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   6	�
 �\/)  ��')�� w�)�) s5� (   ��&8* T/10      eZ# �� � R�&H �
 �� �&# 
5/1 ��)��   &� T���! ���� .    T{
�� T��
 T� �� w3      T4/ K��4W� ��4


  ��&8*5    �� �&#      THB�- �/ R�&H �
10  &)&� M'* �^	&�	 �� ��Z��)��  .

 R�&H ����/�       6	�
 �/� ���) j��� �/ �
)(�/ 200   �* 600 �H�� ���  �� 
T��
(       &� K�[)� &�� �� THh�� �
 ��  .  %95��� TZ
 (�'{Z
  K�V ��


      ���Z�/ � I�-� T�&B �� ����H] %`]   &4	�� Q�Z#� �
.    ��4`�)� ��
   � &�� $���10 ��� �! 1$�� %����/ �� +�3%�� Q�H�� I��B T/ �


 R�&H T/  &� $��,-� �
 .   $��� ��4`�)� ��    T4)�Z) 1&4�� �    �
�4� ��4

          &)&4� �&] �^	&�	 �� �HB� T;	� � $������ � %����/ . T4)�Z)   �� �4


          M	�&	�H! &��� �/ wx� � �AW� �� �/ �&�/�01/0       �� � T��4� �V�4� 
  ����70  ��)�� T]��   &� T/ ���  I48      $������ �/ � M;� R�� %#�� 

            &4� ���4�� "���� T��* � jo�9	�- TN��� �/ �5�/ ����� �� . T4/-
    T)�Z) ����� �� ����H] ��N'�         1T4)�Z) �4
 R��Z) ����� �� w3 1�


         &	�� M;� wx� � T��� �AW� �� �/ do��! TN���. $��u#  ��4�
   K�&)� �� M	 �
       �* R����&��!� ��� �/ $�� ��
)15) (  sg
2   K�4 

&�44�� �� �44]�,��� 744��* �
�44� T44)�Z) � M44	�H!�3 1M44	���) ��44

  %9�) �/ M	������   �Z[h ��
40 :4 :1 (      �4/ Q�H�� ��� %NHO �

$��u#     s��4H! &	�H! ��01/0    �V�4�  )   (	��4*10       ��4
 ��4� K�4 
   R��,-� 1M;�25 �H��  $��u# ����      I&� T/ R��� R��* 1��2  1%#�� 
  � � b���	��)��          (Z*�� �-�B \O�! �/ Q�H�� R��Z) |�B %	�`) �42 (

    $��&)� �Z*� �\] $�^��� TH���/ &� ��� .   ���4�� R��� I&�  �4	���
    ��� �� ���)21 (     �
�� ������� "��)��3 �)8 (     74/��� �� X�*�* T/

1 � 2&	�� T9���� .  

Plant]Plant[

]Total[
ationminDeconta TPb

Pb
T

�
�                                  )1(  

1000
}YPb{

P ]TaprootShoot[]TaprootShoot[
ctionPhytoextra

�� �
�               )2(  

  R� �� T!  1�
][TotalPb       ��� �� "! ��� %NHO )   �4H�� X�h �/-
   ��� K��H�! �/ K�(1][ TaprootShootPb �      �� ��4� %4NHO y�Z[�

     �HB� T;	� � $������)  �H�� X�h �/        $��4� K��4H�! �� ��4� K�
 �
�� M;�(  1][ PlantPb �             $�4� 74��* $&4� �\4] ��4� ��&4W

)�44H�� $��� Q�44: �� �
�44� M;44� $��44� K��44H�! �� ��44� K�44
&��(1ationDecontaT min    ��/ ���) ���� R���      �� ��� "��! ������� �

 ��44�)Q�44�(1PlantT    1Q�44� M44	 �� $�44� %;44! I�448-� ��&448*
ctionPhytoextraP   �
�� ������� "��)��3 )      ��4��
 �� ��� K��H�!

 Q�� �� (�][ TaprootShootY �  %�	� ��&W�     $�� "! $��*)    ��4��
 �� (*
 Q�� �� (��&'��/.    T9���� ���/][ TaprootShootY �   y�4Z[� 74���� 1

    T;	� � $������ M;� R��            R�&4H �4
 �� T4*�/ M4	 ���� T/ �HB�
 &	�� T9���� .      *�/ (�/ THB�- T/ T]�* �/ wx�T      R�&4H �
 �� �
)10 

��Z��)�� (  t	�� (�/ �    T#�,� �� �
 ) T4/   74���� ��4: 50  ��Z��)�4� ( 1
 T*�/ ��&8*        �/ �/��/ ����
 �
 �� $�� ��
200    &4�� %�&/ T*�/ ��,
  . ��

  T*�/ ��&8* ��gHB�h       %�	� ��&W� 1T*�/ �
 M;� ���HZ# �� �
  $��4*
      %�� T9���� "/�5 ����
 M	 �� $�� .   4/ (	��/�4'/      (�4��� ��4���� �� �
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             M4	 ���� T/ �HB� T;	� � $������ �� ��� %NHO y�Z[� 7����
 �� 1T*�/         ��4Z) T94���� �� �
�4� ������� "��)��3 R��* . T4/  ��4N'�

$��� ����� "�H�* � T	,[* K�[)�K�) �� �
 ��,-�SAS&	�� $������.  
  

��� 	 ����  
 �2	� ���/           �4�� ���4� ��4� �	��Z�4� � �4�	,�- ��
  �� $���

    Q�&] �� +
�231    %4�� $&� T_���  .        4� %4-�/ ����� ��4� (4	�� ��
 ~ 1�'�-          %�-�� 1�&)� ��� (/�! ��&W� 1��� ��O 1�	��H5 �Z! ��


           (�	�43 T4���� ��4� ��&W� � V�/ ��9�) �)��*�! Q��9*       ��4[� &4h �� �4*
)150-50 �H��   K��H�! �� K�) (5 (��&��/ .   �B�'# %NHO (�'{Z


 ��&)� �	�\O$         %�� �9��'� d��9�) &h �� ,�) $&� ���)1 .(�2	� ��

�� X9� ��!\�&/�	 +
�! ���&h �* ��� �� ��� %��oh ���.  

  
 �	��1-�!"�	 #� �$%� ��&�'� ���� ($ ���)�* 	 ���+�, 
�  

/�0�4$�����
 j�)&B��(  2/12 

 %H��)&B��(  1/21  
 (�)&B�� (  7/66  

 y�9�� %/�:�)B��&(  22  
T#�,� %�-��)&B��(  19  

y�9�� " T�	&���  65/7  
 ��	����� %	�&
 %�H/�5)dS m-1(  81/0  

�)��*�! Q��9* %�-��)cmol kg-1(  3/14  
 $&)�� ��'� ����)&B��(  2/14  

 ��� (/�!)&B��(  42/0  
 �\] "/�5 ���-)mg kg-1(  12  

 �\] "/�5 s����3)mg kg-1(  354  
"/�5 s	,�'� �\] )mg kg-1(  325  

 �\] "/�5 (
�)mg kg-1(  4/2  
 �\] "/�5 ���)mg kg-1(  56/0  

 "! ���)mg kg-1(   5/10  
��� ����� 	� 
����� ������  

  
����� ��	 
���  

R�Z
     "�� �� T! ��:1      ��W� (�/ 1%�� $&� $��� R�;)   %NHO �	
       y�) � ��� �� Q�H�� ����!  %NHO � %��  R� tH��� ��
    �4
 �� 

      �4'8� |o��� $&'	V� ��A� �� M	 ���� ��4]� ���� . ���4A/   �4/ T4!
         %4NHO TZ
 ��gh �� 1��� �� ��� @A� +	�,-�   ��4
EDTA  � 

NTA          �4� �&�3 +	�,-� $�� ���/ j���� "/�5 ��� ��&W� 1 &4'!.  �� 

���h    �! ��gh K&# �� T!      %4�� ,�v�4) Q�4H�� ��4� %4NHO 1%�� .
        K&# �� T! %�� (	� R� "��� �! ��gh       T4/ ��4� sN#� +�/ 1%��

       �� "	&9* ��� �� Q�H�� ��O Q���� I��B    �4����� (	��/�'/ 1���
      ��Z) &
��� �&�3 +
�! R� T/ $�� .    ��� T! �	�[)� �� (�'{Z
  ��4


               �� �4�h &�4�� M4���,� R��,4-� 1&4)��� ���	� ��-�/ %�-�� ��
�
%NHO   V�/ ��
R�    �� w3 s
10     �/ �`]�* "/�5 �0� 1���   ~ +
�! -

            ���&4) ��4� �� ��4� %��oh +	�,-� R� Q�9)&/ � ��
.   (	��;4�/
      1��� �� Q�H�� ��� ��&W�671 �H��       %NHO �� K��H�! �� K�10 

�H��  �V��EDTA  &�� %�&/ ��� �� $&'	V� @A� (	�*V�/ �  .  (4	�
    %NHO �� ��&W�5/2   � 5 �H��   �V��EDTA       �4/��/ X4�*�* T/ 1506  � 

632 �H��   K�   ��/ ��� K��H�! �� .      Q�4H�� ��� %NHO �*��9# T/
          X4�*�* T4/ ��!\� ��A� �� ��� ��349  1436   � 463     &
�4� �4/��/ 

  %�� T�-�	 +	�,-� .NTA    T/ %9�) EDTA     ��� %NHO +	�,-� �� 
   ���� ���Z! ��0�* Q�H�� .T/    %4NHO ��gh �� T�	��:   ��4
5/2  15  � 

10 �H��        X�*�* T/ +	�,-� (	� 1R� �V��781 117   � 236    &
�4� �/��/ 
��/ . �! ����*%��         ���� T/ ��� �� Q�H�� ��� %NHO +	�,-� �� �
 

 I��B T/ $&'	V� ��A� ���Z*EDTA >> NTA > Oxalic acid 
� No Chelate�� %�&/ &	� .�� �� $&Z# "��� T�   (4	� ���4/ R��*
  ��Z) R��'# ����* .   w�HxZ! ��]� Q�� "���       R�4�� ��&4	�3 � ��5 ��


EDTA     ��� ,H- � )3/18LogK= ( ~ ��-    %�� ��� Q�Z8� ��

)30 .(     w�HxZ! �V�/ ���* "��)��3 1K�� "���  ��
EDTA-Pb  �� 

���    %-�/ M9� ��
)21 (    %�	� �2	� 1K�� "��� � T4	,[*  ��	\43
NTA          �V�/ %���W� 1"/�W� �� � M���,� &��� � EDTA    T4/ %9�) 

     %�� ��� �� T	,[*)11 .(+
�23 !�h �
        �4`'* T! %�� R� �� �1/0 
               � ��4� Q�4H�� +�/ �� $���� ��`!�� �� ��� "! ��&W� �� &B��

     �� ���5 ��&)�,H- R�
�� j���� ����� . �! R��,-� �/ (	��/�'/%�� �

      �� �� Q�H�� ��� ��&W� 1��� T/     �� +�/ T/ R��*100    +	�,4-� �/��/ 

 ���)26.(  
  

5%' ���! 6�%7�'�  
 ���� �� ��	 ������  

     �! � ��� tH��� ��A� �0�        T;4	� �� ��� �\] ��&W� �/ %��
     "�� �� 6	�
 �HB�2    %�� $&� $��� R�;)  .R�Z
       (4	� �� T4! ��4:

  �� $&
�;� "�� �4! ��gh K&# � ��gh �� 1���    +	�,4-� �4/ 1%4��
             �4� �&4�3 +	�,-� �HB� T;	� �� ��� %NHO 1��� �� ��� @A�-

&'! .      �! ��gh �� T! I���* (	� �/�%�      X*��� T/ �\] +	�,-� (	� �

�! ��gh K&# �� ��;�/%�� %��.  
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 8�*1-/9�; %<�  =��7� 
�EDTA >NTA($ ����� �� 5%' /9�; ����� %�  5%' �!�?�@A =��7� B�C' �� D�E�+!� ��'� 	   

  
             �4/ �4/��/ �H4B� T;4	� �� ��� �\] (	��;�/)5/15± (0/301 

�H��   �� K�   *V�4/ �� K��H�!         ��g4h �� � ��4� ���4�� @A4� (	�
  %NHO10 �H��   �V��EDTA    &�� %�&/)"��3 .( ���h ��    (4	� T4!

  %NHO �� �\] ��&W�5/2 � 5 �4H��   �V�4�EDTA    �4/��/ X4�*�* T4/
)7/6± (7/113 � )8/16± (6/212�444H�� ��444/ K��444H�! �� K�444 .

    T;	� �\] ��&W� (	��;�/ (�'{Z
   %NHO �� ��� ��  ��
5/2  15  � 
10 �44H�� �V�44�NTA  X44�*�* T44/)2/6± (5/122 1)6/5± (0/95 � 

)5/10± (5/107 �H��            T4/ M4���,� &��� ��gh �� � K��H�! �� K�
 X44�*�*)5/4± (7/51 1)6/5± (4/84 � )9/5± (0/74�44H��  �� K�44

  &�� %�&/ K��H�! .      s
 +
�23 (	� �� $&�� %�&/ 6	��)  ����/ �)���
  T�-�	 �/ �/��      ���� (�;4�3 R�WW�� ��
)   Q�&4]2.(     ����4* 1(	��/�4'/

�!%��            ��A� ���� T/ �HB� T;	� �� ��� �\] ��&W� +	�,-� �� �

    I��4444444B T4444444/ ��4444444� �� $&4444444'	V� t4444444H���

EDTA>NTA>Oxalicacid>NoChelate&�� %�&/ .  
    �� �� $&Z# "��� T�         ��4Z) R��4'# ����4* (4	� ���/ R��* .  "4���

      �� I���* T/ q�/�� %��)  �! �	��Z�� R�Z���� %4��   �4� �4
 &4��/ .
EDTA  1NTA     ����� X�*�* T/ M���,� &��� � 6 13 � 2 ���/ R��� 

     &'��
 ��� ,H- �/ &)��3 "��;* .  1(	��/�'/EDTA     ���;4�/ �	�4)��* 
             ���� ��4� �� R� %4��oh +	�,-� � ��� �/ w�HxZ! "��;* ���/ .

    ��4	� ���&4	�3 T4/ q�/�� K�� "���)3/18Log K= (! w�Hx4Z  ��4

   �/ ���EDTA      T4/ %9�4) NTA)3/11LogK= (     M4���,� &�4�� �

)2/5Log K=( %�� ��� �� )30.(  
  

 
 8�*2-/9�; %<�  =��7� 
�EDTA >NTA��0� �F�� �� 5%' 5G� ����� %� 5%' �!�?�@A =��7� B�C' �� D�E�+!� ��'� 	   
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 K�� "���    "�-��&�
 %�B�� 1 w�HxZ! R��/   ��4
Pb-EDTA 

  �� %�� ��� .     Q�H� R��� T/ R�	 �
 ����       T4/ R� Q�W�)� � T;	� ��

       %�oxZ�� ���� �� �� ��v &)��)         �� �4^	� Q�H4� T/ ���H� �� Q�W�)�

 �Z��Z�o3 "�� (   %�o3�3� �)          �]��4� $���4	� (�4/ ��g4- �� Q�W�)�
Q�H� ( �� K�[)����. +
�23     �4�N) "�-��&4�
 I�9�!�* $��� R�;) �


EDTA-Pb  �� ��;�/      �4� �&�3 Q�W�)� %�o3�3� ����    &4'!)16(   �\4� 1
        ��gh �� �HB� T;	� �� ��� %NHOEDTA     %4�� (	�	�4� ��;�/  .

     T�-�	�/ �['	� �� $&�� %�&/ 6	��)   +
�23 �� "B�h ��
   t4H��� ��

 ���� ��9A)�) Q�&]2.(  

  
������� �� ��	 �����  

 "�� �� 3  %NHO �0� 1      �4! � ��4� tH��� ��
      ��&4W� �4/ %4��
)�        %�� $&� $��� R�;) 6	�
 $������ T/ ��� Q�W� .     T4! ��4: R�Z


 �� $&
�;�           �� ��4� %4NHO 1��4� �� ��4� @A4� +	�,-� �/ ���
  �� +	�,-� $������&/�	 .     �! ��gh �� %NHO +	�,-� (	�%��    T4/ �4


     R� ��gh K&# �� ��;�/ X*��� %�� �
 . ���: T/     %4NHO (	��;4�/ T!
    $������ �� ���)9/13± (0/342 �H��         @A4� �� K��4H�! �� K�4

800 �H��         %4NHO � $&'	V� K��H�! �� K�10  �4H��    �V�4�EDTA 
   &�� %�&/)"��4 .(     %NHO �� ��&W� (	�5/2   � 5 �H��   �V��EDTA 
   X�*�* T/)7/8± (217   � )2/10± (238 �H��     ��4/ K��H�! �� K� . ��

���h       $������ T/ T�-�	 Q�W�)� ��� ��&W� (	��;�/ T!  %NHO ��   ��4

5/2  15   � 10 �H��    �V�4�NTA      X4�*�* T4/ )2/8± (0/170  1)6/7± (
0/218   � )9/10± (8/177 �H��            &�4�� ��g4h �� � K��4H�! �� K�4

      X4�*�* T4/ M���,�)8/9± (8/97  1)9/4± (8/101   � )9/7± (0/103 

�H��   $��&)� K��H�! �� K� &� ��� .  1��� �� ��� ��A� ���Z* ��
EDTA %9�)    T/ NTA         +	�,-� �� �� ��0�* (	��;�/ M���,� &��� � 

    %��� $������ T/ ��� Q�W�)� . �! X�*�*%��       T4/ ��4� Q�W�)� �� �

   I��444B T444/ ��444� �� ��444� t444H��� ��A444� �� $���444���

EDTA>NTA>Oxalic acid>No Chelate  &4�� %�&/.  R�4Z
-
                �Z���4� �� I��4�* T4/ q�4/�� ����4* (	� "	V� 1&� R��/ T! T)� R

  �4! �	��Z�� %4��    w�Hx4Z! ��4	� ���&4	�3 1�4
 ��4
 EDTA-Pb  �
   w�HxZ! R��/ "�-��&�
 %�B��  ��
Pb-EDTA     %4�� ��4� ��  

)30 .(    �! ��gh K&# �� (	��/�'/      $������ �� ��� �&)� %NHO 1%��
�� T/ &)��*    R��� �/ ��� &)��3 "���        &4)�� ���H4� $���4	� ����49* ��


      ! I��B T/ ���� (�'{Z
 � ��vI�'/�      ��4	� ��� �4/ ��� ��
 $�
   &��/ Q�H�)9 � 27 .( Q�&] ��2+
�23 �� ���/ T/     $&4� $��4�� �4


�� &�	�* �� e�W�* (	� �� $&�� %�&/ 6	��) T! %��&	�Z).  
  

�!�"# $�%�	 &"����'  
     "�� �� T! ��A)�Z
4 �� $&
�;�   ��4� %NHO +	�,-� �/ 1���

     -� ��� �
�� ������� "��)��3 1��� ���� +	�,  +	�,4-� (	� 1&/�	
  �! ��gh ��%��   %�� ��;�/ ����/  .         �� $&4'	V� ��A4� �� M	 �
 ��

  1���EDTA    �! �	�� T/ %9�) %��      ������� �� �� ��0�* (	��;�/ �

    ���� ��� �� ��� �
�� . ���4A/    %4NHO �� T4!   ��4
5/2  15   � 10 

�H��         ��� ��&W� 1��� ����� @A� (	�*V�/ �� � R� �V��  ������� 
$&�                �4/��/ X�*�* T/ 6	�
 &�� $��� Q�: �� � ����
 M	 �� ��� �� 

 �/)6/17± (703 1)1/20± (958 �)3/25± (1208&�� %�&/ K�  .  

  

  
 8�*3-/9�; %<�  =��7� 
�EDTA >NTA��H$* �� 5%' ����� ����� %�  5%' �!�?�@A =��7� B�C' �� D�E�+!� ��'� 	   
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 �	��2-I�	"J �� ��KL �� ���! 6�%7�'� �?��# �� ��* MN�� 
�/�E=��7� 
�

 O��P)� 8�Q
��??�

�� /9�; /�E
)mmol kg-1(

 +�,
T�U?'

 V%�'� 8�W +�, �����
 ($ ��      ��!)%��%�(

 +�, 5G�
 T�U?')%��%�( ��! X�� YZ?�

       

EGTA 5 Pb 100  1000  
���  ���� �

)B.ajuncea( 
Blaylock �������� � 1997 

       

DTPA 5 Pb 100  1000  
 ���� ���� 

)B.ajuncea( 
Blaylock�������� � 1997 

       
HEDTA 45/1 Pb 235  5/26  ���)Z.Mays( Huang �������� � 1997 

       

CDTA 5 Pb 100  1000  
 ���� ���� 

)B.ajuncea( 
Blaylock��� �  �����1997 

       
NTA 10 Cd 8   2   ����  ����)B.Juncea( Quartacci �������� �  2005 

       
Citric Acid 3 Pb ��� �����!� 2/2  ����  ����)B.Juncea( Wu �������� � 2004 

  
  +	�,-�          �4! ��/��4! �40� �� $�� �� ��� %NHO %4��   �4
)  $2	�4/

EDTA (     �V�/ j����/ (�'{Z
 �  ������� R��/ ��	� "	V� �� 1$��
    %�� ��� �� ��� �
�� .     ��gh �� �	��W� (	�NTA   �/��/ X�*�* T/

)1/24± (622 1)30± (665 � )2/25± (606  &�4444�� ��g4444h �� � 
    X4�*�* T4/ M���,�      �4/ �4/��/ )5/2± (317  1)5/28± (395   � )5/3± (

376&�� %�&/ ����
 �� ��� K� . 
 

�!�"# (�)�' *��+  
���       T/ T! %�� �)��� I&� �^)��/ +	V�3 R  �4� Q�:    �4* &4��[)�

 &��/ ���95 "/�5 @A� T/ � $&� J-� ��� ����� .    �4/ ��4N'� (	&4/
        �\4] ��&4W� 1Q�� �� $�� %;! I�8-� ��&8* 1&�� $��� Q�: j���

      ��� %NHO � ��� �
��          R�4�� (�4�8* T4/ K�&5� ��� �� $&)�Z�5�/
�����    	�� ��� �� ��� �	���& .    "�4� ��5        ���� T4/ R�4�� (4	� 1
%NHO    �! � ��� tH��� ��
%��%�� $&� T9���� �
 . T! ��A)�Z


 �� $&
�;�              +	V�43 R�4�� �4/ ��4� �� ��� @A� +	�,-� �/ 1���
 �� $��,-�   �! ��gh K&# �� +	�,-� (	� 1���   %4�� ��;4�/ %4�� .  T4/

    �! ��gh �� (�� �^	�      �4� �&�3 +
�! +	V�3 R��� 1%��   &4'!  �4*
    ��gh �� T�'	�EDTA          &4��/ ��4� @A� �
 �� ��&W� (	��Z! T/  .

  �4! R�&/ ��Z�* �� 1$&'	V� @A� (	�*V�/ �� +	V�3 R��� (	��;�/-
   �/��/ %��110   &�� %�&/ Q��  . ���h ��         (	�*V�4/ �� ��&4W� (4	� T4!

  @A�EDTA  1NTA          �4/��/ X4�*�* T/ M���,� &��� � 20  145   � 71 
 ��/ Q�� . � (	��/�'/   ��gh �EDTA         &
�4� T4/ %9�4) +	V�3 R��� 1

  ��&h80    �� �&�3 +
�! &B�� &'! .     �4! �	���4! X4�*�* %4��   �� �4

����� R��� +
�! I��B T/ 6	�
 $�� 7��* ��� �	���EDTA 

>  NTA > Oxalic acid  > No Chelate&�� %�&/ .  
  

�N���
%�!
        �4� R�;) +
�23 (	� �� $&�� %�&/ 6	��)     ���4�� T4! &4
�  �� $�

�!%��  �
)  $2	�/EDTA (           �� Q�4H�� ��4� %4NHO +	�,4-� U4#�/
             �� $�� $������ T/ Q�W�)� � T;	� �� �\] R� Q�9)� T/ � ������ .

  �! |�u� 1(�'{Z
%��       �
�� ������� "��)��3 +	�,-� T/ �['� �

      ����� R��� +
�! � ��� �� ��� �4� ��� �	��� ���4 .   s4O� T4/

  �� $������ ��	�,��!%��   T4��) (4	� T/  1�
�� +	V�3 ����'- �� �

       �! ���/ |�u� T! ��Z) T]�* &	�/ ,�)%��  T	,[* %�	� ��
  �	\43�)

  &')��EDTA              Q�4W�)� � �	�;4/� �4A� +	�,4-� U4#�/ %4�� (�Z� 1
        �'����	� � ��A� �`/� T/ (�^'� I�,H- ��4� .     �)V�4: I��4B ��

      �! %�� ��`/ $�� &�� $��� R��/%��  �
     T4Hh�� &4'v I��B T/  � ��
 R��� ��              �� ��4� �� I�,4H- �\] ��!�&h $�� T! &�� �� X��'� ��


         &/�	 +
�! (�^'� I�,H- �	�;/� �A� �* ��� $������ 1���� .  $����4��
  ��NTA    ��] T/ EDTA �� &)��*       T���&) �� Io�;� (	� ���&h �* 

&��/ .  
  


��+U'P'  
     �5� &'Z4���� I���`';�3 �� TH���'	&/        � ����� ��8�4� �4�!� R�4	

  �����&� X�9h ��!�       R�����! $�^;)�� �ZH# I��
 K���� ��g#� ��
�� ���,^��x� T����� �s�	�Z).  
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8�* 4 - �/9�; %<� T�U��� �H�� 
�5/2) =E�( >5) 5 ( 	10) 6 (������ �@��/�E($ #� 5%' ���! 6�%7�'� 8�H��J %� �  

)  R����LSD@A� 1�'8�  ���5&B�� (  
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 8�*5-/9�; %<�  
�5/2) =E�( >5) 5 ( 	10) 6 (������ �@��/�E($ #� 5%' I�@J _�# %� �  
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Abstract

Phytoextraction is a remediation technology for contaminated soils with lead (Pb). The application of 
chelating agents can be resulted in high efficiency in this method. In current study, the effect of synthetic and 
natural chelates applicationon efficiency of lead phytoextraction from soil by carrot was investigated. The 
experiment factors were 1) six levels of Pb (0, 100, 200, 300, 500 and 800 mg Pb kg-1 soil, added as Pb(NO3)2, 2) 
chelates (EDTA, NTA and oxalic acid, and 3) chelate concentration (0, 2.5, 5 and 10 mmol kg-1 soil). The results 
indicated that EDTA effectively increased the Pb content in soil solution. At the highest applied rate (10 mmol 
EDTA kg-1), it resulted in 463-fold increase in extractable Pb, compared to the control treatment. Pb content in 
the shoot and taproot increased with the chelates application rates.The highest Pb content in the shoot 
(342.2±13.9 mg kg-1) and root (310 ±15.5 mg kg-1) occurred in 10 mmol kg-1 EDTA when Pb level was 800 mg 
kg-1. Pbphytoextraction potential increased with increasing thechelate and Pb concentration. Maximum Pb 
extraction from soil (1208±26.6 g ha-1 yr-1) during growth season occurred in 10 mmol kg-1 EDTA, when soil Pb 
level was 800 mg kg-1. It may be concluded that carrot can take up high amount of Pb and concentrate it in its 
roots and shoots. Thus, it can be introduced as a lead accumulator to phytoextractPb from contaminated soils. 
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