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ABSTRACT 
 

The aim of this research was to remove hydrophobic organic (HPO) and 
hydrophilic organic (HPI) fractions in term of dissolved organic carbon (DOC) and  
trihalomethane formation potential (THMFP) by polyaluminum chloride (PACl) coagulation with 
polymer and powder activated carbon (PAC), as well as advance oxidation process by ozone. 
Raw water supply was collected from pumping station of Hat Yai Water Treatment Plant, U-
Tapao canal, Songkhla Province, Thailand in rainy and dry seasons. HPO and HPI were 
fractionated by using DAX-8 resin. DOC of raw water in rainy and dry seasons were 10.7 and 6.9 
mg/L, respectively, whereas DOCHPI and DOCHPO in rainy and dry seasons were 5.5 and 4.8 mg/L 
and 3.4 and 3.1 mg/L, respectively. From the PACl coagulation experiments, the optimal 
coagulation for DOC removal was observed at PACl dosage of 40 mg/L and controlled pH at 7 
for both rainy and dry seasons. At this condition, it could remove DOC by 54 and 57 percent, 
respectively. The best condition for DOC removal was obtained by using PACl dosage of 40 
mg/L together with polymer1 mg/L and PAC 80 mg/L; it could remove DOC in rainy and dry 
seasons by 87 and 73 percent, respectively. Considering the HPO and HPI reductions at the best 
condition, it could remove DOCHPI in rainy and dry seasons by 79 and 65 percent, respectively, 
and could remove DOCHPO in rainy and dry seasons by 93 and 80 percent, respectively. For 
THMFP reduction at the best condition, it could reduce THMFP in rainy and dry seasons by 49 
and 57 percent, respectively. In addition, it could reduce THMFPHPI in rainy and dry seasons by 
77 and 81 percent, respectively, and could reduce THMFPHPO in rainy and dry seasons by 94 and 
96 percent, respectively. The percentage removal of DOCHPO was considerably higher than that of 
DOCHPI,. In addition, the percentage reduction of THMFPHPO was considerably higher than that of 
THMFPHPI in both in rainy and dry seasons. Chloroform was found as the major THM specie 
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followed by dichlorobromoform, dibromochloroform, bromoform, respectively. Concerning the 
application of fluorescent excitation-emission matrix, fluorescent peaks A, B, C, and D at 
240nmEx/350nmEm, 260nmEx/360nmEm ,280nmEx/350nmEm, and 280nmEx/410nmEm were detected in 
the raw water, respectively. The putative origins of A, B and C were typthophan-like substances, 
whereas that of peak D was humic and fulvic acid-like substances.  
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�.2 �+��!��$��<(���+������ UV-254 0���8)�
�	*&��8)�
-.j���ก��	+�ก��

&��ก���

j���ก��	+�ก��*h�ก7��*&��&��j���ก��	+�ก��*h�ก7�� ก�	 THMFP 247 
1.1 �+��!��$��<(���+���4���(4ap��(ก��&
&�0�� DOC ก�	 4���(4ap��(ก��&
&�0�� 

THMFP 0���8)���+�����9��
ku�*&��
k*&�� 251 



 

(29)

�����ก�������
����	���
� 

 

 abs.  Absorbance 
 Al  Aluminium 
 Al(OH)3 Aluminium hydroxide  
 Al2O3  Aluminium Oxide 
 Al2SO4  Aluminium Sulfate 
 AlCl3  Aluminium Chloride 
 Amu  apparent molecular unit 
 AMW  Apparent Moleccular Weight 
 AWWA  American Water Work Association  
 C  Degree Celsius 
 CaCO3  Calcium Carbonate 
 CH4  Methane 
 CHBr3  Bromoform 
 CHCl2Br Bromodichloromethane 
 CHCl3  Chloroform 
 CHClBr2 Dibromochloromethane 
 Cl  Chlorine 
 Cm  Centimeter 
 D/DBPs  Disinfection / Disinfection by-Products 
 DBPFP  Disinfection by Product Formation Potential 
 DBPS  Disinfection by-Product 
 DOC  Dissolved Organic Carbon 
 DOM  Dissolved Organic Matter 
 DPD  N, N-diethyl-p-phenylenediamine 
 ECD  Electron Capture Detector 
 EDTA   disodiumethylenediamune tetraacetate dehydrate 
 FAS  Ferrous Ammonium Sulfate 

Fe2(SO4)3 Ferrous  Sulfate 



 

(30)

�����ก�������
����	���
� (	
�) 

 

FeCl3  Ferric Chloride 
g/cm3  Gram/Cubic/ Centimeter 

 g/L  Gram/Liter 
 g/mol  Gram/Molar 
 GC  Gas Chromatograph 
 h  Hour 
 HAAs  Haloacetic  acid 
 HANs  Haloacetonitrile 
 I  Iodine 
 KHP  Potassium Hydrogen Phthalate 
 KI  Potassium Iodine 
 L/mg-m  Liter/milligram-meter 
 m  Meter 
 M  Molar 
 MCL  Maximum Contaminant Level 
 MCLG  Maximum Contaminant Level Goal 
 µg/L  Microgram/liter 
 µm  Micrometer 
 mg/L  Milligram/Liter 
 MW  Molecular Weight 
 nm  Nanometer 
 NOM  Natural Organic Meter 
 NTU  Nepheo Turbidity Unit 
 POC  Particle Organic Carbon 
 ppm.  Part per Million 

SS  Suspended Solid 
 SUVA  Specific Ultraviolet Absorption 
 THMFP  Trihalomethane Formation Potential 



 

(31)

 �����ก�������
����	���
� (	
�) 

 

THMs  Trihalomethanes 
 TOC  Total Organic Carbon 

TTHM  Total Trihalomethanes 
 USEPA  United States Environmental Protection Agency 
 UV  Ultraviolet 
 UV254  Ultraviolet  absorbtion at wave length 254 nanometer 
 UVA  Ultraviolet Absorption 
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�����  1 

����	 

 

1.1 ��	
��	���������
	���ก	������ 

ก�����	
���
��
���ก
��������
��������

��ก������ ก����ก����ก
�ก�
��
 !"#����	�$ก�% ก������%	�ก�
 (coagulation) ก����1	�ก�
 (flocculation)  ก��	ก	�ก�
 
(sedimentation) ก��ก��% (filtration) �89�����	
����:� �
�����ก;��1�<#
  
�ก��ก
:�ก#�
�:����#��

���
��
��
�=#�=�����>;	��%
��
	��%1:ก��?#��@9����;�������;���:
 (disinfection) �89�� !�

���
��
�1:;��1������8:�%8�	#�ก���<
�>;$������>;	����

A�%ก�
ก���	���	��%�<�@:8
BC�%1:8��	#��#�%ก��1
<��D	�������ก���#��
����=#�=�����>; ��#�%��กE	�1��กก���Cก���:��#�
1�
8��#� 
ก����
ก��?#��@9����;��� @�;���:

��
 ���;���:
��1��F���
G�ก�����ก�������
��:�D
H��1@�	��:��!�9� 

���!��%ก������%	�ก�
 (coagulation) ก����1	�ก�
 (flocculation)  ก��
	ก	�ก�
 (sedimentation) ก��ก��% (filtration) ก#� !��ก�����ก#�1���E% 

���
��
��@#
 ����	�
I���1:��
 (trihalomethanes) $�����I����B�	�ก��B�; (haloacitic acids) (Rook, 1977) 

�����
��:�DH��1@�	� (Natural organic matter, NOM) ��1��F$�#%	�1��ก�S�
��%ก�������
�����ก�
T
  3 �#�
���$ก# �����
��:�D�����
��� (Dissolved Organic Matter, DOM) 
�����
��:�D;������D (Colloidal organic matter, COM) $�������
��:�D�:��1#�����
��� (Particulate 
Organic Matter, POM) NOM �19�����
G�ก�����ก��;���:
�:� @� 
ก����
ก��?#��@9����;��%����
ก�����	
���
��
�ก#� !��ก���
T
 Disinfection by-products (DBPs) �@#
 �	�I���1:��

(Trihalomethanes, THMs) I������B	�ก��B�� (Haloacetic acids) $������9�
a BC�%����!�#�
:�1:
��ก����	#��#�%ก��1
<��D  
�=
$����%���ก#�1���E% (Singer, 1993)  

 
�ก��ก
��1�S�����
��:�DH��1@�	���1:��	#�ก��ก#�	����%���ก#�1���E% 


���
��
�$���
��
 ��ก�S������
��:�DH��1@�	�กE1:��	#�ก��ก#�	����%���ก#�1���E%�@#
ก�
 

c��<��
���1:ก��$�#%�����
��:�DH��1@�	���ก�
T
��%ก�<#1���$ก#�����
��:�Dก�<#1@��
��� 
(Hydrophilic Organic fraction, HPI) $�� �����
��:�Dก�<#1�1#@��
��� (Hydrophobic Organic 
fraction, HPO) ��� @�ก����
ก�� resin fractionation ���� DAX-8 resin �����
��:�D���%��%ก�<#11:
��	#�ก���ก�����ก#�1���E% 

���
��
�	����
ก����9�กก����
ก��ก����������
��:�DH��1@�	�
 
����
��
� HPO 
��
1:;��1��18�
HD���	�%ก��ก���ก�����ก#�1���E% 

���
��
� (AWWA, 
1993) $��ก��������%#�����ก����
ก���;$�กก=��@�
 �#�
 HPI 
��
ก����������ก���ก����
ก��
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�;$�กก=��@�
 (Kim $�� Yu, 2005) 
�ก��ก
:�$!�#%
���$	#��@
��1:�#�

��ก��!��ก��%
�����
��:�D	#�%ก�
1:����� !�	��% @���H:ก���:�$	ก	#�%ก�
 
ก��ก����������
��:�DH��1@�	���%ก�#�� 
   ��%
��
ก����ก���ก�����ก#�1���E% 

���
��
�	��%���ก����
��1�S�����
��:�D
���%��%ก�<#1ก#�
ก����
ก��?#��@9����;���;���:
 ก����
ก���:���1��F @� 
ก����
�����
��:�Dก#�
ก���	�1���;���:
���$ก# ก����
ก������%	�ก�
 (Coagulation) �:� @����        
�;$�กก�=��
�D�:�;��1���1��
�=%�:��>���;��;<1;#�;��1�
T
ก���
T
�#�% ก����
ก������%
	�ก�
 (coagulation) �:� @�����8���1��D�:��>���;��;<1;#�;��1�
T
ก���
T
�#�% ก����
ก���=�
	������F#�
ก�11�
	D (carbon adsorption) $��ก����
ก�� advances oxidation process 

���!�������
��
�!�� !"#BC�% @�
������
��
���ก;��%�=#	��>��
T
����

��
�!��ก 
����>�!�� !"# ��%!����%���������	
����89��ก���<
�>;$������>;$��$�ก�#��
 !�ก��
��@�ก� 
����>�!�� !"#$������>��9�
a 	����

���	 
�ก�Cก�� $���<;;�ก���%
1!����������%���
;��
��D	�1������  ��กก�����������1=�8��#�����
��
� ��� @����;���:

�89��ก��?#��@9����; ��%
��
1:;��1�
T
�
���;#�
���%�=%�:���ก���ก�����ก#�1���E% 

���
��
���ก
����
��
�BC�%���#%��ก����	#�;<S>�8@:��	��%
��@�ก��:��<
�>;����>;
���
��
����	�% 

��%
��
ก�����$
ก��ก�S������
��:�DH��1@�	� 

������
��
���ก;��%�=#	��>�
�89�����;���!D��ก��ก��ก#�	����%���ก#�1���E%�:����ก���C�
��ก�����
��:�DH��1@�	�$	#��ก�<#1
	����
ก���Cก��ก���������
��:�DH��1@�	� 

������
��
���ก;��%�=#	��>������H:	#�%!���
��H:BC�%�
T
��H:�:�;#�
���%��
�1���89��!���H:�:��!1���1��
���
�=#ก��������$
���%ก��
A�%ก�
 $ก��� 
;��;<1 $��ก����ก���ก�����ก#�1���E% 

���
��
�	#��
 

 
1.2 ����� �����!���ก	������ 

- $�ก$�%��ก�S������
��:�DH��1@�	�ก�<#1@��
���$���1#@��
�����%
������
��
� 
o�=
p
$��o�=$��% 	����

���1�
��ก��ก��ก#�	����%����	�I���1:��
��%�����
��:�DH��1@�	�
���%��%ก�<#1 

- �Cก��ก��ก����������
��:�DH��1@�	�ก�<#1@��
���$���1#@��
�����%
������
��
���� 
ก����
ก���;$�กก=��@�
�#�1ก�� Polymer $�� ก���=�	����� @�F#�
ก�11�
	D!�9�ก����
ก�� 
advance oxidation process ��� @����B
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1.3 ���#�����ก	������ 

- ก���Cก������% @�$!�#%
��������ก�<��=�
������
��
� ก��
��
��#�
>=1�>�; ����>�
!�� !"# ��%!����%���  (UTM 661975 772906) ������ก���กE�	����#�% 
@#�%o�=p
$��o�=$��% 

- ก���Cก��$�ก$�%��ก�S������
��:�DH��1@�	�ก�<#1@��
���$���1#@��
�����%
������

��
� 
o�=p
$��o�=$��% 	����

���1�
��ก��ก��ก#�	����%����	�I���1:��
��%
�����
��:�DH��1@�	����%��%ก�<#1 

- ก���Cก��ก��ก����������
��:�DH��1@�	�ก�<#1@��
���$���1#@��
�����%
������
��
���� 
ก����
ก���;$�กก=��@�
�#�1ก�� Polymer $��ก���=�	����� @�F#�
ก�11�
	D!�9�ก����
ก�� 
advance oxidation process ��� @����B
 

- ก���Cก��!�
��1�S���
��ก�� THMs ���% 4 @
�� ;9� Chloroform (CHCl3), 
Bromodichloromethane (CHBrCl2), Dibromochloromethane (CHBr2Cl) $�� Bromofrom (CHBr3) 
 

������$��
����:��#�
ก����
ก���;$�กก=��@�
 

 
1.4  ��%�&�!����	'�(	��)'*��� 

�;�%ก�������
�8
HD
:��
T
ก��
���1�
;<S>�8
���BC�%�ก:������%ก���<�>�8��%

��@�ก� ���1�BC�%���1=���%��ก�S������
��:�DH��1@�	���
��ก#� !��ก�����ก#�1���E% 


���
��
�$����H:ก���������
��:�DH��1@�	���%ก�#�� ก#� !��ก��ก��8�t
�����
���
�<%;<S>�8

����:��:��ก��

�
uv�
��%�����
��:�DH��1@�	��:���ก#� !��ก�����ก#�1���E%���% �#%�� !��<�>�8
��%
��@�ก� 
89�
�:��:����ก���Cก���:�C�
$���ก��ก��ก��	<�
��	���
Cก��#�%$�����% 
ก��@#��
�
<��ก�D$!�#%
��� !�1:;��1�������#�%���%�9
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�����  2 

��ก
��
��������������ก�������� 

 

2.1 
��������������ก�����ก��ก �������
��!��"�#�$���� 

 
2.1.1 
���������%&��$'��� 

NOM ���	
����
ก���������	���
����	�������������	� !��	"#�$��%��&� �'��%�
�����
#�()*�	ก�
�+	ก���#��),	"#� &)+��������	 ก�
�+	ก����ก���,�)	 (Oxidation) 
ก�
�+	ก��6(��กก��)	 (Coagulation) ก�
�+	ก��,�,�)� (adsorption) �!
ก�
�+	ก��>����?"�
6�( (Disinfection) ���	&�	 �%?�� NOM �#��D�ก�����ก)�(!���	ก��� ��ก�,���	 Disinfection by-
products (DBPs) &)+��������	 Trihalomethanes (THMs) 6,��)�+N�
�%��OP),������
�Q���� 
NOM &�%
O�	ก��R�!
!����ก���	 2 
�+	,)�	�" 

 
NOM = DOM + POM 

 
�%?�� Dissolved Organic Matter (DOM) ���	
�+	���
����	��������!
!��	"#��!
 

Particulate Organic Matter (POM) ���	
�+	���
����	��������N%�!
!��	"#� �!
�%?���#�ก������
��
�Q���� NOM 6,����ก�
,�Wก������%��	�,(+�%X�Y	�&ก&���ก)	   (���	   <0.1 µm,   <0.45 
µm, <1.0 µm) 
�%��O��ก��
�Q���� NOM N,��X��%�'"	6,����	
�+	���
����	�������
�Q�
(�!!��,� (Colloidal organic matter, COM) �'�����	
�+	��������
 +��� DOM �!
 POM 

 
NOM = DOM + COM + POM 

 
2.1.2 
���������%�������(� 

Dissolved Organic Matter (DOM) 
�%��O������ก���	 2 
�+	N,��ก� humic �!
 
non-humic substance 6,�%� humic substance ���	
�+	��
ก�� !)ก��
%�R 50-65% �'��%�
!)กWR
���	 
�����%��)"+  
�c�����+  �!
���	ก�,��	������'��N,�%�P�กก������
!�����,�	�!
X?�
	"#� Humic substance ���	
����	������	�,N%����	"#� (Hydrophobic) ��
ก��,�+� humic  �!
 
fulvic acid �	
�+	��� non-humic  substance �'�����	
����	������	�,���	"#�  (Hydrophilic) 
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��
ก��,�+�  hydrophilic acid ,  proteins , amino acid ,  carbohydrate  �!
 carboxylic acid 
(Thurman, 1985; Amy, 1993) �����N�กi&�% �%?��X�P��R�P�ก!)กWR
����(%���� humic substance   
�!
  non-humic substance   ���%�j!&���
���#��),	"#�X�+���	
�+	��� humic substance    %�
(+�%
#�()*%�กก+��
�+	���  non-humic substance 

 
2.1.3 "��$�* 

Humic substances %�
�+	��
ก������)����	%�ก %��������N%��	�	�	 6,�%�&�	
ก#��	�,P�กก��
!��&)+�����กX?� �!
%�!)กWR

%�)&� (Vik et al., 1985) ,)�	�" 

1.) m�+%)
���!
!��	#"� %)กP
���กD�	������ Total organic carbon (TOC) ���%�

(+�%���%��	%�กก+�� 1  �	�R
���
����
ก��&)+�?�	%�(+�%���%��	&�#�ก+��%�ก 

2.) m�+%)
�
,�O'�ก���!ก��!���	����	 (Ion exchange) �!
!)กWR

%�)&����
�)����	 �'��
)%X)	$�ก)���(���
ก�����	#"� �+%�)"� 
��X�W (Toxic elements) �!
 Organic 
micropollutants 

3.) m�+%)
���	X� 
�	ก���(!?��	����
��X�W 
�����N%�!
!��	#"� �!
 Organic 
micropollutants 

4.) (!���	
�%��O�#��o�ก�����ก)�ก�,m�+%�(ก��� ��ก�, Chlorinated organic 
compounds ���	 Chloroform �'�����	
��ก��%
��i�N,� 

������6(��
����6%�!กY!���
����
ก��m�+%�( ��
ก��,�+�ก!Y�%��� 
Polyhetero condensate ���6%�!กY!
����	���������)����	 6,�%�ก!Y�%cp�ก��)	&��� q �?�	��ก%�&�%
j�+ N,��ก� Carboxyl, Phenolic, Alcoholic, Ketonic, Quinonoid �!
 Methoxyl ,)��
,��	������     
2.1 ก!Y�%cp�ก��)	&��� q � !��	�"%�j!&��ก��!
!��	"#����
����
ก��m�+%�( �!
���	
�+	���(!���	
��
�
P
%��#� �o�ก�����P	�ก�, THMs �'"	%� (Trussell and Umphres, 1978) 

!)กWR
���
��m�+%�(���	
����
ก��
�	"#�&�!  �?�,#� %�
Q�X���	ก�, %+!
6%�!กY!�����	��+�����N�P	O'� !��!��	 X��	$��%��&��)"��	,�	 �!
�		"#� (Schnitzer and 
Khan, 1972) �!
�%?���#�ก��+),(�� specific Ultraviolet Absorbance (SUVA) ���(+�%��+(!?�	 254 
nm P
N,�(�������	��+� 4.8 -7.4 L/mg-m �	�R
���
�+	 fulvic acid    �'��%�%+!6%�!กY!�����	��+�   
500-2000   a.m.u.  +),(��  SUVA N,������	��+� 2.9-4.3 L/mg-m �%?��������������
 +��� humic �!
 
fulvic acid X�+�� fulvic acid %�(+�% 	��	�	�����
PY
��ก+���!
�#�ก����ก6,�ก�
�+	ก��6(
��กก��!�)	��� charge neutralization N,���กก+��
�+	��� humic acid 	�กP�ก	)"	 fulvic acid   �)�%�
���%�R�!
(+�%
�%��O�	ก��!
!��%�กก+��
�+	��� humic acid  
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��m�+%�(���	
����
ก����
�Q� Polyaromatic �!
%�ก!Y�%cp�ก��)	(?� Phenolic 
�!
 Carboxylic 6,�
�+	� *�
��m�+%�(�		"#�P
�����	��� Anionnic �!
��P���	 Polyanions 
(Rebhun and Lurie, 1993) 


��m�+%�(
�%��OP#��	กN,����	 3 
�+	� *�q (?� (Trussell and Umphres, 1978 ; 
Berger, 1987) 

1.) ก�,m�+%�( (Humic acid) ���	
�+	���X�%�ก���
����	�������������	,�	 �'��%�

%�)&�!
!��N,��	,��� (Alkaline solution) �&�N%�!
!���	
��!
!��ก�,��� pH < 2  �?� Ethyl 
alcohol 

2.) ก�,cY!+�( (Fulvic acid) ���	
�+	���
����	�������������	,�	 (Soil organic 
material) �'��%�(YR
%�)&�!
!���)"��	
��!
!��ก�,�!
,��� 

3.) m�+%�	 (Humin) %�(YR
%�)&�N%�!
!���)"��	
��!
!��ก�,�!
,��� 

 
������ 2.1 6(��
�������
����
ก��m�+%�( (Trusell and Umphres, 1978) 

 
2.1.4 ,�'�����
��
���������%&��$'��� 

ก�����,)�	�&)+��	�	ก���$����(YR!)กWR
���
����	�����$��%��&�      
6,��)�+N��!�+N%�
�%��O���,)�	����N,�P�ก+�$�ก��+��(��
 ��X����	�,�,��+���	&)+��	�X?���$����
(YR!)กWR
6,��+%��� !�ก !��N,�   �'��,)�	�&)+��	���
����	�����$��%��&����	#�%������	ก��
X�P��R���
ก��,�+�  Total Organic Carbon (TOC), Dissolved Organic Carbon (DOC), 
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Ultraviolet absorbance ���(+�%��+(!?�	 254 nm (UV-254), Specific Ultraviolet Absorption 
(SUVA) �!
 Excitation-Emission fluorescence (EEM) 

 

Total Organic Carbon (TOC) 
TOC 6,��)�+N�������	,)�	�&)+��	�X?�����+),(+�%���%��	���
����	�����$��% 

��&��		"#� ���%�R(+�%���%��	��� TOC �	� !��	"#�$��%��&�%���+����ก+����'���
,��	������ 2.2 
 

 
 

������ 2.2 ��+�(��&��� q ��� Total Organic Carbon �	� !��	"#�$��%��&� (Kavanaugh, 1978) 
 
United State Environmental Protection Agency (USEPA) N,��
	�O'��������i	&� 

TOC ���O�กก#�P),��ก
#� �)�ก�
�+	ก��6(��กก��!�)	 6,��'"	����ก)�(��(+�%���%��	��� TOC 
�!
(��(+�%���	,����		"#�,�� 6,��
,��	&������� 2.1 

 
 
 
 
 
 

 

Total Organic Carbon (mg/l) 

Most Groundwater 

Wastewater

s 

Sea Water 

2 5 10 20 50 100 200 500 1000 1 0.2 0.5 0.1 

Swamps Surface Waters 

Effluents Biological Treatment 
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&������� 2.1 �������i	&�ก��!,(�� TOC 6,�ก�
�+	ก�� 6(��กก��!�)	 (USEPA, 1999) 

 

(�� TOC �	� !��	"#�

(mg/L) 

(��(+�%���	,����	� !��	"#� (mg/L as CaCO 3  ) 

0-60 >60 ~ 120 >120 

2.0-4.0 35.0% 25.0% 15.0% 

4.0-8.0 45.0% 35.0% 25.0% 

>8.0 50.0% 35.0% 30.0% 

 

Dissolved Organic Carbon (DOC) 
Dissolved Organic Carbon (DOC) �'�����	
�+	 	'����� TOC 
�%��O��กN,�6,�

ก��ก���j��	ก�
,�Wก����	�, 0.7 µm ��� GF/F (Julie, Minhan and Robert, 2004) 
 
UV Absorbance at Wavelength 254-nm (UV-254) 
 ก��,�,ก!?	�
� ultraviolet (UV) %���
6��	�6,�������	,)�	�&)+��	�	ก��+),


����	������	� !��	"#� 
����	������		"#�&)+�����P
,�,ก!?	�
� UV ���	���%�R���
)%X)	$�ก)�
(+�%���%��	���
����	������		"#�&)+�����	)"	 �%?��(+�%���%��	���
����	������		"#�%�(��
���'"	P

�#�� ����%�Rก��,�,ก!?	�
� UV ���+),N,�
���'"	&�%N�,�+�6,�	"#�&)+�����P
O�ก	#�%�ก���j��	
ก�
,�Wก����X?��ก#�P),�	YQ�(��+	!���		"#�ก��	ก��+), UV  
����	��������%�
�+	��
ก����� 
aromatic compound �!
6%�!กY!������	X)	$
(��P
,�,ก!?	�
� UV N,�,� �	�R
���
����	������	
ก!Y�%��� simple aliphatic acids ��!ก�m�!� �!
	"#�&�!P
N%�,�,ก!?	�
� UV  �?�,�,ก!?	N,�	��� 
(Edzwald et al., 1985) 6,��	ก��+),(�� UV 	)"	P
�#�ก��+),���(+�%��+(!?�	 253.7 nm 
(6,���
%�R 254 nm) �	?���P�ก
����	��������&���ก���'กW�P
,�,ก!?	�
����(+�%��+(!?�		�"N,�,�
���
Y,�!
%�ก����ก+	P�ก
����
ก���?�	q	������
Y, (Andrew Eaton, 1995)  	�กP�ก	�"�	
�pPPY�)	N,�%�ก��	#�(�� UV-254 %�����	ก��&�+P+),(YRQ�X	"#�P�กก�
�+	ก���#��),	"#��+%O'����
�	ก����
�%�	ก��!,���%�R
����	�����P�กก�
�+	ก��6(��กก��!�)	 
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Specific Ultraviolet Absorption (SUVA) 

SUVA ���	,)�	���"+),���
����	�����ก!Y�% humic ��������		"#� 
�%��O(#�	+RP�ก
(����� UV-254 (�	 	�+� cm-1)  ��,�+�(�� DOC (�	 	�+� mg/L) (�� SUVA %� 	�+����	 L/mg-
m 	"#�&)+��������%�(�� SUVA &�#�6,�
�+	� *���
ก��,�+�
����	�����ก!Y�% non-humic �!
N%�
� %�

%���P
���ก�
�+	ก��6(��กก��!�)	�	ก��ก#�P),
����	�����ก!Y�%,)�ก!��+ �	��กก�R� 	'��
O��	"#�&)+�����%�(�� SUVA 
��6,��)�+N�� %�

%���P
���ก�
�+	ก��6(��กก��!�)	 (USEPA, 
1999) 
 

Three-dimensional fluorescence spectroscopy (fluorescent excitation-

emission matrix, FEEM) 
FEEM ���	ก��+� �(��
 �!)กWR
���
����	������		"#�6,���� �(�?��� 

spectrofluorometer j!ก��+��(��
 � FEEM ���N,�P
�
,�!)กWR
�(%����
����	������		"#����	
cp�ก��)	���6(��
�����!
 functional groups ���6%�!กY! �'�����	+�$���������!
�+,��i+6,����
���%�R���&)+�����	����!
%�(+�%���%��	&�#� j!���N,�P�กก��+), FEEM (?�j!�+%��� emission 
spectra ���	"#�&)+�������� excitation wavelength &���q �'���)	�'ก���	 matrix ��� fluorescent 
intensity (Swietlik et al., 2004) ������ 2.3 �
,� FEEM (a) �!
Q�X�)	(+�%
�� (b) ���ก�����  
spectrofluorometry +��(��
 �!)กWR

����	������		"#���"����j��	ก���#��),�!�+ 6,�&#�� 	�� A 
�!
 B ���	ก��&�+PX�
��ก!Y�% tyrosine-like substances ���&#�� 	�� C �!
 D ���	ก��&�+PX�

��ก!Y�% tryptophan-like substances 
�+	���&#�� 	�� E ���	ก��&�+PX�
��ก!Y�% humic and 
fulvic acid-like substances �'��
��ก!Y�%���ก!��+%�%�j!&��ก��ก��&)+���
��N&�m�6!%���	 
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������ 2.3 Fluorescent Excitation-Emission Matrix (a) �!
Q�X�)	(+�%
�� (b) ���ก����� 
Spectrofluorometry +��(��
 �!)กWR

����	������		"#���"����j��	ก���#��),�!�+  

(Musikavong, 2007) 
 

2.1.5 ก�����ก��
�ก (Fractionation) '��,���
���������%����(�#,���S�� 

ก�
�+	ก����ก�	�,���
����	������		"#�%�(+�%
#�()*%�ก�'"	  �	?���P�ก

�%��Oก#� 	,ก�������#��o�ก������
 +���  DOM ก)�
���(%��������	ก��>����?"�6�(�'��ก��� ��ก�, 
disinfection  by  - product (DBP) �!
�#�� ������P!)กWR
����(%����  DOM  �X?�������ก���
�
���#��),���� %�

%�	ก��ก#�P),  DOM ก�
�+	ก����ก  DOM  �		"#�6,�����	  ���	��(	�(���
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����X?����ก�	�,���
����	������		"#�    DOM  �		"#�$��%��&�
�%��OP#��	ก��กN,����	���    
Hydrophobics  �'����
ก��,�+�
�+	 !)ก q (?� fulvic �!
 humic  acid P),���	
�+	���  humic  
fraction  ��ก
�+	 	'�����	��� Hydrophilics   �?� non humic fraction �'����
ก��,�+�
(���6�Nm�,�&  6��&�	���%�%+!6%�!กY!&�#��!
ก�,�
%�6	  6,� Hydrophobics %�6(��
�������	
��� aromatic %�กก+�� Hydrophilics       
  Thurman �!
 Malcolm (1981) N,��#�ก���,!��6,��������	�	�, XAD-8 �	ก��
,�,�)� humic  substance Q���&�
Q�+
(+�%���	ก�, (pH=2) �'��
�+	���(��������	����	P
O�ก elute
6,���� NaOH          
  Leenheer et al., (1982), Leenheer and Noyes, (1984) �!
 Reckhow et al., (1992) 
N,��
	�!)กWR
���
����	�����$��%��&����j��	ก��  fraction �!
ก!Y�%����(%�  �'���
,��	&����
��� 2.2  

 
&������� 2.2 !)กWR
���
����	�����$��%��&����j��	ก�� fractionation �!
ก!Y�%����(%� 

 
Fractionation ก!Y�%����(%� 

Hydrophobics 
Acid 
     Strong 
 
     Weak 
 
Bass 
Neutrals 

 
 
Humic and fulvic acid, high MW alkyl  
monocarboxylic  and  dicarboxylic acids, aromatic acids      
Phenols, Tannins, intermediate MW alkyl 
monocarbixylic   and  dicarboxylic acids, aromatic acids   
Proteins, aromatic amines, high MW alkyl Amines 
Hydrocarbon, aldehydes, high MW methyl ketones and alkyl 
alcohols, ethers, furan, pyrrole                                                      

Hydrophilic 
Acids 
 
Bass 
Neutrals                                                                                                                                             

 
Hydroxy acids, sugars, sulfonics, low MW alkyl monocarboxylic  
and dicarboxylic acids                                                          
Amino acids, purines, pyrimidines, low MW alkyl amine        
Polysaccharides; low MW alkyl alcohols, aldehydes and ketones  
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Musikavong (2007) �
,�(+�%
)%X)	$��
 +���(�� DOC ��� HPO �!
 DOC 
��� HPI �		"#��%�	"#� �!
 	"#��	�
�!
���!
�����กi�	"#� ,)������� 2.4  �!
 2.5 &�%!#�,)�  P�ก������ 
2.4  X�+���%?��(�� DOC �		"#��%�	"#�ก��	ก�
�+	ก����ก
����	������		"#�6,���������	 %�(��
�
 +��� 1.1 O'� 2.8 mg/L DOC ��� HPO �!
 HPI %�(���ก!��(���ก)	 �%?�� DOC �		"#��%�	"#�ก��	
ก�
�+	ก����ก
����	������		"#�6,��������	�X��%�'"	P�ก 3.8 mg/L ���	 8.4 mg/L DOC ��� HPI 
%�(��%�กก+�� DOC ���HPO P'���Pก!��+N,�+��	"#��	�%�	"#����%�(�� DOC 
��%��)&��
�+	��� HPI 
(non-humic) %�กก+�� HPO (humic)  �%?��X�P��R�������  2.5 X�+���%?��(�� DOC �		"#�P�ก�����กi�	"#�
ก��	ก�
�+	ก����ก
����	������		"#�6,��������	 %�(���
 +��� 2.0 O'� 6.9 mg/L DOC ��� HPO 
�!
 HPI %�(���ก!��(���ก)	 �%?�� DOC �		"#�P�ก�����กi�	"#�ก��	ก�
�+	ก����ก
����	������		"#�
6,��������	�X��%�'"	P�ก 7.5 mg/L ���	 10.2 mg/L DOC ��� HPO %�(��%�กก+�� DOC ���HPI 
�
,�� �� i	+��	"#��	�����กi�	"#����%�(�� DOC 
��%��)&��
�+	��� HPO (humic) %�กก+�� HPO (non-
humic)    P�กj!ก���'กW�,)�ก!��+
�%��Oก!��+N,�+��� !��	"#��&�!
�	�,%�
�+	��
ก�� !)ก���

����	�����&���ก)	%�j!�#�� �&������+�$�ก������&ก&���ก)	�	ก��!,
����	�����,)�ก!��+ 

 

0

1

2

3

4

5

6

0 1 2 3 4 5 6

 HPO fraction (mgDOC/L)

H
PI

 fr
ac

ti
on

 (m
gD

O
C

/L
)

1

1

n =15 1.5

1

0.5
1

DOCTotal = 1.1 mg/L

UV-254Total = 0.052 cm
-1

DOCTotal = 2.8 mg/L

UV-254Total = 0.087 cm
-1

DOCTotal = 3.8 mg/L

DOCTotal = 8.4 mg/L

UV-254Total = 0.295 cm
-1

 
 

������ 2.4 (+�%
)%X)	$��
 +��� DOC ��� HPO �!
 DOC ��� HPI �		"#�P�ก�%�	"#� 
(Musikavong, 2007) 
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  HPO fraction  (mgDOC/L)

 H
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 fr
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ti
on

 (m
gD

O
C

/L
)

n =18
1

1

0.5
1

1.5

1

DOCTotal = 6.9 mg/L

UV-254Total = 0.177 cm
-1

DOCTotal = 2.0 mg/L

UV-254Total = 0.049 cm
-1

DOCTotal = 10.2 mg/L

UV-254Total = 0.602 cm
-1

DOCTotal = 7.5 mg/L

UV-254Total = 0.381 cm
-1

 
 

������ 2.5 (+�%
)%X)	$��
 +��� DOC ��� HPO �!
 DOC ��� HPI �		"#�P�ก�����กi�	"#� 
(Musikavong, 2007) 

 
 
2.2 *����� 

 
2.2.1 �������*��$��T�$�  


����
ก��(!���	 %�ก��ก!��+O'�%�&)"��&��� (.�. 77  �?���
%�R�ก?�� 2000 ��
%��!�+ 6,���+6�%)	�?�� Pliny N,��#�ก���,!������(%��X?����ก���(#�� ����
Y�$��X�+���ก�,
��
Nm6,��P	 (!�N�,�P�ก�o�ก�����,)�ก!��+ �!
&��%���ก 800 �� ก��	%�ก���)	�'ก���%�!���	!��
!)กWR��)กW� ��+�� �)�N,��#�ก���'กW�X�+��%��ก�
�	�, 	'���%?���#��o�ก�����ก)�	#"��!�+� �ก�,
�ก!?� (HCl) �	��+ (.�. 1200 	)ก�!�	������$�&YN,�X�+�� �R
���	#�ก�,�ก!?�%�j
%ก)�,�	��

�+ 
(HNO3) �X?���#�ก��ก),��� N,��ก�
�	�, 	'�� %�
�&�����	�!
 	)กก+����ก���&�N%�N,�%�ก���)	�'ก
���!
����,N+� P	 %�O'� (.�.1630 N,�%�	)ก�(%���+��!�����%�?�� Jean Baptist Van Helmont ����ก 
�ก�
	�"+�� �ก�
�ก!?� (Salt gas) �'���	�pPPY�)	���P)กก)	�	�?�� �(!���	� 6,��j!�%�P�กQ�W�ก��ก 
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�Chloros� �����!+��
�����+���	&�%!)กWR

����&)+��� �	�� (.�. 1774 �Q
)�ก���+
+��,	�?�� 
Carl Wilhelm Scheele N,��#�ก��
)��(��
 ��!
�'กW�(YR
%�)&�&��� q ���(!���	N,�X�6,�
�)����*+�� �%?��	#�,�กN%��!
��N%�N��
�N+��	�+,������PY�ก�
(!���	Q���	�)�+(���,�กN%��!

��N%�P
��!���	���	
���+�'�����	(�)"���ก���%	YW��N,��)	�'ก(YR
%�)&�c�ก
����(!���	N+� �� (.�. 
1789 ���W)�j��j!�&
����������)����
����%?��P��+!!� (Javelle) N,�j!�&	"#���(!���	c�ก
���ก%�
P#� 	����	����X�R�������	(�)"���ก6,�����?�� 6� �,� P��+!!�  �?� P��+!!� +��&��� P�ก	)"	N%�
	�	(!���	O�ก	#�%������
6��	�������+,��i+�X�� !���	�Y&
� ก��%
������!
ก�
,�W �!

�	 (.�. 1913 N,�%�ก��&)"�6����	��ก(+�%�?"	��กP�ก(!���	� !+�'��%!�)��X	��!+��	��N,�
	#�%�����	ก���#��),	#"��
�����	%!�)���ก (.�.1930 �Y&
� ก��%�(%�N,��P��*ก��+ 	�������%�ก 
(!���	O�ก	#�%�������	
�+	��
ก��
#�()*&��6Q(Q)R���	��+�&��
P#�+)	���%	YW�� (YR
%�)&�ก��
c�ก
����(!���	�!
ก��>����?"�6�(ก!�����	�X���(YR��
6��	�
�+	 	'������	)"	�pPPY�)	(!���	
���	+)&OY,��
#� �)�j!�&
�� PVC (Polyvinylchloride) �X?������#����	+)
,Y��X?"	 ��� ก�
,�W��,j	)� 
�
?"�j�� �(�?�����?�	�!
+)
,Y�	(�)+��?�	 !���	�, 	"#����#�(+�%

��,�
?"�j�� (���	#"�%)	 P����
���j�+6! 
 
ก),(��c��	P�กก��c 
ก),ก!��	 ����	��+	ก��j!�&	#"����)กW�6�( ���	

�+	��
ก��X?"	��	
���(%�>���%!� 
���(%��P),+)�X?���ก !���	�, �!
�)�������	
�+	��
ก��
���+)&OY
#� �)��#�(+�%��i	 (ก�%
���
��%(YRQ�X
����+,!��%, 2536) 

 

2.2.2 ก���(�*������'��� 
ก���#�(!����	�)�	 (Chlorination) (?� ก��>����?"�6�(�		#"� (Disinfection) 6,����

(!���	�	ก���&�%�	�
����
�� O?�+�����	�)"	&�	
Y,�����	ก�
�+	ก��j!�&	#"���
�� ���	+�$�
������ก)	%�	�	 �!
�)����	���	��%�	�pPPY�)	 �	?���P�ก��(�O�ก %� Oxidizing power 
�� �#�� � �Y,
ก���P��*�&��6&�����(������
�+	� *�N,� �!
(���

��$�Q�X�	ก��>����?"�6�(�	�
�	���N,�	�	 
�+%�)"������	ก��P), � ก��+),�!
(+�(Y%���%�R�	ก����� 
�������� N,��ก� �ก�
(!���	 

����
ก��Nm6��(!�N�,� (Hypochlorites) �!
 (!���	N,��กN�,� (ClO2) �pPP)����&���X�P��R�
�	ก���#�(!����	�)�	 %�,)�	�" 

 
1) �o�ก��������(!���	�		"#� (
YX� 
�(���YR, 2530) 


%ก��
%,Y!(!���	�ก�
 (Cl2(g)) �!
���������� !+ (Cl2(aq)) (Cotton and 
Wilkinson, 1972 ) 
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Cl2(g)   Cl2 (aq)  K=0.060 ��� 25°C   (2-1) 

 

�%?��%�ก���&�%�ก�
(!���	!�N��		"#����
Y�$��P
%��o�ก�����Nm6,�N!��
�ก�,�'"	

������+,��i+,)�	�"  (Rosenblast, 1975) 

 

Cl2 + H2O  H+ + Cl- + HOCl  K=3.94×10-4 (2-2) 

 

ก�,�ก!?� (HCl) 
�%��O�&ก&)+N,������
%���R�ก!�����	 H+ �!
 Cl- �&�ก�,Nm

6��(!��)
 (HOCl) ���	ก�,���	�&ก&)+N,����	���
�+	 

 

HOCl   H+ + OCl- K= 2.88×10-8  (2-3) 

 

,�+�� &Y	�"�		#"�P'�%�(!���	��������	���ก�,�ก!?�����&ก&)+ HOCl, OCl- �!
%��ก�


(!���	� !?������	�����
�
�����!iก	��� ก�,����ก�,�'"	 �#�� � pH ���	#"�%�(��!,!� �&�N%��#�� �

��

��$�Q�X�	ก��>����?"�6�(!,!� HOCl �!
 OCl- �+%����ก+�� (!���	��
�
 (Free available 

chlorine) �'�� >����?"�6�(�		"#� �
,)�ก�����ก&)+���	N���	���ก�,Nm6�(!��)
�'"	����ก)� pH ,)�

�
,� �	������ 2.6 P
� i	N,�+��O�� pH &#�� 	"#�P
%� HOCl %�ก O��	#"�%� pH 
�� P
%� OCl- %�ก �&�

�	?���P�ก HOCl %��#�	�P�	ก��>����?"�6�(
��ก+�� OCl-  !������ ก���#�(!����	�)�	 ��� pH &�#�N,�j!

%�กก+����� pH 
�� � &Yj!�X��
+�� HOCl %� Oxidizing power 
��ก+�� OCl- �!
�	?���P�ก OCl- %�

��
PY!��#�� �N%����	���&���ก����� Cell �'��%���
PY!�� %?�	ก)	 HOCl N%�%���
PYP'�
�%��O


)%j)
ก)� Cell N,�����ก+���X��
N%�O�กj!)กก���&�%
����
ก��(!���	 ���	 �(!����%Nm6�(!�

N�,� [Ca(OCl)2] � �ก)�	#"����
Y�$�� P
�ก�,�o�ก�����Nm6,�N!��
 ,)�	�" 

 

Ca(OCl)   Ca++ + 2OCl-    (2-4) 
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2OCl- + H2O  HOCl + 2OCl- + OH-   (2-5) 

Ca(OCl)2 + H2O  Ca++ + HOCl + OCl- + OH-  (2-6) 

 

P
� i	+�� %�(!���	��
�
 HOCl, OCl- �ก�,�'"	�)"�
��&)+ ���	�,��+ก)�ก�R�ก���&�%
�ก�
(!���	� �ก)�	#"� �&ก&���ก)	��� Ca(OCl)2 �#�� �	#"�%� pH 
���'"	 �&� Cl2(g) �#�� � pH ���	#"�!,!� 

�	ก�R����	#"�%�
��!
!�� �?�&
ก�	��+	!�� �o�ก��������(!���	P
%��X��%�'"	 
�	?���P�ก(!���	
�%��O�#��o�ก�����ก)�
��&���qN,�����Yก�	�, 
����
ก�����(+�X�P��R� (?� 
��%6%�	�� (NH3) �%?���&�% (!���	  �?�
����
ก�����(!���	 � �ก)�	#"����%� NH3 (%�������� �?� 
�&�%!�N��		#"�) ก�,Nm6��(!��)
P
�#��o�ก�����ก)� NH3 �#�� ��ก�,
����
ก��6%6	(!���%�	 
(NH2Cl), N,(!���%�	 (NHCl2), �!
N&�(!���%�	 (NCl3) ,)�	�" 
 

HOCl + NH3    NH2Cl + H2O K=3.6×109 ��� 25°C  (2-7) 
HOCl + NH2Cl   NHCl2 + H2O K=3.6×109 ��� 25°C  (2-8) 
HOCl + NHCl2   NCl3 + H2O K= unavailable  (2-9) 

 
�)&��
�+	�
 +���
��(!���%�	�)"�
�%�	�,�'"	����ก)����%�R���&)+�#��o�ก�����

�)"�(���!
 pH �%?���)&��
�+	���P#�	+	6%!�
 +���(!���	�!
��%6%�	��N%��ก�	 1:1 NHCl2 P

�ก�,�'"	N,� �)"�(�� �����N�กi&�% ���%�R���
���)"�
���'"	����ก)� pH ,)�	�" 

 
2NH2Cl + H+   NH4

+ + NHCl2    (2-10) 
 

�%?�� pH &�#� P
%�
�� NHCl2 %�ก �&�O�� pH 
��P
%�
�� NH2Cl %�กก+�� ,)�������   
2.7 �%?���)&��
�+	�
 +���(!���	�!
 NH3 
��ก+�� 1:1 P
%� NCl3 �ก�,�'"	 
#� �)��		"#����%�����
�!iก	��� �%?���)&��
�+	�
 +���(!���	�!
 NH3 = 2 :1 P
N,� N2O �ก�,�'"	 

 
NH2Cl + NHCl2 + HOCl  N2O + 4HCl    (2-11) 

 

����
ก��(!���%�	�)"�
�%�	�, �+%����ก+�� (!���	�+% (Combined available 

chlorine) �'��%��#�	�P�	ก��>����?"�&�#�ก+��(!���	��
�
%�ก ,)������� 2.8 �&�%����,�(?� 
�%��O(�&)+
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�����		"#�N,�	�	ก+��(!���	��
�
�#�� �%��#�	�Pก��>����?"�����N,�	�	 q P'�� %�

%
#� �)�����	
�
�����
��	"#��X?��� �%�(!���	&ก(���P	O'�%?�j�����	"#� ��ก��
ก�� 	'��(?� %��#�	�P�	ก��>����?"�
6�(��� pH > 10 N,�,�ก+��(!���	��
�
 	�กP�ก NH3 �!�+ (!���	P
�#��o�ก�����ก)�
����,�+�����
�P	&��?�	 q ���	 H2S, Fe++, NO2 ���	&�	 ���(�)"�(!���	P
�#��o�ก�����ก)�
����	����� (���%�(+�%
���%��	&�#�) �		"#� ���	 phenol, Chloroform ���	&�	 �#�� ��ก�,ก!��	�!
�
���	���)��ก��P ,)�
%ก��
����!���	�" (
YX� 
�(���YR, 2530 ; %)�	
�	 &)R�Y!�+�%�, 2526) 

 
ก) HOCl �#��o�ก�����ก)�
����	�����N%����%&)+�ก�,���	
����
ก����	�����(!���	 ,)�	�" 

 
 
(2-12) 
 
 

�) ��	��� Nm6,��P	�
&�%�ก�,
����
ก��(!���%�	 ,)�	�" 
 

(2-13) 
 
 

() �ก�,�o�ก�������	���ก)�ก!Y�%6��%&�ก(�����	 ,)�	�" 
 

(2-14) 
(2-15) 
 
 

�) �ก�,�o�ก����� Oxidation ก)�
����
ก����	����� ,)�	�" 
 

(2-16) 
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������+���N+���(!���	��������		"#����N,��)�ก��>����?"� %�N,������	������ Aqueous 
chlorine molecule�&�P
���	ก���&ก&)+,)�
%ก������!��� 

 
 

(2-17) 
 
 
ก�,Nm6��(!��)
 ���	ก�,���	 
�%��O�&ก&)+N,���ก ,)�
%ก�� 
 
 

(2-18) 
 
 

ก���&ก&)+	�"�'"	����ก)�(�� pH �!
�YR Q�%����	"#� (+�%���%��	��� HOCl �!
 
OCl- P
%�(������ก)	�%?��(+�%���	ก�,-,������	"#�%� pH = 7.5 �!
�YR Q�%� 250 °C �������?�	���	 
H2OCl+ X�+��%����������	��+� pH �
 +��� 5 ~ 9 �&�%����%�R	���%�ก Chlorinium ion (Cl+) O?�+��
���	
�+	
#�()* �	ก���#��o�ก������	
��!
!����	����� �o�ก�������� HOCl ก)� Organic carbon 
�!
 Aminonitrogen P
���	!)กWR
���
�������
PY,�+�ก)	ก!��+(?�(!���	�
&�%P
����N�%�

�+	��+%ก)����!ก&��	(���	
��	)"	
#� �)� Chlorine residual (Cl*) P
�#��o�ก������	������%��
�

+����#�� ��ก�,���	 Chlorine-substituted organic compounds �	ก!Y�%(!���	��
�
 �'��N,��ก� HOCl, 
OCl-, Cl2, H2OCl+, Cl- P
�#��o�ก����� Oxidation ก)�Br- �!
 I- P	N,�
�� Hypobromous acid ก)� 
Hypoiodous acid (HOBr �!
 HOI) �)	���	
��
#�()*�	ก���#��o�ก�����ก)�
����	�����P	�ก�, 
Mixed-halide haloforms &��N� (Rosenblast, 1975) 

 
2) (+�%���%��	���(!���	 

ก���#�(!����	�)�	�'"	ก)����%�R���(!���	�������	ก���#��o�ก�����ก)�
���		"#�
����ก+��(+�%&���ก��(!���	 (Chlorine demand) �		"#� 6,��+%���%�R(!���	���&���ก��� �&ก(���
�X?�� 
#����N+�>����?"�6�(,�+� �)"�	�"�'"	����ก)�!)กWR
���ก��Q�X�!
�(%����	"#� ���	 	"#����%�(+�%
�Y�	  �?�
��!
!�� %)ก&���ก��(!���	
�� ���	&�	 
�+	�
,)�(!���	&ก(���	)"	�'"	����ก)�%�&���	
	"#���
�����ก#� 	,�'"	 
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3) pH 
pH &�#����	
Q�+
���� %�

%
#� �)��#�(!����	�)�	 �	?���P�ก(!���	P
�����	���

��� HOCl ��� pH &�#� �'��%��#�	�P�	ก��>����?"�N,�,�%�ก �!
�#�� �
�"	��!?��(!���		���,�+� 
(+�%
#�()*��� pH ��P,�N,�P�ก������ 2.9 

 
4) �+!�
)%j)
 

�'"	����ก)����%�R�!
�	�,���(!���	���������	
#�()* ���	 O�����(!���	%�ก �+!�

)%j)
��P&�#�N,� �&�O�����(!���		���P#����	&���%��+!�
)%j)
	�	 �!
O�����(!���	��
�
 �+!�

)%j)
กiN%�P#����	&���%�ก �	?���P�ก(!���	��
�
%��#�	�P
��>����?"�6�(N,��+,��i+ �&�O�����(!���	
�+%&���� �%��+!�
)%j)
	�	ก+�� �)"�	�"�X?��� �%�ก��>����?"�6�(�ก�,�'"	������	�	�	 
 

5) (+�%�Y�	���	"#� 
�	YQ�((+�%�Y�	 ���	�ก��
ก#��)�� �ก)���?"�PY!�	����� �#�� �(!���	N%�
�%��O����

N�
)%j)
N,� ,)�	)"	ก��>����?"�6�(P
� �j!,�กi&���%?��	"#�%�(+�%�

�� ���	 	"#����j��	�(�?���ก����!�+ 
���	&�	 
 

6) Breakpoint chlorination 
ก��>����?"�6�(�		"#�,�+�(!���	 P
N,�j!������	�	�	กi&���%?��ก���&�%(!���	 

P	ก�
�)��%�(!���	��
�
&ก(��� (Free chlorine residual) ���กo�����		"#� +�$�ก�����		�"����ก+�� 
Breakpointchlorination �
,�O'�ก��c(+�%
)%X)	$��
 +���(!���	����&�%�!
���%�R(!���	
&ก(���O���,!���&�%(!���	�	���%�R&��� q � �ก)�	"#� �!
+),���%�R(!���	&ก(��� !)�P�ก�+!�

)%j)
 30 	���&�%��WD��!�+�%?���&�%(!���	� �ก)�	"#����
Y�$��P
N,�(!���	&ก(�������ก)�(!���	���
�&�%�	?���P�กN%�%�ก��
�*�
��(!���	�ก�,�'"	 �����N�กi&�% ก���&�%(!���	� �ก)�	"#���
�����

��,
���%%�ก��
�*�
��(!���	�ก�,�'"	�
%��	?���P�ก�		"#���
��%�
��!
!��������	 Reducing agent ���	 
Fe++ ���	&�	�#�� �%�(!���	&ก(���	���ก+��(!���	����&�%!�N� �&� !)�P�ก����ก�,�o�ก�����ก)� 
Reducing agent �!�+ (!���	����&�%!�N�P
����ก)�(!���	&ก(��� �	ก�R����	"#���
��%���%6%�	��
 �?�
���?�	 qก��c���N,� P
���	 (,)������� 2.10) ��+���ก���ก��c (�
�
 ก�) %�(!���	&ก(���&�#�
%�ก �	?���P�ก(!���	O�ก
����
ก����	�����P)�N+��ก?�� %, 	�กP�ก	�"(!���	�)�%��o�ก�����ก)� 
Reducing agent23 ��������		"#� �
�
 �( %��o�ก������
 +���(!���	ก)���%6%�	���ก�,�'"	 �#�� �N,�

��(!���%�	&��� q�'�����	(!���	�+% (Combined chlorine) ,�+�� &Y	�" �%�+��(!���	��
�
P
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!,!��&�(!���	�+%%��X��%%�ก�'"	 ก��c �( P'��)����กo� �� i	ก���X��%���(!���	&ก(��� �%?���&�%
(!���	�X��%�'"	��กP	�!�PY, ( �o�ก����� Oxidation �)��ก�,&��N��&����	ก���#�!��
����
ก��      
(!���%�	� �ก!�����	N	6&��P	��กN�,� ���%�R(!���	&ก(���P'�!,!� ��%6%�	���!


����
ก��(!���%�	P
!,!�P	� !?�	������
Y,���PY, � PY,	�"����ก+�� Breakpoint �
,�O'��o�ก�����
�
 +���(!���	ก)�
���		"#�O'����
Y,�!�+ P�ก	�"N�(!���	&ก(���P
�����	���(!���	��
�
�'�����>��
��?"�6�( (!���	&ก(���P
����ก)�(!���	����&�%�%?��O'��!
�!�PY, � N��!�+ (%)�	
�	 &)R�Y!�+�%�, 
2526 ; NX��! +��ก�P, 2539) 

 

 
 

������ 2.6 ก��ก�
P�� HOCl �!
 OCl- �		"#����X����&���q (%)�	
�	, 2526) 
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������ 2.7 (+�%
)%X)	$��
 +���X���� �!
 
����
ก��(!���	�	�,&���q (%)�	
�	, 2526) 

 
 

������ 2.8 ก��������������#�	�P�	ก��>����?"�6�(�
 +���(!���	�+%�!
(!���	��
�
  
(%)�	
�	, 2526) 
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������ 2.9 (+�%
#�()*���X�����!
�+!�
)%j)
�	ก��>����?"�6�(���(!���	���&���q 

 (%)�	
�	, 2526) 

 

 
 

������ 2.10 ก��c���ก���ก�, Breakpoint chlorination (�ก�����)ก,��, 2536) 
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2.2.3 
���ก*�������(��������U�����กก��V ��'U��#�*,���*����� 

Marhaba �!
 Washington (1998) �
,�
%ก�� ก���#��o�ก������
 +���

����	�����ก)�(!���	��
�
 (
%ก����� 2-21) 6,��o�ก�����,)�ก!��+ก��� ��ก�,
��&ก(���P�ก DBPs 
N,��ก� ���	 THMs, HAAs, haloacetonitriles (HANs) �!
�?�	q �&�ก!Y�%���X�%�ก���
Y,(?�
���	ก!Y�%
N&�m�6!%���	 ,�+�� &Y	�"��	+�P)�����ก���+����ก)�
��&ก(���P�กก��>����?"�6�(N,�%Y���'กW�ก���ก�, 
(+�%���	X�W ก��!,ก���ก�, �!
ก��ก#�P),
��ก!Y�%N&�m�6!%���	 

 
organic matter + free chlorine              THMs + HAAs + HANs + cyanogen-halides    
          + other DBPs                             (2-21)         
 

P�กก���'กW���� Rook, (1977) X�+�� ก��>����?"�6�(,�+�(!���	
�%��O
ก��� ��ก�,
��&ก(���P�ก DBPs �)	�ก�,P�กก���#��o�ก������
 +���
����	�����ก)�(!���	��
�
 ���	 
THMs �'����
ก��,�+�(!�6�c���% (Chloroform) N,6��6%(!�6�%���	  (Dibromochlorothane) 
6��6%N,-(!�6�%���	 (Bromodichloromethane) �!
6��6%c���% (Bromoform)    

 
 

2.3 !��"�#�$���� 

 
2.3.1 ��กWX�����*$����
��!��"�#�$���� 

THMs ���	
����
ก�����ก6	m�6!�P	 (Organohalogen) �'��%��?������ก���	

�+	 	'�����%���	 6,�
�&�6(��
�����)�+N���� THMs (?� CHX 3  �%?�� X (?�  �
&�%���m�6!
�P	 P�ก
�&�6(��
����P
%�Nm6,��P	���� 1 �
&�% �!
���� !?���ก 3 �
&�%P
���	�
&�%���
m�6!�P	���	  c!�����	, (!���	, 6��N%,�, N�6�,�	  �?���PP
j
%ก)	 THMs P
�ก�,�'"	�
 +���
ก�
�+	ก���&�%(!���	!��		"#����%�
����	�����  
����
ก�� THMs ��
ก��N�,�+� Chloroform 
(CHCl 3 ), Bromodichloromethane (CHBrCl 2 ), Dibromochloromethane (CHBr 2 Cl), Bromoform 
(CHBr 3 ) 
#� �)����%�!X?"	��	����(%��!
ก��Q�X���
����
ก��N&�m�6!%���	�
,��	
&������� 2.3     
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&������� 2.3 ���%�!X?"	��	����(%��!
ก��Q�X���
����
ก��N&�m�6!%���	 
 

 Chloroform Bromodichloromethane DIbromochloromethane Bromoform 

'U������*$� Trichloromethane Diclorobromomethane Chlorodibromomethane Tribromomethane 
$��#$��ก[� 119.36 163.83 208.28 252.73 

� N%�%�
� N%�%�
� N%�%�
� � !?�����	P	O'�N%�%�
� 

\��� ���� !+ ���� !+ ���� !+ ���� !+ 
�[,]��$�]�� -63 ºC -51.7 ºC -20 ºC 8 ºC 
�[,�,U�, 61.3 ºC 90 ºC 120 ºC 149.1 ºC 
*��$]��
� ���� 20 ºC 1.485 g/cm3 1.980 g/cm3 2.451 g/cm3 2.899 g/cm3 
ก���� Pleasant, ethereal, nonirritating N%�%����%�! N%�%����%�! Sweet, (!���ก)� 

chloroform 
*��$
�$��\�������(���� 

25 ºC 

7.22×103 mg/L 4.5×103 mg/L 2.7×103 mg/L 3.10 ×103 mg/L 

����(������
���������% j
%N,��	 alcohol, benzene, ether, petroleum ether, 
carbon Trtrachloride, carbon disulfide, oils 

!
!��N,� 
�%��O!
!��N,��	 ethanol, ether 
�!
 acetone 

Benzene, petroleum 
ether, acetone 

*���,��!���� 20 ºC 160 mm Hg 50 mm Hg 76 mm Hg 5 mm Hg 

���%� : Toxicological Profile Information, 2004, http://atsdr.cdc.gov/toxprofiles/
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2.3.2 *��$��T�`�W���!��"�#�$���� 

�%?��X�P��R�(+�%���	X�W���
����
ก���&�!
�	�,X�+��  ���%�R Chloroform 
���N,��)��!�+�#�� � 	��,!��&�� (LD50) %�(�������	��+� 36 O'� 1,366 mg/kg ���	"#� 	)ก&)+  
International Agency for Research on Cancer (IARC) N,�P), Chloroform � ������	ก!Y�% 2B �'�����	
ก!Y�%����#�� ��ก�,%
��i��	
)&+��,!���&�N%�%� !)ก��	�	��),�	ก���#�� ��ก�,%
��i��	%	YW�� �	
ก�R���� Bromodichloromethane ���%�R Bromodichloromethane ���N,��)��!�+�#�� � 	��,!��
&�� (LD50) %�(�������	��+� 450 O'� 900 mg/kg ���	"#� 	)ก&)+  IARC N,�P), 
Bromodichloromethane � ������	ก!Y�% 2B   ���%�R Dibromochloromethane ���N,��)��!�+�#�� � 	�
�,!��&�� (LD50) %�(�������	��+� 800 O'� 1,200 mg/kg ���	"#� 	)ก&)+ IARC N,�P), Chloroform 
� ������	ก!Y�% 3 �'�����	ก!Y�%�'��%� !)ก��	N%��	��),+���#�� ��ก�,%
��i��	
)&+��,!���&�N%�%�
 !)ก��	�	��),�	ก���#�� ��ก�,%
��i��	%	YW�� (IPCS, 1994)  �	ก�R���� Bromoform ���%�R 
Bromoform ���N,��)��!�+�#�� � 	��,!��&�� (LD50) %�(�������	��+� 1,400 O'� 1,550 mg/kg ���
	"#� 	)ก&)+  IARC N,�P), Bromoform� ������	ก!Y�% 3   (IARC, 1991) 


��N&�m�6!%���	 %�X�W&����!!��	&)��!
N&��� 	��,!�� �%?��N,��)��	
���%�R����ก)� 0.5 mmol/kg ���	"#� 	)ก&)+ P�ก	)"	�)�%�j!�!iก	���&���
��
?�X)	$� �!
�
��
X)�	�ก�� �&�%�j!&��ก���(!?��	������
�����%�%?��N,��)�	"#����%�
�� Bromodichloromethane ���	
���%�R 39 mg/kg ���	"#� 	)ก&)+&��+)	 Bromodichloromethane ก��� ��ก�,6�(%
��i��	&)��!
N&
�%?��N,��)��	���%�R���
��&!�,��+���+�& ���	�,��+ก)	ก)� chloroform �%?��O�ก�&�%!�N��		"#�%)	
���+6X, Bromodichloromethane �!
 Bromoform 
�%��Oก��� ��ก�,�	?"���ก�	
�+	!#�N
�� *�
��� 	��,!�� (International  Program on chemical safety , IPCS, 2000)    

P�ก(+�%���	X�W���
��N&�m�6!%���	 P'�N,�%�ก��ก#� 	,(�� maximum 
contaminant level (MCL) ��� THMs �'"	����
,)��&ก&���ก)	�	�&�!
��
��� ,)�&������� 2.4 

 
2.3.3 ก�!กก���ก�,`�W���!��"�#�$���� 

�	
)&+��!�"��!�ก,�+�	% THMs P
O�ก,�,�'%  
)	,��  �!
O�กก#�P),��ก�����
�+,��i+Q�� !)�P�กN,��)�����
���
������,�	�� ���!
�
������,�	 ���P  �%?������ก��,�,�'%P




% THMs �	N�%)	 &)��!
N& 6,�(�'����+�& (half-life) ��� THMs %�(������ก)� 0.5 O'� 3�)�+6%�  
�!
P
O�กก#�P),��กj��	ก��
)	,��ก!�����	(�����	N,��กN�,�  
����
ก�� THMs ���%�

�+	��
ก����� bromine P
O�ก
)	,��N,���i+ก+�� Chloroform 
����
ก�� THMs P
���	 !)ก 
j��	 cytochrome P450 �'��P
	#�N�
��ก���ก�,���	 Dihalocarbonyls �%?���
�iP
�"	ก�
�+	ก��
)	,��
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P
�ก�,���	
���	Y%�!��
�
 (free radical) �'�����	X�W&����!!��!

������#�� ��ก�,ก����!���	��!�
!)กWR
�����	
� (genes) (IPCS, 2000) 

 
&������� 2.4 maximum contaminant level (MCL) ����&�!
��
��� 

 
countries MCL (µg/L) ������� 

US 40 USEPA, 2007 
Austria 250 Iriarte-Velasco et al., 2007 
Canada 100 Canadian Drinking Water, 

1999 
Germany 50 Iriarte-Velasco et al., 2007 

EU countries 100 EU, 1998 
Spain 150 REAL DECRETO, 2003 
Italy 30 Italy, 2001 

Turkish 100 TWCR, 2005 
 
 

2.3.4 *��$��T�`�W���
�����ก��!��"�#�$����
� ��'��, 

 
Chloroform 

Chloroform or Trichloromethane (CHCl3) %�	"#� 	)ก6%�!กY!����ก)� 119.378 �!

%�
�&�6(��
���� 

 
 

(YR
%�)&� (?� N%�%�
�  )ก� �
�N,�
�� �ก&����	���� !+ 	)ก �
� ����	N�N,����� 
%�ก!��	��X�
&)+
�%��Oj
%����ก)�
��&��� q � !��	�"N,� N,��ก� Alcohol, Ether, Benzene, Carbon 
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disulfide, Carbon tetrachloride �&�!
!��N,�	���ก+��	"#�, (+�%O�+�P#��X�
 1.485 (20 °C), PY,�,?�, 
61-62 °C, PY,��?�ก��i� ~ 63.5 °C, wt/gal 12.96 lb (25 °C), refractive index 1.442 %��ก�,P�ก
�o�ก�����&��� q ,)�	�" 

 

CH4 + Cl  CH3Cl + HCl    (2-22) 
CH3Cl + Cl2  CH2Cl2 + HCl    (2-23) 
CH2Cl2 + Cl2  CHCl3 + HCl    (2-24) 
CHCl3 + Cl2  CCl4 + HCl    (2-25) 

 

�!
���	j!P�กก���#� Chlorination �		"#����%�
�� Methane  �?� Hydrocarbon ����
,�+�,)�
%ก�� 

 
                 4CH4 + 10 Cl2  CH3Cl + CH2Cl2 + CHCl3 + CCl4 + 10HCl   (2-26) 

 
Chloroform O�ก,�,�'%N,�,�j��	�
������,�	�� ��  ����,�	 ���P�!
���

j�+ 	)�  �%?��N,��)�
������
������,�	 ���P  P
,�,�'%
��N,��	���%�R 60 O'� 80 �������i	&�  
�!

�%��O�'%j��	j�+ 	)�N,��	�R
���	"#� Chloroform P
O�กก�
P��N��)�+����ก���!
O�กก#�P),
��ก�	������(�����	N,��กN�,� �	�R
��� ���P��ก  Chloroform 
�+	���� !?�P



%�	
N�%)	N,�	�	ก+���	?"���?���	�,�?�	 q �+)�+

�+	���


%  Chloroform N,�%�ก���&)��!
N& 
  ���%�R  Chloroform ����%?��N,��)��!�+�#�� � 	��,!��&�� (LD50) %�(�������	��+�
36 O'� 13 mg/kg ���	"#� 	)ก&)+  ��ก������ก�,P�กก��N,��)� Chloroform �	%	YW��(?� %,
&� ��P
O'��&���+�&P�ก��ก��!�%� !+����
������,�	 ���P�!
 )+�P�&�	j�,P)� +
  ��P%���ก���	?"���?��
���N&&��&!�,P	N&N%�
�%��O�#���	N,�  International Agency for Research on Cancer 
(IARC)N,�P), Chloroform � ������	ก!Y�% 2B �'�����	ก!Y�%����#�� ��ก�,%
��i��	
)&+��,!���&��)�N%�%�
 !)ก��	�	��),O'�ก���#�� ��ก�,%
��i��	%	YW�� (IPCS,1994) 

 
Bromodichloromethane 

Bromodichloromethane  �?� Dichlorobromomethane (CHCl2Br) %�	#"� 	)ก
6%�!กY!����ก)� 163.83, PY,�,?�, 90.1 °C �!
%�
�&�6(��
���� 
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Bromodichloromethane  %�X�W&��&)��!
N&��� 	��,!�� !)�P�กN,��)�Q���	 
24 �)�+6%�  �!
X�W	)"	P
%�j!�	ก���#�!��&)�N,�	�	ก+�� Chloroform   
  ���%�R  Bromodichloromethane  ����%?��N,��)��!�+�#�� � 	��,!��&�� (LD50) %�
(�������	��+� 450  O'� 900 mg/kg ���	"#� 	)ก&)+  ��ก������ก�,�'"	�	 	��,!�� !)�P�กก��N,��)� 
Bromodichloromethane (?�N%�
�%��O(+�(Y%ก�����&)+N,� ��+��'%  ���P���!�  %,
&� &)��!

N&O�ก�#�!��  IARC N,�P),  Bromodichloromethane  � ������	ก!Y�%����#�� ��ก�,%
��i��	
)&+��,!��
�&��)�N%�%� !)ก��	�	��),O'�ก���#�� ��ก�,%
��i��	%	YW�� (IARC,1991) 

 

Dibromochloromethane 
Dibromochloromethane  �?� Dibromochlomethane (CHClBr2) %�	"#� 	)ก

6%�!กY!����ก)� 208.28 �!
%�
�&�6(��
���� (YR
%�)&� (?� ���	���� !+ 	)ก N%�%�
��
 (+�%
O�+�P#��X�
 2.38 PY,�,?�, 116 - 120 °C 

 

 
 

Dibromochloromethane %� X� W&� �&) � �! 
 N &� �� 	� � ,! ��  � �� % � R
Dibromochloromethane ����%?��N,��)��!�+�#�� � 	��,!��&�� (LD50) %�(�������	��+� 800 O'� 1200 
mg/kg ���	"#� 	)ก&)+ �%?��N,��)� Dibromochloromethane �	���%�R   500 mg/kg ���	"#� 	)ก&)+ 
P
�#�� �N%�
�%��O(+�(Y%ก�����&)+ ��+��'%�!
 %,
&� IARC N,�P), Dibromochloromethane
� ������	ก!Y�% 3 �'��%� !)ก��	N%��	��),+���#�� ��ก�,%
��i��	
)&+��,!���!
N%�%� !)ก��	����
,�
O'�ก���ก�,%
��i��	%	YW�� (IARC, 1991) 
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Bromoform 

Bromoform  �?� Tribromomethane  �?� Methyl tribromide (CHBr3) %�	"#� 	)ก
6%�!กY!����ก)� 237.9, PY,�,?�, 149 ~ 150 °C �!
%�
�&�6(��
���� 

 
 

(YR
%�)&� (?� ���	���� !+ 	)ก N%�%�
� ก!��	�!
�
 (!��� Chloroform !
!��N,�
�	 Alcohol, Ether, Chloroform, Benzene, Naptha �!
!
!��	"#�N,��!iก	��� �		"#�$��%��&�%)กP

%�$�&Y Br, I ����,�+� ,)�	)"	�+!���� Cl2 �����#��o�ก�����P
�ก�,�o�ก��������	 CHCl2, CHClBr2, CHBr3, 
�!
 CHI3 
  Bromoform %�X�W&��&)�	������
Y, �%?�������������ก)�
����
ก�� THMs ���%� 
bromine ���	
�+	��
ก�� ���%�R Bromoform ����%?��N,��)��!�+�#�� � 	��,!��&�� (LD50) %�(��
�����	��+� 1400 O'� 1550 mg/kg ���	"#� 	)ก&)+      

Bromoform �#�� ��ก�,�	?"���?���	!#�N
�� *� IARC N,�P), Bromoform � ������	
ก!Y�% 3 �'��%� !)ก��	N%��	��),+���#�� ��ก�,%
��i��	
)&+��,!���!
N%�%� !)ก��	����
,�O'�ก���ก�,
%
��i��	%	YW�� (IARC, 1991) 

 
2.3.5 �a�ก�����"�#�b��%$ 

Haloform reaction  %��O'� �o�ก������, q �		"#�����ก�,P�ก
����
ก����	������#�
�o�ก�����ก)� Hypochlorous acid P	�ก�,
�� THMs  �?� ก���#��o�ก������
 +��� Hypochlorous 
acid ก)�
����
ก�����%�
�+	��
ก����� Acetyl groups  �?��	YX)	$� �o�ก�����	�"����%&�	P�ก

����
ก�� �?�ก!Y�%���
����
ก�����%�
�&��)�+N�(?� CH3CHOH~R  �?� CH3COR �'���+%O'� 
Ethanol, Acetaldehyde, Methal ketone �!
 Secondary alcohols �'��
�� Olefin ���%�
�&�6(��
����
�)�+N����	CH3~CH=CR1~R2 P
O�ก���ก��N,��6,� Hypochlorous acid (HOCl) N����	 First  �?� 
Secondary alcohols �!
N����	 Methyl ketones กi�+%�����	�o�ก�����	�",�+� 
�+	���O�ก�#��o�ก�����
6,�(!���	 (?� Methyl group �������&�,ก)��
&�%���(�����	���%�X)	$
��� Oxygen &�,����,�+� 
Hydrogen �
&�% 1 &)+ ��� Methyl group �!
O�ก��	���,�+�(!���	 1 �
&�% P�ก  
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Hypochlorous acid  (HOCl) �&�!
&)+P	ก�
�)��O�ก��	��� %,�	�)"	&�	
Y,���� Trihalogenated 
carbon �	 Methyl group P
O�ก Hydrolysis P	N,�
����
ก�� THMs �ก�,�'"	 ,)������� 2.11 
 
 

 
 

������ 2.11 �
�	�������o�ก�����m�6!c���% (Trussell �!
 Umphres, 1978) 
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Humic acid �!
 Fulvic acid ���	
��&)"�&�	���(!�6�c���%�	ก���#�(!�
���	�)�	 �'�����	
���	ก!Y�% THMs 6,� Humic acid P
�#�� ��ก�,(!�6�c���%�	���%�R���
��ก+�� 
Fulvic acid �%?��(+�%���%��	����)"�
������ก)	 (Babcock and Singer, 1979) ,)�&������� 2.5 ก!Y�%
�	
Y,��������� 2.1  �?� Methyldroxy aromatic ring  �?� (m-dihydroxy) �
,�6%�,!���

����
ก�� Humic (?� ก!Y�%���%)กP
�#��o�ก�����ก)�(!���	 �!
N,� THMs �ก�,�'"	 (Rook, 1977) 

 
&������� 2.5 ก���#��o�ก�����ก)�
��m�+%�(6,�(!���	  

 

Humic compound 
M. Cl2 Consumed 
M TOC Present 

mM CHCl3 
M TOC 

mM CHCl3 
M. Cl2 Consumed 

Humic acid 1.4 13.0 9.2 
Fulvic acid 0.8 6.0 7.5 

���%� : (Babcock and Singer, 1979) 

 
2.3.6 �d�������$�e�� �ก���ก�,!��"�#�$����  

 
���� 

�+!�
)%j)
%�j!&����

��$�Q�X���(!���	6,��%?���
�
�+!�
)%j)
%�ก�'"	
��

��$�Q�X���(!���	P
�X��%�'"	 (Department of Environment and labor, 2000) �)&��ก���#�
�o�ก������
 +���	"#�&)+�����ก)�(!���	 �%?��%�ก���&�%(!���	 7 mg/L �!
 10 mg/L 
#� �)�ก���ก�, 
THM �)"� %,��� 100 µg/L P
����+!� 11 �)�+6%� �!
 6 �)�+6%� &�%!#�,)� (Samorn Muttamara, 
1995) 

�o�ก��������ก���ก�, THMs ���%�ก 
�+	� *�P
����+!�%�กก+�� 24 �)�+6%�
�o�ก�����P'�P

%���R� �)&���	ก���ก�,N%��	�	�	�'"	ก)� (+�%�&ก&������
�+	��
ก��&��� q �	
	"#�,�����������	 O��%����%�R Bromide �		"#�
�� �o�ก�����P
��i+�!
�ก�, THMs �	���%�R%�ก ���	
&�	 ,)������� 2.12 
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������ 2.12 �)&��ก���ก�, THMs �	���%�R����&ก&���ก)	���ก����
�� Concord �!
 ก����
�� 
Kennewick �	
 �)���%��ก� (Trusell and Umphres, 1978) 

 
�[X]fg$� 

��

��$�Q�X���(!���	P
�X��%�'"	�%?���YR Q�%����	"#��X��%�'"	 (Department of 
Environment and labor, 2000) A.A Stevens et al., (1976) �$����ก���ก�, chloroform ����YR Q�%�
&��� q (?� 3, 25   �!
 40 ������!����
 �	ก�R�����YR Q�%�
�����	 40 ������!����
 �!
�
�
�+!�

)%j)
	�	 (+�%���%��	��� chloroform P
�ก�,�'"	��
%�R 150 µg/L O'� 225 µg/L 

N,�%�ก���,!������
��ก����
�� Cincinnati �ก���+ก)�ก���ก�,(!�6�c���%�	
 ����,!�� 6,�ก�����	"#�P�ก�%�	"#� Ohio %��&�%(!���	�!
%�ก���X��%�YR Q�%��	�
,)�&��� q 
X�+���YR Q�%�%�(+�%
)%X)	$�ก)�ก���ก�, Chloroform �!

)%X)	$�ก)��,�ก�! ,)�	)"	�	ก��(+�(Y%
P
&���X�P��R����	X���W�	�,����	 �'���YR Q�%�P

���'"	�	�
 +���ก��j!�& �!
�	�
���PกP���
	"#���
��,)������� 2.13 
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������ 2.13 j!����YR Q�%����%�&��ก���ก�,(!�6�c���% 
(Trusell and Umphres, 1978) 

 
���$�X*��$���$������ Bromide 
�� Iodide 

����	��� Bromide �!
 Iodide P
O�ก��ก��N,��6,�(!���	�		"#��	!)กWR

��	����	
����	����� P	���	j!� ��ก�, THMs �)"��	������ Halogen ��� q �!
 mixed halogen �&�

#� �)�
��c!���N�,� N%����กoก���#� �o�ก����� Oxidation ก)�(!���	�		"#��X?��� ��ก�,
��
c!���N�,��	������+���N+ �&���
ก���, (Bunn et al., 1975) 

 

f�`*��$��T�ก�,-, ������(�� 

%�ก���'กW�+�P)�P#�	+	%�ก����
,�� �� i	+��O���X��%(�� pH ���	"#�� �
���'"	 P
�#� 
� ��)&��ก���ก�, THMs �	�
��ก��j!�&	"#���
��
���'"	,�+�,)�&������� 2.6 �
,����%�R
(!�6�c���%����ก�,P�ก
����	�����&)+�,��+ก)	����
,)� pH &���ก)	 �!
 ������ 2.14 ���	&)+��������
ก���,!��� ��ก�, THMs 6,��!���� ��o�ก��������	N������&���	?��� �!
%�(��(+�%���	ก�,-,���
&���ก)	 �'��X�+���%?���
�
�+!�j��	N�	�	 q ก���ก�, THMs ���	N��	!)กWR
�,��+ก)	 ก���X��%�'"	
����)&��ก���ก�, THMs 6,�ก���X��% pH ���	"#����	
������(�,ก��N,��X��
�o�ก����� Halogen ���	
�o�ก�������
�Q� Base catalyzed �����N�กi&�%O��	#� ���6(��
������� Humic acid ����)����	%�
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�ก���+����,�+� กiP
�$����N,���ก �X��
 Simple methyl ketones �'�����	���������ก���$���� 
Haloform reaction 	)"	 N,��#� �o�ก�����P	�ก�,���	 THMs N,����%�ก 

Natural Environmental Board, (1984) N,��
	�O'�j!��� pH &��ก���ก�, 
chloroformQ���&�
Q�+
����YR Q�%� TOC �!
 ���%�R(!���	(���� (+�%���%��	��� chloroform 
P
!,!��%?��(�� pH !,!� Stevens et al., (1976) �$����O'�j!��� pH &��ก���ก�, THMs �%?��%�  
Humic acid 1 mg/L �!
���%�R(!���	 10 mg/L����YR Q�%� 25 ������!����
  6,�+),(+�%���%��	
��� THMs ���
Q�X pH &��� q ก)	(?� 3.4, 5.2, 6.2 �!
 9.2 &�%!#�,)� 

 

 

 
������ 2.14 j!���X�������	"#�&��ก���ก�,(!�6�c���%�		"#�Q�� !)�ก��&ก&
ก�	����YR Q�%� 

250 C (770F) �!
���(!���	(+�%���%��	 10 mg/L (Natural Environmental Board, 1984) 
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&������� 2.6 ���%�R(!�6�c���%����ก�,P�ก
����	�����&)+�,��+ก)	 ����
,)�X����&���ก)	  
(Oliver, B.G. And Lawrence, J., 1979) 

Organic Chloroform Concentration (µg/L) 
pH 7 pH 11 

Fulvic acid 28 39 
Humic acid 29 42 
Tannic acid 11 61 

Lignosulphonic acid 3 9 
Aspatic acid 2 85 

Phenol 24 31 
*Reaction condition ; organic 2 mg/L ; chlorine 10 mg/L ; time 24 hr.; temp. 20 0C 
 

*[X��กWX��h`��
��*��$���$������
������$��� 

ก���X��%(+�%���%��	���
������%&�	 (Precursor) �	
Q�+
�ก&�6,�%����%�R
(!���	%�ก�ก�	X������!�+ X�+��%�ก���X��%�'"	��� THMs ���	
),
�+	6,�&��ก)����%�R��� 
Humic acid ,)������� 2.15 �!
������ 2.16 �'���	� !��	#"�&�%$��%��&� Humic acid ���%�(+�%���%��	
��� NPOC (Non-purgable organic carbon) ���� q ก)	 P
� �j!��� THMs � %?�	 q ก)	 �����N�กi
&�% �%?��� !��	#"�,��������&���ก)	 %)กP
X�+��(+�%���%��	��� Organic carbon �!
 THMs ����ก�,�'"	 
P
%�(+�%
)%X)	$�ก)	�X��� ��� q ����	)"	  

�)&��ก���ก�,��� THMs P
%�(+�%�&ก&���ก)	������ i	N,��),�P	 �'"	����ก)�
��
����%&�	P�กก���'กW���� (Rook, 1977) �
,�� �� i	O'�
������%&�	������	 Fulvic acid P
� �������
ก���ก�, THMs ���(!��� q ก)� m-dihydroxyphenyl moieties ���	 Resorcinol ���	&�	 j!����o�ก�����
P

%���R����
Y, �%?��(+�%���	ก�,-,������	#"����	ก!�������	��� 2 �)�+6%� �����N�กi&�%�o�ก�����
,)�ก!��+%)ก�ก�,�'"	�������� q ����+!� 3- 4 +)	�'"	N� ,)������� 2.17 

Natural Environmental Board, (1984)   �$����O'�(+�%
)%X)	$��
 +���(�� TOC 
�		"#�,��ก)�(+�%���%��	��� THM �)"� %, (TTHM) Q�� !)�ก���&�%(!���	   Q���&�
Q�+
���
���%�R(!���	 10 mg/L����YR Q�%� 20 ������!����
  �!
 �+!�
)%j)
 24 �)�+6%� P�กj!ก��
�,!���
,�� �� i	+��  (+�%���%��	��� THM �)"� %,�X��%�'"	  �%?�� TOC �X��%�'"	 6,�(��(+�%
���%��	��� THM �)"� %, �����	��+��
 +��� 1-250 µg/L �%?��(�� TOC �����	��+��
 +��� 1-11 
mg/L 
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������ 2.15 (+�%���%��	���ก�,m�+%�(�		#"�&��ก���ก�,N&�m�6!%���	�%?�����(!���	(+�%���%��	 10 
mg/L ���X�������	#"�����ก)� 6.7 ����YR Q�%� 25°C (77°F) 

(Natural Environmental Board, 1984) 
 

 
 

������ 2.16 ��������������%�R(+�%���%��	���(!�6�c���%����ก�,P�กก���#��o�ก������
 +��� 
(!���	(+�%���%��	 10 mg/L ก)�ก�,m�+%�(�		"#�,���'��+),�	������ NPOC 
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(Natural Environmental Board, 1984) 

 
 

������ 2.17 �+!��	ก���ก�,�o�ก������
 +���
��������	�����������
������%&�	���N&�m�6!%���	
ก)�(!���	�		"#� (Rook, 1977) 

 
���$�X
��*����� 

��

��$�Q�X���(!���	P
�X��%�'"	�%?��%����%�R(!���	�X��%�'"	 (Department of 
Environment and labor, 2000)  ,)�P
� i	N,�P�ก(+�%
)%X)	$��
 +����
,)�ก���ก�, Chloroform 
�	�
���PกP���	"#�ก)��)&��ก���&�%(!���	  6,��
,)���� Chloroform P
�X��%�'"	P�ก 20 µg/L 
���	 220 µg/L Q�� !)�P�กก���&�%(!���	�X��%�'"	P�ก 4 mg/L ���	  30 mg/L �!
������%�R(!���	 
22 mg/L P
�ก�, Chloroform �	�
,)�
�����
Y, P�กก���'กW���� Natural Environment board., 
(1984) �!
 R. Rhodes Trussell., (1978)  �����	O'�j!������%�R(!���	����#�� ��ก�, THMs �'��
�'"	����ก)�(+�%���%��	���(!���	����&ก&���ก)	�%?�����%�R(!���	 1 mg/L �!
 80 mg/L O�ก�&�%!�
�		"#�
)��(��
 ��'��%�(�� TOC ��
%�R 0.2 mg/L X�+��(!���	���(+�%���%��	&�#�P
�ก�, THMs N,�
	���  �&��%?��(+�%���%��	���(!���	�X��%�'"	���	 20 mg/L X�+�� THMs P
%����%�R�X��%�'"	�����
�+,��i+�!
%� chlorine residual �ก�,�'"	 
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�%?��
��&)"�&�	�����	
Q�+
(���� �)&��ก���ก�, THMs %�ก �?�	���P
�'"	����ก)�ก��
�X��%(+�%���%��	������%�R(!���	��
�
�		"#�	)"	 ������ 2.18 �!
 ������ 2.19 (Kajino and Yagi, 
1980) N,��
,�� �� i	+�� �%?���&�%(!���	P	�X���X�ก)�(+�%&���ก��(!���	���	"#��!�+ O���X��%
���%�R Chlorine residual !�N���ก กiP
%�j!&��ก���ก�, THMs �X����!iก	�������	)"	
�+	�	ก��
�,!��ก)�
������%&�	���N,�P�ก	#"�,�� !��� !��กi� �j!���	�,��+ก)	 �&�P
N%�X�ก���ก�,THMs P�ก
ก����� Combined chlorine (Chloramine) �!� �!
��P
�Y�N,�+��(+�%���%��	���
������%&�	P
%�
(+�%
#�()*&��ก���ก�, THMs %�กก+�����%�R�!
�	�,���(!���	�������!
�%?���#�ก�������������
�
 +���ก����� Free chlorine residual ก)� Combined chlorine residual X�+�� �)&��ก���ก�, THMs 
%�j!%�P�ก free chlorine residual �X���������,��+ 
 

 
 

������ 2.18 ก����!���	��!�������%�R(!���	&ก(���N%�%�j!&���)&��ก���ก�, 
N&�m�6!%���	�		"#����X��������ก)� 7 �!
�YR Q�%� 25 °C (77°F) 

(Kajino and Yagi, 1980) 
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������ 2.19 ������������)&��ก���ก�,(!�6�c���%ก)����%�R(!���	&ก(����������'��N%�
)%X)	$�ก)	 
(Kajino and Yagi, 1980) 

 
*��$�[ � 

(+�%�Y�	P
�),�+��ก�������#��o�ก������
 +���(!���	ก)�
����	�������������		"#�

�'����

��$�Q�X���(!���	P
�X��%�'"	�%?��	"#�%�(+�%�Y�	!,!� (Department of Environment and 

labor, 2000) 
 

2.3.7 Trihalomethane formation potential (THMFP) 

THMFP ���	j!&����
 +���(+�%���%��	���(�� total trihalomethanes  R. �+!�
�,q (TTHMT)  ก)�(�� TTHM0 R. �+!�����กi�&)+����� (������  2.20  �!
 2.21) �%?��(�� TTHMT ���	
(+�%���%��	���
����
ก���)"� 4 �	�,���
��N&�m�6!%���	 6,��ก&�P
�����	�	������ 
TTHM7 �'�����	(�� TTHM  !)�P�ก�กi�	"#�&)+�����N+����	�
�
�+!� 7 +)	  �!
(�� TTHM0 ���	���	
(+�%���%��	��� THM R. �+!��กi�&)+�����	"#� O��	"#�&)+�����N%�%�ก���&�%(!���	�	�R
����กi� 
TTHM0 P
%�(�������ก!���	�� (�� THMFP P
���	(�� TTHM7 �!
O��	"#�&)+�����%�ก���&�%(!���	�	
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�R
����#�ก���กi�P
�#�� ��ก�, THMs 
�+	 	'�� �!
 ∆THMFP P
���	(������&ก&���ก)	�
 +���
(+�%���%��	��� TTHM 

 
 THM concentration 

 
 

������ 2.20 �$����ก���ก�, THMs ���	"#�&)+������%?���R
�กi�	"#�&)+�����N%�%� free chlorine 
(Musikavong, 2007) 

 
 

TTHM7 
∆∆∆∆THMFP 

TTHM0 

THM concentration 

 
 

������ 2.21 �$����ก���ก�, THMs ���	"#�&)+������%?���R
�กi�	"#�&)+�����%� free chlorine 
(Musikavong, 2007) 

THMFP = TTHM7 
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2.4 ก��ก(���,
���������%&��$'��� 

 
2.4.1 
���������%&��$'�����ก�����ก��e�����(������ 


����	�����!
!��	"#��	�
��ก��j!�&	"#���
��%�P�ก	"#�,�����	#�%�����	ก��
j!�&	"#���
��6,�
�+	� *��!�+(?� 
����	�����$��%��&�(Natural Organic Matter, NOM) NOM 
���%��	� !��	"#�$��%��&�6,��)�+N�P
�ก�,P�กก���P��*�&��6&  �?�ก���	�����������X?��!

ก�
�+	ก��
!��&)+���PY!��X&���q6,�� !�����%����
����	�����$��%��&��	� !��	"#�%�j!&��

�+	��
ก�����
����	�����$��%��&����X� 

NOM �		"#�X������	�������	YQ�((�!!��,� �?��	���
��!
!��6,��)�+N�
�	YQ�(
����	�����P
O�กก#�P),N,�����6,�ก�
�+	ก���������	ก��j!�&	"#���
���	�pPPY�)	 
� %?�	ก)��	YQ�(�)�+N�����#�� ��ก�,(+�%�Y�	�		"#� NOM !
!��	"#�(?� 6%�!กY!���
����	��������

�%��Oj��	�%%���	����	�, 0.45 N%6(�%&��'��N%�
�%��Oก#�P),6,�+�$�ก���,��+ก)	ก)�

����	�����6,�ก�
�+	ก��j!�&	"#���
��N,������%���

��$�Q�X 
�+	 NOM ������	(�!!��,�P

�&ก&���P�ก6%�!กY!��� NOM !
!��	"#�&�����
�%��Oก#�P),��ก6,����ก�
�+	ก��6(��ก��!�)	
����#�� ���
PY���	ก!�� (Charge Neutralization) (Crozes et al., 1995)  

NOM 
�%��O������กN,����	 2 
�+	 (?�
�+	������	m�+%�(�!

�+	���N%����m�+%�( 
NOM ������	m�+%�(P
%�
%�)&����	
�� hydrophobic 6,���
ก��,�+� ก�,m�+%�( ก�,cp!+�( �!
m�+
%�	 
�+	 NOM ���N%����
��m�+%�(P
%�
%�)&����	
�� Hydrophilic Acids 6��&�	 ก�,�
%�6	 �!

(���6�Nm�,�& (Owen et al., 1995) �!

�+	���N%����
��m�+%�(P
%���
%�R����!
 35-55 

 
2.4.2 
��]�[�������ก(���,
���������%&��$'�����ก�����ก��e�����(������ 

�p* ����ก��%� NOM �����	� !��	"#��������	ก��j!�&	"#���
�����	�������ก)	
&)"��&�ก��	 (.�. 19706,���	+�P)�P
�	�	�	��?���!)กWR

%�)&���� NOM �		"#�,?�% �!
+�$�ก��
ก#�P), NOM ��กP�ก� !��	"#��������	ก��j!�&	"#���
�� 
�� &Y��� NOM ���	�p* ��!
%�(+�%&���
���ก#�P),��ก �)"�	�"�	?���P�ก NOM �����	� !��	"#� ���	ก���#�� �(+�%&���ก�����%�R
��>����?"�6�(
%�ก�'"	�	ก��j!�&	"# ���
��(+�%
�%��O�	ก��P)�6! 
�!

����	�����N%����	"# �
(Hydrophobic organic Chemicals) �'���#�� ��ก�,ก���	�����	���
��� !��	�"�		"#����j!�&N,� ก��
ก��� ��ก�,ก��ก),ก���	�!
ก���P��*�&��6&�'"	� %������(�������	�
��P���	"#�6,���X�
���������
�%?��%�ก�����
����ก���,	�� ���	(!���	 �?�6�6�	 �	ก�
�+	ก���#��),ก��ก��� ��ก�,ก!��	�!
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�
�		"#��	+6	�%�	ก�����	&)+�),�+��ก��ก#�P),
���	�����	�?�	q�		"#� �!
ก�����	
�����
ก��� ��ก�,
�� Disinfection By-products (DBPs) �'�����	�p* ����
#�()*%�ก�	�pPPY�)	 

ก�
�+	ก����� ����	ก��j!�&	"# ���
���)� +N��	�pPPY�)	 �?���� ��� �ก+� � 
Conventional Process �'����
ก��,�+� ก�
�+	ก��6(��กก��!�)	 c!��((��!�)	 ก��&ก&
ก�	 
�!
ก��>����?"�6�(,�+�(!���		)"	 N%�
�%��Oก#�P), NOM N,��X���X����P
(+�(Y%N%�� ��ก�,�p* �
,)����ก!��+%��!�+����&�	N,� �	���ก!)�ก)	��P�����X��%�p* �� �ก)�	"#���
�����j!�&N,� &)+��������	 
�	�)"	&�	ก��>����?"�6�( 6,�ก���&�%(!���	� �ก)�	"#����j��	ก�
�+	ก���#��),���%���

��$�Q�X
�	ก��ก#�P),
����	�����&�#��#�� �%����%�R NOM ����%�ก  �กก��>����?"�6�((#�	'�O'��X����&�
���%�R(!���	(�� !?��		"#���
�� (Free Residual Chlorine) ��Pก��� ��ก�,
�� DBPs ���	 
��
N&�m�6!%���	 (Trihalomethane, THMs) �	���%�R
���'�����	
�����	
��ก��%
��i����%��)	&���
%�ก 6,����%�R��� NOM �	� !��	"#�%��	+6	�%�X��%
���'"	�Yก�� ���	�X��
+��ก���&��6&����%?��
�!
ก�����	"#��	Q�(ก���กW&�%��	+6	�%%�ก�'"	 ,�+�� &Y	�"P'�%�(+�%P#����	���P
&����'กW�ก��
ก#�P), NOM ��กP�ก	"#��	ก�
�+	ก��j!�&	"#���
�� 

 
2.4.3 ก�����ก��ก(���,
���������%&��$'��� 

 
ก�����ก��#*
�กกg��'��
��b�m�**g��'�� 

�	YQ�(�	�,�!iก �'������ก+���	YQ�((�!!��,� 6,��)�+N�%��	�,����	YQ�(����

�	��+� 10-6 P	O'� 10-3 %%.(������ 2.22 ) �	?���P�ก%��	�,�!iกP'�N%�
�%��O&ก&
ก�	N,�,�+�	"#� 	)ก

���&)+����	�+!�P#�ก), 	�กP�ก	�"�	YQ�((�!!��,��%?�������		"#�P
%���
PY��
P#�&)+ 6,�X+ก���

���	"#�(Hydrophilic) P
%���
PY�+ก ���	 
����	�����,
���  �?�
��P#�X+ก Detergent 
�+	X+ก���

N%����	"#� (Hydrophobic) %)กP
%���
PY���	!� ���	 �	YQ�(���,�	� 	��+ �!
�	?���P�ก�	YQ�(

,)�ก!��+%���
PY�#�� ��	YQ�(���%���
PY�	�,�,��+ก)	�ก�,���j!)กก)	�
 +����	YQ�( �#�� ��	YQ�(

� !��	)"	%��
O���Q�X
�� ,)�	)"	ก���#�� ��	YQ�(&���q�+%&)+ก)	�!
P)�ก)	���	ก��	P
%��)"	&�	 2 

�)"	&�	(?� (%)�	
�	, 2537)  
 

1. �#�!���
O���Q�X (Destabilization) ����	YQ�((�!!!��,� 6,�ก!Nก+�$��,+�$� 	'��,)�	�"  
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������ 2.22 ก��P#��	ก�	�,���
��&���q�		"#� (%)�	
�	, 2537) 

 
 

1.1 ก!Nก!,(+�% 	�����)"	ก�
P�� (Diffuse Layer) 6,�ก���X��%��
PY&��ก)	
���%ก)� (�!!��,��	�)"	ก�
P��� �%�ก�'"	 �'��P
�#�� �(���)ก��Ncc�� (Zeta Potential) ���j�+	�ก
Y,
���	"#�!,&�%N�,�+� (������ 2.23) ก���#�!���
O���Q�X6,�ก��!,(+�% 	�����)"	ก�
P��,�+�
ก���&�%
��!
!������ก!?�&���q%�������	��
	�P,)�	�"  

• ���%�R
��&)+	#�Ncc�� (���%�����	��
PY�+ก) ����&�%�X?���#�!��
�
O���Q�X ���(�!!��,�,�+�+�$�!,(+�% 	�����)"	ก�
P�� N%��'"	����
ก)�(+�%���%��	���(�!!��,�  

• N%�+��P
�&�%����	�+ก%�ก�X����, P
N%�
�%��O�#�� �(�!!��,���!���	
��
PYNcc��P�ก!����	�+ก (Charge Reversal) (������ 2.24)  

1.2 ก!Nก,�,&�,j�+�!
�#�!����
PY����	YQ�((�!!��,� (Adsorption and 
Charge Neutralization) 6,��
�
���(%���� %�����%�(+�%
�%��O� ���
PY&��ก)	���%ก)��	YQ�(
(�!!��,��!
,�,&�,j�+N,� �'��P
%�j!�	ก��!,�)ก��Ncc�����(�!!��,� �'�����	ก���#�!��
�
O���Q�X	)"	���  
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1.3 ก!Nกก��
����j!'ก�'"	%��X?��� ��	YQ�((�!!��,�%��ก�
P)� (Sweep 
Coagulation) ���	 ก���
�
��
�%� ��ก�,j!'ก Al(OH)3 � %?�	+Y�	
���+ �X?��� ��	YQ�(%��ก�
�!�+
�+%ก)	���	c!i�(N,� ก!Nกก�����j!'ก
����	������	ก���#�!���
O���Q�X���(�!!��,�%�!)กWR

����&ก&���P�กก!Nก 2 �����ก(?� ���%�R6(��กก��!	������ %�

% (Optimum Dosage) 
���jกj)	ก)�(+�%���%��	���(�!!��,� ก!��+(?� 	"#����%�(+�%�Y�		���&������6(��กก��!	��
P#�	+	%�กP'�P
�ก�,6(��กก��!�)	N,�,� �	���&��ก)	���%	"#����%�(+�%�Y�	
����P���6(��กก��!	��
	���ก+�� � &Yj!(?�	"#����%�(+�%�Y�	&�#�P
%�6�ก�

)%j)
�
 +����	YQ�(	��� ,)�	)"	�%�+��ก���#�!��
�
O���Q�X���(�!!��,�P
�ก�,�'"	�!�+กi&�% 6(��กก��!�)	��PN%��ก�,N,�,��������(+� ก�����6(��ก
ก��!	�����%�R
��กi�X?��
����j!'กP#�	+	%�กq
#� �)����	
������
)%j)
� �ก)��	YQ�((�!!��,� 
�&��	ก�R����	"#�%�(+�%�Y�	
�� 6�ก�

)%j)
���%%�%�ก P'�N%�P#����	&������)�����
)%j)
P�กQ��	�ก
%�ก����ก)�ก�R���ก  

1.4 ก!Nก
����

X�	��?��%&���	YQ�((�!!��,� 6,����
��6X!��%������%�6%�!กY!
�	�,� *� �%?���
�!��		"#�P
� �����	���	P#�	+	%�ก�X?���ก�
P)�ก)��	YQ�((�!!��,��!
�)�%�
��	��?��%&�,ก)��	YQ�((�!!��,�&)+�?�	q�X?���#�� ��ก�,c!i�(  

 

 
 

������ 2.23 j!���ก���&�%����	��%���
PY&��ก)	���%� �ก)�(�!!��,� (ก) ก��	�&�%����	 (�) 
 !)�P�กก���&�%����	�!�+ (%)�	
�	, 2537) 
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������ 2.24 ก����������������%�R6(��กก��!	�� �������	ก���#�!���
O���Q�X���(�!!!��,�
,�+�ก!Nก���&���q �
,�+�� ก) �'�����	ก��!,(+�% 	�����)"	ก�
P��,�+� Al+3, Ca+2�!
 Na+

&���ก��
���(%�%�ก���
Y, 
�+	��� (�) �'�����	ก�����6X!��%������	&)+��?��%6�� (

X�	) � �
�	YQ�((�!!��,�%��+%&)+ก)	 %�(+�%&���ก��
��6(��กก��!	��	������
Y, 

(%)�	
�	, 2537) 
 

2. �#�� ��	YQ�((�!!��,���� %,�
O���Q�X �!�+�(!?��	���%�
)%j)
�!
�ก�
P)�ก)	���	ก!Y�%
ก��	 �?�c!i�((��!�)�	 (Flocculation) +�$�ก��
����
)%j)
� ��	YQ�(%� !��+�$� (������ 2.25) ,)�	�" 

2.1 �#�� ��	YQ�((�!!��,��(!?��	���N�%��		"#�P	ก+��P
%�ก��
����
)%j)
�ก�,�'"	 
+�$��o��)&�	�"���	���	��%%�ก���
Y, (?� ก+		"#�� ��(!?��	����	!)กWR
���
�+	&���q���	"#�%��)&����i+�	
ก��N !�&ก&���ก)	 ���	� &Y� ��	YQ�(&���q%��)&����i+�	ก���(!?��	���N%�����ก)	P'�%�ก��
)%j)

�ก�,�'"	 ก���(!?��	������	"#�&���N%��+,��i+P	�ก�	N� %��
	)"	�!�+c!i�(����ก�,�'"	��P�&ก �?� !Y,
��กP�กก)	N,�+�$�	�"���	+�$�$��%,����	��%���ก)	�)�+N� �'���Y�ก�R��	ก��
����
)%j)
 �?�
���� 
c!i�((��!�)�	����ก+�� O)�ก+	��� �!
+�$�ก��
����
)%j)
���	�"%��?����(	�(+�� Orthokinetic 
Flocculation �	YQ�((�!!��,����%�c!i�((��!�)�	���	�"(+�%��	�,� *�ก+�� 0.1 ~ 1 N%(��	�!
%�
(+�%���%��	N%�	���ก+�� 50 %ก./!. 
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������ 2.25 �กR������ %�

%
#� �)�ก��
����
)%j)
�
 +����	YQ�(&���q�)"� 5 ��
�Q� 

(%)�	
�	, 2537) 
 

2.2 ก��
)%j)
����	YQ�((�!!��,� ��P�ก�,�'"	N,����6,����)�ก���(!?��	���
������+�	��	 �'���ก�,�'"	�	?���P�ก�	YQ�((�!!��,�ก�
��ก)	��� �?�O�ก�	6,�6%�!กY!���	"#� 
�	?���P�กก���(!?��	������6%�!กY!���	"#��'"	����ก)��YR Q�%� ก��
)%j)
���	�"P'��'"	����ก)��YR Q�%�
,�+� P'���Pก!��+N,�+��ก���(!?��	���������+�	��	����ก+�� Perikinetic Flocculation  

2.3 ก��
)%j)
�
 +����	YQ�(�ก�,�'"	 �	?���P�กก��&ก&
ก�	���%��)&��N%�����ก)	
����	YQ�(&���q c!i�((��!�)�	,�+�+�$�	�"�ก�,�'"	X���%qก)�ก��&ก&
ก�	 �#�� �
�%��Oก#�P),
�	YQ�((�!!��,���กP�ก	"#�N,��!� �	YQ�(���
�%��O
����c!i�((��!�)�	���	�"N,�&���%��	�,� *�
ก+�� 5 N%(��	 �!
%�(+�%���%��	N%�	���ก+�� 50 %ก./!. �	����o��)&��	YQ�(���%��	�,,)�ก!��+
��P�ก�,c!i�((��!�)�	%�ก��	�!�+(�)"� 	'�� �%?��%�O'�ก��&ก&
ก�	P'��ก�,c!i�((��!�)�	��ก�	�R
���
%�ก��&ก&
ก�	 

2.4 �	ก�R�����	YQ�((�!!��,�%��	�,� *�ก+�� 0.1~1 N%(��	 �&��!iกก+�� 5 
N%(��	�!
%�(+�%���%��		���ก+�� 50 %ก./!. c!i�((��!�)�	��P�ก�,�'"	6,�ก��
����
)%j)
��� 
Orthokinetic Flocculation �&���P�ก�,�'"	����	?���P�ก6�ก�

)%j)
	��� +�$��ก�N���Pก�
�#�,)�	�"  

2.4.1 ���O)�ก����������ก�����i+ �?�O)�ก������ 2 �)"	 �)"	ก�����+��X��%
�)&��
)%j)
� ��!
�)��)�()�� ��	YQ�(&���q�(!?��	�������%���,ก)	,�+� ก�����O)�ก�����+�
���� 
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c!i�((��!�)�	���		�"����ก+��ก���
)%j)
 (Contact Filtration) �&��	?���P�ก����+����	�)"	ก���%�P#�ก), 
+�$�	�"P'����N,�ก)��	YQ�(���%�(+�%���%��	N%��ก�	 50 %ก./!. ก�����ก�+,�	�,�!iก��	������P�X��%
���%�&�����+���N,��&����	ก��!,X?"	���
)%j)
 ,)�	)"	P'���PN,�j!�	���c!i�((��!�)�	N%�,������)"	
���� 

2.4.2 ����	YQ�(���P)�&)+ก)	���	c!i�(�!�+���	����
)%j)
� �ก)��	YQ�(� %� �	���
�o��)&�
�%��Oก�
�#�N,� 2 +�$�(?� �#�� �c!i�(P)�&)+ก)	���	�)"	
!),P� (Sludge Blanket) �!
�)�()�
� ��	YQ�((�!!��,��(!?��	���j��	�)"	
!),P� ��ก+�$� 	'��(?�	#����c!i�(ก!)�(?	%�j
%ก)��	YQ�(
(�!!��,�P�ก	)"	P'�
����
)%j)
&�%��� Orthokinetic Flocculation N�&�%�ก&� ก�����O'�
&ก&
ก�	��� Solids Contact Clarifier กi��� !)ก	�"  

2.5 �	ก�R�����	YQ�((�!!��,�%��	�,� *�ก+�� 3 N%(��	�&�%�(+�%��i%��	&�#� ก��
����

)%j)
��P���+�$�ก���N,����	ก)	 �&�
��ก���������(+�%��	�,� *�ก+������ 

 
ก�!ก#*
�กกg��'��,���#`����g$���$*��!�,%  

6X!��!�%�	)%(!�N�,� (Polyaluminum chloride, PACl) ���	
��
����&
ก�	���
	��%���ก)	&)"��&��� (.�. 1970 ���	&�	%� 6,����	���	��%����	��
���*���Y 	�!
�����
����	�+��
�Y6�� PACl O�ก�&���%�'"	6,��!�%��	��%������	 Al2O3	�"P
�#��o�ก�����ก)� HCl ����YR Q�%�
���X?��� �
�+%&)+���	 AlCl3  !)�P�ก	)"	P
�#��o�ก�����ก)���
����YR Q�%��!
(+�%,)	
�� �X?��� ��+%&)+���	
�!�%��	��%6X!��%��� �'���%?���&�%
��
�%!�N��	
��!
!��	�" 
��
�%P
N�!,(+�%���%��	��� 
Al2O3� �� !?� 10~11 % �!
�&�%�)!�c&!�N��X?��N��#�  	��������	

X�	��?��%�
 +����!�%��	��% 
2 �
&�% 
�&��)�+N���� PACl (?� Aln(OH)mCl3n-m

 
,)������� 2.26 �
,�6(��
��������(%���� 

lapofloc PACl �!
 alum (Hundt and O¡Melia, 1988; Viraraghavan and Wimmer, 1988)  �%?�� 
PACl !
!��	"#�P
Nm6,�N!���)	�����	�!�%��	��%�������	%�ก%�� �'��&)+�����

��$�Q�X%�ก��� 
Y,
(?� [Al13O4(OH)24]

 
+7 �?� Al+13�'��ก���+%&)+���	�!�%��	��%&)+	�"�'"	����ก)��
,)�ก���+%&)+���,���

ก)�ก)�
��!
!���!�%��	��% �	�,�!
(+�%���%��	���,��� (+�%���%��	���
��!
!���!�%��	��%
(!�N�,�,�YR Q�%��'���pPP)����
#�()*���
Y,(?����%�R���,�������&�%!�N��!
�
,)����(+�%���	ก!�� 
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������ 2.26 6(��
��������(%���� Lapofloc PACl �!
 Alum (Viraraghavan �!
 Wimmer, 1988) 
 

Kawamura (1976) �����	+���pPP)����
#�()*���
Y,
#� �)�ก�
�+	ก��6(��ก
ก��!�)�	 (?� �	�,�!
���%�R���
��6(��กก��!	�������� 6,��	�pPPY�)	�ก!?��!�%�	)% (Aluminum 
salt) �)�(����N,������%���

��$�Q�X �!
ก�
�+	ก��6(��กก��!�)	����ก!?��!�%�	)%P
�'"	����ก)�
(+�%���%��	����ก!?��		"#�,�� X���� �YR Q�%� �	�,�!
�	�,����	YQ�( ก��ก+	j
% �!
(+�%
���%���
��6(��กก��!	�� 	�กP�ก	�"ก�����6X!��%������	
��6(��กก��!	��%����,�ก+��ก�����

���(%��?�	 �	?���P�ก
�%��O����	���%�R���	���!� �ก�,
!),P� (Sludge) 	����!
�)�!,�p* ���?���
ก����)�X�����!
(+�%���	,��� (Alkalinity) �		"#���ก,�+� (Kawamura ,1976) 
�,(!���ก)� Shea 
�!
(R
(1971) 6,������	+��ก�����
��
�%���	
��6(��กก��!	���	�
��ก���
)%j)
P
�#�� �
N,�
!),P� (Sludge) �X��%%�ก�'"	�	?���%�P�กก��&ก&
ก�	����!�%��	��%Nm,��กN�&� 	�กP�ก	)"	
�)��'กW������������ก)�ก�����6X!����!i(6��N!�����	
��6(��กก��!	���'��X�+��P
���
��         
6X!����!i(6��N!���	���%�R���	���ก+�� �!

!),P�����ก�,�'"	P
%�P�ก�����i���+	!���)"� %,���
�����		"#�,���,�%	)�	��� 	�กP�ก	�"ก�����
��6(��กก��!	��&����	�,ก)	%�j!&���)&��ก��ก������
�
��ก��� Adin �!
 Rebhun (1974) �'กW�X�+��ก�����
��
�%���	
��6(��กก��!	���X���
��
� ,� � + � 	 � 
 � � ก � � � 
) % j) 
 �  � N ,� � � 
 
� � $� Q � X ( + � %� �) & � � ก � � ก � � � � ��� � 	 �� + �                                    
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5-10 !�.%./&.�.%.-�%. �&�ก�����6X!����!i(6��N!����
PY�+ก���	
��6(��กก��!	��	)"	
�%��O
ก����	�)&��ก��ก������
��N,�O'� 20 !�.%./&.�.%.-�%. 	�กP�ก	�" X��)�, (2515) �#�ก���'กW�ก��
	#��(�?���ก������ !���)"	%����ก#�P),(+�%�Y�	���	"#�,�����%�(+�%�Y�	N%��ก�	 5 NTU 6,�N%�
�&���%	"#�ก��	ก���X�+����

��$�Q�Xก��ก���%��X��� 40 �������i	&� �&��%?����� 
��
�%�&���%	"#�
ก��	ก���X�+��
�%��Oก#�P),(+�%�Y�	N,�%�ก�'"	 

(+�%���	ก�, �?�,������	"#�%�j!&��ก�
�+	ก��6(��กก��!�)�	 6,� Dempsey et 
al., (1985) X�+�� Polyaluminium Chloride (PACl) ���N,�,�ก+��
��
�%�%?�� pH 
��ก+�� �?�&�#� +�� 
pH ���� %�

%���
��
�% �!
 PACl �)�%���

��$�Q�X,�ก+��
��
�%�%?���YR Q�%����	"#�&�#� ���(+�%
���%��	���
����+	!��&�#�O'���	ก!��X�+�� PACl ���	
��6(��กก��!	�����,�ก+��
��
�%6,�
��X�
��� pH ���	���ก+�� 5 �!
%�กก+�� 7 P�กก���'กW���� Kawamura and Trussell., (1991) ก!��+
+����

��$�Q�X��� PACl �'"	����ก)�(YRQ�X���	"#�,���!
(��	����N,�j!�		"#����%�(+�%���	,��� 
(Alkalinity)&�#� (+�%�Y�	
��(> 30 NTU)  6,���X�
�	
Q�X��ก�� 	�+ �&�%�����
��&����� PACl %�
��(�����X�%�กก+��
��
�%O'��%�+��P
����	���%�R���&�#�ก+�� 

 

ก���'�
��' ��
������ก�� 

6X!��%���
�%��O����N,������ก+���q 2 �	�, (?�  
1. 6X!��%������N,�P�ก$��%��&� ����	ก����)���Y�(YRQ�X	"#�%� !���	�, ���	 ��!!�6!
  

(Cellulose), �P!�&�	 (Gelatin) �!
���� (Starch)  
2. 6X!��%������N,�P�กก��
)��(��
 � �	�� (.�.1979 N,�%�ก��
)��(��
 �6X!��%����'"	�����


%���R�  
�!
	��%���ก)	�����ก+����+�� Polyacrylamide ���
�����'"	P�ก monomer ����+%ก)	

���	
��6����+P#�	+	6%�!กY!P
��
ก��,ก�+		"#� 	)ก6%�!กY!�	���%�R���	!��	 	�+��
,�,)�
������ 2.27 
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������ 2.27 �
,��������6X!��%�����
ก��,�+�	"#� 	)ก6%�!กY!�	���%�R!��	 	�+�  
(USEPA, 1979) 

 
��(���
ก���!
���������,��	ก��Q�X���6X!��%���%�����������	6����+ (long 

chain) ���	
���(%��	�,X���W 
�%��O
)��(��
 ��'"	N,������
%���R�P�ก monomers  !��q �)	
�+%ก)	 �?�
�%��O�#�N,�P�กก���X��%
���(%�!�N��X?���X��% 	�������� monomers �'�����	&)+����
��
�Q����6X!��%��� ����ก�,�'"	 ,)�	)"	 monomer P'����	
�+	��
ก�� 	'����� 6X!��%��� ��	��� 
monomer (��	����ก+���P'�����	ก��
)��(��
 �
����	�����6X!��%��� ���	 acrylamide 
����	�����

)��(��
 �6X!��%��� 
�%��O�������	�	�,&���q(?� 

• Cationic Polymer %���
PY�+ก�	
�+	���
����	����� �
,)������
PY
�	6X!��%����'"	����ก)�P#�	+	����	��� nitrogen groups %���

��$�Q�X
���	ก����)�
Q�X
&
ก�	�'��%���
PY!� &)+����� Cationic Polymer ���	 polydialyldimethyl ammonium 
(PDADMA,cat-floc) 
���+%&
ก�	 polyacrylamide ��
�Q� cationic �&���%N,�6,�ก��
��!���	��!�������
���(%��	�, non-ionic-polyacrylamide  �?����	ก���+% cationic monomer 
,�+� acrylamide polymer �	�, cationic polymer P
	��%����	��	��)�
Q�X&
ก�	 �	?���P�ก
�����i��		"#�&
ก�	
,	)"	%���
PY!� 

• Anionic Polymer %���
PY!��	
�+	������	
����	����� P#�	+	��
PY!�
�'"	����ก)�P#�	+	ก!Y�%��� acrylamide ���!
!�������	 acrylic acid �	�,��� anionic polymer ���	 
polyacrylamide acid (PAA), hydrolyzed polyacrylamide (HPAM) �!
 polystryene sulfate (PSS) 

���+%&
ก�	 polyacrylamide ��
�Q� anionic %���
PYNcc�����	!��%?��!
!��	"#��!
�#�� ��ก�,
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ก!Y�% amide group (NH2)  �?��ก�,P�กก���+%ก!Y�%��� anionic monomer P	���	 acrylamide 
polymer  

• Nonionic polymer N%�!
!��	"#��&�%���

��$�Q�X�	ก����?��%�	YQ�(
���&
ก�	� ��ก�,ก���+%ก!Y�%ก)	N,�,� �	����o��)&� nonionic polymer ��PP
�ก�,P�กก���+%ก)	
���
���	�	�����6X!��%��� inoganic polymer �!

����	�����6X!��%��� (organic polymer) �'��P

�X��%(+�%��i������� floc  

6(��
�����	���
��!
!����� 
����	�����6X!��%����%?��!
!��	"#�P
��!���	���	

��!
!�� �'��P
��!���	��!�&�%(+�% 	?, (��(+�% 	?,(Viscosity) �'"	����	"#� 	)ก6%�!กY!�!

�
,)������
PYNcc�����ก���P?�P��%�กq6%�!กY!P
�?,��	��ก �X��
+��j!���ก��j!)กP'��#�� �
�ก�,ก����
��,&�%(+�%��+���
��6X!��%��� ���(+�%���%��	�ก&� 
��6�������+���6X!��%�����
PY
!� 
)		�W��	+��%��������(!���N
�Nก� (%�+	���	+�) �����N�กi&�%�	?���P�ก(+�%��+���
��
6%�!กY!���6X!��%���(��	������+,)�	)"	P'�N%�
�%��O��ก&)+�!����
��6X!��%���N,��)"� %,�%?��
6X!��%���!
!��	"#��'����
%�R6X!��%���(+�%���%��	 0.2 %�!!�ก�)%/!�&�P
%�
��                         
6X!��%�����
%�R 120 !��	
��&��	"#� 1 !�&� P�กก���'กW���� Kawamura (1976) �����	+��ก�����
	#�  6X!��%���%�������	
��
����&
ก�	 �?�
����+������ �&ก&
ก�	ก)	�����%�ก�	?���P�ก ก�����
6X!��%���P
��+�!,���%�&�&
ก�	����ก�,�'"	P�กก�
�+	ก���#��),	"#�N,� �#�� �N,�ก!Y�%&
ก�	���%�
�	�,�!iก�!
�	�	(dense floc) &
ก�	����ก�,�'"	P
%�	"#����	��(���
ก��	��� �%?�������������ก)�
&
ก�	����ก�,P�กก�����
��
�% �?��ก!?��c���ก(!�N�,� �#�� ��ก�,ก!Y�%&
ก�	����+,��i+%�กก+��
ก�����
��
�% �?��ก!?����� !iก���	
��
����&
ก�	 

,+ก�	ก�������	 N%�%�(+�%���	X�W�!

�)	&���&��j����� 
�%��O�#�!�� �?�!,
Q�X(+�%���	,���	���ก+��ก�����
��
�% �?��ก!?����
� !iก�	ก��
����&
ก�	 �#�� �
���(%�����	�, ���	 �)!�c& &ก(����		"#��	���%�R���	��� 

 
���$�X����]$��
$���
��#*
�กกg
���% 

(+�%!�%� !+���ก�
�+	ก��6(��กก��!�)	�	ก�
�+	ก����)�(YRQ�X	"#� 
X�+��
�+	 	'�����	j!%�P�กก���&�%
��6(��กก��!	���	���%�R���N%�� %�

% ก���&�%
��     
6(��กก��!	���	���%�R���	����ก�	N���P�#�� �N%��X���X�&��ก���#�!���
O���Q�X����	YQ�(
(�!!��,� �	�R
������%�R���%�ก�ก�	N�P
	#�N�
��ก��ก!)�(?	
��ก��%��
O���Q�X��ก(�)"������
PY
�	j�+�	YQ�((�!!��,� 6,����%�R���� %�

%���	
),
�+	6,�&��ก)����%�R����	YQ�(
(�!!��,� �	�pPPY�)	ก�
�+	ก��6(��กก��!�)	�!
c!��((��!�)�	�)�X)�	�N%��X���X����P
��กN,�
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O'�ก���!?�ก���%�R
���(%����� %�

%���
��6(��กก��!	��6,�����P�กก���,!�� �'��ก��
�,!��(�)"�	�"���+�$�P�����
&��	ก�� ����%�R
��6(��กก��!	������ %�

% 

P�����
&����	+�$�ก���,
�����������q6,��#�ก���,!���	��ก�ก��� �(�?���%?����
����	ก���,!��
�%��O��)�(+�%��i+���N,� 
�+	%�ก%)ก%���X),ก+		"#� 6 �Y, �	ก���,!���&�
!
(�)"�P
�!?�ก�	�,���
��6(��กก��!	���!
ก#� 	,
Q�+
&���q N,��ก� ���%�R���	"#�&)+����� 
(+�%��i+��� �
�
�+!�ก+		"#� �!
�
�
�+!��	ก��&ก&
ก�	�!�+P'��#�ก���,!��6,�
�����!���	���%�R
��6(��กก��!	�� 
�+	�
,)� pH ��P�����!���	 �?�(���� �)"�	�"�'"	����ก)�
+)&OY��

�(����ก���,!�� P�กก���,!��P
N,����%�R���
��6(��กก��!	�� �!
�
,)� pH ���
� %�

%&��ก���ก�,ก�
�+	ก��6(��กก��!�)	�!
�!
c!��((��!�)�	 �%�+��ก���,!��P�����
&�P

���	+�$������������ก+����+���	�pPPY�)	กiP����&�+�$�	�"�)�%�����กX����(?� ��ก�ก����������	ก���,!��%�
!)กWR
�&ก&���P�ก
Q�X(+�%���	P���O'��%�+��P
X����%ก#� 	,&)+���&���q�	ก���,!��� �
�ก!��(���(+�%���	P��� �&����$�X!,)�ก!��+�#�� �&)+���%�(���&ก&���N�P�ก(+�%���	P��� 

6,��)�+N�P�����
&�
�%��O��กN,��X���
��6(��กก��!	������ %�

% �&�(+�%
���%��	�!
(+�%��i�������ก!Y�%&
ก�	
�%��O �N,�,����
Y,P�กก���'กW��	 Pilot Plant ����	)"	 
	�กP�ก	�"	)ก+�P)�������	�
�Y+�����%�!ก��ก#�P),
����+	!�����N,�P�กP�����
&� �!
O)��o�ก�����
���N !&���	?���%�(+�%�&ก&���ก)	 �	ก���,!��
�+	� *�X�+��P�����
&�� ���

��$�Q�Xก��
ก#�P),
����+	!�����,�ก+���	O)��o�ก��������N !&���	?��� 

 

ก�����ก��,g,��,e�� 
ก��,�,&�,j�+6,��)�+N����	���กoก��R��
 +��������i�-�����i� ก���-���� !+ 

���� !+-���� !+  �?� ���� !+-�����i� �	ก�����O��	���	&)+,�,&�,j�+
����	������		"#����	
���กoก��R�
 +��������i��!
���� !+ก��,�,&�,j�+������กN,����	 2�)"	&�	 (?�ก��,�,&�,j�+
���c�
�ก
�(Physisorption) �!
ก��,�,j�+����(%� (Chemisorption) (Cheremisinoff and Ellerbusch, 
1978) ก!��+(?��%?��6%�!กY!���
���,q �	���� !+�(!?��	&)+%�
)%j)
����+Rj�+��������i��'��
���	j!%�P�ก���,�,&�,j�+ (Adsorbate)���%�&��6%�!กY!	)"	%�กก+��X!)���	P!	� (Kinetic energy) 
���6%�!กY!(Adsorbate) 6%�!กY!���
���	���� !+P
�ก�
&�,ก)�6%�!กY!��������i�,�+����
�+	�,���+)!!� (Van der Waal¡s  force) �)"	&�		�"���	ก��,�,&'�j�+���c�
�ก
� ก���ก�
&)+���
6%�!กY!������� !+P
�X��%�'"	���	�)"	q &�%(+�%���%���
��!
!��P�ก	)"	P
�ก�,ก��,�,&�,j�+
����(%��'"	6,�%�X!)���	 	'���#�� ��ก�,�o�ก������
 +���6%�!กY!���&)+,�,&'�j�+ �!
&)+O�ก,�,&�,
j�+ก!�����	
����
ก���(%�� %��'"	 �'��N%�
�%��O���,ก!)�N�N,� (Irreversible) &�����%ก)�ก��
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,�,&�,j�+���c�
�ก
�
�%��O���
Q�Xก!)�N,�(Reversible)�'"	����ก)��	�,������,'�,�,�
 +���
6%�!กY! 

�	ก�
�+	ก��,�,&�,j�+6%�!กY!���
�����O�ก,�,&�,����%������	�)"	��กP

�%��O����N�
�#��o�ก�����ก)�j�+���&)+,�,&'�j�+N,�P'��ก�,ก��,�,&'�j�+�)"����c�
�ก
� �!
�(%� 
�+	ก��,�,&�,j�+�	
�)"	&��qN� P
�ก�,ก��,�,&�,j�+���,��	c�
�ก
�����	)"	 �'�����������P#�	+	�)"	���6%�!กY!���,�,
&�,j�+���c�
�ก
�P
%�(+�%
#�()*&��ก���!?�ก���
%ก�����(R�&��
&���	ก����
�%�	
(+�%
�%��O�	ก��,�,&�,j�+  �?�ก��(#�	+RN�6����%ก��,�,&�,j�+ 

 
ก�!กก��,g,��,e�� 

ก��,�,&�,j�+
���
ก��ก���!
!�������		"#�,�+�O��	ก)%%)	&� �	�
�
��ก
6%�!กY!���
���
ก��กP
�(!?��	���N��ก�
�������	�ก����%i,O��	 �	�
�
���
��6%�!กY!���
���

ก��กP
cY��ก�
P�� (Diffusion) ����N��	������%i,O��	 ,)�	)"	�)&��ก��,�&�,	�"P'�O�ก(+�(Y%,�+�
�)&��ก��cY��ก�
P�������N�&�%��X�Y	����%i,O��	 �)&��ก��,�,&�,j�+	�"P
���jกj)	ก)�ก#�!)�
��
����
�	j��	��	��ก!�����6%�!กY! �!�+P
�X��%�'"	&�%(+�%���%��	���
���
ก��ก�		"#��!
P

!,!�&�%ก���X��%�'"	���	"#� 	)ก6%�!กY! 	�กP�ก	�"�)����j)	&�%ก#�!)�
������+!�
)%j)

�
 +���6%�!กY!���
���
ก��กก)�O��	 �!
P
�X��%�'"	O��(��X�������	"#�!,!� (�
��%X! �)&
Y� �!

N���Y�$ ก!��	
Y(	$�, 2525) (+�%
�%��O�	ก��,�,&�,j�+���O��	P
�'"	����ก)�(YR!)กWR
���O��	
�!
�	�,���
�����O�ก,�,&�, ,)�	)"	ก�����O��	,�,&�, P'�P#����	&����'กW��,!���X?�� �O��	���
� %�

%���
Y,
#� �)�ก�������	 

 
�����ก���*�U�������#$��ก[�  

ก�
�+	ก���(!?��	����6%�!กY!6,�O��	ก)%%)	&� ,)������� 2.28 ����X?"	���
���	
��
�+	(?� (1) Bulk solution transport (2) film diffusion transport (3) pore transport �!
 (4) 
adsorption ( �?� sorption)  
 



54 
 

 
 

������ 2.28 Definition sketch for adsorption of an organic constituent with activated carbon 
(Metcaff �!
 Eddy, 2004) 

 
�)&��ก��,�,&�,j�+%�(+�%
#�()*�����%�ก �	?���P�ก�)&��ก��,�,&�,j�+���

�+,��i+P
�#�� ��
������
��Q�+

%,Y!N,���i+�'"	 �)&��ก��,�,&�,j�+P
O�ก(�(Y%6,��)"	&�	���%�
(+�%&�	��	%�ก���
Y,�	ก���(!?��	����6%�!กY! �)"	&�	�	ก��,�,&�,j�+���
��!
!�� 6,�&)+,�,
&�,j�+���%���X�Y	N,��ก� 

ก. ก���	
���)"�ก��	 (Bulk transport) ���	�)"	&�	����ก�,�'"	��i+���
Y, 
6%�!กY!���
��!
!���	���� !+ P
O�ก
��N����j�+ 	������)"	���� !+���q ��� �� Y�%&)+,�,&�,
j�+ 

�. ก���	
���)"	j�+ 	�����&)+,�,&�,j�+ (Surface transport) ���	�)"	&�	
���6%�!กY!���j�+ 	������)"	���� !+���q���ก&)+����
��&)+,�,&�,j�+ ก���	
���	�)"		�"���	
ก�
�+	ก������ก�,ก���X��j��	c�!�%���� !+ (Surface diffusion) P),���	�)"	&�	���P#�ก),�)&��ก��
,�,&�,j�+�)"	&�	 	'�� 

(. ก���	
��Q���	�	YQ�( (Intraparicle transport) ���	ก���X�����
6%�!กY!
�����!
!���	���� !+����
��6X�� �?���X�Y	���&)+,�,&�,j�+ (Pore diffusion) �!
�#�� �
�ก�,ก��,�,&�,�'"	Q���	 �)"	&�		�"P),���	�)"	&�	���P#�ก),�)&��ก��,�,&�,j�+���	�,��+ก)	 
 



55 
 

�d�������$����&�`�� �ก��,g,��,e�� 

ก. (+�%�p�	� +	 �)&����i+�	ก��,�,&�,j�+��P�'"	����ก)�ก���X��Q��	�ก 
 �?�ก���X��Q���	 �'���!�+�&�(+�%�p�	� +	����
�� O��	"#�%�(+�%�p�	� +	&�#�c�!�%	"#��'��!��%���

��,�,&�,j�+P
%�(+�% 	��	�	%�ก�	?���P�กN%�O�ก��ก+	 �'��P
�#�� ����	�Y�
��(&��ก��
�(!?��	������6%�!กY!����N� �
��,�,&�,j�+ �	���&��ก)	���%O��	"#�%�(+�%�p�	� +	
�� �#�� �	"#�N%�
��P


%&)+���	c�!�% 	� ���	j!� �6%�!กY!
���(!?��	���j��	c�!�%	"#�����N� �
��,�,&�,j�+N,�
�+,��i+ก+��ก���(!?��	�������N��	6X�� ก�R�	�"ก���X��Q���	P
���	&)+ก#� 	,�)&����i+���&)+,�,
&�,j�+ ,�+�� &Y	�"�	ก�R�(+�%�p�	� +	
���)&����i+�	ก��,�,&�,j�+P
�'"	����ก)�ก���X��Q���	 �!

�	ก�R�(+�%�p�	� +	&�#��)&����i+�	ก��,�,&�,j�+P
�'"	����ก)�ก���X��Q��	�ก 

�. �	�,�!
X?"	���j�+���
��,�,&�,j�+ �)&��ก��,�,&�,j�+���	
),
�+	
jกj)	ก)��	�,���
��,�,&'�j�+ 
�+	X?"	���j�+	)"	%�(+�%
)%X)	$�6,�&��ก)���,(+�%
�%��O�	
ก��,�,&'�j�+ (Adsorptive Capacity) 

(. (+�%
�%��O�	ก��!
!��	"#����
�����O�ก,�,&�,j�+ �%?��%�ก��,�,&�,
j�+�ก�,�'"	6%�!กY!P
O�ก,�,��กP�ก	"#� �!
N��ก�
&�,�	j�+��������i� 
�����!
!��	"#�N,� �?�
�&ก&)+���	N���	N,� ���%%�����',� 	��+ก)�	"#�N,�	���%)ก
�%��O�ก�
&�,�	j�+���
��,�,&�,j�+
N,�,� �����N�กi&�%�กR������&�		�"N%�N,����	P����
%�N� �)"�	�"�X��

�����!
!���		"#�N,�	��� !��
�	�,�ก�
&�,j�+N,���ก���	ก)	 �&��	���&��ก)	���%ก��,�,&�,j�+��P�ก�,�'"	N,�����ก)�
�����!
!��
�		"#�N,�,�,�+�� &Y	�"P'�N%�
�%��Oก!��+N,�������&i%���+��%�(+�%
)%X)	$�������	�	�	�	�������%�R
�
 +���(+�%
�%��O�	ก��,�,&�,j�+ �!
(+�%
�%��O�	ก��!
!��	"#� 

�. �	�,���
�����,�,&�,j�+ �	�,���
�� �?�6%�!กY!%�(+�%
#�()*%�ก
&��ก��,�,&�,j�+ �'��
�+	� *�P
�ก�,�'"	�	6X�����
��,�,&�,j�+ P�กก��+�P)�X�+��ก��,�,&�,j�+P

�ก�,�'"	N,�,����
Y, �%?��%�
���	�,�!iกก+��6X���!iก	��� �)"�	�"�X��
+�����,'�,�,�
 +���
���!

��
,�,&�,j�+P
%�(��%�ก���
Y,6%�!กY!�	�,�!iกP
O�ก,�,����N��	6X��ก��	 P�ก	)"	6%�!กY!�	�,� *�
ก+��P'�O�ก,�,����N����� 

P. X���� ก���&ก&)+���	N���	�!
(+�%
�%��Oก��!
!��	"#����

��!
!��&���qP
�'"	����ก)�(��X���� ,)�	)"	X����P'�%�j!&��ก��,�,&�,j�+,�+� 

�. �YR Q�%� %����$�X!&���)&����i+�!
(+�%
�%��O�	ก��,�,&�,j�+ 
ก!��+(?��)&����i+P
�X��%�'"	&�%ก���X��%�'"	����YR Q�%� �!
!,!�&�%ก��!,!�����YR Q�%� �&�
�	���ก!)�ก)	��,(+�%
�%��O�	ก��,�,&�,j�+P
%�(��!,!�����YR Q�%�
���'"	 �!
P
%�(���X��%�'"	
�%?���YR Q�%�&�#�!��)"�	�"�X��
ก��,�,&�,j�+���	�D�ก��������(��(+�%���	 
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�. �
�
�+!��	ก��,�,&�, �
�
�+!��	ก��,�,&�,  %��O'��+!�
)%j)

&���%�%�กX�����#�� ��ก�,ก��,�,&�,�X?��P
����
��Q�+

%,Y! 

 

$,[����ก��,g,S�� 

Adsorption Isotherm (?�(+�%
)%X)	$��
 +������%�R���
�����O�ก,�,
�)�&�� 	�+�	"#� 	)ก���&)+,�,�)��!
(+�%���%���
��	)"	����)�� !?������		"#��!�+	#�N�X!�& 
ก��c!�ก����'%6,�� �(+�%���%���
������ !?������		"#����	�ก		�	 �!
���%�R
�����O�ก,�,�)�
N�&��	"#� 	)ก&)+,�,�)����	�ก	&)"� �
�	6(������ก�,P�กก��!�กj��	PY,���N,�P�กก���,!���)"� %, 
����ก+�� Adsorption Isotherm �'��%���
6��	�%�ก�	ก�� �(+�%
�%��O�	ก��,�,�)����
���

ก��ก�		"#� �!
�X?��������������	�,&)+,�,�)�����ก�,�'"	 �&����	��%�����	%�ก���
Y,(?� Langmiur 
theory �!
 Freundlich theory 


%ก�� Adsotption isotherm ���6,��ก&�����	ก���$�������%�!ก��,�,&�,
���O��	ก)%%)	&�O�กX)�	�6,� Freundlich, Langmuir, and Brunauer, Emmet, and Teller �'�� 
Freundlich isothem OYก���%�ก���
Y,�	ก���$����!)กWR
���ก�� adsorption ���O��	ก)%%)	&��'��
����	��	�#��),	"#� 6,�
%ก����� Freundlich isothem ���	,)�	�" 
 

x/m = KfCe
1/n     (2-27) 

   
�%?��  x/m = mass of adsortbate adsorted per unit mass of adsorbent, mg adsorbate/g activated 

carbon  
 Kf = Freundlich capacity factor, (mg absorbate/g activated carbon)(L water/mg 
adsorbate)1/n 

 Ce = equilibrium concentration of adsorbate in solution after adsorption, mg/L  
1/n = Freundlich intensity parameter 

 
ก�����ก�� Advance oxidation process 
	"#��	� !��	"#�j�+,�	�!
	"#��
���)�+N���
ก��,�+���(���
ก����	������!

�� 

�	�	����� 
��� !��	�"6,���X�

����	����� 
�%��O���P
�����(	�(�	ก���#��),,�+�
����ก��N,��
�'��P
����
!�� �?���!���	
Q�X
����	������ ������	���6%�!กY!�	�,�!iก!� �?����	ก���
(�����	N,��กN�,� (Minerization) O��&���ก��� ���ก���,�)�	���	N�N,������
%���R� 
�����P
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	#�%�����X?�����	&)+��ก��N,����P���	X+ก(!���	 �?�
����
ก��(!���	 (Chlorine gas, 
hypochlorite, etc..) �&�X�+��
��,)�ก!��+��Pก��� ��ก�,
��ก��%
��i�  �?�
��������	X�W&������ก�� 

 6�6�	 (O3 ) ���กi���	&)+��ก��N,�����%��)ก����ก���,�)�	���
���!
	��
	�	��	
,��	
����+,!��%	"#� �X��
�#���	N,�,�6,�&)+���6�6�	��� (Direct oxidation) �!
��ก
�+	 	'��%�
P�กก��j!�& OH° (Indirect oxidation) 6,����)�&)+�����!
�o�ก�������+%ก)�
���?�	�		"#��X?������	
ก���ก�,�o�ก�������ก���,�)�	ก)�
����	������		"#�6,�%���

��$�Q�X
��,)������� 2.29 
 

 
 

������ 2.29 �o�ก��������6�6�	ก)�
����	����� (Chaisri, 2008) 
 

P�ก�o�ก������	������ 2.29 ,)�ก!��+�#�� �
����	������		"#�%����%�R!,!� �?���P
���6�6�	��+%ก)�+�$��?�	q�X?��� �N,���

��$�Q�X�	ก��!,���%�R
����	�����N,������%�
��

��$�Q�X%�ก�����'"	 �'��ก��j!�&	"#���
���	�)"	&�	ก��>����?"�6�( (Disinfection) �)�
P#����	&������(!���	 �X?��� �%����%�R(!���	��
�
� !?������		"#�
��N�&�%�
�	����X���X�&��ก��
����ก)	ก���	�����	�����?"�6�(�	�
 +���ก��
��	"#� กiP
�#�� ��ก�,���%�R
��ก��%
��i�!,!�  

 
2.4.4 ก��ก(���,
���������%&��$'���#,�ก���`��$���
��&�f�`ก�����ก��#*
�กกg��'�� 

%�ก���'กW�O'�ก��ก#�P), NOM 6,����ก���X��%��

��$�Q�Xก�
�+	ก��6(��ก
ก��!�)	 P�กก��
#��+P6,� 	�+���	�����
���
 �)���%��ก� Q���&��?�� The Nation Organic 
Reconnaissance Survey (NORS) �
�Y+��ก��ก#�P),
�� NPTOC 6,����ก�
�+	ก�� Conventional 
Process %��X��� 30 �������i	&� 6,�ก�����
��
�%&�%,�+�ก��ก���,�+����� 
�%��Oก#�P),
�� 

Indirect oxidation 
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THMP N,���
%�R 2 �	 3 (Symons et al., 1975; Oliver and Lawrence, 1979) �!
 Kavanaugh, 
(1978) N,��'กW�ก�����ก���X��%��

��$�Q�X�	ก��ก#�P), 
�� THMP %�,)�	�"(?� 

ก. �pPP)�,��	ก��Q�X ��
ก��,�+� ก��j
%�)"	��ก���
��6(��กก��!	�� 

Q�+
ก��ก+	�	O)�ก+	����!
ก�
�+	ก����ก�
 +��������i�ก)����� !+ 

�. j!����pPP)�����(%�X�+�� (��X� ��� ��� � %�

%�����	��+� 5-6 
#� �)�
ก�
�+	ก��6(��กก��!�)	6,�ก�����
��
�% �	�R
���
��6(��กก��!	������ %�

%
#� �)�
ก�
�+	ก��6(��กก��!�)	 6,�  Fe+3 %�(���	��+� 3-5 �!
X�+�� 15 �������i	&����ก�,m�+%�(N%�O�ก
ก#�P),6,�ก�����
��
�% 

(. j!�����
�Q����
��m�+%�( X�+��ก�,cp!+�(&���ก�����%�R
��
�%
��ก+��
ก�,m�+%�(�X?��� �N,��������i	&�ก��ก#�P), 80 �������i	&�����ก)	 

�. (+�%&���ก��6X!��%���X�+��ก���ก�,�'"	���c!��( �	
Q�+
���N%�%�(+�%�Y�	
�#�� �(YR
%�)&��	ก��&ก&
ก�	N%�,� 

 
Crozes et al., (1995) 
�Y�j!ก��+�P)��X?���X��%��

��$�Q�X���ก�
�+	ก��      

6(��กก��!�)	 �	ก��ก#�P), NOM +��
��6(��กก��!	��������	$�&Y� !iก ���	 FeCl3%���

��$�Q�X
,�ก+��
��
�% 6,�(��X���� �	ก�
�+	ก��6(��กก��!�)	���	�pPP)�
#�()*�	ก��ก#�P), NOM �%?����� 
FeCl3 ���	
��6(��กก��!	����?"��&�	 6,�ก����)�(��X����� ������	��+� 5.8-6.2 P

�%��Oก#�P), 
NOM N,�O'� 65 �������i	&� �!
!,���%�R
��6(��กก��!	��!�O'� 60 �������i	&� �&������N�กi&�%
ก���X��%��

��$�Q�X���ก�
�+	ก��6(��กก��!�)	��PP
N%��X���X��	ก��ก#�P), NOM �X?���X��%
��

��$�Q�X���ก�
�+	ก��6(��กก��!�)	��PP
N%��X���X��	ก��ก#�P), NOM �X?��(+�(Y%
���%�R
�� DBPs (Jacangelo et al., 1995) 

 
ก��ก(���,
���������%&��$'���#,��'�
��
�$
��#`���$��%��ก�����ก��#*
�ก

กg��'�� 

ก�����
��6X!�%����	ก�
�+	ก��6(��ก!��!�)		)"	��+�� ��ก�,ก���+%
&
ก�	�ก�,���,��'"	 �)	���P����!�+
��6X!��%���
�%��O������	
��6(��ก!��!	��N,�6,�&�� 
�����N�กi&�%�%?���������������(��
 +���
��6X!��%���ก)�
��
�%�!�+
��6X!��%���%���(�
(��	����
��P'�	��%������	
����+��	ก��
����&
ก�	  
#� �)��
����
�����&���ก��ก#�P),�X���
(+�%�Y�	�!

����+	!��ก�����
��
%�X���������,��+กi
�%��Oก#�P),%!X�W,)�ก!��+� �!,!�
N,����	�����,�  �&��	ก�R����&���ก��!,
����	�����ก��
��
�%�X���������,��+กi
�%��O!,
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����	�����N,��	�
,)� 	'���&�
����	�������� � !?�����กi
�%��O�#��o�ก�����ก)�
��(!���	
ก��� ��ก�,
��ก��%
��i�N,�  ,)�	)"	�	ก�R����&���ก��!,
����	������ �� !?��	���%�R	������
Y,
ก�����
��6X!��%������	&)+��+��	ก�
�+	ก��6(��ก!��!�)�		)"	(?�����!?�ก���%�(+�%���	N�N,�
���	�����,�    

 
ก��ก(���,
���������%&��$'���#,�ก�����ก��,g,��,,���\ ��ก�$$���% 

Mc Creary and Snoeyink (1979) N,��'กW�j!����ก!?��	�	����� �!
 X����&��ก��
,�,&�,j�+��� NOM X�+�� ก���X��%�X��%ก��,�,&�,j�+���ก�,cp!+�(���X����&�#� ���	j!%�P�ก
(YR
%�)&���� NOM %�(+�%���	ก�,���	q6,�ก��!,!����X�����#�� �(+�%
�%��O�	ก��!
!��
N,�!,!��!
O�ก,�,&�,j�+(�����	����ก�i,N,�,��'"	 � !�����%���� NOM กi���	�pPP)�
#�()* ,)�P

� i	N,�+��ก�,cp!+�( ����ก�,P�กก��
!��&)+���X?� ,�,&�,j�+(�����	����ก�i,N,�,�ก+��ก�,m�+%�( 
���%�����	����&!�, �!
ก�,m�+%�(���%�P�ก,�	 ก�����ก�
�+	ก��,�,&�,j�+(�����	����ก�i,�	
ก��ก#�P), NOM �����%���

��$�Q�X&���%�ก���'กW� �	
Q�+
��X�
��� NOM�!
(�����	���
�ก�i,�	�&�!
� �� 6,�ก���#��),��?"��&�	  �?�ก����)���Y�(YR
%�)&���� NOM P

�%��O!,
(�����P����	ก�����ก�
�+	ก��,�,&�,j�+(�����	����ก�i, �	ก��ก#�P), NOM N,� (Jacangelo et 
al., 1995) 

 
ก��ก(���,
���������%&��$'���#,�ก�����ก�����$#�#S�  
N,�%�ก���,!�����ก�
�+	ก���&�%6�6�	�X?��!,
����	�����&)"�&�	
#� �)�

6����	j!�&	"#���
���
,)� Pilot-scale �	��
���
 �)���%��ก� 6,�X�P��R�O'�ก��!,N&�m�6!
%���	�)"� %,�%?������+!�
)%j)
���(!���	��
%�R 24 �)�+6%� Trussell �!
 Umphres (1978) 

�Y�+��%��pPP)� 5 ��
ก�������P%�j!&��(+�%N%��	�	�	�	ก��ก#�P),
������#�� ��ก�, 
#� �)�ก��
�,!������&ก&���ก)	 (?� 

 
ก. (+�%���%��	�!
(YR
%�)&�P#��X�
���
����	�����!
!��	"#� 
�. (YR
%�)&�����(%����
����	������		"#� 
(. ��

��$�Q�X�	ก��O���6�6�	 
�. (+�%�&ก&�������+!�
)%j)
 !)�P�กก���&�%(!���	 
P. (+�%!������
 +����+!��	ก���&�%6�6�	ก)��+!��	ก���&�%(!���	 
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�����N�กi&�%ก���&�%6�6�	กi
�%��O�ก�, DBPs N,����	ก)	 Najim �!
 Krasner 
(1995) �#�ก���'กW�j!��� Br- �!

����	����� !�� !?� &��ก���ก�, Ozonation By-products 
X�+���	� !��	"#����%� Br- �	���%�R
��P
�#�� ��ก�,6���%� (Bromate) �'�����	
��ก��%
��i��	
���%�R
��,�+�Q�� !)�ก���&�%6�6�	 �!
O��	"#�%�(��
����	�����!
!��	"#�
��กiP
�X��%���%�R(+�%
&���ก��6�6�	 �'���#�� ��X��%���%�Rก��j!�&6���%�,�+����	ก)	 

 
���,�
������
��ก(���,
���������%&��$'���,�����&�� ��n 
Jacangelo (1995) N,�
�Y�j!P�กก���,!��6,����ก�
�+	ก���	ก��ก#�P), 

NOM��กP�ก	"#� 3 ก�
�+	ก�� (?� ก�
�+	ก��6(��กก��!�)	 ก��,�,&�,j�+(�����	����ก�i, 
�!
ก�
�+	ก�� Nanofiltration Membrane (NF) ,)��
,��	&������� 2.7 �'���
,�� �� i	O'�
��

��$�Q�X�	ก��ก#�P), NOM ����&�!
ก�
�+	ก�� 6,�X�+�� ก�
�+	ก�� NF %�
��

��$�Q�Xก��ก#�P), NOM ,����
Y, �&�(�����P����	ก��,#��	�	ก���)�(��	����
��ก+��ก�
�+	ก��
�?�	 
�+	ก�
�+	ก��6(��กก��!�)	%���

��$�Q�Xก��ก#�P), NOM ��	ก!���&�(�����P���ก��
,#��	�	�
��(��	����&�#� 

�	ก��ก#�P), NOM 6,�+�$�&���q���%%����,��!
����
���&ก&���ก)	��กN� 6,� 
Marsono (1996) N,�
�Y����,��!
����
�����ก��ก#�P), NOM 6,�ก�
�+	ก��&���q ,)��
,��	
&������� 2.8 
 

&������� 2.7 ��

��$�Q�Xก��ก#�P), NOM P�ก��	+�P)� 3 ก�
�+	ก�� 
 

ก�
�+	ก�� ��

��$�Q�X 
ก��ก#�P), NOM 

(+�%�)����	 
���ก�
�+	ก�� 

(�����P��� 
���ก�
�+	ก�� 

 
6(��กก��!�)�	 
 
ก��,�,&�,j�+ 
(�����	����ก�i, 
 
NF 

 
X����-,� 

 
,�%�ก 

 
 

��,�����% 

 
&�#�-��	ก!�� 

 
��	ก!��-
�� 

 
 

��	ก!�� 

 
&�#�-��	ก!�� 

 
��	ก!�� 

 
 

��	ก!��-
�� 
  ���%� : Jacangelo (1995) 



61 
 

&������� 2.8 ���,��!
����
�����ก��ก#�P), NOM 6,�ก�
�+	ก��&��� q 
 

ก�
�+	ก�������� ���,� ����
�� 
 

 
6(��กก��!�)	 
 
 
 
 
 
 
 
 
ก��,�,&�,j�+6,�
(�����	 
 
 
 
  
6�6�	 
 
 

 
-���	����!?�ก�����
 �),���
Y, 
-
�%��O�#�N,�6,�ก����)���Y�
ก�
�+	ก��6(��กก��!�)	���%������!�+ 
-%����%�!�ก���+ก)�ก�
�+	ก��	�"%�ก 
- !)�P�กก�
�+	ก��6(��ก 
ก��!�)�	 �	YQ�(P
%��	�,� *��'"	 
�'�����	j!,�&��ก����� GAC�	�)"	&�	
&��%� 
 
-
�%��Oก#�P),
� ก!��	�!
�
��ก 
P�ก	"#� 
-&���ก���+!�
)%j)
	���(10-15	���) 
-
�%��Oก#�P),
���	�����	�?�	,�+� 
(���	��>���%!�) 
 
-
�%��Oก#�P),
� ก!��	�!
�
��กP�ก
	"#� 
-
�%��O������	
��>����?"�6�(N,�,�+� 
-
�%��O�#�!��
����
ก����	����� 
���	c�	�!N,� 
-N%��#�� ��ก�,�����i�!
!���!
X����
���	"#�N%�%�j!&���
�� 
 

 
-���
��
�%�	���%�R���
�� O�� 
	"#�%�(+�%�Y�	&�#��!
%�(�����
� 

�� 
-��

��$�Q�X�	ก��ก#�P), 
X����N,�-,� 6,�ก#�P), THMP 
N,� <60% �!
 DOC<50% 
 
 
 
-��

��$�Q�X�	ก��!, 
DOC<50% ,THMP29-56% 
-���%�!�	ก�����&����'กW� 
��X�
�&�!
� �� 
-ก#�P), Br- N,�	��� 
 
-
�%��O�#��o�ก�����ก)� NOM 
�ก�,���	
��Ozonation  
Byproducts 
-
�%��O�#��o�ก�����ก)� NOM 
�!
 Br- �ก�,���	
�� 
Brominated By-products 
 

���%� : Marsono (1996) 
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2.4.5 
�[�
���
(�*�o��ก��ก
��
��������������ก�������� 

 
&������� 2.9 
�Y�
��

#�()*P�ก��ก
���!
��	+�P)�����ก���+���� 

 

j��+�P)� � !��	"#� ���ก#� 	, �������i	&�ก��ก#�P), 
Amy and 
Chadik, 
1983 

Biscayne Aquifer, 
Edisto River, 
Mississippi, Jame 
River, Ilwaco 
Reservoir, Daytona 
Beach Aquifer, and 
Scioto River (USA) 

Four cationic polymer 4 �	�, 
(+�%���%��	 15-20 mg/L 

THMFP !,!� 27-65 
% 

Hubel  and  
Edzwald, 
1987 

Grasse River Alum �!
 cationic copolymer 
�!
 nonionic PAM 

TOC !,!� 32-66 % 
�!
 THMFP !,!� 
26-70 % 

Crozes et al, 
1987 

Missouri river �!
 
Sacramento river 

Alum, Ferric chloride 0-120 
mg/L �!
 medium MW 
synthetic cationic polymer 0.1- 
0.3 mg/L 

TOC !,!���
%�R 
50 % 

Lee  et al, 
1998 

Synthetic water Polyaluminium  chloride 60 
mg/L ก)� copolymer 
acrylamide/trimethylaminoethyl 
acrylate �!
 
nonionicpolyacrylamide 0.5 ~ 1 
mg/L 

Lindane !,!�20 %,  
p,p-DDT !,!�65% 
�!
 aldrin !,!�
%�กก+�� 70 % 

Bolto  et al, 
1999 

Moorabool river, Hope 
Valley (�����กi�	"#�/
�%�	"#�) �!
 
Wananeroo (	"#��&�,�	) 

DADMAC 5-8 mg/L, CatPAM 
7-8 mg/L, CPMA (cationic 
polymethacrylate) 7-8 mg/L 
�!
 alum 30-60 mg/L 

UV !,!�37-70% 31-
69% 50-75% �!
 
69-88 % &�%!#�,)� 
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j��+�P)� � !��	"#� ���ก#� 	, �������i	&�ก��ก#�P), 
Homklin, 2004 �����กi�	"#������ก�+ 

��?��	�%�ก+� �!
 
�%�	"#��%�
� 

Alum pH 5.5 (+�%���%��	 
60 mg/L �!
 alum pH 6 
(+�%���%��	 40 mg/L  �!
 
alum pH 6 (+�%���%��	 40 
mg/L  
#� �)������กi�	"#�����
�ก�+ ��?��	�%�ก+� �!
�%�	"#�
�%�
� &�%!#�,)� 

ก#�P), HPI �!
 HPO �	
	"#�,��N,�����ก)� 33.0 
�!
 79.6 % 27.6 �!
 
50.2 % �!
 50.9 �!
 
79.9 % &�%!#�,)� 

Panyapinyopol, 
2004 

�
����
��
ก�Y���X% �	(� 

6X!��%��� DADMAC, 
EpiDMA, CatPAM �!
 
AnPAM 

DADMAC %�
��

��$�Q�X
��
Y,�	
ก��!, THMFP 
���!�%�(?� EpiDMA 
CatPAM �!
 AnPAM 
&�%!#�,)� 

Phumpaisanchai, 
2005 

�����กi�	"#��%�� ��

�!
��?��	Q�%�X! 

�����กi�	"#��%�� ��
 ��� pH 
����ก)� 6 ���%�R
��
�% 40 
mg/L �		"#�,��P�ก��?��	Q�%�
j! ��� pH ����ก)� 5.5 ���%�R

��
�% 60 mg/L 


�%��Oก#�P), HPO ���
�����กi�	"#��%�� ��
�!

��?��	Q�%�X!N,� 60 �!
 
51 �������i	&�&�%!#�,)� 

B. Xu et al. 
(2007) 

�%�	"#� Hunagpu preozonation, coagulation, 
filtrayion, post-ozonation 
�!
 biologically activated 
carbon (BAC) process 

The pre- and post-
ozonation BAC ก#�P), 
DOM �!
 DBPFP 
,�ก+��ก�
�+	ก���?�	 

Unai Iriarte-
Velasco et al. 
(2007) 

�����กi�	"#��	 
Bakio, northern 
Spai 

alum �!
 polyaluminium 
chloride (PACl) ��� pH 6 

!, DOC N,� 35 
�������i	&� 
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j��+�P)� � !��	"#� ���ก#� 	, �������i	&�ก��ก#�P), 
Chang  et al, 
1999 

Pan-Hsing water 
treatment plant 
(Taiwan) �!
 humic 
acid 

(+�%���%��	���� %�

%��� 2 
mg/L �!
 10 mg/L 
DADMAC &�%!#�,)� 

Chloroform !,!�69 
% �!
 82 % 
&�%!#�,)� 

Marhaba  and  
Pipada, 2000 

Raritan/Millstone �!
 
Canal Road water 
treatment plants, 
Central Jersey 

TOC O�กก#�P),%�ก
Y,
#� �)� 
HPIA, HPIB, HPIN �!
 
HPON ��� pH 6 �!
(+�%
���%��	 alum 60 mg/L 

#� �)� HPOA �!
 HPOB 
fraction ��� pH 6 �!
(+�%
���%��	 alum 40 mg/L 

TOC !,!�
#� �)� 
HPIA, HPIB, HPIN, 
HPON, HPOA �!
 
HPOB %�(������ก)� 51 
46 44 68 71 �!
 52 
�������i	&� &�%!#�,)� 

Walker  and  
Kim, 2001 

Alum Creek 
(Delaware, OH) �!
 
Walborn Reservoir 
(Alliance, OH) 

Ferric chloride 0.5 mg/L 
��+%ก)� <2.5 mg/L nonionic 
PAM, 10-20 �!
 30 mg/L 

#� �)� high �!
 medium 
cationic charge density 
cationic diallyl dimethyl 
&�%!#�,)� 

< 50% O�กก#�P), UV 

#� �)� cationic 
charge density 
cationic diallyl 
dimethyl �!

�+	
�?�	%���

��$�Q�X&�#� 

Bolto  et al, 
2002 

Bell Bay: Tasmania, 
Hope Valley: South 
Australia �!
 
Wanneroo : Western 
Austrlia 

DADMAC 5-8 mg/L, 
Cationic polymethacrylate 
7-8 mg/L �!
 alum 30-60 
mg/L 

UV O�กก#�P), >40%, 
>50% �!
 >60% 
&�%!#�,)� 

C. Suksaroj  et 
al, 2008 

	"#�,����
��P�ก(!��
���&
�Q� 
��!� 

alum 80 mg/L ��� pH 5 !, UV-254 N,� 80 
�������i	&� �&�!,(�� 
DOC �!
 FEEM N,�
�X��� 50 �������i	&� 
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j��+�P)� � !��	"#� ���ก#� 	, �������i	&�ก��ก#�P), 
Peter Jarvis  
et al, 2008 

Moorland source water, 
UK 

Zirconium coagulation / 
MIEX + coagulation / 
TiO2 adsorption + 
Coagulation / UV/H2O2 / 
Fecton¡s reagent 

!, DOC N,� 93%, 88%, 
86%, 76% �!
 88% 
&�%!#�,)� 

Unai Iriarte-
Velasco  et al 
, (2008) 

Drinking water, Spain Coagulation by PACl 20 
mg/L + PAC F 100 mg/L 
�+!�
)%j)
 5 	���  

!, DOC N,� 92% �!
 
THMFP N,� 80% 

C.S. Uyguner  
and  
M.Bekbolet 
(2008) 

Elmali, Omerli �!
 
Buyakcekmece, Turkey 

Pre-ozonation 
/photocatalytic oxidation/ 
enhanced alum + FeCl3  

Pre-ozonation �X��%ก��!, 
UV-254 P�ก 49 ���	 54 % 
�!
 DOC 16 ���	 29% 
�		"#�P�ก Elmali 
photocatalytic oxidation 
!, UV-254 N,� Elmali 
(52%), Omerli (57%) �!
 
Buyakcekmece (60%) !, 
DOC N,� Elmali (21%) < 
Omerli (25%) < 
Buyakcekmece (38%) 

H. Selcuk  et 
al, (2007) 

Omerli (OM), Istanbul, 
Turkey 

ozone �!
 alum/PACl 
coagulation 40 �!
 80 
mg/L 

!, TOC 22 % 
�!
 TTHMFP 40 % 

Chang  et al, 
2005 

Synthetic source water 
(Humic acid) 

- Alum 60 mg/L ��+%ก)� 
10 mg/L DADMAC 
- Alum 20-60 mg/L ก)� 
CatPAM �!
 
NonionicPAM 2-10 mg/L 

- TOC !,!� 90 % 

#� �)� Humic acid 
-  Humic acid !,!� 10 % 
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�����  3 

��	�
��
���ก������� 
 

3.1 ���������
����������ก���
��� 

ก������	
	ก���
�
��������	������
�
�
ก������
��ก����
��������� �� �
!�ก��
�
��ก���"�#�  $%�
��ก��������& ����
����
���'��	 �
	��& ()���*����%��*��ก������	
	ก��
�
�
��
�	*+ 

 
3.1.1 � 
!"�����
��#�$#� ���
%���
��&� ������
!�'�� 

 ����,-�%����
��,��*� 3.1 ��1	���	+�������
ก'���2-�	+�� ����,-�%���()����� �� *+��
ก�-� 90 ก
"����� �*56+	�*��
�	+����%��$ 2,160 �����ก
"����� ��		+���ก
���ก��6�ก�'� �
	ก��� *�* 
��%��6�ก�'�����
� 9����ก����
���� :-�	!2�!	��%"����	�2����ก����*���,-ก�%�
�ก�%���
�
��9��	56+	�*��
�	+��  ����,-�%��� ��1	���-�	+���*��*��%"�!	&�-�!2�!	�*����
��	56+	�*��
�	+�� 
"���;5�%�	�����������<-��%��������6�� �
���
���'�� ก���!���%"�!	&�*���� 
< 6�  

(1) ก��:�
�	+����%��  ����,-�%�����1	���-�	+���
������
�������	 ������<- 
��%��'�� 	+���
��%?,ก�,�')+	�*�"��ก���	+�� $ ��%���-�	�,�
��  ��'�� ()���
+���,-�
� ���          
�,-�%�����%��$ 2 ก
"�����ก-�	�*��%9���'���,-�
���6�������<- 

(2) ��1	���-�����
�	+����*�  ����,-�%�����1	���-�����
�	+����*���ก!2�!	��%
"����	�2����ก�����
��$�
+��	56+	�*��
�	+�� "���;5�%��-���
���
+����@�ก'���������
�����<--�%���9��:-�	�,-�2��,�	+���
�'���%����%�������<-  (�
�
��� ��%  $%, 2544) 

�����	-��กD��
���-��	+�� (UTM 661975 772906) �56�����ก������������
��,��*� 
3.2 "����1	��
��$�2��,�	+���
���%�������
��%����%��'��ก����%���-�	�,�
��  ������
�����<- �
���
���'��   

 

3.1.2 ��ก)*$����+#'��,-������ �.����/����"�0$
%� 

�2-�	+�� ����,-�%�����1	�2-�	+���-��'���2-�	+���%�������'�� ��1	���-���		+��    
���#���*���� 
<�2-�	+���	)���%�������'������ ��� �2�56+	�*� 5 ������  6� �������%��� ������
 ������"'-� ������	���-�� �����������<- ��% ���������ก���� 
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�,��*� 3.1 �2-�	+�� ����,-�%��� �
���
���'�� 
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�,��*� 3.2 �2��,�	+���
���%�� ก����%���-�	�,�
��  �����������<- �
���
���'�� 
 

3.1.3 !%�,%".���ก�1��$!%�,%".�#�$
�1 
�2-�	+�� ����,-�%�����1	�2-�	+���*�9���
��
�#
5��
+���ก�����2��%�
	�ก�;*����� 

��%�����2��%�
	��ก�;*����	6� "��9���
��
�#
5���ก�����2��%�
	�ก�;*������	!-����6�	
5JK�� �?)�ก�����6�	�2�� � ��%9���
��
�#
5���ก�����2��%�
	��ก�;*����	6��	!-����6�	
5J��
ก��	?)�������6�	�ก�� � 	�ก��ก	*+�
�9���
��
�#
5���ก5��2��2	�'����	�*�ก-��
��	�'�
�%���*	�����	�-����6��-��9���	!-����*��ก
������2��%�
	��ก�;*����	6� ������!-��	*+��1	!-��
�*��*L	�ก!2ก��%�ก
�	+���-����,-���� (�
�
��� ��%  $%, 2544) ��ก'���,�'�����	
ก��	
�2�2	
���
����� ���LMN��%�
	��ก (2552) �����	�-���
��$	+��L	�;�*������O 5.�.2551 �*
 -���%��$ 1702.1 �
��
���� �*ก�����*��	����	�����ก���J�,ก�� !-�����2��%�
	�ก�;*����� 
��
���
+���-��6�	5JK�� �?)���6�	�2�� � !-�����2��%�
	��ก�;*����	6� ��
���
+���-��6�	ก
	���	
?)���6�	�ก�� � ��1	!-���*��*��
��$L	�ก�	��	-	�*��2� "���*��
��$L	����O�;�*���	J�,L	��%
J�,������-�ก
� 1155.29 ��% 546.8 �������
� 

��
��$��		+��'���2-�	+�� ����,-�%����ก
���ก�,�'��*�ก
+	5����	�%��-����%���
9����%��%��������(*� 	
���1	���-�	+���*���� 
<�*��2�'���
���
���'�� �,�
��%�����1	�*����
��
��$��		+���
+����	+�������
ก��%���	+� ���'� ��
 ��$��		+�� ����,-�%����* ����,���ก
�%�
�	+���%����%��$ 40 ���� �-�	��
��$�*�����2-�����	+��������,-�%�������'�� ������	
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�%�
	��ก��%�%�
	�ก'�����	+����1	�	
	�'��*� ����,���
��$��	ก��� 56+	�*� -��P�������ก
���	�%�
	��ก��%�%�
	�ก�,-��� ����,-�%��� 
 
3.2 ก�$���ก��2/��กก"
���� 

 
3.2.1 !��2/��กก"����3��$!��
,��.#�$!��	�%�,ก�$���ก��2/��กก"
���� 

 
Polyaluminum chloride (PACl)   

PACl �*��!��	ก�������	*+ ��1	 PACl !	
���*��ก
	ก
��*��!���	��
��	�%��ก��
:�
�	+����%��'��ก����%���-�	�,�
��  �����������<- �
���
���'�� �
������	�,��*� 3.3 "��
9���
� ����	2� ��%�&��ก���	
ก��	ก����%���-�	�,�
��  �����������<- �
���
���'�� �56��
	�����!���1	���" ��กก,��	�&��
ก�	ก�%��	ก��" ��กก,��!
	�56��������%�*�����%���	ก��
������
	��*�&�%���	+��  

 
/ *��ก)*$����+#  

- �
กK$%��1	:���6���1	�ก�D� �*'����6��*���6��  
- ��1	���������%ก�	!	
��
	��*�&��� 
- ��1	���������%ก�	 �*�9�-�*5
K�
��-��	2K�& �
��&��%�
��������� ��6��

	��9��!���1	���������%ก�	�	ก�%��	ก��:�
�	+����
"�  
- ��1	���������%ก�	 �*������?	��9��%���	+���56�����*����1	����%��� 

�����
� 	��9��!��	�%�
� ����'��'�	�-��P ����*�����ก��9���-��9�-�2-���ก 
- ��6�� ก����%���-�	�,�
��  �����
������� PACl �����%�����*���2ก���!�

��	��กก�-� 1 �O')+	9�  
 
�����
� 2$�
กK$%���� �*'�� PACl �����
��	������*� 3.1 
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������*� 3.1  2$�
กK$%���� �*'�� Polyaluminum chloride (PACl) 
 

�����%ก�� �	-��  -� 
�%�,�
�	*����ก9(�& 

(Al2O3) 
�����%"��	+���	
ก 9�-	���ก�-� 29 

���
ก(
�*+ (Basicity) �����% "��	+���	
ก�
+���- 65 ?)� 85 
 �����1	ก��- �-�� ก�
��-��,ก���ก&

��(
���� 
�%��-�� 3.5 ?)� 5.0 

(
��@� �����%"��	+���	
ก 9�-�ก
	 10.5 
���Dก (Fe) �����%"��	+���	
ก 9�-�ก
	 1.0 

�ก�6����"��	*�� ( ��	�$��1	 N) 
�
��
ก�
��-�ก
"�ก�
� 

9�-�ก
	 300 

����	, (As) �
��
ก�
��-�ก
"�ก�
� 9�-�ก
	 3.0 
� ���*�� (Cd) �
��
ก�
��-�ก
"�ก�
� 9�-�ก
	 3.0 

�%ก
�� (Pb) �
��
ก�
��-�ก
"�ก�
� 9�-�ก
	 15 
" ���*�� (Cr) �
��
ก�
��-�ก
"�ก�
� 9�-�ก
	 15 

 

 
 

�,��*� 3.3 PACl �*��!��	ก������� 
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Polymer 

MR FLOC® 5000 flocculent �
������	�,��*� 3.4 ��1	 Polymer �*��*�����"�ก2�
��	ก��� (medium cationic charge polymer flocculent) ����	-���	�,�'��:���n� �!��	��	���	
����
�	+���
+���%�2����ก���	+���6��"����%�2ก�&�!��	�-�	ก�����	+������6�ก���ก�%ก�	 "��
 2$�
กK$%�
��9�'�� polymer �����	������*� 3.2 

 
������*� 3.2  2$�
กK$%�
��9�'�� Polymer 

 
Chemical Composition Polyacrylamide 

Appearance White Granular Pamer 
Bulk Density 0.85 

Viscosity in cps 
5 G/L 

2.5 G/L 
1 G/L 

(L VI .30 RPM 25 ºC) 
800 
355 
100 

Stability of the Deionised Water Solution 24 hours 
 

 
 

�,��*� 3.4 Polymer �*��!��	ก������� 
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Powder activated carbon (PAC) 

• !6��:�
��
$x&:  Powdered Activated Coconut Shell Based Carbon 

• �ก��:   HRO M325-60 

• �
#*�
� ��%�&:  ASTM, unless otherwise stated 
 

PAC �*��!��	ก�������	*+ �
������	�,��*� 3.5 9���
�ก���	
��	2	��ก��
K
� 
CARBPKARN ก���
�  2$�
กK$%�
��9�'�� PAC �����	������*� 3.3 
 

������*� 3.3  2$�
กK$%�
��9�'�� Powder activated carbon (PAC) 
 

Physical properties specification 
Particle Size Distribution: under 325 mesh 

(.045 mm) (ASTM MESHIMM.) 
MIN. 60 % 

Apparent Density (g/cc) MIN. 0.50 
Moisture (% w/w) (As Packed) MAX. 10 

Ash (% w/w) (As Packed) MAX. 8 
pH 9 -11 

Surface Area (m2/g) (Calculated) MIN. 1000 
Iodine Number (mg / g) (AWWA B 604) MIN. 950 

Carbon Tetrachloride Adsorption (% w/w) MIN. 40 
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�,��*� 3.5 PAC �*��!��	ก������� 
 

Ozone 
� �6���ก���	
�"�"(	�*��!��	ก�������
������	�,��*� 3.6 ��ก�����%�
�����56��

ก���)กK�ก��ก���
�����
	��*�&#���!��
�		+���
���%�� "������	
	ก������� ��
�	&�56��	�����-�
ก
�� �6���ก���	
�"�"(	 ��ก	
+		��	+���
���-�� 5 �
�� ��-���	 ��
�	& ��%����	
	ก����������
����%�*��!��	ก������� "��� �6���"�"(	�����?ก���	���
��$�%���	+���
+���- 72 ?)� 132 
mg/hr ��%�����
�:
�9�� 0 ?)� 60 	��*  
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�,��*� 3.6 � �6���ก���	
�"�"(	 
 

3.2.2 ก�$���ก���
������3
�!03  

� �6������&����&�	ก�������	*+ ��1	���� �6������&����&��� 2 ��5
� (Phipps 
and Bird, Richmond, Va.) ��%�*ก�ก��&'	�� 1 �
�� �
������	�,��*� 3.7 "����
����� �*���	���
�*��2��	ก�%��	ก���56����ก����6�����
���-��	+�� (9�-�ก
	 4 ����&�(D	�&'����
��$�
���-��	+��
�
+����) (AWWA, 1999) ���� �*�*���
��%��-��ก��ก�	��D��!� digital micropietters ��% 
disposable polypropylene tips (Weaton Calibra.) ��6����
����" ��กก,��	�& ก�	��D����� �����D�



75 
 

��� 100 ����-�	��* ��1	���� 1 	��* ��% ก�	!�� 30 ����-�	��* ��1	���� 20 	��* "�� �� 2�
 -� pH ���� 0.2 ��6� 1 N H2SO4 ��6� NaOH �������%�*�ก���	�9���
+�ก-�	��%��
�ก����
����
" ��กก,��	�& �	6�����ก ?�� -� pH 9�-��?*���%��-��ก�%��	ก��������%�-�:��-���
ก
�
�����
� �* (�!-	 precipitation, hydrolysis) ��% gas transfer (loss of CO2) ��
���กก�%��	ก��ก�	!��
��%��-������ก�%ก�	��1	���� 1 !
��"�� 	+���
���-���-�	�*���  (supernatant) ?,ก�กD��56��	��9���
 -�5����
����&�-�� P  6�  �����1	�-��, UV-254, DOC, THMFP ��% FEEM ��ก	
+	���ก�������
ก���5
����%�
�#
��5ก�%��	ก��" ��กก,��!
	�	'
+	�-�9� 

 
 

 
 

�,��*� 3.7 � �6��� Jar-test 
 

3.2.3 ก��
,��.#�$!��	�%�,ก�$���ก��2/��กก"
���� 

��ก�
�'���*� 3.2.2 �#
���?)�ก�%��	ก����������&����& ��6�����D��
+	��-�%ก��
����� :�ก�������?,ก�
� ��%�&��%��6�ก��
��$ ����'��'�	'�����" ��กก,��	�&��% -� pH 
�*�����%�� "�����
��M��
��	ก���
� ��%�&������%�*�����%��  6� ��� ��������?�	ก������
'�� -� DOC ��6� UV-254 9���,��*��2�  

"��ก�%��	ก�������	*+ ก���	�����%�����
�ก��������	�
�'���*� 3.4 "��
ก���	�����%ก���!���� PACl ��1	���" ��กก,��	�&��1	����%�
��9���%ก���)กK�ก���5
��
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��%�
�#
��5ก�%��	ก��" ��กก,��!
	��������5
����%�
�#
��5 �!-	 polymer ��%ก���,��
�
����?-�	ก
��
	�& "����
���9�5����ก
����" ��กก,��	�&ก-�	ก��ก�	��D� ��%	��	+���-�	��
�����
�ก��ก�%��	ก��" ��กก,��!
	9�����	
	ก�������ก�%��	ก�� advance oxidation 
process "���!� Ozone �56���)กK�ก������'�� DOC, UV-254, THMFP ��% FEEM  

 
3.3 ก�$��� Resin Fractionation 

ก�%��	ก�� Resin Fractionation ��1	ก�%��	ก���*��!��	ก����ก����
	��*�&
�%���	+����ก��1	 2 !	
� 6�����
	��*�&#���!��
!	
�!��	+�� (Hydrophilic Organic Fraction, 
HPI) ��%9�-!��	+�� (Hydrophobic Organic Fraction, HPO) "���:	:
�ก�%��	ก�����������
�	�,��*� 3.8 ��(
	�*��!���1	!	
� DAX-8 ()���* -� ���5�2	��-�ก
� 0.6 �	'
+	��	ก�����*����(
		
+	
���"��	����(
	���!-�	����%��� NaOH �'��'�	 0.1  	��&�
� ��1	�%�%���� 24 !
��"�� ��
���ก
	
+	�%	����(
	9���� ����%���  "���!�� �6����6� Soxhlet Extraction (�,��*� 3.9) ()���%��� ���
�%������� acetone ��% hexane ��-���% 24 !
��"�� ��(
	�*�:-�	ก����� ����%��������%?,ก�!-
�	  methanol ��ก	
+		����(
	9���-�	 ��
�	&��%������(
	���� NaOH 0.1 	��&�
���% HCl 0.1 
	��&�
� ��1	��
��$��-�ก
� 2.5  ��-� bed volume �������
� �	ก�%��	ก���2������%������(
	����
	+�� Milli-Q �	ก�%�
�� -�ก��	��9@@n���% -� DOC �* -�����ก�-� 10 µS/cm ��% 0.2 �ก./�. �������
� 
(Leenheer, 1981; Marhaba and Bengraine, 2003) ()�� 2$�
กK$%'����(
	 DAX-8 ����
����%��*��9���
�	*+ 

 
DAX-8  
- Nonionic resin (SUPELCO) 
- 60% Porosity 
- 40-60 mesh 
- 160 square meters per dry gram 

 
�	�-�	'��ก�����*��	+���
���-��ก-�	�*��%	����:-�	��(
		
+	  	+���
���-���%?,ก

ก���:-�	ก�%��Kก���'	�� 0.7 µm ��ก	
+		��	+���
���-���*�:-�	ก��ก�������
� -�5*��! �����1	 
2 ����	����:-�	��(
	�*�����2�	 ��
�	&"������*�
�����D��	ก��9��:-�	��(
	����ก�-� 12 bed 
volumes/hr 	+���-�	�*�9��:-�	��(
	�%��1	�-�	'������
	��*�&!	
�!��	+��  
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��
���ก	
+	�%������(
	����	+��  Milli-Q ��1	��
��$ 1 bed volumes ��%��-���
+�
�	�-�	ก�%��	ก�� Elution �56�����9������
	��*�&!	
�9�-!��	+�� �%�!�����%��� NaOH 0.1 
	��&�
� ��
��$��-�ก
� 0.25 bed volumes ��% NaOH 0.01 ��
��$��-�ก
� 1.25 bed volumes ��-��
���9��:-�	��(
	���� �����D�9�-�ก
	 2 bed volumes/hr (Supelco, 1998) 

()���
กK$%'��� �6����6� Resin fractionation �����	�,��*� 3.10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

�,��*� 3.8 �:	:
�ก�%��	ก�� Resin Fractionation 

	+���
���-�� 

0.7 µm GF/F Filtration 

��
� pH ��-�ก
� 2 

 
DAX-8 
Column 

Clean resin "�� 
1. NaOH 0.1 N 
2. HCl 0.1 N 
3. Milli-Q water 

Elution "�� 
1. NaOH 0.1 N 
2. NaOH 0.01 N 

Discard 

Hydrophilic Organic 
Fraction 

Hydrophobic Organic 
Fraction 
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�,��*� 3.9 � �6����6�������(
	 Soxhelt extraction 
 
 
 

 
 

�,��*� 3.10 � �6����6� Resin fractionations 
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3.4 ก�$���ก���
��� 

	+���
���-���*��!��	ก���)กK�	*+9������ก�2��,�	+���
���%�� ก����%���-�	
�,�
��  �����������<- �
���
���'�� "���กD�	+���
���-���56����1	�
���	J�,L	�	�
	�*� 17 
ก
	���	 5.�.2551 ��% �
���	J�,�����	�
	�*� 3 ��K��	 5.�.2552  

ก�%��	ก��������	J�,L	��%J�,���� �
������	�,��*� 3.11  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
�,��*� 3.11 ก�%��	ก������� 

 
'
+	��	��ก'��ก�%��	ก������� 6� ก���กD���%���*���
���-��	+����ก�2��,�

	+���
���%�� ()���#
����	�
�'���*� 3.4.1 ����%��*�������
�ก���
� ��%�& 2$�
กK$%���ก����� 
� �* ��% ��ก����
กK$%����
	��*�&#���!��
ก�2-�!��	+����%9�-!��	+�� �#
���9���	�
�'���*� 
3.4.2 �	�-�	'��ก��ก���
�����
	��*�&#���!��
ก�2-�!��	+����%9�-!��	+�� �#
���9���	�
�'���*� 
3.4.3  

 

ก���กD���%���*���
���-��	+���
���%�� (3.4.1) 

ก���
� ��%�& 2$�
กK$%���
ก����5 � �* ��% ��ก����
กK$%
����
	��*�&#���!��
ก�2-�!��	+��

��%9�-!��	+�� (3.4.2) 

ก�����*����(
	 

ก����กก�2-�����
	��*�&#���!��
 

ก�������
� THMFP 

ก��ก���
�����
	��*�&#���!��
ก�2-�
!��	+����%9�-!��	+�� (3.4.3) 

ก�����*����(
	 

ก����กก�2-�����
	��*�&#���!��
 

ก�������
� THMFP 
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3.4.1 ก��
กP���$
0���.0����������� 

ก. �กD��
���-��	+����ก�2��,�	+����%�� ก����%���-�	�,�
��  �����������<- 
�
���
���'�� �
������	�,��*� 3.2 

'. ก����
���-��	+������ก�%��Kก��� GF/F '	�� 0.7 µm ����	 24 !
��"�� 
 . �กD��
���-��	+���	�,��กD��2$��,�
 4 �����(��(*�� �
+�ก-�	��%��
�ก�%��	ก��

��ก����
	��*�&ก�2-�!��	+����%9�-!��	+�� 
 

3.4.2 ก����
/��$�3/ *��ก)*$���ก��%�, 
/.� ��$��ก�����ก)*$!���������3	��.��0�

ก� �.���������$+.�������� 

ก. �
� ��%�&�� -� ���'2-	 (turbidity) '���'D��'�	��� (suspended solids) 
�2$��,�
 (temperature)  �����1	ก����1	�-�� (pH)   �����1	�-�� (alkalinity), dissolve oxygen 
(DO), DOC, THMFP, UV-254 ��% FEEM  '��	+���
���%�� 

'. ก���	+���
���%����ก ����,-�%���:-�	ก�%��Kก��� 0.7 µm 
 . ��ก����
	��*�&#���!��
�		+���
���%����ก��1	���ก�2-�9���ก- HPO ��% HPI   
�. �
� ��%�&�� -� DOC, THMFP, UV-254 ��% FEEM '������
	��*�&#���!��
�
+�

���ก�2-�'��	+���
���%�� (�
��,��*� 3.12) 
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�,��*� 3.12 ก���
� ��%�& 2$�
กK$%���ก����5 � �* ��%ก����ก����
กK$%����
	��*�&#���!��


ก�2-�!��	+����%9�-!��	+�� 

 
3.4.3 ก��ก����
!���������3	��.��0�ก� �.���������$+.�������� 

����%�*��!��	ก������� �����
�������*� 3.4 ()��������%�*�����%��'��

ก�%��	ก��" ��กก,��!
	 �����"��ก�����*��	����!-��'��5*��!�*�?,ก �� 2�"���* -��-�� P 

�
�	*+ 6� 5.5, 7 ��% 8.5 ��%��
��$���" ��กก,��	�& polyaluminum chloride (PACl) ��-�ก
� 5, 

10, 20, 30 ��% 40 mg/L ��%���ก���
� -� DOC, UV-254 ��% FEEM ��ก	
+	��6��9����
��$��� 

" ��กก,��	�&��%5*��!�*�����%�������
�ก���!� PACl �5*����-����*���56����1	 -�56+	��	 ()��

���ก���)กK�ก���5
����%�
�#
��5ก�%��	ก��" ��กก,��!
	"����
�"5�
����&��%/��6�?-�	      

ก
��
	�&5����ก
	ก-�	ก�%��	ก��ก�	��D� �����
�ก�%��	ก�� advance oxidation process "���!� 

Ozone 	���
���-��	+���-�	���*�:-�	ก�%��	ก��" ��กก,��!
	9�����
��-����� Ozone  

 

 

 

 

	+���
���%����ก ����,-�%��� 

Fractionation  
DAX-8 

pH, Temperature, SS, 
Turbidity, Alkalinity, DO, 
DOC, UV-254, THMFP, 

FEEM 

DOC, THMFP, UV-254, FEEM 

Hydrophilic   
Organic Fraction 

Hydrophobic  
Organic Fraction 
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������*� 3.4 ����%�*��!��	ก������� 
 

ก������� ����%�*����ก������� 

1) PACl1  ����'��'�	 PACl �%��-�� 0 ?)� 40 mg/L  -� pH �%��-�� 5.5 ?)� 8.5 
 

2) PACl + Polymer  ����'��'�	 PACl 40 mg/L ��% pH 7 ����%����%����ก (1)  ���
�'��'�	 Polymer 1 mg/L ����%����%����ก (2) 

3) PACl + PAC   ����'��'�	 PACl 40 mg/L ��% pH 7 ����%����%����ก (1) PAC 
�%��-�� 0 ?)� 80 mg/L 

4) PACl + Polymer + 
PAC  

 ����'��'�	 PACl 40 mg/L ��% pH 7 ����%����%����ก (1)  ���
�'��'�	 Polymer 1 mg/L ����%����%����ก (2) PAC �%��-�� 0 ?)� 
80 mg/L 

5) PACl + Polymer + 
Ozone  

����%�*�����%����ก (3) ��
��$ ozone  ����'��'�	 72, 96 ��% 132 
mg/hr �%�%����ก���
�:
� 30 	��* 

6) PACl + Polymer + 
PAC + Ozone 2 

����%�*�����%����ก (4) ��
��$ ozone 1  ����'��'�	 72, 96 ��% 
132 mg/hr �%�%����ก���
�:
� 30 	��* 

 
�������2  ( )1 ��1	����%�
��9�  

( )2   ���ก���)กK��;5�%ก��ก���
�����
	��*�& ��-�	
+	 
 
 

ก�$���ก��2/��กก"
����
��� PACl 
ก. ���ก�������"��ก�%��	ก��" ��กก,��!
	 "���!� PACl �*� ���

�'��'�	�%��-�� 0 ?)� 40 mg/L ��% �� 2� -� �����1	ก����1	�-���%��-�� 5.5 ?)� 8.5 �56����
����%�*�����%���	ก��������
	��*�& (�
��,��*� 3.13) 

'. 	��	+� ��
���- ����
���กก�%��	ก������� ���ก���
 � ��%�&  pH, 
alkalinity, DOC, UV-254, Turbidity ��% FEEM   

 . ��6�ก ����'��'�	��% -� �����1	ก����1	�-���*�����%�������ก��      
" ��กก,��!
	�56��	��	+���
���-��9���ก����
	��*�&��ก��1	���ก�2-� 
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�,��*� 3.13 �:	:
�ก�������ก�%��	ก��" ��กก,��!
	���� PACl 

 
 

ก��
,��.#�$!��	�%�,ก�$���ก��2/��กก"
����2
���� PACl ���.ก�� Polymer  
ก. ���ก�������"��ก�%��	ก��" ��กก,��!
	 "���!� PACl  ����'��'�	 

1  -� ��ก����%�*�����%�� ��%���"5�
����& 1  -� ��ก����%�*�����%�� ��% �� 2� -� ���
��1	ก����1	�-�� 1  -� ��ก����%�*�����%�� �56��������%�*��*�*��2��	ก��������
	��*�&�����
� 
PACl �-��ก
� Polymer (�
��,��*� 3.14) 

'. 	��	+� ��
���- ����
���กก�%��	ก������� ���ก���
 � ��%�&  pH, 
alkalinity, DOC, UV-254, Turbidity ��% FEEM   

 . ��6�ก ����'��'�	��% -� �����1	ก����1	�-���*�����%�������ก��     
" ��กก,��!
	�56��	��	+���
���-��9���ก����
	��*�&��ก��1	���ก�2-� 

 
 
 

	+���
���%����ก ����,-�%��� 

PACl Coagulation 

Coagulated Water 

Select Best Condition 

Controlled pH between: 5.5 to 8.5 
PACl dosage: 0 � 40 mg/L 

pH, alkalinity, DOC, UV-254, 
Turbidity , FEEM 

 

Resin Fractionation 
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�,��*� 3.14 �:	:
�ก�������ก���5
����%�
�#
��5ก�%��	ก��" ��กก,��!
	"���!� PACl 

�-��ก
� Polymer 

 

ก��
,��.#�$!��	�%�,ก�$���ก��2/��กก"
����2
���� PACl ���.ก�� PAC 

ก. ���ก�������"��ก�%��	ก��" ��กก,��!
	 "���!� PACl 1  -� ��ก
����%�*�����%�� ��% PAC  -��%��-�� 0 ?)� 80 mg/L ��% �� 2� -� �����1	ก����1	�-����ก'�� 
��ก����%�*�����%�� �56��������%�*�����%���	ก��������
	��*�& �����
� PACl �-��ก
� PAC 
(�
��,��*� 3.15) 

'. 	��	+� ��
���- ����
���กก�%��	ก������� ���ก���
 � ��%�&  pH, 
alkalinity, DOC, UV-254, Turbidity ��% FEEM   

 . ��6�ก ����'��'�	��% -� �����1	ก����1	�-���*�����%�������ก��      
" ��กก,��!
	�56��	��	+���
���-��9���ก����
	��*�&��ก��1	���ก�2-� (�;5�%�
���-��	+���	J�,����
��-�	
+	) 

 
 
 
 

	+���
���%����ก ����,-�%��� 

PACl Coagulation with polymer 

Coagulated Water 

Select Best Condition 

Controlled pH: ����%�*�����%�� 1 -� 
PACl dosage:  ����'��'�	�*�����%�� 1 -� 
Polymer dosages:  ����'��'�	�*�����%�� 1 -� 

pH, alkalinity, DOC,  
UV-254, Turbidity, FEEM 

 

Resin Fractionation 
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�,��*� 3.15 �:	:
�ก�������ก���5
����%�
�#
��5ก�%��	ก��" ��กก,��!
	"���!� PACl 

�-��ก
� PAC  
 
 

ก��
,��.#�$!��	�%�,ก�$���ก��2/��กก"
����2
���� PACl ���.ก�� Polymer 

��$ PAC 

ก. ���ก�������"��ก�%��	ก��" ��กก,��!
	"���!� PACl ��% Polymer
�*� ����'��'�	�	����%�*�����%���-��ก
�ก����
�?-�	ก
��
	�&!	
� PAC �	��
��$�%��-�� 0 ?)�
80 mg/L (�
��,��*� 3.16) 

'. 	��	+� ��
���- ����
���กก�%��	ก������� ���ก���
 � ��%�&  pH, 
alkalinity, DOC, UV-254, Turbidity ��% FEEM   

 . ��6�ก ����'��'�	��% -� �����1	ก����1	�-���*�����%�������ก��          
" ��กก,��!
	�56��	��	+���
���-��9���ก����
	��*�&��ก��1	���ก�2-�   

 
 
 
 

	+���
���%����ก ����,-�%��� 

PACl Coagulation with PAC 

Coagulated Water 

Select Best Condition 

Controlled pH: ����%�*�����%�� 1 -� 
PACl dosage:  ����'��'�	�*�����%�� 1 -� 
PAC dosage:  ����'��'�	 0 � 80 mg/L 

pH, alkalinity, DOC,  
UV-254, Turbidity, FEEM 

 

Resin Fractionation 
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�,��*� 3.16 �:	:
�ก�������ก���5
����%�
�#
��5ก�%��	ก��" ��กก,��!
	"���!� PACl 
�-��ก
� Polymer ��% PAC 

 
ก��
,��.#�$!��	�%�,ก�$���ก��2/��กก"
����2
���� PACl ��$ Polymer 

���.ก��ก�$���ก�� advance oxidation process 2
���� Ozone   

ก. ���ก�������"��ก�%��	ก��" ��กก,��!
	"���!� PACl ��% Polymer
�*� ����'��'�	�	����%�*�����%�� ����	��	+�����*�9��9�����
��-�����ก�%��	ก�� advance 
oxidation process "���!� ozone �*� ����'��'�	�-��ก
	 3  -� ��%�����
�:
� 1  -� (�
��,��*� 3.17) 

'. 	��	+� ��
���- ����
���กก�%��	ก������� ���ก���
 � ��%�&  pH, 
alkalinity, DOC, UV-254, Turbidity ��% FEEM   

 . ��6�ก ����'��'�	��% -� �����1	ก����1	�-���*�����%�������ก��      
" ��กก,��!
	�56��	��	+���
���-��9���ก����
	��*�&��ก��1	���ก�2-�   

 
 

	+���
���%����ก ����,-�%��� 

PACl Coagulation with Polymer 
and PAC 

Coagulated Water 

Select Best Condition 

Controlled pH: ����%�*�����%�� 1 -� 
PACl dosage:  ����'��'�	�*�����%�� 1 -� 
Polymer dosage:  ����'��'�	�*�����%�� 1 -� 
PAC Dosages: 0 � 80 mg/L 

pH, alkalinity, DOC, 
 UV-254, Turbidity, FEEM 

 

Resin Fractionation 
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�,��*� 3.17 �:	:
�ก�������ก�%��	ก��" ��กก,��!
	���� PACl ��% Polymer �-��ก
�
ก�%��	ก�� advance oxidation process "���!� ozone 

 
 

ก��
,��.#�$!��	�%�,ก�$���ก��2/��กก"
����2
���� PACl ��$ Polymer 

���.ก�� PAC ��$ ก�$���ก�� advance oxidation process 2
���� Ozone   
ก. ���ก�������"��ก�%��	ก��" ��กก,��!
	"���!� PACl ��% Polymer

�*� ����'��'�	�	����%�*�����%���-��ก
�ก����
�?-�	ก
��
	�&!	
� PAC �����
��$�*�����%�� 
����	��	+�����*�9��9�����
��-�����ก�%��	ก�� advance oxidation process "���!� ozone �*� ���
�'��'�	 3  -� ��%�����
�:
���*��ก
	 (�
��,��*� 3.18 ) 

'. 	��	+� ��
���- ����
���กก�%��	ก������� ���ก���
 � ��%�&  pH, 
alkalinity, DOC, UV-254, Turbidity ��% FEEM  �56������%�
�#
��5ก��ก���
�����
	��*�&  

 

 

	+���
���%����ก ����,-�%��� 

PACl Coagulation with polymer 

Coagulated Water 

Select Best Condition 

Controlled pH: ����%�*�����%��1 -� 
PACl dosage:  ����'��'�	�*�����%�� 1 -� 
Polymer dosage:  ����'��'�	�*�����%�� 1 -� 

ก�%��	ก�� Advance oxidation process "���!� 
ozone �*� ����'��'�	 3  -� �*������
�:
���*��ก
	 

pH, alkalinity, DOC,  
UV-254, Turbidity, FEEM 

 

Resin Fractionation 



88 
 

 

 

 

 

 

 

 

 
 
 
 
 

�,��*� 3.18 �:	:
�ก�������ก�%��	ก��" ��กก,��!
	���� PACl �-��ก
� Polymer ��% PAC 
�-��ก
�ก�%��	ก�� advance oxidation process "���!� ozone  

 
3.5 ��	���
/��$�3��$
/�-���.-� 

 
3.5.1 ,�
��  

ก���
� -�5*��!�!��
#*�
��
��%�2�	 Standard method 4500-H+ B ���� pH meter 
HACH �2-	 Sessions 1 

 
3.5.2 � *�%".� 

�
�"�������ก� �6��� "���!� pH meter HACH �2-	 Sessions 1 
 

3.5.3 /��.
#T�
��� 
 �����1	�-���
� ��%�&"���!��
#*�
��%�2�	 Standard method 2320B 

	+���
���%����ก ����,-�%��� 

PACl Coagulation with polymer 
and PAC 

Coagulated Water 

Select Best Condition 

Controlled pH: ����%�*�����%��1 -� 
PACl dosage:  ����'��'�	�*�����%�� 1 -� 
Polymer dosage:  ����'��'�	�*�����%�� 1 -� 
PAC dosage:  ����'��'�	�*�����%�� 1 -� 

ก�%��	ก�� Advance oxidation process "���!� 
ozone �*� ����'��'�	 3  -� �*������
�:
���*��ก
	 

pH, alkalinity, DOC, 
 UV-254, Turbidity, FEEM 

 

Resin Fractionation 
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3.5.4 /��.' �� 

 ���'2-	�!��
#*�
��
��%�2�	 Standard method 2130 B ���� Turbidity Meter 
HACH �2-	 2100N 

 
3.5.5 UV-254 

UV-254 �!��
#*�
� ��%�&�
��%�2�	 Standard method 5910B ���� Spectrophoto-
meter Spectronic Unicam �2-	 Genesys 10 UV 

 
3.5.6 TOC ��$ DOC 

�!��
#*�
��%�2�	 Standard method 5310C "���!��
#* Wet-Oxidation "��	+��

�
���-���%?,กก���:-�	ก�%��Kก���'	�� 1.2 µm ก-�	�*��%���ก���
� -� TOC ��%	+���
���-���%

?,กก���:-�	ก�%��Kก���'	�� 0.7 µm ก-�	�*��%���ก���
� -� DOC "���!�� �6��� O.I.analytical 

1010 TOC Analyze 

 
3.5.7 FEEM 

�
�"�������ก� �6���"���!�� �6��� Spectrofluorometer '�� JASCO �2-	 FP-750  

 

'���0��ก����
����0�������2
� Spectrofluorometer          

�	ก���
� FEEM '��	+���
���-��"���!� Spectrofluorometer 	
+	 	+���
���-��

�%����:-�	ก��ก�������ก�%��Kก��� GF/F '	�� 0.7 µm �56��ก���
�����
	��*�&�'�	�����%

����
	��*�& ������& ��ก	
+		��	+���
���-����-�	 
���D�"��-�����
+��*����	�56�����ก���
� -� ���

�'�����@�,������(�	 ��� ������ �6�	�*��!��	ก��ก�%�2�	�%�� ��5
�����&�% �� 2�ก���-��

��� Fluorescence �*� ������ �6�	 (excitation wavelength: Ex) �
+���- 220 nm ?)� 600 nm "���
�

��� ������ �6�	�*��5
��')+	 �
+��% 10 nm                            

ก���
� FEEM ��1	ก���
�����-��	6��� ��6��ก���
����D��
+	�%�� ��5
�����&�%

����:��	�,����'�� Fluorescence Excitation- Emission Matrix (FEEM) "���%����:�9���
+�

�������
�
()���ก	 X ���� -� �FEEM� �*�	-����1	 nm �*�ก	 Y ���� -� �Ex� �*�	-����1	 nm 

�-�	�ก	 Z ���� -� ����'�����@�,������(�	  �
������	�,��*� 3.19 ��6�����:��	�,���� 

Contour �
������	�,��*� 3.20 
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�,��*� 3.19 :�'�� Fluorescent Excitation-Emission Matrix (FEEM) �	�,��������
�
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�,��*� 3.20 :� Fluorescent Excitation-Emission Matrix (FEEM) �	�,���� Contour 
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�	ก�������!���	� �6��� Spectrofluorometer ��-�% �
+� ����  Xenon �%���

5�
���	���9�- ��*���%9�-��-�ก
	  �
�	
+	�56����1	ก���ก��M<��ก�����5�
���	���9�- ��*�'��

���� Xenon ก-�	���ก���
���%��
�ก���
�	+���
���-�������*ก����� Photometric Stability '��

� �6���	
+	�%�* �����ก�-��ก
	����2-	��%!	
�'��� �6��� Spectrofluorometer �*��!�  	�ก��ก	*+�56��

��1	ก���ก��M<������ Xenon ���5�
���	���9�-��-�ก
	 �	ก���
� ��%�&	+���
���-�� �2ก �
+������*

ก����� Calibration Standard "���!���� Quinine Sulfate �	����%���ก��(
�@2�
ก�'��'�	 0.1     

"����& �*� ����'��'�	 1, 5, 10, 15 ��% 20 µm/L �������
�����	��9��
� Fluorescent Intensity �*� 

�Em� ��-� 450 nm ��%�!�5�
���	ก�%�2�	�*� �Ex� ��-�ก
� 345 nm "�� 1 Quinine Sulfate Unit       

(1 QSU) ��-�ก
�  ����'�����@�,������(�	 '�����������	�*� ����'��'�	 1 µg/L (Coble 1996; 

Nakajima et al., 2002; Chem et al., 2003; and Sierra et al. 2005)     

"��ก-�	�*��%���ก���
� ��%�&�����*ก����
� -�5*��!  �		+������* -���1	ก���      

(pH 7) �����)�	��9��
� ��%�&"���!�� �6��� Spectrofluorometer 

 

ก��#�$.��`�'��."�'�� FEEM ���+
���กก���
���    

'
+	��	ก����%���:�'���,�'�� FEEM �*�9����กก������������	�,��*� 3.21 

��6��9��:� EEM '��	+���
���-����%	+�� Milli-Q �	�,���� ASCII (*.TXT) (�,��*� 3.22) ��
���ก

	
+	�%	��9���
������,-�	�,������	'���,� Excel (�,��*� 3.23) ()����1	'���,�'�� ����'�����

@�,������(�	�*� Excitation ��% Emission �-�� P ��%�%	��'��,� Excel �� ��	�$�	"���ก�� 

Model (�,��*� 3.24) ()��"���ก���%���ก�� ��	�$"��	�� -� ����'�����@�,������(�	'��	+��

�
���-������ -� ����'�����@�,������(�	'��	+�� Milli-Q ��ก��%	����ก������ 3.33 ()����1	 -�

��-�ก
� 1 QSU �	'
+	��	�-�9��%	��:� FEEM �*�9����ก"���ก�� Model 9���%���:��-�"��

�!�"���ก�� Sigmaplot (�,��*� 3.25) ()�������?����:�'��'���,��	�,��������
�
��%��� 

contour "��:� FEEM '��	+���
���-����6��:-�	ก����%���:�"���!�"���ก�� Sigmaplot �	

�,���� contour ��%��6��5
���$� FEEM �	!-��'�� ������ �6�	 excitation (Ex)≥ ������ �6�	 

emission (Em) ��6��*� Ex ×2 ≤  Em (Komatsu et al, 2005 ) ���ก����  Rayleigh ��% Raman 

scattering 5* �*� Em ± 10 ?)� 15 nm �	��-�% Ex (Zepp et al, 2004)  �%9��:� FEEM '��	+��

�
���-���	�,��������
�
 ��% contour �����	�,��*� 3.26 
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�,��*� 3.21 '
+	��	ก����%���:�'���,�'�� FEEM �*�9����กก������� 
 
 

 
 

�,��*� 3.22 :�'�� FEEM �	�,������	'���,� ASCII 

:�'�� FEEM �	�,������	'���,� 
ASCII (*.TXT) 

:�'�� FEEM �	�,������	'���,� 
Excel 

��%���:��	"���ก�� Model 

��%���:��	"���ก�� SigmaPlot 

�,��*� 3.22 

�,��*� 3.23 

�,��*� 3.24 

�,��*� 3.25 
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�,��*� 3.23 :�'�� FEEM �	�,������	'���,� Excel 
 
 

 
 

�,��*� 3.24 ก����%���:��	"���ก�� Model 
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�,��*� 3.25 ก����%���:��	"���ก�� SigmaPlot 
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( a ) ( b )  
 

�,��*� 3.26 :�'�� FEEM '��	+���
���-���	�,��������
�
 (a) ��% contour (b) �*�9����ก 
"���ก�� Sigma plot 
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3.5.8 Trihalomethane Formation Potential (THMFP)  

ก���
� ��%�& THMFP �����
��2ก�
���-��	+�� �!��
#*�
��%�2�	 Standard method 
5710B ก������� ���*	�*� 7 �
	��������%��� sodium hypochlorite �*����%��*���
��-�9�	*+  

 
- ��
� pH '���
���-��	+�������,-�	!-�� 7± 0.2 "���!� H2SO4 ��% NaOH 
- ��
� 1 ml phosphate buffer solution �����
��
���-��	+�� 50 ml 
- 	���
���-��	+���'���,��กD��2$��,�
����)��*� 25 ± 2 ºC �	'���*!��������L� 

PTFE ��1	���� 7 �
	 
- ����� ���*	�ก ����*� ���� 7 �
	 ����� �6��� Spectrophotometer 

Spectronic Unicam  �2-	  Genesys 10 UV "���
���-�������* -� ���*	
���6���,-�	 -��%��-�� 3-5 mg/L 

- Extract THM ���� pantane ����
#*�*��%�2�	 Standard method 6232B 
- �
� ��%�& THMs ����� �6��� GC ECD detector (HP 6890 series)  

GC Condition �56���
� ��%�& THMs �*����%��*���
�������*� 3.5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
\ 
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������*� 3.5 HP 6890 GC method �����
��
� ��%�& THMs 
 

Manufacture name/model HP 6890 GC 

Inlet conditions  Mode: Split 
Initial temp: 225 ºC 
Pressure: 31.14 psi 
Split ration: 10:1 
Split flow: 96.4 mL/min 
Total flow: 108.7 mL/min 
Gas type: Helium 

Column HP-5 5% phenyl Methyl Siloxane  
Length: 30 m 
Diameter: 320 um 
Film thickness: 0.25 um 
Mode: constant flow 
Initial flow: 9.6 mL/min 
Init pressure: 31.15 psi 

Detector ECD  
Temperature: 300 ºC 
Mode: Constant make up flow 
Make up flow: 60.0 mL/min 
Make up Gas type: Nitrogen 

Injection temperature 225 ºC 
Initial temperature 60 ºC initial time 1.00 min 
Temperature program 10 ºC/minute to 100 ºC 1 minute 

10 ºC/minute to 130 ºC 1 minute 
10 ºC/minute to 180 ºC 1 minute 

Final time duration 16 minute 

 
� �6����6���%�
#*ก���
� ��%�&�����
�ก�������	*+��2��
�������*� 3.6  
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������*� 3.6 � �6����6���%�
#*ก���
� ��%�& 
 

 
 �*���: *Standard methods, 1995 
 

�����
����� �*�2ก!	
��	ก�%��		*+��1	 Analytical grade ��%����	
	ก�������
�
�5����
����&(+�� 3  �
+��	�2ก5����
����& 

 
 
 
 
 

 
 

5����
����& � �6����6�/�2�ก�$& �
#*�����
�* 
5*��! pH meter HACH Sessions 1 Standard method 4500-H+ B 
 ���'2-	 Turbidity Meter  HACH �2-	 2100N    Standard method 2130 B 
 -�ก��	��9@@n� Conductivity Meter YSI 3200 Standard method 2510 B 
 �����1	�-�� Titration method Standard method 2320 B 
UV-254 Spectrophotometer spectronic unicam 

�2-	 Genesys 10 UV 
Standard method 5910 B 

DOC O.I. analytical 1010 Standard method 5310 
FEEM Spectrofluorometer JASCO FP-6200 �
�"����� 
Free chlorine 
residual 

Spectrophotometer spectronic unicam 
�2-	 Genesys 10 UV 

Standard method 4500-Cl G 

TTHM0 , TTHM7 
(THMFP) 

HP 6890 GC Standard method 5710 ��% 
6232B 
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 4 

 

 

4.1  

 4.1 

    

  6.9  6.7   290 NTU 

  21.5 NTU 

  (2551) 

 312 18.7 NTU    

Suspended Solid  272  66 mg/L 

  Suspended Solid 

 (AWWA, 1999) 

 24  26.1 mg/L 

as CaCO 3   Chaisri et al., (2008)  4 

 10  24 mg/L as CaCO 3

   Alkalinity 

 Alkalinity  (AWWA, 

1999) 

 Dissolved Organic Carbon (DOC) 

  (DOC) 

 GF/F  0.7 µm  DOC  10.7  6.9 

mg/L   

 UV-254  aromatic hydrocarbon 

 extended conjugation  UV  254 nm 

   UV-254 

 0.112  0.228 cm-1  

 SUVA  1.1  3.3 L/mg-m 

 SUVA   aromatic hydrocarbon 
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  aromatic hydrocarbon 

 

(USEPA., 1999; AWWA., 1999)  SUVA 

 aliphatic hydrocarbon (Edzwald et al., 1985) 

 

/

 advance 

oxidation process  Ozone  aliphatic hydrocarbon  

 (2552) 

 24   

 85 . 

 ( , 2537)  

 

  

 

 

 

 4.1  

 

  

  

 (pH) 

 (NTU) 

Suspended Solid (mg/L) 

 (mg/L as CaCO 3 ) 

 (mg/L) 

UV-254 (cm-1) 

DOC (mg/L) 

SUVA (L/mg-m) 

6.9 

290 

272 

24 

5 

0.112 

10.7 

1.1 

6.7 

21.5 

66 

26.1 

4.6 

0.228 

6.9 

3.3 
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4.1.1   

 

 2    

 (Hydrophilic Organic Fraction, HPI)  (Hydrophobic Organic Fraction, HPO) 

 DAX-8 

 5   

 (Mass balance) 

  DOC  

 DOC    10  15 

 (Marhaba, 2000)  

 DOC   

   

 Elution  Elution 

 

 4.2  DOC  10.7 mg/L 

DOCHPI  DOCHPO  5.5  4.8 mg/L  

 10.3 mg/L  DOC   

 DOC  (fraction)  4  

 elution   HPO  

DAX-8    

 DOC  6.9 mg/L  

DOCHPI  DOCHPO  3.4  3.1 mg/L  

 6.5 mg/L  DOC   

 DOC  (fraction)  5  

 4.1 

 HPI  HPO  54  46   

 52  48    

 HPI  HPO 

 2   HPI 

 HPO  
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 AWWA (1993; 1998; 1999), Kim and Yu (2005), Marhaba 

and Van (2000), Phumpaisanchai (2005), Musikavong (2005)  HPO 

  HPO 

 50  

  HPI 

 50   HPI  

(Kim and Yu, 2005) 

/

 advance oxidation process  Ozone  HPI  

 

 

 4.2  DOM  

 

  
 

HPI1 HPO2 HPI+HPO Total3 %Diff 4 

 

 

DOC 

(mg/L) 
5.5 4.8 10.3 10.7 4 

    

  

DOC 

(mg/L) 
3.4 3.1 6.5 6.9 5 

 

 : 

HPI1 = Hydrophilic fraction    

HPO 2  = Hydrophobic fraction 

Total3 = DOC  fraction    

%Diff 4 = (Total - (HPI+HPO))*100/Total  

 

 



102 
 

 

5.5
3.4

4.8

3.1

0

2

4

6

8

10

12

ьѸѼѥчѧэїчѬѐь ьѸѼѥчѧэїчѬѰјк

D
O

C
 (

m
g/

L)
HPI HPO

54 %

46 %

48 %

52 %

 
 

 

 4.1  

 

 DOC 

 (Panyapinyopol et al. (2005), Homklin (2004), Janhom et al. (2005), Phumpaisanchai 

(2005)  4.3  DOC 

     

     

 

 HPI  HPO 

 HPI  HPO  Musikavong, 

(2007)  DOC  HPI  50  

DOC  DOC  3.8  8.4 mg/L 

 DOC   HPI 

 

 

 

 

 

Raw Water Supply in  

Rainy Season

Raw Water Supply 

in Dry Season
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 4.3  HPI  HPO 

 

 

 :  *  

 

4.1.2 THMFP  THMs  

  THMs  THMs   

 THMs   USEPA 

Disinfectant/Disinfection By-product (D/DBPs) (United states Environmental Protection Agency 

 USEPA) (USEPA, 2007)  THMs 4   

 Chloroform (CHCl 3 ), Bromodichloromethane (CHBrCl 2 ), Dibromochloromethane 

(CHBr 2 Cl), Bromoform (CHBr 3 )  40 µg/L  

 (World health organization: WHO, 1997)  THMs 

 (Chlorination by-products)  

 WHO 

 guideline values (GV)  CHCl 3 , CHBrCl 2 , CHBr 2 Cl  CHBr 3   200, 60, 100 

 100  µg/L   CHBrCl2  CHCl 3    

CHCl3  THMs   

 
DOC 

(mg/L) 

(%) 

HPI HPO 

 (Panyapinyopol et al, 2005) 4.7 60 40 

  (Homklin, 2004) 2.4 47 53 

   ( Homklin, 2004) 2.0 40 60 

   (Homklin, 2004) 1.8 31 69 

  (Janhom et al. 2005) 5.4 43 57 

  (Phumpaisanchai, 2005) 6.4 51 49 

*    . .2551 10.7 54 46 

*    . .2552 6.9 52 48 
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 (WHO)  THMs  

 

         ----- (  4.1) 

 

 C = Concentration  GV = Gulideline value 

 

 THMFP  THMs  

4.2  THMs  2  4.3 

 4.2  TTHMFP  749.7 µg/L 

 THMFPHPI  THMFPHPO  432  316.6 

µg/L   TTHMFP, THMFPHPI  THMFPHPO  556.9, 318.7 

 237.1 µg/L    

 THMs  CHCl 3  TTHMFP, THMFPHPI  

THMFPHPO  611.2,  323.6  287.6 µg/L  CHBrCl 2  TTHMFP, 

THMFPHPI  THMFPHPO  101.2, 80.8  20.4 µg/L  CHBr 2 Cl  

TTHMFP, THMFPHPI  THMFPHPO  28.9, 21.5  6.9 µg/L   

CHBr 3  TTHMFP, THMFPHPI  THMFPHPO  8.4, 6.1  1.7 µg/L   

 CHCl 3  TTHMFP, THMFPHPI  THMFPHPO 

 438.9, 223.5  217.3 µg/L  CHBrCl 2  TTHMFP, THMFPHPI  

THMFPHPO  74.3, 58.6  15.7 µg/L  CHBr 2 Cl  TTHMFP, THMFPHPI 

 THMFPHPO  33.6, 19.4  11.2 µg/L   CHBr 3  TTHMFP, 

THMFPHPI  THMFPHPO  10.1, 8.3  1.9 µg/L  

 4.3  THMs 

  2   THMs  Chloroform 

Bromodichloromethane   Dibromochloromethane  

Bromoform  

 USEPA, (2007)  THMFP 

 750  557 µg/L   

USEPA (40 µg/L) 
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 4.4  THMFP  THMs 

   THMFP 

 THMs  2   THMFPHPI 

 THMFPHPO  

 THMs  Chloroform 

Bromodichloromethane   Dibromochloromethane  

Bromoform   THMs  

Rodriguez et al. (2003)   80 %  CHCl3  THM 

 Quebee   

CHCl3  90 %  

Quebee, Canada  Thacker et al. (2002)  CHCl3  THMs 

  Panjrapur, Bhanup, Tulsi, Vehar  

 4.5  THMFP 

 (Panyapinyopol et al. 
(2005), Homklin (2004), Janhom et al. (2005), Phumpaisanchai (2005))   THMFP 
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 4.5 THMFP   THMs 

 

 

 :  *  

  1 (  )  =  

  2 ND = Not detected  

 
 

THMFP 

(µg/L) 

CHCl3-

FP(µg/L) 

CHCl2Br-

FP(µg/L) 

CHClBr2-

FP(µg/L) 

CHBr3-

FP(µg/L) 

 

(Panyapinyopol et 
al, 2005) 

. . 2003 313 262 (84%)1 43.8 (14%) 6.9 (2%) ND2 

 

(Homklin, 2004) 

. . 2004 403 372 (92%) 20.3 (5%) 
11.1 

(3%) 
ND 

 

   

( Homklin, 2004) 

. . 2004 236 214 (90%) 15.4 (7%) 6.9 (3%) ND 

 

  

(Homklin, 2004) 

. . 2005 113 94(83%) 11.7 (10%) 7.0 (7%) ND 

  

(Panyapinyopol et 
al, 2005) 

. . 2005 318 292 (92%) 25.6 (8%) ND ND 

*  . . 2008 750 611.2 (82%) 
101.2 

(13%) 

28.9 

(4%) 
8.4 (1%) 

*  . . 2009 557 438.9 (79%) 74.3 (13%) 
33.6 

(6%) 

10.1 

(2%) 
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 4.4  THMs 

 THMFP  WHO (  4.1) 

 THMs  Guide line  WHO 

 5.1   3.7  WHO  THMs 

 THMs   

 (17  . .2551)  THMs   THMs  4   

CHCl 3 , CHBrCl 2 , CHBr 2 Cl  CHBr 3  457.1, 346.8, 87.2, 16.4  6.7 µg/L 

   THMs  THMs   

 (3  . .2552)  THMs   CHCl 3 , CHBrCl 2 , 

CHBr 2 Cl  CHBr 3   326.7, 239.6, 57.3, 21.7  8.1 µg/L  

 THMs   

  WHO (  4.1) 

 THMs  Gulide line  WHO 

 2.8   3.6  WHO 

 

  THMs  
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4.1.3 FEEM  

Three-dimensional fluorescent spectroscopy (excitation-emission matrix, FEEM) 

  FEEM 

  

 

    

 FEEM  

 Fluorescence  Xenon  ground state  low 

energy state 

 low energy state  ground state  

 

 4.5  4.6 FEEM 

   FEEM 

  4.6 

 FEEM  240nmEx/350nmEm, 260nmEx/360nmEm, 

280nmEx/350nmEm  280nmEx/410nmEm    FEEMHPI  FEEMHPO 

  FEEM 

  

 FEEM  

  4.4, 4.5 

 4.6 
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Peak A: 240nmEx/350nmEm 

Peak B: 260nmEx/360nmEm  

Peak C: 280nmEx/350nmEm  

Peak D: 280nmEx/410nmEm 

A, B, C: Trypothan-like substance 

D: Humic and fulvicacid-like substance 
 
 
            

 

 

 

 

 

 

 

 

 

 

 

 4.7  FEEM  Excitation  Emission 

 FEEM  5  (region) (Musikavong et al., 2006) 
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 FEEM  Chen et al., (2003) 

 Excitation (Ex)  Emission (Em)  5  (region) 

 4.7   

        

Region  1, Ex/Em  220-250 nm/280-330 nm  FEEM 

 Tyrosine  aromatic protein     

Region  2, Ex/Em  220-250 nm/330-380 nm  FEEM 

 BOD5  aromatic protein     

Region  3, Ex/Em  220-250 nm/ > 380 nm  FEEM 

 Hydrophobic acid  fulvic acid-like    

Region  4, Ex/Em  >250 nm/280-330 nm  FEEM 

 soluble microbial by  product-like     

Region  5, Ex/Em  > 250 nm/ >380 nm  FEEM 

 humic acid-like  

 

 FEEM, FEEMHPI  FEEMHPO 

  Peak A: 

240nmEx/350nmEm Peak B: 260nmEx/360nmEm Peak C: 280nmEx/350nmEm  Peak D: 

280nmEx/410nmEm  4.8  

Chen et al. (2003)  peak D  Humic and fulvic acid-like substance  

peak A, B  C  Trypothan-like substance  

Suksaroj et al., (2008)  Musikavong et al., (2008) 

  fluorescent peak  

Trypothan-like substance  

 (Musikavong, 2006) 

 Humic and fulvic acid-like substance 

 Trypothan-like substance  2   4.10 
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4.2  DOC  UV-254  

 

4.2.1  DOC  UV-254  

 

 PACl  

 DOC  DOC 

 PACl  

  4.9  PACl 

 DOC  PACl 40 mg/L 

 5.5 7  8.5  DOC  10.7 mg/L 

 5, 4.9  6.6 mg/L   DOC  53, 54  

38    

 UV-254  UV-254 

 UV-254  0.112 cm-1  0.058, 0.056  

0.085 cm-1   UV-254  48, 50  24 

  4.10 

 4.9  4.10  PACl  40 mg/L  

pH  7  UV-254  DOC  pH 

   pH 

 6.9  pH 
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 PACl  Polymer  

 DOC  DOC     

 PACl  Polymer  7 

 4.11  PACl  PACl 40 mg/L   pH  

 7  polymer  1 mg/L  DOC  

10.7 mg/L  4.7 mg/L  DOC  56   

 4.12   PACl  PACl 40 mg/L 

  pH   7  polymer  1 mg/L  UV-254 

 0.112 cm-1  0.051 cm-1  UV-254  

 54    
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 4.12  UV-254  UV-254                            

 PACl  Polymer  

 

 

 PACl  PAC  

 4.13  DOC  DOC 

 PACl  PAC  7 

  PACl  PACl 40 mg/L   pH   7 

 PAC  80 mg/L  DOC  10.7 mg/L 

 2.4 mg/L  DOC  77   

 UV-254  UV-254   

4.14  PACl  PACl 40 mg/L   pH   7 

 PAC  80 mg/L  UV-254  0.112 cm-1 

 0.041 cm-1  UV-254   63   

40+Polymer
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 PACl  Polymer  PAC 

 

 4.15  PACl  PACl 40 mg/L  polymer 

 1 mg/L  PAC 80 mg/L   pH   7  DOC 

 10.7 mg/L  1.4 mg/L  DOC  

87   

 4.16  UV-254  UV-254  

 DOC  UV-254  0.112 cm-1  

 0.031 cm-1  UV-254   72  

  4.15  4.16   PACl 

 Polymer  PAC  DOC  UV-254  
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 4.16  UV-254  UV-254                               

 PACl  Polymer  PAC  

 

 

 PACl  Polymer  Ozone 

 

 4.17  PACl  PACl 40 mg/L 

  pH   7  polymer  1 mg/L  Ozone  132 mg/hr  

 30   DOC  10.7 mg/L  

4.2 mg/L  DOC  61   

 UV-254  UV-254  

 UV-254  0.112 cm-1  0.037 cm-1 

 UV-254   67    4.18 

 4.17  4.18   PACl  

Polymer  Ozone  UV-254   



125 
 

0

2

4

6

8

10

12

0 25 50 75 100 125 150

Ozone dosage (mg/hr)  contact time 30 mins

D
O

C
 (

m
g/

L)

0

20

40

60

80

100

P
er

ce
nt

 R
ed

uc
tio

n 
(%

) DOC (PACl 40 mg/L +

Polymer 1 mg/L + Ozone,

pH 7) 

% Reduction (PACl 40 mg/L

+ Polymer 1 mg/L +  Ozone,

pH 7)

 
 

 4.17  DOC  DOC  

PACl  Polymer  Ozone  

 

0

0.02

0.04

0.06

0.08

0.1

0.12

0 25 50 75 100 125 150

Ozone dosage (mg/hr)  contact time 30 mins

U
V

-2
54

 (
cm

-1
)

0

20

40

60

80

100

P
er

ce
nt

 R
ed

uc
tio

n 
(%

) UV-254 (PACl 40 mg/L +

Polymer 1 mg/L + Ozone,

pH 7) 

% Reduction (PACl 40 mg/L

+ Polymer 1 mg/L + Ozone,

pH 7)
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 PACl  Polymer  PAC  Ozone 

 

 PACl  PACl 40 mg/L   pH   7 

 polymer  1 mg/L  PAC 80 mg/L  Ozone   132 mg/hr  

 30   DOC  10.67 mg/L  

1.21 mg/L  DOC  89  (  4.19) 

  UV-254  0.112 cm-1 

 0.029 cm-1  UV-254   74   

 4.20 

 PACl  Polymer  PAC  Ozone 

 DOC  UV-254  
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 4.20  UV-254  UV-254                               

 PACl  Polymer  PAC  Ozone  

 

4.2.2  DOC  UV-254  

 

 PACl  

 PACl  DOC 

 PACl 40 mg/L  5.5, 7 

 8.5  DOC  6.9 mg/L  3.2, 3.0  

3.7 mg/L   DOC  54, 57  46  

 4.21 

 UV-254  PACl 40 mg/L 

 5.5, 7  8.5  UV-254 

 0.228 cm-1  0.112, 0.108  0.129 cm-1   

UV-254  51, 53  43  (  4.22) 

 PACl  DOC  UV-

254  
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 PACl  Polymer  

 DOC  DOC 

    PACl  Polymer  7 

 PACl  PACl 40 mg/L   pH   7 

 polymer  1 mg/L  DOC  6.87 

mg/L  2.81 mg/L  DOC  59  (  4.23) 

 DOC   PACl  

PACl 40 mg/L   pH   7  polymer  1 mg/L  

UV-254  0.228 cm-1  0.098 cm-1    

UV-254   57   (  4.24) 

  PACl  Polymer 

 UV-254  DOC 

 UV-254  DOC  54  56   
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 PACl  Polymer  PAC 

 

 4.27  PACl  PACl 40 mg/L  

polymer  1 mg/L  PAC 80 mg/L   pH   7  

DOC  6.9 mg/L  1.7 mg/L  DOC 

 76   

 4.28  UV-254 

 0.228 cm-1  0.071 cm-1  UV-254  69 
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 2.7 mg/L  DOC  61   
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 PACl  Polymer  PAC  Ozone 

 

 4.31  PACl  PACl 40 mg/L   pH  

 7  polymer  1 mg/L  PAC 80 mg/L  Ozone  132 

mg/hr  30   DOC  6.9 mg/L 

 1.2 mg/L  DOC  82   

  UV-254  0.228 cm-1 

 0.062 cm-1  UV-254   73    
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 4.7  UV-254  DOC  UV-254  

DOC  

 

  

 

( )  

( ) 

UV-254 DOC UV-254 DOC 

(1) PACl*,** PACl 40 mg/L, pH 7 50 54 0 0 

(2) PACl + 

Polymer** 

PACl 40 mg/L +  

Polymer 1 mg/L, pH 7 

54 56 4 2 

(3) PACl + 

PAC** 

PACl 40 mg/L + PAC 80 mg/L, 

pH 7 

63 77 13 23 

(4) PACl + 

Polymer + PAC** 

PACl 40 mg/L + Polymer 1 mg/L 

+ PAC 80 mg/L,  pH 7 

72 87 22 33 

(5) PACl + 

Polymer + 

Ozone** 

PACl 40 mg/L + Polymer 1 mg/L 

+ Ozone 132 mg/hr   

30  , pH 7 

67 61 17 7 

(6) PACl + 

Polymer + PAC + 

Ozone 

PACl 40 mg/L + Polymer 1 mg/L 

+ PAC 80 mg/L + Ozone 132 

mg/hr   30 ,  pH 7 

74 89 24 35 

 

 :   *   PACl  

  **  THMFP  FEEM 
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 4.8  UV-254  DOC  UV-254  

DOC  

 

  

 

( )  

( ) 

UV-254 DOC UV-254 DOC 

(1) PACl*,** PACl 40 mg/L, pH 7 53 57 0 0 

(2) PACl + 

Polymer** 

PACl 40 mg/L + Polymer 1 

mg/L, pH 7 

57 59 4 2 

(3) PACl + 

PAC** 

PACl 40 mg/L + PAC 80 mg/L, 

pH 7 

61 70 8 13 

(4) PACl + 

Polymer + PAC** 

PACl 40 mg/L + Polymer 1 mg/L 

+ PAC 80 mg/L,  pH 7 

69 76 16 19 

(5) PACl + 

Polymer + 

Ozone** 

PACl 40 mg/L + Polymer 1 mg/L 

+ Ozone 132 mg/hr   

30 , pH 7 

68 61 15 4 

(6) PACl + 

Polymer + PAC + 

Ozone 

PACl 40 mg/L + Polymer 1 mg/L 

+ PAC 80 mg/L + Ozone 132 

mg/hr   30 ,  pH 7 

73 82 20 25 

 

 :   *   PACl  

  **  THMFP  FEEM 
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 DOC  UV-254  DOC 

 2  humic like  non-humic like  humic like 

 aromatic hydrocarbon (Thurman, 1985)   non-humic like 

 aliphatic hydrocarbon  (AWWA, 1999)  UV-254 

 aromatic hydrocarbon (Edzwald et al, 1985) 

 (AWWA, 1999)  

 UV-254  DOC  

 (1) PACl (2) PACl + Polymer (3) PACl + PAC (4) PACl + Polymer + PAC 

(5) PACl + Polymer + Ozone (6) PACl + Polymer + PAC + Ozone  4.7  

4.8  

 PACl 

 UV-254  DOC  UV-254  DOC 

 50  54    

UV-254  DOC  53  57   

 PACl  UV-254  DOC  

aromatic hydrocarbon  aliphatic hydrocarbon  

 (Charge Neutralization)  AWWA (1993) 

 Ohio River Water (ORW), Lake 

Gaillard Water (LGW), Mississippi River Water (MRW), Paaanic River Water (PRW), Salt River 

Project Water (SRPW)  Florida groundwater (FGW)  humic like 

 aromatic hydrocarbon  50   

 PACl  Polymer     

UV-254  DOC   UV-254  DOC  54

 56    UV-254  

DOC  57  59   UV-254  

DOC  4  2   

 polymer bridging flocculation 

 floc strength, settleability  

filterability  

 (AWWA., 1998)  aromatic hydrocarbon 
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(AWWA., 1993)  PACl  

  

AWWA., (1993)  polymer  State Project 

Water and Colorado River Water (SPW and CRW), SRPW, ORW, Harwood s Mill Reservoir 

(HMR)  LRW  humic-like  50  60  

 PACl 

 PAC   DOC  UV-254  UV-254  

DOC  63  77   

 UV-254  DOC  61  70  

 UV-254  DOC  13  23  

 8  13    PAC 

 2   (Physisorption)  

(Chemisorption) (Cheremisinoff and Ellerbusch, 1978)  

 (Adsorbate) 

 (Kinetic energy)  (Adsorbate) 

 (Van der Waal s  force) 

  

 

 (Irreversible) (Metcaff  Eddy, 2004) 

 PACl  PAC 

  DOC  UV-254  PAC 

 aliphatic hydrocarbon 

 aromatic hydrocarbon   Jacangelo 

et al., (1995)  PAC  PAC 

 

 PACl  Polymer 

 PAC   DOC  UV-254  
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UV-254  DOC  72  87   

 UV-254  DOC  69  76  

 UV-254  DOC  22  33 

  16  19     

 PACl  Polymer  

PAC  DOC  aliphatic hydrocarbon 

 UV-254  aromatic hydrocarbon  

 PACl  Polymer   

Advanced oxidation  Ozone   UV-254  DOC 

 UV-254  DOC  67  61   

 UV-254  DOC  68  61  

 UV-254  DOC  17  7 

  15  4    

Advanced oxidation  Ozone 

 (Minerization) (Najim  Krasner.,1995) 

 Ozone  humic  non-humic 

(AWWA., 1993)  PACl  Polymer  

 Advanced oxidation  Ozone   

UV-254   ozone  aromatic hydrocarbon 

  AWWA., (1993)  ozonation 

 SPW, CRW, SRPW, ORW, HMR  LRW 

 UV absorbance  fluorescene Intensity 

 humic-like  DOC  non-humic  

aliphatic hydrocarbon 

 PACl  Polymer  

 PAC  Advanced oxidation  Ozone       

UV-254  DOC  UV-254  DOC  74 

 89    UV-254  

DOC  73  82   UV-254  DOC 

 24  35   
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20  35     PACl  

Polymer   PAC  Advanced oxidation 

 Ozone  aromatic hydrocarbon  aliphatic hydrocarbon 

 

 UV-254  DOC 

 PACl  

polymer  PAC   Advance oxidation process  Ozone 

 UV-254  DOC   PACl  Polymer   

 

 5   GF/F  0.7 

µm  

(hydrophilic)  (hydrophobic)  DOC  THMFP 

 

 

4.3  

  

 

     

 DOC   

4.9  4.10 

  DOC 

 DOC , (1)PACl, (2) 

PACl+Polymer, (3) PACl+PAC, (4) PACl+Polymer+ PAC  (5) PACl+Polymer+Ozone 

 3.8, 3.6, 5.3, 5.4, -3.3  9.2  

, (1) PACl, (2) PACl+Polymer, (3) PACl+PAC, (4) 

PACl+Polymer+PAC, (5) PACl+Polymer+Ozone  5.4, 3.6, 2.5, 5.6, 3.2  7.4 
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Day et al, (1991)  Marhaba  Pipada, (2000) 

 DOC  10  15  

 Croue et al, (1999)  DOC 

 8  12   

 elution   

  DOC 
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4.4   DOC  

 DOC  (1) PACl, (2) 

PACl+Polymer, (3) PACl+PAC, (4) PACl+Polymer+PAC  (5) PACl+Polymer+Ozone 

  4.33  DOC 

 (1) PACl, (2) PACl+Polymer, (3) PACl+PAC, (4) PACl+Polymer+PAC, (5) 

PACl+Polymer+Ozone  4.34  

DOC  4.10  4.11 

 4.33, 4.34   4.11  4.12 

 HPI  (  

DOC  HPI  55  DOC 

)  HPI  HPO  

Leenheer et al., (1982), Leenheer and Noyes, (1984) and Reckhow et al., (1992) 

 HPO 

   fulvic  humic acid  hydrocarbon, aldehydes, high MW methyl ketones and 

alkyl, alcohols, ethers, furan, pyrrole   humic fraction  HPI  non humic 

fraction   

Polysaccharides; low MW alkyl alcohols, aldehydes and ketones  HPO  

aromatic hydrocarbon  HPI  aliphatic hydrocarbon 
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 4.11  DOC  

 

 

 4.12  DOC  

 

 

 

 

 

  

 

Hydrophilic (HPI)  

Hydrophobic (HPO) 

DOC (mg/L) 

DOCHPI DOCHPO 

Raw Water Supply  HPI (54%) > HPO (46%) 5.5 4.8 

(1) PACl  HPI (59%) > HPO (41%) 2.8 1.9 

(2) PACl+Polymer  HPI (61%) > HPO (39%) 2.7 1.7 

(3) PACl+PAC  HPI (60%) > HPO (40%) 2.1 1.4 

(4) PACl+Polymer+PAC  HPI (79%) > HPO (21%) 1.2 0.3 

(5) PACl+Polymer+Ozone  HPI (68%) > HPO (32%) 2.6 1.2 

  

 

Hydrophilic (HPI)  

Hydrophobic (HPO) 

DOC (mg/L) 

HPI HPO 

Raw Water Supply  HPI (52%) > HPO (48%) 3.4 3.1 

(1) PACl  HPI (55%) > HPO (45%) 1.6 1.3 

(2) PACl+Polymer  HPI (56%) > HPO (44%) 1.5 1.2 

(3) PACl+PAC  HPI (56%) > HPO (44%) 1.4 1.1 

(4) PACl+Polymer+PAC  HPI (66%) > HPO (34%) 1.2 0.6 

(5) PACl+Polymer+Ozone  HPI (72%) > HPO (28%) 1.8 0.7 
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 4.33   4.11  DOC 

 PACl   DOC  4.9 mg/L 

 DOCHPI  DOCHPO  2.8  1.9 mg/L   4.73 

mg/L  HPI (54%)  HPO (46%)  

 PACl  polymer  DOC  4.7 mg/L 

 DOCHPI  DOCHPO  2.7  1.7 mg/L   HPI (61%) > HPO 

(39%) 

 PACl   PAC  DOC  3.7 

mg/L  DOCHPI  DOCHPO  2.1  1.4 mg/L  

 3.5 mg/L  HPI (60%) > HPO (40%) 

 PACl  polymer  

PAC  DOC  1.4 mg/L  DOCHPI  DOCHPO  1.2  0.3 mg/L 

  1.5 mg/L  HPI (79%) > HPO (21%)  

 PACl  polymer  advanced oxidation process 

 Ozone  DOC  4.2 mg/L  DOCHPI  DOCHPO  2.6  1.2 mg/L 

  3.8 mg/L  HPI (68%) > HPO (32%) 

  DOC  6.9 mg/L 

 4.12  4.34   DOC 

 PACl   DOC  3.0 mg/L  DOCHPI 

 DOCHPO  1.6  1.3 mg/L   2.9 mg/L 

 HPI (55%) > HPO (45%) 

 PACl  polymer  DOC  2.8 mg/L 

 DOCHPI  DOCHPO  1.5  1.2 mg/L   2.7 mg/L 

 HPI (56%) > HPO (44%) 

 PACl   PAC  DOC  2.7 

mg/L  DOCHPI  DOCHPO  1.4  1.1 mg/L  

 2.5 mg/L  HPI (56%) > HPO (44%) 

 PACl  polymer  

PAC  DOC  1.9 mg/L  DOCHPI  DOCHPO  1.2  0.6 mg/L 

  1.8 mg/L  HPI (66%) > HPO (34%) 
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 PACl  polymer  advanced 

oxidation process  Ozone DOC  2.7 mg/L  DOCHPI  DOCHPO 

 1.8  0.7 mg/L   2.5 mg/L  HPI (72%) > 

HPO (28%) 

 HPI 

 HPO 

 non humic fraction  HPI  

 Polysaccharides; low MW alkyl alcohols, aldehydes and ketones 

  HPO   HPI 

 HPO  HPO  HPI 

 
 

4.5  DOC  

 4.4  DOC, DOCHPI  

DOCHPO   4.35 

 4.13  

 PACl  DOCHPI  DOCHPO 

 49  58    PACl 

 DOCHPO  DOCHPI  10  

 PACl  Polymer  DOCHPI  

DOCHPO  51  63   DOCHPI  DOCHPO 

 2  4    PACl 

 Polymer  DOCHPO  DOCHPI  

 PACl  PAC  DOCHPI  DOCHPO 

 62  71   DOCHPI  DOCHPO 

 13  11    PACl  PAC 

 DOCHPI  DOCHPO  

 PACl  Polymer   PAC 

 DOCHPI  DOCHPO   79  93 
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  DOCHPI  DOCHPO  30  

34    PACl  Polymer   

PAC  DOCHPO  DOCHPI  

 PACl  Polymer   

Advance oxidation process  Ozone  DOCHPI  DOCHPO  53  75

  DOCHPI  DOCHPO  

 4  15    PACl  Polymer  

 Advance oxidation process  Ozone  

DOCHPO  DOCHPI  

 

 4.13  DOC 

 

 

 : * PACl  

 

 

 

( )  ( ) 

Unfractionated  

Water 
HPI HPO 

Unfractionated  

Water 
HPI HPO 

(1) PACl* 54 49 59 0 0 0 

(2) PACl+Polymer 56 51 63 2 2 4 

(3) PACl+PAC 65 62 71 11 13 11 

(4) PACl+Polymer+PAC 87 79 93 33 30 34 

(5) PACl+Polymer 

+Ozone 
61 53 75 7 4 15 
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 DOC  

 4.36   4.14  

 PACl  DOCHPI  

DOCHPO  54  58   

 PACl  Polymer  DOCHPI  

DOCHPO  55  61    DOCHPI  DOCHPO 

 1  3   

 Polymer  DOCHPO  DOCHPI 

 PACl  PAC  DOCHPI  DOCHPO 

 58  64   4  6  

 

 PACl  Polymer   PAC 

 DOCHPI  DOCHPO  65  80  

 11  12   

 PACl  Polymer   

Advance oxidation process  Ozone  DOCHPI  DOCHPO 

 DOCHPI  DOCHPO  47  77    

DOCHPO  19   
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 4.14  DOC 

 

 

 

 

 

( )  ( ) 

Unfractionated  

Water HPI HPO 

Unfractionated  

Water HPI HPO 

(1) PACl* 57 54 58 0 0 0 

(2) PACl+Polymer 59 55 61 2 1 3 

(3) PACl+PAC 61 59 64 4 4 6 

(4) PACl+Polymer 

+PAC 
73 65 80 16 11 22 

(5) PACl+Polymer 

+Ozone 
61 47 77 4 -7 19 

 

 : * PACl  

 

 DOC 

  polymer  PAC  HPI  

HPO   HPO 

 HPI  polymer  PAC  HPI  HPO 

 Ozone  HPO  HPI 

  HPO  HPI  

 PACl  HPO  HPI 

 AWWA, (1993)  PACl 

 SPW, CRW, SRPW, ORW, HMR  LRW   humic  

non humic (  humic  50 )  
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 Polymer  PAC  HPI  HPO 

 Lyn et al., (1994)  cationic polymer 

 humic substance  HPO   

 Unai Iriarte-Velasco., (2008)  PACl  PAC 

 PAC 

 non-humic  HPI  

 Ozone  HPO  HPI 

  Ozonation 

   humic 

 (AWWA., 1993)  Ozonation 

 (destruction)  

(Transformation)  ozone 

  humic  non-humic (AWWA, 

1993)  

  HPO  HPI 

 THMs  

THMs  

 THMs  

 

4.6 THMFP  

 4.37  4.15  THMFP 

 HPI  HPO  58  42   

 HPI  THMs  

THMFPHPI  60  THMFP  

 THMFP  HPI  HPO  56  44  

 THMFPHPI  THMFPHPO 

  4.38   4.16  THMFP 
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 4.15  THMFP  

 

 

 4.16  THMFP  

  

 

Hydrophilic (HPI)  

Hydrophobic (HPO) 

THMFP (µg/L) 

THMFPHPI THMFPHPO 

Raw Water Supply  HPI (58%) > HPO (42%) 432.0 316.6 

(1) PACl  HPI (66%) > HPO (34%) 259.9 131.6 

(2) PACl+Polymer  HPI (67%) > HPO (33%) 236.2 118.1 

(3) PACl+PAC  HPI (67%) > HPO (33%) 198.5 98.5 

(4) PACl+Polymer+PAC  HPI (83%) > HPO (17%) 101.1 20.1 

(5) PACl+Polymer+Ozone  HPI (67%) > HPO (33%) 126.3 60.9 

  

 

Hydrophilic (HPI)  

Hydrophobic (HPO) 

THMFP (µg/L) 

THMFPHPI THMFPHPO 

Raw Water Supply  HPI (56%) > HPO (44%) 309.8 246.1 

(1) PACl  HPI (64%) > HPO (36%) 161.9 90.3 

(2) PACl+Polymer  HPI (65%) > HPO (35%) 162.1 87.1 

(3) PACl+PAC  HPI (65%) > HPO (35%) 147.5 78.1 

(4) PACl+Polymer+PAC  HPI (86%) > HPO (14%) 57.9 9.5 

(5) PACl+Polymer+Ozone  HPI (66%) > HPO (34%) 81.0 40.9 
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4.7  THMFP  

 4.5  THMFP     

  THMFP  THMFP 

   4.39   4.17  

 4.39  

4.17  THMFP, THMFPHPI  THMFPHPO  749.7, 432.0  316.6 µg/L 

  

 PACl  THMFP, THMFPHPI  THMFPHPO 

 383.9, 259.9  131.6 µg/L THMFP, THMFPHPI 

 THMFPHPO  48, 40  58    PACl 

 THMFPHPO  THMFPHPI  20  

 PACl  Polymer  THMFP, THMFPHPI 

 THMFPHPO  337.2, 236.2  118.1 µg/L 

THMFP, THMFPHPI  THMFPHPO  53, 45  63  

 5, 5  4  

 THMFPHPI  THMFPHPO  

 PACl  PAC  THMFP, THMFPHPI  

THMFPHPO  297.0, 198.5  98.5 µg/L THMFP, 

THMFPHPI  THMFPHPO  64, 54  69  

 13, 14  10  

 THMFPHPI  THMFPHPO  

 PACl  Polymer  PAC  THMFP, 

THMFPHPI  THMFPHPO  110.3, 101.1  20.1 µg/L 

THMFP, THMFPHPI  THMFPHPO  84, 77  94  

 36, 37  35  

 THMFPHPI  THMFPHPO  

 PACl  Polymer  Ozone  THMFP, 

THMFPHPI  THMFPHPO  181.2, 126.3  60.9 µg/L 

THMFP, THMFPHPI  THMFPHPO  75, 71  81  
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 27, 31  22  

 THMFPHPI  THMFPHPO  

 

 

 4.17  THMFP 

 

 

 : * PACl  

 

 

 

( )  ( ) 

Unfractionated  

Water 

HPI HPO Unfractionated  

Water

HPI HPO 

(1) PACl* 48 40 58 0   0 0  

(2) PACl+Polymer 53 45 63 5 5 4 

(3) PACl+PAC 60 54 69 13 14 10 

(4) PACl+Polymer 

+PAC 

84 77 94 36 37 35 

(5) PACl+Polymer 

+Ozone 

75 71 81 27 31 22 
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 4.40  

4.18  THMFP, THMFPHPI  THMFPHPO  556.9, 309.8  246.1 µg/L 

  

 PACl  THMFP, THMFPHPI  THMFPHPO 

 240.7, 161.9  90.3 µg/L  THMFP, THMFPHPI 

 THMFPHPO  57, 48  63    PACl 

 THMFPHPO  THMFPHPI  20  

 PACl  Polymer  THMFP, THMFPHPI 

 THMFPHPO  230.5, 162.1  147.5 µg/L 

THMFP, THMFPHPI  THMFPHPO  53, 45  63   

 2, 0  2  

 THMFPHPI  THMFPHPO  

 PACl  PAC  THMFP, THMFPHPI  

THMFPHPO  212.4, 147.5  78.1 µg/L THMFP, 

THMFPHPI  THMFPHPO  62, 52  68   

 5, 4  5  

 THMFPHPI  THMFPHPO  

 PACl  Polymer  PAC  THMFP, 

THMFPHPI  THMFPHPO  61.8, 57.9  95 µg/L 

THMFP, THMFPHPI  THMFPHPO  89, 81  96   

 32, 33  33  

 THMFPHPI  THMFPHPO  

 PACl  Polymer  Ozone  THMFP, 

THMFPHPI  THMFPHPO  113.8, 81  40.9 µg/L 

THMFP, THMFPHPI  THMFPHPO  80, 74  83  

 23, 26  20  

 THMFPHPI  THMFPHPO  
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 4.18  THMFP 

 

 

 : * PACl  

 

 THMFP  

 PACl   polymer  PAC 

 DOC  

 THMFP  DOC   

 (R2)  DOC  

polymer  PAC  THMFP  polymer  PAC 

 0.9774  0.9225   

 THMFP  

 DOC  THMFP  (  ) 

 THMFP 

 

 

 

( )  ( ) 

Unfractionated  

Water HPI HPO 

Unfractionated  

Water HPI HPO 

(1) PACl* 57 48 63 0  0  0  

(2) PACl+Polymer 59 48 65 2 0 2 

(3) PACl+PAC 62 52 68 5 4 5 

(4) PACl+Polymer 

+PAC 89 81 96 32 33 33 

(5) PACl+Polymer 

+Ozone 80 74 83 23 26 20 
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 DOC  THMFP   (R2) 

 DOC  THMFP  0.9553  0.914  DOC 

 THMFP  (  )  

 THMFP 

 polymer  PAC  HPI  

HPO  THMFP  

 PACl  Polymer  Ozone 

 THMFPHPI  THMFPHPO  DOC 

  Ozonation  (destruction) 

 (Transformation)  humic  

HPO  (AWWA, 1993)  THMFPHPO 

 ozone   

 

4.8  THMs  

 THMFP  THMs  CHCl3, CHCl2Br, CHClBr2 

 CHBr3  4.41 

 THMs  4   4.42  

 THMFP  THMs  CHCl3, CHCl2Br, CHClBr2 

 CHBr3  4.43 

 THMs  4   4.44 

 THMs 4   CHCl3, 

CHCl2Br, CHClBr2  CHBr3 

 USEPA (40 µg/L)  

USEPA  
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 THMs 

 WHO, (1997) (  4.1)  4.45 

 

 THMs 

 PACl  Guide line  WHO  2.7 

 1.8  

 THMs 

 PACl  Polymer  Guide line  WHO 

 2.4  1.7  
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 PACl  PAC  Guide line  WHO 

 2.0  1.6  
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 1.3  0.9  
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4.9 Specific THMFP 

 Specific THMFP   

 

Specific THMFP (µg THMFP/ mg DOC) =  THMFP (µg THMFP/L) 

      DOC (mg DOC/L) 

 

 Specific THMFP 

 THMs  Specific THMFP 

 4.46  4.47  Specific THMFP   

Specific THMFP   

4.19  4.20  

 Specific THMFP  

 Specific THMFP  PACl  PACl  

polymer  PACl  PACl  Specific THMFP   Specific 

THMFPHPI  PACl  PACl  polymer  PACl 

 PACl  Specific THMFPHPI   Specific THMFPHPO 

 PACl  PACl  polymer  PACl  PACl 

 Specific THMFPHPO   HPO 

  HPI 

  PACl  polymer 

 Ozone  Specific THMFP  Specific THMFP, Specific THMFPHPI  

Specific THMFPHPO    Ozone 
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 4.19 Specific THMFP  Specific THMFP  

 

 

 4.20 Specific THMFP  Specific THMFP  

 

 

 

 

 

 

  
Specific THMFP  

 (  Specific THMFP, µg THMFP/mg DOC)  

Raw Water Supply  HPI (78.5) > RAW (70.1) >  HPO (66.0) 

(1) PACl  HPI (92.8) > RAW (78.3) > HPO (69.2) 

(2) PACl+Polymer  HPI (87.5) > RAW (71.8) > HPO (69.4) 

(3) PACl+PAC  HPI (94.5) > RAW (84.9) > HPO (70.4) 

(4) PACl+Polymer+PAC  HPI (84.2) > RAW (78.8) > HPO (67.0) 

(5) PACl+Polymer+Ozone  HPO (50.8) > HPI (48.6) > RAW (43.2)  

  
Specific THMFP  

 (  Specific THMFP, µg THMFP/mg DOC) 

Raw Water Supply  HPI (91.1) > RAW (80.7) > HPO (79.4) 

(1) PACl  HPI (101.2) > RAW (80.2) > HPO (69.4) 

(2) PACl+Polymer  HPI (108.1) > RAW (82.3) > HPO (72.6) 

(3) PACl+PAC  HPI (105.4) > RAW (78.7) > HPO (71.0) 

(4) PACl+Polymer+PAC  HPI (48.2) > RAW (32.5) > HPO (15.8) 

(5) PACl+Polymer+Ozone  HPO (58.4) > HPI (45.0) > RAW (42.1)  
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4.10  FEEM 

 Spectrofluorometer JASCO FP-6200  FP-750 spectrofluorometer  

200  600 nm  excitation  emission wavelength (Lee S., and Ahn K-H., 2004) 

 4.1.3  FEEM, FEEMHPI  FEEMHPO 

 

 Peak A: 240nmEx/350nmEm Peak B: 260nmEx/360nmEm Peak C: 280nmEx/350nmEm  Peak 

D: 280nmEx/410nmEm  Chen et al. (2003) 

 peak D  Humic and fulvicacid-like substance  peak A, B  C 

 Trypothan-like substance  Suksaroj et al, (2008) 

 Musikavong et al., (2008) 

  fluorescent peak  

 

 

Musikavong et al., (2007) 

    

florescent intensitity  

 fluorescent organic matter   

fluorescent intensities  3  

   

 

 

 

 fluorescent intensity   

   4.48   4.21

 fluorescent intensity  Peak A, B  C  

   PACl  

fluorescent intensity   fluorescent intensity  696 QSU  

564 QSU  19  PACl  PAC 

 fluorescent intensity  23  PACl  
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Polymer  fluorescent intensity   31 

 PACl  polymer  PAC  fluorescent intensity 

  36  PACl  polymer Ozone 

 fluorescent intensity   33  (  4.48a) 

   PACl 

 fluorescent intensity   55 

 PACl  PAC  PACl  polymer  PACl  

polymer  PAC  fluorescent intensity  

 55  PACl  polymer Ozone 

 fluorescent intensity   63  (  4.48b)  

 PACl  

 USEPA, (1998)  humic like  

 Ozone 

   total fluorescent organic matter 

  PACl  total fluorescent organic matter 

 28  PACl  PAC  total fluorescent organic matter  31

  PACl  polymer  total fluorescent organic matter  36

  PACl  polymer  PAC  total fluorescent organic 

matter  42  PACl  polymer  Ozone  total 

fluorescent organic matter  41  (  4.48c) 

 4.22  

PACl  PAC  PACl  polymer  PACl  polymer  PAC  

PACl  polymer  Ozone  fluorescent intensity  

  PACl  4, 12, 17  14 

  

 PACl  PAC  PACl  polymer  PACl  polymer  PAC 

   

 PACl  polymer  Ozone 

  8  
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 Fluorescent intensity   

   4.23 

 4.49  

 4.49   4.23  fluorescent 

intensity  Peak A, B  C    

 PACl  fluorescent intensity  

 fluorescent intensity  696 QSU  564 QSU  19 

 PACl  PAC  fluorescent intensity 

 27  PACl  Polymer  fluorescent 

intensity   32  PACl  polymer  PAC 

 fluorescent intensity   39 

 PACl  polymer Ozone  fluorescent intensity 

  36  (  4.49a)  

  PACl  fluorescent intensity 

  58  PACl  PAC 

 PACl  polymer  PACl  polymer  PAC  PACl  

polymer  Ozone  fluorescent intensity   

59, 60, 63  66   (  4.49b)  

 total fluorescent organic matter 

  PACl  total fluorescent organic matter  32  

 PACl  PAC  total fluorescent organic matter  37  

 PACl  polymer  total fluorescent organic matter  41  

 PACl  polymer  PAC  total fluorescent organic matter  47 

 PACl  polymer  Ozone  total fluorescent organic 

matter  42   (  4.49c) 

 4.24  

PACl  PAC  PACl  polymer  PACl  polymer  PAC  

PACl  polymer  Ozone  fluorescent intensity  

  PACl  8, 13, 20  17 
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 PACl  PAC  PACl  polymer  PACl  polymer  PAC 

   

 PACl  polymer  Ozone 

  8  

 

 

 

  PACl   fluorescent intensity 

  

 polymer  PAC  fluorescent intensity 

  

 Ozone 
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�����  5 

��	
��ก������� 
 
5.1 ��	
��ก������� 

��ก��	
ก��ก��ก��
�������������ก�������������� ���������!��������"��"�
�ก
#��$�%�&�'(�!�)�%*����)�%��+$ �������'������$��� 

 
- �(�-���.'/�����0�$ก���-�ก��1#��กก%'����0�$�������"��"�
�ก#��$�%�&�'(�

���$)�%*����)�%��+$ ��#��"����2 PACl 40 mg/L #�� pH '���ก�� 7 ���ก��'@�.�
"�����A�(�@ก���-�ก��1#��กก%'�����+-����'@�.�"�����A�(�@ ���(�-�
��$&�� "��� Polymer ��#-��'0+�0+�'���ก�� 1 mg/L ��� "����2 PAC '���ก�� 80 mg/L 
��� "����2 Ozone '���ก�� 132 mg/hr ��.'-�������� 30 ���� 
 

- ก��
�������������1��ก���-�ก��1#��กก%'�����+-� PACl �����L HPO  �+��กก-�� 
HPI 1��ก��'@�.�"�����A�(�@ก���-�ก��1#��กก%'�����+-� Polymer ��� Ozone 
�����L�� HPO  �+��ก-�� HPI ��� ก��'@�.�"�����A�(�@ก���-�ก��1#��กก%'����
�+-� PAC �����L�� HPI  �+��ก-�� HPO 

 
- 
�กก��	
ก��"����2���ก����'�N$ @�-��!���ก&�-����$���� ��#�� THMFPHPI ��กก-�� 

THMFPHPO ��� CHCl3 '"R����"��ก��/��ก0�$ THMs ("����2 80 '"���'UN�&�) 
��$�$��#W� CHCl2Br, CHClBr2 ��� CHClBr2 &�������� 

 
- ก��'@�.�"�����A�(�@ก���-�ก��1#��กก%'�����+-� Polymer ��� PAC /�W� Ozone 

�����L�� THMFPHPO  �+��กก-�� THMFPHPI !���กก���-�ก������$ 
 

- ��
�กก��	
ก�� @�-�� ก�������"��ก�� THMs !���กก���-�ก������$��
'"���'UN�&�ก�����$0�$ HPO ��กก-�� HPI ��� ก��1#��กก%'�����+-� PACl ��-�ก�� 
Polymer ��� PAC ��� ก��1#��กก%'�����+-� PACl ��-�ก�� Polymer ��� Ozone 
0�$���$ 2 )�% �����L�����"��ก��0�$ THMs  �+&��ก��/��0�$ WHO (1994) 

 

 



189 
 

 

- Fluorescent excitation-emission matrix (FEEM) 0�$&�-����$�������������������.����
ก���-�ก���c�ก���!�)�%*����)�%��+$ &�-
@�&���/��$#-��'0+���$c�%��'��
'U+���.��#���%$����$���'
���.&�-
@����$��.&���/��$ Peak A: 240nmEx/350nmEm Peak B: 
260nmEx/360nmEm Peak C: 280nmEx/350nmEm  Peak D: 280nmEx/410nmEm U
.$'"R�
&�-���0�$ Humic and fulvic acid-like substance ��� peak A, B ��� C '"R�&�-���
0�$ก���� Trypothan-like substance 

 
- 
�กก��	
ก��ก�����$0�$ FEEM @�-��ก���-�ก��1#��กก%'�����+-� PACl '@��$

����$'���-�����L���ก���� Humic and fulvic acid-like substance  �+���&������ก���� 
Trypothan-like substance  �+�+�� ก��'@�.�"�����A�(�@ก���-�ก��1#��กก%'����
�+-� Polymer ��� PAC �����L'@�.�ก�����$0�$ก���� Trypothan-like substance  �+
����� Ozone ก��'@�.�"�����A�(�@ก���-�ก��1#��กก%'�����+-� �����L�����
ก���� Humic and fulvic acid-like substance  �+��ก-�� Trypothan-like substance 

 

5.2 ���������� 


�ก��ก������$0�$ก��	
ก����ก�2�0�$�������"��"�
�ก#��$�%�&�'(�1��
���$ก��ก��
��0�$��������������#�� THMFP ������"��ก�� THMs ���#�� Specific 
THMFP �����ก�2�0�$ก�����������������.&�-
@�1��-�A� FEEM ����ก������$U
.$'"R��$#�
#-���%+��.�����L��� "!�+$�� �+����$���'
��-�L
$#-�������L0�$ก��'@�.�"�����A�(�@
ก���-�ก��1#��กก%'����!�ก��ก��
�������������ก�������������� �����������.���$��ก��!�
ก������$���$!�)�%*����)�%��+$ ����$ �กN&�� '@W.�#-�����%�2�!�ก��	
ก��&�� "!����#&
#-���ก��'@�.������'����!�ก��	
ก����$��� 

 
- ก��!�+ก���-�ก��1#��กก%'������-�ก�����'@�.�"�����A�(�@ก���-�ก��1#��ก

ก%'���� '@W.��������������ก����������� '���L���ก�����&����"��'(�&��$n /�W� 
ก���-�ก��ก��$�+-�'��'��� '@W.�'"R���ก��$'�W�ก/�
.$!�ก��"����ก&�!�+ก������
ก�����&����"��"� 
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- 	
ก����ก������$�+�������-���� ��.'ก��
�ก���"��ก�� THMs ��.#$'/�W�!�
����"��"�'@W.�'"����'����ก��������.����ก���-�ก������$ '@W.����$L
$#-��
��'"R�
!�ก��'@�.�"�����A�(�@ก���������������&��$&+�!��������"��"�'@W.������ก����'�N$ 

 
- ก��!�+���'@�.�"�����A�(�@ '@W.������ก���� Humic and fulvicacid-like substance 

'�W.�$
�ก!���ก���-�ก������$!�ก��	
ก�����  �����ก����Trypothan-like 
substance  �+���&������ก���� Humic and fulvic acid-like substance  �+'@��$'�Nก�+�� 

 

- 	
ก���/��$��.���������&���/��$��� ������&���/��$ ��. '"R�&+�'/&�0�$ก��
"�'"op����������������������!��������"��"�
�ก#��$�%�&�'(� &���
�#-��
'"R� " �+!�ก���+��&���/��$
���%��������"��"�!/��'@W.����������������������� 2 
�/��$ก��'��� �-�L
$#��!�+
����+�����'#��!�ก��������0�$����ก�����&����"��"� 

 
 
 
 



191 
 

��ก��������	� 

 

ก����	
� �
������������. 2539. ก��������������� ��!"���##$"ก	����	%�����&�'
ก��ก(�&��
)(�
��
*&�ก+����
,"ก*-"��-�*ก���	��.�/0�
ก����
	�. ���*�
��
�����11��2�#�34�	. 
&56���ก�3��2����*���*. 

ก���0������753 ������$���-"�. 2536. 2��กก��$����	�ก���9"�ก�
 �*&�ก7�"�

. (2
-� 3;15). 
ก�5����= : +�������ก�����
�. 

�ก�
*���ก��? "5����
+�&
�. 2536. ����ก�������� (2
-� 145). ก�5�����2�
7� : ��	�
��ก��
�����. 

+ก�� ����#��, �B��*5�� ��������� $�� �5���*� B5�
5�������C
�. 2524. ก��������#D)"�	-
. 
 �7��B��5!� �#������ก��� 73������3�5!���	�� �2����*���*�2���, 2
-� 63-79 

&��2�����!��. 2544-2552. !-"�G�&��2�����!�� �H 2544-2552. &��2�����!��. 
&����*� �5!����*���-��, ��B�* B�*B(�
�1, "��*� &	5��IกJ�. 2544. ก��'B-$##&(��"����

73�	���	��'
ก�����7���2�753 ��
)(�'
7�"�"G0	�� �. +7����

�ก�KกJ����11�	�
 
 �7��B�����ก���+*�� 73�����ก������	�� �2����*���*��!��
7��
���. 

L���� �
�ก�&. ก����D"ก��##ก���	��7�"�

 Chlorination Systems. Thai Environmental 
Engineering. 2539. Vol. 10(4) : 23 ; 24. 

���
��
 	�345����
�. 2526. ����ก���ก������� ��0� 4. ก�5����= : +�������&56���ก�3�
�2����*���*. 

��C
B�* �2�D"
�"�. 2536. ก���������3L	�a�+��
��
�
��
��bc"
'

()������+�*��##ก��
ก�"����.��"�ก��. ���*�
��
�����11����*����	��2�#�34�	 (�����3�5!���	��) 
��!���B�"
���*����$���-"� #�34�	���*���* �2����*���*�2���. 

�5�� ��7�"�53. 2530. ก���KกJ����
*#��
*#�����3L	�a�+��
��
'

()��
��ก��&�กก���	��7�"�


$##��
7�"���
B��
 $��+��7�"���
B��
. ���*�
��
�����11����*����	��2�#�34�	 
��!���B���7+
+�*
����$���-"�. #�34�	���*���* �2���. 

Amy, G.L., 1993. Using NOM Characterization for the Evaluation of Treatment. Proceeding of 
the Natural Organic Matter (NOM) workshop. J.AWWA (11):19-22 

AWWA. 1993. Characterization of Natural Organic Matter and its Relationship to treatability, 1st 
ed., AWWA, USA. 



192 
 

Babcock, D.B. and Singer P.C. 1979. Chlorination and Coagulation of Humic and Fulvic Acid. 
Journal of American Water Works Association. 71: 149. 

Berger, B.B. 1987. Control of substances in Water and Wastewater. New Jersey : Noyes Data 
Coperation. 

Bin Xu, Nai-Yun Gao, Xiao-Feng Sun, Sheng-Ji Xia, Marie-Odile Simonnot, Christel 
Casserrand, Min Rui and Hai-Hui Wu. 2007. Characteristics of organic material in Hangpu 
River and treatability with the O3-BAC process. Separation and Purification Technology 
57:348-355 

Bunn, W.W., Haas, B.B., Deane, E.R. and Kleopter, R .D. 1975. Formation of Trihalomethanes 
by Chlorination of Surface Water. Environment Letter.10 : 205. 

Canada, April 1999. Summary of Guidelines for Canadian Drinking Water Quality of the Federal-
Provincial Committee on Environment and Occupational Health, Canada 

Chaisri SUKSAROJ, Payom RATANAMANEE, Charongpun MUSIKAVONG, Suraphong 
WATTANACHIRA. 2008. The Determination of Tryptophan and Humic and Fulvic acid-
like substance Reduction in Raw Water from U-tapao Basin Thailand with Alum 
coagulation. Natural Organic Matter :From Source to tap., IWA, 2-4 September 2008, Bath, 
UK 

Cheng, R.C., Krasner, S.W., Green, J.F. and Wattier, K.L. 1995. Enhanced coagulation: a 
preliminary evaluation. Journal of American Water Work Association (2):91-103.  

Chow, C.W.K., Fabris, R., Drikas, M., Holmes, M., 2005. A case study of treatment performance 
and organic character. J. Water Supply Res. Technol.-AQUA 54 (6), 385;395. 

Crozes, G. , White, P.N. , and Marshall, M. 1995. Enhanced Coagulation: its effect on NOM 
Removal and Chemical Costs. Jurnal AWWA. Vol. 87: No. 1: pp.78-89. 

Eaton A. 1995. Measuring UV-absorbing organic: A standard method.  Journal of American 
Water Work Association. (2): 86-90. 

Edwards, A.G., Amirtharajah, A. 1985. Removing Color Caused by Humic Acids. Journal of 
American Water Works Association. 77(3) : 50-7. 

Edzwald; J.K., Becker, W.C., and Wattier, K. 1985. Surrogate parameters for monitoring organic 
matter and THM precursors. J.AWWA. 4:122-132 



193 
 

European Union (EU), 98/83/EC of 3 November, 1998 on the Quality of Water Intended for 
Human Consumption 

Fearing, D.A., Goslan, E.H., Banks, J., Wilson, D., Hillis, P., Campbell, A.T., Parsons, S.A., 
2004. Staged coagulation for treatment of refractory organics. J. Environ. Eng., ASCE 130 
(9), 975;982. 

Homklin, S. 2004. Removal of hydrophobic and hydrophilic dissolved organic matters in natural 
water by alum coagulation. Master thesis. Chulalongkorn University, Thailand.  

Huseyin Selcuk, Luigi Rizzo, Anastasia N. Nikolaou, Sureyya Meric, Vincenzo Belgiorno, Miray 
Bekbolet., 2007. DBPs formation and toxicity monitoring in different origin water treated by 
ozone and alum/PAC coagulation. Desalination 210 (2007), 31-43 

Huseyin Selcuk, Luigi Rizzo, Anastasia N. Nikolaou, Sureyya Meric, Vincenzo Belgiorno, Miray 
Bekbolet., 2007. DBP formation and toxicity monitoring in different origin water treated by 
ozone and alum/PAC coagulation. Desalination 210 (2007) p31-43. 

IARC. 1991. Monographs on evaluation of carcinogenic risks of chemicals to humans: 
Chlorinated drinking water; Chlorination by-product; some other halogenated compounds; 
cobalt and cobalt compounds. International Agency for Research on Cancer, Lyon 

IPCS. 1994. Environmental health Criteria 163: Chloroform. Geneva: Available: 
htte://www.inchem.org/documents/ehc/ehc/ehc163.htm  

IPCS. 2000. Environmental health Criteria 163: Disinfectants and Disinfectant by-product 
Available: htte://www.inchem.org/documents/ehc/ehc/ehc216.htmPart Number 8  

Jacangelo, J.G., DeMarco, J., Owen, D.M. and Randtke, S.J. 1995. Selected Processes for 
Removing NOM: and overview. Journal AWWA. Vol.87: No. 1: pp.64-77. 

Kajino, M. and Yagi, M. 1980. Formation of Trihalomethanes During Chlorination and 
Determination of Halogenated Hydrocarbons in Drinking Water. Quoted in Hydrocarbons 
and Halogenated Hydrocarbons in the Aquatic Environment. Edited by Afghan BK. and 
Mackay D., Miami : Plenum Publishing Corp.: 491 ; 506. 

Kavanaugh, M.C.,1978. Modified Coagulation for Improved of Trihalomethane Precusors. 
Journal of American Water Works Association. 70(2): 613 ; 20. 

Kawamura, S. 1991. Integrated Design of water treatment facilities. New York: Wiley-
Interscience. 



194 
 

Kim, H.C., Yu, M.J., 2005. Characterization of natural organic matter in conventional water 
treatment processes for selection of treatment processes focused on DBPs control. Water Res. 
39 (19), 4779;4789. 

LaGrega M.D., Buckingham P.L., Evans J.C.,  Hazardous Waste Management, 2 nd edition, 
McGraw-Hill inc, 2001 

Leenheer , J.A., Noyes, T.I. and Steer, H.A. 1982. Determine of Polar Oraganic Solute in Oil-
Shale Report Water. Environ. Sci.Technol. 16(10):714-723 

Leenheer, J.A. and Noyes, T.I. 1984. A Filtration of Organic Substance from Large Volume of 
Water. U.S. Geological Survey Water Supply Paper 2230, U.S. Govt. Printing office 
Washington, D.C. 

Marhaba T.F. and Washington M.B. 1998. Drinking water disinfection byproducts: history and 
current practice.  Advance Environmental Research. 2 (1): 103;115. 

Marhaba, T. F. and Pipada, N. S. 2000. Coagulation: effectiveness in removing dissolved organic 
matter fractions.  Environmental Engineering Science. 17(2): 107-115. 

Maria Tomaszewska, Sylwia Mozia, Antoni W.Morawski. 2004. Removal of organic matter by 
coagulation enhanced with adsorption on PAC, Desalination 161:79-87 

Matilainen, A., Lindqvist, N., Tuhkanen, T. 2005. Comparison of the effiency of aluminium and 
ferric sulphate in the removal of natural organic matter during drinking water treatment 
process. Environ. Technol. 26 (8), 867;875. 

Metcalf and Eddy .  Wastewater Engineering Treatment and Reuse. 4th edition, McGraw-Hill inc, 
2001 

Musikavong C. 2007. Characterization of fractionated dissolved organic matter in industrial estate 
wastewater by sprectrofluorometry and pyrolysis GC/ MS analysis. Ph.D Dissertation. Inter-
Department Program in Environmental Management, Chulalongkorn University 

Muttamara, S.Sakes, C.I. and Gazali, Z.1995. The Formation of Trihalomethane from Chemical 
Disinfectants and Humic Substances in Drinking Water. Water Supply.13(2):105-117 

Official Journal of Italy, 25 D.Lgs 31/2001.110 (2001) 
Owen, D.M., Amy, G.L., Chowdhury, Z.K., Paode., McCoy, G., and Viscosil, K. 1995. NOM 

characterization and treatability. Journal AWWA. Vol. 87: No. 1: PP.46-63 



195 
 

Panyapinyopol 2004. Characterization treatment and removal of trihalomethane precursors in 
Bangkok water sources. Ph.D Dissertation. Inter-Department Program in Environmental 
Management, Chulalongkorn University,Thailand 

REAL DECRETO, 140/2003, de 7 de febrero, por el que se establecen los criterios sanitarios de 
la calidad del agua de consumo humano, Spanish Transposition of Directive 98/83/EC. 

Rebhun, M. and Lurie, M.(1993). Control of Organic Matter by Coagulation and Flocuration. 
Water Science Technology. 27(11):1-20. 

Recknow, D.A., Bose, P., Bezbarua, B., Hesse, E.M. and Mxknight, A.P. 1992. Transformations 
of Natural Organic Material During Preozonation. EPA Report. USEPA, Drinking Water 
Research Division, Cincinnati, Ohio. 

Reynolds, D.T. and Richards, A.P. Unit operation and process in environmental engineering. 2nd 
U.S.:PWS publishing Company, 1996. 

Rook J.J. (1977). Chlorination reactions of fulvic acids in natural waters. Environmental 
Engineering Science. 11(5): 478-482. 

Rosenblast, D.H., (1975). Chlorine and Oxychlorine Species Reactivity with Organic Substances. 
quoted in Johnson, J.D., Disinfection : Water and Wastewater. (pp 249-276). Michigan : Ann 
Arbor Science Publisher, Inc. 

SchnitZer, M. and Khan, S.U. 1972. Humic Substances in The Environment. New York :Marcel 
Dekker. 

Singer, P.C., 1993.Trihalomethanes and Other By-products Formed by Chlorination of Drinking 
Water. Keeping Pace with Science and Engineering: 141-164. 

Standard Methods for the Examination of Water and Wastewater: 1995 19th edition,     
American Public Health Association/American Water Works Association/Water  
Environment Federation, Washington, DC. 

Steven, A.A., et al. 1976. Chlorination of Organic in Drinking Water, Journal of American Water 
Works Association. 68 : 615. 

Thruman, E.M. 1985. Organic Grochemistry of Natural Waters. Marinus Nijihiff/Dr.W.Junk, 
Dordrecht.The Netherlands 

Thurman, E.M. and Malcolm, R.L. 1981. Preparative isolation of aquatic humic substances. 
Environmental Science and Technology. 15 (4): 463;466. 



196 
 

Trusell, R.R. and Umphres M.D. 1978. The Formation of Trihalomethanes. Journal of American 
Water Works Associasion. 70 (11):604 ; 612. 

Turkish Water Consumption Regulation (TWCR) 25730, Ankara, Turkey, 2005  
Unai Iriarte-Velasco, Jan I.Alvarez-Uriarte, Juan R.Gonzalez-Velasco., 2007. Enhanced 

coagulation under changing alkalinity-hardness conditions and its implications on 
trihalomethane precursors removal and relationship with UV absorbance. Separation and 
Purification Technology 55 (2007), 368-380 

Unai Iriate-Velasco, Jon I.Alvarez-Uriarte, Juan R. Gonazalez-Velasco. 2007. Enhanced 
coagulation under changing alkalinity-hardness conditions and its implications on 
trihalomethane precursors removal and relationship with UV absorbance. Separation 
Purification Technology 55 (2007) 368-380  

USEPA. 1999. Enhanced coagulation and enhanced precipitative softening guidance manual: 
Office of water (4607) [Online]. Available online from: http://www.epa.gov [2001, November 
10] 

USEPA (2007). List of Contaminants & their Maximum Contaminant Level [Online] Available 
online from : http://www.epa.gov/safewater/contaminants/index.html#mcls [2007, 
September 30] 

Vik, E.A., Calson, D.A., Eikum, A.S. and Gjessing, E.T. 1985. Removing Aquatic Humus From 
Norwegian Lakes. Journal of American Water Works Association.77 (3):58 ; 66. 

Wattanachira S., Musikavong C., Permsuk O., and Pavasant P., 2004. Removal of Surrogates for 
Natural Organic Matter and the Probability of finding Trihalomethaes in the Produced Water 
Supply from Small Waterworks in Chiang Mai, Thailand. Songklanakarin J.Sci. Technol., 
26(Suppl.-1):25-35 

 



197 
 

 
 
 
 
 
 

 
 
 
 
 

 

 

������ก 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



198 
 

 

 

 

 

 

 

 

 

 

 

 

 

������ก ก 

Calibration data ��� curve 
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conc. UV-515 (nm) �������� 1 UV-515 (nm) �������� 2 ���������
0.1 0.213 0.214 0.2135

0.25 0.254 0.256 0.255
0.5 0.304 0.303 0.3035
1 0.378 0.383 0.3805
2 0.492 0.496 0.494
3 0.586 0.584 0.585
4 0.648 0.645 0.6465
5 0.781 0.789 0.785

y = 0.1093x + 0.2414
R2 = 0.9825
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�$%��� ก.1 Calibration curve 12� free chlorine residual 
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�$%��� ก.2 Calibration curve 12� TOC, DOC 200 
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;������� ก.1 HP6890 GC method ?�@ Calibration data 12� TTHM 



202 
 

 
 



203 
 

 
 



204 
 

 
 



205 
 

 
 

 

 

 

 

 

 

 

 

 

 

������ก � 

��������กก� !"��# 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



206 
 

;������� 1.1 1B2C$�D�E�FGHI�ก��2�2$�;@�J�����KDLF$MD?�@LF$?�B� 
 

 
 

;������� 1.2 UV-254 ���N�O2, �%2�P�QRD;Pก���F��12� UV-254 ก�@HSDก��T�?2กก$��U�DFBS� 
PACl �W���2�����F��S12�;�S2����D�E�KDLF$MD 

 

%�GC�X 
PACl (mg/L) 

pH 8.5 pH 7 pH 5.5 
UV-254 
(cm-1) 

�%2�P�QRD;P
�F�� 

UV-254 
(cm-1) 

�%2�P�QRD;P
�F�� 

UV-254 
(cm-1) 

�%2�P�QRD;P
�F�� 

D�E�FGH 0.112 0 0.112 0 0.112 0 
5 0.105 6 0.085 24 0.068 39 

10 0.101 10 0.082 27 0.064 43 
20 0.094 16 0.067 40 0.062 45 
30 0.098 13 0.059 47 0.06 46 
40 0.085 24 0.056 50 0.058 48 

 
 

 

W���CG�;2�P 
LF$ก�� 

LF$MD LF$?�B� 
W��2U(pH) 

�S�C1]�D(NTU) 
Suspended Solid (mg/L) 

�S�C�%`DF��� (mg/L as CaCO 3 /L ) 
D.O. 

UV-254(1/cm) 
DOC (mg/L) 

SUVA(L/mg-m) 

6.9 
290 
272 
24 
5 

0.112 
10.67 

1.1 

6.7 
21.5 
66 

26.1 
4.6 

0.228 
6.87 
3.3 
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;������� 1.3 UV-254 ���N�O2, �%2�P�QRD;Pก���F��12� UV-254 ก�@HSDก��T�?2กก$��U�DFBS� 
Polymer �W���2�����F��S12�;�S2����D�E�KDLF$MD 

 
%�GC�X 
Polymer 
(mg/L) 

pH 8.5 pH 7 pH 5.5 
UV-254 
(cm-1) 

�%2�P�QRD;P
�F�� 

UV-254 
(cm-1) 

�%2�P�QRD;P
�F�� 

UV-254 
(cm-1) 

�%2�P�QRD;P
�F�� 

D�E�FGH 0.112 0 0.112 0 0.112 0 
0.2 0.11 2 0.093 17 0.083 26 
0.4 0.099 12 0.092 18 0.08 29 
0.6 0.098 13 0.09 20 0.089 21 
0.8 0.096 14 0.086 23 0.083 26 
1 0.095 15 0.081 28 0.082 27 

 
 

;������� 1.4 UV-254 ���N�O2, �%2�P�QRD;Pก���F��12� UV-254 ก�@HSDก��T�?2กก$��U�DFBS� 
PACl ��SCก�H polymer 12�;�S2����D�E�KDLF$MD 

 

%�GC�X PACl (mg/L) 
pH 7 

UV-254 
(cm-1) 

�%2�P�QRD;P�F�� 

D�E�FGH 0.112 0 
5 0.085 24 

10 0.082 27 
20 0.067 40 
30 0.059 47 
40 0.056 50 

40 ��SCก�H polymer 1 mg/L 0.051 54 
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;������� 1.5 UV-254 ���N�O2, �%2�P�QRD;Pก���F��12� UV-254 ก�@HSDก��T�?2กก$��U�DFBS� 
PACl ��SCก�H PAC 12�;�S2����D�E�KDLF$MD 

 

%�GC�XT�?2กก$?�D�P 
pH 7 

UV-254 
(cm-1) 

�%2�P�QRD;P�F�� 

D�E�FGH 0.112 0 
PACl 40 mg/L+ PAC 10 mg/L 0.073 35 
PACl 40 mg/L+ PAC 20 mg/L 0.072 36 
PACl 40 mg/L+ PAC 40 mg/L 0.07 38 
PACl 40 mg/L+ PAC 60 mg/L 0.069 38 
PACl 40 mg/L+ PAC 80 mg/L 0.041 63 

 
 

;������� 1.6 UV-254 ���N�O2, �%2�P�QRD;Pก���F��12� UV-254 ก�@HSDก��T�?2กก$��U�DFBS� 
PACl ?�@polymer ��SCก�H PAC 12�;�S2����D�E�KDLF$MD 

 

%�GC�XT�?2กก$?�D�P 
pH 7 

UV-254 
(cm-1) 

�%2�P�QRD;P�F�� 

D�E�FGH 0.112 0 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 5mg/L 0.054 52 

PACl 40 mg/L+ Polymer 1 mg/L + PAC 10 mg/L 0.053 53 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 15 mg/L 0.051 54 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 20 mg/L 0.05 55 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 40 mg/L 0.049 56 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 60 mg/L 0.048 57 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 80 mg/L 0.031 72 
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;������� 1.7 UV-254 ���N�O2, �%2�P�QRD;Pก���F��12� UV-254 ก�@HSDก��T�?2กก$��U�DFBS� 
PACl ?�@polymer ��SCก�H Ozone 12�;�S2����D�E�KDLF$MD 

 

%�GC�X Ozone (mg/hr) 
pH 7 

UV-254 (cm-1) �%2�P�QRD;P�F�� 
D�E�FGH 0.112 0 

72 0.078 30 
96 0.051 54 

132 0.037 67 
 
 

;������� 1.8 UV-254 ���N�O2, �%2�P�QRD;Pก���F��12� UV-254 ก�@HSDก��T�?2กก$��U�DFBS� 
PACl ?�@polymer ��SCก�H PAC ?�@ Ozone 12�;�S2����D�E�KDLF$MD 

 

%�GC�X Ozone (mg/hr) 
pH 7 

UV-254 (cm-1) �%2�P�QRD;P�F�� 
D�E�FGH 0.112 0 

72 0.061 46 
96 0.045 60 

132 0.029 74 
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;������� 1.9 DOC ���N�O2, �%2�P�QRD;Pก���F��12� DOC ก�@HSDก��T�?2กก$��U�DFBS� PACl 
�W���2�����F��S12�;�S2����D�E�KDLF$MD 

 

 
 

;������� 1.10 DOC ���N�O2, �%2�P�QRD;Pก���F��12� DOC ก�@HSDก��T�?2กก$��U�DFBS� 
Polymer �W���2�����F��S12�;�S2����D�E�KDLF$MD 

 

 
 

%�GC�X PACl 
(mg/L) 

pH 8.5 pH 7 pH 5.5 
DOC 

(mg/L) 
�%2�P�QRD;P

�F�� 
DOC 

(mg/L) 
�%2�P�QRD;P

�F�� 
DOC 

(mg/L) 
�%2�P�QRD;P

�F�� 
D�E�FGH 10.7 0 10.7 0 10.7 0 

5 7.2 33 6.6 38 6.0 44 
10 7.1 33 6.6 38 5.7 47 
20 6.8 36 5.5 48 5.2 51 
30 6.4 40 5.1 52 5.1 52 
40 6.6 38 4.9 54 5.0 53 

%�GC�X 
Polymer 
(mg/L) 

pH 8.5 pH 7 pH 5.5 
DOC 

(mg/L) 
�%2�P�QRD;P

�F�� 
DOC 

(mg/L) 
�%2�P�QRD;P

�F�� 
DOC 

(mg/L) 
�%2�P�QRD;P

�F�� 
D�E�FGH 10.7 0 10.7 0 10.7 0 

0.2 10.6 1 10.5 1 10.2 4 
0.4 10.6 1 10.3 3 10.1 6 
0.6 10.4 2 9.8 8 9.9 7 
0.8 10.3 3 9.8 8 9.8 9 
1 10.1 5 9.7 9 9.7 9 
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;������� 1.11 DOC ���N�O2, �%2�P�QRD;Pก���F��12� DOC ก�@HSDก��T�?2กก$��U�DFBS� PACl 
��SCก�H polymer 12�;�S2����D�E�KDLF$MD 

 
 

;������� 1.12 DOC ���N�O2, �%2�P�QRD;Pก���F��12� DOC ก�@HSDก��T�?2กก$��U�DFBS� PACl 
��SCก�H PAC 12�;�S2����D�E�KDLF$MD 

 

%�GC�XT�?2กก$?�D�P 
pH 7 

DOC (mg/L) �%2�P�QRD;P�F�� 
D�E�FGH 10.7 0 

PACl 40 mg/L+ PAC 10 mg/L 3.0 72 
PACl 40 mg/L+ PAC 20 mg/L 2.9 73 
PACl 40 mg/L+ PAC 40 mg/L 2.9 73 
PACl 40 mg/L+ PAC 60 mg/L 2.6 75 
PACl 40 mg/L+ PAC 80 mg/L 2.4 77 

 
 
 
 

%�GC�X PACl (mg/L) 
pH 7 

DOC (mg/L) �%2�P�QRD;P�F�� 
D�E�FGH 10.7 0 

5 6.6 38 
10 6.6 38 
20 5.5 48 
30 5.1 52 
40 4.9 54 

40+polymer 1 mg/L 4.7 56 
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;������� 1.13 DOC ���N�O2, �%2�P�QRD;Pก���F��12� DOC ก�@HSDก��T�?2กก$��U�DFBS� PACl 
?�@polymer ��SCก�H PAC 12�;�S2����D�E�KDLF$MD 

 

%�GC�XT�?2กก$?�D�P 
pH 7 

DOC (mg/L) �%2�P�QRD;P�F�� 
D�E�FGH 10.7 0 

PACl 40 mg/L+ Polymer 1 mg/L + PAC 5mg/L 2.8 74 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 10 mg/L 2.6 75 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 15 mg/L 2.3 79 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 20 mg/L 2.3 79 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 40 mg/L 2.1 80 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 60 mg/L 1.7 84 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 80 mg/L 1.4 87 

 
 

;������� 1.14 DOC ���N�O2, �%2�P�QRD;Pก���F��12� DOC ก�@HSDก��T�?2กก$��U�DFBS� PACl 
?�@polymer ��SCก�H Ozone 12�;�S2����D�E�KDLF$MD 

 

%�GC�X Ozone (mg/hr) 
pH 7 

DOC (mg/L) �%2�P�QRD;P�F�� 
D�E�FGH 10.7 0 

72 4.4 58 
96 4.3 60 

132 4.2 61 
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;������� 1.15 DOC ���N�O2, �%2�P�QRD;Pก���F��12� DOC ก�@HSDก��T�?2กก$��U�DFBS� PACl 
?�@polymer ��SCก�H PAC ?�@ Ozone 12�;�S2����D�E�KDLF$MD 

 

%�GC�X Ozone (mg/hr) 
pH 7 

DOC (mg/L) �%2�P�QRD;PกE�I�F 
D�E�FGH 10.7 0 

72 4.1 61 
96 2.8 74 

132 1.2 89 
 
 
;������� 1.16 UV-254 ���N�O2, �%2�P�QRD;Pก���F��12� UV-254 ก�@HSDก��T�?2กก$��U�DFBS� 

PACl �W���2�����F��S12�;�S2����D�E�KDLF$?�B� 
 

%�GC�X 
PACl (mg/L) 

pH 8.5 pH 7 pH 5.5 
UV-254 
(cm-1) 

�%2�P�QRD;P
�F�� 

UV-254 
(cm-1) 

�%2�P�QRD;P
�F�� 

UV-254 
(cm-1) 

�%2�P�QRD;P
�F�� 

D�E�FGH 0.228 0 0.228 0 0.228 0 
5 0.172 25 0.114 50 0.131 43 

10 0.139 39 0.113 50 0.129 43 
20 0.134 41 0.111 51 0.121 47 
30 0.133 42 0.11 52 0.115 50 
40 0.129 43 0.108 53 0.112 51 
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;������� 1.17 UV-254 ���N�O2, �%2�P�QRD;Pก���F��12� UV-254 ก�@HSDก��T�?2กก$��U�DFBS� 
Polymer �W���2�����F��S12�;�S2����D�E�KDLF$?�B� 

 
%�GC�X 
Polymer 
(mg/L) 

pH 8.5 pH 7 pH 5.5 
UV-254 
(cm-1) 

�%2�P�QRD;P
�F�� 

UV-254 
(cm-1) 

�%2�P�QRD;P
�F�� 

UV-254 
(cm-1) 

�%2�P�QRD;P
�F�� 

D�E�FGH 0.228 0 0.228 0 0.228 0 
0.2 0.17 25 0.163 29 0.158 31 
0.4 0.163 29 0.15 34 0.156 32 
0.6 0.155 32 0.147 36 0.146 36 
0.8 0.151 34 0.142 38 0.145 36 
1 0.149 35 0.14 39 0.144 37 

 
 

;������� 1.18 UV-254 ���N�O2, �%2�P�QRD;Pก���F��12� UV-254 ก�@HSDก��T�?2กก$��U�DFBS� 
PACl ��SCก�H polymer 12�;�S2����D�E�KDLF$?�B� 

 

%�GC�X PACl (mg/L) 
pH 7 

UV-254 
(cm-1) 

�%2�P�QRD;P�F�� 

D�E�FGH 0.228 0 
5 0.114 50 

10 0.112 51 
20 0.11 52 
30 0.11 52 
40 0.108 53 

40+polymer 1 mg/L 0.098 57 
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;������� 1.19 UV-254 ���N�O2, �%2�P�QRD;Pก���F��12� UV-254 ก�@HSDก��T�?2กก$��U�DFBS� 
PACl ��SCก�H PAC 12�;�S2����D�E�KDLF$?�B� 

 

%�GC�XT�?2กก$?�D�P 
pH 7 

UV-254 
(cm-1) 

�%2�P�QRD;P�F�� 

D�E�FGH 0.228 0 
PACl 40 mg/L+ PAC 10 mg/L 0.106 54 
PACl 40 mg/L+ PAC 20 mg/L 0.104 54 
PACl 40 mg/L+ PAC 40 mg/L 0.101 56 
PACl 40 mg/L+ PAC 60 mg/L 0.098 57 
PACl 40 mg/L+ PAC 80 mg/L 0.089 61 

 
 

;������� 1.20 UV-254 ���N�O2, �%2�P�QRD;Pก���F��12� UV-254 ก�@HSDก��T�?2กก$��U�DFBS� 
PACl ?�@polymer ��SCก�H PAC 12�;�S2����D�E�KDLF$?�B� 

 

%�GC�XT�?2กก$?�D�P 
pH 7 

UV-254 
(cm-1) 

�%2�P�QRD;P
�F�� 

D�E�FGH 0.228 0 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 5mg/L 0.103 55 

PACl 40 mg/L+ Polymer 1 mg/L + PAC 10 mg/L 0.101 56 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 15 mg/L 0.098 57 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 20 mg/L 0.087 62 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 40 mg/L 0.086 62 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 60 mg/L 0.083 64 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 80 mg/L 0.071 69 
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;������� 1.21 UV-254 ���N�O2, �%2�P�QRD;Pก���F��12� UV-254 ก�@HSDก��T�?2กก$��U�DFBS� 
PACl ?�@polymer ��SCก�H Ozone 12�;�S2����D�E�KDLF$?�B� 

 

%�GC�X Ozone (mg/hr) 
pH 7 

UV-254 
(cm-1) 

�%2�P�QRD;P�F�� 

D�E�FGH 0.228 0 
72 0.214 6 
96 0.101 56 

132 0.072 68 
 
 
;������� 1.22 UV-254 ���N�O2, �%2�P�QRD;Pก���F��12� UV-254 ก�@HSDก��T�?2กก$��U�DFBS� 

PACl ?�@polymer ��SCก�H PAC ?�@ Ozone 12�;�S2����D�E�KDLF$?�B� 
 

%�GC�X Ozone (mg/hr) 
pH 7 

UV-254 
(cm-1) 

�%2�P�QRD;P�F�� 

D�E�FGH 0.228 0 
72 0.103 55 
96 0.082 64 

132 0.062 73 
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;������� 1.23 UV-254 ���N�O2, �%2�P�QRD;Pก���F��12� UV-254 ก�@HSDก��T�?2กก$��U�DFBS� 
PACl ��SCก�H ก�@HSDก�� advanced oxidation process FBS� Ozone 12�;�S2����D�E�KDLF$?�B� 

 

%�GC�X Ozone (mg/hr) 
pH 7 

UV-254 
(cm-1) 

�%2�P�QRD;P�F�� 

D�E�FGH 0.228 0 
72 0.115 50 
96 0.093 59 

132 0.081 64 
 
 

;������� 1.24 UV-254 ���N�O2, �%2�P�QRD;Pก���F��12� UV-254 ก�@HSDก�� advanced 
oxidation process FBS� Ozone 12�;�S2����D�E�KDLF$?�B� 

 

%�GC�X Ozone (mg/hr) 
pH 7 

UV-254 
(cm-1) 

�%2�P�QRD;PกE�I�F 

D�E�FGH 0.228 0 
72 0.147 36 
96 0.128 44 

132 0.119 48 
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;������� 1.25 UV-254 ���N�O2, �%2�P�QRD;Pก���F�� UV-254 ก�@HSDก�� advanced oxidation 
process FBS� Ozone ��SCก�H ก�@HSDก��T�?2กก$��U�DFBS� PACl 12�;�S2����D�E�KDLF$?�B� 

 

%�GC�X Ozone (mg/hr) %�GC�X Ozone 
pH 7 

UV-254 
(cm-1) 

�%2�P�QRD;PกE�I�F 

D�E�FGH D�E�FGH 0.228 0 
72 5 0.107 53 
96 10 0.098 57 

132 20 0.072 68 
 
 
;������� 1.26 DOC ���N�O2, �%2�P�QRD;Pก���F��12� DOC ก�@HSDก��T�?2กก$��U�DFBS� PACl 

�W���2�����F��S12�;�S2����D�E�KDLF$MD 
 

%�GC�X 
PACl (mg/L) 

pH 8.5 pH 7 pH 5.5 
DOC 

(mg/L) 
�%2�P�QRD;P

�F�� 
DOC 

(mg/L) 
�%2�P�QRD;P

�F�� 
DOC 

(mg/L) 
�%2�P�QRD;P

�F�� 
D�E�FGH 6.9 0 6.9 0 0.0 0 

5 4.9 29 2.8 59 29.4 29 
10 4.7 31 2.7 61 34.9 35 
20 4.4 37 2.5 63 37.1 37 
30 3.9 43 2.4 66 47.3 47 
40 3.7 46 3.0 57 53.6 54 
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;������� 1.27 DOC ���N�O2, �%2�P�QRD;Pก���F��12� DOC ก�@HSDก��T�?2กก$��U�DFBS� 
Polymer �W���2�����F��S12�;�S2����D�E�KDLF$MD 

 

 
 
;������� 1.28 DOC ���N�O2, �%2�P�QRD;Pก���F��12� DOC ก�@HSDก��T�?2กก$��U�DFBS� PACl 

��SCก�H polymer 12�;�S2����D�E�KDLF$MD 
 

%�GC�X PACl (mg/L) 
pH 7 

DOC (mg/L) �%2�P�QRD;P�F�� 
D�E�FGH 6.9 0 

5 5.8 15 
10 5.6 18 
20 5.3 23 
30 4.4 36 
40 3.3 52 

40+polymer 1 mg/L 2.8 59 
 
 
 

%�GC�X 
Polymer 
(mg/L) 

pH 8.5 pH 7 pH 5.5 
DOC 

(mg/L) 
�%2�P�QRD;P

�F�� 
DOC 

(mg/L) 
�%2�P�QRD;P

�F�� 
DOC 

(mg/L) 
�%2�P�QRD;P

�F�� 
D�E�FGH 6.9 0 6.9 0 6.9 0 

0.2 6.8 0 6.8 1 6.7 2 
0.4 6.8 1 6.0 13 6.7 2 
0.6 6.7 3 5.9 14 6.4 6 
0.8 6.5 5 5.9 15 6.3 8 
1 6.2 9 5.8 15 6.1 11 
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;������� 1.29 DOC ���N�O2, �%2�P�QRD;Pก���F��12� DOC ก�@HSDก��T�?2กก$��U�DFBS� PACl 
��SCก�H PAC 12�;�S2����D�E�KDLF$MD 

 

%�GC�XT�?2กก$?�D�P 
pH 7 

DOC (mg/L) �%2�P�QRD;P�F�� 
D�E�FGH 6.9 0 

PACl 40 mg/L+ PAC 10 mg/L 6.7 2 
PACl 40 mg/L+ PAC 20 mg/L 6.4 6 
PACl 40 mg/L+ PAC 40 mg/L 5.7 16 
PACl 40 mg/L+ PAC 60 mg/L 2.9 58 
PACl 40 mg/L+ PAC 80 mg/L 2.1 70 

 
 
;������� 1.30 DOC ���N�O2, �%2�P�QRD;Pก���F��12� DOC ก�@HSDก��T�?2กก$��U�DFBS� PACl 

?�@polymer ��SCก�H PAC 12�;�S2����D�E�KDLF$MD 
 

%�GC�XT�?2กก$?�D�P 
pH 7 

DOC (mg/L) �%2�P�QRD;P�F�� 
D�E�FGH 6.9 0 

PACl 40 mg/L+ Polymer 1 mg/L + PAC 5mg/L 4.7 32 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 10 mg/L 4.4 36 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 15 mg/L 3.6 47 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 20 mg/L 3.4 51 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 40 mg/L 2.4 66 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 60 mg/L 1.9 73 
PACl 40 mg/L+ Polymer 1 mg/L + PAC 80 mg/L 1.7 76 
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;������� 1.31 DOC ���N�O2, �%2�P�QRD;Pก���F��12�DOC ก�@HSDก��T�?2กก$��U�DFBS� PACl 
?�@polymer ��SCก�H Ozone 12�;�S2����D�E�KDLF$MD 

 

%�GC�X Ozone (mg/hr) 
pH 7 

DOC (mg/L) �%2�P�QRD;P�F�� 
D�E�FGH 6.9 0 

72 4.4 36 
96 4.0 42 

132 2.7 61 
 
 
;������� 1.32 DOC ���N�O2, �%2�P�QRD;Pก���F��12� DOC ก�@HSDก��T�?2กก$��U�DFBS� PACl 

?�@polymer ��SCก�H PAC ?�@ Ozone 12�;�S2����D�E�KDLF$MD 
 

%�GC�X Ozone (mg/hr) 
pH 7 

DOC (mg/L) �%2�P�QRD;P�F�� 
D�E�FGH 6.9 0 

72 4.7 31 
96 2.8 60 

132 1.2 82 
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;������� 1.33 DOC ���N�O2, �%2�P�QRD;Pก���F��12� DOC ก�@HSDก��T�?2กก$��U�DFBS� PACl 
��SCก�H ก�@HSDก�� advanced oxidation process FBS� Ozone 12�;�S2����D�E�KDLF$?�B� 

 

%�GC�X Ozone (mg/hr) 
pH 7 

DOC (mg/L) �%2�P�QRD;P�F�� 
D�E�FGH 6.9 0 

72 3.5 50 
96 3.0 57 

132 2.6 63 
 

;������� 1.34 DOC ���N�O2, �%2�P�QRD;Pก���F��12� DOC ก�@HSDก�� advanced oxidation 
process FBS� Ozone 12�;�S2����D�E�KDLF$?�B� 

 

%�GC�X Ozone (mg/hr) 
pH 7 

DOC (mg/L) �%2�P�QRD;P�F�� 
D�E�FGH 6.9 0 

72 4.9 29 
96 4.1 40 

132 3.9 43 
 
;������� 1.35 DOC ���N�O2, �%2�P�QRD;Pก���F�� DOC ก�@HSDก�� advanced oxidation process 

FBS� Ozone ��SCก�H ก�@HSDก��T�?2กก$��U�DFBS� PACl 12�;�S2����D�E�KDLF$?�B� 
 

%�GC�X Ozone (mg/hr) 
pH 7 

DOC (mg/L) �%2�P�QRD;P�F�� 
D�E�FGH 6.9 0 

72 3.0 57 
96 2.9 59 

132 2.7 61 
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;������� 1.36 e�]%�%2�P�QRDก���F��12� UV-254 ?�@ DOC ?�@�%2�P�QRDก���F��12� UV-254 
?�@ DOC ����WG�C1f�D12�ก���F�2�KDLF$MD 

 

ก���F�2� eJ�S@����NC�@eC %�@eG�gGJ�Wก��
�F�� 

(�%2�P�QRD;P) 

%�@eG�gGJ�Wก��
�F������WG�C1f�DI�ก

eJ�S@���Sh% 
(�%2�P�QRD;P) 

UV-254 DOC UV-254 DOC 

PACl* PAC 40 mg/L, pH 7 50 54 0 0 

Polymer Polymer 1 mg/L, pH7 28 9 - - 

PACl + Polymer PACl 40 mg/L + Polymer 1 mg/L, 
pH 7 

54 56 4 2 

PACl + PAC PACl 40 mg/L + PAC 80 mg/L. 
pH 7 

63 77 13 23 

PACl + Polymer 
+ PAC 

PACl 40 mg/L + Polymer 1 mg/L 
+ PAC 80 mg/L,  pH 7 

72 87 22 33 

PACl + Polymer 
+ Ozone 

PACl 40 mg/L + Polymer 1 mg/L 
+ Ozone 132 mg/hr 30 D���, pH 7 

67 61 17 7 

PACl + Polymer 
+ PAC + Ozone 

PACl 40 mg/L + Polymer 1 mg/L 
+ PAC 80 mg/L + Ozone 132 

mg/hr 30 D���,  pH 7 

74 89 24 35 

 
NC���N;] :  *PACl  �%`DeJ�S@���Sh% 
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;������� 1.37 e�]%�%2�P�QRDก���F��12� UV-254 ?�@ DOC ?�@�%2�P�QRDก���F��12� UV-254 
?�@ DOC ����WG�C1f�D12�ก���F�2�KDLF$?�B� 

 

ก���F�2� eJ�S@����NC�@eC %�@eG�gGJ�Wก��
�F�� 

(�%2�P�QRD;P) 

%�@eG�gGJ�Wก��
�F������WG�C1f�DI�ก

eJ�S@���Sh% 
(�%2�P�QRD;P) 

UV-254 DOC UV-254 DOC 

PACl* PAC 40 mg/L, pH 7 53 57 0 0 

Polymer Polymer 1 mg/L, pH 7 39 15 - - 

Pre-Ozone Ozone 132 mg/hr 30 D���, pH 7 48 43 - - 

PACl + Polymer PACl 40 mg/L + Polymer 1 mg/L, 
pH 7 

57 59 4 2 

PACl + PAC PACl 40 mg/L + PAC 80 mg/L. 
pH 7 

61 70 8 13 

PACl + Polymer 
+PAC 

PACl 40 mg/L + Polymer 1 mg/L 
+ PAC 80 mg/L,  pH 7 

69 76 16 19 

PACl + Polymer 
+ Ozone 

PACl 40 mg/L + Polymer 1 mg/L 
+ Ozone 132 mg/hr 30 D���, pH 7 

68 61 15 4 

PACl + Polymer 
+ PAC + Ozone 

PACl 40 mg/L + Polymer 1 mg/L 
+ PAC 80 mg/L + Ozone 132 

mg/hr 30 D���, pH 7 

73 82 20 25 

PACl + Ozone PACl 40 mg/L + Ozone 132 mg/hr 
30 D���, pH 7 

64 63 11 6 

Ozone + PACl Ozone 132 mg/hr 30 D��� + PACl 
40 mg/L,  pH 7 

68 61 15 4 

 
NC���N;] :  *PACl  �%`DeJ�S@���Sh% 
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;������� 1.38 ก��ก�@I��CS� DOC 12�D�E�FGH%�@%�����KDLF$MD?�@LF$?�B� 
 

;�S2����D�E� W���CG�;2�P 

ก�]�Ce��2GD����P 

HPI1 HPO2 HPI+HPO Total3 %Diff 4 

D�E�FGHLF$MD DOC (mg/L) 5.5 4.8 10.3 10.7 4 

D�E�FGHLF$?�B� DOC (mg/L) 3.4 3.1 6.5 6.9 5 

 
;������� 1.39 ก��ก�@I��CS� DOC 12�D�E����m��Dก�@HSDก���F�2�KDLF$MD 

 

;�S2����D�E� W���CG�;2�P 

ก�]�Ce��2GD����P 

HPI1 HPO2 HPI+HPO Total3 %Diff 4 

PACl DOC (mg/L) 2.8 1.9 4.7 4.9 4 

Polymer DOC (mg/L) 5.1 4.3 9.4 9.7 2 

PACl + 
Polymer 

DOC (mg/L) 2.7 1.7 4.5 4.7 5 

PACl + 
PAC 

DOC (mg/L) 2.1 1.4 3.5 3.7 5 

PACl + 
Polymer + 

PAC 
DOC (mg/L) 1.2 0.3 1.5 1.4 -3 

PACl + 
Polymer 
+Ozone 

DOC (mg/L) 2.6 1.2 3.8 4.2 9 
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;������� 1.40 ก��ก�@I��CS� DOC 12�D�E����m��Dก�@HSDก���F�2�KDLF$?�B� 
 

;�S2����D�E� W���CG�;2�P 

ก�]�Ce��2GD����P 

HPI1 HPO2 HPI+HPO Total3 %Diff 4 

PACl* DOC (mg/L) 1.6 1.3 2.9 3.0 4 

Polymer DOC (mg/L) 3.1 2.3 5.4 5.8 7 

PACl + 
Polymer 

DOC (mg/L) 1.5 1.2 2.7 2.8 3 

PACl + PAC DOC (mg/L) 1.4 1.1 2.5 2.7 6 

PACl + 
Polymer + 

PAC 
DOC (mg/L) 1.2 0.6 1.8 1.9 3 

PACl + 
Polymer 
+Ozone 

DOC (mg/L) 1.8 0.7 2.5 2.7 7 

PACl + Ozone DOC (mg/L) 1.6 0.8 2.4 2.6 8 

Ozone +PACl DOC (mg/L) 1.9 0.8 2.7 2.7 0 
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;������� 1.41 �%2�P�QRD;Pก���F��12�e��2GD����P Hydrophilic ?�@ hydrophobic 12�D�E�;�S2����
I�กLF$MD���m��Dก�@HSDก���F�2� 

 

;�S2����D�E� W���CG�;2�P 

LF$MD 
%�@eG�gGJ�Wก��กE�I�F 

(�B2��@) 
%�@eG�gGJ�Wก���F�� 

����WG�C1f�D (�B2��@) 
ก�2D

fraction 
HPI HPO 

ก�2D
fraction 

HPI HPO 

PACl* DOC (mg/L) 54 49 59 0 0 0 

Polymer DOC (mg/L) 9 7 9 - - - 

PACl + Polymer DOC (mg/L) 56 51 63 2 2 4 

PACl + PAC DOC (mg/L) 65 62 71 11 13 11 

PACl + Polymer + PAC DOC (mg/L) 87 79 93 33 30 34 

PACl + Polymer + Ozone DOC (mg/L) 54 49 59 7 4 15 

 
NC���N;] :  *PACl  �%`DeJ�S@���Sh% 
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;������� 1.42 �%2�P�QRD;Pก���F��12�e��2GD����P Hydrophilic ?�@ hydrophobic 12�D�E�;�S2����
I�กLF$?�B����m��Dก�@HSDก���F�2� 

 

;�S2����D�E� W���CG�;2�P 

LF$?�B� 
%�@eG�gGJ�Wก��กE�I�F 

(�B2��@) 
%�@eG�gGJ�Wก���F�� 

����WG�C1f�D (�B2��@) 
ก�2D

fraction 
HPI HPO 

ก�2D
fraction 

HPI HPO 

PACl* DOC (mg/L) 57 54 58 0 0 0 

Polymer DOC (mg/L) 15 8 25 - - - 

PACl + Polymer DOC (mg/L) 59 55 61 2 1 3 

PACl + PAC DOC (mg/L) 61 58 64 4 4 6 

PACl + Polymer + PAC DOC (mg/L) 73 65 80 16 11 22 

PACl + Polymer + Ozone DOC (mg/L) 61 47 77 4 -7 19 

PACl + Ozone DOC (mg/L) 62 54 73 6 1 15 

Ozone + PACl DOC (mg/L) 61 44 75 4 -10 16 

 
NC���N;] :  *PACl  �%`DeJ�S@���Sh% 
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;������� 1.43 THMFP 12�D�E�FGH?�@D�E����m��Dก�@HSDก��?o�กU�DKDLF$MD?�@LF$?�B�I�ก��2�2$�;@�J� 

 
 

ND = Not   Detected (hC�C�ก��;�SIWH) 
 
 
 
 
 
 

UDGFD�E� 
THMFP (µg/L) 

Chloroform Bromodichloromethane Dibromochloromethane Bromoform TTHMFP 

D�E�FGHLF$MD 
ก�2D fraction 611.2 101.2 28.9 8.4 749.7 
Hydrophilic 323.6 80.8 21.5 6.1 432 
Hydrophobic 287.6 20.4 6.9 1.7 316.6 

D�E�FGHLF$?�B� 
ก�2D fraction 438.9 74.3 33.6 10.1 556.9 
Hydrophilic 223.5 58.6 19.4 8.3 309.8 
Hydrophobic 217.3 15.7 11.2 1.9 246.1 

229 
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;������� 1.44 THMFP 12�D�E����m��Dก�@HSDก���F�2�?�@D�E����m��Dก�@HSDก��?o�กU�DKDLF$MDI�ก��2�2$�;@�J� 

 
NC���N;] :  *PACl  �%`DeJ�S@���Sh% 

ND = Not   Detected (hC�C�ก��;�SIWH) 
 
 
 

UDGFD�E� 
THMFP (µg/L) 

Chloroform Bromodichloromethane Dibromochloromethane Bromoform TTHMFP 

PACl* 
ก�2D fraction 303.2 64.0 13.2 3.5 383.9 
Hydrophilic 179.3 66.7 10.7 3.2 259.9 
Hydrophobic 116.8 12.3 2.5 ND 131.6 

polymer 
ก�2D fraction 526.9 95.7 24.5 7.9 655.0 
Hydrophilic 295.8 79.1 19.2 5.5 399.6 
Hydrophobic 248.2 19.4 5.9 1.4 275.0 

PACl + 
Polymer 

ก�2D fraction 266.5 56.1 11.7 3.0 337.2 
Hydrophilic 162.8 61.9 9.0 2.6 236.2 
Hydrophobic 105.3 10.6 2.2 ND 118.1 
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;������� 1.44 THMFP 12�D�E����m��Dก�@HSDก���F�2�?�@D�E����m��Dก�@HSDก��?o�กU�DKDLF$MDI�ก��2�2$�;@�J� (;�2) 

 
ND = Not   Detected (hC�C�ก��;�SIWH) 

 
 
 

UDGFD�E� 
THMFP (µg/L) 

Chloroform Bromodichloromethane Dibromochloromethane Bromoform TTHMFP 

PACl + 
PAC 

ก�2D fraction 246.3 41..3 8.1 1.7 297.0 
Hydrophilic 146.3 29.4 6.7 1.0 198.5 
Hydrophobic 96.3 11.3 1.4 0.0 98.5 

PACl + 
Polymer + 

PAC 

ก�2D fraction 86.2 20.1 3.0 1.0 110.3 
Hydrophilic 70.9 25.0 3.8 1.4 101.1 
Hydrophobic 18.4 1.7 ND ND 20.1 

PACl + 
Polymer + 

Ozone 

ก�2D fraction 141.2 32.3 6.1 1.7 181.2 
Hydrophilic 86.4 30.4 7.8 1.8 126.3 
Hydrophobic 55.5 5.4 ND ND 60.9 
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;������� 1.45 THMFP 12�D�E����m��Dก�@HSDก���F�2�?�@D�E����m��Dก�@HSDก��?o�กU�DKDLF$?�B�I�ก��2�2$�;@�J� 

 
NC���N;] :  *PACl  �%`DeJ�S@���Sh% ND = Not   Detected (hC�C�ก��;�SIWH) 

UDGFD�E� 
THMFP (µg/L) 

Chloroform Bromodichloromethane Dibromochloromethane Bromoform TTHMFP 

PAC* 
ก�2D fraction 181.3 41.5 14.0 3.8 240.7 
Hydrophilic 113.3 35.3 9.3 4.1 161.9 
Hydrophobic 78.4 7.6 4.2 0.0 90.3 

polymer 
ก�2D fraction 365.6 69.5 27.5 9.0 471.6 
Hydrophilic 204.1 56.1 16.7 7.9 284.7 
Hydrophobic 186.2 14.1 8.9 1.7 210.9 

PACl + 
Polymer 

ก�2D fraction 176.9 39.2 11.4 3.1 230.5 
Hydrophilic 110.2 40.9 7.5 3.5 162.1 
Hydrophobic 78.7 5.1 3.3 0.0 87.1 

PACl + 
PAC 

ก�2D fraction 163.3 36.7 9.8 2.6 212.4 
Hydrophilic 104.6 33.5 6.4 3.0 147.5 
Hydrophobic 69.8 5.5 2.9 0.0 78.1 
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233 
 

;������� 1.46 THMFP 12�D�E����m��Dก�@HSDก���F�2�?�@D�E����m��Dก�@HSDก��?o�กU�DKDLF$?�B�I�ก��2�2$�;@�J� (;�2) 
 

 
ND = Not   Detected (hC�C�ก��;�SIWH)

UDGFD�E� 
THMFP (µg/L) 

Chloroform Bromodichloromethane Dibromochloromethane Bromoform TTHMFP 

PACl + Polymer + 
PAC 

ก�2D fraction 44.3 13.3 3.3 0.9 61.8 
Hydrophilic 38.2 15.8 2.5 1.4 57.9 
Hydrophobic 8.3 1.2 0.0 0.0 9.5 

PACl + Polymer + 
Ozone 

ก�2D fraction 84.3 21.8 5.9 1.7 113.8 
Hydrophilic 52.3 21.0 5.6 2.1 81.0 
Hydrophobic 37.6 3.3 0.0 0.0 40.9 

PACl + Ozone 
 

ก�2D fraction 158.9 33.5 9.0 2.2 203.6 
Hydrophilic 101.5 34.6 6.0 2.9 144.9 
Hydrophobic 67.6 4.6 2.6 0.0 74.7 

Ozone +PACl 
ก�2D fraction 128.2 29.1 6.7 1.7 165.5 
Hydrophilic 78.0 31.8 5.1 2.4 117.3 
Hydrophobic 58.9 3.5 1.5 0.0 63.8 
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;������� 1.47 e�]%�%2�P�QRDก���F��12� THMFP ?�@�%2�P�QRDก���F��12� THMFP ����WG�C1f�D
I�กeJ�S@���Sh%KDD�E����m��Dก�@HSDก���F�2�?�@D�E����m��Dก�@HSDก��?o�กU�D 12�D�E�

;�S2����I�กLF$MD 
 

;�S2����D�E� W���CG�;2�P 

LF$MD 

%�@eG�gGJ�Wก���F�� 
(�%2�P�QRD;P) 

%�@eG�gGJ�Wก���F��
����WG�C1f�DI�กeJ�S@

���Sh% 
(�%2�P�QRD;P) 

ก�2D 
fraction 

HPI HPO 
ก�2D 

fraction 
HPI HPO 

PACl* 
THMFP 
(µg/L) 

48 40 58 0 0 0 

Polymer 
THMFP 
(µg/L) 

13 8 13 - - - 

PACl + Polymer 
THMFP 
(µg/L) 

53 45 63 5 5 4 

PACl + PAC 
THMFP 
(µg/L) 

60 54 69 13 14 10 

PACl + Polymer + PAC 
THMFP 
(µg/L) 

84 77 94 36 37 35 

PACl + Polymer +Ozone 
THMFP 
(µg/L) 

75 71 81 27 31 22 

 
NC���N;] :  *PACl  �%`DeJ�S@���Sh% 
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;������� 1.48 e�]%�%2�P�QRDก���F��12� THMFP ?�@�%2�P�QRDก���F��12� THMFP ����WG�C1f�D
I�กeJ�S@����NC�@eCKDD�E����m��Dก�@HSDก���F�2�?�@D�E����m��Dก�@HSDก��?o�กU�D12�D�E�

;�S2����I�กLF$?�B� 
 

;�S2����D�E� W���CG�;2�P 

LF$?�B� 

%�@eG�gGJ�Wก���F�� 
(�%2�P�QRD;P) 

%�@eG�gGJ�Wก���F��
����WG�C1f�DI�กeJ�S@

���Sh% 
(�%2�P�QRD;P) 

ก�2D 
fraction 

HPI HPO 
ก�2D 

fraction 
HPI HPO 

PACl* 
THMFP 
(µg/L) 

57 48 63 0 0 0 

Polymer 
THMFP 
(µg/L) 

15 8 14 - - - 

PACl + Polymer 
THMFP 
(µg/L) 

59 48 65 2 0 2 

PACl + PAC 
THMFP 
(µg/L) 

62 52 68 5 4 5 

PACl + Polymer + PAC 
THMFP 
(µg/L) 

89 81 96 32 33 33 

PACl + Polymer +Ozone 
THMFP 
(µg/L) 

80 74 83 23 26 20 

PACl + Ozone 
THMFP 
(µg/L) 

63 53 70 6 5 7 

Ozone +PACl 
THMFP 
(µg/L) 

70 62 74 13 14 11 

NC���N;] :  *PACl  �%`DeJ�S@���Sh% 
 
 



236 
 

;������� 1.49 e�]%�%2�P�QRDก���F��12�e��%�@ก2H THMs ?�@�%2�P�QRDก���F��12�e��%�@ก2H THMs ����WG�C1f�DKDD�E����m��Dก�@HSDก���F�2�?�@
D�E����m��Dก�@HSDก��?o�กU�D12�D�E�;�S2����I�กLF$MD 

 
NC���N;]:  * PACl �%`DeJ�S@���Sh%  ND = Not   Detected (hC�C�ก��;�SIWH) 

 

UDGFD�E� 

%�@eG�gGJ�Wก���F�� (�%2�P�QRD;P) %�@eG�gGJ�Wก���F������WG�C1f�DI�กeJ�S@���Sh% (�%2�P�QRD;P) 

CHCl3-FP CHCl2Br-FP CHClBr2-FP CHBr3-FP 
CHCl3-FP 
improved 

CHCl2Br-FP 
improved 

CHClBr2-FP 
improved 

CHBr3-
FP 

improved 

PACl* 
ก�2D fraction 50 37 54 58 0 0 0 0 
Hydrophilic 45 17 50 48 0 0 0 0 
Hydrophobic 59 40 63 100 0 0 0 0 

polymer 
ก�2D fraction 14 5 15 6 - - - - 
Hydrophilic 9 2 11 10 - - - - 
Hydrophobic 14 5 15 16 - - - - 

PACl + 
Polymer 

ก�2D fraction 56 45 60 64 6 8 5 6 
Hydrophilic 50 23 58 58 5 6 8 10 
Hydrophobic 63 48 68 100 4 8 4 0 
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;������� 1.49 e�]%�%2�P�QRDก���F��12�e��%�@ก2H THMs ?�@�%2�P�QRDก���F��12�e��%�@ก2H THMs ����WG�C1f�DKDD�E����m��Dก�@HSDก���F�2�?�@
D�E����m��Dก�@HSDก��?o�กU�D12�D�E�;�S2����I�กLF$MD (;�2) 

 
ND = Not   Detected (hC�C�ก��;�SIWH) 
 

UDGFD�E� 
%�@eG�gGJ�Wก���F�� (�%2�P�QRD;P) %�@eG�gGJ�Wก���F������WG�C1f�DI�กeJ�S@���Sh% (�%2�P�QRD;P) 

CHCl3 CHCl2Br CHClBr2 CHBr3 
CHCl3 

improved 
CHCl2Br 
improved 

CHClBr2 
improved 

CHBr3 

improved 

PACl + PAC 

ก�2D fraction 60 59 72 80 9 22 18 22 

Hydrophilic 55 64 69 84 10 46 19 36 

Hydrophobic 67 45 80 100 7 5 16 0 

PACl + Polymer 
+ PAC 

 

ก�2D fraction 86 80 90 88 36 43 36 30 
Hydrophilic 78 69 82 77 34 52 32 29 
Hydrophobic 94 92 100 100 34 52 37 0 

PACl + Polymer 
+Ozone 

 

ก�2D fraction 77 68 79 80 27 31 25 22 
Hydrophilic 73 62 64 71 29 45 14 24 
Hydrophobic 81 74 100 100 21 34 37 0 
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;������� 1.50 e�]%�%2�P�QRDก���F��12�e��%�@ก2H THMs ?�@�%2�P�QRDก���F��12�e��%�@ก2H THMs ����WG�C1f�DKDD�E����m��Dก�@HSDก���F�2�?�@
D�E����m��Dก�@HSDก��?o�กU�D12�D�E�;�S2����I�กLF$?�B� 

 
NC���N;]:  * PACl �%`DeJ�S@���Sh%  ND = Not   Detected (hC�C�ก��;�SIWH) 

UDGFD�E� 

%�@eG�gGJ�Wก���F�� (�%2�P�QRD;P) 
%�@eG�gGJ�Wก���F������WG�C1f�DI�กeJ�S@����NC�@eC 

(�%2�P�QRD;P) 

CHCl3-FP CHCl2Br-FP CHClBr2-FP CHBr3-FP 
CHCl3-FP 
improved 

CHCl2Br-FP 
improved 

CHClBr2-FP 
improved 

CHBr3-
FP 

improved 

PACl* 
ก�2D fraction 59 44 58 62 0 0 0 0 
Hydrophilic 49 40 52 51 0 0 0 0 
Hydrophobic 64 51 63 100 0 0 0 0 

polymer 
ก�2D fraction 17 6 18 11 - - - - 
Hydrophilic 9 4 14 5 - - - - 
Hydrophobic 14 11 20 12 1 3 8 7 

PACl + 
Polymer 

ก�2D fraction 60 47 66 69 1 -10 9 7 
Hydrophilic 51 30 61 58 0 16 8 0 
Hydrophobic 64 67 70 100 0 16 8 7 
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;������� 1.50 e�]%�%2�P�QRDก��กE�I�Fe��%�@ก2H THMs ?�@�%2�P�QRDก��กE�I�Fe��%�@ก2H THMs ����WG�C1f�DKDD�E����m��Dก�@HSDก���F�2�?�@D�E����m��D
ก�@HSDก��?o�กU�D12�D�E�;�S2����I�กLF$?�B� (;�2) 

 
ND = Not   Detected hC�C�ก��;�SIWH 
 

UDGFD�E� 
%�@eG�gGJ�Wก��กE�I�F (�%2�P�QRD;P) %�@eG�gGJ�Wก��กE�I�F����WG�C1f�DI�กeJ�S@����NC�@eC (�%2�P�QRD;P) 

CHCl3-FP CHCl2Br-FP CHClBr2-FP CHBr3-FP 
CHCl3-FP 
improved 

CHCl2Br-FP 
improved 

CHClBr2-FP 
improved 

CHBr3-FP 
improved 

PACl + PAC 
 

ก�2D fraction 63 51 71 74 4 7 13 12 

Hydrophilic 53 43 67 63 4 3 15 12 

Hydrophobic 68 65 74 100 4 14 12 0 

PACl + 
Polymer + 

PAC 
 

ก�2D fraction 90 82 90 91 31 38 32 29 

Hydrophilic 83 73 87 84 34 33 35 33 

Hydrophobic 96 92 100 100 32 41 37 0 

PACl + 
Polymer 
+Ozone 

 

ก�2D fraction 81 71 82 83 22 27 24 21 

Hydrophilic 77 64 71 75 27 24 19 24 

Hydrophobic 83 79 100 100 19 28 37 0 
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;������� 1.50 e�]%�%2�P�QRDก���F��12�e��%�@ก2H THMs ?�@�%2�P�QRDก���F��12�e��%�@ก2H THMs ����WG�C1f�DKDD�E����m��Dก�@HSDก���F�2�?�@
D�E����m��Dก�@HSDก��?o�กU�D12�D�E�;�S2����I�กLF$?�B� (;�2) 

 
ND = Not   Detected (hC�C�ก��;�SIWH) 

 
 
 

UDGFD�E� 

%�@eG�gGJ�Wก���F��12� (�B2��@) %�@eG�gGJ�Wก���F������WG�C1f�DI�กeJ�S@���Sh% 

CHCl3-FP CHCl2Br-FP CHClBr2-FP CHBr3-FP 
CHCl3-FP 
improved 

CHCl2Br-FP 
improved 

CHClBr2-FP 
improved 

CHBr3-
FP 

improved 

PACl + 
Ozone 

 

ก�2D fraction 64 55 73 79 5 11 15 17 
Hydrophilic 55 41 69 65 5 1 17 14 
Hydrophobic 69 71 77 100 5 20 14 0 

Ozone + 
PACl 

 

ก�2D fraction 71 61 80 83 12 17 22 22 
Hydrophilic 65 46 74 71 16 6 22 20 
Hydrophobic 73 78 87 100 9 27 24 0 
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������ก � 

��$ Microscopic (� #) ��# floc +��,-�!./�0��ก �1��!"��# 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



242 
 

��กsX@���ก��J�WT���e�B�� floc 12�ก��KUB PACl �W���2�����F��S C�ก��I�H;�S
ก�D?HHN�SC F��?eF�KD�$%���  �.1a 

��กsX@���ก��J�WT���e�B�� floc 12�ก��KUB Polymer �W���2�����F��S C�1D�F
KNt�C�ก?�@H�G�SXmGST���e�B��e�C��uI�H2D]J�����C�1D�FKNt�hFB F��?eF�KD�$%��� �.1b 

��กsX@���ก��J�WT���e�B�� floc 12�ก��KUB PACl ��SCก�H Polymer C���กsX@
2D]J��12� PACl  ?��ก�1B�h%KDT���e�B��12� floc Qf���E�KNBT���e�B��C�1D�F���KNt�1f�D
e�C��u�WG�C%�@eG�gGJ�Wก��กE�I�FCS�TC��ก]�1D�FKNt�hFB F��?eF�KD�$%��� �.1c 

��กsX@���ก��J�WT���e�B�� floc 12�ก��KUB PACl ��SCก�H PAC WHS��2D]J��
12� PAC ?��ก�1B�h%KDT���e�B��12� floc Qf��e�C��u�WG�C%�@eG�gGJ�Wก��กE�I�Fe��%�@ก2H
CS�TC��ก]�;�E�hFB�%`D2����F� F��?eF�KD�$%��� �.1d 

��กsX@T���e�B�� floc 12�ก��KUB Ozone ��SCก�H PACl C�1D�FT���e�B��12� 
floc C�1D�F�����RกC�ก �DO�2�I�ก pre-ozone e�C�u�F�S�C1]�D?�@e��%�@ก2HH��e�SDก�2D�E�
ก�@HSDก��T�?2กก�$U�DFBS� PACl F��?eF�KD�$%��� �.1e 

eE�N��HT���e�B�� Floc 12�ก��KUB PACl ��SCก�H Polymer ?�@ PAC WHS��
2D]J��12� PACl ?�@ PAC ?��ก�1B�h%KDT���e�B�� floc Qf��e�C��u�WG�C%�@eG�gGJ�Wก��กE�I�F
e��%�@ก2H����CS�TC��ก]�e$�?�@;�E�hFB2����C�%�@eG�gGJ�We$� ?�@C�ก��I�H;�S?HH12�
T���e�B�����ND�?D�DC�ก F��?eF�KD�$%��� �.1f 
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�$%��� �.1 J�W Microscopic T���e�B�� floc ���m��Dก�@HSD�F�2� 

(b) Polymer �W���2�����F��S (20 x) (a) PACl �W���2�����F��S (20 x)  

(c) PACl ��SCก�H Polymer (20 x) 
 (20 v

(d) PACl ��SCก�H PAC (20 x) 
 (20 v

(e) Ozone ��SCก�H PACl (20 x) (f) PACl ?�@ Polymer ��SCก�H PAC 
(10 x) 
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������ก # 

����)2�$2�34 �5�0�#"26�.72��!���#)� �8�! .943  �6�78ก21 THMFP  
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����)2�$2�34 �5�0�#"26�.72��!���#)� �8�! .943  �6�78ก21 THMFP 

KDก��WGI��X�N��S�Ce�CW�DgP�@NS���F�UD�;�S?�D12�e��2GD����Pg��CU�;G
�U�D DOC, UV-254 ?�@ SUVA ก�H THMFP C�I]FC]��NC���WO�2KNBF�UD�;�S?�D12�e��2GD����P
g��CU�;G�E�D��%�GC�X12� THMFP 12�D�E�;�S2����I�ก��2�2$�;@�J� 

American Water Work Association (AWWA, 1993)hFBIE�?Dก�@F�H
�S�Ce�CW�DgP22ก�%`D 4 %�@�J� �CO�2���12��S�Ce�CW�DgP (R2) > 0.9 �%`D�@F�H�S�Ce�CW�DgPF�  
�CO�2����S�Ce�CW�DgPC����  0.7 < R2 < 0.9  �%`D�@F�H�S�Ce�CW�DgP%�Dก���  �CO�2����@F�H
�S�Ce�CW�DgPC�����%`D  0.5 < R2 < 0.7  �%`D�@F�H�S�Ce�CW�DgPW2KUB ?�@�CO�2����@F�H
�S�Ce�CW�DgP�%`D R2 < 0.5  �%`D�@F�H�S�Ce�CW�DgPhC�F� eE�N��Hก��WGI��X��@F�H�S�Ce�CW�DgP���
hC�F�D��D  I@hC�DE�C�?eF�m� �DO�2�I�ก����S�CU�D (slope) ?�@��� intercept 12�eCก��hC��%`D���
�2C��H   

�S�Ce�CW�DgP�@NS���F�UD�;�S?�D12�e��2GD����Pg��CU�;GKDD�E�FGH?�@D�E����
m��Dก�@HSDก��T�?2กก$��U�D12���2�2$�;@�J�?eF�KD�$%��� �.1 ?�@ �.2 ?�@KD;������� �.1 
?eF��S�Ce�CW�DgP�@NS��� DOC, UV-254 ?�@ SUVA ก�H THMFP TF��������S�Ce�CW�DgP (R2) 
�@NS��� DOC ก�H THMFP KDLF$MD?�@LF$?�B�C��������ก�H 0.9553 ?�@ 0.914 ;�C�E�F�H Qf���%`D
�@F�H�S�Ce�CW�DgPF� �CO�2WGI��X��S�Ce�CW�DgP�@NS��� UV-254 ก�H THMFP   TF���� R2  KDLF$
MD?�@LF$?�B�C��������ก�H 0.9494 ?�@0.8685 ;�C�E�F�H �%`D�@F�H�S�Ce�CW�DgPF�?�@%�Dก��� 
;�C�E�F�H ?�@�S�Ce�CW�DgP�@NS��� SUVA ก�H THMFP KDLF$MD?�@LF$?�B�C����  R2   < 0.5 Qf��
�%`D�@F�H�S�Ce�CW�DgPhC�F� 

I�กm�ก��|fกs��@F�H�S�Ce�CW�DgP�@NS���F�UD�;�S?�D12�e��2GD����P
g��CU�;G  ก�H THMFP WHS���@F�H�S�Ce�CW�DgP�@NS��� DOC ก�H THMFP C��@F�H�S�Ce�CW�DgP
F����e]F F��D��D DOC If��NC�@eC���e]FKDก��2gGH��%�GC�X THMFP ����กGF1f�D 2����h�กR;�C
�S�Ce�CW�DgP�@NS��� UV-254 ก�H THMFP   Qf��C��@F�H�S�Ce�CW�DgPF� กRe�C��uDE�C�KUBKDก��
WGI��X�%�GC�Xก���กGF THMFP 12�D�E�I�ก��2�2$�;@�J�hFB 

 
 
 
 
 
 



246 
 

  

y = 69.686x + 1.936

R2 = 0.9553
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ก. �S�Ce�CW�DgP�@NS��� DOC ก�H THMFP 12�D�E�;�S2����KDLF$MD 
 

y = 83.397x - 13.245

R2 = 0.914
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1. �S�Ce�CW�DgP�@NS��� DOC ก�H THMFP 12�D�E�;�S2����KDLF$?�B� 
 

�$%��� �.1 �S�Ce�CW�DgP�@NS������ DOC 12�D�E�FGH?�@D�E����m��Dก�@HSDก���F�2�ก�2Dm��D
ก�@HSDก��?o�กU�D?�@N���m��Dก�@HSDก��?o�กU�D ก�H THMFP 
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y = 8166.6x - 97.983

R2 = 0.9494
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ก. �S�Ce�CW�DgP�@NS��� UV-254 ก�H THMFP 12�D�E�;�S2����KDLF$MD 
 

y = 2967.5x - 65.448

R2 = 0.8685
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1. �S�Ce�CW�DgP�@NS��� UV-254 ก�H THMFP 12�D�E�;�S2����KDLF$?�B� 
 

�$%��� �.2 �S�Ce�CW�DgP�@NS������ UV-254 12�D�E�FGH?�@D�E����m��Dก�@HSDก���F�2�ก�2Dm��D
ก�@HSDก��?o�กU�D?�@N���m��Dก�@HSDก��?o�กU�D ก�H THMFP 
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;������� �.1 �S�Ce�CW�DgP�@NS���F�UD�;�S?�D12�e��2GD����Pg��CU�;Gก�H THMFP ����KDLF$MD
?�@LF$?�B� 

 
 
 
 

 

 

 

;�S?%�
;�C 

;�S?%�
2Ge�@ 

eu�D@ LF$ก�� N R2 eCก�� NC���N;] 

THMFP DOC 

D�E�FGH?�@D�E����m��D
ก�@HSDก��T�?2ก
ก$��U�Dก�2D?�@N���

m��Dก�@HSDก�� 
?o�กU�D 

MD 18 0.9553 
y = 

69.686x 
+ 1.936 

�@F�H
�S�Ce�C
W�DgPF� 

?�B� 27 0.914 
y = 

83.397x 
- 13.245 

�@F�H
�S�Ce�C
W�DgPF� 

THMFP UV-254 

D�E�FGH?�@D�E����m��D
ก�@HSDก��T�?2ก
ก$��U�Dก�2D?�@N���

m��Dก�@HSDก�� 
?o�กU�D 

MD 6 0.9494 
y = 

8166.6x 
- 97.983 

�@F�H
�S�Ce�C
W�DgPF� 

?�B� 9 0.8685 
y = 

2967.5x 
- 65.448 

�@F�H
�S�Ce�C
W�DgP%�D

ก��� 

THMFP SUVA 

D�E�FGH?�@D�E����m��D
ก�@HSDก��T�?2ก
ก$��U�Dก�2D?�@N���

m��Dก�@HSDก�� 
?o�กU�D 

MD 6 < 0.5  - hC�F� 

?�B� 9 < 0.5 - hC�F� 
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������ก � 

����)2�$2�34 �5�0�#>?� 4>@A�74ก� �"�#��# DOC ก21 >?� 4>@A�74ก� �"�#��# 

THMFP 
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����)2�$2�34 �5�0�#>?� 4>@A�74ก� �"�#��# DOC ก21 >?� 4>@A�74ก� �"�#��# THMFP 

KDก��WGI��X�N��S�Ce�CW�DgP�@NS����eBD?DSTDBCก���F12� DOC ก�H 
THMFP C�I]FC]��NC���WO�2�E�D���%2�P�QRD;Pก���F��12� THMFP 12�D�E�;�S2�������m��Dก���WG�C
%�@eG�gGJ�Wก��ก�@HSDก��T�?2กก$��U�DFBS� Polymer ?�@ PAC KDก�X��G�SG����@NP THMFP 
ก�@�E�hFB��ก 

American Water Work Association (AWWA, 1993)hFBIE�?Dก�@F�H
�S�Ce�CW�DgP22ก�%`D 4 %�@�J� �CO�2���12��S�Ce�CW�DgP (R2) > 0.9 �%`D�@F�H�S�Ce�CW�DgPF�  
�CO�2����S�Ce�CW�DgPC����  0.7 < R2 < 0.9  �%`D�@F�H�S�Ce�CW�DgP%�Dก���  �CO�2����@F�H
�S�Ce�CW�DgPC�����%`D  0.5 < R2 < 0.7  �%`D�@F�H�S�Ce�CW�DgPW2KUB ?�@�CO�2����@F�H
�S�Ce�CW�DgP�%`D R2 < 0.5  �%`D�@F�H�S�Ce�CW�DgPhC�F� eE�N��Hก��WGI��X��@F�H�S�Ce�CW�DgP���
hC�F�D��D  I@hC�DE�C�?eF�m� �DO�2�I�ก����S�CU�D (slope) ?�@��� intercept 12�eCก��hC��%`D���
�2C��H   

�S�Ce�CW�DgP�@NS����%2�P�QRD;Pก���F��12� DOC ก�H �%2�P�QRD;Pก���F��12� 
THMFPKD�$%��� I.1 ?eF��S�Ce�CW�DgP�@NS����%2�P�QRD;Pก���F��12� DOC ก�H �%2�P�QRD;Pก��
�F��12� THMFPTF��������S�Ce�CW�DgP (R2) �@NS����%2�P�QRD;Pก���F��12� DOC ก�H 
�%2�P�QRD;Pก���F��12� THMFPKDLF$MD?�@LF$?�B�C��������ก�H 0.9774 ?�@ 0.9225 ;�C�E�F�H 
Qf���%`D�@F�H�S�Ce�CW�DgPF�  

I�กm�ก��|fกs�F��ก���Se�C��ue�]%hFBS���%2�P�QRD;Pก���F��12� DOC 
e�C��u�E�D���%2�P�QRD;Pก���F��12� THMFP KDD�E�;�S2�������m��Dก���WG�C%�@eG�gGJ�W
ก�@HSDก��T�?2กก$��U�DFBS� polymer ?�@ PAC hFB�%`D2����F� 
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y = 1.1393x - 12.828

R2 = 0.9774
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1. �S�Ce�CW�DgP�@NS����%2�P�QRD;Pก���F��12� DOC ก�H �%2�P�QRD;Pก���F��
12� THMFP KDLF$?�B� 

 
�$%��� I.1 �S�Ce�CW�DgP�@NS����%2�P�QRD;Pก���F��12� DOC ก�H �%2�P�QRD;Pก���F��12� 

THMFP 12�D�E�;�S2����KDLF$MD?�@LF$?�B� 
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����)2�$2�34 �5�0�# ����>����)#E����> )>@��ก21"26�.72��!���#)� �8�! .943  �6�78 

ก���E�D�����F�UD�;�S?�D12�e��2GD����PTF�KUB���DG� Three-dimensional 
fluorescent spectroscopy (EEM) �%`Dก��WGI��X��S�Ce�CW�DgP�@NS�������S�C�1BC?e�o�$22��e
�QBD���;E�?ND���S�C�1BC?e�o�$22��e�QBD���C����e$�2����U�F�ID���;�SIWH����e��;E�?ND�� Peak A: 
240nmEx/350nmEm Peak B: 260nmEx/360nmEm Peak C: 280nmEx/350nmEm  Peak D: 
280nmEx/410nmEm Qf���%`D;�S?�D12� Humic and fulvicacid-like substance ?�@ peak A, B ?�@ C 
�%`D;�S?�D12�ก�]�C Trypothan-like substance ก�H���F�UD�;�S?�D12�e��2GD����Pg��CU�;G �U�D 
DOC ?�@ THMFP  

;������� �.1 ?eF��S�C�S�Ce�CW�DgP12�ก�]�C Humic and fulvicacid-like 
substance, Trypothan-like substance ?�@ Total fluorescence intensities ก�H DOC ?�@ THMFP 
12�D�E����m��Dก�@HSDก���F�2�����KDLF$MD?�@LF$?�B� 

�S�Ce�CW�DgP12�ก�]�C Humic and fulvicacid-like substance ก�H���F�UD�;�S?�D
12�e��2GD����Pg��CU�;G �U�D DOC 12�D�E����m��Dก�@HSDก���F�2�KDLF$MD?�@?�B�C���� R2 
����ก�H 0.8641 ?�@ 0.9047 ?�@ �S�Ce�CW�DgP12�ก�]�C Humic and fulvicacid-like substance ก�H 
THMFP 12�D�E����m��Dก�@HSDก���F�2�KDLF$MD?�@LF$?�B�C���� R2 ����ก�H 0.8889 ?�@ 0.8731
I�กm�ก���F�2�F��ก���Se�C��uก���ShFBS�� �@F�H�S�Ce�CW�DgP�@NS��� ก�]�C Humic and fulvic 
acid-like substance ก�H DOC ?�@ THMFP C��@F�H�S�Ce�CW�DgP%�Dก��� 

eE�N��H�S�Ce�CW�DgP12�ก�]�C Trypothan-like substance ก�H DOC ?�@ THMFP 
12�D�E����m��Dก�@HSDก���F�2�KDLF$MD?�@LF$?�B� 2�$�KD�@F�H�S�Ce�CW�DgP %�Dก��� W2KUB 
?�@ %�Dก��� ;�C�E�F�H If�e�C��2gGH��hFBS�� ก�]�C Trypothan-like substance ก�H DOC ?�@ 
THMFP C��@F�H�S�Ce�CW�DgP%�Dก��� 

eE�N��H�S�Ce�CW�DgP12�  Total fluorescence intensities ก�H���F�UD�;�S?�D12�
e��2GD����Pg��CU�;G �U�D DOC ?�@ THMFP 12�D�E����m��Dก�@HSDก���F�2�KDLF$MDC���� R2 
����ก�H 0.8731 ?�@ 0.8793 C��@F�H�S�Ce�CW�DgP%�Dก��� ?�@�S�Ce�CW�DgP12�ก�]�C Total 
fluorescence intensities ก�H DOC ?�@ THMFP 12�D�E����m��Dก�@HSDก���F�2�KDLF$?�B� C���� 
R2 ����ก�H 0.9139 ?�@ 0.9326 I�กm�ก���F�2�F��ก���Se�C��uก���ShFBS�� �@F�H�S�Ce�CW�DgP
�@NS��� ก�]�C Total fluorescence intensities ก�H DOC ?�@ THMFP C��@F�H�S�Ce�CW�DgPF� F��D��D 
DOC ?�@ THMFP If��NC�@eC���e]FKDก��2gGH��ก�]�C Total fluorescence intensities ����กGF1f�D 
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;������� �.1 �S�Ce�CW�DgP Humic and fulvicacid-like substance, Trypothan-like substance ?�@ 
Total fluorescence intensities ก�H���F�UD�;�S?�D12�e��2GD����Pg��CU�;G����KDLF$MD?�@LF$?�B� 

 

;�S?%�
;�C 

;�S?%�2Ge�@ LF$ก�� N R2 eCก�� 
�@F�H

�S�Ce�CW�DgP 

DOC 

Humic and fulvicacid-
like substance 

MD 6 0.8641 
y = 0.0548x - 

1.608 
%�Dก��� 

?�B� 6 0.9047 
y = 0.0269x - 

0.2832 
F� 

Trypothan-like substance 
MD 6 0.7921 

y = 0.02x - 
5.705 

%�Dก��� 

?�B� 6 0.7982 
y = 0.014x - 

3.1227 
%�Dก��� 

Total fluorescence 
intensities 

MD 6 0.8731 
y = 0.0157x - 

5.4144 
%�Dก��� 

?�B� 6 0.9139 
y = 0.0101x - 

2.673 
F� 

THMFP 

Humic and fulvicacid-
like substance 

MD 6 0.8889 
y = 4.0052x - 

148.02 
%�Dก��� 

?�B� 6 0.8731 
y = 2.4343x - 

79.018 
%�Dก��� 

Trypothan-like substance 
MD 6 0.7909 

y = 1.4371x - 
434.89 

%�Dก��� 

?�B� 6 0.8413 
y = 1.3254x - 

362.14 
%�Dก��� 

Total fluorescence 
intensities 

MD 6 0.8793 
y = 1.1386x - 

417.45 
%�Dก��� 

?�B� 6 0.9326 
y = 0.9388x - 

310.53 
F� 
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I�กm�ก���F�2�����e2�LF$ก��KDก��N�2�;��ก���F��12� UV-254, DOC, 
THMFP ?�@ FEEM e�C��u2gGH��%�@eG�gGJ�Wก���F��12�e��2GD����P�@���D�E�KD�$%12� 
UV-254 ;�2m��SC fluorescent intensities ?�@ DOC ;�2m��SC fluorescent intensities ?�@ 
THMFP ;�2m��SC fluorescent intensities F��?eF�KD;������� �.2 

 
;������� �.2 2�;��ก���F��12� UV-254 ;�2m��SC FEEM ?�@ DOC ;�2m��SC FEEM ?�@ 

THMFP ;�2m��SC FEEM 12�D�E����m��Dก�@HSDก���F�2�KDLF$MD?�@LF$?�B� 
 

;�S2����D�E� LF$ก�� 
UV-254/total 

FEEM 
DOC/total 

FEEM 
THMFP/total 

FEEM 

(1) PACl 
MD 1.8 1.9 1.8 
?�B� 1.7 1.8 1.8 

(2) PACl+Polymer 
MD 1.5 1.6 1.5 
?�B� 1.4 1.4 1.4 

(3) PACl+PAC 
MD 2.0 2.5 1.9 
?�B� 1.6 1.6 1.7 

(4) PACl+Polymer+PAC 
MD 1.7 2.1 2.0 
?�B� 1.5 1.5 1.9 

(5) PACl+Polymer 
+Ozone 

MD 1.6 1.5 1.9 
?�B� 1.5 1.3 1.7 

NC���N;] : NA = Not Avalible 
 

I�ก;������� �.2 ?eF�2�;��e�SDก���F��12�e��2GD����P�@���D�E�KD�$%12� 
UV-254, DOC ?�@ THMFP ;�2m��SC FEEM C�ก��Kก�B�����ก�DKD�]กก�@HSDก���F�2� D��D
NC��uf�hC��S�KUB UV-254, DOC N�O2 THMFP �W���2�����F��SKDก��2gGH��ก���F��12�
e��2GD����P�@���D�E�?;��S�SG����@NP�SH�$�ก�H FEEM KD�]กก�@HSDก���F�2� 
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ก� ? �>�8�F2ก9��$ก� �")� �8�! .943  �6�78>$G/��-�H?+6�#�� 

I�ก;������� U.1 ?eF����ก��%�@�CGD���KUBI���12�e����C� I@�NRDS�� ���KUBI���
eE�N��H MR® FLOC R5000 Dry cationic polymer ?�@ Powder activated coconut shell based 
carbon �ก�F HRO M325-60 C�������2D1B��e$� F��D��DuB�N�กDE�h%KUBFE��DGDก��I�G�KD�@HHก��
m�G;D�E�%�@%� �S�C�ก��%��H%�]��]XJ�WD�E�KD1��D?�ก�U�D ก���F%�GC�X;@ก2D X I]Fe$HD�E�FGH 
�WO�2�F;BD�]DKDก��KUBe����C�eE�N��Hก��HE�H�F1��De$�FBS� MR® FLOC R5000 Dry cationic 
polymer N�O2 Powder activated coconut shell based carbon �ก�F HRO M325-60 ����D�� I�กm�ก��
�F�2�F��N�S1B2ก�2DNDB�D�� e�C��ue�]%hFBS��ก�@HSDก��T�?2กก$��U�DFBS� PACl ��SCก�H 
polymer ?�@ PAC C�%�@eG�gGJ�WKDก���Fe��2GD����P�@���D�E�e$����e]F �2���C��O2 PACl 
��SCก�H PAC ?�@ PACl ��SCก�H Polymer Qf��?eF����ก��%�@�CGD���e����C��%���H����H
%�@eG�gGJ�Wก���F��12� DOC ?�@ THMFP KD;������� U.2 

 
 

;������� U.1 ���ก��%�@�CGD���e����C� 
 

e����C� ����;�2ND�S� (H��) 
%�GC�X���KUB;�2D�E�

FGH 1 m3 
IE�DSD��GD 

(H��) 
Polyaluminum chloride 12�ก��

%�@%�e�SDJ$CGJ�� 
1 กGT�ก��C 

10 0.04 0.4 

MR® FLOC R5000 Dry cationic 
polymer 1 กGT�ก��C 

200  0.001 0.2 

Powder activated coconut shell 
based carbon �ก�F HRO M325-

60 1 กGT�ก��C 
58  0.08 4.64 
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;������� U.2 ���ก��%�@�CGD���e����C��%���H����H%�@eG�gGJ�Wก���F��12� DOC ?�@ THMFP 
 

ก�@HSDก��
�F�2� 

eJ�S@����NC�@eC 
%�@eG�gGJ�W
ก���F DOC 

(%) 

%�@eG�gGJ�W
ก���F THMFP 

(%) 

IE�DSD��GD;�2
D�E�FGH 1 m3 

(H��) 
(1)PACl PACl 40 mg/L, pH 7 > 51 %* > 53 %* 0.4 
(2) PACl+ 
Polymer 

PACl 40 mg/L + 
polymer 1 mg/L, pH 7 

> 56% > 57 % 0.6 

(3) PACl+PAC 
PACl 40 mg/L + PAC 
80 mg/L, pH 7 

> 62% > 62 % 4.68 

(4) PACl+ 
Polymer +PAC 

PACl 40 mg/L + 
polymer 1 mg/L+ PAC 
80 mg/L, pH 7 

> 70 % > 87 % 5.24 

 
NC���N;] : * ���������12�LF$MD?�@LF$?�B� 
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�IL8ก� FJกK� 

        �IL8     6G/�)M�12� ?N!./)-�> A�ก� FJกK� 
 SG|Sก��C|�e;�H�X�G;  CN�SG������e�1��D��GD��P     2549 
 (SG|Sก��CeG��?SF�B2C) 
 

!I�ก� FJกK� (!./H"� 21+� �5�0�#ก� FJกK�)   

- �]DeD�HeD]Dก��SGI�� �X@SG|Sก��C|�e;�P CN�SG������e�1��D��GD��P  
SG����1;N�FKNt� I��NS�Fe�1��  

- �]Dm$BU�S�e2D J��SG|Sก��CT�g� �X@SG|Sก��C|�e;�P 
CN�SG������e�1��D��GD��P SG����1;N�FKNt� I��NS�Fe�1��  

- �]D�����������D �@F�HH�X�G;|fกs� �X@SG|Sก��C|�e;�P 
CN�SG������e�1��D��GD��P SG����1;N�FKNt� I��NS�Fe�1��  

- �]Dm$BU�S�SGI�� ��CSGI�����TDT���?�@ก��I�Fก�����W��ก�D�E�  
�X@SG|Sก��C|�e;�P CN�SG������e�1��D��GD��P SG����1;N�FKNt� I��NS�Fe�1��  

 
ก� 7.$8�$4>�9�$ 0��#�� 

กC�D�SGD 2GD�D$IG;� W�2C ��;DCX� U��|�� e]1e�T�IDP e]�W�sP S��D@I��@ ?�@ I���PW�DgP C]eGก@
S�|P. 2551. ก���Fe��2GD����Pก�]�Ch�T�Q�D ��%T;o�D?�@�GSCG�?�@o$�SG��2QGFKDD�E�
FGH%�@%�I�ก��2�2$�;@�J�TF�ก�@HSDก��T�?2กก$��U��D���KUBe��eBC. ก��%�@U]C
SG U � ก � � � � � SG | S ก � � C | � e ; �P  � ��� � ���  6. X  � X @ SG | S ก � � C | � e ; �P 
CN�SG������e�1��D��GD��P, N�FKNt�, e�1��. S�D��� 8-9 WLsJ��C 2551. 

DGS��DP C]NC�D กC�D�SGD 2GD�D$IG;� U��|�� e]1e�T�IDP I���PW�DgP C]eGก@S�|P ?�@ e]�W�sP S��D@I�
�@. 2552. ก���F%�GC�Xe��2GD����Pg��CU�;GFBS�ก��ก�2�e�Cm�e. ก��%�@U]CSGU�ก��
���SG|Sก��C|�e;�P �������� 6. X �X@SG|Sก��C|�e;�P CN�SG������e�1��D��GD��P, 
N�FKNt�, e�1��. S�D��� 8-9 WLsJ��C 2551. 
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กC�D�SGD 2GD�D$IG;� U��|�� e]1e�T�IDP W�2C ��;DCX� e]�W�sP S��D@I��@ ?�@ I���PW�DgP C]eGก@
S�|P. 2552. ก���WG�C%�@eG�gGJ�Wก��T�?2กก$��U��D�WO�2กE�I�Fe��2GD����P�@���D�E�KDD�E�
FGH%�@%�I�ก ��2�2$�;@�J�. ก��%�@U]CSGU�ก��eG��?SF�B2C?N��U�;G �������� 8. X 
CN�SG���������TDT���e]�D���, D����Ue�C�. S�D��� 25-27 C�D��C 2552. 

กC�D�SGD 2GD�D$IG;� U��|�� e]1e�T�IDP g�DSF� �;U@J���S�ก]� ?�@ I���PW�DgP C]eGก@S�|P. 2552. 
ก���Fe��ก�]�C��%T;o�D ?�@�GSCG�?�@o�$SG�KDD�E�FGH%�@%�I�ก��2�2$�;@�J�TF�
ก���WG�C%�@eG�gGJ�Wก��T�?2กก$��U��D. ก��%�@U]CSGU�ก�����SG|Sก��C|�e;�P �������� 
7. X �X@SG|Sก��C|�e;�P CN�SG������e�1��D��GD��P, N�FKNt�, e�1��. S�D��� 21-22 
WLsJ��C 2552.  

 




