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Introduction
If we neglected the contribution to the 2 2 2 ^ volume activity (VAR) in indoor air

originating from building materials, which is really small for commonly used building
materials in Slovakia [7], the main cause of indoor radon presence would be its release
from underlying rocks of house. The exhalation of radon from rock environment to
atmosphere is a complex process and this complexity is multiplied by an existence of
building as an object on the boundary of these diametrically different spheres. Several
groups of parameters determine this process :

a) parameters of geological basement : mineralogical composition and content of
parent radioelements (uranium, radium, thorium) in rock and its soil profile, structure
and texture of rock and soil, porosity and gas- and water permeability of soil in the case
of quasi-homogeneous rock environment; parameters of faulted zone - tectonics (width,
length, slope, intensity of depth' communication) in the case of disjunctively disturbed
rock environment which actually appears much more frequently as it is commonly
noticeable and acceptable,

b) parameters of atmospheric environment : temperature, pressure, humidity,
velocity and direction of wind, precipitation, inversions, etc. whose changes could have
their reflection in pore space of rocks and soils to different depth and could serve as one
of moving mechanisms [5] of radon exhalation (temperature, pressure, humidity
gradient, etc.). For that reason it is essential to know the nature and the reasons of time-
dependent variations of radon volume activities for different rock formations,

c) parameters of specific building (depth of foundations, presence of cellar,
technique of insulation from basement soil, height of house, chimney, method of
ventilation, age, ...) which through its presence considerably affects "standard"
interaction between geological bedrock and atmosphere [4],

d) parameters of interaction litosphere - atmosphere (ionosphere). The exchange
of huge amounts of matter in molecular and ionic form between these spheres of Earth
mainly in areas of faulted zones in the Earth crust which could be identified by radon as
relatively easy measurable element [1,2].

Characteristic of measurements
Some manual measurements of volume activity of 2 2 2 ^ jn SQJ] ̂  and in indoor

air of building together with parallel measurements of some meteorological parameters
(temperature, humidity and pressure) of both atmospheric and indoor air were carried
out. The measurements were performed in the building of Faculty and in its subsoil
which consists of slope loams at the base of SW slopes of the granitic Male" Karpaty
Mts. in the area of confluence of the Vidrica Creek with an arm of the Donau River. The
monitoring measurements lasted for more than one and a half year, from January 1997
to August 1998, with the frequency of approximately once a week in each object.
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The soil air was taken from a permanently set up and sealed pipe from the depth
of 0.8 m which was placed approximately 10 m from the building at the open air. The
work [3] which presents some results of soil and atmospheric radon monitoring
measurements at the point at a distance of approximately 100 m, gives these features of
subsoil: the soil is fine-grained, the content of fine-grained particles with diameters d <
60-10"6 m is about 68 %, the mass activity of 2 2 6Ra = 37.5 Bq/kg, the total porosity =
0.55, the dry bulk density = 1090 kg/m3 , the coefficient of emanation = 14.5 % and the
volumetric soil moisture content = 19 %.

The building of Faculty is a typical reinforced-concrete building with large
windows' surface without air conditioning but with very small sealing-off and therefore
with poor insulation from outdoor environment. The measurements in the building were
carried out in one room in the basement and in one room on the 3-rd floor for the
purpose to verify an influence of distance from radon source. No one of rooms was
specially sealed for this purpose. We only fulfilled closing of windows and turning the
heating off in the basement room but there was a more free regime in the room on the 3-
rd floor, the room was occasionally aired in the summer and the heating worked in the
winter.

All measurements of 222RJJ volume activities were performed with a portable
fully automatic scintillation detector based on exchangeable Lucas cells (LUK 3R).
Since the instrument is primarily designed for soil 2 2 2Rn assessment our indoor radon
volume activities are not reliable in their absolute values but we managed to record their
relative changes and this could be sufficient for our purposes.

There were also performed the parallel measurements of some meteorological
parameters (temperature, humidity and pressure) of air in each object.

Results of measurements
The results of measurements are presented in Fig. 1. The graphs show the running

averages of the volume activities of both soil 222jjn [kBq/m3] (513 observations) and
indoor 222Rn [Bq/m3] (281 + 252 observations in both rooms) together with their mean
values (average) and the running averages of the observed temperatures, humidities and
pressures of air during the measured period.

The geological basement of building is a source of indoor radon. The volume
activities of soil 222]^ r a n g e from about 2 kBq/m3 to about 20 kBq/m3 with the
average of 9.26 kBq/m3 and the standard deviation of 2.95 kBq/m3. The course of the
volume activity of soil radon is relatively in good agreement with the results of
mentioned work [3] mainly as concerns the maximum values measured in summer
months (June - August) which are connected with increased rainfall, typical for this area
in this season. The extra expressive maximum in period July - August 1997 coincides
with very strong rainfall (inundations on the Morava and Vah Rivers). The second
maximum usually located in winter months [3, 6] found smaller expression in our
results.

The dependence on distance from the source was confirmed in indoor radon
measurements : the volume activities of 222RU -m T0Qm On the 3-rd floor are generally
lower than those ones in basement room, i.e. closer to the source. The visual correlation
between the courses of indoor radon in both rooms and the course of soil radon is quite
different. This is related either to the distance from the basement or , as mentioned, to
the different ventilation system of those rooms. As it can to be seen in Fig. 1 the course
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Fig.l Volume activities of 222Rn in soil and indoor air and some atmospheric and
indoor air parameters
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of volume activities of 2 2 2Rn in the room in basement falls in very good with the
course of volume activities of 2 2 2Rn in the basement soil. This fact gives an evidence
of an excellent and fast communication based on direct contact between the subsoil and
the air interior of basement rooms. The correlation between the course of volume
activities of 2 2 2Rn in the room on the 3-rd floor and the course of subsoil radon is
substantially lower even if some maxima on the VAR curve in the room could have
their explanation in time delay after the maxima on the curve of soil radon (e.g. the
expressive maximum of indoor VAR on the 3-rd floor approximately in August 1997
could be a consequence of the maximum of soil radon in the period June - August 1997,
ditto in summer 1998). On the contrary, the most expressive maximum of indoor VAR
on the 3-rd floor is in the-period November 1997 - January 1998 as a result of better
airtightness of room because of heating season. We tried to support the visual
correlation or non-correlation between the measured courses of volume activities of
222Rn in subsoil and in study rooms with a calculation of coefficients of correlation by
the method of simple linear regression. The results are presented in Tab. 1 which shows
the tested variables, parameters of regression y = kx + q, coefficient of correlation r and
number of analysed observations N. Mainly the coefficient of correlation between the
soil VAR and the indoor VAR in the basement room is apparently inconsistent with the
good visual correspondence of the courses of both quantities, because of its small value.

There are also presented the correlation relationships calculated between the
VARs and the measured meteorological factors in each object in Tab. 1. There are
positive correlations between VARs and air temperatures for the basement soil and the
basement room which are caused by an existence of the most expressive VAR maxima
in summer seasons. The equal values of their coefficients of correlation could also
indicate the good communication of these objects. The most expressive positive
correlation between the VAR in soil and the atmospheric air humidity is connected with
an accumulation of soil air below the water saturated upper layer of soil during a rainfall
period which results in decreasing of gas permeability of soil and therefore also in
decreasing of radon exhalation through the ground surface into the atmosphere. The
higher water saturation of soil (rainfall intensity and duration) the higher VAR
amplitude in soil air. The value of the coefficient of correlation between the VAR in
basement room and the humidity of its air is lower because of indoor air measurement.
The relationships between the indoor VAR on the 3-rd floor and both the temperature
and humidity of indoor air are considerably deformed because of heating season and
lower airtightness. An influence of barometric pressure on the VAR in each study object
is different. Whereas its influence on the VAR in soil air at the depth of 0.8 m is
generally negligible it seems, based on the coefficients of correlation for the rooms, that
the increasing of barometric pressure causes the accumulation of radon in basement
parts of building, on the contrary, its decreasing leads to "sucking" of radon to upper
parts of building.

Conclusions
The results of monitoring measurements during 20 months' period point out the

intensity of interaction of geological substrate with building interior through the values
of the volume activity of 222Rn. Therefore a method of building foundation is one of
the most important factors which determines the quantity of radon in indoor air. In the
light of quality, the fluctuation of radon presence in the bottom parts of the building is
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strongly determined by the variations of soil radon, this course is controlled by the
ventilation and heating system on upper floors.

Tab.l Variables x,y tested by linear regression y = kx + q, coefficient of their
correlation r and number of observations N
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