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2 oA AHAG o] 24 EA 9 hypochloriteS 10 pg/ml o] FEE T3t & 147+
~ 14¥7}A] TOC (total organic carbon), FFALH & % 52 ZA 33 THMs (trihalomethanes),
HANSs (haloacetonitriles), HKs (haloketones), chloral hydrate 3 HAAs (haloacetic acids) &< @44
FAES] S-S AT 2 A3 ARALFS FAF 1A B3 Al 6 pg/ml oGl A 14
Aol 123 pg/ml o E At e TOC B Hee & 2|7k It 79 F 24 F L5540
E9] =53 101.3 ng/ml (789.6 nM)©] ¥ ©] = THMso| 69% 2 7+3 2 H|ZS A&ttt 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)©] 1L ©]&
loromethane, bromoform®] A3sEA ¢& Ho7|=
Ao &HA glon 53] 197630 =Y o AT

A A7)

% chloroform, bromodich-

& (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
3o MCL 72 60 g ¢ &2 FFAItagleh™ =3 7
2gk ge 2o} ol MXe AlAA (pulp mill) ¥lE
BolA Aoz AU, 1 F FU B da
2ERER YEFon AT G3F v oA
AH 2 e 585 AlsedA AEE vk Ak
DBPsE ppb (ug/ £) BE ppt (ng/ £) AEQ] @e
TR AAHY] i o5 HEded AEs
B F5Eolof it A5 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
3 9Tk W o] HAAs (haloacetic acids) & S730]
¥ 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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7t AEe] dart 2o EIAE A
Bajgo) 4 (1)F o] joldiatmt dzlo)el A
chia=g

Cl, + H,0 — HOCI + H" + CI' 6))

AolRaate ohatolng 2 (2)9} & HFo| o

Foizlt.
HOCI — H' + OCI )

o] 2k9] pKaxe 7.5°]22 Wk o =Z pH W7} 6
- 8% =X EAlste $8E2 HOCIH OClolth
HOCI®] OCTE ot A ©f Zst AxAe]7] o &
o] pHE 949 AZaTS} FikEe] B & JF

= FA "o

o8 Whdo] HAAsE 2714 E ZHeEe7)
AstEe Aos d¥A Aoh”
ASRAEEL pHol WE AHo| AolatA|Rt
Yol whet g A 7b
Aoz BuEa ok’ Reckhow 5& DBPs7}
2ol Ay AEEY di ARF SV 2
5t DBPs®] A4S F7HAFIka Rusdoh'® g
o ¥ fU1dirE ZA43H DBPs (HAN,
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pattern ¥ A% FAFEZRO] AFE W3 (transformation)
WAE 2AsIA S
2. &

2.1 E& A<

B Ao A8-H 175 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)2 Supelco =& AldrichAloll A 3} o H,
methyl t-butyl ether (MTBE), Wlgh& 2 Ake I T.
BakerAte] WREOFF AlokS AMgAlTh 4
EF3 QRUERS Juscirel EFAe Fsl]
Agagt AEAEE 9 RolALIEF (12%)
£ Wakortel 4 F15te] AL8-5gik

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
THEo] 20 °CO ghaelA Hy 5 d9 wikel] %3
A5t Ayl AREEHE HAAs EEFS 100 pg
nl FFEFEYE whEo] 2 o ARSIt

=

2.1.3 UFEZEEH

M=

il

YHEFEZL 20000 xg/ml 1-chloro-2-bromopropane
EAE 100 pgmt o2 FAste] Ao AREstAT

2.1.4 XNotgLMLERS| Hat

5% K7} H7H 20%9] otHMEARE 50 mist
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Table 2. GC/MS Operating Conditions for HANS,
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252 o1 FRY . ZH e wE 5P - uk P
AotAUEE 8 100 2 42 T, 0N E
QIMIEFORE fodo] ¢l wghlo] & wj7hA] 3 THMs and others
AsA: 7)o 05% =L Aok Lo | = ost Column : Ultra 2 25m x 020 mm LD. x 0.33 um film thickness)
7 FEdel 93 Qold kA AAe A F o e st at 08 nijmin (BRC Comtant flow
o Aol o8l Aokazigel FES AN, e €
Transfer line temp. : 250 C
sodium hypochlorite (g/ #) = 3722 x V X N [ A Oven temp. program :
initial temp.  initial time rate  final temp. final time
V = A8 B RSAIEFS] F3) (ml) (0 (min) (C/min) (C) (min.)
N - HOAIES Q9] Lagier 35 7 100 230 50
A= AAZ AEE AR mL 100 30
Run Time : 20.0 min.
2 5 BMI| U R Solvent delay : 2.5 .mm. ‘
Group  Start Time (min.)  Selected Ions (my/z)
£ oA ARE-SF GOMSE AgilentAl] 6890 GC 1 22 108, 59, 77, 79, 41, 82, 83, 85,
2} 5973N mass selective detectorS direct inletS. 2 A2 87, 127, 108, 110
Sk Ao 2 A|BE 7683 autoinjector 2 controllerE A} 40 41, 43, 74, 76, 71, 19, 82, 97,
g3t FYUSAL. AmBAS Ase HP Al o 1 L
KAYAK PC9} G1701CA MS Chemstation¥} printerS A}
asra. 3 69 41, 43, 74, 76, 77, 79, 82, 97,
& 117,119, 125, 127, 129, 131, 155
TOC (total organic carbon)= Shimadzu 5000A TOC 10.8 49,77, 118, 120, 126, 171, 173,
analyser, Z+7- 4% ORIONA}S] Aquafast I Chlorine 175, 199, 252
photometer, pHE= ORION A}9] 420 pH meter, v 140 75, 82, 84, 107, 111, 147, 155,
HACHA}E] 2100AN TurbidimeterS 2H7} Abg-3te] 27 57, 201
e HAAs®] $=A48} 93-S Thermolyne AF9] drybath
Table 1. GC/MS Operating Conditions for HAAs & AhSsei.
Column : Ultra 2 (25mx 0.20mm LD. x 0.33 #m film thickness) 2.3 7|7|2Mutd
ot e 1 i (EPC s Consant flow AR AN A §4E Table 1 % 20 e}
njection port temp. : 200 C A 7171200 we} 659 HAAs 2 1659 THMs &
Transfer line temp. : 250 C HEASAES 247 2Ysideh. 2t Edvd dg
Oven temp. program : ZAPE9] 40-700 amud] scan mode® AHFAHEH S
(©) (min) (C/min) () (min.) SIM mode& #43}%{th
45 10.0 230 50
00 3w ) 2.4 M TN W A A
o gAgel WEEFEAL e BFEA EF
Solvent delay : 3.0 min TS FEEE 01200 ng/mt7hA] H=S H7FHS
Start Time (min)  Selected Tons (ny2) AEEAT A wHeR dAHF F GoMsel
3.00 108, 59, 77, 79, 41 2z} 2 W FAste] BAska, A5 4 AR
7.00 59, 93, 95, 83, 95 Tl mE voja AR 9 T WiEE=d
%, 117, 113, 127, 129 o) WANlo] weh AgS AHea SN H7E 3 o
P L 4 He AAEE AEWAZ Falt
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2.6 AIEZ & Az|

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 21 80 TollA 2 ]7L
Algth gho] B¢ § X3

g ol FR o o
—r?/]?ﬂ-lﬂr 2 & & v1a1°ﬂ %7 GC/MSZ
A3FAT). (scheme 1)

2.6.2 THMs 32| & Xz

sl WEEFEZZ  I-chloro-2-
A7het 3 4}

A8 50 mE
bromopropane 100 ug/ml £ 25 WE *

UEF 10 g& %ol =tk MTBE 2 nl& ¥l &5
of FE F 718 = APl HAH ¥
FHIEFS It F22 AAR F vialol &7

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 carbonate 0.0350 g3} sodium
0.0441 g5 100 ml SFFl Fo] 100 pgmt-&AES A
2 AZH 5 474 BFEAS 10, 20 pgnlOE

335l FH]ETE TOC analysere]l TCS} IC £

EFEZ  (sodium

carbonate

< AT F TCAA IC SRS AT F A=A
o 9J3] ToCe =5 ALttt

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

i 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.
@) HFax
A& 10 mLE §7]° Yol IFax F471AM
e g9tk & k2 £7)9] DPD No. 1 tabletS ¥
o] T3 F A2 10 nZ Yol A8 2l e,
FHL 47104 AR AFRdLFS SHA
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() == 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 AR § F E4skith GOMSE
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 el pgpe St YIS0 s,
Chloroform 83 0.3699 0.1 - 50 1.34 0.0348  0.997 0.1
Dichlorobromomethane 83 0.6160 0.1 -10 0911  -0.00291 0.994 0.1
THMs 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

Analytical Science & Technology



S8 A5 Paamol oF 2HRAE AYWE U AT 255
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 5 18: 1.3-DCP 14: BF
40000 6 011 12 15: DBAN 16: 1.2-DBCP
7 17: MX
ﬁ L u14
Time-—> 4.00 6.00 8.0 10.00 12.00 14.00 16.00
Min
HAAs
Abundance MCAA EAA
30000 |
20000 DCAA
1 ISTD DBAA
10000 |
] m TCAA || BCAA
Time—> 0 400 600 800 1000 1200  14.00

Min

* ISTD : 1-Chloro-2-bromopropane

STD concentration : 100ppb

Fig. 1. Total ion chromatograms of DBPs obtained by GC/MS-SIM mode.

TOCS} pHE HAolAe A9 ¥t gislen 5
74 Afe ToCE AY HEHA ¥t g=e
Aol AT 1A F 2,68 NTUA 1497 d=
7.68 NTUZ Z7}5%1eH 750 e 79 Hil
7h ATk

FAFALE HZ 557 pgnlolX AA 2aste 14
A= 123 pgml 7+ JFse AS= e B
H SHT E4 A As iFEe] A5 6
ooz AZHY FHFAME d4vF AREHA &
2 AL IRNEIATE UGNt FE A ZAI= Table 4
o e AT

Vol.16, No.3, 2003

3.3 DBPs MMs

B ATINE Do P2aSAL Aobgiint
EFL 10 pgnie] FEI HES FAF F 1AK-14
DA ATA A 49 gaLERLE
% 2 7 5 Pogor o] F &5 F 794
o AR FAM HHE LSPIES FoE Sl
TR AEESE 7 uee 2Rt BAUE

A 21% ¥ AZF FE-L chloroform (CF), dichlorobr-
omomethane (DCBM), dibromochloromethane (DBCM),
dichloroacetonitrile (DCAN), bromochloroacetonitrile (B-
CAN), 1,1-dichloropropanone (1,1-DCP), 1,1,1-trichlorop-
ropanone (1,1,1-TCP), chloral hydrate (CH), chloropicrin
(CP), dichloroacetic acid (DCAA), bromochloroacetic
acid (BCAA), trichloroacetic acid (TCAA) & & 12%
o] HEHUS Table 5914 H+= e} 2o -’;& DBPs
o] MASS 1013 ng/ml (789.6 nM)oIYL °]F
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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%)

cukgz)? .

AR oL’

=

7} AEHNeH F THMs FolME 89.1%2 HlE&S
AA&k4Tk olo] Hls] DCBM# DBCMS ztzt 72
ng/m¢ (60.3 nM)T} 040 ng/ml (1.94 nM)e] FEE A
=R o bromoforme HEH  HEFA Gtk
HANs Z9|4E DCAN©| 0.72 ng/ml (6.52 nM)°]"7
BCANS 0.16 ng/m¢ (1.0 nM)E ZZ AZEH
HAAs Zo]AE DCAA7} 7.84 ngml (60.5 nM),
TCAAE 10.1 ng/m (61.8 nM), BCAAE 0.97 ng/ml
(5.58 nM)o] 247t HEHJUY 1 & AFIERE
chloral hydrate”} 10.8 ng/m{ (651 nM), chloropicrin©]
0.10 ng/mé (0.61 nM), HKs <1 1,1-DCP$} 1,1,1-TCP
7} Z¥zt 093 ng/ml (7.30 nM)F 0.75 ng/ml (4.65
AZEH AT

3.4 AlZHll 2 ASHANE A2t

SIL @ 02 A5 d5E 942 A Hs
AAREE 3 24A13F o] dfel] 7Fg 02 gkl Qe Ao
ﬂi ueba] Ao wE AEFAHEe
s ZA}Q Za7} ek £ AFelA
AIZHRE BF 8] st
XP & EUE AT wE &
ZAYate] Table 69 YERAIE

fru
jﬁ

& 2 4"{‘
L %0
1 o

Table 6. Concentration of detected DBPs and chlorine

residual in chlorinated raw water as the
elapsed time
Elapsed DBPs (nM) T
Time, r THMs HANs HKs HAAs 718} Total (ug/ml)

1 1574 86 39 2808 339 457 557
2 1689 113 45 2093 343 3940
4 2194 189 57 5082 970 7522 over 6
8 2062 220 7.1 1414 1384 4367 474
16 2971 251 70 1343 1966 2633 422
24 3665 238 80 2910 2224 6892 422
48 414 225 137 1006 3216 5782 411
72 4618 201 156 728 4510 5703 178
120 5115 97 99 7137 4383 12444 218
168 5771 76 119 1282 6558 7240 146
240 6702 45 110 1221 6989 8078 147
336 4646 17 85 1113 6651 5860 123

over 6
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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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