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pH6�����
 �� J�< �/�!T Q����s& 8�
�� ����/��&
h/g�s& 2��x 6���=I� ��0� �?�B��
�%�A 6�� %� �% Q��

 8I 8�K�� ���� ���x� ������pH����OW �=I �& ���< 

 8VC�
 J�<��K��.?�B��s�
 EC �LOP � �:T ���
 �

���0�� [�
�� �:��I � H��I.���
 �C7!0
�T ?%�� 

F���0=:0I/9���& �� H��I 8k ��� !��� F0���=7�
%��:
 [�
�� �=����0K .jI�� 9���& /jI�I)~f/i=λ(�

���� �����I � ��:0w RO( �%0
 %� �
� ���� uB�I �% �B
jI�� � �=��%��: 9���& �:��I /���0& ���0�� jI�I

��I ��>�� �% [�
�� �b
�I)[��Sf(.

C�"DI:A�	 � ����8 �45� ��!� J��K�#���:J����#�! �!�& E!7,F >�G4� 
H��I :��I� ��
�%�A ���� �B
c~f/i chc/i ��:0w ���� �B?H�< 
ce�/i gig/i �����I 
ii�/i ii�/i K-Sp 
�f�/i/ ~ce/i/ ��:0w 9���& �=��%��: 
dd/i cce/e �����I 
i�/i ied/i K-Sp 
/ ihg/i ��:0w 9���& jI��/jI�I 
/ �f�/i �����I 
/ ic�/i K-Sp 

����� R�:��T ����=B !��� �
�B� )[��Sl(� ��5 
�H��I �:��I �9G�� %��C7 ���
 %�� --%��zB

����=B ��%�� 8I!��� ���B� ���
 J���
 6�� � ��5 

�K���.%�?%��� ��Q��:�C
 R�� ����=B ���
%�� 

6�� 6�� 87RO( �I�o �����
 J���
 �"�T 
�K���
)Facchinelli et al., 2001; De Temmerman et al., 

2003; Chen et al., 1999.( 6���=B ����=B ?D�� 
6�� 9G�� �H��I 8��B��K �"�T %�[�V��� ��=>& 6�� 

Q�RO( R�� �%�K� �%�� (Acosta et al., 2010).Q�%^ J�< 
�	C7 ��8S0& 8�8���?��� ��"�T [���I ����I �����( 
]@S Q�RO( 6���7 ���B �����=B 6�� 6�� Q�RO( 

�Nw0I 6��& ��RS� J�< )�O�7 �U%(�%X� 0& 
�
 ���I (Chen et al., 1999).� %� U%J�< r��&%� 

���
 ����
?%�� ���:��I )e~/i=r�i~/i<p(�H��I 
)ed/i=r�ie/i<p(�9G�� )c�/i=r�ie/i<p(�%�� 
�!��� ���B� ��_�& Q�%^ U%J�< ��]@S Q�RO( 

6���7 
�K���.%��V
 U%�%J�< ��9
�05 z"
 
[���I ����I ���0& ��LOP � ��5 6���7 
�K���

(Chen et al., 1999).

6���=B ����=B ���
 ���
?%�� 6�� Q�RO( 6���7 
H��I )f�/i=r�ie/ip<(��:��I )eh/i=r�i~/i<p(

�9G�� )he/i=r�ie/i<(p ��� %� �O�7 J�< �0S� 
�K��.;�0< ]@S �	C7 %����I?�B XO�Y
 J�< 
�D0 � %�r��&%� ��Q�%^ U%��O�7 J�< 
�K���

(Kabata & Pendias, 2001).����=B �#�
 �
���
 %�� 6�� Q�RO( H��I )ce/i/=r�ie/ip<(��:��I 

)ed/i/=r�ie/ip<(�9G�� )hg/i=r�ie/i<p(�
� %� 6KJ�< �	C7 �%
�!�0& 8�6�K��� %�� 
�	C7 ��0C7 �&�:�� �H�5 �����0& Q�%^ 6K?��� 
]@S �?%��"�� � ��5 J�< ��� ���)Alloway et 

al., 1990.( %�8�:�C
 Acosta et al. (2010) 9G�� �
H��I ����=B �#�
 ���
?%�� ��� %� 6K�

����=B ���
 ��� %� �O�7 ���K��.
��	�8 >��� 7��	�8 

A ���=B 8� ��K ���� M���� ?�":�
 t0� %� �"�T ?�B��
�%�
 [��S,[�
 U�7� �� � �7� ��K ��%�T %0I@
 ?�B

����� z�7�& �B�=� ���s& .9GK %� 8I %0C��=Bl

 ��B��
��:��I � ?��I [�
 9G�� � H��I ?��� �0K



������ �	
 ��� ��	��� ����� ���� �	�������� ����� ���!" �#�$	��% &#'& ��() 
� �*+# �, *'  *+'

�7� ��K ���� M���� ���=� [�
 �� .%���5� [���I �"S
8�V� 8�"& � ��K z�7�& ?�B�=����s& �� ���0& ?�B

�7� ���V�
 %���5� [���I �� �Z��>��I M�% �� ���#

 ?�B��
�%�A � �K ���#�7� �C< \OC
 6�����
(MAE) �
6�����
 %�@>
 ?�C<(RMSE) �K 8�7�	
 ��

)[��S~(.

C�"D L:MN!�+ �G O�#� �����H >�& E!7,F >�G4� ��	�� �!�	H �
�7�F ���	�#6 �	� 

Co Cr Ni EC OM pH Clay Sand Silt 
Co e
Cr gh/i P ** e
Ni �~/i s** gg/i S** e
EC i�/i/ P i�/i P ed/i/ s ** e
OM ie/i/ P ied/i P ic/i s ig/i P e
pH i�/i/ s ih/i/ S ic/i/ P ig/i/ s id/i/ s e
clay e~/i s* ed/i P** c�/i P** i�/i/ s e�/i s ** ee/i p e
Sand ed/i/ s** ce/i/ s ** hg/i/ p** ig/i/ s f~/i/ s ** if/i/ p �h/i/ p** e
Silt eh/i s* f�/i s** he/i p** ic/i s fh/i s ** i�/i/ p f~/i p** - gc/i p** e

** %��C7 e%���
 %�� �7�.p2��x ����=B !07��A 
*%� �C7 ~%���
 %�� �7�.s2��x ����=B 6
���7� 

H�D 8��I^ �7� r�K ���#�7� ��M�% ?�B Z��>��I 
�C< )�:0=�
 ����7([�
�� !�0� ���0& �����7�B �
%� �C���K 8I���0& �����B�����A �K�� �M���� �"�T 

�70& ���0&?�B [0=�
 ?%�
T %�0K� ��K�� Z��>��I 
8�� �%0
 ���#�7� %��W �
���� (Mohamadi, 2006).

%� 6�� 8�:�C
 �"S �7%�� R�:��T ����=B ���G
 
�:��I ��Z��>��I 8�� ���#�7� �K.��8S0& 8������ 
[��S ,���%��L� 6�(�� 9W��o ����V
 �7����
T 

%� ?�B��
�%�A ��C< [�
 ���=� ?��� �:��I ]�Y��� 
�����.Movahedirad (2007) %��&��:�C
 8I��?�% 
Q�RO( 6���7 !��7� zWH�>�� ���� [�
 ?��I �%?��� 
9G�� ]�Y��� ��I.
��� ����=B (C0/C+C0)
���0&�8�!�0�5 ?%���
 
?��� 8V��?��� ������ ���G
 Q�� 01< J�< �K��.
%� 8G�&%0  6�� ��� ��=I ��f~%�K�� ��s�
 

������ ���G
 ?0W �6�� f~�&�~%������ �70�
 
������ ���~%��K�� ����=B X��x �%!��� �
�B�.

�D0=�
 ����=B ���G
 ?0W Q�� 01< J�< 8�9
�05 
���%� )9
�05 9�G�& J�<(�����=B X��x 8�

9
�05 �S%�< )Q��O=5 �����
 J�<(��� ���� 

�0K�(Yang et al., 2009).����� [��S h!��� 

�
 �B� ��8S0& 8���� (C0/C+C0)?��� Q�RO( 
6���7�����=B ���G
 �70�
 
�K���.

C�"D P:	�	#����Q� (&0!�#� �	�� �!�	H �8�!�& 
�	���Q � ���� (5�	�� 

��
�%�A [�
 
�_� 8�CW ?�

)C0(
�o 8���7T 
)C+C0(

C0/ C+C0

H��I I?�� e~� f�e ~�/i
9G�� ?��I g/~fe�h ci/i
�:��I ���=� h/cc/ghi/i

C�"D R:S4�T��� ?, U� �	� 3�� ��	
� �G O�#� 7��	�8
(=.� (�%� �!�&�	� >�G4� E!7,F ����� �	� 

Q�RO(
6���7 

Z��>��I 
\OC
 6�����


�C< 
%�@>
 ?�C<
6�����
 

H��I �:0=�
 h/e�i�/fe
9G�� �:0=�
 ~/efif/e�
�:��I 8�� �/ff�/c
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6L:V�� �	�	#����Q� �&�T� ��	%�"� 3�!�& 0"6 (&	%�8 a(���� b(��	�� �c(�
�� 

����� ��	
� �X,* E!7,F >�G4� ���	� 
�?0�: ���0& ���G
 �H��I �:��I �9G�� %�J�< �	C7 
�� M�% Z��>��I ������%� ���K.8�V�?�B ���0& �LOP 

�H��I �:��I �9G�� %�9GK ,��%�T ��K �7�.��I��o 
�LOP � ��5 8�Q%0  8G:���B %�]�P �]0�S ]�P 

!��7� !��=B 
�K���.6������ �LOP H��I J�< 
�	C7 ��egi/eci O�
�H�� ��H��0O�I 8�Q%0  ��

8G: %�����	
 !��7�"K?�B ���T�7� �����"� ��B��
 

�0K�.6��&D�� �LOP �:��I %�����	
 !��7�"K 

�7����T ��8�
�� �LOP ch/fc�O�
H�� ��H��0O�I 

c

j
���%
��
�=
7

8O �()��
(

a

j
���%
��
�=
7

8O �()��
(

b

j
���%
��
�=
7

8O �()��
(



������ �	
 ��� ��	��� ����� ���� �	�������� ����� ���!" �#�$	��% &#'& ��() 
� �*+# �, *'  *'&

�
6P:! �� �
�� � ��	��� ��� �X,* ����� (=.� �!"#� �	 � 

�8� ��
T �7�6������ %� �	C7 J�< 9G�� �LOP 
8�
��ehi /eei�O�
 �� H�� 8G: Q%0  8� H��0O�I ���B


 ��B��
 ���T�7� !��7�"K ���P uY� %���0K .�B

�LOP 6���=I RO( 87 �%uY� %� [�=K � [�=K ?�B
 8�:�C
 �%0
 8VC�
 ]�P�����.

Lado et al. (2008) ?�B%0�I�( 6�
� �7��K �?��%�I 



-�. �� /0	� � �1��2 �3��2 ���0� ��
4, ��5!6 ��78� ��98 :�6 *'*

�x�%� �%��9
�05 z"
 �%�@���_�& ���LOP Q�RO( 
6���7 %�J�< ��C
 ����I.��8S0& 8�[��S �� ��5 
�H��I �:��I �9G�� 8�%0� ����� 6������ �LOP �%%�
Z�7?�B 6�%^T ?��� ��%��.8���62�&�& ��?�% 
zB ?%�@� 8�V� 6�
��7��K )9GK f(��8�V�?�B 

���0& ���G
 �LOP � ��5 �%0
 8�:�C
 )9GK,(
{Y�
 �K8I6������ ���0& �LOP 6�� � ��5 %�
!��7� !��=B ��Z�7 ��� 6�%^T ���0�����%�
�=W���B ��?�"���7�"K ���T�7� �����"� �V��C
 
�%��.Martin et al. (2006) %��7%�� �LOPQ�RO( 

�	C7 J�< %� 6���78VC�
 Ebro ������7� ?�B�o�� 
XO�Y
 6�
��7��K �%8�!�0�5 9
�5 �="
 %�6���& 
�LOP H��I �9G�� %�J�< �	C7 8VC�
 ��C
 
����I.%�Q��:�C
 Q%0  8�(�� �70& Facchinelli et 

al. (2001) �6���=B Mico et al. (2006) 8�6�� 
8>��� ����7% 8I�LOP �1�5 �:��I %�J�< �70& 
Z�7 ��� I[��� 
�0K�.

J�< %� 6���7 Q�RO( ?�0�	
 ����� 9
�05 �� ��b5 �B
 ?��%�I ����
 ����� 9
�05 ��_�& �	& ?%��
 ��0
 �

uI �(T � �B�0I �� ���#�7� � �x�%��
 %��W R�� �B �����
(Yang et al., 2009) . ?�% �� 8�:�C
 6�� %� 6�������

zB �x�%� ?��%�I 8�V� ?%�@�)9GKf(� �� ���0& 8�V
� ��5 �LOP)9GK,(��LOP ?�%�� �x�%� 6�� ?D�� ?�B

���K�� �V��C
 �&�
 � ?�%���I ?��%�I �� 2OP� � ��5 .
?��� ��K H�>�� Q��:�C
 � ��5 �LOP 8�
�� 6���&

�
 !��� F�1
�A ?�B�0I %� 6���7 �H��I � ��5 �B�
 ��� ?����� �LOP 8&�#( ?�B�0I %� 9G�� � �:��I

��� 8���%�� �B�0I �(Kabata and Pendias, 2001).

C�"DY:�
�� � ��	������ �@	4- �X,* >�G�	�� (mg/kg)?, U� �	�� O& S4� �� (De vos et al., 2005) 
RO( N�(�
���:�� �:���� ������ Z�7 87�
 NBT Z�7 9�K 
H��I e�ii e�i ff/hc~eedi
�:��I e~i hg�/ec/ie/ied
9G�� -eci e~/~/hfi*<di

��:��(
 ?�%���I Q��O=5 8O=S �� ����� ?�B�8� ���0&
J�< %� � ��5 �LOP Q�K �B� %��W ��_�& �	& �% �B .
� �B�0I �� ���#�7� �D�=�o� 6�� �LOP ����=�K ��0


 �7� !��7�"K %� �p�� 8� � �O	
 U��V
 %� �% � ��5
�7� ���� u��R(� ���T .7%�� �������� 8�(�� Q%0  ?�B

J�< %� �B�0I t�0�� 8���:�7 F�1
 !�R�
 ?�% ?�B
�
 !��� !��=B !��7� ?�"���7�"K ?�%���I �B�

 ?�B�0I F�1
 !�R�
 6������ ���T�7� !��7�"K
 ����=�K)[�7 %� %��GB %� H��0O�I 2o �� (6�� %� �%

�7� 8�K�� ���� ?�"���7�"K (Anonymous, 2009).
6��������
 �L� 8���:��( �7% ���� �� ?�%���I ?�B

���P uY� %� � ��5 6�� �LOP u��R(� 9
�05 8VC�
 
�K�� 8�:�C
 �%0
 .Nziguheba and Smolders (2008) 

8�:�C
 %� �7%�� �� ?�ed� %� 8&�#( �0I 8�0=� ef
�% 8&�#( ?�B�0I %� 6���7 Q�RO( !�R�
 ���A�%� %0�I

���%�T �7�� .( �� ��� %� �LOP 6������ �?�% RO
���K�� 9G�� � H��I � ��5 �% 8&�#( ?�B�0I.

(T� � ���K 
8S0&��8�8�V�?�B ���0& �LOP � ��5 %�J�< �	C7 

�H�>�� 6�� \�V	& %�U��V
 �%0
 8�:�C
 !��7� !��=B�
9
�5
��67��K��?��%�I �x�%� �%
�!�0& 8�!�0�5 
�� %0�I�( �O � %�6���& LOP�� ��5 �H��I �:��I �

9G�� ����.�7%�� �LOP 9I� ��5 �H��I �:��I �
9G�� %�J�< �	C7 !��7� !��=B !��� ���8k�LOP 
6�� 87�1�5 %�J�< �	C7 �&D�� ������V
 ���"S !T
%��W �%��.��?�%zB?%�@� 8�V� 6�
��7��K ��8�V� ?�B 
���0& ���G
 �LOP � ��5 �%0
 8�:�C
�{Y�
 �K8I

6������ ���0& �LOP 6�� � ��5 %�!��7� !��=B ��
Z�7 ��� 6�%^T ���0���� %��=W ���B ��

!��7�"K ?�B ���T�7� �����"� �V��C
 �%��.
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 ��� 
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����%�W 
�0K�.
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Abstract 
Heavy metals are very important from environmental consideration due to their toxicity and 
accumulative properties. The aim of this study is the evaluation of spatial distribution of Cr, Co and 
Ni in the surface soils of Hamadan province. For this purpose, the surface soil samples (0-20 cm) 
were collected using systematic random sampling method and the concentration of heavy metals 
and some of the soil parameters such as pH, EC, the percentage of organic matter, sand, clay and 
silt were analyzed. For interpolation and mapping the spatial distribution of heavy metals, the 
accuracy of Kriging methods and their models were compared by the Mean Absolute Error (MAE) 
values and Mean Bias Error (MBE), and the method with the lowest error was selected. Maps of 
chromium and nickel distribution were prepared by ordinary Kriging with a spherical model, and 
that of cobalt by disjanctive Kriging with exponential model. The western regions of Hamadan 
province had the highest concentration of chromium, cobalt and nickel. According to obtained 
maps, the regions with the highest concentrations of heavy metals corresponded to the igneous and 
metamorphic bedrocks. It seems that the geology is the main factor influencing the concentration of 
heavy metals in the soil. 
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