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Abstract 
Petroleum refineries generate large amounts of wastewater with high concentrations of 

hazardous contaminants. The conventional treatment method is a biological treatment 
process preferably the activated sludge system. In this system some organic compounds can 
be toxic or inhibitory to some organisms above certain critical concentrations and cause the 
growth rates to decline, such as Toluene and Phenol. There are also accelerating materials 
to improve the biological treatment efficiencies, such as Methanol, Glucose etc. In the 
present work the effects of Phenol, Glycerine and Maltose on the performance of the process 
were investigated. The Phenol concentrations up to 100ppm did not show any inhibitory 
effects on the COD percent removal; however higher concentrations reduced the process 
treatment rate. Glycerine concentration., between 0-200 ppm caused increase in COD 
removal from 57% to 79%. Maltose gave similar results to Glycerine which has been fully 
discussed.  

*v�$9 ��J)� ��:C�� 7�;�� m
T� � ��
9�
% ��	)a� ��'
'TL Z#$� 7�%$�

** v�$9 ��J)� ��:C�� 7�;�� m
T� � ��
9�
% ��	)a� ��'
'TL Z#$� 7������� 

��١٣٨٣ل-٥٠��ر	
� �� �



24

����� 

 ���[� ��
���� ������� ����� +��&	 �
V����^
L 1E��9
-
�#�����6 �a.�� P��z P�!' �# �#�W ���V�  UH  �
6

 ��# ���&�4� %��# ��@� ��� + � �V�� ��8 D� �,2 ��!�  D�-
!� �L �� �� +O�� G�B� �@�!,2 ��� �!8 ��.0� G�B� ��6�

 +8��]Rl[1E�9
- ���� ��&4� ���# b̂ !>�� . �� ���(#� 
�6
 ������- U� %2 Q
H	� �#  ��#�W  �[� �������; /0# U�

�5
# �,2 ��!� D�
� Zv� ���# �F�f!,!�# ��&4� ��
&( � ��	
�
���� ������]`[:+�� � /��0# � D�
��8 �������- ����� .k%*��0�

 �!��6 
��# ��� 1E��9
- %2 �� ���� ��6��!��6��!��� �� ��
�O�	
@���F�� �� �� ���� ���# ���!6 �
6 �� �	�!�h/�# 
�

 ��lh�� ���5 e
>� �� ��8
# ���(� +N
  �6��!6 D>N ?���@
 ��#�F�� ��!�� +��,
�- �
��	 ��!�� �-
�� %\�O�� ���3� ���#

 ��6 G !� (Q
�- �I,)��� i
�I	� ��r�� %��  ?����@k%*�0�
�� P��z  =�
� �� ����	�� ��; �6 �� �� Q
�- �I, ��
; ����
]h�qj[.

Q
  �� }� �� /6\L ���� �
6 ��&�4� o�.(0� �
6
 1
�OL �F�f!�,!�# ��*I� �.>; �� �F�f!,!�# �
V���^
L �
�6

 ������W �F�f!�,!�# �!(F(	
�� x!�	 �� P!.�
�L U�� �� +&	R

(RBC) ��.L o�� a��B� ��� �� . + � �(8�� ����� ���# %
����
%�!���N Z���C � �� ���#�F�� ��!��� ����	����V	 ���� � U���
UO�� �
6RBC �J
�	!�2 ��,2 ��!� Zv� %
��	��  ���HOW

 G�����8 �� a��.�� P�����
;  ���#�W  ���[� �D���- �%f��(�	
 %
��	 K�
�(	 .+� � ���8 � ��# +N�   �@�!,2 �
# o.(0�

 Zv� %
��	�� �� ����COD D�(TCOD) ��# ��#�W  ��[� �
% :����SS%Tq+ � ��!#]c[���*I� ��V�� ��6\L �� .

 ������ D�����!# ������8�� D����(� �F�f!���,!�#MTBE �� ����F�)
%���- �#�����6 ���� U�� �� �(+�O�� G��B� ����^2 �
6

�.L Z�y 
# �!(��� ��(O#!  
#  D0.0(� ��.��� o�.(0� �
�6
 Zv�� �'�� �+ � ��8 i
I	�MTBE % �S/SS���8 }��*�@

 + �]T[.
� ���# U��r
��2!�� ��#�����6 P
H���� �#�F�� Zv

1
OL �� �r!,!�  %*�# �D�- D�H5 �� +��>6� *r
� �,
�� � �
6
 �!��(��� �� D���- ��&��4� �����# ���,� �� .+�� �RBC *�
��  ��

 
1 Rotating Biological Contactor 

 D�- Zv� �'�� �>�(L� G���8 ��  ��8 ��
&( � �6
V��
��2
%S/SS��� D�- Zv� �� *�	 P���� �A� .+ � ���2 + � �# 

�>�(L� P����  ��!#C�`j+� � ���8 }��*�@]S[��,
�� �� .
+".[ �� D�-  �r!,!� �%*�# m!.0� �#�F�� ��*I� i� �
6

��(O#!  �� ��
&( � 
# ^
# e
�	!��*L ��(�
�#  o.(0� �
6
����!Ll��# m!�.0� D��
� ���*I� �� ��
�� K�
�(	  ��8 i
I	�

�� ��� �� .+ � ��!# ��(�
# ��� �.�  D�H5 �� D>N G���8 �,

m!.0� ��F�f!,!�# ��*I� %
�� +�".[  
6 *��	 o�.(0� �
�6

 + � ��8 � ��#]Ru[.
��O�	
@���F�� ����# �>�  +,
� �� �.�
N �6 b̂ !'� 
�6

 D��
N ����
>	 o�5!� �
W� �� 
�	2 ��F.>N �.�,� �6 �# 
� �(8��
��(�
# +��!>O� .���� i
	 ��	����
# D��,� ��# +� � ��F>� 
6 

: �8
# ��� D��!N �� �F� 
k�#�����6 �Q��!-�!- �D�- ��"	 �,2 ��!� �!; �
6H2S

.U��
��2 ��!� 
kD��p� ��V���  P�*��.- P
��H���� �!��~�Cr3+ �Ni2+ 
��� 
Pb2+ 
k*��	 ��!� �� �~�# .Q!.B� �	��� ��!� �
�� �.�� +".[

 �@����� =���O� +�'
�` ��	��� Q
��- ��I, ���F.>N ��
 �6��
#�� ^
# �� %2 1E�9
- ��&�4� +N��  �I�(	 �� ��	�#

 /6
� �6��!6 �s9!� �� 1E9
- �	
� %
��  �(-
� /��*-�
�� �#
�]RR[.

����5 a���B� ��!�� =�
; P�!' �# �!�6 D��!N ��� ��A3�
1
(� �~�# �� G�- �+ � �(-�V	 ��!� �� ������ +�>  �# 
6

�O�	
@�� �~�# ���# �,2 +�".[ �� 
6 �
�6 o�5!�  ��	��B#
 + � ��8 ��
8� 
�	2 �8�]Rl[D��- ��A� ���V�� /6\L �� .

 �
V���^
L 1
OL �F�f!,!�# ��&4� �� �(O�� ��!� �8� ��
 ��# ������- +N��  ��� �!# ��� �V	
�	 K�
(	 .�8 ��,
�� �+&	

�� �� �
�O# D�- ��	����
# ]�!� +.N P����
; %�*��  �!8
 =�
��� �� �����- a��.��h

(MLVSS) +��".[ �� �� /���# �
��6
luuu�.�� �>	 �(�, �# i�@ �	
��@
	 ���.0�  �8
# ���5�# �	�!�

��.0� ��(#� ��(O�  �# �.�- ��.[ 1E9
- ���!>	 ��� �� ��
 
 ��� o�5!(� �� �F�f!,!�# �����- �.� �# ��  ��
� ]R`[�� .

 
2 Pesudomonas Putida 
3 Accelerative 
4 Mixed Liqour Volatile Suspended Solids 

����ب و �ب
�١٣٨٣ل��



25

�F�f!��,!�# ��&��4� ���# �!(,
���  ������O�.@ �D���- ���A� ��!���

L �(&	 1E9
-.+ � ���	 i
I	� ����B� bEH5 %���� �
V��^ 

� �  �)&� �6

/�
���2 �D��- ��	����
# D�
N �A� ��,
�� ���# ��(#� ��# 
�6
 i����� ���6 ����,�� /��8 �� .+��-�@ P�!��' ����� :������Ruu 

�.�� ��&�4� �� ���8 ��(-�@ Q
��- �I, �� �(�, �
V���^
L ��	
�
  %����Rqu �.�� �O�  �# ��� 1E9
- �(�, �F�f!�,!�# �(

��&4� %
>6 �,�� �# .�8 �(0�� �	
� ���
��� :���� �# 
6u�Ru�
lu �qu�Ruu luu D��>N .������@ �-
��9� D���- i� ���L ���L

 
# �F�8 �� %�*>6 G !� �6��!6lcu P��� �# ���5� �� ��
q/j��� �
V��
��2 �
�� ��8 i
I	� +N
 C�lukRT.�!�#

 P�� �# 1E9
- �� RS�� +N
   �	
� �5
# %!F  Q
�
���� �� ���L %�*���� ������	COD }� a��HC P����� �
��6

 ����@ ����� ����	
( �]lRh[.
�����COD  D�H5 �D�- d0�� +".[ 
# ���>6 1E9
-

����	� ��&4� �� ��# �� .+�-�@ ���5 �O�
�� ��!� �6 
#  ���@
!� ����� =��O� ��
� U� %�!�N �# ���O�.@ �A� i� +>O5 ��

 i������� �����6 �����,�� /����8 �� .+����-�@ �������5 /�
������2 
Ruu �.��  Q
�- �I, �� �(�,Rqu �.�� ��� 1E9
- �(�,

 ������ ��,�� ��6 ��#  ��8 �(0�� �F�f!,!�# ���!6 �(O�  �#
 ��# �40��ppmhuuku�6��!6 D>N .�8 �-
9� ����O�.@

 %
��� P��� �� �F��8 G� !� %�*>6 hT�
��� �� +N
� 
C�lukRT
I	� D>N ��  .����@ i��P�� �# ����	l+N
 

 ���
����  +��-�@ P�!��'COD P�����  ��&��4� �� ����# 
��6
����	� .�8 ���@COD P
�&(� ���
��� ����>6 ���,� 1E9
-

����	� bEH5 *�	 ���O�.@ +� � �# ���N� ����#
�# ��!# ��8 ���@
 ��!� �� ���2COD 
# ��&4� �� DH5COD !#�� ��&4� �� ��# m

.��(-�@ ���5 �#
���� ��!� �6 
# �����O�.@ d0�� +".[ �# 
/�
��2 i!  ��  �� ���� ����� =��O� D�
N U� �A� �
6

 /�
���2 .��8 �#
���� Q
�- �I, �(O�  ��F.>N �� ��!(,
�
 .��8 i
�I	� D��-  �����O�.@ ����# ���8 i
�I	� }� a#
��

+".[ ��# �!(,
� �� P
&(� �
6ppmhuuku
�� ��# .+�-� �
/�
����2 ����� G�����8 ����# 
���� : �!��# :������ ����� ���# 
��6 

C�lukRT�6��!�6 %
��� �hT�F���8 �� �+N
� llq  ��
�� %
�� ����	l.+N
  

���
�� 
�(	� ��COD �����	� ��&4� �� ��# P��� ����@
 ���
�� 
#  �8COD d0��� +�".[ 
�# ���>6 ��,� 1E9
-

.����@ �O�
�� �!(,
� 

d��01 eJ$  

DF8RP������� �V	
��	 �COD ���B��) D�H5 1E�9
-
 D�#
�� �� (���r
�L ���B��) ��&4� D>N i
I	� �� ��#  (��^
#

�� D�- +".[ �6 .�8
# 1E9
- P��� P������ %�*�� ���W
 DF�8 �� ����,� 1E�9
- D��- +".[ �# +HO	 ��8 ��&4�l

DF8 �� .+ � ��8 ���� %
�	`�COD ��,� 1E9
- ����>6 �
��  �����O�.@ +�".[ ��# +H�O	 �����O�.@ P
&(� ���
��

 DF��8h+��".[ ���# +H��O	 ����8 ��&��4� 1E��9
- P����� �
DF�8 .+� � ��8 � � ����O�.@qP������� �V	
��	 �COD 

 %2 ��# ���8 �-
�9� �!(,
��  ��,� 1E9
-COD 1E�9
-
�� �!(,
� +".[ �# +HO	 ��8 ��&4� DF�8 .��8
#j���
��� �

���# +H�O	 �(�O�  �� ��;�� ���8 ��&�4� 1E9
- P��
�� %
�	 �� �!(,
� +".[ .�6� 

DF8 �� �s	
�WR�� ���� �� D��- +�".[ /��*-� 
# ��!8
ppmRuukuZv� �����COD ��/��*-� /��*�-� ��� .�#
�
% ��hu% �#qSZv�� %�*��� ��# �# +".[ ��� �� �, �+ �

COD ���� /6
��� � ���� ��!��C ���# ?���#
� �ppmluu % ���#hj
�� �� %
�	 :.�� ��� .� � 
�� D��- +".[ /��*-� 
# �� �6�

ppmRuu /��*�-� ���
��HN ��# 
��COD Zv��� ��'�� �����,�
�O�	
@���F�� G !� �� ^
# 
6 +".[ �� 
�� ?�� ��^
�# �
�6

 ��'�� ���#�F�� ��!�� +�,
�- �� D�- +�>  ��A3� D�,� �#
 Zv�COD ��/6
� �(	 ��� .�#
� ��� +� � ���� �V	
��	 K�


1E9
- +�".[ 
� D�- �# ��!,2 �
6 ppmRuu %
��� �� �
�6
 �
�I�� �F�f!�,!�# ��&�4� ��	� �� ��
�� ����� ��	
� �
�!�

�>	 Zv�� ��'�� �(���# +�".[ ���� �� ��, ?����COD ���
�� .�!8 

DF��8 ��l���� �� D���- +��".[ /��*��-� 
��# ���� ������# 
ppmlu��8 ��&��4� 1E��9
- P����� �/��*��-� P���8 ���# ��

��١٣٨٣ل-٥٠��ر	 
� �� �



26

0

200

400

600

800

1000

1200

0 10 20 50 100 200

(ppm)4567

CODi

CODf

CODf=COD :;<=> از ABC CODi=COD :;<=> از DEF COD فHI JC DKL J;MN> . 1DOP

C
O

D(
m

g/
l)

X�9.1BW� $% X)? $
�OLCOD 

DKL 4567 RSI JC ورتAان آY;Z . 2 DOP

0
0.5

1
1.5

2
2.5

3
3.5

4

0 10 20 50 100 200

(ppm)4567

(N
TU

ت(
ور
A^̂^̂
آ

X�9l1X)? �D"| V;� $% ���	# 6Z
� 

0

200

400

600

800

1000

1200

1400

0 20 40 100 200 400

(ppm)4567

C
O

D(
m

g/
l)

CODi
CODf

CODf=COD :;<=> از ABC CODi=COD :;<=> از DEF COD فHI JC _`J;S;6a J;MN> . 3 DOP

X�9_1BW� $% (�$
;
"@ $
�OLCOD 

����ب و �ب
�١٣٨٣ل��



27

_`J;S;6a 4567 RSI JC ورتAان آY;Z . 4 DOP

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 20 40 100 200 400

(ppm)4567

(N
TU

ت(
ور
Aــ
آ

X�9n1(�$
;
"@ �D"| V;� $% ���	# 6Z
� 

0

200

400

600

800

1000

1200

0 20 40 100 200 400

(ppm)4567

C
O

D(
m

g/
l) CODi

CODf

CODf=COD :;<=> از ABC CODi=COD :;<=> از DEF COD فHI JC زdefNZ J;MN> .5 DOP

 
X�9p1BW� $% ������ $
�OLCOD 

�� 
# D��- +�".[ /��*�-� ��� +� � ���� ��� ��� +.N .�#
� M�N
 ����(0,  �
�����	� D���>N �� ���@!���.;  a���.�� P��z ��
��� 

�O�	
@���F�� 1E�9
- 
�# ����>6 a�.�� P��z  +� � ���8 
�6
�� ��
� ��8 ��&4� ��� /��*�-� �� P���  �	!8 ���6�]R`[.

+��".[ �� P����� /��*��-� ���A�ppmqu +��#
A b
��H���� ^
��# ���#
�� .�	
� 

DF8 i� +>O5 ��`�� ���� �� 
# �� �!8 +�".[ /��*-
ppmluukRuu �����O�.@COD ��� ��8 ��&4� 1E9
-

%Rl��/��*-� Zv�� ��'�� 
��� ���#
�COD P��8 ��# *��	
 Zv��� ���'�� ���� ��!��C ���# ����� /��*��-�COD % ��qc��

% �# �&' +".[cS+".[ ��ppmluu ���V	
��	 ��� � �
 Zv� %
��	�� /��*-�COD .+ � �@�!,2 �
# ����� /��*-� 
#

 /��*��-� ���V�� P�
��HN ���#COD ����# ����8 ��&��4� 1E��9
-
ppmluuku% ����) +� � �� �
�O#Rl+�.N ���>6 ��# ?(
�� .��2 + � �# +".[ �� ���B� ��� �� �� �HO	 +�*� %�!� 

DF8 �# �;!� 
#h��� ��6
�� �1E�9
- P���� ��� �!�8
 +".[ �� �;��ppmhuuku/6
� Q
� �� �( !�L ���O�.@

!C �# �+ � +�".[ �� ��� ��ppmluu ���� ��#NTU`l/u
���� ����� ���� �&��' +��".[ 
��# ���O�
�� �� ���� ��� �NTUcq/u
�� % ��� �8
#qu�� %
�	 /6
� ���>6 �� �� %2 :,
; .�6�

�,!, 12 P��� %
�� (�
W 12) ���NTUj/u12 P���� 
����NUTl/u��� %
��	 ��� ��2 + � �# �� a�.�� P��z ��6�

�8 ��&4� 1E9
- b
�H����) �
�W 12 a.�� P��z �� �(>� �.�� �
�� (o4	 1E�9
- ��# ����O�.@ %���� �-
�9� ����#
��# ���8
#

.+ � �����@ a.�� ��
; ��!� Zv� MN
# 

DF8 a#
�� i!  +>O5 ��q�!(,
�� +�".[ /��*�-� 
�# �
Zv��� ���'��COD +��".[ 
���ppmluu /��*��-� �(�� !�L

�� 8 ��*-� D�,� �# �� ��!; 
# .�#
� 1E�9
- ��# �!(,
� %�
 ���,�COD �� ^
# 1E9
- �F�, ���COD ��&4� 1E9
-

 +".[ 
� ��8ppmluu Zv� �'��  + � +#
A ����� U�

��١٣٨٣ل-٥٠��ر	
� �� �



28

COD % ��c/hT% �#ch��ppmluu ��/��*-� ���� �� �#
�
 �� ��# ����# i�^ ��;!� :.�� P���A� ��!�� �� ����# �
�6

 
6�(���
L �V�� �� �# �!(,
� +Hp��� �6��- �� .��2 
DF8 �� �F	
�Wj�� ���� �P���� /6
�� ���(��# �!8

 +".[ ��ppmlu �� n
&�� +�".[ 
�� ��.� �!�C ��# 
�� ��(-�

ppmluu �&�' +�".[ �� P���� ������ �# +HO	 P���
�� ����#
�# .���� ���V>�W /6
� ��'�� ��# ��;!� 
�# %�!��

 Zv�COD +".[ �� ���� �P
&(� �
6ppmRuuku��# 
�\�ppmlu ��# �!(,
�� %���� �-
�9� ����# �����# +�".[ ��

.+O	�� ��,� 1E9
- 

0

0.5

1

1.5

2

2.5

3

3.5

0 20 40 100 200 400

(ppm)4567

(N
TU

ت(
ور
A^̂^
آ

Y;Z . 6 DOPان آAورت defNZ 4567 RSI JCز

 
X�9t1������ �D"| V;� $% ���	# 6Z
� 

Y%�)� 
1- Kiely, G., (1998). "Environmental Engineering", Irwing. McGraw-Hill. 
2- Tchobanoglous, G., Burton, F.L., (2003). "Wastewater Engineering, Treatment, Disposal and Reuse", 
Metcalf and Eddy Inc. and McGraw Hill, Inc. 
3- Alkhatib, E.A., Thiem, L.T., (1988). "In Situ Adaptation of Activated Sludge by Shock Loading to Enhance 
Treatment of High Ammonia Content Petrochemical Wastewater", Wat. Sci. Tech., Vol. 20, No.10, pp. 31-44. 
4- Kageyama, M., Tomita, K., (1988). "Activated Sludge Treatment of Wastewater from a nylon 6 
Manufacturing Plant", Wat. Sci. Tech., Vol. 20, No. 10, pp: 49-55. 
5- Chin, K.K., (1994). "Evaluation of Treatment Efficiency of Processes for Petroleum Refinery Wastewater", 
Wat. Sci. Tech., Vol. 29, No. 8, pp. 47-50. 
6- Manahan, S.E., (1994). "Environment Chemistry", 6th. Ed., Lewis Publisher, USA. 
7- Tyagi, R.D., Tran, F.T., etc. (1993). "A Pilot Study of Biodegradation of Petroleum Refinery Wastewater in 
a Polyurethane-Attached RBC", Process Biochemistry, 28, 75-82. 
8- Pruden, A., Suidan, M. T., etc. (2001). "Biodegradation of Methyl tert-butyl Ether under Various Substrate 
Conditions", Environ. Sci. Technol., 35, 4235-4241. 
9- Alemzadeh, I., Vossoughi, F., Houshmandi, M., (2002). "Phenol Biodegradation by Rotating Biological 
Contactor", Biochemical Engineering J., 11, 19-23. 
10- Abu Hamed, T., Bayraktar, E., ete. (2003). "Stubstrate Interactions during the Biodegradaion of 
Benzene, Toluene and phenol Mixtures", Process Biochemistry, 39, 27-35. 
11- Zhukov, D.D., Karelin, Y.A. (1975). "Acceleration of Biochemical Treatment of Wastwater in Petroleum 
Refineries", International Chemical Engineering, J. Vol. 15, No. 2. 
12- Stephenson, R.L., Blachburn Jr., J.B., (1997). "The Industrial Wastewater Systems Handbook," Lewis 
Publisher, USA. 
13- Galil, N., Rebhun. M., Brayer, Y., (1988). "Disturbances and Inhibition in Biological Treatment of 
Wastewater from an Integrated Refinery", Wat. Sci. Tech., Vol. 20, No. 10, pp. 21-29. 
14- Greenberg, A.E., Clesceri, L.S., Eaton. A. D., (1992). "Standard Methods for the Examination of water 
and Wastewater" , 16th. Ed., American Public Health Association, Washington D.C. 

 

����ب و �ب
�١٣٨٣ل��


