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ABSTRACT

Recently, significant contamination problems by residual chemicals have occasionally been occurred from
major rivers and drinking water in Korea. Therefore, the management for use of them and risk assessment
should be more strictly performed. In this study, we have analyzed trihalomethanes in treated water samples
taken from water plants located in the region of four major rivers (i.e. Han river, Geum river, Youngsan river
and Nakdong river) in Korea for eight years (1997 ~2004). From the data, we could assess the excess cancer
risk by calculating the chronic daily intakes (CDI) multiplied by individual oral slope factors, Q;*, for the
cancer suspected matters such as trihalomethanes, moreover the hazard index which is calculated by dividing
the CDI by the acceptable daily reference dose (RiD) was determined for the risk assessment. As a result, in the
case of 95 percentile excess cancer risk, it was shown that the excess cancer risk for dichlorobromomethane in
the Nakdong river region is highest among the tested samples as 8.73 x 107, The 95 percentile total hazard
index (the sum of individual hazard indices considering RiD), in addition, was below 1.0 for all samples, and
therefore it was assessed that water samples taken from treatment plants of four major rivers are not harmful.
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mL W AFepaTe 100 pge] FHH=% 4 =5
AL ¥ vekEE A4 A 5 wpiE
31 Fetiag ES5oM EFstd AR
WRxFEAL flyorobenzened 1,2-dichloroben-
zene—dso] Zt7 200 ug/mLE 53 W EEFE
A E34de 1wl iz dsghEz 3]A3e] 50
ng/mL2. THEoIA ALg-3}3Ich

40mL N a2 a7
A& 40mL

———— ofATE A 25mg
* 6N-GAL 2~31)-2

SmL

< 3EFEFE (SOppm) 1L

Y

Purge & Trap

Y

Scheme 1. Sample preparation procedure of THMs.

Table 1. Purge & trap parameters for THMs

- Purge gas : 40 mL/min (He gas)

- Desorb gas : 20 mL/min (He gas)
- Standby < 32°C

- MCS standby temp. : 100°C

+ Purge : 11 min

- MCS desorb temp. : 35°C

- Capillary Cooldown : ~150°C

- Desorb preheat : 220°C

- Desorb : 1 min at 225°C

- Inject : 0.7 min to 200°C

- Bake : 10 min at 225°C

- BGB : OFF - Auto drain : ON

MCS : Moisture Control System, BGB : Bake Gas Bypass

« Prepurge : 0.75 min

+ Dry purge : 5min

A8 5mLE 7|E7F AR A A7)
& F WreFEd S0pg/mL E3H8 1uLE A
7Vsted HA-EWI GC/MSE o843t AaE
243}9]c} (Scheme 1). Table 13} Table 26 A& o]l
AHe-E H2-E8] 2713 GOMS 271& #4244

A

Table 2. GC/MS operating conditions for THMs

- Column : Ultra-2 (Cross-linked 5%
Phenyimethylsilicon, 50 m X 0.2 mm
1.D % 0.33 um, film thickness)

+ Carrier Gas : He at 0.5 mL/min

- Split ratio : 1/100

- Injection port temp. : 200°C

- Transferline temp. : 250°C

- Oven temp. program :

initial initial rate final final
temp. (°C) time(min) (°C/min) temp. (°C) time (min)
35 5 1.5 55 0
5.0 130 0
10.0 200 2

« Run Time : 42.33 min
+ SIM mode (solvent delay : 3.0 min)

Selected Ions, m/z

(85, 87, 50, 52, 62, 64, 94, 96,
66, 101, 103, 61, 84, 49)

(96, 61, 63, 65,77, 79, 130, 128,
132, 83, 85, 84, 49, 97, 99)

(97,99, 62, 64,77, 110,78, 77,
117, 119, 96, 70, 63, 83, 85)

(63, 62, 130, 132, 174, 93, 83,
85, 96, 75, 77)

(75,77, 110, 91, 92, 97, 83, 99,
76,78, 63, 127, 129, 131, 107,
109, 188, 166, 164, 168, 85,
112, 114)

(112, 114,77, 131, 133, 91, 106,
173,171, 175, 252, 104, 78, 51,
166, 164, 83, 85)

(83, 85, 106, 75, 77, 110, 105,
120, 156, 158,91, 126, 120,
119) -
(119,91, 134, 105, 120, 77, 146,
148, 111, 150, 152, 92, 157, 75,
182, 180)

(182, 180, 145, 128, 64, 225,
223,227, 260, 157, 75)

Group Start time (min)

1 3.0

2 6.0

3 8.0

4 12.8

5 153

6 23.3

7 27.85

8 31.60

9 37.0
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QA 1A HAhE A el n 9k
7} (risk assessment)$} 9]3l = 2] (risk management)
wobz vy 4 Jew, 14 WAk o e
#}q) (hazard identification), =& 7} (exposure ass-
essment), 8-=F-1k-2- 7} (dose-response assess-
ment) Y ¢ = ZAA (risk characterization) .2 T
& 4 A (Pyo eral,, 2001). 1A &l 30
229 =2 A ARA SAARE FIe] A
FHol 3, w2 W} A SHEAA A A
w3 432 w2 UE =2 770 5 B4 2F
Foz FA =& ARG $F-we A7k &
A|ELS L B —‘r—%ﬂ A=A F
#77) of 3k Az fAE %}il %’fl%HE |
e B3 2 AAE 1A ‘/}E}
of &% x=Z3el A FS)AT} ‘%‘ﬁo e
5 98 == vJeldit) (Michael er al., 1994).

2 gdFelrM= THMse| gk §3-uks H7}
AFAE FARAE B dbAdel e iy
(oral slope factor) Q,* ¢} v dtAo] & 1Y &
Z (F33h) RDE T3, AA AEs=el A%
AQAxXE Ax = A 1Y xZ (chronic daily
intake, CD)S& 2 Z3&-F o= AAR & 7} 22
of &l <Al sl =5 AArstg 2242 THMs
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Table 3. Data of risk assessment factors and cancer groups
(U.S. EPA, 1996)

Qv* RD Cancer group
Compound —  Kg/day)” (mg/ke/day)  (EPA)
Chloroform 0.0061 0.01 B2
DCBM 0.062 0.02 B2
DBCM 0.084 0.02 C
Bromoform 0.0079 0.02 B2

o g 1A Y=t kel o Zapdeks]
&) %= (excess ancer risk, ECR)Z A4}zl CDI 7ol
el g Fsle] AAsolod, vpdehAde] o
A8 X 4> (hazard index, H)*= CDIZ}S RiD=E YU
o] A5k} (U.S. EPA, 1996). THMs®] *otAj o]
gk Qi*e} wiHgtAdel 2J&k RDZE-E Table 39
epele
AA =27} 74]*“1] AHgah A8 zlm F I
Hel AF AFE 6l kg (RFREHTFATY, F7]
EFA 9 Z‘—"}—“i——l—/"], 19979)&, 4o 45 44
22 [.4 L/day (90% %keo] 2.0 L/day, U.S. EPA,
1989)& AHg3tel e, o] 5 22 normal dis-
tributiong A}82-3}ed simulationg 4=3)s}edv}. &
445 B3 2% 7|zH 30 (USS. EPA, 1989,
FAAD) ez AAbstelar, 71 AIZEe kAl 9
A% st B A9 $R 779 (A
7349, =} 8049 : SA A, A, 20023)L A}
geidon R Ae w21 2 20
& AFgaielek ol WA 19 ZeH(CDL: B9l
.mgﬂ«g/dawf st 2e Aoz AN =
3 HETA ol3lE vehd AR M= HE:
] wxel 12 %4¢ Aol 2% Azel Z
FAA At
9T x xZ7)7Fx 3654
x19 4,45
(A% x 71 WA ZE % 365)

CDI=

=+¢] : CDI: mg/kg/day
xZ7|7} year
A kg

© 3= :mg/L
1954 AHF L
7\ A7} s year

AA elA] x=2F AAHS- Monte-Carlo simulation
(Crystal Ball ver. 4.02, Decisioneering, Inc., 1996)%
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Fig. 1. Chronic daily intake (CDI; mg/kg/day) of chloroform by using Monte-Carlo simulation.

Abundance

400000 {
3000004
200000 4
100000 1

oLul

400 600 800 1000 1200 1400 16.00

Time -->
Abundance
400000 §

300000 1

2000001
100000
4 l J
0 i

20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00

Time -->

Fig. 2. Chromatograms of THMs by purge—trap and GC/MS. 1 : Chloroform, 2 : Dichlorobromomethane, 3 : Dibromochlo-
romethane, 4 : Bromoform, * : ISTD (Fluorobenzene), ** : ISTD (1,2 -Dichlerobenzene —ds)
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Mgt 2= AteaiE JAxEEILE 3
s}ed} (Fig. 1) (Pyo and Park, 2000).
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1. 320lETH Y AZAHER

THMs 9 YR xFEx 9] fluorobenzened} 1,2-
dichlorobenzene-ds&] EFZLFLN-E FHA|-E3
o #UST GOMSE A3t de zzmiE
W3} Ak e Table 13} 26 Jepd 270
= ¥Aalod Fig 29} o] Fejaiodch AAl ¥4
oM THMsE E33 604F] Hat ¥4 ¢
gejglont, & Apalie dapel A=A 3
23 THMs? Ralod S1a14 7ol ALgalsic.
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A =AL
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THMs®] ZZAL HREF

Table 4. Calibration table and detection limits of THMs
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A%ty AEFAE 3w THMs| F=7t
77k 0.1~50ng/mL7} H x5 H7Mg F o] 44
5mLg FHsled Ala A ubHI 2ol Xsled
WiEEEAd gt F=nld RS A3
t}. Chloroform, dichlorobromoform, dibromochloro-
form-2- fluorobenzene & WEZFEA R Al4-3]d
A eksled 31, bromoform-2- 1,2-dichlorobenzene—d,
£ WrazEds olgdsel gt 2 A9
Asae] A4l A7te B 2F 099 o)A
oz Ao w4 Fgten AZBAEL 0.1
ng/mL ©]¢lt} (Table 4).

3. dAAlRe 24

1997 8E) 20049744 A7) 347 A4l
A AHT 952709 ASA8E Aoz THMsS
W $HE ATE Table 58} Fig. 30 hehhal
o} 7425 THMs % chloroforme] 90% o]Ato =
7 & vleg AP Sl RS o 4 e
497} A 2&Z23 THMs®| % 5= (TTHMs)
¥ 3 A g3 1249nyml, 37 AL
9.85 ng/mL, JA}F FAQ A F Fxi: AL
6.63ngmLE 7P R e e W HE7
SRS B 18.69ngmLe 7% A vekich

Compound Q lon, m/z Concentration y=ax+b MDL
range, ng/mL a b . ng/mL
Chloroform* 83 0.1~50.0 1.097 0.00727 1.000 0.1
DCBM* 83 0.1~50.0 0.390 -0.00069 0.998 0.1
DBCM* ’ 129 0.1~50.0 0.168 -0.00300 0.995 0.1
Bromoform** 173 0.1~50.0 0.321 0.00100 0.999 0.1

X : concnetration ratio (conc. of THMs / conc. of ISTD), y : peak area ratio (area of THMs / area of ISTD), MDL : method detection limit

ISTD, *: Fluorobenzene, ** : 1,2—Dichlorobenzene—d4

Table 5. Analytical results of THMs

(unit : ng/mL)

Han River Keum River Youngsan River Nakdong River
Compound (n=420) (n=84) (n=112) (n=336)
i Conc.  Frequency Conc.  Frequency Conc.  Frequency Conc. Frequency
Chloroform 8.57  394(93.8%) 5.76 79 (94.0%) 359 102(91.1%) 11.23  310(92.3%)
DCBM 313 383(91.2%) 3.28 73(86.9%) 2.08 98 (87.5%) 538  310(92.3%)
DBCM 072 262(62.4%) 0.73 49 (58.3%) 0.73 69 (61.6%) 1.79  247(73.5%)
Bromoform 0.06 29(6.9%) 0.09 14 (16.7%) 0.23 33(29.5%) 0.28 115 (34.2%)
TTHMs 12.48 9.86 6.63 18.68




March 2005 Kwak ez al. : The Analysis and Risk Assessment of THMS 35

=3t 35719 chloroforme 11.23 ng/mL (92.3%)
2 71 =74 AEF 9o, 37}l A€ chloroform
£ 93.8% (BF = 8.75ng/mL)= 7H WA
A& A=

4. 2y "ot

A ApAbelM AT 9520 AeAlRAM &
¥ THMs9| F==2HE iﬁL’r— 3 $EA
H7te AAsge QA= sl AE point
value Abg 02 ¢l3 & 4 9y 2FAALE FHA4

140 1
12.0
10.0
8.0
6.0
4.0
2.0
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Nakdong
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B Chloroform DCBM 0 DBCM O Bromoform l

Fig. 3. Analytical results of THMs in drinking water from 4
rivers.

3at7] Slske] REZE ol gk, 1 FE3k WY
el Al A 4 Qe o= 7A Aske TreE)
F3 H3FA A9 TAREGe AT
Monte-Carlo simulation (Crystal Ball ver. 4.02,
Decisioneering, Inc., 1996)& Al&3le] 29 =z}
225 JA=EHILE S5

) Znpetet 2|5 = (Excess cancer risk, ECR)
$Ad & 712 THMs®] 2338t S8 =5 wHA
19 =& (CDDFH 48 QiM)e Foz AAist
of Table 6] JeP olet. A} Al =el] A7 95 per-
centile -8 71F22 3 94 1Y 28-S DCBM
2] Ao JFE}t oAl 141 % 107 my/kg/day =
AALE 2™, A= 95 percentileel| A 2] Z23pEe} 9]
=g A Aa} 8.73x10°2 7H w4 e}
Wet ol Adgle] dlFel 2L 284E UAT
ot AFHE #$ DCBMel &Js) 1007t =3 8.739
o] Frtx oz Wl 7hsAde] WA 4~ 9l
AL ou)gte} =3 27F A Ho|A9] bromoform
o] zIpist 3 =5 AAEE A P} @2 7.54
x 10782 e} Chloroforme] dichlorobromo-
methanee]] B3] o] & 2=z 7A&H7 ¢Ag,
Table 6o Y}epld chloroform?] Q* Zk2- 0.0061,
dichlorobromomethane2] Q* Zt-2 0.0622A], A1#|

T =

Table 6. Chronic daily intake and excess cancer risk of THMs in treated water

. Han River Keum River Youngsan River Nakdong River
Percentile
CDI ECR CDI ECR CDI ECR CDI ECR
Chloroform 279%x107* 1.70x107°  1.89x107* 1.16x10° 1.14x107™* 6.94x1077 3.74x10™* 228%x10°
DCBM 936x 107 5.80x10° 8.74x107 542x107° 567x107° 3.52x107% 141x10™* 8.73x107°
DBCM 2.12%107 1.78x107°  2.23x107° 1.87x10°  3.15x107° 2.65x10°% 582x107° 4.89x10°°
Bromoform 296x 107 234x107  955%x107° 7.54x107®  1.65x107° 1.31x107 1.46x107 1.15x 1077

CDI unit : mg/kg/day

Table 7. Chronic daily intake and hazard index of THMs in treated water

. Han River Keum River Youngsan River Nakdong River
Percentile
CDI HI CDI CDI HI CDI HI
Chloroform  7.07x107% 7.07x1072  500% 107 5.00x1072% 297x10™* 297x1072 1.03x107° 1.03x 10"
DCBM 250x 107 1.25x 1072 223x107* LI1x1072  141x107° 7.05x107° 436x10™ 2.18x 1072
DBCM 558x107° 2.79%x 1077 5.82x107° 291107 7.93x107° 396x107° 148x107* 742x107°
Bromoform  7.57x107° 3.78x107° 241x107° 121x107 423x107° 2.11x107° 387x107° 1.93x107°
TTHMs 8.98x 1072 6.53%x 1072 429%107? 1.35x 107"

CDI unit : mg/kg/day
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95 percentile 27t 3= e vlws] B,

dichlorobromomethaneo] © & 3}& Jepli=z=z
o] E&lo] chloroformel] ®ls) R} o weials

2 olohe ALE @ 4 ek
dubd o 2 chloroform< 1] Z3t

a4 A BA17)F(WHO) Sl M+ &

=7} 107 o]3td o) oAd Aoz worsiy Q)

of ool W) ®F W gres veht 4

P PETo

2) 2|&X|4 (Hazard index, HI)

7+ Ae) Ukl ol9e] gut HAS 1eidle
AR+ T APASE T 1Y =25
(CDI)& reference dose (R(D)2 e & AH&-st
Qom, A7} 1 o)iteld <Al Heigt A
o2 Frhgn 1 olstelw UAel AT Ao
grheet wlaetEel Bg AT xE 7
e 2% 304ez Hse B4 19 nEUde
Axbstadet. 2 A= F7 A4 2] bromoformol
121% 1072 743 A debts, G57 xede)
chloroformo] 1.03x 10722 7} & Aoz 1}
elde}. =38} 95 percentile & $13A)4= RD 7%
oad 7 HEel AW+ oz A,
A 2 YPASE 1.35x107 o],
A7 Ade] T AWASE AN AT 429%
1072 74 @A Vel 952709] Algel s
95 percentile g8 7|Fo= 3 THA 1Y xFEgsd
AeASE 407 A BF | olslz AT Ao

2 9715 ¢ o (Table 7).

sk

4 £

2 d7A A -E3} GOMSE AHgale]
EA R FoM THMsE #4& 93 Ad =3¢
AT AAAEE BA, AN Brhe AN
Az} ges) e AEe Ak

1. A2 5mLE HA-=83 GC/MSE AL4-3t
of BAM3 Ad} AL AL 099 o]dez
o2zl v 742847} 0.1 ng/mLE vepgde)

2. 19973%E] 200417HA] $-2pdet 4917 £
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