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  مقدمه
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�79�	 %E- �& ��! *78 �6��� ) FG# ��' �& ��! ��

��8 ��'4 �-�>� �� &�! .H�0� &��� 
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�C	$<�� ��  &�!(Dong et al., 2001) . 2�/%�& @�N�

C�O� "D���-(�C�� �( �� P� 2�/��  �&QRC �(4  ��O

%E &�% IL�'- ���� ���� . �)S� ICIT	� �( �	�/T-C 

(�C��-��%E D�- ���& �� ���� !�C ��(Flore & Layne, 

1999; Hsu et al., 1999; Kogawara et al., 2006) .

�-(�C�� 2�3-�C QU
 D���-NB� ��� VT� �&- I
��8 F

 �!� �9+ ) F;(Rakngan et al., 2002) IC $�)�U� "

���'4  I
�/��(Sivaci, 2006; Spann et al., 2007) "

C ) D�<+-��N4 �((Thomas et al., 2005)  �!� )

@��
� �(4 ; K�/R�- ��(Rakngan et al., 2002) &��& .

(�C�� $W�9-; �& D���-C�O 2�(��  $<�C J�
 ,'��

I
�N
 �-;4  X)� �& D)��� "��!���
� �-;4; �' "- "��

��!	�0< ,� Y�L��< )	V� ;- 2�� �& ��I
�N
 �-;4 

 $1��-=>� � ���#�;-&� .��P IC4 ��U� I� �& 2+ �

 �9+ � Z[ ) �&�C \�C &��� 2�� �& IL�/]� 2�/%�&

�3<� �!�	 Q	�[ �C Z^' ) I/<�	 Q(�� �!� F0< 2�

�� �C�	 (Latt et al., 2001) .& F���� I�N8 �	�A4  I�

4)� �C (�C��-; ���1� D���- ���-=>� ���U� $'� ��7;

�79 �6����	 ; �& ��! H�0�- ���� !�C �(Thomas et 

al., 2005) ._�--L�' D��-(�C�� I
�-�79 �6��� ) D����	 

� 2�/%�& �&-�C �& ��-��4 )� `P��� �	T�  &���

'��C� � �a�� �& ) $'� I/<�; ���#	 �!� D�]L�5� �

��N�� � $%�&-G! ��- �( I�� !�C� .U��- b��# �C c

3N(	� $�-��V	 3)Glomus sp. (�3<� f��C	 �!� Q

� "I#�'	6� ) gT% 2) "ITL�C�/� 2�! hS- ��

D���-(�C�� �( )�(��#4 ���1��
 ) ���1� (�U� )- �

L��'� ; �&- ���� &�!(Rapparini et al., 1996)  . �&

                                                                                   
1. Recovery 

 �'��C g	' $%�& 2&�� *�#�9 I� �! iRT�- j

�3<� f��C	 ���U� QD���-(�C�� �(4 � ���1�	 ) IT

� D� ���U� Q(�� ) k�C	� IT� &&�;(Hsu et al., 

1999) .(�lN- �U1� �&-U�  � Z[���
� �-;4 _�-- D��

L�'-(�C�� I
�- �& D���I
�; �(4 � K�/R�-�4 "

 iRT�;&��	 I
�; I� �(4 ���& ���' IC @)�U�4  ���U�

(�C��-C D���-�/T4 � �&	 &�% IT�� !�C�� 

(Boldingh et al., 2000) .(�C�� ���U�- ���1� D���

�	�0� D� ���U� �C ��( �& I#�' ) IT<� U/�� I5C��- �

 &��&(Graham, 2002) .�-&�� � I#�' D� 2�3	 $TBG

& ��4 CS; �& ���� '+-��	 #�C $C�=� �� �
��� ��� "- 2�3

D���-(�C�� �( /!�& 2�'�
 ��' ��P �&I )  $G�
C/N 

�3<� &��� � FG#	[ Q- ���� ��� %E I�-�79 ���	  �(

 iRT� �]C ��' �& �!� $B8 �� �#��� ���(Lakso 

et al., 1999) .�! iRT��  ��( �& I��	�/T-C  ���U�

(�C��-� �& D���	 ��(�T� IT�� &�! (Yano et al., 

2002) .C-�/T	(�C�� ���U� �-& �& I#�' �& D���4  ���
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(Neto et al., 2006) .�/'�� �&4 '��C� ��;�'4  @�#��
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�&C��- @�m
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  ها مواد و روش
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1. Kjeltec Auto 1030 Analyzer manual 
2. Flame Emission Spectrometry 
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  ج و بحثينتا
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 &�C+���G� IU5��)u��/� �6�& ([ � ��\�C- 2��VC�

)�/���/� �6�& (�� !�C �) FV!a �� ) a �� ( `C�5� )

�C �U1- `Dichio et al. (2007) ��� �&�C  IC $G�


Q()o[ Arzani et al. (2005) ) 2��B� IU5�� �& Klein 

et al. (1999) ) Fernandez Escobar et al. (1999) 

 ��\�C�� !�C� .�lN(-�)� �& k�C D� �6�& �	 F0< F

��� IC ) �&�C \�C	Q(�� F0< ,'�)� �� � 	 �� ) I/<�

��6 IC F0< �%�)�#�C $C�= D� �� �
�� ) FV!� ) � ( )


- $G�
 3C/N � �&	�3<� $L�M �	Q [- ���� ���  I�

Q()o[ �C `C�5� Clark & Smith (1990)  "�L���% �&

Dris & Niskanen (1998) ' �&-"jCastillo 

Gonzalez et al. (2000) 4)� �C ")&)���)+ Mediavilla 

& Escudero (2003) %�C �&�  �I
�; 4�( �A�8� "

Vemmos (2005) "I/�[ �& Fernandez Escobar et al. 

(1999) 4)� �C 	) 2�/ Buwalda & Meekings 

(1990) CS; �&� '+-��	" Neto et al. (2006, 2008)  )

Toselli et al. (2002) CS; �&� �� !�C�.  

CS; @�#�� �& k�C D� ���U� I���&�  ) �)� ��' �&

 @�' ) @)& "�)� I�M��I
�N
 4�-; ��� IC- j���/� "

�/� ��/�  )���/� ��� IC @)& ��' )- ju �u/r"  

s/r ��/�  )�/r �u/�  D� ���U� I���& �C `C�5� I� &�C

���
� 4�-; �!� K�/R� FM��� �& ��!4 ,'�� 

Toselli et al. (2002) � IO�;� &�C- �& ����
 D� 2�3

�	2�� �  �&�G��
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/�  /
  EC �/�  �/�  

pH �/2  4/2  pH  �/2  24/2  

O.C  %  ��/�  
�/�   ��5'%6)meq/l(  �  �  

N   % ��/�  �
/�   ��5'%6 7')meq/l(  �/4  �/4  

P   p.p.m 4/��  
/�4   %86)meq/l(  2/2  
/�  

K  p.p.m �
�  ��
   ��9:/!)meq/l(  4/2  
  

����  !� -/:7  !�7  $/*;� </�=��>  �2��  24�  

Fe  p.p.m �/�2  
/��   ?*@86)meq/l(  
/�  �/�  

Zn  p.p.m ��/�  �/�   ?�A*5�)meq/l(  �/�  4/�  

Cu  p.p.m 2�/�  /�   ?�B!)meq/l(  �/4  �/�  

B   p.p.m ��/�  �/�  SAR  �
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CS; @�#�� �& I#�' D� �6�& ���U�� �)� �&	 F0< F

 Q(�� 2+ ���U� F0< ,'�)� �� ) �&�C �a���M��]� ��& 

	U� F0< �%�)� �� ) I/<� $C�= 2+ ����� �
�� ) FV!� (

�C `C�5� I� Neto et al. (2008) HS% �C ) Rakngan 

et al. (2002) �� !�C ��' ��P �& I#�' D� ���U� I� �

&�C $C�=.   

C ID� @�; ���U� �)S�1 � �& &�8��	�U� IT	��G 

C- I#�' �& &�8�� D� ���U� � �/T�� !�C �)FV! a �r 

)b �r (2�T
 I�� ���(&	 I� $'� �QRC �(4 	��-�� 

�B� ��	 �@��
� �(4 %E-�� D� ������� !�C D� ) ��

%E- �& ��! ��QRC �(4 �	NB� QU
 IT�  �!� �&

�8	&��& �]C ��' �& � .�	U1� �-X��3; `C�5� ` �(4 

&��� �& &�8��  ��((Baherle et al., 1994)�! "- F
(Tagliavini et al., 1999; Tagliavini & Millard, 

2005) )&�; "(Frak et al., 2002)" CS;�(Quartieri et 

al., 2002; Sanches, 2002) ; )- .S(Grassi et al., 

2003) �� !�CC I� �- 2��� ��� �	�B� IT ��	 QRC �

%E-��  D� ������� !�C �� &�m� �!� "�]C ��' �& I� �

 ��/���� ���.  HS% �C	I/<��(4 ' &��� �& &�8��- j

	�[ IL��V	I M26 (Millard & Neilsen, 1989) CS; )� 

(Neto et al., 2006; Neto et al., 2008) I#�' I�  �(

�B� ��	%E QRC �-��  �& �!� �9+ $B8 D� �����

                                                                                   
1. ���� ��	
 �� ���� ��� 
 ���� �� �� �� ��� ���� ��
 ����� �����. 

 "$'� �]C ��'�� !�C� .��� 2�/%�& �& IO�;� � ��	 IT

�B� �	�� %E QRC- �]C ��' �& �!� ) D� ���� !�C �

(Neto et al., 2008) .*78 ���U� ; �& D�- I/�C�) ��

��& IC4 ; �!� ���U� ) ��(-< FM��� "��-3	Y�L�	V� "

��/1�4 �79 �6����	 
 )-�(�4 �79�	 ;- ���� !�C I� �

�!� FM��� �C4 ;-_� ��-- ��� ��� .�C	 �C I� D��6 �

�3<�	��& Q4 
 D� *78 ��%-�3<� 3	 Q�� �C�	 . �&

��! *78 D� 2�/�C�� ��P 
 )-; �& k�C D� 3- IC ��

�	 ) ITI%�! 4�( ���  FU/�� IL�'�� &�! .L�M �&� 

� D� ��BC �& I�	 IC `P��� �k�C �(  FU/���� &�!.   

  

a) 

���� ����� 

   
   

   
   

   
 

ت
از

د 
ص

در
 
 

  

b) 

���� ����� 

   
   

   
   

   
 

ت
از

د 
ص

در
 
 

 
c) 

                           ��� ����   
�� ����           ��	 ����  

��� ������� ����  

   
   

   
   

 
ت

از
د 

ص
در

 
 

 B%�Q 4 a � D� '5� (0�� �E�
F� b  '5� (0�� �E�
F�

 � �=�� � �I
, D�c 
$R
, '��$$GH�	  �=�� � �I
, D� '5�


I�� -
, (�� B;J -�K �� +�
$,6 +LM �CNOO . 5� ��S1�

 -�� ��T��)� (�� B��������9 �( ��� ��T�� �) �� (�� U,���
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 B%�N4 a F� '5� ��( �� B)� �=�� � �I
, D� b  '��$$GH


$R
, '5��	  �=�� � �I
, D�
I�� -�K �� +�
$,6 +LM �

 -
, (�� B;JCNOO.  

  

��&4 �C QU
 ��(-NB� ���  �!� �&@��
� �(4 ;- ��

 )F	�G� � 2�!	$N�# �  �( 2��-� IC� D� *78	 ��

�� ��� ��& I� F0< ,'�)� �& )4 �C ��(-I/<� \�C ��  )

 K#�/� �!��� &�! 
 &��� D� ���U�-
 k�C �- 3

 Q(���� �C�	 (Dong et al., 2001) . D� �6�& ���U�

� QRC �&	 IC $G�
 ITQRC �(4 ��(�	 ;- ��) ) k�C

I#�' ( &�C �/N� F0< ��P �&) FV!b�� (�C `C�5� I� 

Bollmark et al. (1999) �� !�C� .2�3% 2�/%�& �&  "��&

 � D�k�C �(�	 � ��M �& I�	 X3�� !�C ) *78 ��

%E- ���� &�! .
 )- 3�� ��r %�[ 2�� �& F� D� �-	 3

� QRC �&	%E IT- ���� &�! ) FV!b�r ( f��C I�

�3<�	� D� Q	 IT�� &�! (Kim et al., 2009) . ��P IC

��� CS; @�#�� �&� �-��� IC k�C D� 2�3	 ��P �& �

 Q(�� F0<	"F0< �%�)� �& ) I/<� 	�]� �[-	 IC 3

�/N�	� �-'� �VN� 2�3-
 ) �-� 3-� D� 2�3	 IC IT

���	�3<� F0< ��P �& �	 Q	 �& F0< �%�)� �& ) I/<�

CS; @�#��� � �a���M IC-'� 2�3- I� �	V� \& �	 2+ F

%E- �]C ��' �& �!� �9+ $B8 D� 2�! ���� !�C �

) FV!a�r ) b �r ( �C `C�5� ) X��3;Bollmark et al. 

(1999)  )Quartieri et al. (2002) &�C.   

�lN(-�  �&�U1-U� ,'�� I� Tagliavini & 

Millard (2005)  )Tagliavini et al. (1997) 4)� �C 

CS;� �[)���	 C I� �! ��(�T� $<�; D��6-Q  �


-N� ; �& H�0� &��� D� �-�� �)� �&	F  ,'�� ��BC

%E D�-��  FG# ��' �& ��!�-�>� �� �!& .��C��C	� 

<�� ���U� &�8)� ; �& D�-�� NB� QU
�  �!� �9+ �&

��' �& �N
 ) �(4 &��& �]C. 

����  

�-CS; @�#�� �& k�C ���< 2�3�  IC F0< ��P �&

C �)� ��' �& ,'�/� ��P- ���/� ��u/�  ��' �& )

 @)&��/���u/�  &�C) FV!a�� ) a�u ( 2+ I���& I�

 �C `C�5�Dris & Niskanen (1998) ) Raese (1998) 

' �&-) j Lee et al. (2006) CS; �&� L) �&�C�  $G�


I]L�5� IC Arzani et al. (2005) 
 )-3 Klein et al. 

(1999) C- �/T�� !�C I� ��\�N/M� 	V� \& �	 2+ F

��!	j'��� , ��% ��(Wojcik & Wojcik, 2007)  )

��( ) *+4 ��! IC $G�
 2�B�6� IU5��	8 2��B� , $B

CS; K�/R� @�#�� ��� ) $T�� �� !�C�  �& I�

Q()o[ �(4 �+� �C	/�� ; ���# �W
��- &�) �)�8� .(  
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�lN(-� �- ��P �& �)� ��' �& k�C ���< 2�3

CS; @�#�� �& F0<� �U�	 IC @)& ��' �& ��� �&�C $C�= �G

���	�3<� �C �	[ Q(�� IC J)�! F0< Q- I� &�� ��
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X��3; �C `C�5� Clark & Smith (1990)  "�L���% �&

Dris & Niskanen (1998) ' �&-"j Castillo 

Gonzalez et al. (2000) 4)� �C  ")&)���)+Vemmos 

(2005) 4)� �C  "I/�[Fernandez Escobar et al. 

(1999) 4)� �C 	"2�/ Buwalda & Meekings (1990) 

CS; �&� '+-��	 ) Toselli et al. (2002)  @�#�� &��� �&

S;C�  &�C) FV!b �� ) s .(  

CS; @�#�� �& k�C ���< ���U� I���&�  ) �)� ��' �&

 @�' ) @)& "�)� I�M��I
�N
 �-;4 ��� IC- j  

��/���s/� "��/� ��u/�  )�s/���u/�  IC @)& ��' )

���-j ��/����/� "��/� ��/�  )��/���u/�  I� &�C

 ���< ���U� I���& �C `C�5����
� �-;4  FM��� �& ��!

�!� K�/R�4  ,'��Toselli et al. (2002)  &�C  

)FV! a�� ) a�u .(  
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 B%�X 4 a � D� �"EJ (0�� �E�
F� b � �E�
F� �"EJ (0�

 � �I
,c  �=�� �"EJ (0�� �E�
F�
I�� �� +�
$,6 +LM �

 -
, (�� B;J -�KCNOO . -�� ��T�� 5� ��S1�) (�� B����

����9 ��( ��� ��T�� �)����� �� (�� U,��� ( ��, ��T���

)�
��.� �� (�� �9��� (+� (�
.  

�)� �& I#�' ���< �6�& ���U�	 �a���M �!� F0< F

/!�& �� ���U� D��6 IC �!� F0< ,'�)� �& ) I

��]� 4��&  Q(��	��� IC ) I/<�	 �!� F0< �%�)� �� �

� IC-�38 2�3� �3<�	 Q��]� ��& [- ���� ��� )FV!s (

X��3; �C `C�5� I� Chelik & Herceg (2002)  )

(2002) Cheng & Fuchigami   4)� �C HS% �C ) �L+

 �	�/
Vemmos (2005) 4)� �C  I/�[�� !�C�.  

� ���1� ���< ���U�	CS; @�#�� �& IT�  ��P �&

 Q(�� F0<��]� ��& 2�T
 I� &��  ���U� `C�5� ���(&

� ���<	_� FC�U� �& IT--1� D��-5� �� !�C �)FV! 

c�u ) s .(I]L�5� �& �4  ,'�� I�Hokmabadi (2003) 

4)� �C ��! Q��4 �/
 $<�; D��6 I/�[ @�#��	 �

� ���< ���U� I� &�& 2�T
	� �& IT	 $!7; �C @�#�� �

�38 Q(�� F0<� [- ���� ���  Q()o[ �C `C�5� I�

 �n�M�� !�C�.  
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F� �"EJ �	 � �I
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 �=��
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$,6 +LM � -
, (�� B;J -�K �� +CNOO  

  

����	
  

'�/[ ���U�-CS; @�#�� �& k�C �� C �)� ��' �&- �

s/r ��/�  @)& ��' )�/u ��s/�  IC $G�
 I� &�C �6�&

�-�G# ��! X��3; I���& 2�3�  2��B� IU5�� �&

(Arzani et al., 2005) �/T-C �� !�C ���(& 2�T
 I� �

��( ) *+ ) ��%4 X�/�; ) $T� $B8 �/BC �	 �

 2�B�6� IU5�� �& @�#���� !�C �)FV! a�� ) a�� .(


 2�B�6� �& IO�;�-') I���& 3-���4  ) ��( ) *+ �

��!	��! IC $G�
 ��% ,	 �n�M Q()o[ @�m
� F1� ,

�C I� &��& &�8)	/�� &�! I8�� .� �&	 Q()o[ � ���U�

'�/[-CS; @�#�� �& k�C �� '+-��	  D)�����]� ��&4 

� F0< ��P �&)� IU5�� )& �( �& �!	T�  &�% �

�&�& 2�T
� �)� IU5�� �& ) �
�-'�/[ 2�3- IC k�C �

���	�)� � �	�3<� F0< ,'�)� �� F0< F	 Q	 �� ) I/<�



��Z             ���� �	
��
 ���� ����� ������ ��
�� �� ����� 

#�C $C�= D��6 IC F0< �%�)��  �
��)FV! b �� ( I�

�C `C�5� Clark & Smith (1990) ) "�L���% �& 

Vemmos (2005)  ��' �& ��� &�C I/�[ �&_� @)&-- D��

L�'-� IC I
�	�)� �& I� &�C D��6 �	� F0< F- 2�3

'�/[-��� IC ) �&�C �a���M k�C �	� �- Q(�� 2+ 2�3

[- ���� ��� )FV! b �� (2�T
 I�G5� ���(&- �C `

��!	��( ) *+ ,�	  �!� F0< ��P �&�� !�C I� �

�C `C�5� Buwalda & Meekings (1990) CS; �&� 

'+-��	" Dris & Niskanen (1998) ' �&-"j Toselli 

et al. (2002) ) Fernandez Escobar et al. (1999)  �&

 &���	&�C 2�/ .'�/[ ���U� I���&-CS; @�#�� �& k�C �� 

 @�' ) @)& "�)� I�M�� ) �)� ��' �&I
�N
 �-;4  IC

���- j�/� �� "s/r ��/�  )r/r��/�  IC @)& ��' )

���- ju�/u��/� "r/���/�  )�/� ��/�  `C�5� I� &�C

'�/[ ���U� I���& �C- ����
� �-;4  FM��� �& ��!

�!� K�/R�4 ,'�� Toselli et al. (2002)  &�C)FV! 

a�� ) a�� .('�/[ ���U�-CS; @�#�� �& I#�' ��  ��P �&

)� F0<	 ��P IC Q��]� ��& �)� �	 �%+ �� �!� F0< F

 Q(���� �C�	 )FV! b�� ( D��6 Q()o[ HS%�C I�

 I/<�;4)� �C ,'�� I/�[ Vemmos (2005) �� !�C� .

'�/[ Q(��-C I#�' �-� �/<�; ���# �&��/'� &��� �A
�	 �

 �!� $B8 I#�' �& �0���� !�C �(Vemmos, 2005) .

'�/[ ���U�-� ���1� �	CS; @�#�� �& IT�  F0< ��P �&

 Q(����]� ��& [- ���� ��� )FV!b �� (2�T
 I�  ���(&

/[ ���U� `C�5�'�-� �	_� FC�U� �& IT--1� D��-5� 

�� !�C� .I]L�5� �&�4 ,'�� I� Hokmeabadi (2003) 

4)� �C ��! Q��4  iRT� $<�; D��6 I/�[ @�#��

'�/[ ���U� I� �!-� �	� �& IT	 F0< $!7; �C @�#�� �

�38 Q(��� [- ���� ���  �n�M Q()o[ �C `C�5� I�

�� !�C�.  

����	����  

�-(�C�� 2�3-�C D���CS; @�#�� k�  F0< ��P �&
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�-(�C�� 2�3-�)� �& �)� ��' �& k�C D���	 F0< F
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�� �C�	 )FV! �� ( I/<�; D��6 Q()o[ �C `C�5� I�

,'�� Rapparini et al. (1996) CS; �&�  )Vemmos 

(2005)  I/�[ �&�� !�C� .(�C�� ���U�- �& k�C D���

 @)& ��'�/T-C  �)� ��' ��� !�C I� �	V� \& �	 F

W�9 2+ �B�C $-� �& ��% D� ���U� �/T	 ��% �

 �)� ��' IC $G�
�� !�C �(Thomas et al., 2005).  
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�	 ) �&�& 2�T
 &�% � �� IT�	�/N� �-� �& 2�3	 �
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 �-� D���	�C IT- ���/T-C  �� @�#�� �
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(Yano et al., 2002).  
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