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

�� 

,�-./ �� 0����	1 02� �,��	1 � 34,�56�7 8	9 :� �� ,;
� �	'< =�" 8,>/ ,� ?,� ��

�	�@ A	���BC(0�4���" D�E�F����� �	�,� D��)

�D�G< 

� �
���,�� ?7 ��	
� � H	9 �5��%7 I� J��,� KBG�� IL�" IM�	� N�"O�" ,�9" I�� �� =�P
� K"O�� I���� .	R� �" �G���ST�U V",T�9" IT� �

D!	� �� H	9 �� ���>� �%7 	�D��" � �>�U,/ �	�,U 	�,�R� W�,� �" =�P
� K"O�� �����7 �	G�" 0L�" ��,� IU�/.�INTX4 YT�%� =� �

 W�,� �" ��	�5 N!�Z,�-./ I��� ��	� �! � �G�O�� ),�	9 I� �T%7 	�D�T�" [T!,/ � H	9 �� \,� � Y�9 �	E�" (T�,U �	TE�" ITE�M4 �� ��	

�� �>�U,/ D!	� �'� D4"�/ .� ,]	^ I�%	_� I���,� ��`
� 9,� L1,^ �	6�"�6�7 8	9 :� �� =�P
� K"O�� ���aT^ �� ��	T�5)3T4,�5 (

DTT! �	TTE4" .�" ��	bMTT�" 	TT� N�	TT��7 (F��MTT�),TT_c 	TT�d/FF�M4	TT� ,TTM� e	TTb/�" �df�M4	TT� ,TTM�(����TTg4 LTT�� 8	TT9 

)Typic haplocalcids(I4	g�5 �� �K��@L�,5 .�� I� �M4	� ,M�h	� ��8	94� ��"��M� 	�� 0I/ �"�
��0���%7�	  d/(i1��� �,5�T� �	TM6� 

��	1�0�jdf 1��� �,5�� �	M6� 02�(df1��� �,5�� �	M6� � ?,�(kff1��� �,5�� �	M6� ��IM�5 I�	]"��I��9�L�T5 J��g� .�" 2TZ

 0IMb� �� ��4� ��"��M� 	�/��	  �	���%7,�C � ���%7 034,�5 )I��1 �c� (��",/ 	�Ff��,� ,M� �� �l� D! L��.	T�5 LT!"�,� �" 2Z 	T� 0�

 ��	;� Y�	c � ���>� �"O�� ,�5	�DTPA �_X� �� K"O�� 	�(f�M4	� ,M���M� 	�DT��,5 =���/ 8	9 .K"OT�� LT`�C �"OT�� NTG�� ��

 �U�,9 �"��M� 	�L�� Y;� ��� �� O�4"D4"���,5 ,�5�D.�� �"� �	�4 m�	M4W � 	��" ,M��� � 2T� 0����	1 L`�C =�P4	�� 0JBM9" W �

����	;� Y�	c ,�5	�DTPA S�/,/ I� �D! L�1 ���%7 �	 �/ �� )/)0d/(�d/(N�"O�" N�7 ���%7 �	 �/ ,�",� )
���[_T� �� �"�dDT@�� (

L�	� .�� � 2� 0����	1 ���>� L`�C�� O�4 S�/,/ I� N�7 	� IR�	X� �� �D! L�1 �	 �/ k/F0F/(�(/(L!"� N�"O�" ,�",� .?,T� LT`�C

 
�� K�	b/��"�L!"D4 N�7 � �D! L�1 ���%7�	 �/ �� �� .O�4 34,�5 I���� I� K"O�� ?lU �"O�� I� J��,� N�"O�" =�,M��� I1 L�	� N�"O�"

�� � ����	1��� ?,� I� J��,� =�,M 1 �.�"O���� � ?,� 02� 0����	1 L`�C U�,9 N6�� �� ���M� 	�IRT�	X� �� �D! L�1 ���%7 

	���M� 	�S�/,/ I� �D! L�1 ���%7,�C )F0d/F0+�j/FL!"� N�"O�" ,�",� .IE�M4 �"�
� I� ,�5�1�� �LT`�C N�"O�" 	� I<,5" Lb5 �"�/

 %� L�	� N�"O�" 34,�5 ?lU �"O�� 08	9 [_� �� K"O����� IT�%	_� ���T� K"OT�� L1,^ O�4 � ���>� L`�C N�"O�" n�	� 34,�5 ��a^

D��,5 8	9 .K��@ I� 8	9 �� L1,^ L�,� SR^,� ,@	
� S�/,/Cd>Zn>Cu>Pb��� .

�o"� 	�D��� :0qB�" �	XM4" 0=�P
� K"O�� 034,�5��M� 	�����g4 L�� 

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

'��,� !�	-. �/"� ��&���� 

0.(�� ��
�� ������'� ��* ��+���� ��
%�$ ��&���� �!�"#$� 

1.��/�2 ��
����'� ��* ��+���� ��
%�$ ��&���� �!�"#$� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

1.
5.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                             1 / 13

https://dorl.net/dor/20.1001.1.22518517.1386.11.1.5.2
https://jcpp.iut.ac.ir/article-1-646-fa.html


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

�3 

I�DX� 

4)�56 �7� 8�9:; �<��=2 �� >?@	6 A)�97;� 	7/�� B7,� �� C/&

 D�� B
;�) )�3.(�	7
�� �� ��7/:� 	G7�H ��7� B� �)���2 '�

 D57)' >/I6 �� C/&�� 8�9:; D���	� D7�� J7"; ��7�)�	; 

��� �� C/&�� 8�9:; ��K
�� �,�7��� �76 J7"6 )�0.(C7)� ��

L�?@�� !�+6� �D-7� B� C/&�� 8�9:; D�	� �7-H�'� ��7� M

B,� C)��. ��	� �)���2 )	N D�� ��� ���	� .'� ���/57�

 B
;	< B�/
� !�KKI6 ��� B�!�7+6� ��7O  L�7?@�� C7)� �� �7-� 

P2 �<��=2 ��-
��  B
��� �,��7�� 7)	N C)� '� ��/6'	)' �

�6 ���� )Q�0R�03 10.(A)�6'2 �,��6 !��� 	/�� B� ��,�

 � 8�9:; D�	� 4/5��
S B B
��� ��O  '��, ��� -H T	N

 7%=�U6 �)�� �	7/< 8��7$ !2 � � �	
�7/� 8�)01 0V.(��

	
�/� DK/K� A)�6'2 ,�)B7� C/&�7� 8�97:; D�	� 	��6 B� �

��� ��� -H T	N D7W:X �� BW�Y6 4��Z A)�9;� [�H ����

 B)\ �� ���]6 8�9:; [�7H 47/=� !��7�H B� �� ��� C)	)' ��,

 ��	� 	�^ 8�9:; D�	� ��� A)�6'2 C)� 	_�� �� �,B
5���
� �7��

 C/7/%@ 8�9:;  ��	���� 8�9:; !�9/6 C/� �?���6 �6	O B�'��6

��� 2 D�� B� ��� �� ��� )1�Q 00.(C)�	���� C)� 	
�/� ��

A)�776'2 77, �77I/O	@ !�77)	O A77K� �)Preferential flow(�

�77=2 ��,�/77�� ��77:I6)Soluble organic acids (  8��^

 ���7%6 ��7/`�:�)Inorganic colloids(� �� ���7� B7
;	< 	7W

D��.C/&�� 8�9:; D�	� A)�9;� �� ���]6 46��H AK�)B�

�-� B
;	< 	W� �� �	I
6 �%/?N ��N B����� (�� ���)' BO�@ 

��� �� �,� 	/�� �B��7� D7�� ��	7� a7:O )� 01.(B7
��

 DW:X b�-/K
56 B� ���� ��O  �-� 8�%=�U6 B� D�� C)� 	&)�

 	� A�,' P2 �� �� C/&�� 8�9:; P2 �) �O  �,�7�/6'	)' �

����� ��	� C//%@ .���7� [�7��� bY?7Z B�/6' C)� �� B� �@�%=�U6 

C/&�7� 8�9:; 	_�� DW:X ����&
7�� c/d�7@ �7� '� 	7
-� 

��	* e��9< ���)00.(�76 �7I/O	@ !�)	O P2 D7�	� �7���@

 �� fY6� ���)�-� g)	5@ ��� 4/; 	S .h-�  P2�,)	N '� 

	/56 �� D�	� �,�I/O	@ !�)	O ���� �� )�	@ 46�� ��7,

 T��77� ���77��77,����77� i�77?K��  L�577?�� '� 477$�� 

j���� �,�>��@ ��� ���)�B�)� �7, [	7�  �7, (���7@ a7:X�

���' �6 � � �� ���)Q 00(.

,�/< A��S� � AK� h) ���� B;	N .'�7;	N�76��7���@

 P]7O 7)	N '� C/&�7� 8�9:; D�	� A,�� kH�� �7"�2 7� B

B�)� lU� A,�7� ���7/< 4��� �) �, D7*	� P2(�7� �� 7��

	�/6 P]O h)	I@  P2 	
�/� P]O ��T�	7N� �� 8�97:; 

B�)� �,���.	&)� T	N '� 6 ������@ 8�97:; D�	� A)�9;� '�

�,�/�� l�	@ )	N�2=�B�7)� B:/�  B� ��:I6 h7)	I@ ��7,

 	�/6 D/=�%; )�,�/7�� l�	@  ���	7�/6 C7)� '�  P�7,  �7) 

l�	@�	���/7�� �,7=2 ���76 B7)9�@ '� ���k7H�� ��	7< .��

7� C/&�� 8�9:; D�	� ��� h) DK/K� B��7� 7-H T	7N�

D7�� ���]6 ��:I6 �=2 ��,�/�� �� 8�9:; C)� !�� m�:n-�

)��0V 0Q.(o�7��	� b\�7$� C/&�7� 8�97:; D7�	� A���

!�
� �,� B� D�� ����� D�� ��� �B� 	W�-�D7I@ �7��

C)� p/, >)�	� ��7��� �	7I
6 8�97:; C7)� '� [��7�)�� 	7&6

��� �,D;�� D���  ��/�� �:/� �.(

�<��=2 q:
d6 g���6 ��O  D:H B� �,�
%�$ �'� ��* ��

	"�  �(�7� �� C/&�� 8�9:; DW:X ��7,�!�"#7$� B7KU�6 

(�� C)�  B
;�) A)�9;� �,���� 4I6 B� B
5� �q:
d6 8�O�� 

<��=2��� 8�9:; B� ��
5, C/&)�.(7�/6��!���7+-,  )�(�7�

B��-� �	/< '� 0��B7* �7�
;�)�� !�"#7$� B7KU�6 (�7� B7��-� 

 �  P	� �m6 �J/6��* 4* DW:X C/&��/6�a/@	@ B�Q1/��

QV/�3�3/0� �s/V:/6 ���� (�� [	<�:/* �� [	< .�7� !��)�

 C/&��/6 B5)�K6 �,��,������
��  M�; ��D57)' >/7I6 	7
;� 

Om/`�� ����; C/6' 	W�6  4&�)VBBo) (�R(B7* �7�
;�)��

 � �� J/6��* 4* DW:Xt�(�� '� �$�� �,��7� '� !�"#$� 

��	I��s/R:/6 �B:/7�  B7� ��7� C/7/%@ (�� [	<�:/* �� [	< 

VBBo �� 	
�/�D.���G7H 47��Z J/6��7* D7W:X !�9/6 	7/<�

��DTPA )Rt/R:/6 �[	<�:/* �� [	< ('� 	
�/� ��sR�7$�� 

��	I� �� B� u)�9� L�K���/R:/6 ���7� [	<�7:/* �� [	7< .��

 � �m76 47* D7W:X B7.	<� �7� cd�6 !��)� B%=�U6� 

77��	I� � �77� '� N�77�6 	
�77/� �� P	77���R�0RR �R

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

1.
5.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                             2 / 13

https://dorl.net/dor/20.1001.1.22518517.1386.11.1.5.2
https://jcpp.iut.ac.ir/article-1-646-fa.html


-./,�,� ?,� � r�� 0����	1 02� �,��	1 � 34,�5 ... 

�Q 

:/6�= ��� 	
-* [	<�:/* �� [	<��	� �� �47��Z A)�9;� L�K� 

BW�Y6 ����
��� .

+) v�	:<�H��' !�,�/< '� �C7X � C/6w7@ �� D/-,� ��  

*�����=�H D/#/* �� ��6����)�1.(P�7� !��7@ B7� BO�@ ��

 J/K
576 B�7)� B%��@ �� ��/< C)�(Taproot) M�7-H� �� ��7� 

+�� >)�	� B� �(������  ���7)' �7� �7@ �[ �7K6 '� 	7@

 7&�	; B7O�< �[�77�< 	7/W� 	7&)� !�7,�/<�B77?�S  �7�Z���x. �

�776 �77���)0.(2 >)�	77�)��77,  P�977/�  !�"#77$� u�77� 

<y) ��,�B� �!�"#$� q:
d6 N��6 �� B* ��� kH�� v�	:< 

(�� z�G� �,����� ���� 8Y+�6 �J* �7�2�<��7=2  �

BO��6 !�'� ��* ��?K
�� �� !2 D�* �!�"#$� M	� N��6 	/W�

��	<.��7� �� v�	:< D�* 	)' lU� A)�9;� B� BO�@ �� �7,�

-* 9/�  	/���-H �/6'	)' P2�B7* B7%=�U6 ���6 BKU�6 �� 

� �� ��V{1	
6 �6�7��� 7��	� ��	/|w7@ 	7� v7�	:< D�7* 

D7/-,� 9`�� ��*]6 (�� �� C/&�� 8�9:; ��K
�� 9/�  P]O

�6 ���� .

��	��!��� g���6 �6�,� (�7� �� C/&�7� 8�97:; D7*	� B* 

��� B� '��,�I/O	@ !�)	O AK�  ���� B
���� �7=2 ���76  �

Y6�* ��K
�� C)� �� ��:I6 "� cd�6�-�7��� .8�7%=�U6 	
�7/�

 ��/< AK� ���6 �� B
;	< 8��$�+)9/; 8�	|� B� �B�7)� ��~� 

u-� ��K
�� 	� ��/< �,�_�� �)�7)�	:* 47_6 (��	7* B7O�@ �7��)3

 �Q.(����6 C)� m�:n-� )	N '� C/&�� 8�9:; B� �7,�7=2 �

I/O	@ !�)	O )	N '� 9/�  �76 D�	� ��7)�O b�
?57� ��7�)�-�

 D�� )	N '� B� ���� �	
�/� ���	� B� '�/�  !�
� �,�D7��

 ����d�  ����'���� 	/<��� 8�9:; DW:X ��� D�7* D7I@ 

 ��/<�6 ��	Z ���	� ���6 A�,' P2 �	/< .

�BT��,� �:� ��N B%=�U6 	)' ����6 46���6����:

�.���	�	/|w@ ��/< ��~� )v�	:<(	�DW:X �,� ��7:I6 

���G777H 4777��Z 	777/<��777� DTPA 8�9777:; '� �777�	� 

C/&�77�)m776  � � �J/6��77� �P	77� (��!�
77� �77,�

D�� 7+,2 (�7� u7) ����7d���� �7"�2 D7W:X 97/�  

O 	� A+,'�.

0.B:/7�  B7� B7%=�U6 ���6 C/&�� 8�9:; P]O !�9/6 C//%@

<��=2 >)�	� �� ��/<�	$��H C)� B� ��� .

� �"�� s�� 	�

%=�U6 B��!�
7� �7,� ����7d� D7�� ��7� B7=�= �� �7,�

:S��:/@����	7UZ�/00�
��7� 	7
6 ��7#@��  �R�
��7� 	7
6 �� 

'� ��� ������� B��d:<�
%�7$ ��&���� �8��7$ !�"#7$� 

D;	< .!�
� �,���� H�96 '�B���� gZ�  �)KI@ ��&
5/8�K

'� ��77*��� ��77�2	@�?* VR*/	
6�77:�B77/"@ !�"#77$� M	77� 

�	<)�.

�	��)�/-/�  �+)9/; z��� C//%@ �B��-� �(�� �7,�D7�� 

����� '� ��*]6 BH�96 '� 9/�-H �,�0R�
��� 	7
6�B7� �7� 

�)�	< D���	� -H 	, '� ��	+@ .B��-� C)� �� ��7,pH �� 47< 

��?77�� )�t(�77+)	
+=� D)��77, D77/:��Z �(�77� �77� ��&
77��

D)��, ��7�)�t(7=2 ���76 ��e � �7� !�/���/57�� 	7@)1�(�

��/@�* ���?@ D/;	����J)�7� 8�
�� e � )0s(�47* !�97/6 

u7)	
/� �/�� '� ���#
�� �� 8�9:;V�\�76 )0t(��C7� �7$�� 

	
6 ��77/, e � '� ���#
77�� �77� o�  D:/77�)��(=�77&.  �

	,���B7��-� '� ���#
7�� �7� �7,�	7UZ �7� ����7d� D7�� �R

�
��� 	
6 ��#@��  ��
��� 	
6)V(//%@�)�	< C.

�	����K
�� !�
� �,�'� ����d� D�� B7H�96 �B7��d:< B7� 

�"
���� B� !�
�	, /��@ B:�6�=2 /�/6��� A6 �� )��� B
5� 9

 !�
7�	�  � mn7� >7��@
77�YS /7� u/��7<  ���)�	77��

<�:O/	�d?@'� /	(�� B
5� .��K
�� '� mS !�
� �,�B7��d:< B7� 

!�
77� �77,(�77:� f	77N o�77�� 	77� �77,�*;��G77@ 4776�� ��

�S��".)B�,�9:; ��7� ���� ��	Z ��.�	7��� 2 g7-O ��P2 �' 

�� ')		,�!�
�)' u)���:<	���)Z u/
7�YS q/+�4G7
6 

�� ���� ��	Z !2 B�)4+7� �.(��7%� B7:�	6 �� �R�
��7� 	7
6 

\�� Ad�)��/-�'�!�
� �,)3��H (��/�t*/�� [	<�: ��7
+, 

6��*/J)'� ���#
�� �� J/6��7� � 	7:� ��:I6 (�Q�R */�� [	<�7: 

��
+, m6)� 	7:� ��7:I6 �� m76(���R */�� [	<�7: ��7
+, 

P	�)P	� 8�	
/� ��:I6 �� ( �VRR */�� [	<�: ��
+,  ��

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

1.
5.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                             3 / 13

https://dorl.net/dor/20.1001.1.22518517.1386.11.1.5.2
https://jcpp.iut.ac.ir/article-1-646-fa.html


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

�s 

YG!(.H	9 ��M� �_X� 

)� � �)	:� ��:I6 ��(��S ��:I6���� �B��7��L�7:d6 

D�<.9:; !�9/68�7%6 M�7; ��	���7� C/&�� ����R�7$�� 

'�7�6 	_���� B/7$�@ B7� ��� �� C/&�� 8�97:; g-�@EPA 

�+)	62)1R(�6����.IU� (���3��� B� >K; 	&)� !�
� �

D�< L�:d6 @ B*/+�@ �� �,�� ��-/����� 4.�B7
#,  � '� mS 

���/-�'�!�
� �7,�@/��- �7,����7=2	/X  ���7=2 )1��7H(�

B��* JZ� v�	:< J��	@ ��0R]�g�	6 	
6 �� �7��7� D�.B7� 

:* ��N��,��-/@ �'� ����� 8��?H B%=�U6 ���6 :

v77�	:< �77� ��77� D�77*  C/&�77� 8�977:; B77� ���=2��77-/@

)(Contaminated Safflower = CS 

v77777�	:< �77777� ��77777� D�77777* ���77777=2	/X ��77777-/@ 

)(Uncontaminated Safflower = US 

A)2 ���=2��-/@)(Contaminated Fallow = CF 

/@ A)2 ���=2	/X ��-)(Uncontaminated Fallow = UF 

N ����B7
#, � C)� !�
7� �7, P2 �7� )D)��7, D7/:��Z �7�

 ��)	
+=��/R���	7
6 	� m�-)' (��7/�2����7� .�7,� ��7� 

	� D;	< 8��$ ��� !�6'2 ?N �B��7N�B7*3R[	<�7:/* 

 �� � 8��7$ B7� !� 	7
/� ��
+, ��VR��7
+, �� [	<�7:/* 

� J/��
S 8��$ B�/��
S 8�	
/J�7)�	< B;�7�� (�� B�.�7
� )�

9�@)* ��� !��� (�� BB�/'��,���* B� �	#5; D5/� .���/�2

 D;	< 8��$ ���6 B���
�� '� ���#
�� �� .���K6 P2�27/����7� 

77�I�6 8�77HYN� '� ���#
77���
��77N� �(�77� )��(�  77/ 9

�'���� <7/	��7,�TDR)Time Domain Reflectometry ( �7� 

�2 i	;/���'� mS 3�< ���#
7�� 47��Z P2 T	G6 �$�� 7/��

%@//�� C.� ��� D��N� BB:/� TDR �� -H �,����1R 

V� �
��� 	
6 D`�	Z �	<)�.'� �O 	� P2 !�
7� �7N��7@ 0

' � ��/�2 '� mS�!�6' �@ gUZP2'� m7S  ��7� �� 2 g-O 

C//%@ !2 J��)�2 B�'��6 ��	��(�B7��-� h7)�R�7:/6 	7
/=�

8�9:; C//%@ ��	� C/&�� ����� ��&�)�6'2 B��	<)�.�"
�� ���

���	77� B77��-� B77:�	6 	77,�g77-O T	77� �� 2�P2 �' �77� 1R

�:/6 h)��)	:� �/�� 	
/= 147$�� ���G7H  ��� B
5� ��6	� 

C/&�� 8�9:; C//%@ ��	�)��	7� P�7�� T	7� �� b\�-
�� B�

����� (4K
�6 ��&�)�6'2 B� ��.'� mS !�,�/< QVD��* '� ' � 

�"
�� ������;� ��	< B:�	6 �'� mS  ��� D���	� �7� J~7,

 u)	
/� �/��3��� 8�9:; !�9/6 ��$�� [��7�� �7,�,�7/< ��7� 

��&
��(Varian Spectra 300-400) Graphite Furnace C/7/%@

�)�	< .�!�7,�/< D7���	� '� mS ����	7� B7��-� '� 7-H �7,�

q:
d6�R–R�
��� 	
6 gN�7K6 B�  �R�
��7� 	7
6�)�R{R�

0R{�R�1R{0R�VR{1R �R{VR�
��� 	
6(D7;	< 8��$ .

B��-� �,�'� mS (�� ��,  ��� �	� !�� u�� u7=� '�0

6/:�	
6����� �����]< .��n��U:7� e � '� ���#
7�� �7�)0�(

DW:X 8�9:; 4��Z���GH �	/< ��DTPA C//%@ �	< 7)�.�	7��

%@//� ��:I6 8�9:; DW:X C/���#
7�� (�7� ��?7�� ���GH '� 9

�77� .677/&�77� 8�977:; !�9/�� ��77O�6 CB77��-� �77,��P2 �' 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

1.
5.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                             4 / 13

https://dorl.net/dor/20.1001.1.22518517.1386.11.1.5.2
https://jcpp.iut.ac.ir/article-1-646-fa.html


-./,�,� ?,� � r�� 0����	1 02� �,��	1 � 34,�5 ... 

�t 

��DU(.I�%	_� ���� 8	9 t�	� �!�6�O�� K	�@�;9 t9,�)�	��� u",>4" ± =�P4	�� (

-H)	
6(0�/R7RV�/R70�/R3R/R7V�/R

pH R�/R±3R/Q�R/R±QR/QR�/R±sR/Q

D/:��Z ��)	
�=� D)��,(EC))' ���)m�-�		
6(3V/�±sR/ttt/�±sR/Q0�/0±tR/�

��6�2�=)* �� [	</(�� [	<�:(1R/R±RR/�sR/R±RR/11R/R±RR/V

���/@�� ���?@ D/;	�)��6 �
������ * �� /(�� [	<�:(Q�/R±sR/�1VQ/R±3R/�VsR/R±1R/�V

4* 8'�)�$��(R�/R±RV/RR�/R±RV/RR�/R±R1/R

	#5;)(�� [	<�:/* �� [	< �:/6(�R/1±�R/0�0R/1±RR/0R1R/0±RR/�s

J/��
S)(�� [	<�:/* �� [	< �:/6(RR/�R±�R/01R �R/��±�R/�t� RR/��±1R/�sR 

6��* 4* DW:X/J)6/�:* �� [	</(�� [	<�:(�0/R±3R/�1V/R±QR/��R/R±3R/�

m6 4* DW:X)6/�:* �� [	</:(�� [	<�(tQ/�±RR/1�33/�±�R/0t�3/�±�R/0s

� � 4* DW:X)6/�:* �� [	</(�� [	<�:(��/�±1R/3VR�/�±�R/300R/1±1R/�Q

P	� 4* DW:X)6/�:* �� [	</(�� [	<�:(��/�±1R/�tt�/�±�R/�t�0/0±�R/�V

���%6 J/5:* 8���	*)�$��(3s/�±0R/1Q�R/R±tR/1�V0/�±0R/13

	:*6��:I)��?�� ���GH 	
/= �� [	<(0�/�±0/V�0/R±0�/13R/R±0R/0

C�)* �� [	</(�� [	<�:(0R/��±RR/�Qt 0R/��±RR/�Q� �R/�±RR/�s0 

�/D:)* �� [	</(�� [	<�:(0R/0�±RR/V10 �R/�0±RR/V0V RR/00±RR/V11 

o�)* �� [	</(�� [	<�:(RR/01±RR/1tR RR/1�±RR/VR� RR/�0±RR/1sV 

�=�&. �	,�� )	
6 �� [	<�&6 a%+6(��/R±10/�Rt/R±V1/�RV/R±V�/�

B��-� �,�47��Z  ��:I6 ���G7H �	7/< �7�DTPA '� ���#
7�� �7� 

��&
��ICP (Inductively Coupled Plasma)  '�����</	��	< )�.

	M4�n>� � m

$%" (H	9 ��	� �! � �G�O�� v"�9 

�
�)�	� ��; z��� /9)+� �/-/�)��� (�� � �O ���762 

D��.!�-, ��N6 ��)� � �O �� B*�B7%=�U6 ���76 (�7� ���

������� [�= D;�� �
:/� ���/@�* ���?@ D/;	�  �97/�  pH 

�<y)  B* D�� ��)' �,���  D7/=Y� A,�7* k7H�� ��*]76 

)���2 B�/
��76 (�7� �� C/&�7� 8�9:; ��7��	<)s.(���7K6

 9/� u,2 ��)' b�
?5� 	;�� D/;	����7)' �D7�� ���� (�7� B7� 

)0�.(!�+6� (�� C)� �� �)	:* !�/�2 ��)' ���K6 	&)� T	N '�

 !�/�2 4/+�@ �,�J,�	7; �� ��*]76 8�97:; D7*	�  ��7:I6 

6���*)�V.(

?(��G�� � �	��7 

N�s3��-�6 �� B%=�U6 ' � �st 7:/6 ���7/�2 	7
6�8��7$ 

� ��  D;	<1��K6 C)� '� �$�� �' 8��$ B� �� ���7� P2

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

1.
5.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                             5 / 13

https://dorl.net/dor/20.1001.1.22518517.1386.11.1.5.2
https://jcpp.iut.ac.ir/article-1-646-fa.html


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

3R 

��DUF.$�Mg� r	��	 �/ r",� t�7 I4�"��(

��-/@ (�� �
��N� �	/�^ �� 	//x@ M	%@ 	/d?@ �) 	/d?@ ��+,' J�� P2 �' �$�� 

�:/6	
6 

��� D�* ���=2 !�
� ct{b13Q b0�0 13

��� D�* ���� ���=2 !�
� d�Q{a1t� b�sR 1�

A)2 ���=2 !�
� b�c0Q� a1�Q �V

A)2 ���� ���=2 !�
� a�R c0Q1 a10� ��

�.A)�6'2 �� � �� ���/�2 !�9/6 �st�:/6 	
6 ���.

C/&��/6 �!�
� 	, �� ��-
�� lU� �� 8 �#
6 T 	� ����� ��,�%!�6'2 ?N 	� LSD��%6 TY
�� ����� ��
5, ���.

0

100

200

300

400

500

600

700

1 11 21 31 41 51 61 71 81

روز

(�
���
���

)
��

ه�
ز
��
�ر

���
��

��
 !

ان
$�
� ����ر���$ان ! ��� 

US
CS 
UF 
CF 

 
Y6!F.Mg� 	��	 �/ �" �U�,9 ?7 �� �E^ �"O�� IR�	X�$�.I>b@ �� 	��	 �/d*�D! ��"� [�]�/ D4".

�)�	<)� �O 0.(���7=2 ��7-/@ �� P2 !�� q:@ !�9/6 ���7� 

	/d?@ )	N '� ��� D�* M	%@  0/0)���2 !�9/6 	��	����7� 

=�� ����	� D?5� C)� B*���7� D�7* ���=2 ��-/@ Q/�	7��	� 

��� .�� v�	:< M	%@  	/d?@ !�9/6 �� ���7=2 ��-/@ �7� B57)�K6 

� �� ���=2	/X ��-/@3D��� A,�* �$�� .	7*^ �)�7
� ��7�

!��� ���,�	/|w@ �
?5� "B:/�  B� P2 P]O 	� C/&�� 8�9:; J*

 v�	:<�6����)4+�0.(�,��-/@ �� P2 � 	� !�9/6�! �� 

�+,' !�9/6 '� 	
-* �	/d?@ )	N '� ��/<���� .>��
6 ��N B�

�,��-/@ ���	/X  ���=2 � �7� 	7/d?@ !�97/6 �A)2��-/@ ���=2

s/R�+,' !�9/6 �7�%6 TY
7�� B7* C7)� ! �� ��� �����)��

lU77�t��77$�� (�77,��-/@ C/77���77��� ���77=2	/X  ���77=2 

)� �O0.(

\(8	9 Y���,Z �� =�P
� K"O�� L`�C 

!�-, ��N �� B* 4+�17:; DW:X !�9/6 D�� cd�6 9�� 8�

�,��-/@�B7� A)�97;� C7)� B7* D7�� ���7=2	/X '� 	
�7/� ���=2 

�77,��-/@ ���776 �� z�G77��77�%6 ��77� D�77* �D77�� ��� 

)R�/Rp≤.( LY
�� -H 	)' �� DW:X 	_*���)�R�
��� 	7
6 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

1.
5.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                             6 / 13

https://dorl.net/dor/20.1001.1.22518517.1386.11.1.5.2
https://jcpp.iut.ac.ir/article-1-646-fa.html


-./,�,� ?,� � r�� 0����	1 02� �,��	1 � 34,�5 ... 

3� 

)� 

-50

-40

-30

-20

-10

0
1.0 10.0 100.0 1000.0

 34�5 ( ���� /�م در 0��1 /�م -�,)

(�
���
�6�
7

),
�-
8�
9

� رو

-50

-40

-30

-20

-10

0
1.0 10.0 100.0 1000.0

US
CS
UF
CF

�1د��:

-50

-40

-30

-20

-10

0
0.0 0.0 0.1 1.0 10.0

 34�5 ( ���� /�م در 0��1 /�م -�,)
(�
���
�6�
7

)8
�9

 �7ب

-50

-40

-30

-20

-10

0
0.0 0.1 1.0 10.0 100.0

(�
���
�6�
7)

8�
9

Y6!).��	;� Y�	c =�P
� K"O�� L`�C 	� r,�5DTPA�� $�Mg� 	��	 �/ �� 8	9 w, �4 .

,M'� IR�	X� ",�0�X�" ��>� L�" �D! ��"� N�	 4 ����� �M��	P% SR^ ,� .I>b@ �� 	��	 �/d*�D! ��"� [�]�/ D4".

)\���(�� ( � 	G�H B� L��	6�)C/&��/6 ��V/�R7:/6 �[	7<

 -H �� (�� [	<�:/* �����
��� 	
6 (D�7* ���7=2 ��-/@ ��

 J/6��* B� L��	6 !2 4Z���  ���)C/&��/6 ��3/R:/6 ��� [	<

:/* -H �� (�� [	<����
��� 	
6 (B* ��� A)2 ���=2 ��-/@ ��

  � 9:; 	
�/� �	���* ���K6 B� BO�@ ����J/6��7* �7� B57)�K6 �� 

%/?N M�; �)�
��D�� .

���GH C/&�� 8�9:; DW:X !�9/6 	/<��7� ��7� DTPA 

���=2 ��-/@ '� 	
�/� ��� D�* ���=2��-/@ �� (�� 4/; 	S ��

 ��� ���� D�* .	���-H �,�'� 	
�/� �R�
��� 	
6 !�97/6 �

��� D�* ��-/@ �� J/6��* DW:X)�B-H 9O1��
��� 	7
6 (

�%6 ��N B������)R�/Rp≤(��7� A7)2 ��7-/@ '� 	
�7/� .B7�

C/-, ���GH 4��Z m6 !�9/6 �8��$ �	/< �7�DTPA -H�7@ 

1��
��� 	
6)�B-H 9O0��
��� 	7
6 (7�%6 ��7N B7������

)R�/Rp≤(��� A)2 ��-/@ '� 	
�/� ��� D�* ��-/@ �� .C7)�

 �	� B5)�K6� � 97:; ����7� D�7* ��7-/@ �� B7* ��� !��7� 

 � DW:X�-H �@ V��
��� 	
6)�B-H 9O1��
��7� 	7
6 (

�%6 ��N B������)R�/Rp≤( � D7W:X '� 	
�7/����7-/@ �� 

��� A)2 .7�%6 8 �7#@ ��� D�* ��-/@�� P	� !�9/6�����

)R�/Rp≤(�� A77)2 ��77-/@ �77�77-H �77,�'� 	
�77/� q77:
d6 

�R�
��� 	
6D���� .

�	��B5)�K6 	/|w@ DW:X 	� v�	:< �,����GH 8�9:; �	/<

 �� ���DTPA�DW:X �,��'���� 	/<��� ��� !�
� �,����=2 

���� �7@ �7)�	< ���7=2 	7/X (�� �� 8�9:; DW:X 	� J/5K@ �7,

 ���� ��6	� )4+�V.(C/� TY
�� �7�I�6 �7,�B
57+� >7� 

)�,��-/@�D�* ! �� (46�*  )�,��-/@���7� D�* (A7K�

 v�	:< !��� B%=�U6 ���6 8�9:; ��K
�� �� ���6�,� .!�-, ��N 

6 ��)� ��*]6 4+� �� B*���/< ��~� ���� 	/|w7@ 7�%6 �����

)R�/Rp≤(B7� D7�� B
7��� (�7� j	7-/� �� 8�97:; ��K
��	�

��N��� B* 	
�/�-H �,�� 8�9:; DW:X �!�
� �7,����7=2 

��� ���� D�* '� 	
�/� ��� D�* .	_*��� J/6��7* DW:X�R

 � DW:X 	��	�� m6  �R��7� P	� DW:X 	��	� .b\�7-
��

 =2 ���6 l�	@�B�)� '� �,� v�	:< <�7��* m+:n7-* AK��

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

1.
5.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                             7 / 13

https://dorl.net/dor/20.1001.1.22518517.1386.11.1.5.2
https://jcpp.iut.ac.ir/article-1-646-fa.html


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

30 

�1د��:

-50

-40

-30

-20

-10

0
0.0 20.0 40.0 60.0

(���� /�م در 0��1/�م) 34�5

(�
���
�6�
7)

8�
9

)�

-50

-40

-30

-20

-10

0
0.0 1.0 2.0 3.0 4.0

(���� /�م در 0��1/�م) 34�5

�7ب

-50
-40
-30
-20
-10

0
0.0 2.0 4.0 6.0 8.0

(�
���
�6�
7)

8�
9 �رو

-50

-40

-30

-20

-10

0
0.0 2.0 4.0 6.0

 
Y6!k.��	;� Y�	c L`�C IR�	X� � =�P
� K"O�� ,�5 	DTPA �D! �	�,4 �"D�" 	� $�Mg� 	��	 �/ �� 8	9 x	 �"�� 

)L`�C I���,� ���%7,�C�	 �/ ,� ��RX/ ���%7�	 �/�� K"O�� 	� .(/I>b@ �� 	��	 �d*�D! ��"� [�]�/ D4".

�
>
� D
MR� �D! L�� 	��	 �/ I� J��,� Y�	� y9 � L�� ��D� 	��	 �/ I� J��,� IMRG! y9 	�.

��DU).�34,�5 I���� I� =�P
� K"O�� ?lU �"O�)t�����M� �� �,5(

��-/@ J/6��* m6� � P	� 

���=2 !�
� a31/RaV0/1a10/1�aRt/R

���� ���=2 !�
� bR�/RbVQ/0b��/��aRs/R

C/&��/6 �!�
� 	, �� ��-
�� lU� �� 8 �#
6 T 	� ����� ��,�!�6'2 ?N 	� �$�� LSD%6 TY
�� ���������
5, ���.

9/�  B%=�U6 ���6 8�9:; �� �"�2	/|w@ +/��7+6 �) 47:� ��7�)�

 (�� �� �	; (�@ ��/< B�)�-H �,�76 (�� 	
�/� ��� �7���@

��OB���� B
��� AK� 8�9:; �)�O)��.(

C/&�7� 8�9:; DW:X A)�9;� a/@	@ �	&)� B
+� �76 �7��� .

=�� ��� � 97:; �A)2 ���=2 ��-/@ �� B* ��� D7W:X 	_*��7� 

D���)C/&��/61V/07:/6 �(�7� [	<�7:/* �� [	7< (7= ���

8��7$ B� 	$��H DW:X A)�9;� a/@	@ ��� D�* ���=2 ��-/@

 J/6��* <P	� < ��<�)�7
� �7� �)�7
� C7)� B7* ��7� m6

 !���+-,  �*	��6�*)�(!���7+-,  8�/=�  )t(J7, 27&�,�

�� P	� DW:X B* 8 �#@ C)� �� ����� 	
�7/� m76 �7� B57)�K6 

\�-
�� B* D�� ��� "v7�	:< >��@ m6 	
�/� P]O 4/=� B�

 P	� �� B5)�K6 ���6����)� �O 1.(

:*��N B� 8�9:; ��:I6 DW:X�47��Z D7W:X B���6 �� � 

���G77H	77/<��77� DTPA 776 !��77� ����77,� )4+77��(�77� 

�� ��7:I6 P	7� !�9/6 B* 8 �#@ C)� 7-H �7,�7-H 	7)' 

LY
�� D�� B
;�) A,�* 8�� B� .	7� 8�97:; D/=Y� a/@	@

 8��777$ B777� 8�9777:; ��777:I6 D777W:X A)�9777;� o�777�� 

J/6��* < ��<m6<��� P	� .J/6��7* ��7:I6 D7W:X�

 �  m6����7=2 ��7-/@ '� 	
�7/� ��7� D�7* ���=2 ��-/@ �� 

��� A)2 .��*]76 �)�7
� ��7� B7���� v7�	:< A7K� A)�97;�

 � 9:; ��". D/=Y�B7� 97O 76 !��7� �� P	��)�7
� �7�  �7,�

:?Z 8�%=�U6����� DK��U6 )�.(

���� �� �)�
� B5)�K6�,�	
�7/� f�7�  �7� 9/� ��� ��6	� �C7)� 

!��� �� TY
���6�,�)4+� 3.(J/6��* ��� ��6	� ��:I6 DW:X�


-H

)
�

��
�

	

6

(

-H

)
�

��
�

	

6

(

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

1.
5.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                             8 / 13

https://dorl.net/dor/20.1001.1.22518517.1386.11.1.5.2
https://jcpp.iut.ac.ir/article-1-646-fa.html


-./,�,� ?,� � r�� 0����	1 02� �,��	1 � 34,�5 ... 

31 

�1د��:

-50

-40

-30

-20

-10

0
0.0 0.5 1.0 1.5 2.0

(����و /�م در >���) 34�5

(�
���
6�7

)8
�9

�رو

-50

-40

-30

-20

-10

0
0.0 20.0 40.0 60.0 80.0 100.0

US
CS
UF
CF

)�

-50

-40

-30

-20

-10

0
0.0 50.0 100.0 150.0

(����و /�م در >���) 34�5

�7ب

-50

-40

-30

-20

-10

0
0.0 2.0 4.0 6.0 8.0 10.0

(�
���
�6�
7)

8�
9

Y6!d.�	 �/ 8	9 w, �4 �� =�P
� K"O�� ���>� L`�C$�Mg� 	� .b@�� 	��	 �/ I>d*�D! ��"� [�]�/ D4".

�1د��:

-50

-40

-30

-20

-10

0
0.0 0.1 1.0 10.0 100.0

(����و /�م در >���) 34�5

(�
���
�6�
7)

8�
9

)�

-50

-40

-30

-20

-10

0
0.1 1.0 10.0

(����و/�م در >���) 34�5 

�رو

-50

-40

-30

-20

-10

0
0.1 1.0 10.0

(�
���
�6�
7

)8
�9

CS/US
CF/UF

 
Y6!+.�D! �	�,4 �"D�" 	� $�Mg� 	��	 �/�� 8	9 x	 �"�� =�P
� K"O�� ���>� L`�C IR�	X� 

)L`�C I���,� ���%7,�C�	 �/ ,� ��RX/ ���%7�	 �/�� K"O�� 	�.(0�5��%7 ��D� �	 �/ �� ?,� ",� ,b@ ���>� L`�C ��U� Y�%� I�

 J��,� Y6! ��� �	6�"L!"D4 ��U� ?,� I� .I>b@�� 	��	 �/d*�D! ��"� [�]�/ D4".

 �  m6��� ��� D�* ���=2 ��-/@ �� -H �,�'� 	
�/� �R

�
��� 	7
6)C/&��7/6 �7�Q/�(� 	
�7/� A7)2 ���7=2 ��7-/@ ')�7�

C/&��/6 3/0(���.

�(34,�5 I���� I� K"O�� ?lU 

� �O1:< B:/7�  B7� C/&�7� 8�97:; P]O !�9/6  � �� v7�	

 !��� �� ���� ���=2  ���=2��-/@�6�,� .(�7� lU� !�	* ���=2 


-H

)
�

��
�

	

6

(
-H


)

�

��
�

	

6

(


-H

)
�

��
�

	

6

(


-H

)
�

��
�

	

6

(

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

1.
5.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                             9 / 13

https://dorl.net/dor/20.1001.1.22518517.1386.11.1.5.2
https://jcpp.iut.ac.ir/article-1-646-fa.html


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

3V 

��DUk.34,�5 I���� I� =�P
� K"O�� ?lU �"O��)K"O�� Y1 I�%�" �"O�� �" D@��(

��-/@ J/6��* m6� � P	� 

���=2 !�
� aV�/�aV�/Ras�/�aR0/R

���� ���=2 !�
� b��/Rb0t/Rbt0/RaR0/R

C/&��/6 �!�
� 	, ����-
�� lU� �� 8 �#
6 T 	� ����� ��,�!�6'2 ?N 	� �$�� LSD��
5, ��� ��%6 TY
�� �����.

��DUd.?7 �� �� =�P
� K"O�� �"O��)K"O�� Y1 I�%�" �"O�� �" D@��(

��-/@ J/6��* m6� � P	� 

��� D�* ���=2 !�
� aQ�0/Ra��/Ra��/0a11/R

=2 !�
���� D�* ���� ��� dR0/Rb0�/RcQt/RcR3/R

A)2 ���=2 !�
� bVR/Ra30/Ra3V/0a1�/R

A)2 ���� ���=2 !�
� c�s/Rb01/RbV0/�b01/R

C/&��/6 �!�
� 	, �� ��-
�� lU� �� 8 �#
6 T 	I����� ��,�%!�6'2 ?N 	� LSD��
5, ��� ��%6 TY
�� �����.

�%6 A)�9;� kH������)R�/Rp≤(�� C/&�� 8�9:;[���� �,�

,�/<��)�	< .�� J/6��* P]O !�9/6 !�
7� �7,��� ���7=2 

�� B5)�K6!�
� �7,����7=2	/X �/�0D7��� A)�97;� 	7��	� .

�	� ��*]6 A)�9;� 	)��K6� �  P	7� �m76 �a7/@	@ B7� 

V/��� 0��� 	��	� .'� ��762 D7�� B� �)�
� �� ��*]6 �)�
�

 :?Z 8�%=�U6�U6����� DK��)�s 11.(!�97/6 B7� BO�@ ��

  � 	
�/��P]O :U6 !�9/6 �(�� �� J/6��* �� B5)�K6 �� 

 ����� 8�9:; B/K� '�	
�/� .8�97:; P]7O �$�� B?��I6

 (�7� C/&�7� 8�9:; B/= � !�9/6 '� v�	:< B:/�  B� C/&��

)� �O V(P]7O �7$�� ����7=2 >)�	7� �� B7* ��� !��7�

  �  J/6��*�)��C/&��/6 �/��$�� (	
�7/� ��/< B:/�  B�

 P	�  m6 '��6����.

�(U�,9 ?7 �� �� =�P
� K"O�� L`�C��"��M� 	�

IU� (�� !��=2�C/&�7� 8�97:; DW:X !�9/6 A)�9;� kH�� 

P2 �' ��!�
� �,�)�	< .� �O ����76 8�97:; � 	� !�9/6 

�$�� 8��$ B� �� B%=�U6��� 8�97:; B7/= � !�97/6 '� (�7� 

!����6�,� . �  P	7� �m76 �J/6��7* D7W:X�P2 �' �� 

O 	��!�
� �,��7� B57)�K6 �� ��� D�* ���=2 !�
7� �7,�

a7/@	@ B� ��� D�* ���=2	/X10��/0�3 Q/0A)�97;� 	7��	� 

D;�) .!�-, ��N 76 ��,��6 � �O �� B*�8�97:; !�97/6 ��7�

O 	��'�!�
� �,����� D�* ���=2 )���7=2 A)2(TY
7�� 

�%6�����)R�/Rp≤(��!�
� �,�47/=� B7* ����7� ��� D�* 

776 �� !2 ��77-H�77O 	� P2 J77�� !�977/6 �� !��77@�	
�77/� 

�,��-/@��	* 	*^ ��/< ! �� )� �O0.(�� J/6��7* !�9/6 B
?=�

  ���7=2 ��7-/@ '� 	
�/� v�	:< ��~� ��  ���=2 ��-/@ P2 �'

 �� ��7/< J7"6 A7K� B* ��� ��/< ! �� !��7� J/6��7* ��7K
�� �� 

�6 �,� .�/)w@ B
+� C)���� (�� 	$��H Ad� �� B��2	� D�� 

	7$��H C/7� �� 	G7�H C7)� D7/=Y� 	� ��/< 	|� C)	
�/� ���6

�� !�/� B%=�U6 ���6.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

1.
5.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                            10 / 13

https://dorl.net/dor/20.1001.1.22518517.1386.11.1.5.2
https://jcpp.iut.ac.ir/article-1-646-fa.html


-./,�,� ?,� � r�� 0����	1 02� �,��	1 � 34,�5 ... 

3� 

�1د��:

0

5

10

15

20

25

30

0.0 0.3 0.6 0.9 1.2 1.5

(*
10

^6
)A
BC

DE�
F
3ا

4�
5
D�
ب
�A
ز
در

ABC
��

�/
Aز
B6ا
3ا

4�
5
3
GH
6

CS
CF

)�

0

5

10

15

20

25

30

0.0 0.3 0.6 0.9 1.2 1.5

�رو

0

20

40

60

80

100

0.0 0.3 0.6 0.9 1.2 1.5

IJ�J! : K

�7ب

0

10

20

30

40

50

0.0 0.3 0.6 0.9 1.2 1.5
IJ�J! : K

 

Y6!j.=�P
� K"O�� I� �D! ���%7 	��	 �/ ",� =�P
� K"O�� I
9� �
>
� .I>b@�� 	��	 �/d*�"� [�]�/ �D! �D4".

�(
>
��=�P
� K"O�� I
9� 

4+� Q�I�6 �!��7� �� B7%=�U6 ���76 C/&�7� 8�97:; B��� 

�6 �,� .!�-, ��N B* ��I�6 �7, 76 !��7� �a7/@	@ B7� ��7�,�

  �  J/6��*�(�� �� �� (	I@ C)	
�/� B
��� ���.J,C/7�. 

 �  J/6��*�	7
-* 47d:d@ J7�� �� �)'� 	7
-*�/R(��

�' � 	,�� P2����� .� YH B�	/|w@ )���2 �� ��/< ��� 8�97:; 

6 !�)�-� 	
�/� ��/< ��� A)�9;� �� A)2 �� B5)�K6���	< .C)�

 	
�7/� f��  �� m6  P	� ���6 �� z�G� B� ����6�

6 ��)����� .B7%=�U6 '� ��762 D7�� B7� �)�7
� �7� M�; ���
�

 !���77+-,  �*	��6�77*)�(���� D77K��U6.	77&)� 8�77%=�U6

)t 0t(9/� !���6���,� B7� 	7$��H C7)� �?57� D�	� B� 

:���N�8��$ B� Cd > Zn > Cu > Pb �6����.

IE�M4 ,�5

77+,2 (�77� �� ��� !��77� B77%=�U6 C77)� �)�77
� �B77%=�U6 ���776 

���G7H 4��Z DW:X A)�9;� kH�� v�	:<��~� 	7/<�8�97:; 

�� C/&��DTPA DW:X  �� �"�2 ��:I6 7-H �7,�q7:
d6 

/� �7)�	< �7"�2 ��7K
��  D7*	� A)�9;� B�/
� ��  (�� j	- .

J, C/�. �' �� 8�9:; DW:X O 	� P2��7,��-/@ �B7� ����7=2 

��� 	
�/� �v�	:< ��~� �� z�G� .	$��H C)� P]O !�9/6

 D;�) A)�9;� 9/� ��/< B:/�  B�.J/6��7* �B7%=�U6 ���6 8�9:; '�

 �  ������ !��� �� (	I@ C)	
�/� .

�	
������ ��	bM�" 

1. Amini, M., H. Khademi, M. Afyuni and K. C. Abbaspour. 2005. Variability of available cadmium in relation to soil 
properties and land use in an arid region in central Iran. Water, Air, Soil Pollut. 162: 205-218. 

2. Bassil, E. S. and S. R. Kaffka. 2002. Response of safflower (Carthamus tinctorius L.) to saline soils and irrigation. I. 
Consumptive water use. Agric. Water Manag. 54: 67-80. 

3. Baveye, P., M. B. McBride, D. Bouldin, T. D. Hinsely, S. A. Dahdoh and F. Abdel-Sabour. 1999. Mass balance and 
distribution of sludge-born trace elements in silt loam soil following long term applications of sewage sludge. 
The Sci. Total Environ. 227: 13-28. 

4. Blake, G. R. and K. H. Hartge. 1986. Bulk density. PP. 363-375. In: A. Klute (Ed.), Methods of Soil Analysis. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

1.
5.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                            11 / 13

https://dorl.net/dor/20.1001.1.22518517.1386.11.1.5.2
https://jcpp.iut.ac.ir/article-1-646-fa.html


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

33 

SSSA, Madison, WI, USA. 
5. Camobreco, V. J., B. K. Richards, T. S. Steenhuis, J. H. Peverly and M. McBride. 1996. Movement of heavy metals 

through undisturbed and homogenized soil columns. Soil Sci. 161(11): 740-750. 
6. Caron, J., O. Banton, D. A. Angers and J. P. Villeneuve. 1996. Preferential bromide transport through a clay loam 

under alfalfa and corn. Geoderma 69: 175-191. 
7. Chang, A. C., J. E. Warneke, A. L. Page and L. J. A. Lund. 1984. Accumulation of heavy metals in sewage sludge 

treated soils. J. Environ. Qual. 13(1): 87-91. 
8. De Matos, A. T., M. P. F. Fontes, L. M. da Costa and M. A. Martinez. 2001. Mobility of heavy metals as related to 

soil chemical and mineralogical characteristics of Brazilian soils. Environ. Pollut. 111:429-435. 
9. Elliot, H., M. R. Librerati and C. P. Hung. 1986. Competitive adsorption of heavy metals by soil. J. Environ. Qual. 

15: 214-219. 
10. FOEFL (Swiss Federal Office of Environment, Forest and Landscape). 1998. Commentary on the Ordinance 

Relating to Pollutants in Soils. VBBo of July 1, Bern. 
11. Gee, G. W. and J. W. Bauder. 1986. Particle size analysis. PP. 383-411. In: A. Klute (Ed.), Methods of Soil 

Analysis. SSSA, Madison, WI, USA. 
12. Hinz, C. and H. M. Selim. 1994. Transport of Zn and Cd in soils: Experimental evidence and modeling approaches. 

Soil Sci. Soc. Am. J. 58: 1316-1327. 
13. Kaffka, R. S. and T. E. Kearney. 1998. Safflower Production in California. University of California, Agricultural 

and Natural Resources Pub., USA. 
14. Khoshgoftar, A. H., H. Shariatmadari, N. Karimian, M. Kalbasi, S. E. A. T. van der Zee and D. R. Parker. 2004. 

Salinity and zinc application effects on phytoavailability of cadmium and zinc. Soil Sci. Soc. Am. J. 68:  
1885-1889. 

15. Klute, A. 1986. Water retention: laboratory methods. PP. 635-662. In: A. Klute (Ed.), Methods of Soil Analysis. 
SSSA, Madison, Wisconsin, USA. 

16. McBride, M. B. 1995. Toxic metal accumulation from agricultural use of sludge: Are USEPA regulations 
protective? J. Environ. Qual. 24: 5-18.  

17. Meek, B. D., W. R. DeTar, D. Rolph, E. R. Rechel and L. M. Carter. 1990. Infiltration rate as affected by an alfalfa 
and no-till cotton cropping system. Soil Sci. Soc. Am. J. 54: 505-508. 

18. Merry, R. H., K. G. Tiller, P. C. De Vries and B. Cartwright. 1981. Contamination of wheat crops around a lead-zinc 
smelter. Environ. Pollut. 2: 37-48. 

19. Page, A. L., R. H. Miller and D. R. Keeney. 1992. Methods of soil analysis. Part II. Chemical and Mineralogical 
Properties. 2nd ed., SSSA, Madison, WI, USA. 

20. Pais, I. and J. B. Jones. 1997. The handbook of trace elements. St. Lucie Press, Boca Raton, Florida. 
21. Plassard, F., T. Winiarski and M. Petit-Ramel. 2000. Retention and distribution of three heavy metals in a 

carbonated soil: Comparison between batch and unsaturated column studies. J. Contamin. Hydrol. 42: 99-111. 
22. Richards, B. K., T. S. Steenhuis, J. H. Peverly and M. B. McBride. 1998. Metal mobility at an old, heavily loaded 

sludge application site. Environ. Pollut. 99: 365-377. 
23. Richards, B. K., T. S. Steenhuise, J. H. Peverly and M. B. McBride. 2000. Effect of sludge-processing mode, soil 

texture and soil pH on metal mobility in undisturbed soil columns under accelerated loading. Environ. Pollut. 
109: 327-346. 

24. Schwab, A. P., M. K. Banks and L. E. Erickson. 2002. Fate and transport of heavy metals and radionuclides in soil, 
The impact of vegetation.  Kansas State University, http//www.engg.ksu.edu/HSRC/fate.html/. 

25. Soltanpour, P. N. 1991. Determination of nutrient availability and element toxicity by AB-DTPA soil test and ICPS. 
Adv. Soil Sci. 16: 165-190. 

26. Sposito, G., L. J. Lund and A. C. Chang. 1982. Trace metal chemistry in arid-zone field soils amended with sewage 
sludge: I. Fractionation of Ni, Cu, Zn, Cd and Pb in soil phases. Soil Sci. Soc. Am. J. 46: 260-264. 

27. Steenhuise, T. S. and M. B. McBride. 2001. Preferential flow and organic enhancement of metals transport to 
groundwater from land-applied biosolids in the Northeastern U.S. Water Res. Res. Grant Proposal, http:// 
water.usgs.gov / wrri/98grants /nypreferential.htm. 

28. Sumner, M. E. and W. P. Miller. 1996. Cation exchange capacity and exchange coefficients. PP 1201-1229. In: D. 
L. Sparks (Ed.), Methods of Soil Analysis. SSSA, Madison, Wisconsin, USA. 

29. Tylor, L. D. and M. B. McBride. 1982. Mobility and extractability of cadmium, copper, nickel and zinc in organic 
and mineral soil columns. Soil Sci. 134: 198-205. 

30. U.S. Environmental Protection Agency. 1993. Clean Water Act. Section 503, Vol. 58, No. 32, USEPA, 
Washington,DC. 

31. Walkley, A. and C. A. Black. 1934. An examination of the Degtareff method for determining soil organic matter and 
a proposed modification of the chromic acid titration. Method Soil Sci. 37: 29-38. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

1.
5.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                            12 / 13

https://dorl.net/dor/20.1001.1.22518517.1386.11.1.5.2
https://jcpp.iut.ac.ir/article-1-646-fa.html


-./,�,� ?,� � r�� 0����	1 02� �,��	1 � 34,�5 ... 

3Q 

32. Williams, D. E., J. Vlamis, A. H. Pukite and J. E Corey. 1987. Metal movement in sludge amended soils: A nine 
year study. Soil Sci. 143 (2):124-131. 

33. Wu, J., W. A. Norvell, D. G.  Hopkins and R. M. Welch. 2002. Spatial variability of grain cadmium and soil 
characteristics in a durum wheat field. Soil Sci. Soc. Am. J. 66: 268-275. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

1.
5.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

https://dorl.net/dor/20.1001.1.22518517.1386.11.1.5.2
https://jcpp.iut.ac.ir/article-1-646-fa.html
http://www.tcpdf.org

