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Minimization of Excess Sludge in 
Activated Sludge Systems 

 

Sayed Ali Reza Momeni1, Sayed Ahmad Mirbagheri2

Abstract  
The disposal of excess sludge from wastewater 
treatment plant represents a rising challenge in 
activated sludge processes. Hence, the minimization 
of excess sludge production was investigated by 
increasing the dissolved oxygen in aeration basin. 
Units of the pilot include: Primary sedimentation 
tank, aeration basin, secondary sedimentation tank, 
and return sludge tank. Volume of aeration basin is 
360 l and influent flow rate is 90 L/h. Influent of 
pilot is taken from effluent of grit chamber of 
Isfahan's North Wastewater treatment plant. The 
experiments were done on different parts of pilot 
during the 5 month of study. Results show that 
increase of dissolved oxygen in aeration tank affect 
on decrease of excess sludge. Increase of dissolved 
oxygen from 0.5 to 4.5 mg/L resulted in 25% 
decrease of excess sludge. Variation of dissolved 
oxygen affect on settleability of sludge too. By 
increase of dissolved oxygen, SVI decreased and 
then increased. Value of 1-3 mg/L was the adequate 
range of dissolved oxygen by settleability of sludge 
and optimum range was 2-2.5 mg/L. It could be 
concluded by increasing of dissolved oxygen up to of 
3 mg/L, sludge settleability significant decreased. 

Keywords: Minimization, Dissolved Oxygen  
 Excess Sludge, Activated Sludge. 
 Process.  
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� >\8 @	)�� � �8�� ����(

 +�� �����Y ?�\(� ������ WB�9 �� .(� ( p� ��p� +p����� ���
 AF	�4 ������4�$�?�# ��-���4�$ � �� ���p� ��p��	4���* >�p�
� 

�p��4�$ ���p� ����(�	�� ��-��� I�	S ������ IEB�� �;�S��- 
?�\(� �-($ ��� �� IEB�� � I$ ���+�� .�p��4�$ �� ��pR� ��-

 %&�5��p* p� ����� IEpB�� +p�;�S >�p�
� ��pi�4 � ��� ?�\(�
 � WB�9 �� �C��� � ������ WB�9 � ����� � p��(�n ����(

 �p4 ���p9�� �� T� �� U69 0�4�(�� >��
� \�	( �� �p��� .��pR�
 ���4�$ �� �����->\8 ���$�� � ����4 ��-� � ]�	�S � ]�
� ������

 "R� >��+�� .�p��4�$ �� "pR� >p�� ?�p\(� ���-0s�)pS� 0��p�4 %
>p\8 � �	�pY�� >p\8 0��p�4 � ��� @�i�� ������ WB�9 ]�5.4

 �4 >��
� ��( ����4 ��� ��p-� <���� �� ���p��* � +p����P� %�����p�
��� ����-�(.

G�I���� H
2  
��pp	�� �����pp� ���� 3pp���� 0��pp� ]�pp4�( >�pp�
� 0�pp4�$ �� �pp�

�SU��Y� 8bU�(�� �� N+�� ��� ���;	�� .0�p4�$ >�� ���p� ApS 

1 Kolmogorov-Smirnov-test 

(� ( A.4 �"��4�$ l�( T�P;� � A��9 d��	( ��� ?�\(� ������
+��.

G�3�@z> �� h�"��d ��,"+# BOD5

>�� )��F4BOD5�4 �C��� � ����� ���� ���� ���
4 �(���
 �;G� T� ��P5 1 ��.( ���� (�� .p�4 >	��pY �pi( �� �p� 0��BOD5

U6ppp9 �ppp��� >�ppp�W � � �pppC��� � �����BOD5Tppp� �� 
�;G� (��%�4p�(�Y����P�4 ��pP5 1 ��p.( � ����9 �� 0���)@�p�
���pp� �P���pp8��� �;Gpp� +pp��-( �� � �pp8$ ���pp4 +pp�Lo� � pp��\� 

��� �* IEB��.
���4�$ d��	(�-��� �p� BOD5�p�( &�5��p* �pC��� � ����� 

�4 1 ��.( ����Y �(��� ���� 0$ ��P5  .l�B�4 >�� � ����	�� ����
 0���4BOD5WpB�9 ����� �p�( � &�5��p* �C��� � ����� �� 

� ������ � ��p� "��p4�$ Kp�F.� ���� ]�pa �� p(���� &��p�
 �p��4�$ >p�� d��p	( pS +p��Y ���H ����� ���4 0$ &����m��-p� 

AP� &���V'��� +�� �����Y.
>�� �� S ��/(� �AP� �4 i9E4 ��� 0��p�4 BOD5����� 

+�� �������� ����� &����m� ��¼>pP8 �pC��� �� &��p��m� >p�� 
pp� pp	��� "��pS pp(�Y 0��pp�4 ppS ��BOD5�� &�5��pp* �� �ppC��� 

��p\4 ���pF4 ����.4 ���p� �p4 ������pS U��Gp4 >p�� pS �p���
 �4 l�B�4 �;Gp� h���4 ��P5 1 ��.( ��(��� �(��� +p-C �� p(��

 U69BOD5�;Gp� ��p��� IEpB�� .+pi5k <p��	4BOD5�� 
���4�$ � d��	( ������ &�5��* �C��� � �������- �a �� v�a 

� K�F.� ���� h����VVZ �ff�5�4 �4 �	�8 �� ?�Y ����.
&����m� ����.4BOD5����.4 �� ����� NZg �p5�4 �p� ?�pY

 �	�8 �XZX �5�4 �	�8 �� ?�Y�4� p�4�� pS �p��� ���p9 0$ &��p��m
N�e +�� .>��(��4BOD5����� �C��� ff�5�4 �p	�8 �� ?�Y ���p�

 ���� &����m� ����.4 ������ ��efAH��9 0���4 �� Z��5�4 �p� ?�pY
 �	�8 �oS��9 ��f�5�4 �	�8 �� ?�Y +p�� .�p4 �����p4 ApS pS ��p�

 ���;	�� ��i�4 � I�)* �5R� ��\4 ����.4 �� ����F4���� p��$ ���
 �L� ��u�+��.

G�5�@z> �� h�"��d ��,"+# COD 
AP�X%&����m� ��.(COD �pC��� � ����� �p4 0��p( �� �p�� %

�����4 ���� ( >�� �� S ��/(� ��4��� +i5k <��	4 %COD �� 
�p��4�$ � d��p	( ��p���� &�5��* �C��� � �������- �� v�pa

� K�F.� ���� �a h����eNf �Nge�5�4 �Y?���	�8 +��.
&��p��m� ����.4COD  �� &�5��p* ����� XNf �p5�4 �p� ?�pY

 �p	�8 ��gXf �5�4 �	�8 �� ?�Y�����m� �4�� S ����pp����� �ZVN��
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=,�G�&����m�COD`5	R4 ��-�R� �� IEB�� &�5��* 

�4 ���� ���� .&�GpR�4 pS +p�� ��p� �p1�� ����� <���� >��
 �pi( ���p4 �������(�	�� ����.4 �� &�5��* �C��� I�)* ���p� 

� ���� I�)* �� ���;	�� �p��4�$ p� pC�� �p� pS ���pa��- ���� 
&����m� ����.4 %K�F.�COD �� �C��� {~�5�4 �p	�8 �p� ?�pY �p� 

��}�5�4 �	�8 �� ?�Y ������m� �4�� S ���� �����|�¢	��� +�� .

G�G�@z> �� h�"��d ��,"+# TSS 
�4�C ���4 AS �� �	 )H IEB�� �� K5
4 ���4N0$ �� ��pC�4 

�4 "�* ���� 0$ >��
� S ���� �;Gp� �� Ap��9 >p\8 ���pF4 ����
 �s�� +� �� IEB�� ���� �� .AP�Z&��p��m� ��p.(TSS ����� 

1 Total Solids (TS) 

�C��� ��p4 0��( �� �p��.pS ��/(�p � �����p4 ����p ( >p�� ��
�4 ��� +i5k <��	4 %TSS ��p���� &�5��* �C��� � ����� �� 

�p��4�$ � d��	(��- Kp�F.� ���� �pa �� v�pa %p� hp����XN� �
NVV�5�4 ?�Y���4 �	�8 ����.

&����m� ����.4 TSS  �� &�5��p* ����� VXV �p5�4 �p� ?�pY
 �	�8 ��ZZe �5�4 �	�8 �� ?�Y�4�� S ���� �p���� ������m� ZVN���� .

&����m� ����.4 ���a ��TSS �� %�C��� Xf�5�4 �p	�8 �� ?�Y �p�
V�N �5�4 �	�8 �� ?�Y ����� ������m� �4�� S ����Nfe+�� 	��� .

-�Z�!�(	 .�	D�7 B/D ��M	� 
���� >p\8 0��p�4 �p� ]�p5.4 0s�)pS� &��p��m� ��n=p� �p���� 

�� ���8��$%]�p
� >\8 ��� ��p-� <���p� �� &�5��p* �����p� &�p4 
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���� � K�F.� � 0�)pP� ���� &��;	4 ]�5.4 0s�)S� �� `5	R4 ���
�pp��� +pp����P� .pp� �� >pp�� �� ]�Gpp9 � �pp4� >pp�� ]�pp	�S ��ppi�4

 ��p-� <���p� �	���p�P� �� 0�p�� a� p� %�����p� �� p(���� &��p�
 (� ( &�5��* `5	R4 ��-�R� �p��4�$ � ��p� �����p���- ?�# �p� 

?�\(� �-($ ��� +�� 	��Y .�p��4�$ >p�� ?�p\(� �� 0�4� ��-p� pS 
�� ]�	�S ��i�4$�p4 �p�� �p��4�$ %�p����-?�# ��-�p���� ����p� 

?�\(� @	)�� ���8�� >\8 0���4 >��
� +�� 	��Y .>p�� p� pC���� 
�� T� ]�
� >\8 @	)�� S$�p4 >p\8 +�Y�� �� ��� 0��p�4 % �p���

� @	)pp�� �pp
�� >pp\8 +pp�� ��pp�8�� >pp\8 0��pp�4 �pp� �pp��� .�pp� �6pp8
����(� �p4 pS ��� �p� �� ����4 >\8 +i5k � 0���4 ���Y p����3p�� 

�� ���8�� >\8 0���4 % ���Y$� ��� �4+�� ��$.
pp59�4 �pp� �� � ���pp� pp59�4 �pp�! A4�pp� Kpp�F.� ����%0��pp�4 

]�5.4 0s�)S�%�p4 ���� A9��4 �� &��;	4 �p��� .�p���C� Ap9��4
>��� ��� �� �p* pS ���p� &��� ����p��* � @	)p�� p�8�� ����p(�

 �9 �� ]�5.4 0s�)S� %<���� /}�5�4 ?�Y��� ��p� @�pi�� �p	�8 
��-� +�� �����Y ������ .���4�$ ���� >�� ]�a ����- A4�� ?�# :

BOD5%COD %TSS %DO �>\8 � \9 ���(�N� p(���� &���
 ���(� �
�� >\8 0���4 � ?�\(��+p�� ��p� ���Y .�p� 0�p��* �� �p*

 ����p\4 %�pi( ���p4 �p9 p� ]�5.4 0s�)S� 0���4 "����� �� %59�4
 ��p� p	��Y �pi( �� @	)p�� ���Y��p� ���p� 0�4� 	;� T� ���9 

+�� .���4�$ %���Y��� ���� ]�a ����- @�pi�� ��pi�4 � �8�	�S 
pp� @	)p�� +pp�� pp	���6* ?�pp\(� pp(���� � @i�pp4 &��pp� .���pp* 

�%ApLH p59�4 �p�(� � %�p��C <���p� �� @	)�� ���Y��� �� 0��� a
���4�$�-(� ( ��� �� &�5��* �� �	����� ���%�p� ?�p\(� +p�� �.

����ppp.4 �� Kppp�F.� >ppp�� �� �ppp���� ���ppp4 ]�ppp5.4 0s�)pppS� 

1 Sludge Volume Index (SVI) 

 /}�pp�  /��pp5�4 �pp	�8 �pp� ?�ppY A4�pp� � /}%|%�%~%�� /�
�5�4 �	�8 �� ?�Y�4���� .���F4 >��� ����� �� ���
� h���� ��p�

 ����� ���4 � +Ln 5��9 &����m� � ��� ]� 1� @	)�� � `5	R4
+�� 	��Y ���H.

��-� ���� ]�a �� ]�p5.4 0s�)S� "����� �� %&�5��* �� ������
 0��p( pS 	��� "��S ����4 >\8 0���4 >p\8 0��p�4 "��pS ��p���

 �4 @	)�� ���8�� ���� .>p�� �� Ap��9 d��	( APp� �� &��p��m� e
+pp�� ��pp� ���� 0��pp( .�pp� %+pp�� QR�pp4 APpp� �� ppS pp(��(� �

 �� ������ WB�9 ]�5.4 0s�)S� "�����e/��e/Z�p5�4 ?�pY
 �	�8 �� �� ����p4 >p\8 0���4 %��p�f���� �� �p	�8 p	��� "��pS
+��.

pp� ppS ���pp��	4���* �� �pp��� �ppP� <���pp� ]�pp	�S ��ppi�4
����(� ��p� ���Y 0��p�4 %+p��MLSS �p4 �����p� WpB�9 �p��� .
AP� ¡0���4 &����m� MLSS &��p��m� Ap��F4 �� �����p� WB�9 
�)S�p	)�� ]�5.4 0sp�4"�� ( �� @�p�� .pi9E4 pS p(��(� � 
�4 @k�p�51 %]�p5.4 0s�)S� "����� �� % K�F.� ���� ]�a �� %���

pp�( +pp��n �� �
pp� 0��pp�4 >	pp���MLSS�����pp� WppB�9 >pp�� %
+�� ���� ����� "��S �S�(� �� �	9 �	4���*.

� +���� >p\8 �p \9 ���p(� <p��� >p\8 ����p( QR�p4
�4 ��� .�"��4�$ ��� �� +��( >���! %Q��� >�� >��
� ��i�4

 � 0�	� ����p(� p� pC�� �� � ��� ?�\(� ����( p(���� ��p�YTSS %
+pp�� ��pp���Y >�pp�
� >pp\8 �pp \9 ���pp(� .App��9 d��pp	(>pp�� �� 

�pp��4�$ �- APpp� ��g&��pp��m� SVI &��pp��m� App��F4�� �� >pp\8 
�4 0��( ]�5.4 0s�)S� ��� .QR�p4 APp� >p�� �� pS (��(� �

 % ]�p5.4 0s�)S� "����� �� %+��SVI ��p� �"��pS ��p	�� >p\8 
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=,�X�0���4 &����m� � \9 ���(� "����� �� >\8DOIEB�� 

� +���� 0$ 3L� � � 	��� "����� p	��� ��L-� ��	�� �� >\8 ����(
 ]��� % ]�5.4 0s�)S� �	��� "����� �� ��4����.

Z��/	�� .�	[ 
�4 ALH ��-�R� �� ��� '��� h8�/4 � C�� �� d��p	( p� 0��p�

 5��9 ����S ����� ���:
b0��p�4 "��pS �� �����p� WpB�9 ]�p5.4 0s�)S� "�����

 �n£4 ]�
� >\8 @	)�� ���8�� >\8+��.

b�� ]�5.4 0s�)S� "����� ��  /}� /��5�4 �p	�8 �p� ?�pY %
>\8 0���4 ���9 ����4 � ����+�� 	��� "��S .

b� +���� �� ]�5.4 0s�)S� &����m� �n£p4 �p�( >p\8 ����(
+�� .% ]�p5.4 0s�)S� "����� ��SVI ��p� �"��pS ��p	�� >p\8 

+�� 	��� "����� .0���4|��~�5�4 �	�8 �� ?�Y hp���4 ����p.4 %
� +���� �i( �� ]�5.4 0s�)S� -� 0���4 � >\8 ����( ����� 0$ ��
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�� "�� � ]�5.4~�5�4 �p	�8 �p� ?�Y p� +�p��� %p� >p\8 ����p(
+��� "��S &��.

b% �����p� WpB�9 ]�5.4 0s�)S� 0���4 �� &����m� ]� 1� 
&�GpR�4 ����p � � ���pL( ��6pY ��n=p� �pC��� I�)p* +�;�S ��

)* ��� �;G� I�)* �� ��\4 ���;	�� ���� �C��� I� ����p.4 ��
 +�� ���� ������(�	�� .���� �� ��p\4 ���;	p�� +p�5��H I�)* >�� �68

�4 ����.
b���pp������pp� WppB�9 �� ]�pp5.4 0s�)ppS� "���pp�� %�pp��� 

0s�)S� ����S >�4=� &���-\� �p��� "����� .��p�F4 �� 8=)p4 >p��
 �;G� ���� � �
H�� �(� p���� % ���p� ��� hp5a �� ���p�� ��p�

�4 ��� ����� ���G	H� �i( �� ���� S ��S .�� pS �
���p� �� >P8
 ��	�� �� ���� 0���4 �i(%"��pS ��pi�4 p� %�p(���( +����.4 

����4 >\8 0���4 ��9 � �p9 �� "�p� "���p�� �p1�� SSVI �� �
� +�5��H "��S \�	( �4 % ����( >\8 ����( ��� +���)p9 0��� 0

��� "����� �� ]�5.4 0s�)S�.

b� +���� "��S � C�� �� 0s�)pS� ����pF4 �� >p\8 ����(
 �p� @	)p�� ����4 >\8 0���4 "��S � @� G� &����� %#�� ]�5.4

 �� "�� � ]�5.4 0s�)S� "����� ��P��� �� ���;	��~�5�4 �p� ?�pY
�	�8 ������P��� �� ���;	�� %���p� p4�C U6p9 I�)p* �� Kp5
4 &��

 �C������� &���B.

b�������r 
)4 &�1�)4 ���^0�-;p�� IEpB�� � I$ +S�p� ?�	.4 >�8%

?�p	.4 ��p'� ����4 �c .4 �c�� ���-4 ��H$ &� 9� �� ����G�
�;Gpp� � &�1�)pp4 �a�pp� pp� 0�-;pp�� ]� pp� IEppB�� pp(��
� �������� �� �� pp���� ��pp-� ��pp-� � ����pp(� &�5��pp* �� �����pp� �

�����Lp� @(�p� ��S�p� � 3\p�� ��p�-4 ��pH$ (� � p� ���P �
)4�^��-� ?�	.4 >�8 ?�p	.4 A�p��* �p��� � ����p��4�$ � �����p�
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