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Abstract

This study was conducted to investigate the bromide and bromate concentrations in
natural spring waters within the Seoul area. The bromide concentrations in natural
spring water ranged from 1 pg/L to 181 pg/L (average 22 pg/L) for April, and from 1
pg/L to 123 ug/L(average 21 pg/l) during October. In most spring waters, the
concentrations of bromide ranged from 10 ug/L to 30 pg/L. When ozonation is
performed on water containing bromide ions, they are oxidized to bromate ions; an
inorganic disinfection by-product. Bromate ions are possibly carcinogenic: therefore, the
bromate concentrations in ozonated spring waters were investigated. In two ozonated
spring waters, the concentrations of bromate were below the MDL but in the other
spring waters, the concentrations ranged from 1.3 pug/L to 7.8 ug /L. Even though a
sample may contain a lower bromide concentration, it may contain a higher bromate
concentraion, depending on the water conditions. The bromate concentration of ozonated

water can varied depending on the CT value, amount of water usage and water quality,
such as dissolved organic substances, and pH, etc.
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Fig. 1. Ozonation system configuration. Fig. 2. Picture of ozonation system.
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Table 1. Operation conditions of IC for bromide and bromate analysis

Columns AG19-HC / AS19-HC, 4 mm
Suppressor ASRS ULTRA T, external water mode
Eluent Flow 1.0 mL/min

Sample Injection Volume 1,000 xLL

8 mM KOH from 1~10min
Eluent 8~50 mM from 9~18 min
return to 8 mM at 21 min

Temperature 30C

Run time 37 min

PCR(Post Column Reagent) Acidified potassium iodide(KI)
PCR Flow 0.3 mL/min

Postcolumn Temp 80°C
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Calculated MRL
(ug/L)
0.73
0.48
0.67

7

(ug/L)
0.23
0.15
0.21
spring waters

Calculated MDL, n
Table 3. bromate concentrations of ozonated

Linearity
(r%)
0.9804
0.9993
0.9982

R

TEE 22 pg/L),

=
T

=

Range
(ug/L)
1~100
0.5~50
0.5~50

3

o wEEAt

1~181 pg/L(

1049 29971 A&l o] 9
2

CD
CD
uv

Detector

Br
BYO{

Analyte
2010 4€¥ 2867H A4,

Table 2. Linearity and MDLs for Br and BrO;(UV and CD detection)
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Fig. 4. Chromatograms of (A) bromate in UV detector and (B) bromate and bromide in
conductivity detectors.
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Fig. 5. Bromate and bromide chromatograms of ozonated spring water sample.
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Fig. 6. Distribution of bromide concentrations Fig. 8. Bromide concentrations of spring waters
in Seoul natural spring water. The in Seoul.
horizontal lines in the box plot ® : <10 pgL
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Fig. 7. Frequency distribution of bromide concentration in Seoul natural spring water April(left)
and October(right).
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Fig. 9. Comparison of bromide and bromate

concentration.
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Table 4. Comparison of water quality parameters at ozonated spring waters in Seoul(April, 2010)

Turbidity TDS
(NTU) (mg/L)

CI’
(mg/L)

Consumption of KMnO4
(mg/L)

sampling site

No.

146

0.00

0.9

360

0.82

76

1.2

188

0.00

20

0.5

120

0.21

0.5

180

0.00

18

0.8

237

0.29

68

1.6

920

0.00

425

2.2

214

0.00

0.9
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