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—  EE

TR (NOMYESIERYBEHEEE  RAKEDE O S TREE
AR - TS kB BV B ST SR - AkiE - REMEREFFRE(Noblet ef
al., 1999) ; EEFEAEIERE & £ RN A S A Y(Disinfection By-Products ; DBPs) -
145 = 0 452 (THM) + K6 Z B (HAAs) 2% 556 7 149 4 B (Westethoff and Pinney,
2000) - Iﬁ.lﬁﬂﬁéﬁ%ﬁ#ﬁi@éﬁ%ﬁ(substrate)fiﬁ‘élifc%m@?kﬁﬁﬁﬁﬁk%ﬁﬁEP%EE
(regrowth) 325 FRBE K B AR U TR - |

TKERT S AR AT S LK B R R I (NOM) S R BRI B EE
HATEEE KB RAE R (NOMYEER AT - M LS BT AT LR AR
1~ “ERIBREELBARN - T BEUK PN R L SRR SRR TITE
w2 Sk © Leenheer (1998)F(Fl XAD-8 #8ifig - Bio-Rad AG-MP-50 FRESMHEIGHEET2C
HRRSIHISH] Amberlite IRA-93 F3MRPERRER T 22 uisifls - FILUSRNVE MW E A BERBIKE
WP (hydrophobic bases) Bk HEEEHEA (hydrophobic acids) - B M H1HE ¥
(hydrophobic neutrals) + Bk M#HY (hydrophilic bases) ~ Sk {ERRIEY) (hydrophilic
acids) ~ Pk M) (hydrophilic neutrals) » Erhpi K MES MY B FIRREEE (humic
substances) + TIRSHE'E X T 405> B3 ETERS (Humic acids, HA)SE3HL (Fulvic acids, FA) -
Chang et al. (2002) EI[FI|F§ XAD-8- cation-exchange resin AG-MP-50 K [&H#F5iHE IRA-93
Hes 48 ok il 7K B A #8488 57 BB, hydrophobic bases + hydrophobic neutrals + humic
acids ~ fulvic acids ~ hydrophilic bases ~ hydrophilic neutrals } hydrophilic acids 5]
E °

%Tﬁﬁ@%ﬁ?ﬁ?ﬁ%qjﬁ%%’gzmﬂﬂk%ﬁﬁ » R EHRF NMR (2R3
FEREE ) BEET NOMs B R EREE 37 (Leenheer et al., 2003 *; Leenheer et al,
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2003% - Leenheeret al. (2003% Fi|f “C-NMR S47H:fr » #RYZEHLE Anaheim Lake
Colorado River Water.%%%ﬁ?k‘f&ﬁ%&ﬁ BEHARAY - M7EE Be R E S5 - Pomes et
al (2000)Z=HY [ Wakarussa river [#J humic acids B fulvic acids X EHAEEFEHR
Aromatic carbons + H-E&BOFIE 35%K 36% ; Dilling et al,(2002) F{ZE Norway

spruceAromatic carbons £ E'E REEFEFE/RE Aromatic carbons S8 30% -
= BB
HEnE

A B TR TR/ b AL LR Rk » MR PR B AR e A T BERS
CREARY) - AT YRR  BERFKRFIR RS R IR B LR
BEREY BT - EEEEEEE A A EREY R B R

IR 91 4 7 + ToR S RBRIRAPE TR 1
KT 2K LA - R AR K - IR 35 20 ATHEHE PER
ke + EREERTRELL IN HOL i ~ et BRIRISUK SIS « R - TR
SRR 300 A - ABEIRIER - DUBEIEAEE - Bk R B
S S E IR EENS 4°C IR « BB A BB E : pH- DO
DS oK S B  SRHEHASEY Fig | R A6H19%5 P Leenheer (1981) 38 Thuman
(ASRSFTRL B $H3 B RIS LIS (% - LR - Fik
vE) FB S A 2R - A  BREZ AR RRE B AR
Hydrophobic bases (Hypho-B)» Hydrophobic neutrals (Hypho-N) » Humic acids (HLA) Fulvic
acids (F.A) » Hydrophilic bases (Hyphi-B)» Hydrophilic neutrals (Hyphi-N) » Hydrophilic acids
(Hyphi-A) % CHBEHY - SR Fig 2 F - ISUAE(Chlorination)H 40 mL 7%

—381— D&



BN SR B P AR+ A GBS - FIRF I ABHERERIEE (0.1 M,
NaOH/KH;POy) » BH/KEHERFTE pH = 7 245 WSS BT (zero head space) » 1
BERERER LR MRS - TS 25T - [T 7 RIS ERE R
7B#2 (Disinfection by-products formation potential, DBPFP) « £REERS » ZE/KAR ST A SRS
i Na, 8,03 DAEERERE -
G

BAKE AN RSB RE M 2 /KB MER T E: (NIEA)R Standard Methods,
19th Ed; (1998), APHA Fr3ll2 & B 7k » & T HEEE51AN Tablel, ZRHE (THMs)Z 5
17, SRR 574725 Standard Method 6232D » FIF GC/ECD 317 THMs 2 455
BT o BLZ BT LS % Standard Method 6233B » #8556 FIl I BRI B
(Methyl-Tert Butyl Ether, MTBE)# /K iz HAAs ZEEUHHZR 2 % - HLAEE PG RS
Beft  FLLESENEA GC/ECD H15347 HAAs ZIBE « RIHEEHEE LY (A0X)Z 5
#F 2 #  Standard Method 19th Ed (APHA and AWWA, 1998) =
Adsorption-Pyrolysis-Titrimetric Method « Agss WSEEFELIAIERESF (U-2000, Hitachi
Co)" 81 1 om JE{R 2 Quartz cell /T2 - AHA BRI AT HEEAT ST 5 E555% Standard Method
5310D - i ] TOC S#74% » SHETESEE 0.1 Analytical Model 1010, USA < '>C-NMR 43
7 - FUFKLASEELAEE (Bruker Avance 400 spectrometer, USA) » WS BMA TREZIRIIK
BERARI 0.3~0.5 ST TAARELIRITH - FA BB P 7E 300 °K A T 34T -

= fERER

AT BB K B UK TR AR M50 + B Thurman and Malcolm

(198D EL - FHREEAIKARIATIITS XAD-8 - AG-MP-50 + IRA-93 SIS »
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Fll i BN RREE Bk P E Y/ B AERR (humic acids)~ F5#E (fulvic écidS) :
ik 9 (hydrophobic neutrals) « Bk ik (hydrophobic bases) ~ S/ MYy
(hydrophilic acids) - F7K @R EY) (hydrophilic bases)  Fk M A (hydrophﬂic neutrals)
FCEERY -

Fig.3 BUREUKE SRS S HS - CREAMYMERUKRRTEELS] K EEEUK S
13X hydrophilic neutrals B {5EEIRE 253 3396 » hydrophobic neutrals 702 £ 26% » {RFF 5
FRKMERE - RS - RS - KRR BRI » RSB BIR 16% ~ 119 ~ 89
496K 19% - Dilling and Kaiser(2002)# 5288 R EMBAMHE K RE#4Y Hydrophilic
fractions Fil Hydrophobic fractions 534 FLFI5-RIES 37% & 639 Kitis et al,, (2002)$t%12
' South Carolina, Myrtle Beach (MB) BKE B E P FcRI8E~ Hydrophobic
fraction J Hydrophliic fraction 5}EIES 6696, 349 ; » AFIFCHISETPELL/KE NOM I
L. Hydrophobic fraction fi{d FL G -

£ SUVA {EHEARHIH S HEZ S ERMZ LS (As/DOC, SUVA)H
Figure 4 BUREKIFTAHEZ hydrophobic fractions 2 LLRGRE(TER hydrophilic’
fractions » 77 humic acids HEES LI EEEE (0.016 abs)mg) » 2K fulvic acids (0.013
abs/mg)8d hydrophobic neutrals (0.610 abs/mg)FHE I ﬁ'ﬁhydrophﬂic e HITE 0.006
abs/mg LI T » Sm b BSYIRT & 2 TBIRISEE & B - Goel etal, (1995) FTH M
VIEHI UVase EEEIRE » RIS &2 RIS S - 1] C=C BRBFEIR
AR UVas RS SES -

FeIUKE & 1 DBPFP 57 » Figue 5 BEKEEUKR& BHEIIZ &
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DBPFP/DOC 418 » BEAFSRER fulvic acids HEIT DOC M= SR et B
(TTHMFP/DOC)E B H#EY - Hb fulvic acids 2. TTHMFP/DOC EFiE A
% » HRES humic acids » &S HK R - FIHER fulvic acids FE%EEZ&%E
ME (TTHM) S ERITEYE IR fulvic acids M= KPR B (TTHMFP/DOC)
435II£% hydrophilic acids - hydrophilic bases ~ hydrophilic neutrals (9.3 - 729 - 6.57)f%,
SHP K YR SEUKEER 5.73 {55 | BUKREBERIWET HAAFP/DOC &
FRHTERSY » fulvic acids 22 HAAFP/DOC 4B REUKREAEHY) » 2 HAAFP/DOC
£5 71.4 pg/mg » HRE humic acids - hydrophilic neutrals + hydrophilic bases l';ydrophobic
neutrals. ~ hydrophobic basés 2 hydrophilic acids - E HAAFP/DOC {E43-5I5 37.9 ~ 36.1 »

. 32+24.1-182 );'z 12.2 pg/mg » [F7kZ HAAFP/DOC £ 24.1 yg/mg » i3S Lo iER
hydrophobic fractions 4 K% TTI—[MF.P/DOC K HAAFP/DOC Z X EFiHYE - 7
AOXFPIDOC HIELU A B el 2 Bk (Hyphi- AYRSKHE TR (HyphiN) 75
B4 DOC 45 AOXFP BUHES] (SBIR 195 1 gimg B 210.5 ¢ gmg) HLERABATEIE
B WIEAIRIERE (UVasMBFTRIIEER - F5R4E R DBPFP (LT » TTHSE
F—ERSTHRILEY - B TTEER 4R DBPFP 2 FigEY) -

B NMR B3

AWMFEF AR R S KBRS R BEFKREEN
TREEIEY)E K TR E R e R R (R ERY » METCE B KB T AR AR T -
SRR AR TELT BC-NMR 25347 » BB EIZ PC-NMR 540 Figure 6 (2)F(c)

TR -

Table 2 £ “C-NMR EIRHRETERREE 25 » SIS EEE » RIS
A E#RS » 0-60 ppm £5 Aliphatic carbons » 60-90 ppm £ Carbohydrate ~ 90-165 ppm £

Aromatic carbons-165-190 ppm £ Carboxylic acid carbons+ 190-220 ppm £ Ketone/quinone
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carbon (Leenheer et al., 2003") -

Figure 6 (a)EfEE/KEEEK PC-NMR [EF - LA 165-190 ppm HIEHEITEIER 100% -

TF 165-190 ppn; pd Caréoxyz-lic acid carbons #BAFEATRK » 7E 0-60 ppm $E# Aliphatic I
Z T ~ 60-90 ppm KJ Carbohydrate wﬁt 90-165 ppm FEEETE + Aromatic AR » HIRIE
“REAEE - LT - BUKTREE &% Carboxylic acid K HEYIH ; Figue 6 (DR L
R EEBKFEELE humic acids 'C-NMR FEl3 7 90-165 ppm B AR EIR L
RS BURKHR humic acids S AT SIS BIRIELEY » HZKE 60-90 ppm S5
= Carbohydraté P R 165-190 ppm SiETE » $2457E Carboxylic acid bz - {iij 0-60ppm

SiEERS Aliphatic b2 iR &R » B "C-NMR BEREATLABREE - Figure 6 ()RS FEEKRE |
EKZEZ fulvic.acids “C-NMR 3 75 fulvic acids ff) "C-NMR 38 78 90-165 ppm
$2iETE Aromatic carbons J:zﬁiﬁ%ﬁ@j:ﬂ’ﬂﬂﬁl& » LR LR E£H) Aromatic
- carbons » FLATAEES IR AT T R AR A R A O R VB SRR - {H7E
0-60ppm #EEE7E Aliphatic b2 B&2LIR 60-90ppm #EGHY Carbohydrate ZfkE B

humic acids 4> -
VIR =

. EEKEE/AESEBEIESEES - EEBYERKPATGIES] » LA hydrophilic
neutrals Fiffk LI %32 33% » hydrophobic neutrals 702 55 269 » Rk FF S HUACHERR -
HEE - FEMEEE - BUKIESE - EPTEELEISRIE 16% - 119 ~ 8% ~ 406 -

2. Fulvic acid 7 TTHMFP/DOC F HAAFP/DOC /R ERNEUK R EAMARY) « H
" TTHMFP/DOC F HAAFP/DO ARIB 46.7 pg/L B T14pg/l + & EZRER >

hydrophobic fractions £4: 5, TTHMFP/DOC K HAAFP/DOC 2 FEREEE -
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3. PC-NMR 7RS4 » humic acids & fulvic acids BB BREEA - HEEL
DBPFP 4 7 M&Es ; fulvic acids ELAES LEFIHY aromatic ring 5% Carboxylic/Carbonyl
carbons vaiFP.gﬁg HAAFP 4R SIREA E_[;ﬁ% aromatic ring B4 % THMFP
$1HAAFP R FEEAE

77

BT B R RE S B & 2 B BT ER%E NSC-91-2211-E-029-006)
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(F22 25 31

1 WEREAER

100 L water sample
¥
Adjustto pH 1 with 9.INHCI Filtered by 0.45 um fiiter paper
Step 3
] StepT ot Adjust pH to2
Filtered by 0.45 pm filter paper A”’ggyi‘:&;::&ﬂ:’ol el with2N HCI
- Hydrophobi
Hydrophobic neutrals bases
. XAD-8
A . Resi . Step2
Residua! Filtrate esin Back elute with
0.INHCI
Step 4
Disselved Back_ﬂushelute
inGIN with 0.1N
Na(OH NaOH
' Forward elutz
l Humic aeids| ‘ Fulvic acids ‘ AG-'MP-SIJ with IN NH,0H
Resin
EEREE
Hydrophilic
Hydrophilic acids hases
: plus inorganic salts
Acidified to pH | with 0.IN HCl
| IRA-93 Stepg
Apply 0.1 bed volume to column. Resin Backﬂush elute
Forward elute with 9.15 bed volume 0.1N HCI with 3N
: NH,CH

Hydrophilic Acids|

XAD-8
Resin

Hydrophilic neutrals
(600m) packflush elute with 0.2

Inorganic salis <+ bed volume &.1N NaOH

i 2 L/ KEEUK B BT R R SR B iR E
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DBPFP/DOC ug/med
o &8 8 B B B

SUVA(abs/mg)

residue  HA

‘ FA
1%
Hyph':-N‘ 7 8% 11%
33% .
Hyphi-B 26%
4% Hyphi-A Hypho-B

16% 1%

B 3 R KB RS B ER LB

i ;.‘.1

0.000

HA F.A Hypho-N Hypho-B  Hyphi-A  Hyphi-B  Hyphi-N

[ 4 EEAHIEU S IR BEIZ Ags/DOC

HA

FA : HhotoN FyoB A HpliB i THVEP
5 fEEIKRERF K RS EE R DBPFP/DOC
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= 1L.EAKERR-BE

Items Methods and Instrument
pH Electrode method (NIEA W424.50A) ; pH meter, (Suntex, TS-1)
Temperature . Thermometer method (NIEA W217.50A)
Specific conductivity Specific conductivity meter (WTW, Conductivity Meter, LF 95)
TDS Conductivity Meter (WTW, Conductivity Meter, LF 95)
DO ' DO meter (WTW, Microprocessor, Oximeter)
Alkalinity Titration Method (Standard Methods 12320 B, 19™)
Hardness EDTA Titration Method (Standard Methods 2340 C, 19™)

Free residual chlorine . DPD/&JEtHEE R (NIEA W408.50A)

52 2 BC-NMR 3% = BB e DU e SR 4 g eemher ot o 200

Shift region (ppm) : Main functional groups
0-60 . Aliphatic carbons
60-90 Carbohydrate (sp3 hybridized carbons bound to oxygen atoms)
90-165 Aromatic carbons
165-190 Carboxytic acid carbons
190-220 Ketone/quinone
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