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Abstract  
The discharge of wastewater from various industries such as petroleum and petrochemical, pollute water 
resources. The presence of these pollutants in water resources will cause disorders in the ecosystem and it 
has various risks to human health. The effluent usually contains organic matter, including phenol and its 
derivatives. In this study, three different types of reactors were used in the activated sludge process to 
study the biological removal of o-nitrophenol from the petrochemical industrial effluent. These reactors 
include Continuous Moving-Bed Sequencing Batch Reactor, Moving-Bed Sequencing Batch Reactor and 
conventional sequencing batch reactor. For this purpose, the operational indicators of each reactor were 
investigated and optimized. For MSBR, active sludge volume ratio (30%), aeration flowrate (18 L/min), 
operation time (4h), pH (7), filler to reactor volume ratio (4.7 %) and SVI (89 ml/g) were considered. 
Also, For C-MSBR indicators such as initial volumetric flowrate (20 ml/min), aeration flowrate  
(12 L/min), filler to reactor volume ratio (5.8 %) and SVI (98 ml/g) were optimized. As SBR is 
structurally similar to the other reactors, only initial volumetric flowrate was considered (40 ml/min) and 
based on the results, this reactor has better SVI (88 ml/g) than the other two reactors. Finally, based on 
the optimized parameters, percentage removal of ortho nitrophenol from a synthesized effluent, analogous 
to Karoon Petrochemical company effluent, was investigated by C-MSBR. In addition to o-nitrophenol, 
other chemicals such as Toluene and Benzene were also present. The results show the indicators 
including ortho nitrophenol percentage removal (84.7%), Chemical Oxidation Demand (COD) (94%), 
Biochemical Oxidation Demand (94.8%), BOD5/COD (0.57) and SVI (74.45 ml/g) comply with 
environmental standards and the treated effluent can be used in irrigation and agriculture by addition of 
one more processing step. 
 
Keywords: Wastewater, O-Nitrophenol, SBR, MSBR, (COD), (BOD5). 
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Table 1. The effect of active sludge on the removal of 

ONP in the MSBR rector with discontinuous flow 

Sample specification 
after treatment Sample 

specification 
before 

treatment 
Test  

Percentage of 
activated sludge
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≃7≃7≃7pH 

2.1 1.09 10 Concentrati
on of ONP 

79% 89.1% ]]]Removal 
percentage

6189----SVI (ml/g)

SVI ��z�=ml/g�zz $	� '�,.= �.	�.(Khosravi et al., 2009, 
Arnold et al., 1992) 
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Table 2. Effect of aeration on the removal of ONP in the 

MSBR reactor with discontinuous flow 
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Sample 

specification 
before 

treatment

Sample specification 
after treatment 
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Concentration 
ONP (mg/L) 10 2.7 0.97 0.69 0.72
Removal
percentage -- 73% 90.3% 93.1% 92.8%

SVI (ml/g) ]] 65 79 93 105

Fig. 3. The effect of time on the removal of ONP in the 
MSBR reactor with discontinuous flow 
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Fig. 4. The effect of pH on the removal of ONP in the 
MSBR reactor with discontinuous flow 

<=�23
K� 7����pH >
�-
(�0.=�� �O5 !-� 
� 

�.(��� ��MSBR '(�.�J�0 7��
� �� 

�3�3[3L�8!� 
.FF*"H "!Ke9 
 
���� ����>I	�) �.	(��� ?	m5 '	� �1	B0 ��	

�
J ?	m5�(i�	D

 	5 [	��
��0 jd(	 � - P
	G=��.	" ��"$�	� ��"�	*�����
��		
� 
������m5 �,�� �$0 ��

�
J��-�G� ����	"!@�D 	�=�$�	"�. 

���� '�	�m5 �,��$~/|�	,�� O	5 ���	b� �	� ��	

�
J �{|
7�.
D '� �,�� ?m5&��'
��

�
J .�� F�#(0� 

Fig. 5. Filler to reactor volume ratio on removal of ONP 
in MSBR reactor discontinuous flow 

<=� P3�O5 !-� 
� �.(��� ?m5 '� ��

�
J ?m5 
�KH= 7����

�.(��� �� >
�-
(�0.=�� MSBR '(�.�J�0 7��
� �� 

�353�0B*��MSBR 
@�B�0!H L
;"M 
�353�3�
1H %���� D��R L
;"M 7.� 

�(0 '� '�.= ����-�	� �� ��	� '	���� o�
	(&�������	�$�� �O	5

� +����m5 7�$ml/min �z7��� +�� ���� '� �D�� 	� 7��

 
		��
� �O		5�/{{�.		� �		,��		
a�" .�+�		� F�		#(0� 7�		I�� �

��7�ml/min  �z0	�	�m5 p �	� '	� '	�.= �	� �$�.	�- �	m;


� +�� �� .�����	�m5 7�$
	(�� ��ml/min�z �O	5 7�	I��

(*�� 0���.� '	� �	�� ;�	�� 7�	�� +�	� >	�@�D �� 	�+����-�	5)�z


a�" - (�D���i�D �� 7��
Y '0 +-�4=��O	5 �,�� '� �1B0 ��
 ��ml/min�z V% 7�� ���% 7�I�� -���
 �	"!-� 
	� ��	� FO	�!

� ��.= 89��^.;.�I$��	

�
J -��	�� 
	K� �� �	"�@�D 7�	�� �	�+�
.���� �.�- 

�35353
.FF*"H "!Ke9 L�8!� 
 

�(0 �� 'a0%�&� o�'
���!��

�
J �"��>I����"�*� �$� �.	� 	� �
'� ������.	(��� ?	m5 '	� ��

�
J ?m5 �1B0 7�� )�/��	,��(

			(&���$����			� 
			��
� �O			5~/{��			,��� -			� �			W@R 7��
0.=���'� >
�-
(mg/L  �/z����.
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Table 3. The effect of influent flow rate on the removal of ONP in the MSBR reactor with continuous flow 

Test  
Sample 

specification 
before 

treatment
Sample specification after treatment 

-- -- Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 

Influent flow rate (ml/min) ]]] 10 20 30 40 50

pH ≃7 ≃7 ≃7 ≃7 ≃7 ≃7
Concentration of ONP (mg/L) 10 0.018 0.02 0.84 1.72 2.82
Removal percentage --- 99.82% 99.8% 91.6% 82.8% 71.8%
SVI (ml/g) ]]] 100 98 94.25 86.56 80.65 

Fig. 7. Effect of aeration on the removal of ONP in the 
MSBR reactor with continuous flow 
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�KH= 7���� �.(��� ��SBR 
Table 4. Effect of fluent flow rate in SBR reactor 

Test  
Sample 

specification 
before 

treatment

Sample specification after 
treatment 

]] ]] Sample 1 Sample 2 Sample 3 Sample 4

)Influent flow rate (ml/min ]]] 20 30 40 50

pH ≃7 ≃7 ≃7 ≃7 ≃7

Concentration (mg/L) 10 3.43 2.85 0.44 2.83

Removal percentage ]] 65.7% 71.5% 95.6% 72%

SVI (ml/g) ]]] 76 77.93 88 78
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Table 5. Synthetic wastewater treatment with continuous flow system MSBR 

Test Input waste MSBR1 MBSR2 MBSR3

pH ≃ 7 ≃7 ≃7 ≃7
SVI ] 68.22 70.20 74.45
Removal percentage ] 48% 67.3% 84.7%
COD 1711.2 1150 460 102.59
Percent reduction (COD) ]] 32.7% 73.1% 94%
BOD5 1126.7 ]]]] ]]]] 58.554
Percent reduction (BOD5) ]]] ]]]] ]]]] 94.8%

��.M\3+�
��<=BOD5-COD 
� $/ ���!�"�.(��� �� F�BJ '�4�= �
�MSBR 
Table 6. Changes in BOD5 and COD during wastewater treatment with MSBR reactors 

Test Input waste MSBR1 MBSR2 MBSR3

COD 1693 1143 503 116.3
Percentage reduction 
(COD)

]] 32.4% 70.2% 93.1%

BOD5 1004 667.5 292.75 67
Percentage reduction 
(BOD5)

]]] 33.51% 70.84% 93.32%
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Fig. 9. Changes in BOD5/COD in the treatment process 
with the MSBR reactor 
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