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@����] %m`/+~

2>9 %*�/�~

<#%#, %+ee/+~

@�,
�	 mg kg-1 pe�

.�� mg kg-1 �*+ e++ 

$��5 mg kg-1 */�+��

��� mg kg-1 �**p P*++ 

a�#��9 mg kg-1 �/��+ `�

k, mg kg-1 e*p �p++ 

F61�7 _��6  �6� S��Z6	� W�� �� ��� !-9)em.(:K6)

:��; ���H� �
 @�,
�A � .�� _�<M1 .B5 �M�6�� �� ^�� =�>

 U�6MN,DTPA Diethylene Triamine Pentaacetic Acid )  (

$��J8 7') =��)P+.($&�'�� =��� �6 �#8 2�� :A F\MC =��7

�66��H� ^�66� �
 G66����� '�66�� [66��� �66>`� @D66> U�66,�� 

$��J8 '�') =��7)ee.(�6��H� �F6)�
�� &� k] ?>�6�7 =�6>

)���
 � �;�� ��
�� :,�) (_', �� ��9 �
`*=�6,
 �
 F8�� 

�+ !���� �5�
 '�') a
� 
��7 .�_�<6M1 F6\MC 2��"� ����

H��66�� �66� S��Z66	� W�� �66� $�66�7 =�66> )a�����'�66���+%�

�s�MC a��'��M	'��� ��u�Z	� .9e+%+('�'6) @D6>)��.(

W�� 2�66H> �66� <66�� ./660�1 266�- �
 _�<66M1 :66A ��'663,

$��J8 ') =��67 .$��J8 �
 �\� 
��, � �#8 F\MC ^�� =�>

 !H�� .B5 $�%��
 �M��� �� 2�- � $��7 �2�	�]~�6H-� e+e+ 

�
 @6> � �J#8 �> ��� ��, U�j �
 _�<6M1 F6\MC 2�6#V

���H� �")� k�����M1 W�� �� 2�- � $��7 � ^�� G
� =�>

 kK��)XRF ($&�'�� <�� ') =��7)�.(

b��C/ 9���S 9�� 

�Z6��3, � � �#8 F\MC _������ !���� ���� ���,9 ��><�-��9

 :��3�, �b� � ��,& �2�- 
����A xd� fM�v, ��>��H�� 2�� 26�� 

L�6� �6� ���A�1 �
 ��6>��<1�SAS �MSTATC '6�
�7 L�6��� .

2�%���, �Z��3, ��,&9 �� �>LSD U�H�E� xd� �
 p%_��6 

F1�7 .L�� �� �>��
�H� @�� ��<1�EXCEL') L���� .

fC� � j��E> 

�?D�� ���KE�" ���� 4:;�
 <.% ���� �! ��� 

��b9 2�,& �
 ./0�1 2�- 
����A =&���
A =�> =
��& ?%�Z� 


��
 $
���6�� 
��6, 26�- _�� �J� ��.!67u�� !6��� =�6>

 �
 $
���6�� 
��, ./0�1 2�- !���H�) U�'65 �$'6) $
��9 

F666�� .pH �
�'666E �666� $
���666�� 
��666, ./6660�1 2666�- 
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,-�� � ,� ./ 0"12" �� �����3 � 41� 15�	
 67�8 1� 91'! 4:;�
 <.% �=>��... 

*e 

��=U\.,?D�� ,A1� X 
 �/ J�%�V� ���� @�A ,���� �! � ,d�e�
 9��\^,E>�� 91E� 

$&�'�� ��,���] =��7$') 'E�� ��'3, 

F1�� 
pH 

O.C1

CEC2

ECe3

U
�", @�ZMA _�#��A 
�MA 

:A .�� 
,
�A�:A @

~
~
%

cmol c kg-1 
dS m-1 
g kg-1 

mg kg-1 

mg kg-1 

mg kg-1 

?�� L�- 
e/*
`m/+
�` 
�/�
e/e�p 
`/��+ 
e/��
ee/+

1.Organic Carbon  2.Cation Exchange Capacity  3.Electrical Conductivity 

F�� �'���)U�'5�(R��'H8 2�� �	 ��>'��� ��DE :�-
 ��

!, !-9 
��, ��Hv� &� : �E !-9 ')�� .?K���K-� F��'> F�M��;

 �TZ� ./0�1 2�-R��� =��6) �6d� t�6;� U�H�E� � $
�� 
��& 

?, h�d, 
&��../60�1 26�- 2�%#6� �6 �#8 ��
�3, �Z��3,

��, FZ6�& [�6N, F6r��E k6��c9 ��>
��'���6�� �� $
����� 


�(��,9)USEPA (�
U�'5�� �#8 ��M	 F\MC �	 
�
 ��
� �

2���] 2�- 2�� �
 a�#��9 &� ��C �� 2�%#� &� � $
�6� �6� �6\�

 !66H	 !7
�66-9 :�Z66���] &� �a�#66��9 &� �66�C 2�%#66� _�<66M1

 !, ��
����� ')��)ep.(6�� �	 F)�
 �5�� '��� �,� $
�'6N, 2

�6� �6	 F�� �<�V �9 &� S�� ./0�1 2�- �
 � �#8 F\MC

 ��� �
 U�H", ��j !, F1�� �&���
	 ��> 
�))e.(�6,� 2��

 ?, ��
� ^�6� �2�- 
��& ��
�3, �
�<1� _��  �
 �A '>
 �6� 

',9 '>��� �
 ��AB, � �#8 =��� ?�<v, _�� .

/o@�A ,��� �! 0��5�aA ,A1� 1� 4:;�
 <.% 1�2 

5U�' P?7u�� ?��� 
��6, ^�6� ?���H�6) � ?6K�<�1 =�6>

 ?, ��
� �� �"-�d, '>
.?#", �b� ./0�1 2�- 
����A �6� =��


pH �F)�'� ^�� ?6#", :K) �� �,� �� ^�6� ?6-9 2��6A =��


 
�
 �����)U�'65 e(.�
 26�- 
����6A S��<61� �6d��� 26�� �


U�� �H> �� �� ?-9 2��A ��
�� S��<1� ?-���, =�> F�� ��)�
 $� 

)U�'5e.(^�� �
 ?MA ��j �� �
�6� 4�6� :�-
 �� ?K>9 =�>

 _������ ^�� =�1�� F�1�rpH ./0�1 2�- &� $
����� �b� �� 

?, @A ���Z� ')��)�+.(�TZ6� ��'3, 
�5�R��
 ?6-9 $
�6, 
�6�& 

?, ^�� ?-9 2��A �
 $') $'>�
, S��<1� :�-
 2�- ')��.

F6�1�r �6� ./60�1 2�- �6b� <6�� ^�6� ?�����6A U
�6T�

?#", F)�
 =��
 .��b9 ?;�� U�6� G6� =�6>��H�� �
 2�- $'��,

 26�� �
 ^�6� ?�����6A U
�6T� F6�1�r �6A 
�
 ��
6� ?>

�A

 ?#", _���� �9 �� � $
�� '>�) &� S�� �>��H�� 
�
 ��
� ��
 .�B-

 ?, �\� ��S��<61� �� 2�- ��<�� � ��,& F)B7 �A '��CEC 

�A GHA ^�� F)B7 &� k] ?�E � $
`G� &� ��,& U�� ��6�

 F61���
 
�6A �6A ?��6>��H�� �
 ���A�1 2�� ��'3, 2�- 
����A

$
�A ?, '>�) &� S�� '�� ')��)U�'5e.(?������b9 ?6"H�� 

�26�- 
����6A xd6� S��<1� �� �A 
�
 ��
� 2�- 
����ACEC 

!, ?j ?
��<1� '��� ^�� '#A.

!6#", �6b� ./0�1 2�- ��
 =��6) �6� )ECe ( F6)�
 ��6� .

!;�� _��b� !���� ��6>��H�� �6	 
�
 ��
6� 26�- $'��,�U�6� 

I/�6�� ����
 26�- 
����6	 h�d6� &� G6� ��> �
 !>

�	

!#", !H� '>�) �� ��
 ')��)U�'5e.(!"H�� _��b� !���� �,�

 �26�- 
����	 xd� S��<1� �� �	 
�
 ��
� 2�-ECe  �6� ��6� 

] S��<1� !d� _��  !, �'� '#	.S��<1� ECe 
����6A �� ^�� 

_'66, &��
 �
 ?-��66�, ?>

�66A _��66  �
 �./660�1 266�-

?, ��6>��7 F
6A =��6� ��J� �� $'##A 
�'N, ?M,�8 '���� 
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����� ���	� � ������� ��	
 � ���
 /��������� /��� !��" )$%" (/��'� ()*+ 

*` 

��=U).<�R>��� JF��N� �?D�� ��� 4:;�
 <.% $�Ep� ����� �/ �� T�A ���� �! ��� 

��H�� PH O.C % CEC( cmol c kg-1)ECe (dS m-1)

Pp �/* am�/+ dp/�� bcd e�/� bcd 

Pp+Pp*/� a�+/+ dP/�p ef �+/� d

Pp+Pp+PpP/* aPe/� bcd */�p def Pp/� bcd 

Pp+Pp+Pp+Ppe/* a�m/� bcd m/�� bcd `P/� bcd 

p+ e/* ap�/+ d�/�m cde �+/� d

p++p+e/* a�*/+ cd �/�p def P+/� bcd 

p++p++p+e/* aPP/� bcd p/�* bc p�/� bc 

p++p++p++p+P/* a+*/P bp/�m cde p*/� b

�++ �/* a+e/� cd P/�� bcde P+/� bcd 

�+++�++ �/* a`P/� bcd �/�* b��/� cd 

�+++�+++�++ m/� a��/� bc �/P� ap+/� bc 

�+++�+++�+++�++ �/* ae�/e a�/PP a��/P a

'>�) e/* a`p/+ d�` f +�/� d

2�%���, ��,&9 �� �>LSD U�H�E� xd� �
 %p$') �Z��3, '�� .�6	 !#�%���, �
 �> _���� !
��,&9 :,�8 �> ���� � ���� �> �


'E !#", �'#�Z> ���
, I�E a� ����
 :;� FZ�� ��
.

')�� X�ZE .Z6, 2��i&� ����6 � '6#��, G
6� ?E��6� �
 �-

�� ? �� F�H>�F�� ��
��� .

/o@�A �� <�R	� 0"e�
 1� 4:;�
 <.% 1�2 

�6���� �
 ^�6� �
 2�%#6� �6 �#8 .B65 :��; � :A ��'3,

 ?, �A F�� ?H�, z��) �./0�1 2�- 
����A F6�5 '����

 ̂ �� �
 ?7
�-9 ?���&�� ��A �� ./0�1 ��H�� FN� =�> 
�� .

U�'5 `F\MC �� ^�� �
 @�,
�A � .�� .B5 :��; � :A 

?, ��
� '6>
 .� :6A F6\MC ./60�1 26�- ?6MA ��6j �6�

:��; 
�
 S��<1� �� ^�� �
 @�,
�A � .�� .B5 .26�� $�6N�

�i=�o� ��,& _', <�� � ��1� ��A �� 2�- xd� �� �5�� �� ��b

F�� $
�� _����, ?>

�A 2���9 &� $').

@�A b3 41� 

!#", �b� ./0�1 2�- !M	 ��j �� :	 .�� S��<1� �� ��


 F)�
 ���)U�'5`.(!;�� _��b� !���� �6� 26�- $'��,

 |�6��, .�� ��
�3, �	 F�� �9 &� !A�E ��� :	 .��

 &� �	 !>

�	 U�� a� ��>��H�� ��`��6#A �� S�] U�� 

$
�(� F1���
 2�- @> '�� '>�6) .�� ��'3, &� S�� ��#V

F�� .� !Nd6� {61� �
 .�6� q6H���� !6M�-
 �6,� 26��

 �� �9 @	 !��
�9 !6, ��6� n�6H8� '6)�� ._��6b� !6����

 &� 26�- 
����6A xd� S��<1� �� �	 
�
 ��
� 2�- !"H��

Pp �� �++ ^�� :A .�� _������ '��� ���K> �
 L�7�%, 

!6, !
6��<1� � !d� '6)�� .U�6� 
�'6"� S��<61� �6� =�6>

 �� G� &� !>

�A`@\#, ��j �� ^�� :A .�� <�� U�� 

!, S��<1� '���)U�'5`(.��3, ^�6� :A .�� F\MC �Z

 _�<6M1 U�6T; :��; F\MC ��A�'E �� ?
��,&9 =�>��H�� �


 2�%#�MAC) (^�� �
 F\MC �A 
�
 ��
� =&���
A =�>

 $'6) 
��#
6�] &�6�, 
�'6E &� ��H	 �>��H�� 2�� �
 .��

?, ')��)e�.(
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,-�� � ,� ./ 0"12" �� �����3 � 41� 15�	
 67�8 1� 91'! 4:;�
 <.% �=>��... 

*p 

��=Uq.<�R>��� JF��N� b��- � b� 67�8 ��� T�A <�R	�15�	
 4MU)mg/kg ( ��4:;�
 <.% $�Ep� ����� �/ 

��H�� Total Pb Total Cd DTPA Pb DTPA Cd 

Pp ef�/P+ab�m/+fg+*/e+p/+ gh 

Pp+Ppdef�/PPefem/+ef`m/e+*/+ efg 

Pp+Pp+Ppdefp/P`bcdme/+dePe/`�+/+ e

Pp+Pp+Pp+Ppd*/Pmef`+/+dee*/`�`/+ cd 

p+ dep/Ppdep+/+efg`�/e+m/+ fgh 

p++p+de`/Ppef`+/+d`�/`+�/+ ef 

p++p++p+c�/ePabcmm/+bc�+/p�p/+ cd 

p++p++p++p+bc�/epabc�+/+bP�/m��/+ bc 

�++ de*/Ppabc�+/+def+m/`�+/+ ef 

�+++�++ cp/eecdm+/+cd�`/`��/+ de 

�+++�+++�++ bP/`+cdm+/+ae`/���/+ b

�+++�+++�+++�++ a�/pPa*+/+ap�/�P`/+ a

'>�) fe/��fee/+g`p/P+e/+ h

2�%���, ��,&9 �� �>LSD U�H�E� xd� �
 %p$') �Z��3, '�� .�6	 !#�%���, �
 �> _���� !
��,&9 :,�8 �> ���� � ���� �> �


!#", �'#�Z> ���
, I�E a� ����
 :;�'E FZ�� ��
.

b��- 41� T�A 4MU 

$��J8 :��; .�� S��<1� �� ./0�1 2�- �b� ���7 �6�DTPA 

!#", ��� 
�� ��
)U�'5`.(!;�� �b� ��6H�� �
 2�- $'��,�++ 

!#", S��<1� �T� ���K> �� L�7�%, �� �Z��3, �
 ��,���] 2�� ��


 '�
�7 '>�) .U�'5`!6, ��
� �6� ./60�1 26�- �6A '6>


 $��J8 :��; .�� ��'3, <�� !"H�� _��  �6� ���7DTPA �� 

F�� $
�
 S��<1� .?#", ') ��
 !;�� �b� ���6H�� �
 26�- $'6��,

�++ F6�� �9 &� !	�E ���K> �� L�7�%, !;�6� �6	 26�- $'6��,

 
����A =4�� h�d��
 :��; .�� F\MC ����6� �� ��6� .B5

�� U� ��6)�
 �6%� '>�6) ��6H�� �
 �J#8 2�� ��'3, &� S�� �>

!, F6)B7 �6V�7 
��9 '6�'] !6d�N, FZ�& _/(
, '����

 5 :��; .�� xd� ��,& S>�	 �� .B �
 �9 xd6� �6� � $
�


 !, a�
<� '>�) 2�� �	 �'#	 �'6) �6#�	 ���\� �� �'���� 
��

!, ')��)P�.(!������b9 �6	 
�
 ��
6� ./0�1 2�- !"H�� 

&� 2�- xd� S��<1���Pp��p+ko� ��++ ���(>�
 L�7�%, 

:��; .�� !6, S��<61� !6d� _��  �� ��� .B5 '6��� .�6�

 � 
�'"� S��<1�U�!6, S��<1� ��,���] 2��<�� ?>

�A =�> �'6���

  �J� S��<1� 2��R�!6, ��%H
6V L�6� �6� L�
 U�� &� '6)��

)U�'5`.(�6	 !��>��H�� �
 .�� !����
 F�M��; !���T8 ��

e��`�6� �
�6� $'6) ��o6� �6��9 �
 2�- 
����	 &� ��,& U�� 

�
 �	 F�� !��>��H�� &� ��H	 !�5�� :��; ��<�,PU�6� �6���

 $
�	 F1���
 
�	 '�� .!6, �-�Z6, 26�� S��<61� F6M8 �6� '6����

 L<���7����(�, F�"H5 �
 
�6	 ��
�� ��
�3, S��<1� ����� �
 �>

U�� '#���1 q��Z� �� ��#, �	 ')�� !>

�	 L���V � L�� ��>

 :��; .�� � $'�
�7 �') !�'", $
�
 S��<61� �� ��6� .B65

F�� .�9 2H0 ��>��H�� �	��P6�!1�6	 ��6,& !>

�6	 U�

 S#	�� L���� F�5 _�<6M1 .�6�� �6� �6�#, �	 !���H�) ��>
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��6, ���6,& F6)B7 �6� ���& '��

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
86

.1
1.

1.
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 iu

tjo
ur

na
ls

.iu
t.a

c.
ir

 o
n 

20
25

-1
2-

06
 ]

 

                             7 / 16

https://dor.isc.ac/dor/20.1001.1.24763594.1386.11.1.7.9
https://iutjournals.iut.ac.ir/jstnar/article-1-648-fa.html


����� ���	� � ������� ��	
 � ���
 /��������� /��� !��" )$%" (/��'� ()*+ 

*m 

$') ��<�� ��
�� F6��)_��6  �6� .9 
�65� � 4�6� =�6,


 F�� $
�	 aH	 �,� 2�� �� �����9 (�>� ����� �
 _�<6M1 �&�6�

 � !-9 
��, �� $') '���] $
�� ��
� F�� .@>!7u�� �b� 2�#V ��6>

 �MH5 &� ���pH F�6 �� � X� 
�6�& ��'63, ���6� �4�6� 

.B65 � .�6�� F6�5 !T6��#, [���) @�ZM	 _�#��	 ��1��

 S>�6	 �T6� � $
�6	 @>��61 �� $'6) 
�&9 _�<6M1 ! �J���

 $'6�
�7 ���9 .B5 F�M��; F6��)PP.(����6(H> � l6#V)m(

2���
�� �	 '#�1�7 ����� �
 $�6�7 [��� <M1 .B5PU�� U�6� 

!, n���� 2�- 
����	 &� k] '�1� .$'6) �6�H	 .B65 2�� ko�

!, �'�] �,�
� ��,& �� F��b _��  ��� '#	.

T�A b� ������ 
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