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1. Solidification/ Stabilization 
2
 . Vitrification 

3 . Excavation 
4 . Soil washing 
5 . Chelating agents 
6 . Phytoremediation 
7 . In situ remediation 
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8. Hyperaccumulator 
9 . Bioconcentration Factor 
10

. Ghosh and Singh 
11. Phytoextraction 
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13. Translocation Factor 
14. Bio Concentration Factor 
15 . Biological Accumulation Coefficient 
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 Q`�-9 G� &�  B�� C��NN�� �� (� G09�O100  &�0	
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G�-OTragopogon collinus    Gundelia tournefortii 
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���� ��� 
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1  Stipa hohenackeriana Poaceae   GH��(P6 
	(PO  

2  Hulthemia persica  Rosaceae  G�-�GH��(P6 &�  

3  Gundelia tournefortii   Asteraceae  GH�Rg� 
)��  

4  Brassica juncea  Brassicaceae  )�� GH�Rg� 
  

5  Astragalus effesus  Fabaceae   GH�Rg� 
)��  

6  Taeniatherum crinitum  Poaceae  GH�Rg� 
	(PO  

7  Tragopogon collinus  Asteraceae   GH�Rg� 
)��  

8  Scariola orientalis  Asteraceae  GH��(P6 
)��  

9  Descurainia sophia Brassicaceae   GH�Rg� 
)��  

10  Achillea millefolium Asteraceae   GH�Rg� 
)��  
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)��  

13  Echium amoenum Boraginaceae  GH�Rg� 
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 G'H�I	 3�-	 Stipa hohenackeriana  G� G*-� �� G5 3-�

 �E� �3 ���	 �0	 1� Cc� �I� �MX U�-� w�� 8i�R	

 Qg�) (� G09�O2  
��-� &��	�(�� Cc� �� �3 YZ� .(

G�-O (G���) 
PN	4��4 &����* MX �3 3-*-	  .(� &�X

 4� /-�K	 �311 Cc� �3 3-*-	 G�-O .(� G09�O G�-�� ��  

G�-�� &���Cc� QA�3 �3 �@�A 4� &��3�� &��

G��� a�� 4� �2(� �\0R	  1� (G��� ��'9 a��) 
��3

                                                      
1 . Curtis and McIntosh 

 

 Qg�) (� 8��3�� @�A G�-��2 8��� �� �3 .(3  QN9��

 /-�K	 �3 33 * ���� Q>9 �3 @�A G�-����.(� &�X  

 

���>� F� ��&��GE���& �� ��� # ������ ���  

G�-����* 
��NO &�� 2�[���	4X G� 2(� &�X

 Q\0P	 M���� 2�[���3 
'Nf. ���P	 2(g���3 
��P�5�A

G�-�� 2�[���	4X �3 .(�(�  
��-� UV� 3 G� 
��NO &��

G�-�� .(�(� 1Ng)� 
PN	4��4 &��� M���NO G��� &��

C��z Loi G�-�� YZ� .(� -�0R� �I\	 BX �� @�A ��

G� C(	48  &�	3 �3 8���70  QA�3 }-NR�� G*�3

G�-�� �M(� 1�A 4� ('� .(�(� 23�3 ���p MX B�N�X ��

 1H� 4�  2(�2 
�N	) (�(� 23�3 �-f� &�0	6 .(  

 ��� 4� �E� 3�-	 JN[P� C�D�9 w��V0�� &���

G� R5� BX  xN�F 1��-)H-� (N�� G�N� (� 23�)0�� G��N

)24YZ� .(  2�[0�3 4� 23�)0�� �� �E� 3�-	 C�D�9 8E�F

ICP-OES  �(	GBC Avanta �NH��0�� �-�5 8A�� 

24�(�� .(� &�NO G�-�� ��* @�A &�� G� DN� 2(� &�X

G�  2(� Q\0P	 2�[���	4X  ���� &�	3 �3 G0)� 3 C(	

  2D��[P�  �P� Loi &��� YZ� .(�(� 1�A
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G��� &��  1H� 4� M���NO2 
�N	 (�(� 23�3 �-f� &�0	

)8 .(  

G�-�� �3 &�  B�� C�D�9 Q5 ��(\	 �@�A &��

 1��0N�(N�� �� ��� 4� ('�4  �3 �T-	?��i J�&��	  ��

 &�	360  }-NR�� G*�3C(	  Qp�(i 14  8���

 YZ� .(� w��V0�� 4� 23�)0�� �� �E� 3�-	 C�D�9 8E�F

2�[0�3 ICP-OES  �(	GBC Avanta  �-�5 8A��

 �NH��0�� DNH��X(� )13(.   

 &�  B�� JN[P� C�D�9 
H3�f� ��(\	 w��V0�� ��

4� 23�)0��  �-�+	1
DTPA  Yg�Z��0�)5( ?�K�� (� �3 .

 8���� 2�[0�3 4� 23�)0�� �� �E� 3�-	 C�D�9 8E�FICP-

OES  �(	GBC Avanta �NH��0�� �-�5 8A�� 24�(��  &�NO

.(�  

 

�� ������*�H 
	���
������ ���� ������ 
����  

 C�D�9 ��K�  Bo* �3 M���NO 
����-� 
���4�� &���

 �3 JN[P�
)�0V	 &���-05�9 4� 3-A &��	�(��  23�)0��


	G5 3-� ��\0�� �-05�9 )TF(
g�s-H-N� ��K� �-05�9 � 

)BCF( 
g�s-H-N� Bo* =��k  )BAC(  D*

^A�� J�� J��0H�(0	
	 B-R+	 ���-� .(  

  

���& ��F(�  

G�
P'	 C�)� 3-* ?(� �� 3-* 
���� �-EP	 ��3

 8E�F JN�&�  B��  �3&��0��� ]�0V	�  M-	4X

1� Y����� G�DK� G5 8�� �5z G� ?4T .(� ?�K�� G9�.

23�3 M3-� ��	�� 
���� &���L�O-�H-5 M-	4X 4� �� - 

Y����� M3-� J[�� 
���� &��� �L-��N���	4X 4� �� M-

GR��\	 &���  M-H JN[��N	 M-	4X 4� ��Jg��3  23�)0��

G� .(�GR��\	 �-EP	 8E�F &�  B�� G�2(	X 8�3�  ��

) �`�P� J�� 4�K	 ��(\	 �n5�(i12 4� ( 1� �� 
� M-	4X

8��e ��(\	  M-	4X)t (G�-�� 1� .(� ?�K��  

  

I����  

�� �#� # $�% 
 ��J� # �* )K2L M�����# ��F(� I���� 

  ���  

                                                      
1. Diethylenetriaminepentaacetic acid 

C�D�9 Q5 8E�F �� 8��� �e� Y����� G�DK� _��0� 

B��  8��� �3 &��(* �3 G'H�I	 3�-	 &�� )2( 

 .8�� 2(� G~��� 8E�F JN� Y����� G�DK� _��0� }��� ��

 Lc0A� ]�0V	 &��0��� �3 
H3�f�  Q5 &�  B��


P'	 8��3 3-* &��3)01/0<p( .  
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 @#/A2- �����# ��F(� I����)��% �� �#� # $�% @��J� �	�: # �* )K2L M�� �! ��� ���  

6�N7    &3�4X G*�3   ��(\	F  
5����� 

 Q5 B�� 8E�F  2�O JN�(8��� �e�) ��  10  9/335  **  

  2�O M�3(U��	4X &�IA) ��  22  

  Q5  32  

 �3�f� Q��p B�� 8E�F  2�O JN�(8��� �e�) ��  10  05/136  **  

 2�O M�3�(U��	4X &�IA) �  22  

 Q5  32  

 Q5 &� 8E�F  2�O JN�(8��� �e�) ��  10  43/37  **  

  2�O M�3(U��	4X &�IA) ��  22  

  Q5  32  

 �3�f� Q��p &� 8E�F  2�O JN�(8��� �e�) ��  10  48/198  **  

2�O M�3(U��	4X &�IA) ��  22  

Q5  32  


P'	 **  ���0i� �I� �3 &��31 .(`�3  

  

 �#� # $�% 
 ��J� # �* )K2L P�G��� ����3 I����

 ��� ��  

 �3 &�  B�� 
H3�f�  Q5 ��(\	 GR��\	 _��0�

 �(*)3(  .8�� 2(� G~��� 4� Q`�i _��0� G� G*-� ��

GR��\	  JN[��N	 �I� �3(`�3 1� 8E�F JN�  B�� Q5


P'	 Lc0A� G'H�I	 3�-	 &��0��� �3 8��3 3-* &��3

)01/0<p(G� .  1� 8��� �3 B�� ��(\	 J��0�N� Gg��-.

 8��� G� |-��	 B�� ��(\	 J��0�5  (� 2(���	11 

 &��0��� �3 
H3�f� B�� 8E�F JN[��N	 �JNPW�� .3-�


P'	 Lc0A� �� �� ]�0V	 (P0��3 &��3)01/0<p( .

G�  3-A G� 1� 8��� �� B�� ��(\	 J��0�N� Gg��-.

	 J��0�5  23�3 ��>0A� G� |-��	 
H3�f� B�� ��(\

 ���6 8��� .3-� 

 }��� ��GR��\	 4� Q`�i _��0�  �I� �3 JN[��N	

(`�3 1� 8E�F JN�  G'H�I	 3�-	 &��0��� �3 &� Q5


P'	 Lc0A� 8��3 3-* &��3)01/0<p( J��0�N� .

 8��� �� &� ��(\	1� G� J��0�5  23�3 ��>0A� 3-A

 8��� G� |-��	 &� ��(\	11 -� �(*) 33 JN[��N	 .(

8��� �3 
H3�f� &� ��(\	 Lc0A� G'H�I	 3�-	 &��


P'	 (P0��3 �[�(g� �� &��3)01/0<p(G� .  Gg��-.

  (� 2(���	 1� 8��� �3 
H3�f� &� ��(\	 J��0�N�

 8��� G� 
H3�f� &� ��(\	 J��0�5_P�  .8��3 a�'�

  

 @#/A3- $�% 
 ��J� # �* )K2L P�G��� ����3 )��% �� P0��� ���& �� ���N�%� �	 �#� #�� �! ��� ���  

)��%    )K2L$�%  ��) ���mg/kg(   )K2L�#�  ����� )mg/kg(  

Q5  
H3�f�  Q5  
H3�f�  

1   a33/204 ± 17/6724   a0/5 ± 0/45   a20/100 ± 67/1250   a29/0 ± 33/35  

2   b05/90 ± 9/5724   b9/0 ± 9/31   ab47/98 ± 9/1189   b3/3 ± 3/28  

3   c7/109 ± 37/5411   b5/2 ± 5/33   b11/51 ± 48/1134   b25/2 ± 25/30  

4   c4/154 ± 9/4769   f3/0 ± 3/3   b48/11 ± 56/1146   g5/0 ± 5/2  

5  ef55/4 ± 01/4215   f5/0 ± 5/4   b2/100 ± 32/1132   g3/0 ± 4/2  

6  e75/44 ± 07/4241   c6/2 ± 07/19   b65/0 ± 65/1140   c07/2 ± 07/19  

7  fg15/6 ± 2/4046   d6/1 ± 6/12   c28/15 ± 33/963   d03/1 ± 03/12  

8  g79/18 ± 4/4018   de3/1 ± 3/9   cd01/17 ± 67/912   f2/1 ± 4/6  

9  h25/88 ± 63/3816   d7/0 ± 7/12   de3/17 ± 0/860   e6/1 ± 06/9  

10  i6/59 ± 5/3516   e0/1 ± 0/9   e0/10 ± 0/810   fg2/0 ± 7/4  

11   j36/105 ± 93/3124   e15/0 ± 13/8  e0/5 ± 0/805   fg6/0 ± 2/4  

2(P�3 M��� JN�T L�i JN[��N	 GR��\	 _��0��� )Mean ± SE(  M-	4X ��Jg��3 .8�� M-0� �� �3 G���	 L�i  
P'	 Lc0A� ?(� 2(P�3 M���JN[��N	 JN� ��3 ]�0V	 &��0��� �3 ��


	 .(���  
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 ����3 �Q*�/R �	 ��� �#� # $�% �* )K2L P�G���

 )��� S�? )T�NR # U�� ��	��* ���	 �& ��( ��/3  

_��0�  �� Q5 &�  B�� 8E�F JN[��N	 G5 3�3 M���

  
'��	 &����5 3 �3 MX 4�K	 ��(\	 �n5�(i

bN+	 
P'	 Lc0A� 
0R�4 MX 4� �0�N�  3��3 &���3


	 ) (���01/0<p �(*) (4'� .( 4� 
��� 
O(P�TX 
P

8��� �3 &�  B��  �n5�(i 4� �0�N� �G'H�I	 3�-	 &��

.8�� 4�K	 ��(\	  

  

  

 @#/A4-  ��( ��/3 �Q*�/R �	 ��� �#� # $�% �* )K2L ����3  

6����W� U	�5  ����& �A��  F2H )K2L    ���&  �(��� t    

(���	 &����5) B�� Q5 8E�F JN[��N	  32  8/1030 ± 9/4509    **51/23  

(8R�4 bN+	 &����5) B�� Q5 8E�F JN[��N	  32  8/1030 ± 9/4509    **46/23  

 Q5 8E�F JN[��N	&� (���	 &����5)  32  9/162 ± 4/1031    **73/18  

 Q5 8E�F JN[��N	&� (8R�4 bN+	 &����5)  32  9/162 ± 4/1031    **3/29  

 R�4 bN+	  
'��	 &����5 &��� B�� 4�K	 ��(\	 �n5�(iG� 8 =N���290  300 
�N	
	 ?�O-�N5 �� ?�OG� 8R�4 bN+	  
'��	 &����5 &��� &� 4�K	 ��(\	 �n5�(i .(��� =N���

500  200 
�N	
	 ?�O-�N5 �� ?�O) (���12
P'	 ** .(  ���0i� �I� �3 &��31 .(`�3  

  

 ��� �3!5 �* �� ������ # ��� �� $�% )K2L I����

  �� �!  

}��� ��  �(* _��0�5 �3 B�� ��(\	 J��0�N� �

?�(��  G�-O G� |-��	 �
��-� &�� Scariola orientalis 

 G�-O G� |-��	 DN� B�� ��(\	 J��0�5crinitum 
Taeniatherum 
	.(���  �3 B�� ��(\	 J��0�N�

G�-O G� |-��	 
PN	4��4 &��	�(�� collinus Tragopogon 

|-��	 DN� B�� ��(\	 J��0�5  G�-O G� Descurainia 

sophia 
	  ^A�� ��(\	 JNPW�� .(���TF  &���

G�-O  &��Stipa hohenackeriana �Scariola orientalis �

Descurainia sophia �Stachys lavandulifolia  

Echium amoenum  M���NO ���� &���  1� 4� �0O�D�


H�i�3 .8�� 23-� 1� 4� �0�5 G'H�I	 3�-	��3�\	 G5 

^A�� &��BAC  BCF  �G'H�I	 3�-	 M���NO ��� &���

 .3-� 1� 4� �0�5  

  

 @#/A5- Y��+ ����3 # ������ �� $�% )K2L P�G��� ����3 Z��� �� �* $�% )K2L P�G������� 
������ 
	����� ��� 
����

���� �� �! ��� ���  

 ����   P�G��� )K2L$�% �* 

 ��� ��  

 )K2L$�% ���� ��   TF  

 

BAC  

  
BCF  

  
��-� ?�(��  
PN	4��4 ?�(��  

Stipa hohenackeriana    

  

  

  

  

8/1030 ± 9/4509  

 b4/156 ± 94/149   b 2/132 ± 38/132  13/1  033/0  03/0  

Scariola orientalis   a3/37 ± 9/173   c5/30 ± 5/111  56/1  038/0  024/0  

Brassica juncea   f7/21 ± 13/35   e8/32 ± 86/52  66/0  007/0  011/0  

Tragopogon collinus   g1/4 ± 19/19   a2/5 ± 2/210  09/0  004/0  046/0  

Astragalus effesus  e0/2 ± 5/54   e1/2 ± 2/62  87/0  1/0  013/0  

Taeniaterum crinitum  g2/3 ± 2/14   f4/2 ± 4/47  3/0  003/0  01/0  

Descurainia sophia  d3/3 ± 3/67   j13/1 ± 2/7  34/7  015/0  001/0  

Achillea millefolium  g2/4 ± 2/16   h6/5 ± 53/33  48/0  003/0  007/0  

Centaurea virgata  g9/2 ± 65/17   g68/5 ± 9/42  41/0  003/0  009/0  

Stachys lavandulifolia  f2/4 ± 7/30   i6/6 ± 4/20  5/1  006/0  004/0  

Echium amoenum    c0/3 ± 5/83   k5/1 ± 5/2  4/33  018/0  0004/0  

2(P�3 M��� JN�T L�i JN[��N	 GR��\	 _��0��� )Mean ± SE(  M-	4X ��Jg��3 .8�� M-0� �� �3 G���	 L�i  
P'	 Lc0A� ?(� 2(P�3 M���JN[��N	 JN� ��3
	 ��.(���  
  

 �(* �3)6( ?�(�� �3 &� 8E�F Q5 JN[��N	 &��

M���NO 
PN	4��4  
��-� G�-O �3 �[�(g� �� ]�0V	 &��

^A�� JN[��N	 ��(\	 JNPW�� .8�� 2(� GR��\	 &��

TF �BAC  BCF  G5 3�3 M��� _��0� .8�� 2(� G~��� DN�

?�(�� �3 &� ��(\	 J��0�N� G�-O G� |-��	 �
��-� &�� 

Scariola orientalis  G� |-��	 DN� &� ��(\	 J��0�5 
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 G�-OCentaurea virgate -�.3 ?�(�� �3 
PN	4��4 &��

G�-O G� |-��	 &� ��(\	 J��0�N� collinus 

Tragopogon G�-O G� |-��	 DN� &� ��(\	 J��0�5  

Descurainia sophia  M��� �(* �3 G5�-I���� .3-�

 ��(\	 �3�3TF G�-O &��� &��Stipa hohenackeriana �

Scariola orientalis �Astragalus effesus �Descurainia 

sophia �Stachys lavandulifolia  Echium amoenum 

 �3 .3-� 1� 4� �0�5 M���NO ���� &���  1� 4� �0O�D�


H�i ��3�\	 G5BAC  BCF  3�-	 M���NO ��� &���

 .(�3�O Gf��+	 1� 4� �0�5 �G'H�I	  

  

 @#/A6- ���� �� �#� )K2L P�G��� ����3 Z��� �� �* �#� )K2L P�G���Y��+ ����3 # ������ 
������ 
	����� ��� 
����

���� �� �! ��� ���  

 ����   P�G��� )K2L�#� �* 

 ��� ��  

 )K2L�#�  ���� ��  TF  

 

BAC  

  
BCF  

  
��-� ?�(��  
PN	4��4 ?�(��  

Stipa hohenackeriana    

  

  

  

  

9 /162 ± 4/1031  

 b6/270 ± 8/235   b19/240 ± 01/202  16/1  22/0  19/0  

Scariola orientalis   a5/213 ± 3/439   b19/71 ± 6/197  2/2  42/0  19/0  

Brassica juncea   e02/56 ± 4/91   d3/43 ± 5/109  83/0  08/0  1/0  

Tragopogon collinus   e0/0 ± 8/88   a6/5 ± 4/381  23/0  086/0  37/0  

Astragalus effesus  g06/0 ± 06/63   i6/2 ± 36/58  08/1  06/0  05/0  

Taeniaterum crinitum  g66/0 ± 5/64   c9/4 ± 08/150  43/0  06/0  14/0  

Descurainia sophia  f8/2 ± 96/78   j9/7 ± 8/28  74/2  07/0  02/0  

Achillea millefolium  g8/0 ± 5/65   h2/1 ± 8/68  95/0  06/0  066/0  

Centaurea virgata  h5/2 ± 25/52   f6/11 ± 95/81  63/0  05/0  08/0  

Stachys lavandulifolia  c14/5 ± 14/132   g2/2 ± 8/73  79/1  12/0  07/0  

Echium amoenum    d5/1 ± 5/112   e16/0 ± 16/95  18/1  1/0  09/0  

2(P�3 M��� JN�T L�i JN[��N	 GR��\	 _��0��� )Mean ± SE(  M-	4X ��Jg��3 .8�� M-0� �� �3 G���	 L�i  P�3 M���
P'	 Lc0A� ?(� 2(JN[��N	 JN� ��3
	 ��  .(���  

  

 �(* �3)7  8(  Q5 8E�F JN� 
[0Rf�� =���k

?�(�� �3 &�  B�� 8E�F �� @�A &�  B�� &��

 �� .8�� 2(� G~��� G'H�I	 3�-	 M���NO G���  
��-�

 �(* _��0� }���)7(  &���N�0	 JN� 
[0Rf�� =��k

 B��  @�A B�� Q5 8E�F �3 M���NO G���  Gp��


P'	 (`�3 1� �I� 8�� 2(� ��3)01/0<p( _��0� .

 �(*)8( 
	 M��� JN� 
[0Rf�� =��k G5 (�3

 G���  Gp�� &�  @�A &� Q5 8E�F &���N�0	


P'	 (`�3 1� �I� �3 M���NO 8�� 2(� ��3

)01/0<p(.  

  

 @#/A7- � Z��� �� $�% �* )K2L P�	 ��%��� 
G��J>� a�������� �E�� # 
���� ��b�/��� �! ��� ���  

�N�0	   @�A B�� Q5 8E�F  Gp�� B�� 8E�F  G��� B�� 8E�F  

@�A B�� Q5 8E�F  1      

Gp�� B�� 8E�F  ** 477/0  1    

G��� B�� 8E�F  ** 352/0  ** 889/0  1  


P'	 **  ���0i� �I� �3 &��31 (`�3  

  

 @#/A8 - �#� �* )K2L P�	 ��%��� 
G��J>� a���� ���� �E�� # 
���� ��b�/�� Z��� ���� �! ��� ���  
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