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��IK: %@ � 3(�L
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Cu  ������� (�9 %@) 7�4��C ���4�)� =�� %@ O�@�� 
���P� (�mg/kg 25/457� (  ����	Pb �Zn  �As  =�� %@ O�@�� 
���P� (�

 �7��$T(L ���4�)�@U� ��, � *+�, �$�E V�E�E %@) ���#� �(�� �( �)��mg/kg 137 �mg/kg 06/580  �mg/kg 06/47 N$��� .(
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���� ) ��(��70/79 -� � %��(� 
��) (� 0�1�2 *+�, �@�$�(� e�4� �@ .(%Y/�� %Z4�P� ���; Y`� �$��:���[T��@ 3��

 1�2 %@ f���� !�6��� V$�\ �$�E^�@ %5 ��Z  1�2 %@ f���� =L (��6� �$��:5 �Cr -� .*4�*#$� V$�\ �$�E^�@ ���; 1�2 3��@ �15�:E

Cu .��L *4�@ '� �$��� %B��� ��5 (�9 %@ %�&�U�@ g�� %;�)� %5 ���) ��� h*4� ���Z9 (���2 i$��� (�) %6'�� .�/ (� 0�1�2 �E

*�&��2 �$�E �� 
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�J2�:4�)� �� %��) � ����4 ����	 �.�/ �)��&L�B$� <� =��� �%��(� 
��) �3��4  

1- ��4L�  

-�#�4�5� (� �E��l U6� .�/�� �m$� ���Z9 3�� ��5

*2�$(� ���� =1`� *6�6l (� �K@��� ��) 0�1�2 
���5  

 �$ ���Z9=�#�� ��� %5 ����� �g�� �� �+� K'? .*4� (

� �(�� ��B� �l �� U�@ �$��6� (� 0�1�2I/ i�PI .�

���� ����� �$� (� � ���� .�/ �)��&L k	�@ �����E

 �$� 0(��^L
��$ U`@ �$�4 %@ ���4L %@ �� i�P� 3��

��@�$ 
�( =�#�� �$�a, ��B�� %@ *$�n� (� � (=����) �]L) .

5%�����4�)� � �$��-n� �� �� ���Z9 K:BE K@��� �$�E

 �69��� ���; (� .���#� .�/ (� ����4 ����	


�n@ � _��`�4� c�&� %@ �1�� 31�2 =���� �� 3(���@ (��?

=��� ���5j�4 � �� (� �����4 ����	 3��l 3��

U�@ �)����� � U$�4�2 o���U�@ �)��&L k	�@ ��E �E

��6� (� .�/ K@���%6'�� �$ ��P� e�� 3� =���� .���

!��P� 
���#) ����:	 %@ %J�E �@ �3��2(�C <� 3��

@���)=�� 3�(�� �����5 p��`� 3�� =��4���&L � 3��4

%��5 �$� � ���#��$�����4�)� � �� �Z4��� 
��$�J ���

 ]�#P�  ����4 ����	 
q$� %@ 31�2 ����	 15�:E 3��@

�� ���� �!�(��)2015(.   

*#$� 0��r� (� ����4 ����	 (�sl �� ���� �'�P�

=L c5 *+�, %@ %�#@�� �n�E �.�/ %@ %��@ �*#�� ��

E =�1��I*#$� � .�Pe��4�=L 3�$aC 
��$�J �) ��

=L�(�� ���#@ 1�� �(.�/ t�1J� (� ��  �@ *$�n� (� %5

=L =�� ���L ����� �-�#�4�5� t�1J� ��$� %@ ��(� � ��

��) � ��� �]L�� �r� =�� �=�(��:� � ���&�@L) �(�a)

2005.�/ *$�$�� �$��@��@ .(i�P� (� 
��&L 3�� 3��

 0�� �0�1�2 *+�, �� ��4(� .(� %@ ���� ������

 � g�� ��)��&L%��) ��4i�P� (� 0�1�2 3 .�(�� .�/ 
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3��@(�5 �� ��$ �Z�E�E _��`�4� M�(M�( �$�E 3��@ ��

 ����4 ����	 .�PE �@�$�(�.�/ (� M�( �$� .*4��

U`@ =��� (� ����	 K$��E �(�� (� �2�5 0�	u9� 3��

�� %[�(� �( .�/ p��`�U�C %@ 3��$� 7:5 � ��� ���@

�� .�/ (� 31�2 �)��&L �� ���� 
�6&�@ 0��r� ��5

 ��?u? � %��(��,)2017 .�/ (� 0�1�2 .(v^�:��  (�

 %@ cw�� �(!�� ��2) �$aC !��ZE 3����2�50��@ ��  ��2)

 �(��4 ��2) 1���� � ��L 3����#5� %@ cw�� ��2 �(���

 ��2 
�/^�@ � (�(�n; ��2) �&L 
��� %@ cw�� ��2

?�@� .��(�� (�sl (-B�C ��2) 3������@ �$ 
����  =��� ��

$�I� 01�2 �n�E �����2 �I2 (� ��J�I ����I!uP aC /�$

!��ZE (� ��$aC) e��4��� (��? 
�� � ���) �$ �/L ��2 (�

 �$��:5 3�(�� 0�1�2 3������@ ��2e��4� aC .���#� 3�$

-� �!�� 3����2) 3������@ ��, 3����2 (� %5 0�1�2 ���;

 (��? (�(�n; � ��4 � �����  ����)v^�:��  3�(��g�� 

=�#�� ���  3�(�� �(�n; ��2 �@ 
��:� 0�1�2 �g�� ���� ���

 ����E �@ �$��@��@ .���#�%��) ��  0�1�2 p��`� 3����2 �$

 �@�$�(� �@ 
�u	 .�/ (�e��4� aC=L 3�$ 3��@ ��

 =����)��  =��Eg�� ��5 Y`� 3�l �E 1�� �( 0�1�2 

 �=�(��:� � j��)2018.(  

 � *+�, ����E 8�� �@ �\�l %�&�'�%��) ��4 0�1�2 3

 (�.�/ ��!�:�) �B$� ����� %6'�� 3 (7@�@�n� ]�,

� .*4� 
�� ��B�� 3��2(�C <� =��� 7$ �B$� =��

%��5 =L (� %5 *4� ���4�)� � �$�� =���� Y/�� 3��


���#) c�� %@ �3��2(�C <� �$� (� .��(�� ��J� 3�

%6'�� *4� 
�� ��,L K�4� e��6� (� ���� 3(������ �

 �$��@��@��  =L (� =��ErgE ��%��`��) �� �@ �( ���4�)� 3

(��? �4(�@ �(�� ����	 U�5��C  .��� �@ U��qC �$� (�

 � c5 *+�, ����E)I%�� ��4	 3I�4 ����I (� ���

.�/ .�/ *�m�5 ��B$� <� =��� 8��9� =����) � 3��

=�� �� 7$ �� (� �%6'�� (��? �@�$�(� �(�� ���4�)� 3��

 � %�2�)*#$� =�1��e��4� =����) 3��@ 0�1�2 3�$aC

 ����E (���� %��(�) ���@�� .���)  

  

2- N���5O�N� ���� �L  

 (� �=���5 =��4� (� ��B$� <� =���72  3������5

!�:��n� =��4�n� �@�,  � 7@�@140  ]�, 3������5

– !�:� �� .*4� %�2�) (��? %:;�4 <� =��� �@�,

  �&�:� �$��2��xJ o�	 (� �=��� �$� �$��2��xJ �+� 

̋45� ́ 31  �̊30   �E5̋ � 33 ́ �̊30 ?�� �$��2��xJ o�	 �  �

̋10� ́ 56 �̊54  �E̋30 �́ 57 �̊54  M�)(�n; %6� 15�� (� �

1:250000 (��? (��� ���� �+� �� .�(�� 
��/y ��4���

]��J U`@ (� �B$� 3��2(�C <� ��@�:5 �@�,

���mEL- %���(� 3y�m� - !�:� (� � ��/� �@�,

 N�� ��@�:5-  �(�� %6'�� (� .*4� 
�� K?�� %�[��(�4

�:B� �%�&�'����mEL %	– *$���L c��� 3(��L(yL- 

�5��E8�E �8�E ������)L �*$���L �@ *&���@ *$���L � ���@

 �(�� ��J� ��4�[� �Z#� �4 �=�(��:� � ��q����)

2013( �4 �@ 3��m� 
��E 7$ i4�E %	�:B� �$� .

 �+� �(�� 3y�m� 
��E .*4� 
�� K'? �4������&� �Z#�

 *4� �$�:)�� ��2 �$��; 3�(��=L V�5�E %5 �� ��

 3����2 =���	 %@ � *4� ��x�� *$(�$�1E(��5 �E *$(�$�

���4�)� �&��- %��5 %�2�) �+� (� �B$� =��� (� �$��

��%��5 
�:	 .��� ��$(�$�1E(��5 ��2 �@ O�ZE(� (� �$��

7$�� .*4� � ��$(�$� ���$���L � ���4�� 3��

*$���L � ��$(�$�1E(��5– :	 %5 1�� ��&���@ 3�(�� v�E�

�&�:� ���(– ���5 ���� ��2 �� ��@ ����#� �@��J 3��4


�� �$1�$�J���4�)� z���� ��B$� %6'�� (� .��� 3��

 3��2(�C <� 3��(�#��5 Y/�� �7���2 �7�4��C)

c��) (7����C��C �7��$T(L 1 (�� 
���� ���)

 ��Z&�9)1384.(  

  

3 - F�� � �2�� ��  

3 - 1- ���������P � �2�������� 	����  

 (� ����4 ����	 K$��E � *+�, �@�$�(� (�+�� %@

 ��B$� <� =��� 
���P�34  � .�/ %��:�8  
��) %��:�

 %��(�)Artemisia sp( c��) �� *����@ 1 .(%��:� �� 3

) %$( y�m� f:	 �� .�/10-25 ���4�  %@ � (3���

%��:� .���$��) *����@ 3�^�2 %{��@ 7:5 .�/ 3��

�� <C  �)��&L �� (�� %@ � %�#@ i�P� 7$ (� �*����@

 7&� �� (�Z	 �� ��@ � ���� 7/10  U�)mm2<�( 

%��:� �� ��:#? �l �E ���; =��� i4�E ��200  U�

)µm 63<( %��:� .���$��) (��C M�( �� 
��m�4� �@ ��

 
���4� i4�E � �E �:��ICP-OES � %$1BE �(��

�)q$� .���2�) (��? �$��:��3��  �.�/ �$��:����$1�2

=L .�PE � 15�:E �0�1�2 *+�, (� �:n� U6� (� ��

�� �m$� .�/ %�&�'� �$� (� �$��@��@ ���53  ����(�CpH� 

 7:5 %@ .�/ *2�@ � �&L 
���M�( �� �(�����4� 3
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 .�$��) ����EpH %��:� �� �� 
��m�4� �@ .�/ 3 M�(

 �(�����4�D9045 i�P� *|�ml =����4 *#$��$0^� 

 
�P�� i�P� *|�ml =����4) ���$��L *#$�2004 ( �

 *Z#� �@) .�/ %��:� 
(�w	 %�nE 0(�� %@1:2  %@ ]L

 *2�@ ����E 3��@ .�$��) ����E (.�/%��:� ��  .�/ 3

 � (e( � *��4 ��(� ����E 3��@) 3����(��� M�( ��

(%4�� ��(� ����E 3��@) =��5 7&� �� .�� 
��m�4�  
���

 .�/ �&L3� %��4�@ U$�#5� M�( %@ 1�� 0����5


����� -�4��C) ���$��) 3��) �7$q$��$(1995.(  �(�� (�

%��:� �� ���@� (� 1�� 
��) 3����� �� � %?�4) ������( 3

=L (%$() ������$� � (}�@ �� <C � 
�� ��J ��

 (��C ��4� =��� 7:5 %@ �'6� ]L (� ��#�

 .���$��)%��:� ��~4 
�� (��C 3 � ���2��) 
(�5 (� <

 ���l 3��� (�550  %J(����4�  ��#5�/ %@ c$�ZE ���)

 %@ %$1BE (�+�� %@ 7$���� ��4� (� -s� �� <C � 
��

 M�(ICP-OES  <� 0�6�6PE *5�� 
��$���L %@

 ���$��) !�4(� �=�(��:� � j����)2004.(  

  
 QH�1. ���	 �@L� �����– >�� � �1�2 ��45� �LN�� �����&� R�L� '�5����� �2��� ���& � +�, 	2 )�SO�7) 	2 ����&��� 1384 ��� �� (

(U2���V" 

  

3 -2 - F�� �� Q�)W" ��2� ��  

��, =�1�� �@�$�(� (�+�� %@ 0�� �:5 ����E � �)��

.�/ (� �)��&LY/�� �%6'�� 3�� p��`� 3��

��, V$�\ ����� ��$��:���[T V$�\ � �)��

���� � *��Z��I) %Z4�PI@ .���$��I4� �I\ e�I V$�

��,�� �)�� (��6� %@ *Z#� �( �w�	 7$ (��6� =��E

K?�� (� .��B�4 =L ���Z9 ��, V$�\ %Z4�P� �)��

 (� �+� �(�� �w�	 *+�, �@�$�(� 3��@ V4��� ���(

 *4� �'�P� (� ��w�	 =�:� *+�, �@ %#$�6� (� i�P�

 KZ�� ��� %5=�#�� ��� .�(��� ��J� �( =L 3��@ 3 V$�\

�,� �� %Z4�P� �$� %'@�( �� �)�� � �;) ���

 �=�(��:�2007:(  

         

 %'@�( �$� (�EF� ��, V$�\ ��)��C1Me�  1�2 *+�,

 �(.�/ %��:�) �+� �(�� i�P� (�C1n�  *+�, �w�	

 �(.�/ %��:�) �+� �(�� i�P� (� KJ��C2Me�  *+�,

Z� i�P� (� 1�2 =�:� �(���� %�4�C) ��C2n  *+�,

 %'@�(1  
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 �$� (� .*4� (���� %�4�C) ��Z� i�P� (� KJ�� �w�	 .�� 
��m�4� KJ�� �w�	 =���	 %@ �-$����4� �� %�&�'�

!��J (� 1
�( ���, 0�� 3��@ �$��6� e�4� �@ �)��

 ��&��) *4� 
�� 
�(�L =L1969.(  

���� V$�\  !�4 (� �&�� i4�E %5 *��Z��1969 �

 �2���Y/�� �� ��$� ��$ *4� 
��  %@ �:5 3��

.�/ �)��&L 0�� ����E (�+��  .*4� %6'�� 7$ 3��

 %'@�( �� Y/�� �$�2�� %Z4�P� � �=�(��:� � =T) ���

2012:(  

  

%'@�( �$� (� Igeo� ���� Y/��  �*��Z��Cn  (� 1�2 *+�,

�]�4( �$ .�/ %��:�Bn   %���� 
��� (� 1�2 *+�,

������) V$�\ .*4� (c�� �5/1 V$�\ =���	 %@ �

3T�&���& �� ���� �&�:�l� 0��r� ��PwE (� p��`� 3��

�� %�2�) �+�.�/ �Y/�� �$� e�4� �@ �&�� .���  �( ��

 %@ �)��&L %J(� �+� ��7 %6Z9 
��) ��:� 3��@  !��J)

2.( 

 �� �
��) � .�/ (� 0�1�2 *+�, �@�$�(� (�+�� %@

Y/��:���[T��@ 3��*#$� V$�\ =�{:� ��$�� 15�:E

)BCF
1(  !�6��� V$�\ �)TF

2 ( V$�\ .�� 
��m�4�

*#$�=�� �15�:E ]aJ 3��@ �=����) �$����E 
����

 �� 1�2 !�6��� =�1�� *6�6l (� � *4� .�/ �� 0�1�2

�� =�� �( 
��) %@ .�/ �$� %'@�( �� V$�\ �$� .���

�� %Z4�P� �15��@ � ���@) ���1989 :(  

 

 =L (� %5Croot  � %$( (� 1�2 *+�,Csoil  =�:� *+�,

 �$��6� 3�(�� ����) %��) .*4� .�/ (� 1�2BCF  ^�@

U�@) �� �E1�� �( ��/ 1�2 7$ 3��@ ( =���	 %@ =��E

*�Z�E %��) �=�(��:� � =�$) *2�) �+� (� 1�2 =L 
���5

2006 .( 

 !�6��� V$�\)TF�( �@ �
��) �$����E �� 0�1�2 !�6��� 3�

����� %@ %$( �� =�� �( �$��� 3�� f$�9 �� � ���

�� %Z4�P� �$� %'@�( ��&��) ���1969:(  

 

 %'@�( �$� (�Cshoot ����� (� �+� �(�� 1�2 *+�,3�� 

 � (������() �$���Croot  %$( (� �+� �(�� 1�2 *+�,

��:5 �$��6� .*4� (������$� �����)  ��1  V$�\ 3��@

                                                
1 Bio-concentration Factor 
٢ Transfer Factor 

U�@ c$�:E ����� �!�6��� ����� (� �w�	 K:BE %@ 
��) �E

����� %@ *Z#� (%$() ������$�  � (������() �$��� 3��

����� (� �w�	 -5 .�PE K?�� (�  �$��6� .*4� 
��) 3��

U�@ �� �E1 =�� �1�� 0�1�2 !�6��� (� 
��) c$�:E 
����

����� %@ %$( ��  �$��� 3�� �15��@ � ���@) *4�1989.( 

%��) �4(�@ � �$�4��� (�+�� %@ U��qC �$� (� 3��4

  ����4 ����	)Pb, Zn, Cu, Cr, As  �Ni(  3����2 (�

 ����E �.�/ =�)���)6 .�/ %��:�  _��`�4� 1�&��L 3��@

 �=�(��:� � ��#E) =�(��:� � ��#E M�( %@ �Z�E�E

1997 !��J) (3 .�$��) ]�`��� ( M�( (� ���#E

 (� ��J�� 0�1�2 _��`�4�5 !��ZE) .�/ ��2  cw�� ��$aC

0��@�5 %@ U��5 ��2 ��� � ��L 3����#5� %@ cw��) �$aC

U$�#5� ��2 �(1���� � �&L 
��� %@ cw��) �$aC

�?�@ ��2 � (����m&�4 �) 
����I@ %�Z� %@ cw�I 3(��

���58��� �� 
��m�4� �@ �(�� ���w`� 3�����5�� � ��

���� ��B���).  �_��`�4� %�l�� �� �� <C
����� 3��)

!��P� (� 0�1�2 *+�, �:E� ]aJ M�( %@ c��l 3��

.�� ��B��  

 =���:9� �� <C 3(��L i@��( �4(�@ 3��@ %�&�'� �$� (�


��� K$��E =��@ !���� �� ���C�� =���L f$�9 ��) ��- 

 ���#Z:� V$�\ �� (7�$� .�� 
��m�4� =�4��C N$���

$��� ���#Z:� � K$��E 
�P� �(�� (� �( �� .(� ����E

 �� .��� U$�12� =L �@ �r�� c���	 � .�/ (� 0�1�2

M�( ��  ����� ��x�� ��; 3(��L � ���� %m&�� c��PE

 c��PE%��/ �U�@ ��#mE 3��@ 1�� 3 �E
��� ��  
��m�4�

 c��PE M�( (� .��%m&��  ���@� U��5 �@
��� ��  (��? �

=L =���� 3�#�$ (� �%m&�� �� ���� 3-n� �E$�  c��	

xE��aC�$� 3
��� ��  Y`��� ��� c��PE M�( (� .

%��/ 
����� �@ �1�� 3�  �����x�� *n@�� 3��)%@�� �E �$

 3�#�$ (� ����x��%��/ ��  �$
��) �� �� c6�#� 3

�� (��? ��$��$����)  �=�(��:� � =�$)2006.(  3��@

c��PE ��B�� 3(��L 3�� ��� ��  (�12�SPSS-ver 23  
��m�4�

.�$��)  

  

4 - XW� � Y����  

4 -1 -  ��������H�Z�� �����2��G����� ��+�,   

%��:� (� �%�&�'� �(�� %6'�� �� 
�� *����@ .�/ 3��

 =�; �$������(�CpH�  *2�@ � .�/ �&L 
��� 3���P�

 %'@�(2  

 %'@�(3  

 %'@�(4  
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����� .�/ !��J (� =L N$��� %5 �� 3��)4  c�� �2 

�� =�� *4�@ N$��� e�4� �@ .*4� 
�� 
�
��L �

.�/  �+� �� %�&�'� �(�� %6'�� 3��pH� 
�( (� 

.�/ �� (��? ���$� �$���? � �$���? v��Z#� 3�� .����)

.�/ =��@ �$���?  0��@�5 (�sl c�&� %@ %5 �%6'�� 3��

=L (� (*�#�5) -�#�5 15�:E (� -n� ����	 �*4� ��

�� ]�#P� ����4 ����	 ��� ��?u? � %��(��,)

2017 �=�(��:� � ��#E �1997.(  �� .�/ �&L 
��� =�1��

26/0  �E30/3 �(�I �������) �55/1 E (��(�I�xI ��

�� -��?� ��2�) �+� (� �@ .��5�%:�  7/ �E 7/

.�/ ��B$� %6'��  
��� �� ��62 ��5 (�9 %@ %6'�� 3��

 (� �( e( -5 �$��6� 1�� .�/ *2�@ .���#� �&L V�5�E

�� =�� ��/.�/ ��5 (�9 %@ � ��� �� %6'�� 3���+� 

%4�� �E ���& 
�( (� ���2�@�� (��? ���& 3�c��) ����) 

2 .(  

  
  

 8�4[1 .��� 4����* ]��^ ����L� �&4�  

��* U4��&4�  �������*� ) �&4�EF( 

 =��@�,� �)��   �� ��:51 

��,.��� �)�� 1  �E3  

��,i4��� �)�� 3  �E5 

��,�$�� v��Z#� �)�� 5  �E10 

��,�$�� �)�� 10  �E25  

��,�$�� ���/ �)�� 25  �E50  

�,� �$�� *$�n��@ �)�� U�@ �� �E50  

  

8�4[ 2.  2Z�� �&��OP +�, �� _��2 ����L� `,�� �	�� '��S�2 �� �LS7 4�� �O�� )��&�� 1969(  

�&��OP U4� �&��OP �[��  ���4W�Igeo  

 =��@�)��&L 0  �� ��:50 

i4��� �)��&L �E �)��&L =��@ 1 0  �E1 

i4��� �)��&L 2 1  �E2 

�$�� �E i4��� �)��&L 3 2  �E3 

 �$�� �)��&L 4 3  �E4  


��&L *$�n��@ �E �$�� �)��&L  5 4  �E5 

*$�n��@ �)��&L 6 U�@ �� �E5 

 
 

 8�4[3�.?, . ��!" �S�"�" a2�b��2 F�� 	2 2  

2�����-@���	P c� �-@��2� 	�� 

1 3��� (� *	�4 °C 25  8  ml of 1 mol.l-1 MgCl2 (pH:7) !��ZE) �$aCExch(  

5  3��� (� *	�4°C 25 
8ml of 1 mol.l

-1
 NaOAc (pH:5 with 

acetic acid) 
0��@�5 %@ cw��) ��Carb(  

6  3��� (� *	�4°C 96 
20 ml of NH2.HCl, 0.04 mol.l

-1
 in 

25% w/v HOAc (pH~2) 

 � ��L 3����#5� %@ cw��

) 1����MnO-FeO(  

2  3��� (� *	�4°C 85 
3 ml of 0.02 mol.l

-1
 HNO3/5 ml of 

30% m/v H2O2   

) �&L 
��� %@ cw��OM(  

 

3  3��� (� *	�4°C 85 +3 ml of 30% m/v H2O2 

30  3��� (� %6�?�°C 25 +5ml of 3.2 mol.l-1 NH4OAc 

- HF+HClO4 w���?�@ ��2 %@ c) 
����Res(  
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 8�4[4 �����2��G  .pH �	24�2 �OP ���� ������ �� �4� ��&�1�2  45� +�, ��  

�OP ���� 

(%) 
pH 

�����  

����� 

�OP ���� 

(%) 
pH 

�����  

����� 

�OP ���� 

(%) 
pH 

�����  

�����  

50/1 53/8 36 37/1 31/8 21 36/0 48/8 1 

87/1 85/8 37 47/1 18/8 23 11/2 35/8 2 

34/1 02/8 38 93/0 11/8 25 10/1 07/8 3 

70/0 50/8 39 00/1 06/8 26 05/3 35/8 5 

03/1 23/8 40 00/1 15/8 28 25/3 23/8 6 

24/1 41/8 41 87/0 38/8 29 11/2 49/8 7 

91/1 07/8 42 63/2 18/8 30 40/1 45/8 9 

31/2 12/8 43 40/1 41/8 31 26/0 69/8 11 

88/2 52/8 44 53/0 50/8 32 30/3 30/8 12 

24/2 86/8 47 60/1 32/8 33 07/1 52/8 15 

04/2 23/8 48 26/0 39/8 35 10/1 14/8 19 

 

  
QH� 2 .�LS7 X)e�  ��H���P 	���@� U�2	�) +�, '��� 4��1987����� '�5>�� � (  P �� �� �5O�N� ���� ��  

 

4 -2 - ����� �� ��-�� �.��/ �&��OP � '()* ��

+�,  

%��:� (� ����4 ����	 *+�, �m���E (��L .�/ 3��

 !��J (� �
�� *����@5  %5 (�'��:� .*4� 
�� 
�(�L

 
������ =L ������� �� 0�1�2 %:� *+�, ��� (� ��

.�/U�@ ���nJ 3�� .*4� �E  

 (� �( *+�, �$�E^�@ <� 
��L *4�@ N$��� e�4� �@

 
���P� %6� 3�:���( (�) 7�4��C ���4�)� =��

 =�� (*4� 
�� Y`� 7�4��C =�� %@ O�@����  ���

������� (�9 %@)mg/kg  457 =����2 (�sl =L *�	 %5 (

��5�  .*4� =�� �$� (� *$��C��&�5 =�; <� 3��l 3��

 =�� (� 1�� 7��4(L � 3�( �]�4 0�1�2 *+�, �$�E^�@

 
���� 7��$T(L ���4�)���  V�E�E %@) ���137 �580 

 �47 mg/kg U6� %5 (��5�  �$� *��Z�� (� �( �4( 3��

 (� ����	.�/ �� =�� %6'�� 3��  � ��#E) (���

 �=�(��:�1997� c��� .(  (� �( *+�, �$�E^�@ 1�� ���5

 =�� 7���2 <~4 � 7��$T(L ���4�)� =����  %5 ����

v���B�  �����@rgE c��E � �)����� ��$��2 ����5�  3��

(�  1�2 �� �$� 15�:E �$ � *��Z�� (� �4( .�/ 3��

 .*4� %6'��  

��, V$�\%��:� 3��@ ��4(�@ �(�� ����	 �)�� 3��

=�� 7��mE �@ .�/�� 0(�� %@ � %Z4�P� ���4�)� 3

 c�� (� 1�� (���:�3 
�� 
��� =��  %5 (�'��:� .*4�

 
������ ��� @U� ��, V$�\ �$�E ����	 �)��

 7��$T(L ���4�)� =�� %@ O�@�� 3�( � ]�4 �7��4(L

���5 (�2� �%�"#� �$� *�	 .*4� =�� (� �4( 3��
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'4 (�@ ����� �9�/ %@ %5 *4� 7��$T(L ���4�)� �P

=��E�5 �P'4 ]aJ (� �$^�@ �$����E �m��3��  31�2

) .��(�����5 �4(�@ (�+�� %@ .�/ (� ��J�� 3�� 3��

 M��C 1�&��L �� c��l N$��� �� �%6'�� <�$� �E�C)XRD( 

���5 �
��L *4� %@ N$��� %@ %J�E �@ .�� 
��m�4�  3��

%��:� (� ��J��  �%6'�� .�/ 3��v�E�:	 ���5 c���  3��

 � *�#�5 �*�Z&L ���5����5 �*$��#� �*��$� �1E(��5

���5 .���#� *���&�[�5 %��:� ���:E (� �4( 3��  ��

 (� 
q$�@ �%�&�'� �(��%��:� �� 7��$T(L =�� %@ O�@�� 3

�� (�+��� c�&� ��:� %@ � ���(�� (�sl.�/ ��( 3��

 c��) ����@ %���� 0�1�2 ]aJ (� �$^�@ �$����E %6'��

4 ��J � !6(. ��,�I�2 ���� �)�I� 1I (� 1�� <

%��:��� 
�$� 7�4��C ���4�)� =�� (� .�/ 3�� ���

%5 ��; %��5  (� (*$��C��&�5 0(�� %@) <� ���� �$��

�� �( =�� �$���� . 

  

 8�4[5  ]!f ��) �.��/ '()* �g�.�" ���P .mg/kg �� (����� �� 	2 �4� '�2��� +�,  �	 �������&� h)�b�   

Cr Zn Cu Ni Pb As ����P �����&�  

66/41  135/21  1073/00  79/25  123/02  80/16 %���@ 

7�4��C 32/00  78/11  108/32  72/25  50/30  9/21  %��:5 

50/23  105/00  25/457 25/76 25/77 60/13 ������� 

44/24  52/17  63/220  5/7  32/98  3/25  (���� 8��P��    

139/32  343/21  375/00  78/52  252/11  20/37 %���@ 

7���2 58/40  121/00  44/14  35/23  19/58  10/12 %��:5 

88/100 88/203 88/145 77/59 44/92 08/19 ������� 

20/11  20/98  12/120  25/17  20/86  52/7  (���� 8��P��   

46/00  337/41  250/20  86/32  315/20  30/24 %���@ 

7����C��C 31/22  80/41  47/55  33/74  88/23  10/8 %��:5 

23/35 23/180 30/107 15/56 07/90 75/14 ������� 

85/7  32/108  85/78  12/20  16/78  41/10  (���� 8��P��   

107/11  833/52  192/32  71/58  188/00  10/66 %���@ 

7��$T(L 22/20  372/50  74/30  60/21  63/10  10/30 %��:5 

57/66  66/580 125/44  66/85  137/52  47/11  ������� 

63/85  22/110  98/6  85/2  26/27  30/18  (���� 8��P��   

54  64  9/38  22  27  5  .�/ (� *+�, ������� =�nJ 3��  

 
 

  
 QH�3. ��* ]��^����� �� ����� ���� �.��/ �&4� �	 �� �[�" �� �5O�N� ���� �LN�� +�, �������&� ��  

 

8�4[ 6. ���� � ����� �� ��[�� �).2 �� �	 	2 �4� '�2��� i�  :�)�J�P �����&�  

 

 

 

 

 

���� �).2 ��   �	  �����&� 

) *��$�7/33 ) *$��#� �(%7/9 ) *�Z&L �(%1/29) 1E(��5 �(%14 

) *���&L �(%1/6 ) *$��C �(%6/3 ) 8(��L 3����2 �(%8/3 (% 
 

  

7��$T(L  
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��, V$��\ ������� ��5 (�9 %@ �(�� ����	 �)��

E %@ �%�&�'��� U��5 �$� V�E�:�@�$  
As ( 98/10 ) > Pb ( 39/5 ) > Ni ( 3/3 ) > Zn ( 04/3 ) > Cu 

( 08/3 ) > Cr ( 22/1 ) 

%6Z9 e�4� �@=�(��:� � �; 3��@ )2007 !��J) (2 (

.�/ (�%6'�� 3�� ��, ���5 <� �c��� �.��� �)��

��, �3�( ���, �]�4 �i4��� �)�� v��Z#� �)��

��, 7��4(L � �$��� �)���� =�� �$�.����  

���� Y/�� ������� �4(�@ %��:� *��Z��  �@ .�/ 3��

=�� %@ %J�E  c��) ���4�)� 3��5�� =�� �( %5 ���

 �7��$T(L ���4�)� =�� (� �7��4(L � ]�4 �3�( ����	

U�@ ���� Y/�� =�1�� �$�E � ���#� �(�� �( *��Z��

 ��)��&L 0�� ��P& �� 0�1�2 �$� %@ *Z#� %6'�� .�/

 ���4�)� (� 1�� <� 1�2 .*4� �(�� �( i4��� �)��&L

���� V$�\ �$�E^�@ 3�(�� 7�4��C*��Z��  (� � *4�

�� (��? i4��� �)��&L 
�( 0����xE �@ 0����xE �$� .���)

.�/ (� 0�1�2 c5 *+�, �`:� %6'�� 3�� (�) .�(�� ���

 ����� f9��� (� %5 ��:� 
(��� 1�� %��$� %@ �$�@ �B�$�

.�/ %5 �(�� �( 0�1�2 �� �$^�@ *+�, ���Z9 (�9 %@ 3��

.�/ v��Z9 ���#� ��, ��  =�� 0�1�2 �� 3��$� �)��

�� .�/ �$� =��@ 
��&L 3���� %@ v���1&� �$� � ����  ��

&L %�&�'� �$� (� ��$� =��@ %@ .*#��.�/ �)�� 3��

*4�C ������� %@ *Z#� v�2�� %6'��  c�� � �$��

.(*4� 
�� Y`� �������  

  

  
QH� 4.  Y����XRD �1�2  45� �� :�)�J�P �����&�  �	 	2 �4� '�2��� �����  

  

  
QH� 5���	 ]�2�^ ��-���� .��-�� �.��/ '��S�2  ������� �� �	 �� �[�" �� +�,  �����&� ��  

  

4 -3 - � �����2��G ��� �-�!S�� c�2�� ����

 ��-�� �.��/ '()* � +�, ��������H�Z�� 

�� �( ���#Z:� �� c��l N$��� ��5 (�9 %@ %@ =��E

 !��J) ��:� %�u/ �$� 0(��7:(  

1-  3������(�CpH ��� �.�/ �&L 
��� � ���#Z:� %��)

�:� =�� %�&�'� �(�� 0�1�2 �@ 3(���L �$� .����

�� %�"#�E ����(�C �� �$� 0����xE -5 
��@ �� ���� ����

%��:� (� .�/ 3��  �=�(��:� � �;) ���@ %�&�'� �(��

2007 .(  

116  



��������	 ���� �� ������� ����� ����13����� � 25 �  ��!��" � ��#�98  

 

 

2- 7��4(L �@ ]�4 �w�	 )01/0 p < � 484/0r = (  �

) 7��4(L �@ �3�( �w�	01/0p <  � 705/0( ]�4 � 

)01/0 p < �607/0r =(���� � ^�@ *Z�� ���#Z:� � (��

�� =������ �$� %5 �� .��� g�� �@ ���&� ����E

=L-� � ���)q$� �� ���� ���;  v�Z$�6E �$��:���[T 3��

=L %@�� �+� �� %4 �� 3�( � ]�4 �7��4(L .���@ ��

 (� � 
��@ c�2��&�5 ����	 t1J ��$��:���[T c$�:E

�� 15�:�� ����m&�4 � *5(�@) ����=�5� �2018.(  

3- ���� � *Z�� ���#Z:� e( 3���P� ��@ %5 3(��

) ���5 �@ .�/05/0 p < � 772/0r =() c��� �05/0p < 

� 580/0r =) 7��4(L (01/0p <  �843/0r = ]�4 �(

)05/0p < �691/0r =) 3�( � (05/0p < � 872/0r =( 

�� 
���� e( %5 *4� V�'� �$� �����@ %5 ���

�$� ]aJ (� .�/ (� ��J��   *4� 
��@ �r�� 0�1�2

#��) ��� � =�1982  .(  

4- %4�� U`@��� .�/ �$�*Z�� ���#Z:� %��) 

�:� =�� 0�1�2 �@ 3(������.���  

5- %��:� (�  �� 7$ ��� �@ �<� 1�2 �%�&�'� �(�� 3��

���� %'@�( ���$� 0�1�2 � .�/ 3������(�C =�� (��

�:� (� �1�2 �$� 0��m�� g�� c�&� %@ v^�:�l� %5 ����

%��:� / 3��.� ���?�2) *4� %�&�'� �(������nE  ��� �

1391�� 0��m�� g�� �$� ( 3����$��2 �� ���� ����E

���5  .���@ %6'�� (� <� 1�2 3��4  

7-  ��/ �� �$^�@ *Z�� ���#Z:� -� c��� � ���5

�� =��) ����01/0 p <  �843/0r =�� �$� %5 ( ����E

����) 1�2 �� �$� .��� g�� �@ ���&� (��2( � (���

=L %@�� �$��:���[T%��:� (� ��  %�&�'� �(�� .�/ 3��

���@. 

 

8�4[ 7����� ��������H�Z�� �����2��G � �.��/ ���  ����G �-�!S�� ]�2�^ . +�, ��  

 pH           

pH 1 OM          

OM -0.135 1 Clay         

Clay -0.150 -0.046 1 Silt        

Silt 0.053 0.316 -0.046 1 Sand       

Sand 0.041 -0.274 -0.508 -0.216 1 Pb      

Pb -0.203 0.070 0.691** -0.304 0.094 1 Zn     

Zn -0.005 0.009 0.872** -0.232 -0.248 0.607** 1 Cr    

Cr 0.005 -0.012 0.772** 0.512 -0.596 -0.091 -0.079 1 Ni   

Ni 0.113 0.084 0.580* 0.524 -0.132 -0.128 0.035 0.843** 1 As  

As -0.034 -0.051 0.834** 0.065 -0.424 0.484** 0.705** -0.160 0.061 1 Cu 

Cu -0.074 -0.0150 -0.143 -0.136 0.201 --0.043 0.112 -0.076 0.103 0.065 1 

  

4 -4 -  Q�)W"�gOj� �).2  

!��J (� 8 �(� ���� %m&�� c��PE �� c��l N$��� 
�� %[

 c�� .*4�6 %4 (���:� 1��%m&�� 3��@  _��`�4� 3��

�� =�� �( 
�� � 3�( �]�4 0�1�2 �!�� %m&�� (� .���

 3(�a)(�@ c��� � ���5 0�1�2 ���� %m&�� (� � 7��4(L

�� =�� �$^�@) ����5/0> %@ <� 1�2 ���4 %m&�� (� .(

�� �N$��� �$� e�4� �@ .*4� %�2�) (��? �1B� 0(�� =��E

 v^�:�l� 7��4(L � 3�( �]�4 %5 ��5 O�Z��4� ���;

%J�E �@ .��(�� ���#�$ KZ�� $� %��$� %@I4 �I�2 %I 1

U�@E �$�EI)� (� �( 15�:I%���� 7��$T(L ���4���I �

��=L 15�:E =��E���5 ��J� %@ �( ��  �$� (� �4( 3��

 �%m&�� 7$ (� -� c��� � ���5 3��)(��? .��� *Z#� =��

%@ ���� .��� g�� ��J� c�&����  �$��:���[T (��2( �

=L %@�� %��)��J %m&�� 7$ (� <� 1�2 3��)(��? .*4��

�� ����E U�@ 3�$aC���xE %B��� (� � �E^�@ *+�, %@ �E

 (� =L%��:� �� �+� %@ .���@ O�@�� %�&�'� �(�� .�/ 3

�� �4(  %5%;�)�  (� j�#��5 �� _��`�4� � 3(������

'��
���#) 0(�� %@ ���� �B$� %6 *4� 
�� ��,L �$�

 �$� �r� ��J� �$� �@ ���&��2�* ��  *+�, U$�12� 0(�� %@

 (� <�%��:� ��.*4� 
��5 ���@ .�/ 3  

 

4 -5-  Q�)W"���, 2  

c��) c��l ���)���� %@ %J�E �@ 7�� ( %��/ %4 =��E

 .��� Y�`E %�&�'� �(�� (0�1�2) ����x�� 3��@ �( ����

 %@�E *�	 %@ %5 
��@ c��� � ���5 c��� *#`� %��/

=L 3^�@ �� �$� =�#�$ g�� � �$��:���[T ��P& �� ��

%��:� (� 1�2  ��� %��/ .*4� %�&�'� �(�� .�/ 3��

 
��) �$ %��/ (� .*4� ]�4 � 3�( �7��4(L �� c���
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�� 0�1�2 ���#@�� %J(� 8u�/� V#l �@ ��� =��E2 

���E %/�� �$� %/�� �$� (� :��:� �)I (Zn – As  (� �

 %/�� �$�)II( �� 3�J ]�4%��/ �$� (� .����)Zn   �

As U�@ ��'4 (� � %���� -� �@ �( ���#@�� �$�E

��$�C �@ �EPb  ��4 %��/ (� .���#� %�#@��)III �( <�

 %���2 (� � 
��� �( �1B� 
��) 7$ c��E �$�n�E %@

�7��4(L) ��� %��/ %@ 3��$�  
�� cw�� (]�4 � 3�(

 (� <� 1�2 0��m�� (��2( .*4�%��:� �� �( .�/ 3

�� ����E  %@ 3�l �Eg�� =�#�� ���  (� 1�2 �$�%��:� �� 3

 0(���) *#��� O�@�� (j�#��5 _��`�4�) .�/

 ���$��L 3�(��51987.(  3(������ ���� �%6'�� �$� (�

U�@ �$��@��@ h�(��� ��J� K�4� e��6� (��C �E U�5�

=�� � ���Z9 K@��� f$�9 �� ����	  !���5 ���4�)� 3��

��.���
  

8�4[ 8�).2 �gOj� Q�)W" 	2 Q.�f Y���� . 

 �gOj�  

 1 2 3 

Pb 803/0 -099/0 -163/0 

Zn 906/0 -018/0 112/0 

Cr -097/0 955/0 -110/0 

Ni 023/0 963/0 121/0 

As 856/0 -011/0 101/0 

Cu 029/0 005/0 984/0 

  

  
QH� 6�gOj� Q�)W" 45� �� �2����  . �4� a2�b��2 ��  

  

  
QH� 7�LS7 =2�&�4�� . ����� �� ��-�� �.��/ 4�� �5O�N� ���� +�, ��  
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5- ���&����� �� ��-�� �.��/ 	��+�, ��  

 c��8 =�� ����	 K$��E 
����As, Pb, Zn, As, Ni  �

Cu *4� 
�� _��`�4� p��`� 3����2 (� .Exch�Carb 

�OM MnO-FeO  �Res  %@ cw�� 0�1�2 ��Z� V�E�E %@

!��ZE 3����2��$aC  1���� � ��L 3����#5� �%E��@�5

U��5)U$�#5�) �&L 
��� �(�$aC�?�@ � (�$aC 
����

*#$� ���( .���#�e��4� %@ �����4 ����	 3�$aC

�� U��5 �$� V�E�E�@�$:  
Exch > Carb > MnO-FeO > OM > Res 

 3����2 %@ 0�1�2 !�wE� 0(�? U$�12� �@ ���( �$� %5

 =�� �Z�E�E _��`�4� N$��� .�(�� ��Z'�� .�/ p��`�

��!��ZE ��2 (� %�&�'� �(�� 0�1�2 %5 ��� ��2) �$aC

 � %���� �( *+�, �$��:5 (!�� %�l�� (� 
�� _��`�4�

�?�@ ��2 (� �$^�@ 15�:E��(�� 
����  :<�)74/67  �%

:c��� 56/63  :7��4(L �%51/78  :3�( �%67/90  �%

 :���521/97  :]�4 �%49/80  (� 0�1�2 -5 *+�, .(%

 .�/ =��@ �$���? %@ ��� � !�� 3����2��@ ��  .���)  

) �$^�@ ��(� ���5 1�2 �(�� (�21/97   �@ 1�2 �$� �� (%

�?�@ ��2 =�� ����:� 
������ ���.  c$�:E ���5 (�9 %@

 ���5  1�2.�/ (�E %@ �
��&L ��, 3��I2 (� 15�:I ��

�?�@ �e����C �E�@�5) *4� 
����2011 1�� c��� 1�2 .(

U�@ � *4�(�� ���5 �@ %@�� 3(��2( �@ �( ����:� �$�E

 =�� �?�@ ��2��  =�� %�"#� �$� .�����  �� %5 ���

 ���5 � c��� 1�2v^�:�l�  (� ���$ ��$1�$�J 0(�� %@

 %�Z���5� 3�� .��(�� (�sl (7��$T(L =��) �4(  

0��@�5 ��2 (� (�sl %@ c$�:E ]�4 �%��$� �@ �(�� �( ��

 �=�(��:� � ������)2011 �� U�@ ��� h(85  (� 1�2 �$� %

%��:� 3����#5� �@ ����C) ��4 ��2 �@ %�&�'� �(�� 3��

�?�@ ��2) �/L � (1���� � ��L ��J� .*4� 
��:� (
����

�@�5 ��2 (� ]�4���5 (� =L (�sl c�&� %@ %E�  3��

 *�#�5 ����� �E��@�5)CaCO3(  �=�(��:� � ��#E) *4�

1997 �$���? i$��� (� ��5 (�9 %@ ]�4 %5 ��; h(

 ��� � ���?�2) �(�� %E��@�5 3����2 %@ �$^�@ c$�:E

1391 *4� %@ N$��� e�4� �@ 1�� <� 1�2 �(�� (� .(

 �� U�@ �
��L18/13 4 (� 1�2 �$� % %@ cw��) ��2 ����

 � (1���� � ��L 3����#5�80/14  ����C) ��� ��2 (� %

0��@�5 �@.�(�� (�sl (�� 1�2 ����:�  �%E��@�5 ��2 �@ <�

���5 (� �w�	 �$� (�sl c�&� %@  ����� �E��@�5 3��

*4� *$(��L � *�5^��. U�@ 1�� 7��4(L ��2��:� �$�E

 ��2 �@ �(?�@�  =�� 
������ �� ��� c�� �� %5 (�'��:� �

7  ���l *4���C10  �@ =L c5 *+�, �� ��(�

 �$� U6� �����@ %5 *4� 
��:� 1���� � ��L 3����#5�

-� � c���	 ���;��5�  ]aJ (� �4( 3��%Z� 1�2 

 0����xE ���( ��5 (�9 %@ .*4� 7��4(Le��4� aC 3�$

 (� 0�1�2%��:� �� :*4� �$� 0(�� %@ .�/ 3  
Cu > Ni > As > Pb> Zn > Cr

  

  
QH� 8 ����� �� h)�b� U2Z)� 2�� �S�"�" a2�b��2 k���	P Y���� �.?, .+�, ��  

  

6 -  �� U2Z)� '()*����� ������� ���&  

����� (� 0�1�2 �/�@ *+�, �m���E (��L  ������$� 3��

)Root ( ������( �)Shoot( %��:�  �%��(� 
��) 3�� (�

 !��J9 %#$�6� .*4� 
�� 
�(�L  �(�� ����	 *+�,

����� (� %�&�'������ � (%$() ������$� 3�� �$��� 3��

�� =�� 
��) �$� (}�@ � %?�4) 1�2 %5 ���Cu  K:BE

����� (� 3�E^�@����� �@ %#$�6� (� ������$� 3�� 3��

-� .��(�� �$���*+�, ���; Zn ����� (� �$��� 3��
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U�@ *+�,) .*4� 
��) %$( �� �E%Z� 1�2  (� 7��4(L

 ���:E%��:� �� 
���4� 3��4(���L �l �� ��:5 
��) 3

)1/0 ���� ��)���5 �@ ��)(  .(��L *4�@  

 c�� (�9*#$� V$�\ ������� � �(�� 0�1�2 15�:E

 �� c��l N$��� ��5 (�9 %@ .*4� 
�� 
�(�L %�&�'�

�� =�� V$�\ �$� %Z4�P� %5 ��� �$�E^�@BCF 

 1�2 %@ f����Cu �$��:5 � *4� BCF  1�2 %@ O�@�� 1��

 �
�� %Z4�P� �$��6� %@ %J�E �@ !�l �$� �@ .*4� ]�4

 �� ��:5 ��#$� K:BE V$�\ 3�(�� �����	 ���:E1 

�:� %��(� 
��) �$��@��@ h���#� %��) =���	 %@ ����E

*�Z�E��� 
���5 .�$�:� c:	 ����	 �$� �� 7$  �@ %J�E

 %@ O�@�� !�6��� V$�\ �$�E^�@ 
�� ��B�� 0�Z4�P� %@

 !�6��� V$�\ �@ 3�( 1�2628/12  %@ f���� =L �$��:5 �

 !�6��� V$��\ �@) ���5 0�1�2949/0 %@ N$��� .*4� (

�� =�� 
��L *4� !�6��� �$����E %��(� 
��) ���

����� %@ %$( �� �( ���5 1J %@ ����	 �(�� �$��� �$��

.�PE ��� �$� .*4� � 
��) 
���C (� �( ���5 -5 3�$aC

=L c$�:E����� (� K:BE %@ �( �� �
��) ������$� 3��

�� =��.���  

  

8�4[ 9=24�2 �� ��-�� �.��/ '()* �g�.�" ���P . ����L�) ����� ���& �� ����	��	 � ����	�� �� ]!f ��mg/kg(  

Pb Ni  Zn  Cu  Cr     

1/1  5/3  5/6  117  4/4  %��:5    

3/5  9/10  1/13  441  2/6  %���@  
Root 

(������$�)  

2/3 6/5  8/9  239  8/4  �������    

1/2  1/4  1/24  1/12  9/3  %��:5    

4/6  7/8  3/49  2/50  1/5  %���@  
Shoot 

(������()  

1/3  3/5  12/44  1/23  3/4  �������    

  

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

Cr Cu Zn Pb Ni

B
C

F

  
 QH�9��" '!�	 ]��^ ��-���� .�5O�N� ���� U2Z)� Z�  

  

7 - �1�����&  

���5 %5 �� Y`� f�6PE �$� N$��� e�4� �@ 3��4

=�� � ���Z9-n� ����4�)� 3�� U$�12� c��	 �$�E

 (� 0�1�2 c5 *+�,.�/ ��  �) �B$� %6'�� =����

 .���#�%��:� (� �7��4(L 0�1�2 �%�&�'� �(�� .�/ 3��

 7��$T(L ���4�)� =�� (� 3�( � ]�4 (� <� 1�2 �

 �7�4��C =��@U� ��, V$�\ =�1�� �$�E %@ �( �)��

�� ��w�/� ��/ .���� Y/�� ������� �4(�@

���� %��:� *��Z�� =�� %@ %J�E �@ .�/ 3��  3��

 (� �7��4(L � ]�4 �3�( 0�1�2 %5 ��� =�� ���4�)�

 ���4�)� =�� (� <� 1�2 � 7��$T(L ���4�)� =��

U�@ �7�4��C �1�� �$�E���� Y/�� = %���� �( *��Z��

 0�� ��P& �� 0�1�2 �$� %@ *Z#� %6'�� .�/ �

�� =�� �( i4��� �)��&L ��)��&L .��� �� 
��m�4� �@
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�� ����#Z:� V$�\ N$��� v^�:�l� %5 *2�$(� =��E

 .���#� g�� -� ��$��$ �@ 3�( � ]�4 �7��4(L ����	

-� v^�:�l� 1�� c��� � ���5 ����	 ���; ���#�$ g��

 3������(�C �� 7$ ��� �@ �<� 1�2 �%�&�'� �$� (� .��(��

���� %'@�( ��4(�@ �(�� 0�1�2 � .�/ =�� (��

:�� %��) N$��� .���%��:� (� 0�1�2 3��4 .�/ 3��

 %5 ��� =��!��ZE ��2 (� %�&�'� �(�� 0�1�2  �$aC

�?�@ ��2 (� �$^�@ 15�:E � %���� �( *+�, �$��:5 �� 
��

�?�@ ��2 (� ����	 (�sl .��(��  ���Z9 g�� �����@ 
����

���� �=L ��� 1�� ��#$� K:BE V$�\ %Z4�P� .*4� ��

 1�2 %5 */�4 (���LCu ��#$� 15�:E V$�\ �$�E^�@  �(

 3�( 1�2 %@ f���� 1�� !�6��� V$�\ �$�E^�@ � %����

 Y`� %�&�'� �$� �� 
��L *4�@ N$��� e�4� �@ .*4�

�U�@ g�� %5 � (� 0�1�2 �E.�/ �� �(�� %6'�� 3

 �$�E !�l �$� �@ *4� ���Z9 (���2 i$��� (�) %�&�'�

*�&��2  
��$L (� j�#��5 _��`�4� � 3(������ 3��

�� e��4� �$ � 0�1�2 *+�, U$�12� k	�@ ����E 3�$aC

=L�� %5 ��� 
��) � .�/ i�P� (� ��  (� �$�@

�@�$�(� *#$� 3��  �'�P� �EL�+��� .���) (��? 

  

�H@" � ��4L"  

(� �%:E�/ =�)��#$�� %&�6� ��^ �� ����� �� (��� f�6PE 

� �%�4�E U`@ 0�6�6PE ]L � P�i� *#$� *5�� ��� 

K$��� <� �n� <� K:�B�) =��$� �(7@�@ %@ c�&� 

*$�:l �� �&�� �$� U��qC ��E � ����(�? .��$�:� 

  

l����  

�Z&�9. ) �1384& %�&�'� ( 0^��4 � ���4�)� ��:���[T���

!�:� ��B$� 3��2(�C <� (�#��5 ��)(��n� ]�,  .7@�@

�C=�$ %��� ��4���(�5���	 
����� ���(� 
����� �����
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Abstract 
Heavy metal concentration and speciation in soils and native plants around the Ijo copper mine 

(Kerman province) are investigated in the present study. For this purpose, 34 soil samples (0-40 cm in 

depth) and 8 native plants (Artemisia sp.) are collected and analyzed by means of standard methods. In 

addition, chemical forms of heavy metals are determined by Tessier five-stage extraction procedure. 

The results obtained indicated that Cu (457.25 mg/kg on average) in potassic alteration zone and As, 

Pb and Zn in argillic (47.06, 137 and 580 mg/kg on average, respectively) have the highest 

concentrations. The calculated enrichment factor (EF) and geo accumulation indices (Igeo) also 

confirmed this distribution pattern. The results of sequential extraction method indicated that all the 

metal studied have relatively low proportion in the exchangeable fraction (F1, 1/89 % of their total 

contents) and high contribution in the residual fraction (79/70 % of total contents) implicating their 

main geogenic sources in the soils. Levels of heavy metal in Artemisia and based upon the calculated 

biogeochemical indices (Transfer factor-TF and Bioconcentration factor-BCF), it was revealed that Zn 

and Cr (Mn as well) have the highest and lowest transfer factors, respectively. Also, the highest BCF 

are calculated for Mo, Cd and Cu. This study generally concludes that although the metals in soils are 

inherited mainly from the natural or lithogenic source in the study area, intensive exploitation and 

mining activities might enhance the soil metal contamination rate and make metals more available that 

it should be considered in future assessments. 
 

Keywords: Ijo copper mine, Soil contamination, Speciation, Heavy elements, Artemisia sp 
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