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Abstract  
Aniline is a first type amino aromatic compound and has various applications in different pharmaceutical, 
synthetic dye, plastic, and petrochemical industries. It is poisonous and its discharge into the environment causes 
serious hazards that warrant it removal by an efficient treatment process.  In this study, the efficiency of rotating 
biological contactors in aniline removal was investigated using four 3-liter parallel systems (in two series). Two 
reactors in the first series had 27 disks. The second series had 14 discs with packings in each reactor with the 
same specific surfaces as compared to the first system.Aniline concentrations from 100 to 1200 mg/L and 
hydraulic loading rates from 1.57 to 6.28 L/m2.d were used throughout the study period in two treatments. The 
effect of disc rotation speed on system efficiency was also investigated. The results indicated that COD removal 
efficiency decreased with increasing hydraulic loading rate but increased with increasing disc speed from 5 to 15 
rpm. The best removal efficiencies of 88 and 86 percent for RBCI and RBCII, respectively, were obtained for an 
aniline concentration of 400 mg/L, a hydraulic loading rate of 1.57 L/m2.d, and a disc speed of 15 rpm. Based on 
the results, although both systems yield almost equal efficiencies, the start-up period was shorter in RBCII with a 
clearer effluent due to the lower quantity of suspended microorganisms in the reactor than that in RBCI. Use of 
packing may decrease energy consumption for disc rotation due to the overall weight reduction of the system.  
 
Keywords: RBC, Speed of the Discs, Hydraulic Loading, COD, NMR.
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��/���/0R� D�1)MPa(d��� 
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o#� (RBCI)�C�� 4�1  x���("(RBCII)�C�� � x���(�(�C�� ���./0� ���� !�� 
U�>R��X��P 	��%� ��
�� �� ���./0� ���� !�� 

~C�F�� D	�/CF !�	�  B��
�� ���� �> �� �� �<�q��#��  !���
 ����#�E3 !�	��  ]��0�C� S����� 4�	��F :��	��3 � !������ S��	��I

:��������	<�� !��	/����P ������ B��pH ���1��� �� 8/ckN/b�
���1���� �� D���X�� 4�����F�N/Lk8���X�� D	��/CF 	��/�# �� ,	���

�� 1��	�.����� ����� !J��� ���� )��  ���� � 4q�	�/�� |�@C� 4���C(
 ^�XA�KH2PO4�K2HPO4�  	.��3 |�@C� 4���C( (!�	�  :��WC� 
�@����7:N:7nnC:N:P =����	r�� ����C�	 ?����I ����FeCl3

)mg/L 8n(BMnSO4.H2O)mg/L N/8(BMgSO4.7H2O

)mg/L N/8(BCaCl2)mg/L m/7(-���� ���-� :/��0 �  1I.
~����� ��XF !�� �1I ,�f�� B���1��/�0� !�;I�� "�/F H�0�	  

~����� ����  ���  ��0 ~������ 	�� ��	�<� � "2�+�3 � "� !���
 �0�]7l[.

;��_/��0� � ��-���;f� ���> �� ���./��0� ������ ���_5������� !�
~����� ?=�	� ��� 	�� [	I�� :

•COD ��/F��¢�d� 7b�#�#�� !�� ��WC����1�� !	��COD �� 
D���� e�� 

•�F	�I �&�0 	/��/3�	/<�0� 	�'#� �F	�PgD1�� �1�@�Rh!�	�  
"J� 4�-�� ��E� �COD 

•�F	I �&�0 Y�/#�/��	P  'P��� o#�1iD1� PD5001 
•pH�F	I �&�0 	/� :��	/�t�#�/�f�� ��	/<#� �  
•DO��	I �&�0 	/� 4����	FvD1�OXI 45 
•�F	I �&�0 q�.�	/��0�'_�0��  ��XE� ���� !��0�1� ��WC�

 D�X�� �� !1�K�XF �
•�C0 o�>NMR500 *�� �� 	F�	 �AC-500MHZ  

1 Hach 
2 Perkin Elmer 
3 Lambda 
4 Heidolph 
5 Metrohm 
6 Crison 
7 Sigma 
8 Bruker 

S[(	 E \���) 
SR8C*" 
5� ��#
	 ��0�� s�� ����)�# 
	 /�*�)� �'

�� ?<I8��0� �1�I �����
� :/���0 �� �� ��X��� jJ�= 4�-�� .
:/��0 �� �XF �	<X'( B?G�= ���/� �@> ��WX} ~��-3� ,�_C� �  

�1C�R� � �5� ��  ��  ��� ~��-�3� ��  :/���0 �� 	�� �� ��F ��CE�
 jJ= 4��1��� ~��F B�X��� �WX}COD1I �1��5� .

/��0 �� :RBCI��1�
� �� ��X��� ��WX} ~��-�3� �  7nn ��� 
Mnn �X�� 	�/�# �� ,	�B�� �'��F ������  ]��I ��  jJ�= 4����1��� 

4���1���lM1G�� �W�X} �� 7nn �X�� ��  	/�# �� ,	�ln1�G�� 
�W�X} ��Mnn �X�� 1�0� 	/�# �� ,	� .�� ��X��� �WX} ~��-3� � 

 ��1
�Mnn�X�� 	/�# �� ,	�B-� ]��I jJ�= 4��1���� �����'� ��#�B
����3�� ~��-���3�����  ����F !�����> ����WX} �� jJ���= 4��1������ 

Nnn �X�� ��  	/�# �� ,	�m��  	� �	  ~���F 1�G�� c71�G�� �� �
�WX} lnn�X�� 	 �	  	/�# �� ,	�bn1G�� ��  .�WX} ~��-3� � 

 jJ�= 4��1���� ~���� ��#�-� 1��� �X���COD ��  ��I�� ������ 
} ���1�� �� �� !��� !�;/WX7nnn B77nn �78nn�X�� ,	����

	/�#B4��1��� � jJ= !�� ]��	�MnBLc�8l1G�� � 1�� �0�.
:/��0 ��RBCII ��#�� !�;/WX} �� -�� BjJ�= 4��1���� ~��F 

�WX} ��Nnn �X�� !���� \����& �� ��X��� 	�/�# �� ,	�B1���� 
�F B�1C�R� �WX} ~��-3� �  ��� �I�� �'�2� �5��F 4��1��� ~�
 ?�@� ��X=	� ��  �@��� !	�1C� �5��F 1��� �  jJ= ��3�� ������ .

�WX} �� jJ= 4��1��� 7nn�X�� ��  	� �	  	/�# �� ,	�lN1�G�� 
�� ���1
� �  �WX} ~��-3� �  Nnn�X�� � 	/�# �� ,	�cl1�G�� 

1�0� .�� ��� �  ?<I8��� ��W=2� 4��1���� ��� ���I �� jJ�= 
�;/WX} �� :/��0 :� � �5� oX/A� !�0�.

Sq;�	 K�*�G� �b�6E#���' ���'#�	 9� U���� \����) ���#
	 
��0�� �'

:/��0 �����F 	  �<�#��1�� ��  	a� �� ?G�= ���/� !�;X<�I �� ���
L�M���0� �1��I ���K��� .���� ���W=2� B:/����0 �� 	��� �� ���F ����I

 jJ����= 4��1������� �	/5����� COD������  ������� �<�#��1������ 
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Ub>SjJ= 4��1��� 	  �r�#��1����  	a� COD :/��0 ��RBCI

Nrpm= 

L/m2.day Nc/7!��;/WX} !�	�  4� ��1�
� ��� ���  7nn B8nn �
Mnn �X�� :/��0 �� 	/�# �� ,	�RBCI�  ��  	� �	  ]���	�lMBl7

�ln��:/��0 �� � 1GRBCII 	 �	  lNBlL�ln��  1G�� .
�� �<�#��1���� ����  ~��-��3� B�����/� ���@>L/m2.day Nc/7���  

L/m2.day 7M/L���J�� !��;/WX} �� jJ= 4��1��� ~��� �(�  
1I .4��1��� � jJ= !�� ��WX} �� �1��� �0�7nn ��X�� �� ,	��

 �  	/�#lB1G�� 8nn �X�� � 	/�# �� ,	�b� 1G�� Mnn ��X�� ,	��
 �  	/�# ��8M:/���0 �� 	���� 1G�� RBCII !��;/WX} �� �7nn �

8nn �X�� ��  	�/�# �� ,	��l� 1�G�� 7L:/���0 �� 	����� 1�G��
RBCI��  ��	'� .�� ���.� �	/5�  �WX}Mnn�X�� 	�/�# �� ,	�

 ��  jJ�= 4��1���� � ��/3� Z�.��L7	� �	  	����� 1�G�� Mm1�G��
1�����	� .��� ���� ��1���
� ����  �<�#��1����� �����  ~��-���3� 1������ ����� 

L/m2.day 8l/b� ��/3� Z�.�� :/��0 �����F 1�1I ~��F B!���>
 !�;/WX} �� �F7nn B8nn �Mnn�X�� jJ�= 4��1��� B	/�# �� ,	�

�  ]��	�MnBL7�8N� 1G�� 1�� �0� .jJ�= 4��1���� ~���F
COD 1��� 4��� �  B:/��0 �� 78,1( 	_���  �(�0 ?� �� ������F

 :/��0 D�@�RBC�0� :F !��1��� 4��� �  �X��� jJ=�� .
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Ub>TjJ= 4��1��� 	  �r�#��1����  	a�COD :/��0 �� RBCII B

Nrpm= 

�� �F �����'�!�;X<I N��c~��F �  �U	� B�0� �1I �K��� 
�<�#��1�� ��  �1��� 4��� ~��-3�B:/��0 �XF 4��1��� 1I 	/5�  

�#��3�� ~��F ,�� ��/F�� 4��1��� .�� ?�#� 4��� ~��-3� �1�1P 
R� �1'( jJ= � D�� ��/F�� �� 1�����0� ���  ��/F�� �� �� �1C .
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Ub>X!����/��� jJ= 4��1��� 	  �r�#��1�� ��  	a�RBCI�  
�WX}mg/L 7nn�X��� 

0

20

40

60

80

100

0 2 4 6 8
 (L/m2.day) �b�6E#��' �#��D #�	

C
O

D
s

��
��

#�

RBCII1 RBCII2 RBCII

Ub>�!����/��� jJ= 4��1��� 	  �r�#��1�� ��  	a�RBCI�  
�WX}mg/L 8nn�X��� 

�<�#��1��� ��  ��� ,�� ��/F�� 4��1���L/m2.day 8l/b��
!�;/WX}7nn B8nn �Mnn ��X�,	���#���  	/ ]���	�7NB78�

7n ��1���
� ����  �<�#��1����� �����  ~�����F ����  ����F �����  1���G�� 
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Ub>]!����/��� jJ= 4��1��� 	  �r�#��1�� ��  	a� RBCI�  

�WX}mg/L Mnn�X��� 

L/m2.day Nc/7B���J� !�;/WX} �� -�� ,�� ��/F�� 4��1��� 
�  ]��	�bBc�781I 1G�� .

SS�0�� 1:
� 8 
� 
���2 9� U��� \���) �'
x��� ~&	U �(	0 �r�#��1�� ��  ��� ��L/m2.day Nc/7�

�1C�R� �WX}Mnn ��X�� 	�/�# �� ,	�� �� BN��  7N��
��� �� ��� 
3� 1I ���� ~��-)?<Il.(� ���� � ?<I l�W=2������ ���I 

jJ��= 4��1�����COD :/����0 �� RBCI��1��
� �� ln1��G�� ���  
�(	0N��1�
� ��  �
��� �� ��� lb1�G�� �(	�0 ��  7N�� ��� 

/3�� ~��-3� �
��� �0� �.�� �CO'� RBCII ��  jJ�= 4��1��� -�� 
��1
�ll1G�� 1�0�.

� �(	�0 ~��-3� �  ��1�
� �7n��  7N��
��� �� ��� B4��1���� 
:/����0 �� jJ��=RBCIB71��G�� :/����0 �� �RBCII B81��G�� 

�I�� ~��-3�.� �J# ��WC� ��� !q	�� j	%� ~��F �(	�0 4����
 	 �	  �� �C�; 7n�3	� 	W� �� �
��� �� ��� .
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Ub>��`x��� ~&	U �(	0 	�a BjJ= 4��1��� 	  �� L/m2.day 

Nc/7HL = 

ST8C*" 
���2 ��> 
5� ��#
	 
��1
� �� �X��� �WX} ~��-3� � 78nn �  8Mnn �X�� ,	���	/�# B

����'� �#�� �� 1���� 4���� ��  ����� ��  ��� !���	� Ml�� �(��0 

:/��0 ��I D�'(� �� �P ,�� ��� !�;/�� �� ��,�f�� ~���� B1�I 
8n :/����0 �� !1��G�� RBCI�7c:/����0 �� !1��G�� RBCII

1��	� �1��5�)?<Im(.��IJ� �� �P78��� B:/���0 4��1���� 
RBCI�RBCII �  � 	 �	  ]��	�8c�8m1G�� 1�I ��  :/���0 �

�5���  ?@� �#�= .� ���� �X=	� �0 -�:/�RBCII#� �  ��1�I� ?
	0�|� 	��������	r�:��� 	  ��!� ��0 �x��C�� � �� ��B�	rX'( 

	/; !0 �  �@�� �:/�RBCI����� �� !�I�� :�� �� :5I .
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Ub>ojJ= 4��1��� ��	���� �_��_UCOD��I D�'(� �� �P 
Nrpm= 

SX	 /�*�)� ���f�6��	 ;�e32 ��#
	 ;1���9� ;*��ENMR 
�  �0�	  ���/� o��> ����'� !��� !���� �����	& �� �����/F�� 

�� � 4��� ��	���� ���G �/3	� �� ��/&�0 �#�<#�� �� �]��F	 

�P �	 .��X=	� ��� �� ��  ���./�0� �� o��> ����	& �,	�� ��-�3�
g��vChem Office  B*�� ��@�F	� ���	& H1�= ��� 1�I .��  

���� �  ���1�� "J� !R�  �CP !�	  Y������� ��@�F	� �	��� 

�C�P !�	�  ���@�F	� Y����.�#� �� !�;X<�I d�k� o�#�d�k"
�0� pA5� �F ���	& ����/F�� ��B	��@�F �� ���� �#� �0� �F 

�
X= ��-C  4� �/�<I ���@�F	� �<������� �  Y���.�#� ��@�F	� 

�C<#� ?�1@� �1I �0�.
0�	 ���!0 ��F ��� 4�5�� �1�I ,��f�� ��:/�RBC .%�� �� ��
�; 2+�3!��= !���X��WX} �� Mnn �X�� B	�/�# �� ,	� 4��1����

 #�@� ? �� jJ=� ���� ���>!	�R�  ���0 �� 4��1��� ��:/� ���!
RBCI�RBCII���  ����� ���#��1�r�L/m2.day Nc/7�(	��0 �

~&	��Udt�� �� ��� �� ���
���x��������  �	���� D����E� ]ll�lb
�-3� �  �F ��  1G���R� �WX} ~�� �1C78nn �X�� B	�/�# �� ,	��

 �� 	/'� �  jJ= 4��1���Ln1G�� �0� �1.��F ��0� �#��= �� ��� 
0�:/�MBBR �= �� �� jJ��X���WX} ��  COD D���E� 8nnn 

�X�� 	/�# �� ,	� 1���� 4��� �Ml���� �(��0 !	� �	  4��1���� mn
1G�� ��  .0 �� �D�E3 f# :/� -�� �� jJ= 4��1����X���WX} �  
8nn �X�� 	�/�# �� ,	�� 1���� 4���� �8M	� �	  �(��0 lm1�G�� 

�0� �1I e��-� ]7N B7c�7m[.
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o#� 

"
Ub> Rpo#� o�> (!���� �"(��_/0� S0�� ����/��� �� ���	&

NMR 

���  ~��� � �#��1�r����� !0 �  �:/� � � �� � ���@(�� 	_
�-3��0 �� 1��� 4��� ~�:/� ��B�-�3� jJ�= 4��1���� �~���3�.�� 

 �  �<C�� �  �����-3��0 �� 1���� 4���� ~��:/� ���BjJ�= 4��1���� 
'� 1G�� ,�� ��/������� �� 0 ?� 4��1��	 �C  B��  :/��4��� �� 

��1���!Ml�c8� �(�0 �0 �� 4��� �� :/�RBC ��X=	� x�� �!
#� ��'� ���./0��1���� 4��� �  8M�(��0 B,�R ��X=	� �� ?��1�= 

�0� .0�:/�RBC 1��� 4��� �  78�(��0 B?� �� jJ�= 4��1���� 
#�@��� � �I�1� ������� ,1�( �� 4�5� ��0��:/�RBC ��J�= j

���X���1��� 4��� �  !�� 	/'� 8M���� �(�0.
�-3��� ~&	U �(	0 ~�x�0 �� ���:/� �-�3� ��(�  ����~

�	� jJ= 4��1�����#� 1�� ~&	�U �(	�0 ��� ��f�� �� ��x����

/���� ^���@����q	���� ���  :!3	%��� �0 �� ������/� 	��  ���C  B���� :/���

 ��-�3� �  �1�� �0����1�
� �� �(	�0 ~7n�� �� ��� ���
 �� 7N
�� �� ����0 �� jJ= 4��1��� �
�:/�RBCIB71G�� 0 �� ��:/�

RBCII B81G�� �-3� �� �� �I�� ~�; �(	0 4����	 �	  �� �C7n
�� �� �����3	� 	W� �� �
.
���/� ~����� NMR	  !�� ���'� !�� !���� �����	& �� 

����/F�� 4�5� ��� ���	& �F �� ��/F�� �@�F	� �� ���� �#� ���0 

�F �
X= ��-C  �;�� �/�<I �0�.

T;3��) �
�D 
1��C��	3 �� ���./��0� ��� RBC �	��;  S��	��I �����(� ���  �!���	�� 

 ��� �<�q��#��  !��1C��	3 jJ�= ��  ,�1��� �@�0�C� ���� ��  4����
����-f� �A��0 ]���F	� ���WX} ���� ���X��� 	�J��PMnn ���X�� �� ,	���

 	/�#��'� "2+�3 ��.
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