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Abstract  
Propylene glycol is an organic compound which has wide applications in the pharmaceutical, cosmetics, 
chemical, and food processing industries. Propylene glycol is readily released into surface and ground waters and 
the neighboring soils via industrial wastewater effluents posing many health and environmental hazards. The 
main purpose of this study was to determine the efficiency of fixed bed activated sludge reactor for propylene 
glycol removal from synthetic wastewater. The lab scale reactor consisted of a cubic Plexiglas aeration tank with 
a total volume of 16 liters, 12 liters for aeration and 4 liters for settling. 25% of the aeration tank was filled with 
media as fixed bed for the biofilm to form. To evaluate the optimum efficiency of the reactor under variable 
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organic loadings, the organic loading was increased in two consecutive stages: first by HRT depletion, and 
second by increasing COD concentration. The COD removal efficiencies obtained for hydraulic retention times 
of 8, 6, 4 and 2 hours and at an influent COD concentration of 500 mg/L were 95.86, 95.12, 93.96, and 79.08 %, 
respectively. In the fallowing stages and based on the results obtained from the first stage, a constant HRT of 6 
hrs and COD concentrations of 1000, 1500, 2000 and 2500 mg/L were experimented. The removal efficiencies 
for the above concentrations were 95.95, 88.54, 75.95, and 35.69%, respectively. The results from this study 
indicate that the fixed bed activated sludge bioreactor satisfactorily capable of removing propylene glycol. 
 
Keywords: Propylene Glycol, Activated Sludge, Biofilm, Wastewater Treatment 
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N����" ��� 	���.�
� ����� �, 1�"� �5� 8���.���H >�# �*3�� (��

����H���.��0 ��2 9��H �5� .�� )3��� =��, � 9��>��� $���5��
 	A� ������# � 1���d &��� 45�*+� ��� ��� &�g*R 8�5�� �����%

 �� 8��� �� 	A� �� 9��>�� �� i
��.� 5.d�q/{��� q/_{��.�A 
1��� 9��>�� �?�2� �� �".1��� ��� � 1��" ��S�� 	��F:������ 8��

 )2���3 ��� 	�� �3 (�F#���� 8���E� ��� $��@A�B� 45MT��m,��� 
1��� �7��3 �� t��H ���d �5��� 9������� N��*R �P����J� 8�����&��E� 

�#����0 .� C� N����" � 	��m�� �" &��� �. � �2�� ���" 5.d
 
1 Sludge Volume Index (SVI) 

1���� �5� )3��� =��, � 	*c� 5.d� $���5� �� � �� m� 8�����
&��0 ��2 .

��`��-��)^ ���& * 
&g*RCOD �� ��� 45�*+� ��� �d� ����� 	.:�0�� t�d6� P�

 ���*m��� 8�.������ P�Q�TSS �MLSS ���� r��*@� 9��J� P�
��� �	,��3 	-�
SVI ��, �5.�
 P� �� ��� ���� �	��:�# �*��
�

 � �.�5��,pH�� 1����#� 8��.���.mA� P� 8���0 �#��" ]_`[.pH 

 �� �. �
 C� �*�
�pH 4�.�-�� �.� u�� &��" 45�+�T��� 5�M
1���#� �S�� 	� 8��0 �".

��u-�,C v��  
����
,K� �� 	��~ S�� *�,O�* 1-�*�O 
� 14�� *��( �C�� B��) 
D� 

6��DS��b 
b G�� *�	�%��" 
�73 ����#� $����a, �#�COD 8����#�� ����� �� C�� ��� � 

	m�A����{���`�f)�" � &D�
 {&�
� 1�" 1��� ��:# .�
	��A����� �#�� ���� 9��� r��M �� �*3�� (���8��� 	�A� ��� 

��q/_��kgCOD/m3.d`�" 1��� 9��>�� .�� 5.d� (�F#��� 5M
 tH &"70 ��e	A� _`��
 8����H N���" �� �*3�� �� � �� .

�73 ����#� (�F#���COD 	m�A����� 8���#�� ���� � {���
`�f�� &D�
 i��,�,f`/pq)���@� ����+#�qe/{±(�_{/pq
)����@� �����+#�q{/{±(�p`/p|)����@� �����+#�_|/|±(�

�f/ep)��@� ���+#��f/{±(�5� �c� .�����
 v���.# (�F#���
 1��� 8����a.� 4���% � 8�����H N����" � 8�����|1��� ��:�# 

&
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	 �F#�1��� 8����a.� ����?� (�F#��� �70�� � 8����8&��� �. � 8��� 4�@� (-A 5.d� 8��� k*.J� 	A� 8�� 

COD \�Kb 
1F 
Y 
(mg/L) 

TSS \�Kb 
1F 
Y 
(mg/L) 

MLSS 
�¶V��
1(���( 
(mg/L) 

SVI 
(ml/g) 

DO 
(mg/L) 

�C�� B��)
 1%�� *��(

)hr(

COD 
�� *  

(mg/L) 

1�^ *�� 
(Kg COD/m3.d) ���
� 

\/Ql ]/] {{�p f/_|| {/| f q�� X/O _

U/QU [T/^ {{_f {/__e `/| [ q�� Q Q

Q/Tl O[/OQ {_|� `/_`� �`/� U q�� T |

[/OlU TO/T] {�e_ �/_ep _q/| Q q�� ` �

X/\l U]/QQ {{`p _/_{q {`/| [ _��� U q

^/O\O [T/UO {{fp |/_{_ f�/| [ OXll ` `

U]O O]/\Q {{fe _qe �f/| [ Qlll ] e
\X/O[l\ XX/O^T {{p_ {f_ p/{ [ {q�� Ol f

����G�� *�6��D 
,K� �� 	��~ S�� *�,O�* 1-�*�O 
� 6��� 
D� 
S��b 
b 	�%��" 

	m�A����� ��#�� ����� �4�� ���� v���.# �� ��� ��� (�� �`&D��
 
�� ������ ��#�� ���� ��5�D ��� 5�g�� &�g*R 9��>��� COD 8��� 

������0 ����J.#� .�7��3 ������#� (��.:����COD �)��E2 ���*3�� � 
�� 5���� i��,�, 	m�A����� 8����#�� ����� ��� �f�`��� &D��
 

����?�f`/pq�_{/pq&�
� 1�5� .8���� >�A��#� =��-#� �� t�H 
�5����T���Pvalue  ������ �q/���6.�!� ��� �����0 �J:�� 

	��@� ���?� �� (�� ����#� �� & ��# ��#�� ����� � �`&D��
 
��� �5�%� �. ��
 �� 8�.:�� 	A� �� 4��D� ����� .7�A ��g# � ��� �

��5� ��� (.��0Y�� 	��A����� ��#�� ����� �`��� &D��
 ��5��D
 ����� �#�� ���� 8���� 9��>��� r���M �� 8�7�0�� $����� 	�
�� 

&��g*RCOD ������0 ����J.#� 8��� .�����
 (�F#����� ������?�
 1��� 8����a.� �-��H 8��E�� )�3��� � 8����H N���" � 8����

�, 4��% � �.:� |�� &
� 1�" �S.

0

20

40

60

80

100

0 500 1000 1500 2000 2500 3000

(mg/L) M� *  COD 6���

C
O

D
G
��

�7
*�

�4&#��73 1���� (�F#��� COD&g*R � 8��� 8��_��� �, 
{q��	*�� &��� 	��A���� �#�� ���� � �.�A � =�0`����H N���" � &D�
 

���� )m" � �d 5M|��� (�� � &
� 1�" 1��� ��:# �&g*R 
COD &�g*R 9��>�� $���5� �� � �5� 1���d (��@, �.���H 8��� 

&��� 9��d �73 ����#� 8��� .���� (��� � 8��� 8���.g*R
�� i�,�,_��� �_q�� �{��� �{q�� 	*�� �.�A � =�0 ��d �5��

 �� 5d7� 8��.g*R � �73 ����#� i�,�,pq/p{)���@� ���+#�
e_/{±(�q�/ff)����@� �����+#�|`/{±(�pq/eq)�����+#�

 ��@��{/|±(�`p/|q)��@� ���+#�f|/{±(�c���&�
�
��� .8�70�� � 	%��! �� H &�I�d 4��% � k*.J� 	A� 8��
|&
� 1�" �S�� .

����L
�� u-�,C �K-��� �X� 6X��D 
,K� �� 	��~ S�� *�,O�* �*��
�
�(�& *�,O�* 

�73 1���� v��.#COD &���� �. � 8��� 4�@� (-A 5.d� � 
�.d��-A 5��" �. � �2�� 4�@� (m���)m" � 	���1��� ��:�# 

&
� 1�" .1��� � ��?� 	� ��:# �� �73 1���� ���COD 5.d� � 
�� &��� �. � 8��� 4�@� (-A �5� ���" 5.d� �� 9�� 	*d 5M.
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�%&_��73 1���� � ��?� COD 8��� 4�@� (-A 8��5.d� �

	��m�� �" �. � �2�� ���" 5.d� � &��� �. � 
kA� :&g*RCOD 8��� q�� 	*�� � =�0HRT ����� {&D�
 
�:&g*RCOD 8��� _q�� 	*�� � =�0HRT ����� `&D�
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�� 8�70�� � 4��� 5M 8��q/_�|�`�kg COD/m3.d f1���� 
�� &��� �. � 8��� 5.d� �73 i��,�,e`/_��_`/�_�f/||

��q/|p���" 5.d� �� �.:�� �c� ���#�1�" 8��0.
8�7�0�� ���R� �� &�g*R � ������� 8���COD 4���@� Xll 

	*�� �.�A � =�0 k�*.J� 8���#�� ���� ����� � ��d ��" 1���:�� 
8��� 	A� �� 9��>�� �� �*3���8����3 ��, ���.�� 5�.d� ����#� 

9��d&��� ���?� K�� ��� b�@���
 �� ���V &�"70 �� t�H 	A� 
C��># ����H ��" .�����#� �7�3 COD $���5�� ��� 4�� ���� � 

�� 	��A���� �#�� ���� 9��df��{&D�
 �&��� 9��d .(��� ��
 	m�A����� ��#�� ���� � 5.d� �d 	��F�� �, �5%��� &D��
 

�73 ����#� ��5� 8�E�� 4�3COD �� 9�� p|&�g*R � �c� 
COD �� �.�� 	%��! |q	*�� 1���#� �.�A � =�0 ��" 8��0.�� ���

 �� �.�d �#�� ������ &D�
 ���5��! ��#�� ����� � {�&D��
 
�� 5.d� ����#� �� ��.�d ��� � 1���d &��� 	#��0�# )m"f���c� 

����
 .COD �����3 � N�����" (���� � 	��%��! �� ��H `/_�� 
	*�� �.�A � =�0 8��� &g*R �� �%5, �� �d �5��45E2 )��2 & ��# 

%��! �� H 8�����#�.
� �		�# (��<, �5" .5�.d� �5%� (�� ��
 ��#�� ���� � 	.3 &��� �. � 8��� 4�@� (-AQ&�g*R � &D��
 

COD 8��� Xll 	*�� ��.�A � =��0 �� 9��� �7�3 ��� ���2\^
8��� 1���Y� �c� �5�� ���+A �� 	���,5d ��#�� ����� (���V ��d 

�� 8���.2� ���m�� 	���M �� � ���;53 ��-3 ���" �.mV5�d )��A�
�, &����� >S��3 �� � 1�,5d ���� � �6;�� �� 8�.:�� �-3 ��I

&
� .1���� ���� 8����.���H �� 	��� 	��A���� �#�� ���� 8�����
�. �
 (��� i�
��� j���, ����� (��<, (�; �� &
� 	. �� 8��

 =�% ��" �. " �� �#�� �1�#5" ��I�, 	A� 1��� � 4�@� 	����� =�%
 4�@� 	A5*
	��5" 1�5�� ���� � � t�5��� �� 	E
��� &g*R

��� 	� �I3 	���5� ��;53.
)c�3 v��.# �� 9���H (�� 	� ��:# ��� 9���� $���5� �� �� 

(�F#��� 	��A���� �#�� ����MLSS �� 5�.�� r�*@� �" 9J� 
{{�p �� {�e_ 	*�� �.�A � =�0 9���	������ ���� &�*D 9����

� �#�0������ ��H 1���� ��>-, 8��(*�H� �7�3 �����#� �45���*0
���� v����,	��� ���.�� �5��" .���#�� ������ 9����� ���� ���F�� 	�5��
 ��

	��A��������(*�H�����H (����� 	������ j�����, ������� � 45�����*0
� �#�0������ �5%� �����# (*�H���H �� 	:�J� �8��� 45���*0

�� W��! 	���5�� 5.�� �� 1�:# ��>-, $5c 	�� �5�" .(��������
����� ���#�� ������ &��g*R � 	��A�COD���� &����� 8��� ��5���D

	� k��@, 1���� (��@, �.���H �5".
��, &���� �. �� 8��� 4��@� (�-A 5�.d� �8��E�� =�� ��� �

 &g*RCOD 8��� _q�� 	*�� �.�A � =�0 8Y��� ����#� 8���
ff �5� �c� .��9��>��� &�g*RCOD 8��� ��. ��
 �����#� 

�� &D�
&��� 9��� &g*R � �COD 8��� {q�� 	*�� =��0
 �.�A � ��`p/|q��c� ���
 .��� &�g*R 	,��EDCOD �� �H 
	�%��! _`�e 	�*�� ��.�A � =��0 ��� � 1�5�E# 45�E2 )���2 ��� �5��

 	� &�@M�2 � 1��" ����" 46.�!� ��V� �. �
 �� ��� ��G� ��5, 
�5� 1��� &
� �� � �5! 	���d .k*.J� )��5D �*3�� (�� � �����

 	
�� 87a� ��5� &g*R � 45*+� ��� d� ��g# 5.d� 8�E�� �
"�5" �J:� 5.d� 46.!� 	*c� )�A� �, �.5�.d� 9��H v��.#

 �� �d ��� ��:# ��� �d� &�g*R �8��� 	�A� ��� 9��>��� $���5��
 �� �.�d �� 45*+�_	�*�� ��.�A � =��0 1���d &��� �5�� ��-�.# � �

� 8��� 8�5� 9��>�� 8���; 5�.d� ��5��.	�*D 9��>��� ��R
 8���.g*R � �7�3 �����#� �5.d� �� 8��� 8�5� ����% ��>��

8Y�� _q�� 	*�� �.�A � =�0 � &���# �5E�� )��A� (���� ��� ��F�� 
&��0 ��2 �%5, �5� 5.d� 46.!�.

(*�H���H ���??+� N
5, �.��0 =�-#� $�@A�B� ����� �*0 �� � 45
 Y��� 8��.g*R�&!5�
 ��d��d ��� � 1��� &�
� �� � �5�! 8���
�

 �� 9��� 8���.g*R � v��,_�	�*�� ��.�A � =��0 ��� C�� ��5��D
 /�
 i�d�, 	�� )�D 	��B! ��� � 1��#� $��5�%5� $���3 ��d ���d

	� ����#�.&�A5��.� ��-, bY��.3� 	*�c� )��A� 4�@� (-A 8� �� ��
 /��
 $����� (�� ���� 	&�
�]e.[� (�������� N����" (��� =��-#�

 ���
 �� r�?+, ���� ��g# 8�E�� � ���� 8���.���HpH���� �d� 
45*+� �#�5� 1�" ��g�, ����� �3 � �I � � $�� &g*R ���g# ��� 
	� �
 8�.d�� ����� �" 1���d ���+� )��D ���, ���8Y��� &�g*R 

(*�H��H &
� 1�5� 8��� 45��*0 .&�g*R ����� �� � 9��>������ 
� �#�0������ 	��A5��.� � 	��>#� 8��.�A�@� � �.�"�� 	�I�� ���� ��

	� ).J� � �� ����#.
1��� � ��?� � �*�c�3 v���.# $��I, )�Y� �5����H P�m�d � ��

 1��� 15+# 	� 5.d� �� 8���� 8���
 ������ ��� 	#����" C��d �#�5,
����# &��� 	��m�� �*�� 8��� 8��3�M.

��5��O(��
5?A� �Q1��� $5*���H 1�F.�
� C�� �� )�c�3 8���
���-, � ��a. � 8��5� 1��E V �" ��� ��> ��, ��#�5�# )��*+, � �

����d 	�
�� � 	F#�! �6;�� �� 	A� 1��� �73 ��>�� .�����#�
 �73COD����� 8�70�� � kgCOD/m3.d  |4��@�f|�c� 

�" (��@,]_e.[
���m�� �n#6F#��%TC��}5�A5�� 5.d 	m� 8��� 	�?�I*, 

��� 	F#��! �6�;�� ��I��, 8��� � 1��E V �" � r*@� �" ��d
�#��� . (��� � 1��E �V � r*@� �" 	. �� 1�5, P�. 0�� 5�.d

,<��" 	
�� �. �
 ��d�d 8� 	A� 8�70�� ��>�� ��� .��9���
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3 Jianlong et al. 
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f��c� COD 8�7�0�� ��>��� ��, kgCOD/m3 .d  q/|�7�3 
���"]_f[.(���� � �7��3 ������#� �9�����HCOD 8�7��0�� � 

kgCOD/m3.d |4��@� p{��� �����?� �� 9�� �� �5� �c� &�
�
 �5�� ���:�� $��@A�B� � 1��� .� 	���5�� 5�.d� 	0��"�H ��c�

 	��?. �� �B�� �d ��. � 	��� )��5D �*�% �� >�# ���� 1��� wB

�#�� �73 ����#� ��.

��"�H 8����c� �� $�@A�B� =�-#� � � ��.�d 	0 �� ��F�� � �.:
 1��� N���" (��@, 5g�� �� �. � ���� x�5#� ���+A ��� ������ 8�����

	� ��c5, 8���.2� � 	�� �5" .

_����,C �
�" 
�� 9���H (�� �� )c�3 v��.# s�"&
� )�h 

OZ	�A� 8�7�0�� ��, &���� �. �� 8��� 4�@� (-A 	?�I*, 5.d�
kgCOD/m3.d U���� ���2 ��?. ��� 5��M 8�����#�.��
� (��<��, ���� �

 	F#�! 8���6;�� 8�70�� �, �kgCOD/m3.d [����?. �� 5M
 j���
� ���� 	.@���c 8���6��;�� 8�����#�.��
� (��<��, ���� ����2

 ���+A ��� ����� & �� N�+� &G�I3 �����
 8�����#�.
�COD 
1�#��7H 	�� ����� �� ��*J, 8��� 	%��! �� H&
�.

QZ(-A 	?�I*, 5.d� 	�A� 8�7�0�� ��, &���� �. �� 8��� 4�@�
kgCOD/m3.d [8�����#�.��
� (��<��, ���� ����2 ��?. ��� 5��M ���� 

	F#�! 8���6;�� 8�70�� �, �kgCOD/m3.d) ]����?. � 5M
 ���#�.�
� j��
� �� 	.@�c 8���6;�� 8�����#�.
� (��<, �� ��2

��+A �� ����� & �� N�+� &G�I3 �����
 TSS �� H 	�%��! 
1�#��7H 	�� ����� �� ��*J, 8���&
�.

TZ8�7���0�� ����, &������ �. ���� 8��� 4����@� (���-A 5���.d� 
kgCOD/m3.d]�� 9�� �73 �� ��2 \X8��� 	�A� ��� ��c� 

��I��, 8���� 	A� �� 9��d � 5.d� (�� 	���d �� 	d�3 �d &
�
 852 8���6;��&
� .	� (�������  5.d� x5# (�� ��5, �� ���5��D
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