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£ 2 2 Z 5 (chloroform), t]EZ Zo}AE]of|A| =(dichloroacetic acid; DCAA), E&|Z 2 Z oM 8o A] =(trichloroacetic
acid; TCAA) 5= W= 59 Hats Al HAEE T35t A5zt o] F SRR XET DCAAT UEdR
wirEle] glo] ofel] thgt EEEAATE= Al HE Fo] RS wdeb] 21l skt 2002~20042] 3
Bl S ATEE ARSI o] T FEZ R v Ek(total trihalomethanes; THMs)] H+t 557}
Aol Ak Eol M= 0.015 mg/L, A4 7 790 FEEs Aol 0019 mgL, ERAE AR 7 7t
+ 584 ol 0.023 mg/LE AFARRIO] S715kl whet 10] wEe Sk 2 oE VT
ESH G290 o R Q3] AFHe vlwd % TR HEETE THMs ©]9]9] ThE A5FAHEER 9A] fA)
St AT UERIGILE HEE A5FARES o2 3 Heam TV 1/4~1/6 F R0 She gr0]7] wliEel A
S FEES AR Qlo] & kst o=

o' I

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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a1 golakAl o] g H, Aol oJgk Alste] EEdshs Mxut o)
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AA Pt SEuetelr] Ank AR} dslojof 8 9 A
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DAE HEE9 A Al FEZTE W Ehtotal trihalomethanes;
THMs)#} 22 A55ikEo] Ak Aol Barg o], nl=r
olA= THMs 7t ofujg} g o}A| 8 of| A] =F-(haloacetic acids;
HAAs), St2 oA E U EZAF (haloacetonitriles; HANs), S22 3}0]
o] E(chloral hydrate; CH)$} 22> &4of] tsto] d=zoz v
UHE &l gtew, o8] AxE EoiZ 2002 149 oF AmAe)
I A S0kEo 338 17 (disinfectant/disinfection byproduct rule).
o Wz} THMs 80 pg/L, HAAs 60 png/LE A8kl it

ol UM E g FAVES AR 0 F Ak
8t 2002d 785 He & 71EYES 487004 SR gl
slo] 794, HAAs, HANs 52 FUEEsaL Qlom 5
3] = (formaldehyde), monochloroacetic acid(MCAA) 5©| 234 7+
Ao 7 71 SITH]1].

QAAFTAES AFA I T Aads WA Qa8
= F71E0] Hkgsle] AAdEY o] F = & (chloroform)¥} T
=2 ZoHE oA =(dichloroacetic acid; DCAA) 52 WA &4
2 FEo] 9lo] o] & HIEe As AR digh S 2AMA

= TRl S Felelr] flEiAE ke Fesit

whepa], 2 ArellAfi= 2002 1€5E 2004 12€714] AAJgH
A, A, BRI vigS AlTE BESAAARITE] A9E
O EHALES] THMSs, HANs, CH, HAASE U] AR i),
ol st AT AT PAAFHAMES] vl AlEelr ] Ex5A
gfeta} ofge] AEA] TRES] FAAE sk AlEE &8
3 glom mee] 8 Sska AEleke ol 82 ZowE
asl=

2.0 B

2-1. 2FRLE L

AR B 2] AAeo] AR AR B4
%57 (natural organic matter; NOM)®| RE-&-51 A== &
A2 A DBPs(disinfected by-products)etil %= SHH, 3 Aol
A o2 A2xAPE FFEE PaAhEFAE(chlorination by-
products; CBPs)0|2}l % 8t} BE ASAlE 71 A7} v-gAdo]
ZFstol dnbA o % wkg- HakEo] AAE =T, o)9) o] S8
= JWde] fist 271 28l v oS EudoTVs

o},

o

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

2o 7 AMgsRE A Eeet 29w AEre] HAAE AlA S
Ak v1EdsIA 7171 flete] A% 52 A S FgAolnh &
SAZ A2(CLYF 7S gE] 220z o]fi thE 25A o vl
dojE o 71Ao] skar, 3feA o7 Qbyakar Hitet Aakal o)
e glon, 52do] k= g vk FEeWI(NHCL/NH,Cl>
RAkEo] we- AA HPE A4t 7P &3] ARSEA L
Aart) 25 gL o), 0]4kElE 4 (Cl0,)2t 205 v
§ @ypolu}, nlgo] wol 31 AHglargo] o Hrk. I o> A&
@3}t Holu| Tt BollA] Eebystar, do] glor g A

SO DR A YA s Q] kel it Fzeh

(e}
us

HIANAE B,

22, AFHAE SEYE Y

A H2A] FEEIM AEHLL = THMs 5 X5
bromodichloromethane(BDCM), HAAs & DCAA+= W/do] Q=
Aoz g4 Itk THMs, HANs, CH, HAAsS] 53 54, &

=y

iy

A7 9 ZEBA, 3-5] 2 318k Table 13} 2T}

2-3. A=FRLE WXL

ST R
=

2] Qo1 AFHALE wlel Arket JBL wAE A}
3]

=
21 NOM, 201 &35 (pH), &, 9 FFE 5 5 9} 2
[e]

o] 2 humus?} WG AE(CH,CO-Y1Z e-freh= EAjato] vl
A 22 Z2AZ Uz ot 759 humus T tiA2 FA}5F0]
100~1,0002) humusZ fulvic acide} &}aL ¥x}2F0] 100,000 0]
humic acid2} 3 humic acid’} 942} ©] 2 RES3519 chloroform

[e)

=

AT A9k WEESlo]l THMsS A4 = e Aiat

71 °lli= acetone, acetaldehyde®} 7> =23} 9o EAES A
A2 S Q= ethanol E0] L3 052 A1} ZA| o] ek
= QI3 7galr, Aleiee] S71 ) eslow ZEol 34
A SolA] EAs) ek, o]5-S AeAE] Al AEFA e X3
B Ao} vkgate] RPN E T2 o] AEFAER W
AAZIEH6].

AR, pHO| Y=
E= 0w ¢

o) 5 Aele) v}
QJTtH6]. Chloroform

S

ue
C

WA 0% pH7E oW THMso| 1] 5o
Q= oli= pHE] F7Fel| T humic acid
halogen WF3-2] 7 & AR & &

71k THMs A/duk-g-2 9714 Fvlinks

=

&

Y owE

[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 CCl;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)®Z4] pH #+2] 71l w2t THMsS] 434
T Sk th W pH #helA = A=A 947t S04
(chlorinated intermediates)E 83}l ATH}F pH ko] Adsshd =
3} #allElo] THMsHo| 7138k},

DCAAS] 73-9- pH7} S718tel| uhe} s 7t S7heh= Aaks
Ho|A|9F TCAAE pH7}F 5715kl whet 7hashe 43S vehdct
[7]. 2 slo|=Ho|EL] A2 pH 5, 791 -9 AlRte] Ad==
= Z7F8kL, pH 9.491 Z-7-olli= 4AIE ool A=W, 1 Fof
25614 Dt} DCAN 848 pH 521 3% vlma =4 A=Y
pH 771 Z4-F-, 4A31 o) A3 F 2J=8k, pH 9491 9ol 5t
& AWdES BATHIL DCANS HEA IRl wheh 12k A3 3
Kolu], pH 59] 7390l w2 Pgab, pH7} ol Hg-A|
Zroll tiell A7 ATH9).

AR 2 F2ol thst Fe = & Utk g or 2o] s
s a5AkE AR S THMsS) <I7F HlolElE B
olgel 19 w57 7P =4, AgelE 7P B AE & 5 A
o} 5 ALL) B LR E HAR Wl HF FAER vk
AES 7RI 18] 3 WA AsHES] A9 o THM
o] S mEe ZoR UduA QITH3).

F20] X A3 F71ge] w2l DBPFP(disinfection byproducts
formation potentiali= *|4:4 © 2 F7}elal, A5 ka5 THMEP
(trihalomethanes formation potentiali= <==¢] 10 °C 7}A]3= A4]A13]
7k, 10 °C o) gl F-&o] sl met Aol 54
3] Z713kc}, T3k, HAAFP (haloacetic acid formation potential) <]
A| G2-0] Asaba] Adeo] AEH 0w FIRITH0].

w9 % DBPs /32 i3, B3 E, BT 5 dA U
I ZFRAS] FEE ket olE Eo] 948 FYEe] =AY
A0 EErt 01 THMs X Uh= HAAs Aol o] f-alsic).
T3 =2 AT di-, mono-ol B]3l 52 trihalogenated HAAs
A& 7HH21 DCANS] 739 b 32 57 (protein
precursor)Z} G4-9}2] WHg-o)| gl A Ertar AYztE]=d], o]e] A
/e QaErol o)Edh o] AR ol AlRtel] AAA 2
S A AY YR AR o] Fo|TH9).

bl

2-4. AEEME MY HIAHUE

2-4-1. ZEZZZH|EHTHMs)

FeolA Gae} vEg3sle] THMsS A3k 77158 THMs A
TEAolglal F-2m o] FH7]¥kAx(total organic carbon; TOC),
3}8+A] 4k2~ Q 75 (chemical oxygen demand; COD) = #HA17} Q1
th. THMs A7=22 21520 AH), 529 Wid= 5ol HAdEl
9J3)] w3ll=l= FFellx] AL, 27 A L APE I ollA
AR AEE At 9 ARzt Sdoln FHA 0w Fv
=7 (humic substance)2} F-ETH7]. o] 5 A&kl wWahA humic
acid, hymatomelamic acid(Mw=10,000~200,000), “12] 3L A}, 71|
71491 fulvic acidMw=200~1,000)% L= <= 312, humic acid
2 FgEe 7222 Fig. 10 ekl 210 R 19784 Trussello] ¥
715 7R BARES AljbIit. A 0 & humic acids &
Bd 0w AeAEH, FA)el 28 DA AAEEE THMs &
TEAZA A7} HE AL fulvic acidE LA QITH11].

Fulvic acid®] ¥Fs71ell Q= 8244 ghhel ocl 57 2 2
N A (nucleophile)’} 323101 haloform ¥-5-0] o] HElA|E

3l5kast 443 H2S 20065 4%
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Fig. 1. General structure of humic acid.

[CH;CO-7] BE+= acetaldehyde(CH;CHO), alcohols(ROH) 5-2] #]
AR A= S THMss F7dsHAl frk. THMs /9> A
A0 Fu 2, pH, G2F7NE, Aol HEARE SOl dF
= o} 53] 25 4l pHE| PFe ol WA Hrk. ARAF H
E4°] THMs A2 obdlEe] e Fikgol o] THMsS 7}
% A B/dshs Whdel Zato] THMsS 7S S| A4 gt
W THMsS 2A] A/38HARE REgAlo] A& A} whg
afo] ek 4zl ERop A= (HAAE F4T 5 9l
7] wizoll Aol frefalof vk Bedh, -] THMs
4 pH7}E & Felld SAP1(OH Y EEEENREl 17150
A2 THMsO| S7kehs 210% delA itk Scheme 1914
o} 7o) opAIES A AEEFNRES U 7]1A|RF Scheme 2074
= IS ABRAIE AA obEY] B3 v dEEEt
5ol Yoy g ykgAdo] "Wolx= 1 Kolal gl o EUE
42 UELZ|(-CN)AHE-ell gJal] 1Eg-4do] S7FskA|RE opAllEr Tt
S vehdt)

2-4-2. A2 oLAEl A= (HAAS)

5] Fu) B4 A 249 fulvic acidst ET|gRm|g
Foto] dRopgoA =g Fo AyEdolet & vk Ads
2] 8 R7IRA(DOC)2] oF HE oS ApA|ehz Edo] Ejed
gk} gzot g oA Eoltt. 5] FulEH o] e 548}
T 00 S 2R A 5 Qv 1 F shph el xEAl
< (resorcinol) ©]L} meta-dihydroxybenzene(m-DHB) 214, o]uj 3
27} olEE FAsto] SdRopElA =g ERjm ks YAl
7 <7 A}, Scheme 39} 720] HOCI 52] G427} 71| hydroxyl
7] Alele] SRR FAE slo] Fell arz]7} HAelA ¥]i= cyclohexane-
meta-diketone ring= &/}, 12|31 HOCC] 37t = = A
2] ketone 1Al AFgE €Azl 37l9] A7} AstatA .
CHA] = A ketone 21#]°l hydroxy”]7} 3-23-2 A =W stz o}
A elr =8} Erjetemes: A8 drh12].

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

DCAN(dichloroacetonitrile}>- L] EZ7|(-CNYE 7HA] 1L Q1=
Q3 PaAERAREOILE DCANS] HESAIRE, G4aF, 12
FholEiee] gt Y 7T opv|wAibat 22 AyEA
ol =31 A7 & 4 9lth. DCANS] swish= gzl whAl

@

o
=

N

A o RIOAN
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R——(C—CHj; .ﬂ; ( ( || N ( | A )
—_— R—C—0CH;” ~—> o | _Z%
slow
+
H +
HOX ==—= H,0X fast
fast
Y
- _ @]
(ﬁ — (0 OH
( R—C—ochx g h=ZChx ) == R—C—CHxX
slow
+
H +
HOX === H,0X fast
fast
- o -—
OH { ” o
R—C——CHX; —— ( R—(C——CX, -~ ( ey )
slow 2 R—C==CX;
+
H +
HOX =—= H,0X fast
fast
y
H>O
CHX; + R—(C—0OH —~—— R =——CX3
Scheme 1. Haloform reaction mechanism.. Haloform reaction mechanism
o] $EE 438k, DCANS $4F38Hz (hydroxide), XloFA2tA NOM #2lo]| oJafl F-2l¥ 714 F-&o] A4/t Hd w2
(hypochlorite), & (waterysr E35H= 3714 A2 5 B4 walldichar FO 2 DCANS Ad3iciar &4 Qlt. whldof tist A0 &
deA UTH9]. -4, DCANS A v} 712 Exlo 47} 34 AL R Lol 4 9tk 3 v R HESAJo] 78t 18]
ao] ARCHL AZEE 5= 9l A FolA] ofulieate] A WA A&keS QOIT. o]Ae WE Qe o] THMsS)
A= F1 240 SRS AL QAR HEE FollA g total organic halide(TOX)E 3’43 st} 124} o]ul= DHAN
dihaloacetonitrile(DHAN)2] &5i= o} G2 #o]7] wjiFof|, ofn] S APEA a1, B ERFEle|E Afe] »/ fhAaE yEk
1A DHAN®) 8. A750] obd 45 lek. Tgloll, 25  iwA] DHANO] MM Zlolck. ul% @ ujo]) Eafsh o]
sk AgAel A3k % F0) B 450 F 400k DCAN @4 Ak A o% n] wkgol e, e sl ARk
of Tl WS JREAS /A ek EAL, DHAN S 9 o] EAlslel A305] 44 otk of B3 e & S sl
9]

Qog o F-RES ATEAR 4T 5 Ak AARE, S 0% HANs /g2 =2l "ML & 5= loH9).
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Scheme 2. Haloform reaction mechanism of others low molecular weight NOM.
Cl Cl
Ci Cl
o}
HO OH o Cl 0
N A° OH™ Loci = /
HOGL ¢ .~ HOGl
Ri Rs R+ OH
Ry Rs & /C @)
R R, R;
Rz

Meta-dihydroxy benzene

HCCLCO,H CCL;CO,H

CH,Cl, cl Cl__—» CHCL
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/ N
\\—:4 — OH Ri C OH
=2 cr / @
ct / Ry
R»

Scheme 3. Generation of haloacetic acid and trihalomethanes from aquatic humic substances.

3l5kast 443 H2S 20065 4%



A FEE R AlEo] ABRAE ByEN 221

2-4-4, S22 Slo]=F|°] E(CH)

222 slo| =g o E(EDZRZIAELHS]) =9 hydrated
form)= 5= M| F7g0NA Gast A IR {71EAHRE] v
o% AsANES FHE AP vE F2Y slo| =0 Ed
st 37 flaime} FA7IEed diE WEgst 2SS 7L A
A9k, AR 7 7] (world health organization; WHO)Y= H& &
FAZIFE 10 pg/LE Qch S22 slo|=glo] Ed tjst A v
AUFE A F 7 E A28 & 5 vk shves obrieAket &
Zxote] whgolw, thE shh= ddls] =g} Gagte] whgolrt. ofe
7HA Bl thgh A4 wiFAUEe] of7|= AL AT wEsk o] B4
& ERbste] FEE7] A9 Al A5k SRk ¢
sl Zlo] upgkAek Zlo|t}, Az 4714 Aelelxs S22 8t
o|l=go|Ee SRR EE0 7] M3l A ERERER
oPA[E A =(TCAA)E 2] WSS #HEaI3iTH13].

I % 212 soluolEL 72 AU oprunalk A
ofe] wkgolgkar & 4= qlrt. opu| AR A A A FollA
2bglEo] dHE| =l UE-(-CNYS A S 4= St wjebr] =kl
T ol Q] op| Ak AR AmHANE MEdolet & 4
Q). w3k FE2 2 lo|=|o]E sk THMsH TCAA 52 A%
Fabgol st d7-EdE g 4= QlUH13]

3. A

3-1. AMAIE

BEAY A BRE ARRAEY AFAAS 200249~200432)
3 B AZAIY 24 68712 HFFWI~WS; 55, -2, 7,
B, AL Heh, G, AL F A5, S, EREAS] Al
T A5EE € 8-12719] samples F-4] 253

3-2. AEHH

3-2-1. A5 A

THMs= US EPA 524.2[14], HANs$} CH:= US EPA 551.1[15],
HAAsE US EPA 552216, 17]12 A8 820 th THMsE= purge &
trapHi[15]2 AHEEF] Al RS FQl8te] GO/MSE 4 35k9l A,
HANSs, CH= 50 mL2] AJ3-8-915 pH 4°lA] MTBE(methyl 7-butyl
ether) 3 mLE N 3=Z3}0] GC/ECDE +-413131tF HAAs 40 mL

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

o] Al§g-E pH<1 o]ellX] MTBE 4 mLE o} %35 % 10%
H,SO,/methanols- ©]-8-51] 5|3} 8 $(methylation), ZFE3}E
NaHCO; 80 & ZF3}atil GC/ECDE #4]313itt,

3-2-2. 2FHARE 77

THMs?] 32| 7]7]23= Tekmar 3000 concentrator purge & trap,
1217173 HP 5890 series Gas Chromatograph, 57| 23= HP 5972
series Mass selective detectorS AME-3FITtE HANs, CHO| #47]
7]%= Varian Star 3600CX GC/ECDE AE-3}9ict.

HAAs®] 78-%-o3= Varian CP 3800 Gas Chromatograph GC/ECDZ
ARG 7 24 ol 48] 717] 4 2318 Table 29} 22t}

4. 2=ELE OB FE2E

4-1. LRB(laboratory reagent blank)

nE-g-ola AlE AFH Al Hrkehs BEATE A dgelx 54
ol Ar} gk vjx]i=A] Lo 7] 91510 LRBE ST 14-17].
THMs®ll 81014 GC/MSDE A8t SIM(selected ion monitoring)
S AAEIET], o] A AEolko] 2~3lo|BE T JEs
wiASH ] Y8l 5798 AT SRR EE S HFE AR 7.87
#o]r, 0.1 pg/Le] abundance”} 82,5363}t THMsl| th$t LRB
FAAI= HEE A7 7.874%2] abundance: 264% SR ZIEE
of tigt JFe FAIBIE =2 0% VeI LRB 732 4
A5 10% 4% 51 e AR FY F A 5= AlRE 2
et 79 WiEA] AAJatojof = 118 Frste] AT Bt
£ 2AEIIEH14-17]. GC/ECD(Varian GC 3600CX DB-1, 30 mx
0.25 mmx0.25 um)= 73 SZoAEYE-Y R} S22 slo|=
o] Ee] thgk LRBell thalA o] 2252 Y5 A7k TCAN,
DCAN, CH, BCAN, DBAN $=° 2 Z}7} 12,08, 13.84, 15.64, 25.41,
3017402 o] AlZtfof Yehd 3] =3= FEAEEA] 93}, Carboxylic
acid(-COOH)9} 22 738t 579715 2kl Qli= ERoMAE oA =5
H|FA Zo] A=E GC/MS 22 GC/ECDE #-41817] gafix=
A71E v548A17 1= vgdeld A} glo] A et
A, AT o] thE ASAkEel vla)] HideiAm o} 7)ol A
7hel K= AlokEo] A mpellx] SAdgkell FEe mA=A] €l
g1 97} 9lt}d. GC/ECD(Varian CP-3800/ECD, Column: DB-1701)
9] A tEFERoHENE, ETEFEZoAEA =] HEE

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 I.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:s d ]::/f)enacs.. recol://ier?/n( %) }({;;? MDL Analyte SCFZ)IE::: d 1(\:/26::.- recolx\//f:i;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 19
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 5.2
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
NZF ZF2E 13,5053 1738507 o] Alzhtjof] W) 9] =13= =4) ol QO M 4], Table 49} 730] THMs:= 4 pg/LE, HANs, CH=

a4 Qi

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

HAEA= HEF(detection level)= 371 = Q= FH 2
WP E 3] (method detection limits), 7]7] EﬁPﬁ](ms‘[rument
detection limit) 5] Qlt}. AEIA= Z1 i3 717171 Al
ﬂ aL T UL, 0 BT} 2A HasEE ﬂH“ ed=de] Mt v

oltH14-17]. el ik FAIXI] MDLE 99%2] 4l

El%mﬂfﬂ 73] HbE A %f‘i EFAA ] 304005 F3 w5 T
FTH14-17]. THMs®] 79 GC/MSD(HP5890/HP5972)% o]-8-5}
o] MDLEH S AAIBIITE Y65 E 1 ng/LE 8191, 22 &
=2 3 7719 replicates -4 Poi‘:} 29743}, Table 3914
o} o] 7} FA = sdshs 8] HFTAR] SREE
9 0.5 pug/L, YWHA| 38459 1pg/L4 MDLE &3#3] w53}
= AoE JERTH

HANs¥} CHE] 749 GC/ECDZ MDL F74-& AAs A3} W=
= FAE7|F gt AgsHA 0.5 pg/ll Bk &5 o W$e 51
0.25 pg/LZE 7709 replicateol] tisto] 43510 72k B E%
o] FFER= FH 5L Table 37} o] BE EASo] s14459] A

=

FEAIZE 0.5 pg/L]) Tl vlahd o} Ywsh = vEh
I T} GRE, TCANZ CHE] 739 3|58 RSD7| Jtj& o=
‘:‘ri =A Ur9 =t)] o]i= gulu} wij el EFdslr] il Zlo
kg
HAA6°ﬂ tste] MDL 9085 9 & 72718 digt g
A7 0.5 pg/Lo ANk HANSL} CHell v]&te] vl 4] 7He7} vt

I

o] TCAAS 7|50 & 3197 1 pg/LE 310l 3 s 52 3iA
7709] replicateZ- -‘vﬂ-/‘q Aaeitt 2F 2254l Alldsh= 77119 replicate
of tigt F+ 3], RSD(%), MDL 5-2] A¥}<= Table 33} T}

4-3. HUE (precision)2} HET (accuracy)
BRIl 71A9] BFEAEEE J7sle] Sl tixus
el A=A, 2 A SHE R F eA] AP E

P

3l5kast 443 H2S 20065 4%

1.0 pg/L, HAAs= TCAAZIF22 5.0 png/L® FUsI3ich Fdw
o] o3l % == RSD(relative standard deviation) . % L}EFY™,
Table 49} 72°] THMs 1.9~5.2%, HANSs, CH 6.86~14.18%, HAAs
6.5~13.3% 2] WS YERY US EPA Method 7]5(THMs: 20% ©]
W, HANs: 20% ©JUl, HAAs: 30% ©]U))[ 14-17]3 T WSS
o} A2 Jeh)= 848 18 THMs] 4% 92~104%, HANS,
CH= 99~117%, HAAsE 93~116%2] H$1S YEh)] BE o]
US EPA Method 7]155¢! 70~130%(THMs, HANs: 80~120%)[14-
715 RSl

4-4, Z™= (calibration curve)

THMSs= Supelcor} 200 mg/Le] ¥l ]%-SH 12} 3480
@2 mg/lLys XA ¥ o]& FHTl '“474 2 F[141811 5
points(1, 5, 10,20, 50 pg/L)S] A4S, HANs, CH= Accustandard
A} 5,000 mg/L EFANE o]gato] 12} 348410 mgLys W=

T ol& TRl FA15Ete] AHEFENCE 4 points(l, 3, 5, 10
pg/L) 782145, HAAsE AccustandardA} 20 mg/L E-H 8-S 5
ol Fdehs WA o R 3AM8lo] TCAA 7|F0% A8
S 759 4 points(2.5, 5, 10, 20 pg/L)Z 7782048 AA38IITH16).
DE BAUPEAE AdEE 0999 o0& LERT

5. Znf ¥ oF

5-1. ZHREA 9 OME
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), ZE=1 5= 0.43 mg/L (0.05~0.88 mg/L)&
Wi ABOR UE 11 gl kit BYAS A B
BAE AR FHEE 26, Sl ARALFEA vl
Skt o]lz G 100 71 2 19 e
o 2% & 7P Slos P, o

8 Aol EAfekA gk
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—+—Purified water —#—Tapwater! —&— Tapwater2

0.06

0.05

Conc. (mg/L)
(=] o o
o ©o o
[+ [#~] B

0.00 . . . : . * : * !
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

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

ARAATE 02 mlL 01511 AR E F 2613 7HeH] 4480
Bhda, o] B BHASE Falsl] Fhue BEA A%
|2} S-ol] 93 0w kR, A, i 4
- A AP R ) BEES Uehle] SRR Q1% v
1) Qe el F1g 5 QIITH1S].

lo T

o

52. SER|SZM|EKTHMS)

2002'd 1€5E] 20048 129714 ME&A] 52 vl AlE
¥ THMs AAMIE Fig. 201 YeRNtt. AAE S, A5E
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} 71Kt Fig. 30llM= A% THMsS] 2
= JeERE), 20029~200437449] 3d7F £ Az}E KolA|
%1 H5=3 o ® HEE I THMsY] it 2HJshk= &
BRI Aoll= A 0.0118 mg/L(0.0030~0.0290 mg/L),
AFAT 0.0151 me/1(0.0026~0.0393 mg/L), EET4= H3 0.0184
mg/L(0.0016~0.0450 mg/L)E HHZ A5 19| Frt ST
o} ol A IE f71ES] AKAR] HFe| 708k A
o7 FHET oA TleFlRe] iR A4S RS v

7} st At AEAE TR ANk = A veld

—e— 2002 —=— 2003 —&— 2004

0.05

0.04

0.03 |

0.02 |

Conc. (mg/L)

0.01r

0.00 L : . . . . . . . :
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 3. Yearly and monthly variation of THMs.

Atk B3, 2] Pkl sl AFHR] 7~9€ Foll vlmA F=A
veR e ARE Btk

THMsol| et 287158 0.1 mg/Lo| P2 wlig== AlSH ot
BitA 2 S o A7l vlgte] oF 15%-~25%% A48k
H, #3190 5F 1HPS W 7IEe] 12 okl HAEEHUEE
0.045 mg/L)=|S17] Wil 19 dadhSel o3tk v]AlEers 9F
A& st AddlelA THMsol gt P E ghn sk = Qltkar
et

¢

(o]

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

2002 9EFE 20041 129714 ¥l AlFelA EUEHES
2N 8k A7} HANs, CH & TCANZ} DBANS A x| Hojx] A%
A sk}, vl AlEelA HEEEoREYE-” (DCANY- 45
1 0.0022 mg/L(0.0007~0.0044 mg/L), <=3 1 0.0026 mg/L,
(0.0008~0.0050 mg/L), ET5 7 0.0033 mg/L(0.0018~0.0065
mg/l)Z AEFJCE F22 sl =0 E(CH)2] ¢ Frolre
B3t 0.0037 mg/L, 0.0008~0.0072 mg/1.2] W=, Aol M= Ht
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 BetsEHShE Fig. 49} 504 K= npel 2

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

0.006

0.005 |

0.004 +

0.003

Conc. (mg/L)

0.002 -

0.001 |

0.000 - - - - - - - : - - !
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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)
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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 Al DCAN ¥ CH7} THMs HH FelsH <
7FHe RolFa ik, 0 JFoE Q3] 78~989
F57}F 99T DCANZ CHell tist 47152 242} 0.09, 0.03
mg/LO| B2 wlF Al st HaX 2 v Ps w +47]
ol vlste] DCANS] 79~ Hdll 10% w9, CHS] 739 o 30%
wekS UeRfo] 29k A4 4SEed o3 nAETE okddS
g3k Aglol A DCANT}F CHoll tidt ¢haAl e gre 5= gtk
o BE)

5-4. EZOMIEIHIAI=(HAAS)

20021 9EHE] 20049 128714 AgollA 71 BRI 744 il
v AFelA EUHHEE AAIEIE, #4147 MCAA,
monobromoacetic acid(MBAA), dibromoacetic acid(DBAA),
bromochloroacetic acid(BCAA) 5= A& olx HEEA] F3A,
ShE 20 0.0005~0.001 mg/Le] 55 7FAaL 48/2049] RHIERE
HZEFAUTHBCAA). DCAAE FollA] B3t 0.0062 mg/L, 0.0000~
0.0125 mg/Le] 5% WS YeERth Arellx= H1t 00079 mglL,
0.0027~0.0147 mg/Le] &% M Z AEZ N B8 FrolM= 4
7+ 0.0089 mg/L, 0.0025~0.0201 mg/Le] 5% HZE YERIT).

TCAAE oK ol A& 1t 0.0080 mg/L, 0.0023~0.0180
mg/Lo] F% WIS, Aol A= Ht 0.0097 mg/L, 0.0033~0.0247
mg/Le] 5% WS, %A Folx= Bt 0.0116 mg/L, 0.0037~
0.0242 mg/L] F% M Z ZARESITH

A BT He B FA7EEECE A4 i DCAAT
TCAAS FEo g nzsh -9 ApolA= B3 0.0142 mg/Lol
0.0031~0.0257 mg/Le] 5% W5 B3t the AlE<] 25l
£ H1 0.0176 mg/Lel| 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°ll &ZoFAE]SA| = (DCAA+TCAA)S] HiFS"E X2 1.
Aok thE AR RV R SRR A4S EEobAE e
A9 FE TURRE ZloR vkt e, g Avind
SZolA A =] A F2of 2F J3FO] THMs, HAN,
CHREUR= 52514 99kAat, DCAAS} TCAAS] eho & 1w o
Sl 79999 =) BlnA &9tk

2ol el A = (DCAA+TCAA)N T3k S ellA |43t

i

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).

FA71%E 0.1 mg/Lo| PR w35 AlE el st %
) A7)l vlete] 14%~20%2] M=
6.2% vk UERfo] TIREE GAdel
or4 Ao B E Aeola] SFolAElo| A =
HAZTER! DCAASE TCAA] gt b % e = gl

10 oY of

2w

ol
LN e e

5-5. ARRAME REEY

FQ ASHAEQ] THMs, 222 X5, BDCM, DCAA, TCAA,
HAA,(DCAA+TCAA), DCAN, CHoll th3} 4183 Table 591
HERIGITE o]& B 254N F 80% oldo] THMs? &=
M| EE] A =(DCAA+TCAAY] 1L, THMsY} S olA|EE oA =
7} 4ol M= 42.0%, 40.9% 5ol M= 42.9%, 40.4%, S
XM= 43.4%, 38.9% %= A HIsE HIER AEE A ¢ T A
o} AA s g AR THMs 42.9%, HAA, 39.9%% A%
0tk THMsSE HAAE A|J3h o EVEAAY Y 28
slo|=dlolEx 7 6%t 10% W29] &2 LR

AGHE AR, THMsS] 739 SEZEFO] 80%2] & H]
S5 AEHNA, WA 25 F BDCME ©F 20%2] HlE
2 AZSHYA, A 2452 AFFA Gt dRotAg A

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%) 0.0000(0%)  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%)

3l5kast 443 H2S 20065 4%
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9] 79 DCAAE 47, &5, BT = 22} 43.6%, 44.8%, 43.2%
o] FARE-S e, TCAAE 56.3%, 55.1%, 56.3%2] Hl&-S
tehlle] TCAA7F DCAA Rl= tha A AEHSI0

Qo] dEs T3 B oul 7 AGE 25RAME] gl e
THMsel M= 222 EE0] 80% ooz A2 thitg, st}
A€l A|E= DCAA, TCAA 25 118 B2 Ve, A4 &
HRARES] &S BokS W] THMs® HAA,ZF tl=i-& 214
g}, w3k, 783k PANES A, A, BEa 5 BE A
Al AL A FAEE AR YERTE ofi= vl Alsel
A AFAIRT] S7FEES A28 asAMEES] S7H5] Hissst
tH= A et

THrAA7F 0.2 mg/L ol8IRl A F 2613 7he-H] X5 0%
LR, o] B SRS E Fele] 4 M oR SaEEE E
2431 iﬂ%ﬂﬂﬂr 0 S22 93k o7 Aeken) s )
7& RISl i3l ZEo] EA] ot A=
dell ol gR1g = QU

THMs& ﬁé%ucﬁ A Y, A, ERTI7S] £0F 0015 mgl,
0019 mg/L, 0.023 mg/LE DCAN-S 00022 mglL, 00026 mg/L,
0.0033 mg/L¥, 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/

LZ PR 245 THMsO] %FJ} S7FeE Bol ot ol
vl A ZHF A9l R f7]E2] AHAR1 5l 71918}

T AoR FAEY A5 ARES] € £XE AW THMsS) 7
S 454 792 Fol HlwF FE& FER 7&%&1% DCAA
TCAAS} DCAN, CH ¢4 THMs HUth= 4

A8 eplc), ol $691 G4} vl 9E R LL—% e
7] g8l 2 AT FAsloR sk Zlel 7191% o %t
Bt

AR F 80% oVdo] THMsH EZoAE oA = (DCAA+
TCAAY|aL, THMs¥} ShzopAElof A =7} Ad=ollid= 42.0%, 40.9%
A 42.9%, 40.4%, S 43.4%, 38.9% % A&
H|S=3 U2 AE2E A8 o 5 ). A4 e g Al
THMs 42.9%, HAA, 39.9% % &= 3t THMsSF HAA2E #|9]
s HLEOMEH AL 22 slol=eo|E= 212t 6%5} 10%
wiele] a5 Rt
l"ﬂ‘fﬂi AR, THMs®] 749 SR23EF0] 80% olde] =
= HEE AEHAL, A 25 F BDCME °F 20%2)
Hl&= 741%@ R EAES ASEHA 4Sit). dRotAE
o A|I=2] 79 DCAAE <, 2, %%ELT 217} 43.6%, 44.8%,
432%2) NS YERIAL, TCAAE 56.3%, 55.1%, 56.3%2]
148 UER)e] TCAA7} DCAAE‘er Za =A AE=HSI
A2 s S B w4 AGE A5TARES] AINES
THMsolA = S22 3F20] 80% o0& A9 s 7o}
AE A Z= DCAA, TCAA B5F & 2SS e, A4 &
SHAMES] FIN)E-S RHokS Wl THMse HAA T OIS 244
ok, mesh, 72 F INES A, A, SRS B A9l
7] A A fA== 2 o® VERTE o= vilgr AlgellA
FARI] S7FEES Z17he] AR S50 vtk

AE ks sy 225

o HAEY AEFTS HE: 3T 584 714 719
v 5 FA7F niEl 1/4~1/6 758 YERE 2 F5%

SHlsbA 2 o) T B S sk 9
9k, chloroform, DCAA 5 H|E3F A5HAEE2 54 (79
D = FTEE A5E | wlZll(chloroform #1°5%

Qath, e @

2
9

7
0.045 mg/L) ol tjst RYEE-E wl$ F2

AGH 07 25 AR et BUERS Aslolof s, o]
S0 Aol 918 AFAD TRl O AT A SysIolop
& Zolat.
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