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Abstract 
Over 90 percent of the wastewater treatment plants in Iran use activated sludge process. Due to increase in 
organic loading rates, most of these plants do not have appropriate performance. For upgrading these systems 
and decreasing production of the excess sludge, a UASB reactor can be used as pretreatment for decreasing the 
organic loading prior to the activated sludge system. Also for improving the effluent quality, a membrane can be 
replaced for secondary sedimentation tank, i.e. changing activated sludge to membrane bioreactor. In this study, 
the effect of significant changes in feed composition, due to the introduction of UASB reactor; have been 
investigated on the population of filamentous bacteria, COD and TS removal efficiency and membrane fouling. 
The results showed that the population of filamentous bacteria increased rapidly from 5 to 100 Count/µL. 
However, this increase does not have considerable effect on membrane fouling. With increasing MLSS 
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concentration, the number of filamentous bacteria increased from 100 to 400Count/µL. As a result, the trans 
membrane pressure was raised from 1.5 to 3kpa and overall membrane resistance was increased against the 
effluent flux. For reducing the filamentous bacteria, a dose of 20 g Cl2 /Kg MLSS was added in few intervals for 
two days. It was also found the number of filamentous bacteria decreased from 400 to 100 after 5 days without 
decreasing the other microorganisms’ population significantly. The trans membrane pressure was also retained 
without any further increase.  
 
Keywords: MBR, UASB, Filamentous Bacteria, Main Micro Organisms, Membrane Fouling,  
 Dissolved Oxygen. 

F�C!	/! 
�*% ��**7& #**O  �*�4
�& � ��F**: Q�**R�& �$.*3� �� 8���**�� ��**]

 �*� 8��.�'
 ��7�6 Y�*�$' #*4
 ��*D7� -�+*5� �*ND� @
 .��*:
�� �% �:� �% /
�� �����% �4�� ��:� ��	 8�*4�� #*4
 .��*� 8��:
 �


�% �� ��:� o�$+ �% /
��E �
1�� ��4
�& �'
 V�'�� �$Nz� � ��$5�
 )+5� �% 
� #O �� ��
�� Y�*�$' @
 8��.�*'
 �$�
 ��F �' �� .�@�'

 �4�*5J ���k
��$%e�*% � �*D7� ��*7& #*O  i�� #4094�*� /
�*�E
 Y�*�$' .�*'
 8�: ��,�MBR �*% �B*�� �F��*� )*%�= ��*4
0�

 �*� /
 ��*4
0� �*ND� @
 .��
� 2��*7�� ��*7& #*O  ��4
�& �*% /
�*�
2�**,7�
 � Y**� #**O  �**$ �� (�**���� Q�**�� � �**E �**$.$� I**� ��4

8�F% -�$NDE ��*D� 8��:
 ��
��%]!�K[Y�*�$' 8�*DE b*$E .MBR 
�*% �*���� ��*: <4�' P	�� �*'
 �*5J �*9�&�� )*$ �]L[#*4
 .

 �*�40	 P4
0**&
 �*% �*O�� �*5J �*9�&�� ���**$NDE � ��
�*F9� ��*	
�� ��:]X�?[.

(���*$NDE M4
�*: (�*5J -�*3S5� (���4@ 8��� �TNJ � {��
�3S5� & � �4�$D$: (�+40$& ��	YF� @
 ��7& #O  �[� �40$ #4�*�

 ���*�	 �*5J �9�&�� �� )�
�E]?�_[#*4
 �� ���*4@ -�*7 �,� .
 �*TNJ �*�
 �*k �'
 8�: i�
0� ��G� �
�% (�'
 8�: V�O�
 ����

MLSS ��MBR �%XUUU �*N$� �*�$  �� V�*� ��*: (�*%�4 P4
0*&

�� P	�� ����� �%�4]`[.

g� /
��+D	 � �����h�% ��� -�7 �,� �� �*5J �*9�&�� ���
 8�$*'� �O$�� #4
 �% �����*% ��*�; �*� �*�
 ��*:� ��*	 <4�*� �� �


�� �5J �9�&�� �% �O�� ��NS� ��:]>[8�
� /�5� #$�CD	 . �*� �*�

Y�
�� �%�\ P4
0*&
 �*%�+$� ��N*' ��*] P4
0*&
 �*% g$� ��4I�

�� /
��+D	 � ��a .�%�4}��*��
��$% ��� 
� �*5J �*9�&�� {��*:
�'��% �4�5J 8��*� i�
0*� � 8��*D� �*�� �*5J �*9�&�� �*� �*�


�**'
 ���4�**: �**N$� #**O  V��**� M4
�**:]c[��**�� #**4
 �**% �** � .
�����% �\
 @
 ���4@ -�E�]
 ��*:� ��	 �� �*5J �*9�&�� ��� �


.��$� y��'� 
/
��*+D	 � v$+���8�
� /�*5� �*���� �4�*	�����& �*� �*�
F/M (

1 Filamentous Bulking 
2 Membrane Bioreactor (MBR) 
3 McCarthy et al. 
4 Choi et al. 
5 Jenkins et al. 

�**TNJDO �pH 
0**&
 �� �I**z� �
�**� �**TNJ�����**% P4 ��**	
��:� ��
�\�� ��7& #O  Y��$' �� �
]!U[����� . ��*B= )*%�= ��	

 �����*% �*; @
 ��*5$% �:� �
�% ��*:� ��*	 8�*: 8���
 �*4@ �� �

�'
]!![:

!~�����% :s,' �% YO; ����� ��:� ��	 �% �
 �* �B�� #�*:
� )$ �
�4���:� �% ���'
 �'��'� (��N%��B*�� �I*z� �
�� � /w$��
 (�*%

�����% ��& ��	 .���
� @�' 
K~�����% :g$��' ����� ��:� ��	 �����% � �
 ��*& ��*	 (@�*'

.���
� -��.�� ��$5$% �:� �E�' 
L~�����% :�$;
 /8�$�m ����� ��*& ��*	 ���*5$% �*$&�A @�*'

.���
� �[��
 8�$�m �
�% 
X~�% ����� V
��
04� :�4
IJ 8�$�m �$&�A P4�O�� �% �4�	 �@�*' 

v+E #4��5$% (W�% .���
� ����� �4���:� M4
�: �� 
� )D7 
 
�����% �:� ��:� ��	 YF� �5J �9�&�� �� �
 � �*'
 ���
��*� #4��

/�D	 8�*5� V�*O�
 ���*� #*4
 �� ���*4@ -�*7 �,� �*: ��m �� ��]
 �����*% #*4
 �:� )�
�E �7 �,� #4
 �� .�'
 �
�*= �*��� ���*� �*	

�&�� ��� /
 �$\�� � �&�� �*% .�*: �'��% �5J �9 #*4
 �� 8��*E
�����% {�� #4
 P	�� i�� g4 f$H�� �
�*= �*'��% ���*� 0*$� �	

.�&�� 

G��#@7� 7 ���! 
G�F�[�8��B v�@ 

/�D	 )+: �� �� ��]!~�� 8�	�5� (j 
 �4�*5J ��*��
��$% (��:
 ��7%
 ��?×KK×_?����*' �*$.� Y*O; .�*: ����*' � �*;
�] �*��

 ��� ����
� /��� @
 � ��$ ?:��% 8�: )$+5� �N6
 �D�= 

K�F�F�>��	2 ��
�N*6
 /0*S� �*+4 �*� ��*% 8�
���� �
�
� 8�: �;
�] ����
��$%

�**� )$+**5� 
� ��**��
� q�**.�
 /
 /��� ��**�4@ ��	�**�4
�& � �**	�
�� �'
 ����� 8�
�� ��94� � ��&
 V�� Q
 /�4�� ��BE )�� ��

 �'��% �% @�$� �� �7=
�� �� � �'
 @
 �*:�% �*�4
�& �� ��� -
�$$z�
�� 8��.�'
 /
 �% �7 �,� #4
 �� ��
 .��: �*% �*�� �*$$z� �\
 �+�
 )$ �

 
6 Substrate 



55 ��������	�
��
���� � 
�

M$*�� ��*�� �� �*F�� � �*5� �*'��% Q�*R�& �$.3� ��4
�& ���
 .�5� 8��.�'
 ����
� �D�= #4
 @
 (�&�� -��6 ���4@ ��4
�& 

G�F�G���S
�4�***5J ��***��
��$% �� 8�***: 8��.�***'
 ��***5J ��***5J {�***� @


 �\�*� s,' �% (/�$'
��N$&��+$�!/UI*&��� �D*'
 �*,= (<*%�����
X/U8@
��
 (������$�A4 ����%�� ���: ���' �1#4
 .��% #�
[

�N� v�� @
 �5J �4
��N& /�$N$�4�e)+:) �'
 8�: ����'!.(Q

G�F�M�>	''\ R��	� C��* 
�*+4 :��
� �*.$A� �� �	�
�	 �4�5J ����
��$% �� /w$*��
 #$��*�

�����% ���4@ �$ �7& �
�% @�$� ���� s,*' ��5��: ��94� � �	
�% �5J �5J �9�&�� ��� P	�� ��T��]!L[g*4 @
 ��*T�� #*4
 �% .

�N� v�� @
 ��.6 �% -�4��
��� )$�� �*� �*: 8��.�*'
 �*z$� /
��E
 �*��$9� �N*6�& �5J s,' @
 ���: r��� 8�
�	 @
 �� �4
�	 ��F%�B;

 �*��
��% �-�%�*'� � �*��� ��*O4
 �*5J s,*' �*% 
� �B*'��� P�*�
 �*� �*5J �9�&�� �4�F� �� �� ���� ��� 
� �5J s,' �% 8�: )$+5�

�% V@W .��.$% f4�7� �% #+D� �; � �*5J @
 �z$� �N6�& �k �'
 ��m
�% 8�
�� �%
�% b$���`�N$� � ���?/K����' .��% ��� 

G�F�T������� C<�< 
0$� �	�
�	 � �  �N� v�� @
 /
 ��� �*% � 8��*% -�4��
�*�� )$��

!U �,= �% �
��' ��EK�N$� �% ��� �N*6�& �*% � �0*$  �N$'� ��*	K
����' �E�' � 8�: ��O4
 ��F%�B; 8@
��
 �� �: ��O4
 �94�+4 @
 ���

�% /
 #�&� W�% �*% Q
 s,*' �D*' �*��� P�*� �*�
��% �*� �*:�% �

% � �5J s,' ��� �% 
� �B'��� �*% 8��*� Q�*'� �
�*� /���@ �
�

)+:) ���� ��O4
 �5J s,'K.(

G�F�U�l�.*�� Q��'\ �f,� 
p
���*; �9*�; #*4
 �N6
 �N$� ��]KU����*' �*�� ��� �*% � ��*%

 Y*O; �*� �*N�� .�*: b3� �4�5J ����
��$%?
� ��*��
��$% �*�$ 
�� #$��� �N6�& �� (���?/_����' ��� �9*�; �N*6
 �N$� #$4�� @


�= �N6�& �� � �:
� �
K����' ��� � ��W�%K����' ��� #$4�� ��@

(��*H� #*4
 �*% �9*�; ��%��	
 /�$'� �% �� 8�: j4�7� �]�H� /


�� ��'�
 ����
� �N6
 8���� ����� �
�% �����& 8�*��� ����� � �:
 �*% �*'
 8�*: ��'�
 �,H� V
�� @
 /���& #4
 �� #4
 �% ���% ��*T��

 *:
� �9� �%�\ x*D� @
 �*+4 (��*��
��$% /��� Q
 {�*.��
 #� ��*	
�� i���� 
� �5J @
 ����� P+� xD� �4 � ����� �
��� .��� 

1 Kubota 2 Poly Vinylidene Fluoride (PVDF) 

(j 
)

(Q)
HP@F~j 
~8�: �;
�] �4�5J ����
��$% g$��D: 

Q~�4�5J ����
��$% �� 8��.�'
 ���� �5J @
 ��4�3� 

HP@G�g$��D: �4�5J ����
��$% �	�
�	 � �  

�4�*5J ����
��$% /��� Q
 YO; -���'��KUU±�*' �*4 �*'X±
�*% �4�*5J ����
��$% /��� Q
 {�.��
 #�:
� �9� �%�\ .��% �6��

L/
 <*B� �*% � {�.��
 -
�$$z� ��
 �+�4
 ��
 :�'
 YF� ��$�% )$ �
 �*��� /�*�@ �*% �*7=
� �+$ ���*$	 ���� /��@ ��� /�'�� �N$� YO;

� -��.�� ����� �+$ ���$	 �*N$ � �*	 �*% �*�
 �+�4
 V�� .��% �	
�



56 
���� � 
���������	�
��

�*% 
� ��� �.$A� �
��� ����� xD� /
0*$� � �*	�� V�*O�
 �%�*�
 �*94� 2�*] @
 � �*�+� ��
� 
� ��*: ��*��
� ��
� �*4�% �� ��
���
 ��*��
� �4��*� �*% (�*	�% ��
�
 ��� P+� �% /��CD	 ����� xD�

 #$*% @
 b*��� �*F�� �*� ��*� #*4
 �� �: �	
�� Q
 @
 � �� #�*&�
V
��
04� �*'� @
 � �*5J /�*: g*5� b*��� �*+N% �*: �	
�� �	

Q
 �$6�� #�&� �� 0$� /
 ��'�� @
 ��*O� 8��.�*'
 p�*DE � ��*:
 8�*��� ��*��� �*4�% �* �; #4
 �� v� .�: �	
�� #+D��$J �5J �


v*+E �*4�F� �� .��: ����
� /�: � �� <��� �� �:�% ��:
� ����
 �� �*'
 #*+D� 0*$� W�% � �; /��� Q
 -��*6 /
 �� �*� �*	�

 @
 ����
��$% /��� ���4@ 8��� �O$���� � ��� �	
�� 04��' ����
�
.�: �	
�� r��� /
 

G�G�C5�
5 )��!�$ 7 ������ 
�% ��*	���
��� ����� (�5J �9�&�� �'��% � -�N4�� ��+NDE ��T��

 �$\�**� �*'��% #$**�CD	 � �*T� ���**� -
�*$$z� ��**O4
 � �*T� ���*�

�$$z� �*% � �*	���
��� #*4
 ��� �*% 8�*: ��*DE
 -�*$$z� ��*3�

�����% /
0$� �% ��N�� /w$��
 P	�� �\
 � �
��� ��*:� ��*	 (�

���D� �% ��
��% �	�
�*	 #*O  � ����� � ����� @
 ��
@�� -��6

���D� � �4��� V�O�
 � �*: )*H��� 8�9*54��@
 �*% 8�*: �:
��% ��	
P4��@
 
��� #$$7� �
�% V@W ��	 y�*'
 �% Q�R�& �.$� ��	���

P4��@
 �
�% ��
����'
 ��F:�� Q��� ��� �% Q�R�& � Q
 ��	
P4�**�@
 .�**: V�**O�
 �**F�
 V
�**�
04� i��D**: ��**	 � ���**: ��**	

�����% ��:� ��	 ��*D�	
� Q�*�� �� ��*��� ��F*:�� y�'
 �% �

j� � Y$O; ����� � )NE �*&�� V�*O�
 ��*7& #*O  /�: �
�]!K[.

��% i��D:��� �*% �*	 �
�*7� 8���*�� � �*: V�*O�
 �*�
@�� -��*6
�����% ��:� ��	 V
��
 04� � �
 �*k �� �*; ��74 �4�� � �; �� �� �	
 �$$z�COD �% (�:�% g4�0� �.6 �% ����� �4�*�� �� � �*�
 �'�

8@
��
 �
�% .�: i�
0� ���*: 8�9�*'� @
 #*O  ��4@�+*�4� ��*$�
�N$.���%1���LVDE 230 �: 8��.�'
.

G�M����6���8�� R!7�/! "�
r* >� 5 
�% /�$'
��N$& )� ����H� �,%
� �N$'�!�� �B'��� ��:]!![

)1(
J

TMPR t µ
=

�,%
� #4
 �� �k 
TMP �5J � �H��
 ��5&e(���'�� b�;�%µb�;�% ��4@���4�

�\ �� ���'�� (�$�Jb*�;�% �*5J @
 �*���� ��*:m3/m2.s �tR
/�$'
��N$& )k ����H� %b�;�m-1 .�'
 

1 BROOKFIELD 
2 Transmembrane Pressure (TMP) 

M�N � 7 O���5 
M�F����\���� ��%���! �� ��7�7 {�����3����* ��0b��* �����

C�@� ��
���� ��KV
��
04� -
�$$z� �*% @
 )*B= ���*: ��*	 #�&�*� ��*�

 ����
�UASB �
� #4
 @
 8��.�'
 @
 �7% ��% ��� �$.*3� P$� /
��E
 ��*��
� @
 �*�=� .�*'
 8�: 8���
UASB �*% �$.*3� P$*� /
�*�E

 �TNJ �: 8��.�'
COD �*	 �� �*�
 .�*&�4 P4
0&
 ����
� �����
 �*% �4�*5J ��*��
��$% �*% ����� �
��� (� �; �� ��*� COD �

�*% V�� �* �; �� �* � .��*% /�*�+4 p
���; �Iz� �
�� �*+�4
 )*$ �

� @
 �**���� ��**��UASB ��
�MBR �**� � -��**'
 ���**; �**:

 �� �* �; �� �*	 �� ����� Q�*R�& -�*3S5� .��*% 0$� �$. �'
 ����!�% V@W .�'
 8�: 8���
 Q�*R�& �*TNJ �*� �*'
 �*�m

 ����
� �% �����UASB ��!KUU �N$� �*�$  �� V�*� 8�
� P4
0*&

 � �:COD ���; �% Y��$' #4
 @
 �����KUU �N$� $ �� V�*� �*� 

/�D	 .�&�4 P	�� �� �T;�� �� ��] V
�*�
04� �*$7D� ��: ��*	
�% ���: �*% �*�
 #*4
 .�*'
 8�: Y� �F��� )%�= ��] �*$$z� )*$ �

�� lE�% �k �'
 �
��� V
��
04� ��: � ���*: ��*%�� ��*: �*% �	
�����% � � ����% #$% @
 �F�
 �G�
 ��:� ��	 �*%�\ �
�7� /�D	 �� �


�� *$7D� P	�*� .���� V
�*�
04� �/
0*$� �*� �*: l*E�% �*	COD 
@
 �����K!�%L>�N$� )�*:) �*%�4 P4
0&
 ��$  �� V��L@�� .(

V
��
04� �+�4
 @
 �7% V�� �*$7D� ���*: ���@�' �4�� �
��� �% �	
V
��
04� �% � ���: ��	 �����% 8w4� ��*:� ��	 )*B= �*% �B*�� �


 @
) �*&�4 P4
0&
 �N$�?�*%Count/µL!UU� (8��*%�� ��*�4
 @

COD �% �����!c�N$� P4�*�@
 .��� 
�$� P	�� ��$  �� V�� �*	

�����% #4
 P4
0&
 �% �� �
� /�5� /
0$� �	TS @
 0*$� �����>_U 
�%?_U �N$� ��$  �� V�� �����% P4
0&
 �NE .��� 
�$� P	�� ��*	

��:� �� 
� �
��� �$$z� ��4
�& �� �
 �� ��� /�$% #$�a /
�� �*�=�
V
��
04� �
�*� V�*D� (�*&� #$% @
 �F��� )%�= �
�H� �% ���: ��	

�����% M'�� ����� �Iz� ��:� ��	 �� 2�3� �
 8��*E � ���*:
 �����*% #*4
 (s,*' �*% Y*O; ���*�� f*B] (#*4
 �% ��*:� ��*	 �

�% .���
� �Iz� �
�� � �4���:� �% �����'
 �'��'� @
 �*��% 8��E

�����% ��:� ��	 � �
�M4
�*: �� 8�*: ��O4
 �$. �' /�4 @
 ���
��
�% �% �@
�	 ���
�� � ���� 8��.�'
 �[��
 <B�� /
��E 
� ����*� ��*	

�����% �ND� @
 .��@�' 8�$�m ��N' )�
� ��:� ��	 �*� �
 �*% /
�*�
 {
��
Thiothrix x$� (021N.Beggiatoa spp x$� �Uc!X 8��:


 V
�*�
04� @
 �*��% #$�CD	 .��D� �*	 ��*:� ��
Thiothrix �*����)
x$�021N�� ( /@� �*% �* 
 ��	�$*'
 @
 Y	 � �$. �' @
 Y	 ���
��

�� 8��.�'
 g$�'
 �$'
 �$T� Y� � �+ �� .���� 
�% V@W ��*��
� �*% ����� -��*'
 �TNJ �� �'
 ��mUASB 0*$�

LU ��L_�N$� ��$  �� V�� .��% 



57 ��������	�
��
���� � 
�

Q7	2F~��
��$% �% ����� Q�R�& -�3S5� � �; �� �� ��
b�;�% ) -��.���N$� ��$  �� V��(

��!���B���\�� �� >��.�6� H�4
UASB 

���\�� �� >��.�6� 	+�
UASB 

pH `~_`~_

CODKXU~!>UKKU~!>U

-��'
L_~LU_U~X?

)� �.�&!?~!U!?~!U

-�. �'!UU~?UKU~!U

�$. �'Y� �N$� �; ��>U~XU

HI@M��TNJ -
�$$z� COD /��@ �% ����
� ����� � ����� 

M�G����\�� �� Q�8 ! �(�,\� ��0b* C�@� ��� ��
���**� ��LV
�**�
04� -
�**$$z� 0**$� �����**% � ���**: ��**	 ��**	

��:� �*% ��N�� /w$��
 P	�� @
 �7% @�� g4 (�
!�*N$� �� V�*�
��$  8�*: 8���
 (�*$ �
 /
0*$� �*% ��*N�� /w$*��
 P4
0&
 @
 �7% �

.�'
 /�D	 �� �T;�� �� ��] (��*N�� /w$*��
 P	�� @
 �7% ��:

 �����*% /
0*$� ��*:� ��*	 @
 �
!UU �*%Count/µLXUU P4
0*&

V
��
04� �$7D� ��
 �&�4 �*% ���*: ��*	 � �*&�4 P	�*� -�*:

�% #O  �$ �7& �% ��� �&
 �F��� )%�= ��] /
0*$� �*� ���]COD 
@
 �����!c�%Xc0&
 ��$  �� V�� �N$� )�*:) ��� 
�$� P4
L.(

�����% �:� �NE ��:� ��	 �� 
� �
 Y*O; �*% s,*' ����� @
 /
��
�����% #4
 ����� #4
 fB] 
�4@ ��� ��B��'
 �;
� �	 �*� �� �*��
��

 ��*N�� /w$*��
 �+�4
 @
 �7% .���� 
�$� �'��'� ��N�� /w$��
 �%
 @
 �**7% (�**&�4 P4
0**&
 �**$ �
 /
0**$� �**% 8��**%��K�**$7D� @�� 

V
��
04� �����% � �: ��4@ �	 ��:� ��	 .�*����� �*%�\ /
 @
 �*7% �

/
��+D	 � v$+�� #$�CD	18��*� /�$% /w$*��
 P	�*� �*% �*� �*�


�����% ��N�� ��:� ��	 �� �
 �*% � 8�
� �*�
�
 ��*� -�$; �% ���
��
��%�4 P4
0&
 ���5$% �
�7�]!K[8�*: 8�
� /�5� ��94� f$H�� �� .

�� �% �� �'
 �% (��N�� /w$��
 P	!�N$� �*�$  �� V�*� �$*6�� (
�� �� P	�� #O  ��$5� V
�*�
04� �*:� 8��	� /�5� #4
 � �%�4 ��*	

��**:� �**'
 �
]!L[�**% �4�**�� . �**% f**$H�� #**4
 @
 8�**�
 �**'�
.��
� �H%�,� �94� �7 �,� �� ��	�����'� 

M�M����\�� ��0b* C�@� ��� ��S �f���J �7� �� 
4
 V�O�
 �] �� ��*'��5& @
 8��.�*'
 �*% �*5J � �H��
 ��5& f$H�� #

�% xD� @
 )B= 8�: b3� �*� 8�*�
�� �*�
@�� ��*] )�*: �� .�*:X
�����% /
0$� ��*:� ��*	 �*� @�� #$* �
 @
 �*5J � �*H��
 ��*5& � �


 /�*D	 .�*'
 8�*: 8�
� /�*5� (�*: �*�&�� �*5J �*� ����@ �*k ��*]

 �5J � �H��
 ��5& /��@ �I� �% �'
 �S5��$	 � ��&�4 P4
0& 

/
0*$� �*+�4
 ��*�� �*% �*�; �'
 8�
�*� �� �*��*F��*� P4
0*&
 

1 Jenkins et al. 

 
Q7	2G~V
��
 04� -
�$$z� �����% � ���: ��	 ��:� ��	 �� �
MBR �
��� �$$z� �\
 �% 

��f!�	5� %�� 
{���3 ~��+* �� H�4

)Count/µL(
F~��+* �� 	+� �7�

)Count/µL(
	+� C� 17� �7�

)Count/µL(

/
�
��w� 
�=�' �
� 

��.��!KU~XU!!KU~XU

��N�LU~UULU~U

����: �
@
_`~!?>!UU~KU

b$�
�	K?~!!LKU~K

��0% /
�
��[��K?~!UKU~K

�	�.$���c~UKc~K

�	���D�UUU

�F���UUU

�����%��:� ��	��0% �
c~K?!UU~>U



58 
���� � 
���������	�
��

�����% ��:� ��	 �% �
Count/µL!UU �*$$z� @�*% (�*&�4 P4
0*&

 /
0**$� #**4
 �**�74 (�**5� ��**O4
 �**5J � �**H��
 ��**5& �� ���**F���

�����% ��*:� ��	 �*�; � ��
�*� �*5J �*9�&�� �� ���*4@ �$\�*� �

�� �����% /
0$� #4
 ���� �.� /
�� �*'
 �*$.� Y�*�$' �
�*% �*	

�����% #4
 @
 ���4@ �
�7� 
�4@ :� ��	���� 
� fN7� 04� -
�m (�

�� -���� ��O4
 �*� ��N$& �4�D� �*� b*��� �*�; � �*�� �*� ��*:

��: ��D� �5J �9�&��]!K[�����% �; #4
 . ��:� ��	 l*E�% �� �

�D� �5J �9�&�� )�: �� ��:?�*+�4
 @
 �7% .�'
 8�: 8�
� /�5�

 
0**$� 8��**%�� (�**: 8�
� �
�**= #**O  )**�
� �� 8��**%�� � 0**$D� �**5J /
�����**% ��**:� ��**	 �**% x**D� � �**H��
 ��**5& � �
 �**�
@�� -��**6

8@
��
 )�:) �: ��$�?/�*D	 .( �*� �*T;�� �*� ��*] �*�=� ��*:
�����% /
0$� ��:� ��	 ���; �� �
Count/µL!UU ��*5& (�*'


 �*\
 �*% ��=� � � �'
 8�
�� /�5� ���F��� P4
0&
 �$	 �5J � �H��

 �*%) ��*N�� /w$��
 �TNJ P	�� *��*TNJ P4
0*&
 �]�MLSS (

�����% �
�7� ��*:� ��*	 �*% �
Count/µLXUU �*� P4
0*&
 (�*%�4
 @
 0$� �5J � �H��
 ��5&?/!�%?/L���*F��� P4
0*&
 ���'�� �N$k

�� /�5� 
� �% �4 � �	� @
 m�*.� )*%�H� �� )*� �*���H� �*�F% -��BE
!?/U�**%Pm-1L?/U�**� ��7**6 /�**D	 .�**�� �**T;�� �**� ��**]
�� ������*% �4�*: P4
0*&
 �7% � )B= (��� @��) �*	L?P4
0*&
 ((

�% � �H��
 ��5& �5J #�&�� P4
0&
 #4
 )$ � � 8��% �O4��� -��6
V
��
04� M'�� 8�
� /�*5� 0$� �94� -�H$H�� .�'
 /��@ ���� �% �	

 �**TNJ P	�**� �**% �**� �**'
MLSS �**� �	�
�**	 ��**; �� /
�**�
 *� 
� �*5J �� 8�*: )+$5� g$� ����H� �*5J �*9�&�� @
 � ��*� Y

��D� ��$��N�]!X �!?[.

Q7	2M~V
��
 04� -
�$$z� �����% � ���: ��	 ��:� ��	 �� �
MBR /
 ��O� P4
0&
 � ��N�� /w$��
 P	�� �\
 �% 

��f!�	5�%�� DO �����T
mg/L 

F�� 	+� �7� 
��� C� )��\Fmg/L 

)��%�� �� 	+�
C� �	-!Tmg/L 

/
�
��w� 
=�'��
� 

��.��!KU~XU?!LXc

��N�LU~UU?

����: �
@
!UU~KUX!c

b$�
�	KU~KUU

��0% /
�
��[��KU~K!UU

�	�.$���c~K_U

�	���D�UUU

�F���UUU

�����%��:� ��	��0% �
!UU~>UXUUXUU

HI@T������% /
0$� ��	��:� �5J � �H��
 ��5& � �
 HI@U������% /
0$� ��:� ��	 �5J � �H��
 ��5& � �
 



59 ��������	�
��
���� � 
�

Q7	2T�V
��
 04� -
�$$z� �����% � ���: ��	 ��:� ��	 �
��� �% �N� ���� @
 �7% �
 

��f!�	5�%�� 
�8\ �� H�4

)Count/µL(

M�� 	+� �7�
�5��8\

)Count/µL(

U�7��� 	+� �7�
�5��8\

)Count/µL(

/
�
��w� 
�=�' �
� 

��.��LXcKX`KL>

��N�?UK

����: �
@
!c!!>!!U

b$�
�	UUU

��0% /
�
��[��UUU

�	�.$���UUU

�	���D�U!U

�F���UUU

�����%��:� ��	��0% �
XUUKUU!UU

M�T����\�� )��\ �� �8\ ��0b* C�@� ��� ��S �f���J 7 �� 
�����% /
0$� P	�� �
�% ��:� ��	 @� �*% Y$*�N� �4�N��n$	 @
 �


g Cl2/Kg MLSS day !U�%-��?���*� �� .�: 8��.�'
 @��X
V
��
04� -
�$$z� �����% � ���: ��	 ��*:� ��	 @
 �*7% �
L�?

/�D	 .�'
 8�: 8�
� /�5� @�� �*+�4
 /��*% �*'
 �S*5� �� ��]
 V
�**�
04� �**$7D� /
0**$� (�**:�% ��**:
� ��$9D**5a P	�**� �**	

�����% ��:� ��	 �% �
 /
 <B� �% � �&�4 P	�� �F��� )%�= -��6
 �$*'� �*%�\ �
�*H� �% �NB= �54
0&
 � �; @
 0$� xD� P+� /
0$�

 )�: �� {�R�� #4
 ��?@�� @
LLg*4 �� .�'
 �S5� �7% �%
 o*�$+ �% ��*��� �
�% 0$� �94� f$H�� @� �*% �*4�N��n$	 Y4�*' @
 

g Cl2/1000K MLSS day!U �%�*'
 8�: 8��.�'
 ��.	 g4 -��
 �SVI @
KXU �%!LU �N$� �*'
 �*�&�4 P	�*� V�*� �*% ��$ ]!_[.

8�
� /�5� 0$� �94� /�HH�� @
 ���% #$�CD	 �N� ����� /
0$� �� ��

 @� @
 8��.�'
 (o�$+ �% P	�� �
�%g Cl2/1000K MLSS day!U 

�'
]!`[.

T�C-��5 ���J 
�����**% P4
0**&
 �**% �**� �\�**� � Y**F� )**��E �� ��**:� ��**	 �


�� gD� �% �
��� �$	�� �$$z� (��� Q�*R�& �$.*3� P$*� �NE
�% Y��$' �N$'�UASB �*% ��*N�� /w$*��
 �*TNJ P	�� �)*$ �

 �TNJ P4
0&
MLSS �*TNJ P	�*� �*\
 (�\�� )��E �� @
 .�'

 �*% �B�� ��N�� /w$��
 �����*% .�*'
 ���$9D*5a ��*94� ��*	

��:� ) ��D� �4��H� �� �
Count/µL!UU ��*5& ��� ���4@ �$\�� (
�����% �
�7� ��
 .��
�� �5J � �H��
 ��*:� ��	 �*:�% ��*4@ �*N$� �


 ���; ��)Count/µLXUU �*% /�$*'
��N$& �*N� �*���H� ((-�*:
�� P4
0&
 �*� �5J �9�&�� lE�% �� �%�4 	�*� �
�*% .��*: /�
� P

�����****% ��****:� ��****	 @� �****% Y$****�N� �****4�N� �****n$	 @
 �
 
g Cl2/Kg MLSS day !U/��*% @�� ��*� @
 �*7% �*� �: 8��.�'


V
�**�
04� �**$7D� �**+�4
 �����**% (�**%�4 P	�**� ���**: ��**	 ��**	
��:� �% �
 �*5J � �*H��
 ��*5& �54
0&
 � �; � �&�4 P	�� -�:

.�: j=��� 0$� 

U�Z2��! 
1- Visvanathan, C., Aim, R.B., and Parameshwaran, K. (2000). “Membrane separation bioreactors for wastewater 
treatment.” J. of Crit. Rev. Environ. Sci. Technol., 30, 1-48. 
2- London, T., Stephenson, S., Judd, B., and Jefferson, K. (2000). Membrane bioreactors for wastewater treatment,
IWA Publishing, London.  
3- Yamamoto, K.M., Hissa, M., Mahmood, T., and Matsuo, T. (1994). “Direct solid liquid separation using hollow fiber 
membrane in an activated sludge aeration tank.” J. of Water Sci. Technol., 30, 21-27. 
4- Yang, W., Cicek, N., and Ilg, J. (2006). “State of theart of membrane bioreactors.” J. of Membr. Sci., 270, 201-211. 
5- Chang, I.S., LeClech, P., Jefferson, B., and Judd, S. (2000). “Membrane fouling in MBRs for Visvanathan, C., Aim, 
R.B., Parameshwaran, K. Membrane separation bioreactors for  wastewater treatment.” J. of Crit. Rev. Environ. Sci. 
Technol., 30, 1-48. 



60 
���� � 
���������	�
��

6- LeClech, P., Chen, V., and Fane, A.G. (2006). “Fouling in membrane bioreactors used in wastewater treatment.” J.
Membr. Sci., 284, 7-53. 
7- Chang, I.S., and Lee, C.H. (1998). “Membrane filtration characteristics in membrane-coupled activated sludge 
system-the effect of physiological states of activated sludge on membrane fouling.” J. of Desalination, 120, 221-233. 
8- McCarthy, A.A., O’Shea, D.G., Murray, N.T., Walsh, P.K., and Foley, G. (1998). “Effect of cell morphology on 
dead-end filtration of the dimorphic yeast Kluyveromyces marxianus Var. marxianus NRRLy2415.” J. of Biotechnol 
Prog., 14, 279-285.  
9- Choi, J.G., Bae, T.H., Kim, J.H., Tak, T.M., and Randall, A.A. (2002). “The behavior of membrane fouling initiation 
on the cross-flow membrane bioreactor system.” J. of Membr. Sci., 203, 103-113. 
10- Jenkins, D., Richard, M.G., and Daigger, G.T. (1993). Manual on the causes and control of activated sludge bulking 
and foaming, 2nd Ed., Lewis Pub., Michigan. 
11- Rushing Pan, J., Su, Y.C., Huang, C., and Lee, H.C. (2010). “Effect of sludge characteristics on membrane fouling 
in membrane bioreactors.” J. of Membr. Sci., 349, 287-294. 
12- Jenkins, D. (1993). Manual on the causes and control of activated sludge bulking and foaming, Lewis Publ., Boca 
Raton, New York, London, Tokyo. 
13- Momeni, A., and Mirbagheri, A. (2005) “Minimization of excess sludge in activated sludge systems.” J. of Water 
and Wastewater, 56, 54-61. (In Persian) 
14- Jiang, T., Kennedy, M.D., Van der Meer, G.J.W., Vanrolleghem, P.A., and Schippers, J. C. (2003). “The role of 
blocking and cake filtration in MBR fouling.” J. of Desalination, 157, 335-343. 
15- Le-Clech, P., Jefferson, B., and Judd, S.J. (2003). “Impact of aeration, solids concentration and membrane 
characteristics on the hydraulic performance of a membrane bioreactor.” J. of Membr. Sci., 218, 117-129. 
16- Xie, B., Dai, X.C., and Xu, Y.T. (2007). “Cause and pre-alarm control of bulking and foaming by microthrix 
parvicella-A case study in triple oxidation ditch at a wastewater treatment plant.” J. of Hazardous Materials, 143, 184-
191. 
17- Hwang, Y.T., and Tanaka, T. (1998). “Control of microthrix parvicella foaming in activated sludge.” J. of Water 
Res., 32, 1668-1678. 

 


