
����� ��	
� � 
���	�� ��
� � ���� /�	�������� /��	 ! ��	"# � $"# /�	%&�	' ()*+ 

�� 

,- ./' ��&�� 0	
�,� � 0	12�� 3�%4� ,5�	6� ,7�5�	8	�!� �	9:;	� <=- ,� 

.!�:">; �,%?	�
��%� �� @
����� A	;������ B! 
	� 

� %�� C���	� D�E:F� 	G� : /�*D����/� ,��� ��� ��;	H
� 
,1I ,��� ���(

)����	
 ��	�� :��/�/�������� ��	�� :��/��/��(

�:�J# 

;� � �	6%K	L5M
,%�	� 
�	 �� 
	� N�/� �� �� <O � $4�4%� 
	� ,5� 
	� �P5� .� �� �� �
��� .Q�� �����R,� 
� .�	Q� �� ,Q�R� 
	Q�

 ,� ,7T� $���� ���,�K	L5M
,%�	� �	6%;� �.�� U%�,9 ��,E U-�' ���� 	� .� ��&�� 0	12�� 3�%4� ,5�	6� ,7� M��PL B5� �� 0	
�,�

��&�� ,� <=- K	L 
	�,%���	L �5M,%?	�
��%� �� @
����� A	;������ �,! ./' �
! 
	�5%���� N�:Q! �Q��,� 8	�!� .�	Q"#

 D,1I VW� XD(Y�ZYD,1I VW� U� � ��&�� 0	
�,� :I�� X�(Y��&�� 0	12�� :I�� B! 	� [��4� ��)ZX/Y](X/Y���� ,Q%� (

U� �	 �' ���
�	�
��I� )U�$5��%�	� 0��I (�:Q5�,9 �	Q �� ��,QJ' UQ� �� ���	FQ' _̀ �	� a,� b2	E �� .[�Q�4� �� ���=Q� 
	Q�

 ��� U� @�,�L 
	��:
���ZY,WE �+�%;	� �	9:;	� 8	�!� �	5,- N5�,! � U%45� ,%� ,- 0:Q! 	Q� Q5�	5�	&Qc :Q! �	QH5� 	Q";O �� .

.d�e 	� ���&;	f���(Yg@
����� A	;������ 
,%�	� %;	� �� �b�c� ,%�)C0(U��C' 0��I5UQ�L h�
��%Q� 
�� :Q! �	Q �� 	Q�.

	��O5i�,R 	' M��<O� �� 5�Hj k
L ,��,� ��%� ,<O
=1
�)PV ( U����5.�	 .���O �	>
��5,%?	� .d�e D
)C(����<O$QI��� 	� 

PVZX/Y���:;� 9�,
:!.@L	L ��5���O �	�5;���,� D��� 
,%�	� K5U	Q�
X]YD(Y]XD(X](Y�ZY](X�%;	Q� ,Q%� �� ��%Q� 	Q� CQ�; 

���:;� 
,�9:!.	%;5U? ��� �	�; k,7��	6�5,,� ��&�� 0	
�,� U>; ���
�K	L5
,%�	� M��K5U	�
(Y]X�(X](Y�%;	� ,%�
VW� ��

 
�	�O(�� � :I�� K5UZY](XVW� �� 
�	�O X�
�� :I�� :! ��� .��,7� B�
#�	6�5,�� ��&�� 0	12��K5U	Q�
(X](Y�ZY](X

�%;	� ,%�
VW� �� 
�	�OX�
�� :I�� :! ��� .��&�� 0	12�� $�	6%� ,7�××××��&�� 0	
�,�,�K	L 5M,%?	� 
��K5U
	�(Y]XD(X](Y

�ZY](X
,%� �%;	�VW� ��
�	�O (�
�� :I�� ����,95:.;�E	� .d�e l, �,G � �:;	�5K	L b5�	�; ���R U� M�:
�� ��C�� M�	�

K	L5��� 	��	 �' �� h � M5�C�� 	� 
,%�	� M.�,�	
�5� B�
�� .19 ���'�' ,7� ���� ����	��	 
U�K �� U%�� �	?5U	�
/W� ��:
�� �	�; 

K	L5� M�C5c���� �� ,%�5K B5U� 	��:!	� .�,�	
�5�,m B�K	L .5K	� M
;	? �	�
Q'	
�,? UQ� U'	12�Q� ��;� �� :Q;��' ,%?	Q� �	Q6%
��

/��N	�
U� � 8	�!� $4�4%� 9��2O �O �	�;��<O	�
�5��,�
�:�	c� .

�n�� 
	� 
:��� :D��&�� 0	12����&�� 0	
�,� D@
����� A	;������ D,-5�	8	�!� ,G D5K	L b5M

U�:6� 

�����
 ������ �� �!"# �$%�&' 	
 (�&)* ��&)# 
	+, �-�./ 0

�� (
�12* 	+3 , 4� �&�+� 
	+ (
+&� �&5� .�&� (07&/ �&8�9 

!&&"#:�&&$�&&� �&&' ;�	�<&&#��=�	 �&&)"$� >&&)?
@�0 4�&&� 0&&�(A

4	�")� ;	�<#��=�	 ���B�  1,75 4��� :C$0A��$ �
	+&, 	
 

���� �&� �&D, 	
 �&E#F )G�&$4>&HIH1, (<&J K�&L#� �&5� .

�.M)��� ��<J	�  5�.J	�8 N��5 4+LB#�
 :	��
�15� :	�)B#�
0	��
�15�%�' ;�<"$ :�.)5  I/+� (�OB#�
 :4�	0�B8 (<PB#�
 : 5�.J 

*: P)#0�1P?� �2� :Q�R��P, S+T2, :mosaddeghi@Basu.ac.ir 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.8

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             1 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.8.8
https://jcpp.iut.ac.ir/article-1-872-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��	"# � $"# /�	%&�	' ()*+ 

�� 

U$ .V)WS�X1#� ;�	�<&#��=�	 4	�&")� ��%�&' 	
 ��(�	 
��	�&8 

��	
 �$
+Y Q<,4,�
  Z7[�� 0�$W),� \]5 40	 :^&/�� 

	�B1#� 4	�")�  ,+"/ 4�$ (
�_15� �`� �� ZF ��  ��&$ �&5� �&8 

G5+�0 �$
+Y W�� 7[�� Z(<J (
+?F �$ <#�)��.(

a�b,  &,  &,�
 4�&$
+8 <&#�+�  &*A�0 4�&$ 0  &P�=)� 

%�&'  ��)")J0�1P?�  &�0�P), �&)c"� 0 �&$ �&E#F �&� �	 	+&3

(<&&"/ 	��&&d �)`e&&� �&&D� 4� <&&$
 .W)&&.V&&���`�  &&, <&&#�+� 

C.P"$�� 4�$ 4�18�&� S+I&5 W)&� %�&' 0 �&$ <&.#�, C�f�&�

 P�=)�)Physical filtering(>��X1, Q��`� : &P�=)� 0")&J) �� 

	�� g+]5 W)�	�
 0=)# 4��� ���d	 Z�� ;�P, 	
 4�$ ��&� 

�	 	��d �)`e� �D� <$
)��.(

�8�9 �$<)h+I8 )>,�J Q�	i ���]d��/�����,);0�j(:

k0��0 4�18�� 0 �$ �$�"5 ��ZF��� 4�&$  &.),� S�&5 �� �&$

 ;+.8 �� C)���g�&],  &])D, �2&�� �?e2, l� ;�+./ �&5� 

)��.(C$0A� 4�$ S�&5 �� 4<.V ����4
7)&, ;F ��  8�&9

 �8 �5� 4�18�� k0��0 0 �$  , �$ <&- <&.V �� C)&� �� <.#�+�

�1, (�_5 �"5 �� .),���� ZF 4�$ S�&X1#� <&.��� )��.(W)&.V 

 ��#�+� k0��0 S�X1#� 4��� &$4�18�&� 0 �4	�&")� 4�&$ ��:��(�	

(�_&&5  &&.),���� ZF 4�&&$ U&&Y N&&"/4��&&��,7&&5  ,+&&"/ 

 #��O#  ��$ �	��
	�
 (��"$ .��0�(AZF m��&., 4��� �?e2, W�� 

Z�J >��d �5� 	�
	+'�� 4�1B)� �)"$� ��)�.(

C$0A��$4S7&9  ��)")&J �&`� �� �]��	 	
 �1B)� �)'� �&$

)�(�F  5�.J  #�8 :;�+H �$)�n(l� �)o �`� :@�&'  1'�+&# �&$

 %�� 0 �	
 >,�J Zp2&� �&`� 0 �$  D]&5 4�&$)�(S�&X1#� �&�

k0��0 4�18�� 0 �$ �5� (
+� �$ .�)`e&� q&I1H, 4�&$�)r1, �&� 

4�18�� �8�9 
	+&, %�&' 	
 �&$  &5	���&5� �&1��* 	��&d .

4�18�� �8�9 �9 <.#�, �$8 &*A�0 �)`e&� �&D� g7,� �4�&$

 0  P�=)� 	��d %�'  ��)")J 
	�
. *A�0 �I"� ��  P�=)� 4�$ 

, s�R�	� W�� 	
 UE, �� ;�+� %�&' �&�+3	 ;�=&), 0 ���� :0


�&8 (	�&J� S�)&5 	
 4�18�&� S�&X1#�  ��&#�+� 0  ?�OV .%�&'

 , �� <#�+� 4�18�&� S�X1#� �� 0 (
+"# >"/ (<.�f�� l� ;�+./ �&$

 
	��O� �)`e�)�0��.(

C$0A� 	
 �$4�18�� �8�9 
	+, 	
 (<J K�L#� 4:%�&' 	
 �&$

  *A�0 �)`e� �� 4
�&�� �&�+� %�&' ��+3	 ;�=), <.#�, %�' ��  ��$

 �&5� (<J .�&c?�], 	
 =&I), 0 <&�+�
 �&Y 4�)�(�&Y�9 
	+&, 	


 4�1Y�&&� &&I8 �)&&J�J�)Escherichia coli(;+1&&5 	
 W&&J 4�&&$

)=�	�+Y (��J �D��1�+3	 G &� :<&#
�
 K�&L#� q&I1H, � �&�W

1#):t�R&J� �&� l�
=# 0 t�RJ�  1�+3	 G���J 	
 �8 <#<)5	 �L

 f�� ;�=),�� C);+15 S+3 	
 �$	�" ��&J �&� �R2# WJ 4�$�G

1�+3	 o) , C$�8 t�RJ� �<��� .u��H1&5� 4�18�� �1B)� 	�<X,

 CH� 	
 (<J ;+15  �f�� 4�$ C�f�&� ;
+&� M&?�o �O#�&)� �$

 �O# 	
  P�=)� 	
 4�18�� 4	�
 ;+15 
+� WJ 4�$ .;�0 0 k�2?�

 @+�	0v ;�0)��(4�18�&� S�&X1#� ;�=), �� @�' ��+3	 �`� =)#

 �+5 w.5	+I� k�#+,0
+5R2f<&#
�
 	��&d  5	�� 
	+, �	 .

�� �&1"8 @�&' ��+3	 ;�=), �8  ]���J 	
 �8 
�
 ;�B# x��1#

  , t�RJ� 4�18�� S�X1#� :<J��  , Q	+- �1"8 �$ 
�&)* .0 ;+&1)�

P"$ ;�	�)n(=#y0��F 7)2RI8 4�18�� �8�9 �� �`z, UE, >,�/

)Klebsiella aerogenes(�&�+3	 ;�=&), �	  .J %�' l� 	
 

<.12#�
 ;F.

 &, : &j��1j?� 	�&� t+&# �&� ��+� �� @�' Q�	i 	
 <&.#�+�

 <.J�� �`z, 4�1Y�� m�
 �� Z�� .{f+"c, �&R|, 	�&� �&� g+]&5 

�1Y�� Z�� ;�+� 4�	�
44�1B)� �� �R2# &_., 	�&� �� g+]5  

 , <.J�� .0 �I"� ���*A �$4J)")� ��1Y�� S�X1#� �� �`z, 4�&$

, �� ;�+�pH 
+"# (	�J� @�' ."J�<I*);�	�j"$ 0 �)�(�`�

pH �1Y�� �Y�9 �� 4� �� 0 (
�Y �c?�], �	 �$�1# W)&5	 �L)<#<

 	
 �YpH |.' 4�$ 5� �� )<4�X, 	
 ���&J �� �2�Id G&)� �&��

�1Y�� Z�� :Q�	i �R|, 4�$	�� 
+�0 �3�'40	 �$4g+]&5 

� @�' Q�	i) , �1B 
+J .

Y��)@�' 	
 Q�_?+5 0 Q�.��Y Q�R �$40 !B&' N3�&., 

#)<&#	�
 
+&�0 	+&�0 �&� !B' �" .�&�Y�� W)&, Q�&R <&.#�+�

0�*A �$4�)=�j J :)")� �� 0)y+?+�j `e&� �D� �	 @�' )�

<.$
 	��d .� �� a<$�A� W5	�� C$0 �#�+�  ��1Y�&� Z�&� 4

2IY Q�_?+5 G5+� w.5	+I� k�#+,0
+5)2IY Q�.��Y 0 U)U

��J 	
��� G�, t�RJ� ;� <J��.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.8

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             2 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.8.8
https://jcpp.iut.ac.ir/article-1-872-en.html


� <=- ,� �	9:;	� 8	�!� �	5,- ./' ��&�� 0	
�,� � 0	12�� 3�%4� ,5�	6� ,7�... 

�� 

���� �p��	�

��	1%�� ���� ���� 

����J 	
 C$0A� W��,�F G�$�OB 0	4;+15 �12&J W&J 4�$

 (<J)ZF �&�  #<),�&JF �&]X, ZF 0(��&J 	
�G;0�1&5 K�&L#� 

���*.+, WJ 
+&�  I9�&5 W&J t+&# �� (
�_1&5� 
	 �&Y 	�<&X, 

Q�.��Y)c�))�� (<J W;+)5��1)� �0	 1B&*��  (	
 
+&�+, ;F 

�/�0 <-	
 	�<X,(
�,  ?F V�# ;F )=
+� .
	+&, W&J M)8�� 	


 >PJ (
�_15� 
+&�0 K+&).),+?F 0 W&$F 4�$<)2&8� q&I1H, 4�$

 �J�
)S0<��.(

�,�F 4�$	�")��B �$<-	
 >,�J 4I1H, 2&IY Q�&.��Y q)U

):�_&&-�:��0��<&&-	
 (2&&IY Q�_?+&&5 0)U):�_&&-�0��

<-	
(?+� )%�, �8�J <)Merck ( �� �8 
+� &#�0 Q	+&- �&� 


�* s+IH, WJ�<.2&IY Q�_?+5 :WJ Q�	i (��<#�)Q�&.��Y 0 U

2&&&IY)�&&&.,�
 	
 Umm ��/�}��/�<&&&J Z�&&&H1#� .��  &&&'��

 *A�0  ��)")&J 0  P�=)� 4�$�)�&$	�"41H, 	
 q&I S0<&��

�5� (<J (
	0F.

���:;��9P5� 
,�9��5	��O 
	��	 �' 
	� 

pH s+IH, �$(�O15
 �� (
�_15� �� pH �&1, �<&$ 0�� &P��1P?�

  ��#�5	 �� �E#F �R2# 	
 x.5 4�$~:�(��<#� ZF �� s+IH, *)�4

<J.���)&-�' �3�&' #+�,�&� :U)2&I8 Q�&.��8pH Q�&R)8�� 

a71'� U$ �� qI1H,  #�<&.V <.1&J�<#.Q��&))r� �&.,�
 pH 	
 

�&&c?�], 
	+&&, 4�18�&&� 4��&&� q&&I1H, Q�&&R)8��)k�#+,0
+&&5

w.5	+I�( , >"D� >��d <J�� . ��#�&5	  &P��1P?� �&#+"# 4�&$

 4�	�
 � U)2I8 Q�_?+5 ���f�� �)?79 >)?
 M&)Y�� W�� �R2&# :

�1B)� U)2I8 Q�.��8 4�	�
 4�$	�")� �� 
+� .!"# S+ID, 4�$ �&� 

 , :S+ID,  #+� Q	<d �� �)`e� �+�#	
 <. ��� �Z�&� <&. 4�18�&�

 J�� UE,.<.l"# �I"� �� U)2I8 Q�.��8 0 U)2I8 Q�_?+5 �� 4�$

  , Z+2D, U8 �)?79 <&#
�*)>&-�9 S7&D#� Z�&[ 4���&�

 �&���� M&)��� �&� U)2&I8 Q�&.��8 0 U)2I8 Q�_?+5�}��×�/�0
�}��×�/� ,<J��(. B&��,�F 4�$	�")� 	
 ?�&OV   &X)X9 �&� 

P)� �0	.�1,+(��<#� 4�)* 0?�OV 4�$�&� W1��&* �&�# 	
 �&�

 s+IH, UL9 0 lB' K�� �$	<.I)5 	
 �$ <J �R5�D, .�<&$��

$&&)?0	<)j t�R&&J� )Saturated hydraulic conductivity()Ks(

�&&#+"# �&&$ �&&��` 	�&&�  $�OB&&��,�F �0	 �&&�)Constant-head 

method()�(<&�
�* W))c� .
;<&J U8�&9 �� w&� �0	 W&�� 	

;����	�*<#�, ;+15  �0�' ZF UL9 :W)&c, ;�&,� l&� 	
 �$

(��<#� <J 4�)* . 5	�
 �?
�c, �� (
�_15� �� w�5 Kss+&IH, �&$

 <�
�* �R5�D, .�<$�$ �)?0	<)j t�RJ��)�$	�" a71&'� U&$ �� 

4
��� <.1J�
 :��	+34�YQ�&.��8 ��f�&� <&-	
 �&� 4�&$	�")�

0 U)2I8:U)2I8 Q�_?+5 Ks<#
�
 ;�B# �	 4�1"8 .

	��O5M	�
���O �5

���4E�);+15 ��$45 ��  B��,�F )�$	<.I4t�&_�	� �� w8�)� �~

�]d 0� 1#�5 <J (
�_15� �1, .�� �&d
 �&� 0  &,�	F �� �$	<.I)5

s+IH, �$4��# 
	+, )S0<��(�� {7Rd �Y Q	+- &�!�&'�+#

 _�	� �� <#
+� (<J �1H),F t��� 1#�5 <#<�
�* �� �1, .;+15 �� �&$

��)��+&$ �&� (<&J t�R&J� �]X, ZF G5+� W4�&��., 	
 
+&�+, 

s+IH, 4�&,
 	
 07Y+&�� 	
 w�5 0 (<J u	�' �$��� �&�	
 

 1#�5 	�B� 0 
��*~/�Q<, �� �_2"�� �~<#<&J ;0�1&5 �X)d
 .

���;+1&5  ,�"� 	
 ���B, ;���� Q<J �� t�RJ� 	�*<#�, ;� �&$4

�,�F�
�* S�"/�  B�<.;�&��� Q<&J 	�8 W�� 4��� cm h-1�/��

�� �����Ks(��<#� �?�&' WJ ;+15 	
 (<J 4�)*)S0<&��(	


;+15  ,�"� <�
�* S�"/�  �+B�F 4�$ .���4��&�F 	�&� 	+�., W 

# 
	+,)0	 ��4IY);+15 �<J S�"/� �$ .� 	
)�$	�" �# �Y &)�&� ��

 �F 	�� f��  �<.1J�
 :����&� 	
 �&' �"� !)��&#+"# W�&$#&)=

� �E����J 
�L�<J (
�_15� t�RJ� 	�*<#�, G.

�1Y��4
	+, k�#+,0
+&5 �+&5 :C$0A&� W&�� 	
 (
�_15�

 
+&� w.5	+I� .4�1Y�&� �&I"� �� 4�18�&� W&��  &_., K�&* 4�&$

%y��  &, f�&� %�&D� Q	<d �� 	�
 <&J�� .�&R.� �� 4�1Y�&� W&��

 �&�=L� 0  *
+&?F :4�	0�BY (<&.�fF (A&�0 �&)"$� 4�	�
 �&$ 4�

�5� .�+5 4	�
+1&5� k�#+,0
+5 <.#�, 4�1Y�� W�� �O�
 4�$

 w.&&5	+I� k�#+,0
+&&5 0*
+&&?F m&&�	 	
 <&&#�`+, �&&$ .S�&&X1#�

�+5 �$4�)	�"4��4�1Y�&� 4# �� k�#+,0
+&5 )0 @�&' ��&"

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.8

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             3 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.8.8
https://jcpp.iut.ac.ir/article-1-872-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��	"# � $"# /�	%&�	' ()*+ 

��� 

��:-(.$J! � ��:6� &�� �B�O 
	�:��	1%�� ���� B! �� ���
���2O �

PJM)8�� >M29 �� )g kg-1(

 � W$F >PJ �/�

4	+I� W$F n�/�

 � K+).),+?F >PJ n�/�

4	+I� K+).),+?F �/�

��:-Z.�9P5� �� �R,� [��4� �5	� �! � �J5C�� 
	� &�? 0	12�� � 0	
�,? DB! 
	���

s+IH, 	
  #�0 <-	
 

CaCO3CaSO4pH 

�<$��

�1j?��j 

)dS m-1(

?�OV 

X9)X 

)Mg m-3(

?�OV 

�$��4

)Mg m-3(

�<$��

$)?0	<)j 

t�RJ� 

)cm h-1(

<-	
 

>8 >HIH� 

UL9PV�

2#��5+5);+

��b, 

)n(cm 

���/���/���/���/��/���/��n�/���� 

���/���/���/��n/��/���/����/���� 

����/���/���/�n�/��/�n�/����/���n 

���/���/���/�n�/�n/n�n/����/���� 

���/���/���/�nn/��/���/����/���� 

���n/���/���/�nn/��/���/����/���� 

�� ��/���/��n/�n�/��/���/����/���� 

�� ��/���/���/�nn/��/���/����/���� 

�� ���/�n�/���/���/�n/���/����/���� 

�� ��/���/���/���/��/������/���� 

�� ��/���/���/���/��/���/�n�n/���� 

�� ���/���/���/���/�n/��/����/���� 

CaSO4�?�' �/���/n&&& &&& &&& &&& 

CaCO3�?�' �/���/�&&& &&& &&& &&& 

ZF �� �E#F 
0	0 �$4��,��). *
+&?F �&R.� ��  �2&�� G)&D, 

�5� �)"$� <��0.U$�+&5 W).V 	
 4�18�&� W&�� �&O�
 4�&$

  *
+?F m�	 0 4�	0�B8 ��f 4�$ <&#	�
 �)"$� %�' W���� 4�$

)�(.�1Y��4� k�#+,0
+5 D, 	
 w.5	+I)G -�b&1'� �B&Y 

1S�?�&' ��&54
�* &�<.�� (
�_1&5� 4��&&�4�18�&� �&� Q	+&&-

4�18�� :;+)2#��5+5G)D, ;0	
 �� m��, NB )Nutrient broth (

�� �O# Q	<d 4�18�� 4	�
 <J >X1., .
0	0 ��Io4(
�_15� 
	+, 

)�C(;+)2#��5+5 K�"� 	
  ��b, 4�$��� 1#�5 	
 4�18�� �&1,

cP,M)CFU cm-3 (
+� .

;+15 	��X15� �� w� ;�&��� G���&J K0�<&� 0  �+B&�F 4�&$

�� 4�18�� N�	=� :	�*<#�, t�RJ� �&I� Q	+&- 4�)Step injection (

)��(���* Q	+- ."L9 �1Y�� ;+2#��5+5 �� 4�3 �� �N�!

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.8

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.8.8
https://jcpp.iut.ac.ir/article-1-872-en.html


� <=- ,� �	9:;	� 8	�!� �	5,- ./' ��&�� 0	
�,� � 0	12�� 3�%4� ,5�	6� ,7�... 

��� 

I&-� ;=H, )Decanter ( 0	 �&��` ;�&��� Q<&J �&�4 ,�&"� 

;+15 <J S�"/� �$)S0<��.(�&,�F S+3 	
�4��&, G���&J :C

)Boundary conditions(��&� S0� t+# 4�1Y�&� �&�Io 4	��&d�� 


�*�<.�1Y�&� ;+)2&#��5+5 :G���&J W�� 	
4�&� �&8  &#=H, �� 

s+IH,  �+' 1��` ��Io 4�	�
 0 (<J �� �5� �1&5+)� Q	+-

 5	 %�' ;+15 \]5 ��)<.��J��0�' ��, G �&� (<&J S�&"/� 

5)# U12)��� =4�1Y�&� �&�Io 4��&J t+&# �� ���&, G4
0<&D, 

)Finite boundary(
+� .����J W���� {f+"c, G45)U12 �$ ��&Y 

2, S+3)<&#	�
 �HB&, 0 
0<&D, S�X1#� �);+1&5 <&.#�, 4�&$

 $�OB&&&&��,�F (�&&&&� &&&&, 	�&&&&Y 
0	)��(.�&&&&)?0� G���&&&&J 

)Initial conditions(4��� U12)5 ��Io 4�18�� �I/ �� ;0�1&5 

&J ;<J 
+&� �_&- �&���� W.+B&�F �;+1&5 	=� �� w&� �&$ &� N

2#��5+5)�1Y�� ;+4;+15 �� u0�' �� �$PV �UL9 ZF�_., 4

�&&&,�
���&&&�� .&&&9 	
)+B&&&�F W ��1Y�&&&� �&&&�Io :4)C(�&&&�

>-�+�PV��/��0�' ZF 	
  ;+15 (��<#� �$*)�4<J.

C�f�&&� M��&&[)Filtration coefficient()fλ(4�18�&&�

�� �1,�	�� l� ;�+./������� 4	
 4�18�&� C�f�&� ;�=&), CL.5 

�� S�X1#� �)2, <J �R5�D, ��� Q	+-)�0��(:

]�[

C0=oI�1Y�� ��42#��5+5 	
 )	=� ;+�(<J N:)n(cm )CFU(

Cav=(� 	
 4�18�� G5+1, ��Io C��&,�F S+3 	
  �0�' ZF :

)n(cm 0)CFU(

X=;+15 S+3, C��,�F  <.J��)cm(.
 �+B�F K�"�� �� w�:;+15 B��,�F 4�$ +�{�	�� X�� Q	+- 

;0�15 G���J 	
 
+$ ��� 0 (<J �1J��* ���f&��~}�:��}~:

�~}��0��}�~ 1#�5 �1,4U)2&X� <#<&J .��&�4�&�	�&Y W�&�

 l� �� (
�_15��
	�0 0�)# ;+15 4�E1#� �� ;+12) (
+"# s+&IH, �� 

'�
 >5)	<.Iu	�' 

�* .G&' �� (
�_15� �� C&8 u	�&' �&#+"# :

�	 (<J �"2&d 	�&EV �� U)2&X� (
�&8 0�&$ �� �"2&d w&� �� 

;
�8 s+IH, ;F >8:��f l&� �#+"# &,�*  �&?+? 	
 0 �1&J�
�� 

C��,�F�	�
4cc��=O$ 1,��_2Q�U�<&5 ;0�1&5 �&1H�	 <&J .

�	 �&/+"L, W�� w�5 Q<&, �&� ���&X)d
 �
 ;�&P� w�&5 0 (


(<#���? 4�18�� �� d�� 4�$ <#+J u��H15� (<J (<#�,.

E� ��  �0	 (<J a�- S+ID, �� 4	�<X,)�d	 �M&5�., 4�$

0	4&&D, )GNA )Nutrient agar(�B&&Y<&&J .�E#��&&�Io {�&&1

d�� (<#�,)Residual concentration) (Cr(�&� ;+1&5 	
 4�18�&�

 4�18�� 
�<c� k�5� 	
 (<&J �	�"&J 4�$ s+&IH, �� K�&* �&$

 <&J �R5�D, .&"$ �&�)# �0	 W&)�&#+"# =�&$4&�0�' ZF  ��

;+15 �1Y�� 
�<c� 0 �BY �$4(��<#� �E#F *)�4<J.

���� $��/' � U5CH' 	�

Q�&.��8 	�<X, 	+1Y�� 0
 �� >�	+18�� :(
�_15� 
	+,  B��,�F g�3

 
+&�  �
�b� {7,�8  I-� g�3 M?�d 	
 U)2I8 Q�_?+5 0 U)2I8

 �8 <J ���� 	��P� �5 	
 .K�&# �� (
�_15� �� 	�=&�� SAS (
�
 4�&$

 <J >)ID� 0 ��=L� (<J �J�
�� .�)r1,  5	�� 
	+, �12��0 4�$ :

�&[�Mfλ�1Y�&�  R2&&# �&�Io 04d�&�  (<&&#�,)r 0C /C(	


f���$4~}�:��}�:��}��0��}�� 1#�5 �1,4;+15 
+� �$.

�2��X, W)O#�), �0	 �� �$LSD ��&��* K�&L# .#)f�&� ��&"�C

�� 4�18�� Q	+-Cr;+15 N"/ ����� 	
 �&$4+B&�F  �0fλ	
 

� �����)�$	�"4�,�F �B 	�=�� K�# �� (
�_15� �� Excel<J U5	 .

k5	%;q/� �

=L����8 4�$	�")� �`� w#��	�0 �U)2&I8 Q�_?+&5 0 U)2I8 Q�.

 f�� ;�+� �� �E#F >��X1, �`� 0��1Y�� C4f 	
 ��	
 q&I1H, 4�$

 S0<���5� (<J (
�
 ;�B# .� �`�)�$	�"4�,�F &�B �&|Y� 	
 

f��.c, �$ <J 	�
 .2IY Q�_?+5 �`�)f�&� ;�+� �� U��1Y�&� C4

f �����$4�~}��0��}�~1#�5  �1,4?�9 	
 <J 
0<D,  

2IY Q�.��Y �`� �Y)� >��X1, �`� 0 U)f 	
 �E.� �$	�" &� D]&5 � 

.c, <B# 	�
.

K	L5M�� 
,%�	� U5K 	�
X]Y�(Y]X�%;	� 
,%� 

�`�	�")��$42IY Q�.��Y )�E#F >��X1, �`� 0 U)2I8 Q�_?+5 :U��

�1Y�� ��Io4Z�� 	
 (<J f���}� 1#�5 �1,4;+1&5 �&$4

0
f

av

C 1λ = ln( ) ×
C X

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.8

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             5 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.8.8
https://jcpp.iut.ac.ir/article-1-872-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��	"# � $"# /�	%&�	' ()*+ 

��� 

B��,�F \]&5 	
 � &.c, <&-	
 
+&R# 	�
)S0<&�n.(K<&/ 

 .c, a71'� 	�")� 	�
�$4;�B&# <$�J 	�")� �� U)2I8 Q�_?+5 

(<.$
 �E#F ;�2P�  *<.�f�� Q	<d � 	
 �f W��5� �.;<J >9 

�&L)1# 	
 0 S+&ID,  #+&� Q	<&d C��=&�� 	
 U)2I8 Q�_?+5

f����`z, 4�18�� C, <J��)�.(;F 4+B12J S�9 W)/ 	
 �&�

 �"5��f 4�$��)�. �1Y�� 	�<X, C$�Y MR5 4f�&� �(<&J C

f 	
���$4f��  �f �� ;F S�X1#� 0���$4����, W 
+J .

U)2&I8 Q�_?+&5 �&`� 0 U)2&I8 Q�&.��8 	�")� �`�×Q�&.��Y

2IY)�� Uof�� 4�18�� ��I�	
 (<J Cf����}� 1#�5 �1,4

+15;�$\]5 	
 	�,F 4� .c, <-	
 
+&� 	�
)S0<&�n(.	


 &.c, U)2&I8 Q�_?+&5 	�")� �`� ��f W�� 	�
 <B&# )S0<&� n.(

�� WJ 	�")��%2IY Q�.��Y)W��1B&)� �$	�")� ���5 �� �R2# U

;�=), Z���1Y��4�	� 	
 �f W���J�
 )S0<��.(u��H1&5�

  &, �$	�")� ���5 �� �R2# 	�")� W�� 	
 4�18�� 4f�� �&� <&#�+�

 >)?
 � Z��)�1B 8�� g+]5 40	 4�1 ��f�� U)2&I8 Q�&.��8 0

#), 0 ��, >,�/ =)�<J�� .f�� 4�18�� ��Io W)O#�),�(<&J C

&&� 	
)� W�&&$	�")4U)2&&I8 Q�_?+&&5 �&&Y 
�
 ;�B&&# 	�&&")� ��%

�� �1B)� U)2I8 Q�_?+5�5��	�")� �&$ �1Y�&� 4�	� 	
 &� f W&��

f���
�Y C)S0<��.(U)2&I8 Q�_?+5 	�<X, C��=�� W�����.�

5f�� MR�C$�&8 0 (<&J 4�18�� �1B)� C�&�Io 	
 4�18�&�

(�  , �)�+� �	 	�")� W��  �0�' ZF <.8.

	�")� ��%�� M)Y�� 	
 U)2I8 Q�_?+5�%2&IY Q�.��Y)U

f�� ;�=), �$	�")� ���5 �� �2��X, 	
��1Y�� C4�1B)� 4;�B# �	 


�
 )S0<��.( #+&� Q	<&d C��=&�� 	�&")� W�� 	
 S+&ID, 0

�
�<c �)�1B 	
 U)2I8 Q�_?+5 Q�	i � Z��)�1B U&E, 4�18��

 �5� (
+� .�� 4�$	�")� �1"8 �)`e�
�X,�� �)�1B U)2&I8 Q�&.��8 

 , �	 ;�+� ?
 �� )>4�18�� >8 ;<B# u��H15� f�� 4�$�(<&J C

�$	�")� W�� 	
�, 0 ��, >,�/ �&)?
 �&� �&)��&J >�M&5�.,�# G

���1Y�� �24�2#�
.� �O�
 a�3 �� � �&]��	 �&� �&�+� �&�:�

�&_., ZF �/�&5 C$�&84)Pore water velocity ( �&� >&&)?


 ��+3	)>HIH� (�	�
 4�$	�")� 4f��4
�X, �� �)0 Q�.��Y �1B

 2IY Q�_?+5) , U�&� �2&��X, 	
 4�18�� S�X1#� C$�8 	
 <#�+�

<J�� UE, WJ 	�")�:

]�[
q

V
v

=
θ

�?
�c, W�� 	
 �8:V:�&_., ZF �/�54&��$�&� �/�&5 �4

�_.,4�# �/�5 �)#+�+ ;�&��� G5+1, )�&� 4�$�&� �/�&5

 #+�+)#(:q:0  5	�
 ;���� Q<J θv: "L9 ��+3	 	�<X,

�5�.

K	L5M�� 
,%�	� K5U	�
(X](Y�ZY](X�%;	��
,% 

	
 f����}���5 1#�1,4;+15 :�$ 2&IY Q�.��Y 	�")� �`� )0 U

�$	�")� >��X1, �`�)U)2I8 Q�_?+5×2&IY Q�.��Y)U(�&� 	�<&X,

�1Y��4f���C(<J \]5 	
� .c, <-	
 
+� 	�
)S0<�n(.

W�� 	
 U)2I8 Q�_?+5 	�")� �`�f�	
 �\]5� .c, <-	
 	�


 
+�)S0<�n.(

�1Y�� ��Io4f�&� �� 	
 (<&J C	�&")�%2&IY Q�&.��Y)U

�� �1B)��5�� �)�$	�"
+� )S0<��.(�&`� �&�f W&�� 	
 
�&X,��

U)2I8 Q�.��8 ��f�����f <.#�, 4�18�� C��}� 1#�&5 4�&1,

 >&)?
 �� {f�"19�  ?0 (
+� 1# 	
 0 Z+&5	 )�&L �1B&)� u�&�+/� 

��f W�� 	
 ���.,:C��=�� 4�18�� u��H15� ;�=), ����.

W)O#�), f�� 4�18�� ��Io�(<&J C	
	�")� �&$4�&� W&J

 U)2I8 Q�_?+5 �Y 
�
 ;�B# 	�")� ��%�� �1B)� U)2I8 Q�_?+5

�5��	�")� f�� 	
 �$��1Y�� C4�`z&, 
+&� �&5� ()S0<&��.(

 .c, Z+&5	 >)?
 �� {f�"19� U)2I8 Q�_?+5 	�")� �`� ;
+� 	�


 �&5� �&�f W&�� 	
 U)2I8 Q�_?+5 m"L� 0.W�����&.� Z+&5	 

�&�f 
�L�� MR5 U)2I8 Q�_?+5 f�� ;�+&� �&� 4� &� 0 ��f�&�  B

f�� 4��� �1B)� ���., u��+/��4�18�� C�5� (<J .

�1Y�� ��Io W)O#�),4f�� �	�")� 	
 (<J C��%Q�_?+&5

 �� M)Y�� 	
 U)2I8�%2IY Q�.��Y)�$	�")� �� �R2# U4�O�
 

.c, 
+� 	�
.2IY Q�_?+5 Z+5	 �� (07/ ):���., u��+/� 0 U

�&_., ZF �/�5 C$�Y4)�� Q<&J �R2&# &� &5	�
 ;� �&� 

"L9 ��+3	 (� 	
)�$	�"42IY Q�_?+5 )2IY Q�.��Y 0 U)U

� 	
&� Z�)1Y�� �1B&�4� 	
 �f W�E, �&
+� U.),&Y�� ;�=&�14

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.8

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.8.8
https://jcpp.iut.ac.ir/article-1-872-en.html


� <=- ,� �	9:;	� 8	�!� �	5,- ./' ��&�� 0	
�,� � 0	12�� 3�%4� ,5�	6� ,7�... 

��n 

��:- ).@;	5��� U5CH' U5K M5K	L ���' ,� ��5	��O 
	��	 �' ,7� B! ��%� 3�%4� 
	�.d�e ,���&; �E	� 
,%?	� �:;	�)Cr/C0(

�R2# F

�))r� mR.,��	
4
��Fcm�}�cm��}�cm��}��cm��}��

U)2I8 Q�_?+5 ���/���/�*��/�*��/�

U)2I8 Q�.��8 n�/�**�n/�n**��/��*�n/n

Q�_?+58U)2I ×U)2I8 Q�.��8 ����/�**��/�**��/�**�n/n

*0** : .c, �)`e� �<.$
 ;�B# M)��� �� 4	�,F g+]5 	
 	�
�0� , <-	
 J��.<.

��:-r.U&5	6� 0	12�� 
	��	 �' ,7� B�>;	�� �� ��&�� 0	
�,� ,M5K	L ���'	5
,%?	� ��&; .d�e 

U>; �:! 
���)Cr/C0(��U5K(Y]X�%;	� ��%� 
,%� �
! 
	� 

�))r� mR.,U)2I8 Q�_?+5

U)2I8 Q�.��8��%��%W)O#�),

����/��/���/��n/�

�%n�/���/��n/���/�

��%���/���/�����/���/�

��%�/����/����/����/�

W)O#�), ��/���/���/�

U)2I8 Q�_?+5 U)2I8 Q�.��8 Q�_?+58U)2I ×U)2I8 Q�.��8 

)��/�(LSD ��/��n/��n/�

f����$	�")� 	
 (<J C4�%�&� M&)Y�� 	
 U)2I8 Q�_?+5�%

2&&IY Q�&&.��Y)0 U��%�&&� M&&)Y�� 	
 U)2&&I8 Q�_?+&&5��%

2IY Q�.��Y)
+� ��+� >��d =)# U)S0<��.(

	�")� �`��$42&IY Q�.��Y)\]&5 	
 U)2&I8 Q�_?+&5 0 U

4	�,F�	�")� >��X1, �`� 0 <-	
 �$\]5 	
 	�,F 4�	
<-��

f�� 4�18�� ��Io�(<J Cf 	
����}��1#�5  �1,4 .c, 	�


 
+�)S0<�n.(4�18�� ;�=), C$�8 f�� �(<J C	
f&���&$4

.)���  ,"8 S�X1#� >)?
 �� <#�+��1W�� �� 4�18�� f��<J�� �$.

	
 K�L#� C$0A� ���� 0 w#f G5+� �1��* )��(:S�&X1#� ;�=), 

4�18�&&�&&"/ �&&E� 	

+4�&&8�9 N&&"/ 0 (
+&&� 
0<&&D,

 I� k0��0 �`� 	
 ;+15 40	 Z7[�� 
��	�8 4�$�5
 (
	+'

�!WJ %�' t�R&J� G���&J 	
  ,+?���1#�&5  �&1,4
+&� .

�&8�9 �� �`z,  ��)")J 0  P�=)� 4�$	+18�� �� (07/ W�����.�

	�;�	�<#��= �#+* 0  1�+3	 G���J :	�	�<&#��= =&)# �&� ,&);�=


+"/ S�X1#�4, �E#F z<#�`.

f 	
����}��1#�5  &�1,4f�� 4�18�� ��Io W)O#�),�C

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.8

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.8.8
https://jcpp.iut.ac.ir/article-1-872-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��	"# � $"# /�	%&�	' ()*+ 

��� 

��:-X.U&5	6� B�>;	�� 	�
0	12�� 
	��	 �' ,7� �� ��&�� 0	
�,� ,K	L ���'5M	5�&; .d�e �,%?	� 
U>; ���
�:! )Cr/C0(

��K5U(X](Y�%;	� ��%� 
,%� 	�

!�

�))r� mR.,U)2I8 Q�_?+5 

8U)2I8 Q�.����%��%W)O#�),

YYZs/YY()/YZ)/YYs/Y

X%()/YZg/Yrg/YZ*/Y

(Y%()/YY)X/YY(Z/YYXs/Y

ZY%Y**/YY))/YY)/YYX/Y

B�>;	�� Ysr/YY*g/Y(*/Y

U)2I8 Q�_?+5 U)2I8 Q�.��8 Q�_?+58U)2I ×U)2I8 Q�.��8 

)YX/Y(LSD Yg*/YY+s/Y(r/Y

J�$	�")� �� >-�9 (<4<$�&J )�?�&' W&J (<�%Q�&.��Y

2IY)U<��%2IY Q�.��Y)U<��%2IY Q�.��Y)U)W)O#�&),

 �$	�")� �"$4U)2I8 Q�_?+5 (
+� )S0<��.(f�&���1B&)� C

��f 	
 4�18�� 	
 (<&J u��H1&5� 4�18�&� C$�&8 : �f�&� 4�$

 , �)�+� �	 <$�J �� �R2# U)2I8 Q�.��8 4�$	�")� #<��".

U$ 4�18�� >8 u��H15� K</ W).V f�&� 4�$�4��&� (<&J C

	�")�4�$  , U)2I8 Q�.��8 a71'� <#�+� f�&� �CW)&� 
�&X,��

�E#F <.8 ;�)� �	 .W�� 	
f���`� 
�X,����Io �� U)2I8 Q�_?+5 

4�18�� f�&��C &.c, (<&J 
+&� 	�
 )S0<&� n.(<$�&J 	�&")�

 	�")� 0 W��1"Y��%&I8 Q�_?+5 f�&� ;�=&), W��1B&)� U)2�C

�1Y��4�	MR5 <#<J )S0<��.(
�X,��U)2&I8 Q�_?+5 ��f�� 

4�1B)� �`� f�&� �&��C4�18�&� <.1&J�
 .;
+&� �1B&)� f�&��C

	�")� 	
 4�18�� K�&"� 	
 <$�&J 	�")� �� �R2# U)2I8 Q�_?+5

��f  , �$ �)?79 >)?
 �� <#�+� �&)1# 	
 0 ;F �1B)u�&�+/� �&L

�)�1B �_., ZF �/�5 C$�Y :���.,40#)=�`� Q	<d�#+ 	


� Z��)�1Y�� �1B4��f K�"� 	
 �$<&J��.�&$	�")� >&��X1, �&`�

)U)2I8 Q�_?+5×2IY Q�.��Y)U(f�� �� ��1Y�� C4� 	
 �f W&��

	�,F \]5 	
4�.c, <-	
  <J 	�
 .f�� ;�=),��1Y�&� C4	


	�")���%�&� M&)Y�� 	
 U)2&I8 Q�_?+5�%U)2&I8 Q�&.��8

�$	�")� �� �R2#4
+� �1B)� �O�
 )S0<��.(

�E	� .d�e l, �;��%� �� 
,%?	� �:;	���5	��O 
	� 

;+15 	
 4�18�� C�f��  O#+OV�$4.&J  &5�� !&"Y �&� )U

R2# ��Io d��  �1Y�� (<#�,4)r 0C /C(4��&� N&"/ �&���� 	
 

�), 4�&$	�")� 0 <$�J 	�" 2&IY Q�_?+&5 q&I1H)Q�&.��Y 0 U

2IY)>PJ 	
 WJ �� U��5� (<J (
�
 ;�B# .�� ��+� �� >jJ

�}q?� �&$	�")� 	
 (<&J C�f�&� 4�18�&� ;�=&), :4Q�_?+&5 

2IY)��f K�"� 	
 U� �� �R2# �$) &, �1B)� <$�J 	�" <&J�� .�&� 

�=���2IY Q�_?+5 C)��f 	
 4�18�� C�f�� ;�=), :U  �f�� 4�$

 
 ����f �� �1B)� : P�=)� C�f�� >)? <&J  .)��� 4�$ .	�&")� 	


�� %2IY Q�_?+5 {f�"19� U) Q�_?+&5 �1B&)� Z+&5	 >&)?
 ��

2&&IY)<&&J �1B&&)� 4�18�&&� C�f�&&� ;�=&&), :�&&'F �&&�f 	
 U

)>PJ�}q?� .(2IY Q�.��Y 4�$	�")� 	
)U)J>P�}Z(=)#

 ��f 	
 4�18�� �1B)� C�f�� f�� 4�$ �>��d �&8 �&5� (<$�B,

 2&IY Q�&.��Y ��f�&� <&-	
 �&� 4�$	�")� 4��� C�f�� ;�=),)U

 , �1B)� <J�� .��f 	
 ��� 4�$&.) 4�1"8 4�18�� C�f�� ;�=), :

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.8

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.8.8
https://jcpp.iut.ac.ir/article-1-872-en.html


� <=- ,� �	9:;	� 8	�!� �	5,- ./' ��&�� 0	
�,� � 0	12�� 3�%4� ,5�	6� ,7�... 

��� 

��:-g.U&5	6� 0	12�� 
	��	 �' ,7� B�>;	�� �� ��&�� 0	
�,� ,K	L ���'5M	5�&; .d�e �,%?	� 


U>; ���
�:! )Cr/C0(��K5UZY](X�%;	� ��%� 
,%� 	�

!�

�))r� mR.,U)2I8 Q�_?+5 

U)2I8 Q�.��8��%��%W)O#�),

YYY(g/YY(r/YX/Y(+/Y

X%(+/YYZg/YZ/Y()/Y

(Y%YYs/YYYg/YY)Z/YY(g/Y

ZY%YY*g/YYYr/YYYsZ/YY(X/Y

W)O#�), Yrg/YY(Z/Y(s/Y

U)2I8 Q�_?+5 U)2I8 Q�.��8 Q�_?+58U)2I ×U)2I8 Q�.��8 

)��/�(LSD ���/��n�/����/�

$c!(.;�l,  <=-,%?	� 
��%� �� B! 
	�:32� (��&�� 0	12�� 3�%4� ,5�	6� 	� )&�? 0	
�,? ��:���(D

<(&�? 0	
�,? 3�%4� ,5�	6� 	� ��)&�? 0	12�� ��:���(D

i(	�(Y%��&�� 0	12���3�%4� ,5�	6� 	� 0	
�,?��&�� 

�(	�X%��&�� 0	12���3�%4� ,5�	6� 	� 0	
�,?��&�� D

(ب)

0

5

10

15

20

25

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5

Cr(cfu gr-1×106)

(c
m

ق(
عم

شاهد
مخلوط 5% كربنات كلسيم
مخلوط 10% كربنات كلسيم
مخلوط 20%كربنات كلسيم

(الف)

0

5

10

15

20

25

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5

Cr(cfu gr-1×106)

(c
m

)
مق

ع

شاهد
مخلوط 5% سولفات كلسيم
مخلوط 10% سولفات كلسيم

(ج)

0

5

10

15

20

25

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5

Cr(cfu gr-1×106)

(c
m

)
ق

عم

شاهد
مخلوط 10% سولفات كلسيم با 5% كربنات كلسيم
مخلوط 10% سولفات كلسيم با 10% كربنات كلسيم
مخلوط 10%سولفات كلسيم با 20% كربنات كلسيم

(د)

0

5

10

15

20

25

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5

Cr(cfu gr-1×106)

(c
m

ق(
عم

شاهد
مخلوط 5% سولفات كلسيم با 5%كربنات كلسيم
مخلوط 5% سولفات كلسيم با 10%كربنات كلسيم
مخلوط 5% سولفات كلسيم با 20% كربنات كلسيم

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.8

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.8.8
https://jcpp.iut.ac.ir/article-1-872-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��	"# � $"# /�	%&�	' ()*+ 

��� 

!$JZ.' ,7��	��	 
	��O 5��,G ,� 5K	L b5M)fλ(,%?	� 
��%� �� B! 
	� 

��
�X, 4�����%0��%2IY Q�.��Y)	�<&X, �� �2��X, 	
 U�%

�.��Y 2IY Q) , �8 <J (<$�B, Uu��H1&5� K<&/ >)?
 �� <#�+�

 ��f W�� 	
 4�18�� >8 M5�.,�# G���J 
+�0 �� 0 �$4��� (<&#� 

#<#�, 4�18�� �$1# 	
 0), 0 ��, �L)<J�� �E#F �.

� 	
)�$	�"42IY Q�_?+5 )��&_�� %�1B&, ;+� �`� (<�<� U

 &&,  #+&&� u0� �1B&&)� >)PB&&� �&&� �&&�+� �&&� 0 <&&1��0
4CaSO :

S7D#� 2IY Q�.��Y 4����) , C$�8 Q�_?+5 	+�9 	
 U<��� .

	�")���%2IY Q�_?+5)	�")� �� �R2# U�%2&IY Q�_?+&5)U

2&IY Q�&.��Y qI1H, ��
�X, �� M)8�� 	
)4�18�&� C�f�&� : U


 ;�B# �	 4�1"8�
)>PJ4�$�}0 u�}
.(


,%�	� M5K	L b5,G)fλ(

;�"$ 	
 �8 4	+3 >PJ� &, (<$�B, C�f�&� M��&[ :
+&J

 4�18��)fλ(C��=&�� �&� :U)2I8 Q�_?+5 ;0<� 4�$	�")� 4���

  , ;�B# �	  B��=�� <#0	 U)2I8 Q�.��8 ;�=), <$
 .4�$	�")��

0��4�	�
 U)2I8 Q�_?+5 <-	
 fλ<#
+�  #�2P� {�R��X� .�&�

 
�X, �� M)8�� 	
 U)2I8 Q�.��8 	�<X, C��=�����0��<-	
 

:U)2I8 Q�_?+5fλl� <#0	 ��  , C��=��  1'�+# <��� .�V �*�

 2IY Q�_?+5 S7D#�)�=�� 	
 U�Q	<&d C&�#+ 	
 0 S+&ID, 

1#)f�� �L�� C)�1Y�� �1B4�
 CX# �J?0 ;<&J >9 {f�"19� 

� u0�' 0�#�Y W D, �� )� S�X1#� 	
 G)�1Y�� �1B4�� u	�&' ��

;+15 # �$), �`z, = <J�� .�[�f�� M�� 	
 C)�$	�"4Q�&.��Y 

2IY)Y�� 	
 U)2&IY Q�_?+5 �� M)C$�&Y U��&5� �&1�� .>&9

 2IY Q�_?+5 u0�' 0 ;<J)�� U&�0	 ;F Z+&5	 0 +&5 !4

2IY Q�.��Y Q�	i)�� U+54
�f�&� �� �&O�� C&)�1Y�&� �1B4

, <$�Y .U$.V)2&IY Q�_?+&5 ;<&J >9 �� W)�&�Io :U &� ;+
--

4SOD, 	
 )�=�� G�C�&, �&Y �1�� �1Y�&� �&� <&#�+�4��&� 4

0	 Z��4;�j, �$4�	�
 4<.Y ���d	 �R|, 	�� .

UH�%; 
,�9 


+�0�/�
�X, :U)2I8 Q�.��8 <-	
 ��4F 0 W$F ,+?).)�� K+

	��H� 0 4	+I� 4�$(A�0 � �U$ 0 >PJ C�f�� W).V

 ,  P�=)� f�� UE, >,�+/ �� <#�+���1Y�� C4
	+, WJ 	
 

<J�� (
�_15�.1#� x���2IY Q�.��Y �8 
�
 ;�B# (<,F �5
)U

��  .c, 	+3 f�� ;�+�  E�+� >��d 0 	�
��=�� �	 @�' C�C

, <$
 .f�� �`� �� (07/�C4�$	�")�  #+� Q	<d 0  D]5

 �`� 	
 ���., u��+/� C��=�� :U)2I8 Q�.��8 0 U)2I8 Q�_?+5

1# 	
 0 �E#F ;
0=��)�_., ZF �/�5 C$�8 �L4 ,	
 <.#�+�

�

���

���

���

���

���

��	

� � �� �� �� ��

درصد كربنات كلسيم 

ش
لاي

بپا
ضري

مخلوط 0% سولفات كلسيم
 مخلوط 5% سولفات كلسيم
 مخلوط 10% سولفات كلسيم

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.8

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.8.8
https://jcpp.iut.ac.ir/article-1-872-en.html


� <=- ,� �	9:;	� 8	�!� �	5,- ./' ��&�� 0	
�,� � 0	12�� 3�%4� ,5�	6� ,7�... 

��� 

1# 	
 0 S�X1#� C$�8)f�� �L�� C)�� �2��X, 	
 4�18�� �1B

<.J�� UE, <$�J 	�")�.

?79)f�� g+]5 
+�0 0 �1"Y ��B �8 
��� U)2I8 Q�.�

`e� 0)�Q	<d�#+ �	 U)2I8 Q�_?+5 4�$	�")� 	
 �1B)� 

, �� ;�+� �$	+1Y�� ;�+./4�1Y�� S�X1#� �� �`z, 0 UE, 4W�� 	
 

�2#�
 	�")� 0
 . 5	�� �� ;�B# 4�18�� C�f�� M��[ �1,�	��

 t�RJ�  1�+3	 G���J 	
 4�18�� S�X1#� �� 	�")� 0
 W�� �`�

�J�
 .A� W�� x��1#, ;�B# C$0 %�' �8 <$
 �	�
 4�$4

#�Y �$4�+' �� ���_?+5 0 ���.��Y  f�� �� 	
�d �, C)�0�j 

��J 	
�1�+3	 G �)_b� 	+,� 	
 0 (
+� t�RJ� 1J�<E� 0 4� 

, (
�_15� >��d <.J�� .� ��
�X, �3�' ���Q�_?+5 �)"$� 0 
�

 0 U)2I8(A�0 ��%�' 	
 U)2I8 Q�.��8 �
 �� 	+B8 4�$ 
	

C$0A� �$40  c)R3 G���J 	
 (A�0 �� �.),� W�� 	
 4�1B)� 


�)* Q	+- >D, 	
.


��C>�	f� 
�.�=$ ��  BH� �.)5  I/+� (�OB#�
 G5+� C$0A� W�� 4�$

 (	�"J g�3 N��3 ��  BH� 0 ;�<"$����� ���"9 �0<.- 

C$0A� �� �PB� �I)50 W�<� �8 �5� (<J �'�
�� 	+B8 ;��*

,  #�
	<d 0 �*

.

��	
� ���� ��	1%�� 
�. #�L.5 4�_-:t.�.�n��.%�'  ")J+)� 0 4y+?+)� . I/+� (�OB#�
 Q�	�B1#� �.)5:;�<"$ .

2. Bales, R. C., S. Li, K. M. Maguire, M. T. Yahya, C. P. Gerba and R. W. Harvey. 1995. Virus and bacterial transport 
in a sandy aquifer. Ground Water 33(4): 653-661. 

3. Bitton, G., N. Lahav and Y. Henis. 1974. Movement and retention of Klebsiella aerogenes in soil columns. Plant 
Soil 40: 373-380. 

4. Camper, A. K., J. T. Hayes, P. J. sturman, W. L. Jones and A. B. Cunningham. 1993. Effects of motility and 
adsorption rate coefficient on transport of bacteria through saturated porous media. Appl. Environ. Microbiol. 
59(10): 3455-3462.  

5. David, K. P. and A. L. Mills. 2001. Transport of Escherichia coli in sand columns with constant and changing water 
contents. J. Environ. Qual. 30: 238-245.  

6. Goldschmidt, J., D. Zohar, Y. Argamon and Y. Kott. 1973. Effects of dissolved salts on the filtration of coliform 
bacteria in sand dunes. In: S. H. Jenkins (Ed.), Advances in Water Pollution Research, Pergamon Press, NY.  

7. Hurst, C. J., G. R. Knudsen, M. J. McInerney, L. D. Stetzenback and M. V. Walters. 1997. Manual of 
Environmental Microbiology. Am. Soc. Microbiol. Washington, D. C.  

8. Jewett, D. C., T. A. Hibert, B. E. Logan, R. C. Arnold and R. C. Bales. 1995. Bacterial transport in laboratory 
columns and filters: Influence of ionic strength and pH on collision efficiency. Water. Resour. Res. 7: 1673-1683.  

9. Klute, A. and C. Dirksen. 1986. Hydraulic conductivity and diffusivity: laboratory methods. PP. 687– 734. In: A. 
Klute (Ed.), Methods of Soil Analysis: Part I. Physical and Mineralogical Methods, 2nd ed., Agronomy 
Monograph, ASA, WI.  

10. Lance, J. C. and C. P. Gerba. 1984. Virus movement in soil during saturated and unsaturated flow. Appl. Environ. 
Microbiol. 47: 335-337. 

11. Linda, L., C. Rehmann and C. Welty. 1999. Stochastic analysis of virus transport in aquifers. Wate. Resour. Res. 35 
(7): 1987-2006. 

12. Pieper, A. P., J. N. Ryan, R. W. Harvey, G. L. Amy, T. H. Illangasekare and D. W. Metage. 1997. Transport and 
recovery of bacteriophage PRD1 in an unconfined sand aquifer: Effect of sewage-derived organic matter. 
Environ. Sci. Technol. 31: 1163-1170.  

13. Scholl, M. A., A. L. Mills, J. S. Herman and G. M. Hornberger. 1990. The influence of mineralogy and solution 
chemistry on the attachment of bacteria to representative aquifer minerals. J. Contamin. Hydrol. 6: 321-336. 

14. Toride, N., F. J. Leij and M. Th. Van Genuchten. 1999. The CXTFIT code for estimating transport parameters from 
laboratory or field tracer experiments. Res. Rep. No. 137، U. S. Salinity Lab., USDA, ARS, Riverside, CA. 

15. Unc, A. and M. J. Goss. 2003. Movement of faecal bacteria through the vadose zone. Water Air Soil Pollut. 149: 
327-337. 

16. Van Elsas, T. J. D. and L. S. Van Overbook. 1991. Influence of soil properties on the vertical movement of 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.8

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.8.8
https://jcpp.iut.ac.ir/article-1-872-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��	"# � $"# /�	%&�	' ()*+ 

��� 

genetically-marked Pseudomonas fluorescens through large soil microcosms. Biol. Fertil. Soils 10: 249-255.  
17. Warnemuende, E. and R. S. Kanwar. 2002. The effect of swine manure application on bacterial quality of leachate 

from intact soil columns. Trans. ASAE. 45(6): 1849-1857. 
18. Wollum, A. G. and D. K. Cassel. 1978. Transport of microorganisms in sandy columns. Soil Sci. Soc. Am. J. 42: 

72-76. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

44
.8

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
2-

06
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.44.8.8
https://jcpp.iut.ac.ir/article-1-872-en.html
http://www.tcpdf.org

