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)"��% pH  OC

%  
CEC

cmol+/kg  Mnt*  Fed*  Feo*  Fet*  Cot
(mg/kg)  

Fed /clay  +"�  +#,   
cm .$ )
�/  0�        %      

���#$ %����1 Very fine, mixed, active, mesic, Oxiaquic Paleudalfs    
A  15-0  14  40  46  20/7  22/2  20  23/0  1  8/006/3  5/33  02/0  

EB  50-15  5/12  5/37  50  38/7  80/0  4/18  16/0  01/1  63/009/3  7/29  02/0  
Btg1  90-50  5/7  5/22  70  60/7  53/0  30  07/0  70/2  46/050/4  2/23  03/0  
Btg2  130-

90  5/7  5/17  75  73/7  44/0  3/35  093/0  85/2  43/053/4  7/26  03/0  
 ���#$ %����2Very fine, smectitic, mesic, Oxiaquic Paleudalfs     

A1  20-0  16  40  44  05/7  22/2  24  18/0  85/1  70/0  3  11/25  04/0  
A2  40-20  10  40  50  35/7  70/1  5/22  083/0  40/1  58/066/3  20  02/0  
EB  80-40  10  5/27  5/62  57/7  62/0  20  087/0  2  44/052/3  94/17  03/0  
Btg  120-

80  5/7  5/22  0/70  21/7  44/0  32  097/0  50/2  5/078/3  5/18  03/0  
 ���#$ %����3 Very fine, mixed, active, thermic, Oxiaquic Paleudalfs    

    
A  20-0  14  48  38  18/7  67/2  21  23/0  40/1  56/071/2  85/28  03/0  
Bt  70-20  10  25  65  25/7  48/0  27  07/0  40/2  32/029/4  42/24  03/0  

Btg  110-
70  5/7  30  5/62  70/7  44/0  33  12/0  53/2  52/022/4  26  04/0  

���#$ %����4 Very fine, mixed, active, thermic, Oxiaquic Paleudalfs    
A  20-0  10  42  48  94/6  2  7/20  14/0  35/1  68/065/2  19  02/0  
Bt  60-20  10  20  70  67/7  75/0  5/30  087/0  85/2  32/010/4  9/12  03/0  

Btg1  90-60  5/13  5/16  70  81/7  66/0  31  077/0  65/2  14/072/3  2/8  03/0  
Btg2  120-

90  5/13  5/16  70  18/7  22/0  34  11/0  3  16/086/3  15  04/0  
 ���#$ %����5 Very fine, mixed, active, mesic, Oxiaquic Paleudalfs    

A  20-0  10  42  48  04/7  44/2  5/22  24/0  10/1  72/090/2  20  02/0  
Bt1  50-20  9  21  70  30/7  66/0  27  056/0  70/2  42/050/4  24  03/0  
Bt2  75-50  5  5/22  5/72  80/7  48/0  3/25  098/0  80/2  47/019/4  85/25  03/0  
Bt3  120-

75  8  20  72  54/7  17/0  33  132/0  60/2  35/013/4  5/26  03/0  
���#$ %����6 Very fine, mixed, active, mesic, Oxiaquic Paleudalfs    

A  15-0  20  42  38  11/7  4  5/25  235/0  25/1  04/135/2  2/23  03/0  
EB  50-15  15  25  50  57/7  66/0  7/20  114/0  70/1  54/051/3  4/22  03/0  

Btg1  80-50  5/7  5/27  65  11/7  44/0  28  103/0  2  45/057/4  4/21  03/0  
Btg2  115-

80  10  20  70  61/7  22/0  34  095/0  70/2  50/007/5  19  03/0  
 ���#$ %����7 Very fine, mixed, active, mesic, Oxiaquic Paleudalfs    

A  20-0  14  42  44  92/6  45/4  20  196/0  55/1  08/134/3  9/25  03/0  
Bt  60-20  10  5/22  5/67  66/7  22/0  28  08/0  50/2  53/049/4  22  03/0  

Btg  110-
60  5/7  5/17  70  81/7  17/0  35  094/0  50/3  42/018/4  15  04/0  

:Feo*  <R��;��$ �v)&H) 	� D)7E�4) ,�	C "#$ :Fed?
 �)7��4 	� D)7E�4) ,�	C "#$ <�	;���:Fet �;��4) 	� D)7E�4) ,�	C "#$ �7�F) 4W	�7;( Mnt  :  	� D)7E�4) ,�	C &%'%�
F�7��; ��4))4W	�7;( Cot : ��	
� ,�	C D)7E�4) 	� ��4) F�7��; )4W	�7;(  
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y�)7� 9�	��) � 9#	� -�	%�� �
 �	�?	#  �=��	6�  1�=�  7=� 

?�� W	+�)  x=2�E�  "=#$ �  &=%'%� �
  �	=�  ��=�)/H7�8	� �  �=*	� 
,�+S� R73?	#   	��!� �) ��2�E�       �=4) 1�� &%'%� � "#$ � .  �=%�)


  �)7��r�pH        �� (	S; )� ��	�2C ��� 	� �U%� �) �#
) W��01(.  F#$ 
  �	� "�) �
 �)���� 	#        
�� &�d	; �	��� ($ 7�
	:� � 1�� ���� .   ()&=�� 

 ��$ "�7�) OC( 	�  9�)&=3)      9#	=� h=�*  �=�3	�   � �)    7U�)�=@ 45/4 
  ���
   h3) �
A  >7�	� 7 � ,C)�@ 17/0   �
 �=��
 ) h=3   ?	=#Bt3 
  >7�	�5   � Btg  >7�	� 7 7�r�� 
�� .���
 V� �
 h3) ?	=#  �;	=�N� 
9�)&3) ����	�         �;���	=� W
	
� ��37t 9�)&3) L0�� �� )CEC (�
 

"�) h3)  �4) 1�� 	# .�%�)
 �)7��r�           ��=4) 	=� 1�=� D)7E�=4) &=%'%� 
  F�7��;)Mnt (056/0    	�  24/0 ���
 �� ��	� .    h=3) �
 &=%'%�  ?	=#
 � �N64    �� (	S; )� ()&�� "�7�S�    >7�	� 7U�) �
 � �#
  ���	6� ?	#

     h3) �
 9#	� �) ��� 1�� �;	�� ?	#< �
 h3)   �;	�N� ?	#9�)&3) )��Y 
���%� ."�7�S�� ()&�� "#$ 1�	�*         R�=�;��$ �v)&=H) 	=� 1�=� ?7�H

)Feo(  08/1 h3) �
 ���
 A >7�	�  7 ����	� . "�) ()&�� "�7�S��
   h3) �
 "#$ R73       >7�	� �) ��7� �
 � 1
�� �N64 ?	#     ($ ()&=�� 	=#

 h3) �
?	# �;	�N� 9�)&3) ����	� .K#  "�=%d  �=%�)
  �)7=��r�  "=#$ 
1�	�*?
 �)7��4 	� 1�� ?7�H  �	=;���)Fed( �)  ,C)�=@ 1  �
 �=��


 h3)A >7�	� 1 7U�)�@ 	� 5/3  h=3) �
 ���
  Btg  >7�	=�7  7=�r�� 
�4) .()&�� "#$  D)7E�4) 1�� 	� �4)�    F=�7��;)Fet ( &=�; �
  �=%�)
 

35/2 	� 07/5 ���
 ����	� .h3)      	=� �N6=4 ?	#   �=�$ "�7=�  
	=�� 
  ()&=�� "�7=���Fed  � Fet �%��=# )�)
 )� .  �
�=; Fed/clay  �
 &=�; 

>7�	�    �� (	S; )� ���	8 �;�� 	#�#
.    	=� 1�=� D)7E�=4) ��	
� ()&�� 
   F�7��; ��4))Cot (   �%�)
 �
2/8 �2��  7H�2�� 7� R7HR �
    h=3) Btg1 

  >7�	�4   	� 5/33 �2��  R7H�2�� 7� R7H �
   h3) A >7�	� 1 7�r�� �4) 
)  W��01.(       	=� D)7E�4) ,�	C ��	
� DTPA     �	=� "=�) �
     �	��=� 	=#

     1�)�;) 17��H �
 � 1
�� &�d	;    �=�)�; �)7=C ?7�H.  ()&=��   �=�	
�    ,=� 
)Cot( 7�
	:� 	�  Feo s64 �
1� ���
  Mnt s64 �
 5���
  �6�)� 
��%�� � �
U?�)
 (	S; �� 	� �� ��	@ �
 �#
Fed  < CEC�  ���
 

V�    s64 �
 5 ���
    �6�)� ��%�  �%�� � ?�)
 
�)
 .Feo     	=�   "�7=� 
��$   '��
�# &%'%� � �   %�� � �
U� � �)
 ?   )�    s64 �
1   ���
  (	S;

���#
.Fed  � Fet '��=
�# �  =%�� � �=
U� ��)
 ?  	=� )� pH   �   
CEC  � V� ���
 64 �
 s1 �;�)
 ���
 .pH�Fet    �=�$ "�7=� � 

      	� )� ?�)
 �%�� �6�)�Cot  ��; (	S;  �%#
)W��02  .( �	=��!�  )�=0 
1�� �� ,+� F#7H � �E4 �;)
 �
 1�)�;) ���
  	=�  �=2��  �=��
 
1
�� � �7� �NM)� )� 	� "�� �	� (	S; ���%#
 .     �	=��!� }=;��
 
h3)?	# 1	�4 1�� ���	6� ����	�) W��03.(  

U�)�@7 ()&�� "#$        F=�7��; ��=4) 	=� D)7E�4) ,�	C �
  �	=��!� 
����) � ��	�@) "#$ � &%'%� �  "�=�  �	=�  �=�  L=��7� 43/5 �14/4 
���
 � L�7M �%G(��   ($ "�';	��19/1 ��$ �4
 �� ) W��=04 .(

   &%'%� ()&��    F�7��; ��4) 	� D)7E�4) ,�	C       "�� �	��!� �
 35/0   	=� 
45/0 �	� "�� �
 � 015/0 	� 045/0 ���
  7=�r��   L�7=M � 1
�=� 

 "�';	�� (�� �%G?)7�  &=%'%� 3/12  �=� �=�	�.Feo   � �	=��!� �
 
     L��7� �� �	� "���
   �%�)
 6/0   	�1/1   � 24/0   	� 53/0 ���
  �)7=C 

���)
 � L�7M �%G (�� "�';	�� 19/2 )� (	S;  �=� �=#
.  Fed  �

   "�� �	��!�2/2   	� 9/3      �	� "�� �
 � 3/1   	� 15/3    �=��
    � 1
�=�

 ($ (�� �%G L�7M34/1�� ��	� .�
�; Feo/Fed  �	=� �
   "�=� 
08/0 	==� 27/0 � �
 �	==��!� "�==� 12/0 	==� 38/0 7==�r�� �==��==�	� .

    ��	
� ()&�� 7U�)�@      F�7��; ��4) 	� D)7E�4) ,�	C�
 !�    � "#$ �	��
 &%'%�3/71"�� �
 �   �	�8/11 �2��   R7H�=2�� 7=� R7=H  �=� �=�	� .
L�7M �%G (�� 	
��� "�� 43/4 	� 4/13 � �� ��f  "�';	=�� 28/7 

����	�) W��04.(  

  
����2-)'�;� �<3=;#	 )Cot(%���� ����#�$ � �����" ������� ���� �� @�� ��� ��	�       �&'�(�  

Cot  MntFetFeoFedCECOCclaypH
                1 pH 
              1  **676/0 clay 
            1  **852/0-  **677/0- OC 
          1  **599/0-  **780/0  **534/0 CEC 
        1   **856/0  **714/0-  **893/0  **673/0  Fed 
      1  **721/0- **605/0-  **859/0 **790/0-  **570/0- Feo 
    1  **597/0-  **784/0  **691/0  **760/0-  **865/0  **609/0  Fet 
  1 **795/0-  **745/0  **742/0-  **517/0-  **799/0  **818/0- **601/0-  Mnt 
1  *460/0  181/0-  **508/0  *448/0-  *401/0-  297/0  *400/0-  255/0  Cot 

**< *�%�� ��64 s64 �
 L��7� �� ?�)
1 �5���
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����3- ������� ��	�B+"� �� !C<C� � .	D ��&#EF �	�/��� ���� �  
%����  +"�  G�8  �8����"  �H��8�  I�$  H��  ��JF  K8�  

 
2 
 

 
Btg1  

  

�;)
 �E4 � F#7H  y4���  ���
 �2��	� ���
  K5%�	; � ?�7�  sM)�  &�	���  5YR2/5/1 

3  
 

Btg 
  

4 � F#7H�;)
 �E  
	��  ���
 �2��	� ���
  K5%�	; � ?�7�  sM)�  &�	���  5YR2/5/1  
Btg1�;)
 �E4 � F#7H  y4���  ���
 �2��	� ���
  K5%�	; � ?�7�  sM)�  &�	���  2/5YR2/5/0   

6  
 Btg2 �;)
 �E4 � F#7H  
	��  ���
 �2��	� ���
  K5%�	; � ?�7�  sM)�  &�	���  2/5YR2/5/0  
7  
  

Btg �;)
 �E4 � F#7H  y4���  ���
 �2��	� ���
  K5%�	; � ?�7�  sM)�  &�	���  5YR2/5/1 

  
T�	�; ��&!� ?7�%*) EDS (�) "��  �	=�  �=�  ��=4  �	=��!� 

(	S; 1�%#
 9#	� �
 ()&�� R��%����$ R����2�4� �  9�)&=3)  "=#$ � 
&%'%� �
 �	��!� �4) .()&�� ��	
� �
 "�� �	� �� ��4 �	��!� 

9�)&==3) �S==@	3 )� (	S==; �==��==#
 )W��==0 5 � ,+==�2 .(T�	==�; 
�;	� �4	%� �	��!� "#$ � &%'%� (	S;1�%#
 ��X@ �;	�?	#  "=#$ 

��	4�7����q�< ����bH< ?73�)���# � �;	� &%'%� ��	�;7�� 
��.    
  

���� 4- �=���� ������ ���$� L
3M� .	D � !C<C� � )'�;� �� ��&#EF � @�� ���E�  
%����+"�FetMnt  FeoFedFeo/Fed  Cot

 %                                                mg/kg

    �	�  9/3  04/0  35/0  3/1  27/0  8/11 

2  Btg  �	��!�  3/54  44/0  1/1  9/2  38/0  3/52  
    K 39/1  11  14/3  23/2  �  43/4  
    �	�  14/4  03/0  53/0  4/2  22/0  1/6  
3  Btg  �	��!�  5  45/0  1/1  25/3  34/0  50  

    K 2/1  15  07/2  35/1  �  2/8  
    �	�  95/3�045/0  43/0  9/1  22/0  5/8  
  Btg1  �	��!�  2/4  446/0  6/0  2/2  28/0  3/71  
6    K 06/1  9/9  39/1  15/1  �  4/8  

    �	�  12/4  015/0  24/0  9/2  08/0  5/4  
  Btg2  �	��!�  9/4  35/0  74/0  9/3  19/0  3/60  
    K 18/1  4/23  08/3  35/1  �  4/13  
    �	�  1/4  04/0  39/0  15/3  2/0  9  
7  Btg  �	��!�  7/4  4/0  7/0  4/3  12/0  54  

    K 14/1  10  8/1  07/1  -  6  
    �	�  042/4  034/0  388/0  33/2  19/0  9/7  

"�';	��    �	��!�  846/4  418/0  848/0  13/3  26/0  58/57  
    K* 19/1  3/12  19/2  34/1  -  28/7  

*L�7M %G� (�� "�';	�� ="�';	�� �52G �
 �	��!� K��:� 7� "�';	�� �52G �
 �	�  
  



1176      ����� ��� ���	 
 ��26����� � 5  ��� �- 
� 1391  

  
I�$1- N��8 ���� ��!EF H� @�� �� )#/ ��&#EF  +"� �8�#8Btg %�#�8  3 )I;O H� ����D �H�/(  

  

@��                                                     ��&#EF                                         P/���Q  
I�$2-3�'� R��/����� �����F�S��� �8��)SEM( H� @�� �� )#/  +"� �8�#8 ��&#EFBtg%�#�8 3  

  

  
�	�  

  
y4)��@  

  
�	��!�  

I�$3- ����#8��	 ��!EF ���C, )EDS( H� @�� �� )#/  +"� �8�#8 ��&#EFBtg%�#�8 3  
  

����5- ���� �8H�)Wt%( � �#F�)At%( ���� ���C, I��Q H� ��!EF ���C,   
��C,  @��   P/���Q     ��&#EF  

 At% Wt% At% Wt% At% Wt% 
Al 69/18 15 13/20  13/15  15/18  76/10 
Si 64  52/53  92/57  32/45  19/41  87/25  
Fe 84/5  7/9  2/9  32/14  14/12  91/14  
Mn 42/0  68/0  49/0  75/0  56/9  55/11  
Co 31/0  52/0  44/0  72/0  57/0  74/0  
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Abstract
 Cobalt distribution varies by changing soil properties. Fe and Mn concentrations are considered as absorbant 

agents for heavy metals such as cobalt. In order to study of effective factors on cobalt distribution and the role of 
Fe and Mn concentrations in Co accumulation in soil seven profiles with same classification and containing Fe 
and Mn concentrations were investigated. Nitric acid extractable Fe (Fet), Mn (Mnt), non crystalline Fe (Feo), 
free iron oxides (Fed) and some soil properties (OC, pH, CEC, clay) were measured and their correlation with 
cobalt (Cot)  were studied. Furthermore, both Fe and Mn concentrations and their adjacent soil analyzed for Fet, 
Mnt, Feo, Fed, and Cot and enrichment coefficients were measured for extracted elements. Mineralogical 
properties determined by X-ray diffraction (XRD). Scanning Electron Microscopy (SEM) and Energy Dispersive 
Spectrometry (EDS) were performed for Fe-Mn concentrations. Results showed that cobalt (Cot) positively and 
significantly correlated with Mnt and Feo while its correlation with clay and Fed as main controling factors of 
CEC was negative and significant. Cobalt’s correlation with Mnt and Feo demonstrated its occurrence in an 
unsuitable condition for crystallization.The negative correlation between cobalt with clay and Fed shows that its 
distribution slightkly affected by clay and crystalline Fe distribution and the resultant CEC. Mean enrichment 
coefficients of Mnt, Fet, Feo and Fed were 12.3, 1.19, 2.19,1.34 respectively. Cobalt enrichment coefficient was 
between 4.43-13.4 and in average 7.28 .These results prove the ability of Fe-Mn concentrations in heavy metals 
accumulation and their impacts on distribution of them especially cobalt. 

Keywords: Cobalt, Soil properties, Fe-Mn concentration, Enrichment coefficient 
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