
Arc
hi

ve
 o

f S
ID

2

�������� 	���� �� ���� ���� ���� ��)HRF(#�$%&a '(�� �� 
�(��*( 	*+, ����  !��" �%$) -. �/� !01�� ���  

�1� #'
�  2��&3���4� 56��7-!�8��- 9�7���:; 4�<
=� 4>? �@,!
A

))))��������8�� 8�� 8�� 8��HIHIHIHI////KKKK////LKLKLKLKM(M( M(M( ����N�N�N�N� HOHOHOHO////PQPQPQPQ////LKLKLKLK((((

S�S�S�S�����2�2�2�2� 
���� ���� 	
��
� �� 
��� ��� �
� �� ���� ��������� 	
���� �/ �!
� �� ��" �� �#�$% &�
% ��
���' ()
� *+�," -�."
� /�
+�

�01� 23 4�
5" ���6�"7.���� 8.55� .�,5" ���" �� 8�
9��� �/.� �5�:; �� /(�< =�1" 	
) >� �5+� �
+� �� &+$% ��9?' 2�@+0" .+5
�" .���.�9?' 2
@< B
C�< 8
D�@�� &0" ����
�E�+�� �
+��� 
� ���� ���� �
� -���
< .F�/ G� H% ��� 2IJ
 .+���; K?+� .

����� �� L
$�%� 
� �
� M�� �F��N ��; O
P�� �01� 	
��3 ��9?' (�< �� Q�� M�� �� 8�
9��� ���" 	
) .-��+� �+� ��+�:" �
+�
������� 8.!
% Q
,� �� 	�R�/ST�N / ��" U��V �� 
� 8���) ��" .� ���
�.����� -
���! ���+������ W�+� �+� �� 	����+��/S, /

�/ �!
� �� ��" �
":�) ������ &"
� / .� O
P������/� � �
� ��/�� / 	�/�/ �� �(�
"�3 O
P�� ��Y5" 	
) / O�+9��Z &Z M��,' 
��� �!�." O�9���.8��� [�
���/�� :�#
�3 	�
"3 &��0' 4�� 	
) �" �
\� 8.� 	�/3 ' 	���� ��������� W�� �� .)�]�+5," ��^ �+� 	���

 ��� �!�." O�9��� / O�9��� &� ��/�� ���
�" .�5��� ��6��! �#
F �� �
� ,_`F M�D�
�" O�9��Z &Z �� 
) ���+������ W�+� �� �)
 �� (��aS.�b��:; .��� .


I��
I��
I��
I�� �@�@�@�@����0�0�0�0�������������:D���0K LK D���0KM�@ M)=%�� N��O" M��*��� ��@�@��*@ 6*7P MN��� 9C	� ���  .

Efficiency of Horizontal Roughing Filter (HRF) in Coliform Removal 
from Aerated Lagoon Effluent 
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Abstract  
Horizontal roughing filters (HRF) can properly remove suspended solids and microorganisms from 
surface waters if they operate at filtration rates below 1.5 m/h. These filters are common raw water 
pre-treatment before slow sand filters. This study was conducted by installing an HRF pilot system on 
effluent pumping station city of Qom wastewater treatment plant based on the aerated lagoon process. 
The pilot was a horizontal cylindrical column consisting of three compartments filled with river gravel 
of various sizes. Grab samples were simultaneously taken from inlet and outlet of the HRF at three 
filtration rates: 0.5, 1, and 1.5 m/h. Total and fecal coliforms were tested according to standard 
methods for water and wastewater tests. Results indicated that filtration rate had a significant effect on 
the amounts of total and fecal coliforms in HRF effluent. For the HRF steady-state operation, average 
total coliform removal efficiency for all filtration rates was higher than 87 percent. 

Keywords: Total Coliform, Fecal Coliform, Wastewater Treatment, Horizontal Roughing  
 Filter, Aerated Lagoon. 
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Section: B-B 

35cm 

))))��/� a�7,����/� a�7,����/� a�7,����/� a�7,��(((( 35cm
25cm ))))b�/( ����@, cd1b�/( ����@, cd1b�/( ����@, cd1b�/( ����@, cd1((((

�&�&�&�&�&�&�&�&

�"�� �� 6�)e,�"�� �� 6�)e,�"�� �� 6�)e,�"�� �� 6�)e,

b�/( f�g	( U>b�/( f�g	( U>b�/( f�g	( U>b�/( f�g	( U>

��Z;��#E��Z;��#E��Z;��#E��Z;��#E

))))hS5"hS5"hS5"hS5"�# & 8/# ��5�# & 8/# ��5�# & 8/# ��5�# & 8/# ��5((((

�\
e
�6
�M
�,
6;�
;

�\
e
�6
�M
�,
6;�
;

�\
e
�6
�M
�,
6;�
;

�\
e
�6
�M
�,
6;�
;

dg=4-8mm dg=8-12mm dg=12-18mm 

L1=1.6m L2=1.3m L3=0.9m B

B

10cm 
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53 >6&T������� ����9221 B h5�	�%� -��'/V 4�0�� �' ���

>6&T������ ���53 9221 E ��� ����� �X�14� ��� �� �� !'
� 1 hY�.4 ��4�4 5���R' ��I���!:� 4 ����:� �3��/�� ��5�3 

�)45I h5	�%� 4 h5	�%� >� �0�� �' �� |5�� ��� ��o/��K4
o/K9�~����4 W�T�V /� � *0� 53 5�' ��5GK 1 2�	��� .

&�'�	(� 
3�2 1 *?b 5��R' (���� >�T������5�%�� |5� �� �3� �� o/�

*0� 53 5�' 3 �d ������ ��I��� O�,4� /�Y' 5��, ��%Q� *%0
 ��	
�� ��4�4 �3 �5��� ���I )|5�� �� ��%X" 4 ��P�� ���/4�

 �����5�%��o/�*0�� 53 5�' (����3 (�%��# ��3 �V �4�4 4Bp
�' ��5S ���53 ���' |5� O�� ���# 2��� �5�� .5���R' O�� 25���

 ���XT4 ) B4L*�� 2 'V.

1 ANOVA 

)��*���� �O�\��' (�5���� �!'�� 4 ��&' e�5E h5	�%d >d �4h5	�%d �0�� ' �� ��BLj����� �3 ��4�4 ���6� HRF 

)��*��(�5���� �!'�� 4 ��&' e�5E�� �O�\��' h5	�%d >d �4h5	�%d �0�� ' �� ��BLj����� /� �)45I ���6� HRF 

#+,��- �.��- /�#0�� 

	12� 
314�	1� 5����#6 7�1��#(�16 8#� 

(m/h) 
��	� ! 

K��� � ^�� ^�U K� o/�

�U� �� Un� n�o UK K

K��� Kn� ^oU n�� U� o/K

h5	�%d >d �
(MPN/100ml)*104

�U� o UK� K�� K� o/�

on� U� K�� K�� UK K

�U� �� K�o U^U U� o/K

�U� �� K�o U^U U� o/K

h5	�%d �0�� ' �� 
)*104(MPN/100ml 

	,�5�

/9-)�;�(

#+,��- �.��- /�#0�� 

	12� 
314�	1� 5����#6 7�1��#(�16 8#� 

(m/h) 
��	� ! 

�� �� K�/� K� K� K� o/�

�� U�� � o� oK UK K

�^ KK� n U� ^o U� o/K

h5	�%d >d �
(MPN/100ml)*104

�o �U� U^ K� � K� o/�

�� on� KU/� KK K� UK K

�� �U� KU/� Ko UU U� o/K

h5	�%d �0�� ' �� 
)*104(MPN/100ml 

���������	 
������� � �� 
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=�>0$ 
3 �)�� >�1 �3L,�����5�%�� |5� o/�*0� 53 5�' @45�1 ���

/� 5�6� e[8 5��R' 3 *�� ��< �� o/������\T  8�4 /�,V 
 1 43�-��W��� e[8 5��R' � &3 ��/4� �� t�� � *��� �3 ��

���G *1[� /� ~# ��LL�%60 @451 /� /4� �3 �(^/U �8�4
����\T  ��� .3��� �� ������ W)UK������5�%�� ��� ��3� /4�
 ��XP'��3 5��R' �>�h5	�%� �����)45I�2�4� O��� ����4� /�

 *1� � �X)�� >3S (�5����.�����5�%�� |5� 4�B4f/B53 5�' 
3 *0�e[8 �4 8 f/y�B����\T  8�4 >�3S ���  �1 /,V

 �)����3.3/�  &By���6� D4� /4� e5�< �3 �����5�3 /� 5�+�Bw
�����5�%�� |5� O�/,V /4� f/y*0� 53 5�' �2 1 *?b 5��R'

 �d �|5� �� 5� �� ��< 4 *1� � ��� !" (�����e[8 ��jy
�qf��  <�� ��� �P�.

/� 2�	���� 3 �����5�%�� |5� �� �� �)45I h5	�%d >d ���R'
 �4�d W�T�V~���K2��� O��5� 5+� �� 4�3 ��4�4 h5�	�%d >�d �� �
�� ���!0 5���'U�!&' -��W�� 2 !�� �P� 2��� ��� �3 ��)45I ��

*�� �����5�%�� |5� -��W��)yLf/yP= .( 
�5�%60 �&Ti'HRF h5	�%d e[8 �� |5�� �� �� �0�� ' ��

 �����5�%��f/y,B4f/B 1 hY�� *0� 53 5�' .53 t���� ����
d���	�%d e[8 ���h5�����5�%�� |5� �� �0�� ' �� f/y53 5�' 

*0� �� ��d ��� �P�p������5�%�� ��� ��3� /4� ,��d�e[�8 ��
 /� 5�6df/y����\T  8�4 ��3 ��� /� ~�# 4 ��'/ *�1[� �3 ��d 

��	� ,�d O���/� -��3 �3 ��L�����\T  �8�4  ���� .O��� �� ���?T�
 
1 ANCOVA 
2 Covariate 

��'/ �%<� ,��3��d *��� ���4�4 /� ��1� ��d  �1 2 �P�' ��
 ��	
� �3 ��I�� O,4� ��I ��3)>�1](.2��� ��)45I ���HRF 

��LB�����5�%�� |5� ��� �3� /4� f/y*0� 53 5�'e5< /� 5+�
 �d *�������X" /4� �� ,��!&' -��W��� 2 �!�� �P�� ��d ������

*��� ( �' O�� D�G �� e[8 )yBp/yP= .( ��� /� ~�# ( �' O,
�+8�' >3S (�5���� �)45I 5��R' �' 4 ��1� � �� ������ �����

��6� z5� �� �# �5�%60 ����� �� )ypc/yP=.( 
���R' h5	�%d �3 ������5�%�� |5� �� �� �)45I �0�� ' ��

 2��� O��5�� 5+� �� 4~����4�d W�T�V /� 2�	��� h5�	�%d ��� ���
 3 ��4�4 �0�� ' ��� ���!0 ���'5��!&' -��W��� 2 �!�� �P�� ���

2��� *��� ������5�%�� |5�� -��W��� 3 �)45I �� )yy]/yP= .(
 � ��W�'N�4 �8 ���'/V O��� �� ��4�4 h5	�%d 5��R' 5�bBc �<�� 

*�� 2 1 �3�/��)Bc/yR2=.( 
O�%)4 ,����� h5�	�%d >�d e[�8HRF �5��%60 *�T8 �� �� 
��< �!�X3 ,wy�ww��� 2��� ���W�  <��*.�3 ��&Ti' O��� ��

 >�1 �3 �)�� L�������5�%�� |5� �� 5� �� �!�X3 �5�%60 *T8 �� �
/� 5�P���3 e[��8 O�\����'B������\T  ��8�4 ��3 ���3 ���d  ��'V *����

���� ��� O��%)4 ���� *�R3i' .D4 �) ��3 ��)�� �3]>��1 4c
h5	�%d >d �� !� O�\��' /� �)45I ��# �� �HRF ��� 5� �� 

�� |5����5�%�����*��r	8 �'/��� ��� ������ �4 ��8 /� 5����5� ���
����E' 4 ��5���� *����/������6!�� EPA���'  ��13]BL 4B][.
���53 ��'/V ���� ��'V �� ��� ^��' �P�� e���I� ��d  ���
�!&' h5	�%d >d O�3 ���� /� �)45I ��HRF4�'/� ��� ���� 

3 T-test 
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�P�V��d (�5�����h5	�%d e[8 �� �����5�%�� |5� �� �� �0�� ' �� 

)��*&�� Y' 2�	��� 4 ���� H�� ��53 *��/ ��E' *r	8 �'/� ����� ���� ]KU[

y = 258.13x + 61.059

R2 = 0.976

y = 18.99x �0.4095

R2 = 0.7157
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�P�`�O�\��' ���R' �)45I 4 ��4�4 h5	�%d >d ��HRF����5�%�� �%�Q' �XI5� ���

" �	a, "	1$! /	�� bc	* d	e �$ �1�fg 50h� "	
$! �$ �1�fg d�i�j! 
K�� M n� )�+ET ����( TSS 

��o/� o�� o/��o/� pH 

o� M o� (�4 �)NTU(

K��� K��� K��� h5	�%� >�)MPN(

n�� n�� n�� �0�� ' h5	�%�)MPN(

U�� �� )�+ET ��K��( �� )�+ET ��K��( COD (mg/L) 
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y = 100.7x + 45.158

R2 = 0.9504

y = 11.847x �1.3633

R2 = 0.9223
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�P�k�O�\��' ���R' h5	�%d �� �)45I 4 ��4�4 �0�� ' ��HRF�%�Q' �����5�%�� �XI5� ��

3 *��/ ��E' *r	8 �4 �Ei�� ��X3V ��3 ��%Q� ��+!' ����3V
 ���� ��)4 �/�4Pd )yyB/yP< .( �3 O��53!3 ���R���' �5����d

 ��6� ���<�� �/�4Pd 4 �5X1 e�
' ��53 �V ���1 ,!�� 5�\' ���
��1 ���5� 5+� �� �V sS&�' ����/ !� �%85'.

�X%:�1 ��3 �)�� 3]4f��5��%60 *�T8 �� ��&Ti' O��� ��
�!�X3,e[8 O�\��'p/y�L����\T  8�4 5	< h5	�%d ��53 ��

 �����5�%�� |5� �� 5� �� �0�� '�3� 'V *�� ��� ����� �3 ��d 
O�%)4 ���� *R3i' .D4 ) �3 �)�� 3]>�1 4f,�� !� O�\��'

 h5	�%d >d /� �)45I ��# �� �HRF ������5�%�� |5� �� 5� �� 
4 *����/ ����E' *��r	8 �'/��� ��� ������ �4 ��8 /� 5����5�

����6!�� EPA�'  13]BL 4B][.
���53 ��'/V ���� ��'V �����' �P� e���I� ��d  ���

�!&' h5	�%d O�3 ���� /� ��)45I �0�� �' ���HRF ��� ����� 4
�3 ��5��� *���/ ���E' *r	8 �'/� ���X3V ��3 ���%Q� ���+!'

4 �Ei� ���� ���)4 �/�4Pd ���3V )yyB/yP< .( �3 O��53�!3 �
����<�� �/�4P��d 4 �5X��1 e�
��' ��5��3 �V ��R����' �5�����d

�6� ��1 ,��1 ���5� 5+� �� �V sS&�' ����/ !� �%85' ��!�� 5\'.

l�"#1m �n1(� 
�� 3 ������ �)45I ��# ��!�� �3 �) �3 ���}��T��3 ��	
�� ���

 ��&� �5?��� ���51 ,m<�
I ���� ������ �� ,5���R' �48
 �TV ���'  8 /� -�3 ,�' (�4 d 4 $%&' (� ')  13�2�	���� �[T 

����� /�HRF ���#  ��T�� �� �3�I �5�%60 �3 s��!' ���5�1 
*1��  ���I .���< �� 5'� O�� ��?T� ��5�3 h/� (� �X6� �� *�� �

���1 ����5� 5+� �� �V sS&�' ����/ !� >60 hY�� .�3���3 >��T�
 ���� �)45I ��# �� ��/ �35��' �3 ����R' �� ������� ���

 �Ei� �X3V ,���!�� ���)4 �3HRF ��!�X3 �5��%60 �� ,�4 �8wy
�' -�d �� �35��' *�&6)  <�� ���5�1 /�5�8� ��3 ���S '�  ��

����*����� ����# ���35��' ��� ��.�%��<� �5���%60 H��S�4 �� HRF 
 �8�4 ��5�3 s��!' ��4�4  ��T�� 4 ���# $%&' (� ') -�d

*�� ����/ !�.
���%i' �5�%60 �"5��HRF /� 5��6d ������5�%�� ��XI5� ��3 

o/K�' �4 E' *0� 53 5�' X��< O�� 4 ��1/�!� ������ ����� 
*�1 4 !���� � 'V�d ��1,'� h �0 ���" �X)��� >�3S ���W' 

3 D�G �� *��4 E' ���R�� ��I�� >��T� ,4 >=��4 ��3 /��� h �0
 *6�R��5� 4 2 �7�# (�W�XY� ,4 ��V �5?���25X3 � �!' �T
�' /� 

 ����� �%E'.�3���' 5�+� ��
��S� ��5�< ��3 ��)�� �3  ��� ,O���
����� ������ ��# *�	�d ��?X3 �� �?�!' �!�W� � ��	
�� ���

  !13 �"�d.�' �X!P�# 2 !�V (&Ti' �� �d ��1 ,��< �����
 �V ��4�4 �� ��/ �!� ������# $���W� �3 �R�� ��5) 3 ���� *1��

�5�� ��5S ���53 ���'.
o�5����. 

�T�' *��68 �3 4  �1�� ��!1�d �'� ��# sTS �� $�RE� O��
 �� ��3 ��5�X� ��1W# h�%0 2\P��� *1� X3 2 �P���  ���� h�Y.�[�T 

3O�  (68/ /� �%��4�6�����' �5�P�� �P��4F# 2/�8 h5�E'
 ��5� �' .m!6� h��%0 2\P���� *�1� X3 2 :P���� h5�E' *��� /� 

����' 4 �S �:1W#�4�� !'�� �S �5X1 ���� 4 �V *d51 
�' 5�P� 4 5� R� W�� ��1.

����� � ������� �����	 
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p�q*�#� 
����-� �����	 � �����	 � �����	 � �����	 ) .) .) .) .������������ .( .( .( .(”��� �	� ������ ��� �	� ������ ��� �	� ������ ��� �	� ������ ����� �������  ! " 	 #$%&' () ����� �������  ! " 	 #$%&' () ����� �������  ! " 	 #$%&' () ����� �������  ! " 	 #$%&' ()....“*��+,- #./0� *��+,- #./0� *��+,- #./0� *��+,- #./0�1�21�21�21�2 *340,��" �,+5� 6���0,��� �*340,��" �,+5� 6���0,��� �*340,��" �,+5� 6���0,��� �*340,��" �,+5� 6���0,��� �

7�/�' �4-89 :;5� *�<0��" =-�3��7�/�' �4-89 :;5� *�<0��" =-�3��7�/�' �4-89 :;5� *�<0��" =-�3��7�/�' �4-89 :;5� *�<0��" =-�3��....

2- Karia, G. L., and Christian, R. A.( 2004). Wastewater treatment, Prentice Hall, New Delhi. 
3- Crites, R., and Tchobanoglous, J.(1998). Small and decentralized wastewater management 
systems,2nd Ed., McGraw-Hill, New York.  

>>>>-: �:3?� �3+@�: �:3?� �3+@�: �:3?� �3+@�: �:3?� �3+@�).��A���A���A���A�(....”/�/�/�/�����#$%&' �" �5&  ���'�	3B �� #�C�;� ��D��4D�� �)#$%&' �" �5&  ���'�	3B �� #�C�;� ��D��4D�� �)#$%&' �" �5&  ���'�	3B �� #�C�;� ��D��4D�� �)#$%&' �" �5&  ���'�	3B �� #�C�;� ��D��4D�� �) #��E#��E#��E#��E �F ��D�F ��D�F ��D�F ��D....“3,-�� �,)��-��B #��� 7�.�9 3,-�� �,)��-��B #��� 7�.�9 3,-�� �,)��-��B #��� 7�.�9 3,-�� �,)��-��B #��� 7�.�9 

7�/�' �4-89 :;5� *�<0��" �=-�3�� *340��" �G$H� =-�3�� �)3���7�/�' �4-89 :;5� *�<0��" �=-�3�� *340��" �G$H� =-�3�� �)3���7�/�' �4-89 :;5� *�<0��" �=-�3�� *340��" �G$H� =-�3�� �)3���7�/�' �4-89 :;5� *�<0��" �=-�3�� *340��" �G$H� =-�3�� �)3���....

5- Crittenden, J. C., Rhodes, R., Hand, D. W., How, K. J., and Tchobanoglous, G. (2005). Water 
treatment, principles and design, 2nd Ed., John Wiley and Sons, New York. 
6- Wegelin, M.(1996). Surface water treatment by roughing filteration: a design construction and 
operation manual, SANDEC, Report No:02/96. 

-I ��+$��I ��+$��I ��+$��I ��+$��....����....����				: �*"�8���J: �*"�8���J: �*"�8���J: �*"�8���J ) .) .) .) .��A1��A1��A1��A1((((....#�);' K�@ �" ��D�;0B �" �HL) ����F #$%&'#�);' K�@ �" ��D�;0B �" �HL) ����F #$%&'#�);' K�@ �" ��D�;0B �" �HL) ����F #$%&'#�);' K�@ �" ��D�;0B �" �HL) ����F #$%&'����7�/�' *�<0��" 6���0���7�/�' *�<0��" 6���0���7�/�' *�<0��" 6���0���7�/�' *�<0��" 6���0���....

AAAA-: ��5$�	/) : ��5$�	/) : ��5$�	/) : ��5$�	/) ....))))��A>��A>��A>��A> .( .( .( .(”�� #��" =-�" 7;$)�/�5$  J� *"�%�)� �� �/- /$M �/�- ���&� ��/� *3- #$%&' ����  =$%$B ";N�� �� #��" =-�" 7;$)�/�5$  J� *"�%�)� �� �/- /$M �/�- ���&� ��/� *3- #$%&' ����  =$%$B ";N�� �� #��" =-�" 7;$)�/�5$  J� *"�%�)� �� �/- /$M �/�- ���&� ��/� *3- #$%&' ����  =$%$B ";N�� �� #��" =-�" 7;$)�/�5$  J� *"�%�)� �� �/- /$M �/�- ���&� ��/� *3- #$%&' ����  =$%$B ";N��
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