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    0��� &F�#;) J"�� 0�% &$�,
           ���+#') TV+� ����+'= &+� �	 ��3  � 
  [�#')�� TV� 234   J�,� ,3��7) M)�%  &%��  �) ����   �+�� .  &+���')

1 "3�QF A��=  �) 8�W� �	 	��v) ���:  

�� � �
� � � �

�
����

n

i

c

j

n

i

c

j
ijiijijE dmdmcMJ

1 1 1 1

22 )1(),( �� ��
    )1(  

8� 	� &� :  
������������������������������������������������������������
2- Outlier 
3- Normal 
4- Extragrade 
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 JE(M,c) : TV� M��� 	� �(� ��'�,) a�#;) J��  
c :TV� ���'= J��  
 n:&��#� �3 ��,�� ���'=  J��  

 :mij �,� "3�QF 	��7)i TV� 	�  j)    &+��#� O+�'= 8��+�)i  &+� 
 TV� j(J  

 �:    �<�� ��#� )   L� &U	� 0���� ���'=   TV� �%��   &� ���   "��
0�)�( ,
� 1=�&%�� �%��  J��� ����� �<�� ,�I ����  

 dij:               8�+#� 	��+7) �+� �,� 23 	� �
�3� 23 	��7) �	�)� &�!��
 TV� ��,) 	� �
�3�j� J  

 � : ���'= ,$)�	��       �,� "3�QF ������) 0����i    [�#')�� TV� 	� 
"��.  

 $�� �� <� 0��@ mij  �)     G3,=�) 23 8��=U      ��	�� &� �,� d3,'= c 
   � ,(�n   8�$�"��   � ~)&@�  8� ���     ��� �	��7) ,�,@!   �=  2+3  �	 

�)   ���� 	��$�� �����= .   �)�#= ,
�~)&@�    G3,=�) ���U � &   �	�!,@! 
   �3 �23     &��W) L$3	���� ��%�� c-maens      ��+� �+���� 2�+�V�  .  �+�
�3�   &�~)&@�  ,=�) ���G3 U �)       ��� �	��7) ,� �����=,@!   �= 23  �	 

 ���� 	��$��) 13  J23 (   a�#;) �)�~)&@�     8�$+� <� 23 ,� ���    �+3�� �+�
 ,��,�23 � �%�� �3�,����:  

)2          (              �
�

		
c

j
ij nim

1
1  

   &� &��#� ,� O�'= a�#;) &� "�� �3� y,% �3� ���')c  &+%�� 
   ,��,� �3��23 �%�� ) 19 J25( .� ��,�& 8�	�� "�� ,3��+7)    &+� y�+�,) 

mij � cj    A��= �3�� "3�QF   �	 MD��/  � 0��#�       � ]�� y,% <� 0��@$�� �� 
       A��= O$W) 8��� 	�,D ,@! ,��,� &���') <�    ���3   � 4     &+� y��,) ,3��7) 

8� �,� &B��1) �	 ��.  

)3        (
� �
�

��

�

���

��




�

�



�

� �
�

�
c

j

c

j
ijij

ij
ij

dd

d
m

1

)1/(1

1

2)1/(2

)1/(2

1
�

�

�

�
�

 

� �

� ��

�

�
�

��

�
�

��

��

��
� n

i
iijij

i

n

i
iijij

j

mdm

xmdm
c

1

41

1

41

)1(

)1(

��

��

��

��
                  )4(  

 
�&'�$ (��� )�*+��  

��,�      8�,+� �3\�+),�� <� 0��@$+�� �+� "3�Q+F A��= 8�% &��#�  
dij

2              � "+B|) G3,=�) 23 ��� &� "�� <��� &�!�� :,�� 23 &� J�����
 "�� ��') .     :,�� JM)�% :,�� &� <� k\�#')     �+����D� ��+�1  �,+(D J2  � 

������������������������������������������������������������
1- Euclidean 
2- Diagonal 

G����\���)3   �+) 0��@$��    ��+% .   +����D� :,+��       ��+�,�X$) :�+#= &+� �
0<����        �+) 8�`+63 8<� 0�% �,�
     �+��)8 .(        T�+�� ,+� �,+(D :,+��

       �+) &B+��1) ,�X$) ,� 	��') *�,1��     ��+%)15 (     G����\�+��) :,+�� �
  8� ,� 0�VF     G��3	�� 	� ����#��� &�   �) &B��1) �	 ��  ��$`B#� J���

  0<���� ���,�X$) �	�)�        �) ,H� 	� ��� �	 0�% �,�
  �,�
 .&�     �+�� 	�P 
   0��� ��,� :,�� �3�                \�+� ��$`+B#� ��	�� � ���+F "+���) �+� ��+�

 �	�� �B���) �3�	��)28.(  
 

���$ ����  
     "���,3< &� ����/ �= �<�� ��#�   �+�     �� ���D�	 &  ��2��*	

3���  �E       TV+� K��() ���'= &� �3�,���� �      �	�� ��$`+� �+� .   A+D�� 	�
   L� 8���) �<�� ��#�   TV� �%��      ���'= �	 ���)  ��� .   A+���= �3�,����

	�B$F�   &%�� �;��          8��� �<�� �;�� ��,� �	��') ����/ �= J����
 ��$`� ��� .           �B���) 	��7) �3�� �<�� "3�QF A���= c`� �� ��U� �3� ��

  <��    "���,3< J�<�� ��#� �= �,� K�_$�� �	   ��� 3��� ��2��*	  ��E 
  ��� 8�W� �	 .        	��7) ,� ��,� &� "�� :�9@) 8� &� �3�   <� � �)    8��=
  	�+B$F� A+���=    &+� �	 �;�+�  S��+% 8��++�F   "��+�,3< <� �3�+� ��++� 

 3��� �2��*	    �E&�   �,� 	��  .    0��� �+� ��7�71= ��,� 	�    J�+-,� ��+�
2= �     0�% &$���% C���) )8  J19(  �3� �� J         �	�+! ��+'��() 	� [�+/

     ,�3� 8�771) c��= &$�,
)14 (    &+��9� 	��7)�� 3/1    �+= 45/1  	� �  
�7�71=     C���) ,3��7) ,=�3�U ��   0��� ��,� �	      0���1) 	� 
�� ���  

12/1 �= 6/1 ���,� Y	��
 )3 J27 J28.(  
  

��,-� ��%�� .,,�� /05  ��  
       ,� ��<� &� L$3	���� ��,U� ���   �+) J��')    0��� 8��+=       �� 	� �	 �+�

 ��N ���   &%�� TV� 0� �3 ��#� ���� . &�     &+��9� ���+'= ��+�'= 	�H�)
TV� �� <�0�,
 ���  ����  A+���= <� J0�% :�;�� ���    0��@$+�� �+!��

�)     8� ��,��X= &� ��%               "+�� "3�Q+F A��+= ��,+��X= �+� C+���$) ��
)6J18 .(*�,')          �<�+� �,6�#F S��% <� ��=	�BF A���= �3� �3,=4) F( J

   0�+% 0����),� ���,$��5) H( �     �
�+%��U S��+% 6) S (     �+3� 	� &+�
   8� <� ��� O�71=  ��  % 0��@$�� � .           &+� "+�� C+�=,= �3�+� M+#F 0�1�

   ,� A���= �3� ��,��X=  TV� C`/ ����     	� &� �3���    M+!�/ ��') 
    �) 	�,D ��	,� �	�) 0�% �,�
 .  TV� &��9� ���'=      	��+7) MD��+/ �� �� 

�	�� ]�B(�� A���= �3�) 28J 31.(  
  
  

������������������������������������������������������������
3- Mahalonobis 
4- Fuzziness performance index (F) 
5 -Normalized partition entropy (H) 
6- Separation index (S) 
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6&� 	 78�9+  
C3�,-      �+
�3� ��+� ��$`+B#�           ,+!��F � 
�+� d+�$_) ��+�

0����   0����      [��U 	� 8��,�� 8�)<� T���,�1   8�W�   "+�� 0�% 0��� .
 8�W� t3�$�  0����   ��$`B#�         &+7(�) 	� 0���� 0���� ,!��F ��� �\��

  "�� &'��() �	�) .���           � K,+� ,+!��F ��� ��$`B#� C3�,- �3,=
          &� K,� � L�)��� � L�)��� � ��	 J��	   ,3��+7) �� C�=,=97/0 J9/0 

  �89/0  �3�,
 0���W)  .  �3��  �) \�� ��$`B#      "9��W+) <� �%�� ����=
    8� "H�I 0���� [,$�� M)��F    �+%�� �� . &+�        ^�,_$+�� ��+��#F M+��� 

       &���	�� ��U� ��� � ��	 � K,� 8��')          &+�9= � ��+�X= J�	��,+� ���
    �) &7(�) 	� ,!��F �3� �#%       �+3� "+H�I &+� "+�,
 &+;�$� 8��=

   "���'� c��= �=�#F ,!��F            � 0�+% [,+$�� ���`+�� ��+�  ��$`+B#�
  8� "H�I ��3��     �
�3� ,3�� �� ��       L� y�B=	� <� ���/ 
�� ���      �+� ,+=

�
�3� � ��E_W) "�� 
�� ���.  
  &�    M���           �	�+) &+7(�) 	� 0��3\� ,!��F ��� \�� 	��`� ��$`B#�

      �3�,
 0��@$�� G����\���) &�!�� :,�� <� &'��() .    c+��= c3�,+% �+3�
 "�� 0�% Y	��
 ��� ��771) ,3��)23J 27.(  

&%��      �� ��$�� ����1/1  =�             ��+� &+� ,+;�) &+� �+3�,
 :�+;��
0�,
     �W� ���BD M��D ���� .           �+�� ��+771) ,3�+� c+��= �$��+/ ���N

    "�� 0�% Y	��
)3J25 .(&�   �) ,H�           �+� 8��+� �<�� <� &U	� �3� ��	
 �	��++� �����++#� 
�++� 	� �++�,�X$) ��,++��X= 	� ��$++���� 8��++�) .

L�     	� ���N �	�� ,3��7)    ,= �� <�F   �� #>2      8�+% �<�+� ) L+�   �+%�� (
   TV� �/ <� ���    J�� &+%��       ��+B� �+6#) ��+�� .     	� �;3�+$� ��+�N

         "+�� 0�% Y	��
 ��� 8�771) ,3�� ��7�71=)16  J19  J23  J28 .(  ,+�
TV� ���'= T��� �3�   0,$`+
 	� �<�+� ���  }10-2{c =  ��+#� � 

&++�)�� 	� �<�++�  2 <�< 1/1 :�++
 �++� 1/0 &++$�,
 ,++H� 	�  � 0�++%

  0��� ��	 L$3	����    �% �,U� �� . L9) <�     &%�� Y,3v� c3�,% �3,=   ����
              &+��#� ,+� ��,� "3�QF 	��7) ������) &� "�� 8� L$3	���� �3� 	�

 TV� 	�      �$/ [�#')�� � ���#') ���     &� 8�6)\�       � 0��+� 23��� L�
              0��� 2+3 �$�,
 	�,D G��% "��/ �3� 	� J�%�� ,��,� ���)	� "��/ 	�

	� &#�    TV�        &�!�� �9�= � 0��� ,��,� ��      TV� ���,) <� 8� �	�)�    ��
    "�� ,�~) 8� O�'= 	� .          �+��,) O�D� ��	,� � 	��v) y,% &� &U�= ��

TV�    C���) J&�!�/ ���     &+%�� �3,+=      0��� ��,+� ��+��      �+3� ��+�
 	� &'��()3/1�= �% 0��� S�_W= .  

    TV� C���) ���'= ���'= "9U    A���= ,3��7) ��    �,+6�#F S��% 
  �<��(F)     0�% 0����),� ���,$�� J(H) �      �
�+%��U S��+% (S)�   &+� 

      TV� ���'= &�)�� M� ��<�    ��)10-2 (      �+% L�	 � &B��1))   M6+%2 .(
 �) &H/V)               � 0�+% &��#� TV� "W� ���'= 	� A��= &� ,� &� ��%

  TV� &��9� ���'=      �) 8�W� "W� �	 ��  ��� .TV�    &�!�/ �<�� ��� 
A �B �C �D �E �F � G � H���% 0��)��.  

 TV� ���,)      [��U 	� ��2    "+�� 0�% &p�	�  .     �+�,� ,+��X= &+�)��
,�X$)              L+� 2�� � 
�� &$3���� J��� ��,� J�63,$6�� "3��� ����) ��
"�� .      0���+1) 	� �+63,$6�� "3��+� ��,��X= J&'��() �	�) &7(�) 	�

��            "3��+� 
�� &��#� 0�;� c7� � 0��� 	�% ,�I ���   �+63,$6�� 

   ��� 	�9N <� ���         ��,+��X= �����+�) &;�$� 	� � &$%�� ,$) ,� G�#3<
  TV� ���,) 	�     "�� 0��� MD��/ �� .         �+_� �+�� �+�� ��,+� �	�) 	�
  �	 &7(�) 0�#F          �+) M�6W+= �<	��W+� ,�I �-�	� � A=,)       &+� �+��

              ,+$#� 8� 	� ����
 ��3�7� 8�% 0����� �3 � �)�� ������ <� 0��@$��
  ]�@=�  �               �+63��� � ��,+��X= &+�)�� 8�+% MD��/ CB� ,)� �3� � 0��$�

TV� ���,) "�� 0�% ��.  

  
 ;	�<1-���9��)�$ �8�� 	 =����� 	 
	) >?�� �8���� ��9@A,� B��	)  

Lime OCEC pH Ni Cu Cd Zn Pb 
%(dS m-1)(mg kg-1)

��E9� 

        1 Pb 
       1 975/0 ** Zn 
      1 903/0 ** 897/0 ** Cd 
     1 381/0 ** 339/0 ** 332/0 ** Cu 
    1 481/0 ** 714/0 ** 642/0 ** 637/0 ** Ni 
   1 088/0  027/0-  087/0  147/0 ** 163/0 ** pH 
  1 182/0- ** 045/0-  015/0-  005/0  002/0-  003/0-  EC 
 1 *114/0  **267/0-  017/0-  044/0  009/0  012/0  014/0  OC 
1 071/0-  031/0-  167/0 ** 010/0-  145/0 ** 026/0-  012/0-  016/0-  CaCO3 

** ��')  [�#$/� u(� 	� 8��� 	��01/0 J *��')  [�#$/� u(� 	� 8��� 	��05/0  
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%�*2- F���E' H , F	  S GH� ���/' I@J��   ��)� 
K�L 
�,+ 3/1  

  
     
�� 8��� �6�� &� &U�= ��           ��,+��X= &+�)�� J&+'��() �	�+) ���

        8� 	� 
�� 2�� �!	� ����#� � 
�� �����     "+�� L� �� .  &+�)��
 ��,��X= L�  �
�3� �3�              Y	��+
 �+�� 8�+771) ,3�� c��= 
�� 	� ��
   "�� 0�%)1  J3  J5 .(    TV� 8�#� �3 ��	�$���,3< �<����U  �<�� ���

��F     L� ,��X= LI	          <� 8�W+� ��,�X$) ��,� 	� &�)�� "���`+/  \�+�  �
L$3	���� �	��.  

   &�+!�/ TV� "W� ���,) ��,��X= &�)�� 0��3\� ,!��F �	�) 	�
                	� ,+!��F "+H�I ��+3< ��,+��X= 8� M��� &� "�� &U�= M��D kV)��

 "�� &7(�) .  &�        0<���� "H�I ,|���/ � MD��/ [�|) 8���F     0�+% �,�

      C�=,= &� K,� ,E�F ��,�17  �5000        C+�=,= &� ��	 ,E�F ��,� � 

19   � 7800 ���)    ,� :,
   "�� 0��� :,
����  .   [��U <�2 &�     ���� ���� 
               \�+� 	��`+� &+7(�) 
�� 	� ����� ����� &� �
���� ��% &� "��

"�� 0�3� � �	�� &U�= 	�� 	� � 0���.  

                &+� &+U�= � [�#')�+� TV+� �+�,) 	� ��,�X$) 	��7) &� �����
     TV� ,3�� ���,) �� ,3��7) &�!��    &+� ��          �+3� ���+U� &@`+�� ���+�

 �	 TV�  �) 8�W�  ��� .&�     0��� 8�% ��U M���        "���`+/ �,+� ��+�
      TV� &� 0��� ,� S�E_= 	� L$3	����       �+) �3��+�� �+�   �+��3 .  t3�+$�

            "+�� 0�% &p�	� ��� L$3	���� �3� 8�,�	�� ,3�� c��= &��W))10  J19 J
20.(  

   ��	,� "9U���    ,= &%�� �$�	�       	� L$3	�+��� "���`/ � ����
 0��� �<����U  &� ��  �H�)            ����,+� 	� ��+U�) ��$+���� �+� O��+(= 	

0��3\�   
�� 	� ��        J0�+% &+'��() ��+�   �����+�) ,3��+7)     <� �+�,� 	� 
&��#�    TV� ���,) �� ��    8� &� &� �3��      �% ��	,� ����� &$��3 O�'= �� 

)  [��U3( .    ,+� 	� &+��#� ,+� "3�QF &U	� &� ��� 8�W� ��	,� �3�
   &�!�� <� �'��= TV�     ) 8� 	��7) �	�)� X$       TV+� ��,) � &��#� 	� ,�

"��.  
 

;	�<2-GH� N����  ���9��)�$ K� O8 �� 
��� �
��J 
��  
GH� P�+

;�,/��+  HG  F  E  D  C  B  A  
��E9�  

87/727  4/525  98/69  17/49  88/143  22/53  4/91  63  65/48  Zn  
87/468  22/184  01/56  72/47  24/100  43/43  85/84  71/57  52/41  Pb  
92/29  73/11  62/2  95/1  8/4  86/1  78/3  51/2  17/2  Cd  
9/42  2/27  55/20  1/31  15/26  19  83/35  88/24  18/28  Cu 
54/70  04/49  3/35  31/49  96/42  77/33  6/54  5/40  88/41  Ni 
57/7  87/7  8/7  48/7  62/7  43/7  9/7  85/7  54/7  pH  
43/11  88/1  65/1  78/1  72/1  98/0  14/2  38/1  28/1  EC  

176/2  057/1  076/1  063/1  8/2  085/1  92/0  024/1  025/1  OC 
6/18  73/17  11/19  4/18  12/15  13  17  62/13  39/25  CaCO3  
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&�       "��B% T��� ,� �<����U ,�3� �	�BF   ���@= � ��    �	�+! ��
  &$�,
  &�    &� �	�P  TV� M��� 	�          8� ��+� � &��W+= ,|���+/ �+�   �+�

   �	�� ��U� &��W= MD��/ .  &�     ) 	� [�|) 8���F   &��#� ��	 ,�X$) �	�   ���
193   � 24      TV� &� �� ,� B       &+��#� ��� ��	�� O�'= 193     �+�,) &+� 

  TV�B 23���             TV+� &� 8� "3�QF &U	� � 0��� ,=B  J998/0  � 
  &��#�24  L� &��W=        TV� ��,) &� �,=B      8� "3�QF &U	� � &$%�� 

   TV� &�B  J022/0 "��  .            2+3 &+� "+�� C+�() �3� �3~) ,)� �3�
  0����)              O+�'= TV� 23 <� ��� &� d�$_) "3�QF ��U	� �� ����=

 �%�� &$%�� .   &%�� "�1U	� �
�3� �3�         Y�	 &+� "B`� �	 �<�� ����
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5/56 B998/0  193  63  3/32  B022/0  Zn 24  
5/39  A995/0  266  52/41  8/34  A013/0  Pb  202  
5/2  B997/0  91  51/2  5/6  B108/0  Cd 232  

34  C999/0  170  84/35  75/51  C126/0  Cu 53  
75/49 F998/0  50 31/49  52 F011/0  Ni  227 
52/7 A975/0  283 54/7  7/7 A024/0  pH  311 
82/7 G951/0  160 8/7  55/7 G121/0  EC  9 
7/2 E960/0  58 8/2  94/1 E126/0  OC  144 
5/13 D998/0  66 13  63/16 D154/0  CaCO3  226 
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Abstract
Increasing soil pollution due to heavy metals is a major concern of present day soil research. This study 

conducted to know intensity and spatial pattern of soil heavy metals pollution in a 10,000 ha area of Anguran 
region near Zanjan. A number of 315 surface (0-10 cm) samples collected at nodes of a 500 meter equilateral 
grid. Beside HNO3-extracted Pb, Cu, Ni, Cd and Zn content, EC, pH, OC and CaCO3 of the samples were 
determined. To classify data in taxonomic space, a fuzzy c-means with extragrades clustering algorithm ran on 
the data using several fuzziness exponents (�). Plausible fuzzy clusters obtained at �=1.3. To find eight as the 
optimal number of classes from a 2-10 assemblage, fuzziness validation functions F, H, and S were used. 
Scrutiny of class centroids and membership values revealed that though number of variables was not numerous, 
the algorithm clustered data sensitively. Spatial distribution of classes mapped through geostatistical analysis of 
membership values. Though extragrade class embraced extreme values, still all centroids of regular classes 
showed severe pollution. Most polluted classes C, E, F and H located at center to southeast, while A, B, D and G 
covered northern and western parts of the study area. Extragrade class widely spread in the area that confirmed 
interspersed outliers among all others. Major part of extragrade class lied across southeastern part of the area. 
Results of the study showed that numerical classification of soil pollution is rather realistic, thus provides a 
pragmatic approach to the problem. 
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