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(W) BrO Exposure HQ BrO Exposure HQ
(ng/L)  (pgskg bw/day) (ng/L)  (pg/kg bw/day)
Wile Salig! RO <3.0%*xx 0.08 0.02 -
UV 10.8%%*x 0.56 0.14 -
wNdovaau e 4.1%* 0.21 0.05 -
(e UNAY <3.0%* 0.08 0.02 -
gasfad muan 3.0% 0.16 0.04 -
wilaigau 3.0%* 0.16 0.04 -
syl WFesYs (1) <3.0%¥** 0.08 0.02 -
WIS (2) 8.9% k% 0.47 0.47 -
UATHITIA NeVZAs <3.0 0.08 0.02 -
HGAN NPNNWNIUAT AaULNDY (1) <3.0 0.08 0.02 12.4%*** 0.65 0.16
AAULNDY (2) <3.0%*¥* 0.08 0.02 -
AAINT 4.0 0.21 0.05 -
wand 6.9%* 0.36 0.09 -
Unusil dulan (1) <3.0 0.08 0.02 -
dulan (2) <3.0 0.08 0.02 -
dulan (3) <3.0 0.08 0.02 -
dulan (4) <GHHk 0.08 0.02 -
VLSRG 5.5%* 0.29 0.07 -
a1ynm 6.0%* 0.31 0.08 -
Wias (1) 4. 5xxxx 0.24 0.06 5.7%%%* (.30 0.07
(Wa9 (2) 15.0% 0.78 0.20 -
Was (3) 25.4 1.3 0.33 -
285N uNUedu <3.0%*k* 0.08 0.02 -
Nileg (1) 37.7 2.0 0.49 26.0%* 1.4 0.34
Nay (2) 102.3 5.4 1.3 -
uasUgw fanwu (1) <3.0%* 0.08 0.02 -
FNNNU (2) 9.8%*** 0.51 0.13 -
dynsUnms UNLESY 85.0%*** 4.4 1.1 -
dYNIINATIN BN 5.gHHx 0.28 0.07 -
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M99 4 mMsUszdiuemslasudaeis UAENIANNUNIAATNNILEFBIHaFUNIN (hazard quotient: HQ) Tunindn
° { & ' ' a '
ussymauunaiiitnumaiuazuvaudn (6a)

me UVAINE® SUND /126 U w.a. 2557 U w.e. 2562
(MpEN) (WWIN) BrO Exposure HQ BrO - Exposure HQ
(ng/L)  (ng/kg bw/day) (ng/L)  (pgrkg bw/day)
(5] gnuYInd  wWuily <3.0* 0.08 0.02 -
LAEU 4.9% 0.26 0.06 -
FEUN RO 4.3%%%x 0.22 0.06 -
LUNS GSGR 4.5% 0.24 0.06 -
@ziuean  wmasen ey 3.1%%xx 0.16 0.04 -
Weanile  weshwdin  gudiu <3.0%¥x 0.08 0.02 -
(a9 15.9%%** 0.83 0.21 -
Y3sud wAUAI (1) 36.2%%*x 1.9 0.47 -
weUM (2) 60, 2% * 3.2 0.79 -
n9zaa 46.3%*+* 2.4 0.61 -
duns Wos (1) 6.0* 0.31 0.08 41.0%%*% 921 0.54
Wiase (2) 27.2%%%% 1.4 0.36 -
Wiae (3) 37.2%%%% 1.9 0.49 -
UWIYS 41.2%%%* 2.2 0.54 -
gu 10.2%* 0.53 0.13 -
Ausnil 6.0%**x 0.31 0.08 -
UATWUN SIWUN <3.0%*** 0.08 0.02 -
ga3oNil (@iag 52.3% % ¥ 2.7 0.68 -
aziugen  ¥ous W 52.3%%xx 2.7 0.68 -
uUNY3 Tihih3au <3.0%***  0.08 0.02 -
28BN thuee 3.2%* 0.17 0.04 -
Avdunafianwann 176,74 9.2 2.3 34.5% 1.8 0.45
Min-max (BrO,") <3-177 12.4-41.0
uEnnufmadiny BrO - (3owaz) 51 (10.0) 5(9.6)
NANELNG 3zq°7;amﬂ: * OZONE ** UV, OZONE *#* RO, OZONE #x%% RO, UV, OZONE
Guindaliszy
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519N 5 msUssiiuanslesudues UaENIANNUNIAATNIFBIGagUNIN (Hazard quotient: HQ) Twius

593 HIUUNIUTLAUMDE LA UBAIE

UNBNHE SILND/1UR U w.e. 2557 U w.e. 2562
PUUMBEN BrOS’ Exposure HQ dhuiudadn BrO3’ Exposure HQ
nuIU (%) (ng/L) (png/kg bw/day) N (%)  (ug/L) (pg/kg bw/day)

1hussssund 10 (18.2) 9 (60.0)

Tutsene 9 (37.5) 8 (72.7)

Fea Il Fealnal 12.5 0.65 0.16

oA WUNSE - 19.8%#** 1.0 0.26

Ui MyIutug <3.0* 0.08  0.02
28.0* 1.5 0.37 47.5 2.5  0.62

Unuanil dwlan 79.2 4.1 1.00 59.0%*** 3.1 0.77
83.3%* 4.4 1.10 47.5 2.5  0.62
95.0** 5.0 1.20 64, HFrHHxE 3.4 0.84

104.0 5.4 1.40 68.5 3.6  0.90

85.4 4.5 1.10

daviy3 WINNYS 134.0 7.0 1.8

GEGHE UNLID 25.8%* 1.4  0.34

duns (FTLN 2.4%%%x 0.13 0.03

aeUsEne 1(3.2) 1 (25.0)

DOALAILAY 41.5 2.2 0.54 56.0 2.9 0.73

NRUIYLIEG) sxq‘ﬁamn: * OZONE ** UV, OZONE *** RO, OZONE ***#%x RO, UV, OZONE

Buindaliszy

H v o o Y ' H ' < < A o
M50 6 M LASUFNEE mw(émwaﬂu‘smmmaqwmw LaANNLEENAINTEUNZSINNNITUS AR m?mus'sagmm
WASII5IINTO i W.A. 2557 waz 2562

U w.a. CPRERN! Msuslan Tusiue Exposure AN (Risk)
(305/0U/7M) (ng/1)  (pngs/kg.bwsday) Hazard quotient Excess cancer risk
(HQ) (x10™)
2557 ﬁwﬁuussgmm
- ﬂ"l(?%’lij@] 3.0 <3.0 0.08 0.02 0.3
- Agag 3.0 177.0 9.30 2.30 35.4
- fumasiiny 3.0 18.5 0.97 0.24 3.7
- dmdenanun 3.0 1.7 0.09 0.02 0.3
Mussssund
- ﬂ"l(?%’lij@] 3.0 <3.0 0.08 0.02 0.3
- Mgagn 3.0 134.0 7.00 1.8 26.8
- fumasiiny 3.0 66.1 3.50 0.86 13.2
~ FadsnnNe 3.0 12.0 0.63 0.16 2.4
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2562 ﬁwﬁumi@mm
- c:hsiwqm 3.0 5.7 0.30 0.07 1.1
- MR 3.0 41.0 2.10 0.54 8.2
- Mwasfiny 3.0 23.9 1.30 0.31 4.8
- Fuadenanun 3.0 2.3 0.12 0.03 0.5
1ussssamd
- c:hsiwqm 3.0 <3.0 0.08 0.02 0.3
- MR 3.0 68.5 3.60 0.90 13.7
- Mwasiiny 3.0 43.3 2.30 0.57 8.7
- fwanarae 3.0 26.0 1.36 0.34 5.2
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Risk Situation of Bromate Contained in Bottled Drinking Water and Natural Mineral Water Distributed in Thailand
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Bromate is mutagenic possibly carcinogenic to humans. It can be found in drinking water as a
by-product from water disinfected by ozone. No regulatory limit has been established in Thailand. This
study aimed to evaluate risk situation from intake of bromate in bottled drinking water and natural min-
eral water distributed in Thailand in 2014 and a follow-up assessment in 2019. For the year 2014, the
total of 566 samples from 60 provinces in Thailand with trademark was consisted of 511 samples of
ozone treated bottled drinking water treatment system, 55 samples of natural mineral water, 24 samples
were locally produced and 31 samples were imported. The 2019 study, there were 67 samples collected
from 12 provinces including 4 imported samples. The analysis was performed using ion chromatographic
technique with LOD and LOQ of 1 and 3 pg/L respectively, recovery of 99-112% and relative standard
deviation (RSD) of 2.4-8.4%. The results showed that 10.0% of bottled drinking water collected in
2014 contained bromate in the range of <3-177 pg/L; and 18.2% of mineral water contained bromate
in the range of <3-134 pg/L. Similar investigation conducted in 2016 revealed that bromate was still
found in 9.8% of the drinking water samples with the range of 5.7-41.0 pg/L, and 60% in natural
mineral water with the range of <3-68.5 ng/L. The health risk assessment revealed the hazard quotient
(HQ) of less than 1. However, the excess cancer risks (ECR) in both bottled drinking water and mineral
water was over 2x10°°, the acceptable risk level set by the World Health Organization. Therefore, the
national authority should establish a regulatory limit for bromate in drinking water in Thailand in order

to protect the consumers.
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