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2 o : 3P AFHAG Y5l PA24A=A 2 hypochloriteS 10 pg/mle] FE& T3 & 1A]7F
~ 14¥7}A] TOC (total organic carbon), FF AL & % 52 A 3}3 THMs (trihalomethanes),
HANSs (haloacetonitriles), HKs (haloketones), chloral hydrate 3! HAAs (haloacetic acids) &< @445
FAES] AEES FASIIY. O A3 FRAETFL FAF 1233 B3 Al 6 pg/ml ol A 14
Aol 123 pgml o & At e TOC 2 HEe 2 2o)7h AT 79 F 24 F L5540
E9] =53 101.3 ng/ml (789.6 nM)©] 7 ©] = THMso| 69% 2 7} 2 HlES A& 4t 1 99
HAAs”} 19%, chloral hydrate”} 10% A= &5 2™, HANs®} HKs % chloropicrin 52 V] & 7
Z5 Atk THMs o A& chloroform®] 61.5 ng/mlE % THMs = < 89% B EZ AAsgoH
HANs 9] A& DCAN©] 95%21 0.72 ng/ml, HAAs S A& TCAA7} 50% 502 /b4 =& Hl&
2 AZFHAY 72 FAE A Fo AAAA S ZAE A THMsT HANsS] - THMs| &
%7} 40 ng/me Q) A S AAZ HANs AA 2 T BA7E 5ol UERTh HAAsS F¢= 5
B3 AFES et A oy MAH oz 270 A vE & SFEA At vt 2
SIFEZ HA wstste Aoz #EEA

Abstract : The disinfection of drinking water to control microbial contaminants results in the formation
of secondary chemical contaminants, DBPs (disinfection by-products). It was studied the formation

pattern of DBPs in drinking raw water after hypochlorite, chlorine disinfectant, was added in this study.
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It was determined TOC (total organic carbon), residual chlorine, turbidity and DBPs in raw water from
Han-river during 1~14 days. Total DBPs was 101.3 ng/m{ (789.6 nM) after 7days and THMs

(trihalomethanes) are the dominant portion of 69%. HAAs (haloacetic acids) and chloral hydrate were

determined 19% and 10% respectively, and HANs (haloacetonitriles), HKs (haloketones) and chloropicrin

were analyzed in trace level. Chloroform occupied about 89% in total THMs in concentration of 61.5
ng/ml, 95% of HANs was DCAN (dichloroacetonitrile) in 0.72 ng/ml, 50% of HAAs was TCAA

(trichloroacetic acid). On the study of relationship in formation among the DBPs, HANs forms with

THMs competitively to the point of the concentration of 40 ng/m¢ of THMs. For HAAs, it did not show

the prominent tendency. But it was observed that the compounds of large oxidation state are formed at

first, and becomes to the compounds of low oxidation states.

Key words : chlorinated disinfection byproducts, THMs, HAAs, HANs
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disinfection by-products)S A4 3}
d4E 855 AHIFYE o
(trihalomethane)©] AL o] &
loromethane, bromoform®] A3sEA ¢& Ho7|=
Ao dHA gon! 53] 197630 =Y & AT

Ao
=

7= THMs

% chloroform, bromodich-
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& (NC)7F S22XF] APTEdA 93 dddn
T AL BT’ o8 #A wiel v EPAE
% THMso| ™3 MCL (maximum contaminant level)S-
80 ug ¢ 0.2 S5 A, 5%9] F haloacetic acidol o
3to] MCL #< 60 pug ¢ o2 Atk w3 7
g gk ghg 2o} woldd MXe AlAA& (pulp mill) ¥lE
BolA Hgog AU, 1 F FU B da
2ERNER YEFon AT GFF v] oA
AFE 2 e 585 AlsdA AFE vk Ak
DBPsE ppb (g £) B ppt (ng/ £) AEQ] 2o 5
ErEo s AAH7 i olgS AEded AEs
BE FZEolof dith A7 F THMs2o] 3y
o] & Fi=S Sk WS MA-AAFEH (LLE,
liquid-liquid extraction), headspace % HX|/EH (purpe
and trap)$H Tol lom, HIZde HA-EFHe] 4
B AR H 78 FFA g3l 71 el AR
2 k' wFHe] HAAs (haloacetic acids)Fe =4do] vl
¥ ot A3 GCE2] &4 0] oJ#¢-H alkylation} -2
=43 BG4S Ax EAsor 31, HANs (halo-
acetonitriles), HKs (haloketones), chloral hydrate 5= &
HHAQ) LLE o2 353 F A4 GC= 43t
FZo| HE712 7P 8ol AHEE= A& GCol direct
2 924 mass AZ715 RSk Welth o] W

e BHEAe] BAF 52 EA9 &4 fragment ©]
25 o)gsto] FAY A A WHeEA =
& AeAS zka Qe Aol Aok
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7k JgEe] daTh 2o TheiAE A ds] Tk
e E A (HF 2] Aotdaitat Asfoles A
iaey

Cl, + H,0 — HOCI + H" + CI' 6))

atol@EiARe RtolrR A (2)¢} 2 o] o]
Foizlt.

HOCI — H' + OCI )

o] 2te] pKat 7.50|2F YWkHoZ pH W7} 6
- 891 EAN EAlske #8HES HOCIF OCloltt.
HOCI] OCIRTh B4 o 7% 4%
o] pHE 949 25ETe} Rab2o] By 2 9%
< A €k

= 1?_/\].%9/] /lg/H_Q_ o]g]_ Z:_Lo]

p
=2
o 5 Y BE Ya¥E HEoleE

o ‘%‘Hﬂ"ﬂ HAAS‘E SF ST PRSP B

do] AstEe Aos dE4 "
%‘—‘_%%% Hol| me AFo] Ao|siA|uk
H, 2 )l met AAES] AL
k1l ‘E‘r” Reckhow 52 DBPs7}
ek A BAER g9i ALY Sk 22
DBPs®] A& ~7W7J41 Husgoh w3
o dfE f7124e ZA2FH DBPs (HANs,
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A S A vt oo mE FAE FH
Ao A=W E FHHVAT V2ATEA, §
A A A U drhFRAE] A4
pattern % A% FARE7Re] 4% W3 (transformation)
HAE ZAREA 3kt

2. o

2.1 E& A<

B AFo| A AE-H X552 THMs (trihalomethanes
; chloroform, bromoform, dichlorobromomethane, dibrom-
ochloromethane), HANs (haloacetonitriles ; dichloroaceto-
nitrile, trichloroacetonitrile, bromochloroacetonitrile, dibr-
omoacetonitrile), HKs (haloketones; 1,1-dichloropropan-
one, 1,3-dichloropropanone, 1,2,3-trichloropropanone), ch-
loropicrin, chloral hydrate, epichlorohydrin, 1,2-dibromo-
3-chloropropane ¥ HAAs (haloacetic acids ; monochlo-
roacetic acid, monobromoacetic acid, dichloroacetic acid,
dibromoacetic acid, trichloroacetic acid, bromochloroac-
etic acid)> Supelco == AldrichAlol|lA] #3190 H,
methyl t-butyl ether (MTBE), Wlgh& 2 3Ake J T
Baker/\}ﬂ Fisoa Aloke AR Ty

EF GHIEFS lunseitte]l SEAGS Tt

*l-%o?%i‘i‘r. A E AT AolPLUEF (12%)
+ WakoAtell A ste] ARGl

2.1.1 Stock solution?| =

ZY7+o] FE4 10 mgS 10 md methanol®ll =< 1000
rgml $Ag w50 20 °Cel FAolA HAFATH

2.1.2 Working standard mixture solution2| =

HAAsE A9Jg XFFL 20 pgml XFEFEAS
WS 20 ‘Col gaoIN BB F P Fro] 2
#4510] Ao ALESIAT HAAs BEEL 100 g
W EFEFEAS wEo] 2L o AHgHU

2.1.3 HERZEZHI

B

LE

M=

A2 20000 pg/mé 1-chloro-2-bromopropane

100 pgml o2 3]Asto] A3lol] AUt

FH

=
=

-z

tlo

2.1.4 Ao
5%2 KI7} %

AtEBO| Ha

HA7HE 20%9] oFMEAREH 50 mesk



=51

28 Aol 9o w=ghMo] & uwj7x| F
Akt o719 05% =T A ek &0 1 w2 o}
o FEAo] ghAs) glojd WA AL AL T

¥
i
Lo,

3 Aoldzrgel sEE A

sodium hypochlorite (g/ #) = 3722 x V X N [ A

V = A EoRERY 3] (mL)
N = Besihieg oo wadss
A= HAZ A8 MRS mL

2.2 EM7(7| ¥ EX|

B Ao AME-3 GOMSE AgilentAl2] 6890 GC
2} 5973N mass selective detectorS direct inletS. 2 A2
3k Ao ZA A]EE 7683 autoinjector Z controllerE A}
839 AU AREAS ol B Al
KAYAK PC9} G1701CA MS Chemstation¥} printerS A}
S35k

TOC (total organic carbon)¥ Shimadzu 5000A TOC
analyser, Z+7 8432 ORIONAFS] Aquafast 1T Chlorine
photometer, pH= ORION A}] 420 pH meter, =+
HACHAF] 2100AN TurbidimeterS 217} AH8-3le] 24
STk

Table 1. GC/MS Operating Conditions for HAAs

Column : Ultra 2 25mx 020mm ID. x 0.33 um film thickness)
Carrier gas: He at 0.8 m¢/min. (EPC ; Constant flow)

Split ratio : 1/10

Injection port temp. : 200 C

Transfer line temp. : 250 C

Oven temp. program :

initial temp. initial time rate  final temp. final time

(©) (min)  (Cfmin) () (min.)
45 7 100 230 50
100 300 0

Run Time : 20.0 min.
Solvent delay : 3.0 min.

Group Start Time (min.) Selected Ions (m/z)

1 3.00 108, 59, 77, 79, 41
2 7.00 59, 93, 95, 83, 95
3 10.00 59, 117, 119, 127, 129
4 12.50 59, 171, 173, 175, 127

Copyright (C) 2005 NuriMedia Co., Ltd.
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Table 2. GC/MS Operating Conditions for HANS,
THMs and others

Column : Ultra 2 25m x 020 mm LD. x 0.33 um film thickness)

Carrier gas: He at 0.8 m¢/min. (EPC ; Constant flow)

Split ratio : 1/10

Injection port temp. : 200 C

Transfer line temp. : 250 C

Oven temp. program :

initial temp.  initial time rate  final temp. final time
(©) (min) (C/min) () (min.)
35 7 100 230 50
10.0 300 0

Run Time : 20.0 min.
Solvent delay : 2.5 min.

Group  Start Time (min.)  Selected Ions (my/z)

1 22 108, 59, 77, 79, 41, 82, 83, 85,
87, 127, 108, 110

2 40 41, 43, 74, 76, 77, 79, 82, 97,
117, 119, 125, 127, 129, 131,
155

3 69 41, 43, 74, 76, 77, 79, 82, 97,
117, 119, 125, 127, 129, 131, 155

4 108 49,77, 118, 120, 126, 171, 173,
175, 199, 252

5 140 75, 82, 84, 107, 111, 147, 155,
157, 201

HAAs®] f+=#8} 9H3-2 Thermolyne AFe] drybath
£ ARE-3HATh

2.3 717|244

AF AAYANA DL §AE Table 1 2 20 YE}
W 71712740l wet 659 HAAs B 1659 THMs &
1AAERAES Z47) Eejsleitt. 72t B4ty A
W8] 40-700 amu®] scan modeE FHAHEHS
% Uy 7 BRYE 379 BAoleS AE s
SIM mode® %418} t}.
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2.6.1 HAAsQ| XAz

AR 100 S FHole] WEIEEE
bromopropane 100 xg/ml-&-% 100 x(<} %
s AWK FEHUEF 2
MTBE 5 mE ¥
g &t 5% 2
mS ¥ 80 TollA 2 ]7L
Algth ghgo] B¢ $ a3}

S ol F3AR o eA
—r?/]?ﬂ-\:‘r 22" & =L viald
A3FAT). (scheme 1)

2.6.2 THMs &

AlE 50 ME FHsld WEEFEZAZ 1-chloro-2-
bromopropane 100 pg/ml &9 25 W= H7F3F & 43}

of H X2

YEF 10 g& o] =tk MTBE 2 nls ¥ &5
o] &3 ¥ {7189 & AP &A% FF
FPAUEFS Hrlsld £ELS AAS F viald] $A

GC/MSE EA3}At}. (scheme 1)

2.6.3 7[Et
(1) TOC
TC (total carbon) ¥ +E32 (potassium hydrogen pht-

=z=2 2~

halate 0.02125 g2 100 ml S/l 2o] 100 pgml&
A zZ)Z IC (inorganic carbon)
hydrogen 0.0350 g3 sodium
0.0441 g5 100 ml SFFl Fo] 100 pgmt-&AES A
)& Az F 449 ZFE&NE 10, 20 pgmlo =

A0 T =
335l FH]ETE TOC analysere]l TCS} IC £

EFEZ  (sodium

carbonate carbonate

S 243 F TCAA IC 2438 78 & A3
o 93] ToCS T=E Akttt

Vol.16, No.3, 2003
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< THMs and HANs >

50mL Sample

‘ ISTD(100ppm, 10uL)

Sodium chloride 15¢g
i MTBE 2mL
Extraction
\
\ Shaking 10min.
v

Organic layer
\

GC/IMS

Anhydrous sodium sulfate 1g

< HAAs >

100mL Sample

ISTD(100ppm, 20uL)
Anhydrous sodium sulfate 20g
conc-H,SO, 1mL

1 MTBE 2mL

Extraction

v Shaking 10min.

Derivatization

5% H,SO, in MeOH 0.3mL
y  80°C, 2hr

Neutralization
Sat. NaHCO,3 5mL

GC/MS

Scheme 1. Sample preparation procedures of DBPs.

Q) TFEx
A& 10 mLE &7]0 Yol ZFHA S 7]A]
A& wx9t) & thE £7)9 DPD No. 1 tabletS
o} I & AE 10 ME L*OJ 48] =l
Fhh SA7INA A5y FAF

df of
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254 ol M . B of . ga Y . ukpa) 7 o1t
) == 5449 AgrAEYS JeonA BASS Fls
HACH A}ellA A|g-38k= <0.1, 20, 200, 1000, 4000, 7] go] Aelo]&AEHE o] &3t tfE W&
7500 NTU (Nephalometric turbidity unit) FZ&&4< Ao} FolaE AAY + AUtk THMs, HANs 5 16
ZAste] APFAE AT v, AR 40 mE 87 Z9] P22ERANELS MTBEZ 5% J3 GOMS
o B F = 29700 Hol Hug S5, 2 #40] 7Fsagom, HAAS EAe] 7h=2
718 EFstal lenw S4o] Fal o] HolA
3. Zut & 1F GOMSE A7 $Ao] Brbsste] Fayrehe g
ARgste] WY fEAs)t 3 F £430H GCMSE
3.1 ZFS3 B A1t o]-8-3te] A& total ion chromatogramS Fig. 19 UE}
B30 ZAe FALERAEY 22dE A7 BT
IR 22He AgHA0N oY GHEHE 93 o Table 3] 7t 24 AeAEo) L, pF-E A7), 4
SUEF mE PLPMIERS sl 229D FEEEsldl U 299 Mrozyy de nEd
FEE4VE = 58] £& MTIBEE ARSItk gt ¢ HEFFAY AESA 558 FEIIAT 4 EAL
Hoz F2AG 718 eEe] BAd AT B4 01-50 g FREANN FBAS 099 olde) %
71719 GCECD ti4l GOMSDE AEFoeH 53 A44e RO, AEVAE 0.1-50 g 0
GC/ECDS]| %Rt AEde w4 7 e A= YERT
Table 3. Calibration curves and detection limits of DBPs
Compounds Sel?;:;ed RRT* f;l;c:nz?;n = Y- a; *h ] MDLY, ug/ ¢
Chloroform 83 0.3699 0.1 - 50 1.34 0.0348  0.997 0.1
THMs Dichlorobromomethane 83 0.6160 0.1 -10 0911  -0.00291 0.994 0.1
Dibromochloromethane 129 1.1218 0.1 - 10 1.02 -0.00187 0.997 0.1
Bromoform 173 1.6158 0.1 - 10 0.693 0.00557 1.000 0.1
Trichloroacetonitrile 108 0.5136 0.1 - 10 1.13 -0.0136  0.996 0.1
HANS Dichloroacetonitrile 74 0.6699 0.1 - 10 1.27 0.00732  1.000 0.1
Bromochloroacetonitrile 74 1.2394 0.1 -10 0.846 0.00129 0.999 0.1
Dibromoacetonitrile 118 1.7969 0.1 -10 0.743  -0.00366 0.999 0.1
1,1,1-Trichloropropanone 43 1.3808 0.1 -10 0.98 0.00491 1.000 0.1
HKs 1,1-Dichloropropanone 43 0.7444 02 - 10 1.09 0.00889  1.000 0.2
1,3-Dichloropropanone 77 1.6092 02 - 10 0313  -0.00199 0.994 0.2
Monnocchloroacetic acid 77 0913 5-50 0.84 0.00160 0.998 5.0
Monobromoacetic acid 93 1.438 2.0 - 50 1.05 0.00222  1.000 2.0
HAAS Dichloroacetic acid 83 1.530 02 -120 0.420 0.00141 0.996 02
Trichloroacetic acid 119 1.984 0.2 -20 0.127 0.00104 0.992 0.2
Bromochloroacetic acid 129 1.993 04 - 20 0.150  0.000333 0.995 0.4
Dibromoacetic acid 173 2.367 04 - 20 0.275  0.000590 0.996 04
Epichloropydrin 57 0.6808 02 - 10 0.109 0.00182 0.994 0.2
Chloropicrin 117 1.0731 0.1 -10 0.875 0.00595 0.999 0.1
eles Chloral hydrate 82 0.6521 0.1 -10 0.757 -0.0205 0.998 0.1
1,2-Dibromo-3-chloropropane 157 2.1592 0.1 -10 1.58 -0.0105 0.996 0.1

* . RRT = Relative Retention Time
" . MDL = Method Detection Limit

Copyright (C) 2005 NuriMedia Co., Ltd.
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Abundance 8
THMs & HANs
120000 1: CF 2: TCAN
3: bCBM 4: CH
5: DCAN 6: EH
7: ISTD 8: 1.1-DCP
80000 16 9: CP 10: DCBM
7 11: BCAN 12: 1.1.1-TCP
2 .05 18: 1.3-DCP  14: BF
40000 6 0 11 12 15: DBAN 16: 1.2-DBCP
7 170 MX
| . u14
Time--> 4.00 6.00 8.0 10.00 12.00 14.00 16.00
Min
HAAs
Abundance
MCAA MBAA
30000 |
20000 DCAA
ISTD DBAA
10000 |
| TeAa BCAA
Time—> © 400 600 800 1000 1200 1400
Min
* ISTD : 1-Chloro-2-bromopropane
STD concentration : 100ppb
Fig. 1. Total ion chromatograms of DBPs obtained by GC/MS-SIM mode.
3.2 Ydisls EAzn; 3.3 DBPs MMs
A5 2 FH50 PaAg Aoldas YEFS ® ATAE Aol PaamAel Holglath
2713k & Al7el| w2l TOC, pH, B= % ZAFgLH EFS 10 pgmtd] =7 HEE FAT T X714
o =431990H ol AAATS AXEtA] &L u} A7R] A7bel Aol u}a} ARE ArAERAEC]
gARel ASE W S48, R % 7 EEE TION o] F &% F 794
TOC® pHE dFolxe A9 W7t gllen & 9 A8 FoA AHE AFFAES 7IESE oY
79 A9E Toce A9 AEEA gdth g FRE AEES 1 M 2. 2aueE
Lol FAFA 1A7F F 2,68 NTUIA 14LA o= 4 21%F T AE9 5L chloroform (CF), dichlorobr-
7.68 NTUZ Z7}EQloH Z749 A= 79 w3l omomethane (DCBM), dibromochloromethane (DBCM),
7} At dichloroacetonitrile (DCAN), bromochloroacetonitrile (B-

AFhheE Hx 557 pgmlolA HH 745k 14 CAN), 1,1-dichloropropanone (1,1-DCP), 1,1,1-trichlorop-
dAoll= 1.23 pgml T+ ZFsl= A= ek Hb ropanone (1,1,1-TCP), chloral hydrate (CH), chloropicrin
H ZHF 94 AY3 e e AlFA 6 (CP), dichloroacetic acid (DCAA), bromochloroacetic
oo g AZEH o FRINME At ARHA & acid (BCAA), trichloroacetic acid (TCAA) & & 12%
< AL FRIEAT dut G5 BN A= Table 4 o] HEHUS Table 5914 H+= e} 2o % DBPs
o e AT o] MASS 1013 ng/ml (789.6 nM)oIYL °]F

Vol.16, No.3, 2003
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256 o] AR . T ef. g5

]:H

THMs ©] 69.1 ng/ml (577.1 nM)Z 73.1% (mole H|E&)
o] Hl&S AAEIGTh THMs 9ol= HAAs7} 189
ng/ml (1282 nM)¢] =2 AEEH] 162%S A5}
o, o] £lo] HKst} 7]E} chloropicrin 2 chloral

hydrate™ 7|3 AE= Aok
AR AFRAE AEEE AVREYW, THMs 5
=

chloroform®] 61.5 ng/ml (5149 nMZ 74 £& &

Table 4. Results of some parameters from chlorinated

raw_water
Time (hr) Toc pH HE R
(ug/me) (NTU) (1e8/me)
1 242 6.63 2.68 5.57
2 - 6.64 2.67 4.87
4 2.81 6.61 3.59 over 6
8 224 6.69 4.07 4.74
24 2.73 6.64 4.14 422
48 2.44 6.64 3.58 4.11
72 2.70 6.60 4.58 1.78
120 3.63 6.63 4.40 2.18
168 322 6.57 6.29 1.46
240 3.55 6.51 6.75 1.47
366 2.96 6.65 7.68 1.23

Table 5. Formation potential of DBPs

Formation potential

Group  DBPs
ng/ml nM
CF 61.50 514.90
577.1
THMs DCBM 720 69.10  60.30
(73.1%)
DBCM 040 1.94
DCAN 0.72 6.52 752
HANs 0.88
BCAN 0.16 100 (0.86%)
1.I-DCP 093 s 7.30 11.95
LLI-TCP 075 ’ 465  (1.5%)
DCAA 7.84 60.8
128.2
HAAs TCAA 101 189 618
(162%)
BCAA 0.97 5.58
0.61
CP 010 010 06l
(0.08%)
etcs
65.1
CH 1080 1080  65.1
(82%)
TOTAL 101.4 789.6 (100%)
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Table 6. Concentration of detected DBPs and chlorine

residual in chlorinated raw water as the
elapsed time
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1 1574 86 39 2808 339 457 557
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Fig. 2. Concentration profiles of DBPs.
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Fig. 3. Correlation for the concentration of DBPs.
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Fig. 4. Concentration ratio for the individual and the each group of DBPs according to the elapsed time.
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