
Arc
hive

 of
 S

ID

2���� � � ����� ���	
��� 

����� ��#�$ j&�
 '()�* �k�,�-��� ��./0 1��!&* 2��� 
���� �4"!�4 �� ����� �������� ����� ��� !� �"'3

�42�  5%6��� ����& !7�� 8��&9

������)	
/�/��������/�/	(

����� 
����� ��	
��� ����� �
���� �� �� ����� ����� ����  !"� �� (�$�� % �&%����) ()*� ��
� % +,�- ��./0 1)2 3�4�� +�� ��

5���6 .8� �	��, �0��
0 ��� 9���- , 	� �, 0 (.-�� :�-�; �2��< =(CCD) ���	 >?	� @%� �� A�$�?	� ?, BC	 % �0�
 �D�	)(RSM�, �0��
0 ��� % 5�-�% ��� .8�8� E�FD; 398� 3E�FD; �
G�� ����, % (�	 �����?� �?� % 8�8?�  H��� 8����� (�	
�, ���,�% >?	� ��
?�I A��8?�� (8?����� (?0 ?��*; �?���� .8�8?� �J?	D� % (�?�K :?�;�; �?, �0��
?0 �?�� % 5�?-�% �?�� L�� 

MN ;OP% QI	RS;PS�, 5�-�% ��� .8�  H��� QI	 �, ���T� U�� ��
�I ��8?��� �?, �V0- �W� �- 8� ��X�� ��*�� +��;
 ��� ��
� ���/�� �Y��-� E- 1)2(TCOD) �?�.Z; ?, ��� ��
� ���/�� �Y��-� U�	 3��?�06 �[�&
?4
�, (��)?� sbCOD)(E?- 3

�&%����(TN) �$�� E- %(TP) 5�?-�% �?�� �� ��?��� �
���� ��[F/I ����, \���� .��� �V�MN?;MP�0��
?0 �?�� % QI?	 
RS ;PS�, QI	 �, ���T� .8�6 Q	� 

�F�1 ��. ����� : ���� 1 C8�H ���7�. IJ& KLMN�� -���2�� 
;�� ����� K�����O 
#�( P�+3 QA)�O�JB� 

Optimization of Biological Treatment of an Industrial Wastewater in an 
Intermittent Aeration Sequencing Batch Reactor 

A. Asadi 1 A.A. Zinatizadeh 2

(Received Aug. 10, 2012      Accepted July 4, 2013) 

Abstract  
In this paper, the simultaneous removal of carbon and nutrients (nitrogen and phosphorus) from Faraman’s 
industrial wastewater (FIW) in a time-based sequencing batch reactor (SBR) was investigated. The experiments 
were conducted based on a central composite design (CCD) and analyzed using the response surface 
methodology (RSM). Reaction and aeration times were selected for the purposes of analyzing, modeling, and 
optimizing the process. Nine dependent parameters were monitored as process responses. The region of 
exploration for the process was taken as the area enclosed by the boundaries of reaction time (12-36 h) and 
aeration time (40-60 min/h). Reaction time was found to be the most effective variable and showed a decreasing 
impact on the total chemical oxygen demand (TCOD), slowly-biodegradable chemical oxygen demand 
(sbCOD), total nitrogen (TN), and total phosphorus (TP) removal efficiencies. The optimum operating 
conditions were determined in the range of 12 to 16 h for the reaction time and 40 to 60 min/h for the aeration 
time. 

Keywords: Faraman’s Industrial Estate Wastewater, SBR, Simultaneous Carbon and Nutrients Removal. 
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'���� �=��0� ���! l	����( �	����?COD:N:P  .�4��&
C``:KY:Y"��I��) "	�! 1�	�7 A�	 .47 t���; 
0�� ��N	� 9!

 ������ �! AP,K`9�	.	 ��� .�7	. 

1�)�; 34�7 
�&	�L 1�	��7 �. 
�0�� ��N	� �U�. 9�&�� �.
U�� �	��	 @�����- 
�&	�L @�����- .4�7 "��=#	� ���# 9�����! � ��#

 k�4�> �. 
#.	��# s��� 1�	�7 �. 
#.	�#K.��)	 34�7 9�|	�	
���� � 47 ���7 
#.	�# 9�&�� �! O0�) A�	 "�=#	� 
#.	�# "�#

9; �9! 
���� �E; 9)��  ��L.4�47 �	 

N�^��.� :)��0� ��F ���( 
�$�%COD �TN�TKN  �NO3

-�NO2
-�NH4�TP  �MLSS t=L

D�� ��: @����- .�	4��)	 "�# 3�	4�	 ����� � �- "�# "��I
 4�4��7]K`[�	 
:�������- �F������ t�����; ���! 
��,- ������� .TKN  

�@#�h  A�	 �. .47 9=)�2�rbCOD  ���G#BOD  9���I ��$� �.
 .47 

%�$� nbCOD  .�4&V`
��� ��, �. U�I 4�7 9���I �$� �.
 
��2�� }	4�=� �	 ~��? 9�! 9�>�; ��! 9: COD M�0& ��! 
�>��(

1/HRT 9!.4�- �).sbCOD  9�,.�'� m��)	 �!TCOD-rbCOD-

nbCOD 3�	4�	 .47 9=)�2� "��I COD ��! 90! w:��� D�� �! 

z��� �	 3.��)	 ��;�����E�)	 3�q�). .4�7 U��P�	 
P��) k4�� �
DR5000 �# �N��7 k��R2� "���>C3�	4�	 "	�! 9��G� "��I �#

1 (DR 5000, Hach, Jenway, USA) 
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6���� � � ����� ���	
��� 

.47 3.��)	BOD 3�q). �!BOD 
0N	 k4� �� ��;C3�	4�	 "���I
 .47 TKN �NH43�q). �!TKN T��#�> k4� ��K3�	4�	 "���I

 3�q�). �! 
0�� ��N	� �. .�>�� �h�0:	 �$�% .4�47DO ���
��G,- ���N k�R2�S�	3�	4 47 "��I.

R�_&� . `���0 
R�M�-��a Z[
 
R�M�M�����0��Z[
 TCOD 
9! B*& �O0�) 
�: .�E�G? 
!����	 ��$��TCOD 9!<�� �	���?

@������- 
��L �. "4����	�� i��)�  3�	4���	 ���# T/.���'� .4��7 "����I
9! 
q0=G# i�)�  B*�& ���4��	� T	����+; "	��! 34�- �). "��#
 9�! "4��	�� �	 
'!��; �	���? H���2; 1�)�; ��#��+�ANOVA �.

k�4>SB*�& ���4��	� .4�4�7 9�|	�	 TCOD  9�! �	 
'!��; �	���?
 
q�0=G# M�	��� .4�7 s����; U�. 9�>�. k4�� 1)�; �#��+�

k4� 9��I4�\ 9! "�# k�4> �. 34�- �).S347 9��( 9�>�; �! .4�	
 k�4> 9!S�A�@�:	� ���� B � 
#.	�# ����B2�. �_��� ��!	�;

k4� B*&TCOD HE�7 .4��0�� �_��� �k4�� ��!	�; 9�Z! � 4�0# 
KaB*��& ���! 	� ���#��+� ���_	 s��,	TCOD 
��� ������ HE��7 .4��#. 
KaB*�& 
��#�: 4��� s,	TCOD  @��:	� ����� @�	���	 ��! 	�

 
1 OxiTop IS 6 
2 Gerhardt 
3 WTW DO Cell OX 330 electro DO probe, Germany 


� ���� 9! 9: 4#. O0���I�	��E�� "��(.�( w��; 34�4  H�,. � ��#
 k���2� 
!�E�� T/�R2� 4�,�;V9���P; ��! "��*�  �. 
E�F��,��!

 �)	 O0�)]KC[.HE7 �. A��5G#KaO���� 
���	��	 ��_	 s�,	

� 	� i)�  �! 
#.	�# ���� @�	���	 �q����! 9�: .��: 34#���� �	�;

 ����� �. ���)	4�0:	 H�0��  A�����! .��)	 /��! 
#.	��# "��#
 B*& ���4�	�TCOD �^^/]j@��:	� ����� A���G: �. 4���.

)CK����� A������! � (�?���)) 
#.	���# �[`(�?���) ���! 9��Z�J.
@�  
� 
��! 9! U�/ ..�7 34�7 U��P�	 
�=J @#�h  �. 9N �)	 �:r

 B*& ���4�	� A����! ���I4�0��� 1)�;TCOD ������ "	�!
 ���	�� 
'�� l�d7^j/]S�	4�Z� A�����! �. 4��.MLVSS 

)]``` 
��� ) @��:	� ����� � (���, �. U�IKV9�! (�?��) ��).
 .�! 34�-]C^[
�� ����� 9',�W� A�	 . �	 
d!���� ���4��	� 9�: 4�#.

 B*�&TCOD  
��� 	� � @���:	� ������ �	 "��G: ��.���Z� �. �	��;
MLVSS 9!..��- �). 

R�M�N�Z[
 ����0��rbCOD 
k�4> 9! 9>�; �!S�A.�)	 U�. � k�	 ��_f; 9>�. �! �_�� �!�; �d�;

 HE�7KaB*��& ���! ��#��+� H��!�Z� ���_	 �rbCOD . 	� ����N	� �

� ���� 
0�� 
� ���� n��� .4#. @�:	� ���� T	���+; 9: 4�#.

 �	CK�;S[Q?�! �?�)K`B*�& ���4��	� �. @�	���	 4���. 

rbCOD 
�..�7 

4 Soluble Microbial Products (SMPs) 

 

P.�;R�n��� ANOVA i)�  v	�! �	��	 U�� �	 3.��)	 �! 347 9',�W� v�#Design Expert 

Probability 
for lack of 
fit

PRESS CV S.D Adeq. 
prec Adj.R2 R2 P�	�
� :�C b�2� K'� � X��/ 

0.3426 142.94 4.75 2.81 20.69 0.8914 0.9185 <0.0001 
56.60-
11.11A+5B+7.17B2

حذف

TCOD 

0.1173 156.60 3.39 3.08 13.524 0.8263 0.8552 <0.0001 93.31+9.78A-7.13A2 حذف

rbCOD

0.2486 477.06 8.71 4.85 16.928 0.8648 0.8986 <0.0001 
51.93-
18.11A+4.67B+10.86B2

حذف

sbCOD

0.2401 272.50 18.56 4.18 15.829 0.8114 0.8586 0.0004 
22.54-13.11A-4B-
5.25AB

حذف

TN 

0.1568 5061.54 19.37 6.11 5.748 0.2790 0.5194 0.1642 
32.81-5.89A-2.67B-
3.67B2-5AB 

حذف 

TKN 

0.1695 3621.82 136.97 14.96 7.966 0.5653 0.6739 0.0143 
6.53-28.56A+12.70A2-
4.50AB 

 TPحذف
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������� � �

(الف)

(پ) (ب)

STCN�B*& ���4�	� (s,	 v	�! u2W) i)� TCOD B*& ���4�	� (� �rbCOD B*& ���4�	� (� �sbCOD 

HE7 9! 9>�; �!Ka9�: .�	4�� B*�& �! 
�	4�\ �_	 
#.	�# ���� �
!9�.�! O8d,	 Hd) H�,.rbCOD �"�	��#) 
W�	�7 �# �. 9: �)	

O0���I�	��E�� 1)�; ("�	�# 
! � <�0:��	 
�� B��R� �# ..��7
9! B*�& �. 
!��( .�E�G? O0�) A�	 �
�: ��L rbCOD .�4�&)

j] ..	. ���� .�( �	 (4��. 

R�M�R�Z[
 ����0�� sbCOD 
����� 
E�F�,��! 9��R; ���! HE�� � "�#"	�>	 �
'�COD 

 9��P; �! 
E�F�,��! 9��P; H!�J ��% �� � O: 
E�F�,��! "��*  9: 4�	
 ����N	� ����( .���E�G? ������ 
��� 
��0�� "���# �=��0� .4����7

BOD5/COD 3�	4���	 "	���! ����( �����'� <��� �����!�J "����I
9��P; 34���/- � ��)	 ������ 
E�F�,��! "��*  �=�0� ��! "��#

BOD5/COD≥ 0.4 9! e/�G'� �?9��P; �	� 
�� 9����*  ��*  4���7
]KK[.�=��0� �
���=J T���',�W� 9��! 9��>�; ���! BOD5/COD  "	���!

l�d7 ����� ��.��Z� A��! 
'�� "�#C]/`��;]V/`D�	��I
 �)	 347]KS[l�d�7 ������ "	��! �=�0� A��	 . 
'��� "��#

 A�! ���	��SC/`�;Y/`k�4> n��� t=L .47 A��';S�A�B�
B2O�d� A���; B*�& �. �_��� ��!	�; sbCOD  T	����+; .4��0# 

B*& ���4�	�sbCOD 9!HE�7 �. ��#��+� �	 
'!��; �	��?Ka�
HE7 �. .�)	 347 3.	. ����Ka��! @��:	� ����� 
��#�: �_	 �

B*�& sbCOD B*�& 4���� ��! 9!����TCOD HE�7)Ka(s�,	

� 34#��� 
� 
�#�: 4��� A�	 ..�7 ���( 
�Ih�� 9! X�!�� 4�	�;

	�
0�� ��N	� �. �WZ�� 9���;) 47�! 
0�� ��N	� "�=#SBR  (
 �GP; Q?�! 9:SMP 9��P; �! 9�7/ � A���  
E�F�,��! "��*  "��#


� 
0�� ��N	� �. �Z� 9�&�� �. 
,��) .��7]KC[��_	 A���5G# .
 B*& �! 
#.	�# ���� �=��sbCOD �	4�Z� A����! .�)	 .�d��

B*& sbCOD �^C/^`@�  4��. ����� A���G: �. 9: 47 
��!
) @���:	�CK) 
#.	���# ������ A������! � (�?���)[`���! 9��Z�J.
9! (�?�) .4�- �). 

R�N��c.���0 Z[
 
R�N�M�Z[
 ����0��TN 

9! �F���� B*& � "�	��# 9��&�� �. ����)�E������ 4���	�� 9��)�

� p��;	 <�0:��	 9�&�� �. ���)�E������. ��� 9! 9>�; �! .4�	 n�

 k�4>SB*& �. �_�� "�#��	��  �TN �A�B�AB ��_	 .4�.�!
 B*�& �! 9',�W� .��� "�#��+�TN HE�7 �.Sa3.	. ����� s�,	

44.63  

53.44  

62.25  

71.06  

79.88  

 T
C

O
D

re
m

ov
al

,%

12.00

18.00

24.00

30.00

36.00

40.00  

45.00  

50.00  

55.00  

60.00  

 A: Reaction time   
 B: Aeration time  

33.32  

46.38  

59.45  

72.51  

85.57  

 s
bC

O
D

re
m

ov
al

,%

12.00

18.00

24.00

30.00

36.00

40.00  

45.00  

50.00  

55.00  

60.00  

 A: Reaction time   
 B: Aeration time  

76.41  

81.47  

86.54  

91.60  

96.66  

 r
bC

O
D

re
m

ov
al

,%

12.00

18.00

24.00

30.00

36.00

40.00  

45.00  

50.00  

55.00  

60.00  

 A: Reaction time   
 B: Aeration time  

A3+��. ���) :B�F�%F ���) :

Z
[


�2
�

T
C

O
D

Z
[


�2
�

rb
C

O
D

�2
�

Z
[


sb
C

O
D

B�F�%F ���) : A3+��. ���) : B�F�%F ���) : A3+��. ���) :
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B*�& �! ��+� A��;�_�� �@�:	� ���� �HE7 9! 9>�; �! .�)	 347
TN HE7 �. .�)	Sa
� 34#��� s,	 "/�! B*& 9: .�7TN �.

) @�:	� ���� A��G:CK?�) .��)	 
#.	�# ���� �	 HZ0� � (�
�_	 
#.	�# ���� 9: 
,�& �.
�#�: ��! 	� "4���	�� i�)�  A��	 ��!

 
�� ����� @��:	� ����� @�	��	 ����� @�	���	 ��! A���5G# .4�#.
 B*& �ON 
#.	�# ���� �. @�:	�TN
� @#�: 
�	�- 9! �. .4�!��

 	���	 @��:	� ����� 
���� �_	 �
#.	�# ���� @�	��	 �! 9: 
,�& @�

� 9! 9P�� .4!�� ��.��Z� �. "���(.�( w���; @�	���	 34��- �).

 
�� 4��f; 	� 
#.	�# ���� "/�! A�����! �HE�7 9�! 9�>�; ��! .4��:
 B*�& ���4�	�TN  �j/S[9�! 4���. "	��! H��,. 9�) .4��- ��).


� �F���� B*& �	��� �.�! O: 9�>�; :.�G�7 ��! �	�;C.�4�2� (
 �. ���)�E������ @�:	� �47 9�! @��:	� ���� 9�,�	 T�?�) H��,.

 
��!�: �=�� �	 ".��� �	4Z� ��8&]KV[�K4���	�� �4�7 .�4�2� (
9! ���)�E������. �=�0� �.�! A���  H�,.BOD5/COD ������

.�4&) ���	��S/`� (S) l	���( �F����� "/��! ��$�% (S`` a
KC` 
��� (��, �. U�I ) l	���( A!��: �	4Z� �! 90��Z� �.CK``a
jY` 
����� 1��)�; 34��7 U���P�	 
���=J 9��',�W� �. .(����, �. U���I

 �. ��I4�0���SBR B*�& �	4Z� A����! �347 
#.	�# e���:TN 
Sj/S[�. 4����. MLVSS ]``` 
����� ������ � ����, �. U���I

 @�:	�KV9! �?�) �)	 34�- �).]C^[.	. ����� 9�',�W� A��	 .
 B*�& ��! 
�	4��\ ��_	 
#.	�# 9����! 9:TN �� �	 
'��� ����

..�	4� ���	�� 

R�N�N�Z[
 ����0��TKN 
3.	. "�#TKN 9!p��=W�	 34�7 o���	 U�. 9>�. k4� �! 34�- �).

 k�4>) 4�47 3.	.SO�d� .( H���7 k4�� ��!	�; A���;A�B�B2�
AB 
��	4�Z� �.�! A���  9! 9>�; �! .4�7�!R2)YC/`B��(	 � (

A�! .��� R2�Adj R29!)M�;�; YC/`�K]/`34��#. ����� 9: (
3.	. 
��) �	.�G� ��)	 347 9|	�	 k4� �.�! s�'� � 
�'J	� "��#

@�  HE7 �. k4� 1)�; 347 
��!V��:r 9! U�/ .�)	 347 3.��-
3��G7 9N �)	 @����- 3��G7 �! t=W�� �	.�G� 
Z�	 ��2� "�# "��#

 k�4>K.�)	 
B*��& ��! ��#��+� ��_	TKN HE�7 �.Sa����� �34��7 3.	.

3.	. 9! 9>�; �! .�)	 k�4> "�#KA����  ��.�Z� �. 9: �)	 .�d�� �
B*�& �@��:	� ���� TKN �TN  ) ��)	 ���0E�S[9�: (4���.

 U�/ .��)	 1�	��7 A�	 �. ���)�E������ �47 .�42� 34�#. ����
 B*& 9: �)	 �:r 9!TKN �	 HZ�0� 
#.	��# ���� O: ��.�Z� �.


,�& �. �)	 @�:	� ���� B*& 9:TN �. 	� 
��#�: 4���� <��
 
��� ������ 1�	���7 A���	 4����	�� 9��! X���!�� T�����; A���	 .4��#.

 B*& �. 9: �)	 ���)�E������ TN 
�� p��;	 A��	 T4�7 � 4��	

 9�! @��:	� ����� @�	��	 �! 4��	�� @#��: 
��!�: ��=�� .��=� H��,.

� B*& ���4�	� �. �# �
#.	�# ���� "/�! ��.�Z� �. .4!�� TKN 

 �TN 
�� @#��: @�:	� ���� @�	��	 �! 9�! 9�: 4��!�� 4��,�; H��,.
 �)	 "��(.�( w��; �	 H��& 
,- �F����]KY .[ 

(الف)

(ب)

STCR�B*& ���4�	� (s,	 v	�! u2W) i)� TN ���4�	� (�) �
B*& TKN 

STC]�3.	. 90��Z� 3.	. � u'J	� v�# 1)�; 347 u��! @�  v�#
& �d> k4� B*TKN 

R�N�R��;.�@ K����0 9I>J 
�$�% T	��� � ����)�E������ "�#4���	�� A��! T����; �
�>��(


� ���� 	� ���)�E������. 9! .4#. "4���	�� i�)�  A�	 �H�,. A�G#

0.18  

9.36  

18.54  

27.72  

36.90  

 T
N

re
m

ov
al

,%

12.00

18.00

24.00

30.00

36.00

40.00  

45.00  

50.00  

55.00  

60.00  

 A: Reaction time  
 B: Aeration time  

15.58  

21.45  

27.33  

33.20  

39.07  

 T
KN

re
m

ov
al

,%

12.00

18.00

24.00

30.00

36.00

40.00  

45.00  

50.00  

55.00  

60.00  

 A: Reaction time  
 B: Aeration time  

Z
[


�2
�

T
N

B�F�%F ���) : A3+��. ���) :

B�F�%F ���) : A3+��. ���) :

Z
[


�2
�

T
K

N

:�3�/ ��F:�C �+�� :�� A�. ��F 
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9 ��������	
������� � �

@����- U�G; �. 3�	4�	 �# HE7 .47 "��IYs���� "	��>	 ��$�%
@����- 9G# �. 	� 
>��( � ".��� �. �F���� ��� �# 
�� �� 4�#.

 k�4> �. .�>�� ��.�Z� m�)	 �! 9:KHE�7 .��)	 34�7 34���:Y
T	��� �$�% �. @�	��	 
�>��( ��#��+� @�	���	 ��! �����G# 	�


� ���� 9! 9: 4#. �P�� 9: �)	 ���)	4�0:	 H�0��  @�	��	 H�,.

� ���)�E������ 4��	�� �����  9! ..�7 

B��R� 9�: �)	 �:r 9! U�/BOD  �?��) �. ����� �	 9��,�	 T
�����)�E������ �����! �?���) Q��?�! 
��0�� ����N	� �. @���:	�


� 9�! n���� ��! 
!��( t!��W; 9�P�� A��	 ..�7 1�)�; 34��- ��).
 .�	. �	��EG# � HI������]KV[9�: ��7	. 9�>�; 9�E� A�	 9! 4��! .

 @���:	� ������ �. O��0�) �. 
��>��( T	����� ���$�%CK�?���)
9��! 4�0:	 A����I 
����  H���,. 4����	�� 9��! �=��0� A!���: �����)	

 �	�G:) �)	 A���  
��( ����)�E������Y��, �. U�I 
���(.

(�F�%F ���) .3+��. ���)) 3���)� f���C 

STC^�s��� 1�	�7 �2; u>��( � v.��� �. �F���� }	�>	
347 9',�W� v�=#	� 

R�N�]��;.�@ 9����0 9I>J 
HE7 9! 9>�; �!Y�( ��$�% 4���� �
�>��( 9!���� ������ 
�>�

 HE7 �. .�)	 T	���Y
��$�% �! 
#.	�# ���� 34�#�: �_	 �	�;
 ������� H�4��=; 9��P�� A���	 9��: �������. 	� 
��>��( ������� 

)(NO2
-) T	���� 9! NO3

-"�:��! 1�)�; 	� ( 34���: 4��0:	 "��#

� T�=_	 ���)	4�0:	 "/�! H�0��  �. ����� 4�:]K[ .[ 

R�N�^��0���=� �c.���0 Z[
 ��� 
.�4��&K`���;S`������� �. .���>�� �F������ ���$�% �	 4����.
l�d7 �F����� 
�,- }��> A�	�!���! .�)	 
,- ����	�� 
'�� "�#

9! 3�	4�	 9',�W� A�	 �. "4��	�� i)�  <� �	��? 9�>�; ��! .47 "��I
 HE7 9!Y.�4& 
,- �F���� B*& ��.�Z� A����! �V`
���� U��I
�F���� ����� � @��:	� ����� ��.��Z� A���G: �. 9�: .�! ��, �.

9! 
#.	�# A�����! 9�: ��7	. 9�>�; 9�E� A��	 9�! 4��! .4�- �).
B*& ��.�Z�TN  �TKN 9! 1�	�7 A�G# �. .�)	 34�- �). 

HE�7 �. @��:	� ���� ��.�Z� A��;/�! �. M,�> .���). <�
Y
� 34#��� 9�! 
�,- �F����� 9: .�7 w���; H��,. �. "���(.�(

 ���)	 34��7 4���,�; O��0�) �. @���:	� ������ "/���! ��.���Z�]KY[.

� @#�: 
,- �F���� B*& �
#.	�# ���� @�	��	 �! A��5G# 4!��

 �4�7 .�4�2� �	 
�7�� ����)�E������. O�: �?��) 9�! X��!�� 9:
 HE�7) ��)	 <��0:��	 1�	�7Y9�! .( ��! l������- B*�& �3���?

@#�: 
,- �F���� B*& @�	��	 
�H�4�=; 34��#. ����� 9�: 4�!��
 �)	 l�����- 9! 
,- �F����]K] .[ 

R�R��71! Z[
 ����0�� 
� "�	���# H��&	�� �	���E; ���! 
E�F���,��! 9����R; 4����	�� �. ����0�


! 9! "�	�# O0���I�	��E�� 9��)� ���0� 34���: �G> "�#)PAOs(�

�  HE7 9! 
� B*& T��0� ��:	� ����� �_	 �3F��  A�	 �. ..�7 @

k�4�> n���� 9! 9>�; �! .47 
)��! ��0� B*& �! 
#.	�# ���� �
S�	 
'!�; ��0� B*& �A�A2�AB HE7 ..�![H�!�Z� "��#�_	


� ���� 	� ��0� B*& �! �#��+� .4�#. 
.	�- O�0�) �. @��:	� ���� @�	��	 �! ��0� �HE7 9! 9>�; �!


��� 9��! 34���4  A���	 ..���7 I�	��E�� A����I 
����  H���,.O��0��� "���#
 O�0���I�	��E�� ��! �!�J� �. 
�!�: �=�� B�R� �. ��������. "��#

 
��  ��GP; �4�7 s�J�� Q�?�! ��Z� 9�&�� �. 9: �)	 �	�(��0�
T	��;�! 
0:��4�# (PHB) CO�0���I�	��E�� �. "��# �	�(���0� 


� .�7]K^[.��)	 
#.	�# ���� �	 HZ0� ���0� B*& A��5G# .
 �& ���4��	� �	4�Z� A����! ���0� B*K^/YKA���G: �. 4���.

) @�:	� ����CK) 
#.	��# ���� A��;/�! � (�?�)[`��! 9�Z�J.
@�  (�?�) 
� 
��! B*�& ���4��	� A����! 
�=J 9',�W� �. ..�7

) ��0�`V/]S9�! ��#��+� ��.��Z� A��;/�! �. (4��. .4��- ��).

� B*& ���4�	� �.�! /�! 	4Z� �.�! A���  9! X�!�� 4�	�; ���0� �

.�4&) 47�! 
0�� ��N	� 9! ".���K`
��� (���, �. U��I]C^[.
".��� ���0� ��$�% @#�h  A�	 �. 9: 
,�& �.V[��;Y]
����

..�! ��, �. U�I 

R�]�<+��� P�� �6+���#�$� . �+���! �)�� 
9��d! �. 9�! 9�/ 4�\ 9�Z� <� �	 
E��	�I "��) �.	. ����� ���$��

. 9: 9��d! 9ZW��i)�  ��.�Z� �- �9�! "4��	�� "�# �. ����'� �	���?
347 9��I �$� 
� 3.��)	 �4�	 HE7 ..�7]	� 
�E��	�I "���) 9��d!


� ���� B*�& ���4��	� ���+� 9�) m�)	 �! 9��d! 9ZW�� .4#.TN�

1 Poly Hydroxy Butyrate (PHB) 

9
I>

J
(m

g/
L

)

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

10 ���� � � ����� ���	
��� 

STCg�u2W) i)�  ��0� B*& ���4�	� v	�! STCh�9��d! 9ZW�� v	�! 9�/ 4�\ 9�Z� 

P.�;]�'��9! 347 9',�W� v�#��+� �	 347 ����	 v�#�� 9��d! ��$�� v��) 
X��/:.�&��
�.

B*&TCOD ≥ 60%

B*&TN  ≥ 30%

B*&TP ≥ 30%

P.�;^�X�Z� u#�q�����- 1�	�7 9! 9��d! k4� uP�)��=?	 ��$�� 

TCOD�TP 9! 9: 34�7 9���I �$� �. ���'� �	��? 
���)��7 �4��	

� k�4> �. �$� .��� "�#���'� 9: .�7V347 3.	. ���� .4�	 

9! =?	 � n��� �2� 
)��! ��$��k4� 
P�)�� �. 9WZ� �. ��#
9! 1�	�7) 4�47 ����	 9��d! 9ZW�� 9���� 9��)� HE7 �. 
��# "��#

]347 3.	. ���� 9! � (4�	 ��.��Z� ��! 
�'J	� ��.��Z� 9�0��Z� ���$��
@�  .47 "�=#	� �347 ����	 9WZ� �. �. 
0�� ��N	� �347 
��!

 k�4>Yd! tL���� �. 34�7 @�����- 1�	��7 �. n��� ����� 	� 9���

� @�����- 
�&	�L �	���	 U��� ��! 9���d! 1�	�7 �2� .4#. ��! ��#

 
�'J	� ��.��Z� .47 
)��! i)�  �# "	�! .�	4��)	 B	�2�	 9=)�2�
@�  ��.�Z� 9! <�.�� 
��( 9! k4� 347 
��! 1�	��7 .4��4�- ��).

 @��:	� ����� �. 
0�� ��N	� .�E�G? 9��d!CK��;C[� �?��)
 
#.	�# ����V`�;[`9! �?�) �! 9Z�J. .4�- �). 

]�<6��0 ���( 
9�! ��WZ�� 9�)�� �� 
�0�� ���N	� .�E�G? 9',�W� A�	 �. ���$��

l�d7 ����� 9��R; �. A���I ��$� �. ��! ����	�� 
'��� "��#

 ����� .4�7 
�)��! (
#.	��# ����� � @�:	� ����) "�=#	� ��+�
9! 
#.	�# .�E�G? �. ��+� A��;�_�� �	��?
0�� ��N	� A�	 

�	 ���! @�:	� ���� ��.�Z� �. .47 9(��7CK���+� A�	 ��?�)
 B*& ���4�	� �! 
��� �_	TCOD�sbCOD �TN �TP ..	. �����
 B*��& ���4���	� A������!TCOD �sbCOD 9��! M���;�;^^/]j�

Y]/^Y@���:	� ������ �. 4����.CK
#.	���# ������ � �?���)[`
9! �?�) �! 9Z�J. 4�- �). 9�',�W� A�	 �. �F���� B*& ���4�	� .

9��! �=��0� �.���! O��:) �����	�� 
'���� ������� 
��Ih�� H���,. 

BOD5/COD  .�4��& �. �S/`�F������ ���$�% �.���! /���! � (
) ".���S``aKC` 
��� 1�	��7 .4�7 D�	��I A���  �(��, �. U�I

 @��:	� ����� �. 
0�� ��N	� .�E�G? 9��d!CK��;C[� �?��)

#.	�# ���� V`�;[`9! �?�) �! 9Z�J. .4�- �). 

^��0���A 
l�d7 �:�7 
,�� ���G& �! o�L A�	 9�!) 3�������: 
'��� "��#

 .	.�	���J 3��G��7CY/C]� ����4��� �	 9����)� A���	 9��! .4��7 U���P�	 (

-13.83  

2.70  

19.22  

35.75  

52.28  

 T
P

re
m

ov
al

,%

12.00

18.00

24.00

30.00

36.00

40.00  

45.00  

50.00  

55.00  

60.00  

 A: Reaction time  
 B: Aeration time  

L�� f���C X��/
Z[
 �2�TCODZ[
 �2�TN Z[
 �2�TP 

{
: @�N	� ����CV�?�) 

: 
#.	�# ����VY�?�) �. 9Z�J.  

 مقدار تجربي

 مقدار مدل

 انحراف استاندارد

68
65.18 
1.99 

34
33.31 
0.48 

40
37.46 
1.79 

K
: @�N	� ����C[�?�) 

# ���� : 
#.	�YY�?�) �. 9Z�J.  

 مقدار تجربي

 مقدار مدل

 انحراف استاندارد

69
68.38 
0.43 

33
30.91 
1.47 

38
33.42 
3.23 

Z
[


�2
�

T
P

A3+��. ���) :B�F�%F ���) :

B
�F

�%
F�

��)
:

A3+��. ���) :

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

11 ��������	
������� � �

l�d��7 �:���7 �	����EG# O����( ��:���) ����R( 9��! 
'���� "���#
9��R; k��0� m��7��: "�/�) ���	�� 
'�� l�d7 9��( ����d�

9��! "�	�q��)��) � �E���; 
��� H��G? 
,���? ���GP� �	 A����5G# .4���-

 9��! ����% 
���#�h  
��7���- T�����E�	 �.�	*��I �����(	 �. �L���(

� 
�	.�4J 
#�q�����- ..�7 

g�V;��� 
1. Lim, S.J., Moon,  R.K., Lee, W.G., Kwon, S., Park, B. G., and Chang, H.N. (2000). “Operation and modeling 

of bench-scale SBR for simultaneous removal of nitrogen and phosphorus using real wastewater.” 
Biotechnol. Bioprocess Eng., 5 (6), 441-448. 

2. Khin, T., and Annachhatre, A.P. (2004). “Novel microbial nitrogen removal processes.” Biotechnol. 
Advancess., 22 (7), 519-532. 

3. Kishida, N., Kim, J., Tsuneda, S., and Sudo, R. (2006). “Anaerobic/oxic/anoxic granular sludge process as an 
effective nutrient removal process utilizing denitrifying polyphosphate-accumulating organisms.” Water 
Res., 40(12), 2303-2310. 

4. Zeng, R.J., Saunders, A.M., Yuan, Z., Blackall, L.L., and Keller, J. (2003). “Identification and comparison of 
aerobic and denitrifying polyphosphate accumulating organisms.” Biotechnol. Bioeng., 83(2), 397-404. 

5. Agdag, O.N., and Sponza, D.T. (2005). “Anaerobic/aerobic treatment of municipal landfill leachate in 
sequential two-stage up-flow anaerobic sludge blanket reactor (UASB)/completely stirred tank reactor 
(CSTR) systems.” Process Biochem., 40(2), 895-902. 

6. Zinatizadeh, A. A.L., Bashiri, H., Asadi, A., and Bonakdari, H. (2012). “Comparison of different fluid 
dynamics in activated sludge system for the treatment of a stimulated milk processing wastewater: Process 
analysis and optimization.” Korean J. Chem. Eng., DOI: 10.1007/s11814-012-0029-9. 

7. Kapdan, I.K., and Alparslan, S. (2005). “Application of anaerobic–aerobic sequential system to real textile 
wastewater for color and COD removal.” Enzyme Microb. Technol., 36 (2-3), 273-279. 

8. Najafpour, G.D., Zinatizadeh, A.A.L., and Lee, L.K. (2006). “Performance of a three-stage aerobic RBC 
reactor in food canning wastewater treatment.” Biochem. Eng. J., 30 (3), 297-302. 

9. Pozo, R.D., and Diez, V. (2003). “Organic matter removal in combined anaerobic–aerobic fixed-film 
bioreactors.” Water Res., 37(15), 3561-3568. 

10. Zinatizadeh, A.A.L., Mohamed, A.R., Abdullah, A.Z., Mashitah, M.D., Hasnain Isa, M., and Najafpour, 
G.D. (2006).“Process modeling and analysis of palm oil mill effluent treatment in an up-flow anaerobic 
sludge fixed film bioreactor using response surface methodology (RSM).” Water Res., 40(17), 3193-3208. 

11. Irvine, R.L., Miller, G., and Bharmrah, A.S. (1979). “Sequencing biological reactor an overview.” J. of  
Water Pollutant Control of Fed., 51, 244-254. 

12. Wilderer, P.A., Irvine, R.L., and Doellerer, J. (1996). “Sequencing batch reactor technology.” 1st 
International Specialized Conference on Sequencing Batch Reactor Technology, International Association on 
Water Quality, Germany, Munich. 

13. Helimreich, B., Schreff, C. D., and Wilderer, P.A. (2000). “Full scale experiences with small sequencing 
batch reactor plants in Bavaria.” Water Sci. Technol., 41(1), 89-96. 

14. Tchobanoglous, G., Burton, F., and Stensel, H.D. (2003). Wastewater engineering: Treatment and reuse,
McGraw-Hill, New York. 

15. Ahmadi, M., Vahabzadeh, F., Bonakdarpour, B., Mofarrah, E., and Maheranion, M. (2005). “Application of 
the central composite design and response surface methodology to the advanced treatment of olive oil 
processing wastewater using Fenton’s peroxidation.” J. Hazard. Mater., 123(1-3), 187-195. 

16. Akhbari, A., Zinatizadeh, A.A.L., Mohammadi, P., Irandoust, M., and Mansouri, Y. (2011) “Process 
modeling and analysis of biological nutrients removal in an integrated RBC-AS system using response 
surface methodology.” Chem. Eng. J., 168 (1), 269-279. 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

12 ���� � � ����� ���	
��� 

17. Wang, G., Mu, Y., and Yu, H.Q. (2005). “Response surface analysis to evaluate the influence of pH, 
temperature and substrate concentration on the acidogenesis of sucrose-rich wastewater.” Biochem. Eng. J., 
23(2), 175-184. 

18. Asadi, A., and Ziantizadeh, A.A.L. (2011). “Statistical analysis and optimization of an aerobic SBR treating 
an industrial estate wastewater using response surface methodology (RSM).” Iranica Journal of Energy and 
Environment., 2 (4), 356-365. 

19. Khuri, A.I., and Cornell, J. A. (1996). Response surfaces: Design and analyses, Marcel Dekker, New York. 
20.  A.P.H.A. (2005). Standard methods for the examination of water and wastewater, Washington. 
21. Isika, M., and Sponza, D.T. (2006). “Biological treatment of acid dyeing wastewater using a sequential 

anaerobic/aerobic reactor system.” Enzyme Microb. Technol., 38(7), 887-892. 
22. Dincern, A.R., Karakaya, N., Gunes, E., and Gunes, Y. (2008). “Removal of COD from oil recovery industry 

wastewater by the advanced oxidation processes (AOP) based on H2O2.” Global Nest., 10(1), 31-38.  
23. Chan, Y.J., Chong, M.F., Law, Ch.L., and Hassell, D.G. (2009). “A review on anaerobic-aerobic treatment of 

industrial and municipal wastewater.” Chem. Eng. J., 155(1-2), 1-18. 
24. Tay, J.H., Tay, S.T.L., Liu, Y., Show, K.Y., and Ivanov, V. (2006). Biogranulation technologies for 

wastewater treatment, Elsevier, Singapore. 
25- Parkin, G.F., and McCarty, P.L. (1981). “A comparison of the characteristics of soluble organic nitrogen in 

untreated and activated sludge treated wastewaters.” Water Res., 15 (1), 139-149. 
26. Li, J., Healy, M.G., Zhan, X., Norton, D., and Rodgers, M. (2008). “Effect of aeration rate on nutrient 

removal from slaughterhouse wastewater in intermittently aerated sequencing batch reactors.” Water, Air and 
Soil Pollut., 192 (1-4), 251-261. 

27. Agathos, N.S., and Reneke, W. (2003). Biotechnology for environment: Wastewater treatment and modeling 
waste gas, Kluwer Academic Publisher, Dordrecht. 

28. Chang, H.N., Moon, R.K., Park, B.G., Lim, S.J., Choi, D.W., Lee, W.G., Song, S.L., and Ahn, Y.H. (2000). 
“Simulation of sequential batch reactor (SBR) operation for simultaneous removal of nitrogen and 
phosphorus.” Bioprocess Eng., 23 (5), 513-521. 

www.SID.ir

www.SID.ir

