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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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'�� �����

l	��( 9�&�� �	 H=J 

0�� ��
N	� .�4�&) 4�7 A��� 9; �
#.S`
�4�7 ��  :.��! 9��&�� ���d\ H��7 

0�� ��
N	� HE�) �# .(9Z�J. 

9! T4�C`9; �(@����- 1�	�7 9! 9
0!) @�:	� ���� �9Z�J. 
�����
9! T4�S`9! 9���; � 9Z�J. T4�C`������ �9�&�� A�	 �. .9Z�J.

9��! �����	�� 

'���� �=��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�&�� �! O
0�) 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 ��! 9
0! 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) 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

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*& �O
0�) 
�: .�E�G? 
!����	 ��$��TCOD 9!<�� �	���?

@������- 
��L �. "4����	�� i��)�  3�	4���	 ���# T/.���'� .4��7 "����I
9! 
q
0=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��,��!

 �)	 O
0�)]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? O
0�) 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?�) .��)	 
#.	�# ���� �	 HZ
0� � (�
�_	 
#.	�# ���� 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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@����- 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��
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