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Concentration levels of 226Ra and natural uranium have been analysed in bottled
mineral waters commercially available in Egypt. 226Ra was determined by applying a chemical
procedure in which Ra was coprecipitated with Ba as sulphate. The precipitate was then
dissolved with EDTA and then measured by Liquid Scintillation system, after mixing with a
scintillation cocktail. Natural uranium was determined by applying a chemical procedure for
uranium extraction using MIBK and then measured using Laser Fluorimeter system. The
concentration values obtained were compared with concentrations reported by other countries
and with reference values accepted for drinking water. Based on the consumption rate and the
measured concentrations, the collective committed effective doses were calculated. In addition,
Ca, Mg and Na were measured using ICP system and compared with some worldwide values.
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INTRODUCTION

It is well known that water is the main medium for transferring radioactive materials
through the environment. The determination of Ra-isotopes in environmental samples is very
important from the radiological point of view. Due to their radiotoxicity, especially that of
226Ra, the contamination hazard is potentially dangerous to human beings even at low
concentration levels. When analysing the total annual effective dose to the human population
from natural sources, such as cosmic rays (0.39 mSv) and terrestrial gamma rays (0.46
mSv)(1), the less important dose caused by ingestion and inhalation of long-lived natural
radionuclides also needs consideration. Effective doses resulting from the intake of natural
radionuclides in air, food and water may be determined from measured concentrations in the
body or estimated from concentrations in intake materials. In the particular case of drinking
water, information about several surveys of natural radioactivity, Ca, Mg, Na contents in
ground, surface and mineral waters has been published (Table 2). The analysis of these data
shows that natural radioactivity in water varies over a large range, mainly depending on the
geological characteristics of the soils, and some measured concentrations largely exceed the
reference values accepted for drinking water.

This paper presents the quantitative results obtained from analysis performed on
mineral water samples from various provinces which are extensively consumed by the
population in Egypt. The values obtained are compared with some published worldwide values
for drinking water(2"9) and with the derived values for drinking water00'11'. The doses obtained
from the consumption of such kind of waters due to their 226Ra and uranium content are
calculated.
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MATERIALS AND METHODS

Sampling and sample preparation:

Seven different mineral water bottles; Baraka, Schweps, Delta, Mineral, Tiba, Siwa
and Safi were obtained commercially from retail stores. These are the water brands sold
commercially in Egypt.

Radiochemical procedure and measurement of 226Ra:

A sensitive chemical procedure was applied in which Ra was coprecipitated with Ba as
sulphate (12). 1.5 L from each sample was evaporated to 200 ml and placed in a 2 L beaker. 1
ml Ba2+ - carrier solution (25 mg/ml) and 80 ml HN03 (65%) were added and heated to boil for
60 min. After cooling, the volume was adjusted with distilled water to 1 L. 5 ml of 3 M Citric
acid and 200 mg Pb2+ - carrier were added and heated to boil for a while, covering the beaker
with watch glass. Some drops of Methylorange solution and 20 ml 3 M H2SO4were added. PH
was adjusted to 1.5 using NH3 (25%), then the solution was heated for 1 h to 90°C and left to
cool down to room temperature overnight. The supernatant solution was then discharged and
the precipitate was transfered with 20 ml distilled water into 100 ml centrifuge tube. The
precipitate was washed twice with 20 ml distilled water, then the washing solutions were
discharged. 40 ml distilled water, 1.46 g EDTA and 2 ml NH3 (25%) were added and dissolved
by heating up to 90°C. The hot solution was filtered in a second 100 ml centrifuge tube and the
filter was then discharged. Dropwise of Acetic acid was added to the filterate adjusting the PH
to 4.5 and the time of precipitation was then noted. 2 ml (NH4)2SO4 - solution (17.84 mg
SO4

2" / ml) was added and the sample was left overnight at 50°C. After cooling, the solution
was filtered over a prepared blue-band filter. The filter was then washed with 20 ml distilled
water, 20 ml Ethanol and 20 ml Acetone, then dried for 20 min. at 110°C. After cooling, the
filter with the precipitate was weighed for chemical yield detemiination of Ba (BaSO4), then the
precipitate was dissolved with distilled water and EDTA by heating. The solution was then
transferred to Liquid Scintillation vials, a scintillation cocktail was added and then left in a cool
place. After at least a 15 day period to allow the equilibrium of 226Ra with its daughters, the
samples were measured in Quantulus 1220 low-level Liquid Scintillation spectrometer. An
addition measurement was done for a 22(5Ra standard solution to evaluate the efficiency factor
of the technique.

Radiochemical procedure and measurement of uranium:

For uranium determination using Laser Fluorimetry technique, 100 ml of each sample
was taken, evaporated, then taken up in Ca (NO3)2 salting solution, and the uranium was
extracted with methyl-isobutyl-ketone (MIBK). After the stripping of uranium from MIBK
solution into 0.001 M HNO3, it was ready for analysis. The UA-3 procedure involves the
addition of a buffered agent called Fluran (sodium pyrophosphate, sodium dihydrogen
phosphate) and the instrument was calibrated using 0.01 ml of uranium standard (1 ing/ml).
The chemical procedure was done according to that developed by Mukhtar et al.(lj).

Calcium, magnesium and sodium measurements:

Ca, Mg and Na contents were measured in the mineral water samples using an ICP
system Liberty 150, that uses a 40.68 MHz crystal controlled generator and direct serial
coupling (DISC) to the working coil.
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RESULTS AND DISCUSSION

The natural uranium concentration in the seven bottled mineral water analyzed proved
to be statistically different from the detection limit, with a geometric mean 0.62 jag.I'1 and
values ranging from 0.55 to 0.70 jag.I"1, (given in Table 1).

Table 1: 22fiRa and natural uranium concentration, Ca, Mg and Na content in Egyptian
bottled mineral water

Sample Code

Baraka
Schweps

Delta
Mineral

Tiba
Siwa
Safi

Natural uranium

0.65 ± 0.09
0.59 ±0.08
0.62 ±0.08
0.70 ±0.09
0.67 ±0.09
0.55 ±0.07
0.56 ±0.08

226Ra
(mBq. I"1)

13.7 ± 0.5
5.8 ± 0.2
8.5 ± 0.3
8.3 ±0.4
10.3 ±0.4
39.2 ±0.8
30.8 ±0.8

Ca
(ug.mr1)

51.0 ±7.1
23.8 ±4.9
23.2 ±4.8
18.3 ±4.3
26.0 + 5.1
3.3 ±1.8
2.8 ± 1.7

Mg
("g.mr1)

21.3 ±4.6
11.6 + 3.4
10.8 ±3.3
9.0 ±3.0
11.3 ±3.4
5.0±2.2
4.8 ±2.2

Na
(ug.mr1)

54.8 ±7.4
40.8 ±6.4
35.0 ±5.9
58.0 ±7.6
32.0 ±5.7
45.5 ±6.8

31.0 + 5.6

The measured values of 226Ra concentration ranged from 5.8 to 39.2 mBq. I'1 with an
average values of 16.7 mBq. I'1, (given in Table 1).

Ca, Mg and Na contents of the seven mineral water samples ranged from 2.8 to 51.0
ug.l"1 with an average value of 21.2 ng.mi"1, from 4.8 to 21.3 fig.ml'1 with an average value of
10.5 lag.ml"1 and from 31.0 to 58.0 ng.ml'1 with an average value of 42.4 ug.ml'1 respectively,
(given in Table 1).

In order to evaluate the relative importance of the radionuclides analyzed to the
population radiation exposure, the collective and average individual doses were calculated,
using the conservative approach of a single intake (14'15). When the effective dose was assessed
considering an adult consuming a regional mineral water containing the geometric mean values
(0.62 (ag.l1 for natural uranium and 16.7 mBq.I'1 for 22<iRa), at a daily rate of 2 L, the
committed effective dose was 3.7 (aSv.y"1. When the effective dose was assessed considering an
adult consuming a regional mineral water containing the lowest concentration values (0.55
u.g.1"1 for natural uranium and 5.8 mBq.I'1 for 22<5Ra), at a daily rate of 2 L, the committed
effective dose was 1.4 inSv.y"1. When the effective dose was assessed considering an adult
consuming a regional mineral water containing the highest concentration values (0.70 ug.T1 for
natural uranium and 39.2 mBq.I"1 for 226Ra), at a daily rate of 2 L, the committed effective dose
was 8.3 fiSv.y'1.

In Table 2, a comparison between the results obtained in this work and some
worldwide values was given. The results confirmed to be within the worldwide ranges.

The results of this survey have also showed that the concentration of both natural
radionuclides measured in all the samples analyzed were all well below the derived values for
drinking water, 100 ug.l for natural uranium ( ' and 180 mBq.l" for " Ra . No correlation
between water type and the concentrations of the analyzed radionuclides was observed.

Since natural uranium also has chemical toxicity, it should be noted that all
concentrations reported herein were below the recommended chronic suggested-no-adverse-
response-level based on uranium chemical toxicity (16).
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Table 2: Comparison of the results with summarized published results in mineral waters
from different countries

Country

Argentina
Austria
Belgium
Brazil
France

Germany
Italy

Portugal
Slovenia

Switzerland
United States

Egypt

Natural uranium

0.04-11
-
-
-

<0.6-77

<0.08-60
-
-

0.1-2.7
-
-

0.55-0.70

226Ra
(mBq. I"1)
<1.8-40
<19-230

-

<10-130
<37-960

<3-1800
<3-700

<3-2185
7-614

-

<7.4-81

5.8-39.2

Ca
(ug.mr1)

-
-

3.5
-

10-181

-
203

-
• -

286-436
0.7-93

2.8-51.0

Mg
(ug-mr1)

-
-

1.3
-

5.2-60

-
59
-
-

24-55
0.3-11

4.8-21.3

Na
(ug.mr1)

-
-

3.0
-

3.8-
1200

-
44
-
-

10-46
0.4-184

31-58

Reference

[8]-
[41
f9]
[6]
[4]
[9]
[41
[41
[5]
[21
[91
13]
[9]
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