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��������������� (Volatile organic compounds, VOCs)     
�������������������� �!��"�	#$� ��%!
�������	���&��	
�
�&�������	��'��(� )#!���������
���
������������������'&���* ���� �+"
�� (Toluene) ���)�� (Benzene) .)+�� (Xylene)    
/��&� (Ketone) �+����� !�"# �$� (Ethyl acetate) �����������0+�&
���������	���    '()*!
+,-+./$(!"0123�4546�'37�380.�09:�.;-<7'4=� .�=37>="�,7)(47 ?@50!(�7��5'@(A==74546+.
0= 24B245 (Chang et al., 2002) #F8),45G2(23="AAAH4AI;�4546�38;3 J"'()*!+,-�5 ;0KL,42!M4<"
�4)�4546 ���1#�0+����&�
��	2� 	
���!�������&�$�/� �+���&�� �$���������$��+��������
�7(4),!35�!387)G2(G;- ��NO.O!73$(4)P 'H4,=IAAH4AI;'4=� .�=37>="�,7)(47+.�4546�'37J45O=))4.
�Q$'4,5==2�3823+R-+.0KJJQAI.G;-/5( 54=;@;#IA;-<7N4=>A�. (carbon adsorption)    54=�*4 
(incineration) 54=N<A/.(. (condensation) /!"54=+R-0T 5=B>R3<M4U (bioreactor) �0V.$-. /$(
0KL,4�38UANW� ��NO.O!73�,!(4.3X$-�)+R-�) .!)�Q. $!�;J.N(4+R-J(47+.54=;H4�. .54=�38'@) '()*!
+,-O=))4.Y.4;5!4)/!"Y.4;�!Z5G2('424=?�38J"!)�Q.G;- ;I).IX.JF)JH4�0V.$-�),4/.<�4)54=
AH4AI;'4=� .�=37>="�,7)(47+.�4546;-<7��NO.O!73�382354=!)�Q.$8H4 /!"23N(4+R-J(47+.54=;H4�. .
54=G2('@)J.�5 .G0 /$('424=?�H4)4.G;-�7(4)230="' �[ M4U       #F8)< [354=,.F8)�38. 72+R-+.O=)
)4.�Q$'4,5==2�I8<G0NW� 54=AH4AI;;-<7 wet scrubber O;7+R-.XH4�0V.'4=;@;#F2U(.�0V.!"��)
�!Z5P �UW8�;I5JIA�.QM4N'4=0.�09:�.$(4)P �3823�7@(+.�4546�'37   /$(< [3.3X23Y-�JH45I;NW� +,-0="' �[ 
M4U+.54=AH4AI;�38G2('@).I5 /!"'4=0.�09:�.�38�7@(+.'?4."/5]'�2W8�?@5;I5JIA /!"=<2$I<5IA.XH4
N<42�0V.U ^�3823�7@(G2(G;-!;!) /$(J"�0!387.'?4."G0�7@(+.=@0Y�)�,!< #F8)JH4�0V.$-�)23YIX.$�.
54=AH4AI;5(�.0!(�7� X);-<7�R(.5I. ;I).IX.54=6F5^4/!"0=IA0=Q)0="' �[ M4UY�) wet scrubber
'H4,=IA54=AH4AI;'4=� .�=37>="�,7)(47+.�4546�'37  J45O=))4.�Q$'4,5==2 JF)G;-=IAN<42'.
+J�U 82245YFX. �.W8�)J45�0V.< [3�3823N(4+R-J(47+.54=;H4�. .54=$8H45<(454=AH4AI;;-<7< [3�W8. (Gao et
al., 2001) �35�IX)'424=?0=IA0=Q)0="' �[ M4UY�) wet scrubber +,-'@)YFX.G;-,!47< [3 �R(. 54=
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*'2'4=!;/=)$F)* < (surfactant) +.'4=;@;#F2�UW8�R(<7�U 820="' �[ M4U+.54=;I5JIAG�="�,7 
(<4'.4 /!" < �74, 2545) 54=AH4AI;=(<25IA0T 5 = 74��5# �;RI.O;7*'2'4=��5# /;.#>R. ;
$( 4 ) P  + . ' 4 = ;@ ; #F 2 � UW8 � R( < 7 � U 8 2 0 = " ' � [ M 4 U
+.54=AH4AI;+,-'@)YFX. =<2?F)54=!;N<42�0V.U ^�38�,!W��7@(+.=@0Y�)�,!<M47,!I)J4554=AH4AI;

)4.< JI7.3XJF)�.-.6F5^454=AH4AI;'4=� .�=37>="�,7)(47+.�4546�'37O;7+R-      wet
scrubber =(<25IA0T 5 = 74��5# �;RI. O;723<I$?Q0="')N>�UW8�0=IA0=Q)0="' �[ M4UY�)     wet
scrubber /!"6F5^4*!Y�)'M4<";H4�. .54=$(4)P �3823$(�54=AH4AI; O�!@�3. �"# O$. /!"�2�� !
���� !N3O$. (Methyl ethyl ketone, MEK) O;7'4=;@;#F2�38+R- G;-/5( '4=!"!47O#�;372- GgO0
N!�G=�> (Sodium hypochlorite, NaOCl) #F8)UA<(4 �0V.'4=��5# /;.#>�38�,24"5IA'4=� .�=37>
="�,7)(47+.5!Q(2 �"O=24$ 5 /!"N3O$. (Thakatkaew, 2004) O;7+.54=AH4AI;J"U(.'4=;@;#F2+,-
�0V.!"��)�!Z5P �UW8�;I5JIA /!"�H40T 5 = 74��5# �;RI.5IA'4=� .�=37>="�,7)(47�380.�09:�.�7@(+.
�4546�'37 '4=� .�=37>="�,7)(47�,!(4.IX.J"?@5��5# G;#>G0�7@(+.=@0�38          G2(�I.$=47 /!"
'424=?0!(�7�4546�38*(4.54=AH4AI;/!-<��5'@(A==74546G;-�7(4)0!�;MI7       #F8))4.< JI7.3XJ"
�0V.0="O7R.>$(�O=))4.�Q$'4,5==2Y.4;5!4)/!"Y.4;�!Z5 �38G2('424=?!)�Q.�UW8�+R-
��NO.O!73�3823=4N4'@)G;-


������	

1. �	�������������	� (Volatile Organic Compounds, VOCs)

'4=� .�=37>="�,7)(47 NW� 5!Q(2'4=0="5�A� .�=37>�38'424=?="�,7�0V.G�G;-)(47
�38�QB,M@2 /!"N<42;I.05$  O;7O2�!5Q!0="5�A;-<7 �"$�2Y�)N4=>A�. /!"GgO;=�J.    �0V.
'H4NIL #F8)�4J23�"$�2Y�)��5# �J. (O2) ,=W�N!�=3. (Cl2) =(<2;-<7 O;7'424=?JH4/.5R. ;Y�)
'4=� .�=37>="�,7)(47G;- ;I).3X

1.1 1��23���	�������������	� (Harold, 1998)
- �89�: Aliphatic hydrocarbons �0V.5!Q(2�3823!I5^B"ON=)'=-4)�4)�N23�3823

N4=>A�.$(�5I.�0V.�'-.$=) G;-/5( .XH42I.�RWX��U! ) 5]4#O#!3. �g5�#. /!"23��.
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- �89�: Aromatic hydrocarbons �0V.5!Q(2�3823!I5^B"ON=)'=-4)�4)�N23�3823
N4=>A�.$(�5I.�0V.<)/,<. G;-/5( O�!@�3. �A.#3. ���� !�A.#3. N!�O=�A.#3. G#!3. 'G$=3.
/!"j1.�!

- �89�: Alcohol, Aldehydes ?8� Ether �0V.5!Q(2�3823,2@(Gg;=�5#3 (OH-)       �3
�[�=> (-C-O-C-) �7@(+.O2�!5Q! ,=W�23,2@( lOR �Y-4/�.�38GgO;=�J.+.'47GgO;=N4=>A�. G;-/5(         
���4.�! �2�4.�! j�=>2I!;3Gg;> /!" �2�� !A <� !�3���=>

- �89�: Ketone 23'@$=�I8<G0 NW� RCOR G;-/5( �"# O$. MEK /!" �2�� !- A <� !
N3O$. (Methyl butyl ketone, MBK)

- �89�: Halogenated aliphatic �0V.5!Q(2�3823,2@(g4O!�J.�Y-4/�.�38GgO;=�J.  +.
'47GgO;=N4=>A�. G;-/5( �2�� !!3.N!�G=;> G<. !N!�G=;> �0�=>N!�O=���� !!3. O;7�I8<G0
'4=5!Q(2.3XJ"23N<42�0V.U ^$(�=(4)547'@)

1.2 �	C1��	�3���	�������������	�
0KJJQAI.'4=� .�=37>="�,7)(472354=+R-)4.�7(4)5<-4)Y<4)+.�Q$'4,5==2,!47

0="�M� O;72452I5+R-�0V.$I<�H4!"!47 /!"$I<U4="�,7 (volatile carrier) +.'3,=W�'4=�N!W�A 
�.W8�)J4523N<42'";<5/!")(47$(�54=+R-)4. O;7'4=� .�=37>="�,7)(47'424=?="�,7��5J45R X.
)4.M47,!I)54=�N!W�AG;-�7(4)=<;�=Z< JF)�H4+,-'4=�N!W�A* </,-)$ ;R X.)4.�=Z< G;-* <�N!W�A�38�.
�4./!"23NQBM4U .�5J45.IX.'4=� .�=37>="�,7)(477I). 72+R-�0V.'4='H4,=IA!-4)�H4N<42'"�4;
=�7N=4A'3 .XH42I. ,=W�54=�Q;$I.J45' 8)'50=5 =<2?F)+R-+.54=0=IAN<42,.W;Y�)'4=�N23$(4)P 
�UW8�+,-23N<42�,24"'2$(�5="A<.54=*! $ O;7�Q$'4,5==2�382354=+R-)4.'4=� .�=37>="�,7)(47 
G;-/5( �Q$'4,5==254=5!I8..XH42I.0oO$=�!372 �Q$'4,5==2*! $MIBp>J450oO$=�!372 �Q$'4,5==2
*! $5]4# �38G2(+R(5]4#[==2R4$  �Q$'4,5==2�N23MIBp> '4=�N23 ,=W�<I';Q�N23 �Q$'4,5==2*! $
MIBp>U!4'$ 5 �Q$'4,5==254=*! $74)�=# .'I)�N=4",> 74)�3!4'O$�2�=> �Q$'4,5==2' 8)�� 
,=W��'-.+7'I)�N=4",> �Q$'4,5==2�5387<5IA'3 .XH42I.RI5�)4 ,=W�*! $MIBp>'H4,=IA+R-74/.<,=W��Q; 
�Q$'4,5==2*! $R X.'(<.=?7.$> �Q$'4,5==254=U 2U> ,=W�54=�H4/2(U 2U>O!," �Q$'4,
5==254=*! $�j�=>. �J�=> ,=W��N=W8�)$5/$()M47+.�4N4=J45G2- /5-< 74),=W�O!,"�W8. �0V.$-.
#F8)J4554=+R-)4.+.M4N�Q$'4,5==2$(4)P �7(4)5<-4)Y<4).3X '()*!+,-   /$(!"012354=0!(�7'4=
� .�=37>="�,7)(47��5'@(A==74546+.0= 24B�38N(�.Y-4)'@)               O;7�Q$'4,5==2�5387<5IA'3 
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VOCs emission (%)

/!"'4=�N!W�AJ"0!(�7'4=� .�=37>="�,7)(47��524245�38'Q;      N ;�0V.=-�7!" 56 Y�)'4=
� .�=37>="�,7)(47�IX),2; =�)!)24G;-/5( �Q$'4,5==2�5387<5IA    54=!-4)�H4N<42'"�4; ;I)/';)
+.M4U0="5�A�38 1 'H4,=IA'4=� .�=37>="�,7)(47�382354=0!(�7��5'@(A==74546'@)'Q; G;-/5( O�!@
�3. #F8)+.01 U.6. 2546 2354=0!(�7��5'@(A==74546'@)?F) 22,400 $I. ;I)/';)+.M4U0="5�A�38 2 
�IX).3X�.W8�)J45O�!@�3.�0V.'4=� .�=37>="�,7)(47�3823N<42'H4NIL /!". 72+R-)4.�7(4)/U=(,!47+.
�Q$'4,5==2,!470="�M� �35�IX)'424=?�38J"="�,7��5'@(A==74546G;-)(47/!"=<;�=Z< O;7 EPA
(US environment protection agency)         G;-0="24B<(4O�!@�3.�38+R-�0V.'(<.0="5�A+.'3 ,=W�
'4=�N!W�AJ"'424=?="�,7��5'@(A==74546G;-�IX),2;?-4G2(2354=N<ANQ2 .�5J45.3X+.�Q$'4,
5==2,!470="�M� 7I). 72+R-  O�!@�3.�0V.$I<�H4!"!47 �.W8�)J4523=4N4?@5 G2(!"!47.XH4 /$(
'424=?!"!47+..XH42I. ,=W�'3G;-;3 'H4,=IAY-�2@!�AWX�)$-.Y�)O�!@�3./';)+.M4N*.<5 5

M4U0="5�A�38 1 /';)0= 24B54=0!(�7'4=� .�=37>="�,7)(47Y�)�Q$'4,5==2$(4)P
�3824: PRTR, 2003

Printing 5%

Gas station 8%

Laundry 2%

Chemicals 8%

Rubber 2%

Cleaning 9 %

Degreasing,

Adhesive 5%

56 %
Paints

Refinery, Oil reservoirs 5%
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M4U0="5�A�38 2 /';)0= 24B'4=� .�=37>="�,7)(47R. ;$(4)P �380!(�7��5'@(A==74546
�3824: PRTR, 2003

1.3 NOP�	������2�	��	�������������	�
'4=� .�=37>="�,7)(47�380!(�7��5'@(A==74546J45�Q$'4,5==2$(4)P J"'()*!

5="�A$(�' 8)/<;!-�2 =<2?F)'QYM4UY�)*@-�38�H4)4.�7@(A= �<B.IX. #F8)'@;;2��4'4=�,!(4.3X�Y-4'@(=(4)
547;I).3X

1.3.1 NOP�	2�	�����?�28��:
'4=� .�=37>="�,7)(4723'(<.+.54=�H4+,-="AA. �<6.>+.[==2R4$ �'37'2;Q!  O;7

�2W8�w.$5 /!"R"'4=� .�=37>="�,7)(47�380.�09:�.�7@(+.�4546!)'@(; . ,=W�/,!().XH4        J"'()*!
+,-�5 ;N<42�0V.U ^YFX. UWR/!"'I$<>.XH4A4)R. ;G2('424=?�7@(G;- .�5J45.IX.'4=� .�=37>="�,7)(47
7I)'()*!$(�RIX.O�O#. O;7�H4+,-RIX.O�O#.�5 ;54=5="J47$I< /')�4� $7>'424=?    '(�)*(4.247I)
O!5G;-245YFX. �H4+,-�5 ;M4<"O!5=-�.

1.3.2 NOP�	2�	��93Q	R
'4=� .�=37>="�,7)(47'424=? �Y-4'@(=(4)547G;- 3 �4)NW� 54=,47+J �4)045O;7

54=5 .;W82 /!"54='I2*I'�4)* <,.I) #F8)N<42�0V.U ^$(�=(4)547J"245,=W�.-�7 YFX.�7@(5IA0KJJI7
$(4)P G;-/5( R. ;Y�)'4=� .�=37>="�,7)(47�38G;-=IA 0= 24BY�)'4=� .�=37>="�,7)(47           R(<)
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N=F8)R3< $Y�)'4=� .�=37>="�,7)(47+.=(4)547 'M4<"N<42'2A@=B>Y�)=(4)547 /!"="AAYIA?(47
Y�)�'37

'4=� .�=37>="�,7)(47�2W8��Y-4'@(=(4)547 J"'()*!$(�="AA�4)�; .,47+J �H4+,-0="
' �[ M4UY�)="AAM@2 NQ-25I.!;!) '()*!$(�="AA0="'4� �R(. 5;0="'4� �H4!47="AA0="'4�
'(<.5!4) /!"'()*!5="�A;-4.�W8.P �R(. ="AAg�=>O2. ="AA'WAUI.[Q> =<2?F)       �4J5(�+,-�5 ;
O=N2"�=Z)G;- O;7N<42�0V.U ^Y�)$I<�H4!"!47� .�=37>="�,7)(47R. ;$(4)P        �3823$(�=(4)547
/';)+.M4N*.<5 Y

2. �	��	�S2�	�	TU2�C1� wet scrubber

wet scrubber �0V.�Q05=B>'H4,=IA+R-+.54=AH4AI;�4546�382354=0.�09:�.Y�)
�.QM4NY.4;�!Z55<(4 50 G2N=�. O;7�.QM4N.IX.$-�)'424=?!"!47+..XH4 ,=W�'4=;@;#F2       �38+R-
�0V.$I<AH4AI;G;-;3 . 72+R-+.�Q$'4,5==2Y.4;5!4)/!"Y.4;�!Z5 �.W8�)J4523N(4+R-J(47     +.54=
$ ;$IX),=W�54=;H4�. .54=�38G2('@)J.�5 .G0 O;7'424=?/75�.QM4NY�)/YZ) /!"wQx.!"��)Y.4;
�!Z5 =<2?F)54=5H4JI;/5]'�I.$=47�38�5 ;J4554=�*4G,2-Y�)�RWX��U! )0="�M�?(4., . G;-/5( /5]'#I!
�j�=>��5G#;> (SOX) /!"/5]'G.O$=�J.��5G#;> (NOX) ��5J45�4546�'37�38�5 ;J4554=�*4G,2-
�RWX��U! ) O;7+.54=/75�.QM4NY�)/YZ) wQx.!"��) ,=W�/5]'��5J455="/'�4546 �H4G;-O;754=
*(4.�4546�38$-�)54=AH4AI;G07I),�;@;#F2 #F8)M47+.J"0="5�A;-<7,I<U(.w�7   #F8)�H4,.-4�38+.
54=y3;.XH4+,-�0V.!"��)Y.4;�!Z5 �UW8�;I5JIA /!"�H4+,-�.QM4NY�)/YZ) wQx.!"��),=W�/5]'�,!(4
.IX.�5 ;54==<2$I<5I. 'H4,=IA5=B3�38�0V.54=/75/5]'�I.$=47A4)R. ;��5J45�4546�'37�38�5 ;J45
54=�*4G,2- �R(. 54=/75/5]'#I!�j�=>G;��5G#;> (SO2) ��5J45�4546�'37 #F8)�5 ;J4554=�*4G,2-
?(4., .! 5G.$> �4J2354=.H40T 5 = 74�N23 /!",!I554=;@;#F224+R-=(<25IA="AA wet scrubber O;7
+R-'4=!"!47Y�), .0@. ,=W�0@.Y4<�0V.'4=;@;#F2 /!"�H40T 5 = 74�N23 �H4+,-'424=?/75/5]'#I!
�j�=>G;��5G#;> ��5J45�4546�'37�38�5 ;J4554=�*4G,2-G;-;3YFX.

2.1 1��23�� wet scrubber ���C1�C�NO��9�S�
wet scrubber �38+R-+.O=))4.�Q$'4,5==2�I8<G023,!47R. ; YFX.�7@(5IAY.4;   

Y�)O=))4.�Q$'4,5==2 /!"Y.4;Y�)�.QM4NY�)/YZ) wQx.!"��) ,=W�/5]'�38J"�H454=/75        
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O;7'424=?/A()!I5^B"Y�) wet scrubber G;-;I).3X (
��&� �4�+
���+, 2547)

2.1.1  spray tower scrubber

spray tower scrubber �0V. wet scrubber �382354=+R-U!I))4.$8H4 23!I5^B"    �0V.
,� M47+.0="5�A;-<7RQ;,I<U(.w�7 ;I)/';)+.M4U0="5�A�38 3 �2W8��.QM4NY�)/YZ) wQx.
!"��) ,=W�/5]' *(4.�Y-4G0M47+.�Q05=B> J"?@5;I5JIA;-<7!"��)'4=;@;#F2 #F8)y3;24J45 ,I<
U(.w�7 �H4+,-�.QM4NY�)/YZ) wQx.!"��) ,=W�/5]' ?@5R"!)24�7@(+.=@0Y�)�,!< /!"G,! !)G0
7I)'(<.!(4)Y�),� '(<.�4546�38*(4.54=AH4AI;/!-<J"�N!W8�.�38��5�4)�(�'(<.A.Y�),� ;I)
/';)+.M4U0="5�A�38 3

M4U0="5�A�38 3 /';)!I5^B"M47+.Y�) spray tower scrubber

2.1.2 impingement spray scrubber

impingement spray scrubber 23!I5^B"�0V.,� M47+.0="5�A;-<7RQ;        ,I<
U(.w�7 /*(.5="�A#F8)23!I5^B"�0V.R(�) (orifice) /!"/*(.5="J47�4546 ;I)/';)        +.M4U
0="5�A�38 4 �2W8��.QM4NY�)/YZ) wQx.!"��) ,=W�/5]' *(4.�Y-4G0M47+.,�A= �<B�4)�Y-4;-4.
!(4) J"?@5;I5JIA;-<7!"��)'4=;@;#F2#F8)y3;24J45,I<U(.w�7 �H4+,-�.QM4NY�)/YZ) wQx.!"��)
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,=W�/5]' ?@5R"!)24�7@(+.=@0Y�)�,!<G,!��5G0�4)'(<.!(4)Y�),� '(<.�4546 #F8)*(4.54=
AH4AI;/!-<J"�N!W8�.�38*(4./*(.5="�A #F8)J"�H4+,-N<42�=Z<Y�)�454623N(4'@)YFX. /!"!"��)'4=
;@;#F2�380"0.5IA�4546J"=<2$I<�0V.,7;.XH4A= �<BY�AY�)/*(.5="�A /!"G,!!)'@('(<.!(4)
�4);-4.Y-4)Y�),� ;I)M4U0="5�A�38 4

M4U0="5�A�38 4 /';)!I5^B"M47+.Y�) impingement spray scrubber

2.1.3 cyclone spray scrubber

cyclone spray scrubber 23!I5^B"�0V.,� M47+.0="5�A;-<7,I<U(.w�7   /!"
N=3A.H4 ;I)/';)+.M4U0="5�A�38 5 �2W8��.QM4NY�)/YZ) wQx.!"��) ,=W�/5]' �N!W8�.�38*(4.�Y-4'@(
G#ON!. (cyclone) #F8)J"��5/AAR(�)�4)�Y-4+,-�5 ;54=G,!Y�)Y�)G,!+./.<    �'-.=�A<)
'()*!+,-�4546/!"�.QM4N�380.�09:�.;I)5!(4< �N!W8�.�38+.!I5^B",2Q.�0V.�5!37<2-<.$I<YFX.'@(
;-4.A. /!"J"=<2$I<5IA!"��).XH4#F8)y3;24J45,I<U(.w�7J45;-4.A.Y�),�      �H4+,-5!47
'M4U�0V.Y�)�,!<G,!!)'@(;-4.!(4)Y�)G#ON!. �4546�38*(4.54=AH4AI;/!-<       J"�N!W8�.$I<
+.!I5^B"�0V.�5!37<��5G0J45,�A= �<B�(��4)��5
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2� ����
��! 5 ��'�+��:;�2����	
� cyclone spray scrubber

2.1.4 venturi scrubbers

venturi scrubbers �0V. wet scrubber �38+R-)4.5I.�7(4)5<-4)Y<4) �.W8�)J45      +,-
0="' �[ M4U+.54=;I5JIA�.QM4N'@) 23!I5^B"�0V.,� 0="5�A;-<7N�N�;�<.�@=3 (venturi throat)
/!",I<U(.w�7 ;I)/';)+.M4U0="5�A�38 6 O;7A= �<BN�N�;�<.�@=3J"�0V.�38#F8)�4546�380.
�09:�.;-<7�.QM4NY�)/YZ) wQx.!"��) ,=W�/5]' 'I2*I'5IA,7;Y�)�,!< J45.IX.JF)*(4.   '(<.�38
Y7475<-4)��5 #F8)J45'(<..3X�4546J"*(4.�Y-4'@(,-�)Y.4;+,L( /!"�5 ;54=/75Y�)�.QM4N��5
J455="/'�4546G;- +.54=;I5JIA!"��).XH4J"?@5y3;�Y-4'@(R(<)N�N�; (throat) #F8)+.'(<..3X J"�H4
+,-�4546�38G,!YFX.'@(;-4.A.0"�"5IA!"��).XH4�38y3;�Y-4G0A= �<BN�N�; /=)�yW�.Y�)  Y�)G,!
J"23N(4'@)�0V.'4�,$Q+,-2354=/$55="J47Y�).XH4�5 ;�0V.!"��)Y.4;�!Z5 /!"�H454=;I5JIA�.QM4N
Y�)/YZ) wQx.!"��),=W�/5]'�38G,!'<.�Y-424G;-
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M4U0="5�A�38 6 /';)!I5^B"M47+.Y�) venturi scrubbers

2.2 �	���?����� wet scrubber
+.54=��5/AA="AA wet scrubber �UW8�AH4AI;�4546�'37 $-�)NH4.F)?F)0KJJI7$(4)P 

;I).3X (Daniel, 2002)

2.2.1 3�	2��9Q	X ?8�N�:	Y3���	N��NZ[��C��	�	T����
Y.4;�.QM4NY�)'4=0.�09:�.'424=?A()A�5?F)5!G5�3823� �[ U!+.54=AH4AI; 

O;7�.QM4NY.4;+,L(J"�46I75!G554=0"�" (direct impaction) �.QM4NY.4;�!Z5 ,=W��.QM4N
/5]'�46I75!G554=/U=( (diffusion) +.54=;I5JIA/!"/75�.QM4N0.�09:�.��5J45        5="/'
�4546 O;7�I8<G00="' �[ M4U+.54=AH4AI;Y�) wet scrubber J"!;!) �2W8��.QM4N'4=    23Y.4;
�!Z5 '(<.0= 24BY�)'4=0.�09:�.#F8)0{�.�Y-4'@( wet scrubber O;72452I5N ;+.,.(<7Y�)2<!
�.QM4N'4=0.�09:�.$(�0= 24$=�4546�'37 O;7,450= 24BY�)'4=0.�09:�.'@) '4=;@;#F2  �38,2Q.
�<37.5!IA24+R-+.="AA J"230= 24BY�)'4=0.�09:�.'@) '()*!+,-N<42'424=?+.54=AH4AI;!;
!) 54=�U 820= 24BY�)'4=;@;#F2J"R(<7�U 82N<42'424=?+.54=AH4AI;Y�)="AAG;-  /$(N(4+R-J(47
+.54=;H4�. .54=J"'@)YFX.$42G0;-<7
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2.2.2 �S
	�	N\�� �9Y�Q]:� ?8�X�	:1�^��S:RS�_�3���	�	T����
�I$=454=0{�.�4546�'37?W��0V.0KJJI7'H4NIL+.54=5H4,.;'M4<";H4�. .54=�W8.P 

+.="AA wet scrubber O;7�I8<G0�I$=454=0{�.�4546�'37�38'@) '()*!+,-+.54=AH4AI;$-�)54=
0= 24BY�)'4=;@;#F2'@)

�QB,M@2  /!"N<42RWX.'I2UI�[>Y�)�4546�'37 23*!$(�54=��5/AA="AAAH4AI; 
O;7,45�4546�'37�38�Y-4'@( wet scrubber 23�QB,M@2 '@) �2W8�'I2*I'5IA'4=;@;#F2 J"�H4+,-'4=;@;#F2
A4)'(<.�5 ;54=="�,7 /!"N<42RWX.'I2UI�[>Y�)�4546J"245YFX. #F8)�I$=454=="�,7Y�)'4=  ;@;
#F2�0V.'4�,$Q+,-0= 24B'4=;@;#F2!;!) O;7�I8<G0/!-<�QB,M@2 Y�)�4546�'37�380{�.�Y-4'@(          
wet scrubber J"�7@(+.R(<) 10 l 370 oC 'H4,=IA5=B3�38�QB,M@2 Y�)�4546�'37'@) �4J23="AA ,!(�
�7Z.�UW8�R(<70=",7I;'4=;@;#F2

2.2.3 X�	:�̀�3���	�	T���� ?8�X�	:2S�82
54=�U 82N<42�=Z<Y�)�4546�'37 ,=W�'4=;@;#F2J"'()+,-O2�2.$I2+.54=    0"�"

5I.23245YFX. ;I).IX.'4=;@;#F2JF)'424=?;I5JIA�.QM4N'4=0.�09:�.G;-;3 54=�U 82N<42�=Z<Y�)
�4546�'37 ,=W�'4=;@;#F2'424=?�H4G;-O;754=y3;'4=;@;#F2/AA'<.�4) (counter current) 5IA
�4546�'37 ,=W�54=+R- wet scrubber /AA23N�N�; /$(�7(4)G=5Z$4254=�U 82N<42�=Z<Y�)�4546�'37 
,=W�'4=;@;#F2 J"'()*!+,-�5 ;N<42;I.!;YFX.+.="AA #F8)�H4+,-$-�)�'37N(4+R-J(47    +.54=;H4�. .
54= /!"+R-U!I))4.+.54=AH4AI;�38'@)YFX.

2.2.4 �S2�����S
	�	a�83���	2]2bc:
���S
	�	a�83���	�	T���� (L/G 
ratio)

O;7�I8<G0/!-< L/G ratio '@)J"'()*!+,-0="' �[ M4U+.54=AH4AI;�.QM4N0.
�09:�.+.�4546�'37'@)YFX. /$(+.A4)5=B354=�U 82 L/G ratio �38'@)�5 .G0�4JG2(?W��0V.54=�U 820="
' �[ M4UY�) wet scrubber O;7J"�H4+,-N(4+R-J(47+.54=;H4�. .54=�I.�.W8�)24J4554=+R-)4.0K�2 
/!"54=+R-'4=;@;#F2245YFX.

2.2.5 3�	2��9Q	X3���	2]2bc:
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�.QM4NY�)'4=;@;#F2�3823Y.4;�!Z5 J"23�I$=4'(<.Y�)UWX.�38,.-4$I;$(�0= 24$= �38
'@) '()*!+,-'424=?;I5JIA'4=0.�09:�.G;-245YFX. �2W8�+R-0= 24BY�)'4=;@;#F2��(45I. /$(Y.4;
�.QM4NY�)'4=;@;#F2�38�!Z5245P J"�H4+,-O2�2.$I2Y�)54=0"�"5I.5IA'4=0.�09:�.!;!)     #F8)
0="' �[ M4U+.54=AH4AI;J"!;!);-<7 ;I).IX.�.QM4N'4=;@;#F2�3823Y.4;�,24"'2J"R(<7+,-0="
' �[ M4U54=AH4AI;'@)�38'Q; 54=N<ANQ2Y.4;�.QM4NY�)'4=;@;#F2'424=?�H4G;-,!47< [3 YFX.�7@(
5IAR. ;Y�) wet scrubber �R(. spray tower Y.4;�.QM4N'4=;@;#F2YFX.�7@(5IAR. ;Y�)     ,I<U(.
w�7 /!"'M4<";H4�. .54=Y�)="AA venturi scrubber Y.4;�.QM4N'4=;@;#F2YFX.�7@(5IAN<42�=Z<
Y�)�4546�'37+.N�N�; /!" L/G ratio �0V.$-.

2.2.6 �����8	�����9Q	X�	N��NZ[��?8��	2]2bc:��]�Q	�C�eS���	�S2
54=�U 82="7"�<!4�38�.QM4N'4=0.�09:�. /!"'4=;@;#F2�7@(M47+.?I)AH4AI;      J"

�H4+,-0="' �[ M4U54=AH4AI;Y�) wet scrubber '@)YFX. �.W8�)J45�.QM4N'4=0.�09:�.23O�54' ?@5
AH4AI;;-<7'4=;@;#F2G;-245YFX. #F8)54=�U 82="7"�<!4�38�.QM4N'4=0.�09:�./!"'4=;@;#F2    �7@(M47
+.?I)AH4AI; '424=?�H4G;-O;754=�U 82UWX.�38,.-4$I; ,=W�N<4274<Y�)?I)AH4AI; /!"    54=!;
N<42�=Z<Y�)�4546�'37

2.3 �8a�R�^�f	�C���� wet scrubber
5!G554=;I5JIA�.QM4NY�)/YZ) wQx.!"��) ,=W�/5]'J455="/'�4546+.="AA 

wet scrubber O;7�I8<G00="5�A;-<7
1) direct impaction : 5=B3.3X�.QM4NY�)/YZ) ,=W�wQx.!"��)+.5="/'�4546 �3823

Y.4;+,L( (> 1 G2N=�.) J"R.5IA!"��)Y�)'4=;@;#F2O;7$=) ;I)/';)+.M4U0="5�A�38 7

M4U0="5�A�38 7 /';)5!G5 direct impaction
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�3824: Cooper and Alley, 1994

2) interception : 5!G5.3XN!-47N!F)5IA direct impaction O;7�.QM4NY�)/YZ) ,=W�
wQx.!"��)+.5="/'�4546 �5 ;54=0"�" ,=W��y387<R.5IA'(<.Y�)!"��)'4=;@;#F2+./.<�38G2(
+R(6@.7>5!4)+.YB"�38�.QM4N�,!(4.IX.�N!W8�.�Y-4+5!-!"��)Y�)'4=;@;#F2 ;I)/';)+.M4U
0="5�A�38 8

M4U0="5�A�38 8 /';)5!G5 interception
�3824: Cooper and Alley, 1994

3) diffusion : 5=B3.3X�5 ;5IA�.QM4NY�)/YZ) wQx.!"��),=W�/5]' �3823Y.4;�!Z5 (<
0.1 G2N=�.) #F8)23� 6�4)54=�N!W8�.�38�7(4)G2(�0V.="�A37A �5 ;54=0"�" /!"/U=(*(4.    �Y-4G07I)
RIX./5]'�38�7@(=�AP !"��)Y�)'4=;@;#F2 /!"?@5;I5JIAG<-�2W8��Y-4+5!-+.="7"�U37)U� ;I)/';)+.
M4U0="5�A�38 9

M4U0="5�A�38 9 /';)5!G5 diffusion
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�3824: Cooper and Alley, 1994

5!G5+.54=;I5JIA�.QM4N'4=0.�09:�.$(4)P +.="AA wet scrubber �IX) 3 /AA 
YFX.�7@(5IA L/G ratio Y.4;�.QM4NY�)'4=0.�09:�. /!"Y.4;�.QM4NY�)'4=;@;#F2

54=;@;#F2 (absorption) �38�5 ;YFX.+. wet scrubber �0V.54=?(47O�.2<!J45'?4."
,.F8)G07I)�35'?4.",.F8) O;72452I5�5 ;5IA'4=0.�09:�.+.'?4."/5]' O;7�.QM4N/5]'J"?@5;@;
#F2�5ZAG<-M47+.!"��)'4=;@;#F2 /!"�2W8�N<42�Y-2Y-.Y�)'4=0.�09:�.245YFX.J"'()*!+,-N<42
'424=?+.54=;@;#F2!;!) #F8)54=�U 82N<42'424=?+.54=;@;#F2Y�)="AA wet scrubber '424=?
�H4G;-O;7�U 82JH4.<. ,=W�UWX.�38* <Y�)'4=;@;#F2 /!"�U 82="7"�<!454='I2*I'5I.=",<(4)�.QM4N
'4=0.�09:�.5IA!"��)'4=;@;#F2

N<42'424=?+.54=!"!47 (solubility) Y�)�.QM4N'4=0.�09:�.+.'4=;@;#F2 
�0V.�350KJJI7,.F8)�3823*!$(�0="' �[ M4UY�) wet scrubber O;7N<42'424=?+.54=!"!47Y�)
�.QM4N'4=0.�09:�.$(4)P +.!"��)'4=;@;#F2+.="AA wet scrubber YFX.�7@(5IAN(4 L/G ratio /!"
="7"�<!454='I2*I'5I.=",<(4)�.QM4N'4=0.�09:�.5IA!"��)'4=;@;#F2 ,45'4=0.�09:�.!"!47
+.'4=;@;#F2G;-N(�.Y-4)$8H4 +.54=AH4AI;$-�)�U 82N(4 L/G ratio /!"="7"�<!454='I2*I'5I.=",<(4)
�.QM4N'4=0.�09:�.5IA!"��)'4=;@;#F2+,-245YFX.

2.4 3��2�?8�3������3���	��	�S2�	�	T����U2�C1� wet scrubber
54=AH4AI;�4546;-<7 wet scrubber 23Y-�;3 ;I).3X

1. 23N<42�'387)$(�54=!Q5$ ;Gj,=W�="�A ;.-�7
2. '424=?;@;#F2/5]'/!";I5JIA�.QM4NwQx.!"��)G;-+.�N=W8�)�;37<
3. N(4+R-J(47+.54=;H4�. .54=/!"$ ;$IX)G2('@).I5 /!"
4. G2(+R-�QB,M@2 '@)+.54=AH4AI;

Y-��'37�38�4J�5 ;YFX.J4554=AH4AI;�4546�'37O;7+R- wet scrubber G;-/5(
1. �5 ;0KL,4�.W8�)J4554=5I;5=(�.G;-)(47
2. '4=;@;#F2�38+R-+.54=AH4AI;J"�H4+,-�5 ;2!U ^�4).XH4G;-
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3. �4J�5 ;0KL,454=�Q;$I.
4. 54=JI;54=Y�)�'37�38�5 ;YFX.M47,!I)54=AH4AI;23N(4+R-J(47N(�.Y-4)'@)
5. ' X.�0!W�)UWX.�38+.54=$ ;$IX) /!"
6. 0="' �[ M4U+.54=AH4AI;G2('@).I5

3. Nh�����	���b��21S�

+.�R )�N23� .�=37> 0T 5 = 74��5# �;RI.?W��0V.54='@L�'37�"$�2Y�)GgO;=�J. 
(H2) ,=W��$ 2��5# �J. (O ,=W� O2) ,=W� g4O!�J. (X2) O;7!I5^B"54=�5 ;0T 5 = 74��5# �;RI.
�I8<P G0Y�)'4=� .�=37> G;-/5( (AILR4 U@!OMN4, 2545)

1) Primary (1º)
�2W8�/�!�N.�5 ;0T 5 = 74��5# �;RI.G;-�0V./�!5�g�!>>0�2M@2  #F8)'424=??@5

��5# G;#>+,-�0V.'4=/�!;3Gg;> (aldehydes) �3823GgO;=�J.$(��7@(5IA,2@(N4=>A�. !�35,.F8)�"$�2 
;I).IX.JF)'424=??@5��5# G;#>$(�G;-5=;N4=>A�5# ! 5 (carboxylic acids) �0V.*! $MIBp>;I)'254=
�38 1

       Alkane                         Primary alcohol                Aldehydes                    Carboxylic acid
G2(23UI.["5IA O        23UI.["5IA O 1 UI.["     23UI.["5IA O 2 UI.["   23UI.["5IA O 3 UI.["

2) Secondary (2º)
 �2W8�/�!�N.�5 ;0T 5 = 74��5# �;RI.G;-/�!5�g�!>�Q$ 7M@2  #F8)'424=??@5��5# 

G;#>+,-�0V.N3O$.G;-)(47/!"G;-0= 24B*! $MIBp>�38'@) O;70T 5 = 74��5# �;RI./AA�Q$ 7M@2 Y�)
'4=� .�=37>/';);I)'254=�38 2 =3���J.$>�38+R-5I.�I8<G0'H4,=IA54=54=��5# G;#>/�!5�g�!>�Q$ 7
M@2 +.=";IA,-�)0T AI$ 54=NW� 5=;ON=2 5

(1)
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       Alkane                     Secondary alcohol                   Ketone
 G2(23UI.["5IA O       23UI.["5IA O 1 UI.["    23UI.["5IA O 2 UI.["

3) Tertiary (3º)
�2W8�/�!�N.�5 ;0T 5 = 74��5# �;RI.G;-/�!5�g�!>$$ 7M@2  ;I)'254=�38 3     #F8)

�0V./�!5�g�!>�38G2(23GgO;=�J.$(��7@(5IA carbinol carbon �,2W�.5IA/�!5�g�!>R. ;�W8.    JF)�H4
+,-?@5��5# G;#>G;-745�.W8�)J45J"$-�)'!47UI.[" C l C #F8)/YZ)/=)5<(4UI.[" C l H 245 ;I).IX.
0T 5 = 74��5# �;RI.Y�)/�!5�g�!>$$ 7M@2 JF)$-�)+R-'M4<"�38=Q./=) /!"J"G;-*! $MIBp> �38�0V.
Y�)*'2JH4.<.245JF)�H4+,-0T 5 = 74.3XG2(�0V.�38'.+JY�).I5�N23��(4G=.I5

      Alkane                          Tertiary alcohol (O;705$ /!-<G2('424=??@5��5# G;#>$(�G0G;-�35)
G2(23UI.["5IA O          23UI.["5IA O 1 UI.["

0T 5 = 74��5# �;RI.Y�)/�!5�g�!>0�2M@2  /!"�Q$ 7M@2  '424=??@5��5# G;#>
G;-O;7)(47;-<7$I<��5# G;#> ,!47R. ; �R(. ON=�23872 '4=+.5!Q(2�0�=>/2)54�.$ 5=;G.$= 5
,=W�/2-5="�I8).XH474j�5Y4< (Sodium hypochlorite, NaOCl) 54=�38J"�!W�5+R-=3���J.$>R. ;+;.IX.
YFX.�7@(5IA0= 24B/!"=4N4Y�)'4=�38+R- O;7J"+R-$I<��5# G;#>=4N4?@5 'H4,=IA54=��5# G;#>'4=
+.0= 24B245P '(<.$I<��5# G;#>�3823=4N4/U) /!"23N<42JH4�U4" J"+R-'H4,=IA��5# G;#>'4=  �38
23=4N4/U) 0= 24B.-�7 /!"G2(N(�7�7@($I<

0KJJQAI.2354=.H40T 5 = 74��5# �;RI.24+R-+.5="A<.54=$(4)P G;-/5(          54=
'I)�N=4",>'4=�N23 �R(. 54=*! $5=;�A.O#� 5J450T 5 = 74��5# �;RI.O�!@�3. (Fan et. al., 2003) 

(2)

(3)
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54=AH4AI;'4=U ^$(4)P �R(. '4=+.5!Q(2 polycyclic aromatic hydrocarbons (PAHs)   O;7+R-
0T 5 = 74��5# �;RI./AA�0175 (Anne, 1997) 54=AH4AI;'4=� .�=37>="�,7)(47;-<70T 5 = 74
��5# �;RI.�38�QB,M@2 '@) (Thermal oxidation) /!"54=+R-$I<�=()0T 5 = 74��5# �;RI. (Catalytic
oxidation) (Khan and Ghoshal, 2000) #F8)Y-�;3Y�)54=+R-0T 5 = 74��5# �;RI.      NW� 0T 5 = 74
'424=?�5 ;YFX.=<;�=Z< *! $MIBp>�38G;-'(<.+,L( G;-/5( .XH4 ��5# �J. �5!W�         /5]'
N4=>A�.G;��5G#;> /!"5=;N4=>A�5# ! 5

4. Ub�2��:alUNX8�a�� (Sodium hypochlorite, NaOCl)

O#�;372GgO0N!�G=�> (Sodium hypochlorite, NaOCl) �0V.'4=��5# /;.#>�38
. 72+R-5I.�I8<G0+.54=�H40T 5 = 74��5# �;RI.5IA'4=�N23$(4)P 23!I5^B"�0V.*!F5/YZ) O;72452I5
�7@(+.=@0'4=!"!47+' 23'3�,!W�) �2�Y37< 235! 8.N!�=3. #F8)23'2AI$ �4)�N23 /!"54=+R-)4.�I8<G0 
;I).3X

4.1 '2AI$ �4)�N23 (MSDS, 2000)

'@$=O2�!5Q! : NaOCl
.XH4,.I5O2�!5Q! : 74.44
RW8��4)�N23 : Sodium hypochlorite
RW8��,2W�. : Soda bleach, Hypochlorous acid, Sodium salt
JQ;,!�2�,!< : -6 oC
N<42,.4/.(.  : 1.07 - 1.14 (g/ml, 20 oC)
JQ;�;W�; : 40 oC (decomposes)
pH                                    : 9 - 10 (no excess sodium hydroxide)

54=�$=372O#�;372GgO0N!�G=�> G;-J450T 5 = 7454=!"!47O#�;372Gg;=�5G#;> 
(Sodium hydroxide, NaOH) ;-<7N!�=3. #F8)�7@(+.=@0Y�)�,!<,=W�/5]' ;I)/';)+.'254=�38 4
(James, 2002)

heatOHNaClNaOClNaOHCl +++→+
22

      2 (4)
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4.2 54=+R-)4.Y�)O#�;372GgO0N!�G=�>
• +R-+.,-�)0T AI$ 54='H4,=IA5H4JI;' 8)0.�09:�.��5J45UWX.* <�38$-�)'I2*I'5IA

'4=JH4U<5��=>/5O.j�'�j$ (organophosphate) #F8)'4=JH4U<5��=>/5O.j�'�j$.3XJ"?@5GgO;=
G!#> (hydrolyzed) ;-<7O#�;372GgO0N!�G=�>G0�7@(+.=@0�38G2(�I.$=47G;-O;7)(47

• +R-+.=";IA�Q$'4,5==2 �R(. )4.j�55=";4^,=W�' 8)�� +R-�0V..XH474     �H4
N<42'"�4; /!"�(4�RWX�O=N'H4,=IA'="<(47.XH4 O=)U74A4! j4=>2�!3X7)'I$<> O=)5H4JI;Y7"   �0V.$-. 
+R-+.5="A<.54=AH4AI;.XH4�'37 AH4AI;5! 8. /!"+R-�0V.'4=��5# /;.#>'H4,=IA*! $'4=�N23$(4)P

5. ?���	��	��	�S2�	�������������	�U2�C1� wet scrubber ��:�S�Nh�����	
���b��21S�

J45Y-�JH45I;�38'H4NILY�)54=AH4AI;�4546�'37;-<7 wet scrubber /AA�I8<G0 #F8)+R-
.XH4�0V.'4=;@;#F2 NW� +,-0="' �[ M4U+.54=AH4AI;�38G2(;3.I5 $-�)+R-0= 24B.XH4+.54=AH4AI;'@) 
/!"'4=� .�=37>="�,7)(47+.'?4."/5]'�2W8�?@5;I5JIA /!"=<2$I<5IA.XH4N<42�0V.U ^�3823�7@(.IX.G2(
G;-!;!) �U37)/$(�0!387.'?4."G0�7@(+.=@0Y�)�,!< #F8)JH4�0V.�38J"$-�)23YIX.$�.+.54=AH4AI;5(�.
0!(�7� X) ;I).IX.JF)G;-2354=6F5^4 /!"0=IA0=Q)0="' �[ M4U+.54=AH4AI;'4=� .�=37>    ="�,7)(47
O;7+R- wet scrubber �UW8�!;Y-�JH45I;;I)5!(4<;-<7< [3$(4)P #F8)< [3,.F8)�38G;-=IAN<42'.+J NW� 54=.H4
0T 5 = 74��5# �;RI.24+R-=(<25IA wet scrubber O;7'4=��5# /;.#>�38�!W�5+R-J"$-�)  23N<42
�,24"'25IAR. ;Y�)'4=� .�=37>="�,7)(47�38$-�)54=AH4AI; =<2?F)'M4<"+.54=;H4�. .54= �R(. 
N<42�Y-2Y-.Y�)'4=� .�=37>="�,7)(47�= 82$-. /!" L/G ratio $-�)23N<42�,24"'2;-<7 (Kastner
and Das, 2002) (Chien and Chu, 2000)

,!I5+.54=AH4AI;'4=� .�=37>="�,7)(47O;7+R- wet scrubber =(<25IA0T 5 = 74
��5# �;RI. J"+R-.XH4*'25IA'4=��5# /;.#>�0V.'4=;@;#F2 #F8)�2W8�U(.�0V.!"��)�!Z5P G0'I2*I'
5IA'4=� .�=37>="�,7)(47+.�4546 J"�H4+,-'4=� .�=37>="�,7)(47?@5��5# G;#>G0�7@(+.=@0�38     G2(
�I.$=47 /!"'424=?0!(�7�4546�38*(4.54=AH4AI;/!-<��5'@(A==74546G;-�7(4)0!�;MI7   O;7
0T 5 = 74��5# �;RI.�38�5 ;YFX. /';);I)'254=�38 5 'H4,=IA*! $MIBp>,!I5 (main product) /!"*!
U!�7G;- (by product) �38�5 ;YFX.J"YFX.�7@(5IAR. ;Y�)'4=� .�=37>="�,7)(47 /!"          '4=��5# 
/;.#>�38+R- O;7'424=?="AQG;-J4554=$=<J'�A��5'4=�38�5387<Y-�)5IA0T 5 = 74.IX.P ,=W�54=
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< �N=4",>O;7+R-��N. N�38�,24"'2$(�G0

( ) ( )toxicnonproductbytoxiclessornonproductmainoxidantVOCs                +→+

�.W8�)J45�4546�'37�38*(4.�Y-4'@( wet scrubber J"23�<!4�7@(+. wet scrubber       G2(
.4..I5 ;I).IX.54=AH4AI;�4546�'37J"�0V.G0�7(4)230="' �[ M4U ,45'424=?�H4+,-0T 5 = 74
��5# �;RI.�38�5 ;YFX.=",<(4)'4=� .�=37>="�,7)(47+.�4546 5IA'4=��5# /;.#>+.!"��)Y�)
'4=;@;#F2�5 ;YFX.�7(4)=<;�=Z< O;70KJJI7'H4NIL�3823*!$(��I$=454=�5 ;0T 5 = 74'424=?        /A()G;-
�0V. 2 5!Q(2 G;-/5(

1) 0KJJI7;-4.J!.U!64'$=>Y�)0T 5 = 74 (reaction kinetics) G;-/5(          N<42�Y-2
Y-.Y�)'4=� .�=37>="�,7)(47+.�4546 (CVOCs,0) /!"N<42�Y-2Y-.Y�)'4=��5# /;.#> (Coxidant,0)

2)  0KJJI7;-4.54=?(47O�.2<!/!"N<42=-�. (mass and heat transfer) G;-/5( �I$=4
54=G,!Y�)�4546 (QG) /!" �I$=454=G,!Y�).XH4 (QL)

R. ;Y�) wet scrubber �38+R-'H4,=IA54=AH4AI;G;-/5( spray chamber wet scrubber 
�.W8�)J45)(47$(�54=��5/AA /!"54=+R-)4. O;7'424=?�[ A47!I5^B"Y�) spray chamber  wet 
scrubber /AAG,!'<.�4) G;-;I)'254=�38 6 /!" 7 (Cooper and Alley, 1994)

Ptd =  exp[ ( )GtddG

dtdL

VVrQ

ZVQ

−
−

4

3 η ]  (6)

=  exp 







−

G

dtdd

Q

VA η
25.0  (7)

�2W8�
Ptd  =  penetration of a given particle size
QL  =  volume liquid flow rate
QG  =  volume gas flow rate
VG  =  superficial gas velocity
Vtd  =  terminal settling velocity of droplets
ηd   =  fraction collection efficiency of a single droplet

(5)
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 rd    =  droplet radius
Z     =   length of scrubber content zone
Ad   =  cross sectional area of all the droplets in the scrubber

J45'254=Y-4)$-.UA<(4 $I</0=;H4�. .54=�3823*!$(�0="' �[ M4UY�) spray 
chamber scrubber �38'424=?N<ANQ2G;-NW� QL, QG, Z, rd /!" Ad #F8)J"$-�)�H4+,-'4=� .�=37>  ="�,7
)(47�38�7@(+.�4546 23O�54''I2*I'5IA'4=��5# /;.#>�38�7@(+.!"��)Y�)'4=;@;#F2G;-245 /!"
.4.�38'Q; JF)J"'424=?AH4AI;'4=� .�=37>="�,7)(47+.�4546G;-�7(4)230="' �[ M4U       O;7,45
N ;<(4 1 ,7; Y�)'4=;@;#F2�H4,.-4�38�0V.0T 5=B>�N237(�7P ,.F8)0T 5=B> 54=5H4,.;N(4 Z, rd /!" 
Ad JF)�0=37A�'2W�.54=5H4,.;Y.4; /!"JH4.<.Y�)0T 5=B> +.YB"�3854=5H4,.;N(4 QL /!" QG

J"�0V.54=5H4,.;="7"�<!4'I2*I' (contact time) /!"="7"�<!4�38'4=0.�09:�.�7@(+.0T 5=B> 
(resident time) ;I).IX.54=6F5^4< JI7�UW8���5/AA spray chamber wet scrubber =(<25IA0T 5 = 74
��5# �;RI.JF)�0V.54==<2��4N<42=@- /!"/.<N ;+.�=W8�)Y�)54=?(47O�.2<! /!"�=W8�)Y�)
J!.U!64'$=>Y�)54=�5 ;0T 5 = 74��5# �;RI.�Y-4;-<75I. JF)/$5$(4)G0J45 wet scrubber  �38+R-;I5
JIA�.QM4N#F8)G2(23�=W8�)Y�)0T 5 = 74�Y-424�5387<Y-�)/$(�7(4)+;

�	����S����������3���

<4'.4 UI�.4 /!" < �74 ��UGUp@=7> (2545) 6F5^454=AH4AI;G�="�,7     Y�)'4=
G#ON�g5#4O.. (Cyclohexanone) ;-<7.XH4*'25IA Triton-100 #F8)�0V.'4=!;/=)$F)* < (surfactant) 
;-<7< [3 mist scrubbing O;7y3;Y�)�,!<;I)5!(4<+,-�0V.!"��)�!Z5;-<7 air atomizer /!"+,-'I2*I'
5IAG�Y�)'4=� .�=37>="�,7)(47/AAG,!�4)�;37< (co current) M47+.N�!I2.> UA<(4'424=?AH4AI;
G�Y�)'4=� .�=37>="�,7)(47G;-?F) =-�7!" 90 +.="7"�<!4'I2*I'0="24B   3 < .4�3

� 2 0Q= .�=4M A4! /!" < O=J.> AQL�H4.<7< �74 (2545) �H454=6F5^40="' �[ M4U
Y�) spray tower �38+R-+.54=;I5JIAG�="�,7Y�)A <� !��5# ��! (Butyl oxitol)    #F8)�5 ;J45
5="A<.54=�N!W�A* <O!," O;7+R-.XH4�0V.'4=;@;#F2 UA<(4'424=?5H4JI;G�="�,7;I)5!(4<G;-;3
O;7 spray tower 230="' �[ M4U+.54=;@;#F2G�="�,7G;-?F) =-�7!" 60-100 /!"UA<(4�2W8�="7"
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�<!4+.AH4AI; /!"N<42�Y-2Y-.Y�)A <� ! ��5# ��! +.'4=!"!47�U 82YFX.        23*!�H4+,-0="
' �[ M4U+.54=;@;#F2G�="�,7!;!)

Anne (1997) 6F5^454='!47$I<Y�)N< O.! . (Quinolin) #F8)�0V.'4=+.5!Q(2 
polycyclic aromatic hydrocarbons (PAHs) O;7+R-0T 5 = 74��5# �;RI./AA�0175�38'M4<"$(4)P #F8)
UA<(4 '424=?��5# G;#>N< O.! .�0V. /5]'N4=>A�.G;��5G#;> .XH4 5=;G.$= 5 /!"'4=�W8.P �3823
N<42�0V.U ^!;!) .�5J45.IX.7I)UA<(4�I$=454='!47$I<Y�)N< O.! .J450T 5 = 74��5# �;RI.
/AA�017523N(4'@)5<(454='!47$I<$42[==2R4$ N(�.Y-4)245

Chang /!"NB" (2002) �H454=6F5^40KL,454=="�,7Y�)'4=� .�=37>="�,7)(47
J45�Q$'4,5==2=?7.$>+.0="��6G$-,<I. #F8)+R-$I<�H4!"!47�0V.O�!@�3. /!"'4=�$ 2/$()�UW8�!;
N<42,.W;Y�)'4=�N!W�A UA<(42354=+R-$I<�H4!"!47+.�Q$'4,5==2=?7.$>'@)?F) 7,200 $I./01 $I<
�H4!"!47�38+R-0="5�A;-<7 O�!@�3. G#!3. ���� !�"# �$� A <� !�"# �$� /!"N3O$. #F8)J4554=
6F5^4UA<(4 /$(!"O=))4.J"2354=0!(�7 '4=� .�=37>="�,7)(47��5'@(A==74546+.0= 24B    '@)?F) 
500-650 5=I2Y�)'4=� .�=37>="�,7)(47/! $=Y�)0= 24B'4=�N!W�A* <�IX),2; ;I).IX.0KL,454=
="�,7Y�)'4=� .�=37>="�,7)(47J45�Q$'4,5==254=�N!W�A* < JF)?W�<(423N<42'H4NIL�38J"$-�)+,-
N<42'.+J/!"�Y-424/5-GY�UW8�0{�)5I.54=�5 ;0KL,4' 8)/<;!-�2$(�G0

Chien /!" Chu (2000) 6F5^4*!54=AH4AI;'4=0="5�A NOX/SOX ;-<7     wet
scrubber R. ; sieve tray O;7+R-'4=!"!47O#�;372N!�G=;>/O#�;372Gg;=�5G#;> (NaOCl2/NaOH) 
�0V.'4=;@;#F2 O;723$I</0=;H4�. .54=�386F5^4 G;-/5( N<42�Y-2Y-.Y�) NOX /!" SOX �I$=454=
G,!'4=;@;#F2$(��I$=454=G,!Y�)�4546 (L/G ratio) �I$=4'(<.O2! /!" pH �= 82$-. *!54=
AH4AI;'4=0="5�A NOX/SOX UA<(40="' �[ M4U'@)'Q;+.54=AH4AI; NOX    �7@(+.R(<)=-�7!" 
36.6-71.9 O;7$I</0=�3823*! G;-/5( L/G ratio 0= 24B NaOCl2/NaOH �38+R- /!"0="' �[ M4U'@)'Q;
+.54=AH4AI; SOX �7@(+.R(<)=-�7!" 89.4-100 O;7$I</0=�3823*! G;-/5( L/G ratio

Ebert /!" Buttner (1995) 6F5^4*!Y�)'M4<";H4�. .54=�3823$(�0="' �[ M4U54=
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AH4AI;�.QM4NwQx.!"��)+.="AA wet scrubber #F8)UA<(4="7"�<!4�38�.QM4N�7@(+. wet scrubber 23
*!$(�5!G5+.54=AH4AI; O;7="7"�<!4�38�.QM4N�7@(+. wet scrubber 'IX. 5!G554=0"�"J"23*!$(�
54=AH4AI; /!"5=B3�38="7"�<!4�38�.QM4N�7@(+. wet scrubber .4.5!G554=/U=(J"23*!$(�54=
AH4AI; .�5J45.IX.7I)UA<(4N(4 L/G ratio '@)J"'()*!+,-0="' �[ M4U+.54=AH4AI;�U 82YFX. O;7  N(4 
L/G ratio 0="24B 0.05-0.25 l/m3 J"+,-0="' �[ M4U+.54=AH4AI;�38�,24"'2 =<2?F)    23N(4+R-
J(47�38G2('@)J.�5 .G0

Gao /!"NB" (2001) G;-6F5^454=+R- wet scrubber =(<25IA0T 5 = 74��5# �;RI.+.
54=5H4JI;GgO;=�J.#I!Gj;> (Hydrogen sulfide, H2S) O;7+R-'4=!"!47O#�;372GgO0N!�G=�>/
O#�;372Gg;=�5G#;> (NaOCl/NaOH) �0V.$I<��5# G;#> UA<(4 0="' �[ M4U+.54=AH4AI; H2S 
O;7+R-< [354=;I)5!(4<'@)?F) =-�7!" 95 YFX.�7@(5IA'M4<"54=;H4�. .54= (operating condition)   /!"
'M4U/<;!-�2 .�5J45.IX.7I)UA<(4 0="' �[ M4U+.54=AH4AI; H2S O;7+R- wet scrubber =(<25IA
0T 5 = 74��5# �;RI. 23N(4+5!-�N37)5IA54=AH4AI;O;7< [354=5=�)R3<M4U (biofilter)         /$(23N(4+R-
J(47�38$8H45<(4

Kastner /!" Das (2002) 6F5^454=+R- wet scrubber =(<25IA0T 5 = 74��5# �;RI. 
+.54=AH4AI;G;�2�� ! G;#I!Gj;> (Dimethyl disulfide) 23��.G��I! (Methanethiol) ��5��. 
(Octane) �2�� ! A <�4.�! (2- Methylbutanol /!" 3- Methylbutanol) /!"�g5#4.I! (Hexanal) 
+.�4546�'37J45O=))4.*! $�N=W8�),.I) O;7+R-N!�=3.G;��5G#;> (Chlorine dioxide, ClO2) �0V.
$I<��5# G;#> UA<(40="' �[ M4UY�)54=AH4AI;23��.G��I!'@)?F)=-�7!" 100 +.YB"�380="' �[ 
M4U54=AH4AI;'4=0="5�AJH4U<5�I!;3Gg;> 23N(4�7@(=",<(4) =-�7!" 20-80 ;I).IX.'4=��5# /;.#>
/!"'M4<"54=;H4�. .54=�38�,24"'2'H4,=IA54=AH4AI;'4=� .�=37>   ="�,7)(47R. ;,.F8) �4JJ"G2(
�,24"'2'H4,=IA54=AH4AI;'4=� .�=37>="�,7)(47�35R. ;,.F8)G;-

Thakatkaew (2004) �H454=6F5^4J!.U!64'$=>Y�)0T 5 = 74��5# �;RI.Y�)O�!@
�3. ���4.�! /!"�2� !��� !N3O$. O;7+R-O#�;372GgO0N!�G=�> /!"OU/�'�#372-     �0�=>/2)
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54�.$ (KMnO4) �0V.'4=��5# /;.#> +.0T 5=B>/AA5" (batch reactor) M47+$-'M4<"�382354=
*'25I.�7(4)'2A@=B>23N(4 pH /!"�QB,M@2 N)$I<UA<(4 O#�;372GgO0N!�G=�>   �0V.'4=��5# 
/;.#>�38�,24"5IA'4=5!Q(2�"O=24$ 5 /!"N3O$. '(<.OU/�'�#372�0�=>/2)54�.$ �0V.'4=��5# 
/;.#>�38�,24"5IA'4=5!Q(2/�!5�g�!>

�S
e9N���X�

1. �UW8�6F5^4*!Y�)'M4<";H4�. .54=Y�) wet scrubber �3823$(�0="' �[ M4U+.54=AH4AI;
'4=� .�=37>="�,7)(47+.�4546�'37O;7+R- wet scrubber =(<25IA0T 5 = 74��5# �;RI.       +.=";IA
,-�)0T AI$ 54=

2. �UW8�'=-4)/AAJH4!�)/';)N<42'I2UI.[>=",<(4)0="' �[ M4UY�) wet scrubber     5IA
$I</0=;H4�. .54=�38'.+J

3. �UW8�,4'M4<"�38�,24"'2+.54=AH4AI;'4=� .�=37>="�,7)(47+.�4546O;7+R-         wet
scrubber =(<25IA0T 5 = 74��5# �;RI.

N�U�1�����a2�S��	��	����S�

G;-/.<�4)54=AH4AI;'4=� .�=37>="�,7)(47+.�4546�'37O;7+R- wet scrubber =(<2
5IA0T 5 = 74��5# �;RI.


