@�   95TZ=� S�/=� �=5T5>  9=)�;   ?�=@
  
�:L"=*>�� !�*1��)� (  
�:L"=*>�� �)� (       ����=45) �=uI` �=u) 8�

           6:�=	8�� S-=Id% !?8���$=> 2K-Z=O% ?��5:L ?��: !6���45)
6% 
-E .    ����+�@ � 6)�"	�
)� ()5       S�/=� �=5T5> 6:�	8�� �: D

95TZ�            9=> "*4
�	 �'
 9m54) 7	� 9: !�-'�	 �#E SHh�
 9)�;
  � S�/� �uI`95TZ           6=���45) ����=45) �=u) 9dV) 8� �->�% 9)�;

    �'� J'�*% ?8���$> 2K-ZO% ?��5:L �
 
�:��> ?��: .  7=	�
    6_5
 � 6)��Q� 2�A1�d% 9m54) �: 94
�	)� (> �: e�3��� �
5T5 �

 95TZ� S�/�             �=V:�d% D=5) ��#T=B� �#=E ,��=E SHh�
 9)�;

��
.  

  
�� K
��56  
6:        R%�-� 8� 6+	 ��-*� 9: 2�*:�>   �-	 J5'�� �: !�5y�5I<   ?�=@

        6% C	�D
� �� Y�; J	�M� R5/)�4� U	D5*% � U5/I>   "=@
)�� .(  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.9

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                             9 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.9.6
https://iutjournals.iut.ac.ir/jstnar/article-1-2433-en.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /%�+
. /01/  

���  

  
 �9$�)&\.��2-3 �
4. �$ �395;�& �R�5;�& �&
�Q
! K95��m3  �&
� @B�� 5B' �78
� �
#  

  
     �
 �"E 9y��� �	�4)  ��
-�)G           2��=55z� 9=> �='� 7=	� 8� 6>�Q 

  6: �-	 �uI`       95TZ=� S�/=� �
 2�=*:�>  9=)�;      � �=*1�� ?�=@

�:L"*>��)� (           �='� �
-=: 9:�$% \�43/) 9A1�d% r�m)� ���
 6k �


)G��/� = r � ���/� = p .( 6==*A% 6(4/==3�@ 6==1�  75==: ?��

  6: �uI` 2��55z�   95TZ� S�/� �
 2�*:�>   
�:L"=*>�� 9=)�;)� ( �

 95TZ� �
    
��") 
-F� �(	
 9)�; .        � 95TZ=� "=*	L�
 63/=) 9:�$�
 ?�4>�: �51�A
  �5Q� ?�@  U#% !2�T1-' �"**>    �=: �Wb=% R%�-� 7	��

    6: �uI` 2��55z� ")�� 9:�$�    95TZ� S�/� �
 2�*:�> 9)�;   ?�=@
  
�:L"*>�� � �*1��)� (  "*4/@)��   � �� .(       9=> �='� �>p 9: r8K

      6=: �-=	 �=uI` 2��55z�       95TZ=� S�/=� �
 2�=*:�>  9=)�;   ?�=@
     ?�(	
 R%�-� 9: SHh�
"*)�%     ��D5% !2���Q 9F�
 ?
   "5/=>�

 
��
 6(4/: D5) 6	�5�5E J5'�� � ,-IO% 7:�>)�.(  
    S�/==� 9==> 
��
 �L �==: �==1K
 �	�==4) R==5IO� � 9==	Dm�

95TZ� 9)�;    
�:L"=*>�� ?�=@)� (          r�=m)� 2"=% 6=k �
 �=*1�� �
9==: !j==5VO�   �-==	 �==uI` 7	�4$==5: � 7	�==4�> ?���
 J==5���

6:     �='� �
-=: 2�*:�> .            �-=	 �=uI` 75()�=5% 7=	� �=: ��H=�
6==: �>  S�/==� �
 j==5VO� ���
 6	�"==4:� 9==@�% C==E �
 2�==*:

95TZ� 9)�;   
�:L"*>�� !�*1�� ?�@)� (  
�:L"=*>�� �)� ( 9=:   J=5���
  ,
�A%l/��  !�/�   � meq.L-1 �/�� 9:    �'� �"%L �'
 .  9/=	�V%
 9: �	�4)                 � x�=	L 
-=�*@� �
 �"=E 9=y��� ��=5A% �=: �"%L �'


 ��5: 2�+4'�          6=: �=uI` 9=> �'� �5A<�� 7	� �   =*:�>  �
 2�
95TZ==� S�/==� 9==)�;  ���
 �==]>� �
 !9==A1�d% 
�-==% ?�==@  ?�==@

9)-�)              �
-=: �4$=5: �"=E 75=5A� 8�m% �	
�V% �]>�"Q 8� !?��
�:
�'� .      95TZ=� S�/� �5T5> 
-F� 7	� �:    
�:L"=*>�� 9=)�;)� ( �


     6: ��D5% �u) 8� !��4/%8 RZ
    6% 6:�	8�� S-Id% 2�*:�>  
-=E .
 Dm� 9m54)	  IO� � 95   � �"E r�m)� R   6_5
 � 6)��Q� N'-)� ( �


    95TZ� S�/� �5T5> �: e�3���       ��#TB� �#E ,��E SHh�
 9)�;
95TZ==� 7==	� S�/==� 8� �
�T4=='� 9==> 
-==: �L 8� 6>�==Q  �
 9==)�;

     6: �uI` �u) 9dV) 8� ?8���$>         �=� U=> �	
�"=O% �: !2�*:�>
�'� 9F�-% N'-4%.  

  
pH  

  

pH        
�-% 63/) �51HQ ��D5% �: ��� �5WX� �4%���� i	     � ?�=z% 
     6=% 9> �'� 75(*' 2�DI
            �� �L 
�=+I�� � ��=5  "=E� "=)�-�

 � �O�X    "@
 ���< �5W)�� .(���@    �
 9>�-k   ��
-=�)t   [M$=% 
    2��55z� ��D5% �'�pH  95TZ� S�/�  9)�;      
�-=% SH=h�
 ?�@

        �'� �
-: Y")� !j5VO� r�m)� ���
 ,-k �
 9A1�d% . 9=)-  9:  ?�
   Rh�T� 9>pH    � 9*5$5: pH  �
 9*5�>    95TZ� 7	� S�/�  9)�;   !�=@

  ���
 95I> �
   9=)-�) ?�@       ��"=V% 8� ?��
�=:G/�     �
-=�*) 8��=m� 
�'� . 6% 7	��:�*:      9> 
�
 ��$) ��-�pH  95TZ� S�/�   9=)�;   ?�=@  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.9

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                            10 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.9.6
https://iutjournals.iut.ac.ir/jstnar/article-1-2433-en.html


��2-3 �
4. $5��
6  �&
� 
#����
�6 �$ �78
� ��
+��9 � � :�4&
;. ...  

���  

 

 �9$�)&_.�� ,O�P �&
�Q
! K95��m3  ��2-3 �
4. �$ K
��56 �&
� @B�� 5B' �78
� �
#  

  

  

 �9$�)&[. K95��m3 @&�� pH  �
4.��2-3 �&
� @B�� 5B' �78
� �
#  

  
                2�=3W 8� !j=5VO� r�=m)� ���
 6=k �
 !"#$=% �#=E SHh�


   �'� �
-: ��
�-;�: 6:-Id% .       6(4/=3�@ 9> �'� �>p 9: r8K
  6*A% � �3]%       �	
�=V% 75=: ?��
pH     6=: �=uI` �     �
 2�=*:�>
 95TZ� S�/� 9)�;      
�:L"=*>�� !�=*1�� ?�=@)� (  
�:L"=*>�� �)� (

 �
 
-F�  	� 9> 
�    C	�%8L �	�4) �OB �%� 7 �@   6% "5	X� ��   "=*>   
)tt�/� ≤ r ≤ G��/�   � ���/� ≤ p ≤ � .(     !7=	� �: ��H�pH 

  95TZ� S�/� ��K�:  9)�;    
�:L"*>�� � �*1�� ?�@)� ( 6% ��   9: ��-�
               �
 �4$=5: 6=+3IF U>��=� 9=m54) �
 � 95TZ=� ?�@"*	L�
 9:�$�

9>�:     95TZ� �
 7	� 6@
HF ?�@     
�
 �3/=) 9=)�; . i=3IF   ?�=@
   ?
 f�Z% �: �->�%        �
�
 ���< �5WX� �O� � ,-IO% 7:�>"5/>�

C*>��    !61
�A� ?�@pH     6% C	�D
� �� 6F��; S�/�    "*@
)�� .(
    �8�")� �	
�V% 9: 9F-� �:        6=% �"@�$=% �"=E ?�=5       9=> 

�= pH 

 95TZ� S�/� 9)�;            r�=m)� 2"=% 6=k �
 "#$% �#E SHh�
 ?�@
    755A� 8�m% �
�"O% �
 !j5VO�         2�+4='� � x�=	L N='-� �"E 

   �='� 94E�
 ���< . ��:�=*:	7       95TZ=� S�/=� 8� �
�T4='�   9=)�;   ?�=@
  �==u) 9==dV) 8� !?8���$==> �
 "#$==% �#==E SH==h�
pH�5WX==� !   

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.9

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                            11 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.9.6
https://iutjournals.iut.ac.ir/jstnar/article-1-2433-en.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /%�+
. /01/  

���  

 �@Hc.��2-3 �
4. �$ G�S�! K9%�� ,O�P �&
#
� G�S&
��  �&
�  @B�� 5B' �78
� �
#)5;�Q �$ �5=�5*�� ]4^5�(  


�:L"*>��)�( L"*>��
�:)�( �*1�� 

R+5) S�' U5%
�> r��> R+5) S�' U5%
�> r��> R+5) S�' U5%
�> r��> 
��% 

�� �� a �� l �� � �� � t �<  t 7	
���
 

�� �� � �G l �� � �l � G � G �$#3	
�� 

t �� a �� G � � �� � � � � 
�
�; 

� �� a �G G t � �� � G �<  � �5� 

� �G l �� l G � �t � a �<  � 
�
�% 

G �l a �l a t � �� � G �<  �� �-	�#E 

�a �� l �l a � � �a � l �<  �� �#% 

�� �� a �t � � � �l � a �<  �� ��:L 

�G �� � �l l �� � �� � G �<  �� �pL 

�l �� l �a a �� � �G � G � �� ?
 

� �� a �t � �� � �� � t � �� 7�#: 

�� �t a �t � t � �� � G �<  �� "*T'� 

  
      "=@�-M) ?�=F�: ?��=5:L �O� 2K-ZO% � Y�; �: 6:-Id%�)

�E��  .     -1 9T5*Q � "h�A%)�� (   95TZ� S�/� 6'��: �
   9=)�;
                2��=55z� 9=> "=*4
�	 �='
 9=m54) 7	� 9: 8�-@� �#E S�`pH 

  95TZ� 7	� S�/�            j=5VO� ���
 6=k �
 � �
-: Y")� ��5/: 9)�;
      �='� 94E�
 ���< 
��")�4'� �
�"O% �
 .  6:�=	8�� �
     �	�=' ?�=@

        95TZ=� S�/� 
�:��> �	
�"O% r"� 9: D5) 75VVO%  9=)�;   ?�=@
           �4%���=� �=u) 9=dV) 8� ?�#=E SHh�
pH    ���=E�  �"=E  �='�   

)� � t.(  
  

G�S�! K9%��  
          6=% !?8���$=> 6=h��� ?��=5:L �
 S�/� 
�:��>     ^=�m� "=)�-�

      SL � Y�; �
 �� 75(*' 2�DI
        � �
�
 C	�D=
� 6=*5%8�	8 ?�@
  �uI`    �uI` 8�% 9: �� �#)L       ")�='�: ��=@�5  ?��: 6�' ?�@ . 8�

                9=: �=#)L 
��� J3=' ��=@�5  �
 75(*=' �=B�*� ^�m� 6
�k
��5m)8        6% j	�k 7	� 8� � �"E 6	��` ?�@   ")�-� ��=WL   6:-Id%�=) 

      
���(: �� "**> f�Z% �%H' �:)�� .(  �
  ,�"Fa   75()�=5% 

     75(*' 2�DI
 �uI` 9)�@�%)        � S�=' !U5%
�=> !r��=> R=+5) (
�8�")�     95TZ� S�/� �
 �"E ?�5  9)�;      "#$=% �#E SHh�
 ?�@

 �'� �"%L . 9: �	�4)             9=5I> �
 9=> 
��
 7=	� �: �1K
 �"%L �'

���
  9)-�) ?�@         S�/=� �
 �->�% 75(*' 2�DI
 �uI` !?��
�:

95TZ�  
�:L"*>�� 9)�;)� (   95TZ� �
 9: �3/)       �4$=5: �=(	
 9=)�;
      '� �: v-h-% 7	� 9> �'� �
-:       SH=h�
 8� 6$M: 
��� 9: 
�*4

     95TZ� 7	� 9: x-k 64A*B Y�#E      =� R=:�< 9=)�;5C :5 =*6   
-=:   
)l � �.(     95TZ=� S�/=� !7=	� �=: ��H�     9=5I> �
 �=*1�� 9=)�;

���
        95TZ=� �=: 9/	�V% �
 ,�' ?�@  9=)�;    
�:L"=*>�� ?�=@)� ( �

�:L"*>��)� (        �='� �
-: 75(*' 2�DI
 8� ?�4�> �	
�V% ?��Q .

  % 9/	�V% �: �8�")� �	
�V        95B-� 8�m% �	
�V% �]>�"Q � �"E ?�5 
      6% !2�+4'� � x�	L 
-�*@� �
 �"E      �=
�  9m54) 75*s ��-�

       95TZ=� S�/� �
 75(*' 2�DI
 �uI` 9>  9=)�;     SH=h�
 ?�=@
        
��
 ���< �"E 755A� 8�m% �
�"O% �
 "#$% �#E .   9F-� �: 61�

          ��=5  � Y�; �
 75(*' 2�DI
 ^�m� �-V1�: ��+%� 9:  6	�=)�-� �
               � C	�=� !�->�=% �=B�*� S�=F �
 P=I4M% ��=@�5  2��T4%

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.9

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                            12 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.9.6
https://iutjournals.iut.ac.ir/jstnar/article-1-2433-en.html


��2-3 �
4. $5��
6  �&
� 
#����
�6 �$ �78
� ��
+��9 � � :�4&
;. ...  

���  

�8�")�  ���
 ?�5            �=O� 2K-Z=O% � Y�=; !S�/� �5T5> ?�
9%�)�: �
 !?��5:L 6% 95B-� S�/� 
�:��> ?�@ 
-E.  

  

���;& �5�=  

    9: �	�4) 9: 9F-� �:          S�/=� 8� �
�T4'� !j5VO� 7	� �
 �"%L �'

95TZ� 9)�;    "#$% �#E SHh�
 ?�@       �=u) 9dV) 8� ?8���$> �
 

  6: �-	 �uI`     �'� "	"E �	
�"O% ?���
 2�*:�> . U=@   75=*s
         "	��I> �uI` !U	"' !6+	�4+1� �	�"@ ?�@�4%���� �: e�3��� �


 [;�E D5) �adj RNa95TZ� S�/� 8� �
�T4'� ! 9)�;   
�-=% ?�@
           �='� 9=F�-% N'-4% �� U> �	
�"O% �: ?8���$> �
 9A1�d% .

   9: r8K	��L
�?    ;�: �
 9> �'� 6  Y�; 8�     Y�=; "*)�% �@   ?�=@
� 6  !L  E�) S-Id%�) 6     6: �-	 ?K�: �uI` 8�       K�: �	 � 2�*:�>

  �
-:SAR % 6    C@�> ")�-�	":� .      S-Id%�=) 2��=W� C@�> ?��:
  95TZ� S�/� 
�:��> 9)�;         �	8 ��@�5  � Y�; �: "#$% �#E ?�@

   ��� 8� �
�T4'� !?��5:L          5=B-� ?�-=E ,�=4*> �	�	"=% ?�=@ 9
6% 

�  .    i=�) 6	-$:L �: ��H�          S�=M4)� !9$=	� 9=5Q�) 8� �=@

   8� �
�T4=='� !Y�==; � SL �==5T5> �==: �� 8�==' �$==> ?-==(1�
���           eH4=;� !9=��D% Y�=; ?8�'��-�@ !J'�*% ?��5:L ?�@

             �	�	"=% � ?��=5:L ��=%8 U5=u*� !�=4#: �=5T5> �: �SL � S�/�
  6% �� 6@

->    ��� ��%8 �
 ��-�    �: ?��5:L �	�	"% ?�@  S�/� 

          �/)�
 ?�-E 8� 6E�) 2H+$% �")�'� R<�"Q 9: ?��:)�� .(
 95TZ==� S�/==� 9==> �=='� �==>p 9==: r8K 9==)�;  � �==*1�� ?�==@


�:L"*>��)� (   �u) 8�pH        2�D=I
 � 6=���45) ����45) !�-: �uI` !

            6:�=	8�� J='�*% ?8���$=> 2K-Z=O% ?��=5:L ?��: 75(*'
6% 
-E .         9=> 
�
 ��$) D5) �	�4) w)�	��� 9	Dm�    6=T5> 2��=55z�

 95TZ� S�/� 9)�;           r�=m)� ���
 6=k �
 "#$% �#E SHh�
 ?�@
6*A% \H%�> j5VO�  �'� ��
)�l/�P <  .(9: �	
�V% 9/	�V%  �'


 U@ �"%L           95TZ=� S�/=� 9=> 
��
 7	� �: �1K
 75*s  9=)�;   ?�=@
         ��4/%8 � ��#: ,-Z
 �
 "#$% �#E SHh�
) ��% \�B-Z;  ?�@

  "*T'� � �$#3	
�� (5> 8�S-Id% �5T �'� �
-: ��
�-;�: ?�� .
U@      95TZ=� S�/=� 75=*s    
�:L"=*>�� 9=)�;)� (      �
 �=: 9/=	�V% �


95TZ�             ��=5  � Y�; �: �Wb% 6T5> ?�@�4%���� �u) 8� !�(	
 9)�;
J'�*%   6% 6:�	8�� ��  

�  .9:  ^5�F �
�
 ���< �u) "% �: 6I>�-k

  6% �->�% 
��-%             �/=� 
�:��=> 9=> �=
�  9=m54) 75=*s ��-� S
95TZ� 9)�;             2K-Z=O% ?��=5:L �
 "#$=% �#=E SH=h�
 ?�@

    9%�)�: � �	�	"% 9: ?8���$>         7=	� �5` �
 !
��
 8�5) j5<
 ?D	�
     95TZ� 7	� S�/� 8� �
�T4'� 2�-B 9)�;  6% �@     6)K-=k �
 ")�-�

             ?��=5:L �=O� 2K-Z=O% � Y�; �: �� 6:-Id%�) 2��W� 2"%
"	��) R5�O�.  

  

��9%S!
n!  

    Q �=: C@�n� 7	�    9=Vd*% SL �>�=E 61�=% �=	��   ��='��; ?�
  �
�	�� r�m)� ?-h� .          8� 9I5='� 7=	� 9=: 91�V% 7	� �� "*/	-)

                � ?��=+�@ �k�=; 9=: �>�=E 7=	� 2�=V5VO� C=M: ��*>��>
6% 6)�
�"< � �+$� ��E"*�E8�� 2"��/% "*	��).   

  

($
2;!9 $��� ��
��  

�. 7/Q  v !61.r.r �  .��-F .���a .E �"E 95TZ� S�/� 6:�	8��?
�-% 9A1�d% !D3' ?�_
 ?��5:L �
 �L 
�:��> � ?�#) :95TZ�  9)�;
�E
��% �#E SHh�
 .(N5O%  6'�*E�� :�����. 

�.  � !C)�
 . v � .�
�D5I� .���t .    �B�
 !?8���$> �
 S�/� 
�:��>   C1�s � �@ �@ .     SL ��=(	�F 6I% ��*5�' 751��      � 64
�=	8�: ?�=@
"#$% !SL ^:�*% �	�	"% �
 S�/�. 

�. !6)��Q� �  .�.  r �  .6_5
 .���� .        ��#TB� ,��E ?�#E SHh�
 S�/� �5T5} 6'��:),�'    ?�=@����    �=� ���� (    �L 6:�=	8�� �
           �/	8 N5O% 9: 
��� �	 ?8���$} CM: �
 �
�T4'� �#F),�'   ?�@����   �� ���� .(       �
�T4='� � �
�	8�: 6I% ��(*} 75%-'

��#TB� !?8���$} �
 �")-E"	"m� 61L ^:�*% 8�.  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.9

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                            13 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.9.6
https://iutjournals.iut.ac.ir/jstnar/article-1-2433-en.html


 �������	
 ��
�� � ����
�� ���� � ���� �
� � �� ���� � /  
!"#$%&
' /  (�
)' "*+ � ,-' /%�+
. /01/  

���  

�. �>
�E x !r. � ! . P1� !C)�
 .  r � �
�D5I� .����� .���� .                �	�"=@ �=: �"=E 95TZ=� S�/� � r�; SHh�
 8� 
"m% �
�T4'� 6'��:
�
�: 6+51��"5@ Y�; PI4M% ?�@ .���#� !�/	8 N5O% 6'"*#% 6ZZM� C	��@ 751�� . 

�.     SL x-k ���$% 6'"*#% �>�E .���� .       #: �	�	"% 6T5> �HB� � 
-3#: ?�@��+@�� 6'��:     SL ^:�*% 94'-5� U)IWRM ( 9h-Q
 
�� P$> D	�:L)U@
8��
 "IF .(9Vd*% SL �>�E "#$% !?-h� ��'��; ?�.  

�.  v !�
�D5I� .���� .   SL 8� �
�T4'� 6'��:       "#$% �E�
 �
 f��A4%�5` ?�@)  SL ^:�=*% �� "=	
 8� .(  9=Vd*% SL �>�=E   ��='��; ?�
"#$% !?
�:��> 2�V5VO� 945�> !?-h�. 

t.   4$� ���-� 6%H` r !6 . x � .v .6`��s .���� .     95TZ� 8� 6F��; SHh�
 f��Z% 755A�           ?8���$=> C=M: �
 
D=	 �#=E 9=)�; .
SL ��(	�F 6I% ��*5�' 75%�
 "#$% !SL ^:�*% �	�	"% �
 S�/� � 64
�	8�: ?�@. 

�.  r 6)�"	�
 .�. @ != .� !6F�
 .� .� !6	�51�� .v � 6�@
� .6O1�B .���� . Z=� S�/� 8� �
�T4'� R5/)�4�  95TZ=� �"=E 95T    �#=E 9=)�;
?8���$> 2K-ZO% ?��5:L �
 �-'�	 .SL ��(	�F 6I% ��*5�' 75%�
 "#$% !SL ^:�*% �	�	"% �
 S�/� � 64
�	8�: ?�@ .  

�.  x 6�'�< .v .���� .     95TZ� S�/� �5T5> 6:�	8�� � 6'��: 9)�;             ?8���$=> �
 �
�T4='� �-=u*% 9=: �=@)   ?
�-=% 9=A1�d% :  S�/=�
95TZ� 9)�; Hh�
 ?�@"#$% �#E S .(��	�� 6'�*E��> 9%�) '"*#% ���  !"E��6"#$% 6'�
�
 ��($)�
 !�����  .  

10.  @ "h�A%= . � � . -1 9T5*Q .���l .  SHh�
 �5T5} 6:�	8�� 95TZ� 6F��; � ?
��� ?�@        ?��=: 8�-=@� �#=E S�=` SH=h�
 9=)�;
?8���$} �
 
"m% �
�T4'� .903E �	�	"% 6I% C	��@ 751�� �8 � ?��5:L ?�@ 8�-@� !6$}.   

11. Alizadeh, A. 2001. Using reclaimed municipal wastewater for irrigation of corn. International Workshop on 

Wastewater Reuse Management, ICID-CIID, Seoul.  

12. Al-Khashman, O. A. 2009. Chemical evaluation of Ma’an sewage effluents and its reuse in irrigation purposes. 

Water Resour. Manage. 23(6): 1041-1053. 

13. Ayers, R. S. and D. W. Westcot. 1985. Water quality for agriculture. FAO Irrigation and Drainage Paper No. 29, 

Food and Agriculture Organization, Rome. 

14. Candela, L., S. Fabregat, A. Josa, J. Suriol, N. Vigués and J. Mas. 2007. Assessment of soil and groundwater 

impacts by treated urban wastewater reuse. A case study: application in a golf course (Girona, Spain). Sci. Total 

Environ. 374: 26-35.  

15. Coppola, A., A. Santini, P. Botti, S. Vacca, V. Comegna and G. Severino. 2004. Methodological approach for 

evaluating the response of soil hydrological behavior to irrigation with treated municipal wastewater. J. Hydrol. 

292: 114-134. 

16. Danesh, S., A. Belador and S. A. Ghassemi. 2008. Evaluation of different types of water usage in the city of 

mashhad and its significance in water quality management. Metropolis Training Workshop, Mashhad. 

17. Duncan, R. R., R. N. Carrow and M. T. Huck. 2008. Turfgrass and Landscape Irrigation Water Quality: Assessment 

and Management. CRC Press., USA. 

18. Eaton, A. D., APHA, M. A. H. Franson, and AWWA. 2005. Standard methods for the examination of water and 

wastewater. American Public Health Association. 

19. FAO. 2003. Users manual for irrigation with treated wastewater. FAO Regional Office for the Near East, Cairo. 

20. Henze, M. and van M. C. M. Loosdrecht. 2008. Biological Wastewater Treatment: Principles, Modelling and 

Design. IWA Pub., London. 

21. Hussainy, S. U. 1979. Ecological studies of lagoons at Werribee: removal of biochemical oxygen demand, nitrogen 

and heavy metals. Water Technol. 11(4-5): 315-337 

22. Kaur, K. 2007. Handbook of Water and Wastewater Analysis. Atlantic Pub., New Delhi. 

23. Kayombo, S., T. S. A. Mbwette, J. H. Y. Katima, N. Ladegaard and S. E. Jørgensen. 2004. Waste stabilization 

ponds and constructed wetlands design manual. WSP and CW Research Project. 

24. Kwiatkowski, J., L. C. Marciak, D. Wentz and C. R. King. 1995. Salinity mapping for resource management within 

the County of Wheatland. Conservation and Development Branch, Alberta Agriculture, Food and Rural 

Development, Edmonton. 

25. Lado, M. and M. Ben-Hur. 2009. Treated domestic sewage irrigation effects on soil hydraulic properties in arid and 

semiarid zones: A review. Soil Till. Res. 106: 152-163. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.9

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                            14 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.9.6
https://iutjournals.iut.ac.ir/jstnar/article-1-2433-en.html


��2-3 �
4. $5��
6  �&
� 
#����
�6 �$ �78
� ��
+��9 � � :�4&
;. ...  

���  

26. Liu, W., J. Zhao, Z. Ouyang, L. Soderlund and G. Liu. 2005. Impacts of sewage irrigation on heavy metal 

distribution and contamination in Beijing, China. Environ. Intl. 31: 805-812. 

27. Lucho-Constantino, C. A., F. Prieto-Garcı´a, L. M. Del Razo, R. Rodrı´guez-Va´zquez and H. M. Poggi-Varaldo. 

2005. Chemical fractionation of boron and heavy metals in soils irrigated with wastewater in central Mexico. 

Agric. Ecosys. Environ. 108: 57-71. 

28. Maas, E. V. 1984. Salt Tolerance in Plants. In: B.R. Christie, (Ed.), The Handbook of Plant Science in Agriculture. 

CRC Press, USA. 

29. Mapanda, F., E. N. Mangwayana, J. Nyamangara and K. E. Gillera. 2005. The effect of long-term irrigation using 

wastewater on heavy metal contents of soils under vegetables in Harare, Zimbabwe. Agric. Ecosys Environ. 

107: 151-165.  

30. Rahil, M. H. and V. Z. Antonopoulos. 2007. Simulating soil water flow and nitrogen dynamics in a sunflower field 

irrigated with reclaimed wastewater. Agr. Water Manage. 92: 142-150   

31. United States Environmental Protection Agency. 2002. Aerated, Partial Mix Lagoons. Wastewater Technology Fact 

Sheet, Washington DC. 

32. Shatanawi, M. and M. Fayyad. 1996. Effect of Khirbet As-Samara treated effluent on the quality of irrigation water 

in the central Jordan valley. Water Res. 30(12): 2915-2920. 

33. Tchobanoglous, G., F. L. Burton and H. D. Stensel. 2004. Wastewater Engineering: Treatment and Reuse. McGraw-

Hill Pub., USA. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.9

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            15 / 15

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.9.6
https://iutjournals.iut.ac.ir/jstnar/article-1-2433-en.html
http://www.tcpdf.org

