Radioanalytical investigations of uranium concentrations in natural spring, mineral, spa and drinking waters in Hungary
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Abstract

Within this work, the activity concentrations of uranium isotopes (234U, 235U, and 238U) were analyzed in some of the popular and regularly consumed Hungarian mineral-, spring-, therapeutically waters and tap waters. Samples were selected randomly and were taken from different regions of Hungary (Balaton Upland, Bükk Mountain, Somogy Hills, Mezőföld, Lake Hévíz).

Concentration (mBq L-1) of 234U, 235U, and 238U in the waters is varied from 0.71 to 741.95, from 0.3 to 9.43, from 0.5 to 274.3 respectively. In general, the highest uranium concentrations were measured in spring waters, while the lowest were found in tap waters. It can be established, in most cases radioactive disequilibrium was observed between uranium isotopes. The activity ratio between U-234 and U-238 varies from 0.630 to 4.717.

The doses for the analyzed samples of spring water are in the range 0.04–35.55 Sv y-1 with an average 4.66 Sv y-1.This is well below the 100 Sv y-1 reference level of the committed effective dose recommended by WHO. The other naturally occurring alpha emitter radionuclides (226Ra, 210Po) will be analyzed later to complete the dose assessment. This study provides preliminary information for consumers and authorities about their internal radiological exposure risk due to annual intake of uranium isotopes via water consumption.
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Introduction

As many other countries in the Central European region, (e.g. Czech Republic, Slovakia, Romania) Hungary is rich in spring-, thermal-, and mineral waters as well. Recently the consumption of natural mineral- and spring waters comes to be more and more popular in a certain populations. It is well known some of these waters have elevated level of dissolved naturally origin radionuclides compared to tap water because of the dissolved radionuclides from the reservoirs and their concentration may vary in a wide range [1, 2]. In some cases elevated level of dose exposure can be expected [3]. In spite of this fact most of the recommendations do not apply to natural mineral waters and to waters that are classified as of medicinal benefit [4, 5]. From dosimetric point of view, it has a great importance to screen the radioactivity of these waters as well [5].

Experimental

Sample collection-study area

Samples were selected randomly and were taken from different regions of Hungary (Balaton Upland, Bükk Mountain, Somogy Hills, Mezőföld, Lake Hévíz) which is shown in Figure 1.
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Figure 1. Sampling sites from Hungary

Table 1. Summary of the origin and types of waters

	Sign of water 
	Origin of water
	Region
	Type of water
	

	1
	Igal 
	Somogy Hills
	drinking water
	

	2
	Igal 
	Somogy Hills
	Well water (Number 76)
	

	3
	Pannon Aqua
	Heves county-Sashalom
	mineral water
	

	4
	"Balfi" mineral water
	Sopron-Fertőd
	mineral water
	

	5
	Norbi Aqua mineral water
	Budapest- Óbuda
	mineral water
	

	6
	Veszprém
	Bakony Mountain
	tapwater
	

	7
	Eger tapwater
	Bükk Mountain
	tapwater
	

	8
	József spring, Eger
	Bükk Mountain
	Spring water
	

	9
	Kossuth spring, Balatonfüred
	Balaton Upland
	Spring water
	

	10
	Berzsenyi spring, Balatonfüred
	Balaton Upland
	Spring water
	

	11
	Szekér Ernő spring, Balatonfüred
	Balaton Upland
	Spring water
	

	12
	Theodora spring, Kékkút
	Balaton Upland
	Spring water
	

	13
	Felsőörsi spring, Felsőörs
	Balaton Upland
	Spring water
	

	14
	"Hősök Kútja" spring, Felsőörs
	Balaton Upland
	Spring water
	

	15
	Savanyúvíz, Nemesgulács
	Balaton Upland
	Spring water
	

	16
	Balatonbozsok
	Mezőföld
	Tapwater,
	

	17
	Drinking fountain, Hévíz
	Hévíz valley
	Spring water
	

	18
	Lake Hévíz
	Hévíz valley
	Lake water
	


Balaton Upland

Balaton Upland is situated directly north of Lake Balaton within a line of 20–25 km. It is composed mainly by Triassic sediment rocks like dolomite and limestone, upper Permian red sandstone. There are numerous volcanic cones composed of Pliocene basaltic lava. Dolomite and limestone play an important role as a water reservoir.

Hévíz

One of the oldest and best known medicinal baths in Hungary is found in Hévíz. It is located approximately 5 km from Lake Balaton and has a special climate. The surface area of the lake is 44,479 m2, its average depth is 1-2 m, at the spring can be found the deepest point which is almost 40 m.

The lake itself is fed by so called cold water (26.3 oC), and by hot water (41 oC). The "cold" water can be used for drinking purposes.

Minerals are transported to the surface from a Triassic-age dolomite layer into a spring cave 18 metres in diameter.The sulphurous water contains alkaline hydro-carbonates as well. Benefits of these waters are utilised to cure a number of medical problems.

Eger

Eger is situated at the fall of the Bükk Plateau, which feeds the spring.Szent József Spring – it can be found in the historic centre of Eger town - is low sodium-laden natural mineralwater containing calcium, magnesium and hydrogen carbonite.

Igal

The spa and curative water is alcalic with elevated level of chloride, hydrogen –carbonate and contains iodide as well.

Balatonbozsok

Tap water comes from a clay loess underground water reservoir through a deep drilled well.

Mineral waters

Balfi mineral water comes from a sediment water reservoir (depth 12-35 m) which is consisted of limestone sandstone and some marl. Balfi mineral water is rich in carbonic acid, magnesium sulphate whilst Pannon Aqua and Norbi aqua contains elevated level of calcium, magnesium and hydrogen carbonate and less dissolved materials than Balfi. Both of them are from a deep drilled well.

Sampling

All the spring and tap water samples were collected by 5–10 L capacity of polypropylene cans; mineral waters were purchased in local supermarkets. The cans were washed with nitric acid before sampling. The collected waters were acidified (pH<2) with concentrated nitric acid to avoid loss of radionuclide fractions by adsorption onto the wall of the can and prevent any biological activities.

Uranium determination

The preconcentration of uranium from the water samples was done applying the one of the most frequently used method, co-precipitation with Fe(OH)3.Uranium isotopes were separated from impurities by extraction chromatographic resin (UTEVA) and alpha sources were prepared by electrodepositing from the activity concentrations were determined by using α spectrometry (ODELA-SOLOIST, Passivated Ionimplanted Planar Silicon semiconductor detector) as it is written detailed elsewhere [6].

Quantification of the uranium species was carried out by using high-resolution alpha spectrometry. The alpha spectrometer (Ordela Soloist) was equipped with passivated ion-implanted planar silicon (PIPS) detectors with an active area of 450 mm2 and 19 keV resolution. The spectra were analysed using WinAlpha freeware software developed by IAEA experts [7].

Results and discussion

Activity concentration of uranium isotopes

As it is shown on Figure 3, concentration (mBq L-1) of 234U, 235U, and 238U in the waters is varied in a wide range, from 0.71 to 741.95, from <0.3 to 9.43, from 0.5 to 274.3 respectively. In general, the highest uranium concentrations were measured in spring waters, while the lowest were found in tap waters. Solid line represents the guidance level for gross alpha activity (0.5 Bq L-1) recommended by WHO [5]. One of the spring waters exceeds this value, whilst two of them are close to it.
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Figure 3. Activity concentration of uranium isotopes in the water samples

234U/238U isotopic ratio

It can be established, in most cases radioactive disequilibrium was observed between uranium isotopes. It is a well known phenomenon in natural waters that the 234U/238U activity ratio is declines from 1 (i.e. equilibrium) due to environmental processes and human activities as well [8]. In our case it might be because of the recoil and the dissolved carbonate/hydrogen-carbonate ions which makes more mobile the 234U in aquatic media forming uranyl complexes. The activity ratio between 234U and 238U varies from 0.63 to 4.72 as it is presented on Figure 4.
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Figure 4. 234U/238U isotopic ratio in water samples

Dose assessment

The committed effective dose from 234U, 235U, and 238U intake calculated according to the WHO recommendation can be seen on Figure 5. The internal dose exposure for the analyzed samples of spring water are in the range 0.04–35.55 μSv y-1 with an average 4.86 μSv y-1.
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Figure 5. Committed effective dose due to uranium intake from water consumption

The total indicative dose (0.1 mSv y-1) recommended by WHO was not exceeded in any case. The dose contribution due to uranium intake is not significant even 2 L day-1 of water consumption.

Conclusions

234U, 235U, and 238U activity concentrations were determined in water samples (1 lake water, 3 mineral waters, 4 tap waters, 10 frequently consumed spring water)collected from different regions in Hungary. Uranium concentrations in the analyzed waters vary in a wide range and waters with elevated level of carbonates contain more dissolved uranium than the others. On the basis of the measured values the committed effective dose was calculated according to the WHO recommendation. It can be stated on the basis of the obtained results that the internal dose contribution due to intake of uranium isotopes is not significant. The other naturally occurring α emitting radionuclides (226Ra, 210Po) should be - and will be - analyzed later in order to complete the dose assessment. This study provides preliminary information for consumers and authorities about their internal radiological exposure risk due to annual intake of uranium isotopes via water consumption.
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