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bromate= 10~50 mM2] KOH ©]57 & FAksto] 280 o5 del] Aet k= 9 2418 HH0 AG
19 2 AS 199 9]&l] £2]5}3 ). Bromate®] 74 I 0.5~40 pg/Le] 5= HLlolA 2gko] 0.9998=
& AA8s BYon, HEAEAI(MDL) B AHSALOQ)= ZH2t 0.1, 0.5 pg/LolATh. 2009 9
4 o)% %5 FA HE AE 157 /] AEE B4 A, 33 /) AlEA] bromate7t AEHR LA,
=3 AN89 HIFFEE 24 nyl oAtk 34 5 HHE 0565 pglE BF S HeEME 27
21 10 pg/L o).

Abstract: This study was performed to compare international analytical methods of bromate and applied to

to o b0

o

determine bromate in bottled mineral water in Korea. Bromate in bottled mineral water was eluted by 10~50
mM potassium hydroxide (KOH) and determined by ion chromatograph-suppressed conductivity detector (IC-
CD). Sample was purified with on guard Ba-, Ag- and H-cartridges and 0.2 pm membrane filter. The method
detection limit (MDL) and the limit of quantitation (LOQ) of bromate were 0.1 and 0.5 pg/L, respectively.
The calibration curve showed good lineality above 0.9998 in the ranges of the 0.5~40 pg/L. Bromate from
33 samples among total 157 bottled mineral water samples was detected in the concentration range of 0.5~6.5

ug/L. The detected concentrations were within bottled mineral water quality criteria (10 pg/L) in Korea.
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1. M B bromate®] 717+ ]3] H_.‘Oﬂ_‘.:‘ By 27 BAE

AR Qe A E Froldnh. v=r EPACIA = 1998
A Sole EAEA & a4 YHeEE 3 bromate-% maximum contaminant level
J (MCL)S- disinfectants/disinfection byproducts (D/DBP)
a4k ruleo] Wt 10 pg/LE A 3A T ©]F bromate2]
of 23H ETERE & A% el et 7158 o Aslstaat o,

UEFS AT 44 &5
Aste] e dE 5 ! I 7% Y& DBPs & FavAES =7t STt
ESR A5 85 F bromate] S HE e 27 Qo] "o F KA YT’ 2008
o] 29 Fx, 949 pH, ¢ZY L, EEF7IEAY,  WHOOIAME 19933 ol 224 7% Ir=E Qs
QEFAY G ukgAIZ ] FFS whon, 53] pHo 10 pg/Le] A7 ES AAsS
frolal 93 e 202 BT Bromate= He AE 8= F o 34E B0 S
HAA =AGATFAE(JARC, International Agency for 93l FEE9] EH?l'Ei Z7EA Ut HZo=
Research on Cancer)ol| 4] E.&2FZ-F(potassium bromate) He A Z2S4 S o7 7154 Eo) AlEEZ 9t
©F Group 2BE ®RFHo| e u]=k FDAYI M & _%\_Exﬂi/ﬂ LES AEEE AR
199311 WHOE bromate®] 10 B+ W 1 Ho| Y AE AF tist RYUE S 93] EPA2] MCL
A 23 B9 o) TPl FEE 3 uglE F o B4y 9 7|EE AgsAh HdldAE He
Aatg o, Aa7|ES 25 pg/LE AAsIATH o] Sl FAZF ABAE L 2009 9 YEH HE A

Table 1. International methods recommended determination of bromate in water

Sample In;j. . Limit of detection
Method number Column Eluent Volume (uL.) Detection mode (ug/L)
Eg(’)*oMet:t“gi Dionex lonPac 1.7 mM NaHCO; 0 Suspressed Conducivi 0
0 pa AGO+AS9 + 1.8 mM Na,CO; uppressed Conductivity
(1993)
EPA Method Dionex lonPac 9.0 mM .. 1.28 (2 mm column)
300.1 (1997) AG9-HC+AS9-HC Na;CO, 200 Suppressed Conductivity ) 55 (4 1 column)
Suppressed Conductivity Conductivity
EPA Method Dionex TonPac 9.0 mM 25 Followed inseries with UV 0.71
317.0 (2000) AGY9-HC+AS9-HC Na,COs postcolumn determination uv
with odianisidine 0.12
EPA Method Dionex 5.0 mM HNO;
321.8 (1997) PA-100 +25.0 mM NH;NO; >80 ICP-MS 0.3
Suppressed Conductivity Conductivity
EPA Method Dionex lonPac Followed in series with UV 1.2
326.0 (2002) AGO-HC+AS9-HC 0 MM Na:COs 225 Lost column determination UV/Vis
with Mo(VI) 0.17
Suppressed Conductivity
ISO 15061 ) 7.0 mM Na,CO; ) UV detector (A=190-205 nm) )
(2001) + 40 mM Na,B,0, is suitable to confirm the
conductivity results only
ASTM D 6581-00 Dionex lonPac ..
(2000) AG9-HC+AS9-HC 9.0 mM Na,CO; - Suppressed Conductivity 2.73
Suppressed Conductivity
KS TISO 15061 ) 7.0 mM Na,COs; ) UV detector (A=190-205 nm) )
(2006) + 40 mM Na,B,0; is suitable to confirm the
conductivity results only
— 1 no data
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HE AE F bromate B4 2 BX

% bromated] t3] H=AE 2 715S 10 pg/L2
A7 ste] Aelskal Aot

Sl W= & = bromate2] YWFEQl AlEH ol
EPA method 300.1-> ion chromatograph-suppressed
conductivity detector IC-CD)E ©] &3 A|dHo=
AS9-HC 2 mm HHE 8-S A= ¥y A&
AI(MDL)7} 1.28 pg/L 1813 AS9-HC 4 mm HE S
ARREE ALole 132 pg/LolATHY EPA  method
317.0° 2 326.0'°& IC-CD$} UV detectorS 174 3l
BEA5le= AW O E, EPA method 317.09] MDL-&
CDZ A3 A9 0.71 pg/Loli UVE A3 A9
o= 0.12 pg/L.o]™, EPA method 326.02] DL CD
S ARESE 79 1.2 pg/lleli UVE AHS-SF gl
0.17 ug/LO] A TH EPA method 300.1, 317.0 2 326.01
Ae BF B 45898 AR, 2715 Ba-,
Ag- ¥ HIIEA = A 59 Jejol wat dex o=
AHE-E 5 JEE H o] 9lth EPA method 321.8"-2
IC-inductively coupled plasma-mass spectrometry (ICP-
MS)E ©]&3 A AW o2 MDLE 0.3 pg/lLelth 1SO
15061141 EPA method 300.1¢] IC-CDH S F A
MO 2 3}, EPA method 317.0914 #A|A1E UVH
S AL o2T AE3EE Hodrh ASTM D
6581-00911 413 EPA method 300.13F Y3 A|FHLS
Ab&3E, MDLE] 557} 273 pg/LE v =& A
o]th2 ) FHG A 7] F(ES 05358.1) 1SO 15061
WS o] &3 KS ISO 1506178 sj=gsle] ¢dstw
ATk OFF HZ HEFAE FF0A o]FHo=
KOHZ A3t 9o B} gdd B8 93 7]
E A ] Beto] @ 7F A Q)

He B 3 uEe] 9FAERHEQl bromateE
A BALA}; Table 19141€F 7o) @A = - W] AEH
2 BN 242 55 AES A3, o544 s KOHS
AHShE WRe HE Fa o] AZHAT uhEhA
E Apo|ME o] 5AS KOHRE A8 %9 A&
S, 7= Toll b8l AR AAl A RS o]
WS ARESte] #Ast A} sl o, o] w AW

off thek EAF ] o7& AEsIA STt
2. MEYH

21. EFEEE ¥ ANY

E AFdA AFEE sodium bromate (NaBrOs,
CASRN 7789-38-0)¢] &3 &+ A2 Sigma-
Aldrich(F]SHAFZFE T8t ARE-sklen, 54
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Table 2. Operating conditions of IC-CD for analysis of bromate

Parameter Conditions
Instrument  Dionex ICS-3000 Reagent free Ion Chro-
matograph
Column Dionex IonPac AS19/lonPac AG19, 2 mm
Inj. Volume 500 pL
Eluent 0-8 min KOH 10 mM
8-18 min 10-20 mM
18-18.2 min 20-50 mM
18.2-22 min 50 mM
22-27 min 50-10 mM
27-30 min 10 mM
Detector Suppressed Conductivity Detector, Dionex

S EE 182 MQS] 2e4 SHRFE AHEET
Bromate2] ¥ 1 9(1000 mg/L) EPA Method 300.1
of wet 2AleHg oM, ABEE Wako(d &) Atel #
F=99 2000 mgLg THst A =R A
T HaL gelskltt.

22. M 3| H =

£ AFelA AH8-E IC-CD= DionexAke] 1CS-3000
reagent free ion chromatograph ©] I T} ©]&5F o 2=
10~50 mM KOHE AH&-at3lom, $4Fs}o] 284 o]
ol A B8 A 2 vt= ddew 7
TonPac AS 19 (2x250 mm) % TonPac AG 19 (2x50
mm)E AHESIATH 2 Ao AREE HARAQl A
Z7L& Table 29} 7t}

23 MEI|F

27}= Ba-, Ag-, H-7FEZ|A] 9 02 pm WEFH QI
I = 77 Dionex ¥ Advantec A9 A &S Y3
o ARSI A= A 25T gl &
g2 As ARSI eH, 3F9d 2 £F
SA Az A Do ZE AF JA STFLHIAR
i3

| & ARkl

ki

24. A2 M
A RE 285 SRFE AT

2 Y AFE F 157 NS Ao &
F 571 F 25 el 2488,

25. AEEx}
HE AME 59 bromate £41S 93 =] - 9 AlY
Wl tist B4 27A& vaste] HA AFERAS
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Fig. 1. Pre-treatment process of bromate in water.

133, IC-CDE AME-3le W= A E F bromate

?&%% 2SI,

ANFE B4 AR 40C YdAoA BHBEon,
AT A deoz fAA Fig. 19 49} 2

o] &rt= 7lER|A] 9 "WEHQ EHE A4sld], F
A7 E o] g3l AEE E3AZ] 3, Dionex 10 mL
vialol] @o} IC-CDE #4135} th.

=}

3. &4 ¥ 11

Z 3}
3.1. =08
v R, 7554 2 He AE AEE AAY g
T AL [C-CD ARrEIHE Fig. 29} 72t} Bromate
3= FH chlorite ¥ chloride ¥ =9} $HA3] #
2=, o]ee 5l wel mae glder, uA
el 13 RYS H AT Bromate HFEE A S
8.850 °] AT

cav)

32 #H 3M o HEsM
Bromate®] & &S 0, 0.5pug/L, 1.0 pg/L, 5.0
pg/L, 10.0 pg/L, 20.0 pg/L, 40.0 pg/Le] F =71 =%

- ATY - HEs

= 3|4 3le] A AF9) Y
% IC-CDE ZA3t9 = o
2 A4AA FA4S5 FAAEA. o] W] bromate EE
o thgt A FAe] FFHAIF (correlation coefficient,
e 0.99980]9]t}.

Bromate®] 7 Z&3A(MDL)E A& ZolM A&
F AE AL FEO0S5 ugl)E 7 M utE AR
Ztzk A7Kek & o8 7+e] BEHALY 3.14 Bl 2 o
TFatdem, 2 A, 0.1 pg/ll oAk EEEZH u}
2 A4 A, A2FAMDL) 2 B FIA(LOQ)S
Table 39 UrEMl ATk

rE
Y
mlo
OH
H jo

33. He= ME AE 24

Alge] tgk 54 9 bromate®] HE
40 Attt FolA Be uiel 7+
AA 157 70 AE F 124 N A RN HEHA FS
o, 33 7} A EA 0.5 pg/l~6.5 pug/lel 3= t”Tl
2 AZHNY, AEE NES] AAFEEAT HE
T)E 24 pgLoltt ofd, Sl AF B S AF
% bromate= 7+2} 31 7| A]Z A 0.5 nug/L~6.5 pg/
L(E AEFE 2.2 pg/l), 2 7/l AEoNA 44 pg/L~
52 pgL(B+#+ HEFTE 48 ug/L)i AZ=H AT
Bromate2] =] H=A1E 2715290 10 ng/ls 234
g A E= gl
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Fig. 2. IC-CD Chromatograms of standard solution (bromate 0.5 pg/L. and 10 pg/L), reagent blank and real sample (bromate
3.9 pg/l).
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Table 3. Linear equation, linearity, method detection limit (MDL) and limit of quantitation (LOQ) of bromate

Range . 5 MDL LOQ
Compound Calibration curves r
i (/L) (ug/L) (ug/L)
Bromate 0~ 40 y=0.0036x — 0.0023 0.9998 0.1 0.5
Table 4. Analytical result of bromate in bottled mineral water 1-100A(2009).
Average Conc (ng/L) 4. WHO, ‘Guidelines for Drinking Water Quality’, Geneva,
Sample  No .
Sample Type of Bromate Detected Switzerland, 1993.
No. Detected
(Cone. range) 5. US EPA, Fed. Reg, 68(159), 49647, 2003.
Domestic products 150 31 2.2 (0.5~6.5) 6. WHO, ‘Guidelines for Drinking Water Quality’, Geneva,
Imported products 7 2 4.8 (4.4~5.2) Switzerland. 2008.
Total 157 33 2.4 (0.5-6.5) 7. US EPA, Fed. Reg. 66(60), 16858, 2001.

8. US EPA, ‘EPA method 300.1 The determination of
pgL(Ed AEFE 48 pgL)E AESFHAY. AA Inorganic Anions in Water by lon Chromatography’
157 70 A& 2% U geAlE $287]520 10 pg/l Washington DC, US Environmental Protection Agency,
olulsic). 1997.

=Y HE AME Fol bromate’t AEEHE ol FE 9. US EPA, ‘EPA method 317.0 Determination of Inor-
AEAR QFEL AME W E BAEZ FAunu & ganic Oxyhalide Disinfection By-products in Drinking
o A713¢ ZAME B ALY 5& gordd Water Using Ion Chromatography with the Addition of
9L Aoz AT B AFoA] AAE AFxA a Postcolumn Reagent for Trace Bromate Analysis’
& Bt} uEY bromateE A Zst=d L7 = Washington DC, US Environmental Protection Agency,
o ke FrolAe] 1HiAA] del e E O A 2001.

T7F 288 Aoz Jrid, 10. US EPA, ‘EPA method 326.1 Determination of Inor-
ganic Oxyhalide Disinfection By-products in Drinking

Al 2 Water Using lon Chromatography Incorporating the
Addition of a Suppressor Acidified Postcolumn Reagent
B AFE 20009 % = H3A A8 vpALS A3} for Trace Bromate Analysis’, Washington DC, US Envi-
A A QDAY 0 &l o] FoR A Y. ronmental Protection Agency, 2002.
11. US EPA, ‘EPA method 321.8 Determination of Bro-
2235 mate lons in Waters Using lon Chromatography with
Inductively Coupled Plasma Mass Spectrometry’, Wash-
1. K. C. Thompson, J. L. Guinamant, V. Ingrand, A. R. ington DC, US Environmental Protection Agency, 1997.
Elwaer, C. W. McLeod, F. Schmitz, G. De Swaef and 12. R. Michalski, Polish J. of Environ. Studies, 14(3), 257-
Ph. Quevauviller, J. Environmental Monitoring, 2, 416- 268(2005).
419(2000). 13. 3=REF3I], KS 1 ISO 15061, -8 HE
2. M. Manassis and S. Constantinos, Ozone science & 2 24 -} o]l AR ulE I, 2006.
engineering, 25, 167-175(2002). 14. B. M. De Borba, J. S. Rohrer, C. A. Pohl, C. Saini, J of
3. IARC, ‘Agents Reviewed by the IARC Monographs’, Chromatogr. A, 1085, 23-32(2005).
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