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���6�� �)
� �
&��] P7@ =�7)?�6, � `#-#� =�7 �&$]�|.[
�
&2].z[���6 �6 ��,� �)?�(���6 >
 ��� �A+B =��" -

�", >?�&G&'9 �C �5�C,� t�� G�`� =��" .= ]&6  V� �C]��[
���6 �+#��� /�+� ��� �A+B ��:#� �� /@ �&� � =��" )7�

�:C,� =,�,� �&?F � /,&A?5�@ �>?#"�@ �;<  Y�#( �6 S
,� =
�, = -
� ��	 4 1� c&A�?C � �� �*( C � )#5�7 =)
)$ 

���6�:C,� ��&-�?7 �6 )#5�7 =��"  Y�#( �� ! �C �+
,� =,
)��,)� ;< .���6 �&� ��", P
,  C� ��:#� �� =��" �9, �&� �, ,

�� �	 1� t�� G)#6 .
�9�
&F�?R�� �A?$&TU =�7 =,]��[/@ �, �9 �

P?�� /����" �'?b^G �A?� �
�?A?$&TU �"�#$]��[/�+�
�� P?C ��:#� �� ;< �,)�� �6 )7��/��G.��� % ! �C � PG

 P?-��?� ��?(.|/��", PG �� % ! .P?C ��:#� �� �� �,)��
��G.�� % ! P?-��?� ��?( �C � PG ���|z ��,`! PG �� % ! 

�", �)$]��.[
/�� �� >?#"�@ �,)�����6 =�7 P?C =��"�/.�G.�� 

P?-��?� ��?( �C � PG �� % !�/z� �", PG �� % ! ]��.[
� 5�!  -
)*
 �, L�5�� /�� �" �� >?#"�@ =��[#�?C =�7

�5	 ! L*$)�, .���A$ =��[#�?CV� �, Z7 >
 =� �!� 5�!  
�#D c)$  V� �, Z7 =,�,�  -
� /�� �� �C �m�� �!)$

���A$ =��[#�?C /�� �C � �", = 5+?C �?A7, /,&A?5�@ >
 =

��,� L��6 ��,&�A7 ;< �./�� P
, �� >?#"�@ ��?( P?-��?�
�.| �", PG �� % ! ]��.[P?C /,&A?5�@ �,)����/��G��

P?-��?� ��?( �C PG�� % !z/|�", �)$ ��,`! PG �� % ! .
��,� �&F� /,&A?5�@ � >?#"�@ P?C =)
)$ �-5�mA7]��.[

�C P?#�A7=��[#7
�7��� �� �=�� �E "  Y�#( �, 
�� �)
� � 5�! P
, �� �&?F � P5�-#G �c&A�?C)�&$ .�,)��

 P?C �&?F��/��G��/�P?-��?� ��?( �C PG �� % ! ..�/�
�", �)$ ��,`! PG �� % ! ./�� P
 5A�� P
, =��[#�?C =�7

  b#(  C `?� � ��,� ��,&�A7 /,&A?5�@ � >?#"�@ =��[#�?C
=��[#�?C ��:#� �C D E&#F � �I $ E&#F �� �'�5�� =�7

�� �)7�+� �
&F �9 )�&$]��.[

�
��� . <!� 
���� �� ����	�  . ���
�  ��1�� �
��� =�% ��� 

t�)F)�(�h�&A� �!8
� � �?1I&� �h�:#� N�h2 �, =�,� hC =
t�)F � ��� �A+B ��)1�).(�����B � >?#"�@ �
`[G �
�5�

 �� /�+� N�2 �� ,� �, A7 Z��  b#()7� .4)h7 �h6 �h[�@ �,
 >?#h"�@  b#( c, ??�G ��", >?#"�@  b#( �U� 9 P
, �'Y,
 �h"� C /@ �hC �, hA7  bh#( P
 5A�� /,&#( �C /,&A?5�@ `?� �

�� �@ =��  7 �6 )�&$ �h?A7, �:?M� ��
� =�7 ],  V� �, �� 
)��,� =��?�C.

o�h2 �� i?#"�@ ��,)��5", )RK�hG xw�h
 PhG �� % h! 
P?-��?�x�h", PG�� % ! ]J��Jx.[��h�&A� �, �h�&A� =�h7

 LM� �, ��� �A+B ��)1� �?R�� N�2 ���6 =�7 �h!� =��h" =,
 N�2 �
 � ��:#� )h�� P
 GX�hC �6 )�)$ �$,� C ���[� =�7 �,

 ��&A� �� >?#"�@ �7��z| �", PG �� % ! )t�)F.L*h$ �
.p�,(.���6 �C S�C P
, �h!� =��" �� �h5?�, ! )hR,� �� =,

 �6� 5� =�5"�� /@ N�h2 �h�� �6 �", �5�C,� ��� �A+B =
���6 �&lR  ], C `?� >?#"�@ =�7 �", ��� ��� �?��� L�� �,�

)L*$_p�,.(��&A� /@ �, �9 =�7SA-16� 5�h! /�A7 �C �
��", �5�C,�QwJ �h� /�+� >?#"�@ PG �� % ! )h7� .�h!� =

���6 /,&A?5�@ =��"–/,`h?�  hV� �, %&h" �mG � �� >?#"�@ 
�,)�� �C >?#"�@x�_ ��,� �, hI PG �� % ! .�h!� ���Ah$ ==

��F&G LC�I >?#"�@ /,`?� �, `?� ��� �A+B /)1� =;< �"
 A� �h*?��R �� ��hh", �,��&h2 C�hh�& N�hh2 � /@ ���h[� ==�hh7

 )hR �, = h5A6 >?#h"�@ �,)h�� =,�,� c&I�h
 �A+hB ��:#�
 )��,� ��
� �?M�  V� �, N�2 ��,)��5",)t�)F.L*h$ �.

p�,(.�� /�+� �'a�� P
, LhC�I /,`h?� �hC >?#h"�@ �h6 )h7�
 ���6 �� ��F&G=��" �!� =�7 ��,� �&lR ��:#� �� �&F&� =,
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)'FK����A$ �_`?
�9 �K_�w E&#F ���� �A+B ��:#� �� >?#"�@ �:?M� ��
�  ],�C D. . .�|�

�?! �E@ �!�&�@ t�A5R, ��h[?5� �� � /�7  hC /@  ?]�hG %� h� 
�", ��
� ��:#� .

��Q�hh7, C@ �, �)hh$ �hh$,� C N�hh2 �hh�&A� ��hh�:#� =�hh7
 �7, C@ �� >?#"�@ �,)�� P
 GX�C ���6 �, �5	 ! �+
� ==��h"

�!� /,&A?5�@ =,��h�:#� >?#h"�@ )J�v PhG �� % h! (�h",
)L*hh$_E.(�hh7, C@ /@ �, �hh9 c�hh(�^G�, �, �hh5	 ! �+hh
� =

/,`?� �C �C&#Fx>?#h"�@ ��,)��5h", )R �, S?C PG �� % ! 
�7, C@  -
� � ��,� )h��,� �, I ��,)��5", )R  
� �7)t�)hF.�

L*$.E(.�,)h�� �h6 �h	 !  hV� �� ,� �'a�� P
, )
�C �5m�,
 E&"� ��  Y�#( �7, C@ =�7 � �h"�F C N�2 �,  5A6 X&A1� �7

�� Z7  5A6  
���� �C�+� )#�,&G��)#$�C �?M� �!�&�@ =.
P?�� �� >?#"�@ ��,)��5", )R =����+6 =�7�w�� % ! 

�", �)$ �	 1� PG]Jv.[%�AG �� >?#"�@ �,)�� ���5�m$&2
��&A�P?�� N�2 =�7P�R =�7�5"�� =����+6 =�7 � ��C@

 )R �, ��:#� =�7�5"�� P
 5A�� � P
 5!�`C /,&#( �C SD�,
� � ��&C  5A6 ��,)��5", �", E&':)t�)FJL*$ �J�.(

o�2 �� /,&A?5�@ ��,)��5", )R �,)��J�GKwPG �� % ! 
�",]Jx.[N�2 �� /,&A?5�@ �,)�� �, �)$ �$,� C �F C =�7
LM����6 =�7�!� ��&� �� ��	 =��"/,&A?5�@ =�>?#"�@ 

�, S?C �C�w�,  5A6  -
� ��,&� �� � �", �)?"� PG �� % ! 
Kw� % ! �", PG �.���6 �!� �� �A+B =�5"�� L2,� =��"

 ���)��&A� �"SA-1 �G SA-3 ( ��"X�C >?#"�@ =,�,� �6
��&A� �?�C � �", ��,)��5", )R �� /,&A?5�@ �,)��  
� �5R �7

)��,� /,&A?5�@ )R P
, .� >?#"�@ P?C �5m�� �-5�mA7
��&A� �� /,&A?5�@�A� �)
� �7 �&$)t�)FJL*$ �Jc.(��

��&A��7, C@ =�7 ��-5�
, /�A7 �, �5	 ! �+
� �7, C@ ��#G `?� =,
�!�/,&A?5�@ =�)R �� �>?#"�@ x/�+� /,&A?5�@ PG �� % ! 
�� )7�)t�)FJL*$ �J�.(P?C �5m�� �-5�mA7

N�2 �� /,&A?5�@ � >?#"�@P?�� =�7 �)
� =����+6 =�7
���&$ .� P
, ��  b#( P
, �,)�� ��� )R �,  5A6 O<�#

 ��,)��5",)�,  5A6x/w��&A� �A7 �� PG �� % ! �7(�",
)t�)FJL*$ �J�.(

>.1�8��&A� �-
8
� � �?1I&� ��� �A+B ��)1� = ��:#� N�2 �, =�,� C)�", ��-5�
,  7 �, ��&A� �" �, �<&'�� ��&A�  7.(
��&A� �!8
� � ( t&< ��&A� ��-5�
, 

�� �'�! /�� � ( �C ��� �A+B =�5"�� L2,� �� �5?�, ! )R,�.����6 �, �
�7 ], �6  5� =��"
�� �)
� /@ �� ��� �?����&$ .�", /@ �, A7 >?'
U�@ ���" !� � �)$ ��� ��� N�2 ���.

�wv�QuQ _�QKQ_ SA-1 

���6 �, �
�7 ], �6 ��� �A+B =�5"�� �� �'�! /���� �)
� /@ �� ��� �?��� =��"�&$.|��|��� z����. SA-2 
��?'?" ���" !� �C �, A7 ��� �A+B =;< �" ���A$ �!��S
��6,  ],  C N�2 ��� �>?'
U�@ 

`� I �7)?^�&" ��&�I �", =, 
|��|��� _�QK__ SA-3 

���6 >
�`� LM� �, N�2 N�2 ��� �
&��] P7@ =�7)?�6, �&lR  ], �� ��" = ���A$ = �!� =��"
�����", `� I 

|��|��| z���z� SA-4 

�7, C@�", �5	 ! �+
� �" ���A$ �!� �"�X�C �, �6 =, |��|��� z���z� SA-5 
�7, C@�", �5	 ! �+
� �" ���A$ �!� �"�X�C �, �6 =, |��|��� z���.� SA-6 
�7, C@�", �5	 ! �+
� �" ���A$ �!� �"�X�C �, �6 =, |��|��� z����� SA-7 

 A7 >?'
U�@ ���" !���� N�2 ��� ��
&��] P7@ =�7)?�6, �C �,��&�I=,|��|��� z����� SA-8 
�7, C@ ��&A� ��#6 �� =,SA-8 |��|��� z����� SA-9 

��� �A+B �����6 =&'F =����+6 P?�� |��|��� _�QK�� SA-10 
��C@ P�R =�5"�� Z
� ��,�)#7 =����+6 P?�� |��|��� z����. SA-11 

=�5"�� =����+6 P?����C@ P�R |��|��� z����� SA-12 
��C@ P�R =�5"�� %,��C =��52�� =����+6 P?�� |��|��� z����� SA-13 

c&I�
 �A+B �6� 5� =�5"�� �)$ >+2 �A+B LM� N�2 |��|��� z��|�. SA-14 
c&I�
 �A+B =�5"�� �*
�`� �, N�2 |��|��� z��z�� SA-15 

�7, C@���6 ���" !� E D �A" �, �6 =,�!� =��"�� �+
� c&I�
 �A+B =,� ?! |��|��� z��z�� SA-16 
SD�, =�5"�� =����+6 P?�� |��|�|� z����� SA-17 
SD�, =�5"�� =����+6 P?�� |��|�|� z����� SA-18 

���6 �!�/,&A?5�@ =��"�>?#"�@ |��||�� z����z SA-19 
���6 �C >
�`� = �7, C@/,&?5�@ =��"�� �, �6 >?#"�@ �� �+
� /@ �"�X�C LM� ?! |��||�� z����� SA-20 

�7, C@�", �5	 ! �+
� ��� �A+B �����6 ��:#� �C&#F c�(�^G�, �, �6 =, |��|z�� z����� SA-21 
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Z"�I>'� ���,�=����^$ ��,�/, 
, �"�#$ ���6 � �"�#$�&'C �'[� ���

 >.1�?��&A� �� Z��  Y�#( �2 C �
`[G �
�5���:#� N�2 =�7 ��� �A+B ��)1� =)�", ��-5�
,  7 �, ��&A� �" �, �<&'�� ��&A�  7(.
Mo Hg Cu Co Cr Cd Bi Ag As  b#(
ppm ppb ppm ppm ppm ppm ppm ppb ppm )R,�
wK/wxwK/wK/wx/wwK/wwJ/wJK/w)R�?�+G
�|�<.��z���|/��/�����.SA-1 
��������|���/��|/�����z|SA-2 
zz������z�z/���/�.��.��SA-3 
�����.z�|.��/�z�/�|��.|SA-4 
��<|.z������/�.�/�z.z.SA-5 
���z�.�.���./���/�.�zzSA-6 
��|.z��zz�|/�.�/�z.z|SA-7 
.��z�������/�../�.�z|SA-8 
���|���.����/�.�/�.z.�SA-9 
�./��<.�..z����/���/�.���SA-10 
��/���.�.�z����/���/�.��SA-11 
��/��<.�.�z.z��/���/����SA-12 
�z/��.�.�z|���/���/�.��SA-13 
z�.��z�����/���/��||zSA-14 
��/��.�.�z����/��z/�.���SA-15 
�/��zz..z����/��z/�.��zSA-16 
��/��z|.�.|��./��./�.�.�SA-17 
��/��|z�.�.���z/��z/�.�.�SA-18 
���|..�|����/��|/�z.�|zSA-19 
��/����.�.������/���/�.�.|�SA-20 
�z/��||..��|��./��|/�..��SA-21 

>.1� �����?
Zn Sb Pb PNiMn b#(

ppm ppm ppm %ppm ppm )R,�
K/wwJ/wwK/wwwK/wK/wK�?�+G)R

|.�����/���|�zSA-1 
��������/�|��|�SA-2 
.��.�.���/������SA-3 
���z����/��|��z.SA-4 
��|�/�.����/�.|.��.SA-5 
|���z��|/�.�|���SA-6 
��z�/�.z��/�.�|��|SA-7 
.|�|/���|./�z�����SA-8 
|�|�/����z/�������SA-9 
��||/�����/�.z��z�SA-10 
|��|/����/�.�����SA-11 
|z�|/����./�.�|���SA-12 
|��|/����|/�.|��.�SA-13 
z��|/����./��|||�.SA-14 
|���/�����/�.z|�|�SA-15 
|���/���||/�.�����SA-16 
��|�/����z/���.���SA-17 
��|�/����z/�������SA-18 
|z�.����/��z�|��SA-19 
|���z���/���.���SA-20 
��||/����|�/�.����.SA-21 
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62)?��&A� �� /,&A?5�@ � >?#"�@ �,)��=�7 ��:#� �� N�2 ��� �A+B ��)1� =p�, (��&A� >?#"�@ �,)�� =�7 �h!� �, �)h$ �$,� C =�h7
���6 �/@ 4, <, O<�#� � =��"E(��&A� >?#"�@ �,)�� �7, C@ �, �)$ �$,� C =�7 ��7�(��&A� >?#"�@ �,)�� P?h�� �, �)h$ �$,� C =�7 =�h7

 �=����+6c(��&A� /,&A?5�@ �,)�� =�7 )$ �$,� C �!� �, ����6 =�7 �/@ 4, <, O<�#� � =��"�(��&A� /,&A?5�@ �,)�� �, �)h$ �h$,� C =�h7
�7, C@ ��7�(��&A� /,&A?5�@ �,)��P?�� �, �)$ �$,� C =�7=����+6 =�7.

62)@AB� ��-5�
, �$,� C LM�SA-2N�2 �, ��� �A+B �6� 5� =�5"�� ��� =�7)0 $ �C )
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AB�

�

C

D

E

F

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

10
 ]

 

                             7 / 12

http://ijcm.ir/article-1-440-fa.html


Z"�I>'� ���,�=����^$ ��,�/, 
, �"�#$ ���6 � �"�#$�&'C �'[� ��.

)62@���-5�
, �$,� C LM�SA-20/,&A?5�@ �!� LM� �7, C@ �, �>?#"�@ .

���� �� ����	�  . ���
�  ��1�� �
��� �  ��� 
t�)F)z(� �!8
�pH��&A���:#� E@ �, =�,� C ��)1� =

t�)F � ��� �A+B)|(�C �, A7 � >?#"�@ �
`[G �
�5�
/�+� E@ �� ,�  -
� Z��  b#( �����B��)7� .

�hk
 �@ ��h
� �?hM� ���^R /����" %;(, P
 2@  C �#C
)USEPA ( ��_K m5j, JwwK E@ �� i?#"�@ ��,)��5", )R �
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n.d n.d n.d n.d n.d n.d n.d n.d n.d SW-3 
n.d n.d n.d n.d n.d n.d n.d n.d n.d SW-4 
n.d n.d n.d n.d n.d n.d n.d n.d n.d SW-5 
�� �/�<�/.�./�<.���/�<��/�<��/�<�/�DW-6 
n.d n.d n.d n.d n.d n.d n.d n.d n.d SW-7 
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�"� C � �5$,� �)#
X@ �1?m< HC�#� =�� = 5A6 =�7

�", �)$ %�[�, /,&A?5�@ � >?#"�@ .�)#
X@ �&� P
, �� �7
)��,�  ?]�G ��
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�7, C@ Z
 R �� �'<�C =�7&9� =��"�7� �C  [#� ��'Y, =�7
=��[#�?C �5$� >
E@ �� �
�?A?$&TU =�7 `?� � �M:" =�7
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�(���6�!� =��";< =, �>?#"�@ ±=�5"�� �� /,&A?5�@ 
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 ��)R �� `?�_�", ��[� )R �,  GX�C  C, C .��?��R �� P
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��� LC�I �>?#"�@ �!�&�@ �C /�< " �C ;5
 �", ��-?" ��� t�A15", �C]_J.[�
�7�&+6 �� =��
� �, 	,
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,  Y�#( )R �, S?C /�&CX�C �6 )7�
 P�R =�5"�� ��)?��$@ E@ �� /,&A?5�@ � >?#"�@ �)#
X@

�� ��C@/�< " L��( )�,&G5"&9 c�1
�d � N�� :2 =�7 �
=��  C �'?b^G �"� C �C ��?� �6 )$�C ��:#� P
, �� )
)$

��,� �5"�� P
, �, 	,  ?� � e � L'( .

��� �C ��� �, ��
�?A?$ =�,f-C&"� L?mI �, p'5�� =�7
 �t�1	 %&?#?�&�@ ��� ^�AG, �)?$�&2 �&� S
��6, �/��,� 

�� � ?D � �5�
� S
X�9 � �� 6 4fR E@ �, ,� >?#"�@ /,&G
� �
 �,� S7�6 ,� /, �,)�]_Q�_�.[P
, �, =��?�C �2�#$
�����?� �	 Y �C /� �� =��b5I,  V� �, �7 .S7�89 /�+� �7
�� �
 S
X�9 �� /�7�?! �6 )#7�Phytoremediation �6 �

�,� �, �*
 S7�6 �� �
X�C �
@��6 ��", �5�
� S
X�9 =�7
)��,� /,&A?5�@ � >?#"�@ �'AF �, �)#
X@ �,&�]u.[S7�6

��&A� �� /,&A?5�@ � >?#"�@ �)$ �5	 ! �1?m< �, �6 �C@ =�7
 ��)?��$@ E@ �C ��
��� ��  Y�#( P
, �, �
X�C /,`?� � �&C

)$�C ��F P?A7 �C �", P*A� )��,)� /�+�.
HC�#� �
 
)� =�5",� �� �G ��,� c�� d �&A[� ��

 �#?�� ����@ S7�6 � �)#
X@�m"�#�@ P?��G =, C ��)?��$@ E
�&$ %�[�, %�X c��,)I, = -
� LM� �, �5"�� P
, .

�����1( 
���A$ �+7�89 � < n��I �� O?�MG P
,K��xu/J����1� 

�)$ %�[�, )�+� �"�� 	 ��-+�,� %&'( �)*+�,� �+7�89
�� ! �� ��,��)I �  *+G �'?"&#
)C �6 �", .��
� �� ! �,-

�*�, P5$,f! ��?52, ��  <�2 �C �"�#$ P
, %�[�, ��F c��
��s" � <Z
�,`! .)?^� c, V� �C �6 % 5M� /,��,� �, ��5�, ��

��&A� >A6 `?� ����� P
, �A'( �:" ���G�, �C �&2  *+G )�,
��Z?#6.
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