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Abstract  
Nitrogen compounds such as ammonium and nitrate are among the most common pollutants in 
wastewater and water resources. Removal of these substances is essential for reducing their adverse 
environmental and health effects. One of the biological methods for eliminating nitrogen is the 
simultaneous nitrification and denitrification process (SND) which, due to simplicity and cost 
effectiveness has attracted much interest. The SND can be performed by using bacterial attachment 
growth. The COD/N ratio is one of the effective parameters on the SND process. It can influence the 
process performance by changing the biofilm mass and the bacterial population. For this reason, the 
purpose of this study was to investigate the effect of COD/N ratio on simultaneous nitrification and 
denitrification in aerobic moving-bed sequencing batch reactor (MBSBR). For this purpose, an aerobic 
MBSBR reactor was operated in two phases. The selected values for COD/N in phases 1 and 2 were 10 
and 20, respectively. According to the results, doubling of COD/N significantly increased the biofilm 
mass from 15 mg/media to 25 mg/media and increased the effluent COD from 22 mg/L to 192 mg/L as 
well, for phases 1 and 2, respectively. However, it had trivial effect on the concentration of suspended 
solids. The ammonium concentration in effluent of phase 2 was around 30 mg N/L which was about 33% 
more than that of phase 1 (10 mg N/L). This indicates a decrease in the rate of ammonium oxidation in 
phase 2 which most probably was attributed to increase of the population of heterotrophic bacteria and 
inhibition of the growth of autotrophs as a result of the higher abundance of organic matter in this phase 
compared with phase 1. In phase 2, in spite of increasing biofilm mass and part of the organic matter 
remaining until the end of the cycle (the factors that make the conditions more desirable for 
denitrification), denitrification decreased and from about 39% in phase 1 reached 12 % in this phase. The 
reason for this observation was the lack of proper nitrification and low concentration of nitrate in phase 2. 
Therefore, it can be said that by increasing COD/N ratio, the nitrate concentration, or in the other words 
the nitrification process, has become the controlling factor of the denitrification process. In general, in 
phase 1 (COD/N of 10) simultaneous nitrification and denitrification took place much better so that more 
than three-fold nitrogen removal efficiency was achieved compared with phase 2 (COD/N of 20).

Keywords: Simultaneous Nitrification and Denitrification (SND), Moving-Bed Sequencing 
Batch Reactor (MBSBR), COD/N Ratio, Biofilm. 
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�;> ��!H"��J��!�> �� ��"��,��� �� �& � � �� 9 �G�� ( �
.���<!�> &��>������&�� �� �� ���GHh ��!COD��(5 � ��=�

���-�� � ��
��" )�7c �� 2�-�� �GHh ��� � e. 4F��-�4F��-
  #5�� �  �> =�  
 �  � X(�,&�  � <  ��!�  �  �d	� .�  � :�-��j

��.� ��!,��� &��!�%7� �� �0�COD/N &��>��.�� 

34� ��%�6�� � 

34-4�%78�� ��79�� 
�  (&5���  � & ,��A-  � �  >  �c�� ��  -.� j�#�  -( �-  ����-  7> �  >

>    ����	H���    . I    /B .�    � =�    /� x�    0-(!��    -.� 
�/{}�-�# e . I/B)}�/{�� -�#  ���� � g9 �(�{��-�� � � -( �

k�  A���|�-��  � �  -( �  ��> �(�;  + ���  H�( �  -( X�  
 �45&
7SHc��( .��> w*<����!���( ,��A-� X��#�. k�� &~� ����>

 ���B�|���� � ( � > ����-.� I/B &���� � c  �.�!� > I�� �
  7. 4��  .��  � �  	c & �O�  H0( 4P!��.5  �(��(HAILEA, 

ACO-5505, China) �d	� ���> :!� � �;c!�� ,� � � 	c
���� ��� & I-7!#�	�(���.5�(��� O�(�a��,��A-� � �.

��	��� j�8��O�B �� ��-.� �,��> ���>!eS� ��V,�� 4��� 

2 Kaldness 3 
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Fig. 1. Schematic of the reactor 
:;�-4��-.� j���	� eS�,��A-����( 

.�� ,�� 

3434.<+ 	��2.+ =���.+ 

�� :�� ����Pc�� �� I-7�eS��!{}e(�� �-E���/|�E� �
MN�����&� � 6 '�) �� .� �E� �!�(�/{�E� � � �  ������
}�/|H;� �E���� ���/{,��> ��B�-� �E�� ���>!� � .��

� ���.� �HB�( e.����� �0� I-7�=� /� 4�S( �� ���< ��9
�� 4�(�	��,��� �� &��!�-.� > 6���!� �!&� � Q���� �!�

���,��  � �  � �&�  � �-.�  > 6  ���!�  �!�� ��  
�( Q��  ���-�
������!57.���> j����I��� IH���.��� � ��'(��� �� -.�

 &�� �� ���-#�"� � ��> 4�7S�G�� ���O� K .� ��a� 2��� 45 I
���B �� &�� ��}|� &��2�( 4�(& ��<&� �!�� &� � � � & e %9

 �%7� .��> �-A� �� ���BCOD/N &�� ��{�> �>�>{|&�� �� �}
�> �>�>}| .�� �-��< �G� ���> ��'( �� :�> �
�� ���'( O�� -(

 �� ,�� R��<���Pc !�� c����> .���� )�;-� :�� O��( ��K!
�� �> ��#�g( �� 4��S	� �!� QMB��� 4F��-�� j�I- 7SBR �

�%  7� �  �!COD/N �  > �  >�>��{|�}|�~|�  > � �  �-��< ��  .
.(Roy et al., 2010).

�� :  � �%  7� ����P  cCOD/N �  >!&�  �{�  > �  >�>{|
)�;-��&�� �� XY� .�}�> � ���> �� G�(� �b3�� � ��=� 
 �

>����� � IH��� ��#5 ,��( ���-.� > w�-�� ��!� �!Q�� ���-�
!�> ,��� �&���%7� �COD/N �>}|���.�� ,�� ��>�� G�( 
  'H��#� �  �� ��> :  /# �I-  7�F�  #��S�:  /# R��<&�  > 6  " &
A8������"��'%B���#� �GHh �> 4��� ���~}|| �H�( �-�# �� =�<

������> .�!��-� �� �:/# :� O�-�.! � ���I /B ��� .� eS
8;�(�e(�. �*-" �#�B �� :/# &�� ��H;� .�>�� G�(  G���I

:/# :�{|H;� I/B �&����� �� ��� �� & j�� > �>�> ��&�� eS
���/|�-�#��&�� O���() ��> ��� . I /B I�� j!�� .(�� -.�
� ���� eS�	��� . I/B &!�� -.��O�� �(��/�� -�# H;�  � � �

v�%9��-( ( 4�	� �> ��-.��MN� 4����(H;� .���MN� � ��� ���> I-7
-�� R���� & ,��A-� �> �����!%����,� � � ���-.� ,�� 
 ��

�(� .���< =�/�!� (� �> p%g�( ����-.�!,&� > �� � �� �}�� �
~| �
��w��7H� �� '( .� �� ��9pH &� � ��{ >�:�/�� �
~/�&�� �� �}>�:�/����/�N-(�-#� "� � ��> �� G�� ���45 I

	/B z"�� 6��-( .���a� 2����:/#V&�� ��{� > �>�>�|

�H�( =�< �> =�< &�� �� �}�> �>�>�}�H�( =�< �> =�<�� �. ��> 4�
�� ,���� �����.��> &�� �� �� �� pH�( 2�(�
 $���( 

34>4=���� ����� ?�@AB� 
 ��  � :���P  c �!�  > N� �  ��<�� & )�  �-
  �� �� 2��  A� � �

���� )*+��!�d	� ��9� k*K :�& p��'( �GHh ��!#�  � ��
E��8( )*+�� &�!�> MN��� ��I-7,��A-� ��� > .!�"� �

E��8( )*+����.�� ��.�H< &&�� �� ��2�-� I�>4��E � %�(
#5 ��(���(5 & ��2�A#�� =� � > 4� �E � � %�(� ��-c & � 4F�� -�I

2�A7��>4��E �A7� �%�(�� ,��A-�H. .�-�� � � 
�� & �� ( ��
��( �GHh .����> ����"�>,��A-� ,���>!�� )* +�� �"��

 O��
 �� &�� ��{�y� ,�� ,�� � > � 
�� �> .�� � �!O�� 
{�
�>!����>�> �� �!�%7�COD/N &�� ��}� �GHh ��4F�� -

���� )*+�� ��!�GHh � �� �-�� �a� �>�3COD ����!� >
��& I-7�|| �H�( &� � �� �-�# �� =�<{� > �{}|| � H�( �� =� <

 �-�#���.�� ,�� �

1Sludge Volume Index (SVI) 
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��"&-4�E��8( )*+�� 2���-0(,��A-� ���Pc �� ,�� 
Table 1. Constituents of the used synthetic wastewater 

34C46�� D!��2� =�  

�����GHh :COD��(5 ��� �=���-�� ���� 2� -��4F�� - e .�� >
 O�  ( �-(������-SY  � ,�a-  �� & ,��A-  �UV-Vis DR/4000 

�.�� �"��Hach R�� p%K ���!>�4�,�� O��
 ��}� y�9
�,&�� .�<��!�GHhDO �pH � > ���  � ,�a- �� & ,��A- � � > $

O�( e>���cDO-5510 �.� � �"� �Lutron e >���c ,�a- �� �
O�(PC 300 �.�� �"��CyberScane =�/���.,&� � < ��!

MLSS ��� pH�( 2�(�
 �V�> ����& ,��A- � �> $R�� � �!D

}��| �E}��| =�  /� �  -( �����-  ��  � )APHA, 2005 .(
�d	��& ,��� �GHh :�-7�>�����( ,�� j�" =�
 2��A� & IH��

> ,�  	� � >  ����%  7L IH��  (� �� 45 � > ,�!{|| w��  7H� �  
��
 =�
 �> �%7��( ,�� j�"�> 4���& & Xc ������� & IH!�� 45

 �B� �> � �%��0( �(� 4�	�mg/media >�4���.
�>!( �%��0(�,��� 4� �&��� ���& �I-7 � #���({,��A- �

� p%K .��:�#���( ��(5 =� 
 � �� �=���- �� � ���� �� 
�( 2� -
�
�
��" 4��� &�� =� 
 ,� 	� �> I-7� H. 4F�� -�� . � �&�� 
�> ��G�( G���� & : /# : � I���� " I- 7  (��� � =� 
 e . & �
��- ���� 4F��!� �>�. I-7 -�� �(� �� � .: � � > ���  � =� 
 $
. e��- �F���   . �%� � �� &�< �> e��> ,�� 4F��- � ��  (�5 ���

v�%9��-( � QMB ������%��0( 4F��-�(���  > =&J .  .� � � � �
 �� �.�:��#���( � &� #5 � ��> 4F��-� -.�> �! � �!�� �� 
�(


��" )�7c��> ���&�� #��L�� e��45 ��'( 4��> �Q�� �G� ,� �
.�� 

2 Mixed Liquor Volatile Suspended Solids (MLVSS) 

��"&34R�� � ��> ,&�� !�� !��<,��A-� ,�� 
Table 2. Instruments and measurement methods 

Method name Measurement 
methodParameter 

Reactor 
Digestion 
Method

Method 8000 with a 
620 nm wavelength COD 

Diazotization 
Method

Method 8507 with a 
507 nm wavelengthNitrite 

Cadmium 
Reduction 
Method

Method 8039 with a 
500 nm wavelength Nitrate 

Salicylate 
Method 

Method HCT 102 
with a 425 nm 

wavelength
Ammonium 

Persulfate 
Digestion 
Method

Method 10071 with 
a 694 nm 

wavelength
Total 

nitrogen 

){(
Rdenitrification=[(TNin – (TNsl+Am +Ni + Na)) /TNin] * 100 

 
45 �� �U 

Rdenitrification ����U ,��� �&��� ��� $ 7B � > �TNin ��4F�� -
����!� �  >��I-  7TNsl������ :  /# �� ��  
�( e  . 4F��  -  � �

���&��Am ��(5�
��" )�7c �� ��
�( =���Na ���� 
�( 2�-

��" )�7c ����Ni ���-� 
��" )�7c �� ��
�( �� a	� ��

 $7B �>mg N .��-7� 

>4E'+ � F/�72 
>4-4�/GHI� 1�� �� IJ �� �%78�� I�%�K =

�c�N� � �� � GHh 2�MLSS �MLVSS � >! ���>��c ����
��I-7 ��!A 8��> ��F� #��S�� (!��� +!.� � � > H.�� K�

> �GHh�	�( e(�E X(���� ����. :�A�#5 ��( QMB ��MN( �!
N� .�  �  �� �  GHh 2�MLSS �MLVSS �  �&�� O�  K ��!

,�  �> ���  >!eS  � ��}Ta,�� 4�  �� .�  � ,�  �4�  	� ��  K �  .
 ,����((����( ��a����GHh :MLSS &�� ����> �� � j���  � $

�~±{��� ���±{��� �  H�( �  -�# �� =�  <( �  �a����  GHh :
MLVSS �      > �      �&�� 4�      	� �� ���      � $�{±{~}| �

��±{~�{ �H�( �-�# �� =�<�>��� �(5.�> �:���  �$� �����
�>�>!�%7�COD/N 3b ����� �L�( � >  �a���� GHh :MLSS 

�� $
�( �( ������GHh �MLVSS ( �>�4��� ��� .� �
 �: 7(Hu�� � $  
�(�( � �a����%  7� :MLVSS/MLSS &

Concentration (mg/L) 
Compounds 

Phase 2 Phase 1 
400  200 Sodium acetate (NaCOOH)
400 200 Glucose (C6H12O6)
400  200 Sucrose (C12H22O11)

283 283 Ammonium sulfate 
((NH4)2SO4)

26  26Potassium phosphate 
(KH2PO4)

60 60 Ammonium nitrogen (NH4-N)
1200600Total COD

20 10 COD/N 
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���  B��/|&�  � ��{�  > ��~/|&�  � ��}  � eS  �) �}Tb�� .(
+��� ���� � . � � � .� �> =&J ,����( :: � ���P c�!� > 
�  ���  >�> �� �!�%  7�COD/N &�  � ��}�COD ����!�  >

(��� �>�> �� 4��� �GHh �( �� ,�� ���� � 4F��-�.�� ��2� %
��MN( �! & .���( �>�3 )5 �� ��
�(�:( ���� > � . � A< 4� �

�  ���%  7� �COD/N &�  � ��}  #5 ��  ( ��  '( ��w�-  �� ��
(���  S ��<�  7�I�  � �  ����-� �� � �  -���  #5 ,��  ( ��  /��  ;>

,�	E ��!���> & >�.�� ,�� ��8-" ��" �> � X(� 
 $9��-(  �  7( :Hu� � ���� GHh �MLVSS �� B)!6 '�

#5 �;>�> ���>�&�� �� (X(�}&�� �> �%7�{>�� � & �-���

�GHh �@��-(MLSS ��B)! #5 �;>��� �( ��> � ��>  � (X(�
 � ��>:��>��> � � $ 
�(��% 7� �MLVSS/MLSS &� � ��}

&�� �> �%7�{.�� ,�� 
�  ���%  7� �MLVSS/MLSS �� ������  �!>�F�  #��S�

4�  �� ,�  ��� �  ��#��� �  ���  � ��  -.� �� ��  
�( :  /# 
)Fan et al., 2015(.HE�Ih� ��� :�#��� ��� GHh 6��-( ��

COD 
��"�� &�&�� �� I-7}���B ��{�} �H�( � -�# �� =� <
( �> ��4�e>�9 �
���>�&�� & �-�{)}}�H�( � -�# �� =� < �� > (

 eS�)}Tc.( 

Fig. 2. Average values of MLSS, MLVSS, MLVSS/MLSS, effluent COD and Biofilm mass 
:;�346��-( ��'( MLSS �MLVSS �MLVSS/MLSS �COD � �
��"IH����> =�
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�� &!���� �> �a��%7� �COD/N &�� ��}> =�
 �����IH
���� ����( ����!��� B & � �� 4���mg/media {�&� � ��

{���B �>mg/media }�&�� ��}���eS �) �}TdeS � �~.(
� =�E �> �
�� �>�&��-.�>!��!#5 ,��( �> Q������� � ��=� 
 �

>����&�� �� IH}vJ�	-B �> ��>�( �-.� >!� �!Q�� ���-� � � .
��- �� �� ��"� :!� QM B Q� ��J �� 4F�� -  �  7.��5 ��j
>�����G� �> )�Hg( �IH(���� � �(� �� �+��> 2�0��-�!� y�

# .�� ,����� � > �� " ���P c �� 4�� S	� � �!3b ����% 7�
COD/N �	
 ��SH	E �>����!(�>�S����� j�> I- 7  ����	H�

��h���� �> �. ����. ,����( �� ���	
 �%7� :��-.�> �!��!
> �� Q�����-�����IH�> �%7� ��� �-.� >!� �!� � Q���� ���

(��) �>�Liu et al., 2010�-� p%K .(���� s(�4�� � � �A<��
�>�> ��!�%7�COD/N ���� x�� " ��!� � >��I- 7 � > �� K

 z;�(�� $
�(�> =�
 ������ � IH�� � ���COD  
��"�
� &�� ,�� I-73b����-	.!.�� �-�� pH�( 2�(�
 �GHh �> 

Fig. 3. Biofilm growth in phase 1 (a) and phase 2 (b) 
:;�>4&�� �� �	H����> ���{)a&�� � (})b(

w�� �>��'( COD ����!� �>�� � I-7����'( ,&�� <��!
�  > ,�  �!MLVSS   K ����  > M  h �%  7� 6  ��-( �&�  � ��

(���<���S7�IV&�� ��{�'��v�% � > �>�> g COD/g VSS·d��/|

�> &�� �� �. �(5 ���}N� & 4��. �G� Q�� �>  �� > =� 
 � �����IH
 ��� B � >g COD/g VSS·d��/|� ����� .� � > =&J .� ��

  �;> ,�� 	� � . ���&COD �
 � 
��" 4��� &�I- 7 � �!

A  8��> ��F�  #��S�  ��� ��Hc ��  ( &��  	!#�H  � ���  "�Z�

1Food to Microorganism ratio (F/M) 
2 Extra Cellular Polymeric Substances (EPS) 

( 2J�80(�>�S�O�H0(\(����> .(Janga et al., 2007, Dong 

and Jiang, 2009) . 
�� �  > ��  " ���P  c �� 4��  S	� � �  a��
!  �� j�I-  7

>���-.����h�� �>�-� :� �� �/�� � � . �����% 7� �F/M &
��  '(g COD/g VSS.d {~/|�  >g COD/g VSS.d }�/|

� � $
�(��EPS �0 ��-( � ( �� � )Janga et al., 2007 & .(
�:��(�4�� �� �A<��>�> �� ���B �!�%7�F/M &� � ��}

�� ,��� ��� �> �.!>����	H�vJ� 	-B ��� > ,� 	� � � $ 
�(��
#����EPS ,�� ��<��%7L ���%���(� > ��> : ����O� B �� IH

�( m�g� � ������ & .���5 I��� �!���/�5 & ��a��#�� � .  � �
SMP ( �>�#��� 4���-.�> ������>!I7�#�>�-(  #5 ,�� (�a- 7>�
���(Meng et al., 2009, Dong and Jiang, 2009, 

Kunacheva and Stuckey, 2014) �:��>�  �> O�  	-B��� �  .
���#��� ��( ��>�S��� �>�#5 ��> ������!&�� ��}�$
�(
������� ���5�I���SMP ,�� �� �> �� ����H45��-.�>!� � 

�� + ��> Q�8( �> ���9�COD ����!.�� ��>&  �:��� ���
EPS �SMP � � I �( e(�E &��COD  
��"�� &��� I- 7

 &��}��	� �>�(.��5 
N����GHh 2�COD 9�>�� �� ,���	�O�K �� I-7� � j�eS

A8��eS� �� ��Ta.� � ,�� ,�� 4��� 4� 	� �� K eS � �� � .
 ,����((������ ���. �&�� �� �� �� �����<�� � ���GHhCOD 
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�� �  >��  S��-.�  >!�  �!
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3 Soluble Microbial Products (SMP) 
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Fig. 4. Changes in COD concentration (a) and DO concentration (b) in a treatment cycle 
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Fig. 5. Average nitrification (a) and denitrification (b) in phases 1 and 2 
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Fig. 6. Changes in ammonium, nitrite and nitrate concentration during a cycle of phase 1 (a) and phase 2 (b) 
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