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HIZE > QIR ] A o 29 S e g CRETR B ) 35 <2 B s s Rl R [ (DR L
HEEESE SRR R BRI TR B i i e g -
I e R BUBBST o 1B R T P R R At
M MERL - REETRE 2 P TR R TR B I B [
T zﬂ’?‘/ﬁ"'m T o QU] R i s e | 1 [ﬁ”'ﬂ’?‘/ﬁéﬁ. %2%’1‘3 [id§; WJJE“”“KE i
Eaks FP' ERYE 4 BRISE BE R I VFWH‘?’T P SRS R [ s i
VI o G ol SRR B B LR o B D o
(ITE T TR U (TS Py RSETS  ROGCEE R R
BEREPN 2B AR « BT e PO ERIAIBRIGE SR -
T VAR B B T 47 g R p T - PRSI,
SA >~ SHBRECRTY  SIBES S TR
SRR SRR S 88 ALt 021 BBl e pI L SRS TR Fj%ﬁ@ﬂ IEP
ARSI HORLR R T i (N = U 7&5@%’?‘75& PU 5l - SCHEL IR
*“ﬁ~IVWF%Tﬁﬂuﬁ?%@?aw&“ﬁ?ﬁiﬁiﬁi'“ﬁﬁﬁ@EW%Lﬁkﬁwwwﬁ
= ‘Wﬂﬁ P PR o BT ST BV R T R R RIS
x,’&pup
7t CEERF S o =2 35 o PR o AR S S PR g - T Ol oY
A~ RSP ETS YR > SRIE B  AE w‘ﬁJqWWhﬁzaﬁlﬁm
PO SRS USRS T3 R P B 3 R
AT £ TR R 0 ) S B PR [ 4 o B A e
1E[~JHHI BH ¥4 TJ%HE’:EH ﬁ?i@ﬁv‘uﬁ&? HIF lﬁ%}aﬁr&% FHFVERDP ~ i
Do SRS ST R R e PPN Y R e KRR R ?ﬁ*—‘l(’pﬁ}ﬂ) :
Wy g B
L5 SRE AP
“i# [P (Natural organic matters, NOMs)fi' fVRIF 157 -+ HEFS B RLI A% SO » Ry
YER > JORLE 1Yt P PSR e o SURE J’%%”’JETEIU‘I‘?@WD???EJ%I? MR L Y e
SR M B R E RO R 5~ STl NOMs 922 105 5] = [y S (R 1 2 1 [l
7 55 B Y o ?ﬁﬁﬁﬁpﬁz (humic acids) ~ B MEFLE42T (hydrophilic acids)~ §F 1#T (proteins) »
’TF’[W (lipids) ~ W< [~ fi 5174 (carbohydrates) ~ J¥EL[%& (amino acids) ~ & [~ F’}‘#J (hydrocarbons) e

16 SIRE S PITERG -1 A B
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WEE R A 2 B ) Y s R PSS g R =
BYE BT R «ﬁﬁ?ﬁﬁgﬂl NOMs 51 I3l 1 525 (R En I > i o i (98 sl
[y sk » 2 3 2 0 WA I P S RS R B RS
F"J@ ;;‘)‘“JE’I#]‘IEE(Kuklenylk etal., 2002 ; Villanueva et al., 2003 ; Gang et al, 2003 ) -

SSRE RO ITEGC BN TR T SR R LR B R R
Eﬁi‘f: aﬁbﬁgggm*?ﬁ ffff IR (Leenheer et al., 1998 : Korshin et al., 2000) ° [ﬁJE\JTF?EHI

(= &% > Yt amino acid %ﬁ“ﬂr{ﬁ fi Jg':ﬁ\glj’ﬂhl PR o =9t BRTRURTE 2RV NOM 72

pe SR IREL R (B o PSRRI NS S A I [ ST Y BRI LA R

iR (Bjornar, 1999 : Pommerenk and Schafran, 2002) «

—_m
s
‘,ém

- VP
NT

173 FH@‘#J VFERE

A Fﬁ:yﬁg@gﬁ o AN T B PER S o 2 RSB Table 1.1 T o YF{J%F{'JE—*F
PR 5 B [0 BTN » RLERE 2 P o O I P i
F{&F T ey SR g - JI?E‘Ef E Jﬁiﬂ‘)ﬁﬁ‘l‘%’é‘?%ﬂ@ [4(Lin, 2000 ; Singer, 2000 ; Nissinen et al., 2002) e

#* 1.1 "J[lgbiﬁj\% Eo: el f“‘ﬁéjfﬁ‘e‘-}?#’% [fir#(Ueno et al., 1996; Vahalo et al., 1999)

Type of DBPs Species

Trihalomathanes CHCI3, CHBrCI12, CHCIBR2, CHBr3

(THMs)

Haloacetic acids MCAA, DCAA, TCAA, MBAA, DBAA, TBAA, BCAA, DBCAA,
(HAAs) DCBAA

Haloacetonitriles DCAN, TCAN, BCAN, DBAC, TBAN

(HANSs)

Haloketones (HKs) 1,1-dichloropropanone, 1,1,1-trichloropropanone, 1,1-dichloro-2-butanone,

3,3-dichloro-2-butanone, 1,1,1-trichloro-2-butanone

Haloalpicrins Chloropicrin, Bromopicrin
Haloaldehydes Chloromethanal
Cyanogen halides CNCI, CNBr

Halophenols 2,4,6-trichlorophenols
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2.1 AIREASPINOM)D 55 JERE Ry W 55 Bt

AT RE PRFPRE S AL RS S ISR S IRE RFPINOM) B 3 2 3T T P el € BT
FEPIET S PC E Epe it pOy {7225 55 - AR P NOM e ﬁl
ST IR KRR » 5 RIS PSR R 53 W IS - PR EERLE 5 2 e
% (Brown et al., 1999) « Leenheer (1998)7("| XAD-8 ' - Bio-Rad AG-MP-50 #if& % [H
"«Tz\}liiﬁﬁﬁﬁﬂl Amberlite IRA-93 Qﬁﬁfﬁlé[@z@%mmmﬁﬁ S ,ﬁ:\ﬁ% BSPITT S BERL A
P4 (hydrophobic bases) ~ <[ {47 (hydrophobic acids) ~ F-f<{%[1{£$s (hydrophobic
neutrals) ~ H- %14 (hydrophilic bases) ~ HI-[<{%[&(EF” (hydrophilic acids) ~ HI-f<{% [ 114
(hydrophilic neutrals) » £l [ 1A A< & PL 4 PrETH E’b’F FAET (humic substances) > || rlfi‘ MR AL
73 FUBIHATA. (Humic acids, HA)¥Fi% (Fulvie acids, FA) « K< g HF(I7 7 [R5 3 BEE
R 2.1 0
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e 2.1 Vg FE RIS ) EE IR E B TI(INOM) I i

Authors Isolation methods Water source Fractions
Hydrophobic neutrals
Hydrophobic acids
Thurman and Malcolm (1981) XAD-8 Hydrophobic bases
Hydrophilic
Hydrophobic neutrals
XAD-8 gygropﬁogc }z;cids
Marhaba et al., (2000) AG-MP-50 Passaic Valley WTP, USA YEroPODIC Dases
Duolite A7 Hydrophmc ne}ltrals
Hydrophilic acids
Hydrophilic bases
Hydrophobic neutrals
XAD-8 Hydrophobic acids
Imas et al., (2001) AG-MP-50 Lake Kasumigaura, Japan Bases (Hydrophilic bases Hydrophobic bases)
IRA-93 Hydrophilic neutrals
Hydrophilic acids
Hydrophobic bases
Hydrophobic neutrals
XAD-8 Humic acids
Chang et al., (2002) AG-MP-50 Te-Chi Reservoir, Taiwan Fulvic acids
IRA-93 Hydrophilic bases
Hydrophilic neutrals
Hydrophilic acids
Maurice et al., (2002) Hydrophobic bases
XAD-8 Hydrophobic neutrals
XAD-4 Humic acids

Dowex-50 cation Exchange
AG-MP-50

McDonalds Branch basin, USA.

Fulvic acids
Hydrophilic acids
Hydrophilic bases

Dilling and Kaiser (2002)

XAD-8
AG-MP-50

Forest floor, Norway

Hydrophilic fractions
Hydrophobic fractions
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2.2 YRR

PRASRIE EEL AL PR AT IR ORI RSO R e PR
PSS AS It R [T B L WS R R TEERES R A
1996 & [flii= 2004 & » 57 (15 7~ 8 F[SE S RELIRRUIIOERE  FEREE A H{HEE I pH
g;?;@ N 7J*<i£§......§§l§[fj7j<@ﬁ‘j}ﬁ °

WL WA

(1) AV i A4 FRE IR (TR B > AR 045 pm VRCGHEIRDY >
LNV ABSE S AT -

(2) NREESP) EER 2V 0 A9 d] "] Thurman and Malcolm (198 1A 3% » SRR & fio-f+
A, XAD-8 ~ AG-MP-50 ~ IRA-03 8} » JJ BES B « e » SR IPEPIRT S
IR A ST PIET ~ 1 PR (e TS T E B RGP T E R PTT
R B 5YITH A IR P S -

i 2.1 BRI
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2.3 RIS B

‘J&Wﬁ?ﬁﬁ%*?ﬁﬁﬁﬂi 1/[@%‘[[ 2-2> ’FIE?J‘;;}@E'J XAD-8 ~ AG-MP-50 - IRA-93 ﬁﬁﬂﬁ A R
5% o

Step1
100 1. water sumple

f

Adpuzt to pH 1 with 0.8 HCI Filtered by (.45 pm filier paper
|

4| Hvdrophobic acids |¢— I

Stepd
Adjust pH to 2
with 2N HCL

Step 7
Mdr-dry XAD-8 resin Soxhlet
extract with methanol

Filtered by (45 pm fller paper

Hydrophaobie

| Hydrophobic nentrals |

hases
1 1 .
" Resin Stepl
Residual Filtrate Back elute with
Step 4 0.1M HC1
Dissalved Backush elule
in0IN with (L1W
MaiH MalIH
I' ! - = Step 5
. Forward elute
Humic acids Fulvic acids ﬁ{;:}“j P-50 with 1N NH,OH
Resin
Hydrophilic
Hydrophilic acids

bases
plus inorganic salts

Acidified to pH 1 with 0,18 HCI
b 1RA-93 Step 6
Apply (0.1 bed volume to column, Resin |5 5 Backﬂush clutz
Forward elute with 0015 kel volume 0.1W HC with 3N

NH,OH

I Hydrophilic nentrals ‘

, | B00 M} Backflush elute with 0.2
Inorganic salts -

bed volume 0, 1N MaQH

XAD-§
Resin

[f' 2-2 BEELRRUSARAH | XAD-8, AG-MP-50 and IRA-93 ETRA [Fil = SR E P

2.4 BB AETPTEE

FLA AT R R f[ JihgRE Tk B Standard Methods, 20th Ed., (1998),
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WY R {22

F 2.2 B THGRR- fT

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, 20th)
Hardness EDTA Titration Method (Standard Methods 2340 C, 20th)
COD Closed Reflux, Titrimetric Methods(Standard Methods 5220 C, 20th)
NH;-N Titrimetric Methods(Standard Methods 4500-NH3(ammonia), 20th)

= PSR (THMs) D 55 7

= ARGV 53T (73 Y Standard Method 6232D #{[H'| GC/ECD 1%i% THMs [V %kl 55 e
SRS FLIFS THM 5 > 1] S$HEHY 1 mL AS59% * Purge and Trap 4 > ') GC/ECD 317
ST o

W[ ek (HAAS)D 5347

A (=74 pk 55 #7771k 522 Standard Method 6233B » %%‘;fﬁ#[iﬂjﬂj lﬂi@i?ﬁ?ﬂ (Methyl-Tert Butyl
Ether, MTBE)H H£f11V HAAs F elid Vi o F| 1 B ISR H P IS RRGE b7 RE
GC/ECD [l 15547 HAAs Vg o

PR PEE S =1 (AOX). L 5 #r

P E S (12 (AOX) 55475 % Standard Method 20th Ed (APHA and AWWA, 1998)
.V Adsorption-Pyrolysis-Titrimetric Method - i}{ﬁ’iﬁ[‘%ﬁ%&f S AT ’Fh,%‘f (0.3 cm IDx2 cm)[’| [fﬁ

FIFIP]TOX sample preparatoryf *V 40 mLAf~F&g] * =1 A E iF, TV ﬂ,ﬂjfg‘ffg (Al
[P (F I b B 1 P i vk iﬁ’[‘ikﬁ%éf »JREF | f0 M TOX sample preparatoryf 0.08 M KNO;

I'l'5 mL/minfrijf Llﬁnfﬂﬁﬁ A }H’ s p&]ﬁ?ﬂrlﬁﬁ# R B R [ ] R TV O i

I SRRV T ] (Quartz boat)f| i 850~900°C PREVETI ! + K iri bk
P R =7 S R S AN T R 1 T T T
BHRETRY S B PIRNARESET B > A R CUER B TRLYE -

= | SRR
. ﬁ]‘ﬁm
AFEHE 1 1996-2004 53 AT IREL I I ETREIES R 3.1, (IR T A R 1

31 pHff
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(1996 5 ~2004 & VI » [#27" 1996 5 GEEL-FHASpHIFERE 9.1 9t » £ BT I A BB Ak
AEEpH=6.0~8.5 » LRI fERLIA ERET BI S 3 IAYCO, | pH IS R - 1999
921 BB | o BT A P TR A e i
FEIEPIETRE % > TR pH I 8.7 P T [ % o

3.2 Temperature

Wb T AT 15.8~24.1°C IV RE-SIEAS FR g A HRR T ’3@ 1 20.7°C » Arguello et
al. (1979) 4ficlh: THMs 2 555 @ D2 B7b (= [IUR) » 10 Sl THMSs 2% nbkl- iy -
o P RG] @Hﬁ A9 GEAHEE]RY THMs & 5551+ ﬂﬁ R
B HERLERS THMSs % Ay &1 250[opisk— -

3.3 DO

2“43@?%?@%W*:*$’@*®MW%%Bﬁ SR AL B 1
T Wwﬂﬁﬁﬁmwjf@w’@@ﬁﬁiﬁ Nl RN EE T
523mg/L FEI & IJE&tV"?EF o (Rpa— X

3.4 TDS

R 3.1 B+ 1996-2004 5 19 TDS BT (O0 LR H PO ) S00me/L » TN
SHSPSRT TR SO AR BT AT - 4
FLIBIH 600mg/L VAL VR |- A E SRR PR SR
1200mg/L E\JJ‘? » 1 ﬁ;f quFIJ\’ WH I AT .

35 COD

COD il » A7 o1t [ (WA T 5 BIESR » 7k % o PRSP AT= S LAt e
RO TP [+ B O] R B BRSPS B AR
AT RS 26 5 [ - R | RAIEELEIRS D COD R o BB 1o
Y& 25mg/LL » #1998 S [ » COD ffi g1 %] 4mg/L -

3.6 DOC

DOC il {4 3195 B B - [ Eﬂi, DOC %38 A<y % fﬂ‘&@ﬁ%ﬁi’?& Jfﬁﬁ
i f'ﬁ:#ﬂ + [ DOC T8 1y (S [ RLA 7 T bR~ PR - & 2004 g
RSB e [ A 1 E O R A5 1 ) DOC £ 4.76 mg/L
RLIT e I e ded o

3.7 Conductivity
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lmﬁ fraLs @ﬁﬁ Fe- 7J<F[l’;ﬁﬁjlé@ﬁ§13f£% o Elljif\{ﬁfﬁﬁ?ﬁﬁﬁB?’ﬁﬂFﬁ@’ WI%%@QJP‘
<fl F*PH#FE‘,{E Y95 LG SR T LR [ ST
?ﬁﬁ%féﬁ U SRR A T50us/em » BTl [ORE £ 7 i 4 S ET

3.8 Alkalinity

B RLAE A< PRI 5 53 [ 5 81 S FTIOH- + COS W HCOS A « (1T 921 by
B B T A R SR E T SR B SRR B TR TR
RN - R A0S FT i SR - — T R R TR - BT 2
gpqélﬁg@* FIF'TEEH;F' o

)

3.9 NH4N

NHL-NIRS B 7 2 (Tt NHL NI SR AL R i L1
R A PR BRI BRI VRS B
L T S 90 5 o R R B RO N NI S
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e 3.1 1996-2004 £ [H] BEFL < A 0]

Item pH Temp DO TDS COD DOC Conductivity Hardness Alkalinity NH4-N
Unit T mg/L mg/L mg/L mg/L ps/cm mg as CaCO, mg as CaCO; mg NH,-N/L
1996 9.1 19.8 9.9 323 - 4.07 266 133 200 0.06

1997 7.7 20.3 5.9 145 12 1.40 97 87 130 0.04

1998 7.8 15.8 7.8 4 1.53 228 - - -

1999 8.7 24.1 8.7 177 - 2.37 196 113 150 0.12

2000 6.8 16.8 8.2 118 - 2.34 241 122 250 -

2001 8.0 23.0 8.3 106 12 1.03 240 94 81 0.36

2002 7.6 20.4 6.5 139 15 2.04 282 163 113 0.08

2003 8.5 22.6 5.8 164 13 0.80 333 160 25 0.05

2004 8.3 234 52 138 15 4.76 276 153 30 0.07
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fli% 3.2 i f§ Hydrophobic substances ]'IJT U l':"*ﬁﬁ?ﬁﬁ,lj B ’%’HF“[H’] Hydrophobic
substances £ 5 ﬁ‘ﬁ“@i& HT L*FE'I\ %[J.ﬁf\ PE—L e E«Fj i j}i‘fj,;{%éﬁﬂ@?(polyelectrolyte) * TR
R P05 AR+ R TR S BT R g il 902 e
(Marhaba et al., 2000) °
i*ﬁ-f&”ﬁﬁg' fll Hydrophilic substances ¥ fi & fﬁiﬁé?@%“ﬁ% RN R A AL e = T4 D
TR o FA T O RPN A S SR R A A
G B R PREI  IfE T T 2R RIRSEETORT - (LI ERE IR E R RTEA
TR 537 R BARE P
2004 = E{f@wﬁ;&fjg @R Ul > FEIEE SV A WA M‘Fj * AR 7J<F[[F’%]*E |F R
IRt A R ﬁﬁf'ﬁifl@%’?ﬁﬁf‘?i R &’Fﬁﬁ‘éf’&* ﬁi@lj[' S BT 5 A e
PV R (59.6%) ] “HOHIHEPITTA0A%)ITR » 7 2004 & RISEAHAR] 17 % ~R1foif]
ARIEP -
Dilling and Kaiser (2002)[F-#2%f= 7t #2 At Byl = I8 4597 Hydrophilic fractions 71
Hydrophobic fractions 73 fﬁjfbﬁﬂﬁ} HIIES 37% % 63% > pHIF=fi* HIFD A ity 2 JA 72 4 Sy Kitis et
al,, (2002) &I %3 ¥ South Carolina, Myrtle Beach (MB) % “< il #5953 ) H oo =
Hydrophilic fractions #{! Hydrophobic fractions 53 | F={7153 |I[E% 34% % 66% » £+ RLIEL AU E A &
53> Marhaba et al. (2000) &3/ % Passaic Valley ¥ % |#59" Hydrophilic fractions #'Hydrophobic

fractions 77 ¥ F“"ﬂ;} HIES T1% % 29% » | HIFE -T2 B ET U S F 530 o AT 2002 & BTV
7J</§|JE[ #5%4 Hydrophilic fractions #[I Hydrophobic fractions 7j 7 "“lﬂu HIIEE 53% % 46% > BT
PRI S R
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F 3.2 VRV RIE AP FURH G YR

Reference,Fraction (%) HA FA Hydrophobic neturals Hydrophobic Hydrophilic substances
bases
1999 7.6 11. 254 1.5 45.8
6
2000 8.5 14. - 77.0 -
4
2001 7.5 11. 24.1 1.4 55.5
This study :
2002 8.0 11. 26.0 1.0 53.0
0
2003 10.0 11. 26.0 1.6 49.5
6
2004 243 25.2 2.2 40.4
7.9

Dilling and Kaiser(2002)Forest floor, Norway
Kitis et al.(2002)Myrtle Beach (MB) WTP,
South Carolina,USA.

Marhaba et al.(2000)Passaic Valley WTP,USA

63
66

29

Hydrophobic substances(% of DOC)

Hydrophilic substances(% of DOC)
37
34

71
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AR 33 BRI ST IR P S ORI EETT Fulvic acids
TTHMFP/DOC FRA7E | # R 1kl 8 > £ £ Humic acids » [ 8 72 [ERIEPIET > PP
Fulvic acids &5 % 5= [P SE(TTHM).Y = RIFEEPET - I'] 2004 & £5(5] - Ao f~ £ 40T
B Pgy 7.7 l’f‘. o PRI SRS 1999 &~ 2002 & (1) fﬁ%ﬁ? S PRT [ opR g
Fj:/i?fﬁfé? |t (HAAFP/DOC)* F‘QEIU?‘}B;’}‘ » Humic acids #[! Fulvic acids ./ HAAFP/DOC %* Wéiﬁgj
FEEL I 5P > K5 Hydrophobic acids EL % 55 HAAs PR {8 RSPk £ fol P p) REFET » ?J:FL‘I
I F5%4 > Hydrophobic substances £ % 5% TTHMFP/DOC = HAAFP/DOC [V = RIPJET - 7
AOXFP/DOC "y i]' A {428 i DOC % 75 AOXFP [IUfji s E=HllT AP el »
5% DBPFP [i= I (17 » [ goe - EHD A T BT PPy HETEITE P AL
DBPFP [ ﬁfJE@fﬁu 0
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#.33 fﬁiﬁg‘éj)ﬁ{é}%ﬁ#fj;&

4

[

7 DBPFP/DOC # 14 {7

Humic acid Fulvic acid Hydrophobic neutrals Hydrophobic bases Hydrophilic substances

1999

TTHMFP/DOC 24.7 47.1 12.7 59 12.5
AOXFP/DOC 83.3 195.5 180.2 210.6 446.1
2000

TTHMFP/DOC 27.0 36.0 - - -
HAAFP/DOC 60.0 49.0 - - -
AOXFP/DOC 79.0 116.0 - - -
2001

TTHMFP/DOC 24.7 47.1 12.7 59 12.5
AOXFP/DOC 83.0 195.0 180.0 210.0 444.0
2002

TTHMFP/DOC 36.4 46.7 15.0 8.0 18.5
HAAFP/DOC 37.9 71.4 24.1 18.2 80.3
AOXFP/DOC 87.4 137.6 145.3 195.0 418.3
2003

TTHMFP/DOC 35.7 22.2 10.7 59 2.9
HAAFP/DOC 28.2 47.8 21.3 16.7 7.6
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The investigation of the significant events occurred
and disinfection by-product formation potential
profile in Te-Chi reservoir

Yen-Pei Chiang” Shih-Han Hung’ Jun-Jie Wang'

Chia-Yu Shen' Cheng-Nan Chang'

Abstract

The objective of this study was to investigate the relationship among distribution of natural organic
matter, significant happenings during recent years and disinfection by-products formation potential. We
used three resins : XAD-8, AG-MP-50 and IRA-93 to extract seven species of NOM from eutrophic water
sampled from Te-Chi reservoir. The results show hydrophobic fractions is the major precursor of
trihalomethanes (THMs) in the water. When hydrophilic fractions increased, it implied the polluted by
domestic wastewater. The eutrophication of Te-Chi reservoir was caused mainly by domestic wastewater,
the results also compared with foreign cases.

The analysis items include pH, temperature, Dissolved oxygen (DO), Total dissolved solid (TDS),
Chemical oxygen demand (COD), Dissolved organic carbon (DOC), conductivity, hardness, alkalinity,
ammonia (NH3-N), Total trihalomethane formation potential (TTHMFP), haloacetic acid formation potential
(HAAFP), and adsorbed organic halide formation potential (AOXFP). By observing the Disinfection
by-products (DBPs) formation, we can realize the characteristic of NOM and find a proper way to remove
them.

In disinfection by-products formation potential study, fulvic acids and humic acids have the highest
quantity of TTHMFP and HAAFP. On the other hand, hydrophilic fractions have more quantity of AOXFP
than hydrophobic fractions.

Keyword: natural organic matter (NOM), disinfection by-products (DBPs), formation potential (FP),
trihalomethane (THM), haloacetic acids (HAAs).
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