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Abstract  
Humic substances have been known as precursors to disinfection by-products. Because conventional treatment 
processes cannot meet disinfection by-product standards, novel methods have been increasingly applied for the 
removal of disinfection by-products precursors. The UV/TiO2 process is one of the advanced oxidation processes 
using the photocatalytic technology. The most important advantages of this process are its stability and high 
efficiency removal. The present study aims to investigate the effect of UV/TiO2 photo-catalytic technology on 
removal of humic substances. The study was conducted in a lab-scale batch photo-catalytic reactor using the 
interval experimental method. The UV irradiation source was a low pressure mercury vapor lamp 55w that was  
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axially centered and was immersed in a humic acids solution within a stainless steel tubular 2.8 L reaction 
volume. Each of the samples taken from the UV/TiO2 process and other processes studied were analyzed for 
their dissolved organic carbon, UV absorbance at 254nm, and specific UV254 absorbance. The results indicated 
the high efficiency of the UV/TiO2 photo-catalytic process (TiO2=0.1 g/L and pH=5), compared to other 
processes, for humic substances removal from water sources. The process was also found to be capable of 
decreasing the initial dissolved organic carbon from 5 to 0.394 mg/L. The Specific UV254 Absorbance of 2.79 
L/mg.m was attained after 1.5 hr. under photo-catalytic first order reaction (k= 0.0267 min-1). It may be concluded 
that the UV/TiO2 process can provide desirable drinking water quality in terms of humic substance content. 

Keywords: Humic Substances, Drinking Water, Advanced Oxidation, Photo Catalytic Process,  
 Ultraviolet Light.
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�f���E �3>�H?� � �4	�3�4�48 ��� 1��� 0��� J� �� 0	8�  

3��4��L�>�8 ����4N/�4	�3�4�48 �
�/��	$ ���� /l�� 
 �	,3 �4	�3� )4O)�	�, �	�(
 �	,3 �4	�3� �pP)�	�, �	�(

 �Q�  E�P ��&8 ���3�C)��E(
>��34� @�4
 )4O)�	�, �	�(
>��34� 0d#Q� �pP)�	�, �	�(

 �	,3 �4	�3� ��#� W?C)�	�B(
0�6T� ���� 
��' ��F )"F�,(
@E�� (�(µw.s/cm2)

f: 
]/_
Z
f: 
D
e/:
�4����4#�3��::x �� :Vx"B� 

Zxxx 
Zxxxx 

DOC �6�5 �UV ��g4�� )4�O:ZV �	�4�� ).UV254 Abs ( 3��5
��I��KE ��0J�)DZ/VB���	 (A� �3��K� J��>�83 (3 ��AE ���+��� ���4�
 
�1��3�����	�WJ>�� 0E !ZB��	1�  K	�� �4	�3� ���.� ��2 (3 �AE�W

�B�/ @E�� "F�,UV 4	Q� 0E ���� !0��C�� ���
 �� !�4�	�3� ��
 W?C 0E G�A�5 0�I3�5 04�9Zx ����B�\��� (3 h�
 �	 (��,1��E 

8�+��3� �	�VZ/x��J��L!�4d�� 0EA���� +DOC �UV254 Abs. 
� "�3��E���I��.
9���� ��� "<�� "/�, 0���<3 �� )4�^E0,��E �4d���
RS����3>��83 ��@H2O2, ���E ��� W	�UV/TiO23���� �� !�cDOCt=0 
�E3�EZ���� �	�B �E =�I !TiO2�E3�E9/x��	�B �E =�I !pH ��E3�EZ
�DO �E3�E ppm]/Z, 0E !���I 08�r3 W	���.

3���E1���2 ���0��4� (3 ����21����C =���/ 1��,3 �2 ���4��� ��
04� �21	�3��E �O �� �3�8 �B����4�48 ���	�L�UV/TiO2�, ���
3�8��2��1(�3 �E�����2�	�3��
 !$1B� +E�� �0A��3 �6�5 !)4�Q� 

1 Merck 

g4� )4O �� @#�E ¯3����:ZV �4N�� �65 � �	�4� UV254
j

$(3���3 ��4��� I����1����	8�I �3���P .��E 0A� �4��d������ +DOC (3 ���AE !
\�� (�,104� 8 c,4� �2�� �	������4�
 nVZ/x1��	������ (3

( ��3�C �� �3�	C3 `�� ����o!@��E }��,3 ��E5310 B �	� ��
1�H����� ��3��	��,3 )���, ��9fff!$�����< >�B����TOC "/���, 

�(������� "<�����)���� ���E TOC-VCSH���� $��#	��,3 .UV254Abs 
0��4� "����P ���	��,3 0��E ���2Zf9x +���3 $�%	��,� c��,4� ����	�

�	�4	8��	L|,3DR 5000�A� ��+��I���K� (3 h|�, � ��WUV254 

Abs 0E 04� �2 DOC �3�K� J� SUVA g3��	,3 ��]99[.

q�01. � 2+	/� 
q����x %�� ���� � n{b TiO2X/"x ` ,+�	x# �x. UV/TiO2� 

� �� s � `� ]^5 
3�E1HE "d�* J��� ��&� �0�TiO2�,3 \6C �� �2 ���4����E �
3�8�B�����������4�48 ����������	�L�UV/TiO2�� pH ��������E3�EZ/]!

DOC0�E3�EZ���� �	�B �E =�I �DO0�E3�E ]/Z���� ��	�B �E =�I !
�H	d�* 1x!xZ/x�9/x�	�B �E =�I (3TiO2(�3 ��4� ��E���3��P 

0� "8�I�0	8� �21�� !0���C  �� :",3 $�� 0t3�3 .3 ���	,3 0E�+
�0	8� � !�21��3 �� ���	�"d�* �� =4 9/x��	�B ��E =��I (3 ��AE ��

 W� � "F�, �E !]/fZ���� \6CDOC �]:/fe����� \6�C 
UV254 Abs.E (3 ��	&�� �3��4/�E J���3� +����E .

2 Specific UV254 Absorbance (SUVA) 3 Millipore 4 High Temperature Combustion 5 SHIMADZU 6 DR 5000 UV-VIS Spectrophotometer 

([h��*$

�`�/�

�b	��m"���b

/`� ���$ �[b��# ���$�m�.��� ��7

��s �*$

����� � ������� ��	�
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Tio2 =0.05 g/L Tio2 = 0 Tio2 =0.1 g/L

 
�f� ���K� �RS� 0���* �d"TiO2\6C ���� �E DOC �� 
��3�,3��B����4�48 J4�	�L�,3�2 ���4�3�8 �E ����UV/TiO2

(pH=6.5, DOCt=0=5 ppm, D.O=5.6 ppm) 

kE���p�  �����D!����3 �,3�����,3 J4�2 ���4���3�8 ����E �������
B������4�48�	�L�UV/TiO2��, (3 �	��3��@���� ���21)�3 0��5�� 

A���� "��H	d�* �� @��3� "F�, "E�R � ���1x!xZ/x�9/x
��	�B ��E =�I (3TiO2\6�C �� DOC ��� 0�E ����E3�E Yxx_V/x!

x:/x�x::/x0��K�P� ���E���������E .���d 3 0��E���, 0��L��	���
@��3� �21B����4�48 �	�L�UV/TiO2�H	d�* �� 1xZ/x��E =��I

 �	�B �9/x	�B �E =�I �H54�  E�P ���#��� \��O (3 � 0	�3� ���%
3>83�E @��	&TiO2� �E �q4# J3>UV E0��R3 J4��48 ����� J34��F
#����3��K� !"��3� ��234/ 9/x��	�B ��E =��I (3TiO2�E 0J34��F

HE "d�*���I ���	3 0���]D[.

y = 0.0227x

R2 = 0.9607

y = 0.0074x

R2 = 0.989

y = 0.0203x

R2 = 0.9628
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Tio2= 0.05 (g/L) Tio2 = 0 (g/L) Tio2 = 0.1 (g/L)

 
�f� '�"p�* ��RS� 0���K�TiO2@2�� "F�, �E DOC �� 

����4�48 J4�,3����3 ���3�8 �E ���4�2 ��,3 �L�	�BUV/TiO2

(pH=6.5, DOCt=0=5 ppm, DO=5.6 ppm)

q����n� pH �x�+��� ,+�	# �. ��#�� } 1� UV/TiO2]^x5 � 
� �� s � `� 

��E 0��,��E �4��d���RS��� ��pH���E 3�������3�8 �B������4�48 �����	�L�
UV/TiO23����� �� !�cTiO2����E3�E9/x=����I !DOCt=0 ����E3�E 

Z���� =�I �DO �E3�E ]/Z���� �	�B �E =�IT� ��� !��� �3�DOC 
�UV254 Abs. �� @���3� J���( 0�E "��� pH ��2 1Z!Z/]�e

�K� ��4�����	8�I �3��P 0�.���	8��0��21�� 0����C  ���� V0�t3�3 
��I���"��,3 $� .,3 0��E���	3 ������+�0��	8� 3�8 !���2�����UV/TiO2�� 
pH ���E3��EZ�E9/fe\6C ���� DOC �VV/ff\6�C ���� 

UV254 Abs.E (3 ��	&�� �3��4/�E J���3� +����E .3�8��4�6�� ��
 ��pH �E3�EZ(3 �AEZ/9B�����4�48 @���3� "F��, �	�L�!DOC 
P�E�� � $����J3>UV254 Abs.��� 0E 3� ��0�E YDfV/x����� =��I

 ����	�B ����E �m-19/9J�4���E 3�3� ����E � $�3� @2����� SUVA ����E3�E
L/mg.m_f/:B4�K� (3 �8�� "�,3 \6C �� ��2�����4��E �0J34��F


�@(�,DBPs ",3 �3��4/�E .S� ������	�"�,3 =(' 0����C �
3�E�0� WTiO2�� pH �E3�EZ/]!�E "�B�C�3 � 0	��3� ���E �� +pH 
3�E1TiO2E0J34�FPZC ^�� ���3 "�,3 $�� 0	/���PZC<pH !

TiO2�,3 � 0	��3� "��� ��E �2 ���4��3� ��E0B������E J�4�E 3�3�  
��#���RS��� "��Q� !� �����2��1��	��,3��	LB3 �L���E !0E4��/��6��5 
������.3 �E $�-F�!+TiO2��	
 !"��� ��E "B�C �� �E  ���	&1

B4� ����3� ��2 )�L�������>?� �� � 0	�3�  ���,3 0�2 ���4��(3 �
E J���3���	&1",3 �3��4/�E ]e!9x�9:[.
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�f�-�0���K� �L�	�B����4�48 ���3�8 J���3� UV/TiO213�E 

���4�2 ��,3 J4�,3����3 ��pH 1�2 ��	�� 
(TiO2= 0.1 g/L, DOCt=0=5 ppm, DO=5.6 ppm, Re. Time=2.5 hr.) 

k�O  ��Z, !�	����3 ��,3��B�����4�48 J4�	�L�UV/TiO2

,3 \6C ���2 ���4��� �pH ,3 ��1��/ !�(�E �1@��3� (3 �21
�� A�� )�3 05�\6�C �� @���3� "F�, "E�R � $�4� "DOC �� 

pH ���E3�EZ!pH ���E3�EZ/]�pH ���E3�Ee��� 0��E���Yx:]_/x!
x::_/x�x:9:/x0K�P� �E�����E.
E ��E 0'��!�48  pH �E3�EZE03�� J34�F�HE c�3�E 0�13�8 ���
B����4�48�	�L�UV/TiO2,3 \6C �� �2 ���4���I ����	3 ���!�

0�� ���i �2pH ��E3�EZ/]��3���� (3 >��8��� ��4�d�� 0�E �S���+
��3��	,3DOCP�E ��3��4/�E $����4E.

1 Point of Zero Charge (PZC) 
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y = 0.0227x

R2 = 0.9607

y = 0.0212x

R2 = 0.9589

y = 0.0267x
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�f�d���RS� 0���K� pH @2�� "F�, �EDOC J4�,3����3 �� 

���3�8 �E ���4�2 ��,3 �L�	�B����4�48UV/TiO2

(Tio2=0.1g/L, DOCt=0=5 ppm, DO=5.6 ppm) 

q�q�� ���� �n� � �� s � `� � %�(DOCt=0)�x�+��� ,+�	x# �. 
UV/TiO2

E0,��E �4d���RS� �B�3 "d�* ��,3 0�2 ���4�3���� �E ���3�8 ����
UV/TiO2�� �3�� cpH �E3�E Z!TiO2��E3�E9/x��	�B ��E =��I �

DO �E3�E]/Z���� �	�B �E =�I ��3 ����,3��,3 J4�2 ���4���E �
�H	d�*1B�3 �0:���� =�I �	�B �E !Z���� �	�B �E =�I �9x���� =�I
 �	�B �E Y�C�EDOC �K� ��4� ��	 0� "8�I �3�P 0���� 0����C �
1�H���]�_��I 0t3�3 �",3 $�.

y = 0.0267x

R2 = 0.9886

y = 0.0196x

R2 = 0.9909

y = 0.03x

R2 = 0.966

0

1

2

3

4

5

0 30 60 90 120 150 180
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DOCt=0 = 10 mg/L DOC t=0 = 2 mg/L DOC t=0 = 5 mg/L

�f�z�\6C @��3� "F�, 0���K� DOC 0�B�3 1�H	d�* Y�C�E 
��	��DOC �E ���4�2 ��,3 �L�	�B����4�48 J4�,3����3 c,4� !

���3�8UV/TiO2(pH=5, DO=5.6ppm) 

���	,3 0E�0	8� �21���3 !�4�6�� �,3��B�����4�48 J4�	�L��,3 ��
2��4��H	d�* �� �1B�3 ���	�� 0!, (3 �	��@���3� ���210�5�� 

A�� )�3�3>�83 ��E @���3� "F�, "E�R � $�4� "�B�3 "�d�* @��0
� @2�����E�!E0�4O 1�r 0���H	d�* Y�C�E "F�, Y1B�3 ��0

:!Z�9x�������B �� =����I ���� 0���E ����	���� YxD/x!x:]_/x�
x9f]/x0K�P� �E 3��E =(' J���( � $�4E13�8 �B�����4�48 ����	�L�

UV/TiO20��E J����,� �4��d�� 0��E �4���p� @2����DOC3(3 0��E 1
�H	d�*1B�3 �E �4�6� 00����YDx!fx�9ZxP��� 0K����E.
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DOCo=2 mg/L DOCo=5 mg/L DOCo=10 mg/L

 
�f�|�0���K�DOC�P�E �* 13(3 0E $���d��,3 ��	�� 0�B�3 1�H	

���4�2 �L�	�B����4�48 ���3�8�� UV/TiO2(TiO2= 0.1 g/L, pH=5, 
DO= 5.6 ppm) 

'�-�}`�b �^4 �	s��+��� �"+	�� TiO2	. (� `�� "#� �UV �
� �� s � `� ]^5 � ,s���s 

0E 054� �E �� e3�� �� !�cDOC0�E3�EZ���� ��	�B �E =�I �pH 
���E3�EZ���3� !��,3 \6��C J���2 ���4���3�8 ���E ���2����1�� �6��5 
����L��� ��c,49/x�	�B �E =��I (3TiO2��3 !�,3����E J4UV�

2�342��EDO0�E3�EZ���� �	�B �E =�I (3 �AE��"F��, W�� �0�E
�����E3�E Ye/:Z���� !]/]f���� �]/]�� ����� �� ����E 
2��3 (3 =3���3�8 +��H�� 0E �2�������P �S�� 0�E ���3��	�,3 +DOC 
P�E�� $��������E.2�342  �F 0	�B3�3�8 �� ����UV/TiO2G�8��� 
E03>83 �4d�����3 @�, �� J��E !W	� 0I J34�F����J���	LB3 ��21

%3�E�0	�TiO2�H ��B4� G�	��3� ��2 )��L�������� (OH*) 3��E 1
��3�,3��,3 J4�2 ���4�� =�?3 ��I���]_[.

65  �F B� �34� ��c,4� TiO2�E 0�R��� �4�O1"F��, ��E 
��3�,3���3� c,4� �H� J4�)��L ��212��������B4�  ���� $��� �
3�8�B����4�48 ���	�L��� ��RS� ��36I.�B� k�O �0	8� ��21� 0����C 

��	,3��	LB3 �65 @��3� !0E�&� ��AB�p��L�E�,3 +�2 ���4�� �
TiO23�� �� �,3 c��1!�#�3 ���, ����E�� ��	83]9x[.
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Adsorption in dark UV Aeration UV/ TiO2

�f�~�\6C ���� 0���K� DOC c,4� �65 1�2���3�8 �E 
TiO2!�2�342 !UV �E ���4�2 ��,3 �L�	�B����4�48 J4�,3����3 �

���3�8UV/TiO2

(TiO2=0.1 g/L, DOCt=0=5 ppm, DO=5.6 ppm) 
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'�d��	s�xxxx�+��� �"xxxx+	�� /H2O2UV/TiO2�H2O2/UV	xxxx.
UV/TiO2 `�� "#� �� �� s � `� (� 

E0�,��E �4d���RS�� �3>�83 ��@H2O2, ��E ��W	�UV/TiO2�� !
3���cDOC0�E3�E Z���� ��	�B �E =�I !TiO2��E3�E9/x��E =��I 
�	�B !pH�E3�EZ�DO�E3�E ppm]/Z�3�K� !9����� )4�� �� (3
��3�0�(Merck) , 0�E ����I 08��r3 W	� �� kE��p� 0�� ��0�	8� ��21

� !0���C3����3�8 ���H2O2/UV/TiO2\6C �� DOC �UV254 

Abs. (3 �AE �����3 "F��, ��,3��B�����4�48 J4�	�L���� 0�E ��Y
V/fx�_D/ff)4NC�E 0� $�4E ���� DOCP�E ���E ��E3�E $����
Ve/x���� ��	�B �E =�I!UV254 Abs. ��E ��E3�E m-19/x�SUVA 
�E3�EL/mg.m :/x�
 ���J���48 @���3� "F��, �B�����4��	�L�!
�	�B4�P  E�P ���S� �d (3 ���3��	,3 +DOC �  ��C ����I .3�+

B�C���3�8 �� 0� ",3 ���UV/TiO2(3 ��AE �����K� !"F��, ���
P����E�$������DOC !UV254 Abs. �SUVA��� 0���E ���� ����E3�E Y
e/x���� �	�B �E =�I !m-1f/9�L/mg.m D_Z/:�����E.

�	 kE�p��@K !0���C �H2O2E0J34�F�6
 J��	LB3 ��$��
*�"&I�E  E�P �^3�8 J���3� ¯�K��3 �����UV/TiO2� ��4�� ����S 

� �3�P�I�E !�� 0�4O 1��� 0��YH2O2/UV/TiO2E0B���B4�  ���
E��3� �	&�2 )�L�������3��� (3  ��E��	&1��3 �� �,3��,3 J4��
2��4��3��4/�E �",3 ]_[.

3 \6�C J����3� ��i �2 �,�2 ���4��3�8 �� �����UV/H2O2!
(3  ��P �� ��'��E \6�C "F��, (3 !"F��, �13�8 0�E "��� ����

UV/TiO2",3 �3��4/�E !(3 ��AE +�LB ��3 !"F��, ���3��� +�c
k���O ���� fT�������� ���������E !� 0�4��O 13�8 J�����3� 0��������

UV/H2O2(3 �AE ��\6�C �� @���3� "F��, �DOC �UV254 

Abs. ��� 0E �Ye:�]:/fVB��C �� $�4E ���� ���2�	�3��
 0��1
3�8 �� !�4�6�����UV/TiO2(3 ��AE ������ 0�E "F��, �� YeV�

]e/fV� ���� �����E .
 =�F��� �34�� 0�E ��	�� (����������3 ����	
 � J3����
  ��+

L&�����  1�5��/ �� J��	�4B�2 �3�8 ����UV/TiO2	�3 (3 ���3(�
 3�8 0E "�� J� WH����UV/H2O2� $�4E 3��� �� �0�AB�p� ��4�� c

3 ���!��O +�� J���3��,�W	�UV/TiO20�E "��� UV/H2O2

�4�p� ",3 �� ]9x[.
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2 Slurry 
3 Best Available Technology (BAT) 
4 Nonofiltration 
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