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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 Cornwall (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 cau be minimized by measuring of indoor radon 
concentrations for large tppe period (one year) artd in the case when these measurements are 
shorter (3 month� or 6 moq.ths) a .correction or-an adequate chQ1ce of time measurement interval 
is necessary. Sometimes th�se un,t'ertainties can be· found by retrospective radon measurements 
(7,8]. It is possible that incorrect es.timation to the indoor radon exposure to be the reason for 
which the results of some performed epidemiologicdl studies are ar:iconclusive �-11]. 

' . . •,I 

Rom�i\ia is a li;ountri frofu Centr� Europe (4�7.900 km2) h��ng a continental climate, with 
+21°C in July and -6�C m 1anuary fiS average temperatures .. Transylvania as northwestern part of 
Romania pr��·epts inb,red"'.'�r �a cbfd season prolonged. In the .last years we made about 400 
integrating mecisu:eme�t9.for indoor radon in houses in the frahie of an epidemiological study in 
two districts ,of Transylvania [12) and with occasion: was observed the influence of thermal 
comfort and building materials pp the ,results of the indoor radon concentrations. Also, some 
measurernenJs using Luc.as cells' met}lod1 and· especially the continuos monitoring with Radim 
device made in the last year confirm this influence. 

EXPERIMENTAL METHOD 
. '' ._ I ' . . . >' 

The integrating me�surell:}.ents were made ustng the Karl�J.iU� radon; ,piffusion chamber with 
makrofol electrochemically etched track detectors. The makrofol dete�tors w�re 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 Physics Laboratory of Gent. 

i, !l l '. . :. '. 1..:: ' ,_�; j � � � • • 

The Lucas cells grab samples methodiuti.lizes:the scintillation: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 we1 made continuos ineasur���nts of indoor radon by means of a Radim 
monitor (Czech Re-public) which utilize a radon aiffusion chamber wher�:-the alph,ci;-emission of 
RaA(218Po) is measured with a Si detector. The minimum activity for an ho�r.pf s�mpling is 30 

,.., .. . 'l . .... 

Bq/m�- with statistical error of ±20%. The memory of this device allows1 the con�inu9s monitoring 
of radon content"fodong-time·: 

., ,, ,.1 

RESULTS AND DISSCUTION 
,,,. :;, • • : l • . $ ; :: " 1-:. : '· • J. ·' . .. • 

·'. .. , • In,figure. l ar.� shOM'Jl the,-resu!ts: fo� radpn. c�n.centratj(;nw. in tpe c.��e ?h; l 8,1d�e.llings, �nd ':York 
places from Herculane city obtained by integrating measurements iq . . ·the . winter season 
(December-February) and in the summer season (June-August). The detecto�s w�re always 
settled in bedroom at the ;grou,ng:floor fo� ex�ctly �, ll1!Jnths .. petjod in, th�-. case of the: dwellings 

,;. a11� in fot,ir offi��s. of public buildings also at ground fl.POf.!Dneican see tJ;arwith two exceptions 
tht; �inter radon concentrati9n is p�uch.,greater as sumpi�.c_onc�n�r.ation. The first ex,ception is 
remarkec! for No. I �ample, whic;h,j� a hotel office wher� th.� same natur�l venWa,��on ex,ists in the 
winter: a,s in tq� S\.lmmer. The saq.iple "No. I I is a b,eqropm with a poor ventilati�p., �lso 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 

"1 

The winter/summer ratio for radon concentration (as average values) is shown in the last column 
of Table 1 and it can see tha't this-ratio is about 2:'1 'for bedrooms�in detached houses also for 

• j offices in public instit'Utions and-even 3: 1 for bedrooms•in blocks of flats at ground floor. 
!,\ 

. 

? , ,r� i .. :,,\: " 

TABLE 1:. 
'i\ 

Seasonal variation of radon at ground floor (Bq/m3) 
1; - ··'.;or:::Herculan� (H) arrd'G:luj· (€) cities'. "'i 

Type of building ' 

I � 

:Detached hduses (H) 
.\ '1 · Flats bfock (fl) ' 

·Offices {publicY (H) 
Cluj detached houses (C) 

Cluj flats• (C) 
upper level (>2) 

Number of 

-

samples 
.·G·.�:1; L.: 

�(·10 
J�.: ·4::·? .. 

d•iJ · � . . I 

6 
4 

, 

Raden average concentration 
Bq/m3 

Whiter Summer 
' 21{) . 106. 

123 42.5'.(:. 

240 
-. ' 124 . .::;· 

162 '7;'1'' 
91' 

115 55 

, · 1. r · .. . 

� Ratio 

2:1 
. . 3: 1 

2:1 
.. 

1.8: 1 
2.2:1 

In the last two lines of Table 1 about the same ratio (1.8:1) was obtained for six bedrooms at 
·i· grourid:flC�or<?ftom· city Ciuj ·ih detacne(f'Hbuses andil(2.2 : l)' ratio for bedrooms in blbck of flats 

·''·'atuppedevel(S.2): "1n ·;:." .··�·,.:.;i· ·:·::�.�.·-:�· '· .>;;· · ::.;.·, · 
".:,; -'-·.i· .:}T'� �,.l,::; .. ;.'.·: ··,, tt! !'' w':. · .. , ·,-;) ��·c, 

' In Figure 2 it is' shbwn the'''lfaily- variation of indbor radon in· one house from Oradea city 
· (bedroom in aetacll'etl house J iri Jilmiafy (I 998)and in June:( 1998) registered' with Radim device. 
:The value of June is about 2.4'tiiriesirsrrlaller as January value. Frorri 'this figure ·it is1{:Jear tl:iat an 

. ' important va:rlaiion ofifadon 'contel'tt e?'i'sts during 2'4 hours' due to "a'cc:lumulation of this ·gas in 
". the night period. The computer program of this monitor directly indicates .the mean 'values�'' 

�, ' ' • I' 
.' � ... 
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Figure 2_ Daily variation (Radliii"inonitor) and averages of radon content in one house from 
Orade� city (24 �ours of me�surement). 

The -grab samples method (Lucas cells) not.. confirm emir�ly ,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 o

_
r continuos) for radon �ontent determination in ?we�}�gs s�ow that a ratio of 1.5 t? 

3 between wmter/summer values exists for the all three \�gions � .1J�est1gated (Herculane, Cluj, 
Oradea). It is clear that tendency to preserve. the heat� qµring winfer season can explain these 
ratios. Generally the cost for monthly heating -ri the coldi£eason f�f a normal detached house is 
about 10-15% from the monthly amount gained11}f a st�n��rd farr0�i 

In addition, further two mechanisms can contribute oftliis growth • of indoor radon during cold 
time. These are: (a) the chimney effect which contributes to the fadon extraction from sublab of 
dwelling; (b) the soil frost during winter which can con�u¢t the diffusive or connective soil flux 

... ;/ towards house sub lab. ·· �11 • • 

f . � 

� . . ,e influence of �uilding n;iaterial ;as consi�;pd in this work
1
�y incl�tling in our study an 

ur�um ,re�on . 'fbis i� St�� 
.
�ity �a its n�ig �brhood.!A&tei city

_
'o\is pla"� at 15 km �rom an 

uramum mme (Ba1ta) mten JVely Wbrked m the 1950.:.'1�60 penod. The� results obtamed by 
integrating radon'· measurement 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/m3 and 269 Bq/m3) and very high(1070 Bq/m3 -and 1231 Bq/m3) 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 Bih6r 'districts (Tran.Sylvania) 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 geometric mean of 132.14 Bq/m3 for these measurements is: very 
closed to median value of 134 Bq/m3, therefore, a classical lognormal distribution was:found: The 
diffefe'rice between the dwelling radon· from' 'Stei area and the other regions from Transylvania is 
rather high (234 Bq/m3 for GM in Stei area comparatively with 132 Bq/m3 as GM for the other 
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Fig. 3. Distribution with' lwo m�rn for radon ·6oncentration in Stei area. 
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Fig.4. Lognormal distribution for radon in 105 dwellings from Transylvania region. 
J 

�.. regions}'and_.can be.. attributed to building-materia,Js,wjtJ;i a higher_ r�dioa�tivity of uranium in .Stei 
>_, region. Moreover the second very high m�um of 1,23.rl �q/m3 frpmJ•igure ;3 shOV>fS clearly 

:;; that in:·some cases the ,men were utilized as building m�terials (probably as ground w�lls or as 
:· filling):the. uranium waste arising from l3aita uranium mine. All 15 dwellings forming tbi� group 
are built after 1950.Many measurement� are still- nec�ssary fo� a good characten���i_?�- of this 
area. 

325 



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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