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 � )�8�	� <	7( 0��T( 1�*�J
 6�/ ?�@ � ��!E: 6�8

 ,�J��� <*^ *��J
 ���!E: 	K)TF (��K  !�7�C � ����
,�J���2 )TEF ( r*m �� ,�J��� <*^ .�*�� 1G��`


R 3WHK 1/ ��	�  � b�R Q* 3WHK g	�J(i  � b�
S7�
 3��/ ?�@ �)� �A;8 � �v) �*:2012  !�7�C .(

��K�
 1G��`
 *� 1a/�  r*m �� ,�J��� ���� �!�
 �)� �A;8 � 6 �d)2008:(  

TEF= (Pp / CP) / (PN / CN) )2                        ( 

 ,!
C �*�  �Pp  �PN  ��	�  � b�R 3WHK <	(( 1/
 � ��!E: 	K � ��!E:CP  �CN �R 3WHK?�@  � b S7
�
 ��!E:	K � ��!E:.����/  

  

4 -  Y.� � Z����  

4 -1 - ����� ��������D�!�� [+�'&�' ��  

.*�
�: t*���?�@ �*�	;	�!A*B	C 6�8 1IE�a
 � !
 6�8
,��5  � 1 1��� aU ������ .3�� ��� 1u� �1�!;�  � �8 �8

 % �	/34-17  % �\ 45 -30  % � 3H	�53 - 25  1��

�
 		f(��  W� �� � ��7?�@ ��C�/ 6��/) �8USDA �

1993��H	� �
!E �( �
!E y���`
  � (- 1��
 �
!E 6�
�
  �U1/ .��	� S/�U 0��T( �H7  !m1W2X
  � 6�

1��� <	7(?�@ l�!�� 6��/�;� ��*� �8 0�		f( .�!�
?�@  � ��!	(�7 ,��G( 3	C~ B	� 1IE�a
 � !
 6�8

�i
  � � gW�
�i`i y���cmol+kg-1 33/16- 51/12 
�
?�@  � �E: ��!
 )�B	
 .���/ � !
 6� ���7	K 6�8

 % ���2  � � �	*��  �	�/ 1IE�a
7/0 �
  ��J
 �*� .���/
�	
�  � ���2 �( 4��� 1/ ��� ��!E: 6� ���7	K 6�8

�
 .*�BC� �� � Q*�E�2 � �/�* )�B	
 17TOC   �
?�@ � ��!E:	K 6� ���7 6�8 �� .	/ 1/ <	(( 1/ ��!E:

 %3/2  % �5/3 �
SA�) �� 2 gH�
  !m 1/ 1�GE� .(
�	
�  � ���T��� � !
 ���!	2 6�8�!7  � �R� � 6�8

 )�B	
 .*�BC�TOC ?�@ �*� .3�� 1���� .J� �8
                                                
2 Transfer enrichment factor 

142  



��������	 ���� �� ������� ����� ����12����� � 24 ��� �	 � !���" �97    

 

 

 *��J
pH 1�!;�  �0��T( 1IE�a
 � !
 6�8 �	/ �  �*�8
?�@� *�� � 4��� �/ ��� 6 �	/: 6�8i�!;1 8�~ �8

�
?�@ 1;8 .���� 6� ���7 ��5/ �� gR�) ��!E:	K 6�8
 6� �� (6� ���7	K �pH  �� (P�/8 �E�2 � ����8 17

�	
�  � )�B	
 �*� ��!E: 6� ���7 � 6� ���7	K 6�8
 1/ <	(( 1/ 4��� 1/78/7 - 76/7  �52/7- 48/7 

�
 .8�7 .�/�*  
* 1�*�	��iC Qi,��7  � 6�	H7  !�7� (i � ?`

3�*�\����
 �;� ���R � 0�BHC 6*]� ���/

)iQ/i ��1989d (i7 �i/ 1i7 �ii8�i .pH /i 

3�*�\����
 ���BC� �	��� 0�BHC <HK� 6*]� ���

 �)� �A;8 � Bu!�* �� )2008 ?�@ �E: ���
 )�B	
 .(
 0�BHC  ��J
 / g	J��
  !m 1/ 17 3�� �*� Zx
 S
�R


 Z� �	���� �)� �A;8 � Q�	�) � �]�2013 .(
�
 )��� 0�IE�a
 �� 6 �	�/ 4��� �/ 6 �	/: 17 �8�

 .*�BC� <2!
TOC  � !H�!H*B	7) �� �8�!@ ?�@
 �)� �A;82008  � 4��� �/ 0�
 ��P!m 6 �	/: .(

 �G�� .8�7 <5!
 1* �	2 3/( 4!�5 1Ja�
pH  �
?�@ �/ 1�*�J
  � �E: ���
 .*�C���� p�m� 6�8  3��

�
 
� �*� 173�*� .*�BC� 1/ F�
 ���!(\��� 6*]�
���� *�� .�!� �	��� 0�BHC �*� B	� �*�	;	� 6�8

�
 �	*[( �  1	^C.�� �8�!@ �`/ 1
���  � 17 ��7 
  

6�2/ 1&�' ��������D�!�� [+�' . .�JN�-� ���� ��TOC  � 2\�� ] 3�� *+�^ _�	�4 �CEC  ] 3��cmol+kg
-1 �`� .2���

S&�' = b�/�� ��PA&�' = b���N) �:+�	 ��PN&�' = b���N) 	���0���c ��NN&�' =c ��`N) 	���0���` b�20� ���

NA&�' =�20� ���N) 	���0� ��  

Sample ID pH TOC CEC Sand Silt Clay 

S1 S 26/8 672/0 76/14 41 34 25 

S2 S 29/8 703/0 32/15 31 45 24 

SO1 PA 52/7 507/3 51/12 35 39 26 

SO2 PA 48/7 543/3 86/14 53 30 17 

SO3 PN 76/7 935/0 57/13 38 35 27 

SO4 PN 78/7 060/1 48/14 48 31 21 

SB1 NN 43/8 721/0 66/15 38 38 24 

SB2 NN 56/8 745/0 15/15 49 32 19 

SB3 NA 12/8 284/2 33/16 25 41 34 

SB4 NA 98/7 312/2 90/12 40 37 23 
  

 
MD� 2 ����H� ��d���� � ��H� .pH  �TOC &�' �� (%) .�JN�-� ���� ��S&�' = b�/�� ��PA' =`&�� ��` b���N) 	���0

PN&�' = b���N) 	���0� ��c ��NN&�' = b�20� ���N) 	���0� ��c ��NA&�' =�20� ���N) 	���0� ��  

  

4 -2 - &�' ������� ]���4�.-� ��  

B	E��: t*��� ?�@ �*�	;	� S
�7  � 1IE�a
 � !
 6�8
 6�8�	�7� <	7( 		f( .3�� ��� �� �: 3�!	� ,��5

1�!;�  � �H�� )�B	
 .3�� ���`
 �8SiO2  ��14/41  �(

45/42  � ���� �� �Al2O3  �	/wt% 25- 24  		f(
�
 �;7 0�		f( B	� �H�� 6�8�	�7� *�� *��J
 .��7

��I
 0��T( � ���� )��� ��1�!;� �	/ 6��� 6�8 6�8
�;� ��*� �7�@ jH�k
 <	7( W� �� �*�/��/ .�!�
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?�@ ��;( ��H�� 6�8�	�7�?�@ �/ 1/��
 <	7( �8 6�8
n�� �� S��2 6�5/ ��*�/��/ � �� �� ����T�(: 6�8

?�@ ��;( ��C� [��
 ,�;�2�n�� �*� �� �8 �!5� �8
 .� �� 

R <	7( ��H�� 6�8�	�7� pX@/ �	/  � 4�	;7 ���
?�@?�@ *�� � 4��� 1/ ��!E: 6�8 6� �/ 0��T( �8

�
 )���?�@ .�8���K 4��� �/ ��� 6 �	/: 6�8 ����
S/�U1W2X
 ���R S
�� ���R �� 6 �	�/  � �  6�

1G� �(��!� � T�C) 6BHC	K � Q	�� :) 6BHC
) 0�BHC V@P�/ � ()�!;	��:Cd �Co �Cr �Cu �Ni �Pb �

Sc �Se �Sn �U �V  �Zn�
 )��� (SA�) ��8� 3 �*� .(
 0�BHC �@/ )�B	
 17 ��� <5!
 3WHK .*�BC�

?�@  � �	��� )!s;8 4��� �/ ��� 6 �	/: 6�8Co� 
Pb �Ni   � ������� ��� �		I( ��F
 3WHK _7��2 ��

q	`
 �H
 )�
���) �H
 �)�*� 3�*�1392 ,��5 o
.	/ (3�!	�?�@ 1�!;� .�!� (  � 1IE�a
 � !
 6�8

 �*�8!�E� �3* ��7 1/ 3G�� ���  �F�'/ 6�8 ��!;�
��K �/ 1/��
 QG� �7�@  ��� ���R )��A* ����

)LREE(  �	��� �7�@  ��� ���R 1/ 3G��)HREE (

)8/15 - 5/15 =LaN/LuN �T�
 6 �F�'/�� �7��� � (
) �!	�� !*92/0 - 85/0 =Eu/Eu*�
 )��� ( ��8�

SA�)4@�� �*� .(�
 n�8�;8  �� ��!
 ����7!���/ ���!(
?�@ S	A�(  � )��A*  ��
 1* �	2 3/( 4!�5 6�8

 � �aR )�	T*� � 6'W
) ���/2015 � n��* n�	
 o
 �)� �A;82010 �7�@  ��� ���R )�B	
 ,�2 �*� �/ .(

)REE( ?�@  �) ��!E: 6�8mg kg-1 287- 177 =
ΣREEU .*�BC� (iS/�� 1/ 3G�� �'5!(i*� ?�@ �8

)mg kg-1 147- 93 =ΣREEr	U� �8���  � .� �� ( (
�
��� �	/  � 17 3C�* � )�!( ����� ��!E: � ��!E: 6�8

?�@ *��J
 3G�� 1/ 6� ���7 6�8REE  �� 6(P�/
?�@�
 � �� 6� ���7	K 6�8SA�) ����/4.( 

���!E: V@�� ��� 1G��`
 *��J
 )PI(  ,!
C r*m ��
)13*�A2 �( ��K ��  � �	��� 0�BHC �*�� ����

?�@ � g	
��7 )�B	
 .� �� 4��� �/ ��� 6 �	/: 6�8
?�@ �*�  � 4� �� .	/ 1/ �810 ?�@ /�/ 1�	
� 6�8

 �� .	/ 1/ YHU � 3E�G7 ���R 3WHK .3�� 1�C�* .*�BC�
6  �� (�C �
 � ��7 �/�/4  / eE�/ SA	� � 6�  �/�/
3  Q	�� : � /�/ 6P�/5/2 ?�@ /�/ ��	�  1�	
� 6�8

SA�) 3�� 5��K .(?�@  � 0�BHC �*� ���� �� �8

 6�8�!7 �� ���T��� )!s;8 jH�k
 S
�!R r*m
�
 0 !� 4��� �/ 6 �	/: �* �*�	;	� � �;2�) �	�

 �)� �A;82012 �)� �A;8 � Q	
�  o2014 )�B	
 .(
?�@  � �	��� 0�BHC � ��!E:	K 6� ���7 6�8  4!�5

.	/ �;7 1* �	2 3/(�
 1�	
� ?�@ �� ( 17 ���/
�
 �
� ���� 3G�� 1(�T�C 6�8�!7 �� ���T��� 1/ ��: )�!(

��K1�!;� �*�� ���� � 6� ���7 g8) ��� ��!E: 6�8
 Y;F( / 4��� �/ 6 �	/: 	Z[( �� )��� (6� ���7	K g8

SA�) � �� ?�@  � �	��� 0�BHC �*� 6�83 �5.(  
  

4-3- f���� M��K Tg�1 % �	 �f����-

��B"2  &�'��  

� �!5� �/*1A� S7  � ���R 3WHK ?�@ �
(���! I
	 �6 
I(  �		� 
	)�B ��!E:� �/ � ���/	 �6 V@�� �� � �8

I( ): \���/ �8� �������*j  0�IE�a
 �3�� ���
S7 3WHK 17 ���� )��� jH�k
 ?�@ 	;81� x
*� 


	)�B ��!E:� �	3� �d �/  � 17	 �6  �A;
 � �!
 ��
.k/  � ���R 3���8�* �� ��7 �  ��@����86  ?�@

�� 17 ����/ 1�C�  �U* �� K �	S/�U W� �� \���
�*���  ����/ �)� �A;8 � 6'W
)1392(� �� .*�  � 

I(		� 
	)�B .k/�86 S/�U � \�������* ��  17 ?�@
� ��6 �����	S � a@*3�`
	a� �����/ ;8� ��	3 

��@� `
 0�IE�a
  �	a� .3��  �� !@/   
�/6 / �		I(iS/�U .k\��� �� 0�BHCi�	�   �

?�@�86 1IE�a
 � !
  c�  ��DTPA  .�� ���T���
 17 ���� )��� jH�k
 0�IE�a
DTPA  !-( W� ��6� 

�/ �76 H;R �� 
�(���! I
	 �6 �/ <���
6 I(		� 

	)�B ����� ��� 0�BHC	�   ����/ ?�@  � �	���!7)
8i �)� �A;2008
 oi �)� �A;8 � 6'W2017(.   �

,��5 2 ?�@  � ��� }�k��� �	��� 0�BHC )�B	
 �8
 c�  1/DTPA  �� 17  !a��;8 .3�� ��� ���� )���

�����
/ �81�!;�  � ��� }�k��� 0�BHC B7;( ��*: 6�8
.	/  �	�/ ��!E: ?�@?�@ *�� �� (�
 �8���/ .

 ���R 1/ w!/
 ��� }�k��� *��J
 �*(P�/Zn  �Pb 

 ): �� �� � ��!/Cu �Ni  �Co �
  �U �*�;7 .��	�
 c�  1/ 0�BHC }�k��� )�B	
DTPA  ���R  �Cr  �

Cd �
 ��*�SA�) �!� 6  .(jE�  

                                                
1 available portion 
2 bioavailability 
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MD� 3� .`&�' h+��+ �� (���� �\��: ����H� � ��H� .�JN�-� ���� �S' =`&�� ��`/�` b�PA' =`&�� ��`N) 	���0` b���

PN&�' = b���N) 	���0���c ��NN&�' = b�20� ���N) 	���0���c ��NA&�' =�20� ���N) 	���0� ��  

  
MD� 4 .�dN+ �2�� �� %< � �2� ��=�5��% +�� &�'�� ��H�) �H-����  	+ �2� ��=�5�]35[.( ���� =&�' b���N) �:+�	 ��▲ =

&�' b	���0���c ���N) ��×&�' = b�20� ���N) 	���0� ��+ &�' = b�/�� ��∆&�' =�20� ���N) 	���0���c ��  
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MD� 5&�' �� ��d�� *+!9� �V��N) k'�� �<��.� .MD� 2����� lmn: .�JN�-� ���� ��3 ��.2���  

  

3�*�\���� � �� ���R 6*]� *��J
 g	�J( �
 c�   � ��� }�k���DTPA  S7  � b�R 3WHK 1/

�
 3��/ ?�@ �)� �A;8 � 6'W
) �*:2017 )�B	
 .(
\���1�!;�  � B	� ���R ���*� 6*]� 1/ ��!E: 6�8

?�@ *�� 3G��S/�U .*�BC� �81W2X
�
 )��� 6� .�8�

\��� � \��� S/�U .k/ 1a/�  1�GE� ���*� 6*]�
HC�;� 1/��
 X
�7 �	��� 0�B 1A* !m 1/ ���/Cd  6� ��

3�*� �*(P�/\���?�@  � ���R �	/  � 6*]� 6�8
�
 ��!E:SA�) ���/ 6  .(4 

  

  
 MD�6 A�� �� �2� U+�g��+ ��d�� *+!9� %89c ��d���� (PN+ .DTPA &�' ��f���� �+!�� (( .�JN�-� ���� �� �� �	 ��B"

����� �� ��d�� *+!9� (%)MD� 2����� lmn: .���2�3 %��4 (��/ &�' ��3 ��.2���  

  

6�2/ 2 A�� �� �2� U+�g��+ ��d�� *+!9� �+!�� .DTPA )mg kg
-1&�' �� (�JN�-� ���� ��  

Sample ID Cd Co Cr Cu Ni Pb Zn 

S1 S 08/0 52/0 25/0 23/3 61/2 56/1 03/8 

S2 S 08/0 65/0 27/0 10/3 80/2 49/1 08/5 

SO1 PA 79/2 16/9 55/3 73/26 96/19 69/50 92/53 

SO2 PA 96/2 14/10 48/3 93/24 46/16 50/50 68/49 

SO3 PN 97/1 82/9 55/3 24/26 67/19 80/36 23/47 

SO4 PN 40/2 30/9 41/3 02/25 08/17 04/43 07/41 

SB1 NN 07/0 82/0 22/0 26/3 14/2 00/2 90/8 

SB2 NN 08/0 75/0 18/0 73/3 17/3 62/1 95/6 

SB3 NA 07/0 79/0 21/0 06/4 17/2 70/1 38/6 

SB4 NA 06/0 75/0 29/0 11/3 27/3 90/1 82/8 
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4 -4 - %< �o�4�!�+ �� ��Pb &�' �� ��

�JN�-� ����  

 4�  ��*�� �!(�B*�  �'d 3I	Gm  �)204Pb �206Pb �
207Pb  �208Pb( � �� �!(�B*� 1� )�	
 �*� �� .� �� �!5

 <	(( 1/) !	�7�!*��  ���R ������238U �235U �232Th 

 6�/206Pb �207Pb  �208Pb�
 S��2 ( .��!� 3HR 1/
�!(�B*� S	A�( 0��T�
 [��
 � 	�
 �����C �4� 6�8

):�
 	f�
  �	�/ �8���/  � �C)1986( jH�k
 Y/��
 .
�/��7 l�!�� � ���3G�� �8 ����=*� � �8 ��!(�B*� 6�8

 �!8 � n�d) �� �� Vk�
20103G�� .( ��!(�B*� 6�8
3�*� �* ��I�� 6�8��*�C �m  � 4� 		f( �a	`


�;�3G�� � ��71��7 �� 1	E�� Vk�
 6�8 4� 6�8
�
 �U�/ 1	E�����
 o3G�� �� �*�/��/ 4� ��!(�B*� 6�8

J��� 	�
 � Y/��
 �		I( 6�/ 0�IE�a
  � 4� ,�
�
 ���T��� ���!E: �)� �A;8 � )�8) �!�2015 .(

?�@  � ���!E: YG�
 �*������!(�B*� Q;7 1/ �8 6�8
Pb ?�@) �I	Gm ��!
 17 3��  �!��� ��G
 �*� / � �8

n�����*P: � (��!E:	K 6�8� 6��2 6�84  [��
 �/
 n����7 �� 17 �/�) ��I��Pb  6� �� (��� �	E!(

3G��n����7 .����8 6B*�;�
 ��!(�B*� 6�8 6�8Pb 
n�� 1/ 3G�� (�E�� <HK�)  !m 1/ 6��R 6�8

� 6� �� �E!;I
	Ki3G�/ 6�8i 6P�Pb/Th  �Pb/U 
�
3G�� � ����/): ��!(�B*� 6�8 S	A�( )�
� �� �8

�
 �U�/ 3/�Z �S�!7 � �;���8) ���
2000 �*�/��/ .(
n����7 6�8Pb 	7( 6� �� SJ��
 � D�@ ��!(�B*� <

 )�B	
 �P!;I
 � ����8 �� ��206Pb/ 204Pb ):  � �8
�
 �	*�� ��7�!E� � ��) ���/1972( 4� �S/�J
  � .
?�@  � �*�8��/ n�� �����!8 �� ��!E:	K 6�8

 ��!(�B*� <	7( 17 ��� S��2Pb  ,!`( )�
� �m  �
3G�� ����7 �AI�
 � 1�C�* 6�8U/Pb  �Th/Pb  � 

�
  ��
 ��!
��=*� .���/?�@ �*� ��!(�B*� 6�8 �8
)v!*��  �P!;I
) (206Pb/ 204Pb  ��I�� 4� �� (P�/
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MD� 7%< � T���� .&�' �"�4�!�+ �� ���+���� �� �JN�-� ���� ��206Pb/204Pb  M��H� ��208Pb/206Pb  � (PN+)208Pb/206Pb  

 M��H� ��206Pb/207Pb (�� ��!�� =* .(() b�+�● �M"�� � �� ���) ��J�\ _���� =2000MD� 2����� lmn: ���� .( 4 .%�+  

 
6�2/ 3%< � . �� �"�4�!�+Pb �	+2�+&�' ����� �� �2� ��V �') ���� �� .]g��� ��� �N���3+ l5�`) �J�<p _���F1 �(

%�N�J�) ��J�\ ��F2(�� ��!�� � () �+�F3����� �� (�� ��2���.  

Sample ID 206Pb/204Pb 207Pb/204Pb 208Pb/204Pb 206Pb/207Pb 208Pb/207Pb 208Pb/206Pb F1 F2 F3 

S1 S 1257/19 5432/15 2681/39 2237/1 5262/2 0532/2 056/1 163/0 - 107/0 

SO1 PA 7219/17 5275/15 6654/37 1472/1 4257/2 1254/2 088/0 732/0 180/0 

SO3 PN 7530/17 5283/15 6813/37 1487/1 4266/2 1225/2 103/0 723/0 173/0 

SB1 NN 9531/18 5392/15 8926/38 2184/1 5029/2 0520/2 903/0 106/0 009/0- 

SB3 NA 7643/18 5406/15 9050/38 2138/1 5034/2 0734/2 044/1 320/0- 276/0 

 
 

4 -5- *�=�!<� �� ��d�� *+!9� �+!��  
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1 transfer factor 
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 1G��`
 �*�/��/ �TF  �TEF 1�!;� �*� 6�/  ��J
 �8
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6�2/ 4&�' !��0V !<� �� ��d�� *+!9� �+!�� .) (� " �� �2� ����) ��P���N)��c � ( )N .(MPC  +�� 	�=� %89c �r�+23

) *�=�!<�FAO/WHO �2001(  

 
ID Cd Co Cr Cu Ni Pb Zn 

VO1 P 57/0 42/26 23/3 79/38 92/14 65/2 06/85 

VO2 P 58/0 26/25 45/3 88/37 27/12 63/2 27/79 

VB1 N 01/0< 15/0 09/0 28/5 39/0 05/0 96/3 

VB2 N 01/0< 27/0 11/0 60/4 45/0 06/0 73/5 

MPC [13] 1/0 50 3/2 3/73 9/66 3/0 100 

  
MD� 8) ��d�� *+!9� %89c ��d���� � ��H� .mg kg-1&�' �� �2� %0� *�=�!<� �� () ���N) ��P) ���N) ��c � (N (��/ �� (

���2�3 %��4  

  
MD�19) 6�H��+ ]��1 ��d���� .TF�' �� �2� %0� *�=�!<� �� (&) ���N) ��P) ���N) ��c � (N��c ������ �<��.� .( 6�H��+ �V2�

)TEF&�' �� ��d�� �\��: +�� (���2�3 %��4 (��/ �� (� " �� �2� ����) ��  

  

                                                
١ Transfer enrichment factor  

PN+ ( 
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Abstract 
The farmlands area in the south of Torbate Heydariyeh city has been irrigated by sewage for over 30 
years. In this study, the chemical composition and physicochemical properties of soils irrigated by 
sewage and heavy metal concentration of vegetables cultivated in these soils are determined and 
compared with unpolluted samples. The polluted soils have a lower pH (7.5- 7.8) and higher organic 
content (more than 2.3%) than other soils (with pH>8 and organic component < 1%). All soil samples 
show similar major oxide composition and the same rare earth element (REE) patterns indicative 
similar parental materials. However, the trace elements composition is completely different between 
polluted and unpolluted soils. The soils irrigated by sewage show intense enrichment of many 
elements, especially heavy metals. These soils have lower 206Pb/204Pb, 207Pb/204Pb, 208Pb/204Pb, 
206Pb/207Pb and higher 208Pb/206Pb ratios than other soils which indicate the role of anthropogenic 
sources in their genesis. The bioavailability values in the polluted soils are very higher than unpolluted 
samples which led to increasing of transfer factor and heavy metal concentration in the vegetables. 
The concentration of Cd, Cr, and Pb in the polluted vegetables is more than the maximum permitted 
concentration. 
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