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Abstract  
User-friendly and low-cost wastewater treatment plants are good options for treating 
wastewater of small communities. The effluent of these treatment plants can be 
improved by various methods including using a horizontal rouphing filter (HRF). In this 
paper, HRF performance was evaluat by passing the Parkandabad wastewater treatment 
plant effluent through pilot scale constructed HRF.  The HRF was constudted with four- 
compartments of different sand sizes and was operated under three filtration rates of 0.5, 
1 and 1.5 m3/m2.h.  The results obtained from this study showed that the HFR 
performed the best at filtration rate of 0.5m/h when the removal efficiency for BOD5

and COD was 61 and 63 %, respectively. Optimum removal efficieny of BOD5 and 
COD up to 65% could be achieved with an extended filtration run length.  However, 
longer duration of filter operation after 4 months, reduced the filter performance for 
BOD5 and COD removal efficiency to 56.8 and 61.5%, respectivel. In conclusion, by 
using 4-compartment HRFs, compared with the conventional 3-compartment filtration, 
it may be possible to produce effluent quality for BOD5 and COD that is permissible for 
agricultural irrigation purposes. 
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 ��I�� �� d�$� ��� 4�� 3����l� �2 �	=�,�  ��� ���, (G�C �=���
 �P�	 _#R�0 -0�.(Nkwonta, 2010, Hendricks, 1991) 

d�	�� =�	��, 3����l� 
�� (��� � -�0� �=�#	 ��.
�����
���&� m]�2 4��� 7 ��=��� J��2�� �� N��, 
���� ��I�� ��� �=���
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��� �� %7]� .=<$�
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 4����)5 (?����0 ����B	� '(���C)#*� O=���� ���� 7 -�����b� ����2��
 �=?	 %�/#0�  � ����� -R�� !�8	 -:/5 �	�0 ��� �=,#0�
 %�	 �����	 �� -�R�� !��8	  � ���$� ���� %=� ��/)� �]HG ��

 40���� ����	 ����� .=� +?,� 

"1�)��� � ��.� 
G �&#,�  � �j,=	 (GC 3���Y T�8	  � 7 -���b� �2�� ��=����

��/)� (U7�*  � .-G�F  ��. �,* d�7g�Y ��� �� f�	��� 
��<�Y
����,�� ����0 �,�=V����0 �=����� -���0� %=���� %�/#���0� (G���C  � ���� 

(Nkwonta, 2010) 
��� %=��� 37�/� . d�7g�Y �� d�7g�Y ��� 
�� '
�<�Y �,��  &L � 3���Y ���F 2 ���� �,�=V��0 �=��.
���  �
G d�7gY (�	 �#��R.  &L (GC �2 ��� �� �� o� ����&� ��� =�,���

=��, 6�2 O[5 �	=,�  (�0 �� +�?,� � �[D p����0 ���D9	 7 ��
d�7gY (GC ���	�  � N��#	 -� � (�� �� 7 (IG� ���U � �,��
-R<,  � (�0�� 2 �� � ��	 '3����Y ����U� 7 -*�0 %��8,

 (��#�	 �j,=�	 m��I	  � 3����Y f#�&, 
����?�7 ��������  ���
 =�� �#*0 7 (5���(Wegilin, 1996) T��� . �%�/#�0� 3����Y

(	 �<, �  d�7gY 
��  � %=� .=�� 
�� %��,��D�F 
��� T��G7�Y 7 z 7 x��U �� ��j, � �	 3���Y

�� (���U % ���� �2 >�U 4)�� �<�� x�U �� -�7  �B	�  �j�	
 -	$H ����(��	  &L � '%��� �#	 �,�� 7 N�/� � � �,�=V�0 �=��
 T��2 4�����/�7�/������� ��� ���#	�/�'�/�'�/�7����#	

�� ���Y N/� � 7 �#R� N/� � ' N/� � 'o�� J���� ) ��f7 �#*�0 (
��/)� (U7�* T8	  � ��� =�2�Y �]HG �,*�=&<	 � _#�R�0

 =�� �I#�R	 -���b� �2��.d�$� ���a'b'c7d'�� &L �=��� ��,
 ��� ��2 ��� (GC 4��  � �,�=V�0 �,�=V��0 �� �� J����� ��� (���

�9.��~��(��	 �#	 -�� � '
������~��'��~��7��~�
(��	 �,�=V��0 x�U .-0� %��� 
�����  �#	 ��0	 7 
�� �� ���� 7

h * �,����  -�0 �� 7 � �7 �,�� -� � -�0 �� '���U (�	 =�� .
(��������� �,��, -�����  � -��R. ��� (�U7�* 7 ��7 7  �

=� ����� (GC  �=U.T�8	 -�R. �� ���  � 
��i�� (�/�. (���
) TB�e�� ( ��U 7 (<B��  �j�	 	 � 7��	U ������ =� 
�<,��%=
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Fig.1. Schematic of the HRF used in this study 
45��1� (IG� �,�� -� � (GC 3���Y 6���� E��� � �#G   2 
��d�7gY 

(3��0 )����� ��5�����U7 (,�	� % 7� ��� ��&#,�  � _#�R�0
.-��� 

��/)� �� (U7�* �]HG �� � �,* ��Y %V#0� 6� ���F 2
 � 2 ���� � z�l#R	 �/B���/�(��� �b2�=�5 7 3�7����2��� 

�� 7 TI#�	 �j, � �	 3���Y ��7 7 �� �I�.�  � �#�D �#0��Y 3 �C
 ��, �0  � ���0��#��G^/r'W7^/W � ����	 ��#	 ��� J��B	�#	

-�0 ��?	 (,	� % 7� �0  � 7�� f���?	 �� 4�RB� �7=�5 3=�	
 �� T�C5 ���	�� d��Y u�#, �� �U�� � .=� %���  ��� (GC 4��

 (/�2 u�#, (0 ���,`0 (���	 3�����l� '(�U7�* u��#,  � � ��
��/��)� ��<, %=���<	 (3�����Y ��7 7) ���,*=.� ��	� ����	U �[��D

�� �,��, 7 =� o�G 
V�� 3 �C ��� (�U7�* 7 ��7 7 �� � ���� 
�� �	��� -�R. ��� (��#�	 ��,��7  7 (G��)� %��0 �,��, 3 �C

 >7  ����#2  � h =����	 T��D� �#���0� ������� � �=,#���0� �����
d�	�� %��� .=� -����� �]HG 7 �� �� ��U �� %=�� � 7�

;*� 7 ��D,� 2��Y �� �� O���8,� 7 ���	�� '
�V,��	 T	�� (F=�
+�, !0��  ��	 T�R2� �	,�� 7 d�	�� E��  ��G����� ���08	

.=� T��8� 
��i�� %��� ����� 4�	�, T	�� � 	� �� T���8� '��
%=,��.� �W �����, 
��� �� %7]� 7 &,� O[5 7 3�Y eI, T��8� '

x2�ax2�2X���B��� % 7� 4���  � .=�� (�0 �� �7=�5 (G�C
���� -������ ���0��#��G ��, �� ���� �,��, =�� ��D�,� � ��	 7

.-G�F  ��. 
��  �d�7gY�/D�	 '���, 7 3 �� %��=�,� ���j, (���
 3=	  � ���0��#��G �	� %����  �� ��*�� (����	 ��=�� �� d�	��

 
1 Residuals 
2 Box-Cox Plot 

-0�. �� �	 ��� (��#�	 (G�C �	=�,�  'u��#, ��S� � ;*�� 7�
C ��B��� (00�(G (�� �� T�2 O[�5 =�C � 'BOD57COD 

=� %�&, �� (GC �� (U7�*  �.
47=���UW�����<��2 '���	 '���������V,�
� �=,#���0� O�����8,� 7

;*� �(�j,��TSS �U 3 7=�2 '��) �TUR '(BOD5'COD '
G7��2  �=I	�Ta�7 7�GC ��(-� � %��=�,�  � �j/8	  &L �,��

�,�=V�0 �����i�� 7 37�/#	�� 
�����  ��	�0���=��� 7 _#�R
�,��,  �������� �  ��G ��, �0��0��#����^/r'W7^/W � ��#	

	 �S� � -�0(.=�� 
��,��, T�2 ��=�� G ���, ���  � ����0��#��7 ���� ��j5]	 T��. ��

l� %��  � TC5 � �=,#0� O��8,���3�����<�� 7����K %=�� -��P
 4��. T�..��� � �� %7]��*� '
Y ;��&��<��8�  � ��  �	� T�

	�� E��  ��G� +�,�'dprob>F �� ��#�2 ��C5r^/r	���  �(
�I	��7 7 ����� ��<, ��2 %=���� �	���	�  �#2�G ��0 ����� �P
���� �0�2 '_#R�/��7 7 ;*� -�G�C ���(�U7�* 7(�� ��
�8�  ��GC  #G  T(-0�#, �S� � �� .��8� u�� �	� T�%��� ���
7 7��0 ��� ����* _#R�	(� ��� �&�� 7 ��� �� %=��R� N��H�	 


	(%��� �2 ��� ���7 7�	 7 %��� 
V�� _� �� -�R, �� 4�	�, ���
 4��. T�. &,� �������.

�1HG, � I&�JK 
�(Y 3�D9	����(��7 �� d�7gY 
�GC(-� � �IG� ��,��(

�#��R.  &L';*�� 7�BOD57COD �R8	 3�����l� ��K (�0
 '=�#���0 �� � �	(#G�F  ��.=��B� .�TXl���3��BOD5 � �  
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��(6�1%��� (��� � !���� 7 �j/8	  &L (GC 3���Y �� ��7 7 +* �� (�V<�	�� �� 
Table 1. Raw inflow to four-compartment HRF and experimental assessment conditions 

Filtration rate (m/h) Filter run length 
(Day) 

Parameter Unit Min Max Mean ±Standard deviation 

0.5 141 

TSS (mg/L) 87 112 100.6 6.73
TUR (NTU) 662 689 675.4 4.86

BOD5 (mg/L) 
100 113 105.3 3

COD 217 233 222.8 3.58
Chlorophyll a (µg/L) 705 745 721.2 12

1 120 

TSS (mg/L) 87 111 96.77 6.27
TUR (NTU) 662 689 674.66 5.77
BOD

(mg/L) 
105 116 111.3 2.81

COD 220 231 226 2.06
Chlorophyll a) (µg/L) 705 745 724.6 6.23

1.5 100 

TSS (mg/L) 64 111 97.25 6.56
TUR) (NTU) 662 689 675.62 5.62
BOD

(mg/L) 
104 113 108.4 2.39

COD 215 223 219 2.07
Chlorophyll a (µg/L) 705 732.5 717.8 6.89

Fig. 2. BOD5 removal rate during operation per inflow 
filtration rate  (0.5 m3/m2.hr) 

45��1O[5 ����	BOD5���� �� ��B��� �	� 4��  �
���0��#��G ��,) ��7 7 -j�km3/(m2.hr) ^/r(

�������	 7 _#��R�0 �������  ���	� ������BOD5(G��C ���� ��7 7
-� � ����0��#��G ���,  � (IG� ���U � �,��^/r-��0  � ��#	

(	 d��, .=�� �j5]	(	��� '(G�C ��2 �2 �	� d���G� � �2
 O[5 �	=,� BOD5�� -0� �#G� >�#RF u� =� ��  � ��2 � ��

%	 ��� =��  ����, J�� (��=#�� �� % 7� ���Y �� +��0 %�	 �� 7 %�
  � 
���i�� .-�0� (�<�2  �����, J��� 3����l� '(GC ��B���

 -j�k ����	 (0 ��BOD5(	 %=�<	 _#R�0 �	=,�  �� ��2 ����
 ����	 d���G� �BOD5d��2  �=�I	  � _#�R�0 �	=,�  '��7 7

 ����	 BOD5(	 �#�2 (�0 �� .���� (�	 ��<, � �	� ��� =���'

��#<��  �=�I	 �� _#R�0 �	=,�  ����	^/|W%�	 (��  � =�C �

�� �� �� =�� 7 %��� �  + &L u� =�� ��� '(GC [G�	 (V#G�F -��
 ��j, � ��	 _#�R�0  � O[�5 �	=�,�  T.�=�5 .-�0� ��#G� d�2

Z/Zs(	 =C �  #G  (0 �� .=��BOD5 � �2 -0� �� �� (25
(GC �� ���U h7�* 7 �7 7 =����G 4�� -� � d�2�7 '�,�� ��� 

%	  � (B���D��� �=#�� ���#��� ��#�2 -�D�G (.-0� �-��[F �
�� �	� =��  %V#�R�� '���#��G ���	 �7  �� p��	 �#R� �?�� -��

_R�,F �7�B�	 =�� T�B�<� �� -�0� %����?� -���0 �� �� =��� 7
��#<�� 3=� (B���D��� -�0� �#G� TB�� .Z3�����l�BOD5� 

��  � �����	 7 _#�R�0 ������  ��	� ���BOD5(G�C ��� ��7 7
-� � ����0��#��G ���,  � (�IG� ����U �� �,��W-��0  � ��#	

(	 d��, .=�� 

Fig. 3. BOD5 removal rate during operation per inflow 
filtration rate (1 m3/m2.hr) 

45��1O[5 ����	BOD5���� �� ��B��� �	� 4��  �
�k���0��#��G ��,) ��7 7 -jm3/(m2.hr) W(
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3����l�BOD5���0��#��G ��,  �W�� O[�5 �	=,�  �V,��^^
3���Y �����  +�0 %	  � =C � -�0� �����	 T.�=�5 .BOD5 �

 3=	 (� �	� (GC ��B���ZZ��, ���� =C �W-�0  � �#	
��� p�9	 .T�� Z(	 �j5]	 3����l� �2 ���BOD5 � ��, 
��

 �� ��� %7]�� 7 -�0� _��]	 J��� �� �� (G�C ���B��� ��	� �
 ����l� �� _#�R�0 O[�5 �	=,� BOD5���	 ����l� ��7 7(� ��

 ��`�� -�D5 
��  � _#R�0 �� ��7 7 ���U ��, �2 ?,� �� .� �=,
d�2�7 ���U� �	� 7 �#G  �����	 c-0� �#G� T��I� (B���D��� ��

BOD5R�0 �� ��7 7 �  (G�2 �	� _# ����� �=�����G 
��� +�?,�
 �?,� �� '!����� 
���  � .-��=, O[5 �	=,�  �� ���PQ� 7 �#��=,

 -��0� ��#G  ��`��� (G��C ��� ��7 7 �����U ����, ��2'=��,	 ���	�
(	 d�2 (B�D 7=�� �� .=�� d�2�7 N7��  �j�	 7 6���D��� ��
_R�,F �7�B�	 -�D�G m�#0�  � (D� ���	 '�-0� (G�2 �	� 	�

(	 J�0 T	� 
�� .-R�, _���G ��[l� ���� ��� -�j�k �2BOD5

O[�5 �	=�,�  %=��� 7 =��,  �[F��PQ� (U7�*  � ��=�L ��7 7
-�D�G ��Y �� ��C5 (G�C [�G�	 7 T�$�$#	 !��8	 ��#��G ��

 TB� .=��\3����l�BOD57 _#�R�0 ������  ��	� �����  � � 
 ����	BOD5-� � (GC �� ��7 7 ���,  � (�IG� ����U �� �,��

 ���0��#��G^/W(	 d��, -�0  � �#	 .=�� 
TB��� p���9	\'BOD5�7 7�� O[��5 �	=��,�  ����QP� �[��F�

-0� %���,'���� -j�kBOD5�7 7�0 ����� _#R����G� -����d
-��0 �U�G2 �	� �(� ���� ���U��d��2�7 ��������D��B(

-0� �#��=,.
��� �� %7]� �	 ��j5]	(���� �	=�,�  �b2�=�5 ��2 

Fig. 4. BOD5 removal rate during operation per inflow 
filtration rate (1.5 m3/m2.hr) 

45�B1O[5 ����	BOD ��, ���� �� ��B��� �	� 4��  �
���0��#��G )m3/(m2.hr) ^/W(

0�����  +�0 %	  � _#R��� ������^/\X ��0  -��P ��� =�C�%=
0 �	=��,�  d���2 %=����� ���<, ���2 -��0������G� ��� _#��R�����, d

G�0��#���� ��^/r��^/W-�0  � �#	-0��  � .� �#G  ���, 

GC(-� � 	 �<, �,��(��C� T�	� ��2 =��(-�j�k d��2  �

BOD5GC ��2 2 �	� '(-0� ���� �����  %�	  �&L 4���  ��
0����G '_#R���Q*���'D�G 3��P 7 =��  ��-��������D��B(

 �����.��%=���� Y %���	  � 7����,(����� '���0 , -�����(�[l�  ����� �
	�,F �7�BR�_����	 �� � �D�(�V#G�F 7(G�C [�G�	(l� '��� 3��

0  ��*  �=I	 T.�=5 �� ��C5�l� .-�0� %= ��� O[�5 �	=�,�  3��
BOD5G ��, �0  ��0��#��TB�  � �	� �����  � ��^�,���� d%

-0� %=�.

Fig. 5. BOD5 removal during operational time under 
three filtration rates 

45�E1O[5 ����	BOD5��, �0  � 3���Y ��B��� �	� 4��  �

���0��#��G 

p�9	T�� ^(	 �j5]	 ��� ���,  � �	=�,�  ����	 
��#<�� �2
 ���0��#��G^/r=�� 7 %��� �  -�0  � �#	 ���,  � �� �� ���W

7^/W+�0 %	  � &��  #G  
�� .-0� �#G� d�2 _#R�0 �	=,� 
 ���� -��0� 37��/#	 _#��R�0 �������  ����,  � �	=��,�  ���2 � ����

 ���0��#��GW�� �#<�� (�2^/r%�	 ���0  � 7 %=�� �.�7 
��� ��
 �� -�RB� ��9I,) �	=,�  d�2 �9I, 
��i�� .� �=, ��U7  #G 

	 ¡�5���,  � (�=? ��^/r'W7^/W�� -�0 �� �#	  � J�����
 ���� d����G� �V,�<, ��2 -�0� %=�� T�C5 + &L 7 _?�Y ��	

-� � (GC ���,  � �#��R.  �&L (�IG� �,��^/r-��0 ��� ��#	
(	 -���0 d��2 3 �C  � �2 -0� �� �V,�� N�H�	 
�� .=��
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Fig. 6. COD removal rate during operation per inflow 
filtration rate (0.5 m3/m2.hr) 

45�M1O[5 ����	COD ��, ���� �� ��B��� �	� 3=	  �

���0��#��G )m3/(m2.hr) ^/r(

�H5 d�7gY ���l�COD -�� � (G�C ��  ���� � (�IG� ��,�� � 
(��	 ���<, ����=TB��� .|3������l�COD �������  �3=��	 ������� 

 ����	 7 _#R�0COD -� � (GC �� ��7 7 IG� ���U � �,�� ��� (
���0��#��G ��,  �^/r-�0  � �#	 � (	 d��, .=�� l���� 3��

COD ����l� �V,����D��5  � -��0� ���	� ��� �� �(	 ���2��� ���COD 
�7 7�Y ����� 3��QP�,�=��L �(O[�5 �	=�,�  ���COD .� �=�,

	 �b2�=5�O[5 �	=,�  ���COD ��,  �^/r � -��0  � ��#	
�(!0�#	  �� �� �2 %=� TC5 + &L %	W/|Z � .-0� =C �

� �	 	�,=�	 ���	 ���(�	 7�4���8	 t8D �� &,� -��4��8	�, 
�G  #G  '������OC =� �0�U��	  �&� � ���F���D� 
(��<, ��

	(�� �2 =�� <,��(k ���	 O[5 J�0 47� N�, �� �� �D� �(�� %�����
-� � 7 p��	 ���	 �� .-0� %��� �,��  �� �7 �� �2�����	 E�90
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Fig. 7. COD removal rate during operation per inflow 
filtration rate (1 m3/m2.hr) 
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Fig. 8. COD removal rate during operation per inflow 
filtration rate (1.5 m3/m2.hr) 
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Fig. 9. COD removal during pilot operational time under 
three filtration rates 
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Fig. 10. Variation of COD removal efficiency against 
filtration rates in this study compared with previous 

studies 
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��(6�1-� � (GC �� (U7�* -�/�2 �R�I	 �j/8	  &L (IG� ���U � �,�� �,�=V�0 %��=,�  � �� 37/#	 �� (U7�* � �=,#0� T�I	  �

 ����� -R�� !�8	 �� -:/5 �	�0 �]HG(Khezri et al. 2015) 
Table 2. Comparison of BOD and COD concentration produced from 4-compartment HRF relative to the 

standard effluent quality specified by the environmental protection organization of Iran (Khezri et al. 2015) 
Outflow standardOutflow valuesQuality 

index 
Irrigation & 
agriculture 

Discharge into 
surface water 

Discharge into 
absorption well 

Removal 
efficiency (%) Outflow Inflow 

200606063.182222 COD 
(mg/L)

100303061.340104BOD 
(mg/L)
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 (�#5 -�R�� !��8	 ��� ����$� ����� -�R�� !�8	 -:/5 �����
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