S8 A 8ks]R] #1379 (*]15) 11~20, 2010
J. of the Korean Society for Environmental Analysis

M52 . A28l . 21533 . ZE
A8 E AT §%e
=Y

£ ZUEHY 2 sy @t
& gaol' - 2z - man

Monitoring and Risk Assessment of Disinfection By-products
Found in Chlorinated Drinking Water in Korea

Sunhye Hwang'”

, Woon Yong Kwon'?

, Hyun-Koo Kim?, Tae seung Kim?,

Seungki Kim!, Jong-Ho Choi?, and Heesoo Pyo' '

Ilntegrated Omics Center, Korea Institute of Science and Technology, Seoul, Korea
Department of Chemistry, Korea University
3Drinking Water Division, National Institute of Environmental Research

Received February 18, 2010/Accepted March 15, 2010

Many disinfection by-products were produced during the chlorination of drinking water. By the law, dis-
infection by-products should be maintained at low level due to their potential toxicity. In this study, we con-
ducted the monitoring of 34 treated water samples collected from water treatment facilities in Han river, Keum
river, Nakdong river and Youngsan river from year 2000 to 2008 to quantify disinfection by-products (DBPs)
such as trihalomethanes (THMs). Analytical results of total DBPs in four Korean rivers showed that Nakdong
river's detection frequency accounted for 72.06% of the total number and its average concentration was 2.54
ng/mL. Regarding seasonal variations, winter detection frequency was 66.91% and average concentration was
2.49 ng/mL in Summer. Lastly, the human risk assessment was performed. Dichlorobromomethane (DCBM)
total excess cancer risk (ECR) was chloroform (CF) total hazard quotient (HQ) of Nakdong river was 9.71x10 and
1.05x107!, respectively. The result of human risk assessment on DBPs for the past nine years showed the
dirinking water safe because it was less than the WHO's guideline.
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2.1. AleF & 717]

2.1.1. AleF

E A+ AH8-¥E CDBs, THMse #E=23
THMs W& #=E29l fluorobenzene, 1,2-dichloro-
benzene-d, E38N-2  Supelcorl(Bellefonte, PA,
USA)olA +4319a., CDBse] WFEEF==4d9l 2-
bromo-1-chloropropanes Sigma-Aldrich*F(Milwaukee,
WI, USA)A  F4stA T Methyl-t-butyl ether
(MTBE), methanol> J.T. Baker Inc.(Philipsburg,
USA) o] zFsofas AHsith FraihESs
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FSPHEFS JunseirH(Tokyo, Japan) ©| S+A1°FS
TYste] ARSI

CDBs= 7%¢] 2,000 pg/ml E3-8912 100 pg/mL
2 &3 ARSI, THMs= £ 6052 VOCs(200
pg/ml) EFEHS F3] ARSI B389 -20°C
il B & g9 Frol 2 st A3l
ARE-FATE.

WHEFEZS CDBss A@al7] 218t 2,000 pg/
mLe| 2-bromo-1-chloropropane ¥584-8 10 ug/mL
o7 Aste] ALEE A, THMsE A HEsl7] $lsiA
fluorobenzene, 1,2-dichlorobenzene-d, 3328
o 2,000 ug/mLE 5ug/mlLeZ 3]4sle] Aol AL
3T
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2.1.2. 7171 9 A

E A4 CDBse] ¥4 5973 mass selective
detectorS 273 A3+ AgilentAl2] 6890 gas chroma-
tographs ARE-3F3tt. THMsE Tekmar ALS 2016,
LSC 3000 purge & trap2 ARg3sle] 3% 2 GCE
539 31913, 5972 mass selective detectorE 2
A 943 Hewlett-Packed 5890 series II GCE A}

NH,C1 10mg
6N—HCI. 2— 3drop

25ml. sample

ISTD (10ppm) . 2518
<— NaCl 2g
MTBE 2mL

extraction
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Organic layer
Sample 25mL
[+— ISTD (10ppm) . 254
NaCl 2g
discard
Extraction
T
[~ Naz50, anhydrous
discard
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GC/MSD
(A)
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2.2.1.1. CDBs¢] A=z

100 mL funnelo] A& 25 mLE F&to] RE
A(10 pg/mL &) 25 LS FA718 &, d3ht
S Y3 550 1<tk MTBE 2mLE ¥ &
F f718uET @2 B wEn 4180 &
Al A& 25 mLet GSMEF 2 g WHREFEA(
pg/mlL &) 25 uLE A71slal £E80 FE5¢ F &
715 R wol Algtel Fgit) E2]€¥ MTBE Sl F
FHEFS Hlsle 28 AAS &, vialll &
A GC/MSDZ 24135151t}

2.2.1.2. THMs®] 232

A& 5mLE 5mL FAVIZ Fslo] PEEFETSE
A (5 pg/mL &) 10 uLE 718k} HR|7[2~5 40 mL/
min®] F&OZ At Efjo] A HRAgA] o
AAgea FHE AEEY 5mlE HA Lol F9]
shar, AoA 158 &3t HA|g}, A A & 23}
REZ 220°Col4 20 mL/min 508 18 FeF &

5
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NI
5 = o o e

[
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[t}e]

| 40 ml. sample ‘
le«—  Ascorbic acid 25mg
6N—HCI. 2— 3drop
A 4
| 5ml sample
- ISTD(5ppm). 108
]
| Purge & Trap
]
| GC/MSD

(B)

Fig. 1. Sample preparation procedure of CDBs (A) and THMs (B).
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2251 A== H7F WA

AA=Z HrilMe AEFE] H#3t S point
values AR 7ol BT = e B4
Haskel7] QJsle], 2ol ARREE HEEY] B

Ball ver. 7.2.2 professional edition, Decisioneering
Inc., 2005)S ARg-sle] 4 A4l 9% A=
E WE AU =EW A A8 ]
A8 5 Ul A H AT 61kg(de] EAk: 66.9
kg, A9 o4z} 532kg, A AMZ A} 58kg, A A
BS A7k 491 kg I=EFATATY, FUEEA S

A HAA, 19979)2, 19 -85 % 1.4 Liday
(90%%%o] 2.0 L/day, U.S. EPA, 1989)5 ARE-31912oH,
o] FEL 7}z} HFEEE A}E3le] simulationS
A3t &5 S =29 77 WrEEs v
dotEd n% 303 (US. EPA, FAAY, 1989)0.=2
7Hdste AlLketaTr. s HEAIZHES 7IOAITh)S
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ARgsIom, v E4Y A =&717 22 30
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o] At ol v+ 19 =% (Chronic Daily
Intake, CDI ; ©%] : mg/kg/day)> T3} 7+& 2o
2 FolXitt.

e
CDI : mgkg/day S¥= : mg/lL
2717k s year 19985 AFF i L
AT+ kg 7t RE ¢ year
2.252. SJEl= 7t Wy
uelE2 o] 749 linearized multistage modelol 4]
AlxrE 2ok (Q1*, oral slope factory2 CDI %ol
F35lo] ECR(excess cancer risk)aho2 FEA8kITh
el B0 FeH 1Y 387|E FFgh(refer-

ence dose, RD)Y> 1 -8 3 H(acceptable daily
intake, ADDell “J-8-3h= #o=A =2l f3l%Y
o] AR = HA 1Y =E(lifetime daily
exposure dose)S Jv]shH, Al4XHE CDI #< RD %t
7} ¥)asled HQ (hazard quotient)® YFERATH
AEd EFES WM v eR sty

Table 10 WeRd FHQ1* 22 RD)S ARE-slto] Q1A
fleli= H7e stk

3. 2%t ¥ 1F

31. EEEE 24 &1

CDBs¢] 7% MTBEZ % 31937, THMse| 4
<+ purge & traps °©]&3t] FE% & GC/MSD=
EA3819957, total ion chromatogram(TIC)S Fig. 29
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Table 1. Toxicity values of CDBs and THMs

15

¥ R carcinogen,
Group Compounds RD (mg/kg/day) Q, (mg/kg/day) 1 EPA or fI;ARC
BCAN - - -
DBAN 0.02 - ©
CDBs DCAN 0.008 - ©)
TCAN 0.0002 - -
CF 0.01 0.0061 /N
THMs DCBM 0.003 0.062 L
DBCM 0.02 0.084 S
BF 0.03 0.0079 L

(C) : Possible human carcinogen

L/N : Likely to be carcinogenic above a specified dose but not likely to be carcinogenic below that dose because a key

event in tumor formation does not occur below that dose

L : Likely to be carcinogenic to humans
S : suggestive evidence of carcinogenic potential

e STt

CDBs 4% EA}go] vlwd i F=Fo] W
A& aEste] GCY Q8= 71E 40°CHH 300°C7HA
AA8] S silen, THMs 58k 35°C A-2el|A -
B 200°C7HA] AMA3] & ’GF‘Dq AT

GC/MSDZ ﬂ“‘” S BA317] $181M scan modes
ARESte] A ARAHERS S5k 7t sleHE
EAAQ] AHFAHERS dof o]F F AUF 2717t
ol sgt=E Lfe] 5ol F 2-3709] o]&vt
Aelsle] SIMe 2 BAIEt) ojn) HAAE Z /)
o] aFo® et 7t s wFE Al A
g 5 AR Er]d ZAg.

BCAN> Br#t Clo] DY 2]gheo] lo] F9ea
gl ol M*:[M+2] &, m/z 153:1557} 3:49] H]
&2 YeEREY, [M-Br]™ m/z 749} 760] 3:1¢] H]&
A= @éﬂﬁ’i‘:‘r. ol "R Z Mulo|l2g m/z 74, 76,
1552 A3tsiom, TCANS Aego]2e m/z 108,
110, 82, DCAN> m/z 74, 82, 47, DBAN<S m/z
118, 120, 19902 A&3}3tt. CDBsEAlo] AL8-%
WHEEEE2S 2-bromo-1-chloropropane .24 ©] &
Ao BExlo]l2M]™2l m/z 1562 Cl Brel F9994
a3} 9]3}04 m/z 156:158:160°] 3:4:1¢] H|&=2
ERytal, FHo)aE Bro] "ozl Ewe]2[M-Br]*<l
m/z 772 ‘/PEP/L‘:} o] oAl Clo|] & 7 X3¢ &9
A2zl ozl m/z 77 797} 3:19] HIEE Rk
upzbA] olwo] Helo]l 22 m/z 77, 79, 418 @okiit}.

CF2 [M-CII™? m/z 833} 857} 3:2¢] vHl&= H=
AT} o& viRe R MEolS m/z 83, 85 Aot

[A

¢}

mlo r

Ao DCBM2 m/z 83, 85, DBCM2 m/z 127,
129, 1312%, BFE& m/z 173, 171, 175, 252 A9
oo Asiltt. THMEA N AR WHEEEd
< fluorobenzene} 1,2-dichlorobenzene-d, 241 fluo-
robenzene> A [M] TSl m/z 9602 H s
1,2-dichlorobenzene-dq2 my/z 150:152:154¢]2] =17]
7F 9:6:1% VFERAAIRE 2Ate] 2 M]T m/z 1508 o
dichlorobenzene®<} AX7] wWlitell m/z 152 o2&
Agoleow Hesigich

ALgEle] 2SS SHAIE STt Table 20 zt
X =
o

B epeio] L
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M s=E FE8I
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32.1. CDBs¢] AR 2 2 A&

BCAN & 5%l taia] AR 2 AEeAE =
ALet A32 Table 29 YERNRAS™, 0.05-20 ng/mL
TE AN A o] kel B BF 0.99
oo ® Mol mie- FReH HEIA= AlSh
FEHI(S/N)7E 3¢]73l 4 BCAN, DBAN, TCAN>
0.05 ng/mL, CH, DCANS 0.03 ng/mLo.2 Liehyt

H=
23} 0.02-50 ng/mL &%= ‘?-ﬂ-"r]"ﬂ/\i SHAT7E 22t
Ea J__t’:‘ 099 o]}\]'o _?‘
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1 :Trichloroacetonitrile, 2 :Dichloroacetonitrile, 3 :Bromochloroacetonitrile,

4 : Dibromoacetonitrile, * :
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Time—5 4,00 6,00 8,00
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2—bromo—1—chloropropane

(B)

12,00 14,00 16,00 18,00

A

200
Time—> %000 zzoo  zad0 2600

30,00 32,00 34,00 36,00 35,00

1 : Chloroform, 2 : Bromodichloromethane, 3 : Dibromochloromethane,

4 : Bromoform, * : Fluorobenzene, # : 1,2—dichlorobenzene—d,
Fig. 2. Total ion chromatograms of CDBs (A) and THMs (B).

Z3A= Alsd #&2H7t 3o1delA CF7F 0.05ng/
mL, DCBMe] 0.5ng/mL, DBCMe®] 0.2ng/mL, BF
o] 0.2 ng/mLe]3th.

3.3. elXIN = 24

2 A7elx= CDBs 4% (BCAN, DBAN, DCAN,
TCAN)?} THMs 4%(CE DCBM, DBCM, BF)ell di
g A ds AT 2000458 20089714 A

=9] 39 FelA AF g 1088712] AFAIEE
4o 2 CDBs9t THMs 59 A% 43 2x=
Adz AFEE F2)sto] Table 3, 491 JERAATH
TDBPs A ZHAEWEES v|walE Az Jart
66.02%, 57 72.06%= H]5=8 2L Kol 9o
U, HasEs 254 ngmlE S57te] 71 =4 ek
Stk G foddle o, A, Ul T B Ay

T
E=AEe] 248 slo] A W EdE B eH=d
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Table 2. Calibration data and detection limits of disinfection by-products
Selected concentration range, y=ax + b MDL,
Group Compounds Ton, m/z RRT ng/mL . - > ng/ml.
BCAN 74 1.300 0.05 - 20 1.0797 -0.0035 0.999 0.05
CDBs DBAN 118 1.797 0.05 - 20 0.5881 -0.0012 0.990 0.05
DCAN 74 0.670 0.03 - 20 1.2050 0.0010 0.999 0.03
TCAN 108 0.514 0.05 - 20 1.0470 -0.0012 0.996 0.05
CF 83 0.781 0.05 - 50 0.3340 0.0140 0.998 0.05
THMs DCBM 83 1.138 0.5 - 50 0.2690 -0.0123 0.998 0.50
DBCM 127 1.539 0.2 - 50 0.1990 -0.0071 0.998 0.20
BF 173 0.632 0.2 - 50 0.1480 -0.0070 0.998 0.20

RRT : Relative Retention Time
MDL : Method Detection Limit

Table 3. Analytical results of disinfection by-products in four Korean rivers(unit : ng/mL)

Han River Keum River Youngsan River Nakdong River
G Comp- (n=464) (n=96) (n=128) (n=400)
rou
P ounds Conc Frequency Conc  Frequency Conc  Frequency Conc  Frequency
(ng/mL) (%) (ng/mL) (%) (ng/mL) (%) (ng/mL) (%)

TDBPs 1.93 60.18% 1.70 61.72% 1.26 66.02% 2.54 72.06%
BCAN 0.93  382(82.33%) 091  86(89.58%) 0.74  113(88.28%) 0.80  342(85.50%)
CDBs DBAN 0.54 193(41.59%) 0.60  52(54.17%) 0.38  73(57.03%) 0.55  223(55.75%)
DCAN 1.71  380(81.90%) 135  85(88.54%) 124 115(89.84%) 1.16  328(82.00%)
TCAN 0.54 106(22.84%) 025  19(19.79%) 025  31(24.22%) 026  69(17.25%)
CF 9.75 406(87.50%) 7.39  86(89.58%) 544  113(88.28%)  12.17 372(93.00%)
THMs DCBM 335  389(83.84%) 441  77(80.21%) 2.67 111(86.72%) 538  354(88.50%)

DBCM 1.33  282(60.78%) 1.77  52(54.17%) 135  82(64.06%) 2.86  275(68.75%)
BF 0.54 96(20.69%) 0.37  22(22.92%) 0.36  32(25.00%) 0.60  149(37.25%)

Table 4. Analytical results of disinfection by-products in each season (unit : ng/mL)

Spring Summer autumn Winter
G Comp- (n=306) (n=340) (n=204) (n=238)
rou
P ounds Conc.  Frequency Conc.  Frequency Conc.  Frequency Conc.  Frequency
(ng/mL) (%) (ng/mL) (%) (ng/mL) (%) (ng/mL) (%)
TDBPs 1.94 66.26% 2.49 59.63% 2.31 65.01% 135 66.91%
BCAN 0.84 275(89.87%) 1.02  274(80.59%) 091  175(85.78%) 0.69  214(89.92%)
CDBs DBAN 0.52  177(57.84%) 0.74  127(37.35%) 0.39  119(58.33%) 0.45  126(52.94%)
DCAN 145 239(78.10%) 1.70  279(82.06%) 1.22  191(93.63%) 1.19  212(89.08%)
TCAN 038  96(31.37%) 0.49  48(14.12%) 0.20 9(4.41%) 0.36 80(33.61%)
CF 8.82  280(91.50%) 13.11 311(91.47%) 11.34  198(97.06%) 543  204(85.71%)
THMs DCBM 442  272(88.89%) 5.07  271(79.71%) 4.24  185(90.69%) 251 217(91.18%)

DBCM 1.61 193(63.07%) 1.76  227(66.76%) 211  121(59.31%) 255 160(67.23%)
BF 0.64  90(29.41%) 052  85(25.00%) 0.56  63(30.88%) 0.39 61(25.63%)

2 AAS) A8l e AGunh GaaSS Pl ueha sick THMs 440l B3 43a WAdZe
AENAEY FEst 2 A0 BRE B3t WA QAT S5 nidel s gloiA 8
F4E THMse] $w7h o 70 sl A ol 932 ol Bro] 3@ BFe| $wrt the &
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Aol vlal =2 Ao= Atk
q

TDBPs Ad¥E WI=E vlws] Bd 78] 66.91%
2 7P @ol, oJ8o] 59.63%= 7FF e HvE 1w
o] YA, F AZRAEL] PPFEE oS0 249
ng/mlE 7P =4 UeRdth A5Hd e 0] =
oA wAEe] W2o] sy wlie] AAhAES 7)
3}sle] oJE39] TDBPs Has=rl =2 oz &

Eedl=4

CFe] 79 4=20] 20°Cxo]7} & uf 2v] Hm=eof A
A AolE Hole Aoz ®BIY ul gl=d], CFe A
& HasE7) 543 ng/ml, 959 FFsEr)t 1311
ng/mLe 2 HEF|JLL, 29 Zfolol] ofgh AAx}o]
o Aolgtar et} 10
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2 A|A s+ Monte-Carlo simulation(Crystal Ball
ver. 7.2.2 professional edition, Decisioneering Inc.,
2005y ARg-ete] B2 A o3k A=E 3
7 et A7) HEidS AtEskATh

34.1. el 23 ECR %7t

elylsAdo] Qe Aow FAHE 49 THMs
2] 2000-2008 4AE AEE 95 percentile CDIS}
ECRE Fig. 39 YeRlAth 7 95 percentile
ECR %:2 DCBMo] H57}elA 9.71x106, AdE 95
percentile ECR#FS CFo] 7}&<] 1.10x10°2 =4
ARFE AT, WHOA dud o2 AAISIAL Y= 5
S2ekRls| = 1.0x107] H]s] DCBM# CFE %
ek o2 B2 BT 92 3o =E Jehd g Al
2 =

3.4.2. vl <% HQ 27t
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