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 G<+� 48<�8 ��?H :��  #��$�� ���	�	� � �I�,	. :�1��J     KA�8 �A
 LMA�
 � /��0 ��,	� )		�0 :��
 G�+ � N� �7I	8 �O<	���P �:�� #�,-.�*8<*H M� O�38� #�,-. ���<0 .L��QR S���8    �T�<A�� :�A	;

 #�
<+���J  U,= 4P ��� ��E8 LM�M�R� �V�
 U,= �� N� � 7I	8 �:�� ��LM8  ��,=�:  MA�R�      �8MA�� � �T��A
0 U,A= �O<	���AP
�+� .�����
  #�
<+� �� G�+��J �V�
 U,= LM� )���E	
 �8M�� � LM8�� >?+ ���� ��.  G<+� ��1   �O<	���AP 4��8�<0 �5W� GB


 7I	8 � :��	���+ /���� G�+ � N� 4
 �
�8 �� :��E . �+� #�
<+� ��3  �4     4A
 �
A�8 :��AE	
 N� � G�+ �5W� GB
�6�+ /���� 7I	8 � :�� �O<	���P . ��0 ���P G�+ � N�0X �	Y#�8�+<8 pH M��.�; ���V :Z$�� GB .���B  G�+ � N� :��+

 G<+� ��4  �TB U,= ������ �<
 ��� .G<+� �� �T��
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 1 ��J  \	0�0 LM�/��0 #�,-.  �� M�
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  4P �<
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 >	W����	J � >	W��� �<�	-P^ �.� :�1M�� � ���	�	�4
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1 .5��E�  

   � �	�A+ �/�A�0 �
����� �A���   #�,A-. �A�1��. 
)	*�+ ��;�     �;�<ATB �A56 ���A+��� �� �+�+�
�	��   #�,A-. 4
 �
B :�1 MA8<	9     #�
<A+� �A
 4A�.��

4
  ������  ���)Chapman et al., 1998 .( �	�+
���� �   #�,-. ��1��.4
     �A��<0 4A
 4�A�
�� #M�

�B  �� �AA1�,AA=�:  #�
<AA+� � GB �<;�AA8<;�AA+� .
 �
����� XA0Y	 #��   �	A�� �� #�,A-. G<-5��A8   :�A1

48�6��� �<g�1 ����<9  ��1 4A
   �A		h0 7A	T�  O��MA� 
 7��<R_���P M��P�   �R�A+ 7��� #�,-. :M�
U,=

  GB �� _<A-�� �F	�P� ��,	� ��8<� #�MV �����=
� pH   �8����. #iIE����� .  7A��<R )A�� ����<9  ��

>1�
 j��� 2�P  :�A1  ,A-.  A  7��A� �G<A+� #��k :
Z=G  AG<+� � �.�  A�� _i�8� 8�<0�M    /�A�0 �A


)Turner et al., 2004 (  ��A+ �)Riba et al., 

2004 ( #�
<+� �� #�,-.�l �YM���
.  
�� #�
<+� ��	� �+��
   �� �8���A� K�P M8�<0

 m	�% �	�$0L���   �#�
<A+� �	�+ �<��B :�1 A�P M
)Simpson & Batley,  2003 .(  4AAA�	�� )AA�� ��

  �<AA��B G�AAn�8� :��AA
 �0��AA$�� :�AA1��	���	�AA+ 
  4A-�= �B �� 4P ���� �<=� )	*�+ #�,-. 4
 #�
<+�

��  4
 ��<0���� ��1��. #�,-. )��   �#��<A=<� :��

 ������	J �<�P�.)  � :�<A� ��MA8�� #��k (  �A	�1� �

�I�o<T<P� B?8��P L���� �. 48�6��� ��	
� #�
<+�   �A1
4
 �� ��	
� �<�  G�A�9 4
 M�8�<0     �A� � �ATB�	J :�A1

G��9 �� �
	P�0  � �TB :�1�	J  �ATB  L�<ATB  M�A��
.   �A

�<AA=� )AA���  `�� �� L��$�AA+�  :�AA1 � �1�*AAE����B

��J        � )	*�A+ #�,A-. �A
 #�
<A+� �R<�AQ� :��A+
AA�T�5�^ �B :��AA+���B ��AA�.� `�� �� �AA1  SAA��� :�AA1

4AA
   #�,AA-. )AA�� �;MAA��pB 7	AA�8��9 )	AA	�0 �<AA@��
�� G<���   �<A�)ASTM 1994; USEPA 2001; 

Bately et al., 2002 .(  �A� ��E8 �
��� �+��
   MA1�
 4P �
�����/��0  �����  ��1��.  �� #�,A-. �,A=�: 

q-�n� `�� 4
   4AP �+� �+��
 7
�V �8<;�8<; :�1
�� 4-�= ��  ̀ �� 4A
 ��<0  :�A1  L��AQR    L��A+ :�A	;

)Lindsay & Norvell, 1987; Tack & Verloo, 

1996(L��QR �   �T�<A�� :�	;)Stover et al., 1976; 

Tessier et al., 1979; Sposito et al., 1983( �
  ��<AE
B)Schreibber et al., 2005 ( �A�J �   :��A+

)Simpson et al., 2004; King et al., 2006; 

Hutchins et al., 2007 ( ��AAP L��AA�� .Gupta  �
8���I�12 )1996(  ��	
�P M8�`�� 4P  ��<E
B :�1

L��QR �  :�	;��  M8�<0 4A
     �� �AEn
 �
�A���� �<A@��
� 4P )	*�+ #�,-./��� �+�  ���   4A3	�8   7	A�8��9

 �;M��pB���M��
 M	$� ��.   �A	.�r #�
<+� �� �s�

��P       )	*�A+ #�,A-. �A��M?*8 � GZA= 4A
 �
�8

��M8� ��  :Z$�� GB �� #�,-. �@-J 43	�8�B �1  ����
�+� .4�
T� ��
M       �� ,A	8 ,A-. t<A8 4AP ��AP ��E8���6

 �-%� 7��<R0X ��Z;�	Y   :ZA$�� GB �� �B �A	T��. �

�+� #�
<+� . 21�FA9 48<�8 :��
    �AE8 �A	6� :�A1 �

��  N� 4P M1�4
   � �A	-
�V 7A	T�0  :<AV _�AQ    �A
 �A0
�,=�: P �	T��. #�
<+���  GB �� :�� 4A
 �
�8 :�

���� :Z$�� )Phllips et al., 2004( .Fengxiang & 

Banin )1997 (�
  A�T�5�^   7IA� �A		h0    #�,A-. :�A1
 )	*�+4.�C�  LM� 4A
   KA�8 #�<A%    �� _<A-�� :�A1

/�6  :�1t�
��      #�,A-. �A��<0 4AP MA8��P ��	
 LM�
 �,-. t<8 4
 �*��
 )	*�+�;F��   m5A+ � /�6 :�1

 #�,-.4.�C�   /�A6 4A
 LM�  ���� �A1  4A
  :�<A�  4AP  ��
 �� #�,-. �)	*�+ #�,-. :p�
 u<5+�,=�:  � �T��
0

 4
 �0��
�P�,=�:  7
�V :�1M	�P� � �TB�	v�   7�MA
0
�� M8<�.  

�� ��E8 �
��� �+��
  4P M1�4
  AJ�  � �A	�1� >
4*8 �� #�
<+� 2W8  �*8<*H � )	*�+ #�,-. ����

:��+���B B�?8 �	�� ��      ��	A�
 #�A�T�5� ��A
B :�A1
 �� �PM8� A�	��^   2AW8 �,A=�:   qA-�n�  �� #�
<A+�

 _���PB     4A�.�; #�<A% LMA��pB �
�A�� )�� :��+���
�+� .)�� ��  ��  ,= �A	�1� 4A
 4=<0 �
U   #�,A-. :MA�


�	�� �� )	*�+       �A
 �AC�v 21�FA9 ��
<A+� :�A1
 )	*�+ #�,-. ���<0 �*8<*H �+��
 wM1Zn �Cd �

Ni �Cu  �Pb 7I� ��    4A8<�8 �� qA-�n� :�A1   :�A1

<AA+�4AA8�6��� #� :�    �B �AA� � 4AA�.�; #�<AA%
48<�8  :�1��J  MA��      )	*�A+ #�,A-. �A+<0 G<A+�

 ��<AE
B ����� ��0  �<�A+ ��   ��<AE
B :�A1   ���AV
7I� #��		h0 � 4�.�; -�n� :�1B q?8�  4�T�5� LMA� 

��+ .  
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2 .F2� 2 ���� �G    

1.2.  �H-I�2 ���J9     ����K�H� 2 �H3�
�� 
�HG
5#�K# L��� 
�G  

 )AA�� ��21�FAA9  ��4 4AA8�6��� G<AA+� 4AA8<�8  :�
�+� LM� L��$�+� .�;F��  ���	�	� � �I�,	. :�1

48<�8 :�1  G<A+�   �� NA9 KAE6  MA��   :�A�� ��
L�*E����B � �<
R KT� �� �5V �
 2 �-	� ���   )	A	�0

M�. �.�
 48<�8 G<+� :�1    :�����MA	1 `�� 4A

)Bauycos, 1962(� pH  �I���IT� ���M1 �	-
�V �

 �� ��AQR� 1:5    G<A+� 4A
 GB)Thomas, 1996( �
 _���� >	�-P #��
�P4
   ��AE;�
 �<	+���	0 `��

 �
NaOH )Sims, 1996( �����  �TB4
 �IT�� `�� A 
 K-
)Rowell, 1994 (  �8<	0�AP _��
0 �	.�r � ��

L��QR j���   O<A	8<�B #��+� �
 :�	; L��MA8�   :�A	;
 M�)Rowell, 1994.(  

2.2. ��� 
��� ����� 	�
�� �� 	�����  
48<�8 G<+� :�1   )	*�A+ #�,-. �
 4A
   ��,A	�400 
�-	�     G�A+ � :�� O�;<A-	P �A
 O�; 4A
   �� \A	0�0

KAA�8  :�AA1Zn(NO3)2.6H2O  �Pb(NO3)2 �200 
�-	�     NA� � 7AI	8 O�;<A-	P �
 O�; 4A
   �� \A	0�0
K�8  :�1Ni(NO3).6H2O  �Cu(NO3)2.6H2O  �

50 �AA-	�    KAA�8 �� O<	���AAP O�;<AA-	P �AA
 O�AA;
Cd(NO3)2.6H2O M8M� ��J . #�
<+� �A�J   LMA�

48<�8 L���1 4
  M1�� :�1)  #�,A-. 4
 �;�<TB ��M

)	*�+ (4
  A�M     �A	.�r �A
<�� �� 4A�$1 KA� #

 :��� �� �R���E����BL�* M� :��M?*8.  

3.2. ���� ��� �� 
�G  
 #�
<+� ��<E
B��J   KA�P 4
 )	*�+ �%��R �
 LM�

�<�+ M� O�38� t�
�� ����� �� ��<E
B :�1 . N�=
�<�+ NP�	9 ��<E
B :�1  �B �A-6�� �5V �   �A18/4 
��8�+  ����+� .�<�+ )�� 48<�8 �
 �1    �A0 G<A+� :�1
 t�$0��10 ��8�+ B ��<E
B � �9 :���?8  �� L��$�A+� �
 �

 �
B ��
  �A
�Y5  ��8�A+    �A.�; #�<A% :�A�� .  :��A

�<�+ :�� GB �6�<�I� ���<0  )�0�� �.�% ZJ�P ��1

42 �.�; ���V �<�+ :p�
 �� .<�+ �  :�1 �A�J   LMA�

4
  ��,	�20   �<�A+ � :ZA$�� GB >3v    M1�A� :�A1
4
  ��,	�10   �A1 :Z$�� GB >3v KA�   ���AI0 �� ��

M8M� ��<E
B .  GB ��,A	�     �� �A
 �<�A+ �A1 :ZA$��
     4
A+��� �B :�1�Ar � �AW	Wv �T�A*H ��<
 �+�

MAA� .4AA8<�8 ���<AAE
B O�AA�0� �� NAA9  �� G<AA+� :�AA1
�<�+ 4	-n0 �1  � y��� �� KE6 �<1�M.  

4.2. ���� ��� �� 
�G  
  4A8<�8 �� )	*�A+ #�,-. :M�
U,=    �� G<A+� :�A1

 M1�� �T�v 4+)  �MA� �A�J �� 7
V( � �A�J   � LMA�
<E
B O��0� �� N9 ��M� O�38� . :��
)��  `�� �� ��P

��?�E	9  �+<0 LM�Sposito  8���AI�1 �2 )1983 (
 MAA� L��$�AA+� .   �T�<AA�� ��
��AAP �AA
 `�� )AA�� ��

L��QR      4A
 )	*�A+ ,A-. 7AP ��MW� �q-�n� :�1�	;
�V�
 � �8M�� ��TB ��T��
0 U,= ��?H    >	A�W0 LMA8��

�� �<� .,=	z   _�MA= �� `�� )A�� 4
 {<
�� #�1 
LM� 4z��� �+� .8<�8 ��MW� `�� )�� j
�5�^  G<+�

L��$�+�  �
 �
��
 LM�2 L��QR >3v � O�;   �A1 �� �	;
4-v�� 25 �-	� �+� ��	T .  :��A+�M= �4-v�� �1 ��

 48<�8 �� L��QR4
  �<@��V)	*�+ ,-. �@-J �z���  �

   �R�A+ �A
 o<	.��8�+ L�*�+� K�P3   ��,A1 �� ���

 4W	V�4
  #M�5 M� O�38� 4W	V�.  

3 .N���#   

1.3.   5HH#�K# �HH3�
�� 2 ����K�HH� �HH-I�2  
�HHG
L���  

�;F�� �� �6�
    #�
<A+� �AI�,	. � ���	�	� :�1
4�T�5� _�M= �� LM� 2 �+� LM� L���B .  #�
<A+�

1  �2    7A
�V >?A+ �
 K
+ �.�
 A@vi�^   � )A�
�-	+ M8��� �  #�
<+�3  �4  �+� � )	*�+ �.�


��8�M.  #�Ri�� �T��=� �+��
4z��� LM�   _�MA= ��
2 �� ��E8  �A;F�� �@8 �� 4P M1�    � �AI�,	. :�A1

  4A8<�8 )	A
 ���	�	�      7A
�V wi�A6� G<A+� :�A1
���� �<=� �?=<0 . ��MW� 4A8<�8 �� [�   �A1410-

50g kg-1  �<
  )	A
 ���� ��	�
 #��		h0 �� ��E8 4P
48<�8 �� �1�� . #��		h0����   �ATB)OM (  �A	.�r �

 �8<	0�AAP _��AA
0)CEC (4AA
  )	AA
 \AA	0�072/1  �AA0
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26/32 g kg-1  �33/10   �A005/31 cmolckg-1 �� �
�<
 ��+<8 .  �AI���IT� ���M1 )	*8�	�)EC ( �pH 
 #�
<AA+�4AA
  \AA	0�048/7 )6/6-91/7 ( �525/0 

dS.m-1 )046/0-77/1 (MAA8�<
 . #�
<AA+� ��1  �2 

  �� �AAT� MAAE8 LM1�AAE� _��AA�� >	AA�-P #�AA�
�P
 #�
<+�3  �4  4A
      >	A�-P #�A�
�P ��MAW� \A	0�0

 _����)CaCO3 (10/48  �50/110 g kg-1 �<
.  

. 6�41 . 89
��3��:; <=/�= �� (
)*+ 
>
/!� ,��? @/'� ,�A  

<*9��  %�&�' )*+ B).  3��:; ��?   �C*23��:;  ��?)�E/�(  (4� 	��� 	�
� 	�GH* )�;�'(  

1  �T��
0  KNO3  5/0  16  

2  �TB  NaOH  5/0  16  

3  �8M��  EDTA  05/0  6  

4  �V�
 LM8��  HNO3  4  **-  

* ��I0  �R�+ �
 ����150  4W	V� �� ��� L�*E����B :��� �� ��+� LM� O�38�.  
** 48<�8  �14
  #M�16  ���V }�� GB O��v �� �R�+M8M� L���.  

  

 6�4.2. 
?J�� <=/�= 
������ � 
G�)�+ ,�A @/'� ,�A  

=/�=K 

@/'�  

  CEC    EC   pH   OM  %�  �*�'  L�  CaCO3 

  cmolckg-1   dSm-1    -    gkg-1  

1    20/11    04/0    60/6    97/2  590  340  70  00/0  
2    30/10    08/0    91/7    72/1  710  240  50  00/0  
3    00/31    19/0    82/7    20/32  150  440  410  10/48  
4    20/25    77/1    59/7    50/22  170  460  370  50/110  

  

2.3. 
2�  
 #�
<+� �� :�� :M�
U,= S���8 �A�J    �� MA�
 � LMA�

 7I� �� ��<E
B 1 A qT�  �� 4@vi�  �<A� . �*8<A*H 
 �� )	*�+ #�,-. ���<0�,=�:   7A
V �#�
<+� q-�n�

   #��A$�� #�
<A+� �� ��<E
B �� �A+� .  G<A+� ��1 
  �� :�� �A	
~0 \	0�0 A8<�8^  �A�J   LMA� 4A
  #�<A% :

�V�
 LM8�� )61/36 M%�� (< �T��
0 )80/30  MA%�� (
< �8MAA�� )12/26 MAA%�� (< �AATB )66/1 MAA%�� (

�+� . KA� 4
 M8�� )��    G<A+� �� L��A
2    �A@8 �� 4AP
�;F��   �� �A	J 4
 ���	�	� � �I�,	. :�1pH   4
�AE�

 G<+� 4
1 �+�   �A		h0  4A�.��    �T��A
0 U,A= >?A+ �
4
  \	0�0 � �.� #M�4
  #�<A% : �V�A
  LMA8�� )69/39 

MAA%�� (< �8MAA�� )56/37 MAA%�� (< �AATB )09/21 
M%�� (< �T��
0 )66/1  MA%�� (  �A		h0 �AP L� �A+� .

�I8^ �*�� 4I���   �� qA-�n� :�A1U,= >?+ � \	0�0 
 ��� G<+� �� :�� �	
~02    #�
<A+� 4
�AE� ��
��W0

 �+��	@8  G<+�3  �4  �A+� � 4A
  :�<A�    >?A+ 4AP
�,AA=� :  G<AA+� �� :��3  ,AA	84AA
 L�<AA
 �AA�� \AA	0�0 

�V�
 LM8�� )48/55 M%�� (< �8M�� )73/30  MA%�� (
< �TB )96/11 M%�� (< �T��
0 )83/1  MA%��( �  ��

 G<+�)4 (4
 #�<% : �V�A
  LMA8�� )18/55  MA%�� (< 
�8MAA�� )41/30 MAA%�� (< �AATB )36/12 MAA%�� (< 
�T��
0 )06/2 M%�� (�+�.  

#��		h0 4
 {<
�� S���8 �� K� �1  �,A=�:   #�,A-.
 M1�� �T�v 4+ �� )	*�+) �� 7
V��J �M�(  �A�J �
 ��<E
B O��0� �� N9 � LM�4
   L��A�1 A���W�^   :��A�B

B?8 )I8�� �<��B �� L��$�+� �
 4P �)   _�A��v� m5A+5 
M%�� ( 7I� �� �+� 4�.�; #�<% 1  G    LMA� 4z���

 7I� )�� �� �+�  qA-�n� :�,=� �� #��$�� w��v
 �G<+� �1��E8 M�1��   A��� wi�A6��  �� U,A= �B ���

�v 4+ �� K� �1 �Tp�
�+ .���1     )A�� �� 4AP 4A8<;
   ��A+� LM1�AE� 7A
�V 7I�   �� NA9  O�A�0�  ���<AE
B

 :��+���B����  � �T��
0 :�1U,= �� :���B  �� :�� �AT
 G<+�1 M� LM1�E� .  #�
<A+� #��$�� �
	P�0 7	�

 ��AE8 )	*�+ #�,-. 4
 �
�8  MA�1��  #��A$��   ��<A

��I�  #�,-. _�Q0� :�1�+�.  
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3.3. 0�����, 
   �� ��<AE
B �� MA�
 � 7
V O<	���P :M�
U,= S���8

��J ���	0  7I� �� M1�� � LM�2 A  qAT�    4A@vi�
�� �<� .G<+� �� 1     �� O<	���AP �A	
~0 \A	0�0
8<�8^ ��J  LM�4
 #�<% : �T��A
0 )52/64  MA%�� (

< �8MAA�� )56/20 MAA%�� (< �V�AA
 LMAA8�� )24/8 
M%�� (< �TB )68/6 M%�� (�+� . G<+� ��2   �A


 �A;F�� 4
�E0 �<=�     �B ���	�	A� � �AI�,	. :�A1
)  �� �	JpH( G<+� �
 1  �� O<	���P �	
~0 \	0�0

8<�8^ ��J  LM�4
 �<%# : �8MA�� )68/58  MA%�� (
< �V�
  LMA8�� )03/20  MA%�� (<  �T��A
0 )20/13 

M%�� (< �TB )09/8  MA%�� ( �A+�.    4
�AE� MA8��
G<+� 2   #�
<A+� :��
3  �4    MA� LM1�AE� ,A	8 .

AA�I8^  L��AA�� 7AA
�V�<AA
8  �AA��<0 MAA8�� �� #��AA$0
 O<	���P4.�C�    �� #�
<A+� qA-�n� 2n
 �� LM�

48<�8   �A+� :�13  �4   ��A� �2     )A�� 4AP �A+�
t<AAC<� ��AAE8 MAA�1��  #�	AA%<Q6 ,	H�AA8 >?AA+

 4AA8<�8 4AA+ )AA�� �� O<	���AAP �AA	
~0 �� �AAI�,	.
 G<+��+� .    O�A�0 �� O<	���AP :��A+���B �,A=�: 

 G<AAA+�1   �AAATB 2AAAn
 �� �AAA	JAAA���� �<AAA
 ��� .
���� ��� �V�
 2n
 �� O<	���P :��+���B ��<
  LM8��

2n
 �
 M8<	9 4
 ,-. )�� >P 7���0 �� ��E8 1  �A
 :�
  :<AV M8<	9 :o�8� �A+� .  G<A+� ��2   :��A+���B

  �8MA�� � �TB ��T��
0 :�1U,= �� O<	���P A���� ���
�<AA
 . G<AA+� ��3  � �AATB :�AA1U,= �� :��AA+���B

 �8M������   �T��A
0 U,= �� � �<
 ��� A����   �<A
8 ���
) 7I�2  G.(G<+� �� 4    :�A1U,= �� :��A+���B

   �8MA�� � �ATB ��T��
0 A����  �<A
 ���.   �� O<	���AP
 ��	�
 /��0 :�� �
 4���W����� : 4A8<�8 ��   :�A1

���� ��<E
B �<�+ �� G<+�.  
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4.3.  O3�#  
 �� 7I	8 ���<0 S���8�,=�:  � 7
V #�
<+� q-�n�

 )	�g�1 � ��<E
B M�
8<�8^    7IA� �� M1�A� 3 A 
qT�   LM1�E��� �<� .G<+� �� 1    �A	
~0 \A	0�0

 �� 7I	88<�8^  �A�J   LMA� 4A
  #�<A% : �V�A
  LMA8�� 
) 05/46 M%�� (< �T��
0 )07/23  MA%�� (<  �ATB 
)32/17 M%�� (< �8M�� )55/13  MA%�� ( �A+� .

G<+� �� 2   �A	
~0 \	0�0 O<	���P � :�� M�8��1
 �� 7I	88<�8^ ��J K� 4
 LM�    2��,A.� �A
 L��
pH 

 �AA		h0�AA�  � MAA�P4AA
 \AA	0�0 :�V�AA
 LMAA8�� )77/64 
M%�� (< �TB )07/23 M%�� (<  �8MA�� )32/17 
M%�� (< �T��
0 )55/13 M%�� ( ���<0 �A�  �<A� .

  7AI	8 �A��<0 \	0�0 �� ��I�B 26�H  �� �,A=�: 
 2��,.� �
 q-�n�pH  ����<0   �� 7AI	8 �M� �,A=�  

:<V M8<	9 :o�8� �
     �A� :M	A+� �A	�1� �� ��E8 �0

  7AI	8 ���<0 \	0�0 �� #�
<+� 2�P�� ��<
 :��

���� . G<+� ��3     �� 7AI	8 �A	
~0 \A	0�0 A8<�8^ 
��J  LM�4
 #�<% : �V�A
  LMA8�� )78/62  MA%�� (< 
�TB )01/19 M%�� (< �8M�� )97/13  MA%�� (< 

�T��
0 )25/4 M%�� ( �A+� .  G<A+� ��4   \A	0�0
 �� 7AAI	8 �AA	
~0AA8<�8^ �AA�J  LMAA�4AA
 #�<AA% :

�V�
 LM8�� )83/64 M%�� (< �TB )34/19  MA%�� (
< �8M�� )64/11 M%�� (< �T��
0 )19/4 M%�� (

�AA+�  �AA
 7AAI	8 :<AAV MAA8<	9 #�MAAV �� ��AAE8 4AAP
 M8<	9 :o�8� �
 :�1U,=� �����+.  :��+���B  7AI	8

 ���,AA=�:  G<AA+� �� �AATB � �T��AA
01  �� �T��AA
0 �
  G<AA+�2 AAA����   �<AA
 ���) 7IAAA�3  G.( MAAA8��

   �<A
 :�� 4
�AE� ��A
��W0 7I	8 �	
~0 � :��+���B .
    �<�A+ �� :�A��P /�A�0 O<	���P 4
 �
�8 �T�

���� ��<E
B.  
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5.3.  P�  
   �� ��<AAE
B �� MAA�
 � 7AA
V NAA� :MAA�
U,= S��AA�8

 #�
<+���J  7I� �� M1�� � LM�4 A  qAT�    4A@vi�
�� �<� .G<+� �� 1    �� NA� �A	
~0 \	0�0 A8<�8^ 

��J  LM�4
 #�<% :�V�
 LM8�� )62/56 M%�� (<  �ATB 
)16/16 M%�� (< �8M�� )32/17 M%�� (<  �T��A
0 
)79/11 M%�� (�+� . 7I	8 � O<	���P �:�� wi6�


 ��0 ���P N�0X �	Y  G<A+� :M	+� 2�P��1   ���AV
�� )�� 4P �<
 4�.�;  4
 {<
�� M8�<0 �A��P   ��<A
pH 

)���E	
  � :�� �<g�1 �0�,-. 4
 �
�8 N� GZ=
 �� 4P M��
 O<	���PpH   �A�?
 N� ,	T��M	1 2�P��

�AA� ��  MAA1�)McKenzie, 1980 .( G<AA+� ��2 
  �� NA� �	
~0 \	0�0 A8<�8^  �A�J   LMA� 4A
  #�<A% :

�V�
 LM8�� )94/70 M%�� (< �8M�� )29/17  MA%�� (
< �TB )51/9 M%�� (< �T��
0 )29/2 M%�� ( �A+� .

 G<+� ��3  �� N� �	
~0 \	0�0 A8<�8^  �A�J   LMA�
4
 #�<% :�V�
 LM8�� )73/52  MA%�� (<  �ATB )55/36 

MAA%�� (< �8MAA�� )83/8 MAA%�� (< �T��AA
0 )89/1 

M%�� (�+� . G<+�4   �� NA� �	
~0 \	0�0 A8<�8^ 
��J  LM�4
 #�<% :�V�
 LM8�� )47/59 M%�� (<  �ATB 

)25/31 M%�� (<  �8MA�� )19/7  MA%�� (<  �T��A
0 
)08/2 M%�� (�+� .    2An
 �� �AW. NA� :��+���B

 G<+� �� �TB � �T��
04 ����  �<A
 ���)  7IA�4  G .(
Temminghoff 8���I�1 �2 )1997 (  MA8��P `��,;


 N� 4P4    �� �ATB NI-�A�P #�<%pH   :�A1 ��A�� 
 4����� �<�.  

6.3. L'�   
 G<+� ��1  �� G�+ �	
~0 \	0�08<�8^  �A�J   LMA�

4AA
 #�<AA% :�8MAA�� )28/42 MAA%�� (< �V�AA
 LMAA8�� 
)78/36 MAA%�� (< �T��AA
0 )02/11 MAA%�� (< �AATB 
)92/9 MAA%�� (�AA+� . G<AA+� ��2  �AA	
~0 \AA	0�0

 �� G�+8<�8^ ��J  LM� 4A
  #�<A% : �8MA�� )72/46 
M%�� (< �V�
  LMA8�� )73/36  MA%�� (<  �ATB )72/9 
M%�� (< �T��
0 )83/6  MA%�� ( �A+�  G<A+� �� 3 

 �� G�+ �	
~0 \	0�0 A8<�8^  �A�J   LMA� 4A
  #�<A% :
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�V�
 LM8�� )16/46 M%�� (< �8M�� )06/32  MA%�� (
< �AATB )00/14 MAA%�� (< �T��AA
0 )77/7 MAA%�� (

�+� .  G<A+� ��4     �� G�A+ �A	
~0 \A	0�0 A8<�8^ 
��J  LM� 4A
  #�<A% : �V�A
  LMA8�� )22/45  MA%�� (< 

�8MAA�� )23/32 MAA%�� (< �AATB )82/13 MAA%�� (< 
�T��
0 ) 74/8 M%�� (�+� .   �� �AW. G�A+ :��+���B

G<+� �� �TB 2n
 4 ����  �<A
 ���   4A8<�8 �� �   :�A1
��� :��+���B �*�� G<+�� :���ME8 LM1�E�.  
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4 .5R��# 2 ST� 
'�-  

>P  ��<
pH    u<5A+ �� :�� GZA= 21�P \=<�
�8�P _i�8� 2��,.� � :M	z<-P   :�A1 _�A��P  MA��P� 

G<+� �� _<-�� :�� 1 �+� LM� .����  >?A+ ��<

    � �8MA�� U,A= 4A
 �
�8 48<�8 )�� �� �T��
0 U,=

 4
 ��E	
 �TB:M	+�  2�P�� ��<
	T��^   G<A+� )��
�
 �� ���; . �<A=� �
  ��A��   U,A= �� :�� >?A+ ��<


�� �T��
0  G<+�1  �V�A
 2n
 >1 ��
    >?A+ LMA8��
4AA@vi� 7AA
�V ��	J �� :�/�AA�� ���� :�� :��AA+ .

 :��
 2�P�� G<+�2  �8�AP �	Tiv 21�P �   :�A1
_���P M��P�  :�� GZ= 2��,.� � w�� K� �� :��

 2��,.� �
pH     >?A+ 21�AP \A=<� ��*�� w�� ��
�+� LM� �T��
0 2n
.     �� >	A�-P #�A�
�P �<A=�

 �� �
 4���W��88<^    )�A��� � �A.�� �� ��� G<+�
E	
 )�����<� ��,	�  [� � �TB���� ��    �A*�� w�A�

    �A��<0 � 4A8<�8 )A�� ����.�
 #�MV 2��,.� \=<�
�� �� :�,=�: �	J �+� LM� /���� . G<A+�  :�A1 
3  �4 4
  4AI��� 7	T�  � [� ��A��   �ATB ��A�� ��� MA8 �

F�� m5+�  :������M8�  ���  43	�8��I� � :�10  _�AQ
   4AA
 � MAA8��� �AA*�� #�
<AA+� 4AA
 �
AA�8 :��AAE	


)	�1  :��M?*8 �	.�r 7	T����� :  �� :�� :��A
 ��
M8��� ��E8 �<6 .  wi�A6� 4P �+�3��� 4=<0 \T�=

���� ��J G<+� �� :�� ��MW� )	
 :���   MA�
 � LM�
2n
 �� ��<E
B ��   G<+� 4+ �� �T��
02 �3 � �4 

 �
8<�8^     4AP MAE8 LM1�AE� ,	8 M1��8 ��AE  MA�1�� 
 �	�1�pH   4A8<�8 �� :�� �A	
~0 ��  �A1:   G<A+�

��J  {<
�� M��� � LM�4
  A-6�M�^    2�AP�� ��AE	

48<�8 �� G<+� M��
 :��
 2�P�� �
 G<+� :�1 . ��

 K� #�
<+� ��MA��� pH  _�A��P  MA��P�   �A	Tiv
 ��V� 4P ���� �<=� )	*�+ #�,-.pH  �� ��MA��� 

4 �+� #�,-. /��0 7	�8��9 � )�MA
   #�<A%Zn > 

Cd > Ni > Cu > Pb �� 21�P   MA
��)Valerie et 

al., 2004.(  
�����
  O<	���P>P  ��<
pH ��AI� �<
�P �   :�A1

 �
	P�0 7	� ��%�Q�6� GZ=>P  O<	���P4
 R A- �
 NI-�A�P 7	IE0 � p�
 ,	T�M	1 �
�Y    �8MA�� :�A1

 �AA� �� _<AA-�� �� ��MAA��9   7AA�p� �� ��<AA0MAA�R� 

����   �A�1��. ��A��   G<A+� �� O<	���AP 1   ��<A�R
��P .   �A	
~0 �� �0�A�
�P �� �8M�� 2n
 ���� >?+

 #�
<+� O<	���P��  �V��4
  �8<� t��� �I��,8 7	T�
 O<	���AAAP � >	AAA�-P)>	AAA�-P 99/0  � O��AAA�*8B

 O<	���P97/0 O���*8B  (    G<A+� 7	IAE0 :��A
 4P
>1  �
 O<	���P ���� #�A�
�P   4A�n	�B � �A1   �� �MA�

I
�^ 	�-P :�<-
      _<A��. �A
 �A
	P�0 KA� 4AP �

��4 �� ��  M1�CdaCa1-aCO3  \+����+� )Ianni 

et al., 2000; Korfali et al., 2004(.    �A
�Y )	AT��
 O<	���P ,	T��M	1)1/10 ( � A=��^    O<	���AP �A��8

)34/2 ( �A+� )Baes & Mesmer., 1976( . :�� ��
�� ��	�� �� )�� 	P�0 7	� ��<0   �<;�A8<; #�,A-. �


 4
AA+��� ���AAP � ��MAAR� [�AA+� �AA
 �`��,AA;  LMAA�
O<	���P  ,	T��M	1 �
�Y A	T��^  ��A��  � A=��^   �A��8

�P � �*�� #�,-. 4
 �
�8����.  
�����
  7I	8pH >P  >?+U,=    �T��A
0 � _<A-��

�� 2��,.� �� M1� . ,	T��M	1 �
�Y ��A��    �� ,A	8 7AI	8
�� :�	;<-= �Q�R )�� \+��� �M� GZ= PM�  �� �

 �*�� w��pH  >AP      �A$�� :�A1��
 21�AP \A=<�
 4
 4��
��pH  �A�   � �<A���   4A3	�8   _��A
0 �A	.�r

�8<	0�P �8�P  7I	8 GZ= �� :���� 2W8 4P �1  MA8���
 ��  �A� 21�AP  MA1�. Fengxiang & Banin )1997( 

 ��	
��P M8    #�,A-. �MA3� �A��<0 4P 4.�AC�    4A
 LMA�
 _���P /�6 )	*�+ #�,-. :M�
U,=)M1��( ��,	� �

 #�,-.4.�C�    ��A�� � /�A6 #�	%<Q6 �,-. t<8 �LM�
���� �*��
 . ���@-J  :�1>P   4
�AE� )	*�+ #�,-.

3� ���<0 M1�� /�6M�� �  M8<A�  �A@-J �� �   :�A1
��AA��     7IAAE� _��AA�0 �AAT�v 4AA
 �AAE;�
�AA+� .
AA���� ���  #�
<AA+� �� 7AAI	8 :��AA+���B ��<AA
8  �AA+�
��E8 M�1��   �A���.�
 #�MV ��A��  4A8<�8    �A+� :�A1

 ���� #�8�+<8 4P �+�pH  7�MA�0 :Z$�� GB �� ��  �
      �A� >1��A. �AQ�R )A�� GZA= :��A
 �� �����  MA�P .

 ���
�8 :�<����� 8<�8^ 4  �A�   MA8�<0 \
A+   :���A�1

 :M	z<-P #��k4  �<Q6����   �ATB A��<   ��<AE
B �

M1� 21�P �� �TB U,= �� 7I	8.  
 N� O<	���P �:�� �<g�1 �0�,-. �
 4���W� ��

G<+� �� 4P 7I	8 � 1  A
4  A�M  �A�0 # A0X �	YpH 
  �AA��P MAA8�<
�AAY� �ZAA9� �<AA
. He 8���AAI�1 �2 
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)2006( )���E	
 4P M8��P `��,;  �� NA� ��<E
B
/�6   U,= �� ��A� :�A1     �ATB ��<A� � �T��A
0 :�A1

  �A+� 4�.�; #�<% 4AP  4A
   \A	0�091  MA%��  �4 
M%��  N� 7P �����B  �A� 7��� �� LM�  MA�.   S��A�8

�n� #��T�5�-�� ��E8 ,	8 q  4P M1�   ��AE	
 NA�
 � �TB U,= ���V�
 M8���  �A��<0  LMA� )Harrison et 

al., 1981( /�AA6 �� � �AA�J :�AA1  #�,AA-. �AA
 LMAA�
 2n
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