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��  H�Fr' Al&+ ����$/ 
i �!�  A���	hS �!��!��- A!�

 K!(m ]���0�9m!: AL�	 �P� �!��$� �� �� ����'$� �!�� ��.  

Co  �S$	 ��) ��! l&+�!��-��
��	 A(!� ���� A!� L�� A!� !�  

Cr  
 H/!	�!��-���
#�� Al&+ ��!�.- A(�=$+ �!C$G/) B�- �!�  �,!	 K!@+��( A<�b �(!.� � �:!P� A!�

�
��  ���/m A9$b ���-�+ A�
��  ��	 �!���

 ����$/ A���$G' �!� ���� � �'$C .!�  

Cu  
�
��  H��
� ��$� A���P������ � !
�� 9$/ �!�  A��!/l?�- I��q A�,!	 ;. 5�l��O' A9- �!�

���
#�� A������ � ��!����  A!��!��-!�.   

Fe   A�=$+ A��$/ ��b B�- A�
b�!��-.B��!
 H/!	 A)E� � )�0 A,!	 � H/!	 A!�  

Hg   

!  A6�l�
� D��j ,� 5�l&+ 6��^�	� 
��$' ���. �&  ��!�&8 K$&	 �� X�%�
 
'NaCl  �Cl2  9- ,�

� �������� <,�$� A�$�. �,�
�� ���� �  ��!8 A !�HP��!'!  A !� ��l.� A��
�� �
��  �S ��$
 A!����� A

�
�� $P�� A��&� �
= A!�������� A!��#�!	$� A!� ��$� A�$�: �!^. �!� .;�%� At��� �@�� �!� 

Mn  
�=$+ 
��$'
�P � �� Al�#�
��+ �!� ��'!. �� ��!T�	� ���. l�#�
 ���������� �!�  A!�

�
���
�#� �&�
 ��$S A9$b �!� .��!��$: �!�  

Mo  
 �G���!��-�
b A�=$+ �� � HP��!'!  A���- ��( 5�l&+ A!� L�� A!� ���� A!� �
����,!. A!�,!	  �!�

 A����$/l&+ ��!�.- A��� �!����+ A�&@� �
����,!..�  

Ni  

 �� ��$�� �.�!��- ��'!. A�l&+ ��!�.- A�=$+ U�!�C ��  �!�Ni/Cd�&�
 A  �!��$:��!�  A�	$8

���
#�� L�� ���. !� ��
��	 � !� )�� A!� N�!8 A���l?��
�� � �0��: �!� I�q �!�  �!�

���� � ���
��	 HP��!'!  A�'$�?
!  ��l:� A�� .!�  

Pb  

)
!� A�$'$
 B(�� �!� )��
���' ��'!. A9�	 ���
#�� A�.�	 �
�	� �!� ���� I��q A!�  A��

��
��	 ���	hS A!�  �� A�!��-]�� A!� ).!  ��$S A!� A;�%� A!� 5!��
 ��$� A�,!	 !�  e�!G
 !�

��$� .�,!	  

Sb  

 ��$��!��- ����$/ ,� H@�!�
 H�: 9�	 !. �l&+ A���T
 A��!��!���. l&+ A�������� �!���.�!  A

� L�: l&+L�� A!�!�!	� �F� A!���l+ ���� � !� A�'- 
i �!� ��!��. �!�����  A�&#�� �!� 
i

H/$	 ]���0� A��- R&/ ��$�� �. AY$�' .�&�P+ �!�  

Sn   A��T
 Al��. AW��. A��
�� U&8 �=$+�!��- HP��!'!  A�
��  H�Fr' A���l?��
�� ���0 A!� �  !�  

Tl   ���. �
� ��!T�	��!��- !.) !�Pb AAg !� AAu !. (��V�� !��!/ � ���. A��������� U�!�C �� A



١٢ 
 

B�#�	 5�l&+ ��� !����� �  

;�P�	 �!� AHP��!'!  ��$�� �. Al
�8 ���!
 ��$� �'���� A=!. �!
� �!���
$
  9�m �[E� !. !�

 �F� AB��!S!�!�!	��.� A!�!	�  

V   �� A�=$+ 
��$'�!��-HP��!'!  A!� !�  

Zn  

�!��- ��$S A(W��. Al��.) ��� A����$/ 
i �!� ��j!. �F&0 A!� �
��  H�Fr' A!�  �!�PVC A

9$	�  ���c�Au L�� A���	= U�!�C A������ � ��!���� ��$
 �� A
��!�	 K$&%
,�  A!��!��:  �!�

;�%� ��!��$: � ��!   

  

X!/ ;�P�	 D��j ,� B�#�	 5�l&+ 9c: - 5�l&+ K!E��� �!���� B�����
 ,� ��� ��$�� �. �!��

��!�  5=$G%
 ,� B�#�	 �!P�� �. �,�
 
�!. ]52[.  X!/ ,� B�#�	 5�l&+ U�O' � K!E��� B���.!�.

���P� 5!E�E%' Y$i$
 �!�� �.� ��  H	� ��+�� ���8]54�53[.  

       �7. �!7�!�� �� 5�l7&+ U7�,$' � U7�O' A9c7: 
��-�+ �!EE%
 R	$' �
� <!O�� 5!@�![
 DFj

�� ��!��^. �$:� �. B��J�� � X!/ �� B�#�	 5�l&+ Hp&( �'     H7��
�#� H7�&.!8 �7  X!7/ N� 

 ���� �#�P. 
���� �� B�#�	 5�l&+]56�55[.   X!7/ ���$�- ���
, �� �
� <!O�� 5!E�E%' B��J��

 )
!� X!/ 5!�C$G/ �  H	� ���� �!�� B�#�	 5�l&+ �.pH��- ��$
 )  ��$�%
 A2 �!�
�P � A

��!P � )�P�!�S � <$���
$�- � B�--� ��� �p0h
 ).!8 5��\� ��! 	 �C!�� ���cS >��	��  ��

 ���� X!/]59-57[.  B���.!�.B�EE%
      � �!7�� �\$7
 �!7��$� !+ B�+�7� �p� �� !. �$/ 5!@�![
 ��

 �$p�
 �. X!/��S¬���. . �!�!�� �� ��+!� U�O' 5�l&+ ���!E
� ��     �$7[. �7  �7.�O' �!��
7
 �!O

 �@8�� R���� � >!�E
 �. ;��@' ).!8 �F	!�
��/���S 
�!. 
��]60[.   5!7E�E%' DFj AK!r
 ��$�� �.

 K!	 �� ����!��� � l
��-2004���� �� ��+!� U�O' <$�
�!  Hp&( A !�    H7p&( �7. �7:$' !. <
�� �

 � X!/ <$�
�! pH ��S ).!8 ��$. ���.]61[  ��/� �
� <!O�� 5!E�E%' DFj !� �]62[  ,� ��!T�	� !.

EDTA <��  A��� A<$�
�!  5�l&+A !/ ,� 9�	 � t
    B7�� H7p&( >!7	� B�� �. � �
� 6��^�	� X

���� �� 5�l&+ !�
� ��, B��^' W��. �.    B�#�7	 5�l7&+ U�O' � K!E��� ���
, �� �
� <!O�� 5!@�![


 ����P� �!�P. o&�^
 �!�!�� �� �7
  
7�!. ]67-63[       �� B�#�7	 5�l7&+ U7�O' � K!7E��� )7.!E
 ��

;�P�	 !�X!/ o&�^
 �-���8 �@�![
 ��$
 ���  �!��  U�,$' �$%� ��/� 5!E�E%' �� �c� AH	� ��+��

                                                 
٢ Total Organic Matter (TOM) 
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!. !� !/ �� !��- �. �\$
 )
�$� � B�#�	 5�l&+ U�O' � �'  B�7EE%
 �:$' ��$
 o&�^
 �!�/!	 � N� 

 H	� �
� U8��]68[. .H	� �
���� �+�@
 <$�
�!  B�#�	 l&+ �
��� ��  

2 -3. !;��:�=  

2-3-1. �9:�� �(����
�� �;�<�0 � ���� �) �  

H	� �l&+ <$�
�!  
�T	 A�
���� A<��-��E� '� �,� !. ]��. � ���� 4/112 ��!#b A64/8  �. <��

 9�m �[E� � N@�
 ������!	321 ���#���!	 �:��. ��
�!S a$'�l�� H�� :,� 
�'�!F� <$�
�!  116Cd, 

114Cd, 116Cd, 112Cd, 111Cd, 110Cd, 108Cd, 106Cd.  ���� �� �[	�� l&+ �� <$�
�! II-13  K�
:

.�!�'
��!
) � Hg  �ZnH	� (. ��� 
��!
 <$�
�!  �!F��E' ��� �� ����� �' ���+�q �� ��
�!S 5!F� 

�$� � !�
�P ��
�� A
��!�	 � X!��$
- !. � ��$.  �!� A�P�&?�  ��- �!���
- B��J�� � t�&?� 

t�&?�  !�t�&?�  ��&  A�$T�$	 � !� H�&�  � !� )���' �� ��$��
 ��
 
��. � �. <$�
�!  ��0�

 �� �$+� �. � �
� )0 ������ 
�	� ���!��-�
 ��!T�	� �- ,� B��!S 9�m �[E� !. �!� �$�.  H�&.!8

���� �#�P. �- ��!���� ��$� �. !	!	� <$�
�!  ��P�, ���cS >��	� � X�%' ]19[.  

X!/ �� �^. ����� �. ��$� K�!F' ).!8 �^. �� ����. <$�
�!  A5!.$	� � !� !� �!�
�P � �Me-

Fe �
 ��!q �
�!
 �8!. �^. � 5!�.�  �^. �� �E.!
 � �$�  �
�!�
 !��
  �  ��!0 �� A�$� ��

 ��- �^.�
 l�b!� <$�
�!  ��
E

�!. ]69[.  �!F'�� ��$� K�!F' ).!8 �^. �� <$�
�!  �$*0

�E�P
��  ��!  !. � ���� R�%
 ��$. �
�	� !.pH  ���l+� ��
E
 B���
  
.!�]69[.  

 ��K$&%
 !� A� !/ �<$�
�!  �$� 5�$C �. �!F�!(  ��,- �!�Cd+2  �CdHCO3
+  �  ��!0 �� AH	�

 ����.<$�
�!  X!/ �. �
� �+!i� !��
 9$	� !� �
� 9c: 

!: ,!+ �� �!@��	 ���- �  � 
� 

t�&?�  !� �Cd-  )8�
0 ��-�
 ) 
�$� )��2 -1- (o��.  ��!0 X!/ �J�!�bHp&( !� ,� ��=!. �

Cl-  �SO4
-2  A
�!.Cd t�&?�  5�$C �. ����. !��
 ��!q 5!T�$	 � �&  � �$�. ��$� U�,$'  �!�



١٤ 
 

 �.-Cd �
 >!	� �. 
��$' �' ).!8 ��!/��� 9- �&  N� ��S¬���.  �� �  
�!. )��2 -1-  �!�� 9

H	� �
� ���� ]19[. 

 �%[	 9c:<$�
�!  ���� D.![' ��$�#�= <�'�l�� !. ��
.- B�- 
�P � �&�	$..  H	� �
� ���� �!��

 �%[	 9c: � <$�
�!  % ,� ��. �- �� �  H	� U��	 �
��-�+95  �j �%[	 9c: ,�10 

 K�!@' �. H�!	 �� �j � ���� n� �E�8��
 
	�.  )��2 -2 <�'�l�� !��. �� �%[	 9c: � �� ��

�= �	!
 AX!/���3 �	!
 �= ���4  ,� �@.!' 5�$C �.pH  �!���
 
��.  9c: �. ��h�

A�%[	 �'�
 l�� N�	K���  �� 
��$' �' ,�<$�
�!  X!/ ���
 �E� !���  !T��
� .  �&  �$j �.

 ���cS Kh%��<$�
�!  X!/ �� ���l+� !. !�pH �
 ��! �� �- ��
E
 B����  �  
.!� X!/  �!�

) ���-4/8pH=�
 ]!T'� (
�+� ]19[. 

  

.;)2-1. ) ��$� U�,$' (o�� !� B�. <$�
�!  �pH 4  �9  �� X!/) ���- X!/ ��$�� �� K$&%
 ��atm01/0PCO2= (9)(
��$� U�,$' !� ,� �@.!' 5�$C �. <$�
�!  �.- �pH R	$�
 >!	� �. �' !��� �� ��!/��� 9- 5!F� ]19[  

  

                                                 
٣loamy sand 
٤Sandy loam 
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.;)2-2. <�'�l�� !��!  �%[	 9c: ���\!' H%' X!/ �� ���. <$�
 �' � X!/ N� pH ]19[.  

2-3-2. ����
�� ��(
$���� � =��+�  

<$�
�!  ��� U�!�C �F�!: K$G%
 �� 9�m ,� �  H	� ����!P�  ��=!S � ���  ��� �!�   H7+!�,!.

�
 �$�. 9- A!��!��- �� N&(� <$�
�!        H7�Fr' ��$7�� �7. A�7#�� ��$7
 A�7������� ��!     ���7. �
7�� 

���	hS �&S �!� ��j!. �� A�&����   ���7. �!  �. ����$/ �.��. �� �=$+ � B�- ,� Hp+!%
 ���. � A!�

�
 �$�. <$�
�!  ,� ��!T�	� H	� �
� ��
%
 �!�: �	!'�	 �� A�[�%
 HP�, 5!p0h
 )��� �..  !.

<$�
�!  AK!0 B�� �
 ��     ��$7�� �7. ,$7�� B�7�J�� � H+!� �+�G
 �!�=!  ,� ��!�P. �� ��$'   �7�

��!8 �
 ��!T�	� �- ,� l�� �  .�$� 

 ��+!� {��P� �@�	� e[	 �� � ����� �$:� B�
, ��	$S �� l�� �@�Fj 5�$C �. <$�
�!  ����� !.

) H	� l�b!� ��
E
 �p� ,� !
�mg/kg 2/0-1/0(. 5�$C �. N&(� <$�
�!  H@�Fj �� �'�F�   �� �

���� �$:� t
 � ��� ��!0 ��
@
 �!�#�	.   ��
E
 ,� B�
, ��	$S �� �@�Fj <$�
�!1/0  !'

mg/Kg 5/0  ��!  !� ���l+� o&�^
 �!���
��!S ��\!' H%' <$�
�!  Hp&( !
� H	� ��z�
�
 
.!�. 

 ,� �.$	� �!�#�	 �� <$�
�!  ��
E
1/0  !'mg/Kg 25  �� �- ��
E
 �  ��!0 �� �
� {��l�

��� � B��m- �!�#�	��$�  ���
%
 �� �&  5�$C �.02/0  !'mg/Kg 2/0 �
 
�!.. Hp&( !� �

����. �$. 
��$/ t
 � 9�	 A��� �
@
 L�	 !. �����. <$�
�!  ��
E
  �'!TP+ �!��$  ���
%
 ��



١٦ 
 

2  !'mg/kg 200 H	� ��z�
. !��� �!���� � �.$	� �!�#�	� ��
0 ��!0 l�� �mg/kg 15 

 <$�
�! �
 
�!. ]70[.  

 K�
:2-2 Hp&( R�%
 �� �  �� <$�
�!  ��$�@
 �!� �
 �!�� A
���� �$:� o&�^
 �!�  
7�� 

]19[.  

����2-2. Hp&(  NP0 �.) <$�
�!  K$�@
 �!�mg/KgR�%
 �� ( o&�^
 �!�  

��$
  R	$�
 Hp&(  ���
%
  

L�	 B��m- �!�  082/0  60/0-001/0  

L�	 ��$���� �!�  06/0  87/0 -005/0  

L�	 �.$	� �!�  42/3  500-05/0  

$	�
�
: 5!.  53/0  2/6-02/0  

<!/ HT�  008/0  027/0 -0003/0  

L�P�!(m  10/0  18/0 -07/0  

��!. ��P !/  7/11  17-5/6  

L�	 �'!TP+ �!�  25  340-2/0  

�'!TP+ ��!���� �!��$   3/4  7/9 -5/1  

BO� 9hi!+ �!�  74  1100-2  

X!/ (��$�-��( A!���) !�  35/0  0/2 -001/0  

�$�
 ) !�USA A3202=n(  005/0  012/0 -0043/0  

����  B�
,) <
�� �!�USA A1302=n(  0047/0  21/0 -014/0  

��!/��� 5!.$	� (��$�-) ��  -  800>-30  

9- ) B���� �!�(  10/0  3-01/0  

9- ) !���(  11/0  4/9 -01/0<  

  

�. �#�P. �,��!�  �!� !/ �� <$�
�!  ��
E
 �'��,�$� 5=$G%
 A�
�,!	 N�  A)���' 
��-�+ A�

 <$�
�!  ��!0 ��@�C �!�.hi!+ 
�!�PS � 9hi!+ BO� A!��  H+- A�'!TP+ �!��$  ,� ��!T�	�

 ���� �#�P.]72�71[.  �!��$  �[	�� �. !
� H	� l�b!� �@�Fj X!/ �� <$�
�!  ��
E
 �b���

��
E
 A!��  H+- � ���� �!�.hi!+ � ��@�C �!�
�!�PS A�,��!�  �$  A�'!TP+  ��+!� ���l+� �-

 ���$�- �. �O�
 ��
  �$�]73�72[.  

H��!@+ �
@
 �!� ��!  l��      �7:$' )7.!8 ���!7E
 ��!70 �.hi!+ �  <$�
�!7    �7
 
7��$'   A
7�� 

�
 
��� ���8 ��\!' H%' �� �@�	� Dj!�
 
���$'.  I��7@
 ,� ���       �7�!/��� �7i$0 A���$7
 B7�� B��7'
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 �l��:,� ��. �- B�� !	 �  H	� BS�� �� 30  |�@
 �� K!	<$�
�!    
��7��� ���78.   ��!70 9- ,�

<$�
�!  B�
, ��!�.- �$p�
 �. ��!/��� �
 ��!T�	� W��. �!�   ��!7��. �7. ,��. �O�
 �  
�itai-itai 

 
�]74[. X!/ A���$�- UF�
  ��!/��� �i$0 �� ��l��!� �!�� �l��:  �
@
! $�
!     �!7F��E' �7  �$.

 ��40 �� H	�=!. ���
$&�  ��!/��l��: �$. �
� U8��.  Hp&(<$�
�!  X!/ ��  ��l��!� �%[	 �!�

 ���
%
 ��35/1  !'88/6 �&�
 <��$&�  �. <�� �$�8 W��. �� ���537/0 �&�
    �$7. <��$7&�  �7. <��. 

X!S �,!	  !. �%[	 X!/ ��$S !.25 ���!	    ,� ��!T�7	� � ��$7�- �7�( X!/ ��
  �7';�
  �
7��    �!7�

� <!O�� X!/ o&�^

.  ,� tSX!S �,!	�$�8 W��. �� <$�
�!  Hp&( A ,� ���  �. ��1/0 �&�
   <�7�

<��$&�  �.     !7  K$7�@
 H7p&( ��
7E
 B�� �  AH+!� ��! �) <$�
Cd     �� �
7� 
7��$' W��7. ���7. (

H	� ��$�- ��( �!���l��!� ]19[.  

2-3-3. ����
�� �>�!� �	�+) ?	 ��$@�  

!�!�� ���. X!��[/ �G�� �� ��$�� �. <$�
�! �. A� ���
 � A�!���
 �
 ��/!�� �����  �  �$�

9�	 A��� �hr
 !. �P�!E
 �� t
 !� Hp&( �� ���  �!� X!��[/ �!�P. H	� �'. . �!	!	� ��$� �. ��P

<$�
�!  Hp&( � �!�� 	� 5�!T�
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 �.!^��� 6��^�	� ��!� �	 )0��
BCR ]35[  

�&0�
  /Hp&(/�
��� �� ��pH X!/ ,!+  

1  ) ���	� 
�	�CH3COOHA(mol L-1 11/0 A85/2 pH  
 
��!
) 
�	� � 9- �� K$&%
 A��cS K�!F'

(!�'!�.�   

2  ) 
�P ��
�� <$��$
- 
��& NH2OH.HCL A(mol L-1 1/0 A2 
pH 

(l�#�
 � B�- �!�
�P � 
��!
) ��cS ��!   

3  
) ����
��
�P ��SH2O2 A(mol L-1 8/8 <$��$
- 5!�	� A

)CH3COONH4 A(mol L-1 1 A2 pH 
(!�
�T�$	 � ��- ��$
 
��!
) �
�$� 
�P �  

(�
�!��8!.)
*  

Aqua regia: 3HCl+HNO3 �'!��&�	��( 5�l&+ A�
�!��8!. ��$
  

*
 ;*�.H	� �
�� � m {�� B�� �� �
�!��8!. ��$  

2-8 -2. $�CD B��  

�
 ���T' �&0�
 W�S �j �$:$
 5�l&+ ��P' ���$�
 �.!^��� 6��^�	� {�� �� 
�$�.  {�� B��

�   K!	 ��1979 ��� AH	� �
� �!����S )
!  ,�  B��'{�� !��  ���$�
 �.!^��� 6��^�	��   )
!7�

�^.  H	� ��, �!�]36[:  

K�!F' �l: ��cS26: '�l&+� � �� � �B 
 ���8 �l:� ��
�� �� �.�) �!�
�$�S '!�	��������� @i�o 

�0�� �.� \d' H%'�� �!�
��-�+  K�!F'��$� (9c:�� /9c:) �
 ���8 .
���� 

5!�.�  ,!+ �. )G�
 �l:27 :��B '�l&+ �^.� 
 �. �� ��� ����  �7   >��7	�  c7S���  [7	$�
� 

z' �\� �� � 
������5�� pH �
 
���$' 
.
�$� ���!F  �. )G�
 �l:�!�
�P �   l7�#�
 � B7�-A   �!7�,!+

��!  ��cS28�!�
�P � : �
 �E� l�#�
 � B�-��  ���� 5!.$	� �� 5�l&+ H��
�#�!T 
� 
�� .   �l7:

��- ��!
 �. )G�
A ��!P � ,!+ ��cS29 :�- ��!
� ��l 
� 
��$'  )
!��
��   9c7: �� 7�!    5�l7&+ �!7����


�!.. �8!. �l: �
�!
30 :&+'�l� � �� � �B 8!. �^.� 
� A
��!
 '�l&+� (�� !S � X�%�
���
   9!7P0 �.


� -�
�. ��B  �!��/!	 �� �=$�@
 �^.5!��&�	 !� � ���� �$*0 �����  �!�
7�$�S �%
 �7�  
��7P�. 

 �� {�� B�� ��$
 � )0��
 K�
:2-5 .H	� �
� � m  

                                                 
26 Exchangable fraction 
27 Carbonate bound fraction 
28 Fe-Mn bound fraction 
29 Organic matter bound fraction 
30 Residual fraction 
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����2-5. ^�	� )0��
��P' {�� �. ���$�
 �.!^��� 6��  

�&0�
  /Hp&(/�
��� �� ��pH X!/ ,!+  

1  MgCl2 A1  A�=$
7 pH  A;�
	 5!�	� K$&%
 !�1  A�=$
2/8 pH ��cS K�!F'  

2  1NaOAC A1  A�=$
5 pH 
�	� ���	� !.  �'!�.�   

3  

Na2S2O4 A3/0  A�=$
Na-citrate A175/0  A�=$
H-citrate A

025/0 � �=$
 !NH2OH.HCl A04/0  �� �=$
HOAc A25 %

)v/v(  

l�#�
 � B�- �!�
�P �  

4  
HNO3 A02/0  A�=$
H2O2 30% A2 pH  !.HNO3  

NH4OAc A2/3  �� �=$
HNO3 20) %v/v(  
��- ��$
  

5  HF-HClO4 �
�!��8!. ��$
  
Ac denotes acetate. 

2-8 -3. E��� B��  

 
� ���� e�i$' )F8 �^. �� �  �$[�!��
!  ,� ���) �' B�{�� !� ���$�
 �.!^��� 6��^�	� �

�. B�#�	 5�l&+ �- DFj �  �'�l: A��cS K�!F' �l: ,� N�' )G�
 �.  ,!7+   �l7: A5!7�.�   )7G�
  �7. 

�!�
�P � B�- � l�#�
 �!�,!+ ��!  �l: A��cS )G�
 �. ��!
 ��- ,!+ ��!P �  �
�!��8!. �l: � ��cS

 ��P' {�� 
�$��
 6��^�	��
 
�!..  {�� B7��   K!7	 ��1993      
7� ��&
!7  L7�$� R7	$']37[  �

   ��$7�@. � 
7� �+!i� ��P' {�� �. ��cS K�!F' �l: ,� )F8 K�� �&0�
 ��$�� �. K$&%
 �l: 6��^�	�

)
!  ,� ��� �' B�{�� !�.
� U8�� ��!T�	� ��$
 o&�^
 5!E�E%' �� ���$�
 �.!^��� 6��^�	� �  

�EE%
 R	$' �
� <!O�� 5!@�![
 �	��. ,� tS D�E%' !. RF'�
 o&�^
 �!��^. �$G/ �� B

 �. 
@. )G+ �� A�i!0 � ��$
 �Q���{�� !�    �7�/���S 5!7��!
,- <!7O�� �� �
� ���. �!�. � �7
  .�$7�



  

 

 

 

  


��3           

   � ������� ��  
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3 -1. �����  

 B�- 
�P � ��m$�!� R	$' <$�
�!  Ic0 
��-�+ �	��. �$p�
 �. D�E%' B�� ��III  �$p�
 �. �

 �� �
�� <
��
��=- !�!. X!/ A�@�Fj X!/ �� �$:$
 ��!��0� � �' �!� !/ �.!�
 � N	!�
 �F� 


� ��$�- <$�
�!  5����� �
��=- �&�	� �. � �
� ��/!	 �$:$
 �@�Fj.    �� e�7i$' �7. )G+ B�� ��

 !. �!F'��{�� !�         AX!7/ ���7  ��$7�- �7&  �!�7�^. �� �
7� <!7O�� 5!7��!
,- �� ��!T�	� ��$
 �

��!
- ,!	�         � ��7	$�S!� 5!7��!
,- �� <$�
�!7  Ic70 �� o7&�^
 �!7���
��!S �7\� �	��. AK!�	$�!�

 X!/ o&�^
 �!��^. ,� �
��=- Ic0 �$%� B��@' H�: ���$�
 �.!^��� 6��^�	� 5!��!
,- A��	$�S

 ,� tS X!/ �!�/!	 5����z' �	��. H�: �&���' 5!��!
,- �X!S �,!	.H	� �
� ��/���S A  

3 -2. :$;�  

3-2-1. ���  

H�: �j���!� !	 �$:� <
� ,��� =-��
� !�       �$7&: �$7p�
 �7. � �7@�![
 ��$7
 X!7/ �����  ,�

=- �\� ������.��
� !� .!^��� Ic0 �� � �� A��m $�!� R	$'�B   �$�7G
 5�$7C �. X!/ �@�![
�   !7.

�' � ���
�!�	� e�!G
�l 
� ��/!	. tS @	 �&0�
 
�b <!O�� ,�� �� ![/ �� �' � 5!7F �� 7�W   X!7/

Fj�@�A �' !. 5!F� !�
C��� �,�� ��, ���. !. X!/ H/!	 H�:�B �!  9c:�
<$ .
� 9!^���  

•  �	!
161 %) �$ ,���+8(  

• %) ����' �!#���� X!/ ���!�
 �!#��!
,- ,� �
� ���' H&�	40(  

• H����$Q!  H �� U�!�C ���b �,!	 %) �����10(  

• %) >$
$�10(  

• >� l
�8 ;���+ �
� ,� D�� �� ���
 �!b �!� j�I��  �!�7	���  ����!7� �  ��$7F� ,� 

��� 200 %)20(  

• CaCo3 %) (X�
)10(  

• CaO %) (!�#�	)2(  
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3-2-2. ��� ��+�F�  

�
��=- !�   ��$7
 X!7/ �&�	$. ����. 9c: �!�F
 �. ��!�� �
��=- 9!^��� �$p�
 �. �  X!/ �

. t
 � <��  A<$�
�!  AH�!F  A��� )
!� 
��+�� ���8 ��!
,- ��$
 D�E%' B�� �� �@�![
  �7  
��$

�. �' Kh%�� ,� N�'   ��� 5��7��� )
!7� !7��- X�
 5!F� �'  H7�!F  5!T�$7	 A A  <$�
�!7  5��7��� �� A

 5!
��  t
 5!T�$	 ��[E
 9- �� s^�
 Hp&( !. �'�� 
�
�.  

3-2-3. �������  

��m$�!� 
�P � +�q �	 B�-��� )Fe3O4 �$&/ 
C�� !. (5/99   5��m �,�
7�� R7	$�
 � %5/44 

�P�� ,� ��
$�!��$� S� �$�	!���� �'�� 
�.    5!7��!
,- W�!7��XRD      ��m$�!7� B7�� 5��m �,�
7�� U7�,$' �

�. �' �!�&�� �� N�' )��3-1  � )��3-2 .H	� �
� ���� �!��  

  

.;)3 -1.  ��!
,-XRD �	 B�- 
�P � 5��m$�!� ��� ���+�q  

  

.;)3 -2. ���+�q �	 B�- 
�P � 5��m$�!� 5��m �,�
�� U�,$' ��!
,-  
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3-2-4. ������ ��$� ���� 
��� 
��� ����
�� �$�9  

    5!7
!.�  $7�' �� B�
7�����S <$7��$
- A(X�
) <$�
�!  5����� )
!� ��$
 <!�'31   � (!�#�7	)

 B�Q$'80 .
� ���' �
� B��*' U.!�
 ,� (!�#�	)  

3-2-5.  I����� 
�����J��� K�$J�	��'���� �  

)
!� ��$
 <!�' �& �
 �
�l�; A;�
	 5!�	� A��P ��
� �$
-�<$ ��& �
    
�7	� A���7	� 
�7	� A

 ,� � ��$. X�
 H �� H/!	 ���
��&  
�	� � <$��$
- 5!�	� A��V�P � 9- A������ �7*' U.!�
�B 

�' �
��� .
�  

3 -3. 6�7 �:'= I:;�<  

X!/ ��/!	 �
� !. �'N�  ��$
 �p� �. 5

 48 H�!	 /��)  ���7�  !7.  K$7&%
 mg/L 500  ,�

K$&%
 !��^. �� �
� � m �
��=- � 2-2-3 �� >!�' ���8 ���� 
�. H�: �!���j� ,� >!�' )
!  

X!/ !. �
��=- HFP� ;O0 K$&%
 �
��=- )�&�
 ���� (�. �,� X!/ )<�� (20  �7. 1 ��  �7p�  �7�+�� 


�.  !. X!/ <�� �� �� �$p�
 B�
.40 �&�
��=- K$&%
 ��  ���� �!7�� 5�$C �.� �
� �$&^
 �
��

 �� �
� )��3-3  5

 �.48  H��	 � R�%
 �!
� �� H�!	80  �E�8� �� ��� ���� ���8 ���� ���


�.   

tS ,� �- !. �$�T����!	 ���  )!. H��	 3500 ��� ��  �7E�8�  �7.  5
7
 20  �7E�8� (�  l���7	 

A���  K$&%
 �^. ,� X!/ �
: 
����. �. �$p�
 �!���j� ,� �,!	�
: )
!   H�!'!��S$7	 ,�  AX!7/ 

X!/ �� �!. !. 9- �[E
 ��P� 
� � ���
O
 !. �$�T����!	 ���  � l���	 A���  K$&%
 ,� X!/ �
: 


���� � X!/ �� �!
� ]!'� ��/ 
�.  
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.;)3 -3. X!/ ���  ��$�- �$%�  

3 -4. �#$:I:;�< 6�7 /�0�  

 � �
��=- 9!^��� ,� tS
-��! �,!	 B�� A��$�- X!/   �7��� ���
�!�7	� {�� >!	� �. X!/  �
7�.

���
#�	 !�� � l�� �� ��!�� ���
�!�	�) ��� R	$' H�4977
� �
�. ���� (.  l�� X!/ ����l�� �^.

 �!#�	� R	$'Laser Particle Sizer ANALLISETE 22 (FRITISH Co.) ) )��3-4(  7�. ���� �


.
� ��l��  

  

.;)3 -4.  �!#�	�Laser Particle Sizer  
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3 -5. I+$�#$ /'�9 /$;@�� 345 1�20, &: 6�7 I:;�<  

 R�%
 �&�	� �. �
� �Q��� X!/ ;*� {�� ,� ��!T�	� !. �
� ��$�- X!/ �� B�#�	 l&+ Hp&(

) ��!�!  HP�,1990()
!  ,� �  A  B��'{�� !�     {�� �7� ��$7�� �7. � ��$7. 5!.$	� � X!/ ;*� �

 ).!8H	� ��+�����8 ��!T�	� ��$
 �$�  !' ���c� ,� ��&� 5!E�E%' ,� ��!�P. �� �!���j�   ��7� �.

:
� B��@' )�m  

• �
� ��^�� ����� �� ��. �� �� X!/ <�� ��  

• ��- �.�
 �� �!
, ��  �E�8�100  ������ 
�	� ���� �&�
16  K!
���
� �+!i� ��. �.  

• 40 ) ���� �&�
30 (%H2O2 
� �+!i� ��. �.  5

 �. �5   ���78 R�%
 �!
� �� �E�8�

�
� ����  

• ��� ��. !��
�- {$: �� K$&%
 !' 
� ���� ���8 H�&S 5  

• ��$� !

�� R�%
 !. �$&^
 !' 
� ���� ���8 R�%
 �!
� �� ��.  

• 1000 ��![&	 9�l�' K$&%
 ���� �&�
32 :
� ���' ��, {�� D.![
  

o 200  B�!. �� ��&( ������ 
�	� ���� �&�
1000 �
� ��^�� ����� �&�
  

o 500 �
� �+!i� �- �. �[E
 9- ���� �&�
  

o 50 �
� �+!i� B�!. �. ��&( ���& ��
�� 
�	� ���� �&�
  

o  �. �[E
 9- !. B�!. �� K$&%
 ;O01000 .
�	� ���� �&�
  

• 200 �
� �+!i� ��. �. �
� ���' ��![&	 9�l�' ���� �&�
  

•  �. �[E
 9- !. �$&^
 ;O0500 � ���� �&�
�
� �
�!	  

• .
� ��!
- B�#�	 l&+ ��
E
 B��@' H�: K$&%
  

3 -6. I+$�#$ /'�9 AJ4K !;��:�= &: �;4�� �� '@�; ;5�'@�L,$   

�,�
�� �$p�
 �.      ��7	 ��
$'$+����?7	� ,� K$7&%
 �� <$�
�!7  Hp&( ����CECIL CE 7000 
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) )�77�3-5
77� ��!T�77	� (. !�� ,� �77i!0 �77@�![
 �� ��!77	APDC33  B�Q$77' R�77%
 ��80  H77�:

�#�� 
� ��!T�	� �,!	.      ,� �7j$.�
 ��!7	!�� !7. �!#�7	� �[/ ���
%
µgL-1 05/0    6$7
 K$7j �

 <$�
�!  9c: ;��l !
nm 324  �$.]117[.  

  

.;)3 -5. �@�![
 B�� �� �
� ��!T�	� ��
$'$+����?	� �!#�	�  

K$&%
 !� K$&%
 ,� <$�
�!  ���
�!�	� ���!
  Hp&( !.mg/L 1000 
� ���'.   K$7&%
1 �,�) %

 B�Q$' A(;O0 �.80  ���  )0 ,�1  B�Q$' <��80  ��100 �&�
     
7
- H7	
. �7[E
 9- �7���.   �+!7.

) 5!TP+7=pH ,� (K$&%
 !� �1/0  �=$
KH2PO4  �1/0  �=$
NaOH 
� ��/!	. . �:$' !.� ��  �7��

APDC ��- �.�
 �
 ��lO' �.- R�%
 ��  K$&%
 A�$�1/0 ,� %APDC �
   ��!T�7	� <!#�� �� HP�!.

 �$� ��/!	]117[.  

$&%
  ���
%
 �� <$�
�!  ���
�!�	� �!�mg/L 5/2-5/0  
7� ���'.    �7&�
 �7� �7.    �7� ,� �7���

 K$&%
5/0 �&�
  K$&%
 ����1/0 ,� %APDC �&�
 �� �  K$&%
 ����1 B�Q$' ,� %80  !. � �
� �+!i�

 ;O0 �. �
� ��/!	 5!TP+ �+!.10 �&�
 ���
� �
�!	� �. ) 
�!� K$&%
blank(  � {�� B��� !. l��


� ��/!	 <$�
�!  ���
�!�	� K$&%
 ���  �+!i� ��
..  ,� 
@.20    9c7: �7E�8� K$7&%
  !7�   R7	$'

�,�
�� ��
$�+���?	� �!#�	� 
���� ����.  ��& K$&%
 !� D7�8� ,� tS �@�![
 ��$
 �    N7	!�
 �,!7	

m {�� !. �[/ ���
%
 �� ������8 H�:
� �
��$/ �!#�	� !. � �#�� �
� � .  �
��$/ 9c: t?	
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 �[/ ���$�� �� �
�K$&%
 !� �� <$�
�!  Hp&( � 
� ���� ���8 ���
�!�	� �K$&%
 !�   �7p� ��$7
 �

 
���� B��@']117[.  

3 -7. I:��< /+�, ���,;#�#  

   7	� �7. �7��+�q �	 B�- 
�P � ��m $�!� A5��m$�!� ,� ��#�� K$&%
 ���  ;���+ �$p�
 �. �&�


�	� ��&�� � �&S )PAA ( ���!��� � �����(!	 �&�	� �. �
� �!����S {�� !. �]100[  
7� ��
�!S. 

. �
�.� K!�	 $�!� K$&%
 H/!	 ���. )�@���$�	� B�� D.![
� 
��$�!� ,!�� ��$
 �,�  �� B�- 
�P � 5��m

�� ;O0 !' t?	 � ��^�� B��� )/��- �- �7. �[E
 9- AK!�	$�!� ;O0 ,� ;O�S     �7. � ��$7�� �+!7i�

 H �� H/!	) ���$	������ �!#�	� )/�� �� H�!	 ;�� 5

 N7� �O�$+ !��!?	�- )��3-6  5
7� !. (

t�! �+ KHz40 ���� )C!0 H/�$��� �$&^
 !' 
� ���� ���8.  B��� �� )/�� �� �!
, ;� �$j �.

,� ,!�� ��$
 ��
E
 �. �#�� PAA ' � ��^���!�b !-    9- ,!7�� ��$7
 K!�7	$�!� K$&%
 ��!�� ;O0 ;O�S

 �/�b !. �l�� �!#�	� ��� �. H�!	 �� 5

 �. � 
� �+!i� �[E
500  H+�� ���8 �E�8� �. ���


���� )C!0 ��/�$��� K$&%
 !'.  

      !7' 
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 �. ��$�� t?	60     � 
7� ���� ���78 B !7	 5�$G. R�%
 �� �E�8�

pH  �!#�	� ,� ��!T�	� !. ��$��pH  K

 ��
Lutron-ICT-2001 �,�
��  ����
����.   

3 -12. I+$�#$ /'�9 EC 6�7  

�$p�
 �.. �,�
�� ����  {�� �. X!/ �������� H��
�EPA,2006 $�� HFP� �. 9- !. X!/ ��1 

 �.5 �'
� N� .  �$p�
 B�
.10  !. �� X!/ <��50 9- ���� �&�
 �'  ���7. �$&^
 t?	 A��$�� N� 

H+�� ���8 �
���,�� �!#�	� ��� �. H�!	 �� 5

.     !7. �7�$�� �7������� H��
� A
��-�+ <!�'� ,� 
@.

 �!#�	� ,� ��!T�	�EC  K

 ��
Lutron-ICT-2001 �,�
�� ���� .
����  

3 -13.  N-��+< !�"#$XRD  

) t��� $'�S {��S �O�	 o�jXRD��!	!�� H�: (  �'  ��$7&. ��$/ B��@' � ��!���� N� 

 � 5�l&+ A��
@
 ��$
�!��-���P� �$j �. !�� ��  �!  �. H@�C � 5!E�E%' ���
 ���.  l�� D�E%' B�� ��

�!�/!	 5����z' �	��. � ��$&. �!�/!	 ��!	!�� ���. {�� B�� ,�  !7. <$�
�!  Ic0 ,� tS X!/ �
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H	� �
� ��!T�	� ��m$�!�. XRD  �� �� $��P� ,� tS � )F8 A��$�- X!/ ��� �.  ��7	$�S ��!
!7	  �

 �&�	� �. ��	$�S!�K

 t��� �@�� ���
$� �T�� �!#�	� XMD 300  H/!	  t���!7	 ��$� H ��

�!��- ) )��3-14 �� (!#��!
,-�       � H7T� A�
7@
 �7	
��
 �
�7���� ��
7@
 ��$
 ��lO'�  �7�l�+$Q

 ����!� ��@�C �!#����.H+��cS 5�$C  

  

  

.;)3 -14. K

 t��� �@�� ���
$� �T�� �!#�	� XMD 300  

3 -14.  N-��+< !�"#$SEM )Scanning Electron Microscopy(  

) �������� a$�	����
 �&�	� �. �����. ��$G'SEM  <!7O�� �h/ �� �!
$�� ( �7
  �$7�.   ,� t7S

     ��$7G' �7�$�� e[7	 ,� A�7�$�� e[	 ��� �. �������� $'�S R	$' �.�� 5!�&�� <!O�� !. �h/ �!O��

 �
�!�
 �#��!�� �%TC ��� �. ��$G' � �
� �����.�
 ����.       $7'�S H7F\ ��l7.� �7��z' !7. �7
   ��$7'

     !7� e[7	 �
7�&. � ��7PS ,� ����!G' 
��!
 ��$�� e[	 ,� o&�^
 5!�hj� !. ����!G'  ,� ����!7G'

���- H	
. �.�� e[	 �� !�,!+ U�,$'.  �� $��P� ,� tS � )F8 A��$�- X!/ �%[	 �!�/!	 �	��.

 ����	$�S ��!
!	  R	$' �

- H	
. ���!G' ,� ��!T�	� !. ��	$�S!� �SEM  H+��c7S 5�$C.   B7�� ��

 AD�E%'SEM .H+�� <!O�� �,�� ���$�!�
 ���VS l �
 R	$'  
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3 -15. I+$�#$ /'�9 &F 3-�,���,;#�# &: %$  

��� ,� ��$/ ��$
 �  ,� ���c� !' �. ,��
� �� �,$0 !�� o&�^
 &��� � ��@�C  ��$7
  �7	��. � 

�$
,- ���8 ��
��!S A��+�� �,�
�� 5��m �
 
�!.. ��
��!S �,�
�� 5��m �� �,$0 ���!�+ �!�P. $�!� �'!�0 � 

lQ!0 H���� �
 
�!.. �� U8�� �
 ��$' HT� �  ��� ,� ����
�$
,- B� !��� �  �� �,$0  ���!7�+  $�!7� 

��� ��$
 � ��$�� !�� ���!
,- <!O�� �
 A���� �$
,- B��@' �,�
�� 5��m � �� A���$
 �/�. B��@' U�,$' 

�,�
�� 5��m H	� �  ��
��!S U�,$' �,�
�� A5��m �� B�� �@�![
 ��$
 �%. � �	��. ���8 �
 ����. ,� ��� 

{�� !��� �  �&�	$. �- �
 ��$' U�,$' �,�
�� 5��m �� ��0 �� �!@.� �!�P.  $�!7� 
0 �� �b$   H7	
. 

A���- {�� ]�T'  !�$S �$��
 
�!. �$'$+ �#�PF�� �O�	 o�j {�� �- �. � 36 l�� ��T� �
  �$7�. 

���&�� B�� {�� �. >!	� H �0 5��m �����. D&@
 ����  �7�  ,!7+  U�!7
  H7	� �  �7.  B�7��  �j!7/ 

��$�� !��� �  !. B�� �{� �
 
���$' ��$
  ��!7
,-  ���78  A
7���#.   �7. 
7�!.  H7�!0  �$�7P�!?	$	 �  !7� 

�$�P�$
� 
��!.. �!#�	� !�� ��$��
 R	$' H �� !�� o&�^
 �� �	��	 �!�: �. ��!T�	� �$p�
 ,� 

B�� {�� ���. �,�
�� ���� � <!O�� �$
,- ��/!	 �
� �  !. ��!T�	� ,� {�� �$ c
  �7
  
7���$'  U7�,$' 

�m �,�
��5� �� �F	!%
 
�� . �� ��� ��B �!#�	� !� <l��!�
 �&C� ��F� �. ;� H	� � RE+ ��  �7/�. ,� 

��l:� �F�!: !. Ih�/� ;� 
����. A�@�![
 B�� �� ��!T�	� ��$
 �!#�	�   �l�!7	!', �!#�7	�37   K
7
ZS 

��$&
 H �� H/!	 $�!� ��	38  �!�P&#���
 
�!. ) )��3-15 (]118[.  

3 -16. I+$�#$ /'�9 � + ���#�@.  

 �!#�	� �  ��!��$
,- ,� ����l�!	!',) )��3-15<!O�� ( �
 A
�� �$
,- �,�
��  ��7��  )�7P�!�S 

!', H	�. )�P�!�S !', �,$0 �� !�� �T&�^
 ��.�!  .����  

B��P^� �^. ;�P�	 �@�� �l�!	!', �l�� �
 .
�!. �l�� ,� �� UF�
 A�$� �  t�: UF�
  �$7� �� 

�!#�	� �l�!	!', ��	 H �� $�!� ��$&
 <$�&� �$�� AH	� 
��$' �
 �$�. ��$'�S �  ,� B�� UF�
 �
�.!' 

                                                 
36 Photon Correlation Spectroscopy 
37 Zetasizer 
38 Malvern 
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 �$� �. �� H�P8 �$'�S U:�
 � Uj!	 �$'�S39 ;�PE' �
 �$�. �$'�S ��l�� �  ,� H�P8 �$'�S 

Uj!	 �
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� R	� ,� �$��� �$F� �
 
�  � �- H�P8 ,� ��$'�S �  !. ����, 17 �:�� ]�T�
 �
� 

R	$' AH	� ��!	!�� H+!��� �
 �$�. ��!
, �  �� ��
�
 �������� �:�!/ �. ��$�� K!��� �
 A�$� 

5��m ���� H �0 �
��  �
� ��S �
 
��  � �� �O��� 5!�!	$� 5
� $'�S !.  �7�  t�!7 �+  s^7�
 

R	$' ��!	!�� HF\ �
 �$�  �  ��B N	!��
 t�! �+ !. H��	 5��m �
 
�!..  t?7	  ��!7	!��  B7�� 

5!�hj� �� �. �
�,���S ��!��O�� K!�#�	 ���. )�
F' �. ��!��O�� �!.,  K!7	��  �7
  
7� .  t?7	  B7�� 

5!�hj� �. �'$�?
!  ���� �
 �$� !' !. <�� ��l+� ��	 �$�!�  �!#�7	�  �l�!7	!',   o7�j �7�  t�!7 �+ ,� 

X�%' +���������'�$ H	
. 
�- �  ,� ��� B�� 5!�hj� )�P�!�S !', �F	!%
 �
 �$�.  
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 ZS �@�![
 B�� �� �
� ��!T�	� 

5
� �$� ]�T�
 �
� 
�!. �� �� ���
%
 �C$G^
 
�!. !' ��!	!�� 
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7E
 �- ��  D7�8� 
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�� 
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39 Incident Beam 
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5
� �$� �
�!.!' �
� 
�� ��! �� � ,� B�� �� ��!  5
� �$� ]�T�
 �
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!
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E
 �$� ]�T�
 �
� ��l+�� �
�S 
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7��   �7.  �$7j  �7�'!
$'� 

�,!:� ���� �  ��
E
 �$� �
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� ��$�� �. �� �� B�� ���$
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��. ���. ��$�� !��� �  �$� ��!�, 

]�T�
 �
 A
��  5��m H��� � �'��m �  Hp&( A
���� ��=!. ��
E
 �$� ]�T�
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�!.  ��!7  ���. 
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E
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�hC� 5!@[8 �
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4 -1. �����  

 <!O�� ,� )F8 H	� ��$F� s^�
 �
�.� ,� �
��=- ��
E
 � Y$� AX!/ Y$� �@�![
 B�� �� �  !O�- ,�


 5!��!
,- <!O�� !. �&C� 5!��!
,-�� !. �
�.� �� A�'!

E �',� ����� N�  �'    9c7: �7p� ��$7
 5!F� 

'� 9c: l��!�- ,� ��!T�	� !. H�!F  � t
 A��� A<$�
�!  A<��  B�#�	 5�l&+�� .  �,�
7��  ��7��   � 
7�


� 9!^��� �
��=- ��$�� �. ����. 9c: !. <$�
�!  l&+. � Y$� B��J�� �' �
��=- ��l�
 � X!/ N� 

�. 9c: I
� !.m {�� >!	� �. �
��=- ��
E
 B����  
7���� B�7�@' <$	 )G+ �� �
� � .   B7�� ��

)G+  X!/ ,� <$�
�!  Ic0 B�����. R���� B��@' I
� !. �&C� 5!��!
,- W�!�� �	��. � )�&%' �.

   !7. Ic70 ,� ��!� 5����z' � ;�P�	 �� �� Ic0 
��� �	��. A��	$�S!� � ��	$�S ��!
!	 �� �� ��$�-

 ��!T�	� ��/���S K!�	$�!� � X!/ �� ���+�q �	 B�- 
�P � ��m $�!� ,��
 �$�.  

4 -2. I�0-Q< R�G@#$ � I:;�< 6�7 &: 1�20, 345 /$;@�� &$���  

���  �$&^
 ,� �

- H	
. X!/ �'    >� A>$7
$� AH7����$Q!  AH&�7	 A�	!
) �
� � m 5!F� 

 Al
�8CaCo3  �CaO) <$	 )G+ �� �
� � m {�� !. ( 3-3 X!/ ���  ��$�-   5�l7&+ ,� �7� �� �. (


���� ��$�- ��� � H�!F  A<$�
�!  A<��  At
 B�#�	.   {�� !7. �lO
 5�$C �. �
� ��$�- �!� !/

) <$	 )G+ �� �
� � m 3-5 �,�
�� ���� ��$�%
 l&+ B�#�	 �� X!/      H7p&( � �
7� ;7*� (��$7�-

=-'� 9c: �!#�	� ,� ��!T�	� !. �
���� 
� B��@'.   �
7��=- B7�� Hp&( �

- H	
. W�!�� DFj  !7�  ��

��$�� !�  �7. X!7/ � �'   �7.��. N7�'mg/Kg 325 Amg/Kg 8/12 Amg/Kg 75/433 Amg/Kg 12/26 � 

mg/Kg6/27 

- H	
.. . �:$' !.� ��   !7. X!7/ �� ��7��. Hp&( �. �:$' !. <$�
�!  AW�!�� B �' N7�  

.
� 9!^��� �@�![
 ��$
 �
��=- ��$�� �. �p� ��$
  

'� 9c: �!#�	� ,� ��!T�	� H���
%
 �. �:$' !.�� <$�
�!  9!^��� ,� tS. �,�
��  ��7��   ��
7E


  �7^. �� �
� � m {�� !. �@�![
 �
��� �� X!/ �� <$�
�! 3-6    ��
$'$+����?7	� ,� ��!T�7	� !7. � 

.H+��cS 5�$C  

%
 !. �
� ��/!	 X!/K$& Hp&( !. <$�
�!   !7�  ,� o7&�^
 �mg/L 100   !7'mg/L 1000   !7.
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 �^. �� �
� � m {��3-3 <$�
�!  9c: ��l�
 � 
� ��$�-. �,�
�� ����  
7�.     H7p&( ���l7+� !7.

 !' �
��=-mg/L 500  ���z' !. 9c: ��l�
 5�!T' � H+!� ���l+� �p0h
 ).!8 ��l�
 �. 9c: ��
E


 ,� �
��=- Hp&(mg/L 500   �7.mg/L 1000        !7. X!7/ H7�!�� �� B���.!7�. �$7. l�b!7�mg/L 500 


�! �<$ 
� ��$�-.  

 N��i ���l+� � ![/ ��!  �$p�
 �. l�� �&0�
 B�� ��  ��!
,- �!���j� ���7�' �	 !.   5�$7C

H+��. �,�
�� <$�
�!  l&+ ��
E
   K�!7@
 {�� B�� !. �
� ����10000  �7&�
     �7� �� <$�
�!7  <�7�

 X!/ <��$&� �
 
�!..  

4 -3. I:;�< 6�7 /�0� �#$:  

 ,� tS��!
- �,!	   �7^. �� �
� � m {�� DFj ��$�- X!/3-3      {�� >!7	� �7. X!7/ B7��

���
#�	 �
�. ���� ���
�!�	� !�  ��!�7� ���
�!�	�) ��� R	$' H�� � l�� �4977    
7� �
7�. �7��� (

 �� W�!�� )��4-1 H	� �
� ���� �!��. . �$F� �. �:$' !54   ��7�� �7�� ,� X!/ ��,� %400  X!7/ A

 �� W�!�� �  
� ��l�� �
�. ���� ��$F� )��4-2 H	� �
� ���� �!��.  �. � �

- H	
. W�!�� DFj

 �
�. �EFj >!	�AASHTOA �'       ���78 ��!T�7	� ��$7
 5!7��!
,- �7�&  �� �7  �
� ��$�- X!/ N� 


!� H+�� )29 A�	!
 %58 � H&�	 %13 >� %�
 
�!..   
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.;)4-1. ��� !. ��$�- X!/ �
�. ���� W�!��  

  

  

.;)4-2. ��� !. ��$�- X!/ ����l�� �^. ��l�� �
�. ���� W�!��  
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4 -4.  ���=$ %$&F;#�# B,;  I:;�< 6�7 +$ !;��:�= �0�?�� )DE B-$'� 1��S 

 1*<III  �: &:�@,;�. �#���, �@,;�.�# �  

 �. �:$' !.)�!�' $�!� B�- 
�P � 5��mIII  �$. <,= AK$&%
 �^. ,� �
� �
: � ���  9$	� �.

�  !� B�� �
�.��-�� K!�	$�!� 5�$C �. � K$&%
 �� ��
�!S H�!0 �. 5��m$��
.   !7. 5��m$�!� �$p�
 B�
.

 �^. <$	 )G+ �� �
� � m {�� 3-7 ��!T�	� ��$
 5!��!
,-�� � 
� H�Fr' H+�� ���8.   

 )
!� �\$
 �!���
��!S ��$�- X!/ ,� <$�
�!  Ic0 
C�� K!�	$�!� ��,!. B�����. NP  H�:

 AK!�	$�!� Hp&(pH � >!�' �!
, AHFP� <�: X!/ �. ;O0 K!�	$�!�  ����	$�S!� ��!
!	 
� ����.. 

 �� R���� B�� K!��� !. �
��� ����	$�S ��!
!	     !7� ;�7P�	 B7�� �!7/ �!���
��!S)
    �!7
, � �7.�

 B�� �� l�� ��!�
�b �$��P� �\� � �
� B��@' Ic0 �����. �. �
�	� H�: ;�P�	 B�� �� >!�'


� �	��. ;�P�	. .H	� �
� ����- )�GT' �. �
��� �� �

- H	
. W�!��  

4-4-1.  �
 ����
�� X�2"�	��Y�� "����	  

4-4-1-1. N��	���� OP#- $@� �	�$�  

!  Ic0 �� K!�	$�!� Hp&( �\� �	��. ���.  H7p&( !7. K!�	 $�!� A<$�
�   �!7�100 A300 A500 A

1000  �mg/L2000  ,�Fe3O4  �^. <$	 )G+ �� �
� � m {�� D.![
3-7  �[E
 9- � 
� ���'

H+�� ���8 ��!T�	� ��$
 
�!� ��$�� �. l��.  �$p�
 B�
.5/1   !7. ��$�- X!/ ,� <��15  �7&�
   ,� �7���

 HFP�) K!�	 $�!�1  �.10 K!�	$�!� �. X!/ !. (pH  K�!@
5/8 Hp&( !.      5
7
 �7. o7&�^
 �!7�24 


� ���� ���8 ���� �� H�!	.   �� <$�
�!7  Hp&( � 
���� �
: X!/ ,� K!�	$�!� A��$�� �� �� t?	

  �7^. �� �
� � m {�� D.![
) ��
$�+����?	� �!#�	� ,� ��!T�	� !. K!�	 $�!� 3-6   � 
7� B�7�@' (

 
C��) 
���� �F	!%
 K!�	$�!� �&�	� �. �
� Ic0 <$�
�!  )��4-3.(  
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.;)4-3.  K!�	$�!� Hp&( 5����z' ��\!' �	��.Fe3O4 ) ��$�- X!/ ,� <$�
�!  Ic0 �.5/8=pH) X!/ <�: HFP� Agr �. (
) K!�	$�!� ;O0mL= (1:10=��!
,- �!
, A24 (H�!	  

�
 �!�� W�!�� � �  
��      K!�7	$�!� H7p&( !7. ;�E�7P
 5�$7C �. X!/ �� <$�
�!  Ic0 
C�

 �[.������         H7p&( �� � �7�+!� ���l7+� Ic70 �!

7��� AK!�7	 $�!7� Hp&( ���l+� !. �mg/L 2000 

 �. K!�	$�!�19 �
� � m R���� �� %�
 ) 
	� )��4-3(.  
�!7� ��$�� �. �[E
 9- !. ��!
,- <!O�� 

   �h7C� R���7� B7�� �� �[E
 9- !. $��P� �  ��� �!�� �.!�
 R���� !. �     �
7: X!7/ ,� �� <$�
�!7 

��� 
� .   ���l7+� 9c: �!��!�
 ��
@' A��m$�!� Hp&( ���l+� !. �7
      Ic70 
7C�� �7O��� �� � 
7.!�

 ���l+� 5��m$�!� R	$' X!/ ,� <$�
�! �
 
.!�.    �� �
7��� $7��P� ��!
 Hp&( ���l+� 
���  �7#��

 5!E�E%']16[ H	� �
�	� 5!F\� �. l��. . �:$' !.� ��    B7�� �� �7��+�q �7	 B�- 
�P � 5��m$�!� ���

 !. K!�	$�!� �,!	��
�!S H�: D�E%'PAA      ��=!7. ���,$�7P�� )7C!0 K!�7	$�!� AH	� �
� �
��$S

����       ,- <!7O�� �7  ��$7j �7. A�$7��
 l7�� ����. ��
E
 B�� K!�	$�!� Hp&( ���l+� !. �  �� 5!7��!


Hp&( !� ,� �'=!. �mg/L 1000  ,�Fe3O4 HP�� ��c?�!�
� ��0�� �..  Hp&( �&0�
 B�� �� �c�mg/L 

500  Ic0 �!

��� !.11%  9!^��� Ic0 �#�� R���� B��@' H�: 5!��!
,- �
��� ���.�
 ����.  
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4-4-1-2.  $@� �	�$�pH  

 �\� �	��. �$p�
 �.pH  K!�	 $�!� K$&%
Fe3O4 �
�!  ��
E
 ��  ,� t7S AX!/ ,� �
� Ic0 <$

 �.!^��� Hp( !. K!�	$�!� H/!	mg/L 500  A()F8 �&0�
 ,� �

- H	
. �O���)K$&%
 !�  !.pH !� �


� ��/!	 o&�^
.  !. K!�	$�!� �$p�
 B�
.pH !� �4  !'11   �7����� 
�	� K$&%
 ,� ��!T�	� !.10 %

 K$&%
 �1  ,� �=$
NaOH 
���� ���'. 	$�!� ���' ,� tSK!�  A!�15 �&�
    �7. K$7&%
 �� ,� ����5/1 


� �+!i� �
� ��$�- X!/ <��. 
� ��+�� �p� �� 
�!� ��$�� �. l�� �[E
 9-. ��$�� !�   5
7
 �.24 


� ���� ���8 ���� �� H�!	.          H7p&( � �
7� �
7: �$�T����!7	 R7	$' X!7/ ,� H�!'!��S$7	 t?7	

 �^. �� �
� � m {�� !. K!�	 $�!� �� <$�
�! 3-6  
7� B��@'.       �&�7	� �7. �
7� Ic70 <$�
�!7 

.
���� s^�
 K!�	$�!�  

 ��4=pH   ���  �� l��11=pH  ��
�!S!� K!�	$�!��
 �$� �' �    5�$7C ���7�� �7
  ��7��   �7  ��

 )��4-4  �
�!�
 ).!8�
 
�!. ��\!' �	��. ��!
,- �c� ApH    �� <$�
�!7  Ic70 �. K!�	$�!� K$&%


pH  !7� �5  !'10 H+��cS <!O��.  �� B��J��4=pH  �[E
 9- 
�!� !. ��
�!S!� K!�	$�!� Ic0 �!

���

 B�� ��pH  ���� � ��$. �.��.2   �!7�� �� <$�
�!7  Ic0 % �7
  
7���.  ��5=pH   l7��1  �� <$�
�!7  %


� ��P� �[E
 9- �&�	$. ��!
,- R�����   ��!7	 �� !7
� ApH  !7�     !7�� �� �+c70 �7[E
 9- 
�!7� �

��� 
��.   �� ��$7�- X!/ ,� <$�
�!  Ic0 B����. �

- H	
. W�!�� >!	��.pH  !7� �6 )18  !7' (%7 

)17 H	
. (%�
 
�-. . �:$' !.� �� �� B�. <$�
�!  Ic0 ��
E
 Ih�/� ���pH     R7E+ �
7� �7 m1 %

�
 
�!. �c� ApH  K�!@
5/6  B�� H�!�� �� � H+�� ���8 ��!
,- ��$
 l��pH   �!

7��� !.  Ic7018 %

 ��$�@.pH  9!^��� �&0�
 B�� �� ����.�
 ���� ) )��4-5.(  
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.;)4-4.  K!�	 $�!�Fe3O4  ��4 =pH  � (H	�� H�	)11=pH (�b H�	)  

  

  

.;)4-5.  5����z' ��\!' �	��.pH  K!�	$�!�Fe3O4 K!�	$�!� Hp&() ��$�- X!/ ,� <$�
�!  Ic0 �.  �.��.mg/L 500 A
 HFP�) X!/ <�:gr) K!�	$�!� ;O0 �. (mL(  �.��.1:10��!
,- �!
, A  �.��.24 (H�!	  

 �� K!�	$�!� R	$' X!/ ,� <$�
�!  �,!	�
:pH !�      ���c7S Kh7%�� �7. $7	 �7� ,� o&�^
 �

 ��m$�!� 5!�C$G/ �. �#�� �$	 ,� � �- �
��  �j!0� Kh0 �� <$�
�! Fe3O4  ��pH  !7�  o7&�^
 �

 �$.�
�
 
�!..  

)���  �� <$�
�!  Ic0 ��! pH !�  �� K!�7	$�!� ��!�&8 � �7
       �7  �$7�� �7�:$' B�7�b ��$7'

 ��%�
 �� �  �$[�!�� )��2-1  ��
E
 AH	� �
� ���� �!�� l�� <�� )G+Cd2+ )0 ).!8  ���l+� !.

pH  ��! �
  
.!�]19[. � K$&%
 �� �$� B�� ���cS Kh%�� ��!  !. �c�  �� K!�7	$�!pH  !7�  �'=!7. �
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 ��!  l�� X!/ ,� �- �,!	�
:�
 .
.!�  

 5��m$�!� �!�+�Fe3O4      K!�7	$�!� �
7�Q$&  K$7&%
 �� !7��- �������� �!. H�@i� �. K!�	$�!� ��

���� �#�P..  �. ��P. �
�Q$&  K$&%
 �� 5��m$�!�pH     �!7. ��
7. !7� � �T�
 AHFr
 �!. ����� K$&%


�$. 
���$/. U8�� ��  5��m$�!� �!�/!	 )��� �.Fe3O4        l����
7�� ,� )7C!0 �7  !7��- )��7�' �$7%� �

 ,� )C!0 �$&^
 ��!�&8K$&%
 !� B�- ��&( �II B�- AIII  ��� � �7
  
7�!. ]120[   �$7'��S ��l7�
 A

 5��m$�!� �%[	 �!. �O��� �� � �+!i�Fe3O4  �.pH ���� �#�P.. �O���. �,�
�� ����  B�� �%[	 �!.

. 5��m$�!� �� �
�	� �$�	����' ! )��4-6  H	� �
� ���� �!��]121[.  5��m$�!�Fe3O4  �r�/ 

!:

 ����!. �$[	 �� �$'��S ���� H	� ,� !� H+!��� !. �.- K$&%
 �� �  
��P��
 
�$�. �� �� B��   !7�

 �!��$� 9c: !.H+  �OH- :$' 9- � �'��
�� 

!: X���
 e[	 ���
 �� �$�]122�121[.  K$&%


 �TC �!. �[E� �� 5��m$�!� �!. ��
. H�@i� �� K!�	$�!� �
�Q$&  )��4-6   �$7/ H�!0 B��'��
�!S �.

�
 
	�.  �  �$[�!�� )��4-6 �
� ���� �!�� H	�. !' l�� �.!�
 5!E�E%' �� �  �$j �!�� �
� 
��

AH	�  5��m$�!� �TC �!. �[E�Fe3O4  ��1/0 ± 9/7  =pH  n� �7
   
7��]123[.    ���
7�!S!� B�7�J��

 �� K!�	$�!� �
��$&  K$&%
pH  �!�4 �11  l��  �$[7	 �� �$'��S ���� H	� ,� � H+!��� )��� �.

�
 �TC �!. �[E� ,� �
� ��� � 5��m$�!� .
�!.  

 �� K!�	$�!� N	!�
 ���&��pH �!@
 K5/6     �7@�![
 B7�� �� X!7/ ,� <$�
�!  �,!	�
: H�:

)5/6 �� (�
      �� <$�
�!7  ��7��. Kh7%�� �7�@� ]$+ )
!� �� �� ��\!' �� K�!@' )C!0 ��$'pH  !7� �

 �� �'��
�!S �
�Q$&  K$&%
 �!O�� � B��!SpH  ��
09/7 .HP���  
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.;)4-6.  5��m$�!� �%[	 �!. �#�P.��Fe3O4  �. K!�	$�!� ��pH  K$&%
]121[  

  

4-4-1-3. Q� D ���� $@� �	�$�  

�. X!/ !. K!�	 $�!� >!�' �!
, �\� �	��. H�:��   H7p&( !. K!�	 $�!� A<$�
�!  Ic0mg/L 

500  �pH  �.��.5/6�!
, 5

 �. A  o&�^
 �!�5 A10  �15  � �E�8�1 A5 A12 A24 A48 A72  � H�!	

10  !. ,��5/1 
� ���� ���8 >!�' �� ���� �� ��$�- X!/ <��. t?	   � �
7� �
: X!/ ,� K!�	$�!�

 
7���� s^�
 K!�	$�!� �&�	� �. �
� Ic0 <$�
�!  Hp&( � B��@' K!�	 $�!� �� <$�
�!  Hp&(. 

�!��  �� �  �$j )��4-7         �7. �- 9c7: � ��$7�- X!7/ ,� <$�
�!7  9c7:�� AH7	� �
� ���� �!��

 5��m$�!�Fe3O4 >!�' �!
, ���l+� !.  !'24  �7
 ���l+� �p0h
 ).!8 5�$C �. H�!	   ,�) 
7.!�10 %

 ��5  �. �E�8�16�� %1440 �
 �E�8�  B�. Ih�/� B�� !
� A(
	�24  �48     �7p� I�7C )7.!8 H�!	

�
 
�!.  ,�)16 �� %1440  �. �E�8�17 �� %2880   ,� t7S � (H	� �
�	� �E�8�48   H�!7	 �!7F��E' 

 5�$C �����. Ic0��� ����.  �c� >!�' �!
, 5!��!
,- �
��� ���.24  >!�' �!
, ��$�� �. H�!	

 !. ����.16 B��@' A��!
,- R���� �� Ic0 %�
 ����.  
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.;)4-7.  K!�	$�!� >!�' �!
, 5����z' ��\!' �	��.Fe3O4 K!�	$�!� Hp&() ��$�- X!/ ,� <$�
�!  Ic0 �.  �.��.mg/L 
500 ApH  �.��.5/6) X!/ <�: HFP� Agr$�!� ;O0 �. () K!�	mL (�.��.1:10(  

  

) H	� �
� ���� �!�� ��!
,- W�!�� �� �  �$j �!�� )��4-7) �
�.� �� A(5  !'15  (K�� �E�8�

 5��m$�!�) 9m!: R	$' 9c: n��Fe3O4     �!7�, 9m!7: �:�!7/ e[7	 ��� <$�
�!  9c: )��� �. (

H	�.  �
� ���� )��� �. 9c: �- ,� tSCd ��      A��!7/ �!�!7*+ �
7� �7S � 9m!7: 6�+ � )&/ ��

 �'
� �
 �$�.     ��!7/ �
7�$�S �!�!7*+ �$:� )��� �. H	� B��
 B��J�� ��@��	 ����� 9c: n��


�!. �
�$�S �!�!*+ �
� Y!F�� )��� �. �'
�  n�� � 9c: 
��-�+ ,!(- �� 9c: ���. ����..  W�!��

 5!E�E%' ,� �

- H	
.��!��$b  l�� ���!��� ��
 
��!' �� ��:$' B��  
� ]124[.  

4-4-1-4. �	�$� $@� ORC� �$� ��� "� ?S2 N��	����  

 �. AK!�	$�!� ;O0 �. X!/ <�: HFP� �\� �	��. H�:5/1      !7. K!�7	 $�!7� AX!7/ <�: ,� <��

 Hp&(mg/L 500  �5/6=pH HFP� !.  ;O0 �!�2 A5 A10A50 A100  �150    �- �7. X!7/ <�: �.��.

 5

 �. � 
� �+!i�24 	
� ���� ���8 ���� �� H�!.      H7p&( � �
7� �
7: X!7/ ,� K!�	$�!� t?	


���� s^�
 K!�	$�!� �&�	� �. Ic0 � B��@' K!�	 $�!� �� <$�
�! . �!��   �� �7  �$j  )�7�4-8 

/ ,� �����. <$�
�!  AX!/ <�: �. K!�	$�!� ;O0 HFP� ���l+� !. �
� �
�� �$i� �. l�� ��$�- X!
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 �
:� �!��!��  �. HFP� B�� ���l+� !.150  A�.��.100  �
7: ��$�- X!/ �� �$:$
 <$�
�!  % �7
  �$7�. 

 9m!: ��
E
 �'�!F� �. � X!/ !. >!�' �� 5��m$�!� AK!�	$�!� ;O0 ���l+� !. U8����  �7�+!� ���l+� �

�
 ���l+� X!/ ,� <$�
�!  Ic0 ��,!. �O��� ��  
.!�]125[.  �. B��  �� � 9m!7: e[	 ���l+� )���

 ��!/ �
�$�S �!��!�
 ���l+� �O����
 
�!..    ���l7+� ��!7: !' <$�
�!  9c: �7
     ��
7@' �7  
7.!�

   � �
�7	� �7���. 
0 �. <$�
�!  ���. ��m$�!� �� 9c: H�+�q �. �:$' !. X!/ !. >!�' �� 5��m$�!�

�!F��E' ���� Ic0 5��m$�!� R	$' X!/ �� �$:$
 <$�
�!  ) .   

  

  

.;)4-8. ) X!/ <�: HFP� ��\!' �	��.gr) K!�	$�!� ;O0 �. (mLK!�	$�!� Hp&() ��$�- X!/ ,� <$�
�!  Ic0 �. (  �.��.
mg/L 500 ApH  �.��.5/6A >!�' �!
, �.��. 24 X!/ <�: AH�!	 �.��. gr 1(  

  

��$�� !. !��- �P�!E
 � �

- H	
. W�!�� DFj !� �
�!�
 �[E
 9- !. �
� ��P� ��
  �$�  �7 

       �� )7
!  5�$7C �7. �� <$�
�!7  
7���!8 N7	!�
 Ic0 R���� �� ���+�q �	 B�- 
�P � 5��m$�!�

��$�� !�
��!�� Ic0 ��	$�S!� 5!��!
,- �.       Ic70 � �7i!0 D7�E%' ,� �
7
- H7	
. W�!�� �P�!E
 !.

100 5��m$�!� R	$' ��$�- X!/ ,� <$�
�!  %Fe3O4  �� �
� H�Fr'PAA    H7p&( K�!7@
 R���� ��

!�K!�	$�  �.��.mg/L 500 ApH  �.��.5/6>!�' �!
, A �.��. 24    ) X!7/ <�7: HF7P� � H�!	gr  �7. (

) K!�	$�!� ;O0mL �.��. (1 �.150  � ��$
 ,� ��!T�	� � 5!E�E%' �#�� W�!�� �.{�� !� H�: �#�� �
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 5��m$�!� N	!�
 ��,!. �
��� �!�� ��$�- X!/ ,� ;�$�
�!  Ic0Fe3O4  ��X!S �,!	 � X!/ �. ��$�

 <$�
�! �
 
�!.. H	� �
� ����- �#�� 5!E�E%' ,� �/�. W�!�� �
��� �� AN&[
 �
� B��� H�:.   

 ���&S $�. ,� ��!T�	� !. K!r
 ��$�� �.ELPEC201     !7' N7	!�
 R���7� �!O�� !.62  ,� <$�
�!7  %

 H	� �
� Ic0 X!/]126[���	� 
�	� ,� ��!T�	� !. X!/ ,� <$�
�!  Ic0 ;��l !
 A   l7��6/70 %

 ��$.]127[ !. � �' N� {��  !7�       ��
7E
 X!7/ �$7��P� ��$7�$��' � �7���� ������ Ic70 �85 %

 H	� �
� Ic0 X!/ ,� <$�
�! ]128[.  

4-4-2.  �
 ����
�� X�2"�	��Y "����	  

 5!��!
,- �� ����S��	$�S!� ��!
!	 ApH K!�	$�!� ;O0 �. X!/ <�: HFP� � K!�	$�!� Hp&( A

�
�!  N	!�
 Ic0 H�: 
7� B��@' ��$�- X!/ ,� <$.      R���7� �� ��7	$�S 5!7��!
,- �c7�5/6=pH A

K!�	$�!� Hp&(  �.��.mg/L 500 (���� �&�
) K!�	$�!� ;O0 �. (<��) X!/ <�: HFP� � �.��.1:150 


� ��/���S K!�	$�!� �!��: �.� �\� �	��. �. R���� B�� �� � �
� <!O��.   �7.� 9!^��� !. �- ,� tS

, �\� A����.�!
 ��!�
�b �$��P� H�!�� �� � >!�'  ����	$�S ��!
!	 .H+�� ���8 �	��. ��$
  

4-4-2-1. ���$� ��
 $@� �	�$�  

 �$p�
 B�
.5   �� ��$7�- X!/ <��  ��7	$�S ��!
!7	    K$7&%
 �&�7	$.mg/L 500    !7. K!�7	$�!�

�.� !� �5/0 A1 A5/2  �5 
� ��P� �E�8� �� ���� �&�
.  � m �!�!�H	�     �7P�	 �7. �7:$' !7. �  ;

     �!7��: ��$7F� �7.� �!7O�� �!�
� A�!��: �$F� �.��. �� X!/ H
�!E
 � ���VS B�� �� �
� �0��j

 ,� ��� 5/0 H	� ����
� �$:� �E�8� �� ���� �&�
.      l7�� 
�!7� ��$7�@. �7[E
 9- �&�	$. 5!��!
,-

) 
� ����� �#� H.!\ !���
��!S ��!	 � 
� ����'pH  �.��.5/6     �7. (<�7�) X!7/ <�7: HFP� �   ;7O0

(���� �&�
) K!�	$�!� �.��.1:150(.  �� W�!�� )��4-9 H	� �
� ���� �!��. �!
,- <!O�� W�!��  !7. 5!�

<$�
�!  ��� �!�� �[E
 9-  �
: X!/ ,� �[E
 9- �&�	$.���  �$7�.     �� �7  �$7j �!7��  )�7�4-9 

	� �
� ���� �!�� ��m$�!� R	$' X!/ �$��P� !. HFe3O4  �.� �� � �
� � m R���� ��mL/min 

5/0 Ic0 X!/ ,� )
!  �$[. <$�
�!  A�
 �$�    �� 5!7��!
,- �7
��� ���7. �.� B�� B���.!�. A  ��!
!7	

                                                 
1 Thermally Responsive Elastin Biopolymers 
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��	$�S .
� ��+�� �p��� 

 �!�� X!/ ,� <$�
�!  Ic0 
��-�+ �. �.� ��\!' �	��. W�!���
     $�
�!7  Ic70 �7  
7��  !7. <

p0h
 ).!8 �$j �. �.� ��! � ��  ���l+��
 
.!�. B��!S �.� �� U8���� �'  K!�7	 $�!� ,� B�@
 ��
E
 A

    ��7��. 9c7: 
7��-�+ <!O�� H�: <,= �!
, � ��$. >!�' �� X!/ !. �����. �!
, 5

 �7
  
7�!.. 

� $��P� �!��: �$F� !. ��$�- X!/ �$�	 )
!� ��	$�S ��!
!	 �� �.!�
 5!E�E%'  ���� �!7�� �
��

 
��$/ ,!�� $��P� K$&%
 �����. ��
E
 �. s^�
 Ic0 �. �
�	� H�: �.� ���l+� !. �  H	�

  �
7��=- �
��  9c: X!/ o&�^
 �!��^. � $��P� K$&%
 B�. ���  >!�' �!
, �- H&� �  �$.

H	� ]129�39[.  

  

  

.;)4-9.  K!�	$�!� �.� �\� �	��.Fe3O4  �� ��$�- X!/ ,� <$�
�!  Ic0 �.K!�	$�!� Hp&() ��	$�S ��!
!	  �.��.mg/L 
500 ApH  �.��.5/6) X!/ <�: HFP� Agr) K!�	$�!� ;O0 �. (mL (�.��.1:150(  

4-4-2-2. Q� D ���� $@� �	�$�  

<$�
�!  Ic0 H�: N	!�
 >!�' �!
, B��@' H�:  A��	$�S ��!
!	 �� X!/ ,�5   X!7/ <��

 Hp&( �. K!�	$�!� K$&%
 !. ��$�-mg/L 500 ApH .��. �5/6  �.� �mL/min 5/0   >!7�' �!��!
, ��

15  �30  � �E�8�1 A5 A12  �24 
� ��P� H�!	.  �� W�!�� )��4-10 .H	� �
� ���� �!��  

 �!�� W�!���
 
��  ,� � ��+!� ���l+� <$�
�!  Ic0 
C�� >!�' �!
, ���l+� !. � 2  Ic70 %
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 ��15  �. �E�8�100 Ic0 % ��24  H�!	�
 
	�.      �7	 B7�- 
�7P � ��m$�!7� ,� ��!T�	� !. B���.!�.

      Ic70 ��$7�- X!7/ ,� )7
!  �$7j �. <$�
�!  N	!�
 R���� �!O�� !. l�� ��	$�S ��!
!	 �� ���+�q

�
 �$�.  

 �� K!�	$�!� !. X!/ �$��P� ,� �

- H	
. W�!�� �. �:$' !.  ��7	$�S ��!
!7	    ;7O0 U78�� ��

720  �� ���� �&�
 �!
, 5

24  �.� !. H�!	5/0  �$��P� ���. �E�8� �� ���� �&�
gr 5   X!7/

 Ic0 ��!. ��$�-100 X!/ ,� <$�
�!  %�
 �$�.          ;7O0 �7. X!7/ <�7: HF7P� �7#�� �'�!7F� �7.

 �� <$�
�!  �����. Ic0 H�: K!�	$�!���	$�S ��!
!	   K�!7@
gr 1    �7. X!7/mL 145   K!�7	$�!�

�
 
�!. . �O��� �. �!�P. �  �� �$ c
 
��-�+ ,� �

- H	
 ��7	$�S!� ��!
!	   �7^.) 4-4-1-4  �7  (

 K�!@
gr 1  �.mL 150 �
 
�!.  � ���l��!F��E'  �!P�� �7
  
7�!..      ;7P��!�
 �=�� ,� �!7�� �7
� B7��

<$�
�!  �
O
 9c: <
� �!��!\ � ;�P�	 �� �� �� �!P�� �!
, 5

 �. ,!�� � �!P��  ,� �
� 9c:��

 5��m$�!� �. �
�� 9c: � X!/Fe3O4  B��� ��	$�S!� �$��P� 
��-�+ �j �� ���
 �,!	.   

 >!�' �� X!/ !. B�@
 ��!
, �,!. �� K!�	$�!� ,� �G^�
 ��
E
 AH.!\ �.� !. ��	$�S ��!
!	 ��

�
 
�!.���+ <$�
�!  9c: H�: 9m!: ,� �����. ��
E
 >!�' �!
, ���l+� !. �c� A ;�
 �$�.  W�!��

���!��� � !
,-��� �&�	� �. ��.!�
   � t7
 A��� B�#�	 5�l&+ Ic0 �� >!�' �!
, �\� �.!�,�� ��

 �� X!/ �$��P� �� )�����	$�S ��!
!	  H	� �

- H	
.]130[.  

 ).!E
 �� {�� B�� !. ��$�- X!/ ,� <$�
�!  Ic0{�� !� 5!@�![
 ��!	 �� ��!����S �.!�
 �

 �\$
 �!�P.H	�.     � ���7	� 
�7	� ,� ��!T�7	� !. X!/ ,� <$�
�!  Ic0 �!

��� K!r
 ��$�@.EDTA 

�. �' �.��. N�'6/70 %]131[  �87 %]127[ .H	� �
� {��l�  

        �7��+�q �T7C B7�- 5��m$�!7� ,� ��!T�7	� !7. X!7/ ,� <$�
�!7  Ic0 
��� �	��. )nZVI(  ��

  ���� �!�� l�� ��/� 5!@�![
�   l�� ��m$�!� B��
� $j �. �� <$�
�!  
��$'�  Ic0 ��$�- X!/ ,� )
! 

 
�!��]16[.  

 ,� B�#�	 5�l&+ Ic0R�%
 !�   �� l7�� �7��+�q �	 B�- 
�P � ��m$�!� ,� ��!T�	� !. l�� �.- �

H	� ���� �!�� �� ��:$' ).!8 W�!�� �$�!�$� 5!@�![
.   H7	� ��P��$' K!r
 ��$�� �.Cu APb  �Cr  ��
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�. �'�!

��� !. N�' �!�99 %]107[ A98 %]108[  �92 %]109[  ,�R�%
 !�
�  Ic0 �.- �.  �$[�!��

 �
�!�
 ��!
!	 �� �� �� Ic0 W�!�� �� � �
 �$�   �!7�� D7�E%' B�� W�!�� A �7
  
7��    ��m$�!7� �7 

 �� �� ���+�q �	 B�- 
�P ���	$�S ��!
!	  ��	$�S!� ��
       X!7/ ,� )7
!  �$7[. �� <$�
�!7  
7��$'

�� Ic0 ��$�-.
�!  

  

.;)4-10. K!�	$�!� Hp&() ��	$�S ��!
!	 �� ��$�- X!/ ,� <$�
�!  Ic0 >!�' �!
, �	��.  �.��.mg/L 500A pH  �.��.
5/6A �.�  �.��.mL/min 5/0(  

  

4-4-2-3. "��9�+V ��W�C) $@� �	�$�  

    R���7� �� A
7� ���� �!7�� ��	$�S ��!
!	 �� 5!��!
,- B���S �!��^. W�!�� �� �  �$[�!��

@
 K!�	$�!� Hp&( K�!mg/L 500 A5/6=pH) X!/ <�: NP� Agr) K!�	$�!� ;O0 �. (mL K�!@
 (1 

 �.145  �.� �mL/min 5/0  >!�' �!
, �24 
� Ic0 ��$�- X!/ ,� )
!  �$j �. <$�
�!  H�!	. 

 ���-�.�
        ��7��. Ic70 H7�: ��7	$�S ��!
!7	 ,� �7:��/ K!�	$�!� ,� �
O
 ��!T�	� �J�!�b ����

 ��cS �!�
� <$�
�!  
�!.�
  H7+!� H	� �p� ��$
 �!

��� �. K!�	$�!� ,� ����  ;O0 !. ��$'.   B7��

.H+�� ���8 �	��. ��$
 �@�![
 B�� �� ��!�
�b �$��P� 5!��!
,- <!O�� !. Y$i$
  

 �$p�
 B�
.5  ��!
!	 �� ��$�- X!/ <����	$�S!�   H7p&( !. K!�	$�!� !.mg/L 500 ApH   �7.��.
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5/6  �.� �mL/min 5/0  �. 5

5   (K�� �7&0�
) 
7� ��P� H�!	.     K!�7	$�!� �� <$�
�!7  H7p&(

 X!/ ��$�� � 
���� B��@' �:��/���
O
         ��$7
 K�� �7&0�
 !7. �.!7�
 R���7� �� K!�7	$�!� B7�� !.

H+�� ���8 $��P�.  �� 
��-�+ B�� ����' ,� tS4  �� W�!�� �&0�
 )��4-11 
� ���� �!��.   

  

.;)4-11. K!�	$�!� Hp&() ��	$�S ��!
!	 �� ��$�- X!/ ,� <$�
�!  Ic0 �� ��!�
�b �$��P� �\� �	��.  �.��.mg/L 
500 ApH  �.��.5/6�.� A �.��. mL/min 5/0>!�' �!
, A  �.��.hr 5(  

  

 �
�!�
 �  �$j �!���
  �.� �� ����mL/min 5/0   <$�
�!7  �!��$� 9c: H�+�q B�����.

 �&0�
 �� X!/ ,� n� K���
 
��  e[	 � �
��=- B�. )
!  >!�' H�: �+!  �!
, R���� B�� �� �

 ;���+ 9m!:�
 �$�.  9c: ��l�
 ���l+� ��!�
�b �$��P� B���.!�. �7��  �$7�.     !7. �7#�� �$7	 ,�

    )70��
 � K�� �7&0�
 �� K!�7	$�!� !. $��P� �� <$�
�!  Ic0 ��l�
 �� �.!�
 W�!�� �$:� �. �:$'

 B��b 
@.�
 ' <$�
�!  !. ����� ��m$�!� �$F� A<$�
�!  � ��m$�!� 
�$�S �. �:$' !. �  H+�� �O��� ��$


 �� 9c: ��!. <�!�b � <$	 A<�� )0�� X!/ �. <$�
�!  �
O
��� �$�  � ��    ;7�%
 
7�$�S �7
� B

 �!�� �� <$�
�!  � ��m$�!� B�.�
 .
�� 

. �:$' !.� �����+�q �TC B�- Ih/ �. B�- 
�P � ���   �7G�� ���  �
��!  ���+�q ��$' 
8!+

 B�#�	 l&+ AH	��=!��0�  B�- �!�
�P � �$[	 9c: RE+�
  �$�]114[.   �
7
- H	
. W�!�� DFj

 K!	 �� ����!��� � �� R	$'1997 ]132[��= �� ����. <$�
�!  A !�   ���� �$7:� X!7/ �%[	 �
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B�� ���� �. �O�
 �  H	� ��@�C �!����!@+ �
� B�� H&� �   X!/ �. �
��=-�
  �$7�.   �� B�7�J��

��= !� ���8 X!/ �'!�.�  �^. �� ����. <$�
�!  �%[	 � �7
       ,� o�@7i 
7�$�S B�7��� �7  ��7��

��V�� !�H	� �- ,�!. �. ]132[.  

   )��7�' D7��j ,� B�- �!�
�P � �. <$�
�!  9c: �  H	� ���� �!�� 5!E�E%' �#�� �$	 ,�

&/�� �%[	 9c: 5�$C �. � t�&?� �1  5�$C�
 ���cS.       �7  H7	� �
7� ���� �!7�� B�7�J��

  ��\!' B�
, ��	$S ��!�&8 �C!����      !7. H7.!8� �� � ��7��� B7�- �!�
�P � ��� <$�
�!  9c: ��

 �$. 
���$^� ,���S B�- �!�
�P � ��� �. 9c: �� <$�
�! ]133[.   o�@7i 
7�$�S �. �:$' !. �c�  �7' 

 �. HFP� X!/ �'!�.�  �^. �� <$�
�!   $�!7� ��� <$�
�!  �%[	 9c: �� �
� )���' t�&?� 

 X!/ 9c:�� B�#�	 l&+ B�� <$�
�!  ��!�
�b �$��P� 
��-�+ �� AB�- 
�P � 5��m��� �$�.  

4-4-3. = � ��+�  �
 "C��Z� �"�	��Y�� "����	 ��� ��W�C) O1� "�	��Y �  

 ����	$�S!� ��!
!	    K!�7	$�!� N7	!�
 H7p&( 9!^��� ,� tS )mg/L 500 � (pH  ) �7���.5/6 A(

) 
� B��@' N	!�
 >!�' �!
,24 ) K!�	$�!� ;O0 HFP� �- ,� tS � (H�!	mL    �7�$�� <�7: �7. (

) X!/gr �.��. X!/ ,� <$�
�!  )
!  Ic0 H�: (1   �7.150   
7
- H7	
..     H7p&( B�7�@' ,� t7S

 � K!�	$�!�pH  R���� �� ����.��	$�S!� �.  R���� ���  ����. ��7	$�S ��!
!	     Ic70 H7�:  )7
!


� ��/���S <$�
�! .      �� H���
7%
 )7��� �7. �7  
� B��@' �!��: ����. �.� �
�.� ;�P�	 B�� ��

 �.��. � ����. �.� ��$�� �. �.� B�� )8�
0 �.� ��! 5/0  
7
- H	
. �E�8� �� ���� �&�
.   ,� t7S

!�J�� �  
� B��@' X!/ ,� <$�
�!  )
!  Ic0 H�: N	!�
 >!�' �!
, R���� B�� �� �- �.��. �

24 

- H	
. H�!	.       B7�� �� �
7� ��!T�7	� K!�7	 $�!7� ;O0 >!�' �!
, � �!��: �.� �. �:$' !.

 �.��. ;�P�	720 ) X!/ ��$�� <�: �. �:$' !. �  ��$. ���� �&�
gr 5) K!�	$�!� ;O0 HFP� (mL (

) X!/ ��$�� <�: �.gr �. �� �.��. X!/ ,� <$�
�!  )
!  Ic0 H�: (144 �
 
�!..  �  �$j �!��

 ;P��!�
 � ��-�!  ;�P�	 �� H	� s^�
 W�!�� ���!F��E'  A
���� X!/ ,� <$�
�!  Ic0 �� ��!P��

 ����!�&P
  R������	$�S ��!
!	  �����l� )%
 �� �@8�� R���� �.�
 
�!..  

                                                 
1 Inner sphere 



  

 71

. �:$' !. B��J��� ��     �� ���\!7' �7��  ;7O0 !7. K!�	$�!� R	$' X!/ ��!�
�b �$��P� ���

�!

���  Ic0��	$�S ��!
!	 ���
� �@�![
 ��$
� �� 
��� B�� A ��7	$�S ��!
!	     �$7p�
 �7. H7P��$��

 �p� B�� ,� �c� A�$� U8�� 
�T
 �+�G
 K!�	$�!� ;O0 ��! ��	$�S ��!
!	  �. ��'�.��	$�S!� ��!
!	 

 �!����� 
��.  

4 -5.  %�?-��+< +$ I:�T@,$ �� !;��:�= )DE U��#��� 8,&'�SSE  

4-5-1.  ��W�����SSE � I����� �� .R[ �
�'� ��� ��  

 ��!
,- ,� )C!0 W�!��SSE         �!7�� K!�7	$�!� !7. $7��P� ,� )7F8 ��$7�- X!7/ ��� �7
  
7�� 

) )��4-12
� �$:� K$&%
 �^. �� <$�
�!  �  (���     �7'!�.�  �7^. �� <$�
�!7  ��
E
 B�����. �

 ���8 X!/�
 ����  �- ��
E
 �55 �: 
C���
  X!/ �� �$:$
 <$�
�!  )  ,� �7
  
7�!..   �- ,� t7S

 ��
E
 B�����.30�!�
�P � �^. �� �  �$. %  B�l#�!: l�#�
 � B�-�
 �$�.   �� <$�
�!7  ���!E


�^. �. � ��$. ;  A�@�![
 ��$
 X!/ �#�� �!� �'�^. �� N�' K�!F' A�
�!��8!. �!� ��- � ��cS   !7. �

�: �!�
C���
  K�!@
5/7 A5/5  �2  B�l#�!:�
 �$�.  

  

  

.;)4-12. �^. �� <$�
�!  ���l#�!: ���!E
 ��$�- X!/ o&�^
 �!�  
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4-5-2.  ��W�����SSE  N��	���� �� �W�C) �� \Y �
�'� ��� ���Fe3O4  �


"�	��Y�� "����	  

 ,� �

- H	
. W�!�� �. �:$' !.����. �,!	       5��m$�!7� R7	$' X!7/ ,� <$�
�!7  Ic70Fe3O4A 

� B��@' R���� �� <$�
�!    
7� Ic70 X!7/ ,� )
!  �$j �. ����. �
. ,�      )7�!�' �7	��. �7  !7O�-

      �7�+��cS 5�$7C )7
!  Ic70 �7  �[���� �� X!/ o&�^
 �!��^. ,� <$�
�!  Ic0 �� 5��m$�!�

=K!�	$�!� Hp&( R���� �� ��!
,- B�� AHP�� ��c?�!�
�mg/L 500 A5/6=pH   =��!7
,- �!7
, A24 

 K!�	$�!� ;O0 �. X!/ <�: � H�!	1 � �. <�100  !. ���� �&�
96.
� <!O�� <$�
�!  Ic0 %  

 ,� )C!0 W�!��SSE ��$�� ) K!�	$�!� !. �
� ��P� �!� )��4-13 �!�� (�
 
��   K!�7	$�!� � 

 !' ��!
,- �
� � m R���� ��96    ̂ 
 �!�7�^. �7. )7G�
 ��$7�- X!/ �� �$:$
 <$�
�!  ,� %  o7&�

 �
: �� X!/�
 
� .. K�!F' �^. �� �$:$
 <$�
�!      �- ,� t7S � �
7� Ic70 )
!  5�$C �. ��cS

�: 
C�� !. � 5!�.�  ,!+ �. )G�
 �^. ,� Ic0 B�����.�
 8/97  5�$C�
  ���c7S.    ���!7E
 ��!7	

�^. �� $��P� ,� tS X!/ �� �
�!��8!. <$�
�!   �!��!�
�P � �. )G�
  ) l7�#�
 � B�-4/1(% A

) ��- �^.12/0) �
�!��8!. �^. �(%32/1 (%�
 
�!..   �: 
7C�� ���!7E
 U8���� �7
   �
7� Ic70  ,�

�^.     �!�
�7P � �7. )7G�
 �!7�      �7. �
7�!��8!. � �7�- Al7�#�
 � B7�- �'  N7�'3/95 A1/94  �4/82 

�,�
��  �����
 �$�.   

  



  

 73

  

.;)4-13.  <$�
�!  ���!E
 �
�!��8!.�^. ��  �. X!/ �$��P� ,� tS X!/ o&�^
 �!� 5��m$�!� �&�	�Fe3O4   Hp&()
K!�	$�!�  �.��.mg/L 500 ApH  �.��.5/6>!�' �!
, A  �.��.hr 24) X!/ <�: HFP� Agr) K!�	$�!� ;O0 �. (mL (  �.��.1:100(  
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7E
 H7	� �
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� ���� �!��  

�z'� X!/ �� <$�
�!  Ic0 ,� tS B�- 
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�	� ,� ��!T�	� !.NaOH     �7. l7�� H�7P8 B�� ��
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E
�
 �$�  W�!�� �. �:$' !. �   ��!7
,-XRD   �$7*0 �

       B7�- 
�7P � 5��m$�!7� �!7�� 5��m$�!7� B7�� A$��P� ,� tS X!/ ��!�/!	 
�
: �!�,!+ �� B�-

�
 
�!..     X!7/ 9c7: �7  �'��m$�!� AD�E%' B�� �� �
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!	 �� K!�	$�!� Hp&() 
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 � �7
  
7.!�.     �7[/ �7[.�� B�7�J��
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7�� U7�,$' 5!7@�![
 K$7&%
  !7� 

 �:��/ K$&%
 �� 5��m$�!� �,�
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�!  IFe3O4  

  



  

 89

  
 9c: :9H+ �
�	� R�%
 ��  

  

  
 ���� H	� ,� :6H+ �,!. R�%
 ��  
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��:� ��j ��  �
�THC  K!	 ��1993 A4000   �7j B�#�	 5�l&+ �. ��$�- X!/ B'9    !7. �!7
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 ��j�
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• ) �+�G
 ��$
 ���'37(%  

• ��!
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 ��
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 K!�	$�!� ���' H�: �+�G
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Abstract: 

Regarding to the hazardous and permanent effects of heavy metals in the 
environment and the necessity of removing them from different phases of the 
environment, in this study an effective method of cadmium removal from the 
contaminated soil has been proposed. For this purpose the using of nanoparticles as an 
effective method has been evaluated. 

In this study the process and mechanism of cadmium removal from contaminated 
soil by iron (III) oxide nanoparticles (Fe3O4) which are stabilized with Polyacrylic Acid 
(PAA) was evaluated. 

For this purpose, first, an appropriate composition with enough cadmium 
adsorption was selected after several preliminary tests and then was contaminated with 
cadmium nitrate. 

After preparation of contaminated soil, for providing of homogeneous nanofluid, 
the iron (III) oxide nanoparticles were stabilized with poly acrylic acid (PAA). Then the 
optimal environmental conditions for Cd removal were determined in the batch tests. 
Accordingly, the maximum removal rate (100%) of cadmium was obtained in the 
following conditions: nanofluid concentration=500 mg/L, pH=6.5, contact time=24 hr 
and the ratio of contaminated soil mass (gr) to nanofluid volume (mL) =1:150. 
Afterwards, with setting up a continuous flow configuration, optimal hydraulic 
conditions were determined. According the results of previous stage nanofluid with 
concentration of 500 mg/L and pH of 6.5 was used in this system and the removal rate 
of cadmium from the soil was up to 100% under the following conditions: nanofluid 
concentration=500 mg/L, pH=6.5, contact time=24 hr, and the flow rate =0.5 mL/min. 
After determination of optimal removal conditions in the both systems, selective 
sequential extraction on the contaminated soil before and after washing was performed. 
The distribution of cadmium in different fractions of the soil was carbonates, oxides and 
hydroxides, residual fraction, exchangeable, and organic matter respectively. The 
tendency of nanoparticles for removal of Cd2+ from the soil fractions was similar in the 
both system and it was in the order of : Exchangeable > carbonates > oxides and 
hydroxides > organic matter > residual Afterwards, additional experiments on nanofluid 
and soil, before and after Cd removal were implemented. Changing procedure of pH, 
EC, and TDS in soil and nanofluid, nanoparticle size and nanofluid zeta potential, XRD 
and SEM tests on the soil were tested for determination of physicochemicals changes in 
the soil and nanofluid after Cd removal process. Finally, the process of cadmium 
removal from the soil with iron (III) oxide nanoparticle was economically evaluated and 
verified. 

 
Keywords: Heavy metal removal, Cadmium, Iron (III) oxide nanoparticle,  

Selective Sequential Extraction 
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