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

  

���  

 

  

234�5 ���� %�6�� � 7� 5� $5*�)� (89 � ,:�9 5;<� � =#� �$ >5�  

 � (89 !�? �����  
  

  

5@
# @�5��*�  8)AB C�D�=/   

  

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

EF�(8  
!�?����� +*�  "G� �B 52+  (89 HI�-J� =B�   K!$ �L ,!B ��
�       � (�M� �� �$ $5*�)� 5NLB8A ��         $�O@� �%�K<� �?!
�� "P� �B ($
;K!B 5

 �
L �B8Q��    BR9 5S
��  $
�K� � �+   ,!B T
� �$  .   432 ��V
W� ��:�� ��� �� 5�                � >5O� �$ =O#� � 5;<� ,:�9 � $5*�)� 5� 7� � %�6�� �
 ! (89�?�����  5D� "P� + 
��� �
+�� �&
X�D B�   
� 0Y 2 �    �� �B5*2 �! � �
)  ��KL
� H��S+    ZM�
L [5
 ?V
P �$ \ �$
-2 �      (�5OD �O&
X�D �$ 
T
� !
�'�     8���$ B5@B �� �
�&� (
6�&B$  .
#��KL
��  !�5� $��� �      �� ]WO! �
OGE \�
' �)/_//  �`  �/a   � /` � � O��   L �$ �5OD�  �5D�O�
T
�(   %�6�� ]W! �
GE �)_//  �`  �/a   � Ya � ���  L �$ �5D� T
� �5D�� (   7� ]W! �$ �)YY/a � Y� ��� L �$ �5OD�  T
O� �5D�O� ( 8O&$�� .

K&+     B%�B 
� �L $B$ �
�& c+  �� [�W! d�         �� 8A 
2 T
� �R@ \�
P 7� � %�6�� ����  ! $5*�)� ��?��� O��  �O�     O��� ��O
��B$�  B%O�B + d
�� +8�
 . �� $5��
L�     ��� d#
L ?	! %�6�� � �         ! (89 � >5� �$ =#� � 5;<� ,:�9 �B$�?����� 8'  .          B� >5O� =O#� ,O:�9 7O� $5��
L
��  ��� ��
��B$�   #
' �� ,	<&   $B$ d#
L 8 .��5K�+  ! $5*�)� =�?�����  2 �$ � $�L �
)� � � 252�  ?/`  �/a   � Y � ���  L �$ �5D� �5D�O� ��� �

� 7� � %�6��� 8�� ,!$.  
  
  

(eB� 
#�  ���8� : !�? �����5D� "P� +�� �5;<� �
�=#� � 7� �%�6�� �  

  
  

  

  

  

  

  

  

  
  

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

* : /011 2345( �0� #6�7��4'��894": hajaroroji@yahoo.com  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

7.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                               1 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.17.4
https://iutjournals.iut.ac.ir/jstnar/article-1-2441-fa.html


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

���  

��8Q�  
:9�  " 91)�%"   )���&* 6;3<=1 )( +  �>�     ?>��@� �	 A�<>1

            B9C �	 DE� $F(� �	 	�%GHI -(J91 B��8&9C )( ?* ��( -�0'(

      >1 �(	�3>��C ">I(�) 6;3<=1"     >HK ?>C $>!�C9 5	 B >9 ( L >� B

<=1 0'�8� 239 ;�C L"�  (�>C +  1M>� 9    (�>N 	(3>1 B"�   ' 	�3>1  >9 )�

OHP>>9�	�(	 -�>>QP $>>!� 2�>>F �	 )� � R.(>>9H** � �9S>>9 �

 (�N 6;3<=1"� �%"  �K�38*�� )( + HQ1 " ��(    �	 �)��1( ?* 

     � ?P3� -T ?C �K�3&* �U*(��V(+ 1 " 	3>! .   ( �3&>* �	 >�   ?>C -(�

5	9 %KT L"  ��� -	3C  5T 	(31 W* �($X1 #�K"  	3>C ;�>C #1 - >9 -(J
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$!�    1 	�%GHI � J8 �38� $"	3!)�� .(    -(3 I ?C c1�  �< I h
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� �	 BKT9:1)9 "   

  

� $B��g��  
#  

               �>tGN #	�>%GHI �>C c>1 � J , 1 #+�� �9oM� ?O5�E1 �3t 1 ?C

   W* �\� I � �S0�     :9� �$N � g�C �	 A�<1    #�>���T W^� " 91)

 ?'�jG� "&��1)T   �C +(��     ?C �(�%� ?� � ��H9�      L>��38*�� 6�3>\

             ��>� ���>� ?>'�jG� �	 "�	�<>� l[1�>* Z�e :5�^ �	   ">�� !

    $1T�	 (�P( ?C -�.') ��,&'(	 .P       2�>� �	 u>9X=� B>�( Y�.'( �Q

��kk              ��>� ?>'3H' #-�>.') -�8>�( �	 sG8j1 ?XE 1 B�$ a )( 

?C       ��� "=E� ?�; )( � :*�1 6�3\)��m� "8'�� +�81 ( ?9Q�

      ?>'3H' ?95�( ?�J.� )( $OC �   ?>XE 1 #�>K        �>\� I v�>=5 )( ?>* +(

W*         -(J91 � $�	�� r�j8'( 	3C �9X� A�<1�w��    ��>� Y��3G9* 

?>>XE 1 B>>�( )( ">>G91 �	 h>>5( )( � ?>>9Q�  $>>! �	(	 �3>>7I �>>81  

) 2�$>>P�(.   DE>>� ��>>Qa L1�>>! ">>���C 	�3>>1 +�>>K�38*�� 

+��)�i/� =Zn0  #w =Zn1  #�� =Zn2   � �w =Zn3 "G91   �	 Y��

��>>� Y��3>>G9*( J>> , 1 DE>>� ��>>Qa #)i/� =Mn0 #w =Mn1#  

�� =Mn2   � �� =Mn3 "G91    ��� Y��3G9* �	 Y�� (   DE� �	 �  

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
91

.1
6.

61
.1

7.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
05

 ]
 

                               2 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1391.16.61.17.4
https://iutjournals.iut.ac.ir/jstnar/article-1-2441-fa.html


2 34�5 ���� %�6�� � 7� 5� $5*�)� (89 � ,:�9 5;<� � =#� �$...  

���  

  �8@/.
K& +%�2 c+B �$ ($
;K!B $��� T
� �+
��� =+d  

P K Zn Mn Cu Fe 
��� ���C SP(%) pH EC(Ms/m) OC(%) FC 
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Y35 �/iw �/R �/� i/� �� �/�� �i� �/� i/� �/� k/w 
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 QC $F9    �S0>� ? �wm�� ppm           �>1 ��>� �	 -3>a � �>�( 

   �S0� �tGN�� ppm  (�C� C 	3C � �S0� B+    $&' ?��p( ��� ?C  .

  8� �tGN ���9  ' (� W9       >��8� 6�S53>� 	3* -	�J�( �C J9   ?>C W��� 

ppm $'��� �W .         ��>� �	 	3>P31 BKT �tGN �� ppm    � 	3>C 

  KT 	3*"    1 � $&' ?��p( 9   �1)T }��(�C 6)( -(J�  >G7^ 6�&"  �	 

  1 ?C ?XE 19  -(J��� kg       $>! ?��>p( ��>8%K �	 )   	�$>Fi�w kg 

  ��8%K �	 ���( ()  2�$P�( . � ��C9:1)9 "  ��T W^� � Q� �9?   �	 � 

     � ��C 	$I ?� ?7OP �K9:1)9 "  8'�>� ~ >� uHI �	 " �>81+ )( 

   ��� �	 ��� DE�� 
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?7OP�K+  CT �!�* 9��+   1 � $'$! 9  ��<1 rT -(J"     ��	 �>K �	 

CT9��+  �)($'( ?C (+             ��f $>F ?>C (� ��>� �>C3e� ?>* 	3C  >9 �

$'�>>��C ?>>I�J1 .�)($>>'( �>>QP�>>9�+� �S0>>� �($>>X1  �>>\� I 

W*   � g�C A�<19:1)9 "   L� -�1) �	 K	" ?�3C   g�>C #�K �>K+ 

      G>\( ?^�>� Y��Qa � Y3�"     ?>'3H' � r�>j8'(  �(	�>C+ 	��  >�$ .

�)($>>'( �>>9�+� �	 �S0>>� >>9�5�>>* ��� ?>>C ����8H+) 	�) �>>'�

5319 6(	�'(� 6($7 ( �)($'( ��9�+   1 �>\� I 9       )( �	�S8>�( �>C ��>%

 e ��,8�	9  H�( r�P s"  $! Y�.'( .   �	 �� -�CT  ��1��kk   Y($>^( 

  �$N �!(	�C ?C�K+ � 9:1)9 " 	�� �$ .   >C )( c�?    -	��T �>�	

�	(	' 	�3>>1 6�>>I[e( � �>>K>>9(�>>C )�+��>>>1T 6�>>>7��>=1 + � 

J.�� �(� ?>>� �	(	 c>'�   Y�>>' )( �>>K    �(J>>�(MSTATC   �	�S8>�( 

$! .WK a9 (�C B+ �X1 � 1 ?09,'�9B      Z3E� �	 B%'(	 -31)T )( �K

�( $\�	 ~ � � h$! �	�S8�.  
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  C {3C�1 	�%GHI   DE� ?�w 1 9G"  �� Y�>�+  * �	 9    ��>� Y��3>G

C?      (J>�( `I�C ?* $1T ��	�       1 ?>C �$>N 	�>%GHI ] >9 -(J��/�w 

   � ?C �70' $\�	9 	��$K�! ��H�$)  2�$Pw( .e" ���C "   �C ?* 

��+ oM� 9  �� 	3* �+    \3<� � 	�%GHI �C 9 * 6�9S" � 9:1)9 " 

    	�� �j&>1 ���� 6�3\ >�      A�<>1 ?>* $i� * 9   �	 Y��3>G

� 6�S53>>� 	3>>* ��>>8%K�+(�>>C +>>� �&>>* 9:1)9>> "��>>* " 

1" $!�C)� .(WK a9 �8' B� �1)T ~� $�( ]+   -(��>%HK � ] 1)� (

         �� 6�S53>� )( �	�S8>�( ?>* 	(	 -�&'+    (J>�( :7>� �   	($>O� ]

?��!�K+ 7'�P "           �$>N 	�>%GHI � g�>C 	($O� #-3538�( 	($O� #

�9:1)9 " 1 "	3! . >���C"  oM>� 9         �>C J> , 1 s>G8j1 Z3E>� �

   	(	 -�&' �$N 	�%GHI  ��;�C ?* �       DE>� ?C {3C�1 	�%GHI B�� 

19G"   * �	 J , 1 Y��9  1 ��� Y��3G"       (J>�( `>I�C ?>* $>!�C� ]

 1 ?>>C 	�>>%GHI>>9 -(J��/R � ?>>C �70>>' $>>\�	 9  $K�>>! ��>>H

	���$)  2�$Pw .(3�31+  -(��%HK � )�� (     ?>* $>'	�* ��(J�

23G=1!��"   (J�( `I�C J , 1 �        � �$N � g�C �	 J , 1 �tGN ]

WK a9  (J�( `I�C B�   � �$N 	�%GHI ]9:1)9 "  >1 " 	3>! .( >� B  
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  �8@Y.� �"L � i5-�5. 5S
�� �B%! >5� �$ i5-��?�����  

19-(J )�	� r3GE1 W* (�N �\� I"� 

�>  �mw/i w/imw/� 6)( 

�>  w/�m��/� �k/�m��/� �S0� 

w/��> w/��m�/� �/�mw/k }�8� 

�> �mR�/� Rw/�m�w/� 0G*9W 

  

  

 �	�1 Y��$\ �	 Y��

h&� 
�/�> �/�m� ��/�mR/�  19J�W 

   
  

�>  ��mR �mw c1 

���>  ���mw� i�mi� BKT 

�w�>  �w�m�� ��m�� J , 1 

19G"* �	 Y��93G �	�1 Y��

h&�)ppm( 

�w�>  �w�miw iim�w ��+ 

  

  �8@0.� �6&
��� 54B H
��5� =�"L 5S
�� � 5;<� �B8Q� �$5*�)� 5� 7� � %�6�� �2
L i5-��&��! (89 �$ �?�����  

	�X1�1 �9,'�96�OC�1 B)MS ((�C+���C 	�31 6�S\ " 

@� �7 1996(� 	()T ?P�	+ 
�$N 	�%GHI)��8%K �	 B�( �S0� ��+ J , 1 c1 BKT 

Zn � **�/i� **���/� **�/�k�� **i/ki **�/� **�/�� 

Mn � **i/�� **���/� **i/�ww **�/w **�/� **i/� 

Mn×Zn � **w/� ns����/� *�/i *����/� **��/� **�i/� 

Cu � **i/� ns����/� **�/��� **R�k/� **��/� ns���/� 

Cu×Zn � **�/� ns����/� nsi ns���/� ns���/� ns���/� 

Cu×Mn � **�/� ns����/� ns�/� ns���/� ns��w/� ns���/� 

Cu×Mn×Zn � **k/� ns����/� ns�/� ns���/� ns���/� ns���/� 

�E� �i ��w/� ����/� �/� ����/� ���/� ���/� 

CV m �/� w/� �/� �/� �/� �/� 
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�S0� ��+ J , 1 c1 BKT 

Zn � **��R/� **����R **�k�Rw **�ii **i�R� 

Mn � **���/� **R�k **�/RRi **�i/R **k/R 

Mn×Zn � ns����/� **i/�R **�/�� **�/� **�/� 

Cu � *����/� **��� **�/��R **�/� **�/� 

Cu×Zn � ns����/� **�/� **�/� *�/� **���/� 

Cu×Mn � ns����/� **�/� **�/� ns�/� ns���/� 

Cu×Mn×Zn � ns����/� **�/� **�/� ns�/� **��i/� 

�E� �i ����/� ��w/� ����/� �i/� ����/� 

�p�@� :996(� m i/� k/� i/� w/� �/� 
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�$N  g�C 

Zn  

Zn0 
d�/�k a�/� d�/�w a�/�k a �/� a �/w�  

ai/� d�/iR a�/��� a�/�� ak/�ww 

Zn1 
c�/�� b�/� c�/iR bR/�� b k/w b R/w�  

bi/� ck/�� bw/�w� b�/� bw/��� 

Zn2 bw/�� c�/� bk/�� c�/�w c �/w c �/w�  
c�/� b�/kk c�/��i c�/R ck/��R 

Zn3 ak/�� d�/� a�/Ri dk/�� d k/i d �/w�  
d�/� ak/��� d�/��� d�/w d�/��� 

Mn 

Mn0 d�/�� a�/� a�/wk di/�w a k/w a w/w�  
ai/� a�/k� d�/��k a� ak/��w 

Mn1 ck/�� a�/� b�/w� ck/�w b �/w b i/w�  
ab�/� b�/Rk c�/��� b�/k b�/��w 

Mn2 b�/�� b�/� c�/w� b�/�� c w/w b �/w�  
bc�/� ci/R� b�/��� c�/k ck/��i 

Mn3 
a�/�� c�/� d�/w� aw/�� d i/w c �/w�  

c�/� dk/�� a�/�i� dR/R dw/��i 

Cu 

Cu0 
b�/�� a�/� aw/ww a�/�� b w/w a i/w�  

ai/� aRR ak/��w b�/k a�/��w 

Cu1 
a�� a�/� bw/w� b�/�w a �/w a i/w�  

ai/� bk/Ri bw/��� ai/k b��w 
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Cu0×Zn0 h i/�k g �/ik a i/��� b �/�� a �/�ww 

Cu1×Zn0 g �/�� h �/iR b k/��� a i/�� b k/�ww 

Cu0×Zn1 f �� e �/�� c �/�w� d � c �/��� 

Cu1×Zn1 e �/�� f w/w� d �/�i� c �/� d i/��� 

Cu0×Zn2 d i/�� c �/k� e ��� e �/R e k/��R 

Cu1×Zn2 c w/�� d k/k� f k/��� e �/R f R/��R 

Cu0×Zn3 b R/�� a k/��R g �/��� f w/w g �/��� 

Cu1×Zn3 a �� b k/��w h �/�� f �/w h �/��� 
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Cu1×Mn3 a i/�� h �/�� b i/�i� 
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	�%GHI ��+ J , 1 c1 BKT  ��+ J , 1 c1 BKT �9��H 

�$N   g�C 

Zn0Mn0 
l�/�� m�k d�/�R ai/� a�/w�  

mk/w� dw/�wR a�� a�/�w� 

Zn0Mn1 
k�/�� mi/�R c�k b�/� ab�/w�  

n�/i� c�/��� bi/�� b�/�ww 

Zn0Mn2 
j�/�� ni/�i bi/�k b�/� b�/w�  

o�/i� b��� c�� cR/�ww 

Zn0Mn3 
ik/�� oi/�� ak/�k bc�/� b�/w�  

p�/ii aw/��k dw/�� di/�ww 

Zn1Mn0 
hi/�� i�/w� h�/�� c�/� ck/w�  

iw/�k hw/�i� e�/� e�/��� 

Zn1Mn1 
f�� ji� g�/�� dk/w cdR/w�  

j�� g�/�i� f�/� f�/��� 

Zn1Mn2 
ei/�� k�/iw f�/�� dk/w cdR/w�  

k�/wk f�wi g�/k gk/��� 

Zn1Mn3 
d�/�� lR/i� e�/�R eR/w d�/w�  

lk/w� e�/�w� hi/k hi/��� 

Zn2Mn0 
gR/�� e�/�w lR/�i f�/w e�/w�  

eR/�� lR/��R iR/R i�/��k 

Zn2Mn1 
ei/�� fw/�� k�/�w gi/w f�/w�  

f�/�� k�/��� jk�/� j�/��R 

Zn2Mn2 
bk/�� g�/w� jw/�w g�/w gw�  

gkw j�/��w jR kR/��R 

Zn2Mn3 
a�� hk/ww i�/�w h�/w hk/w�  

hi/R� iw/��� kk/� l�/��R 

Zn3Mn0 
d�/�� ai/R� p�/�� iw hik/w�  

ak/��� p�/�i l�/� mw/��� 

Zn3Mn1 
cR/�� b�/R� o�/�� i�/i iR/w�  

b�/��� o�/�R mk/w n�/��� 

Zn3Mn2 
a�� cR/R� n�i jk/i i�/w�  

c�/��� nk/��� n�/w o�/��� 

Zn3Mn3 
a�� di/�� mi/�i kw/i j�/w�  

d��� m�/��k n�/w pk/��w 
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