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A radiological characterization of 7 different carbonated mineral water samples collected in
the local supermarkets in the area of Belgrade (produced in Serbia) was carried out. Analysis
included determination of gross alpha and gross beta activities. The obtained results showed
that the natural activity concentrations of alpha and beta emitting radionuclides in carbon-
ated mineral water samples were within World Health Organization recommended levels, ex-
cept for the Heba Strong and Kiseljak samples where the beta activity exceeds 1 Bq/L. For
these two water samples gamma spectrometry analysis was performed as well as determina-
tion of %0Sr by oxalic method.

The instrumentation used to count the gross alpha and gross beta activities, as well as for °°Sr,
was a/f low level proportional counter Thermo Eberline FHT 770 T. Gamma spectrometric
measurements were performed using a HPGe Canberra detector with a counting efficiency of
20%. The annual effective dose equivalent due to ingestion of investigated waters was calcu-
lated for age group >17, and obtained values are lower than 0.1 mSv recommended reference
level. Finally, a comparison of the investigated waters with worldwide data was made.
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INTRODUCTION

According to the density of occurrences and the
diversity of physical and chemical features of mineral
waters, the territory of Serbia belongs to one of the
most resourceful areas of the European continent, but
only a small quantity of these mineral waters is used
for bottling. Bottled waters in Serbia are usually
HCO;, with Na or Ca as a dominant cation, and in a
large range regarding total dissolved solids [1]. The
quality of water is important in environmental studies
because of its daily use for human consumption and its
ability to transport pollutants. According to a
UNSCEAR report [2], drinking water is considered to
be an important factor in increasing the natural radia-
tion exposure in humans. Most commonly, natural
ecarth radionuclides have internal effects, i. e., they en-
ter the human body through inhalation or ingestion
(through drinking water and food of plant or animal
origin), and they irradiate human cells internally,
which leads to considerable radiation load of human
population in certain areas [3].

* Corresponding author; e-mail: marijam@vinca.rs

In general, gross alpha and gross beta analysis
which is one of the simplest radio analytical proce-
dures is used as the first step of the radiological charac-
terization of drinking waters as a screening method in
the field of radioecology, environmental monitoring
and industrial applications as well. Its main advan-
tages are the relatively low costs and simplicity. Nev-
ertheless, the determination of gross alpha and gross
beta activities faces some specific problems because a
mixed radionuclide composition has to be simulta-
neously measured. Drinking water samples may con-
tain different natural alpha (33%U, 234U, 23*Th, **°Ra,
and 2!°Po) and beta emitters (*°K, **Ra, and 2'°Pb),
and artificial radionuclides (**'Am, ?Sr) in various
concentrations. Most of them are members of a com-
plex decay chain. Naturally occurring alpha or beta
emitting radionuclides are frequently dissolved in do-
mestic water supplies and their concentrations vary
over an extremely wide range, mainly depending upon
the amount of radioelements present in bedrock and
soil the water comes in contact with [4]. However,
from the viewpoint of radiation hygiene, the result of
many worldwide surveys [5-7] indicate that only
222Rn and the long-lived radium isotopes ??°Ra and
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228Ra have been found in concentrations that may be of
health concern. The contribution of drinking water to
the total exposure is very small and is due largely to
naturally occurring radionuclides in the uranium and
thorium series. World Health Organization recom-
mends for the limits of gross alpha and gross beta ra-
dioactivity concentration in drinking water below
0.5 and 1.0 Bq/L, respectively [8]. In Serbia, accord-
ing to current regulations [9], radioactivity concentra-
tions in drinking water for gross alpha and gross beta
should be 0.5 and 1.0 Bq/L, respectively. If one of the
guideline values is exceeded, radionuclides have to be
identified by alpha and/or gamma spectroscopy, and
their individual activity concentrations need to be
measured. These guidelines ensure an exposure lower
than 0.1 mSv per year assuming a water consumption
rate of 2 L/d. If the estimated dose is higher than 0.1
mSv per year the reduction in consumption or
radionuclide concentration is necessary.

Radiostrontium is one of the most hazardous fis-
sion products that have reached the natural environ-
ment in larger quantities after atmospheric nuclear
weapon tests and large-scale nuclear accidents like
Chernobyl. Once released to either air, soil or freshwa-
ter the radionuclide can find their way into the food
chain leading to the contamination of human food. As
the chemical behavior of Sr is very similar to that of
Ca, strontium can be concentrated in bones with a high
risk of development of leukemia [10].

Strontium-90 is a man-made radioactive isotope
of strontium. It decays with a half-life of 29 years to yt-
trium-90 and emits a beta particle (an energetic elec-
tron) in the decay process. The energy of the beta par-
ticles (Ep o = 546 keV) is sufficient to produce
ionizations and excitations of molecules in their path.
The average range of these beta particles in water is
less than 0.2 cm. Because of the short range of the beta
particles, *’Sr outside of the body does not pose much
radiation hazard, except in large quantities and in equi-
librium with °°Y (half-life 64.4 hours), which pro-
duces a stronger beta radiation (Ep ., = 2.283 keV).
Due to the pure B-emitting property of °’Sr, determina-
tion of this isotope without prior chemical isolation
and purification is impossible. Among interference el-
ements such as calcium, barium, magnesium and ra-
dium, the most significant interfering element is cal-
cium which is contained in gram amounts in most
environmental samples, while Sr is contained in milli-
gram amounts or even less. *°Sr decays according to
the scheme [11]

9 (054 MeV) 90+, B (228 MeV) 90
3 ST SN, Dy F RN 0 Zr (1)

Numerous methods for the determination of *°Sr
have been developed including: solvent extraction of
90y with tributyl phosphate (TBP) and beta counting
[12], separation of 3% %°Sr, and *°Y and determination
by liquid scintillation counting (LSC) [13] and ion-ex-

change separation of Ca and Sr and measurement of
0Sr by beta counting [14]. In this paper oxalate
method for determination *Sr in water samples was
applied.

Determination of natural and artificial radioac-
tivity levels in drinking water has importance because
it allows the assessment of population exposure to ra-
diation by the consumption of the water.

The aim of this study was to determine the level of
activities in carbonated mineral waters from various
manufacturers. The measurement results found in this
study can thus be used to determine effective dose rates
stemming from ingestion of naturally occurring
radionuclides in water. The dose estimates presented
here were based on a worst case scenario by considering
that gross activities come only from radium isotopes
that have the most conversion factors. This assumption
provides information on the maximum dose limits that
may occur from ingestion of carbonated water.

MATERIALS AND METHODS

Carbonated mineral water samples selected for
this study are some of the most commonly produced
and consumed carbonated bottled waters in Serbia,
and they were all purchased during April 2012 from
local supermarkets in the Belgrade area. Before mea-
suring the activity concentration, all samples were first
analyzed for pH and conductivity. The pH was mea-
sured by Lina pH meter PHS-3BW Microprocessor
using combined glass electrodes. Calibration of the in-
strument was carried out by 4, 7, and 10 pH standard
solutions. The conductivity of the samples was mea-
sured by Conductometer (HANNA Combo).

Procedure for gross alpha
and gross beta activity

Volumes of 3 [ of bottled waters were evaporated
to a small volume, under infrared lamp. The remaining
part was heated to dryness at 450 °C [15]. The residues
were transferred quantitatively to a stainless-steel
planchet. Measurements were performed immediately
after preparation. The counting time was 3600 s for
gross alpha and gross beta activities.

Gross alpha and beta activity in water samples
were determined by a/f low level proportional counter
Thermo Eberline FHT 770 T. Calibration was per-
formed by using standard source of *°Sr (EM145,
Prague) with an activity of 189.4 Bq on the day August
1%, 2011, for beta activity and standard source of **' Am
(EM445, Prague) with an activity of 224 Bq on the day
August 1%, 2011, for alpha activity. The counting gas
was a mixture of 90% argon and 10% methane. The
counting efficiencies for the system are 23% for alpha
radiation and 33% for beta radiation. The background
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of each detector was determined by counting an empty
planchet for 3600 s.

The accuracy and reproducibility of gas propor-
tional counter were verified on a periodic basis-every
week. Total background count rate without a source is
monitored to verify that the detector and shield have
not been contaminated by radioactive materials. Alpha
and beta efficiencies of gas proportional counter were
checked with ! Am and ?°Sr sources, respectively.

Some of the properties of the detector are influ-
enced by the sample preparation when water is evapo-
rated obtaining the final source in dry residue or pre-
cipitate form. Due to energy loss and self absorption of
the alpha and beta particles in the sample matrix, their
counting efficiency is far less than 100%. It should
also be mentioned that no energy resolution is possible
with the proportional counters and it is not suitable to
determine volatile radionuclides (*H, 2!°Po). In spite
of the disadvantages, proportional counters are very
useful for high throughput screening when fast quanti-
tative analyses are required. Gross alpha and gross
beta activity can be determined simultaneously which
reduces the time of the analysis. Low background can
be obtained, which makes proportional counters effec-
tive for measuring environmental level radioactivity.
The spillover between alpha and beta signals is low,
even below statistical significance can be achieved.
Several detectors (6) can be installed into one detector
housing such that more samples can be measured si-
multaneously.

Gross alpha and gross beta activity was calcu-
lated using the following equation

1
Aaﬂ v (2)
where 4,5 [BqL™']is the activity of the sample, ¥/ — the
volume of the sample (L) which corresponding to the
mass of solid residue, and [ is given by the equation

_N-B
ef
where N [s™'] is the count rate for the sample, B [s '] —
the background, and ef—the efficiency of the detectors
for alpha and beta measurements.
Minimum detectable activity was calculated by

- yipa = LD @
V

1

3

where LLD [s'] is the detection limit, and ¥ — the vol-
ume of the sample.

Procedure for gamma
measurements

All water samples were boiled to reduce their
volume from approximately 10000 mL to 200 mL and
then poured into 200 mL cylindrical polyethylene vi-
als. The samples were stored for 1 month to reach the
radioactive equilibrium. Gamma spectrometric mea-

surements were performed using a HPGe Canberra de-
tector with a counting efficiency of 20%. Geometric
efficiency for water matrices in the plastic bottle of
200 mL was determined by a reference water material
(Czech Metrological Institute, Praha, 9031-OL-116/8,
type ERX) spiked with a series of radionuclides
(241Am, 109Cd, 139Ce, 57C0, 6OCO, SSY’ 1135n’ 8551‘,
137Cs, and 2'°Pb) with total activity of 114.9 kBq on
the day of March 3, 2008. The spectra were analyzed
using the program GENIE 2000. The activity of >>°Ra
and >*2Th was determined by their decay products:
214Bj (609 keV, 1120 keV and also 1764 keV), 2!“Pb
(295keV and 352 keV), and **8Ac (338 keVand 911
keV), respectively. The activities of “°K were deter-
mined from its 1460 keV y-line. Counting time inter-
val was 60000 s. The background spectrum was re-
corded regularly after or before the sample counting,
with empty 200 mL cylindrical polyethylene vials.
The specific activity, 4, of the radionuclides in the
samples was calculated using the equation

A= N
P, efV

)

where ¢ [s] is the counting time, and P, [%] —the prob-
ability of gamma decay. Minimum detectable activity
was calculated by the equation

LLD
IP, efV

where LLD =271+ 4.65v/B. The error of single activ-
ity measurement was estimated by standard procedure
of additive errors. It is in the range from 8 to 11% due
to the level of activity. The major contribution to the
total activity come from the errors in geometric effi-
ciency estimation (about 6%) and photo peak counts
estimation (about 3-4%), while the errors in all the
other parameters of activity evaluation (mass, count-
ing time, interval, probability of gamma disintegra-
tion) contribute to less than 1%.

The accuracy and reproducibility of gamma
spectrometry systems were verified on a periodic basis
— every week. Total background count rate without a
source is monitored to verify that the detector and
shield have not been contaminated by radioactive ma-
terials. Energy calibration is checked in whole region
before applying usual QC procedure for gamma spec-
trometry measurement. The total activity of calibra-
tion source will check the efficiency calibration and
the general operating parameters of the gamma spec-
trometry system (source positioning, contamination,
library values, and energy calibration). The detec-
tor-shield background, detector efficiency, peak
shape, and peak drift are measured and verified if they
are within the warning and acceptance limits. For that
purpose °Co source was used. All radionuclide
sources are bought at Czech Metrological Institute
which is traceable to BIPM (Bureau International des
Poids et Measures).

MDA =

(6)
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Procedure for determination
of *Sr in water samples

A radiochemical procedure was applied to the
separation and determination of *°Sr in water samples.
Water samples in which *°Sr were determined were
boiled to reduce their volume from approximately
10000 mL to 200 mL. The method consists of oxalate
departing calcium from strontium [16], firing till ox-
ide, and usage of Al as collector for *°Y. The samples
were stored for 18 days to reach the radioactive equi-
librium between *°Sr and *°Y. After 18 days *°Y de-
parts on collector AI(OH);, which is then firing till ox-
ide and after that (half-life period 64.2 hours) on o/
low level proportional counter. The counting time was
3600 s. The specific activity of the *°Sr, 4, in Bq/L, in
the water samples was calculated using the equation

In2,
_(N-B)e'

ASr
efpa PV

()

where Ty, [h] is the half-life of *°Y, ¢ [h] — the time
since separation of *°Y, p,,—the yield of Al, and p—the
yield of method. Minimum detectable activity was cal-
culated by

In2
—t
MDA =P 7 (8)
14
RESULTS AND DISCUSSION

Table 1 reports on pH, conductivity, dry residue,
and main dissolved ions concentrations. Total dis-
solved solids as a dry residue at 180 °C ranged between
323 and 3200 mg/L. Six investigated waters belong to
the medium-mineral class (residue >500 mg/L) except
for a Golijska Bistrica water, which belong to the
low-mineral class (residue 50-500 mg/L). Difference

in the conductivity value is related to the mineral salts
and the origin of the source. High conductivity value
for water Minaqua confirms its natural mineralization.
The value for conductivity was in a range from 81 to
1755 uS/em. According to Regulation on Quality and
other Requirements for Natural Mineral Water, Spring
Water and Bottled Drinking Water [ 17], recommended
value for conductivity should be up to 2500 puS/cm.
Also, the pH value for Minaqua water is the lowest
compared to other investigated sample. All water sam-
ples have pH values which are weakly acid, because of
the formation of carbonic acid by the addition of CO,.
All waters are bicarbonate (HCO;), except Golijska
Bistrica. Content of cation is in a large range, in some
waters Na and K ions prevail, in some Ca ions, and Mg
is the cation that prevails only in one sample (Mivela).
Magnesium water is very rare which makes this water
very special.

Table 2 shows the results for gross alpha and
gross beta activity concentrations from all the ana-
lyzed samples. Gross alpha activity in three water sam-
ples was lower than the minimum detectable activity.
The activity values of the rest water samples were
higher than MDA and below than recommended level
0f 0.5 Bq/L [9] for gross alpha activity. A good correla-
tion is found between gross alpha activity and dry resi-
due (r=0.77) (fig. 1). Gross beta activities ranged be-
tween 0.317 to 2.219 Bq/L. Table 2 shows that the
gross beta activity is always higher than the gross al-
pha activity. The highest gross beta activities, 2.219
and 2.080 Bq/L, was observed in the most mineralized
waters (Karadjordje and Heba Strong). A good corre-
lation was found between gross beta activity and dry
residue (» = 0.78) (fig. 2). These results show that
gross alpha and gross beta activity concentrations are
related to the dry residue of the samples, i. e. to the con-
tent of salts in the analyzed waters.

Due to the fact that the gross beta activity in sam-
ples Karadjordje and Heba Strong is higher than the

Table 1. Chemicl parameters of six brands of carbonated mineral water samples [mgL"]

Brand Knjaz Milos$ Minaqua Mivla Premia Heba Strong | Karadorde GB?Slgfé(:
pH 5.63 5.17 5.94 547 6.05 6.10 5.44
Dry residue 1037 1184 1622 848.5 3200 1710 323
Conductivity/uScm ™ 108 1755 103 84 140 150 81
Ca*" 106 31.8 25.2 232.4 65 104 57.7
K" 16.7 4 9.5 5.6 56 53 0.897
Mg2+ 60 20.7 333.2 18.2 14 63 37
Na® 247 397.7 123.4 56 1059 250 4.76
CI 10 306.4 14 14.4 57 54 4.2
Fe* <0.05 - — - - - -
F 1.3 - 0.4 - 1.45 - -
Selen <0.001
I - 0.94 - - - -
SO‘Z[ 12.2 - 2.1 11.3 198 61 19.1
HCO3 1183 757 2002.8 988 3110 1260 -
Content of CO, [min] 3000 3000 3000 3000 3000 2200 3000
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Table 2. Gross alpha and gross beta activity concentrations in all analyzed waters

Brand Gross alpha activity concentration [BqL™] Gross beta activity concentration [BqL™']
Knjaz Milo§ 0.178 + 0.069 0.921 £0.122
Minaqua <0.156 0.407 +£0.082
Mivela <0.131 0.649 + 0.095
Premia <0.082 0.449 £ 0.074
Heba Strong 0.460 £ 0.184 2.080 £+ 0.440
Karadjordje 0.372 £ 0.087 2.219 +£0.161
Golijska Bistrica 0.099 + 0.032 0.317 £ 0.044
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Figure 1. Correlation between the dry residue and gross
alpha activity
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Figure 2. Correlation between the dry residue and gross
beta activity

recommended level of 1 Bq/L, it is necessary to per-
formed gamma spectroscopy. The specific activities of
natural radionuclides 22°Ra, 232Th, 233U, and 23U and
artificial radionuclide '37Cs in these samples were be-
low the detection limits of our measuring system. Ser-
bian law recommends that activity concentration in
drinking water should not exceed 490 mBg/L for 2°Ra
and 590 mBg/L for 232Th [9].

Radionuclide 4°K is detected in both samples and
its concentration was 1.63 + 0.33 Bq/L for Heba Strong

and 1.93 + 0.41 Bq/L for Karadjordje sample. Since the
40K participate in total beta activity with 89%, we may
conclude that the gross beta activity of 2.219
(Karadjordje) and 2.080 Bg/L (Heba Strong) originates
mainly from “°K. However, it is evident that in addition
to “°K in these samples there are also some other beta
emitters present. Because of that in these two samples
90Sr was also determined. Concentration of °*Srin Heba
Strong sample was 0.014 £ 0.003 Bg/L, while concen-
tration for Karadjordje was 0.016 + 0.005 Bg/L. *°Sr is
found at a concentration far below that the one allowed
by regulations for drinking water (4.6 Bg/L) [9]. Values
for %Sr obtained in this paper are slightly higher than
the values of *°Sr obtained in tap water in Switzerland
(<0.005 Bg/L) [18]. In Pakistan concentration of *°Sr in
drinking water is 0.03 Bg/L [19].

The similar results for gross alpha and gross beta
activities have been found by Joksi¢ et al. [20] for min-
eral waters in Serbia that were analyzed during 2007,
where Heba water had gross beta activity >1 Bg/L due
to the high “°K contribution of 1530 mBg/L. Table 3
compares our results for gross alpha and gross beta ac-
tivities with the corresponding values in different
countries. In tab. 3 the results for bottled mineral wa-
ters from Serbia [21] which are not carbonated, show
lower gross alpha and gross beta activities than the car-
bonated bottled waters investigated in this paper.

Table 4 presents the activity concentrations of
226Ra, 232Th, and “°K in waters of different origin. The
concentrations of 2*Ra in mineral waters obtained in
different countries are of wide range, from 0.14 mBqg/L
in Slovenia to 4000 mBg/L in Spain. On the other hand,
232Th was detected in a small number of analyzed wa-
ter and its concentration varied within the range from
7.1 mBg/L in Hong Kong to 190 mBg/L in Bangladesh.
The content of “°K was from 15.7to 10064 mBg/L in
Poland (tab. 4).

In order to evaluate the annual effective dose for
age group >17 years, it was assumed that for 5 investi-
gated waters (Knjaz Milos, Minaqua, Mivela, Premia
and Golijska Bistrica), where the gross alpha and
gross beta activity does not exceed 0.5 and 1 Bq/L, re-
spectively, the gross alpha and gross beta activities
originates from 2>°Ra and ?*®Ra concentrations [4].
According to WHO guidelines, the daily drinking wa-
ter consumption is in average about 2 liters. Data con-
cerning the average daily bottled carbonated mineral
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Table 3. Gross alpha and gross beta activity concentrations comparison with literature values
Origin Gross alpha a[célc\l/it};]concentratlon Gross beta atfg\gﬁ}jlioncentratlon References
Serbia (bottled mineral water) 0.001-0.013 0.041-0.173 [21]
Turkey (tap water) 0.0002-0.0150 0.0252-0.2644 [22]
Mexico (bottled mineral water) <0.011-0.415 <0.026-0.695 [7]
Spain (bottled mineral water) 0.03-0.86 0.04-2.28 [23]
Hungary (bottled mineral water) 0.008-1.15 0.035-0.97 [24]
Greece (bottled mineral water) 0.008-0.094 0.071-0.35 [25]
Poland (bottled mineral water) 0.002-0.592 0.053-1.784 [26]
Republic of Srpska (bottled mineral water) <0.016-0.025 <0.02-0.7 [27]
Table 4. The activity concentrations of ***Ra, *’Th, and *’K in waters from different origin
Origin - Activity concentration;(z)f radionuclides [mBqL’l]40 Reference
Ra Th K
Poland 0.8-437 15.7-10064 [26]
Croatia 300-600 [28]
Slovenia 0.14-32 [29]
Serbia 10-530 200-1130 [30]
Greece 0.6-22.1 [25]
Hungary 4.3-910 [24]
Germany 0.8-350 [31]
Italy 0.2-1200 [31]
Spain 20-4000 [31]
France 7-700 [32]
USA 0.4-1.8 [32]
Turkey 11-36 80-169 [32]
Pakistan 31-140 [32]
Algeria 26 30 1000 [33]
Hong Kong 7.1 110 [33]
Bangladesh 190 4160 [33]

water consumption in the particular age group are not
available. Therefore, it has been assumed here that the
daily carbonated mineral water consumption for age
group >17 is 200 mL per day, N in eq. (9). The annual
effective dose rate to an individual, D, caused by ab-
sorption of natural radioactive elements in water can
be calculated using the following equation [8]

D(Sv)=NnWw 9

where W [BqL '] is the concentration of the radioiso-
tope and 17 [SvBq '] — the age dependent dose conver-
sion factor . The dose conversion factors are defined
for age group >17 years) (tab. 5).

Table 5 contains the calculated annual effective
dose equivalents coming from the 2°Ra and >?®Ra for
age group >17 years. The annual effective dose values
due to the ingestion of ??°Ra in the water varied from
1.68 t0 9.40 uSv per year (for all investigated waters)
and 15.97 to 46.39 uSv per year for >>*Ra. The annual
effective doses are below the WHO recommended ref-
erence level of 0.1 mSv per year [8].

For water samples Heba Strong and
Karadjordje, where the gross beta activity exceeds
recommended level of 1 Bq/L, it was necessary to
performed gamma spectroscopy and identified

radionuclides. Beside the gamma spectrometry, de-
termination of °Sr in these two samples was
performed. Based on the obtained activity concen-
trations for 4°K and ?°Sr, annual effective dose
equivalents coming from the *°K and °°Sr for age
group >17 years, using appropriate dose conversion
factors (tab. 5) was calculated. Since the *°K contri-
bution to gross beta activity is 89%, the residue be-
longs to other beta emitters, such as *°Sr, 3H, 2>’Ra
etc. We did not determined 3H, so we assume that in
addition to *°K and °°Sr, other beta activity origi-
nates from 2?®Ra. Calculated values for effective
dose equivalents coming from the *°K, ?°Sr, and
228Ra, for waters Heba Strong and Karadjordje are
presented in tab. 5. Based on the calculated values
for annual effective dose for these two samples),
these values were below the WHO recommended
reference level of 0.1 mSv per year [8].

CONCLUSIONS

Seven different brands of bottled carbonated
mineral water on sale in Serbia have been examined
for their radiochemical content. The gross alpha activ-
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Table 5. Dose conversion factor [34], water consumption for age class >17 and annual effective dose from ***Ra, ***Ra, 'K,

and *'Sr
Brand Radionuclide and dose comversion fictor [SVBA ]| oyl effective dose 1]

Knjaz Milo§ 3.63
Minaqua 3.19
Mivela 2.68
Premia 6Ra (2.8-10°7) 1.68
Heba Strong 9.40
Karadjordje 7.60
Golijska Bistrica 2.02
Knjaz Milo$ 46.39
Minaqua 20.50
Mivela 32.69
Premia *Ra (6.9-107) 22.62
Golijska Bistrica 15.97
Heba strong 31.03"
Karadjordje 24.83"
Heba strong 40 L 0.59
Karadjordje K(5.0107) 0.70
Heba stron; 0.029
Karadjordjf S (2.8:107) 0.033

“The annual effective dose originates from “**Ra after subtracting “’K and *°Sr from gross beta activity

ity in analyzed waters are below the level allowed by
Serbian regulations. The gross beta activity for five
samples are below the recommended reference level
of 1 Bq/L, except for the Heba Strong and Karadjordje
water, where gross beta activity exceeds the recom-
mended limits. For this water it is necessary to perform
gamma spectroscopy. In these two waters “’K was de-
tected in concentration of 1.63 £+ 0.33 Bqg/L for Heba
Strong and 1.93 *+ 0.41 Bq/L for Karadjordje water,
while the concentrations of 2?°Ra, 232Th, #35U, and
238U were below the detection limits. *°Sr was deter-
mined also for these waters, and specific activity was
0.014£0.003 Bq/L for Heba Strong and 0.016 = 0.005
Bq/L for Karadjordje. The concentration of *°Sr is be-
low the reference values for *Sr in drinking water (4.6
Bg/L). Since the *“°K is included in total beta activity
with 89%, we can conclude that the gross beta activity
0f2.219 (Karadjordje) and 2.080 Bg/L (Heba Strong)
originates mainly from “°K and from *°Sr.

Assuming that every adult drinks 200 mL of car-
bonated mineral water per day, the calculated annual
effective dose caused by intake of the radium isotopes
as well as “°K and *°Sr is lower than 0.1 mSv for all in-
vestigated waters.

This study has shown that the mineral waters that
found on the territory of Serbia are in accordance with
current international and domestic regulations and can
be used as drinking water.

Monitoring of bottled waters radioactivity
should be strongly recommended; special regulations
should be enforced to protect the most exposed class
of age.
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Mapuja M. JAHKOBWh, Harama b. CAPAII,
Hparana J. TOOJOPOBHh, Jacmunka /1. JOKCh

MPUPOIHUA W MIPOU3BEIEHMU (*Sr) PATMOHYKIMIN Y
TA3UPAHUM MWHEPAJTHUM BOJAMA KOJE CE KOPUCTE Y CPBMIU

Y pamy cy OpHKa3aHW pe3yNTaTH WCIHTUBaKa cajpykaja MOPUPOTHUX U TPOU3BEICHUX
PafMOHYKINAA y Ta3UPaHUM MUHEpPAJIHUM BofaMa Koje ce mpou3sBopie u uamupajy y Cpouju. YKymnHa
asna aKTUBHOCT je YHyTap TO3BOJLEHUX BPETHOCTH, IOK YKYITHA GeTa aKTUBHOCT IPEBa3miIa3y T03BOJbEHE
Bpeanoctu o 1 Bq/L 3a y3opke Xe6a Crponr u Kapahbopbe. 3a oBa aBa y30pKa akTUBHOCT paiMOHYKJIH/A
onpebeHa je cneKTpoMeTpHjoM rama eMuTepa, u HabeHo je 1a ykynHa 6eTa aKTHUBHOCT y BEJIMKO] MEpH
notuue on “’K. Takohe, y yzopuuma Xe6a Crponr u Kapahophe onpeben je cagpxkaj npousseeHor
pamuonyknuza *°Sr. Ha ocHOBY cBUX 00MjeHHX pe3ysiTaTa u3padyHaTa je TofulImba eheKTUBHA 1032, 3a
CTapOCHYy TpyIly Ipeko 17 ropuHa, yciie MHreCcTrje HCIUTUBAHNX Bojja. [{o01jeHe BpeqHOCTH Cy HIKE Off
0.1 mSv, MakcHMaJTHO JO3BOJBEHE 103€ 32 CTAHOBHUIITBO.

Kmwyune peuu: zasupana munepanna 6004, paouoakitiueHOC, Sr, 200ura eexitiusra 003a




