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Abstract  
Undoubtedly, the activated sludge process is one of the most common methods of biological wastewater 
treatment. Among the most common problems of activated sludge process systems is bulking of sludge 
(bulking). More than 50% of activated sludge wastewater treatment plants worldwide constantly or 
occasionally face this problem. In this case, the relative density of the flocs is low. It causes inappropriate 
sedimentation in secondary ponds and causes problems such as reducing treatment efficiency and 
imposing additional costs in the treatment and disposal of excess activated sludge. The current study, 
which was carried out on a laboratory scale (pilot) in the refinery unit of Shahid Tondgoyan 
Petrochemical Company, to investigate the factors affecting the creation of bulking. Factors include 
process parameters such as adjusting the ratio of input feed to microorganism (F/M), microorganism 
concentration, supply of nitrogen and phosphorus nutrients, dissolved oxygen, temperature, pH, and the 
use of cationic polyelectrolyte coagulant to improve the sedimentation rate of activated sludge. The 
optimal parameters in the amount of sedimentation are F/M equal to 0.35, MLSS in the range of ppm 
2500 to 3000 ppm, nitrogen, and phosphorus nutrients relative to the amount of pollution (COD/N/P) in 
the range of 100/4/1 until 100/5/1, dissolved oxygen 2 to 3 mg/L, temperature 25-35 °C, pH range 8.5 and 
in the dose of 4.8 mg/gr TSS/L of cationic polyelectrolyte coagulant in 180 min. In general, by adjusting 
the process parameters in the indicated range, the amount of SVI can be controlled in the desired range of 
close to 150 mg/L. 
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@���� �6���6 !vs�M !�!-�, %��(Ferreira et al., 2014).

76��. w�6 c��� ��g��t0S�� "� @�"�Q�6 ��f�f k�U*� 

3 Quaternary Ammonium Salt (QAS) 
4 Poly Aluminum Chloride (PAC) 
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!
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* � %�-�� 76��� 
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"� �5� 76��EPS	II ��5. %���* "� ����* 7��3-� ( !�� ��"�����
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�������.EPS	(III  
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�� �� !��� %����� � 3����W (IV ^���
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)Li et al., 2020(.
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�� 9� _�6 +Z�� "� 76���. 	�� J����m ���"��1>����. ��� �r

!� � �&�Q0�� hp- �&��* ��6 ��4��C y��5N� +��� 9� ^�)�0���
!�/B� �6���6 !vs�M 9� ����# ����#��
. �
�&�, �p�s�- !*�C

 @���W�&�.��� 
�����&� >���� ��6�
��"�. �r� �6�g�����9� � �"�����
 %��* �&*��F/M 	%�X5(MLSS � @)���
�* �'�T� ����� @�3��� 	

	�/����-DO � ������ 	pH ����� �.����&�Q0�� >����� �
������ ^���� "�
 �����9"� <�5���. ����� "� �6�g����9� ��# ����� ��r� 	
��&v�6 .

!
N0 9��w��� !�� @�3�� 7��3-� � <����4 "��- 9� ���W�54 �&���*
S=9 ��M "� ��"�� 9��.�# 

19� ��(� =�� �!
[�" �5�5?� ��6w��� >9��*� ��6�
��"�. ���W>�# t�"�� ��# !�

 ��9%��:

1 Extracellular Polymeric Substances (EPS) 
2 Volatile Suspended Solids (VSS) 
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 >��/
�� ��9 :�# 
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 ��� �" S��- 
U0 ���M �p���� @� �� ��� !�
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# !
-�W�����U� .�"� � @�� @�"� S���- 
�U0 ����M �-��, '�(��
 ����jfe !4"�����5� !�� �<����f^��C !���Z� ��# !�� �
<��jf"���Z "���Q��� "� !��Z� �# >�����" �-��, '�(�� q��� .

 @9� ��U�>��� �M2%�#����� ��# 9� >��/
��� ��� S��M . !�0���� j
@�3��MLSS %�r � !���?� �#(Ferreira et al., 2014) .

)j(
610
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1M2M
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−

=
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>�+<� -�H&� ?.&J COD 

w����� >9����*� @�3���� �����WCOD �
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 J��m ���9 ���# !�� �9���6 !�/�B� <�5��. ��# ���
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jef !��4"�������5� >�g
���� 9� >��/
���� ���� q���� 	>��� "����Z

 }���� S���  "� >���# >���0���� �
��
-�
Q�����nm ��f @�3����COD 
%�r � %z��Z.�# 

1989-�H&� 	^��%�F/M 
@�3��F/M  �� ���n�!0���� ��� !���?� ��# (Kravchenko and 

Zalevskii, 2009b) 
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××
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19i9-�H&� 	^��%�SVI 
!� %�5��Z 7��. S���
� !���  
���� 	
U0 �&��*SVI %�� .��UM

K9�q�. !�� y�5N� +��� �5�� <����4 9� �
�0�f^�� "� !���Z�
!� ��
�0 ^� }"�� !*��
�� >�# 
��* �*�	�=���� 
����� ����� SVI 

>��/
����t��� ����#.������ 
������ SVI >���# 
������ <������4 ���UM
���5�� D���M��)y���5N� +����� ���5�� <������4 %��X5( ���� (���
�0 

D�M��g/L  �� ����� @�8 .��# SVI ��5�� D�M�� ��
�0"�k��W
�� @��� ��#� !�!!5��� !0����R%�� >�# >��� @��* (Ferreira et 

al., 2014) .

)�(SVI	(ml g/ ) = %9×G���
�d%%

"� !�@�
SV !� 
U0 �UM }"�� !*��
�� "� >�# 
��* ��5��)� (��
�0MLSS 

�5��) y�5N� +��� �5�� <����4 k�W"�(�
�0 .%�� 
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U0 �&��*
S=9 @�"� �6���6 �s�M 9� 9��� %��� >�g
��� 
��� .G� !�*���.
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!� %#����� �" 
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�� ������ ��� �&���*
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 >�g
��WTW Multi 340i >9��*� @��0� "��� %C�� ���W .�# 
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� ×`/f� (�
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�� S��
*� �?n� ����� !� � 3�"�� @� �=�� .���� 

������M ���� ��� � ��. �&�9�� ����� "� �
�W�� 
U0 ��.
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U0 %�W9�� J�m !� S=9 "� >��# 
���* !�� 9���

 �
���� "� ��9��� 
�U0 3��""�� 
��&v�6 � �6����6 @3�N� ���
��
�� �" !�/B� .�"�� >��m !�� >���� !
����. �
���� ^�� �
���� 
���
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��C ��� �6���� .���-� ����3�� %X5( 7�W"���Q���*���6�@3N� "� �
"� � �6�����6 >�����?��eff ����ppm �fff !��� @�3���� "� �&����*

S=9 7��3�-� ��� .����" ��6��C ���5n� �M !� � !
-�� 7��3-� 9��
!� %X5( �M 9� 7�� �=�� �#" 	
U0 
� � �*�� @��9 7��3-� J�0�

���*�W"���Q�� !
#" ��6 ��9� � ��@��� !�
N0 @�"� "� ���6�����0	

1 Poly Hydroxyl Butyrate (PHB) 



�# e��O$�* 5���' �* �df� 0��
M +)��*... dx.doi.org/10.22093/wwj.2023.379943.3313 

95

� �� 	
������� Journal of Water and Wastewater 

�����
���� ����� ����� Vol. 34, No. 3, 2023 

Fig. 1. Aerobic wastewater treatment pilot system 
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Fig. 2. The effect of MLSS concentration on SVI 
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Fig. 3. The effect of temperature on SVI 
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Fig. 4. The effect of DO on SVI 
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��� %���4 ���
-� ��6��C u��/�� %�"���� ��6 .(Starkey and 
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 !
�#" ��Thiothrix spp.  	Type 021N  �Type 1851  %��� !��
 "�COD �"�� ��
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Fig. 5. The effect of nutrients (nitrogen) on SVI 
'K�k{�� (@)��
�*) �'T� ���� �r�SVI 

Fig. 6. The effect of nutrients (phosphorus) on SVI 
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9� �
��mg/L jef �� �Z�� �/��- ������ %0�M "� 	J���� "� .�*��
 "�SBRs !
#" �&�Q0�� �6 !
�#"��( �&�Q0�� �6 � �� >�6���� ��

!
��#" ���&�Q0�� .���# ��
����� ���#" !��� y������ <���# !��� �� ����6 
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!
#"��( !� �� <�"���6���� %5m �
���� "� ��
�� 
������. �EPS  
%��)Guo et al., 2014(.
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�* S�� !���5M�� �W����*"��9��

%��
�* (�6 � !� ��� @��* �"!��
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Fig. 7. The effect of pH on SVI 
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Fig. 8. The effect of F/M on SVI 
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