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Abstract  
Application of attached growth systems (AGS) is associated with special limitations in wastewater 
treatment. One such limitation is the unavailability of cheap and appropriate media in Iran. The main 
objective of this study was to evaluate the feasibility of Luffa sponge as a natural media in treating 
synthetic wastewater. Luffa cylinders were used as the fixed media required for an aerated submerged 
fixed-film reactor (ASFFR) and the performance of the reactor in organic removal was studied. A 
Plexiglas column having a capacity of 8 liters was used as a reactor. The natural medium was coated 
by lacquer to protect it against biodegradation. Glucose was used as the carbon source for 
microorganisms. Organic loading rates of 0.6, 1.2, 1.8, and 2.4 kgCOD/m3.d were applied to obtain 
COD removal efficiencies of 82.8, 93.4, 89.5, and 81.3%, respectively. Results showed that Luffa 
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sponge cylinders could be used as supporting media within ASFFR under low organic loading rates 
and limited time conditions. The maximum efficiency of COD removal (93.4%) was obtained for 1.2 
kg COD/m3.d. Also, it was revealed that ASFFR with Luffa sponge medium was capable of 
withstanding organic loading shocks. 
 
Keywords: ASFFR, Luffa, Wastewater, Organic Loading Aerobic Treatment. 
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,!� ! 
!� ,!� ����� 5�G�+ ,� Cn/� \��E3 5E� C�?E�� 5Eh =,����
 ���� 5�?� #+ =����� �Eg�{ ��
COD C�?E�� ,� #E[!�a q�E�S+ 

5�)xx !`J) #��+ ��E�� ���< �� 
�4 .����� \�E+ q�Ek �j,��E��
�	�+ C��2 �
�!�
y��� �%�@ \��3 5� ��.

Pc�c� P�<� 5� !�E2�< j�'��/��E� ��E�, �UE�! de��\�E+ �� 
��0 ��+, �	�+ C��2 �
� �'�!! ��E
 PE+�0 ��i,�E{- ,� _E� ,!� 

��� 5EEE�G�+ �EEEg�{ �EEE� =��^EEE4��� �EEE���  �EEE<!� �j,��EEE��COD 
=�!�!Jxx #��+ �E
 
�En�� ���< �� 
�4 .�E
^4 ,� _E�i,� ,!� 

��� q!� 5E�G�+ ! �
 P��>� 5����� \��3 5� ����[ �C�?�� =,����
 =��^4��� ,�{- �E���4 .=��^E4��� ,�E{- ,� _E��COD ,� #E[!�a 

�Eg�{ 5Eh #��E+, �E� �E
 y��E� 5E��,!� \��E3 5� C�?��COD 
#"�� q��S+ ��E�� ���E��� ��B8! 5� #[!�a 6�?� �� ����+ !5E� 

O� #<���+ ,!�  ��/@ \�+��E
��� =��E�, \��E��5E�G�+  E�� �� 
�g�{COD�2�� y���2� =�!�! .=�����^E4��� ZE����  �E%' 5�

 ���� ! ��
 
�n�� ��� ���� C�E��� ����E%� \��E3 5� ��+- ��� 5� �
����4.

5B<�e+  �� ���)5E�G�+ �E' �� 5Eh �E
 
�n�� =��^4��� 5�G�+ 
�EEg�{ y���EE2� AEE��k ,� #<-��EE� y���EE2�COD 
�EEn�� j�!�! 

#+ �2�4 .�EG�! 5E� =�!�! #<- ���+ 
�[ .��� �� =��^4��� ���D+

�������	�
 ��
������ � �� 
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�EE�� ��EE
 ��EE�� ,!� �� ��EE�h�� CEEnG .q!�EE[K�EE'��+���� =
���� #+ ���� �� s��c+ =�����^4��� 5� ����+ =����� �'�.
2�EC� � F'	�6 

�j��^4��� q!� ���� ��CnG ��E�0�� 5E� j�!�! j��E' ! 678�2 
ZEE���� 5EE�K! ���EE� �� �EE��< *�EE��+ ��EE+, ! 5EED�"� �� �EE��< 
�	�<!���')�
 5�2�4 �g� �� ���� .P$
 �� 5h ��/@K��'��E+

#+ y'�h �� ��
COD ,� =�!�! *xx #E��+ 5E� �E��< �� 
�E4Jxx 
#��+ �E��< �� 
�4COD ��� 5E�G�+ 5E� �>?E� �E�� #E[!�a =,��E��

 ]^G ��+���� #<! �2�� y'�hCOD �
 ��%h ��� .��+, �
^4 ��
COD aEE�%h 5� C��' ,!� �� �� �2�� y'�h ����� 5� #[!�E ��

 #/B� ���D+JJ#��+ ,!�  �� ,� ����� ���< �� 
�4 5E� C�?�� �B� 5�
 \�+Jx,!� �� ���E��� R���E
 5E� ����� ,� _� ! �
 y��� ,!� 

C'�n�' �2�� y���2� =��^4��� .]^EG ��+�E��� R���+COD �� 
j��^4��� q!� 5�G�+}/}K��� �3�� .

P$EE
`�EEg�{ COD =��^EE4��� �� #EE[!�a ! =�!�! K/J
#E+ ���E� �� ,!� �� ZEB$+ �E�+ �� 
�4���h �E'� 5Eh ���E�+ j��E'

 j�!�!Jx��EE� 5EED�"� �� �EE��< .y���EE2� �EE� 5EE�G�+  EE�� ��COD 
! ��
 ���! z�
 C�?�� 5� �=�!�!COD ��E��+ #"�E� q�E�S+ �,�

J` #��+ 5� ���< �� 
�4`|#��+ ���� ���< �� 
�4 .uE� ,� _� #<!
 �E/'� ���E� 5h ��4�� q!� ��B8! 5� C�?�� R���
 ����n+ 5�9'm

]�eB�� �� C�?�� =��^� z�
 ����� ��E� =��^E4��� ,� #E
�� =�E'.
]^G ��+���� R���+COD  5�G�+  �� �� )/|`�� 5Eh ��� �3�� 

��
 
�n�� =�����^4���  �� ,�  ������ �����Ea�� ��+���� 5E0 ���E� 
C?E���4��!�	�+ ZE��/+ �E
� ��/'� ���� ���E+ ��?E� j!� �E� �E'

 ��� ���9��� .�	�+ C��2 �<!!E� j!� �E� ���E0 �
� �� ��cE� 5E� ��?
��/0 �E+ o��Ea CE0 ���a ���D+ 5� C�?�� ,� ! ��
 5En��� �� ! �E


 �	�+ C��2 C0���!�E+ ���E�� ��?� Pa�� �� �� �E
 .5Eh  E�� ,� _E�

 \�+ 5� C�?�� R���
Jx�����En+ �E��+ #"�E� ������ \��3 5� ,! 
�g�{COD  ,� =�!�! Kxx#��+ 5� ���< �� 
�4`xx#��+ �� 
�E4

 y���2� ���< �2�� .,� ���E�� C�?�� 5� ��
 ���! z�
 ����  �� ��
 ! ��� #�>" 5�G�+COD ,� ����+ #"�� l#��+  ��Ea- �� ���< �� 
�4

 5� P>" 5�G�+ =��^4��� ,!�}`��E�� �E��< �� 
�E4 #E��+ . E�� �� 
���E��� R���E
 5E� C�?E�� ��E4,�� 5�G�+�q�Ek 5E� ���E�� #E%h 

��+�n�� .�$�+ 
�E[ ,� =���D+!#E� \��E3 5E� 5E�G�+  E�� �� �E��
 �
 o��a C�?�� ,� �eD/+.]^EG ��+�E��� RE���+COD  E�� �� 

5�G�+*/}|�3�� ��E� .P$E
 �� ),� ��E+- �E�� 5E� ���E��  E��
��� ��
 ���� ���� =��^4���.

P$
 �� *=��^4��� 5� ����+ \��7k� )/K�E�+ �E� 
�4���h 
#+ ��'��+ ,!� �� ZB$+ ��
 .�� 5�G�+  �� �� PE>" PEG��+ �/��+ �

�g�{ y���2� ��COD ,� `xx#��+ 5� ���< �� 
�4)xx #E��+ 
�E4
 ���! z�
 C�?�� 5� ���< �� �E
 .��E+, �E
^4 �E���Eg�{ COD 

�
^4 ,� _� #<! �2�� y'�h ���h�� ,� #[!�aJx,�E{- ,� ,!� 
�$�+ �
� ��?� 5��n� ��� 5� =��^4���!�#�COD y���E2� ����n+ 

�� �� ! �2�� 
��! �?�� ,!� �� ������E
 5��n� �2�< =�'��/��� 
o��Ea ��E�h�� ,� #E[!�a ��E��[ �E� ���%' ���{  n< \��3 5� !

�
.]^G ��+���� R���+COD  5E�G�+  �� �� `/}J��E� �E3�� 
 E�� 5E� ��E��+ ��+�E���  ���%0 ��
 
�n�� j�����^4���  �� �� 50

 ��� 5�G�+ .� ��?� 5��n� ! j��^4��� y���2��	�+ �
!H� ,� �� E�P
���� ��+���� y'�0  �� ��� .��,�E� y'�E0 5E0 ��� �0t 5� 
,H 5�><�

 ��� ���� ��?� ��'�+ ���O� ��� 5� A�DS� ������ PG��+ �� 5Eh ��
�
�� �'��a ��[! ��� ����� j��^4��� ��	+� \��3  �� ��{.

 �� j��4���+ ��+, �f0��G ��E//h�� ��?� ��E�0�� PEa�� �� }`
��� ,!� .� ����� 5� 5[�� �� 5�E
 �c�E+ 5EB<�e+  �� ,� ��+- ���

 #%� ���4  �� ,� 5h �E
� ��?E� ���E/� 5E� #�H�Ek =�E���+, �� ���� 
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&%�2����� j��^4��� 5� ����+ j�' K/J
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�4���0 COD � ZB	+��+ �� �
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&%�H����� j��^4��� 5� ����+ j�')/K
�4���0 COD ,!� �� ZB	+��+ �� 

�$�+!����+ C�?�� ���!�S+ ���/� 5� ���+  �� ! ��%� ���9��� #�
 �+ �D�� \�G7E3� ! \��E��O� ��En�� j��� ����� \�B<�e+ 50 ��


  �� j!� ����//h�� ��?� 
,H ��E
 �E0t ���!�ES+ �E2� ��g/+ 5� 
�+ ��
� .��?E�  �� ���, #��a #4�/>?@ ! Pc�c� P�<� 5�  �/w%'�

�$�+ 
�[ o!�a ��$+�!��En�� �E��� 5En��� �� ! 5�E
��� ��E[! #�
#+ C�?�� �� #��2�4 �
.

��E�� ��
 
�n�� ��?�  �� =!� �� ��/h�� 5h #��B<�e+ 
�%� ��
 ���>?EE@ =��EE� =���a�EE� ���EE/� 5EE� �EE2�< ��EE�4 =�'��/��EE� ,�

�4��!�$�+C?�� 5�9:E� q��E� �E��+ ��E+, ! ���
 ���9��� ��a =�'
 �E�� ���E� ,!� uE� ,� ��%h C�?�� �� ��
 .����E	%' ! q�E>"� �� 

q�� Kxx* ��:Ec+ j�E�@��" �E
� ��?E� ���E/� 5E� ���4  �� ,� 
�E�- j��<��S+ ,� ���0 \�>�0�� !  ��/� \���2 ��?�, 6^[ j���

 ����0 ���9��� .� ����� 5 �� �� ��+- ��� 50 ��� ���� ����� P$E

 ���a�� !�2�< j��n/9�� ,� _� Jx\�E+ 5E� ���0 !70��� ��� Kx

�� ! 5D�"� pH  �� j�'K��JK\�E+ 5E� K)���E� ��E@� �E��O� 
#%� ���
  ��  �/w%' !��//h�� ��?� \�E+ 5� 50 ����3�� l,!� 

���� ��J*x ��
 ���� ��	� �eD+ 6- �� 5D�"� �� �!� ||�3�� 
�
�[ ,!�	�+�� �� �+ j������ ��a �� �/0 ]}[.

rEE/�+, �� ����EE	%' ! j�EE%G� REE��� 5EE0 j�EE��� rEEB<�e+ ��
q�+ ���n� j,�� 678�2 r�9:� ��a��0 5=�' 
�En�� ����,  {!� 

���>?E@ j��E� j��?E� ���E/� 5� �2�< ���4 ,� ��
 
����pE�!���0J

�
 ���9��� ]|[.
� 5� ���4  �� ,� ���9��� j����+ ���/ ��//h�� ��?� �E� 5?E��D+ �� 
\��>� ���9��� ���+ j�'��?� �����,� ��:

���E+ ��E[! 
�E� ����E� Y>E� ����E� .���� �� ����� ��,��
 C?���4��!�	�+ j��� �%� �����0 ��'���-  �E/w%' ! ���, Pc�c� �

1 Phanerochaete chrysosporium 

�������	�
 ��
������ � �� 
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=�<��E� 5E[�� �E� ���h�� ,� o!�a ,� _� ���4  �� ���p%h ��$+�
�- _/[ ����.

��� q�G  �C�+ ���E/� 5E� ��E�4  E�� �����0 Z��B+  ��� ��?E�
��//h��\��>� �,� ��:

�	�+ C��2 ��
 ��/0 ,� ���+ 50 ���, �4�/>?@!�+ �� ! ��
 5E�
 Z����  �� �	�+ 
�[ ���, �%n� �W� ��!5� C�?�� ��?� Pa�� �� ��

 �E+ �E��2�4 ��E@� ���� ��E
 . E�� ZE��B+ ,� �E��� �E	� ��?E�
��//h�� �� ��E+, \�E+ ���E�4  E�� �E<- ��'�+ 5� 5[�� �� 50 ���  

q�Ek �� �f0��G ! ��� �!�S+ C�?�� Pa�� �� �- ���+Jx�E� JK
�+ �4����� ��@� 5�9' ��E�0�� ��E	�%� �� q7�Ea� �E��� ! ���E4

�+ ��
.

G����4 �I��6 
��	�%� 50 ��� ���� 5B<�e+  �� ,� ��+- ��� 5� ����� �E
� ��E�0�� 

��>?@m'N�O�?+ =,�� �E2�< ��?� �� �ZE��/+ �E<- ���E+ ]^EG �� 
��� .�� ��+���� 5� 5[�� ���]^G  �COD j��^4��� q!� ���� �� 

CE0 j�����^E4��� �� C�?E��  �� 50 �
 �c�+��>E��/+ ��+�E��� 
����� .C�+ .��!, #4����� ���?�  �� 5� ����+ =�����!�S+  ���

 EE4��� �� �- #EE��2�4 !^��EE� ��EE�, =��.,� j��4�EE�[ ��EEg/+ 5EE�
 ��?EE�  EE�� .��!, �4��EE��� �- =��EE� ZEE��/+ #�EE
�� ,� �EE���

 ��%� ���9��� .�
�c�+ 5B<�e+  �� ��  �/w%' ���9�E�� =��E� 5E0
 �	�+ �
� ��?�  �� ,�!��� ����E�%0 ���E�+ 5E� 678�2 =��^4��� 

,�`,!� �� ZEEB	+ �EE�+ �EE� 
�4�EE��0 �EE
�� 5EEh ��EE/w%'  ����EE��
�� �� ��+����=��^4�K/J,!� �� ZEB	+ ��+ �� 
�4���0 �E�� 5E� 

�+- .5E� 5EB<�e+  E�� �� ���9�E�� ���E+ 67E8�2 50  �� 5� 5[�� ��
 q�E%�G� ��E�� ���E� AE�B+ ���E+ �E"�2 ! ��
 5��� ���/:+ \��3

 ���� ���2�4 \��3 �� C�?�� �� j���7E8�2 �� A�B+ ���+ ��[!
 ���� ��E[! �EB�>k5EEh  E�� ��EE�2� rEB<�e+ ��?EE� ��E//h�� �EE���� �� 
�B�>k j���78�2#+ =�!�8 �� �,��.

H�>6��
�J 
! �	E
�� 
�E�� ����E��� 6�:E+ ���ED�DS� ��Ek 5n��� 5<�D+  ��

 5E� ���E�� ���E+�� ��
���� \�+�a ������E" ���%E
JJ}*K/J`K 
���+K}/JK/})�+�
�� 5��%�%E3 j��E	%' ,� 5��E�!  ��� 50 

�+ ������" ������� �- ���4 .
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