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ABSTRACT

The purpose of this work is to see the influence of the heat preservation in the cold season and
also to show the building material influence on the indoor radon concentration in dwellings.
Three methods were used to measure the radon content in houses and buildings (workplaces).
The results of measurements show that in the winter season the indoor radon concentration is
about 2 times higher than in the summer season for these regions from Transylvania. This fact is
due that in the cold season there is an evident tendency to preserve the heat, that is, the natural
ventilation is very feebly. The influence of building materials on indoor radon concentration is
clear shown in the fourth region namely Stei which is a region in the neighborhood of
an uranium mine and in some of these houses uranium wastes were used as building materials.
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INTRODUCTION

Radon sources are the main natural sources of population irradiation (about 50%). In some
regions this percentage can increase even to 80-90% as in Comwall (England) region [1].
Because, between the indoor radon exposure and the lung cancer risk seems to be a direct
relation [2] the knowledge of the radon concentrations in buildings is a very important parameter
characterizing the indoor air quality.

The assessment of lung cancer risk due to radon exposure for general public is based upon the
research of epidemiological studies made on uranium miners [3,4]. The main difficulty in this
estimation consists in the fact that uranium miners are exposed, besides to radon and radon
progeny, also to the external doses and especially to the radioactive dust with uranium particles
which can fasten on the bronchial tubes [5].
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To find this parameter the epidemiological studies made on general public must be very carefully
designed in order to obtain significant results since the effect is masked enough by other factors
as smoking, chemical pollutants, stress, individual resistance and uncertainties in radon exposure
assessment [6]. The last specified factor can be minimized by measuring of indoor radon
concentrations for large time period (one year) anid in the case when these measurements are
shorter (3 months or 6 months) a correction or an adequate choice of time measurement interval
is necessary. Sometimes thése urﬂé'ertainties can be found by retrospective radon measurements
[7,8]. It is possible that incorrect estimation to the indoor radon exposure to be the reason for
which the results of some performed epldemlologlcal studies are inconclusive [9-11].

Romama is a country from Central Europe (237 000 km?) havmg a continental climate, with
+21°C in July and —6° Ci m January as average temperatures.. Transylvania as northwestern part of
Romania presents moreover ra cold season prolonged. In the.last years we made about 400
integrating medsurements for indoor radon in houses in the frame of an epidemiological study in
two districts .of Transylvania [12] and with occasion: was observed the influence of thermal
comfort and building materials on the results of the indoor radon concentrations. Also, some
measurements using Lucas cells method and especially the continuos monitoring with Radim
device made in the last year confirm this influence.
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EXPERIMENTAL METHOD
The integrating megsurements were rhade usmg the Karlsruhe radon .diffusion chamber with
makrofol electrochemically etched track detectors. The makrofol detectors were exposed for
three months period in the cold season (June-August) both for detached houses and flats in the
blocks of flats. Also, some workplaces in public buildings were considered. The etching and
reading of the detectors were made at the Nuclear Phy81cs Laboratory of Gent.

L YL
The Lucas cells grab samples methotl; utlllzes the scmtlllatlon flasks of 500 ml and to standardize
the measuring conditions all determinations were made after five hours of closing rooms. The
calibration of Lucas cells was made using a radium chloride standard source.

Starting from this year we made continuos measurements of indoor radon by means of a Radim
monitor (Czech Republic) which utilize a radon diffusion chamber where the alpha emission of
RaA(mPo) is measured with a Si detector. The minimum activity for ap hour.of samplmg is 30
Bg/m® with statistical error of +20%. The memory of this device allows,the com;muos momtormg
of radon content for long time. :
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RESULTS AND DISSCUTION

.,/In Figure 1 are shown the results. for radon concentrations in the case of 18, dwellings and work
places from Herculane city obtained by integrating measurements in - the winter season
(December-February) and in the summer season (June-August). The detectors were always
settled in bedroom at the ground: floor for exactly 3 months perjod in the case of the, dwellings
.. and in four offices of public buildings also at ground flpor..One.can see that with two exceptions
the winter radon concentration is much greater as summer. concentratlon The first exception is
remarked for No.1 sample wh1ch is a hotel office where the same natural ventilation exists in the
winter. as in the summer. The sample No.11l is a bedroom with a poor vennlatlon, also in, the
summer due to unutilization or a short time utilization in that year (1995).
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Figure 1: The radon concentration in winter and summer (14 bedrooms and 4 offices)
from Herculane area
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The winter/summer ratio for radon concentration (as average values) is shown in the last column

' of Table 1 and it can see that this-ratio is about 2:1 for bedrooms:in detached houses also for
"' offices in public institutions and- even 3:1 for bedrooms' in blocks of flats at ground floor.
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TABLEvl. |

'

__Seasonal variation of radon at ground floor (Bq/m’)
=% e Herculane (H) andCluy (‘C) cities:” 2

% Py iy b : L
Type of building Numbér of | Radoen average concentration |~ ' Ratio
samples Bg/m’
: i /R Winter Summer

Detached houses (H) S0 v 216 106 211

' Flats block (H) ' g 123 42,5+ 3:1

- Offices (public) (H) Y 240 L1245 ' 2:1
Clu;j detached houses (C) 6 162 91 1.8:1
Cluj flats” (C) 4 115 55 2.2:1

“upper level (>2)
P TR A |
In the last two lines of Table 1 about the same ratio (1.8: 1) was obtained for six bedrooms at
* ground-floor from city Ciu_] in detached houSes and (2 2: 1) ratio for bedrooms in blbck of flats
at upper level (>2) i AR G e ROFTN

Tl = iAW e b 9 278

In Figure 2'it is'shown the “daily variation of indoor rddon in-one house from Oradea city
-(bedroom in detachéd house) i January (1998):and in June'(1998) registered with Radim device.
‘The value of June is about 2.4'times smaller as January value. From this figure it is‘clear that an

~ important variation of ‘radon ‘contént exists during 24 hours'due to “acé¢umulation of this gas in

" the night period. The computer prograrn of this monitor dire¢tly indicates the mean‘values.”
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Figure 2_Daily variation (Radim monitor) and averages of radon content in one house from
Oradea city (24 hours of measurement).

The grab samples method (Lucas cells) not confirm entirely these results being inadequately to
establish this ratio because it apply the same protocol (0.5 h-strong ventilation following Sh-of
room closing) to may standardize these determinations. Therefore, the adequately methods
(integrating or continuos) for radon content determination in dwellmgs show that a ratio of 1.5 to
3 between winter/summer values exists for the all three ﬁa:glons mvestlgated (Herculane, Cluj,
Oradea). It is clear that tendency to preserve the heat. durmg winter season can explain these
ratios. Generally the cost for monthly heating jin the cold.season for a normal detached house is
about 10-15% from the monthly amount gamed?by a standﬁrd famﬂ}/‘

In addition, further two mechanisms can contribute of thlS growth jof indoor radon during cold
time. These are: (a) the chimney effect which contributés to the radon extraction from sublab of
dwelling; (b) the soil frost during winter which can conduét the diffusive or connective soil flux
towards house sublab. k. :
i : ;

Th@ influence of building material was consnc}ered in this work by mcludmg in our study an
uramum gegnon This is Stei_city and its nelgl{borhood Stei city s plaqﬁd at 15 km from an
uranium mine (Bafta) mtensively worked in the 1950-”1‘560 period. The" results obtained by
mtegratmg radon’ measurémert of three months for 80 dwellings of Stei area are shown in
lognormal distribution in Figure 3. In this figure can be seen that this curve with two maxim
presents high (234 Bq/m’ and 269 Bq/m®) and very high(1070 Bg/m®.and 1231 Bq/m’) values
both for geometric mean (GM) and arithmetic mean (AM).

‘These results can be compared with the results obtained for 105 dwellings in different places
* from Cluj and Bihor “districts (Transylvania) shown in Figure 4. representing -about"the first
" ‘quarter of the results which will be gathered in the frame of an epidemiological study regarding

the Iung cancer risk. The geometrlc mean of 132.14 Bg/m® for these measurements is’ very

closed to median value of 134 Bg/m’, therefore, a classical lognormal distribution was: found. The
differenice between the dwelling radon from ‘Stei area and the other regions from Transylvania is
rather high (234 Bq/m’ for GM in Stei area comparatively with 132 Bq/m® as GM for the other
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Fig.4. Lognormal distribution for radon in 105 dwellings from Transylvania region.

S

reglons) -and.can be attnbuted to bulldmg materials w1th a hlgher rad10act1v1ty of uranium in .Stei

e reglon Moreover the second very high maximum of 123] Bg/m® from Figure 3 shows clearly
- that in:some cases the men were utilized as building materials (probably as ground walls or as

-filling) the uranium waste arising from Baita uranium mine. All 15 dwellings forming thls group
are built after 1950.Many measurements are still- necgssary for a good charactenza,tlon of this
area. '
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CONCLUSSION

Rather high indoor radon concentration in Transylvania region comparing with other European
countries [13] and according with Scandinavian [14] and Ukrainian [15] values were found.
Generally the values for indoor radon are two times higher in the cold season as in the warm
season in direct connection with the tendency to preserve the heat. This ratio was found for all
three areas investigate.

The using of some materials with grown uranium content even of uranium waste as building
material is evidently for Stei area where high and very high average indoor radon concentrations
were measured.
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