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222 ZE (chloroform), CI2ZZ0tHIE HIAIS (dichloroacetic acid; DCAA), ECIE2&=2
= (trichloroacetic acid; TCAA) S2 Y= 29 FAAS Al ML= FQF ASEME0
SZZ X SN DCAAE ZA=2EE EJ[IU AN Ol0 et ZESHAZ= M2AI2
HMEZ2 HUS)| I SRG6ICH 2002 ~ 2004E2] 3E S0t HiZ2s HEEZ As24
Ch. O & ZSEEZHE (total trihalomethanes; THMs)2| B2 sE=JF d-T0A A

oz 524e H+0lM= 0.019 mg/ll, 2H3IAE ZXRH
= 293 20lM= 0.023 mg/LE HMFAIZH0I SItEMl et 19 s&= St
| J&CZ ol HEZEN HWN =2 =52 ZE&LACL TH
MEET FA RAE S LIEHHALCH H=E =

J 200 MSAl =22 2SS0 A ek e
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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 December 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.

Key words: Disinfection byproducts (DBPs), Total trihalomethanes (THMs), Haloacetic acids (HAAs)
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HAHMEIZHOA DIMES SHS MOHAIIIDl 918t HAASS & MHAHSZ IbE 20| X0/2
s e F FLOICH BAE ASEUIL 2450 U S + Halol 0IED HEL0 W o
S0l S840 ZIASS 25 L MBI HOK IHE HUGD SOIGHH OIS0, SA0 ofst
Ao SHHsH= MES D, MENS SHY &4, 4 o 520 24 S2 Si 120X
EICH REILIZHIM L8 STAFATIOL #EH00F B M EXRH RABFHLC STIh BAA
Ol= 02 mg/L Ol DIAS0l 220l LAHU LHE 22} Y= AL0E 04 mg/l 0A4S 2K
SIS REGID UCL TE DEYLASEO MHMHES 4 mg/LR MBE002E T30 DT B0

ol A= HMOiotD QUCHI1-4].

HAZ HES29 A5 A SECIEZUE (total trihalomethanes; THMs)1lt 22 ASS2AZ20| M4
EClt= Atalol 220& 0lel, D=0 MeE THMs =0t OtLiet €Z0tHIEAIE S  (haloacetic acids;
HAAs), 820N ELIEZ S (haloacetonitriles; HANs), 282 5}0/|=dI0|E (chloral hydrate; CH)2t
22 220 ot 202 2ULIHEZ of Y2, 019 2UE EUZ 2002E 1€ 015 TASH
ASEAM20 28t #& (disinfectant/disinfection byproduct rule); Ol T2t THMs 80 pg/L, HAAs
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60 pg/LEZ 7 MIGtD UL

Tst 2UHUHAME Y2 fEI|IES HE=2 £2F0=2 256t |6t 20028 7828 Y= 2 Dl
TSRS 4800 A 5502 EHol MEH A HAAs, HANs S8 ZLULEHEZEGD JASH =5
(formaldehyde), monochloroacetic acid (MCAA) S0| S8& 82 ZAIE=S22 FIOLEJACHI].

BAASRUNUER EHelBE 5 445 HAHAUHNAN 842 =5 RIIS0| 2S00 MAZOH 0l
= 222X E (chloroform)dt CIZZZ20tMIENIAIE (dichloroacetic acid; DCAA) s& 28 =22
2S00 U0 012 HIZs AS2A20 Ust BEXEH ZAHIRE =229 HMHE Itol)|
M= Il SR06tCH

Metd 2 HFUAM=E 20029 18268 20044 1280HK &AIsH 4, &= 28320 g+ HS

82 2EESHTAHERL ZUE %ﬁ:ﬁ\_%—‘?’—_ el THMS HANs, CH, HAASZE U0 &#THEULCH 0
gt HPZNeE SAASREME e ASUHASY 2X2Sd It 0l2d ASAl =22 o
dg BHote AH=22 28510 U2H EIIEHEI =S (I=ot] 2cloles O 2EE A2 BHEALL

2.0 &

ASREMEE Y= 29 X2l AISHsE ASHY 2 =2 dAHARIIZ (natural organic
matter; NOM)O| BtE20t0] MAHE = SE 2 A DBPs (disinfected by-products)et D& otH, al4E &
0 2EtNoZ HAXHEE otBE FAALA=2AE (chlorination by-products; CBPs)Ol2t2& StCt.

(=]

LEROZ g RAUS0| d4E=0, 012 20| P4y

2= A=Me 1 TAMDIE 8840l Z6H0 =)
g JHMﬁDI ?Iet ZXOt 20lad £ OE 2Es8 SdL2IJ|k st
F=ROZ ANEdSts NE=2

b 2&E Xot=2 HIME MAGHALE H 243HAI710] A6t AS
Mol dES E2H0IOh ASHE SACL)IE JHE Zel M0l Olss UE ASHO HIGHAH

HMOZ JtH0l M1, StsfHOZ QtEotll S&8 MAtAlZ0] 22 e, &]40l A= O
. 2222(NHCI/NH.ChHE £4 | O HH MHZSZ A el JtE S5l AAEE XL &
FASS0I SQOECH 0[&EHHA(CIO) 2E(O)2 e SHHO0ILL 8IS0l %0l =11 HMel
| L £ 2E2 2S5t FOHLXE SUHA S8t &Fd0 S22 d+=Z0A
M SFAZ Jtsd0l QI 20 Salk 22ct2S EIHAIAOF 8L
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M MEA =x%20Ad E=51] U= TH £ 222X E 1 bromodichloromethane (BDCM),
HAAs & DCAAE Z224H0| U= Hez 2 UL THMs, HANs, CH, HAAsS &=5E E4,
&, =2JIE L HSEEA1,3-5] ¥ SEA2 Table 13+ 2L

g AZ2= NOM, =4012s85% (pH), =
FEE & = U } AWM=, NOMOH et g8t S = U= NOM =, RIl=2 =X



0l 2 humuse HEHE (CHCO-)IIE ERole SAH0| A &2 222 Us = UL =3
O humus & Xz X0l 100 ~ 10002! humusE fulvic acidet ot A0l 100,000 Ol &2
humic acidel 3t0 humic acid?t A2 O & BIESStH chloroform2 MAAIZICH A2 BFS3HN
THMsE M4s = Aes MEX FIIS20 = acetone, acetaldehyde2t 22 2&E U {2 SES2S M
AANZ £ JAEs ethanolS0l ZE DN 0IE2 M%*ﬂ} ZH L2 olof JIESts, &2 SOt
L HEo=Z AS0IL St=Hel& SHM ESMSICH £6F 0|82 d=xXHel Al ASSFO Z&8sE 94
ot 250 S ZO0LMENAIE S2 o _4\_5—‘?—535 2 AI2ICH6].

EM2, pHO &2 BN OZ pHII =2H THMsOl O 0| MALEsE 2122 22M Asd
Ol= pH2 B0l & humic acid? S& AEf2l B3 L halogen BtS2 H& S22 oz
= UCHE]. Chloroform & JIEt THMs MABtSE2 BIIH =0HPHS (base-catalyzed reaction)2Z A
pH 2t =Jt0l 2k THMsS MAd2 SISt %2 pH 2iAhse RS2 g4I S2HA
(chlorinated intermediates)E &4&3dt10 UCH pH 80| ASSHH 3 2HEH THMs0| ZSOtst

Ct.
DCAASl Z2 pHIt SIt80l et dds5ot Sototes &= 20/X¢8 TCAAE pHIt SIHE 0
et 2adt=s ZES UEHOT]. 22 SI0IE0IES ME2 pH 5 780 32 Al2t0l NE===

SItotll, pH 9421 =R0l= 4AI2H0ILH0I M=, O =0l MESHH =Ch DCAN 842 pH 52

42 HuE = MHESIMH pH 721 22, 4AIZ2H0ILH M4 = A EISHH, pH 940 ER0l= ¥ M4

2 2Q0[9]. DCANZ2 BtSAIZH0 et 1X 2AFeS 20I10, pH 52 Z<0l HlwAE HEGHH,

pHIt =025 BIE A0 CHoll ZASE0F ACHI)
AME =200 Uie &= & = UL LEECZ =20 osotH

Ct. THMs2l &2t HIOIHE 2% &0 1< iE?P o =1, AS0sE ot

[=] S
HES 22 2liMe Bsd: ¥4 PaEr &2 ddss Ot

o

AEEMEO HLRE HEE THMsS Fd&s [[Pét o2 2UHM UCH3I.
=20 MAM3l I et DBPEFP (disinfection byproducts formation potential)= XHEH2Z

Sototd, A=S824=2 & THMFP (trihalomethanes formation potential)= £=&0| 10C M X= MAMBI

Z=JI5tL, 10T OlAMAE =201 AS80 Mt MAd2t0] =AS ZJ1ethh, £ HAAFP

(haloacetic acid formation potential) S Al =20| ASolSA MAHE0| XSHOZ2 SIHsHCHI0].
OtXIZ%2 2 DBPs 42 22X, M2 MY S IL FUSY IFIA0 IS 2=Ch o
E0 EA9 FAH0 EHU ¥FHLAsTI =2H THMsECH=E HAAs M40 O R2l6iCH &

=2 BAFUH2 di-, mono-0ll BIol =& trihalogenated HAAs M= JIA2CH DCANS| &2
! NP2 =& (protein precursor)t B4 BESOH 2o MAHAECID M2 =0, 02 MA

2

2o
=
BASE0 SIEGHH 0 M4BIE2 od A2l Z2MAH £2 otF8: 22 E&2 #3F6l 0IF

270 o
3
Jal

24, =28 dd BIGILIS

2-4-1. EE2|SZ M E (THMs)

£ZUA A2 BHE0l0 THMsS MAStE SIS THMs M2 0/et) 20 0l 58D
B4 (total organic carbon; TOC), SF%‘E MARFASF (chemical oxygen demand; COD)HSE 2 H Dt

QCH THMs MESZE2 AZ2 AMMl, S22 HiE2 S0l 0420 2ol Sdidlse HEUHAN MG
HU, =] MM LAY P‘*OH/\-I EHM gz MYGe=E DEN € HEANSE0IH sZ2Hcz 54
22 (humic substance)2t £E2CH7]. 012 X &0 2tA humic acid, hymatomelamic acid (Mw

= 10,000 ~ 200,000), el ﬁ, S0l JrE42l fulvic acid (Mw = 200 ~ 1,00002 Us = A2
04, humic acid& FE &= FXZA2 Fig. 10l LIEtH H22 19783 TrussellOl 2SJ1E &l Xt
DS NOooIRALH LN OZ humic acide =28H22 AN H=X2(EH, &0l 2Adi dH MAHE
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9z THMs 82222 M 2HIt = HES fulvic acid2 LA™ UCHIL1I.

Fulvic acid® 2s2/10 UJses XA EL0 OClI S 22 & &K (nucleophile)?t =26t
haloform Bt=20| L0 LIH, HEHE[CH;CO-17|1 £ &= acetaldehyde (CH3CHO), alcohols (ROH) S9
HeXto MRE22T THMsS 4ol ECh THMs M2 dRSE sZUL 42, pH, 943
b, A0 HEAIZ2E SO IS 8ol Eol 25 2 pHe &2 ¢0l 2N =0 M2X A
TES2O THMs 42 OHIEQ SH2EEB20 2o THMsS JIE S E4s6t= BHHU XA
THMsS Jt& SH A4St

ZA2 THMsS O MAGHAICH BI240] 382 JAQ 2510 LUASEZ 2 & S20HAIE
HAIE (HAAs)E EHE £ JUJ| 20 3 5HC}, 3 (HE =22 THMs M2
2 pHIt =2 Z0lA =4I [(OH)It E2XE S0l SIIs0 #2022 THMsO0| Sotole He=z
224 QUCH Scheme 101A 2 20| OIHNIES ZE EREESS LOI| X0 Scheme 20lAHE L2
20} MSIHHE A OHMED 848 US E$ZESHE0| 2oUEZ 240l E0Xle NS
20l AL OtNELIEEES LIEZEI-CN)EE0N 2ok BtS40l SIt6HXI2E OtNELCH 2 LiEt
LHCH,
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Aol RHRAQ! fulvic acids= ECIEZUES BIXESIH SZOLAIEIHAIZS =
olet QULCH [ Zo E= KIIEtA (DOC)Q < 8 O|lA2 X Xsts 20|
b EZ20tHENAIS0ICH =52 SUSES &AME E4st= 12 SE88 24722
ct = OftLIIE dIZ24IZ2 (resorcinol) OlLt meta-dihydroxybenzene (m-DHB) Ql0I, Ol [H
SHGIH EZO0NENAIER ECIZZUES MHAZ = ALH Scheme 3% 20|
HOCI £9 EASAXIF SIS hydroxyldl AHOISl KAXZ 2AZ2 ot =0 Deldt Z2H =He
cyclohexane-meta—-diketone ringsS &ASHCH 12l HOCIOI &HIDF & H S HAES ketone? X0 @I
HEt BFARKIN 300l EADF ZEotH =0 CAl & B ketone® X0l hydroxy?l ot 222 ol
TH SZO0IMEHAIESSY ECIEZZHES MAOIH = CHI12].
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2-4-3. & Z20tMELIEE (HANSs)

DCAN (dichloroacetonitrile)2 UWOIEZEI|I(-CN)E JIXL2 Ys =& HAAASEAZOICH
DCANY| BtESAI2b, dAZFer 2|0 2=A02sC0 e I8 =59 ot atl 22 MRS
g 20l =10 M2l 2 4= UL DCANS sTHetE U BHE2AI2te 8422 =HFH6I1, DCANS
=432 (hydroxide), XHOFE A 4&FH  (hypochlorite), 2 (water)2 Z&0t= 3B ZE Soll Zoli st
Ctd 2™ QUCH9]. 24, DCANS HeSHE ) 22 220 EA0F 320 MHESICHD M8 = Q
Ct. Xt SUHA OO0l 4te EARKdeE 52 220 S20HAH =Matn UXCH = 250U A2
dihaloacetonitrile (DHAN)2| s&= 0t & HO|J| &0, 00l =42 DHANS = dFR= 20|
Otd =& UL D8UHE =270t 88X 2= =3 58 SE X2 & 242 DCAN 40
CHoll 2 &8t M22AHE JIXNLD UL SM2, DHAN MHO| 200z XF{9 EREs MIR2E=2
M2s £~ QUCH ATZ=, NOM 220 2o 228 EIJI4 220 @AM} HdH =2 =2
Z DCANS MAHSHCHD LHAM QUCH AN et 42 3H2 28HHZ USHE = UCHL = o
HZ BFSHO0l 28 OS0| WEH dAXZss LI 0lHS HE AT 0| THMs? total
organic halide (TOX)E MAGHH &HCH De2iLt Olll= DHANS MAGX ¢, MHE Z2/HEOE
ZE0| el 2AE LEIWHA DHANO| ZME 210/CH HIS S8HE Lol =Mols ool ate &
h&dez dl 2S40IX2 MHE Z2/HE0E ZE2 BA2 &M ot &3 248 A0ICH 0l
A2 & =0 ololAe BE2Z HANsMAES el XHAI2ICHD & 2 UCHII.



2-4-4, 22 ol0|=dI0IE (CH)

S22 GI0IEHO0IE (ECZZZ20tNELZHIGSIES hydrated form)= = M2l SZMM G4 Xt
o 2ME RISEYS B2 ASRAEO HHZ MAEM HIE S22 St0IESC0IE0 et
ALRAHE =EIE0 st &6t 2HE XD UK LXSH MAHAEA4II7 (world health
organization, WHO)= %= & == 10 pg/L2 ZFCH 222 SHOISHI0IEN e Md OiA
LIE2 20 & JHA=Z 2o 2 = UACH otli= Ol0I=&tl A9 BS0I0d, CHE oftis 20
ol=ot SA2e BHSO0ICH Oct JHX 2Rl et e LSS0l OFJ1El D AKX L8 0 222
S0t oIl #RH Xctel 2SFA4=2 S2tMctl) 2ots A0l BtEAE AOICH 2MZ2 &
G MEHNME 222 SI0ISHO0IESY SZ2EEELZ HE ALAMEHNAE ECISZZO0LME 0 AI
€ (TCAA)ZQ HSIE 2tF 36 CHI3I

15 222 ol0IEd0IES =2 44
2 8 g Melltd SoA &R ¢ P
S0AM2 ol0lcat2 A ASRAE 8RS E0
THMsLt TCAA S2 ASRNE

1012 Ot0l =&tk &Aool Bt30letn & = AUCH 00
N g == QUCH Metd X
ULCH et S2E GI0IEC0IE £
o

o4 b

L ATH 6
AL B, YSE, NEBFAN) E Z4, M4, 29340

( 2
g+ ASEZ 8 8 ~ 1242 sampleS =4 & AIGHACH

3-2-1. AS2AME dXcIUF

THMs= US EPA 524.2[14], HANs2t CH= US EPA 551.1[15], HAAs= US EPA 552.2[16,17]2
MNESIACH. THMsE purge & trap8[15]2 AIE0t0 AIEE FLoIH GC/MSZ 2406+ 1D, HANS,
CHE 50 mL2 AIEEH = pH 40X MTBE (methyl t-butyl ether) 3 mLE HH F=
Z ZAOIACH HAAs= 40 mL2 AIE@EUZ2 pH < 1 OI3tIM MTBE 4 mLZ oW =
HoSOs/methanol@  OlE0t0 | T M3 &  Z=(methylation), WUESE NaHCO;SH
GC/ECDZ 2456t

1]
9&
=)
8
=
&
O

3-2-2. ASRME JDIZHTA

THMs?2| & X2l JIJI2= Tekmar 3000 concentrator purge & trap, =4 J1J|2= HP 5890 series
Gas Chromatograph, 2&J|&= HP 5972 series Mass selective detector® A& ot Ch HANs, CHO
=4J|J|= Varian Star 3600CX GC/ECDE A6 LCH

HAAsS Z20l= Varian CP 3800 Gas Chromatograph GC/ECDE AtE5tCH 2
J1J] 24 =242 Table 22+ Z2LCh

HL

a1

A e =22



4. AS24NZ HOIEH2 S22

4-1. LRB (Laboratory Reagent Blank)

HIet M) A2 M3 Al Edlole E2HIF 24 HEUA S0 L0tL g82 0IXI=Xl 20t
2J| <I5t6d LRBE =&&tCH14-17]. THMsUH UMM GC/MSDE MESHH SIM (selected ion
monitoring) 242 &AAlotREd, 0 3R HS0I201 2 ~ 3 0122 1 IS iMoo /Al =
HZ2 AAGIRUCH 2 22EE2 HRE A2t2 787 Z0I04, 0.1 pg/Lel abundancedt 82,53601 U Ct.
THMsOl Chst LRB =8Zit= HRE Al2t 7.87 22| abundancesE 2642 Z2Z2Z S0 Uist &
PANE ES £=02 LIEIGCH LRB 32 A A2 10% X £35t0 IsE AS =3 &
o s NEE SHE Z=22 BEA AAGHNHOE ot #8828 4010 S22 BIIE AAGHA
[14-17]. GC/ECD (Varian GC 3600CX DB-1, 30 m x 0.25 mm x 025 yum)E Z&& = O0tMELIE
229 2=2E GIOIEHIOIEN st LRBO OHohA O S&2&° HFE Al2t2 TCAN, DCAN, CH,
BCAN, DBAN =2& =22} 12.08, 13.84, 1564, 2541, 30.17 22 0| Al2tCHOl LIEIL TI2= &M
Ot Xl ULt Carboxylic a(nd (-COOH)%t 22 28 =4II8 21D U= EZO0NENAEE HI=4
Zgol & GC/MS &2 GC/ECDZ Z46t)| fldiMe 2412 BI=248A2l= HEHoE S
CHS 2H0l 2LolCh TetMd, 8™l UdE0l T2 ASEAS0 diol S&EHA0H ool &2t
2E ANSS0 24 WHM SHIUH IS 0XsX #olg ZeIb QL GC/ECD (Varian
CP-3800/ECD, Column : DB-1701)2 22 LI2ZZ0tHIENAIE, ECIZZZ0IMENAIZES HEE
AlZE2 2424 135020 17.3832 22 0 AI2HCHO 2ol Tl3= =THotK 2 UL

ol ﬂJIO

_(T‘_

4-2, LA AESH| (Method Detection Limits, MDL)

HHZESH  (method detection

dEStHE BE+ZF (detection leve)E2 HItE = =
O{&! er Dt DD AlR2IE & AT

30
rr
i
>
i Hy

limits), J1J71ZZ8tH (instrument detection limit) S0| ULH BESHH=

0 B0 sH BENEE A QU229 JIE Y2 sS0I0H14-17]. 3L X0l g SH X MDLE 99%

o JMZIAZUNA 73 Bts AES HFEIN 3.14H1E 28 s&E ZE0H14-171 THMsol a2

GC/MSD (HP5890/HP5972)E 01&0ot0d MDLEAEEZ AAIGIAL FU=sE= 1 w/L2 ot} 22
SE& oM 72 replicateE & AGHRUCH EA4Z W Table 30IM2E 20 2 EASEW HYote &

2R FstHel 2 R2REE 05 we/L, LIHAI 3829 1 pg/Le MDLE &0l §Ecte 222

LIEHGCE.
HANsIt CHSl 232 GC/ECDZ MDLEXFE AlAlgt 20 He 2 IS0 g HSEH 05
wg/L 2L -’:‘?— O ¥2 s&92 025 pug/L2 72 replicatedl ol = |

ot= #=XIS2 Table 31t 20| 2= =20/ 3R HESHI 0
LS st ¢§% FEFLH DD QUCH CHEF TCANZF CHE 2 g1 RSDJP AUECZ O = L
=0 0l= S04 HE0 =¢Eo) 2 A2 HEECH

HAAGOl CHGHO! MDL =QsTeE e 2 &I e H2FSHHIE 05 pe/LOIXI2H HANsLE
CHOl dloted Bln® 2t I 20 TCAAE JIE2LZ 6t 1 wg/LZ ot} 1D, &

AN 72l replicateE =40tACH 2 =H2& 0 oHYdl= 7IHS  replicatetfl T
RSD(%), MDL &2 Z31t= Table 313t 2 Ch

4-3. 3L T (Precision)?t &S (Accuracy)

,7,



=~
(=]

b

Jo
]
M

o=
=

ool A= SEE

MY
o
ro

R0 OIXe HESESEE EOIotH &Y HX2H ,
LIEHE = UKl AES Soil 202 U2M[4], Table 42 20l THMs= 4 ug/LE, HANs, CH= 1.0
ug/L, HAAs= TCAAJIEZELZ 50 ug/LE FUGHALH HLZ0 Het &= RSD (relative standard
deviation)2 2 LtEHLHOY, Table 42 20l THMs 1.9 ~ 52%, HANs, CH 6.86 ~ 14.18%, HAAs 6.5
~ 13.3%2 ¥<eIE LEHW US EPA Method J1&E (THMs : 20% OlUW, HANs: 20% OIUi, HAAs:
30% OIW)[14-17]2 2RE UZGIUCH FEEE LIEHWE 348 L8 THMs2 ES 92 ~ 104%,
HANs, CH= 99 ~ 117%, HAAs= 93 ~ 116%2| H/IE LEIWH 2= &50| US EPA Method J|&

21 70 ~ 130% (THMs, HANs: 80 ~ 120%)[14-17]E S2t=ot ALt
4-4. ZH=H (Calibration Curve)

THMsE= SupelcoAt 200 mg/L2l HEJMUS OIZof 1X454EN 2 mg/L)S ZME = 018 &7
=0 HHH2Z FY[14]ct0H 5 points (1, 5, 10, 20, 50 upg/L)2 H2E=&E, HANs, CH=
Accustandard At 5000 mg/L EEJMHE 0/E6tH 1XSAHEH (10 mg/L)S Bt & 012 SF=0
F[15]5tH HHHESHOZ 4 points (1, 3, 5, 10 ug/L) BB 3ES, HAAsE AccustandardAt 20

mg/L HEJAHMS SF[20 FUote LASCZ MG TCAA JIECZ NIPHFEHS UHEN 4
points (25, 5, 10, 20 pg/L)2 ANZHS XMGIACH16). DE SAHUASISE ABTE 0999042
2 LIEHGCH
5. 21t ¥ IF

5-1. &g A L DM=S

H2HA =X 2 M4 087 mg/L (061 ~ 1.17 mg/L), &= 0.65 mg/L (030 ~ 1.08 mg/L),
g3 £ 043 mg/L (0.05 ~ 088 mg/L)Z g HELZ 25 1] g0l ZA0ACH 232
¥e 2932 NMM 22 2, SEIIN HEYLSTIH HDE LACL Ol TS Hol )
=8 ASEMEO BIEDIC =2 sE9 HESEAW oL o AAHE JIXles 2oz HCEC
Aedg g ASHAE NEMEH, ATE X0l EMOHA 2UAD HEEON HlnE &SI
A LIEFGCH

A2EAIF 0.2 mg/L 0ot XNES & 2612 IR0 4XNELZ LIESGD, 0] 2F= SYa4E
S5l 22EHE 22 A ZI12HS HX Y 420 2st Ao HUHECH SHKS HER EAZleE
H AAAZ0 o 2 ZES UEHHY &RHEAZ2 0 D|MSER OtMAN Hol SoIg & A
CH18].

5-2. SECIEZ 0 E (THMs)

I
4
x
i
g
,%
s
=2
2]
N
>

20028 1ESH 20048 120X MSAl =%=22 t2E Fig. 200 Lt
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EFLHRACH A2, E=EF 0015 mg/L, (0004 ~ 0.033 mg/L), =82, 0.019 mg/L (0.003 ~
0.043 mg/L), =S83=+ BZ 0.023 mg/L, (0.004 ~ 0.050 mg/L)2 222 Z+== THMs2 =ZJt
SItotRALH Fig. 30A= HEE THMsS Z20E LEHHA =M, 20022 ~ 2004=NHX12 32t 2 A
AE 201X §10 H=g =F22 JSLAL. THMs2 HREES AXots S2TE2EES ZFR0=
H+=EZ 0.0118 mg/L, (0.0030 ~ 0.0290 mg/L), H=EZ 0.0151 mg/L, (0.0026 ~ 0.0393 mg/L), E
834 HZE 00184 mg/L, (0.0016 ~ 0.0450 mg/L)2 222 L5 12 =TIt SIHSIRULL Ol
SEFA AE RIS ASHe HF0 Jlgots A2 FHEM 0N JI=}=0 222 Z
E UFREAS SEIt ZA0EZ AFREAY ASRUNUSeE AbtE=E AUE UEHHACH L8
29 ol 2ol 65E 7 ~ 98 S0l HluA = LiEttsE 8 2 .
THMsOll CHEt +=&JI1E2 0.1 mg/LOIEZ S+ HSZE0 et BaX2 DAHIYUES I =ZII=0
BIGHY <F 15%~25%E XtAIotk, 212 == NdIE M JI= (
0.045 mg/L)EAI HE0 QA2 SLL=00 st 0ld=S5R AHddS 228 A THMsO
et M HE =2 = ACHD BEEC

e

5-3. Z20tHIELIEES (HANs)2t E22% Sl0I=dI0IE (CH)

20028 9B RH 20042 1280tXl == HS0UAN ZLIHE S Al 2 HANs, CH & TCAN
DBANZ2 & X&EUA =X LALHL S+ HSHAM CISZ20MELIEE (DCAN)2 8T
0.0022 mg/L, (0.0007 ~ 0.0044 mg/L), Z=+=EZ 0.0026 mg/L, (0.0008 ~ 0.0050 mg/L), S+ &
o 0.0033 mg/L, (0.0018 ~ 0.0065 mg/L)& ZEEACH 22 GI0ISHO0IE (CH)2 &2 F20A
= EZ 0.0037 mg/L, 0.0008 ~ 0.0072 mg/Le HAE, H==0HAM= BZ 0.0046 mg/L, 0.0018 ~
0.0096 mg/Lel HLIE, 28a=0HM= EF 0.0060 mg/L, 0.0022 ~ 0.0128 mg/LS s& H<IZ U
EbtCH

ANZS S=NI3E BadskHsl= Fig. 42 50lM 2= Ht2 20| e+ HS0 A DCAN & CH
JF THMsHE |6t SIS 20F0 ULH E£& =22 gz 2ol 78 ~ 982 s&EIt =

Ct. DCANIZt CHOI 08t =&JIEE 22 0.09, 0.03 mg/LOIEZ Hi== HSZ0 e BZX=Z

i

DS O SEIIE0 HIGHH DCANS 29 F0H 10% 018, CHOl Z2 Z 04 30% 0182 LIEHL
Of 1012 YAASH S8 DIMSSIE oIFAS =285 ME{ A DCAND CHOl CHEt QHFSE =
28 4 YCHD BHECH

5-4. EZOLHIEI0IAIS (HAAs)

20024 9E R H 20044 122Kl B=0AM JtE 283 =X i+ HSHAH SLIHE S AAlStH
e, S4Z MCAA, monobromoacetic acid (MBAA), dibromoacetic acid (DBAA),
bromochloroacetic acid (BCAA) s & X&EWM DX LAAHAU, R =F2 0.0006 ~ 0.001
mg/Le sEE JIALD 48/2042 B2 HEZUALCH (BCAA). DCAAE H0M B2 0.0062 mg/L,
0.0000 ~ 0.0125 mg/L2 =% YHE LERC F=0Ms B2 0.0079 mg/L, 0.0027 ~ 0.0147
mg/Le s& g FEEULD 23 +0M= B 0.0089 mg/L, 0.0025 ~ 0.0201 mg/Le s%
P2 LIEFGHC

TCAAE AHEH H$0HAHM= T2 0.0080 mg/L, 0.0023 ~ 0.0180 mg/L2 s& HE, A40HA
= d 0.0097 mg/L, 0.0033 ~ 0.0247 mg/L2 =& HYHE, 2983 +0AHM= B2 0.0116 mg/L,
0.0037 ~ 0.0242 mg/L2l s& EHRAZ ZAEAUCH

Sl SHE He 2 £EA)FS20=2 E3C0 Us DCAADYL TCAASl £&oz NE
F0HAME HZ 0.0142 mg/LOl 0.0031 ~ 0.0257 mg/Le s= HIAE 2HCH OIS HSQ!

o
%:’_l_

+=0lA

JA o
rnr oA
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#Z 00176 mg/LOl 0076 ~ 0.0340 mg/Le =% #<
mg/LOIl 0.0076 ~ 0.0362 mg/L2l s& YRS EALCL

iy
o
52
0
2
g
02
L
1

fiA= "z 0.0206

Fig. 60l £Z20tMEWMAIS (DCAA+TCAA)S Hig=8 2XE 2L GE A=Re=H Ottt
Az 222 25 SZ20tAEUHAES st= Sotots X222 LIEHSCH L8, F82 4HEH &
ZOMIENAIZES 22 =20 28t &0l THMs, HANs, C Cte SotX 2RgUAXEL DCAA 2F

H 2
TCAAS g2z 28 HEZE 78 ~ 922 skt Hlud =gALH
S2O0tMIE0IAIE (DCAA+TCAA)O THEr BB R0A XNEE "= 8 #EIIES 01 mg/LOIEZ2
== HSE0 U B2XE DS o =2II=0 blot 20%2 HAZ FEEU2MH
ZI0H 36.2% 0I8+S LIEHLHOI 23 SAAS0 28 DlMESstd M-S &28 JdEH0A 2 ZO0HAl
BOAE & =IE=0 DCAAZE TCAAN Oe tdd 228 &= A0 BHELCL

—

ol

[Pl
>

ASEN

—

Jm

=24

5-

o
Mo

TR ASR4NMSC THMs, 222X E, BDCM, DCAA, TCAA, HAA; (DCAA+TCAA), DCAN, CHO
et RA&HIESS Table 50 LIEHHRUACH 0l EH ASR4LHE & 80% 01401 THMs 2Z0LAMIEE 0
AME (DCAA+TCAA)0IZ), THMsit ZZOLAEENAIEIL E0MdE 42.0%, 409% H=0AM=
42.9%, 404%, SH3 =0AM= 434%, 38BI%Z MZ Hl=e HIESZ HAEE AS 2 += UACHL M &
osE2 A2 THMs 42.9%, HAA, 39.9%2 HECACL THMs2H HAAE X8 =2 O0tMIEL
ESNE0 S22 ol0IZel0IEE 22 6%2 10% W2l 222 LIEHRCH

HEEZ H4IHEY, THMs2 22 S2ZES0| 80%2 =2 HIEZ UL, UHHX LS4
= = BDCM2 & 20%°2 HIE2 HELHUL, LHA S2S= ZSHA ZACL 2Z20HMEMAIES
32 DCAA= &=, A== SY3 = 212 436%, 44.8%, 432%°2 FHHIES LEtRW L, TCAA=E
56.3%, 55.1%, 56.3%2 HIEES LIEHUHO TCAAJI DCAABL= G =0l AEXALL

Ao AEs ITEA =2 M 2 HEE AS2H29 PFHHIE2 THMslHAE 222 E 501 80%0I

o422 o RIS, EZ0tMENAIE= DCAA, TCAA 25 1E 2EE UEED, dd A2
&= FdblES 2UAS I THMs2E HAAIN HRES AARUCH £8F ded F-blE2 E, &
=, 283 = B= HSUAM He LEoHH |XNEE=E X222 UESCH 0l i HSHA MFAl
2H0| SIS 2240 AS2ASE2 SIHE0| HIXGIChe 2SS LIEHHCH

6. 2 &

SFESA0 02 mg/L 0I5t XE=2 & 2612 Jt20 4NE 22 LiEts, 0 2= S83+E
Shotd 2 Jtdez 335He =2A4 2 MFALYL =2 =20 2 A2z HHECH otNe i
gz 2AZ0=s &8 ZMAIZ0 Ool 2501 ZX @0t &FEAZ st D|MESstH ot &0l CHol
2oIg 4= UAULCH

THMs2 BzZ=&=2 B8 =, 5 28309 =22 0015 mg/L, 0019 mg/L, 0.023 mg/L=
DCANZ 0.0022 mg/L, 0.0026 mg/L, 0.0033 mg/L=Z, CH= 0.0037 mg/L, 0.0046 mg/L, 0.0060 mg/L
2, HAA; (DCAA+TCAA)= 0.0142 mg/L, 0.0176 mg/L, 0.0206 mg/LE 222 Z+5 THMs2 s

o Botgs 20 UL Ol tie=20A &FJSA2 &&E FIIS2 NSH X0 Jlelcts

=
202 FHEL ASPANSO FY TS PO THMsO 2 0{SH 7 ~ 98 S0 HIRE &8
=CE ABE pxe 22 A

[ACH DCAA, TCAAZ2H DCAN, CH ZAl THMs 2Chs Faotd & Zets
29 el OIMEZFH s Es)| Al =2 &F8AE |AMOE ot= A
I

A
- T
O JIglst ez gt

F
rﬂo
[
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ASR4E S 80% 01401 THMs S ZO0HMIE0IAIZ (DCAA+TCAA)OI D, THMst S ZO0HAIE

St Ex=0lM=E 42.0%, 409% H==0HAM= 429%, 404%, sHIA+=0AM= 434%, 3BI%Z M2
Bl==st HIE2 ZH=E XS ¢ = AL 8M st 4HEH THMs 429%, HAA; 399% =2 &
L AL THMs2H HAA S H2Iet 2Z2O0IMELIEEAHAE N S22 GIOIEH0IE=E 22 6%%F 10%
Lielel 288 LIEHRCH

HEEZ H4IHEY, THMs2 B2 S22 ES0| 80%0142 =2 HIES2 UL, LHHA &5
242 =Z BDCM2 & 20%° HIE2 ZEDULL, UHX SEE2 2D ZUCH SZ20LMEA
£9 ZR DCAA= E=, A= SY= 212 43.6%, 44.8%, 43.2%2 Fd&HIES LIEHW LD, TCAA
= 56.3%, 55.1%, 56.3%2 HIES UEILH0 TCAAJI DCAARCLE £= = BEEULCH

o MEs ZTEA =2 M 2 HEE ASRH29 2HHIE2 THMsHAE 222 E 501 80%0I

AOCZ HO HEES, EZO0IMEHAI=E DCAA, TCAA 25 112 2BXE UEYLD, &8d A2
ME2O PHHIES BUS U THMs2 HAA I QIR 22 XXRCH E£6 s 24U =, &
=, S04+ RE HZHM He LEGIH SAEHsE A2z LEIGCH 0l 24 HSHA MBAl

2001 SHERE 229 ASRASEQ EIHE0| Hl=otte A2 LEHHLL
HAASLRUZO HESZES 7S 2L =C2X I JIH2E YHe 2 F&I|=0 dlol 1/4 ~
1/6 =2 UEIUWEZ £S201 SHEGHH 2 JI¥0 32D UASS &l & £ QU/UACH oot
chloroform, DCAA S2 HIR& ASRAM2E2 0SE (7 ~ 98)0l =2 s52 2= = AJ M
20l (chloroform Z10=s% 0.045 mg/L) Ol0 TSt RLIEE S 1 ZROICHL HetMd 8% HEHoe
1, 0122 HMOE <8t Ha=HelSE0 e 22 &

£ ASR420 e 2LIHE 2 HSEZ00F 6t
S ==Z0F & 240ICH
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Scheme 1. Haloform reaction mechanism
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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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Table 1. Standards, quantitation limits, health effect and structures of typical disinfection

by-products regulated by Korea

[unit : mg/L]
quantita-
analytes standard . o health effect structure
tion limit
trihalomethane (THVE) 0.1 0.001 - -
chloroform 0.08 0.0001 liver damage CHCl3
bromodichloromethane
0.06 0.001 carcinogenicit CHOLBr
(Bm\/l) g y 2
THVs
dibromochloromethane
0.1 0.001 hepatic tumor CHCIBr:
(mvl) p 2
bromoform 0.1 0.001 intestinal tumor CHBr3
trichloroacetonitrile available data are not
(TCAN) 0.004 0.0005 sufficient CCIsCN
dichloroacetonitrile mutagenicity
(DCAN) 0.09 0.0005 body weight loss, CHCI.CN
HANs
bromochloroacetonitrile -
(BCAN) - 0.0005 mutagenicity CHOBCN
dibromoacetonitrile under test for chronic
(DBAN) 0.1 0.0005 toxicity CHBr,CN
chioral hycrate 0.03 0.0005 liver toxicity CClI3CH(OH),
€H
trichloroacetic acid chromosomal aberration
(TCAA) 0.0005 mutation CCIsCOOH
HAAs 0.1
dichloroacetic add .
(DCAR) 0.0005 hepatic tumor CHCI,COOH

,16,




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

" conditions conditions conditions
item
(THMs) (HANs, CH) (HAASs)
instrume
) GC/MS GC/ECD GC/ECD
n
carrier ) . .
He (1.0 mL/min) N2 (1.0 mL/min) N2 (1.0 mL/min)
gas
HP-VOC (60 m x DB-1 (256 m x 0.25 DB-1701 (256 m x
0.32 mm 1D mm [.D 0.25 mm |.D
column ] ) )
x 1.8 um film x 0.25 pm film x 0.25 pm film
thickness) thickness) thickness)
injector
o 250 200 200
temp.("C)
detector
o 280 290 260
temp.(°C)
init. : 2 min at 40C init.: 22 min at 40C init.: 10 min at 35T
5T/min to 120C, 10C/min to 145TC, 5T/min to 757,
column 5 min at 120C 2 min at 145C 10 min at 75T
temp. 10C/min to 210T 5C/min to 100C
program 3 min at 210C 10 min at 75T
5T/min to 135TC
10 min at 75T
retention ) . .
. 35 min 34 min 52 min
time
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Table 3. MDL results of analytes

[unit : ng/L]

mean

spiked meas. RSD
analyte recovery MDL
conc. conc. (%)
(%)
chloroform 1.00 1.08 108 1.1 0.04
BDCM 1.00 1.07 107 1.5 0.05
DBCM 1.00 0.96 96 3.3 0.10
bromoform 1.00 0.87 87 6.9 0.19
TCAN 0.25 0.30 120 19.7 0.31
DCAN 0.25 0.27 106 4.3 0.04
BCAN 0.25 0.23 90 16.9 0.12
DBAN 0.25 0.24 97 4.6 0.04
CH 0.25 0.27 107 6.1 0.05
MCAA 3.0 2.8 93 15.3 0.6
MBAA 2.0 2.2 110 10.5 0.3
DCAA 3.0 3.4 113 9.7 0.1
TCAA 1.0 1.1 110 7.7 0.2
BCAA 20 23 115 13.2 0.4
DBAA 1.0 0.8 80 14.3 0.2
Table 4. Precision and accuracy of analytes [unit : pg/L]
spiked meas. mean RSD
analyte conc. conc. recovery (%)
(%)
chloroform 4.0 3.8 95 1.9
BDCM 4.0 3.7 92 1.9
DBCM 4.0 41 102 4.1
bromoform 4.0 4.2 104 5.2
TCAN 1.0 1.17 117 12.8
DCAN 1.0 1.04 104 8.1
BCAN 1.0 0.99 99 141
DBAN 1.0 1.00 100 6.8
CH 1.0 1.08 108 9.4
MCAA 15.0 14.0 93 13.3
MBAA 10.0 9.8 98 9.9
DCAA 15.0 14.5 96 10.0
TCAA 5.0 5.8 116 6.5
BCAA 10.0 11.0 110 11.2
DBAA 5.0 5.3 106 7.8
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Table 5. Characteristics of disinfection byproducts on distribution system

[unit : mg/L]
purified
section tapwater1(%) | tapwater2(%) total(%)
water(%)

0.0146 0.0187 0.0230 0.0188

THMs
(100%) (100%) (100%) (100%)
chloro- 0.0118 0.0151 0.0184 0.0151
form (80.8%) (80.7%) (80.0%) (80.3%)
THM BDCM 0.0146 | 0.0028 | 0.0187 | 0.0037 | 0.0230 | 0.0046 | 0.0188 | 0.0037
s (42.0%)((19.1%)|(42.9%)|(19.7%)|(43.4%)|(20.0%) | (42.9%) |(19.6%)
0.0000 0.0000 0.0000 0.0000

DBCM
(0%) (0%) (0%) (0%)
bromo- 0.0000 0.0000 0.0000 0.0000
form (0%) (0%) (0%) (0%)
0.0142 0.0176 0.0206 0.0175

HAA,
(100%) (100%) (100%) (100%)
0.0142 | 0.0062 | 0.0176 | 0.0079 | 0.0206 | 0.0089 | 0.0175 | 0.0077

HAA2| DCAA
(40.9%)|(43.6%)|(40.4%)|(44.8%)|(38.9%)|(43.2%)|(39.9%) |(44.0%)
0.0080 0.0097 0.0116 0.0098

TCAA
(56.3%) (55.1%) (56.3%) (56.0%)
0.0000 0.0000 0.0000 0.0000

TCAN
(0%) (0%) (0%) (0%)
0.0022 | 0.0022 | 0.0026 | 0.0026 | 0.0033 | 0.0033 | 0.0027 | 0.0027

HANs| DCAN
(6.3%) | (100%) | (5.9%) | (100%) | (6.2%) | (100%) | (6.1%) | (100%)
0.0000 0.0000 0.0000 0.0000

DBAN
(0%) (0%) (0%) (0%)
0.0037 0.0046 0.0060 0.0048 | 0.0048

etc. | CH - - -

(10.6%) (10.5%) (11.3%) (10.9%)| (6.3%)
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Fig. 1. General structure of humic acid. system (tapwater 1: tapwater by direct
service; tapwater 2: tapwater through
watertank).
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