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ABSTRACT

DBPs and T&O(taste-and-odor) compounds in drinking water is one of main source to deteriorate water quality. So,
these compounds can cause adverse health effects and result in many consumer complaints aesthetically. This exper-
iments carried out to investigate the effect of boiling water on DBPs and T&O compounds in the tap, water. THMs and
TCM concentration were reduced by 91.3%, 88.9% after 5 min of boiling, respectively. It is certziiply[ resulted from vol-
atilization of TCM. TCAA concentration decreased when the water was boiled, too. By contrast, the concentration of
DCAA was increased with duration time from boiling-point. The reduction of TCAA from the boiled water can be attrib-
uted to chemical transformation like decarboxylation. T&O compounds such as geosmin and 2-MIB was effectively
removed by boiling of water, resulting in the removal efficiency of 97.1%, 94.4% after 5 min of boiling, respectively.
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2 HE(bromide)S FH3 distd & FolA
DBPsell thidt #d9 FTFE TAI] TXAAs

(TXAA, trihalogenated haloacetic acids), THMs -2
7r43t2 DXAAsS(DXAAs, dihalogenated haloacetic
acids)e F7HEIOR wTBee. S A 59
o] 2ol DBPse] B Wah B Aol 4 B =
Z 5ol distd 2&s A7 ARZE Aok geosmin
2-MIB(2-methyisoborneol)?} 7+ o] ] f-Ez o)
7% @7](air stripping)ell THE Aldle RIEYL
7 YEFEEH S| oA A7k 2 A0 2] &)
sl 7HdEHA dgE AL Adstae e dF
£ 373 Aol

w2, £ Aeaie oEE 2 S8 F
2 AZHL A= DBPs FollM Al Asi=rt w2
& Zlo® ¥4EA Je THMs, TCM(chloroform),
DCAA(dichloroacetic acid), TCAA(trichloroacetic acid)
g TRl Ue FFEL de=E BH9e o JEt
U= 932 Frislaat stk B8, geosmint 2-
MIBdl| thaiMe= 24 whgYoluh gaEdeoly oF
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1. MEEs W Al

A3 2L DBPs?l 7+ THMs, TCM, DCAA
2 TCAA 4508 XA o)Fv] IJE-2 geosmin
3} 2-MIB 2502 X33

THMs3#} TCM-2 200 ug/m! stock solution(Supelco,
USAYE AHE-31%1S. DCAASH TCAAS HEFA|FE
Zyz+e] FE7) 60 ug/mi, 20 ng/mi) stock solution
(Accustandard, USAYS TFull&te] ARE-3}SIT) geosmin
3 2MIBY EFAGLE 0.1 mgml stock solution
(Wako, Japany2 methnol® 2 TAH O 2 g Ml A}
S3loict. 22| A AME BE A% analytical
grade o4& AMEISAT

2. Mgy

E AFA ARE AIEYS G AN Ad
FEEFRFELE 55 045~075 mghs F=EA oA
AFstS X7 A= wAEl AR T AMSEIA
t}. DBPsZ THMs, TCMel| dE Ao £ A
S T2 ARE3I DCAA, TCAA, geosmin
2 2-MIB9] Aj&el AMEE AlZA-2 BlE5E (blank)
7 Be Fg aEEle £EE Y EEEFES <

Ao F spikingsld AHEBIATE AP Fole A7t
73l wel DBPss} olFn| HREAY] w5 WIE
Lol WAog R Eon FAME Alzie] 7

#3tel] w2 DBPs9}t ©|FHv] fLEZe] Bx
& gohny] Asel M=ol dhx %FE U3 (control

212
as

sample)yS AAIEIE T

Algdde] 71 222 AEY 1B 2z 2y
A2 vlojA B3 FAo] gle HE Adelelx =
dHog F7|7t MiFEES 3 F BAVEAE dER
A3l 7RIS o83l o]FojFTh Al o]
#7] Alaet A" Al BEolx 7EAFRIAIE
13 7] B & AlEE ARSI AF7H

S DCAASH TCAAE AHd “delioll4 methanol
2 {=AsAIZl § ECD7F A" GCE 45
"2 geosmin®} 2-MIB= SPME fiber(DVD/Carboxen/
PDMS stableflex)& AHE-8t] GC/MSE #4381t

1. CH&EE o3

oA ok S 9 w=EE R FAVE,
WrsF 2 52 EAo] Table 19] A Ut
ZU oM E THMs3 HAAsES A8t le
THMsZol= TCMS HAAse DCAASL TCAA 2%
o) 31l HAAR TAIsIE AUt HFo)XE THMsO)
aiMe 429 oz FASY T HAASE 559
oz Alst Qich olel wiated dE-2 THMs9h
ol& Al 4% Z4zte] THMOl sk 437150
AAEle] YT DCAASH TCAA sl sjEzo=w
TAER Sk, tlEAQ] o)FHu] =2 geosming
2-MIB9] 4% Ao Faligt 4wy Ed=2 BEEHL
AX7F F=RHY = Y] HEo e} mlFel e 5
ArNFez dHo| Hol U gl vt deldso}
FEIoAe FEE) gigt 749 Aujd Borg 3
B3l A A EEE HAsie] FEleka e A

Table 1. Class, drinking water quality standards and cancer group of DBPs and taste-and odor compounds

Drinking Water Quality Standards (ug/l)

Compound Class Cancer group’

Korea USA Japan

THMs CBP* 100 80 100

Chloroform " 80 60 B2

Dichloroacetic acid " 100(HAA,") 60(HAASY) 40 B2

Trichloroacetic acid " 200 C

Geosmin earthy-odorant 0.01

2-methylisoborneol musty-odorant 0.01

' HAA,=(DCAA conc. + TCAA conc.)um

% HAA;= (MCAA conc. + MBAA conc. + DCAA conc. + TCAA conc. + DBAA conc.)ym
% Group B: Probable human carcinogen(B2: Sufficient evidence from animal studies); Group C; Possible human carcinogen

4 chlorination by-product
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o2 4EA UM e, dRME geosmind 2-
MIBol| Wil 47158 27} 10 ng/l2 AAse] &
ek Utk ¥dE 55 A¥EH DBPs oA
TCM3} DCAAE B2 25202 A=) 93 TCAA
v C 2808 d4se] »E Wb ERE EEEY
2k WA geosmind 2-MIBE FE-2F 0|4 2] wakA
I Aol UE Ames testd} Umu testll4] BF wHol
Aol giRon THEEY] HYHNTE o83 A
A ol FAFANZ FMA oV e FLBIA] WU B
= B FE A7 FEjd 4n)d ggEdE 2
FH2 Aot

Table 29A= DBPs®} ©]39] REEZ) ek 54
E4 AASAT BIL o 8EE dF ol A
Axle Ae 7t £49 FHLaE(volatilization)#
do] Aok 7+ B FugE 3 Henry's law
constant), FA}Z(MW, molecular weight), 57 (BP,
boiling point) 57 72+ o] JEFe won» 5
3], daldge 2% weha vleshy o] #AVt &
SFE Al W BN 52 Fuae Ao
I g F ek Smith 9 g7t 047 kPa-
m*/mol(4.64X 10° am-m¥mol)2ct & o 3jdkAdo] 7
3 222, Aot 000133 kPa-m¥/mol(1.31X 1075
atm-m*/mol)2C} 22 wf JAdo] e BEXZ EFe}

= 9 °olE IFeE A TCME A|Yslae
tE diEde HwA Fubgo] v Zlow 243t
& AcKTable 2). &71olM DBPsol| #ARA g4
£ US EPA(RIE &%)l 7idE HENRYWIN
E20WS o83k 3 Krasner 579 AHE &
slon olFn B e Pibazar '] =FoA
a2t

DBPs¢} o|FHv] §3240] giE Algds #IS
o AAAZE ¥E 7t B T% Folg Yol Hi
DCAAE A8 BE EZ9| F&rt Al7to] Aag
mE} ZhAstThFg. 1). o1FHT F2E20 Geosmin
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Fig. 1. The effects of boiling water on the concentrations of
DBPs and T&O compounds.

t}. DBPs® THMs$ TCME o]} A3t Ak
ot TCAAT Azko| g uje} Aoz 7+
ot U Hid571slEER] TCMRHE 724
AE7) Yot} 8hH DCAAS FEE 3082 #Y 1
7 AEAR " Z7rs14Th
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2. DBPs®| M7 ZE

oA wXgE Al el (control sample)st 3291 Al
oAl THMsY TCMY $ & v]rd}S)rHTable
3). ALoA =g AlFe A7ko) Al ula) 2
FHA9} R718o] WHS3IHA THMseF TCMo| zz}
23.0~274 pg/l, 18.0~21.2 g/ W% Z7ksh= A4S
yehdoh. v 32l AlF9e #ole A7k
we} et WolRlE A% B SES BAS A
THMse} TCMo| 91.3%7HA] AAEJAE}. Krasner 5
9 dolME gastd B8 18 B9 B3E B
TCM®] 34% 743193 5% 5 B9 4% 97%
7HA] 22T IS0 B, 1E ER 5
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Table 2. Properties of the studied DBPs and taste-and-odor compounds

BP Henry's Law Constant

Class Compound Abbreviation ) (atm-m?/mol) MW
DBPs Trihalomethanes THMs
Chloroform TCM 62 3.67x 107 119.37
Dichloroacetic acid DCAA 194 3.52x 107 128.93
Trichloroacetic acid TCAA 197 1.35x 10® 163.38
T&O" Geosmin GSM 270 6.66 x 107 182.31
2-methylisoborneol 2-MIB 197 5.76 x 10° 168.28

*: taste-and-odor compounds
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Table 3. Comparison of THMs and TCM concentrations (j1g/
[) between the non-boiled sample (control sample)
and the boiled sample (tap water)

Duration Control sample Tap water
(min)  THMs TCM THMs TCM

0 230 180 23.0 18.0
16.0(-30.4%) 13.0(-27.8%)

3 . . 9.0(-60.9%) 8.0(-65.2%)
5 - - 2.0(-913%) 2.0(-88.9%)
10 250 187 ND' ND
20 . . ND ND
30 274 212 ND ND

" ND=not detected, ~: are not experimented

k. o9t Zo AlgAg Eol ik THMs 3 TCM
9o FE7b Yol AL THMss R8-S AXsh=
TCMe g7t #AX 3y EdE BFFHe
TCM™e] F71Fo2 3aeo] oA AAHSHA] of
2oz g

ANEdde #9E ©W DCAAS TCAAE THMs#
TCM#H= thg S Yeblth(Table 4). DCAAS
Bole Aol AHREEE Rt 718K 3087 8B
3 Flle 4207 ngts WERTh 2l TCAAE &
ol A|7to] AMTE Tt 7HAsle] 3087 29
Folle 932 Rolxlth. &, DCAAE 3~30%9
29 A7 B 11.0-6355%Z F718193L TCAAE
14.8%~65.7%% 73A51ATH WA ALo)x) wkx]g A
Yol =9l DCAASH TCAA 5EE ZH7 53.5~635
pgd, 25.2~28.7 ug/!l HAE Ho|r §9)3 A Ro|
| ghslt}. B3] DCAAE AlFAE Boles A7te] A
FArE FTIt AT ATS BAE U, ole Al
Hdel 718 § E 9 2HFA4e DBps HEHT
2] Qhgoll 2)3 DCAAS] A Z7F Adge] H3
Table 4. Comparison of DCAA and TCAA concentrations (pg/

[) between the non-boiled sample (control sample) and
the boiled sample (spiked tap water)

Duration Control sample Spiked tap water

(min) DCAA TCAA DCAA TCAA

0 572 271 572 27.1

1 - - 635(11.0%)° 23.1(-14.8%)
3 - - 784(37.1%)  21.5(-20.7%)
5 - - 94.1(645%)  19.9(-26.6%)
10 535 252 1203(1103%) 15.3(—43.5%)
20 - - 350.0(511.9%) 12.0(=55.7%)
30 622 287 420.7(635.5%)  9.3(~65.7%)

" (%) = cumulative percent change (from time 0)

W Trend [ |(=30CAA |
QOO Trend I {C=3TCAA |

250

Boiing Tine(min)

Fig. 2. A plot of the amount of DCAA,TCAA vs. boiling time.

T W2 FE3 o] 3wAo] v ol sl
7t & =7 e DCAAS B9 7Ilehe e 2
Er}, Krasner 599 970X E DCAAT} 18 &o)
= B¢ 59%7F STRIAT ANEAA B Fof 2t
F4e} DBPs A7EdA 71d k3ol s F7t
oz A4E DCAATY 3do] I3 8y =7}
A% & Bt ¢k8 4+ U&S AR ¥
TCAAE 5% #ole B9 30%7H ZAsiitla Bar
e U, ol ¥ 979 AHe} v 99}
Zro}] TCAAZ}; 743 AL B39 decarboxylationd))
oJ3] TCMO.E Hol*9xlo] Fuelg)7] gEo g AlR
Hr},

Fig. 20)M= Alddel #Y A7 7o) uel F7]
2 HiEyo) 243 RHE 723 DCAAS TCAAL]
Aol ke vehyglcl. T DCAAS TCAAS)
FEIF AlZo] AABIAA AR BalEA g
s ZAsE Alg o] ol vlgdle sEEn
73318 DCAASH TCAAS Atfake] Fol= 7h2t &
AM B FA4 18 428 5 9o a2y A
DCAAS] 92 ol AZke Aol wal 27] 572
pgollAl 208 Foll H3 147.0 ugZkA Ekshhrl 2
o) 3] ol AFE JE Y TCAAS] &+ %
7} 271 pgol A 308 AT Foll 1902 Al wo}
A FolE BTk w7 238 #Y S
DCAAT FZolu} do o3 &3/t & =4 g3 o
A BEFE AT B4y, v TCAAE Fol £3)
HEe Acs Jehdt

3. O|%lO} RUEES] MH HY

geosmin¥ 2-MIB7} HiEo] U= & Fo|d A
Azt 7Fsdt A #Rlstza AEe JWEHATH(Table
5). oA WXF AN Alzbo] gl we}
geosmin 2-MIB7F ZfZ} 102~104 ngfl, 125~134 ng/
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Table 5. Comparison of Geosmin and 2-MIB concentrations
(ng/l) between the non-boiled sample (control
sample) and the boiled sample (spiked tap water)

AR - AAH - Y

Duration  Control sample Spiked tap water
(min)  Geosmin 2-MIB  Geosmin 2-MIB

0 103 125 103 125

1 - - 32(-68.9%) 42(—66.4%)

3 - - 12(-88.3%) 17(-86.4%)

5 - - 3(-97.1%)  7(-94.4%)

10 104 134 ND 2(-98.4%)
20 - - ND ND
30 102 131 ND ND

2 A9 H3rt ISt vha 8 Algde A7k
ol wel FErt Yolxle AR
5% Fo 97.1%7t AASRLH 2-MIBE 10% Tl
98.4%7F AARACE AAZ ¥ =30 dlz EF 4
d 2 A 3] FLelMeE HAE AT £
Fout, Ajgdo] #71 AldshdA o R A H
o). WA geosmind 2-MIB7} 4ks) 3] o] #
otElE 33 YFE FRE e 5AS 93 FHuAol
Qe HE23F (terpenoids)@] 22 79Her o] 71Fo)] <
3 o2 B2z w3y #EH0] B tir]Ee
Z e AAHINSTE FRE & Ao =3,
geosmin® 2-MIB7} 5449 {7 &2 HE
o] Ex] kgl ety x| At s dla
A7) Z7VsRe AOE geosmind 2-MIBS] §)'@hahg-
ol 71q3HNE Aoz AlgHT
wv.ag2 B

B A3 DBPs4t geosmindt 2-MIB# 742 o3
n} fahEgo] vlwA §eAo| Zsla doll ket A
off 2RIsl] 912] BAES T3l Sls AlEYE o
Aoz BHE W vehts 9 @ g9E golry
A P e 2 A ted 2o

1) DBPs% THMs¢®} TCM FEv Fzkgo)] s
AENE 587 3B Foll 7kt 91.3%, 88.9%7F A A
=i

2) 5k DCAAE Eole AlZbo] Axshl we A
el Rylr} 7hiags Al FEot Asshe A
Hel 308 A Foll 4207 ug/l635.5% Z7HWHA =
7FetA oL TCAAY 7% 302 23 Fol 93 ugl=
65.7%7F ZAase 238 el

3) Geosmin#t 2-MIBE -3t Al@HS 587 8

il

S

3o 712} 97.1%, 944%7t o] Ao s 3
dtelo] AAZ 2 FHe FoE vgit.
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