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Abstract.
It is believed that people undergoing a curative cycle in a given spa, may

receive a doses in the range of 400 mSv/year which is several times the
average annual doses so that their risk of lung cancer may increase by 3%
or more. To determine the risk due to the natural radioactivity, of the most
frequented spa in Budapest (H), we selected four and some others located
on the country side being of particular interest. Results of the radon
concentration in spring water are presented, with the evidence that some
spas have a high radon concentration. We conclude that patience
receiving treatment may be exposed to an additional dose in the range of
29-76 mSv/y that at the bronchia could be between 445-1182 mSv/y.

Resumen
Las personas que reciben tratamiento en aguas terapéuticas se exponen a
una dosis adicional de alrededor de 400 mSv/a que representa un
incremento del 3% o mas de riesgo adicional de adquirir cancer pulmonar.
Para determinarlo se ha seleccionado de los centros terapautico mas
frecuantados en Budapest (H), cuatro y otros ubicados en los alrededores
de la capital . Los resultados indican que algunas fuentes tienen una
concentración de radon elevada. Se concluye que los pacientes bajo
tratameineto se exponen a una dosis adicional en el rango de valores de
29-76 mSv/a que en las vias respiratorias representa entre 445 y 1182
mSv/a.

1. Introduction
In Hungary during the past decade the use of spring water for

therapeutic purpose become increasingly popular and today several
thousands of persons take advantage of the water alleged property to
improve their health. However, other than curative effect, the natural water
also may have other side effects due to natural radioactivity. In 1988 the
IARC presented their study case concluding that there is evidence that
radon induce cancer in humans and animals. In the literature the risk
assessment due to the ingestión of radionuclides present in the water
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springs have been reported 12 On the other hand, Kondo 3 recently hinted
that low level radiation may have health-stimulating effect. This is leading
toward the need of knowledge of radon concentration in the environment
and therefore in water. It is believed that people undergoing a curative
cycle in a given spa, may receive a doses in the range of 400 mSv/year
which is several times the average annual doses so that their risk of lung
cancer may increase by 3% or more. To determine the risk due to the
natural radioactivity, of the most frequented spa in Budapest (H), we
selected four and some others located on the country side being of
particular interest.

2.- Experimental set-up
In fig. 1 it is shown the schematical lay out where the water is flushed with
air moved by a small pump at the rate of 3 1/min. The small air pressure
that built-up in the sample glass container is sufficient to transfer the liquid
to the second container. The continuos air flow facilitate the passage of the
radon gas from the water under scrutiny to a 152 cc or a 500 cc, ZnS(Ag)
scintillation cell. The cell is coupled to either a portable unit Pylon Elec.
Inc. (Canada) or a counting system Nuclear Analyser MEV-NC-483
(Hungary). The first glass container was specially designed to collect
water without leaving air once it was closed.

3.- Procedure
The calibration of the counting system was carried-out with a

purpose made radon chamber, that was designed and built using mining
ore from Mecsek (H), a source having a nominal activity of 10KBq/Kg
Radium equivalent, the measured radon concentration (using the Marcus
10, Gammadata, Sweden) in the chamber was 5KBq/m3.

After preparing a purpose made container of glass for sampling of
spring water in the selectioned sites, we proceeded to collect the water and
shortly after we analysed them in-situ using a portable radon unit and or
later in the laboratory with the other having a larger cell.

The radon concentration using the gas-washing technique is
determined when the equilibrium between the radon concentration in water
and the volume of the counting system is established and after the
radioactivity equilibrium is reached inside the active volume; both are
reached after 3 hours approximately.
The equation to determine the radon concentration is obtained with the
expression:
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where :
C¡ is the radon concentration in the counting cell
V,and Vv are the system and the sample volume respectively,
the equilibrium constant is given by a calculated by the Henry equation
and in this case its value is 0.25.

4.- Results.
The radon concentration values in spring water and water supply are

presented in Table 1. To establish the absorption rate of radon in water we
measured the concentration in water exposed to the radon present in the
radon chamber. In fig 1 we show a curve in that is possible to observe that
the absorption rate is increasing with a higher rate below 108 min and then
the tendency is to reach the saturation as expected. Initially the water was
supposed to have a negligible radon concentration obtained from a freshly
distillated source. From table 1 we evidence that some spas have a high
radon concentration. In table 2 we present our values in comparison to
those reported in the literature.

5.- Discussion and conclusion
The EPA-Usa in the 1991 proposed the value of 1 lBq/1 as the limit

for radon concentration in drinking water 4 . This value correspond to a
cancer risk for the population of one to ten thousand. Our results have a
wide range of values and the higher values correspond to the thermal spa.
The contribution to the radon concentration in the air is small, for the
highest value observed in the Juventus spa, is around 2 Bq/m\

We conclude that patients receiving treatment may be exposed to
an additional dose in the range of 29-76 mSv/y that at the bronchia could
be between 445-1182 mSv/y as reported by Serbia5

The most of the water sources analysed in the USA have a radon
concentration above the suggested value of the EPA-USA and we have to
note also that the UNSCEAR Report6 of 1993, indicate that the radon
concentration in water for human consumption is between 4 and 40 Bq/1.
That would suggest the need for more environmental data on radon
concentration in water to assess the risk of ingestión of spring water.
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Table 1. Results.

Water Sample
Tap Water

Nagytetenyi well
Harkányi water
Juventus spa

Sukoró spring water
Anelika source

Gellert 1 spa
Gellert 2 spa
Gellert 3 spa
Tisza river
Luca spa
King spa

Apenta spring water
Old lake water
Széchenyi spa

N PYI ON
77
38
13

408
394
420
348
291
194
4
41
68
56
14
27

321
109
93

1510
1465
2427
1297
1092
742
77
191
297
245
—
141

C| (KBq/m3)
3.17
1.56
0.54
16.81
16.24
16.57
14.34
11.99
7.99
0.13
1.69
3.00
2.31
0.52
1.14

Table 2.

UNSCEAR(1993)
Suecia
Gran Bretaña
USA
Paraguy
Venezuela
Hungría

4-40
38
2

3.7
0.5-30.6

37
3.2

COMPARATIVE VALUES
Concentration of Radon
(Water Bq/l )

Ref.
UNSCEAR(1993)
Suantegren et al Fis. Szem. 6,207,(1995)
Allen et. al. Phys.Educ. 28 (1993)173
Folger et. al. Health Phys.67.245 (1994)
Sajo et. al.(in press)
Sajo et.al. Proceding of this conference
UNSCEAR(1993)
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Air pump

Fig 1. Experimental Set-up.
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Fig 2. Radon diffusion from aier to water.
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