MEE[FHT]wE 1 15-28 1

%ﬁ@?#r%ﬂ%@%?%%@QW%%ﬁ%

FPF B RIPRISRR USSR G S }%F?]‘EJ%%’? (15 A R I
pH ffi ~ TR (B I‘?‘W“&fﬁ"fﬁﬁf@l‘lﬁjfﬁéﬁ% FIH AN EH T‘%“M%Iﬁ PR B3 £ 5 71‘
FRARERUIA > AR~ L SRR AR (MY o T R AR R A o R
Fﬁ_f@fg@; (TR - Fall A254 }*:jf PRSI » 1) el [7;', TRy =% T BT
TSP [Jﬁi{ Pl e r*ﬁéf&ia@ 71 HlIE% 40 mg/L % 10 mg/L - Tﬁf@ﬂrﬁsi‘l R AHPEES. 10
mg/L V’F PRI . [R5k 40 mg/L K o &' Fli A254 fH53 % 10 mg/L ’ﬁ@f&@ 90 %== 40 mg/L £,
84.2 YopIH I « ST ADMI 53 AT aR A B 4 p,:'mwz% 30 i - ADMI ffith 2~7 » 37—
JJ<TTS ADMI il 5 1| ADMI i A254 [fIERGE B IAPEHSFels bkl L3850 (B 21 pH 7 IUfETE
[ I AR

BSE : ud - UV~ it - SIRFERR - S RFURT - ADMI

—m

_\‘F‘J‘{J

1l

L1 MR =RE 4P

IR E T FINRR O IRE PR A S S RUR R, Pl 7
CHIFEIVAHAR o T [ AT T B R PRI T o pE %?J’f’?ﬁ'lﬁ’?‘f? il
RE > DR BTN USSR » PSR pRPOENES @Il I o B A P humic acids) »
FiP(fulvic acids) » 1< 14 % 28T (hydrophilic acids) * &rf %7 (proteins) » 5+ f £, P4 (carbohydrates)
ﬁﬁ@?(hpids) bR E F’*}#”J(hydrocarbons) o RUISHIF = IR E B3 = El?j’?‘/ﬁ’ﬁ@ BT (Kyziolt et al.,
2006) = ByFEETRL S SRE RO Vg ARG - FRIEE S S F’Tlﬁﬁ%? il 4
- F‘Tﬁi B IE R T ERIIE LS s g i IR FJ'" R FIPYE RSP RS E SE
Rl RAUIE: aon ’*Af EERSIECE N 1t e ﬁ,l% SEEOR R I pIE P £
(Disinfection By-Products, DBPs) (Kim et al., 2006) « By EF ==, 8-~ ks » f{ RS R P
[~ B PET > g 2 = AP U5k (Trihalomethanes, THMs) ~ 4 {4 &(Haloaceticacids, HAAs) (Kim et al.,
2 R T T e i R LS A AN S

J/H?J k#:ﬁiﬁlﬁ aﬁg"ﬂﬂ ;E ﬁ'4 *74
’%M*ﬁ%@ﬂﬁ?*%4ﬁ&
TIE SRR ST R
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12 e [

IO (RS < A 5 '?’ﬁﬁﬂ‘l‘%:\ ERFPHERIFA T & i P R A
VR BRI SRR Elé?\f\i_?l?ﬁf’f B RE e ?iﬁf”f‘%ﬁgf‘?@ » R ETHIE ) R
AR e (LSRRG Ef“?j%ff”ﬂfzﬁ S BT IFmAY B - 291 pLaav] FLEF@ !
El’,’l’fﬁ 0 = fﬂ‘]‘ﬁﬁ’?ﬁhﬂllf}”ﬂéﬁﬁ’?ﬁﬁ%’ G J“Hlﬂl»& SR D o BRI T B
FOECELRLEE (AR S [~ P (Rice et al., 1981) © T AU ~ BRRLEIR T LR EEEIUISs
4 (SHE(Sanchez-Polo et al., 2005) o PRI BLE [ HTRIASHIEIRE RS o] 5= T{sﬂ[{é_lréf%i}
PR T3 el SIRE P 20 HpE: ’¢%?$A§LE1WT%ﬁ%‘ﬁt‘ﬂ%iﬁ%gmg
AR R S F 2 CIHIRE rimﬁﬂ‘ﬁéj‘ |1 Chang et al., (000)fic 15L& [~ EE e I 2
BiffPRY St Pt g SUVA (5 Chang et al, (2002 G ) pLEA=RAIRS i - [&‘J@E&L‘/
SUVA fififl1 0.015 abs/mg [ (%= 0.008 abs/mg * Fr#lf I\Jﬁ,ﬁ&;% RpEN J‘Hjﬁ"{lj\ [ 2 e et
[passsk > FEERHIR= R o 0] 03/H202 ~ UV/ H202 ~ UV/ O3 FIffi ™| Fenton -3
UL (e 3o B3, ﬁ'JE% P(Chin and Bérubé, 2005) irpm[tﬁkﬂé]‘ Uv/03 L%éﬁ,'ﬁﬁ
g B P A UASE

\('

oo *WIT
U—F

g
>

13 HEVR kR

A S NS So
L PSS RER &

PLEAL [ TR Ry > pAE - Sk BRI 7 BR(aromatic) ~ 4% (olefins) ~ TRV
¥fi(amine) b — LR CPUPFEEL Yl > NI R -
2. plEC RS VSIS S

PLEGTRER & @S T SLTRE PSS T S P e o SRR AT
[0 (E1 B G 1 LI BECO YOO & 7 5 [ it v 1 gL - ;&@;@n@%i BRI
LG I
ERARE by ’:"%H' o R RLEE SPUE TRE T o B RIEVE [T FLELE R S o) BT
SRR« SR éuj‘?ﬁ%ﬁ‘é B P R S AR B SR T S E > T
PLE TR g R 2 S B S I S (R 3

HJ'LI

4%%%?@%&@

A RLE! ﬁ f-EIU W foTER= WYFEUV A 315 nm~380 nm ¢ UV B 280~315 > UV C
190~280 nm ° F[HH JUV Cpu=gtis i - 7HIF1 LR e =R P B R f{ff*u °
T IS S T O (] BRI o et STt O R SR e
FOgEs o T IR OIS \_pJ’iy‘c[}fSﬁ%\‘(Meumeret al., 2006) °
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- A S %‘Frm fi' 55 Bbpy o BT HE(Grotthus-Draper 1) » Sk =" bl s 250 0~ i
Popre s Y e R (SRR TR 1 BT ! (Binstein-Stark EA) o — V=TS EI S (Quantum) B~
W53 3 B 5 93 0 BT R e A S R - P
P ?j;‘p* EHE_E-F'J‘:BE;EQH3%5:[9@?1:@%@ ) 4[%4 -E'T}Lhﬁllz[l‘f‘jj{\\ [-gesm v fﬁﬂ“i')}m;& )
PITFe i (=S o oy e oo Rs I Ry
L g

PURTIR L S SR e - PR SYRERRE 7 [ e A o~ Y AR (IR ¢ BT
— PR PUETRLS LR B SRR ¢ 2T R R EEPRTE S RRROL A BT [
B Emu«wu (S S [ IR SRR (I s BRI Tl RS SR 7
ISERATIREEN ﬁ TR R o WS R R 5T S eSS T BT SO PRE e
Fie FIJ Ry SRR - SE I 9 SR R SRR TR NERY) - ZHE R R

fﬂﬂ ) EES 3Fj [= (B ST R 5 ) 5y e ﬁﬁglﬁl R
A +hv — A* AR Ry RS
+0nv—
AT Db A% IR

D1,D2 : 55 ek Pr %’FLQ'EK}EIHQL
0 AR
SR 2 O P O ERAR e+ 7 P AR PO S [ i
RETRH S SO (=58 i | SR et A

5

A +hv— A*
A*+B—>A+B*
B* — D1 + D2 EMAN%@%%@vB%W%ﬁ%@O
(TP A PRSI o0 e R > I B R I e R - ) YRR S ] 5290
nm > ¥R SR B R RIS B S LA o PUIRR T TR IR AR A
EEPIE LV —ﬁgw&w TR o [ R ER B e [T B AR A
RV EAER S R T OANR S (D) BN e s T A Tl ]
K WP | o RLFR TR TRICONS (] ~ OARAS  BRD oA (50 g o ) lg%z;
BIFON 53 HR il o [0 e S 7 REE | H PR
a R %‘ VERGPR =
A i S R -'ﬁt%é}%&i = ﬁﬂ%’l‘% o
c. RIS R - RSy -
d. PRIEBETEATR . BRI S

15 .Elg?(%q,’ﬂ,ﬁ I/K”E%ﬁ’[]
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SRR A ORISR T R LR R SRR SREITL  TURHIED -
0s + H:O + hv — H:0: + O2
H.0 + hv — 2:0H
B\~ E 0s + H:O + hv — 2°0H + O»

I IR FRpL S R E 5T i S8 L IR SR LI o e A E 4
PIRT  UVIOfI= S 53 HIFS » [ EBPR 1 WLpL 653 [ B o JRLUVSA i » G
SRV LT B o T S (R BLSBER UV T R T 0 i B A
AHANE R o

1.6 Oscilloscopes ERHI B &~ Tl Ta® |
BRI BR o Tt R PG - El# NERE 705 90 B ROV R~ TREQLLE T
o~ IREY - Rl R AR b o S R R AR B R R 5T A
ﬁ‘ﬁ“@ﬁ%ﬁ LA STE R ‘E‘ﬁ’@i@ﬁ‘}‘ﬁjﬂﬁﬂﬁﬁ 1@ =&l - Quintdns et al. (2006) il -H
4 R B = PRV R oscilloscopesfi- BRIV MBS T RN PREREVAR S o A9 T
IR ™ TISEE ™ BB (1 590 SRR o 5 il 0 150
(Oscilloscopes) I Bf 75 - 4 H |”17FE'%€JJ/ ARG S [T EURUE O (ORP) UL 5 (7
o GREPEIATEE 7 LR [ RO B et SR P I SIOMESE R o fepL
“;mhﬁgﬂhw@%&ﬂbWﬁ~%¢p¢m%$ B ReR B (R SRR
il TP EI R FOm R -

- HRBE

(DU RLAF S o 7 s FFFAR T (0 T o S F o i » 1
[T lﬁk]‘ @8 RIS R« PR R R R F
FIF uﬁfr ey Eugﬁ% SR E T IR S T IR R e BT R P R
i [?QW?"EJ’L{ SE = I DIPTSR - R s
?ﬁﬁﬂﬁgﬂﬁﬁﬁ?%Uwﬁﬁim%m%l’meW%@ R A R PR S R R3S
> 2R SR [3] - BEIRER (R AR SRR - (1 SRR P -

21 BEfLLE

L B (Pluka » 6 HRTEFOTIN (P> )5 511+ 55 045 um 18
TOETRG R iﬁﬁjﬁ‘l‘f}fj FHDOCHI 1Bl - F| E&j%alﬁ;r F 5 AR I 0 TR -
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# 22 g humic acid

3D water
'< # &40 gz NaOH

A

RAYAZILZERFTEE

LAABSE LT

v I

EY S ES #:3 '
2045 pm ZEHBE 0 mn———————— —l

v +
HRBELEFRETEE PAPESR A &7 K48 4 8

A 4 A 4 A 4

[l 2.1 AP A

2. ;%@ﬁ?ﬁfﬁ HB ) -
(1) pHS: i (Merck, 100 %) 20 ml - [ (RD.H) 120 g » FRYEEIZ 1L -
(2) pH7: JVBHE" & (RD.H) 120 g ~ G & (Merck) 169 g » AR EE = 1
P JRAEFF0.IN -
(3) pH9: # (=& (R.D.H)54 g~ zi7c (Merck, 25 %) » #RLEI= 1L -

22 HEH W

L
ﬂin@i%%ﬁ’ﬁé?d/%ffﬁ w-w I 22 @%ﬂgﬁ 3L IR ﬁrﬁm ,:Hszi_:zufs SR

Ozonair Internation Co., &nﬂmmwlBMi%ﬁﬁﬂ4yndEH%Fméﬁ5LMm’@,%
P BLEGEA 1 5.6 mg/L - R T R R e UVSAER(GLIO, Sankyo Denki, Japan)i2 # | 254
nmidS s S EAE e IR | Oscilloscopes B S BEARIIIERY Sl = B > 21
Sy B (T RURURREE ~ pHILT| 2 DOs - BHIE A (177 -
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Oscilloscop

----- {ORP meer |
{ DOs meter
Power supply |
UV lamp
L=l D> >
—— ﬁ
—— I-%pod
— —1 warm water out
O
oD
o
T

cold water in
2.2 1502 UV = T i
2. BRI On-line AR It
RS W ! SR (P8 S
WaveStarTM Software for Oscilloscopes [i{ i » On-line 3{i;ifi PC F:“:ﬂ'F, S ERGREVEYR] &
Iy L SR SEF SR AR TR I TR ] < A 2.1 SR ST BT R B

O: gencrator

e 2.1 Bt 20 R R s R 48 R
Equipment Specification and Operation Conditions
Digital storage Oscilloscope Yokogawa, OR100E, Japan
Channel Four channel
Frequency 60 MHz
Scan rate 1 Gs/S
Data collected 16,000 data storage per second

23 SifTHEE

1. ADMI fif :
%Elﬁ#ﬁﬁ’?ﬁf IAgE s R ARRR R > ) 5350 A FH(U-2800, Hitachi Co., Japan) ;i

PR 590 nm ~ 540 nm ~ 438 nm (5] » WEVEAPEYLDY EA S o FUREA S R

[&ﬁgﬁ[w & fifi(ADMI fifr) ©

2. ApsaEEfil
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PSS T R R 254nm (Ass B AR A 7% o B TS P00 25 4nml
TSGR T o AR TR B RO TSR T Asse, ¥ Asss, O
| o 51 1 Agss, O RLFS R FIOMA T Agse, tHILRL T P I PRI o %) Aosa, ¥/ Agss, O 19
PRI » BT Bl DO et T R [ A IS ssst 0 -

E
E

O

3.1 ATEILEG B R AT R 17

o Tl PH I RL NE RS BV IR RGPS Y R R R
pH T RIES 5 ~ 7~ O Mg el ~ IV ~ WTEEOERIF NS 5 2 - F 1A £ 5 AR
F P IS o P 3 1@)FT - ADMI 7 206 A 50904 sl T [ pHL (o™ e
f R E U g I RIS 95 % o [l 3.1(a)pl it R N R ] 10 55 G
ADMI &3 Jipe s A7 > “EE] 95 %V Bl Rl e 3%k o

L 3. 1(0)3 5 T IIfY pH IR ™ - ¢ I FSR TN T A254 T R AR
ﬁ%’ﬂ3 1(b)fi* 1> T3 BIAG RS ™ > pHfifi Ty 7 F[19 PUSSRUEE [ > F (R E595T 70-80 % o 17 b
Sl PRI » pH T VAFFPRARYE R PSS L FRERIED 90 % o RN 8 AL S
e V=T 39 e e Vo ) 2 ok] pH RS PO IR T o F A —
PRI -

1.0

—0— pH=5 Ozone
0.9 —o— pH=7 Ozone
08 & —— pH=9 Ozone

—¢— pH=5 Ozone+UV
07 \ —#— pH=7 Ozone+UV
06 \ —4— pH=9 Ozonet+UV

ADMIy/ADMIy
=)
W
T

Time (min)

(a) ADMI
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—o— pH=5 Ozone

o —0— pH=7 Ozone
0.9 —— pH=9 Ozone
0.8 —&— pH=5 Ozone+UV
—&— pH=7 Ozone+UV
o —A— pH=9 Ozone+UV
7 06
% 0.5
2 04
0.3
0.2
0.1
0.0 |
0 5 10 15 20 25 30
Time (min)
(b) Anss

Al 3.1 SRS Tl ST TR0 mg/L) T T [l pH 1 (2) ADMIAi(b) A254 VA {™ff)
JV/ °

32 ’Fj*ﬁr&" ERFSED %“'[?n/ﬁAzmpﬁfﬂﬁﬁJ

il 3.200) KU BIATERSALBL VR e » FIIP 153 4 & FHRTEL P ADMI S RIFOR G - 11
[ 3.2(2) i VB R P 10 mg/LiRA Ol ™ ARl i V REARFPYAE 40 mg/LERTR o i
i 5 53 415 > 10 me/LIE%  ADMIf =146 (S0 f 5 ] 40 me/LiR% [UADMIFIIE] 15 55 841 »
SR 1) » PSR (A LR R RS (5 R
o 7 kR SEHADMIS. A SSRR )  F o ADMIRLE - A% 1 E pRy T
B iR LSS B - 19 T B ol (SADMIFI R 2-3
RIBVEAPERS BRI o IR PR o Iy B AUV RS 10 mglLly
[ {7+ ADMIFEI e [UVA LV B D = Tl 3.2 (0)4B™ v oi<pl P o 5 2 T 6
AR igs&;;fﬂguﬁ%{ > H AR 3.2 )i 1 » [ 5 (SR R VAL ) e s s
[y 10 mg/UBHAPRIES FA@™ e 5 5350 10 mg/LBAPAIRS F7@ = 15 53 68 I [F ADMI
e PR 6 o Jeb B 2 30 5T B RIBRR 2 5 2 18 % 3] fLEVUV
AU s s SRRl F' (134 ) vammgf F}‘JAZS“ b EfE R 5 PRk
SR [RA s PRI E RPIRRR D oGP S S AN DI F % 1. & & (Chang et al,,
2002) -



1.0

0.9 —e— HA+Ozone (40 mg/L)
0.8 —0— HA+Ozone+UV (40 mg/L)
< 0.7
s +
E 06 L —o— HA+Ozone (10 mg/L)
< 05 —o— HA+Ozone+UV (10 mg/L)
= L
a 0.4
<03 |
02 r
0.1
0.0
0 5 10 15 20 25 30
Time (min)
(a) ADMI
1.0 —&— HA+Ozone (40 mg/L)
0.9 —o— HA+Ozone+UV (40 mg/L)

0.8
0.7 r
06 -
05
04 -
03 r
02 -
0.1 r
0.0

—o— HA+Ozone (10 mg/L)
—0— HA+Ozone+UV (10 mg/L)

A254,1/A254,0

0 5 10 15 20 25 30

Time (min)

(b) Ass

[l 3.2 BMIPEAT BLE S T () ADMIZE (b) Agsa 354U < pH=T - R iR [if] 30 55 -

3.3 Nernst fEi=" {218
Nernst ij%?“@?djf‘j“ﬁkﬁlﬁi?ﬁ {“#FU~ & (Chang et al., 2004) > Nernst HFEZ Y™
E = E0 +RT /nF In [PRO] ................................................... Eq_3 -1
[RET]
Hln

E = E’%\E?j%@ (mV)

Ey = BRUSFEE (mV)

R = iﬂ?ﬁﬁfj’ﬁ@(SSM V-coulombs K™ mol™)
= MRS (K)

n = Eué&ﬁgr (equivalent mol™)
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F = PR 8T (96,500 coulombs equiv’')
[RET] = Al 36 [~ o e
[PRO] = K# Kok R
(A PR BRI > 48 Nernst{ S TS o 5L B [ MR ELA SR [0 il > 3
Assy f[J%riLf%%% (ORI AR A P R SR ERE T D Y ERLT S Ass, /Ao,
0 e - Chang et al., (2004) FTREFHTET 7|7 [ HfONernst 4R > FRZHE]- fyoR2 i fee3
28 S o

A254, t

54, 0

ORP =-11965+1684 pH —4581n

:l ....................................... Eq3 -2

RAR G| EIURZ,E@ 091 -
il i 1 ADMI i 18 * Nernst 78205200 » SZH80 5 » AFAIE]V Nemst 7820 (57
Sy,

ADMI

’ } .................................... Eq.3-3

ORP = -21542 —3017pH - 243In| ———"
ADMI

AR AUR?ET, 0.82

RIS T fINemst U7 (TG it BRI (SRR F [ AsspS ADMI
[ORRTR » S0 — T B3 1 o [ mirﬁlﬁ'w% RO - R (R FEA fOR [~  SP fep
AN ﬁﬁgﬁ’@%pﬁgﬂ E}IEF[J

3.4 Nernst f8i=N 1 &g

AP Nernst F [ 'JBER [ S MUEELR [~ [l - S R PIRTHORE IS €
SIS PO E R T (PR R R o PR PR T Y - e
Nernst 704 + 45 ] IO ORKR - S0 P st o -

T 3.3 (a) B EEIAYORP - H RS UERTH U ADMIE S U « S AL T Ry
MRt N R PR SO - piH 3.3 (D)RT St pRJIuORP - IR
ErAasa s P RLIYHE o [LLRL & (R T IR | RPE SIS EI5Y |1 IR A s S ORP
ST T o o i P e i B TP PO ISP AT 2] Agsy B I ORP
R - A5 FEARIA INernstif (sl | SRR P [ ASEFR 7 PO oYt LT TR

E R R R AT o IR AT S RS
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800
700
600
500
400 -
300 -
200
100 -

O Exp. test data
—0— Model predicted data

ORP (mV)

In (ADML,/ADML,)

(a)
800
700 o Exp. test data
600
500
400
300
200
100

—0— Model predicted data

ORP (mV)

0 0.5 1 1.5 2
In (Azs4,/A254,0)

(b)
l/ﬁ[[ 3.3 %i?ﬁ%ﬂ%ﬁ ’ ,h '\'F‘J?ﬁl@{ﬂ/(a) In (ADMI, t/ADML o)ﬂ:[ORP(mV)k"(b) In (A254’t/A254’0)%|:|
ORP(mv)J/%%f%E °

P~ TE'%F%J

HBPAFGE LR ELER/UV 2l - 2 | ADMI [ 2 #7g R PRI i th 7 1Pl
AAaE 22U g%]};t?’i#ﬁ@[@?ﬁzﬁ%% (Ao FEHAEY T 30 S38E > H ADMI fifi i
2~3 > $F30- AECRETS ADMI [ o iy e 8 (2GR [ 7 o e 20 0 g

AT FVRRAPRIRE (R IV Aoso RGBT SR AR e 1) el pl 20 gy =
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3~

T B RIS SRFIOE « T R MR BP0 10
mg/LIEE 0PI ARSI B » HIELR R TR [SE L

FIPE AR B o o g ﬁﬁ@&ﬁ@ SRR  RELE N R 0 (1
T HATH R B R P LA R et

-
-1~ IE‘%L
—_— s

RGBT SRR P AW [ HHPRAZTSNSC 95-2221-E-029-027)4¢ 4 7l » 1 4 7t

AL - R

(3]
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The investigation of UV/O3 to decompose humic
acids

Chia-Ling Chiang"  Cheng-Nan Chang" Ke-Lun Ng’

Abstract

In this study, humid acids was used to simulate raw water and was reacted with ozone combined with
ultra violet (UV/O3) to investigate the reaction under different pH and concentration in order to assess the
decline of humid acids which was carry out with UV/O3. Using on-line monitor data and establish the model
of declination of humid acids in the reaction in order to simulate the variation of oxidation-reduction potential
(ORP) under a quantitative and qualitative conditions. Using the ADMI determine the situation of declination
of humid acids, indirectly evaluated the degree of being oxidized. Besides, by examining the absorbance at
254 nm (A254) to confer the situation of double bond declination in humid acids. It can reflect the content of
aromatic group or unsaturated organic matters after being treated with UV/O3. Two concentrations 10 mg/L
and 40 mg/L were used to carry on the reaction. The result shows that the removing rate of 10 mg/L humid
acids is faster than that of 40 mg/L. The A254 was removing to the level of 90 % (10 mg/L) and 84.2 % (40
mg/L) respectively. Besides, after a reaction time of 30 minutes, the ADMI of the sample dropped to 2~7,
which is very close the normal water quality; as a result, ADMI value and A254 prove that humid acids is
oxidized by ozone and the best result was obtain under the condition of pH 7.

Keywords: ozone, UV, humic acids, on-line monitor, oxidation-reduction potential (ORP), ADMI
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