
 � ������� 	
�� � 

�� ����� ����� / ��������� /  ��� ! 
�� � "#$)& ( /	�()��*+,-

���

���.��
$ /�0 	����. 1�
2 �
3��� 4� ��
56 7�8 ��9�:

��;�2 /��<**�3</�= ��/#� >*�?
5/�� /@��A6 >B� �C��� ��<� �D/��� *

) ����	 
���
� ��
��:��/�/�� ����	 �����  � :�/�/��(

�E�F$

  �8/�E��</�      >G� H</@(�< � ���F�6 	
I � >�(��J ���  �� K/L� �
3��� ��� M��A��(� 4� E �N� ��<� ����J O�< &GD�� 4� �
N! .  	
N$

     &GD�� E��� >E�()� � � �
3��� Q����/2          E3
! 4�RL2 >S)�� 1�T� 4� 4��@2 �< "�A �
3��� ���? ��� .        �N� KUN? �</N� V�� O�E�$

S� ���<E(� �< 4� ��<� �
=� �
3��� ��<�� >" � �� �#36 O�/2	
�����/�� >�
3��� ����� �<�� 	W��E�� E�)�</: �� 	
��<E�)�< � �����A 

E�()� .V�� O�< �� 1�2/� ���L(A< � ��� QGF�� 4� 4=
2 �� M</�8< >4�RL2 ���E��</�4(�/. �</A 4=
2 ��
� �F�W
5
�� 4�RL2 ���E3< . ��

���.      �E��96 KU? �</� 	����. S����A �< >��9�:  �� ���R(�< ���
! .    �< X�CT2 O�< �E � KE�	�F    ���. "�)3�(: ���/� � �Y��  1�
2 ��9�:

7�: /�< �� ��
$ /�0 	����.S�< �
3��� 4� ��
56 7�8 ���� .Z����6 �</F2 4� �� ����L2 MG��� "��
(��� [/� \5�A �� X�CT2 O�< ���

E��/. </=< . 

.�
� ��
$ /�0 ���. 4�)]�3W
3��� ���. 	<
�� 4�(�
()� � S����E3< �� ��
()� > S����E3< 	�E� �)�R�� 	����. 	<
�� 4� (

E3E! ���R(�< �
3��� 4� ��
56 7�8 4�RL2 �</� .��<� ^3���<� _�5�36 �<� 	��3 ���. �� �
3��� � Y2 _�3 � 7�8 �
3��� Z��� 4� `
�/� ���

 ���. 4�     7�8 Z�9�: �</� ������ V�� ��9�:       �� >�� Sa�0 �� �
3��� 4� ��
56 ���E!�� .  D ��           ]�3W
3��N� ��N�. 4N� EN! �E���N� O

   7�N8 �
3��� �< �#=
2 "��A Z@� OF�5 >S�< �<��
8/� ��
()� �R�� 	����. 4� S�)3 �/(#� 	��E3<� �< 7�8 �
3��� KU? �� 

.�
�

S��� ���� � Y2 

.�
� ���E���.

�W<�����E��� :���. >�
3���7�8 �.�
56 >S� � >����� �<�� >��9�:

�EC�4

    �	 �� ! �"#$"% �& 
#"�$'    �' ("#$� )* �+ �#,    - .&�+ /�* 0� �"�!

  0�    
'* 1(, 2$34� 56-��$" /�* ./8      �9+ ���:$+�� �$;+ �& .$<=

 1-�! >*
*�–CN  �9	 ?@A* 
#"�$' B$" (<,�& �#9,)�( .  
#"�$9'

       >��+�& )* �C�& D'#� �E$:A 
#A �& /8 0:;F G�8 H
�I G�8   - �98

�"#! �8�$! >�8          
� J�K9	 >*�9& �L#<K9	 M
#9N �9& /98 - 

           ���$O$9, �*#	 ($�#� G1��" - @A P*�Q�'* 5#RO8 S;�Q	 T��<N

�	 ($�#� G>
�3&% - M*B;� >
-*�� G��% ���!)U - ��(.

        �9	 *
 
#"�$9' M�:$+�� �;+ 
#A �&        �9;+ 1-�9! -� 
� 5*#9�

  
#"�$' ��% M�:$+��
*�    
*�
#"�$' �"(E	 M�:$+�� -   �#9O" /$V�� .

  
#"�$' ��% M�:$+��  
*�   �	 1($	�" B$" 2���$" �+�	 *
 ("#,  �9& 5*#�

L W#99	�� �	#99ORCN�99+ �*� 5�499"  5% 
�R�99�% 5�99$<& 099� 

� .
�$4"*� X$��� �&- 5�Y N* ��E<N 1�Z4"*� G5*�OL �'(<Y	 1([4"*� G
V�) D$\	 �'(<Y	 (,
* �'�<,
�] ^&�' 5��#_4"*� 

� . 
�$4"*� `@N* - 
L*
)GM���:"4] 1([4"*� �5�Y N* ��E<N 1�Z4"*� G>)
-

* :  GM�:��[	 W#aV	�[$"-��[�* 
V�:amirth@cc.iut.ac.ir

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

12
 ]

 

                               1 / 9

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.43.2
https://jcpp.iut.ac.ir/article-1-806-fa.html


 ����� ����� � ������� 	
�� � 

�� / ��������� /  
�� � "#$)& ( /	�()��*+,-

���


'* .          G�*)% 
#"�$9' ��9'� �' �& �#C
*�
#"�$' �"(E	 M�:$+��

   b3;cO+ - 1��' >�8
#"�$'   �	 /$V�� 
#"�$' >�8("#, . 
#"�$'

      
#"�$' 5#� d#O_	 �& �*)%)−CN (     ($"�$9' 56-
($8 -)HCN (

 �	 ?@A*              �9& �9Y"% 
:V9" �9&% W#9;\	 
� �+ �#,pH    >�9	� - 

  �
*� �Z�V& W#;\	 .   �	 *
 1��' >�8
#"�$'    �	#OL W#	�� �& 5*#�

A(CN)x    5% 
� �+ �*� 5�4" A    G���9$;I B9;� 09� �� e#$"#	% 1-�! 

      - .$Z<' �� �+�C ���$;Ix   
'* B;� 
$��f  .W#	�� (E�	 >�8 >�

 b3;cO+ >*�&   1(, �g*
* 
#"�$' >�8          W#9	�� �9;OF 5% )* �9+ (9"*

 �	#OLxM(CN)yA   
9'* ���9$;I B;� 
#"�$' b3;cO+ >*�&

�+   5% 
�A   0�   �K<L�$;I��   - M     Gb9	 G.98% 29h	 .$Z<' B;� 

     - /$	��+ G23$" G>-
  @A  -x1-�! �*(E� -CN - y  �K9<L �*(E� 

 
'* ���$;I . + 
#"�$'   d#O_	 2       �9+ 
9'* 
#"�$' M�:$+�� e�O�

  �;$	 XVi �&  e�!CN  �	 5�$&   >
#A �& G�#,   �9+�  �9;$	   e�9!

   /$'��� 
#"�$')(KCN   W��E	 �/j �;$	   e�!CN   - G� �;$	   e�9!

  5�$99'-�� �99&%)Prussian blue() 364 ][Fe(CN)Fe ( W��99E	

���/j�;$	  e�!CN 
'* )� G� G��- ��(.

   �+ 
#"�$'             
� G
9'* >
#9� - >#9I /' 0� k�& 
l;m 
�

   
\� 
E$:A(<�*��      �3�6#�#$& - ���$O$, G�3�B$� S;�Q	 >�8

        ���Y" W#K\	 �& ��V& - ����! 
*�I(<�*��      ��9'�+ 5% 
$O' )* 

  �	 1�-B�* ���#, .  .�*(<�*�� M
�:L �8* )* (" :    �9�B_� - b3;cO+

             9& 5#$'*($V9+* Gn�9F*- - n�9F G W@\"* - X$'�� G5(, �

 M�"�$99'#$� 2$3499� GM�"�$99'�998 
99�
*�� G)�99$Q:�( �99�B_� G

�3�6#99�#$& �99�B_� - B$�-
(99$8 G���$O$99,#��. �99;+ 
#99A �99& 

b3;cO+             >�9�O+ 
$O9' )* �*)% 
#"�$9' �9& 
:V" 
#"�$' >�8

                
� �9Y"% 
9$��f �9& �Z�V9& �9Y"% 
$O9' 5*B$	 - ("
*�
#C�&

 �
*� 
#"�$' 5#� >)�'�*)%)o G� G�� G��- �o(.

*  1�$! )* 1�� �'       1�#9�% /�V$' �8 p�k�� �	* 
� �gk��   �9+ >*

            
9'* ����! 
*�I �F#� �
#	 q*�$C* G(<+ (,
 5% 
� ("*#�& 1�$! .

  .�*(<�*��    /�V$' �$ K� >*�& 1r�#& G   1�#9�% >�98    
9l;m �9+ >*

1(99<�k% �
*� ��&
�99+ ��499$& G
99'* /99+ �99Y"% >�998 . 
�(99<�*��

1�$!     �9	 eB$"�93	 .�(<= G��k��        �9+ �#9, �$ K9� s9L�& (9"*#�

M
�:L* )* (" :   �;�(:� 1�$!)Phytotransformation( 1�$! G >�$Q:�

)Phytovolatilization(
V9999�) G  �49999�
 D$9999\	 ��k�9999�

)Rhizosphere bioremediation(  �9999999�$:h� 1�9999999$! G

)Phytostabilization( �F*�Q�99'* 1�99$! G)Phytoextraction( - 

�4�
 5#$'*��;$� >*)Rhizofiltration()� G�j- ��(.

1�$!     1(<�k% TO_� - n�F �& �;�(:�      �9<$	)��) n% - t�C >�8

              �9	 ?@9A* 1�9$! D9'#� �9Y"% ��B_� q�:I�E�	 - 1�$! 
� �#9, . 1�9$! 
�

 1(<�k% G>�$Q:�            �9& G1�9$! D9'#� 1(9, n�9F >�8 (9<�*��   
9�
*�� 

)�$Q:� ( #u9F �
*- �	 ("#, .  
V9�) 
�      
 G�49�
 D$9\	 ��k�9�  �49�

  eB$"�3	 �& 5�8�$!            
� t�9C ��k�9� 
V9�) �#9:Y& sL�& S;�\	 >�8

  �	 �4�
 D$\	("#, .1�$!  �Z" �& G��$:h� v�C >
*� &#9'
 -   1�#9�% M�

    �8�$! p,#� D'#� 2\	 
�  /8 -    ��V9�* .$9<=   1(9<�k% 5��9]  >�98

    �	 ?@A* v�C 
� �O'�#, . 1�$! 
�    T9O_� 5�8�$! )* �F*�Q�'*

 >B;� 1(<8�)Metal-accumulating plant(  )* M*B9;� W���"* >*�& 

      �I�' �& bc' - �4�
 �& v�C  w�& - �8       �9Y"% 5�#9O" ��,�:"* - �8

�99	 1�� �99'* 1�99$! 
��#99, .�499�
 5#$99'*��;$� )* 1�� �99'* �99& >*

�4�
    1(<�k% n�F >*�& 1�$! >�8   n% )* >B;� >�8   >�98  �\x9'

   �
*� 1
�,* �<$	)��) �� . /�V$' 
�    K9� >�98     �L#<K9	 nk�9� �$

)Constructed wetland(G�4�
 5#$'*��;$�  �;OF )* >* (9<�*�� ���8

�	 n@y�� �� 1�#�% �<$	)��) n% �$ K� sL�& �+ 
'*�#, .

        �!(9"
*�)�& 2$V"��� )* - 
'* �O' �;$C 1��	 
#"�$' �=�!

        �-(9i 
� .[$� G
'* 
*�
#C�& �[$�#&��	�jjj     G�8�9$! �9"#! 

  �98�$! �9& J-�E	  z$"6#"�$9' 5)Cyanogenic plants(  ��C�<9, G

1(,    
#"�$' �] ("*)       �8(9�)#]#;! M
#9N �& q�:��m)Glucosides( (

       �9	 (9$�#� �L��� 
#l<	 �& *
 (9<<] .     5�98�$! e�9O� 
� G1-@9L �9&

 >("-%)Vascular plants(z:;F )* >���) �*(E� - H
�I - �8  G�98

#8 B�<99' 
� �:"�99F 1�
-%�99� M
#99N �99& 
#"�$99' (99$�#� G5#99	


�	�#, .       /�B"% 5�8�$! 
� �] .�* �& �F#� �&    D'#� �] (<�V8 ���8

  �	 �	(N 
#"�$'     >r�*��9'* �L#9" )* (9��& 5�98�$! G.�*�&�<& G(<<$&

	{  
$O' >*�& �|     (<,�& 
*�
#C�& 
#"�$' ��*�))�  G�o  G��  G�� - 

��( .�;L     
#"�$' M�:$]�� ��&
�] /m
) 9& �  �8($	�"�$9' }#K9C (

 5�I 
�             �9� �#] 5*#<L �& >)
-�4] 
� /�V$& 5�I 2�*-* - /8�)#" 

S;L  W�' �� Gp]         
*(9�	 �"��'% (i �
#	 
� ����$�\� G�$C* >�8

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

12
 ]

 

                               2 / 9

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.43.2
https://jcpp.iut.ac.ir/article-1-806-fa.html


���.��
$ /�0 	����. 1�
2 �
3��� 4� ��
56 7�8 ��9�:

��U

    �	 P
�C )* �] >
#"�$'    
$O9' - n�F 1�$! D'#� ("*#�  �9�*�)


��Z" e�_"* G�#,.

  
999$;&�I �
#999	 
� >�-(999\	 M�999E��x	 q*�999$C* - �9998


��-(\	 1�$! >�8   v�C ��k��        M
#9N 
#"�$9' �& 1�#�% n% -

 
'* ����! .            G
9'* 1�#9�% 
#"�$9' �& v�C �] >�
*#	 �;OF )*


��'         W�9m~ )* >�Y, )�! W�K\�'* �]-��	 q@E� - �O�(I >�8

 
'* �<' . 5�[	* M�E��x	          29$:I .9�* v�9C >)�V9]�� �_<9'


��'          )�9! W�K\�'* �]-��	 
��' 
� G�&#= 5�8�$! D'#� �8

      
� 
;8 �<' W�m~ )*       5#<]�� �] 
'* e�_"* W�i 
� Gv
�O"*�

 
��y
 ����"     
'* 1(, 2N�i �4Q&)�( .    G�Z�� ^$�\� -� 
�

  b[;c9O] - /$'��� 
#"�$' eB$�#&��	 - W���"*    .98% 
#"�$9' >�98

   M�9:$]�� .�* �] �*� 5�4" ����" - (, �E��x	 ($& 5��C
� D'#�

          ! eB$�#&�9�	 �
#	 q�:I�E�	 - 2��<	 ($& 
C
� �& 
#"�$'    
*�9I 1�9$

      
9'* �9���� T9O_� 1�$! 
� 
#"�$' )* �gBF 
*(�	 D�� - ����!

)�� - ��( .          �] 
'* 1(, 1(8�4	 M��$�\� .�* 
� �;] 
#A �&

         �	 ($�#� �E$:A 
#A �& *
 
#"�$' �] �"��C
� e�O� G(9<<]   >*�9& 

(<�V8 X'�<	 
#"�$' ��B_� - n�F.

       5�9[	* G^9$�\� .9�* �;] J(8      9"��� �9'
�& - �_<9' 2$V

            29h	 �&#9=�$m 5�8�$! ^��A )* 
#"�$' �& 1�#�% v�C >)�V]��

   �"*� - � ;L 5�8�$! �#& >* .       �9���� TO_� 
#"�$' 5*B$	 G.Oy 
�

             �9� 1�9$! D9'#� 1(, X��Q� 
#"�$' 5*B$	 �& �V���	 
� 1�$! 
�

        (9, �9'
�& >�#F - �x$\	 2	*#L �Z�� .      G^9$�\� .9�* ���9�"

   1�$! p"*� ���V! .Oy �	 G��k��     GT��<9N 1�� �'* �
#	 ("*#�

      n@9y�� �E$:A �$ K� >*�& @A W�K\�'* �"(E	 T��<N 1r�#&

      
��' v�C >)�V]�� B$" - 
#"�$' >-�i      
#"�$9' �9& 1�#�% >�8

��$! 
*�I 1�� �'* �
#	.

V�� � �<
���

p��	)%           1�Z49"*� >)
-�49+ 1(349"*� �"�Q;! 
� p8-r� .�* >�8

  
~% )* G5�Y N* ��E<N�o�� �Y	 
�����o�o  
9��! e�9_"*  .  .9�*

p��	)%  X��I 
� �8             �9' �9& ����K9� q@	�9+ 29�
#�+�� >
�	% `�A 

 (���!*�F* 
*�3� .     �*(E� `�A .�* 
���        
�9+ �& 
*�3� �8 
� 5*(;! 

 (, 1��& .  v�C�j            v�9C - (9, 1�#9�% 
#"�$9' �& 5*(;! �  5*(9;! 

         
�
 
�] �& (8�, 5*#<L �& 
#"�$' �& �!�#�% 5-(& .  )*   �9�x<	 v�C

  �
 
��& �&�  �"*� - e#�   (, 1�� �'* e#� >(<& .  
��   �9& 1�#9�% 5*(;! 

          5*(9;! .�* p��	)% )* J(8 - (4" ��,�] 1�$! G
#"�$'    �9'
�& G�98

    #u9F - >
�$&% 2	*#L �|*          *�9�) G�#9& t�C 
#"�$' 
*(�	 p8�+ 
� >

      �C�& �& 
'* .3O	 >
�$&%(<�*��        29h	 
#"�$9' �9E$:A W*-) >�8

-
($8B$�    (<+ 0O+ W@\"* ��  . #u9F 2	*#L     G5*
�& G��& 5#RO8 B$" >

         �<8% p�*B�* XF#	 *#8 5r$V+* - ($,
#C 
#" (9<�*��  W*-) >�8

 �99$Q:� 5#99RO8 
#"�$99' �99E$:A)
99�
*��( G���$O$99,#�� �99�B_� G

�	 �3�6#�#$& ��B_� - ���$O$, 5#$'*($V+*�#,  .

 5*(;! >�8�$��	      )* (9"�#& M
�9:L �98 :   #"�$9' 
9l;m   �9$�-* 


     t�C �& 1(, ���y*)C (    �x' �<� 
�C1    �9� C5     �$ K9� 29	*#L G

)M (    �x' �<� �&M1   �� M5     1�$! d#" - )P (    �x' �' �&P1   �� P5 .

              29	*#L G�9$�-* 
#"�$9' 
9l;m >�98�$��	 S9;�Q	 `#x' `�,

     
� 1�$! d#" - �$ K�-(F W�
'* 1(	%  .   �9E��x	 29�
#�]�� W(	

     b����	 >*
*� v�C �g*�)
#"�$'�*�)       �<� �& �$ K� 2	�L �$��	

          �x9' 
�9Y= �9& 
#"�$' 
l;m �$��	 - �x'(     W(9	 -   29�
#�]��

        b����9	 >*
*� 1�$! 
� 
#"�$' TO_� �E��x	o*�)    
9l;m �9$��	

          �x' �' �& 1�$! d#" �$��	 - �x' 
�Y= �& 
#"�$'( ("�#&  . W-(F

��	 5�4" W(	 -� 
� *
 �8�$��	 X$]�� (8�.

  
�(<�*��1�$!      5�	(9"*
 �9l" )* X9'�<	 1�9$! n�Q�"* G��k��

           
9'* 
*�
#9C�& >��9�) 
$O8* )* t�C �!�#�% p8�+ >k�& .

            1�#9� 
V9�) ($�#� ���"*#� 2$�� �& ��,#! w�& 5�8�$! qk#OE	

)Biomass (              )* GW�9' 
� �9Y"% 
�93	 
9,*��& 5�93	* - 5*-*��

    1�$! >*�& �|#	 5�8�$! �;OF (<�V8 ��k�� .    ^$�\� .�* 
�  )* b�

�'
�&              d#9" -� G�9'��'� 29&�I - (9$ 	 5�8�$! >-
 e)k >�8

   �+#�V� 1�$!)Fescue) (  �E��	 1�& S;L (      5-(9& - 
���-(9"* �&

 e#!
#99' - 
���-(99"*)Sorghum) (�99,#C M
~>* ( n�99Q�"*

("(, .           1�9$! 
� ��&
�9+ ��&�9' >*
*� 1�9$! -� .�*    �9Z�� ��k�9�

1(<�k%      ��	 
� >���) 2O\� - 1�#& �8    (9"
*� (L�V9	�" D�*�, 2& .


'* 0$"6#"�$' 1�$! 0� �#C e#!
#' 1�$! .Oy 
�.

 5*(;! �	�O�       �9"
 �9& �3$�9'@� b<9F )* - /9_i /8 �8

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

12
 ]

 

                               3 / 9

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.43.2
https://jcpp.iut.ac.ir/article-1-806-fa.html


 ����� ����� � ������� 	
�� � 

�� / ��������� /  
�� � "#$)& ( /	�()��*+,-

���

 ��E=* ./�c(� \��/2 � [
d���Z����6 �� "��
(e�� ���

p��	)% 
� �8�$��	 X$]��2�
#�]�� >�8 �8�$��	 `#x'

1�$! 
� 
#"�$' TO_�  �g*�)
#"�$'v�C M�KQ4	 e�"
P1 C1 M1 C1  
���-("* �& �+#�V�+ >
�$&%+>#F 2	*#L M1

P1 C2 M1 C2  
���-("* 5-(& �+#�V� + >
�$&%+>#F 2	*#L M2

P1 C3 M1 C3  e#!
#' + >
�$&%+>#F 2	*#L M3

P1 C4 M1 C4  >
�$&% + >�#F 2	*#L)1�$! 5-(&( M4

P2 C1 M2 C1  >�#F 2	*#L) 1�$! 5-(&>
�$&% -( M5

P2 C2 M2 C2  W��E	��;$	 t�C e�!#;$+ �& 
#"�$' e�! C1

P2 C3 M2 C3  W��E	��;$	 t�C e�!#;$+ �& 
#"�$' e�! C2

P2 C4 M2 C4  W��E	��;$	 t�C e�!#;$+ �& 
#"�$' e�! C3

P3 C1 M3 C1  W��E	��;$	 t�C e�!#;$+ �& 
#"�$' e�! C4

P3 C2 M3 C2  �& �+#�V�
���-("* P1

P3 C3 M3 C3 
���-("* 5-(& �+#�V� P2

P3 C4 M3 C4 e#!
#' P3

M4 C1

M4 C2

M4 C3

M4 C4

M5 C1

M5 C2

M5 C3

M5 C4

 ("�#& �34	 .     5*(;! e�O� >*�& 1�� �'* �
#	 t�C     T9:<	 0� )* �8

      5*(;! �8 �& - .$	��o    �C* 04C t�C e�!#;$+   (, 1�*� }�K .

              /$9'��� 
#"�$9' �9& *(9�&* 
� 5*(9;! �8 t�C)KCN (   
9l;m �9&

  (, 1�#�% �Q4	 .    5*(;! e�O� 1�$! 
,�+ �;i�	     )-
 09� 
� �8

  
��! M
#N �Q4	 .        q@:9I 5�8�$! )* �+#�V� 1�$! 
,�+ >*�&

         (9, 1�� �9'* 5% 
�9& )* e#!
#' �
#	 
� - ����� �$h3� .  e�9O� 
�

   5*(;! G5�8�$! (,
 M(	     �-(9i �9& e*(+ �8 - 5�	BO8 
#A �& �8

U�j ��"�'            >
�$&% G5�V3� ��*#� �& - >
�$&% �8 
� n% XE3	 ��	

("(, . �$8 )* S;L �"#!         (49" 1�� �9'* ���$O$9, �#9+ - p+ . 
�

     1) G>
�$&% )* b� �+ >�
*#	    1) �;N��@& G
,*� �#F- n%  �& n%

   �	 1("*��!�& �A#&�	 5*(;!(, .   
9,�! )* b���)-
   5�9	) )* 

            5-�$& t�C )* �Y"% �4�
 �& 1*�O8 5*(;! �8 5�8�$! �	�O� G
,�+

   
99+�� 
� 5(99, 
�#99� - 5(99, 0499C )* b99� - 1(99, 1�
-%

��V&
�  >*�Z">
*� ("(,  .         049C )* b9� B9$" 5*(9;! �98 t�C

       0� q@	�+ �� (, �#;Q	 - 1($&#+ G5(,      
� bc9' - �#, 
C*#"

��V&
� 
+���Z" >*(, >
*� .

>*�& 1)*("* �"#O" 
� 2+ 
#"�$' >�$!  ^9:A 1�$! - t�C >�8

�-
     �"#O" G(�	 �
*("��'* 
� �#F#	 >�8       - 1�#9O" �9$x�� *
 �8

  1)*("* >*�& bc'         �9"
 �-
 )* �9Y"% 
#"�$9' >�9$!    �9& �_<9'

   (, 1�� �'* ��	#��-��3c'* 1�Z�'�) �( .1)*("* 
#"�$'  1(9, >�$!

 �99;$	 XV99i �99& t�99C 
�$+ 
� 
#"�$99' e�99! t�99C e�!#99;

)soilCN/kgmg (       �9;$	 XV9i �& 1�$! 
� -    
� 
#"�$9' e�9!

  0499C 1�99$! e�!#99;$+)biomassdryCN/kgmg ( �
*B99!

("(, . 1)*("* 
I�       1�� �9'* �
#9	 1�Z�'� >�$!) ��	#��#�3c9'*(

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

12
 ]

 

                               4 / 9

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.43.2
https://jcpp.iut.ac.ir/article-1-806-fa.html


���.��
$ /�0 	����. 1�
2 �
3��� 4� ��
56 7�8 ��9�:

���

��E=B.��<� ����6 4JG8 ��<E3< 4� `
�/� ��� ���. � f�8 �� �
=
� �
3��� �/�.���. S!<�/� 4�?/� �< ^:

�#F#	 
#"�$')mg/kg  (�$�-* 
*(�	 �& 
:V" �#F#	 
#"�$' (N
�
��	*
�� >
�	% >�8

t�C 1�$!t�C1�$!

M*(8�4	 �*(E��jo��jo�

 .���4$&)�jj(N
� (o�/Uo�/���/����/U�

 �"�$	)�j(N
� (��/�j�/j��/���j/j

���O+ .)j(N
� (j�/jj�/j�/�j�/j

�<	*�oj/Uo�/��o/���/U�

.$Z"�$	��/���/���/��j�/��


�$E	 J*�\"*��/���/o�U/�U��/��

 
#"�$' 
V� 
YFjj�/j�#& .

    1�*� >
�	% 2$;\� - ��B_� TOF >�8         �9& �9E��x	 .9�* 1(9, >
-%

 e�" )* 1�� �'* >
�	% >�8
*B�*SASGSPSS - Excel(, e�_"* .  >*�9& 

 �<E	 �'
�&            J�9i 5�	("*
 �& �Y"% 2&���	 �$|�� B$" - �8�$��	 �|* >
*�

       >
�9	% �-
 )* G1�9$! 
� 
#"�$9' T9O_� 5�	(9"*
 B$" - t�C 
#"�$'

 b"��
*- 2$;\�)ANOVA, Analysis of Variance ((, 1�� �'*.

gT� � h��(3

  1�*� >
�	% �N@C   1)*("* �& �#&�	 >�8>�$!      
� �#9F#	 
#"�$9' 

     
� 1�$! - t�C-(F  W�      
9'* 1(9, �9g*
*  . 5�9O8     
� �9+ 
#9A

 W-(99F��99	 1(8�499	  t�99C )* 
#"�$99' J�99i 5�	(99"*
 G�#99,

5*(;!            >
#9A �9& G
9'* ��9,*� >��9�) M*�$$�� S;�Q	 >�8  �9+

  .���4$&       29+ 
#"�$9' 
*(9�	 �I�9& 1(9"�	       �9&*�& t�9C 
� o�/U  - 

     �&*�& 5% 
*(�	 .���O+jj�/j     5% .$Z"�$	 - ���/� �;$	     �9& e�9!

e�!#;$+ v�C 
'* .    t�C )* 
#"�$' p8�+ .���4$&�/��   (9N
� 

 5% .��99�O+ -�/�  5% .$Z"�99$	 - (99N
� �/�� 
99'* (99N
� .

/8  .$<=      
#"�$9' TO_� 
*(�	 .���4$&    1�9$! 
�     �9& �9&*�&o�/�� G

    �&*�& 5% .���O+jj�/j     5% .$Z"�$	 - ��/��;$	    e�!#9;$+ �& e�!

  
'* z4C 1�$!. .���49$&G  .��9�O+    .$Z"�9$	 -      T9O_� (9N
� 

 �&*�& X$��� �& 1�$! 
� 
#"�$'�j�/U� Gjj��/j - j�/��
'*  .

            
9l;m �9$��	 -� �|* Gt�C )* ��*~)
#"�$' 2�
#�+�� W(	 
�

       �x' 
�Y= �& t�C �$�-* 
#"�$'C1   �� C4    2	*#L -     �<9� �& �$ K�

  �x'M1   �� M5     �&�9�)
* �
#9	 t�C 
#"�$' J�i 5�	("*
 >-
 

      1�*� b"��
*- 2$;\� ����" �+ 
��! 
*�I     
� �9A#&�	 >�8 -(9F W

o    
9'* 1(, �g*
*  .            5�9<$OA* �x9' 
� >
�9	% 29$;\� .9�*�� %

) �<E	 �x'  >
*�� (% 
��! e�_"* .      Gb"�9�
*- 29$;\� W-(F 
�

  �(LF     i �$��	 �8 1(, �:'�\	      5% M�9E&�	 .$Z"�9$	 /$V�� 2N�

   �9xC M�9E&�	 .$Z"�$	 �& �$��	)Error mean square(  �(9L GF

n    T�)#� �(L J�E	 �"*�iF�<E	 �x' 
�  
*�� % �(L -P  B9$" 

   
'* 1(, �:'�\	 W�O�i* .          >-
 �9$��	 �98 �9|* �'
�& 
#x<	 �&

       
'* e)k Gt�C 
#"�$' J�i (N
�F      
*(�	 �& 5% 1(, �:'�\	 

F �"*�\&         ��
#9N 
� G��9$! 
*�I �V���	 �
#	 5%   �9+F  �:9'�\	 

     �(L )* ��3=#+ 1(,F        �9<E	 �9|* �9$��	 5% G(9,�& �9"*�\&  >
*�

           1(9, 1(8�4	 J@�C* - 
'* ��,*(" 
#"�$' J�i 5�	("*
 >-


    
'* ����K� >�8�xC �& �#&�	 .      �9O8 2	�9, ����K� >�8�xC

      �"#O" 
� �xC 5#RO8 1(4" W��<+ 2	*#L  ;+ - >
*��&  >�8�xC �$

1)*("* 
� �8�Z4��	)%�"#O" 
#"�$' >�$!
'�8.

   W-(F 
�o  �	 1(8�4	    �+ �#,  �$��	 -� �8"
l;m   
#"�$9' 

�$�-* "  - " �$ K� 2	*#L " /8 -        5�	(9"*
 >-
 �9Y"% 2&���	 �|* .$<=

    �<E	 �$|�� t�C 
#"�$' p8�+ ��,*� 
*�("* .   
� �$$�� �<E�  
9l;m

     L 
� �� t�C �$�-* 
#"�$'     �9<E	 M*�9$$�� G�$ K� 2	*#   
� *
 >
*�

(, (8*#C XF#	 t�C 
#"�$' p8�+ 5�	("*
 .

  
�23,� 1�*� .$Z"�$	 G
��i �& �#&�	 >�8   S9;�Q	 >�98

  �	 *
 �8�$��	  �#O" �V���	 5*#� .    
9l;m .$9& 
�    S9;�Q	 >�98

 �$�-* 
#"�$' t�C        
9l;m 
� 
#"�$' p8�+ 5�	("*
 .���4$& GC1

 .$Z"�$	 �&�o/Uj         
9l;m 
� 5% .���O+ - (N
� C4  �9&  .$Z"�9$	

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

12
 ]

 

                               5 / 9

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.43.2
https://jcpp.iut.ac.ir/article-1-806-fa.html


 ����� ����� � ������� 	
�� � 

�� / ��������� /  
�� � "#$)& ( /	�()��*+,-

��j

 ��E=+.f�8 �� �
3��� Z��e EJ�� ^3���<� _�5�36 

�$$�� T:<	>�*)% �F
�M�E&�	 d#O_	M�E&�	 .$Z"�$	F1(, �:'�\	 F�"*�\&  �(LP

W(	��jj/o����j�/��jo�U/��Uo/�jjj�/j<

�$ K� 2	*#L              ��/�o�����/��j���/�j�o/ojjj�/j<

�$�-* 
#"�$' 
l;m              o�/�jo�ojU/o����/ojo�/�jjj�/j<

 �$ K�               *
l;m���/�o��U�/�����/���/�jjj�/j

�xC�jo�/������/��o

2+��oU/�����

0

10

20

30

40

50

60

70

80

90

100

0 2 4 6 8 10 12 14

(mg CN/kg soil) ��� ����� ������ ����   

�
��

 �
���

� �
��

���
 �

��
  

!"
�# (M3) &�'��� (��' �)

(M1) �+�,�!�� �) �-�./, �)

(M2) �+�,�!�� 1�!) �-�./, �)

(M4) 3���)4 �) � (��' 1�!)

(M5) 3���)4 1�!) � (��' 1�!)

 "i!* .EJ���
3��� Z��eS5�? �� f�84�RL2 "�<
� j�(@� ���"��C� ��Sa�0 7�8 4�5�< �
3��� 

oj/o�    
'* 1����* ?� �* (N
�  .  .�*�&�<&     
9l;m �9=�8%  �!�#9�

       �	 p8�+ 
#"�$' J�i 5�	("*
 G�#, ��4$& t�C  G(&��   
9;L �+

 �99+ 
99'* 
99$EI*- .99�* �99& �#99&�	 5% ���9O�i* �99;+ 
#99A �99& 

(<�*��     (9"
*�
#C�& >�-(\	 
$��f )* 
#"�$' p8�+ �E$:A >�8

  m 
� -
l;  /+ �!�#�% >�8G  (<�V8 ���|{	 .      5*B9$	 p�*B�* �& *��) 

        �9	 �#Y49	 1�9$! >-
 
#"�$' 
$O' �|* Gt�C 
� 
#"�$' ���9! .

/8    �$ K� 2	*#L .$& 
� .$<=   S;�Q	       J�9i 5�	(9"*
 .���49$&

   
� 
#"�$'M3) e#!
#' 1�$! (   �& �&*�&U��/U�      .��9�O+ - (9N
� 

    
� 5% 
*(�	M5)     >
�9$&% - 1�$! 5-(& (&     �9& �9&*�j��/��   (9N
� 

  
'* 1(, ��_�* .   �	 5�4" ����" .�*    5*(9;! �9+ (8�   
� �9+ ���98

                �9& 
:V9" >�9�Y& 
#"�$9' J�9i 5�	("*
 )* (, ��,�+ 1�$! �Y"%

5*(;!            e#!
#9' 1�9$! .Oy 
� - ("�#& 
*�
#C�& 1�$! 5-(& >�8

   1�$! 
� >��Y& p�"         5�98�$! �& 
:V" 
#"�$' �& 1�#�% t�C ��k��

 * �+#�V�              0$"6#"�$9' �9& �#9&�	 d#9y#	 .9�* �+ 
'* 1�#O" � �

 
'* e#!
#' 1�$! 5�#& .   239, q�<O9y�  �9	 5�49"    
� �9+ (98�

5*(;!               5#9RO8 �9Z�� 29	*#L G
9'* 1(49" ��9,�+ 1�$! �+ ���8

           1(9, t�9C 
#"�$9' 
9l;m p8�9+ s9L�& >�#9F - >
�$&% (9"* .

5*(;!    1(9, >
�$&% �+ ���8      >��k�9& 
#"�$9' J�9i 5�	(9"*
 (9"*

"  5*(;! �& 
:V          �#9&�	 qk�9O�i* .�* �+ (<�,*� G1(4" >
�$&% >�8

 p�*B�* �&(<�*��
'* �$Q:� - W@\"* GB$�-
($8 5#RO8 ���8.

  W-(Fo  �	 5�4"      2&���	 �|* �+ (8�"   �$�-* 
l;m *  29	*#L

�$ K� " �<E	 B$"      9� �9	* G
9'* 
*��         �#9C �9& 
:V9" >�9�O+ �$|

    5�	("*
 M*�$$�� 
� �;N* >�8�$��	      �
*� t�9C 
#"�$9' J�i  .

  
�23,�   �9	 �li@	      �9<\<	 �9+ �#9,       T9xI *
 �Z�(9O8 �98

1�#O<"           �9+ 
'�<E	 .�(& .�* �+ (<�V$" �Z�(O8 >)*#	 ��- ("*

�<E	     �93;& G
V9$" �|* TA��� �& �#&�	 �$��	 -� 2&���	 �|* >
*�

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

12
 ]

 

                               6 / 9

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.43.2
https://jcpp.iut.ac.ir/article-1-806-fa.html


���.��
$ /�0 	����. 1�
2 �
3��� 4� ��
56 7�8 ��9�:

���

0

10

20

30

40

50

60

70

0 2 4 6 8 10 12

(mg CN/kg soil) ��� ������ ����� ����   

(�
�'

 �
# 

��
���

��
 6

78
9 !

"
�#

&�'���

�+�,�!�� �) �-�./,

�+�,�!�� 1�!) �-�./,

 "i!B.	����. �� �
3��� � Y2 EJ��  �� j�(@� 5�< �
3��� Sa�0 "��C� 7�8 4�

     X$+�� 
� M*�|* M(, �& �#&�	      
9'* �9$��	 -� S;�Q	 >�8.

                �9$��	 -� �9|* G1�9$! 
� t�9C 
#"�$9' TO_� 2�
#�+�� W(	 
�

 �x' 
�Y= �& t�C �$�-* 
#"�$' 
l;mC1 �� C4  �9& 1�$! d#" - 

   �x' �'P1  �� P3 �
#	 1�$! 
� t�C 
#"�$' TO_� (N
� >-
 

     � ����" �+ 
��! 
*�I �&��)
*  1�*� b"��
*- 2$;\   
� �8-(F  W�


'* 1(	% .

5�O8     W-(F 
� �+ 
#A� �	 �li@	    d#9" �9$$�� D�� �#,

   �<E	 M*�$$�� sL�& 1�$!  1�9$! 
� 
#"�$' TO_� 5�	("*
 
� >
*�

  
l;m �$$�� - 
'* 1(,
#"�$'t�C  G�<E	 �|* >
*�  (9N
� �&

 ' TO_�   �
*(" 1�$! 
� 
#"�$ .  q�<Oy   2&���	 �|*"#"   1�$! d* 
l;m 

�$�-* "               J@�9C* >*
*� G1�9$! 
� 
#"�$9' T9O_� (9N
� �9l" )*

�<E	     �x9' 
� 
*��    �9O" (9N
�  (9,�& .   �9_$�" .�*�&�9<&  >�9$!

�	             G(9<+ *(9$� p�*B�* t�C �$�-* 
#"�$' 
l;m �= �8 �+ �#,

       1(9OL p�*B�* 5�8�$! 
� 
#"�$' TO_� (N
�  �9O" >* (9&�� .  �9&

   1�$! 
$��f G�Z�� 5�$&k��           
9;L .$9O8 �9& - 
9'* �-(\	 ��

   �+ 
'*(<�*��  1�9$!        @9F >*�9& qk#9OE	 ��k�9�>   
� - �$ K9� 


l;m�	 
*�I 1�� �'* �
#	 .$��� >�8��$! .

   23, )*�  �	 �li@	              �9& /9+ �!�#9�% �x9' 
� �9+ �#9,

           1�9$! 
� 
#"�$' TO_� (N
� Gt�C �$�-* 
#"�$' 
l;m p�*B�*

  + >
#A �& ����� �+("* p�*B�*   
#"�$9' T9O_� (N
� .���4$& �

   
l;m 
� 1�$! 
�C3 
'* 1�#& .  �	 �l" �&   
l;m ('
C3 (i G

              �9& t�9C �!�#9�% p�*B�* �& - 
'* 1�#& 5�8�$! 2O\� �"��'%

    
l;m )* p$&C3    )-�9& 29$�� �& 1�$! 
� 
#"�$' TO_� 5�	("*
 G

           
9'* �9���� p8�9+ G5�98�$! >-
 
#"�$' 
$O' �|* .   29OL 
�

  + (, 1(8�4	      
l;m 
� �+#�V� 5�8�$! �C4     049C �9��
 ���


     (9<��
 .$& )* - ("(, .            �9+ 
9$EI*- .9�* q*�(9_	 1(8�49	 .9�*

1�$!     t�C p�k�� 
� X'�<	 �,-
 ��k��      
9l;m �9& 1�#�% >�8

   �	 ($��� *
 
'* /+(<+ ./8 .$9<=     (9N
� .$Z"�9$	 �V9���	 �9& 

      �	 1(8�4	 S;�Q	 5�8�$! 
� 
#"�$' TO_�  �#,   �9+ ���49$$& .

         1�9$! 
� T9O_� (9N
� 
*(�	P3)  e#!
#9' (     �(9L �9&���/��

    1�$! 
� 
*(�	 .���O+ - (N
�P2)  
���-(9"* 5-(& �+#�V� (  �9&

 �(L���/j
'* 1�#& (N
� .

      �	 e�F �")*#	 2N* �& �F#� �& �_$�" 5*-     5% �9+ �#O" >�$!

                D9'#� G
9'* �9���$" T9O_� 1�9$! 
� �+ t�C 
#"�$' )* pQ&

  �Z��(<�*���8   
'* ��4! X��Q� �E$:A > . )*-(F W� ��:<�'* 

�	   �+ �#,  
� 5*(9;! �98��           G
9'* 1(9, ��9,�+ e#!
#9' �9+ 

          �;9N* p�" G5% 
� 
#"�$' TO_� (N
� .���4$& �& e#!
#'  �9�

          ��- 
'* ��,*� t�C 
#"�$' J�i �
#	 
� *
 5*(;! 
�  ���98

   1(, ��,�+ �+#�V� �+       �& 
:V" 1�$! 
� 
#"�$' TO_� (N
� G("*


V99$" �99li@	 299&�I 299	*#L �99Z�� . �99<E�(99<�*�� 
� X99��m

1�$! e#!
#' ��k��G        �+#�V9� 
� ��- 1�#& 1�$! 
� TO_� G   �9Z�� 

(<�*���81�#& ���|{	 ("*.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

12
 ]

 

                               7 / 9

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.43.2
https://jcpp.iut.ac.ir/article-1-806-fa.html


 ����� ����� � ������� 	
�� � 

�� / ��������� /  
�� � "#$)& ( /	�()��*+,-

���

 ��E=k.���. �� f�8 �
3��� � Y2 EJ�� ^3���<� _�5�36 

�$$�� T:<	>�*)% �F
�M�E&�	 d#O_	M�E&�	 .$Z"�$	F1(, �:'�\	 F*�\& �" �(LP

W(	��o�/��o��U�/�jo�j�/���/�jjj�/j<

1�$! d#"���/���o�o�/�j����/��o��/�jjj�/j<

�$�-* 
#"�$' 
l;mo�j/�Uj�U/����/jU�/��o/j

 1�$! *
l;m���/�o��/o���/j�U/o��/j

�xC����/�o�U�U/��

2+o���/�����

��E=l.� 4)��C� /m�� "�<
� 1�
2 �
3��� KU? EJ�� � ���. �� �
3��� � Y2 EJ�


#"�$' p8�+ (N
�1�$! 
� 
#"�$' TO_� (N
��Z�� 2	*#L D'#� 
#"�$' J�i (N
�


���-("* �& t#�V���/��U�/j��/��


���-("* 5-(& �+#�V�j�/����/j�o/��

e#!
#'U�/U���/��U�/�o

4Y�(3�/�.

>*�F* )*�_$�" ��) �
*#	 G^$�\� .�* �	 >�$!�#,:

�.(<�*�� 1�$!      t�C p�k�� >*�& X'�<	 �,-
 ��k��   1�#9�% >�8

       /+ �!�#�% 
l;m �& 
#"�$' �&)    
� 1(9, 1�� �'* 5�8�$! >*�&

     )* ��O+ G^$�\� .�*� �;$	        t�9C e�!#9;$+ 
� 
#"�$9' e�9! (


'* .               �"��9'% (9i )* p$9& �9& t�9C �!�#9�% 5*B$	 p�*B�*

�             - 1�9$! >-
 
#"�$9' 
$O' �|* >(F )-�& sL�& 1�$! 2O\

1�$! 5�	("*
 p8�+ q����Y"�	 ��k���#,.

�.     ��3;OL 
� 1�$! d#"(<�*�� 1�$!        
#"�$9' �9& 1�#�% t�C ��k��

     �	 �$N#� - �
*� �'�'* p�"     0$"6#"�$' 5�8�$! )* �+ �#,

 �#, 1�� �'* . 9$! ^$�\� .�* 
�1�    0$"6#"�$9' �9+ e#!
#9' 


'*             
���-(9"* �9& �+#�V9� ��- �#O" 2OL �+#�V� )* ��Y& G

�
*� 
���-("* 5-(& �+#�V� �& 
:V" >��Y& ��3;OL.

o .  
�(<�*�� 1�$!       0$"6#"�$9' 5�98�$! D'#� ��k��)   ^9$�\� .9�* 
�

e#!
#'(             1(9�(� �Z"�9$& �9+ 
9'k�& 1�9$! 
� 
#"�$9' 
l;m G

         9�- G
9'* 5% 
� T9O_� - 1�9$! �9& t�C )* 
#"�$' W���"* 
� �

   � ;L 5�8�$!)   �+#�V� ^$�\� .�* 
� (       
� 
#"�$9' T9O_� 5*B9$	

       eB$"�3	 qk�O�i* - 
'* /+ 1�$! 1�#� 
V�)    1�9$! 5#RO8 ���8

1�$! sL�& �4�
 D$\	 ��k�� 
V�) - �;�(:��	 ��k��("#,.

�.          29	*#L - t�9C >
�9$&% Gt�9C 
� 5�8�$! 
,�+ e(L M
#N 
�

Fu9 d#I- sL�& >#(<�*�� W*-) >�8�	 �E$:A�#, . n-�<�	 M�$;OL

 
L�' p�*B�* �& �_<	 >
�$&%(<�*���	 �E$:A >�8�#,.

�������
����R(�<

1. Clesceri, L.S., A.E. Greenberg and A.D. Eaton (Eds.). 1998. Standard Methods for the Examination of Water and 
Wastewater. 20th ed., American Public Health Association, Washington DC.

2. Ebbs, S., J. Bushey, S. Poston, D. Kosma, M. Samiotakis and D. Dzombak. 2003. Trasport and metabolism of free 
cyanide and iron cyanide complexes by willow. Plant, Cell and Environ. 26: 1467-1478.

3. Fuller, W.H. 1984. Cyanides in the environment with particular attention to the soil. Proceedings of the Conference 
on Cyanide and the Environment. Vol. 1, Tucson, Arizona.

4. Kjeldsen, P. 1999. Behavior of cyanides in soil and groundwater: A review. Water, Air, and Soil Pollution 115(1/4): 
279-308.

5. Larsen, M., S. Trapp and A. Pirandello. 2004. Removal of cyanide by woody plants. Chemosphere 54: 325-333.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

12
 ]

 

                               8 / 9

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.43.2
https://jcpp.iut.ac.ir/article-1-806-fa.html


���.��
$ /�0 	����. 1�
2 �
3��� 4� ��
56 7�8 ��9�:

��o

6. Leduc, G., R.C. Pierce and I.R. McCracken. 1982. The effects of cyanides on aquatic organisms with emphasis upon 
freshwater fishes. NRCC No. 19246. National Research Council of Canada. Ottawa, Ontario, Canada.

7. Logsdon, M.J., K. Hagelstein and T.I. Mudder. 1999. The management of cyanide in gold extraction. International 
Council on Metals and the Environment, Ottawa, Ontario, Canada.

8. McCutcheon, S.C. and I.L. Schnoor. 2003. Overview of phytoremediation and control of wastes. PP. 3-58. In: S.C. 
McCutcheon and J.L. Schnoor (Eds.), Phytoremediation: Transformation and Control of Contaminants. Wiley-
Interscience, Hoboke n, NJ.

9. Mehling, P. and L. Broughton. 1989. Fate of cyanide in abandoned tailings ponds. Proceedings of the International 
Symposium on Tailings and Effluent Management. Halifax, Canada.

10. Schnoor, J.L. 1997. Phytoremediation. Ground-Water Remediation Technologies Analysis Center (GWRTAC),
Pittsburg, PA.

11. Shifrin, N.S., B.D. Beck, T.D. Gauthier, S.D. Chapnick and G. Goodman. 1996. Chemistry, toxicology, and human 
health risk of cyanide compounds in soils at former manufactured gas plant sites. Regulatory Toxicol. and 
Pharmacol. 23(2): 106 – 116.

12. Smith, A. and T. Mudder. 1991. The Chemistry and Treatment of Cyanidation Wastes. Mining Journal Books, 
London, England.

13. Smith, A.C.S. and T.I. Mudder. 1999. The environmental geochemistry of cyanide. PP. 229-248. In: G.S. Plumlee and
M.J. Logsdon (Eds.), Review in Economic Geology. Vol. 6A, Society of Economic Geologists, Littleton, CO.

14. T.W. Higgs Association Ltd. 1992. Technical guide for the environmental management of cyanide in mining. British 
Columbia Technical and Research Committee on reclamation, Canada.

15. Trapp, S.A.J. and H. Christiansen. 2003. Phytoremediation of cyanide-polluted soils. PP. 829-862. In: S.C. 
McCutcheon and J.L. Schnoor (Eds.), Phytoremediation: Transformation and Control of Contaminants. John 
Wiley & Sons, Hoboken, New Jersey.

16. United Nation Environment Program (UNEP). 2002. Phytoremediation: An environmentally sound technology for 
pollution prevention, control and remediation: An introductory guide for decision-makers. UNEP, International 
Environmental Technology Centre, Osaka, Japan.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
86

.1
1.

42
.4

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

12
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dor.isc.ac/dor/20.1001.1.22518517.1386.11.42.43.2
https://jcpp.iut.ac.ir/article-1-806-fa.html
http://www.tcpdf.org

