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Zn<2000 *�/�u*k/�u*v/�u*�/�un.s �/�n.s �/�n.s �/�*�/�*g/�u

Zn250-500 *k/�u*k/�u*v/�u*�/�un.s �/�n.s �/�n.s �/�n.s �/�*g/�u

Zn125-250 *k/�u*k/�u*v/�u*�/�un.s �/�n.s �/�n.s �/�n.s �/�*g/�u

Zn75-125 *k/�u*k/�u*v/�u*�/�un.s �/�un.s �/�n.s �/�un.s �/�*g/�u

Zn50-75 *k/�u*k/�u*�/�u*�/�un.s �/�n.s �/�un.s �/�un.s �/�*g/�u

Zn<50 *k/�u*k/�u*�/�u*�/�un.s �/�n.s �/�un.s �/�un.s �/�*g/�u

Pb<2000 *�/�u*k/�u*v/�u*�/�un.s �/�n.s �/�n.s �/�*�/�*g/�u

Pb250-500 *�/�u*k/�u*v/�u*�/�un.s �/�n.s �/�n.s �/�*�/�*g/�u

Pb125-250 *k/�u*k/�u*v/�u*�/�un.s �/�n.s �/�n.s �/�*�/�*g/�u

Pb75-125 *�/�u*k/�u*v/�u*�/�un.s �/�n.s �/�n.s �/�*�/�*g/�u

Pb50-75 *�/�u*k/�u*v/�u*�/�un.s �/�n.s �/�n.s �/�*�/�*g/�u

Pb<50 *�/�u*k/�u*v/�u*�/�un.s �/�n.s �/�n.s �/�n.s �/�*g/�u

Cd<2000 *k/�u*v/�u*�/�un.s �/�un.s �/�n.s �/�n.s �/�u*�/�*g/�u

Cd 250-500 *�/�u*�/�un.s �/�un.s �/�un.s �/�n.s �/�n.s �/�n.s �/�*�/�u

Cd 125-250 *�/�u*�/�un.s �/�un.s �/�un.s �/�n.s �/�n.s �/�n.s �/�*�/�u

Cd 75-125 *�/�u*g/�u*g/�un.s �/�un.s �/�un.s �/�n.s �/�n.s �/�*g/�u

Cd 50-75 *�/�u*g/�u*g/�u*�/�un.s �/�un.s �/�n.s �/�n.s �/�*g/�u

Cd <50 *g/�u*g/�u*�/�un.s �/�un.s �/�un.s �/�n.s �/�n.s �/�*�/�u
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k/٭٭���  ���v��� Zn <2000  mg kg
-1

soil  ���/gkv = – ���/��kg�  )(*�C�( + �g/kg��  )(*�Cg(

v/٭٭���  ��gggk Zn 250-500  mg kg
-1

soil �gv/��� = – ��v/����  )(*�C�( + vg�/g�vg  )(*�Cg(

v/٭٭��g  �g��g� Zn 125-250  mg kg
-1

soil kk�/��k = – �v�/k���  )(*�C�( + ��k/g���  )(*�Cg(

v/٭٭���  ��vg�� Zn 75-125  mg kg
-1

soil  v�� /�kg= – g�g/kkg�  )(*�C�( + ��v/g�v�  )(*�Cg(

�g٭٭�/�  k�vk�� Zn 50-75  mg kg
-1

soil  k��/���= – ���/���k  )(*�C�( + ��v/����  )(*�Cg(

v/٭٭�g�  �gg��kv Zn<50  mg kg
-1

soil ���/g�� = – ���/����v  )(*�C�( + ���/k���  )(*�Cg(

(P< ��/� ) :  ٭٭
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	�+	 	0B<� (B �C �B*+�EC (BP %+ ��?�C S+>7. .�B ��� � �0B�

 S+��);A)�(9R3�D. �	 �	 +� VB:Z NB' �\:j 4+�77{� (*�� $+

��� �B,< 9B  �	 S�B.�' 9;&Be�  �. V;6I. T+�M+ $�A

 S(R. � �. ��," #S�I!2�� 9B' (B!6����	 � (B*	�' �B ��C 

��� �	 �*+�EC N' �\:j %+ S@ N' �\:j)���:7. �BC q�B�

q��0:7' (9BC �B3� 	0BC �6;' �B,< �	 	�BC S	0BC WB3�j NB73	

	0C �-�	 �;  �	 %+ �6&7C �;  =�+ �	 V:Z V;I� #S�I!2�� .

9�>I� /(. � $��.@ $�A S�&B* ��B7{6. (!e S07 ��� $�A

�. . $�A(*�C 9' (!A	 xB�	>* >B.�Z S�	�B. � >5B  �U�)NIR (

 >.�Z S�	�. � �C@ $�A(*�C � q07.	�' � $�� S+>7. � ��C $+�C

 �. S�&* +� �7 �2P =��6&7C F�  =7;K� $+�C x�	>* (!A	 .

��+>� �C NO�P s��6* =B�+ �	 4�i7iE� � 4�R3�D. %+ 9' ���A

 	�+	 �iC�D. >7* � + �(" �&6!. 9!7.% .9!7.% =�+ �	 .�B7:�� � >

�3�.)��(��� %+ � �BU>< 4�BRC�. NZ+(BP �*07B ��� $�A

 � ��C $+�C x�	>* >.�Z S�	�. � >.�Z #>5  $�A(*�C 4�aGM+

 >B.�Z S�	�B. � >B.�Z #�C@ $�A(*�C 4�aGM+ %+ � $�� c!'+��

 (B*	�' �	�[6B + +	�B*�' �	 q07.	�' c!'+�� � ��C $+�C x�	>* .

�.0  � �};')��(/(. �	 07 ��� $�A 9BC q�B� ��7{6. (!e �*

$+�BC xB�	>* >B.�Z S�	�B. � >B.�Z $�A(B*�C 4�aGM+ %+ q��

 >B.�Z S�	�B. � >5B  #>.�Z $�A(*�C 4�aGM+ %+ #F�  =7;K�

 � $�� =7;K� $+�C x�	>* q07.	�' (B*	�' �	�[6B + �7*�} + �	 .
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J 4�'`D �7<� &<�_M� "�A �	�%<9� ��!&�7";7 ��!��� 67�= �7)��<B��(

R2FMSE /(. 

k/٭٭���  �g��g� Pb<2000  mg kg
-1

soil ��k/��k = – k��/����  )(*�C�( + �k�/��v�  )(*�Cg(

k/٭٭�k�  ���vv� Pb250-500  mg kg
-1

soil  ��v/��k = – kg�/v��v  )C(*��( + ���/�g��  )(*�Cg(

v/٭٭���  �k�v�� Pb125-250  mg kg
-1

soil �gv/�gv = – k�/����  )(*�C�( + vv�/�g�k  )(*�Cg(

k/٭٭�kg  ���v�� Pb75-125  mg kg
-1

soil  ���/���= – �g�/v�k�  )(*�C�( + �g�/���v  )(*�Cg(

v/٭٭�v�  ������ Pb50-75  mg kg
-1

soil  �kg/��k= – g�k/vvvk  )(*�C�( + ��g/�gg�  )(*�Cg(

v/٭٭�vk  �vkk�� Pb<50  mg kg
-1

soil = ���/g��  – �v�/�g��  )(*�C�( + ���/����  )(*�Cg(

(P< ��/�  ٭٭(
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S+��);A � �U0e)v(/(. %+ q�B� ��7{6. (!e �*07 ��� $�A 

S(BR. T+�BM+ �	 =7-!  �O�!a c!'+�� � ��C $+�C q�� 9C

� �C@ $�A(*�C 4�aGM+ %+ � (*	�' �	�[6 + �7*�} + �G�0'+	��

 9C >.�Z 62B. �7{6. S+0!a =7B;K� 9BC p0BC�. 4?	�BR. �	 Ni

 >.�Z S�	�. � >.�Z #�C@ $�A(*�C 4�aGM+ %+ � #F�  �\:j

(*	�' �	�[6 + $�� =7;K� $+�C x�	>*.

&<�_M� "�A �	�%<9� 6a3��� 3���<� )\3 
��H��7 

9BC ��B7{6. (B!e S07 ��� 4?	�R. �Z	 �C��%�+ $+�C �B 	

�%+(BB*+ �BBO�!a �BB\:j %+ #�(BB.@ $�� �(BB" $�BB7� � F�BB  #

�	 �BB ��C 	�0BB. q07.	�BB'��(BB" �	�[6BB + ��BB� 9BB*0;* .

�\:j =�+ =7-!  4+>:� $�A��4?	�R. 	��@�C $+�C 9*0;* 

(!6��-* �+�Z �	�[6 + 	�0. S07 ��� ./(. 95 �E. %+ �� $�A

 r�B)R*+ #��B7{6. (!e S07 ��� �	 ��B� $�BA���	 9BDi* 

��+0A�. 4�aGM+ $�A(*�C *(B" �K&. 9M0C�. $+ $+�BC � (

/(B. �	 �BO�!a �\:j =7;K� � 9B6��� �+�BZ 9BM0C�. $�BA

 9C �!7;K� ��	�i. (*(.@ � 	 .N)" $�A�#v�k=7BC 9BDC+� 

�\:j �%+(B*+ 4+>:� rGB' �	 �B!7;K� � �(B" $�B7� $�BA

�%+(BB*+ �BB. S�&BB* +� ��BB� 4+�d $+ (BB!A	 .�EBBO 	�0BB. �	

/(. rG' �	 $�� 	��@�C $+�C 9' ���A �%+(B*+ $�A+$���u

��� #���u���#���uk��k�u��9C S��)7. 9B6�� ��B' (B*+

 N)"��. S�&* �B\:j $+�BC ]�5��i� 9' (A	 �B�% $�BA��� 

�:7. rGB' �	 � q��0B:7' �C q�� �%+(B*+ $�BA$+����<�

��<�\:j $+�C S��)7. %+ �B6;' $�BA��� �B:7. �BC q�B�

 �%+(*+ $�� S+>7. q��0:7' �(B" 	��@�BC � �(" $�7� xB�	>* 

b��:�$+�BC 4?	�BR. �6&B7C �BZ	 9*�&B* 9B' (B*�+	 �+�Z 

�\:j �	 $�� =7;K� � + =7��� $�A .N)"v�. S�&*	(A

/(. 9'9C $�A F�B  	��@�BC $+�BC 96�� ��' rGB' �	 $�BA

�%+(*+$+���u���#���uk��k�u��)7. BS��#$+�BC ]�5��i�

�\:j ��% $�A ��� �:7. �	 �q��0B:7' �BC q�B� rGB' $�BA

+*�%+( $+���u��� ���<#S��B)7. �B\:j �	 ]�B5��i� $�BA 

�6;' %+ ����:7. $+�BC � q��0B:7' �C q�� �%+(B*+ rGB' $+

���� <S��)7. �\:j �	 $�A �B6;' %+ ��� �B:7. �BC q�B�

q��0:7' (!62A W �!. .N)"k�. S�&* 9BC /(. 9' (A	 ��B'

 �\:j �	 #q07.	�' 	��@�C $+�C 96�� ' $�A %+ �6;g�:7. q�B�

 � + W �!. q��0:7' �C .9BC �(B" 	��@�BC ��	�Bi. �B:' �0BM 

?$�"S.&�7";7 12� �3 �	��3�� )I
J 4�'`D �7<� &<�_M� "�A �	�%<9� $"�RA	� �7�7 <D/OOO��<B�� 

R2FMSE /(. 

v/٭٭�vv  �� Cd <2000  mg kg
-1

soil = ��/� – v��/�v )(*�C�( + g��/�v )(*�Cg(

(P< ��/�  ٭٭(
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Abstract 
This research was carried out to determine spatial distribution of heavy metals concentration in soil particle size classes 
using Landsat ETM+ reflectance in Southern Isfahan city in the vicinity of Bama mine. To fulfill this goal, 100 
compound soil surface samples were collected randomly from the area. The samples were air dried and soil particle size 
classes 250-500, 125-250, 75-125, 50-75 and <50 µm were determined using appropriate sieves after dispersion of the 
bulk samples of soil using ultrasonic apparatus. Total Zn, Pb and Cd concentrations were measured using Atomic 
Absorption Spectrophotometer after wet digestion of samples in acid nitric. The results indicated significant negative 
correlation coefficients between heavy metals concentrations of soil particle size classes and soil spectral reflectance in 
the visible, near infrared and panchromatic bands of Landsat ETM+ satellite. Stepwise multiple regression models were 
used for estimating heavy metals concentration in soil particle classes through satellite data. Furthermore, spatial 
distributions of heavy metals were mapped using stepwise multiple regression equations. Results also showed heavy 
metals concentrations in all soil particle size classes were maximum close to the mines and decreased by increasing the 
distance from these sources. 
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