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Abstract
In this study we present the importance of a close mesh measurements for radon concentration mapping
and we demonstrate its necessity when dose calculation are involved. Our results indicate that large
errors may be derived from data related to large area mapped with measurements considered
characteristic; mean value of a selected region. W e point out also that from place to place distant 30 cm
radon concentration In the soil at the relaxation depth of 70 cm may differ by a factor of 2 or more. Water
of household wells were monitored also for information on the radon dynamic behaviour. We conclude
that for effective dose calculation, particularly in areas with high radon concentration gradient and
relatively high population density the approximate spatial scale variation should be replaced by a
systematic close mesh sampling approach.
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Introduction
During the past few years several programs started to draw a national map of the naturally

occurring radon concentration. In the literature we find among others, an European atlas of the
environmental radiation concentration [1 ] and other countries around the world are following this pattern
[2,3,4]. Most of the measurements are made with the purpose to determine the in-door radon
concentration mean value for personal dosimetry and with increase importance out-door mean values.
The last is necessary to establish a radon diffusion pattern.

Since radon and its decay product are incorporated during human activities we considered
convenient to include in our study also the drinking water. These results, may be a guide to establish a
radon pathway pattern having in mind a possible remedial action if required. In the frame of this
possibility, in situ risk potential may be identified properly.

The naturally occurring radon other than building materials are emitted also from subsoil strata
that either contain uranium or thorium rich near the surface granit. Settlements on these site are affected
some time by the consequences of high radon concentration as may be the case observed in Ramsar
(Iran), Umhausen (Austria), Covasna (Romania) and Plitvice (Czech Republic) or through geological
faults.[5] as considered in this study. As a matter of fact, few years ago, a seismologically active'
geological over thrust area was identified in the north-east region of Hungary. In this region, early study
put in evidence the exhalation of different gases including high concentration radon in the village of
Mátraderecske. After this discovery, first reported by Gy. Uchrin [6] it became evident that a large set of
experimental data was required to identify dwelling where high radon concentration is present since it
could be related to an increase in health risk for the local inhabitants. In a relatively short time several
reports were prepared and it was possible to identify the particular area of the settlement that did lay
over a fault in the andesit strata where, the in-door radon concentration was continuosly measured [6].
The outcome did show that 5.5% of the houses were above 0.8 kBq/m3 and 27% were above the
concentration level acceptable for old buildings, 400 Bq/m3. This would point to that the water radon
concentration in Mátraderecske may be higher than the national average value of 10 Bq / 1 .

However, the peculiar mechanisms by which the uranium-thorium poor underground soil
produces high radon activity in well defined spots is not completely explained nor the radon progeny in-
door dynamics [7] and therefore this subject deserves further research [8]. In this spirit the present work
is justified.

A large set of data collected world-wide and early result did show that the radon concentration
gradient in soil has a complex pattern [9] rising interesting questions for the Mátraderecske study case.

The incidence of certain type of cancer e.g. lung cancer as suggested in [10], can be attributed
to radon and its progeny. However recent studies made by Feher [11] would indicate that in
Matraderecske the lung cancer occurrence among the population is lower in comparison to other villages
where radon is not of concern and certainly less than the national average for Hungary.

Soil gas and potable water radon measurements, other than to provide a rapid method to identify
those areas where a relatively high indoor radon concentration may be expected, will give the necessary
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information to draw a plan for remedial action and for future new building sites. The gas permeability of
the soil is one of the factors which determines the origin of the radon emanation identifying the diffusion
pattern and potential hot spots for a selected site [12]. This justify in situ measurements and allow for
radon risk evaluation in a site where in-door observed values are of concern (over 200 Bq/m3).
Moreover, well localised data are useful to estimate radon gas diffusion since often it is assumed
wrongly, that the underground media is a static homogeneous and isotropic set of geo-strata. We point
out that radon emission capacity as do most of the earth properties, vary from place to place depending
on the underlying geology and environmental conditions [13]. Another reason to determine in soil and
drinking water radon concentration is related to the convenience of having a useful geochemical tracer in
uranium exploration, environmental pollution monitor and earthquake prediction among others.

Site Selection
Most of the houses monitored in the Matraderecske village had an average radon concentration below
100 Bq/m3 and around 15% were above, however of these only few were well over the intervention limit
(suggested by the EEC to be 200 Bq/m3 for new houses and 400 Bq/m3 for the old ones) and therefore
considered for urgent mitigation since some dwellings had an in-door radon concentration that
occasionally reached 10 KBq/m3. Two of the dwelling from all the monitored houses and where the in-
door radon concentration timely variation was well established [6] with its mean value around 1KBq/m3
were selected for this study. The selection of the water wells were done on the results obtained in an
earlier study made by Hunyadi and collaborators [9].

Methods
One of the most widely used method for radon concentration determination in soil is related to the
measurement of the alpha particles emitted by the radon and its progeny. The instrument Marcus 10
portable unit employed in this study has been developed by Gammadata M. AB in Sweden.
In the case of the domestic water monitoring Liquid Scintillation Analysis were employed. We used Ultima
Gold AB scintillator (from Canberra) which gives similar results to Optifluor O type cocktail. We
monitored a set of ten wells with expected high radon concentration every two weeks for several month of
the total of almost 100 wells analysed. The in-door radon concentration was measured using ATMOS 10
and Pylon AB-5 unit in paralell with the MARKUS 10 for in situ ts soil measurements.

Results
We observed that the radon concentration could change by a factor of were measured on the Figure 1
and 2.
The experimental values of radon activity in the soil at 70 cm depth measured at different days are
shown in Table 1 and 2 these data are reported also as histograms on the Figure 1 and 2. All these
results have errors around 20%. The in-door concentration during these given months was in the range of
1070 -1400 Bq/m3.
In Figure 3 there are a set of selected test points where the radon concentration was measured to test for
gradient when short distance were considered. The distance between these test points were 2 m for the
row with lower values and 1 m for the other. On the western side of the house the values in the row were
quit small and on the northern side we measured much higher values.
In Figure 4 we report the variation of the radon concentration in soil during a period of time of a day.
These measurements were carried out on a private house premisses in Nagyteteny (Budapest), on the
•IQth -|-|tht ^2ih, 13* , 171*1 of December, 1994. These measurements were made under different
meteorological conditions. The soil properties were carefully monitored for each measurement.
In Figure 5 we present the variation of the radon concentration with the depth in the soil on a semi-
logarithmic scale.
In Figure 6 we report the spatial gradient observed in the ELTE-Trefort garden on 2 dec. The separation
was 30 cm from the test point resting on the center of a circle where the others were on. Furthermore
other results are reported on Figure 7 where the time variation of the radon concentration of the central
test point shown in Figuré 6. During this relatively short time the meteorological conditions were almost
steady.
We report also the results of the well-water monitoring in two figures. In the first, Figure 8, we present the
frequency distribution of the radon concentration from a set of 96 wells in the Matraderecske village. The
average is 50 Bq/I. We have to mention that the range is between 30 and 130 Bq/I. On the other hand
some selected wells did show time dependence when monitored over a year. We report in Figure 9 the
data accumulated during the same period of time for the most representative wells.
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Discussion and conclusions
One of the main observations is that a strong radon concentration gradient exists in the underground
sorrounding a house. We may deduce the possible diffusion pathway of the radon gas and therefore
explai.
The large radon concentration in the soil is explained by the fact that an exhaustion pipe goes along this
side and it is used to induce a lower pressure in the cellar facilitating the radon remotion.
Since a cycle of soil radon measurements requires at least 8 hours, we may suppose that our results may
suffer other than from statistical errors, also from the time depending fluctuation. In to estimate the
influence of the fluctuation on our measurements we tested the 10 so to establish if during the time
empolyed to complete a given cycle of our results are considered representative of the explored
underground. We deduce that the fluctuation of the radon concentration is lower than its statistical error
and therefore we conclude that with a good approximation we characterized the radon concentration map.
With time at different rates in soil and in the well-Wather. In the water we observed slower time
dependence than in the soil and more slower than in the in-door air. This is explained by the fact the
radon is dissolved in a media that changes its characteristics slowly with the meteorological conditions in
opposition with the geological strata. For example the air preassure easily makes changes in the radon
diffusion in the soil. Long term well-water monitoring indicates a steady contribution to the ¡n-door radon
concentration in opposition to the case of the quick moving gas in the soil. That the behavior of some
wells were constant over the examined year, but there were some other case where the concentration in
the water seasoning changes as the third curve shows in the Figure 9.

Certainly the existing mitigation installed an exterior underground drain of the house B is very effective
and its is very stable over long period of time.
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Figure 1. The layout of the house A with the radon concentration test points
indication. The histograms represent in-soil radon concentration at the same
test points in different days.The two abscissas are in meters and the ordinate
axis is given in KBq/m3.
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Figure 8. The frequency distribution of radon concentrations in well water.
96 well was examined between 27-29 jun. In matraderecske village. The first
column is the number of wells with 0-10 Bq/I radon concentration; the concentration
width is 10 Bq/I for the other columns also.
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Figure 6. The short-distance-gradient of the radon concentration in the soil
at the test point in the ELTE-Trefort garden. The separation of the points are
30cm. The two absissas are in centimeters and the ordinate axis is given in
KBq/m3. The error of these values are about 20 % for each.
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