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ABSTRACT

Water is the most important substance for life. Mineral waters are widely used as drinking water, and so that, it
is important to determine the radon levels, and its risk in drinking water for public health and radiation
protection. Radon concentration has been measured in the bottled natural mineral water samples
commercially available in the Egyptian local market, using closed can technique. Radon concentration in water
samples ranged from 0.93 - 6.89 Bgl™ and total annual effective dose ranged from 3.49 - 2593 uSvy ™. The
results indicate that radon concentrations in water samples lower than the recommended limit 11.1BqL™ by
EPA, and the annual effective dose of the samples are lower than the permissible international limit by EPA
and WHO. The obtained results indicate that there is no significant public radiological risk related to radon
ingested with drinking water in the present study.
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INTRODUCTION

Radon is the main source of natural radiation exposure. Radon is a naturally occurring radioactive element. It is
a colourless, odourless and chemically inert gas and has no taste. It can only be measured with special
equipment. Radon is also fairly soluble in water and organic solvents [1, 2, 3].

Assessment of natural radioactivity in drinking water has been done in different countries, to determine the
risk resulting from consuming water, because it used for drinking, irrigation, swimming, and some industries.
Natural water is a chemical system contains in its composition some group of gases, mineral, and organic
materials. Consumers choose this alternative because they dislike the taste of chlorinated tap water [4, 5].
Radionuclides values in water pose a number of health hazard, especially when these radionuclides are
deposited in the human body through drinking. Dissolved radionuclides in water emit radon, which gradually
affect living tissues, because the radon derived from ingested water penetrate inside the body.

Ground water contains different amounts of dissolved radioactive materials from the radionuclides, which
found in the earth. The quantity of radionuclides in ground water change by some parameters of magnitude
and is in flounced by physical, chemical and geological properties of the aquifer [6]. The distribution of
radioactivity in water depending on the local geological characteristics of the source, soil, rock and other
parameters that control the distribution of radionuclides in ground water and the hydrogeological condition
and the geochemistry of radionuclides [4, 7, 8, 9]. Ground and surface waters contain radionuclides as natural
components. Radon emitted from into waters as a result of natural processes like the decay of its parent
nuclide radium [10]. The geological sources of natural mineral waters are known as aquifers, which may be of
different types, and they vary greatly in terms of their depth, horizontal extent, composition, and permeability.
Water filtering into the underground flow slowly through deep permeable rocks and sediments and diffuses
into the empty interstitial space of the rocks [11].

Natural mineral water differs, in its original purity and its content from treated water what we drink. The
surface and ground fresh water sources undergo a treatment process (settlement, filtration, precipitation,
purification). During these appropriate treatments for meeting specific bacteriological and chemical safety
standards, the possibility radionuclides are retained [12, 13]. Last years, consumption of bottled mineral water
has widely increased in the world, and it has become very popular. The evaluation of the radiological quality
for bottled mineral drinking waters is important to reduction radiation exposure of the population. The
National Research Council [14] has estimated that about 30% of radon concentration in the stomach was
integrated into the walls of the stomach. The main health risk from radon is caused directly to the stomach.

This work aimed to determine radon concentration, and the annual effective doses of bottled mineral waters,
which available in the Egyptian local markets. The present study represents useful monitoring data for
radioactivity quality for bottled waters in Egypt. The important aim from the point of view is the radiological
protection of the population.

MATERIALS AND METHODS:

Fourteen samples from different kind of bottled mineral waters (Aquafina, Safi, Evian, Isis, Flo, Vera, Aqua
Delta, Dasani, Baraka, Erwina, Nahl, Hayat, Nestle, Aqua Paris) commercially available for human intake were
collected from the Egyptian local market as shown in Tablel. The samples were measured using closed can
technique with the CR-39 detector to determine the radon concentration, and annual effective dose of
inhalation and ingestion.

The samples were carefully sealed in cylindrical containers of plastic with dimensions of (9 cm in diameter and
19 cm in depth) at room temperature for 56 days. All containers were capped tightly to an inverted cylindrical
plastic cover. Detector area (1.5 x1.5) cm? fixed in the inverted plastic cover at the center. The samples were
stored in hermetically far from the heat. Dilute acid of HCI with concentration 10 ml/Litter have been added to
the container to prevent absorption radionuclides by the vessel walls and adjusted the pH number of the
samples. The containers were washed with dilute hydrochloric acid and rinsed with distilled water, before it
used [15].
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The detectors were collected from the plastic containers, and chemically etched, after exposure time. The
chemical etching process occurring by using sodium hydroxide solution (6.25 N, purity 98%) by mixing 25g of
sodium hydroxide in 100 ml of distilled water to prepare the etching solution. The etching process was done in
a water bath at (70 = 1 °C for 8 hr) [16]. Detectors were washed in distilled water, after etching and then
dipped ten minutes in a 5 % acetic acid solution and washed again with distilled water, then finally dried in air.
Track density was determined using an optical microscope with a magnification of 400x, after etching. The
background was counted and subtracted from the count of all detectors [17]. The track density was calculated
using the following relation:

2N (1)
P=T0A

A is the field of view area, n is the total number of fields of views, and N is the total number of tracks. Radon
concentration in (qu’3) in air is calculated by the following relation:

c=-_F_ )

Where, C is radon concentration (Bqm™), T is the exposure time, p is the track density, and K is the calibration
factor of the CR-39. Radon concentration in water (C,,) was determined using the following equation:

C.-C. 1" 3)

Where C,, is radon concentration in water (Bql'l), C,r is a radon concentration in air (Bql'l), T is the exposure
time of detectors (day), A is the decay constant of radon (0.1814 day'l), h is the distance between detector and
the surface of water (cm), and L is the thickness of water inside the container (cm) [15].

The annual effective dose for the ingested of water:

The ingestion of drinking water containing large concentrations of radon, due to increased radiation dose
exposure on the stomach and ingestion of radon this due to increase the risk of stomach cancer. The annual
effective dose (AED) of an individual consumer due to intake of radon from water was obtained using the
following relation:

AED (uSv/y) = Cy. Cg D, (4)

Where, Cy is the consumption rate of water and equal (730 Ly'l), and D. is the dose conversion factor and
equal (5x10° SvBq™) for adults [4, 18, 19, 20, 21]. According to UNSCEAR the committed effective dose intake
from radon ingestion in water is equal 10® SvBq™ for an adult, 2x10°® SvBq *for children, and 7x10°® SvBq™*for
an infant [22].

The annual effective dose of radon inhalation from water:
According to UNSCEAR [22] the AED due to inhalation of radon from water is calculated by:
AED i;h= CxRxKx FxP. (5)

K is the dose conversion factor [9 nSvh™ /(qu'a)], F is the radon equilibrium factor 0.4, R = C,/C,, is the
transfer factor (10™), and P is the average indoor occupancy time per person (7000 hy™). The annual effective
doses for inhalation and ingestion of 222Rn for adults [23]. Also the annual effective doses to lung and stomach
were calculated by multiplying the ingestion and inhalation doses with tissue weighting factor for stomach
and lung [24].
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RESULTS AND DISCUSSION:

Drinking water contains several natural radionuclides, for this investigation, samples of bottles mineral waters
of those consumed by the population were bought from the Egyptian local market and were measured to
determine the radon concentration, and annual effective doses of inhalation and ingestion of water, using
closed can technique with CR-39 detector. Table 1, gives the typical of the chemical contents in (mgl™) of
mineral water samples as shown on the labels of the samples (bottled drinking water): Calcium (Ca),
Magnesium (Mg), Sodium (Na), Potassium (K), Bicarbonate (HCO3), sulphates (SOy), Silica (SiO,), total dissolved
solids (TDS), Chlorides (Cl) and Fluorides (F). The salinity is an indicator of the concentration of the amount of
dissolved salts, including calcium, magnesium, sodium and potassium [25]. The natural water contains minerals
and dissolved substances. These minerals in water can be generally measured as total dissolved solids (TDS).
TDS is mainly comprised of naturally occurring minerals, most inorganic salts.

In drinking water, TDS is measured as ppm or mgl™. The TDS does not present a risk to human health, the
USEPA has not set a mandatory TDS limit, but suggests a maximum level of 500 mgl™. The permissible limit of
chloride (250 mgl’l), Calcium (200 mgl'l), Magnesium (150 mgl'l), the permissible limit of fluoride (1- 1.5 mgl’l)
in most of the groundwater samples, and sulphate permissible limit (200 mgl™) given by WHO and EPA [19,
26]. The values of the chemical content in all water samples are lower than the permissible limit by WHO.

Table 1. Chemical contents in (mgl™) of the mineral water samples as shown the labels of the samples

Chemical content (mgl™)
No. | Sample name

Ca Mg Na K HCO; | SO, | SiO, | TDS Cl F

1 AQUAFINA 520 | 13.20 | 145 | 1.10 8.75 650 | 1.00 | 130 | 17.0

2 SAFI 790 | 720 | 380 | 200 | 11224 | 145 | 180 | 202 | 27.0 | 05
3 EVIAN 80.0 | 26.0 6.5 1.00 | 360.0 | 140 | 150 | 345 _ 0.06
4 ISIS 4.00 192 | 86.0 | 0.70 | 5386 | 175 9.0 262 100 | 0.04
5 FLO 240 | 084 | 260 | 140 | 29.00 | 040 | 1.00 | 108 | 450 _
6 VERA 16.0 500 | 420 | 1.70 | 26.00 | 40.0 | 3.00 | 180 | 65.0

7 AQUA DELTA | 28.0 | 11.04 | 43.0 | 3.80 | 19520 | 180 | 28.0 | 268 | 20.0 | 0.16

8 DASANI 256 | 7.20 | 145 | 1.80 | 11956 | 120 | 12.00 | 153 11.0 _
9 BARAKA 24.0 864 | 240 | 175 | 11700 | 26.0 | 11.0 | 177 120 _
10 ERWINA 12.8 384 | 260 | 200 | 97,60 | 150 | 24.0 | 138 | 8.80 _
11 NAHL 184 | 768 | 480 | 090 | 1220 | 470 | 145 | 226 | 89.0 _
12 HAYAT 5.60 816 | 36.0 | 185 | 92.72 1355 18.0 | 189 300 | 0.35
13 NESTLE 16.0 672 | 16.8 | 1.30 | 80.50 | 175 | 9.00 | 123 8.00

14 | AQUA PARIS 144 | 7.68 30 25 95.16 10 18.0 | 220 52

Table 2, gives the values of radon concentration of indoor radon in air (qu'3) and the values of radon in
water samples (Bql™).From the results the values of indoor radon concentration were ranged from 42.37 + 1.86
to 313 + 5.03 Bgm™ and the values of radon concentration in water ranged from 0.93 + 0.04 to 6.89 + 0.11
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Bql™. Fig.1, represents the comparison between the values of radon concentration in the water samples. From
the figure the values of Isis water sample has a high value, but Flo water sample has a low value.

The main parameters that effect of radon concentration in groundwater are the concentration of radium in
bedrock and soil, rock porosity and the radon emanation. Against the threshold of 11.1 Bgl™ according to
United States Environmental Protection Agency (USEPA) [26] and less than WHO action level of 100 Bql’1 [27]
and under the action levels recommended by different radiological protection agencies [28]. According to
USEPA the upper limit of radon content in water 11 Bgl™ [29]. The values of radon concentration in water
samples are within the internationally recommended safe limit of 4 - 40 Bql™ [18].

Table 3, represent the values of the annual effective doses of inhalation, ingestion of water consumption, and
the committed effective dose intake water for adults, children and infants and also represent the values of the
annual effective doses of lung and stomach. In order to evaluate potential health hazards, doses due to
ingestion of these waters were estimated to assess the contribution of these radionuclides to public exposure
from radon. The annual effective doses of inhalation and ingestion varied from 0.11 to 0.78 and 3.39 to 25.15
uSvy ™, respectively. The summation of annual effective dose of inhalation and ingestion gives the total annual
effective dose (AED;), which ranged from 3.49- 25.93 pSvy'l. The correlation relation between (Cy) and (AEDy)
in water as shown Fig. 2, and the correlation factor equal (R2 = 1), this is very good correlation (positive
correlation). The highest percentage of radon enters the human body from drinking water and by breathing so
that we calculate the annual effective doses of stomach and lung. The annual effective dose to the stomach
due to radon intakes through water consumption ranged from 406.8 - 3018 nSvy™, but for lung ranged from
13.2 - 93.6 nSvy™. The obtained results of AED in all studied samples were found to be lower than the
recommended value 1 mSvy™ given by EPA [30]. The committed effective dose intake by ingestion water of
adults, children and infants ranged from (6.79 - 50.30), (13.02 - 96.46) and (47.43 - 351.39) pSvy’l, respectively.

Table 2. The sample name, radon concentration in air in (qu'g) and water in (Bql‘l)

Sample Code Sample name | C, (Bqm™) in air Cw :VB:::) in
W, Aquafina 47.08 + 1.95 1.04 £ 0.04
W, Safi 80.35 + 2.52 1.77 £ 0.06
W; Evian 4343 + 1.87 0.96 + 0.04
W, Isis 313.0+5.03 6.89 £ 0.11
W;s Flo 42.37 £ 1.86 0.93 £ 0.04
We Vera 75.65 £ 2.52 1.67 £ 0.05
W, Aqua delta 105.84 + 2.92 233 £ 0.07
Wg Dasani 65.50 + 2.27 1.44 + 0.05
W, Baraka 65.83 + 2.27 145 + 0.05
Wi Erwina 13515 + 3.33 297 £ 0.07
Wiy Nahl 81.74 + 2.60 1.80 + 0.06
W1, Hayat 83.69 + 2.84 1.84 + 0.06
W3 Nestle 49.35 + 2.03 1.09 + 0.04
Wiy Aquaparis 129.55 + 3.25 2.85 + 0.07
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Fig.1: The relation between sample nameand radon concentration in water

Fig.3, shows that the values of committed effective dose of infant higher than children and adults. And it's
equal seven times of adults and about three times of children, due to they drink more raw water in proportion
to their body mass compared to adults. The overall radiation dose due to radon emanating from water was
increasing with increase water consumption. The recommended level of committed effective dose is 0.1 mSvy~
! consumption of drinking water [4]. Fig.4, shows the correlation relation between AED;,y and AED;,, this is a
very good correlation and the correlation factor (R? = 0.99). There is a very good correlation relation R*=1)
between the annual effective dose of ingestion water and annual effective dose of stomach as shown Fig.5,
and also the correlation relation between inhalation annual effective dose and lung effective dose positive
relation (R2 = 1) as shown Fig.6.

Table3.The annual effective doses of inhalation, ingestion, the total annual effective dose, the committed
effective dose per unit intake by ingestion water, and the effective doses of lung, and stomach

Committed effective dose per
Sample E. Eing E unit intake by ing_;lestion water Lung Stomach
code | (uSvy™) | (uSwy) | (wSwy™) (wsvy™) (nsvy™) | (nSvy™)
Adults Children | Infants
W, 0.12 3.80 3.82 7.59 14.56 53.04 14.40 456.0
W, 0.20 6.46 6.66 12.92 2478 90.27 24.00 775.2
W3 0.11 3.50 361 7.01 13.44 48.96 13.20 420.0
W, 0.78 25.15 2593 50.30 96.46 351.39 93.60 3018
Ws 0.11 3.39 3.49 6.79 13.02 47.43 13.20 406.8
Ws 0.19 6.10 6.29 12.19 23.38 85.17 22.80 732.0
W, 0.27 8.50 8.77 17.01 32.62 118.83 3240 1020
Ws 0.16 5.26 5.42 10.51 20.16 73.44 19.20 631.20
Wo 0.17 5.29 5.46 10.58 20.30 73.95 20.40 634.8
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The results of radon, and annual effective dose in drinking water of the studied samples were compared with
results published from other countries, and also with the doses recommended by other relevant organizations
as shown in Table 4. These results were agreement with the reported data of different authors, and were
compared with the recommended safe limits for drinking water.

Table 4. Comparison between the obtained data and published results of different authors

from other countries for drinking water.

Countries/ Org. Crn (Bql'l) AED (pSvy'l) References
Egypt 2.03 - 6.65 [31]
Serbia 0-3 [32]
Greece 0.3-24 [33]
Brazil 0.95-36.00 [34]
Turkey 0.91-12.58 [35]
Turkey 541 [36]

Iraq 2.59 2.27- 54.26 [37]
Libya 0.93- 6.60 7.5-53.0 [38]
Saudi Arabia 0.92-2.12 [39]
Jordan 2.5-47 [40]
Indian 0.87-32.1 [41]
India 16-54 429 -1447 [42]
Pakistan 2.0-7.9 [43]
USEPA 11 [26]
EPA 11 [44]
WHO 100 [19]
WHO 100 [27]
UNSCEAR 100 [22]
Egypt 0.93-6.89 3.49-25.93 The present study

CONCLUSION

It is important to estimate the radon exposure in order to investigate the human health risk from radon
concentration in drinking water. Radon concentrations were measured for bottled mineral waters (Aquafina,
Safi, Evian, Isis, Flo, Vera, Aqua Delta, Dasani, Baraka, Erwina, Nahl, Hayat, Nestle, Aqua Paris) commercially
available for human intake were collected from the Egyptian local market. The results showed that the radon
concentration in water ranged from 0.93 to 6.89 Bql™, the obtained values of radon concentration are lower
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than the permissible limit of EPA, which equal 11 Bgl™ [44]. The highest observed value found in bottle of Isis
water sample and low radon concentration was observed in a bottle of Flo water sample. The values of annual
effective doses are lower than the permissible limit of WHO and ICRP [25, 45], and the values lower than the
UNSCEAR recommended limit for members of the public, which equal 1 mSvy™ [4]. This study can be used as
basic objectives the radioactivity control of the drinking mineral waters, according to existing standards and
evaluation of doses to population by ingestion of mineral water. The information in this work can be used by
consumers, especially those with special health needs, to make informed decisions regarding their drinking
water, for estimation the dose and the resulting risk from drinking water. This work will help to establish a
database radioactivity exposure to the general public from water ingestion. From the obtained results we can
conclude that there is no significant radiological risk related to radon ingested with drinking water of the
bottled mineral waters, and it has a good radiological quality according to the guidelines of WHO [25].
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