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X*��� 9 �W� .J� GMN�	 ��BSD �1 �n �2!�	��7 $�& ��/ �7�7 �1 �7�Y J�
�(� 0`!*H� $�& ��4*n� 01�1 �W�'
��4�& 
 �2� $�&
����� X����W� �� C(� �N�� =�(LD �1 .J� ��L*� �*�7 �7 �2!�	��7 
 �*��9 �1�D Q��D G8- 0$9�� ��4*n� �1 �W�#�'��7 ���KD

��n5 �7 �2!�	��7 �!I $�& ��6 ��!�D �7 $��<�9 .�4/ �4���7 ��TD JB� ��"F�6�I GMN�	 ��BSD ��c�� ��4��7 b��4*� )4� 9 .4\��
=�(LD) $�8���7 .��� ���T7 ��(� 0TPH 278 �!�� �7 �*�' �1 ���COD ,1�?����� �!�� �*�' �1 ���(���� ���9 0��J��� �4\�1 


��%5 ���/�I���7 �\�1 ����7 .��5 J�1 )7�%
��4�& R84� �1 �4% 1�42� �4��VD �&�"4F���95 $�& X4������ �4� �4& 0�4*B� $�4&
����� )7�%
���& Jc!E �7 �*�7 ���#�'��7 ���KD 
 G8- 0$9�� �7 .���8���lVD `!*H� ���� �7 �*B� $�& _4'�E X4������ �4% $��d

�8���7 �1 0R8�$) �*2% $�&TPH �7�7���!�� �7 �*�' �1 ���COD ,1�?���� �!�� $�8���7 �1 
 ���#�'��7 ���KD (�*�' �1 ��� $�&
) �D6�7TPH �7�7��� �!�� �7 �*�' �1 ���COD ,1�?����� �!�� ����� 0(�*�' �1 ��� ^4� �4& R8� ���� ���T7 Q��/ �1 .1�7 $9��

 �1 X������ �� 9TPH �7�7��� �!�� �7) �*�' �1 ���COD ,1�?����� �!�� �7 (�*�' �1 ��� ����� _�D�D �7 $9�����4��KD 0�\�1
 �7 ���#�'��7���7 ���#�'��7 G8- 
 �\�1���7 �\�1 �7 b��*� .��5 J�1 �� ��F� ���5 J�1 )7�%
���& R8� 0�&1 =��d 9 �*B� $�&

����� X������ #�'��7 G8- 
 $9���� r�BD ����	 ,
 J��� �d �A%�� ��� .�*	 

0L�� �8*�M��*:TPH RCOD R�3������7R�I#�4��L'C'�O9R:=( 

�� ��!� 
0	LP�D	@ !O>	6 %&b� 9�D	&@ )&+���6 �� ��	� %b� �	� � 	&�

 %��&&# )&&
��� $&&��� /	&&� ��	&&
' GD�&&Z3' � ��	&&����� �	&&�
 �&5b� G	&�
*�� �� ��	
&1, � h��&7 /$&��� �� �* %#� ��
���5@

AO� 4�+* 	� �:�7� .%#� 0)� =
�P� ��# �X
#� �	� �&, ��&R+' 
%��# �+�UL�	� 4	&+m�� 	&� %&b� 	&'� /�56�7 	[�� ��
16 �	�

�, ~�<' ` ' �
��� 0�	' ^� 4��+V �r�&�� 4�U&6���� �	>	2� .%#�
0��)�� �, 4	 � v<# �� 9
@ �* %#� �� 0)&+�" �&�� �� 	&� 0)� �+
,

 �&&, ��	&&, �r�&&�� Y�&&Z' 4�U&&
'NN�&&�X6 ��)&&2' )&&F�� ��&&�
(Diyauddeen et al. 2011; Doggett & Rascoe 2009) . �?&�

 %&#� ��	 � ` ' ��>�' ^� 4	+m�� 	� %b� ���"�6 � 9�D	@
 0	L&P�D	@ !O&>	6 �
b&Z� �&[
5� �� ��&, %&b� �	&� ^&� 4��&+V

 G���> d
&3' 5&1�� �.)&�	' )&���� �8	&, �� !" �D	&, Y�&Z'

 �&5b� !O&>	6 4����&6 `&[- )&
��� W�# 	� %b� 9�D	@ )+���6
N/I	&&&�Q/]0)&&&� 9�D	&&&@ %&&&b� `&&&[- �&&&,��,�&&&' ��&&&� 

(Marcilly 2003; Misity et al. 2013) . ��&�� U&
� �b
* �	3� ��
$,�*��)
� �, !O>	6 ��� $�� �� �5b� �	� G	&X�� /%
�&# =&
��

�U�� ���, �*	��<���&, 0)&���?@ %&1�� d
&3' ���&8 .���� (	&���
�, �5b� G	�
*�� u�X' �� $56�7 �' ��D�. G)' ���, W�# )����

� =
�P� � 4�� 4	.�#�)�� �� 0)� � ��'� 4)&, ��5a' �	� ��&� 
�&&' {a&&P' �� !O&&>	6 ��&&� $&&�� �
b&&Z� G���&&> �&&* ��	&&# 

(Ishak et al. 2012; Johanston et al. 2003).

0	LP�D	@ !O>	6 �
bZ� A�� �� 0�	b5&#� 	&, %&b� �	&� �	&�

 ���� �� ���7	��7 )&+�	' �&��U
6 �	�)+���6 ���&� 	&, ��	&#��	+�

� �3<# !?� /(��3' /��	&P� 4�
&#��5�
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&� �	�)&+���6
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%#� 0)� 	[�� 4�5+6 � �	2X����5��� .(Abdelvahab et al. 2009; 

Bensdok et al. 2007; El-nass et al. 2009; Hasan et al. 
2012; Salahi et al. 2013; Santo et al. 2012; String fellow 

& Alvarez khohen 1999; Yan et al. 2011) 
A�� (	3+�� 	, �&, ��	
�
&� � ���U
6 �	� �D	&, %&�
8 =&
��

 �&+�U� /�6	&>� $&[� �&6� �&, �	&
� � G�U&
 [� � ��	
�
&� ���' �&,
�' A�� �?� .)+�	, %&�
8 4���� /�7�	&# %& � �&, ���r���
, �	�

 %1�� d
3' 	, ��	7�	# � 4��,�' 0��� v
��� )��&� .(Ishak et 
al. 2012) 

�
bZ� �� �* )+:�� ��	� 0	L&P�D	@ !O&>	6 �	&� /%&b� �	&�
(��)5' (	X6 $[� `51
# %#� 0�	b5#� ���' ���r���
, )+���6 $���

%�	>� �����V ��� !O&>	6 �
bZ� �� �Pa, ��&� �� �&5b� �	&�
�, �'� $�� �* %#� 0��)� 4	P� �� ��	� 0)�V ��.`
[- 0)�)@ �7)&�

�5�� ��&j- � C&�X' G�)&'	� �D	&, %R�� /4��* �* � $[� ��
 !O&&&>	6 ��&&&� $&&&�� �� 0)&&&
m
@ G	&&&�
*�� %&&&#� 0��&&&, 	&&&� 

(Misiti et al. 2013; Lu et al. 2009).
�, ���
6�
, �	�)+���6 /�
�� 4	
�	# �. %
26�' ��. �� �U&
'"

�, !O>	6 ����� �
bZ� 0)� �56�7 �	* 	&, �&* )&�� � W&�	X' $��&5�*
%���)3' 0)+�D" Y?- ���, ��	+
�.� =,	8 A�� /��*?' �	� �	�

0��, !O>	6 )��(Odegaara 2006) ��&53' !O&>	6 �
bZ� �� .
$,�*��)
� .%&#� 0)� 0�	b5#� ���
6�
, �	�)+���6 �� U
� �5b� �	�

�, ^&� �� 0�	b5&#� 	&, %&b� 0	L&P�D	@ !O&>	6 �
b&Z� ����� ��.
��5*���
, ��
���)&
� )&�	' 4	&'� 	, %,	S `�
6��&, �&[+' %V	&#

 Y?-�I	�\I)F��COD �&, ^&��U� �]II 0)&� =&+6 )&F��
 $&[� )&+���6 �&# ^&� d&26 4" �� �)&
��� $[� �* ��	- �� %#�

 %&#� 0��&, Y�	X5' (	X6(Jou & Huang 2003) �� �&P��M@ �� .
 (	&&#]\\H �&&�@ �&&6 4��U&&6� 	&&, ^&&1�� $
6�&&. �&&, 4	&&���� &&� �	

 `51
# ^� ���� ���r���
,RBCc�,) /�&
�� 4��+V =&a�a5' ��	&7
 (`�
6�&
, )&�� ���,COD !	&1@ 4	&��� h��&7 � $&��� � =&*

 ��&&� �� %&&b� 0	L&&P�D	@ ��
���)&&
� ���?&&7�	, �	&&�I]/I	&&�
m3/m2/d IN/I�,4	')&��� 	&, W
��� �	&�\\���Y?&- )&F��

 )&+�	��(Tyadi et al. 1992) (	&# �� �&P��M@ �� .HII� ���&,
 ����&� ���
6�&
, ��5*���
, ^� �� %b� 0	LP�D	@ !O>	6 �
bZ�

 )&����� 0�	b5&#� ��&35' �&+*" 	&,(Xianling et al. 2005) C&�. .
 /=F	- n�	5�COD �� ����� !	1@ �*	
��'" 4r��5
� �d���&�

 
1 Rotating Biological Contactor (RBC) 

)&�	' 4	&'� 	&, �+
 ,�/Q�&, %V	&# �� �&5�* �&, W&
���]II �]�
��
' �7��.)
#� �5
� 

�� �&&��`5&&1
# �&&* ���
6�&&
, �	&&� !O&&>	6 �
b&&Z� �� �	&&�
 ��&� �&,��, �� �,�&� %&'�	2' /��5a' ��
���)&
� � ��&# �	&�

 /�5�����35' �51, 	, ���
6�
, ��5*��e%&#�.(Abdorwahab et 
al. 2009; Delnavaz et al. 2012; Dong et al. 2011) 

	- C&
23� �� k	&#� $&�� �, �&+*" 	&, ��&5*�� $&�� �� /�&> �	&�
��@ ������ ��D �+�
��s/�,��R+' %&b� 0	L&P�D	@ !O>	6 �
bZ�

 �&* 	[�" �� 	'� .)� 0�	b5#� 4�� � ���r�&��
, �
b&Z� �	�)&+���6 ��
 4	&��V `&1
�	�' �&# C��. �� ��" G	�
*�� /����� ��	&#t!?&� /

�&&&' Y?&&&- ���r�&&&��
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(Eckenfelder 1926)����&, ��&Z� $&�� �� �&���U7 4�+*	� �

`51
#MBBR `&1
�	�' �# �� 92� C
23� $�� �� /0)P� 0)�	P'
 �&� ���?&7�S� 4�U&
' �� ��	&7" 	&, 	&� )� �,	���� 0)+�D" Y?- ��
 $&�� �� 0�	b5&#� 	&, �&* ���� �#��, 4��5, 0)+�D" Y?- �� `1
�	�'

� �, 0)+�D" �� 4�U
' �: `51
#�, � ��)�	@ G	�
*� 0)&� ��U[� �<�
 0)&� =&25+' ($[�) )'	� �	6 	� d
3' ���� �, 4" ��)2' �: � %#�

�' C
23� $�� .%#� �+
'� )���� �&1�	2' � �)&X, G	X�	<' ���, ��
`51
# �L�� 	, `51
# $�� .)�	�� `���6 �� ���r���
, �	� 

"�b%� % ��2� �6
"���P��J0�� ��2� X2���� 

/C
23� $�� �� G���	@ %�	# �� h@MBBR �,����5#� G��F ��
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� /wf

�&&+*" d&&#�� 4" ���	&� `&&[- )&F�� .)&&� �&&@ ���&��� �&&�D �	&�
�, ��R+' �	
� ���' 4M
1*� $
';� /`1
�	7�����
' %
�	X6 �, U
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�+*" 4���"�� %*�- �&� �� 	� ���&� �� �&* ��&� �+&# d&#�� ����
 0�	b5&#� /��&, 0)&� 0��� ���&8 ��5l�� ��	53� &� � �&X8�� ���&Z� .)

`51
# 0���-�.MBBR =�� ��]%#� 0)� 0��� 4	P�.

"�"�P��J0�� ��2� OvM�1 

>	6&' !O&!	1@ �� ��
*�� /�	
� ���' %R�� �, �51, 0�	b5#� ��� 

2 Moving Bed Biofilm Reactor (MBBR) 
3 Bee Cell 
4 Air Stripping 
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�	&&#�)� )&&-�� �&&, ����� 	&&�API )&&-�� �� �&&���� !	&&1@ �
�
b&Z� (�&�3' ���&� 	&, ��	#��	+� )
 &� %&b� 0	L&P�D	@ �&�	�

 �� 	 �" G	ZaP' �* ��, 4�� � 4	��7)+� (�)�c.%#� 0)� �K��� 

"�,�P�� P�.� % 3����� w0�� �� 3����� 

���, �)5,� ��0�� �, 4)
Pa, %V�# ���)�� `51
#0�	'" �4" ��	&#
 4	&&��� $&&[� �� /�&&X8�� d���&&� �� �&&5b� !O&&>	6 �
b&&Z� ���&&,

 (	X6 $[� )-�� �5P7�,�
bZ� !O>	6 ��	�%b� 0	LP�D	@ 4��& � 
�, �� � h'�
, 4��+V ���&� 	&, ��	&#��	+� )&-�� �&���� !	&1@

�
bZ� 4	�� (��3' �, ��	� .)&� 0�	b5&#� ����&� 4��+V 	&, �&'��� ��
 �, ���� n�	5� !O&>	6 %&R�� =&'��V �&

_� 	&, /�&��8 G	&2
23�

 ��) �����mg/L ]Q�=COD 	&&�mg/L H�II=COD /('�&&& 4	
) )�	'ee/ce�y) �&+*" �7)&��@ )&F�� � (%V	#xf/wf�sf

=&&E� C,	&&<' ()&&&F��e��&&���V /`&51
#MBBR Y?&&- ��
$,�*��)
� ���' �5b� �	� %&6�7 ���8 �#��,.(Delnavaz et al. 

2012; Borghei & Hosseini 2004; Qaderi et al. 2011) 
�' �R-O' �* ���L�	�� /��� �� Y?&- 4	')&��� 4)� %,	S �� h@

�, ��5*�� �, ����� �	, /��-�' �� ��@ ��. �' 9��U6� �� h@ .%6	�
�+*" ��� 0)� =
�P� `�
6�
, /0	' ^� ��)- %�?7 �� 0)�	&P' 	&�

.)� 

"�B��e� F��� 	����w���=� P�-�xK #7� )�0^� 3�6 

�&&&, Y?&&&- /����&&&� ���r�&&&��
, `5&&&1
# ^&&&� �� �&&&�* ��&&&.
$,�*��)
� �5b� �	� `1
�	�' �# �S� ��4	��V ��	# d&#�� !?� /

�&' �	&b�� ���r���
, ��U[� � �51�� 0��� �&, .)&56� �&#��, ��&R+' 
�&�' �
S;&`1
�	 V&4	�� #&, ��	&��U[' ��.� /!O>	6 ��	- ��5*� 

Fig. 1. Actual image and concemptual design of the system employed in this study 
<=>
�C
23� �� 0�	b5#� ���' `51
# 0���-�. � �X8�� ���Z� 

/%�?
������ �b
* �	��5'��	@ �
bZ� ��5a' �	�)-�� �� 0)� �����, 4�� � %b� 0	LP�D	@ ��	� 
Table 1. Qualitative parameters of  effluent samples from different units at Tehran Oil Refinary Watewater 

Treatment Plant 

DAF EffluentAPI InfluentParameter
16.11131Total Petroleum Hydrocarbons (TPH) (mg/L)
1683958Chemical Oxygen Damand (COD) (mg/L)
3873Suspended Solids (mg/L)
2938Temperature (oC)

7.098.36pH

Aeration Pump 

Sampling Points 

Moving Bed 

Reactor 

Diffuser 
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Fig. 2. Loading trend and variations of acne filling ratio 

<G> ��C
23� (�. �� �+*" �7)��@ %�1� G��

_� � ���?7�	, )��� 

������ /�51�� 0��� � �+*" ��j- 4�), �5b� &� Y?&- 4�U&
' � )
$,�*��)
� 0��)�� %�	- $�� �� �5b� �	� )� ��
7.

�, 0��&� d&#�� !?&� `&1
�	�' ����&b�� �
S;&� �&#��, ��&R+'
 U
� �51�� �	��&P, �� h'�
, �� �+
X' %R�� 	, �5b� !O>	6c

0��)�� 	, � )� 0��� k	�� ��5
� �� h&@ 0)&+�D" Y?&- 4�U&
' ��
7
 0��&� ��� �&, 0)+�D" !?� 4�U
' /(�	X� %�	- �, 4)
#� �5&1�� 

)&&� �&&#��, �&&�U[� `&&1
�	�' =��)&&� � �
S;&&� �� %&&X�	�' ���&&, .
 �	��P, /�5b� G	�
*�� Y?- �� ���r���
,ch'�
, ��	- ��5
�

$L� 4��� /!O>	6 ���	- �	� )&� 0��� ���&8 ¥&� � !" q��a'
 !O&&&>	6 �	&&&'� 	&&&� �� �&&&5�l �&&&,tk�
&&&1�# �&&&���)&&&#�, 

(Nayebi Gavgani 2012) ��&&�� . �� �&&5�l ��	&&'� 0��)&&3' ��t
`&&1
�	7����E
' �&&5- /k�
&&1�# �&&��� U&&
� p
�
6��E�	&&# �	&&�

��V �,�E
' %
�	X6 /4��, 0)�� `�� �&, ��	&8 � 0��� %#� �� �� ���
��� �E�r���
, ��U[� �	�)+���6 	[�� �' � )+�	, 4	+
�.� $�� 4���

 �� �&&5�l �&&, d
&&3' �	&&'� 9�	&&l 	&&, �&&* ��&&�� =&&F	- ��t�&&���
`1
�	7����E
' /k�
1�# 0)&� (	&X6�
� �E�r�&��
, �&R� �� 	� )&��

(Bitton 2005) !O&>	6 � h'�&
, �6	&* qO5�� � k	�� ���, . /
4U&&�� �� ��� 	&&, %&&1��	� 0	L5&&#� �	&&�rpm cw)&&� 0�	b5&&#� 

(Nayebi Gavgani 2012).
&&� 4�U&&
' 4)&&� {a&&P' �� h&&@ %&&�	 � ��;`&&1
�	�' �
S �	&&�

4	&&&&��V) �����&&&&� (��	&&&&# Y?&&&&- �� ���r�&&&&��
, !?&&&&� �
$,�*��)
� �5b� �	� 4" ���	2' 4���� `* ��&� ��&�[' ` &# �� 	&�

' �
S;� {�	� 4�U
' /`1
�	�' �# Y)� �* ���r���
, ��U[� `1
�	�
$

X� /%#� ���r���
, `51
# ^� ��,�	* �� ��F� .)� 

"�:�P��0�� % 	���> X�`5�+ P��J0�� ��2� 3�6 

='	&&� 0�	b5&&#� ���&&' ��	
�
&&� ���&&' �&&��C2Cl4/SiO2���&&@)
(r	�
�
#(0.063-0.2 mm) �Na2SO4���&, 0��)&�� ��&
7TPH /

H2SO4/K2Cr2O7/HgSO4�Ag2SO4���, 0��)&�� ��&
7COD /
H2SO4�NaOH ���, `
&R+�pH 0��)&3' �� (�&�3'�/���/Q

`&1
�	7�����
' )&�� ���&, W#	+' �&, 0��� /	&� ��&F� �&�+' 4��&+V
p�� W
l�� � 4r��5
� �	�K2HPO4�KH2PO4�&, �&�+' 4��&+V

 �b&&16���&&, %�&&1� $
';&&�P:N:COD �&&,��,]:�:]II G	&&�
*�� /
CaCl2.2H2O/NaHCO3/ZnCl2/FeSO4.7H2O/

MnCl2.4H2O/MgSO4.7H2O�&&, ��&&� �� �?&&_'U�� ���&&' 4��&&+V
��' %*�� (�Z3' � ��	LP�	'�"c.)���, 

0)�V 0	L5#� $��� �U�D	&�" :�� )&���, G�	�V 0�	b5#� ���' �	�
Infracal TPH ()&&&&'CVH 0��)&&&&�� ���&&&&, ��&&&&�[' ��&&&&
7

$,�*��)
� �5'�56��5�i&#� /�5b� �	�DR 4000 �&� ()&'e���&,
0��)�� ��
7COD ()' %1��	� /Aqualytic !	&1@ 4�U&�� ���,

 ()&' ��	5
[�� ������ /!?� )+���6 �#��, ��Metler-PJ300 	&,
 %8�II]/I/�7DO ()&' =&�- =&,	8 �5'Hach-HQ30d /pH 

1 Merck 
2 Hach 
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()&' �&5'Metrohm-691 �&�@ ������&� �	&�Sonic 9908 �&l
�����l" �� o	'��V �	� �' ���8 0�	b5#� ���' �L�	� .��
7 

�&�+�� �&*� =&,	8 �5�� 0��)&�� ��&
7TPH ���)�	5&#� k	&#� �&,
ASTM D 3921 �COD A�� k	&&&#� �&&&,5220 D !	&&&5*

A�� �	� ���)�	5#�9�	'�" � !O>	6 � !" �	� ���&�� �	, �# 	,
 %6�7 	[��(Ayguun et al. 2003; Greenberg et al. 2000).

,�c�� % [��0� 
,���w0��  -.� j���> a*+ 

,�����3��79��� �e� 	���� )�0^� 3�6 

Y?- 4	')��� G��

_� �, q�,�' n�	5�TPH �COD )&�	' 4	'� 	,
HH =E� �� %V	#J4	')&��� /=&F	- n�	&5� C�. .%#� 0)� �K���

 �� !	&1@ �� G	�
*�� $�� %R�� �* ��	'� 	� �5b� G	&�
*�� Y?-
 ��)-mg/L H�I =TPH 	,)COD (�	X'mg/L ]III �� )&�	, (

 ��)-) $��' v<# $���D	,�I�5&P
, 9��U&6� 	, 	'� %#� ()F��
 �&' %&6� G)&� �&, Y?&- 4	')&��� /�&5b� G	&�
*�� %R�� .)&�	��

 �� ��*?&' ��)&2' �� 9
&, ���?&7�	, =&�3� %
�,	8 `51
# $���,	+,
 �* 0)� 0)�	P' �L�� G	2
23� �� .���)� =&�3� %&
�,	8 `51
# $��

 	&, $
&�
�" ��	- !O>	6 ���?7�	,COD �� 9
&, (�	&X'HIII 
��
' (��	&7��
@ � 4�+
*��)&
� /=+6 ��	- !O>	6 � �5
� �� �7
 	&&&,COD �� 9
&&&, (�	&&&X'�II �&&&�
' ���)&&&� �� �&&&5
� �� �&&&7 

(Delnavaz et al. 2009; Ayati et al. 2007).

Fig. 3. TPH and COD removal efficiencies at different 
loadings (retention time=22 hr, filling ratio of 

acne=70%, suspended biomass concentration=137 mg/L) 

 <G>,�Y?- 4	')��� TPH �COD ���?7�	, ����5a' �	� 

)hr "")�	' 4	'� = �W_=%/�+*" �7)� �@ %�1�mg/L ]J� %R��=

C�X' h'�
,(

,���"�)�0^� 3�6���� F��� �e� 	���� 

Y?&- 4	')&��� �&, q�&,�' n�	&5�TPH �COD 4	&'� �� ��&5*�� 

�	�)�	'�/]H�HH�� %V	# =E�Nn�	&5� �,	+, .%#� 0)� �K���
�, �. �5b� G	�
*�� Y?- 4	')��� /0)'" %#���� %&1a� %V	# 

��)- �� )+���6 ����J�4	&'� 9��U&6� 	&, �* ��	- �� ��, )F��
 �&, )�	']H�HH�&, %V	&# �&, W&
���NN��I�� .)
&#� )&F��

 `5&1
# ��� �&, 0)&� 	&[�� G	2
23� ���,MBBR 4	')&��� U&
�
 )�	' 4	'� 	, �U5+# !O>	6 4�+
*��)
� � =+6 /$
�
�" Y?-HN

�&, �&+
 , �	&, d���&� %&3� %V	# &
��� ��)&- �� W�I/Q����
%&#� 0)&� A��U7 )F��(Delnavaz et al. 2009; Ayati et al. 

2007) 0)&+�D" $&�� Y?- �� `51
# $�� �,	P' �	56� $
�' �* � 	&�
9�	'�" /C
23� �'��� �� �?� .%#� �5b� G	�
*�� )�	' 4	'� 	, 	�HH

.%6�7 	[�� %V	# 

Fig. 4. TPH and COD removal efficiencies at different 
retention times ([TPH0]=278 mg/L, [COD0]= 1000 
mg/L, acne filling ratio=70%, suspended biomass 

concentration=144 mg/L) 

<G>B�#7� F������TPH �COD ��5a' �	�)�	' 4	'� ��

)mg/LH��=]TPH0[�mg/L]III=]COD0[�W_=%�7)� �@ %�1�

 /�+*"mg/L ]NN=C�X' h'�
, %R��(

,���,�&`�� �e� 	����  -5K )�0^� 	9�>�� 3�6 

`5&1
# �����V �, ��?7�
S;� ='	V �L��MBBR �7)&��@ )&F�� /
��5*�� �� �+*"%#� �7)&��@ )F�� ��-�' �� �� ��R+' $�� ���, .

 �� ��5*�� �� �+*"�I�, )F���I�� hi&# � )F���I�&, )&F��
JI Y?&- 4�U&
' � )&� 0��� 9�	* )F��TPH �COD 4	&'� 	&,

 )�	'HH�5b� G	�
*�� �
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Fig. 5. TPH and COD removal efficiencies at different 
acne filling ratios (retention time= 22 hr, [TPH0]=278 

mg/L, [COD0]= 1000 mg/L, suspended biomass 
concentration=126 mg/L) 

 <G>:�Y?- 4	')��� TPH �COD ��5a' �+*" �7)��@ %�1� ���	, 

)hr "")�	' 4	'� =�mg/LH��=]TPH0[�mg/L]III=]COD0[/mg/L 

]HQ=h'�
, %R��C�X'(

COD (�	X'mg/L ]III 0��)�� �� �&�-�' $&�� n�	&5� .)&� ��&
7
=E� �.%#� 0)� �K��� �7)&��@ %�1� 9�	* 	, =F	- n�	5� C�.

 �� ��5*�� �� �+*"�I�,�IY?&- 4	')&��� /)F��TPH ���]�&,
N� U&&
� � )&&F��COD ���I�&&,NQ�� �&&* %&&6	� 9�	&&* )&&F��

 Y?&- 4	')&��� %&6� 	&, �1�	2'TPH ��N��&,JIU&
� � )&F�� 

COD ��NQ�,H��� �&+*" �7)&��@ %�&1� 9�	* �� ��	� )F��
�I �, )F��JI�&, �� �&[
5� $�� ��8� =
�� .��, �5�* �	
1, )F��

�' �+
V G�)�	P' k	#� �� �&* ��� %�&1� ��&>�' $&�� �&, 4��&�
 �7)&��@ %�1��I�&+*" ��)&X� /)&F�� ��&, �5&P
, W&���' �&, 	&�

�, ���.�+*" �� ���, �* �+*" �2,	' � 0��, $*	# ��5*�� �� 	� `� 	�

 �&+*" �&, %�1� ��5�* ��3� �� �7)&��@ %�&1� �� 	&��I)&F��
 �� �7)��@ %�1� 9�	* 	, �?� � )���, �������,�I�,�I/)&F��

�+*" =�V �� �� ��5&P
, �	&j6 � 0)&� ��	&� ��5*�� �� $*	# �	�
�+*" �	
5�� �� ��5*�� 8	, �	� 	&, 	&'� .%6�7 ���8 A��7 % � 0)�	�


 �� �7)��@ %�1� 9�	*�I�&,JI4)&� �&5 , `&�� �&�V /)&F��
�+*" ��3� %
X>� �+*" �� �Pa, �8�� �� /	� �� U&
� ��&35' �	&�

 Y?&- 4	')&��� 9�	&* �&, �&[+' �

_� $�� �?� � 0)� ��	� ��5*��
 %#� 0)� 0)+�D"(Galderan et al. 2012) �� $&&���&,	&+, . �&&&'���

 %&�1� �� /C&
23� �7)��@�I.)&� 0�	b5&#� ��5*�� �� �+*" )F��
 `5&1
# ��� �&, 0)� 	[�� G	2
23� �5P
, ��MBBR %�&1� U&
�

 $
, �+
 , �+*" �7)��@�I	��I%#� 0)� A��U7 )F��.(Dong 
et al. 2011; Borghei & Hosseini 2004; Delnavaz et al. 

2009; Ayati et al. 2007) 

,�"�w���=� a*+ w0�� F������ �� �e2� 3�6 

,�"���	6��26 w���=� �e� 	���� 

Y?&&- 4	')&&��� �&&, q�&&,�' n�	&&5�TPH �COD (	&&�V� �� �&&�	�
 �� `&1
�	7�����
' � �&+*" ���Lm
� ��j- 4�), ��5*�� �, ������

 =E�Q.%#� 0)� �K��� 
, n�	5��Y?- �* %#� 4" �� �*	- 0)'" %#�$,�*��)
� �5b� �	�

4	��V `1
�	�' C��. �� Y�&� �&* 0��&, ���&# )&+���6 ^&� ��	&# 
G)'HI	�JIY?&- �&, �&[+' � �&56��?@ 4	&�	@ �2
8�HI	&�H�
F��&�� )&� $&' G	�
*�&&��&�> �� .��&&, $&&6� 	&�� 9��U&%R

Fig. 6. TPH and COD removal efficiencies due to the stripping mechanism 
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$,�*��)
� �� �&5b� �	&�mg/LH\=TPH 	&,COD (�	&X'mg/L 
]II 	�mg/LH��=TPH 	,COD (�	&X'mg/L ]III 4	')&��� /
Y?-TPH ��]N�,H�U&
� � )&F��COD ��]��&, H�)&F��

%R�� 9��U6� 	, ���� �56	� 9��U6� $,�*��)&
� /�&5b� �	&� ��)&2'
$,�*��)
� �&' 9��U6� !	1@ �� C�X' � (��3'	� �	� 	&, �&* )&,	�

�' ��	� !	1@ �� ������ (	�V� )��� (Battelle 2007).

,�"�"�	=�~2'2� O7? w���=� �e� 	���� 

�, ��* ��. ��	&'� ���r�&��
, 0��&� d#�� 0�	' 	� 0)+�D" �� !?�
�' �, )���� `5��	&L� �&* ��&
7 ���&8 �&��� ���' `1
�	�' ^� 4��+V

(��	5*� ^
�b� W��>–) !"log KOW �� �&5�* 0�	' 4" (N)&�	��
(Eckenfelder 1926) �� �&��, ���, �5'��	@ $�� ��)2' �* 	[�" �� .

$,�*��)
� �5b� �	� }�U&, �� �&�N%&#�(Jensen et al. 2012) /
`1
�	�' $�� �S��* %6�7 ���8 �#��, ���' �� q�&,�' n�	5� =E&�

�.%#� 0)� �K��� 

, n�	5�&�'" %#�&� �* ��� 4	P� 0)&$,�*��)
� ���r���
, !? �	� 
�|*�)- G)' Y�� �5b�QI�56	� 4	�	@ �2
8� �� �&L�� �&5�� .%#�
 9�	&&* ��&&Z� $&&��Y?&&- 4	')&&��� TPH �COD 	&&, W&&#	+5'

$,�*��)
� %R�� 9��U6� �&, .%#� !	1@ �� �5b� �	� �&* ���&.
6� 	,&&R�� 9��U&%
�&&$,�*��) �� �&5b� �	� mg/LH\=TPH 	&, 

COD (�	&&X'mg/L]II 	&&�mg/LH��=TPH 	&&,COD (�	&&X'
mg/L ]III Y?&&- 4	')&&��� /TPH ��]��&&,�/QU&&
� � )&&F��
COD ��]�	����&, �[
5� $�� �* %6	� 9�	* )F� 4	&1�� =&
��

 %&&&R�� �� ���r�&&&��
, 0��&&&� ��)&&&2' 4��&&&, �� �&&&�5a' �	&&&�
$,�*��)
� .%#� �5b� �	� 

`1
�	7�����
' )�� � =|' )
��� �, ���� 	, �&
' � }�' � )�)� �	�
`1
�	7�����
' �, ���r���
, 0��� /���8 �	� �&� (	&- �� �)&' ��&.

 �&&' �?&&� � %&&#� 4)&&� ��&&� ���&&, �� ���)&&3' !?&&� %&&
6�� 4
�
'&7����&1
�	&`�&� �	&5' 0�	&� )��&R� �� 0)&7 �&5��� .%6�&�� �

Fig. 7. TPH and COD removal efficiencies due to the biological adsorption mechanism  
(suspended biomass concentration=135 mg/L) 

 <G>W�#7� F������TPH �COD ) ���r���
, !?� `1
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, %R�� 

Fig. 8. Comparison of TPH and COD removal efficiencies using different mechanisms 
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