
Arc
hi

ve
 o

f S
ID

41

I-� ����� ��"�# ��-�9�K����� 1�-�# 2F� +���& :3�4 �1 �
�����# $����G�� ���4�� �1)SBR(

F��8<+, #'"��1��� ��'A� !E��4F�'��!, ���;

)!
�?C�Hu/I/MNO"�P�K]/K/MM(

R��B�
0�
�Z� �=�$
�  ;	�
/ ��� ��� 6���
2� � ���/ �U� �"p2� ��	�"�"�� (��"�  ;	�
/ 6?C�� M
 ��� ��";! 6,� h ,� �,� �U� -��$ (�
� ���

 '*� � 7 �/
�� ��	�"�"�� ����� �U�  ��"� � ��*� MP� 
.�� V�XN� �	� �����"Cb�� ���"C� 6C*"���� �,U
 6,� ]mv,*"� 6,b 
,C�� 
�CK�* (
�"����$ �� �
C;b �"79 7 ���AC*� .�"4 �� ���"Cb�� �� �� 	�� v	�
7 ��U	� �� z� '#� 6�"2� 9V�XN� ��� ,��",��& � (���

��
C�����	M�=P �� �COD 9MLSS 9MLVSS 9DO 9SVI 9SOUR�P�� ��� z�"��  ��"� 8	
� '	��� �� � � ���(Y)  ,7 ��U�� .e	�,C�

 ��"J*  ��� ���� �� 6b ��� ��#�Rm* 8	�
� ��� ��a�C;Y�Kd6� 8��
�ky/m�J�� �J�� 6� z�"�� �
B �
BCOD �(1/day)mky/m
B 6=*�N� 	�
 .6� V�XN� ( �� 6J

� �� 6,� �",Cb�� �� ��� {,JC?� (��CDJj �� ��	�"�"�� ����� �U�  ��"� -��b �"D;� %��,;C� M�,7

  	�
B ���AC*� .'DJj �� ��� 6b ��� ��#� e	�C�]]�J�� �
B 
� (��� 6� �
BMLSS �a�C;,* 8	
� '*� ���P �"Cb�� �� Y�� �� ky/m
6�]S/m�J�� � z�"�� �
B �J�� 6�
BCOD  �� -��b.�6��	�"�"�� ����� �U� 0�=	
X� 
>	� I��=!Tm',/�	 -��b  w�� .�,��COD 

6� �"JN� .5 �� X���9� 6C/�	 -	�./� � 7 6�A@� %�K� �� hi
  w��COD �� t]6,�  ��,7 �",C$�� ��  w�� T] ,w�� �",C$�� �� 
-	���& �*� .��.�� �/
4 �� SOUR�SVI DJj �	� ��6� �/
@� ��� '6� 8��
� mgO2/h.gvssT�]s�,J�� �
,B 
,� 
,C��  �,*�.

��� 'DJj��
��
� ]s�J�� �
B9�
B
� (��� 6� MLSS�"Cb�� �� 9 #� � ��#� (����� �U� ��� .

2I
& ����:�!�:$�7W
$�7���0�� ��
�7� M�Y/I����, 	*� M	*� .���
!��:
 M[���, !���4 \/��M.@
 .

Intermittent Ozonation to Reduce Excess Biological Sludge in SBR 
 

Afshin Takdastan 1  Aliakbar Azimi2 Ali Torabian3

(Received June, 15, 2008      Accepted Apr. 8, 2009) 
 

Abstract  
A combination of ozonation and an aerobic biological process such as the activated sludge has been recently 
developed as an alternative solution for sludge reduction with the objective of minimizing the excess biological 
sludge production. In this study, two SBR reactors each with a capacity of 20 liters and controlled by an on-line 
system are used. Once the steady state conditions were set in the reactors, sampling and testing of such 
parameters as COD, MLSS, MLVSS, DO, SOUR, SVI, residual ozone, and Y coefficient were performed over 
the 8 months of research. Results showed that during the solid retention time of 10 days, the kinetic coefficients 
of Y and Kd were 0.58 mg biomass/mg COD and 0.058 1/day, respectively. In the next stage of the study, 
different concentrations of ozone in the reactor were intermittently used to reduce the excess biological sludge 
production. The results showed that 22 mg of ozone per 1 gram of MLSS in the reactor was able to reduce the 
yield coefficient Y from 0.58 to 0.23 mg Biomass/mg COD. In other words, the excess biological sludge reduced 
by 60% but the soluble COD increased slightly in the effluent and the removal percentage decreased from 92 in 
the blank reactor to 76 in the test reactor. While the amount of SVI and SOUR for this level of ozone 
concentration reached 6 mgO2/h.gVSS and 27 ml/g, respectively. No excess sludge was observed in the reactor 
for an ozone concentration of 27 mg per 1 gram of MLSS.  

Keywords: Sequencing Batch Reactor, Biological Sludge, Oxidation of Sludge, Yield Coefficient,  
 Ozon. 
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����0�20 ��(����
;������*	���[ �����	�" $:�FG �� ���� �COD 4MLSS 4
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��*#�� �=�( �PQ :Q" T>
 ���S L����7��4SV1 4�N��	 -Y�K �
�g����#� 'g���$(SOUR)�:G���
 ��� $$ '���0�	 d����U �����?0 �(

 :a�*� Y�@ O�P0� .�0�20 X$� ��(�
;��	�" O��P0� $�T��� +�F, 
��(�2���;(�
 �*	 (���0�* � -�*r �( b���	 ]BJ[.
G�
 ���:� X$� 8 �� '�0�	������j���� c�3�>	 E���	" ��
 

�*	�*�$�*y�� � '�j*� ( 8 ��;DR/2000 +�F, (���0�*� � X$�
'���0� �*	 
��;�@]BJ[.
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 ������[ 8����@ ���Fu� �� Z[ ���*	��4

O�P0� ��(�
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 (�����	 ���PQ ����Q�� T����# 
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�:41*��  ��# �
 ]$��@ �G���� 1*��  ��
 ���a�@$ �

2 Mixed Liquor Volatile Suspended Sold (MLVSS) 
3 Specific Oxygen Uptak Rate (SOUR) 
4 Indigo 
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 �$� Y$Kd*

khh=COD ^hh=COD Xhh=COD *hh=COD 
MLSS COD MLSS COD MLSS COD MLSS COD 

?��An���
 
)	K��(

BtwJ sJJ BHwJ ^JJ BwwJ IJJ BIBJ HJJ J
BtHJ __J Bw_J ItJ BwJJ tJw BwwJ BJt w/J
B�_J wHw tJwJ t�J B_BJ BtH B^JJ sB B
tIwJ HBH tHJJ BJ_ B^sw �H B_^J w_ w/B
t^HJ B�s tIwJ �B B�JJ _H BswJ Hw t
tstJ BHJ t^HJ ^� ttwJ I_ tJJJ Bw H
t_t^ wI twHt Is tHsB BH ttHs w I
tB_B tBwJ Bss� B_�^ X

^s/J ww/J II/J Hw/J X/dx
Hw/J tw/J tJ/ B^/J X/ds

*�����$ O�2�d���
 :��	 O�
�(� � �*�Q .
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 �� �( ���*0($ �@� �
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 d���U ���6� ;��
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 ��Q�� d��U 'g�$)Y(4��
L�����7� ��
 �F��0 ���	� ���$ �( ;��Q�� Z	��
 L����7�COD 
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 ����Q�� d����U
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�� �� '(�)* � �
 �� 	:�����F �/	 (�# 

)B(dX/dt = Y dS/dt 
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dX/dt ��� Z	��
 ���S T��N�� ��N�	 ) MLSS :���	 O��
 ��

�*�Q ($dS/dt ��� ��*��
�  �Y� ��N�	 COD):���	 O��
 �( ��*�Q (
:	 �@�
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 :��	 �(�*�Q (� � ]B[.
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*�-�.~"7�� W
�1 I""�� Kd
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.��9�-hA
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 d���U ���6� :Q���  O��K ���Q�� :a�*�� ��
)Y(d���U $
(�= :F��>�)Kd(��	� �( ����S ��?v �� 5�*>	 :Q��  �0�	 ;��

 
1 Yield 
2 Yeild Observation 

5�*>	COD E$�K �# 4�@ '(�)* � t�0�	 ��	� �( �� �<�� ���*0
 :Q�� BJ:	 ��W0 �$� ��( .�
 O�� +��V/� ���� �( ��# �� � �#f

 �� �( 1����#� 1���� �
�G �*�� 8 �� L���� �K�( tJ��tt�K�( 
:*0�  �� �( N�0 E��/	 �g��#� $ (��
s/B��t:���	 ��*�Q �( O��

 �)� �@.

+
������.	�a�����@ H:Q�������  ������0�	 �������	� �( 4BJ�$� 
Kd=0.056 1/day, Y=0.58 mg Biomass/mg COD :�	 ��@�
 .

�F��0 :Q���  ��0�	 ���	� ��� �(F/M ��
��
 tw/J4 �$� ��
 SVI 
�
��
�J:��	 4O�
 �
 �*�Q �PQ 9W= L��	�K ���St/B4��<�( 

�Y� ��	�0��COD ($��� �t��� ���<�= $ ��<�( ��PQ :��W�0
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��2� �( ��# ��, �a�@w:�	 '���W�	 ��� ����S �( (��@tt
:��	 O�
�� ;��� �
 O�
MLSS ��PQ ��*�Q 9�� �( 4T���# ��N��	 

�
 :a�h�Q��
 �PQ^J:���< �( '�� � �<�( +��V/� �( �#	�# ���
 �����a2� $xE���  �( B��s ���
 ��PQ T����# ��N��	 wJ���<�( �(
�( ��N�	BJ:��	 O��
 ��� ;��� ��
 ��� O��
MLSS 9�0�� ��# �( 

��� � '���� � E���6� ���PQ :�(����� .�(��� �����V	 ���
 �*�� ��[ :��0� 
gO3/gSSJt/J�����K ��
 ;�?�@ -\U�� �� �
 m3/d IwJ �( 

+�V/� +F, E�6� �PQ �	�r e��V	;�#� � �( E�B��_4��N��	 

1 Kamya et al. 
2 Sakai 
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 (����	 ��PQ ��Q�� T��#BJJ ��<�( ��� � .L��V�V/� O��2� �(
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�Y� ��	�0�� ����
��
COD :���, �� $ �*��� T��# 4:*2��G 
$ '�@ ���#� ��� 8 �� Z	��
 ���
L��< E��/	:	 �( ��".

:�� �� ����a2� $xE�  �( B��^ V	�( ��6Q�.	 9�� �( ��e�
�	�r ��
 �
 -\U�� ��)3� �(BOD5E(�6	 wwJ �$� �( O�
����# 

�
 ��� +��N� �
 �( ��
 E��6� �PQ ��*#�� �
 �* ��[ �a@Jw/JO��
 
:�(����� ¦���� +���6	 L����	�K O���
�� ;��� ���
4�� (�����	 ���PQ 

BJJ���<�(���0(�( T����# 4��N���	 ���	� TOC  :��K$�= -����[ �( 
��N�� ���� T]BH[.

;�#�� E���  �( ������a2� $B��_ �( ���6Q�.	 9�� �( V	��� e�
 :�
( ��
 ;�?@ -\U�� ��)3� �( �	�rIwJ ��
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�
 ��� +��N� �( ��
 E�6� �PQ ��*#�� �
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 O��

���� ;��� �� (�����	 ���PQ 4:�(����� ¦���� +���6	 L����	�K O���
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�
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