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£ 2 2 Z 5 (chloroform), t]EZ Zo}AE]of|A| =(dichloroacetic acid; DCAA), E&|Z 2 Zo}H 8o A] =(trichloroacetic
acid; TCAA) 5= Wiz 89 445 Al WAE = T3 AFFAMEC|T) o] & SEZZXET} DCAAT IRHEAR
FE] Qo] ofel tist EEEAAT = A2 Wi B S wsh] a2k 2002~2004d 2] 3d
Bl S ATEE ASRAMES s o] T FEZ EE v Ek(total trihalomethanes; THMs)] H+t 557}
Ao a] BALE BEolAE 0.015 mgL, A% 2} 7P o® FEEE AFME 0019 mgl, EHAE A6 2 7t
JOoE FHEE B8 FolAE 0023 mg/LE AFAIR] S7Fgke) wet 19 s SUks o® YERdT
TESH, 0] o E QlF) o FH Hlwd H2 FEE HEEICE THMs ©]2]2] thE A5FAMEEE 9] fA)
St e eIt AEE ASPARES] oR2 AT R T 1/4~1/6 YEo] e Fo]7] wlie] A
SA FEES AR olo] A s 2o VkERk
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Abstract — Total trihalomethanes (THMs), dichloroacetic acid (DCAA) and trichloroacetic acid (TCAA) that are the
major disinfection byproducts (DBPs) are monitored continuously in drinking water in Seoul. Study on characteristics of
DBPs is crucial to judge the safety of drinking water in Seoul. Analysis of THMs, haloacetonitriles (HANs), chloral
hydrate (CH), and haloacetic acids (HAAs) was carried out in several distribution systems from January 2002 to Decem-
ber 2004. The concentration of THMs was 0.015 mg/L in purified water, 0.019 mg/L in tapwater by direct service, and
0.023 mg/L in tapwater through watertank, respectively. It might be due to the increased contact time with chlorine by a
process of the distribution system. And the other DBPs show a tendency to increase in its concentration by a process of
the distribution system. Also, in summer, the concentration of DBPs was higher than in spring and winter. It might be
due to the higher temperature of water in summer. In all cases, the quantities of detected DBPs were 4-6 times lower
than those of regulation limits of drinking water in Seoul. In view of these results, the tapwater in Seoul is good to drink
it all the times.
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g o= &l o7l
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P4 HEE9 A Al FEZTE M Ehtotal trihalomethanes;
THMs) 22 A5rkEo] Atk ARdo] Barg o], nl=r
ol A= THMs 7t ofujg} g o}A| g of| A] =F-(haloacetic acids;
HAAs), St2 oA E LU EZF (haloacetonitriles; HANs), S22 3}0]
o] E(chloral hydrate; CH)2} 2> Z4o] tjglo] =202 &
UHE &l gtew, o8] AxE EoiZ 2002 1€ oF AsAe)
I A S50kEo 338F 917 (disinfectant/disinfection byproduct rule)s
o]l w2} THMs 80 pg/L, HAAs 60 ug/LZ AI8kaL ATt

sk SUlelME Wil FANES ARl 0 R Ak
28t 2002 785 He & V1S5S 487004 SR g
sto] 294, HAAs, HANs 5o EUEEsIaL 9lom E5d|
3] = (formaldehyde), monochloroacetic acid(MCAA) 5©| 234 7+
A0 7 F7HE SITH]1].

QAAFTAES AFAE Y T Aads WlelA At
= F71E0] Hkgsle] AAEY o] F = 5 (chloroform)¥} T
=2 ZoHE A =(dichloroacetic acid; DCAA) 52 W] &4
2 FEo] 9lo] o] & HIEe AsAkEe gk xS 2AMA

= TR S Telelr] flEiAE ke Fesit

whpa], 2 ArellAfi= 2002 195 2004 12€744] AAJgH
A, A, BRI vigS AlTE BESAARITE] A9E
QA EHALES] THMSs, HANs, CH, HAASE UFro] AR i),
ol st AT AT PAAFHAHES] v AlEelr ] Ex5A
et} ofge] AEA] FRES] M-S sk AR E &8
I gom me] S Stk dEleke ol 82 JowE 3
fasl=

2.0 B

2-1. 2FRLE IR

SRS w20 Aol AR AR B4
%571 (natural organic matter; NOM)®| RE-&-351 A== &
A 2] DBPs(disinfected by-products)etil %= SFH, 3 Aol
A o2 A2xAEE FFEE PaAhEFAE(chlorination by-
products; CBPs)O|Z}l % 8}, BE ASAlE 71 A7} vgAdo]
Zdate] dwtA] o Whg- FAkEe] A E=t, o9} o] 2128
= W] fst 2271 e8]y v s Eud oV

i

Table 1. Standards, quantitation limits, health effect and structures of typical disinfection by-products regulated by Korea

2402 AMEhs X ¢l 295 A3ee] HAAE AAS
7 w13 sA717] Slate] 2% T A 3gE Aotk &
AR Aa(CLYE 7P de] 220l offii= thE Aol H]ste]
iAoz 7HAo] Mar, getA o & bgstal ek AAkAAe]
e glom, AFAo] Avk= vl Qlvh. F22I(NHCL/NH,ClY>-
Hakgo] vl A AEERE A gl 7F &3] AREA T,
QAart) 25 gL o), 0]kl 4(Cl0,)2t 2305 v
G gapAo, vlgo] Wol FaL AelEgo] of ek eE2 A

Sk Holubw Beld] Bebgsh, ARl glonE 44
S vBEE A ARA Fse] ) el ddnt Zzeh

wE H74AI Aok gk,

222, AEEME E5Y £y

Al A& B AEHL Y THMs 5 SEZYE
bromodichloromethane(BDCM), HAAs % DCAAT 29Hdo] Q=
7102 4#A Qt}. THMs, HANs, CH, HAAsS] 5 54 &

- X
=, T

7] 9 AEESAINL, 3-5] W 3F8hA2 Table 12} 2t}

2-3. A=FRLE WXL

ST A
1

o] Qo1 AFHALE wlel Arket JBL vAE A}
3|

=
21 NOM, 201 &35 (pH), F&, 9 FFE 5 5 9k 2
o

o] Z humus$t WEAE(CH,CO-Y & 8k Aol vl
A 2L AR Uz Aot 759 humus T HiAZ FA}EF0]
100~1,0002) humusZ fulvic acide} &}aL ¥x}2F0] 100,000 ©)4HS
humic acid2} 3P humic acid’} 949} ] 2 WES-351] chloroform

[e)

=

AGAZTE. A8} REgste] THMsS AT 4= e A4k
71 °lli= acetone, acetaldehyde®} > =23} ¢ A
AN 4 Q)= ethanol 50] FE3teH] o]5-& Alela) 73A)| 9] v
=l 7Pk, AElre] S Y edow A 2

S

N
iGial
L
ol
T

27 Soll] EARICE =3, o] 5-2 A Al 25l £3
A Gl wkgslo] FRotME A Fo] oY ANFAREL W
AIAZIEH6].

EAE, pHE| 3RS ANl o7 pH7} %09 THMso] 1 Bo]
A== ZloR AR QL= oli= pHe| F71ell i humic acid
o] 8 ZJe)e] W3} 2 halogen W8-S FX 55 d1o®E = &
S)tHe6]. Chloroform 2 7]E} THMs A34HkS-& 91714 Zwjuks-

[unit: mg/L]

Analytes Standard Quantitation limit Health effect Structure

Trihalomethane (THMs) 0.1 0.001 - -

THMs  chloroform 0.08 0.0001 liver damage CHCl,4
bromodichloromethane (BDCM) 0.06 0.001 carcinogenicity CHCL,Br
dibromochloromethane (DBCM) 0.1 0.001 hepatic tumor CHCIBr,
bromoform 0.1 0.001 intestinal tumor CHBr;

HANs trichloroacetonitrile (TCAN) 0.004 0.0005 available data are not sufficient CCI,CN
dichloroacetonitrile (DCAN) 0.09 0.0005 mutagenicity body weight loss CHCLCN
bromochloroacetonitrile (BCAN) - 0.0005 mutagenicity CHCIBrCN
dibromoacetonitrile (DBAN) 0.1 0.0005 under test for chronic toxicity CHBr,CN
chloral hydrate (CH) 0.03 0.0005 liver toxicity CC1;CH(OH),

HAAs trichloroacetic acid (TCAA) 01 0.0005 chromosomal aberration mutation CCl;COOH
dichloroacetic acid (DCAA) 0.0005 hepatic tumor CHCL,COOH
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(base-catalyzed reaction)®_ 24 pH #+2] 71l w2t THMsS] 434
T Sk th W pH #hellA = A=A 947 S04
(chlorinated intermediates)E 83}l ATH}F pH ko] Asshd =
3} FallElo] THMsZo] 718t

DCAAS] 79 pH7}t 715kl whet A5 57t 57k dds
HolA| Wk TCAAE pHZ} 5713l whe} 7haehe A3 vehdict
[7]. E2 slo|=Ho| B A2 pH 5, 791 A% AlRe] A<=
5 S7F8kL, pH 9.491 Z-9-elli= 4AIZE ool A=, 1 Fol
2|%51A Dt} DCAN 448 pH 521 3% vlma =4 A=y
pH 771 75, 4r3E o) A3 F 2J=8k, pH 9471 9ol 5t
& WYES HATHIL DCANS HEGARR el whe} 13} P4 ds
Kolu], pH 59] 7ol w2 Pgab, pH7} ol H-g-A|
Lol tisf S E7F ATH9).

A2 F2ol thst Ae & F Utk i or 2o] s
shH AsAkE AAERE S718ITE THMsS] 171 dlojeE B9
olgel 19 %7 7P =4, AgelE 7P B s o 5 Al
ot & AL B R E HRAR Wil HF FAER vk
AES 7HAITE 18] 3 WA A HES] A9 T THM
o] S mEE ZoR U QITH3).

F20] X A3 F71ge] uel DBPFP(disinfection byproducts
formation potentiali= *|4:4 © 2 F7fslal, A5 ka5 THMEFP
(trihalomethanes formation potentiali= <==¢] 10 °C 7}A]3= A4]A13]
7k, 10 °C o dellxs F-&o] sl met Aol 54
3] Z713c}, T3, HAAFP (haloacetic acid formation potential) <]
Al G2-0] AsabEa] Adeo] AEH 0w FIRITH 0]

w9k % DBPs /32 i3, B3 E, BT 5 dA Y%
I ZFRAE] GRS ket olE Fo] 948 FYEel =AY
AFAEE7 01 THMs X Uh= HAAs A2l o] f-alsit.
T3 =2 AT di-, mono-ol H]3l -2 trihalogenated HAAs
A& 7HH21h DCANS| 739 b 32 557 (protein
precursor)?} G42ke] Wkg-of oJal Ak AZtE=d], o]2] A
/e QaEol oEdt o] IS ofg] AlRtel] AAA F2

&% A% 29 A A8 olFolrk9].

2-4. AEEME MY HIAHLIE

2-4-1. FEZZZH|ETHMs)

FaolA 49} ¥H-g3te] THMsS AAd8sh= 17188 THMs %
TEdolglal B2 o]= F7|%k A (total organic carbon; TOC),
3}8+A] 4k2~ Q 75 (chemical oxygen demand; COD) %= #HA17} Q1
th. THMs 7228 21220 AH), 529 vid= 5ol HAdEl
93l w3ll=l= el AAEAL, 27 A L APE I oA
AR AEE Al 9 AR} Sdon FHA 0w Fu
=7 (humic substance)2} F-ETH7]. o] 5~ A}l Wk humic
acid, hymatomelamic acid(Mw=10,000~200,000), 12] 1L A}, 7]
7491 fulvic acidMw=200~1,000)Z L= 5= 312, humic acid
2 FF5= 7242 Fig 1ol R 2102 1978 Trussello] ¥
715 7R BARES AR A 02 humic acids &
Bd 0w AR, FA)el 28 DA AAEEE THMs &
TEA 2N A7} 5 AL fulvic acidE LA QITH11].

Fulvic acid®] ¥Fs71ell Q= A4 ghiel] ocl 57 2 2
N A (nucleophile)’} 323101 haloform ¥H5-0] o HElA|E
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Fig. 1. General structure of humic acid.

[CH,CO-7] ®+ acetaldehyde(CH;CHO), alcohols(ROH) 5-2] A
A A= S THMse @78kl €tt. THMs 3% 2+
A0 Fu 2, pH, A2F7NE, Ao HEARE SOl dF
& o) 53] 2% 1l pHO| Y-S wo] WA ek AR} A
28] THMs 732 oprllEo] ez Fukgol o3 THMsS 7}
b A @Adshs Whdell Aol THMss 7HE sl A st
ZFARE THMsS AA] AASHAIRE Whg/do] A u = ae} Hhe
sfo] Wk deiXl SrRob g A = (HAAsYE 348 &+ 3
7] vl Aol frofaliof gk, HEgh, oo THMs X
42 pH7E & Felld AP 1(OH Y EEEENREl 17150
2832 & THMsO| S7Fh= Z1o& 4eA] Qlt}. Scheme 10114
o} 7o) B A AEEFNRES U O7]1A|RF Scheme 2074
T IS ABIAE AA otEr] B3 v dEEEit
5ol dojur g ykgAdo] WolA= 21 Kolal gl oAl ELE
2 UELT|(-CN)AHE-ell gJal] 1Hg-do] S7FskA|Rt opAllE Rt
S vehdt)

2-4-2. 2 oLAEl A= (HAAS)

5] Fu) B4 A 249 fulvic acidst E| g R
Fato] GzobigA o] Fo ATEAole & 5 ek A
Z0] $& 4719000 oF W ol AHshs BAlo] Eelg
2ol QzopiElolA Sole), 459 Fel 2] A 543
= 9] S RATER Q48 5 vk 1L F shpt dleea
< (resorcinol) ©]L} meta-dihydroxybenzene(m-DHB) 21d], o]u 3
27} olEE FAsto] SdRopElN =g ERfEmmehs YAl
7 <7 At} Scheme 39} 720] HOCI F2] 94227} 71| hydroxyl
7] Apole] QAIE FAE 31e] Fofl 112]7}F GElAl Hi= cyclohexane-
meta-diketone ring= &I}, 12|31 HOCIC] 7Pt = = A
2] ketone x|l QI €A} 3709 A7t AjtelA Fk.
ChA] = A ketone 91|l hydroxy”]7} 3-23-2 A =W skzo}
Aol =g} Ejetemers: A8 drh12].

2-4-3. SE oA EL EZ (HANS)

DCAN(dichloroacetonitrile}>- L] EZ7|(-CNYE 7HA] 1L Q1=
Q3 A2ATRAEO T DCANS] WHSAIZE B4aF90e, e
FholEieo] gt Y 7T opv|nAkt 22 AyEA
o] a1 718 = 4 9lth. DCANS| FE=rsh= tizl] Hh-Al

o, Mo 1

o
=

N

AL o k1N
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<T OH (ﬁ o
R——C——CHj; —_— ( R_C:EH I ( A )
slow z R——(C=—CHz
+
H +
HOX ==—== H,0X fast
fast
Y
- _ @]
(ﬁ — (0 OH
- A —_ —_——
( R—C—ch( =g =23 — R——C——CHpX
+
H +
HOX === H,0X fast
fast
OH &t o
R—C—CHX, =2 R ﬂ X, - ( —~ )
T — ——
slow 2 R—C==CX;
+
H +
HOX =—= H,0X fast
fast
y
H,0
CHX; + R—(C—0OH —~—— R =——CX3

Scheme 1. Haloform reaction mechanism.. Haloform reaction mechanism

9] SR 5743k, DCANS FAFs}HE (hydroxide), 2FoFdaAted
(hypochlorite), % (water)ys X88H= 37H4] Z2E 53l w3lsrka
27 UTHI]. 941, DCANS whild s} 782 E2lof A7) 34
slo] Adetha Azl 5= Qlth ARG SoflA] ofw|Ake] A4
A= 79 B SR S8k JANE HEE FolA g
dihaloacetonitrile(DHAN)2] s o} W2 Hol7] ujjte], ofn]
AR DHANS] =8 A7-540] ofd % it} I8el%, &
shal APARl Avk= 5 1 4 49 F d49} DCAN 374
of tisll WAs AAAAE 7H 3L STt EAIE, DHAN A9 ¢
=

o% 2579 HHEES ATEAR 4T S5 vk AAZE,

NOM #-gof| 9J3)| Fej 1714 w&o] A7t Hu 52
TOF DCANS A/dsittar &ef#] Qlrt. el Aol ot 9449 &
AL AR Lol 4 Sl A wAIE wRgAdo] At 1Rl
HEA AL Aot} o] W 14T %o] THMsS}
total organic halide(TOX)E 3”43 s}, 124} o]uli= DHAN
& AR g, AGE ETREl|E Afe] =/ TAE e
WA DHANO] e Zlo]ch, H|E gkl o] EA8k= o
LAk AdF o b wkgAol AT, g i) A
Qae] EAStel 8] AT Floft}. o] g ¢ Full SlellA
o] FHOE HANs A4S =g A RaAIzITkaL g = lTh9).
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Scheme 2. Haloform reaction mechanism of others low molecular weight NOM.
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Scheme 3. Generation of haloacetic acid and trihalomethanes from aquatic humic substances.
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2-4-4, S22 Slo] =F|°] E(CH)

Z2e slo| =g o E(EDZ R ZIAELHS] =2 hydrated
formy= = A2l FAelA sl A BAR frEde] v
o% ALY FHE AP vE F2Y slo|=go]Ed
gt A% flalme) 7]l gt st 25 7 AL A
A9k, AJAIR 775 (world health organization; WHO)Y:= H+& &
FANFE 10 pg/l2 F3ct, S22 slo| =l | that 34 i
AUSTE Tl 7 7= A7) & 7 Qlvk shis op| Akt 9
2:9ke] Hhgolw, TR shhi= s =9 A4gke] vhgolt). o
7] Bl digt A wlFUEol o= A QIARE gk o] =4
& EQteto] FallEY] F9H Ak AsRabEe] FkEka T
sl Zlo] uighAek Zlo|tk, Az 714 Aelelxs S22 8t
o|Ego|ES] FRZYE O Z W3l AMIEM = ERERER
OFHIE X =(TCAA)E ] W3S HSIITH 3]

% 2RE so|uYelES T8 AR ob Ak A
oFe] nkgoletal & 4= Stk op| Ak A <14 AejId FollA
AbstElo] AddIE| =t YEH(-CNYS A S 4= Stk ueba 2kl
I FollA 2] ok FAAQ] AaniAbE A-Eolgt & 5
Atk wEgh, FR sfo|=go]E B THMsU TCAA 59 &%
kgl i ArEdE A S TH13).

3. A

3-1. AIMAIE

BEAY A B RE AERAEY AFAAS 200249~200432)
33 FF A A 68709 AT WI~WS; B, 9], A5,
R, AL Fe, G, AL F A5, AS, ERASe] Al
o ASEHE 9 8~12712] sampleS #-24] AAJSIITH

3-2. AlEHH

3-2-1. A5 A

THMs= US EPA 524.2[14], HANs%} CH:= US EPA 551.1[15],
HAAsE US EPA 5522[16, 17]12 A8 811 th THMs:= purge &
trapHi[15]2 AR Al RS F9l8t0] GO/MSE -4 35k9l A,
HANSs, CH= 50 mL2] AJ3-8-915 pH 441 MTBE(methyl 7-butyl
ether) 3 mLE NN =23} GC/ECDE w-413151tF HAAs+ 40 mL

Table 2. Operating parameters for analysis of THMs, HANs, CH, and HAAs

o] AJFgolS pH<1 o8t A] MTBE 4 mL& 99 F%3F & 10%
H,SO,/methanols- ©]-8-514 5|3} 8 $(methylation), ZFE3}E
NaHCO; #9102 Z3}5l3 GC/ECDRE +41313ith.

3-2-2. 2EHARE 771

THMs?] 132 7]7] 23= Tekmar 3000 concentrator purge & trap,
27171 %+= HP 5890 series Gas Chromatograph, 7% |%+= HP 5972
series Mass selective detectors AME-3}ITF HANs, CHS| #477]
7]%= Varian Star 3600CX GC/ECDE A-3191tt.

HAAs®] 73-%-i= Varian CP 3800 Gas Chromatograph GC/ECDZ-
AREBIITE. 7t 24 oY 28] 717] 4] 2312 Table 29} 22t}

4. 2=EL= OB FE2E

4-1. LRB(laboratory reagent blank)

np-g-elat Alg AFH Al ks BEAZE A el 57
aloll Arht G wl=A] dohiy] 2151 LRBE S48 14-17).
THMs®l| 81014 GC/MSDE AR8-31¢ SIM(selected ion monitoring)
WAS AABIGET, o] B¢ AEel2o] 2~370|ln R T JgS
HlAIEE7 ] A8l 5742 AAEIlth SRR EF] w5 AR 7.87
#o]r, 0.1 pg/Le] abundance”} 82,5363}t THMsl| th$t LRB
FHATR= -5 Al 7872 abundancei= 264 FEEES
o thgh ke Al 2 o vERTh LRB 7382 44
AES] 10% = T3] s A8 FY F 4 s AEE FH
A S NEEA] AAElolof sl 1S Freto] SE v 7t
= AAJSIIEH14-17]. GC/ECD(Varian GC 3600CX DB-1, 30 mx
0.25 mmx0.25 um)E S48t 2o BEYEL RS} F2Y slo|=
glo]Ee] gt LRBel tisiiA] o] EdE2] vi-5 AR TCAN,
DCAN, CH, BCAN, DBAN =°. 2 7}7} 12.08, 13.84, 15.64, 25.41,
3017402 o] AlZtfof Yehd 3] =i= EA8HA] 93}, Carboxylic
acid(-COOH)%} 22 75k 543715 24l Sz ERobAE i =5
B4 7o) e GOMS 22 GC/ECDE #413817] Slair=
=/9715 vlsshAzIE mddold feAst Aglo] d e st ut
b, A 2] FPgo] v AsakEe] nlal] HeA of 7)o 3
7he = Alekse] 4 3ellM SRkl 9 A g
k3 @7} 3lt}. GC/ECD(Varian CP-3800/ECD, Column: DB-1701)
o] A tFE R E NS, ETFEZoA A =] HiE

v

Item Conditions (THMs) Conditions (HANs, CH) Conditions (HAAs)
Instrument GC/MS GC/ECD GC/ECD
Carrier gas He (1.0 mL/min) N, (1.0 mL/min) N, (1.0 mL/min)
Column HP-VOC (60 m x 0.32 mm [.D DB-1 (25m x 0.25 mm [.D DB-1701 (25 m x 0.25 mm L.D
% 1.8 um film thickness) % 0.25 um film thickness) % 0.25 pm film thickness)
Injector temp.(°C) 250 200 200
Detector temp.(°C) 280 290 260
Column temp. init.: 2 min at 40 °C init.: 22 min at 40 °C init.: 10 min at 35 °C
program 5 °C/min to 120 °C, 10 °C/min to 145 °C 5°C/min to 75 °C
5 min at 120 °C 2 min at 145 °C 10 min at 75 °C
10 °C/min to 210 °C 5 °C/min to 100 °C
3 minat210°C 10 min at 75 °C
5 °C/min to 135 °C
10 min at 75 °C
Retention time 35 min 34 min 52 min
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Table 3. MDL results of analytes [unit: pg/L] Table 4. Precision and accuracy of analytes [unit: pg/L]
Analyte Scrz)lrl:z d z/f)enacs.. recolx\//feer?/n( %) }({‘;;? MDL Analyte S(:Fz)ﬂ;::: d lc\:/fffcs.- recolx\//lei;n( %) l({‘;o?
chloroform 1.00 1.08 108 1.1 0.04 chloroform 4.0 3.8 95 19
BDCM 1.00 1.07 107 1.5 0.05 BDCM 4.0 3.7 92 1.9
DBCM 1.00 0.96 96 33 0.10 DBCM 4.0 4.1 102 4.1
bromoform 1.00 0.87 87 6.9 0.19 bromoform 4.0 42 104 52
TCAN 0.25 0.30 120 19.7 0.31 TCAN 1.0 1.17 117 12.8
DCAN 0.25 0.27 106 43 0.04 DCAN 1.0 1.04 104 8.1
BCAN 0.25 0.23 90 16.9 0.12 BCAN 1.0 0.99 99 14.1
DBAN 0.25 0.24 97 4.6 0.04 DBAN 1.0 1.00 100 6.8
CH 0.25 0.27 107 6.1 0.05 CH 1.0 1.08 108 9.4
MCAA 3.0 2.8 93 153 0.6 MCAA 15.0 14.0 93 133
MBAA 2.0 22 110 10.5 0.3 MBAA 10.0 9.8 98 9.9
DCAA 3.0 34 113 9.7 0.1 DCAA 15.0 14.5 96 10.0
TCAA 1.0 1.1 110 7.7 0.2 TCAA 5.0 5.8 116 6.5
BCAA 2.0 23 115 132 0.4 BCAA 10.0 11.0 110 11.2
DBAA 1.0 0.8 80 143 0.2 DBAA 5.0 53 106 7.8

ARRe: 217} 135083} 17.385-0.2 o] Alztele] Wl s1t )
3 ket

4-2, WHA AZSH]|(method detection limits, MDL)

HEA= HEF(detection level)= 371 = Q= T2
HPH S8 (method detection limits), 7171713 (instrument
detection limit) 5°] Slth. &A= Foix1 W= 717]17}F 41
e 4 QA 0 Bok B4 HuEE ot o982 g vt
& FEo|th14-17]. =] gt SAXIQ] MDLS 99%2] 4l
FGrellA 73] Wk A3 FFEAA) 304005 T TS W
SHeH14-17]. THMsS] -9 GC/MSD(HP5890/HP5972)E ©]-8-3F
o] MDLF4& AR FU% 5w 1 pg/LE 31310, 28 &
52 34 7719 replicates 43313t} 41 A 3, Table 3914
o} o] 7} FA = sdsh= 8] HFAR] SREE
2] 0.5 ug/L, WA 33E2] 1 pg/Le] MDLE F3] SH5sh
© Ao& et

HANs¥} CHS] 749 GC/ECDZ MDL 742 A8t A3} ¥
5 FA7|F] g A% 0.5 pg/l ok & o 9 5ol
0.25 pg/L=Z 7709 replicateol] thsle] 4310 0 7+ BE4
of sk A5 Table 33} o] & B4 E0] $h39] 4
A7} 0.5 pg/L]l ol Bkl o} F Fedt S vER)
Atk Tk, TCAN} CHE] 74-9- 3]5-&3} RSD7}F o4 o=
2 A vgted ol uijy i el EQPgslhy] wiel 2o
2 g

HAALY tiste] MDL 9185+ B = 7471
A7} 0.5 ug/Lol A%, HANGH CHell n]3je] Bl W
7o TCAAS 7150 8lo] 1 ug/LE silaL, 2 f4
7709] replicateE: A3 7 A=A of] #fdah= 7719] replicate
o thst Hi 348, RSD(%), MDL 52| A¥}= Table 33} 7t}

MUy

-
W\

o [

e

5 Ay

of o

7}

=

2=
(e}

o 4
o

-
ol WCooX

=

4-3. MU (precision)2} MEHE (accuracy)
ATl 7179 BEEdEEE Frlste] Aol tixgsE
Qtel] A, =2 et FAgkS R 4 A AEE 53l

P
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ol kO™ [4], Table 49} 730] THMsE 4 pg/LE, HANs, CH:
1.0 pg/L, HAAs= TCAAZIF2E 5.0 png/L® FUsIich Fdw
o] o3l % == RSD(relative standard deviation)©.% L}EF ™,
Table 49} 72°] THMs 1.9~5.2%, HANSs, CH 6.86~14.18%, HAAs
6.5~13.3% 2] WS UERY US EPA Method 7]5(THMs: 20% ©]
ul, HANs: 20% ©J4, HAAs: 30% ©]uW))[14-17]8 EF Q=53
. A S YeEh = 398 553 THMs] 739 92~104%, HANS,
CHE= 99~117%, HAAsE 93~116%2] M $S Ueh) & dH5o)
US EPA Method 715¢] 70~130%(THMs, HANSs: 80~120%)[14-
1712 2539l

4-4, A= (calibration curve)

THMSs= Supelcor} 200 mg/Le] ¥ oS o]2-3) 12} 3]24]-g-ob
(2 mg/LyS ZAS F o]& THFol BAIFOoRE FA 1415+ 5
points(1, 5, 10, 20, 50 pg/L)2] 778241, HANs, CHi= Accustandard
A} 5,000 mg/L EFL NS o]g3lo] 12} 3480 (10 mg/L)S TH=
T ol& TRl FA151te] AYEFENCE 4 points(l, 3, 5, 10
pg/L) 782145, HAAsE AccustandardA} 20 mg/L E-H NS 5
el 8K WA 0% 343810 TCAA 7|5 0= A 8o
& WH=0] 4 points(2.5, 5, 10, 20 pg/L)& 742418 2HA3sdcH16).
L5 BAUEAE ATEE 0999 o402 LERITE

5. Znf ¥ oF

AFAA =4 A3, AT 0.87 mg/L(0.61~1.17 mg/L), A5
0.65 mg/L(0.30~1.08 mg/L), ¥ %= 0.43 mg/L (0.05~0.88 mg/L)&
W5 AlEo R A5 11 glo] AAsIGlth E8ATe] A &
HAE AAA FHEE 29, skd7el ARdasE=rt vl
wokt) o= the Aol 718 25 5179 e v
O] AEF G o= HEe] s THE AoE wEnh A
TH 9 AFUAE pEERE, A xjo)= EAEHH gkl
o4l vlua ARrAL7F SHA vERTh
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Fig. 2. Monthly variation of THMs in distribution system (tapwater
1: tapwater by direct service; tapwater 2: tapwater through
watertank).

FEFA27F 0.2 mg/L ©l8k] AR F 2613 7R 4XF 0=
e, o] B ERATE T8l 3HEE 2124 A7k
o] W9} g2of o8t Ao 2 ket SR, vt A A
© A AR R g8l EAES UERo] ARdAR 1 v8E
BH4] kAl thal] 13 4= UASATHIS].

52. SER|SZM|ENTHMS)

20024 1€5E 2004 12974 AMEA] FEES] T AlE
¥ THMs AAFYE Fig. 201 YepNtt. AAE S, A58t
0.015 mg/L(0.004~0.033 mg/L), A=51F, 0.019 mg/L(0.003~0.043
mg/L), ¥ B 0.023 mg/L(0.004~0.050 mg/L)E Wg 2
5 THMs®] 557} S7F8Kitt. Fig. 30llM= A% THMsS] 2
= ERYE), 20029~2004374419) 3d7F £ AxE KolA|
231 =3 o ® HEE I THMsY] it sk &
RRIEEO] Aoll= A5 0.0118 mg/L(0.0030~0.0290 mg/L),
AFHE T 0.0151 me/L(0.0026~0.0393 mg/L), ZET5= H3t 0.0184
mg/L(0.0016~0.0450 mg/L)E HHT A= 19| Frt S5
o} ol A JE f71ES] AKAR] HFe| 718k A
o7 FHET oA TeFlRe] R A4S ARPAY v

7} st 2 AR AR s S el

—e— 2002 —=— 2003 —&— 2004

0.05

0.04

0.03 |

0.02 |

Conc. (mg/L)

0.01r

0.00 L : . . . . . . . :
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Fig. 3. Yearly and monthly variation of THMs.

g

J 223

J

Atk B3, -] JEFell o8l AFHR] 799 Foll vl F=A
ER e Adgs BT

THMsol| thet 471358 0.1 mg/Lo| P2 w5 AlSH ot
FAE 2 FE W A7 vl oF 15%~25%F A8}
H, Hie] FEE vHPS W 7 12 olekE AEEdsE
0.045 mg/L)E|S17] wlitell 19kE dadSel o3k v]AlEery o
RS F1st Aelels THMsel digh P ds ghnsh 4= girkar
R =

o%%

5.3. 20N ELIEZIE (HANs)t 222 5l0|=2|0|E(CH)

2002 9EFE 2004 129744 Wi AlEelA] EUHPE S
2IX8F A7} HANs, CH & TCANZ} DBANS A x| Hojx] A%
A &Sk} vl AlEelA HEERoREYE-” (DCANY- 4
1 0.0022 mg/L(0.0007~0.0044 mg/L), <=3 1 0.0026 mg/L,
(0.0008~0.0050 mg/L), ET ¥ 0.0033 mg/L(0.0018~0.0065
mg/L)E AZEEFch S5 slo|EHO|E(CH)S] 749 ArelM=
3t 0.0037 mg/L, 0.0008~0.0072 mg/Le] W)=, Aol x]= Het
0.0046 mg/L, 0.0018~0.0096 mg/L2] WS, BB AT = Hf
0.0060 mg/L, 0.0022~0.0128 mg/L2] &% M E VeIt

Alze] Frabdd Fets =Sk Fig. 49} 54 K= npel 72

—+— FPurified water —#— Tapwater! —&— Tapw ater2 |

0.006

0.005 |

0.004 +

0.003

Conc. (mg/L)

0.002 -

0.001 |

0.000 - - - - - - - : - - !
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 4. Monthly variation of DCAN in distribution system (tapwater
1: tapwater by direct service; tapwater 2: tapwater through
watertank).

—e—Purified water —#— Tapwater! —&— Tapwater2

Conc. (mg/L)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 5. Monthly variation of CH in distribution system (tapwater 1:
tapwater by direct service; tapwater 2: tapwater through
watertank).
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o] W53 Aol DCAN % CH7} THMs AH FelsH &
71 Rl ik B, 2 JFoF Q)] 78~989)
F57}F %30T DCANZ CHell tist 47152 242 0.09, 0.03
mg/LO| B2 g Al st Hx2 s u 547]
ol vlste] DCANS] 79~ Hdll 10% w9, CHO] 739 2o 30%
wekS UeRfo] 29 dAh4Sed o3 nAETE okddS
g1 3k el DCANZF CHOll 3t b = ghr e o= i)
o BE)

5-4. EZOMIEIHIAI=(HAASs)

20021 9EFE] 20047 128714 AGrellA] 71 SR 7RA
v AEelA EUHHEE AAIEIE, #4147 MCAA,
monobromoacetic acid(MBAA), dibromoacetic acid(DBAA),
bromochloroacetic acid(BCAA) 5= A A& olX HEEA] FA,
ShE 20 0.0005~0.001 mg/Le] 55 7FAIL 48/2049] HIEE
HEFUTHBCAA). DCAAE FollA] 3T 0.0062 mg/L, 0.0000~
0.0125 mg/Le] 5% WHLE HeERT Aol = F1t 00079 mglL,
0.0027~0.0147 mg/Le] &% M Z AEE I B8 FolM= 4
7+ 0.0089 mg/L, 0.0025~0.0201 mg/Le] &% HE YERt.

TCAAE AT HH oA & H+t 0.0080 mg/L, 0.0023~0.0180
mg/Le] &% HLE, A5olAli= 3t 0.0097 mg/L, 0.0033~0.0247
mg/Le] F% W5, =% Folx= Bt 0.0116 mg/L, 0.0037~
0.0242 mg/L2] &% HAZ ZAREQICH

A BT I B A0 R AAE] Y= DCAATE
TCAAS] 5o g wzst 79 o= 1 0.0142 mg/Lol
0.0031~0.0257 mg/Le] 5% WS B3t the AlE<l 25l
£ H1 0.0176 mg/Lell 0.076~0.0340 mg/Le] %= WS KO
] B85 o= HF 0.0206 mg/Loll 0.0076~0.0362 mg/L2] &
T s Btk

Fig. 6°l] &ZoPAJE]SA = (DCAA+TCAA)S] HiF"E B2 1.
Aok T AR R R R 25 ERobAE
Ao FEE SR Ao® Uehdth g, 9 g Aund
SR EAI =S - Gl 2t ¢J&Fo] THMs, HANS,
CHREUR= 523l 99kA]at, DCAAS} TCAAS] eho 7 1w o
Sl 7¥9999] =) vluA &9tk

7ol el A= (DCAA+TCAA)] T S3ex |43t

0.0307

0.025}

0.020

0.015}

Conc. (mg/L)

0.010+

0.005

0.000 . . . - : : : - : . !
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 6. Monthly variation of DCAA+TCAA in distribution system (tap-
water 1: tapwater by direct service; tapwater 2: tapwater through
watertank).

A7]58 0.1 mg/Lo| P& i< Al 3t %
& W A7z vk 14%~20%2] H91=
36.2% vIRke WERo] TIREE faael
AAE SR dulel SRolME A=
DCAAS} TCAA®] tigh QP4 = grek & gl
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5-5. ARRAME RSN

FQ AERAEQ THMs, F22 X5, BDCM, DCAA, TCAA,
HAA,(DCAA+TCAA), DCAN, CHoll th3} 4183 Table 591
HERYSITE ol & B 25N F 80% oldo] THMs? S
M| EE] A =(DCAA+TCAAY] 1L, THMsY} S oA EE oA =
7} ZrellM= 42.0%, 40.9% Aol 42.9%, 40.4%, w84
N 43.4%, 38.9%E A Z BS HlER A A & F A
o} AA s g A9 R™ THMs 42.9%, HAA, 39.9%% A%
0tk THMsSE HAAE A3k o EVEAAY Y 28
slol=dlo|Ex= 717t 6%t 10% W2]9] 8-S e

AGHE AR, THMs®] 739 SEZEFO] 80%2] & vl
S2 AEHUT, WA A5 5 BDCMS 9F 20%2] Hl&
E AEFA, U EAEE HAEEA dsith SRt oA

Table 5. Characteristics of disinfection byproducts on distribution system [unit: pg/L]
Section Purified water(%) Tapwater1(%) Tapwater2(%) Total(%)

THMs THMs 0.0146(42.0%) 0.0146(100%) 0.0187(42.9%) 0.0187(100%) 0.0230(43.4%) 0.0230(100%) 0.0188(42.9%) 0.0188(100%)
chloroform 0.0118(80.8%) 0.0151(80.7%) 0.0184(80.0%) 0.0151(80.3%)
BDCM 0.0028(19.1%) 0.0037(19.7%) 0.0046(20.0%) 0.0037(19.6%)
DBCM 0.0000(0%) 0.0000(0%) 0.0000(0%) 0.0000(0%)
bromoform 0.0000(0%) 0.0000(0%) 0.0000(0%) 0.0000(0%)

HAA, HAA, 0.0142(40.9%) 0.0142(100%) 0.0176(40.4%) 0.0176(100%) 0.0206(38.9%) 0.0206(100%) 0.0175(39.9%) 0.0175(100%)
DCAA 0.0062(43.6%) 0.0079(44.8%) 0.0089(43.2%) 0.0077(44.0%)
TCAA 0.0080(56.3%) 0.0097(55.1%) 0.0116(56.3%) 0.0098(56.0%)

HANs TCAN 0.0022(6.3%) 0.000000%)  0.0026(5.9%) 0.0000(0%)  0.0033(6.2%) 0.000000%)  0.0027(6.1%) 0.0000(0%)
DCAN 0.0022(100%) 0.0026(100%) 0.0033(100%) 0.0027(100%)
DBAN 0.0000(0%) 0.0000(0%) 0.0000(0%) 0.0000(0%)

etc. CH 0.0037(10.6%) - 0.0046(10.5%) - 0.0060(11.3%) - 0.0048(10.9%) 0.0048(6.3%)
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9] 7% DCAAE 47, 25, BT = 22} 43.6%, 44.8%, 43.2%
9] FAJHE-E LERAL, TCAAE 56.3%, 55.1%, 56.3%2] H]&-&
Uehfo] TCAA7} DCAA HTH= thh =4 AZEU

9ol AdEe FEE = w4 A A5HAES] InlES
THMsOA+= S22 EE0] 80% OOz A2 tfi-g, e&o}
A€l A|E= DCAA, TCAA 2% 118 B2 vehila, A &
SHARES] FAIRIES BokS w THMs9 HAAZF -5 214
Pk, =k, 28 s IS A, A, EUA 5 BE AL
A A2 A FA1EE Aoz YeRdth o= vl AlEel
A AR S7FEE 242 ARYAMEES] S50 v|sEt
the 318 Yephdct,

6.4 =

AFAR7E 0.2 mg/l o8kl AL F 26150 7hed] 44 0%
YERLAL, o] B BERETE T8l 72 Mo R Sy =
22X 20 AFAIR 58 el &gt Zlo® ) s, o
et EAA = A A Rl diel] AEe] HA] ot RdAR
QAgE mAESHA] Qb/del ozl ER1E 5 ST

THMsS BetsE® WA e, 24, BR8] 80 % 0015 me/l,
0019 mg/L, 0.023 mgLE DCANS 00022 mg/L, 00026 mg/L,
0.0033 mg/LE, CH>= 0.0037 mg/L, 0.0046 mg/L, 0.0060 mg/LE,
HAA,(DCAA+TCAA)= 0.0142 mg/L, 0.0176 mg/L, 0.0206 mg/
LE W2 4545 THMsS §57F 5718S 2ol 91t} o)«
HEEell A FRAAe) FE {7159 AEAQ] HEFel| 7118
T 0% FAET A5 S] 9 E2E B THMs| 43
¢ o534 799 ol v A F FEE HEFHSIE DCAA,
TCAA%} DCAN, CH %] THMs Hth= &3tz okx|uk 13-

&S el ol =0 9 mAERRE S BE
7] flal 2 ARPLE A sk 2ol 71918 20w 3

Fal=

AEIANE 2 80% oldo] THMsH SEolAEloA| = (DCAA+
TCAAY|1L, THMs?} SrRZoPAE oA =7} A4=oll M= 42.0%, 40.9%
g 42.9%, 404%, BTN E 43.4%, 38.9% % A=
HISE SR AEE AS o 7 vk AA HitsER Ay
THMs 42.9%, HAA, 39.9%% AZ= 3t THMsS} HAA2E A9]
3t 2o EUELAG Y S22 slo| =80 Ex 712t 6%} 10%
ylele] 8-S e

AGEE A EA, THMsS] -9 SEFEE0] 80% o142 =
= HERE AEHAL, A 25 F BDCME °F 20%2)
HlEE AL, A 452 AEEA It E2oklg
of|Al=2] A9 DCAAL: A, A, BT 712} 43.6%, 44.8%,
432%2) 13818 YEPNIL, TCAAYE 56.3%, 55.1%, 56.3%2]
H&-S YERo] TCAAZ} DCAARTH: 25 7 AEEH U

919 s T B W 7 A A5RARES] HEES
THMsOIME SR 2FEE0] 80% o1do® A9 thris, shzo}
AEOA|EE DCAA, TCAA B5F 18 B3 e, A4 &
SHARES] TIRIES BokS W THMs9 HAAZF gl 214
ek, sk, 283 HAINlES A, A4, ERIT BE Aol
AL] DA fA == Ao & et o= vl AlgellA] Al
FARI] SRS Z7he] AR RS S7HR0] Hlsssiths

D =2 52 AEE T 7] "ol (chloroform #i5%
0.045 mg/L) ©lol tfst BB P vl-9- FQasir). weba T
AEGH O T pHFARE] oist & Al EoJof slar, o]
52 AoE 3t 4Tl A 3 x|ofof
g o]t
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