
Arc
hi

ve
 o

f S
ID

9

�� 345�% 6+/78�,�-#� �# �.�/�0# �! 1+$+�� �2 

��$+%,+! ()*� )��! �! 

&�)�*� 6�7
4���% ��'�5�8�9 #':; <-� =

)*�?8�@B/C/BCD+�E�VW/C/BF(

H��0�
 � d��", �"��  � �W4�%��� ��"X�� ���� X ����� ��� ��MBBR  �W�.� e� $K � �	 �� :X ��4�� �1 ( �f�$g, �hi % :�!g� �� C��

 N� X:� � j�"�h	 C1��� ��3�� Cj�"�7 Ck� �%� 1 �� � UX�, �% �  � ���C��� ��� ����� .��MBBR �� .<� �.� �4.K� ���� 
:� 1 �"4�%��� � ��$���% 1 V ;% �l3 �$���% � 2"�4� 9 1 ����� ���"2�  .2� �� j.� �.� ].� ;, *� .2 � $X 1 
� @����, :�  2� �"%�8 � X

�, �� � .�A���� 
l( :� ���"X�� �� ����� ��� ��J�.� �� !".�� ��.4�� :�!g.� ���� �"�3 .���.� 
��. 8��1�m�, �.�� �"�.� ��  .�
:��/$� �8���	 �K��  �  m�3 jA� � �J61Q6�.���8 �� !".�� ��"X�� �� 
4�%��� ��� H��, *��$f :� .:�!g.� *��.�, �.�� ���'.	

 � �� , * ,� �� ]�X��^COnCn^1_O1 �f � COD �� &'( * ,��� ����7 � 1 �� ���;� o4"p, � � COD �����O666 �4�, P�.8
 �"�3 �� *���, :�I5�K�� C� , * ,� �� _O�8���	 *���,  � 1 �f � J6�K���:�,� ���.>� " �l$.� o.�= U� ,�� NMR �.� 

� �� ��"X�� �m�Z�3��� :��l� �� ���q��X ��� .:,��� ��C:$�� 
l( U� �  � ��"��� * ,��� :.�  �Q6�.K�� �� 
"�.�� ��.m4Wf ��.� 1
�� ����� :"���	 ���� � H���� .��.X @ .AB� �� H���.� ��� �� 
"��� �7 � ���� X C����1 �3� d�� &'( * ,��� .>� ." j�"$�.� 

U$��1 P1� :A��, V�, �� ��"��� ��;A� �� * 0 �� �m�Z�3��� � �1��8 1��� rhK� V�,��"��Y� m$�X���� .


B�" �&%$<��%:J�0 D�$����� D��$��� D�/�� D������! K�L NMR�/	B����� M�� D.

Treatment of Wastewater Containing Aniline Using a Moving Bed  
Biofilm Reactor (MBBR) 

Mohammad Delnavaz 1  Bita Ayati 2 Hossein Ganjidoust 3 

(Received Sep. 8, 2007          Accepted Sep. 10, 2008) 
 

Abstract  
In this research, the capability of the moving bed biofilm reactor (MBBR) for the treatment of aniline 
wastewater has been investigated. This compound is found in effluents from chemical, dye, pigment, 
herbicide, pharmaceutical, plastic, and paint industries. The moving bed biofilm reactor was developed 
to adopt the best features of the activated sludge process as well as those of the biofilter processes. In 
this study, a cylindrical moving bed biofilm reactor with an approximate capacity of 5 liters was used. 
The effects of LECA (Light Expanded Clay Aggregate) filling ratio and retention times (RT) of 8, 24, 
48, and 72 hr were investigated on removal efficiency for different influent COD values. The best 
removal efficiency of 91% was obtained for a COD level of 2000 mg/L after 72 hour. Other 
experiments were conducted to evaluate the removal efficiency of the reactor under a decreased carrier 
volume of 30% and under continuous loading. NMR test results confirmed the capability of the reactor 
in the biodegradation of aniline. The capability of the reactor was also evaluated by feeding an organic 
shock that resulted in satisfactory performance of MBBR. The results showed that Grau and Stover-
Kincannon were the best models to describe the biological kinetic data in this study. 
 
Keywords: LECA, Aniline, Biofilm, Organic Shock, NMR, Biological Model. 
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 ��� 1�� �L�M4�B4�E J4�,3����3 ��2�]:: �:D[.)�3 0��C�� ��

 �E ><4�I !1��I(�,COD )��A� 9xx ���� ��	�B ��E =�I W	���, 0�E
 �� k��>�.3����C �� 0�C�� +�3 �� ><4�I \6C J���eZ����� 

��� J��( ��:VE "F�, 0���� ",�.!Y��p� +��3 ���< �%���E3��
0�>?� $��, Y�<�� +�3 \6C 13�E W	��, ��6
",3 .=�� 0�C�� ��

 �3�4/ J3>�� 0�
 ��4� 0E �2� (3 0�< 14�Q 0�E "�8�� @�3>83 13
COD )��A� 9xx ���� ��	�B �� =��I �3��K�fx����� ��	�B �� =��I

 � ><4�I 0E [4E��9x���� �	�B �E =�I �4�E +����� 0E [4E�� J� .��E
 �3�4/ !��� +�3 0�3�3 ��4�� 0E �2�ex+:x!_x+Dx!]x+Vx

�Zx+ZxW	����, 0��E �B���/ +������ "����H �� �J�����3� � ��3� 
1�2��� J��( �� \6C:V!Ve�_:$(3�3 "F�, �� 1��I .����

@2���< J3>���� COD �2�����E �� \6��C J�����3� @�3>��83 �1���2
 W���I�3����� k��p� (3 J�& ��	�� 1�2��� J��( �� ��	�� ��2

�� Y�<�� +�3 \6C 13�E �3�.
W���I�3����� 1��I(�, (3 h
 !+����� 1���C �-�r�8 �E �2

0�<� $(3�3 0E �2ZxW	���, 0E �4	<3� W?C ���� ���� $��>�83 .(3
0< �?� 0�<� �B�%i 0�<� G�	A��O �4E �	�< �� (3 �2 $��� $��>�83 1�2

 ������ �� �p, 0E ���> � $��< "<�C '�E "�, 0E �-r�8 0E
�� ��� .0��<� �3�K	�,3 "��AP4� )��	�< 13�E W	���, �� ��2!��� 

0E ���> k�F �� ��&� 0Q#�9x�	�, �-r�8 �p, (3 1�	�
 3 ��� ����I 0��A� �4	<3� �� �454� 0��<� "�<�C ('��E \��O 0�E ��2

 ���� 1��I4�5 .(3 ���� 0�< ��� =��?3 ���4�� 0�E �4	<3� �C3�O
 0��4� 1�2����� 0�����8 �� 0���<� (3 �B���/ $�����Q� �� 1����IZ

�	�, J����3 ��� "�8�I �3��P !�4�	<3� �� �-�r�8 �p�, (3 1�	�
04� ���I W23�8 @�E +�3 (3 1��I.

0�<� J��>83 (3 h
 �� ���E z�� !�2 ������ 0�E W	���, 0�E 1��
 W���I�3����� 0E � "8�� @�3>83 W��84��E  ��&� � ��� "��8 �2

 0�<� 1�� �� $�3� �2 .�� �4	<3� 0E +���� J��< 08�r3 �ECOD 1��2
 �3�K� �� W<Zxx ���� �	�B �E =�I 0�' ����� 0E ��E ���M4�B4�E 1�2

0�<� �p, 1�� "8��  ��&� �2 .
AE 0E 0�C�� +�3 (3 �3�K� �COD )���A� "d�* (3 +���� )��A�

Zxx ���� �	�B �E =�I "�d�* ��Vxxx ����� ��	�B ��E =��I @�3>�83
"8�� .@����(� ��2 �I����
 ����� �� Dx+���'��E 13��E ����� 

0�E �2����E c�3��� �� W	���, J����3� � �� �3��� \6C J���3�
 ��,��E ��B� �4� )��F3 (3 h
 � 0	,4�
 ��4� �����I .����H	3 

W���I�3����� @K \6�C J����3� �� k��A� 1�2!�I +���A� "&.
 �� �� W	��, 0E ��E @�3>83 ���V!",3 $�� $�3� J�& .
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�T�-����� �� +���� 1��C �4	<3� 13�E ��E @�3>83 ���
 �I���
Zx�Dx���� 

@�<3� )�	�< 13�E W23��8 � 1(34�2 c�3��� �� ���M4B4�E 1�2
 J��< W����I�3����� 13�E Y,��� c�Q� ��2 �4�d�� 0�E (3 $��#	�,3 

1�2�	�3��
 !1���� �3�4/pH � )4��Q� J���<3 !16T� �34� !... 
kE�p� 14%B3$(3�3 W	��, �� =�3�� �4O 0E ��( ��� 1��I.

�pH$���Q� �� Z/]��:/_��,3 (3 $��#	,3 �E)���#��8 ���,3 (
���P �� �)W��, ��������2(b

�"�� +��S� 13�E 16T� �34� J3>��9:Z:9xxC : N : P =b
�$���Q� �� )4�Q� J����3Z/x��:���� b�	�B �E =�I 
�$��� �4��O 0��E �
4L��,��L�� ���,��E 1313���E "�A��r� 0��AB�p� 

W	���, ��2.��,��E +��3 1�	���E �4s�C ���2 � ����#�� ����4� 1��2
$��?( 0��� W���I�3��L�� 1���Q� �3�A� � 13 �3� J�& 3� 13.

�J3>��COD 0�3(�� �4�O 0�E J� \6�C J����3� � $�� �	��8 :��E
 � �4�	�3� ������
 "���P �� �4N/ 0E ���5 �3�q �45� 0E 054�

 !�p/ ��?�3 )��	C3CODsoluble )4�Q�$(3�3 �� 1��I ��� .�E3 0+��
 $����� +���3� 6�*�� (3 3��	E3 �� 0�4� 0� Y����V:� $���� �4��F 

04� >�B��� 13��E $�� �	��8COD ��� $��#	�,3 ��� .@��E �� 36�B
���	!(3 �4d�� COD ��34� =��� �� COD$�� �	��8 ",3.

�W	��, �� ����� �3���T� �,��E 13�E �4	<3� ��3�C 05��.

����p�[ 
ab 
@���(� ����� ��3��	�,3 1�H���� ���	< }��,3�E $�� =�?3 1�2

 @�����(� 4��E �-���r�8 � �� 1����2 "���,3 $�]:V[.� �3>����H?�
 @����(�  �C3�� ��O �� $��#	,3 ��4� �2�%&���(� 1�H2�%	,� ��2 

�� ��( ��� 0E ����E.
�COD �4	<3� �2^�E 9]�50B4B 1313�E $(3��3 1���ICOD 0�E 

1 Hach 

)4|�� `��b
��	�4	8��	�|,3 :"<�� "/�, ���B3 +�<�
j)���Lambda EZ 

150 �B�	�?�� �4d�� 0E J3>��� +��A� �6�5 !COD !�E6�5 ���O 
$���'� "d�* J3>�� � �2b

�pH�	� :"<�� "/�,=��	�n�B�	�?�� ���	�B3 �Eb
�DO�	� :"��� "/�,+��3�<ob
�M4#��	�, :"<��� "/��, ��%��,���,3�5 �4�d�� 0�E �3�q 1(

b)4�Q� (3 1��t4�< � k�A� 
���&��i �� 1�4�� �4���,����� :"<���� "/���,h���(����E

��>E ���C ���<3�9xxx�E3�E b
�������, ������ONMR �����<��E "<������ "/�����,�)������ 

DRX500-Avance.

q�01. � 2+	/� 
q����	!�	` ��5�� � �/#�� . ,`�. 

0�< ��2�4	�3� 0�E $����'� ������� �2���E +�B�3 ��9x����� ���E
 � +���� 0E [4E��fx���� \6�C J����3� !�4�E >�4��I 0E [4E��

 ��� J��( ��:V"F�,!�E3�Ee:����E0���� ",� .��E 0��3�3 ��
 0E +���� WH, @�3>83:x!Dx�Vx���� !\6�C J����3� J3>��� 

��� J��( �� � "8�� @2��_:0E "F�, Zx���� "��F 0� ��,�
 �� 3� @2�� ���3 W���I�3��L��  ��� kE�p� =�F 0E J34� 13��E �2

 "�3� Y���� +�3 �L�M4B4�E 0�>?� .�3 �� WH�, J���� ��E3�E ��E 0�3
 ��O �� �2����E +��3 0��3�3 � �4�	�3� 0E �2���E �� >�4�I � $���'�

 0�E �4�	�3�4�E c�,4� \6�C J����3� J3>��� =�?3�, $��� ��i_e
����� W�����I�3��L�� J���� ��I(��, �%����E 0��� ����,� +��?B 1���2

�4E ����� 14K�C Y���� �E 1�H� �-r�8 .
�� 1��I(�, 0�C�� +��/� ��W���I�3��L 0��� !�2 ����� ��E �2

 �I�����
Zx���C�� +���3 �� +������ )4���Q� � 08���r3 �4��	<3� 0��E �
�E �B� 1�36I��ECOD )���A� Zxx ����� ��	�B ��E =��I �4�	�3� 0�E

 ��� k��>� .\6�C J����3�e:(3 h�
 ����� _:�%���E "F��, 
J��� 08�r3 13�E W	��, ���34�J3>�� $���'� �	&�E�4E.

q���.�/Y� ��f�*_ �. r�/h� �	s��	� (	�� �n� ,`� 
(3 W	��, 0E �2���ECOD )��A� Zxx ���� �	�B �E =�I ��� u����

 �� �COD )���A� Vxxx ����� ��	�B ��E =��I "�8�� 0��3�3)"�d�*
 )����A� +������ppm 9_Z ���� ppm 9Vxx .( +���3 (3  ����C �����	

 
2 Perkin Elmer 3 Metrohm 4 Crison 5 Sigma 6 Zeiss 
7 Bruker 

0�<� W?C�2
������ 

0�<� W?C)��F3 � �2

�4�Dx���� 
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 �� �� !k�KQ� 0�C��Z",3 $��� .J��2 � 0< �4O �� $�2�& �4��
 J3>�� 0E \6C J���3� +���'�Ef9�� ���� COD )���A� :xxx 

���� ��	�B �E =�I ���� J���( �� _:"�,3 $���  ���C "F��, .��
�� 0�B�3 1�36I��ECOD )��A� 9Zxx ����� ��	�B ��E =��I J����3� !

1�2��� J��( �� \6Ce�:V14�Q 0E ��3� ��,��� ��� "F�, 
�� 0<COD )��A� _Zx ���� ��	�B ��E =��I ���� ��e"F��, Dx

(3 h
 � ����:V"F�, V9"�,3 $�� \6C +���� (3 ���� .��
�� 0�3�3COD )��A� 9xxx ���� ��	�B ��E =��I �� \6�C J����3�

 1�2��� J��(e�:V$(3��3 0�E Y���� 0E "F�, DZ�ZV����� 
13�E ����K� +�3 � ��  ��CCOD )��A� 9Zxx ���� =�I ��	�B ��E

 $(3�3 0E:��� J��( 13�E ���� e�@�3>83 "F�, V13��E ���� 
��� J��(:V",3 0	�3� @2�< "F�, .

0

20

40

60

80

100

0 1000 2000 3000 4000

 (mg/L) ���� COD

 (%
)��

xx�
]^

xx5
C

O
D

8 hr 24 hr 48 hr 72 hr

 
�T�d�\6C J���3�COD ��� 1�H��( �� +���� (3  ��C 

�I���
 �E ��	��Zx���� 

�� 0dC-� +��7�2 $����Q� �� 0< �4�COD )���A� Zxx ��� 
:Zxx 	�B �E =�I ���� 0dC-�  E�P @�3>83 �\6�C J����3� �� 13

 ��� J��( +�EVe�_:+��3 �3��K� +��	&��E � ��3� �45� "F�, 
�� \-	�/3COD )���A� :Zxx ����� ��	�B ��E =��I $(3��3 0�E9D
",3 ����.

(3 �4�	<3� �� W	���, 0�E �2���E @�3>83COD )���A� :xxx 
���� �	�B �E =�I �AE 0E!J�& ���2�3�@2�< J���",3.14�Q 0�E 
�� 0<COD )��A� DZxx ���� �	�B �E =�I (3 h
_:c�K8 "F��, 
]x ���� COD \6C +���� (3  ��C $�� ��� ��,��E 0��3�3 ��E �
9:x &�3>83 �H�� "F�, �)��A� V",3 $��  ��C ���� .0���K�

 \6C J���3� +�ECOD +����� �5��/ "d�* � +���� (3  ��C 
 �� ��]0t3�3 ",3 $�� .�� 0dC-� J����3� @2�< +�E 0< ���I

 \6CCOD �4�5� ��Kp�� ���� �5��/ +���� "d�* @�3>83 �
��3�.
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�T�z�\6C J���3� �3�4� COD �5��/ "d�* � +���� (3  ��C 
��� J��( �� �4	<3� (3 J�_:"F�, 

'�'���Y\ 	. �/#� ,!���$ r�/h� �	s�S� � n{b ,`�. 
E 13�E 0�<� @K �,�� 0��� W?C !\6C J���3� �� �2 �4�54� 1��2

 0E �4	�3� ��Dx+���'��E 0�� �2���E J3>�� � �� $�3�  ��K� ���� 
"��3� 3� \6�C J���3�)COD ��E3�E :xxx ����� ��	�B ��E =��I(

0���� ����� �E \6C J���3� J3>�� �� "8�I �3�P  �F -� 1��2
 �4� +��A� �4	�3� �� �454� ���5.J��2  �� �� 0< �4O_J�&� 

W	��, ��L��F 0���K� �� !",3 $�� $�3� �I���
 ���� �� �2 1��2
Zx �Dx�� \6��C J�����3� J3>���� !������ COD )����A� :xxx 
���� �	�B �E =�I Y���� 0EeD�eZ�E ����� 0���� "�,� .c�3���

 �� 0E�&�COD )��A� 9Zxx ���� ��	�B �E =�I � �����I �3��L� >��
 +�3 (3 \6C J���3� �� @�3>83_]0EeD����	 0�< ���,� ����� 

�I���
 ���� �� 3� ��'�E J���3�Dx������ J�& ��2� ."��F
 �	&����E kE����p� 0���E [4���E�� \6���C J������3� @�3>���83 ������3

W���I�3����� �I����
 ����� 0E "�� $���'� ����<�� �E �2Zx
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'�-��/`� $ ��^!	. }+��� � 	s�/#� (	���� ,`�. 
13�E �� ������ ��� (3 0	�,4�
 "�B�C �� 1�36�I��E c�3��� ��?�3 

$��#	,3 �3�4/ J>�� ��� �4�	<3� �� �4�54� J����5 �!(3 ���� (3 
1�2��� ��� $�3� )��K	3 J���E 0E �5��/ .�� ������ J�3� �3��P ��E

 $���'� "E�R �E� J��< ��3� J���3 �3�4/ J>�� J3>�� �E �2COD 
��� W23��8 ��2�4	<3�  �/3� 0E ��&� . ��� ��e!\6�C ����	 

COD "�,3 $��� $�3� J�&� "B�C +�3 �� +���� (3  ��C .J3>���
COD W	���, 0�E $��� k��>� '��E )���A� �� \6�C J����3� +���

 0	,4�
� �2���E "B�C):xxx ���� �	�B �E =�I (��� J��( �E $3��2
:V �4E "F�, !+���7�2 )���A� >�� 1���� +����� "�d�* J3>���

 J3>���� 0��E ����A� 0	��,4�
� 1�36��I��E "��B�C �� J�����3� +���'���E 
ppm _xx "�,3 $�4E .\6�C J����3� !�2����E 0��B�3 1��2(�� ��

 E +���
 04I 0E "8�� @�3>83 0	8� 0	8� �B� �4 �� "�E�R ���� 0< 13
 (3 h
 \6C J���3�9V��  ��C (�� .J����3� �3��K� +���'�E

 �E3�E W2�#2 (�� �� >� \6Ce:E ���� 0+��E 0����K� ���� ",�
 0�< ��2� ��� J�&� 0	�,4�
 � 0	,4�
� 1�36I��E "B�C �� J���3�

 ��E "B�C �� �2�4	�3� J���3� 0	,4�
 �2�e"�B�C (3 ��	�� ���� 
",3 0	,4�
� �2���E.
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'�d��/Y� ,+�	Y � ���� ,%\ 	. ��� �n� ,`�. 
!�4	�3� 0E �B� ��E 4� )��F3 13�ECOD $(3��3 0�E 1���� ���Hi 

\6C J���3� 0��HE �3�K� �E3�E)exxx ����� ��	�B ��E =��I (k���>�
�� . L� �� k�KQ� (3 $��� +�3 ���	f",3 $�� 0t3�3 .J��2 �4�O

 �� 0dC-� 0< �4�	�3� �� c�3�� +�3 �� 1���� �B� ��E \6C !�4�
 �'4O ��� J��( �� "8��6
 =�?3 1��.0�< 14�Q 0�E eV����� 

E (�� "&2 "�6I (3 h
 \6C J���3� 00�< ���� ",�_����� 
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�T���\6C J���3� COD�4� )��F3 (3 h
 +���� (3  ��C ��E �B� 

'�z�X" �	!���f � �n� ,`�. �/Y� Z�&� �	s 
W���I�3����� �R3 �,��E �4d�� 0E �C �� $�����i � k�A� 1�2 \6

 W����I�3��L�� !�-�r�8 0����� ��E !+���� �4�	�3� (3 k��A� 1��2
 \6C J���3� � g��/!0��� 0E  N	� W��84�E c,4� ��� ��,��E �2 .
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