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Abstract

The activity concentrations of gross alpha, gross beta, and Ra-226 in some bottled mineral

water samples sold in Bangkok Metropolitan area were measured from the view point of internal

radiation for Thai consumers.  Concentration ranges of gross alpha, gross beta, and Ra-226

in imported bottled mineral, domestic bottled mineral, and domestic bottled drinking water were

as follows; for gross alpha, N.D. to 0.09, N.D. to 0.58, and N.D. to 0.17 Bq.l-1; for gross beta,

N.D. to 0.44, N.D. to 0.45, and N.D. to 0.19 Bq.l-1; for Ra-226, 0.51 to 5.919, 0.422 to 9.915,

and 0.096 to 0.398 mBq.l-1, respectively.  On average, brands of domestic bottled mineral water

contained the highest Ra-226 activity concentrations compared to those of imported bottled mineral

and domestic bottled drinking water.  However, all samples contained Ra-226 at concentration

lower than the regulation limit for drinking water regulated by Thai Industrial Standard Institute

(TISI), World Health Organization (WHO) and US.  Environmental  Protection Agency (US.EPA).

The annual effective dose from intake of Ra-226 in waters to Thai different age groups (<1-

17 y of age, and adults) was estimated. Group of infants and teens (10-17 y of age) child received

the highest dose compared to all age group from the intake of Ra-226 in domestic bottled mineral

water.  These doses were approximately 25 times of that from intake of Ra-226 in domestic

bottled drinking water and corresponded to 5.67-17% of the annual human exposure to radiation

from water consumption (100 µSv) recommended by UNSCEAR (UNSCEAR 1993).  Thus even

though mineral waters contain useful elements needed especially during the period of maximum

growth and development they can increase the risk of high exposures to human body due to

ingest of Ra-226. Based on this study, while consumption is not a severe problem now, quality

inspection of drinking water should be continued.
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Introduction

      In Thailand, popularity on consuming of
bottled mineral water has recently increased due
to the perception that it is cleaner than tap water
and can be served immediately.  Some consumer
believed that it is healthier than normal drinking
or tap water because it contains higher minerals
contents.  However, there is a possibility that mineral
water may be contaminated by natural radioactivity
more than natural drinking water. This is resulted
from that mineral water has long contact time with
source rock.  The occurrence of radionuclide in
such water causes human internal exposure, due
to the decay of radionuclide absorbed into the body
through ingestion.

Natural radioactivity in mineral water varies
over the wide range, mainly depending on the
geological characteristics of the rock and soil.1

However, the most radiotoxic and important among
them is radium, which is a known carcinogen and
exists in several isotopic forms.2  High radiotoxicity
of Ra-226 in water requires particular attention for
human health.  Even a small activity in a radioactive
substance which can be ingested or inhaled into
the body may produce a damaging biological effect
and can create a serious health risk.3  When radium
is absorbed into body, its metallic behavior is similar
to that of calcium and an appreciable fraction is
deposited in the bone, and remaining fraction being
distributed almost uniformly in the soft tissues.4

When people are exposed to very high levels of
radium for a long time, it may result in cancer
of the bone and the nasal cavity in human beings.

For the general public, nature is the largest
source for ionizing radiation in daily life as far
as normal background radiation concerned.  In 1991,
US.EPA regulated 15 pCi.l-1 maximum contami-
nation levels for gross alpha activity and 4 milli-
rem.y-1 maximum annual effective doses due to
contaminated gross beta activity in community water
supplies and all non-transient, non-community public

water systems.5 US.EPA also regulated 5 pCi.l-1

maximum contamination levels for combined ra-
dium (Ra-226 + Ra-228) if the gross alpha activity
in water is more than 15 pCi.l-1.  World Health
Organization (WHO)6 legislation concerning the
drinking water except the mineral water is 0.5 (instead
of the former 0.1 Bq.l-1)7 and 1 Bq.l-1 maximum
contamination levels for gross alpha and gross beta
activity, respectively.  Thai standard for drinking
water regulated by Thai Industrial Standard Institute
(TISI)8 is 0.1 and 1.0 Bq.l-1 for gross alpha and
gross beta activity, respectively.  However, Thai
standard specified that if in the case that gross alpha
activity is exceeded the regulation limit (i.e. 0.1
Bq.l-1), water could be considered safe for drinking
if the maximum contamination levels for combined
radium (Ra-226 + Ra-228) in such water is not
more than 0.1 Bq.l-1.

In this work, gross alpha, gross beta, and
Ra-226 in imported, domestic bottled mineral and
domestic bottled drinking water were measured and
compared. Annual effective dose for different age
group of Thai people due to ingest of Ra-226 were
estimated using the ingestion dose conversion factor
(DCF) for radionuclide (Sv.Bq-1) taken from the
annals of the ICRP publication 72.9  Age-dependent
daily water intake (DWI) was obtained from
Bronzovic, Maja and Marovic, Gordana 2005.10

Materials and Methods

Materials

Five kinds of imported bottled mineral water
(IMW), seven kinds of domestic bottled mineral
water (DMW), and four kinds of domestic bottled
drinking water (DDW) were purchased from su-
permarket in Bangkok Metropolitan Area during
2004.  The countries and provinces, if domestic,
of origin of water samples are shown in Table 1.
Domestic bottled mineral water and bottled drinking
water were produced from 10 provinces covering
an area from the northernmost region, Chiang Rai
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province, to the southernmost region, Surat Thani
province, in Thailand.  Locations of origin of domestic
bottled mineral water and bottled drinking water
are described in Fig. 1.

Analyses of water samples and

Standard Reference Materials

Water samples were added with 1 ml conc.
HNO3 per liter of samples before evaporating and

Fig. 1 Sampling locations of domestic mineral bottled water (DMW) and domestic drinking bottled
water (DDW)
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analysis using the following procedures.11

Gross alpha and gross beta radioactivity

Transfer to a beaker, an aliquot of water
sample of a volume size that contains no more
than 100 mg of total water solids (about 250 ml).
Evaporate the aliquot to near dryness on a hot plate.
To the sample residue in the beaker, add 5 ml
portions of conc.  HNO3 and evaporate to near
dryness.  This step is to convert chloride to nitrate
salts.  The chloride salts will react with stainless
steel and increase the sample solid.  Add 1 ml
1M HNO3 to the beaker and swirl to dissolve the
residue.  Quantitatively transfer to a tarred 2-inch
stainless steel counting planchet. Dry the sample
residue in a drying oven at 105 ÌC for at least 2
hours, cool in a desiccators, weight, and count.

The alpha- beta counting system used was
low background alpha/beta counting system (LB
5100 series IV, Tennelec Nucleus Inc.).  Am-241
(specific activity of 6.02 nCi.g-1) and Cs-137
(specific activity of 13.09 nCi.g-1) both from US.EPA
were used as standards for gross alpha and gross
beta activity, respectively.  For quality control, inter-
comparison water samples, WCC-238, were ob-
tained from US.EPA.
Ra-226 radioactivity

5 liters of water sample was evaporated
on the hot plate into 500 ml with occasionally rinsed
with 0.6 M HNO3 then filtered before analysis.
Water sample were determined by radiochemical

analysis.  The radium in the water sample was
collected by co-precipitation with barium sulfate
in EDTA solution at pH 3-4.  Ra-226 in barium
radium sulfate co-precipitate was converted to
carbonate salt by adding with 30 ml of 3N Na2CO3
solution and heating in water bath for 30 minutes.
Dissolved the carbonate salt in conc.  HNO3 and
then purified by extraction with solution of 10%
Thenoyl Trifluoro Acetone (TTA) in benzene.  Re-
precipitated radium on barium sulfate and alpha
counted in low background alpha, beta counting
system.

Ra-226 Standard Solution (IPL-7226) from
Isotope Products Laboratories was used as standards
for Ra-226 activity concentration determinations.
Intercomparison water sample from US.EPA, WCC-
267A and WCC-278, were used for quality control.
Evaluation of the effective dose

The annual effective dose due to intake of
radionuclides from drinking water can be estimated
as below.10

D = 365 × DWI × DCF × C
Where
D = Ra-226 effective dose per year for

specific age group from ingestion
of Ra-226 in water (Sv);

C = Mean value of Ra-226
concentration in water (Bq.l-1);

DWI = Daily water intake for specific age
group (l.d-1);

Table 1 Comparison of the present results with certified values of gross alpha/beta in water WCC-
238, and Ra-226 in water, WCC-267A and WCC-278.

WCC-238 WCC-267A WCC-278

Radionuclide Present Certified Present Certified Present Certified

result value result value result value

Gross alpha 13.3 ± 0.3 15 ± 5 › › › ›
Gross beta 46.1 ± 0.1 44 ± 5 › › › ›
Ra-226 › › 9.6 ± 0.6 9.9 ± 1.5 15.5 ± 0.06 15.0 ± 2.3
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DCF = Dose conversion factor for Ra-226
for specific age group (Sv.Bq-1)

Results and Discussion

Accuracy and precision of the analytical

techniques

In order to check the accuracy and precision
of the present method, three kinds of intercomparison
water samples (gross alpha/beta in water WCC-
238 and Ra-226 in water, WCC-267A and WCC-
278) were analyzed.  Their results and the certified
values are shown in Table 1.  All results were
in very good agreement with the values of inter-
comparison water samples within + 5% except for
gross alpha (±11.3%) of WCC-238. This was due
to sensitivity to interference from self-absorption
when counting alpha particle activity that is more
affect to the count rate than when counting beta
activity.11

Comparison of gross alpha activity between

imported and domestic water

Gross alpha activity in water samples are
shown in Table 2.  Statistical values were calculated
by substituting the N.D. value with one half of
the detection limit (0.024 Bq.l-1) to get away from
over estimation. Range and geometric mean of
gross alpha activity (N.D. to 0.17 Bq.l-1 and 0.089
Bq.l-1) of domestic bottled drinking water were
higher than those of mineral water both imported
and domestic brands.  Chemical contaminations can
enhance the count rate of alpha and beta radio-
activity.12  In this situation chemical composition
of water samples may alter alpha and beta particles
count rate.  For those of bottled mineral water,
range and geometric mean of domestic brand (N.D.
to 0.58 Bq.l-1 and 0.059 Bq.l-1) is higher than those
of imported brand (N.D. to 0.09 Bq.l-1 and 0.040
Bq.l-1). Gross alpha radioactivity in some brands
of domestic bottled drinking water, DDW1 (0.171
Bq.l-1) and DDW4 (0.153 Bq.l-1) and domestic
bottled mineral water, DMW2 (0.575 Bq.l-1) and

DMW3 (0.137 Bq.l-1) were higher than Thai standard
for drinking water.8  However, the results obtained
for Ra-226 concentrations in all samples were lower
than the standard limit of Thai drinking water which
is 100 mBq.l-1 for combined radium (Ra-226+228).
Tumnoi12 determined gross alpha radioactivity in
domestic water samples including groundwater,
mineral water and bottled drinking water and the
results shown in Table 3, the results are compara-
tively lower than the present result.
Comparison of gross beta activity between

imported and domestic water

Gross beta activity in water samples were
shown in Table 2.  Same as gross alpha activity,
the statistical values were calculated by substituting
the N.D. value with one half of detection limit
(0.122 Bq.l-1).   For imported bottled mineral water,
range and geometric mean of gross beta activity
(N.D. to 0.44 Bq.l-1. and 0.175 Bq.l-1) were the
highest compare to those of domestic brands.  For
those of domestic brands, range and geometric mean
(N.D. to 0.19 Bq.l-1 and 0.140 Bq.l-1) of bottled
drinking water were higher than those of bottled
mineral water (N.D. to 0.45 Bq.l-1 and 0.127
Bq.l-1).  All samples contained gross beta radio-
activity lower than Thai standard for drinking water8

which is 1.0 Bq.l-1.  Results of surveillance of gross
beta radioactivity in domestic water samples12 were
shown in Table 3.  The same as gross alpha ra-
dioactivity, the results shown are comparatively
lower than the present result.
Comparison of Ra-226 concentrations between

imported and domestic water

Ra-226 concentrations in water samples were
shown in Table 2.  Range and geometric mean
of Ra-226 in bottled mineral water both of imported
(0.51 to 1.11 mBq.l-1 and 1.015 mBq.l-1) and
domestic brand (0.42 to 6.67 mBq.l-1 and 1.459
mBq.l-1) were higher than those of domestic bottled
drinking water (0.10 to 0.40 mBq.l-1 and 0.162
mBq.l-1). Regular consumption of mineral water
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Table 3  Gross alpha/gross beta radioactivity (Bq.l-1) in some domestic collected water samples.12

No. Type Gross alpha Gross beta

1 Groundwater 0.010 0.120
2 Groundwater 0.010 0.070
3 Groundwater 0.010 0.090
4 Groundwater 0.010 0.080
5 Groundwater 0.010 0.120
6 Groundwater 0.010 0.100
7 Groundwater 0.010 0.070
8 Drinking water 0.010 0.020
9 Bottled drinking water 0.010 0.020
10 Bottled drinking water 0.010 0.020
11 Bottled drinking water 0.010 0.020
12 Bottled drinking water 0.010 0.020
13 Mineral water 0.026 0.055
14 Mineral water 0.006 0.085
15 Mineral water 0.007 0.092

Geometric mean 0.010 ± 0.305 0.053 ± 0.738

Table 4 Comparison of Ra-226 concentration range in drinking waters with previous measurement from
different countries.13

Country Concentration range (mBq.l-1) References

France 7-700 14
Finland 10-49,000 15

Germany 1-1,800 16
Italy 0.2-1,200 17

Poland 1.7-4.5 18
Spain 20-4,000 19

Turkey (Istanbul) 11-36 20
Turkey (Eastern Black Sea) 3-45 21

United States 0.4-1.8 22
This study 0.1-10

could mean that more amounts of Ra-226 were
intake and the higher exposure doses to human body
than that of normal drinking water.

Gross alpha and gross beta radioactivity
measurements are screening method to determine

whether it is necessary to analyze samples for specific
radionuclide or not.  Usually, gross alpha radio-
activity is believed to be most contributed by Ra-
226.  In this study, however, no relationship was
found between gross alpha radioactivity to Ra-226
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Table 5 Age-dependent daily water intake (DWI).10

Age Mean normal body weighta (kg) DWI (ml)

<=1 <=10 1,000
2 13 1,170
3 15 1,260
4 17 1,326
5 19 1,349
6 21 1,365
7 23 1,495
8 25 1,550
9 28 1,624
10 31 1,705
11 35 1,750
12 40 1,960
13 45 2,115
14 51 2,346
15 57 2,508
16 62 2,666
17 66 2,706

>=18 70b 2,000
aMean normal weight in boys (Scoot 2003)
bBody weight of a Reference Man (ICRP 1974)

(R2 = 0.050).  Therefore Ra-226 activity concen-
trations in sample could not be estimated based
on gross alpha activity in such sample.

The Ra-226 concentration values obtained
were compared with those by other workers (Table
4).  The measured Ra-226 activity concentrations
are lower than the concentrations observed in
France14, Finland15, Germany16, Italy17, and Spain18

and are in the same range of those in Poland19

and Turkey20-21 and higher than those in United
States.22

Dose estimation from intake of Ra-226

      Annual effective dose for different age
groups of Thai people due to ingested of Ra-226
in tested water sample were estimated using age-
dependent daily water intake (DWI), in Table 5,

obtained from Bronzovic, Maja and Marovic, Gordana
2005.10

According to the annals of the ICRP
publication 729, the dose conversion factor (DCF)
is 4.7 × 10-6 Sv.Bq-1 for the infants, 9.6 × 10-7

Sv.Bq-1 for children between 1 and 2 y of age,
6.2 × 10-7 Sv.Bq-1 for children between 3 and 7
y of age, 8.0 × 10-7 Sv.Bq-1 for children between
8 and 12 y of age, 1.5 × 10-6 Sv.Bq-1 for children
between 13 and 17 y of age, and 2.8 × 10-7 Sv.Bq-1

for adults.
Ra-226 effective doses per year from

consumption of tested waters for different age groups
are presented in Table 6.

The assessed effective doses per year for
children under 10 y of age from consumption of
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all types of tested water showed satisfactory low
value.  Highest effective dose was received by
infants under 1 y of age from 1-y consumption
of domestic mineral water.  In this case, infants,
by consumption of domestic mineral water could
be exposed to maximum dose 17.0 µSv.y-1.  This
dose was apparently low and corresponded to 17%
of doses recommended by UNSCEAR.23  The
assessed Ra-226 effective doses per year for the
consumption of all types of tested water for children
between 10 and 17 y increased with increasing age
while as those of adults showed abruptly low.
However, all values were well below 100 µSv.y-1.

Dependence on age of the averaged values
of assessed Ra-226 effective doses per year from
intake of imported mineral, domestic mineral and
domestic drinking waters was given in Fig. 2.

Conclusions

Radioactivity levels in imported and do-
mestic bottled mineral water and domestic drinking
water were checked from the view points of internal
radiation dose to Thai peoples.  The mean values

of Ra-226 concentrations in imported mineral,
domestic mineral and domestic drinking bottled waters
range from 0.1 to 10 mBq.l-1.  The highest values
related to domestic mineral waters which may depend
of a  source rock and on purifying processes which
precede the process of packing water into the bottles.

Annual effective doses per year ranging up
to 17.0 µSv.y-1, are acceptable to all age groups
because they are lower than the recommended value.

The highest annual effective doses were
related to domestic mineral waters to infants and
teens (10-17 y of age).  These doses were ap-
proximately 25 times of those related to domestic
drinking waters and corresponded to 5.67-17% of
the recommended value by UNSCEAR.  Based on
this study it could be suggested that, even though
mineral waters contain useful elements needed
especially during the period of maximum growth
and development (such as calcium) they may increase
the risk of high exposures to human body due to
ingest of Ra-226.

Adults and especially elderly people are
much less susceptible to the presence of Ra-226.

Fig. 2 Averaged (geometric means) values of Ra-226 effective doses per year (µSv) from ingestion
of imported mineral, domestic mineral, and domestic drinking waters
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Their Ra-226 effective doses per year were con-
siderably low (max. 2 µSv.y-1).
      Determination of Ra-226 content in bottled
water is useful for the purpose of the prevention
of unnecessary exposure of humans to natural
radiation. Based on this study, while consumption
is not a severe problem now, quality inspection
of drinking water should be continued.
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‡√‡¥’¬¡-ÚÚˆ ¡’§à“µ—Èß·µà .ıÒ ∂÷ß ı.˘Ò˘, .ÙÚÚ ∂÷ß ˘.˘Òı ·≈– .˘ˆ ∂÷ß .Û˘¯ ¡‘≈≈‘‡∫§‡§Õ‡√≈µàÕ≈‘µ√ „ππÈ”·√à∫√√®ÿ¢«¥

π”‡¢â“ πÈ”·√à∫√√®ÿ¢«¥„πª√–‡∑» ·≈–πÈ”¥◊Ë¡∫√√®ÿ¢«¥„πª√–‡∑» µ“¡≈”¥—∫ ‡¡◊ËÕæ‘®“√≥“®“°§à“‡©≈’Ë¬ æ∫«à“πÈ”·√à∫√√®ÿ¢«¥„πª√–‡∑»

¡’ª√‘¡“≥°—¡¡—πµ√—ß ’‡√‡¥’¬¡-ÚÚˆ  Ÿß ÿ¥ Õ¬à“ß‰√°Áµ“¡∑ÿ°µ—«Õ¬à“ß¡’ª√‘¡“≥°—¡¡—πµ√—ß ’‡√‡¥’¬¡-ÚÚˆ µË”°«à“ª√‘¡“≥°—¡¡—πµ√—ß ’

 Ÿß ÿ¥∑’ËÕπÿ≠“µ„Àâ¡’‰¥â„ππÈ”¥◊Ë¡∫√√®ÿ¢«¥°”Àπ¥‚¥¬ ”π—°ß“π¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ¡“µ√∞“ππÈ”‡æ◊ËÕ°“√∫√‘‚¿§°”Àπ¥

‚¥¬Õß§å°“√Õπ“¡—¬‚≈° ·≈–¡“µ√∞“ππÈ”¥◊Ë¡°”Àπ¥‚¥¬Õß§å°“√æ‘∑—°…å ‘Ëß·«¥≈âÕ¡·Ààßª√–‡∑» À√—∞Õ‡¡√‘°“ ‡¡◊ËÕª√–‡¡‘πª√‘¡“≥√—ß ’∑’Ë

√à“ß°“¬‰¥â√—∫®“°‡√‡¥’¬¡-ÚÚˆ „ππÈ”®“°°“√∫√‘‚¿§ æ∫«à“°≈ÿà¡ª√–™“°√∑’Ë‰¥â√—∫ª√‘¡“≥√—ß ’ Ÿß ÿ¥ §◊Õ°≈ÿà¡‡¥Á°∑“√°∑’Ë¡’Õ“¬ÿµË”°«à“

Ò ªï ·≈–°≈ÿà¡«—¬√ÿàπ„π™à«ßÕ“¬ÿ Ò-Ò˜ ªï ·≈–æ∫«à“ª√‘¡“≥√—ß ’ Ÿß ÿ¥‰¥â√—∫®“°°“√∫√‘‚¿§πÈ”·√à∫√√®ÿ¢«¥∑’Ëº≈‘µ„πª√–‡∑» ‚¥¬æ∫«à“

ª√‘¡“≥√—ß ’ Ÿß ÿ¥∑’Ë√à“ß°“¬®–‰¥â√—∫‡¡◊ËÕ∫√‘‚¿§πÈ”·√à∫√√®ÿ¢«¥∑’Ëº≈‘µ„πª√–‡∑»‡ªìπª√–®”¡’§à“ Ÿß∂÷ß Úı ‡∑à“¢Õßª√‘¡“≥√—ß ’ Ÿß ÿ¥∑’Ë

√à“ß°“¬®–‰¥â√—∫‡¡◊ËÕ∫√‘‚¿§πÈ”¥◊Ë¡∫√√®ÿ¢«¥∑’Ëº≈‘µ„πª√–‡∑» ·≈–¡’§à“‡ªìπ ı.ˆ˜-Ò˜% ¢Õßª√‘¡“≥√—ß ’ Ÿß ÿ¥∑’ËÕπÿ≠“µ„Àâ√à“ß°“¬√—∫

‰¥â®“°°“√∫√‘‚¿§πÈ”¥◊Ë¡¡’§à“‡∑à“°—∫ Ò ‰¡‚§√ ’́‡«‘√å∑µàÕªï °”Àπ¥‚¥¬ UNSCEAR ¥—ßπ—Èπ ∂÷ß·¡â«à“πÈ”·√àÕ“®ª√–°Õ∫¥â«¬·√à∏“µÿ∑’Ë¡’

§«“¡®”‡ªìπµàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õß√à“ß°“¬„π™à«ß√–¬–‡«≈“∑’Ë¡’°“√‡µ‘∫‚µ·≈–æ—≤π“°“√¡“°∑’Ë ÿ¥ ·µà°ÁÕ“®‡æ‘Ë¡§«“¡‡ ’Ë¬ßµàÕ°“√‰¥â√—∫

ª√‘¡“≥√—ß ’∑’Ë Ÿß¢÷ÈπµàÕ√à“ß°“¬ ¥—ßπ—Èπ §«√À≈’°‡≈’Ë¬ß°“√∫√‘‚¿§πÈ”·√à‡æ’¬ßÕ¬à“ß‡¥’¬«„π™’«‘µª√–®”«—π ®“°º≈¢Õß°“√»÷°…“π’Èæ∫«à“

∂÷ß·¡â°“√∫√‘‚¿§πÈ”·√à·≈–πÈ”¥◊Ë¡∫√√®ÿ¢«¥®–¬—ß‰¡à‡°‘¥ªí≠À“„π¥â“π°“√‡ªìπÕ—πµ√“¬®“°√—ß ’ °“√µ√«®µ‘¥µ“¡§ÿ≥¿“æ¢ÕßπÈ”¥◊Ë¡°Á‡ªìπ

 ‘Ëß®”‡ªìπ·≈–§«√°√–∑”

§” ”§—≠ : °—¡¡—πµ√—ß ’·Õ≈ø“ °—¡¡—πµ√—ß ’∫’µ“ ‡√‡¥’¬¡-ÚÚˆ πÈ”·√à∫√√®ÿ¢«¥ ª√‘¡“≥√—ß ’µàÕ√à“ß°“¬


