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2- Bolesław 
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4- Solgi and Parmah 
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8- Likuku 
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�5? ���D� � �

p�Z8?��)6 19996��� (�� �8 .(N#��) h�'.8 S(� h��� 3# ~�N $�� ?����8� *57  $�� �S���%�8 ���8

��2 ~�N 31��� �&O �k�� 3^#�?) ��� !(���� [7%�� *��3.(  

)3(   EF! = (X!/Ti)Soil/(X!/Ti)Crust  

X!:  ��� ?� �Q� � � �	
� �k�� �n,2Ti:  # �#��# $��� 3%��X ?� S���%�8 �n,23117 �,�� ?� S���,�) ?� S��

) ��� !(N 3%-�� �n�h5�X��8 1995� �(EF!��2 ?�%)- :�� �n� �?�� �k�� *��# *��3��
� .(N# �� *5

��2 ~�N ���D� x���# 3D^�� 3# *��5  �� �%
)) ]) ?��# ������ # � � ������ ��(# 3O?�2) ���%� �(2 -

5) ��� �(5 -20) ��� ?��# �(20 -40�� �%.�#) (�(N ?��# ������# � (40) (�(N ]��D8 (5 � U�(1� ��?'


                                                      
1- Enrichment factors 
2- PI: Pollution indices 
3- Jung 
4- Kabata-Pendias and Pendias 
5- Covelli and Fontolan 
6- Swartjes 
7- Authigenic 
8- Wedepohl 
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2015(~�N $�� 31��� ?� .) R�(O ��.# $��� 3%��X ?� ���� ���%� ���D� �1 .(�(N 3%-�� �n� ?� ( �&O

!��� *?�� Y�? �� 30�^� �?�� ���� *(�#3�+Z8 �,��1 !��� ?� .(N !�t%���� *(�# !���� ���� x���# 5

3N�� h�,�8 !(��)*�2 ��� !(N !��# ?'#.  

  

Z�9V1���) J�F 
�<D2 �� �6�>? �<D�� (b�N :(f�CD�M �� f�C*  

�6�>?  Cr  As  Co  Cu  Ni  Pb  V  Zn  Cd  Sb  Tl  Sn  

(f�CD�M �� f�C ���) (b�N  35  2  12  14  19  17  53  52  2/0  2/0  5/0  2  
* As �Zn �Pb�V �Cr �Co �Ni x���# h5�X�� 1995 �Sb�Sn �Cd  �Tl x���# p��� � s'���)31995  

    


�)�*��O T'��  

�S�<�C� � �Y>< ���M��
'X>� �� ��  

4�� �,�� 6�)�8!��(� 3D^�� *5q�8 � 5���0- f1_0%� 3) (�%�5 $��g� !?�� 3# m�#�� *5 �#��� *5

3�&X Y�%�� � h�'.8 6O�������� s,%7� *5h'N) ��� !(N 53 h���� ��G/8 �G� �# � *���8��) ��� ?� .(

�� �'������# � ���
�N ��'��'�c-� # *5*5A � �A �B h�-��X ?� �� ��7d .��� !(N h�'.8 *5

 �� � !��# L�t%� s,%7�15 �%���� j�# 8 �%�60 �� ���M8 �%� �%��.(��
�  

                                                      
1- Factor analysis 
2- Cluster analysis 
3- Krauskopf and Dennis 
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 ^: 3
>K2 ��Y>< nM�� 
�'S :^�C � �S�<�C� O�� ^�� (�[D� ����� 
� 
'X>� �K� O��@�A F� O����� 
SD�S��  

  


'X>� @�A �� �6�>?  

 [�� � ]��8 �!��O ����
�%�� �",_ �]���) �]��,� �b���?� �]��� �]�,��# �]�?# �S��%�� ���� j5�iX $�� ?�

����
������ S����)��� �]���) �]��,� �*�? �h'�� ���1) �S��) �]�?# ���� ��� �b���?� �+�E�� ���� ���

���� ���� # ]��%�� �S���%�8 �]�(�'��3��� ���# # p� � $5� ���� � ��
%W� �������� 5 �n� ?� ��

!(N 3%-�� $����-) (��1985�� ��^� 3) �,�e� 3# +�� ���� �� �E�� ���# �n,2 �o�- ���� �# !�K� .( ��N

���� �#��?� �?����� ��	
� .��� 3%-�� ?��_ �^��� �� �k�� h'N � !�� 3��� 3# 3%�# �5�� *��# ]��5/0  81 

�,��S���,�) ?� S�� �� �2��Z�8) ��N11990�n,2 ?� ��� $'
� $��r
5 �( �� j�# *55 �,�� ?� S��

S���,�) b�#) (N# �	
� L����W � ���� *��#2  ��?'
5 �1976 �^� �# ���� +O ���
0� ��W ?� ����� .(

 !��#�� �D,8 �	
� !�� ?� �� (W �� j�# "
Z8 ����� ?� ��O�� ����� �ge# ���D� # .��N �3D^�� *5

 R�,�� ?� �-) Lt��� h�'.8 R
%W��� �� ot8� 3D^�� �5�� ?� ����� "
Z8 �\� � 3%-� j��+-� (%-�

 �����?e�)1391(. �n,2 ?� �(1���� L����W 3�\M8 *��# ]) *5 �(N# ��� �� ��+�� 3r��9 �� ���� *?��d

 ��1Q2) ��� �	
� ?��#1381�n,2 ?� *�? ��	
� .( ��?'
5 � b�#) ��� !(N Y?�+� ��� f%1�� *5

1976 .(�	
��  $�+�  ��k� ?�  *�?   � �?�� ��O� [\O1-2 # ���� ?� S�� F�&8 ��?���  ���?*5 ]'N  � 

                                                      
1- Tanji 
2- Beek 
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5 �N?��� !E%�� ]���� �*?� �,��
��) ��� !��
1381(.  ���# �	
� �# �?��� *?��# ?� ��O�� "#��

�E�� � �)�?1�) (�?�� (�)8 $%�E�81 2007.(  

) h'N ?���
� x���#4�[�� ��(1���� �b���?� ���� �n,2 �( �*�? ����� �p� ���1)S��) � �� ?� !��O �-

 �� j�# 3# 6�8�8 3# 3D^�� *5244 �35 �32 �5/3 �6 �18 �80 �5/2  �7 �� +�� �� �0�1� �n,2 �#��# ?� # .(�?

��# �?�(�%�� ���D� $%-�� �n�2 )1979) (���� � (1995 ����
�%�� ��(1���� ���1) �b���?� ���� �n,2 �(

]��8 �",_ �[��]��,� �+�E�� � �� ?� ����� � �� j�# 6�8�8 3# 3D^�� *5170 �5/6 �111 �70 �16 �5/5 �

5/10 �5 �11  �40  �#��#��,M8 �� �.� ��(Nh'N) (5�5�� ������ x�� $���# .(���� ��(0� 3D^�� *5-

�� (�(N ?��# ����� � p� �[�� ��(1���� ����
�%�� �b���?� ��r
5 �	
� ���� 3# �,E�# �n,2 .(N#

� !��O �]��,� �]��8 �",_ ���1) �+�E�� �S��) ��r
5 *���� 3��
� �� ���# ?� +�� *�? (W ?� 3D^�� �� *5

���� !���� *5.(N#  

  

 
^: 4
SD�S �� �K� �6�>? (b�N ���g� :
>K2 O�� @�A O�� �6�>? JYS�� �*��'� 
� (��S 
M �9  ��<�C� � OF�< �S�M O��

W���CD>*� ]�<���3 J*�DC�*)4 1984�9  �L&���S (.9S�  

  

3�&X ?� *5 3# ]��,� � ]��8 ����
�%�� �[�� ��(1���� �p� ���1) �b���?� �!��O ������ �$5� ���� �'�,��?�

3%-� +)�
8 L(N ��Z8 ��� *�� ?�� �� +�� ",_ � ]�,��# �S��) (��� ���� �� �E�� ���# �n,2 $�E��� � (��

���� ?� b���?� �k�� ��,M8 .(�
��X b�,��?� ������ *5.��� �%
) ?��# b�,��?� 3�&X 3# �1�� 3%-�.  

                                                      
1- Gbaruko and Igwe 
2- Bowen 
3- Vinogradov 
4- Yagodin 
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^: 5: 
SD�S �� �K� �6�>? (b�N ���g�
>K2 O�� @�A O�� JYS�� �*��'� 
� (��S 
M �9  ��<�C� � OF�< �S�M O��

) ���� ]�<��� �&�� � ����M �J��Y>� �6�>?)�6�>?1979) 9&�S�� ]�<��� �6�>? 
'� � (1995�9  �L&���S (S�.9  

  

	(N 3# ��O�� *5?�(�%�� 3# �1�� ]��,� � ]��8 �[�� �+�E�� ����
�%�� ������ �$5� ���� ��+�� ��,M8 L

3%-��� (�(N ��,M8 .(��3�&X *�? *5 � ",_ ����
�%�� �[�� ��(1���� �b���?� �$5� ���� 3# ���,�� *5

�� ]��,�3��
� ?� .(N# *5�� 3%.&� *�? *5 � �(1���� �p� ���1) �b���?� ������ ���� ���8��) �%-�#�

3%-� +)�
8 L	(N 3# [��!��O ��n� ���� �� �E�� ���# � (��!�D� � �%.�# R�
0� ���D� �� ",_ � *�? �h'�� �

�� ?� .(�%�54�� *�? *5�� ?� � [�� � �(1���� �p� �b���?� ������ ���� ���?� $�?y� *5*5 

4�� *�?����� �$5� ���� *?���?y� � ��.t.8� *5b���?� �3%-� +)�
8 ]��,� � [�� ��(1���� �.(��  

  

@�A �C�D&E ���*F����  

) 4��� ������ ~�N ���D� x���#2001�( 5/18  82/69 3��
� �� (�?� # 5PI>1 �� [���� !���� (��N

8#))- x�(�X � x�(�X2001 �p�Z8?�� 1999�)?X � ]�5��#� �1 2008R�(O) (2 ������ ~�N *�1� �# .(

4�� *�? �� &�8 �+�� *�&�.�X!��# ������ (_- �O��� $�?y� *5  �4/19  87/66 3��
� 3�D# �� (�?� *5

�� (�%�5 !���� .3��
� ?�%)- $�� ���D� x���#�� *5  �p� �b���?� *���� 3# !���� h�) ?�^# 3D^��

�� ���
�%�� � [�� �]��8 ���1)R�(O) (�N#3.(  

  

  

  

                                                      
1- Abrahim and Parker 
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 O9>� ���C�6�>? @�A ���  

 $�.�
5 ���� $��08 #�����8 �� �E%�1
5 ��+��!��� ~�7.8 ���) $��08 �? 5 fe�
0� 3) ���� s,%7� *5

�� "
Z8 �� ?� ]5 # �&O (��
�Y�? $��08�� *��)X *5!+
W) �?�� *��� ��
5� 51  ��?'
5 �

2011.(  

  

 Z�9V2@�A �� OL�) �6�>? �C�D&E \A�  :
>K2 O�� O��P>< � ��<�C� R��	� O��J*�iE O�� 

@�A  

�C�D&E \A�   

) PSD* ]�<� ��2001(  

�C�D&E \A�   

(O��K>�2) ���S� O��� �_� �6�>? ]�<� ��  

^[�9o  
M�9o

�Q  
��D&E 96��  ^[�9o  �pM�9o  ��D&E 96��  


�)��2 a�*j�E ��<�C� 
>K2 O��  34/0  67/2  9/38  18/0  3  4/19  

a�*j�E ��<�C� 
>K2 O��  34/0  07/57  9/64  21/0  70/17  1/42  

���< 
>K2  58/0  37/57  7/66  51/0  38/17  7/66  


��KSO�S���DM O��  25/0  44/3  9/56  13/0  8/1  5/37  

P><��*�D*��LSD� O��  82/0  01/3  2/69  67/0  13/3  2/46  

P><�9  ��<�C� O���E�iE � �S��5��E O��  25/0  52/1  5/18  24/0  95/0  0  

  

Z�9V3: �>N �D�M�)
SD�S �� OL�) �6�>? OF�<@�A O��
>K2 O�� O��P>< � �S�<�C� R��	� O��J*�iE O��  

O�� @�A   O��� OF�< �>N �D�M�) JYS���9  q�	�S� �6�>?  
Cr As Co Cu Ni Pb V Zn  Cd  Sb  Tl  Sn  


�)��2 a�*j�E ��<�C� 
>K2  86/0  13/16  62/0  73/2  94/0  18/3  05/2  04/1  50/0  18/27  06/4  75/0  

a�*j�E ��<�C� 
>K2  64/0  06/46  44/0  45/5  56/0  35/4  09/2  23/1  97/0  71/23  55/4  88/0  

���< 
>K2  18/1  84/174  65/0  92/3  11/1  39/7  96/1  17/1  47/0  82/28  98/4  56/1  


��KSO�S���DM O��  73/0  32/17  63/0  59/3  77/0  91/2  86/1  03/1  53/0  20/20  09/3  81/0  

P><��*�D*��LSD� O��  45/0  11/17  59/0  36/11  52/0  64/4  11/2  41/1  61/0  86/38  49/3  12/1  

P>< O���E�iE � �S��5��E O��

 ��<�C��9   
59/0  33/7  91/0  60/3  82/0  07/1  34/0  24/1  61/0  77/8  85/0  42/0  

  

 ����� 3Z�%�"3��
� ]ZW ���# �-)5
2

"  # �#��#)707/0=KMO
3

3��
� !��(�� ��t) �,�� h�,�8 ?� ( �&O �? 5

�� L1G� 3# �,�� h�,�8 SZ���,8?# !?�� $��r
5 .(��?4 ?�(D� #2213 =BT  *���� 3O?� �210  v^� *�?��

                                                      
1- Hamzah 
2- Adequacy Measure of Sampling 
3- Kaiser-Meyer-Olkin Measure of Sampling Adequacy 
4- Bartlett's Test of Sphericity 
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��0� ?��000/0P=  �.� � !��#!(�5� !i�� ?�(D� x���# .��� �,�� ����� *��# R�1_ �?�� 6��8 ��O�1  �

 (�0%� j��9 Y�?p)
�?��2  $��%.�# 3) ���� �� !��� �t5 x�� $���# ���� !(N }��7%�� h�� �t5

R�(O ��.# (�?�� �? ���.�
54 ��.(�N# �,) ?�^#70/73  �t5 $�� 3,���# ���� �n,2 h) p��?�� �� (�?�

�� $��18 h��.(��N  

  

Z�9V4: �9  r��	�<� ^��D? � ��X< @�A �� �6�>? (b�N n�o �� ^��? 
*L�� �D�FE l*��S  

(�g��) �6�>?  Z�� ^��?  f�� ^��?  fD< ^��?  f��K; ^��?  ��>2 ^��?  ��  ^��?  ��5� ^��?  

Zn 901/0             

Cd 810/0             

Cu 794/0             

Mn 668/0             

Pb  875/0           

Sn  788/0           

Tl  775/0           

Mo  595/0           

Ba   817/0          

S   794/0 -          

Be   634/0          

Cr     896/0        

Ni     880/0        

Co     365/0        

Fe       860/0      

V       786/0      

Sb         717/0    

As           791/0  

Se           695/0  

`S�*��� 21/3 78/2 68/2  18/2  70/1  52/1  38/1  

�9  J�� `S�*��� 96�� 29/15 26/13 78/12  39/10  12/8  25/7  6/6  

  

3N�� 3�+Z8 x���#�� ����� h) �n,2 *�1� �# � *�3%.&� *�? *5���8��) *5* 4�� � $�?y� *5

 b� ?� (���?� � �O���)3�&X *�? �� h#D� ?� � 3%-�� ?��_ !��� � 3%-�.�X b�,��?� �b�,��?� ������ *5

!��� ���,���� h�'.8 �? ���+Z� *5h'N) (�5�6�� 6�8�8 3# .(3�&X *�? *5 � b�,��?� ����,�� *5

�� ?� ������ �|)�(W .(�?�� R�� !��� # �? qK%�� $��%.�# 3%-�.�X b�,��?�*�? *5 3�&X ������ # *5
                                                      
1- Initial Eigenvalues 
2- Varimax 
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�� !(5.� b�,��?� � ���,���� x�� $���# .��N4�� *�? *53%.&� � ����� ��2 ��.t.8� *5 *5

 ������ $��%
) *���8��)�? .(�?��  

  

  
 ^: 6@�A O9>� ���C :0�� 
� 
'X>� R��	� O�� ����1  

Q.@�A :
��KS O�� O�� �O�S���DM O��A.@�A : �a�*j�E �S�<�C� 
>K2 O�� O��A.A.@�A : �
�)��2 a�*j�E �S�<�C� 
>K2 O�� O��M. :

@�AP>< O�� O���S�M �S��� J*�iE O�� ��9  ��<�C� � OF�<V.@�A :P>< O�� O���V��A J*�iE O��  

�S�M ��9  ��<�C� � OF�<S.@�A :���< �S�<�C� 
>K2 O�� O�� 

  

��S�:� B��� O���6�>? 

�� ������ �#��?� �� !(�� ��� 3# z�%��� �.� �Q� ���� 3# 3D^�� s,%7� mD� *5 � "
Z8 ��+�� 3) (5�

�� ?� ���� "���8��i�� $��r
5 � �� ��� ��2 � ��� l�+O� .���� �����'� 5 ?� �� ���
�N � �'�+�- *5

q�N�) (�?�� ���� �� ?� s,%7� ���� "
Z82 
5 � ���?'2012j�)�� .(p',�
) $�# *5 *+,- ���� *5

�
5��- �# ��(0� � ��� *5(�E�� #�%���3 �	�
� �4 �� ��G8 ������e���) (�?�\�5  ��?'
5 �2010 3��D� .(

�n,2 $�#  �� �%'9�) L�?y (�?� � h) ��� $#�) (�?� �+�E�� +$5� �S�������� ������ �n,2 # ���� F�
Z�

63 h'N) ����� � ���� $�� $�# �1|� �E%�1
5 ��O� !(�5� �.� �� �%���'��7  �� +�? L�?y � (s��

h'N)7 ([ h'N) S�������� # �t�� �E%�1
5 �7�E%�1
5 $�� .��� (} +�? L�?y � 5(�t��� �,�� jD� 5

�� �.� *+,- ���� [\O ?� �? ����%�?�- � ���e�) (�5�6 1984���?�5 �+%7 1991.( 

��) ?�QW (��� *(��)� � *(�t��� *5����X )FeS2) ����X�'�) �(CuFeS2) $�� �(PbS) ����t�� �(ZnS �(

) ���(1����MoS2) ��8
5 �(Fe2O3) ��%�E� �(FeFe2O4�( ) ��8��FeO(OH)����
�� �( )2Fe2O3.3H2O !��2 � (

 �h�#�?� �%�� ��0� � "���) 3D^�� ?�1381 � ���?'
5 � ��K�1391�� ( jD� *+,- ���� [\O ?� (����8
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Abstract  
Contamination of soil with pathological and carcinogenic toxic elements presents a vitally important challenge 
for the environment. The dispersed contamination source is one of the important pollution sources, which 
different elements originate from weathering of rock and alterations zones and diffuse in the environment. The 
mine lands are considered as one of the dispersed contamination sources. In these locations, excavation, 
concentration, and uncovering of some elements cause contamination of soil, which leads to contamination of 
the environment. This paper presents the pollution load of toxic elements in 236 soil samples collected around 
mining zone in the north of Meshginshahr, northwest of Iran. Pollution intensity of the soils was calculated 
based on the pollution index and enrichment factor. Classification of the soils was done by using the factorial 
and cluster analysis. Soil samples collected in this study contain higher concentrations of harmful elements 
compared to the target and intervention limits set by international regulatory standards. Concentration of 
elements such as As (3-3430mg/kg), Mo (0.5-160mg/kg), Sb (0.21-97.6mg/kg), Pb (3.7-518mg/kg), Cu (10-
748mg/kg) and Sn (0.5-11.4mg/kg) was found to be very high in the region soils. Some of the soil samples also 
have a worrying levels of Cr (3-267mg/kg), Mn (27-4120mg/kg) and Co (0.5-211mg/kg) concentrations. As per 
the pollution index, 19.4-66.7% of the soils on the mineralized and altered zones in the region are considered as 
contaminated with toxic elements. There is a high variation of concentration of elements in the soil samples. 
Distribution of the elements has been influenced heavily by both chemical (pH, organic carbon content (%), the 
concentration of Fe + Mn, Al, and S) and physical (grain size < 63µm) factors. Emphasis needs to be put on 
control measures of pollution and remediation techniques in the study area.  
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