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2 9 1,4-Dioxane2 IARC (International Agency for Research on Cancer)ollA] @7 s 1502 &7
kAl 9o, WHO (World Hedth Organlzatlon)‘: 14-dioxane?] 941715 E =5 50 ng/mLE A3k U
t}. o213 14-Dioxane®] =4 859 AF S 2o o, S8 HFAZE Qg AA FalF el +
A= o Sil o, TebA 14-dioxane®] ZE0] RIMS 4574 419 B 2 A9 EUHES Fe4S
zt=th G5 A A5 AR F La-dioxane 355 2000358 2007374 RUEE 3 A3k H

£ 024~24020 ngmLe] F% W= 2268 ngmLe] HazkS Yo, 955 0.39-81.90 ng/mL

o] =R 1915 ng/mLe] Hgks VERNATE Fg 20043 AR EE 2] o] 5 1,4-dioxane?]
BaAE vET AREE AFS 2oy, HENEE "t fiith s SRR 2 E 2004
d l A7} o]5e] S w Wyt Ax Y5 FAA 2] 95 percentile A= 7ho] 2004 o)A
o] AL 663x10°°, A4 3.17x10°%2 VERLO T, 2004 o]Fo] ALE 210x10°°%, AFE 1.22x10°°
=2 L}E}L} 2004 o] LIRS =r} ahEE A Bk T3 AMEE Bade o & - A

o F2 Bl A=HArh

Abstract: Internationa Agency for Research on Cancer (IARC) has classfied it as a possible carcinogen and
World Health Organization (WHO) has suggested 50 ng/mL as a guideline vaue for 1,4-dioxane. Considering
the toxicity of 1,4-dioxane and ingestion rate of drinking water, the monitoring of 1,4-dioxane in drinking water
in Nakdong river is very important. We analyzed 1,4-dioxane four times per year for the 12 samples of trested
water and 4 samples of raw water in Nakdong river in Korea from 2000 to 2007 and surveyed the trend of
concentrations of 1,4-dioxane. As a results of anayss, 1,4-dioxane was detected from 0.24 to 240.2 ng/mL
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in treated water and from 0.39 to 81.9 ng/mL in raw water from 2000 to 2007. The average concentrations
are 22.68 ng/mL and 19.15 ng/mL in trested water and raw water, respectively. The detected concentrations
was decreased but frequency of detection was not changed since establishment of regulation in 2004. Results
of comparison of 95 percentile excessive cancer risk of 1,4-dioxane in treated and raw water were each 6.63x10°
6, 3.17x10°° before 2004 and 2.10x10°, 1.22x10°° after 2004. Also, comparing the detected concentration and
frequency for each season, these were more detected the concentration and frequency for 1,4-dioxane in treated
and raw water from winter to spring.

Key words: 1,4-dioxane, drinking water, monitoring, risk assessment, GC/MS
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A< 14-dioxane-dg3}  2-bromo-1-chloropropanes
Supelco AHBellefonte, PA, USA)ell A 4 5k31 L, 22}
o] Fx22 Fig. 1¢] YePHATE FH/F= Mill-Q 2
Mill-RO systems: 533 3%} S/TE AMH-sFAoH,
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2ol E5E peat ST S ARESIITE sy
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1,4-Dioxane 10 mg< 10 mL MCol| ¢ 1000 pg/
mL EFE9S 5] -20°C YaolA n#siy, 2
8 Fxo 2 A5t AFol AME-sHATh WREE
ZEZ(ISTD, internd standard)?} 71 %522 (RSTD,
reference standard)> 2+2F 1000 ug/mL 1,4-dioxane-dg
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oA Bslar, WaA 7H7h 10 pgmLe} 50 pg/ml
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Table 1. GC/MS operating conditions for 1,4-dioxane

Column: Ultra 2 (25 mx0.33 mmxI.D.1.5 um film thickness
Carrier gas : He at 0.5 mL/min (EPC:constant flow)

split ratio : 1/50

Injection port temp. : 200°C

Transfer line temp. : 280°C

Ovne Equilibrium time : 3.0 min

Oven temp. program

initial temp.initial time rate final temp.final time
(°C) (min) (°C/min) (°C) (min)

45 7 20 200 0

Run time : 14.75 min
Solvent delay : 8.50 min

Group Start time(min) Selected lon, m/z
1 85 57, 58, 64, 87, 88, 96
2 11.00 77,79

sl3, & A Zo] H7hd 1,4-dioxanes} 1,4-dioxane-
dgol T=H] 2 Fo|Z WA e AFHNE &
A3t SINHIZE 3 o) HE vEE WHUE
(MDL, method detection limit)2 % &t A THF, 14-
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A flo] xEge] AFAS 2T
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M 10mL sample ﬂ
l‘_ISTD 20pg/mL 20 uL
NaCl 2g
MC 20mL
“[ Extraction M
[ Organic layer H Aqueous layer
Add 10mL sample
ISTD 20 pg/mL 20 uL
NaCl 2g
M Extraction discard
! !
M Organic layer ﬂ Aqueous layer

14— anhydrous sodium sulfate

discard

‘I’ Concentrate to 200 uL ‘

M GC/MSD J”

Scheme 1. Sample preparation procedure of 1,4-dioxane by
liquidiquid extraction.

25. 2laiid Tt

C’Jﬂl*% 7t A = MonteCarIo smulalon13° A}
A =Z7H(CDI,
chronlc daily intake, < mg/kg/day)g AArate] <1
A=2H7ke st AETA olstz v A

Abundance

HE5 - Q%7 - XI5
2ol sl = La-dioxaned] HE A Fr=o] V2%
& AREEte] e ARl 2gste] Altsint
E=ER 7t ATl AR o }E % =uiel 4
B AT 61 kg(F= TEASFAT9, HEFA 9
FAE A, 19079, A S8 é;Mat—% 14U/

day (90percentile 7tol 20 Liday, U.SEPA, 19804)2
ALgER o, o] HE& Z+z} normd digtributionS A}
&3t dmulaions F3HA . 7| tHAI - -EvhEt
o] Ha71d) el 755A(FA 7L1d, oA} 79.2d;
FA, A, 2001<1999d AP #>)8 ARS-SFATE
Linearized multitage model oAl 72kl wHk=(Qy,
ord dope factor, ©¢; (mgkg/day)™)ell CDI &< ¥3}
o] Z7Hkok9) ] = (excess cancer risk) FEO-Z HAI S
t}. olu] CDIE b3} 72 2] o2 AlLlsi ) 415

(pollution level x exposure time x 365 days

CDI = ><dai|y. intakes of dr?nking water)
(body weightx expect timex365 days)
Unit; CDI : mg/kg/day
exposure time : years
body weight : kg

pollution level : mg/L
daily intakes of drinking water : L/day
expect time : years

E4E

rlo

1,4-Dioxane B, groupl & WotAlo] =

Blank water
%Eggg 2-Bromo-1-chloropropane
24000 (ISTD2)
22000 |
20000
12000
13000 1,4-dioxane-d;
12000 (ISTD1)
10000
5000
5000
4000
g . i
Timews 9.00 950 10,00 1050 11.00 1150 12,00 12.50
. 2-Bromo-1-chloropropane
Abundance Spiked water (ISTD2)
28000
26000
33388 1,4-dioxane
20000 {STD)
18000
14000 1,4-dioxane-dg
12000 (ISTD1)
10000
8000 \ AK
BO00 ﬂ
4000
2000 IR A
Tirme-= 500 950 10,00 1050 100 1150 12.00 1250

Fig. 1. Total ion chromatograms of 1,4-dioxane, 1,4-dioxane-dg and 2-bromo-1-chloropropane extractants in spiked and blank

water by liquid-liquid extraction.

Analytical Science & Technology



57 A 5 14-dioxane?] ZUE Y 3 f18)73 7} 387

BEHE0 2 AfoME US EPACA A Q%
9l 0.011(mgkg/day) S AHg-3te] 2kt P =S
ARbalglct 48

3.1. ZFE3
HEeE o EAlsks 14-dioxaned] &8 Stheme
HA-AH] F2H S ARSAL
W, Table 18] 717124 27 3 GC/MSD totd
ion chromatograms- Fig. 1¢1 YeRf 21t} 1,4-Dioxane
< 1019700 “EbteH, WiEEFE4<] 14-dioxane
dg& ol 2F W 101350 A=HA. ol
A& A7 B FFAR XSEHEA F4 dee] §l
oA B} we] §EF ZAOZA HE vl 2
(basdline separation)”t = A= AR 1,4-dioxane]
Ak o] & miz 887, 14-dioxanedse B oL miz
96 o] &3] gt JHster ofFd Wl JFS
FAE FUTh ole}t o] HEE &
9] 1l4-dioxane g Zoll 7174 A3st
=992l 14-dioxane-ds ©|A T, F
£A Tl o5 e do] A A, E3] dichloroethylene
o] 7/ L HE ] o G o] o] miz 962
WHEFEZ] Yol 7S Erl
E ANTE A9 22 A AA HEHI U
l4-dioxane-dge WHEFEZAZ AT 5 gl
olfl AL 7IEXFEARSID)E AMESH 2-
bromo-1-chloropropanes WH =22 AMEsl= A
o] nlgA 3}l o, RSTDY] HEE A7+ 11.72%
0|3 H#Fol2-L miz 772 AHE-3FA T

«Q

ol
Q.

N

B o =7} & 1,4-dioxane
o] EAS I3l Rl Aol 98 &35 A
SR NS R EE SR ERE

Table 2. Recovery, precision and accuracy of 1,4-dioxane in
20 mL of water (n=5)

Concentration Recovery Precision Accuracy

Compound (ng/mL) (%) (%) (% hias)
e 1.0 86.5 5.2 -135
, loxane 10.0 1018 3.0 1.8

7} B (21) F BAIE 20 mLE 10 mLA F ¥
I 20 mL2 FEeislor F58 &9

4

ut
& AAFE7E o]&3le] 200 uL7kA FE3ske] A
FEA7|2 B3t 2 23 Table 200 A& 5
£3]48°] 86.5~101.8% oo, A=A E gt
A=

i

_\

(% bias) R HUE(% CV) HSAH 7t
i AT -135~1.8%, A EE 3.0-52%= i ¢
T AAE HAFU 53] AEIAR AN 10

mL FEAME Bld 73 AAE AN et
AHEEFALE 7]E BAETE 9

=
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S 5k 2=
A 21T F Yk

Y
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33 HuM =M %
14-Dioxane2] H#A2 WREEFHS AHEste] 2
A8, 14-dioxane?] H%7F 2tz 1.0~100.0 ng/
mL7} E =8 FAIE H7kste] FE3 & GCMSE
A3t T REFER (20 ng/mL)ol] HhEk FEH] o)
& WA R Pgas s A Ao A

=

#7157t 09992 A o] W) FHor], AEEA
E >3 o0 S w10 ngml olste] F=
A AEE 5 AT Table 3] A B o)L, w1
B A7 AFEE A B e BHoRRY o

< Al A=A AEdA v

pil

34. AN AE9 24 Znf

2000 78] 2007d7HA] H57d FAS] A5 AR
% l4dioxane®] =5 4% A% Z4r1(11€~4

Ayl e 2268 ngmLe] Hizke depliglen, 4

Table 3. Cdibration data and detection limits of 1,4-dioxane in water

i =ax+b
Compound Selected ion RRT Concentration range, y MDL
ng/mi. a b r ng/mL
1,4-Dioxane 88 1.006 1.0~100.0 0.787 0.006 0.999 1.0

RRT : Relative retention time
MDL : method detection limit (SN > 3)
ISTD : 1,4-Dioxane-dg 20 ng/mL (tg : 10.13 min, m/z=96)

RSTD : 2-Bromo-1-chloropropane 50 ng/mL (tr : 11.72 min, m/z=77)

Vol. 21, No. 5, 2008
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Table 4. Distribution of frequency and concentration of 1,4-dioxane in trested water and raw water

2000-2004 2005-2007 total
treated rav treated treated water raw water
raw

water water water dry season  wet season  dry season wet season
Conc. range (ng/mL) 0.24-240.2 0.39-81.90 1.06-35.84 1.90-18.62 0.32-217.6 0.24-240.2 1.78-81.90 0.39-28.70

Mean Conc. (ng/mL) 26.45 18.76 8.11 8.59 22.68 10.21 19.15 7.20

Frequency (%) 92/176 28/64 84/168 26/56 107/172 66/172 3164 21/56

equency (- (52.3) (438) (50.0) (46.4) (62.2) (38.4) 484)  (375)
.00 r 7120002004 Table 5. Analysis result of raw and treated water in Nakdong

%

DW RW

Fig. 2. Comparison of mean concentration of 1,4-dioxane in
2000~2004 and 2005~2007 in Nakdong river.

71(58~109) = 10.21 ng/mL 9] HH#7ES VERS
Th(Table 4). ©]= 7] FHg F571 14-dioxane
o] Ao WEE Az AdHn o - G5 Fo
l4-dioxane HAEHE Al Z4=7]0] 62% (107/172)
A, Z7)0 38%(66/172) A L2 HAEH X Qo
AZFE9 22 AeS e Ak B3 A

o2 AQGHE 204dS VLo ® ASE v
E A3 20043 ol HolE Aol 26.45 ng/mLe]
HaS Jepiglen, 20043 o] 3ol & Aol A

8.11 ng/mLe] B E ZAHET 9lo] 20043 ©]
T FANAM WEEH = 14-dioxane X7 oF 1/3 A
T 2A% AL AT £ Y 2y gENE
= 2004 A H|a A A gt A BF H]
<o AEREE Holx JoH, o5 AAE F
g 1d, AENES Fee 2 F4718h
2 RNEe FEE HAEHI o] FH cHde=
FH BEE W 77 9FS FE R U= AL
2 Yo, AR R AAFH 20044S 7FE
o2 3AE W AEFE7F OF V2(AF)~U3(HF)
AZZ gasdoy HENEe 43S B4 g2
202 Vel

Table 56 H57 74 & 959 A AEE BF
AF F A9 HEAHAE AxdZ A st

o] Aol M vepet upe} 2Fo] T Aol Aol A

river
Duksan Chilseo
raw water treated water raw water treated water
yearlmonth gmi)  (ngimL)  (ngiml)  (ngimL)
2000/6 N.D N.D N.D N.D
2000/9 7.93 451 10.20 354
2000/12 179 6.83 2.29 N.D
2001/2 30.00 217 38.90 39.2
2001/6 20.10 16.4 28.70 42.03
2001/9 0.69 N.D 154 1.03
2002/1 20.20 315 19.40 27.58
2002/4 81.90 34.31 70.50 72.28
2002/7 156 0.24 1.88 2.18
2002/10 1572 5.64 15.20 10.78
2003/2 22.00 24.31 19.30 24.67
2003/4 3.50 234 2.05 4.29
2003/8 0.67 1.06 0.39 N.D
2003/12 28.16 17.16 31.94 26.34
2004/3 25.57 2.37 23.26 19.88
2004/6 N.D N.D N.D N.D
2005/1 15.01 12.41 16.71 13.76
2005/3 9.53 7.16 9.37 9.30
2005/6 5.34 191 3.36 2.30
2005/9 2.56 3.33 3.03 1.96
2006/1 9.65 10.06 11.30 10.24
2006/3 11.55 5.38 812 8.05
2006/6 2.08 1.06 1.90 1.15
2006/8 476 N.D N.D N.D
2006/9 4.23 151 6.12 491
2006/10 6.56 N.D 10.6 7.45
2007/1 18.34 7.55 18.62 18.11
2007/3 6.63 N.D 9.98 7.18
2007/5 12.59 5.37 9.88 7.40
2007/9 N.D N.D N.D N.D

9] 14-dioxaned] AEFE Aole
ERAL 2lo] EAll 7HeE A=A eA ] Al A

= l4-dioxanee] 7] A|AHA] &= 2o Acter)
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2005-2007-maan (M215)

Exponential distribution of
concentrations

ACOL GBOED BAEE . GD0E01  BESEWDY  TEAO  TRODT

Mormal distribution of body weight

/

1 S0E-04

BO0EN0
mghglday

Chronic daily intake{CDI)

A

BOES 2000 S0 VN0 JIEA0  JaEeD

Mormal distribution of ingestion rate
Fig. 3. Chronic daily intake (CDI; mg/kg/day) of 1,4-dioxane by usng Monte-Carlo Simulation.

Table 6. Chronic daily intake & excessive cancer risk of 1,4-dioxane in drinking water according to season (95 percentile)

2000-2004

2005-2007

spring  summer fall winter

total spring  summer fall winter total

Chronic daily intake
(mg/kg/day)

2.03E-03 1.42E-06 1.14E-04 5.61E-04 6.03E-04|1.42E-04 3.77E-05 6.81E-05 3.20E-04 1.91E-04

Excess cancer risk  2.23E-05 1.57E-08 1.25E-06 6.17E-06 6.63E-06|1.57E-06 4.15E-07 7.49E-07 3.52E-06 2.1E-06

3.5. flolfd "It

G577t A Aol 20009 69H-E] 2007 9
A7EA] AFTE 447 A A FAA AEFE 14
dioxaned] FE=E5EH 20049 14-dioxaneo] HEE
NG Eo T ANAE A To] S 942 o3k 934
H7HE AAsTh QA x=E Hrk A= point vaue
AFgoE Q13 & & e EFHAAS HAssE] ¢
il 5 REUE 83T, 2 LR WS LAY
A 4 ¢

A A& =
smulation®®S ALgEte] QA% AEEHE AA =S

B7He sl
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O

[e

20041 o]z} o] o] tht A=l gk 95 percentile
WA 1Y =&Fe 27t 6.03x10“mg/kg/day 2
1.91x10* mg/kgidayZ Al4+= 912w, 95 percentile

o xe] et S|l =E Aber Ay w7zt
6.63x10°°%} 2.10x10°°2.2 AXE I o] A&
¢} PRI R 14-dioxaned] ZF AT oA
20043 o3 13 AL oSS & 4 A
(Table 6).

T3 A-E 95 percentilecl A 2] 23t Sl =S
Hlwet A3} el sdshs ALY 5o e
QB Ftol F571el BlFste A5 7Hee] 2

& 213 Fholl vlsl =A4] YERSTH(Fig. 4).
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2.50E-05

2.00E-05
1.50E-05-
1.00E-05

5.00E-06

0.00E+00

2000-2004 2005-2007
[ spring CJsummerEZd fallE=5 winter

Each season

7.00E-06
6.00E-06
5.00E-06

4.00E-06
1 2000-2004

3.00E-06 EX 2005-2007

2.00E-06
1.00E-06 |
0.00E+00

A\

2000-2004 2005-2007
Fig. 4. 95 Pecentile Excessive cancer risk of 1,4-dioxane by using Monte-Carlo simulation.

B 20073 7FA 2] Al&el thak 95 percentile T4

19 =2%Fe 717} 6.03x10 mgkg/day, 1.91x10* my/

7} FACNA 12 kgldayi AAE| 0.1, 95 percentiled]] ] o] % zhaket

7H Zé#%* E 47H«1 HArdE A 6}04 77t A 3 Al =E AL A 7h7} 6.63x10°2 2.10x10°0. 2
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