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Abstract 
Extraction of sugar from sugarcane produces a high volume of effluent carrying large amounts of organics and 
BOD5. Discharging the effluent into rivers and into the environment endangers the aquatic life and increases the 
risks of environmental pollution. This study was conducted in 2012 to determine the kinetic coefficients of the 
anaerobic treatment systems (UASB) at the wastewater treatment plant of Imam Khomeini Sugarcane Agro-
industrial Plant in Shushtar. The parameters of BOD5, COD, and TSS were measured at the inlet and outlet of 
the WWTP. Subsequently, the operation and design parameters of the system were determined. Using the 
modified Monod Equations, the kinetic coefficients Ks, Y, Kd, µ max, and K max for employing the UASB process 
at the WWPT in question were calculated as 506.4mg/l, 0.11 g VSS/g COD, 0.0045 d-1, 0.0069 d-1, and 0.055 d-1,
respectively. The kinetic coefficients obtained in this study can be used in the steering and operation as well as 
fundamental design of similar plants, especially in hot areas.  
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 ��4�	� �	 ���:�%	A5�1�! �� ��!� &���<E	 �	 ���:��%	 ��� �A

�,����-�
( )RθSRT

1�
( ) XθHRT

S)(S

H

0

∗
−5�1��! �� � �6��%�3�P���h	�	

.F%	 �1> 

]D�2Hf�� �,��-� �,���� �	 �1�� F%� @,	�V "##.* ������ 
8#��#% " n� � �� 0�9� ��� 

/��	:
3. 	. 

S0 (mg/L) S (mg/L) C (d)θX (mg/L) 

�L� � �	<� �L� � �	<� �L� � �	<� �L� � �	<� 

APHHJTABJTd^JAIJJABJJAUJJAPAH/dA/AAU/UPBU^^P^^IdI
BPd^J^PBPTIUJATJJAAUJA^TJ^A/^IU/^dH/ITH^HTU^PUTU^
PTTTJTBPTPdIJA^UJATTJAPJJBU/^Td/^II/ITHdBTPHPPHUP
TTdTJTAddTAUJAHJJAPAJAPIJ^U/UPU/^^TBJJPHdUPIPA
UT^HJTPUBT^HJAHdJAUJJA^JJIH/UU/UHI/UPJAAP^AAH/Pd^B
^TUJJTPdPTHJJAIJJAIJJAIBJUP/TId/Tdd/UBdATPTdAPUPP
IPIJJT^JJTH^JABJJATJJAUBJTH/TPI/T^d/UBPdJ^TJJP^BA

]D�2If) 
��% 1/�� )���SRT��� �� (" n� � �� 0�9� ��� 

/��	:
C (d)θ

�L���	<�

AAP AH/dA/AA

B^A/^IU/^dH/I

PBU/^Td/^II/I

T^U/UPU/^^

UIH/UU/UHI/U

^UP/TId/Tdd/U

ITH/TPI/T^d/U

]D�2Pf�,��-�
SRT

1
�( ) XθHRT

S)(S

H

0

∗
−�6%�3� �1> ����9� ��

/��	:
( )θcSRT

1
( ) XθHRT

S)(S

H

0

∗
−

AJI/Jd^/J

BABB/JHH/J

PAU/JAB/A

TA^/JT/A

UAI/Jd/A

^AIB/JHH/A

IBB/JA/B
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N8> ��P"#� )#%��� �	� / 0
( )θcSRT

1�
( ) XθHRT

S)0(S

H ∗

−

@,	�V )� �	 ���:�%	 �� � �1> O%�Y�Kd.F%	 �1> �6%�3� 

NO:Pf"#� 
4\ )#%���
SRT

1�
XHRT

S)-0(S

×
����9� 

)	'#� ",	�����Y�� ��	��g vss/gCOD p�}/��Kd��� ���	��
d-1 �q{/���1.� ����� �� .1�� F%�0F��` 
8#��#�% ��� max£�
Ks�4�	� �	 ���:�%	 ��B�6�%�3� �,��-� �5�1�! �� �1�>T"#�#.*
1> .

]D�2Qf�,��-�
S

1�( )
( ) XθSRT1
θSRT

c

c

×+
�6%�3� �1> ����9� �� 

/��	: 
S
1

X)
c

SRT(1

)
c

SRT(

×θ+

θ

AJJJUd/JPTU
BJJJU/JPTd
PJJJdP/JPI^
TJJJUH/JP^A
UJJJUB/JP^I
^JJJIAP^d
IJJJ^/JPHP

N8> ��T"#�� )#�%��� 
��3��
S

1�( )
( ) XθSRT1
θSRT

c

c

×+
O�%�

 @,	�V 0)� �	 ���:�%	 �� � �1>max£�Ks.1> �6%�3� 

)	'#� ",	�����Ks��� ��	���/{�{ 
��#� ���#� �� c��� �	1�-� �
max£�� ��	����s}/�.1> �6%�3� ��� ��Kmax ��4�	� �	P���	��
 ���ss/���.1�� F%� 

�� �6�%�3� �,���-� @#*�* "# � ) �1�>
SRT

1�
( ) XθHRT

S)(S

H

0

∗
−(�

)
S

1�
X)cSRT(1

)cSRT(

×θ+

θ��� �	�� ( 5�1�! �� "� n� � �� ���U�

^.F%	 �1> �h	�	 

0.000850.000800.000750.000700.000650.000600.000550.00050

400

390

380

370

360

350

340

1/S

SR
T/
1+
SR
T.
Kd

S 4.36970
R-Sq 94.1%
R-Sq(adj) 92.9%

Y = 279.7 + 138569 X

 
NO:Qf"#� 
4\ )#%���

S
1�

)dKSRT(1
SRT

×+
����9� 

]D�2Rf�6%�3� �,��-� �1> 

SRT
1�

( ) XθHRT
S)(S

H

0

∗
−�

S
1�

X)cSRT(1

)cSRT(

×θ+

θ�� ��� 

/��	:
SRT

1
( ) XθHRT

S)(S

H

0

∗
−

S
1

X)
c

SRT(1

)
c

SRT(

×θ+

θ

AABB/Jdd/JJJJUd/JP/HH
BATd/JA/AJJJ^^/JAJA
PAUT/JBB/AJJJ^H/JAJT
TAUI/JPd/AJJJIA/JAJU
UAd/JTT/AJJJI^/Jd/AJU
^B/JUd/AJJJdP/JAJI
IBB/J^/AJJJd^/JAAB

]D�2Tf�6%�3� �,��-� �1> 

SRT
1�

( ) XθHRT
S)(S

H

0

∗
−�

S
1�( )

( ) XθSRT1
θSRT

c

c

×+
" n� ��� 

/��	:
SRT

1
( ) XθHRT

S)(S

H

0

∗
−

S
1

X)
c

SRT(1

)
c

SRT(

×θ+

θ

AJHJ/JHH/JJJJUd/JU/BHd
BAB^/JAT/AJJJ^/JBHH
PABd/JP/AJJJ^B/JPJJ
TA^^/JTH/AJJJ^U/JPJH
UA^I/J^/AJJJ^^/Jd/PAJ
^AI/Jd/AJJJIB/J^/PAU
IAI^/JH/AJJJI^/JPAI

0.2250.2000.1750.1500.1250.1000.0750.050

2.25

2.00

1.75

1.50

1.25

1.00

0.75

0.50

1/SRT

S-
S0
/H
R
T.
X

S 0.257593
R-Sq 78.0%
R-Sq(adj) 73.6%

Y=9.489x+ 0.0233
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N8���> ������U�I"#���� 
���4\ )#���%��� 
����3��
SRT

1�

( ) XθHRT
S)(S

H

0

∗
−��� �	�� 	� 
� )�e/ " n� � �� ��� .1��� 


�3�� "#�+ � "#�� )#�%��� ���
SRT

1�( )
( ) XcθSRT1
θSRT c

×+

��� �	�� N8> �� �1> ��, ��� ���{��.F%	 �1> ����� 

0.220.200.180.160.140.12

1.7

1.6

1.5

1.4

1.3

1.2

1.1

1.0

0.9

0.8

1/SRT

S-
S0
/H
R
T.
X

S 0.0967016
R-Sq 88.8%
R-Sq(adj) 86.5%

y = 0.0623 + 7.421 X

 
NO:Rf"#� 
4\ )#%���

SRT
1�

XHRT
S)(S0

×
−�� ��� 

NO:Tf"#� 
4\ )#%���
S
1�

)dKSRT(1
SRT

×+
�� ��� 

N8��> ���� ���!* ���� �����U�^
8#��#��% @,	���V �,����-�Y0
Kd0Ks0max£0Kmax �� �	������ ������ 0������� ������ ������	�� @����#*�* 

g vss /g COD JAP/J0ps{/���� �� 0�/}q� 
��#� �� c���
��#� 0���s/��JH/J�,���-� "�,	 "#��+ � .1�> �6�%�3� ��� ��

"�� n� �	���� ���!* ���� �����N8��> ���� �����I�d���� ���� ����	�� @��#*�* 
g vss /g COD �{s/�0p�q/�0�/}�� 
���#� ����#� �� c���� 0

��q�/���{q/�.1> �6%�3� ��� �� 

0.180.160.140.120.10

2.0

1.8

1.6

1.4

1.2

1.0

1/SRT

S-
S0
/H
R
T.
X

S 0.131168
R-Sq 87.3%
R-Sq(adj) 84.8%

y = 0.0286 + 9.795X

 
NO:Uf"#� 
4\ )#%���

SRT
1�

XHRT
S)(S0

×
−" n� ��� 

NO:Xf"#� 
4\ )#%���
S
1�

)dKSRT(1
SRT

×+
" n� ��� 

5�1!I�� 
8#��#% @,	�V F�%� ���� �� �1��� � �� 0�9� ����
 O���2#% "�� n�UASB �#:��_* �8��e#/ F.���= �<��V�( ���/�\ 


� )�e/ 	� 
�# \ c��	 .1�� 
5�1! �� �������6%�3� 
8#��#% @,	�V 0���8� � � �1�>

 O�2#%UASB ��� �� Z,���/ .F�%	 �1�> �h	�	 " n� � �� 0�9� ���
 
���� �	��� F��]�? &	���##�* ���� �	� )���e/ ���j��R "��,	 �	 N��=��

�#:_* �� ����� �� 0��� '#W�/ �/�\ ��E �	� N� "#$/�#� )	'#� ��
) 
����COD ����	�� ������9� �� c���\ �<��V�( ({s�±}/{q�� 

�#� �� �� 0��#� �� c�� ������}±{��� 
��#� �� � ���#� �� c���
" n� ���{p�±{}�� 
�#� �� �	1-� ",	 �� 01> "##.* ��#� �� c��
�� ��� �� F62/ ��� .��� ��*M�� OG� �	�	� 0�.��4� ��� �$,� ���

 F62/BOD/COD ��� �� �#:�_* O�2#% �� ����� c�\ �<V�(
 ��� �%TB/J�*TH/J)��e/ ��� �� ��,'i* F�#���G �1���� ��,��R

�#:_* �� ����� c�\ �<V�( .F%	 �/�\ 

0.000850.000800.000750.000700.000650.00060

112

110

108

106

104

102

100

1/S

SR
T/
1+
SR
T.
kd

S 1.46677
R-Sq 89.5%
R-Sq(adj) 87.4%

Y= 75.83 + 40037 X

0.000760.000720.000680.000640.00060

320

315

310

305

300

1/S

SR
T/
H
R
T.
kd

S 2.61451
R-Sq 90.9%
R-Sq(adj) 89.1%

y= 230.5 + 116793 X
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]D�2Uf�� 
8#��#% @,	�V F%� ��� �	�� �1�� " n� � �� 0�9� ��� 
��W.��$

/�$ ��� � $
3*4�>$

�O��%�� =���;

Kmax 
(d-1)

Ks
Mg/l)(

Kd
(d-1)

Y
(kgvss/kgCOD) 

max�
(d-1)

�9��ss/��/{�{�q{/�p�}/���s}/�
����/��/}q�ps{/��ps/����s/�

" n��{q/��/}��p�q/��{s/���q�/�

]D�2�f��	1/	 ������	��R Z,��/ �=<\ ��#� 
� O�2#% �1> ��	�UASB 

�����$���! 
/0��.� ���a /�: 

/�$ 3. 	. ��� �����  

�L� � �	<� 

! ��W.��$3�19) 3� �D�D 5�6 Kn;�� -�1�M �����$��� 3.�6  

BOD5(mg/L)p�q±p�}qp��±AH^App�±qpq�
COD(mg/L) {s�±}/{q����}±{���{p�±{}��
TSS(mg/L) ��{±q}��{}�±q{�p{}�±}/qqp�
)
�� ��	�����Kg/m3.d(�/�±��/sq/�±pp/qs/�±��/q
BOD/COD�s/�±{}/��s/�±{q/��s/�±{�/�

! ��W.��$ -�1�M �����$���0� �2D�6 K�+! 3�19) 3.�6  

BOD5(mg/L) ��±}p���±q/{�{{}±�/}�q
COD(mg/L) q�p±p/p�{�p��±ps�}p{�±{/p}qp
TSS(mg/L) p��±���p��±�/�q}p}�±{/�}p
BOD/COD �s/�±sp/��{/�±ss/��s/�±s�/�

/�%�{� gY
 &�$�.�� ��W.��$ (�8�) ��  

BOD5(mg/L) q±�/�ss±P/I^q±�/�q
COD(mg/L) s±}/�pq±�/��p±�/��
TSS(mg/L) {±s/��q±�/��{±��

/�<� D �
��@ �����$��! ��W.��$ �����  

MLSS p{��±{���p���±}�p�p}}q±}}��
HRTpqpqpq
SRT s±�p/�q/p±��/p±�


6,�y*�\ @,�V "#$/�#�Kd��� �� ���	�� 
�%��� ��� ���
 ����Jd^/J���j��R �,���% ���1��3� �� ���� ���� �� �����e� �����

O�2#% 
� ��� ��	�UASB N���� ��6/ �$/��e/ O�G� "�,	 .F%	
 
8,z�#� �#:_* O�2#% �� ����� c�\ �<V�( �� 1>� �1/�	����

 5��% �� )	��8 � � �,�� .F%	AHH^ ����	� ���8� � 
�%��� �� 0

���� ��	���� UASB @,����V 0���������e� �<���V�( �#:���_* ��

 
6,�y*�������\Kd�������� ��������	�� 	�JBH/J�6������%�3� ��� �� 

�., 
8#��#% @,	�V �,�% "#�+ � .1/���k0Ks0Y��� 	� @�#*�*

�� ��	��d-1 A/U0kg/COD TI/A0kgvss/kgCOD AI/J��F%�
1/����]AB[.

���jR 5��% �� )	���8 � � �!�� �� 
,��AHHT �� 07��#-�

��2� �/�\��� ��2R ��� �� &�,�R @,�V 01/�	� c�i/	 ���%kd

�� ��	��JBd/J@,	�V � ��� ��Y0Ks 0K��� 	� ��� ���	�� @�#*�*
kgvss/kgCOD A^/J0PH/A
���#� � ����#� �� c����BH/J��� ��
1/��� �6%�3�]AA[.
@,���VY"�� n� �� 
����% c���! 1��#�* @,���V ���, ����	�� �����

��kgvss/kgCOD JTP/J��� ���� �	1�-� ",��� � ��� 1��� F%�
 ��� ���	�� �9� ��� �� �1> 1#�* "i� �	1-� ",��e#�kgvss/kgCOD 

AJU/J) �j�,� 1�>� F��% �S�	1� @,�V .��max£@,��V ��� (
) L�6>	 � #/(Ks�� ��	� 78.� C�6*�	 ��E ��W�� ���Ks�	1�-�)
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( ��� �*M�� (	��2�% L�6>	 � #/ 1�>� @,��V �, 
8,z�#� F#��.
) �j,�max£
�� ��� � ( ����� 
8,z��#� �#:�_* )��1�/	� � ��>


� �j�,� 1�>� �S�	1�� @,��V �	1�-� ���jR ",	 �� .1��,max£�
�	� �,'i* F��% ��#e#�Kmax �� �� ���� �,��% �� F62/ 0��� ����

)�e/ �� �� �*M�� 0�.��4� ��� �� )��1/	� )��M�� �1��� �	�� �
N��G 
�� ) 
8,z�#� �,'i*BOD5�� �� ( ���� ��� F6�2/ ���� ����

 ��� )��1/	� �.��4� ",	 �� .F%	 �$,�COD �	U/^A�� 1�=��
 
���� ��	������� )	'��#� ���� ������9�kgCOD/m3.d ^I/P����d/^H

�� �� 1=�� 
��� ��	������ )	'�#� ��� ����kgCOD/m3.d  AA/B
` 0
8#���1#� 1/�� )��� .1#%� �� ��	�� � F��AB���� �� F��% ����

 .�� 
%��� ��� 
F��` �� �!* �� �#:�_* O��2#% ��� ����� �<V�( ���� )��

 
8,z�#�UASB
� 0���� )��1/	� 723� ���� )	*BOD 
�COD F�#��.( �,	'�(	 ��� 	� ����9� �� 
8,z�#� �#:_* O�2#%

 1�#�* �<�V�( F�]�? )	'�#� "�(�M�� � �/�\��� ���1��	� �� �
���1��	� �� �1�>1#�* �<�V�( .F�2/	� o6*�� �/�\��� x��y�
 &��6#��* ����� 0
�.��= ���y* � c	� Q�	�\ 1�#�* � �8�> 1#�*
 ��#�1���G �	 N��=�� �1���G &���6#��* � �*�:��2( &���6#��* 0
���?��


� �� F%	 ��#? � 7<� ",	������ .�> 
�� ��� �,	'(	 ���� 1/	*
�9� �� 
�� ��	������� ��� )	'#�^I/P��� ��� �� c���#� ��� �	�	

 O�i� @�.8���� UASB ���� ��� F6�2/ �,	'�(	 "� n� � �� ����
 .F(�, 

�� �8e#/ F>	��� �� )���(	 �:G� �� �� �� �! o,	�> N#�� ����
" n� ���� �<�V�( � �1> �� � �8e#/ �/�\��� �1#�* F#��.( 0���


� 1#�* ��� � 
�� ��� � )	'#� .�> �#:_* O�2#% �� 
�� ��	����
�� 
8,z�#� ��� �� @#*�* �� " n� � �� ��� )	'#�q/�±pp/q�

s/�±��/q���� )��1�/	� �,	'�(	 )� ��i#�/ ��� F(�, ����
BOD �COD ���� �� 
8,z�#� �#:_* O�2#% .��� �1�>��, ����

 1���! �	� F]�? 0��� )��1/	� �� �<V�( F]�? �#`k* �� ��<�
C�y� �,�� t�.�p
8,z��#� �#:�_* O�2#% ��� )��1/	� �� '#/

�\�� �#`k* 5�1! �� .��	� 
n!*d�� �,��-� F%� F�]�? �	 �1��
MLSS ��� �� ���	� � �� 0�9� ��� ��� ���� "� n� ��� ���	�� @�#*�*
p{��±{��� 0p���±}�p� �p}}q±}}�� Z,����/ .F��%	
�h	�	 )	'#� �,	'(	 �� F%	 )� �	 
��� �1>MLSS �#:�_* O�2#%

 ��� )��1/	� )��� M�� �� 
8,z�#�BOD �COD �#:_* O�2#%
.F%	 �`a� 

���� ����� )��1��/	� �,	'��(	 ���]��BOD �COD O���2#%
�#:_* 
�� ��/�\��� x���y� ���1�	� 0�/�\ ��#��	 �#:�_* ��� 1��/	*

 
1 Mixed Liquor Suspended Solids (MLSS) 


��W �	 ���:�%	 N#6G �	 �<V�( Y#�r% ������ �, � �#�q�#�2� ��
t#G� 
,�%��> � �<V�( �6� ���1��	� �1�#�* �	�� &��6#��*

�/�\��� x��y� ��� �� �#:�_* O��2#% ���8� � 05��% x���y� ���
.1��� �-*�	 	� 
8,z�#� 

5����% �� )	�����8 � �Y���,',	BJJU �����8� � 
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