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Abstract  
The aim of this study is the pilot performance evaluation and comparison of wastewater disinfection 
methods consisted of ultrafiltration, ultraviolet radiation and ozonation, to tertiary treatment and effluent 
quality improvement in Isfahan north wastewater treatment plant. Therefore, the filtered effluent by a 
pretreatment unit from microscreen type entered the disinfection pilots. In this study, the membrane flux 
of ultrafilter (17.5-70 L/hr.m2), UV dose (400-3700 mW.s/cm2), ozone dose (10-40 mg/L) and contact 
time (1-15 min) with ozone were variable and TSS, Turbidity, COD, fecal and total coliform, before and 
after  units were measured. The results showed that the total suspended solids were below the detection 
limits in UF effluent and it reduced at the maximum dose of UV radiation and at the highest concentration 
and contact time with ozone by 61.27% and 89.36%, respectively. Though the turbidity and chemical 
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oxygen demand were not reduced by UV, their removal percentage in UF was 76 and 39%, respectively, 
and their maximum removal by ozone was 80.52% and 40.74%, respectively. Also, the fecal and total 
coliform was reduced in UF 5.28 and 5.08 log, respectively, and at the maximum UV radiation was 3.82 
and 3.79 log;  at the highest concentration and contact time with ozone it was 4.11 and 3.55 log, 
respectively. The results showed that influent quality and the loading in UF do not have a significant 
effect on their effluent quality. Also, the contact time to UV radiation compared to the average intensity 
of MP lamp radiation has a greater effect on the removal of coliforms. In ozonation, the influent COD had 
a major role in reduction of turbidity and COD. According to the results, the combination of microscreen 
and UF is an effective process for reducing the physical parameters and coliforms in the secondary 
effluent. It can provide the US Environmental Protection Agency standards for many uses (TSS≤5 mg/L, 
Turbidity≤2 NTU, Fecal coliform≤14 MPN/100mL). However, only a 300W MP UV lamp with a contact 
time of 40 s and (3700 mW.s/cm2) an ozone dose of 40 mg/L at a contact time of 15 min can meet the 
fecal coliform to the EPA standards for some uses including restricted urban uses, agricultural irrigation 
for processed or non-food crops (Fecal coliform≤200 MPN/100mL). 
 
Keywords: Ultrafiltration, UV Radiation, Ozonation, Tertiary Treatment, Disinfection, 

Microscreen. 
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Fig. 1. Schematic diagram of UF pilot plant 
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'�� N$	(� � �(�(� 
�	�� ��+= N	�� C��+# '(�� ��H��  ��? �� 
	

 �� �� YJ� ���7 �� ��H�� o��#�#n/i��/a�a/l$m3/hr �/l
S������ �4���6� 8$(��� ��� �)���� �� o���>����UF .(��� x���~%?

� �+T�� ��	4����>H%)UF 
�$�$ ��� 8���� � 2�4�& ��b� �
I+J� ��'(� 2�� YJ�� ����7 �� �m/an��m�m/ml$L/m2.hr 

ni )�I+J� o�#�#a�#�S�T�# ( �� ���6� 2	/��� �� ��&+# �� .(
��Z+# $ S���� � 
�$�$ !�� ������ :�Z	+� �'(���� ���� 
��

 k+��>�� 
+��6��� V����H%)min li
+��6��� 2����� V(��� $
�k+>��shi  �M��	�2/�M� ^�4 � '(� ��O,#  ��? �~� .(
aiii �� 2� �	 ��6M �	 ��# (� ��	$ �;�>���� � �+�T�� 
+�6��

 '��O���	 ��6� k+>�� +�� N	�� �� k+�>�� 
+�6��� V���H%) .�
�� $ 2� ������� �� c�-+# 2$(� ��H��UF  ���? x��~%? ��J- ��

 � 
�$�$UF �	 :�Z�9  ���? .�+� '	��%� 2� ������ �� c-+# $
�� $ N	�� :��G	� �?���� C���+# ����H�� N	�� �� k+��>�� 
+��6���

 S����UF 4�? �	 �-� ��� ^4 C�+# /��.(� ���G V+H 

:8:8V+
A�H =�!UV 
����_ ���� 
UV j+��� �	MP�]�� $y�� V	$ ������ �G���� $

ARDA ���	�� ���_ ��� 
	�� :����	 ���& �	 ���+��	� $.�+� 
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��.?'8V�,M6� UF 
Table 1. Characteristics of UF 

Membrane area 
(m2)

Pore size of 
membrane 

(µm) 

Backwash 
flowrate 
(m3/hr) 

Feed pump 
flowrate 
(m3/hr) 

Membrane 
module height 

(mm) 

Membrane 
module diameter 

(mm) 
40 0.01 31-3 1715 277 

��.?-8V�,M6�V+H4�? ��_ 
�� UV 
Table 2. Characteristics of UV lamps 

Model 
Useful life 

(hr)
Quartz diameter

(mm)
Quartz height 

(mm)
Diameter

(mm)
Effective length

(mm)
Total length 

(mm)
UVOX1501000030110123666
UVOX30010000401701056101

Fig. 2. Schematic of UV pilot 
@#� -.I�1V+H4�? ^�#�%� ��_ 
�� UV 

V+H4�? ^�#�%� 
��UV ��:>� gV+H4��? $� ��� V��,M6� $
8$(& ��g��	 '(� '�	� 2�6�.


���+��	�UV�f4(>4 � 
�	+� ��� $	/��� V�+�Z������
(�(� .� �>��$�(�� (��� 2��� k��%# 2��� �4 ���+#�? 2��� 2	+�)

 YJ� ���7 �� ����	 �]��g��y�$z�����P �� .(�� �����= ��T�
� ��+��	� �� � 
�$�$ �� ���+#�? 2��� YJ� ���7 ���4	 �+T��

 ��_ 
	�]�� �V	$g/g��#�/�
	�� $ ��A�-� �� ����� ���_
y�� �V	$�/y���#z/]zS���T�# ���A�-� �� ���������.(�$� C���+��

:Z�9 �	 ��_ �� 
	� ���+#�?  �@ V(� C�+�� ) ����	Iavg (
�� 2������+#�? )t(o�9�mW.s/cm2�;��K�(�

)a(

V(� C�+�����	���_ �	 �6�# ���	 ���$	 V(� ��#)I0�(
%)��+%� 0� �������'(�)d�� $ (�& 2	/��4�� C��+# ����	  <��

0;1 $ '�+������ l(� �;��K�)Metcalf et al., 2014(

)l(







α
α−−

=
d

d101I)cm/mw(I 0
2

avg 

!��4	 ��B�$3��? �	���- ��� �����	 �����$	 V(��� � $���? 2�	�C

���+4�	� )IX EC Hanger �	 ��? �/#�	+�� /��%# }b���� YJ� �� (
 �$(��9m����_ 
	��� ����A�-�ami $�ii ��� �V	$ o���#�#�n$

mW/cm2�i '�	(�	 ��# /#�	+�� �&���G YJ� !� �HZ�� .(� 
��=
) �+��	� �TOK� �HG	� YJ�cm m� �(�T� �� ���+#�? 0%) 2	+�)

 �	 '��O���	 � /��  ��? C�+# ���	  <& 2	/�� .(� ����= '�f����
���+��$��>~�	 DR5000 �+�� 8+1 ��nm lm� o��9�au/cm 

k��	 � .(� '(�	+G������ l�
	��  ���? �����4�� �$� C��+��
 ��_]�� YJ�� ���7 �� �V	$z]� ��y� �]gz� $mW.s/cm2

]��� �����_ 
	���� $y�� YJ���� ������7 �� V	$`li �]�z� �
g��� $mW.s/cm2y��� S�T�#�.(

:8�826� V+
A�H QD6 
2�	 V+H4�? �� 2�	 $ :K� �� ��� ���$�� ��>4��>�	 ���HM# X$� �

(��+# �23���	 .(!4	 ��V+H4�? 23���	 '�f��� C�+# (���+# ����
2�	 '�f��� � $���4 8�A��	 �+#	��x$�~�� 0�4�1 �	 2�	 S�����

 04�/# 
�+��$ X$� � �	�-  ��? ���� �����= .�!��"# :���
2��� �2�	 04�/# �	 �? � ��? � 2�	 k�%#  ��? ��^�4 �����

� k�%# �� V	/���# $ V��J- ��H� .���= �	�- ��� ���& �	 2�	
2�	 S���� $ :���	 .�+ 2	�4	  � 2�	 ���� �G�� ���^�#�%� 

tID
avg

=
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2�	 V+H4�? :>� �� ���y$V�,M6�2�	 V+H4�? �����8$(�& 
y��	 '(� �w	�	.

!4	 ��B�$3?� �2�	 �� k��%# 2���� V(�� $ ��A4�/# 2�	 �$
 YJ�� ���7 �� 2�	 04�/# �$� .�+ ��W��]��g��y�$mg/L z�

YJ�� ����7 �� 2�	 � k�%# 2��� $]���]�$]���T� �� ��A�-�
� .(� ����= ������ k��	 � �2�	 04�/# �$� I+J� !��"# �+T��

2�	 �� � ���? �	 �,M6� S�9 � �2�	 �	 �,M6� �	(A� ��+#	��x
 04�/# [M6� 2��� V(��.(2�	 0�4�/# 2��� V(� N�%#	 �	 �?

 �� ��YJ�� ���  ��? BG�7 � ��? � 2�	 ��� �b�G	 �+T��
 ^4 X��= ���� ���.��	� ��	�	 ��+%� ��	�� 2��� �# ��� 
	�

����+%� �2�	 0��4�/# �$� YJ��� 
����=2����� �� 
����]���]�$]�
.(� N���	 2�	 � k�%# ^��# �	 �&$�G  ��? �	 ��A�-� 

:8�8	D+�D =���O) 
V+H4�? 
	�UF ����H�� N	�� �� 
�$�$  ���? :��� :K� �� �� �

��� 
�$�$  ����?) ����H�� N	�� �	 ���&$�G  ����?UF ����? $ (

�	 �&$�GUF ��+%� !����= ��T� �� �� ��&+# �� .(� N���	 
�	��
 ����7 $ ���H�� N	�� �� �>��$�(��� �� U�� ���	��? 
	� YJ� ���7

 �� 2�4�& ��b� ���	��? 
	� YJ�UF 
����� X$� k���	 � $
�:4�+����ah��+%� �H9�� �� �	��># �� �� ��H9�� �� �� $ 
�	��

	�� :K� �� � �&+# � .(� ����= �T� j+�%�� �� ����+%� ��a�� 
���TK� �+��1 ��� ����+%� ����+%� .(��� ����	�� 
	 ���H9�� ���� 
	��� ����

� 
+�6��� �	 (�� $ :;- :��� ����� :Z	+� �� $ ��	�$� V�+Z
 S���� k+>��UF N���	(�.
��_ �� 
	�UV (� $ :;- ����+#�? �$� YJ� ���7 �� �� �

��	� �	��+%� ��+ ���O�� �� �&+# � .(� N���	 �	�># �� $� � 
�	��
 YJ�� �����7 �� 2���>4 
�$�$  ���?��+��#�? �$� ��+����	� ��� �

�	(�#li��%& ��+%� 
�$� �� !���*%� .(k���	 �� 
����� X$�
�:4�+���� 2���� YJ� ���7 �� $ 2�	 04�/# �$� YJ� ���7 �� ��

2�	 �	 (� $ :;- �2�	 � k�%# ����ah���+%� �H9�� $� �� 
�	��� 

.(� N���	 �	�># ��� � �&+# ��O���$�$  ��?
42���> �����
 ���+%� $ 2�	 0�4�/# YJ� 2���� �� 
���= ��� 
	�� V$��O�� 
��� 

Fig. 3. Schematic of ozone pilot plant 
@#� 38I�1 V+H4�? ^�#�%� 2�	 04�/# 

��.?38V�,M6�V+H4�? 2�	 ��� 
Table 3. Characteristics of ozone pilot 

Injector size 
(in) 

Contactor height 
(cm) 

Contactor 
diameter 

(cm)

Ozone generator 
capacity 
(gr/hr)

Oxygenating 
capacity 
(L/min)

0.7513012.73666
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��.?g8V��Z+,G  ��? '(� ��H�� �4+��PO,#��2��OZ	 8�%�  b@�� ���G 
Table 4. Filtered secondary effluent characteristics of INWWTP 

Total coliform
(MPN/100mL)

Fecal coliform
(MPN/100mL)

COD
(mg/L)

Turbidity
(NTU)

TSS
(mg/L)

3.5×105 – 9.2×1061.7×105 – 1.6×10624 – 975.1 – 16.8 14 - 44 

2�	 V+H4�? 
	� �YJ� �	(�# ����i.(� ����= ��+%� 
!4	 ��B�$3? �������	��?
��/4�>�.�4��%��� :����TSS�
�$(��� �V COD $pHX$�  ����� 0���J� �����
	��� ��	(������	

����4B��
 b@�� $  � APHA '�	(�	 
��= (�(�� .(Rice et 

al., 2012) '�f����� ��� 
���+��HO� X$� ��� V�$(��� ���	����? 
V�$(� {��2100N ����	��?COD X$� �� ���+��$��>~��	
��
'�f������� 
������DR2500 $�+������	�DRB200 $���������	��?


�x+����+4>�H� :�������N����O �)+�(���� H� $�N����O �:���� X$� ���� 
:%�K� N��O�H� �	(�# !4�# )MPN ( $��&+# �� � ���O��� ���? �

�2�	 04�/# $ ���+#�? �$� 2	/���-� �� ��
�	 c�H�M� �O�Z ��#
h.ai '�	� .(� N���	 ��
���� �	 :Z�94B��� �	 '��O���	 �� /������

���4�	$]2+��� $Paired t-test �/�#4�$HK#�:(�(�.

�8� EA�CDFG) 
8$(��&����O�� 
�������	��? '�$(��K� +��P  ����?��4�'(��� ����H��
O��,#�������G 2��O��Z	 8�%���  b��@�� V+H4���? ��� 
�$�$)
����

 ���� �4	��(�= '(� !4	 ��B�$3?�� 2�6� 	� ( �	(�A� .(���pH 
��+%� !� ��h/n�#�/�'�	(�	 .(� 
��= 

�8�8TSS 
�	(��A�TSS �	 ���&$�G  ����? ��UF �	(��A� �	 :A����� �TSS ��

.�+�� [�M��6# (��9 �	 ����%� :��9	�� �����%# �� $ 
�$�$  ����?
!4	��� <���� '�	(�	 � �&+# �UF �2� ������ ��Z�G $B4	/��	

TSS ��� 
�$�$UF }�����Z ���f���= ���)������4�� <�����������H $
	/�	4B+6��� 2��� $ �	(�#
(�� (��	+G k+>�� ./������ {4����

 
������ANOVA �� 
�	<��=�� I+J��� ���� �	� 2���6�UF ��P"��# �
��� �� �4	/����4	����� D<��9TSS ����T��	 2� B4	/���	 ��� $ �����	(�

 
1 ANalysis Of Variance (ANOVA) 

���� �$�� �������� 2������S���� 2����� V(��� $ V������ $B�����
+6���
B4	/�	 k+>��4(�.
��B�$3? �	(�A� /��� 2	��>%� $ ���������TSS �	 ��&$�G

UF �+ [�M6# (9 �	 ��%� �6�%�)Falsanisi et al., 2010(.
!� V$�O#�	(A� �TH�TSS  ���? ���+�#�? �	 (�� $ :;- �

��_ � '(� ��H�� 
���MP������ �+� �	� )��/�P-value < �(��
!4	 ��� ����� ���_ ���>H%) DbG�� 
���LP �� ����	 V(�� �
��_ 
��MP ���	 �$� � $�ii �#mW.s/cm2�nii �� ����- �

 ��? �� �+&+� 0H�� V	�L �	 �6M D<9 �+ $u�� ����	+# ��#
�$(9
�G� ���G�� ��P"# 0�H�� �	+�� �	��	<�=� (��� 	� ����� $
���b���(����.��!4����%� $!4����6� ����+��#�? �$� YJ��� 
	���
 ��_]�� D<�9 (�Z�� �\�	(�9 $ :-	(�9 �V	$TSS �� o��#�#
��/aa$mn/m�����_ 
	��� $�ii �V	$��� o���#�#h�/al$
ln/ha.�+�� V$���O# ������1 ^��4 �����4�	$ :���HK# k����	 ���
���� D<9 (Z�� 
	� 
�	�TSS �����+#�? �$� cH�M� I+J�

 �� .(� '(��6� ��_ �� 
	��:>�D<�9 (�Z�� �	�+�%� �TSS 
o�9����+#�? �$� S���# ��_ �� 
	�(�.��	 '

Fig. 4. TSS removal efficiency versus UV dose 
@#�g8�4	��� D<9 TSS o�9� �$� ���+#�? 
	� ����_ 

y = 0.0381x  - 5
R2 = 0.9989
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:>�z2�6�u�(�� D<�9 (Z�� ����+#�? �$� B4	/�	 � ��
TSS ���_ �� 
	� �JG V�+Z ��� B4	/�	 �� !���*%� .(��4

 )����_ ����� �� ����6� ���+��#�? �$��g/�g� ����#mW.s/cm2

��/]��y D<�9 (Z�� 2	/�� �(TSS ���_ ��]�� ���6� V	$
 ��_ �	y�� 2�6� �� ��	 V	$ '(���� k��%# 2���� ���6� ��P"�#

 ��_ ��  ��? � ���	]�� �� .���	 V	$ 2���� ���	���? �#���;)
 �;��� ����	 � k�%# ��P"�# ����+�#�? C��+�� V(�� ���	���? ��

 D<9 �� 
��6�TSS :>�� k���	 �� !���*%� .���	 ����	���
D<9 
��(Z��TSS ��� 
	�� ���+�#�? �$� c�H�M� I+J� ��

 ̂ �4�/� �f4(>4 � ���_ 	�9 �� ���_ $� ���>H%) $ (��<�	+�� D
.��	 ��6� }�;4�A# 0H�� 

�����1 $� �����4�	$ /������� {4����� !��� Db���G	 ���� �	� 2���6�
 D<9 (Z�� !�f����TSS k�%# 2��� $ 2�	 04�/# �$� I+J� ��

���� �2�	 � .��	(� �+&$ :��) $� !4	 !� :�A�� �P	 $ ��	 �	� ��
 !�� $ I+J�� �4��� �� 2�	 04�/# �$� N���7 YJ� !� k��	 !4	
 V$��O# I+J�� �4��� �� 2�	 �� k��%# 2���� N���7 $ N+� I+J�

���� 2�6� �� ��	 �	� '(���� 2���� $ 2�	 0�4�/# 
_�� �$� ��P"�#
 .��	� 0H�� �	+� D<9 �� �2�	 � k�%# ��6� D<�9 (�Z�� :-	(9

TSS 2�	 �TH� 
	�mg/L aik��%# 2���� $a�� ��	� ��A�-�
l`/a�(Z�� D<9 (Z�� �\�	(9 $TSS 2�	 �TH� 
	�mg/L 
�i 2��� $k�%#am�� ��	� ��A�-��h/�`(�Z�� .(�� :�Z�9
�	(A� ��f���!(Z��D<9 TSS 
	� �2�	 � k�%# 2��� :�A� ��

 :>� �� 2�	 04�/# �$� ���k��	 � .��	 '(� �w	�	 !�4	 �:>��
 D<�9 (Z�� �2�	 04�/# �$� YJ� �� 
	� k�%# 2��� B4	/�	 �

TSS �04�/# �$� B4	/�	 � !��*%� .��	� B4	/�	 �JG V�+Z
 D<9 (Z�� �2�	TSS .���	 ���	� B4	/�	 2���>4 }��;��� �H�Z��
 �� 
�	+� �+JG !4	2�6� :>� ��+�� :�	+) :�A�� �P	 N() '(���

.��	 ���� 
+��+O��.�+��2�+=�+ 2	��>%� $��� (��	� 2�6� /�� (����	 �� 

�8+�HK� ���� V��;���# (���+# $ 2�	 C��+# ���� 0�H�� �	+�� 2(�
 ���	��?TSS ����4 (��	+G B����.(Alfonso-Muniozguren et 

al., 2020) .{4����� �� !����*%�B�$3��? /��#����� C���+# ����6� $
2	��>%� D<9 (Z�� �SS �$(�9 �	 ���%� 
�$�$ ��TH� � mg/L 
g� 2�	 ��TH� $]]���#mg/L ]y�\�	(�9 ����+��1 �� $ (��Z��

 !�f����y�(� :Z�9 (Z�� )Martínez et al., 2011(.

Fig. 5. TSS removal efficiency versus ozone contact 
time for each ozone dose level 

 @#�J8(Z�� D<9 TSS o�9� 2��� k�%# �2�	 
	� 

�� YJ� 04�/# 2�	 

:>� k��	 � 
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Fig. 6. Removal efficiency of turbidity in UF 
@#�M8�4	��� �� V�$(� D<9 UF 
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(Martínez et al., 2011).

Fig. 7. Turbidity removal efficiency versus ozone 
contact time for each ozone dose level 
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�� !����*%�B�$3��? 2	����>%� $ _����? 2�	 0��4�/# 0��4�1 �	
 �TH� � ��+�O4�mg/L n/lh�$(�9 ��# V�$(�� D<�9 � ���� �

�i �TH� $ (Z��NTU l/a(���	 ')Petala et al., 2006(.
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B���COD �'��f���-	 �� ���HM# �+T�� �	 B�� 
���liii ��O�

)mg/L ��≤COD��4 (��(���� '��O����	 '���=$��� �� ������Z ���� 
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)Illueca-Muñoz et al., 2008(.
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Fig. 8. COD removal efficiency versus ozone contact 
time for each ozone dose level 
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8������ 2	/�� B4	/�	 :�A� �� 
���COD� ��+� ��JG V�+Z
)Absi et al., 1993(.
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� (���$� ��� )Bustos et al., 2014(.
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al., 2011) .
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 C�+# �)+�(�UF �``�/``�H4	 C�+# $ (Z�� �2	���>%� $ ���	
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Fig. 9. Log removal of fecal coliform in UF 
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Fig. 10. Fecal and total coliform removal efficiency versus UV dose for MP lamps 
a) fecal coliform removal efficiency versus UV dose and b) fecal coliform removal efficiency versus UV dose 

 @#���8�4	��� D<9 N�O�H� �)+�(� :� $o�9� �$� ���+#�? 
	� ��_ 
��UV 

a�� (���+#�? �$� o�9� �)+�(� N�O�H� D<9 $b�� (N�O�H� D<9:����+#�? �$� o�9� 

�4	��(��= �� /��� 2	��>%� $ ���%� ����G���  b�@��  ���?
 ��� (��+# ��_ �� (��	� 2�6�MP �ii 2��� �� V	$ 
�� k��%#

ai $�i�� :�� N��O�H� 2	/��� �����P �	 ���%� �� o��#�#aiii $
MPN/100mL lni ��(����)Kamani et al., 2006(.
:>��� ��ai:��� $ �)+�(��� N���O�H� D<��9 (��Z�� �	�+��%� �

S���# ��_ �� 
	� ���+#�? �$� o�9��.���	 '( !�4	 :>��
 ��� 2�6� ���_ 
	�� ����+�#�? �$� B4	/��	 �� (���ami �V	$

� �)+�(� N�O�H� D<9 (Z�� (�Z�� $ N$� ��&�� ������� V�+Z
 D<9 �JG ������ V�+Z � :� N�O�H� ���_ 
	�� $�ii �V	$

 N+�� ��&�� ������� V�+�Z �� :�� $ �)+�(� N�O�H� D<9 (Z��
 ��_ �� !��*%� .���4 B4	/�	�ii N��O�H� D<�9 (�Z�� �V	$
 �$(�9 2	/��� ��# :�� $ �)+�(�mW.s/cm2lnii k��%# 2����)

�$(9�iV	���W# �~� $ ���	� �O�� o�� � �64	/�	 (�$� (����P
;) � ���	(� ��+�K� ��_ �� �#���ii :-	(9 (��� 2��� �V	$

�i � ����P �� �4�O� N�O�H� D<9 �+T�� ���	��? C4	�� ��6� .(��
TSS )�����_ ����� �� �����6� ���+���#�? �$� �� �nl/`li ����#

mW.s/cm2��/ahh� �� :�� $ �)+�(�� N��O�H� D<�9 (Z�� �(
��_ami ��_ �	 ��6� �4 $ �	� 
�$(9 �# V	$�ii + V	$ �
2�6� �� '(��� ���_ ��  ���? �� ����	 ���6� k��%# 2��� ��P"#
ami $ ��	 V	$��� [M6� �� �;��� ����	 �� k��%# 2��� ��

 D<��9 �� 
����6� ��P"��# 
	�	� ����+��#�? C���+�� V(��� ���	����?
N�O�H� ��	.�� 

����� V$��O# �����1 ^�4 ���4�	$ /����� k��	 � 
	�� 
�	�

 �)+�(� N�O�H� D<9 (Z�� �� :� $���+�#�? �$� cH�M� I+J�
� �(� '(��6� ��_ �� 
	� ���+= �� �)+�(�� N��O�H� ���	���? 
	

 ��_]�� �)+�(� N�O�H� ���	��? $ N���7 $ 8$	 I+J� !� V	$
 ��_ 
	� :� $y�� V$��O# I+J�� �4��� $ 8$	 YJ� !� �V	$

���� 2�6� �� �+ �	� ���4� �4	���� '(��� I+J�� �� N��O�H� D<�9
2��� $ B�# 
_� ���	 � k�%# 
�� 8$	 YJ�� �� �;��� ���	.

2���� �� N��O�H� '(%) B��� � �&+# � !4	��� ��4	(��	 
��� ���	 
� �� '(�� !����# 2	/��� �	 ���%� �� N��O�H� 2	/��� 2(����� �+T��

 k�%# 2��� $ ���	 �$� �#_� I+J� ���� �cH�M� 
����	(����	
.��	 ��	/�	 ���	 � 

���1 $� ���4�	$ /����� {4��� (�Z�� !�� Db�G	 �� �	� 2�6�
D<9 :� $ �)+�(� N�O�H� k��%# 2��� �2�	 04�/# �$� I+J� ��

���� :��) $� !4	 !� :�A�� �P	 $ 2�	 � .���	 �	� k���	 !�4	 ��
 �2�	 �� k��%# 2��� $ 2�	 04�/# �$� 
	� �)+�(� N�O�H� ���	��?

�I+J� �4�� � 8$	 YJ� !� :��) �� �� ����� V$��O# .���	 �	�
 $ 8$	 I+J�� !� �2�	 04�/# �$� 
	� :� N�O�H� ���	��? !��*%�

 �2�	 �� k��%# 2��� 
	� $ N���7 $ N+� I+J� � N$� YJ�� !��
 I+J� �4�� � 8$	���� V$�O# �� ��	 �	�2�6� ��4� �4	��� '(��� 

 I+J� �� N�O�H� D<92��� $ 2�	 04�/# 
_� �2�	 �� k�%# 
��
 .���	 :���) �� 8$	 YJ� � �;�� N��O�H� D<�9 (�Z�� :-	(�9

 ���TH� 
	��� :��� $ �)+�(���mg/L ]�k���%# 2����� $]���A�-�
��� ��� ���	� o���#�#���/z�$g��/��8������) (��Z��g�/�$
z�/�� $ �)+�(� N�O�H� D<9 (Z�� �\�	(9 $ (S�4��f��
	� :

90

92

94

96

98

100

0 800 1600 2400 3200 4000

T
ot

al
co

lif
or

m
re

m
ov

al
to

ta
l

UV dose (mW.s/cm2)

150 300

90

92

94

96

98

100

0 800 1600 2400 3200 4000

Fe
ca

lc
ol

ifo
rm

re
m

ov
al

(%
)

UV dose (mW.s/cm2)

150 300

a)
b) 



�# �
� � VK�*��� �1 � ,�2!����2$�� #�*��? ... dx.doi.org/10.22093/wwj.2022.328619.3234 
48

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 33, No. 5, 2023 

Fig. 11. Fecal and total coliform removal efficiency versus ozone contact time for each ozone dose level 
a) focal coliform removal efficiency versus ozone contact time and b) total coliform removal efficiency 

versus ozone contact time 
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