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Abat1Wt-The indoor 222Rn level depem;11 mainly on the subsoil geology, the cellar floor permeability, the cellar 
aer1don, the air-tightness of the homes. and the aeration habits of the occupants. Thtlff five parameters and t"9 
~,~levels in the cellar ud lo the livin1 fOOlll on the llfOUDd floor were compiled· la 80 oa.., or two-family houSft 
of the central Swiss Alps. Tht 221Rn levels were meNund with passive alpha traek detectors. 

Houses located on a granite, ortho-gneiss or verruc:ano subsoil have a 1.:ellar mlla level that is on the average 
4.4 doles blgher than house11 which are built on grer-schist or sediJnents, Tbe cellar level ~ on the average S.4 
times higher if the cellar has partially 1l gravel or earth floor than if the whole cellar 11urface is covered with • 
concrete floor. Energy-efficient, hip)y air-tightened hoaMs have a living room level that is on tbe average 1.8 timee 
higher than normally insulated conventional homes. 

In the cellars and the living rooms of the 80 hou9'1 considered, arithmetic mean U 2Rn levels of 724 Bq m_, 
(20 pCi L-1

) and 178 Bq m-3 (4.8 pCl L-1
), respectively, were found. In the central Swiss Alps 222Rn and 222Ra 

decay products lead to an estimated mean exposure of !.3 mSv effective dose equivalent per year. 

INTRODUCTION 

THE 222Rn emanation power of a soil is mainly controlled 
by the 238U concentration, the humidity, the porosity, and 
the fissuration of the rocks of the subsoil. The 222Rn gas 
which em.ana.tes from the subsoil and the surftcial bedrock 
is transported into the living space of homes through a 
combination of diffusion and Darcy tlow. The transport 
of222Rn through diffusion (due to concentration gradients) 
and Darcy flow (due to pressure gradients) occurs via 
cracks, joints, and especially gravel or earth floors of the 
cellar. Darcy flow is believed to predominate, particularly 
in the winter period with its large temperature differences 
between the inside and outside (stack effect) and partic
ularly for homes with above-average concentrations of 
222Rn. In the living space, the build-up of indoor 222Rn 
gas was shown to be strongly influenced by the air-ex
change rate (Burkart et al. 1984; Fleischer and Turner 
1984). Other studies, however, did not find a significant 
coITelatian (Nero et al. 1983). The air-exchange rate is 
deteanined by the air-tightness of the house and by the 
aeration and heating habits of the occupants (Burkart et 
al. 1984). 

In the central Swiss Alps the Rhine-Rhone line sep
atlltes the Aar Massif in the north from the Gotthard 
Massif in the south. The Rhine-Rhone line is divided from 
west to east into three subregions: the Upper Valais, the 
Urseren valley, and the Upper Rhine valley (see Fig. 6). 
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Because of the significant fluctuations of the 238U con
centration in the subsoil and because of the well-known 
radiogeological situation; the central Swiss Alps are very 
well suited for an investigation of the correlation between 
the subsoil geology and the indoor 222Rn level. 

Some of the 222Rn gas diffusing into the cellar is 
transported into the living space. The transpQrt mecha
nisms are quite different in old and new dwellings, in 
apartment houses and family houses. Because it is not 
possible to investigate the correlation between the con
struction technique and the indoor 222Rn level for all types 
of homes, the chosen 80 homes are as similar as possible, 
all of them being quite recently built one- or two-family 
houses, provided with a cellar and having the living room 
on the ground floor. A by-product of the study is to get 
more information on the region and the house type where 
the highest Swiss indoor 222Rn levels can be found (Buchli 
and Burkhart 1985). 

MATERIALS AND ME1HODS 

For the sake of simplicity, it is assumed that the 222Rn 
emanation power of the rocks depends only on the 238U 
concentration. The humidity, the porosity, and the fis
suration of the subsoil are difficult to detennine and would 
demand an analysis of rock samples in the laboratory. 
Categories of high, of medium, and of low 238U concen
tration and therefore emanation power are defined (Lab-
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Table I. Parameters used for the clas.~ification of the 80 homes. 

Name of parameter Status of parameter Percent No.of homes 

1. Subsoil geology a) High emanation power 373 30 
b) Medium emanation power 283 22 
c) Low emanation power 353 28 

2. Cellar Aoor a) Partially gravel / earth Aoor 563 4,5 
b) Whole surface concrete floor 443 35 

3. Cellar aeration a) Never /infrequently aerated i6% 61 
b) Permanently aerated 24% 19 

4. Air-tightness a) Air-lightened energy-efficient house 673 54 
b) Non-air-tightened co11,·entio11al house 333 26 

5. Aeration ha.bits a) Aerated less than 30 min d- 1 36% 29 
b) Aerated more than 30 min d- 1 643 51 

hart and Rybach 1971; Labhart 1976; Halm et al. 1962). 
Granite, ortho-gneiss (granitoid gneiss), and verrucano 
(permian sediments) have high 238U concentrations 
reaching from 11 to 16 ppm. In mica-schist, biotite-gneiss, 
para-gneiss, and phyllite, 4 to 7 ppm 238U are found. Grey
schist (Biindnerschiefer), Mesozoic sediments (Lias, Cre
taceous) and Quarternary sediments show concentrations 
between l and 3 ppm. The geology and the approximate 
subsoil 238U concentration were determined at the location 
of the houses with the help of a geophysicist and with the 
most accurate geological maps available. 

A detailed questionnaire provided information about 
the construction technique of the houses and the aeration 
habits of the occupants (Burkhart 1983). Concerning the 
cellar floor permeability, the distinction was made between 
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the cellars having partially a gravel or earth floor and those 
having a concrete floor covering the whole cellar surface. 
Because the study was made during the winter season, 
most cellars were never or infrequently aerated and only 
few had a permanent aeration through an open cellar 
window of at least 0.06 m2 surface in one or more cellar 
rooms. Nearly all investigated dwellings were built after 
the petroleum crisis. Therefore, many houses are energy
effi.cient, being air-tightened by means of caulking and 
weatherstripping; the other houses are non-air-tightened 
and of a conventional type. Finally, a high and a low 
aeration of the living space was defined (Schmid L985). 
In most houses the mean daily aeration period including 
the mean daily use of an open fireplace exceeded 30 min; 
in the other houses the duration of the aeration and fire-
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Fig. I. Arithmetic mean 222Rn levels in the cellars and the living rooms. The bars represent the arithmetic standard 
deviations of the mean 22~Rn levels. 
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Fig. 2. Fre~uency distribution of the indoor 222Rn levels in 42 houses of the Upper Valais and in 33 houses of the 
Upp:'; Rhme valley . !~ the Upper Valais the geometric mean levels in the cellar and the ground-floor are 213 Bq 

m and 80 Bq m , respectively. In the Upper Rhine valley these values are 483 Bq m-3 and 162 Bq m-J. 
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place use amounted to less than 30 min ~-i. At least ~ne 
window per room was fully opened dunng the aeration 
period. Table l shows the five compiled parameters. 

Time-integrating passive alpha track 222Rn detectors 
were used for the measurement of the indoor 222Rn level 
(Wernli 1982). The dosimeters are diffusion chambe~ of 
the Karlsruhe type (Federal Republic of Germany) usmg 
solid state nuclear track detectors (polycarbonate). After 
the exposure the detectors were electrochemic3:1JY etched 
and track counting was performed. The durauon of the 
exposure was 3 mo ~Dece~ber 1984 to Marc~ 1985~. Ten 
villages were investigated m the Upper Va.lais, two m the 
Urseren valley, and seven in the Uppe~ Rhme valley. Two 
to seven homes were measured per village. 

RESULTS 

Figure l shows the arithmetic mean indoor 222Rn 
levels. In the 42 houses of the Upper Valais t~~ .mean 
levels are 361 Bq m-3 in the cellar and 92 Bq m m the 
living room. In the five homes of the Urseren valley, mean 

cellar levels of 534 Bq m-3 and living room levels of 128 
Bq m-3 were measured. The highest mean levels were 
found in the 33 homes of the Upper Rhine valley: 1280 
Bq m-3 in the cellar and 294 Bq m-3 in the living r~orn. 
The cellar levels (left side) are on the average 4.2 .times 
higher than the living room leve~s (right si~e): The highest 
222Rn levels were found in the VIllage ofSiat m the Upper 
Rhine valley: 12,200, 2800, and 2300 Bq m-3 were ~e~
sured in the cellars and 2500, 1400, and 500 Bq m . m 
the living rooms. Using the UNSCEAR 82 conversion 

. 222R d 222R factors for non-occupational exposure to n an . n 
decay products, the dose rate is 0.0295 mSv. y· 1 effective 
dose equivalent per Bq m-3 indoor 222Rn. For ~he pop
ulation living in a family house in the central Swiss Alps, 
the mean exposure to 222Rn and its progeny ai:iiounts to 
2.7 mSv y- 1 in the Upper V~ais, 3.8 mSv y- 1 ~n the Ur
seren valley and 8.7 mSv y- in the Upper Rhme valley. 

Figure' 2 shows the frequency distribution of the 
222Rn levels in the cellar and in the living room for the 
Upper Valais and the Upper Rhin.e val.ley. Because the 
distribution is approximately loganthmic-normal, lt can 
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Fig. 4. Decrease of the 
222

Rn level from the cellar to the ground-floor in perr..ent. The ratio ground-floor level to 
cellar level depends on the air-tightness of the house (left/right group) and on the aeration habits of the occupants 

(left/right column). 

be predicted that the ground-floor 222Rn level for the most 
affected one-percentile of the houses in the Upper Rhine 
valley is higher than 1900 Bq m - 3 . This would lead to 
annual exposures due to 222Rn and its decay products 
which clearly surpass the limit for occupational exposure 
of 50 mSv y- 1 • 

Figure 3 demonstrates the influence of the parameters 
geology, cellar floor, and cc:llar aeration on the indoor 222

Rn level of the basement. The cellar 222Rn levels are 
on the average 4.4 and 3.0 times higher in cellars built 
on soils with a high emanation power than in cellars built 
on soils with a low or a medium emanation power, re
spectively. The cellar 222Rn level is on the average 5.4 
times higher if the cellar bas partially a gravel or eart)l 
floor than if its surface is entirely covered with a concrete 
floor. Infrequently or never-aerated cellars have a 222Rn 
level that is on the average nearly 18 times higher than 
permanently aerated cellars. 

Figure 4 depicts the influence of the parameters air
tightness and aeration habits on the ratio ground-floor 
level to cellar level. The decrease of the 222Rn level from 
the cellar to the ground-floor is smaller for air-tightened 
houses than for conventional houses. If the living space 
is aerated less than 30 min d- 1 

, the decrease is also smaller 
than if the aeration exceeds 30 min d- 1• An analysis of 
the indoor 222Rn levels shows that energy-efficient air
tightened homes have on the average 1.8 times higher 
living room levels than conventional non-air-tightened 
homes. Finally, the 222Rn levels are on the average 2.1 

times higher ifthe living space is aerated less than 30 min 
d-

1 
than ifit is aerated more than 30 min d- 1• 

Figure 5 shows the correlation between the measured 
and the calculated 222Rn levels. Although the negative 
outcome was anticipated, the five parameters of Table I 
were combined in a semi-empirical model to predict the 
indoor 

222
Rn levels on the ground-floor. The variation of 

the first three parameters leads to 12 combinations cor
responding to the 12 columns of Fig. 3. As an example, 
a house located on a high emanation soil, having a gravel 
or earth cellar floor and being never or infrequently aer
ated, bas a ceJJar level of 1980 Bq m-3 in the model. The 
222

Rn level in the living room is calculated by multiplying 
the cellar level by the ratio ground-floor level to cellar 
level. According to Fig. 4 an air-tightened home, aerated 
less than 30 min d- 1

, bas a living room level that is 77% 
of the level in the cellar. Therefore, the model predicts a 
maximal living room level of 1980 Bq m-3 X 0. 77 = 1525 
Bq m-

3
• The minimal living room level predicted would 

be 78 Bq m-
3 

X 0.23 = 18 Bq m-3 • The correlation coef
ficient of 0.64 clearly indicates that this semi-empirical 
model based on a limited amount of easily obtainable 
data cannot predict 222Rn levels with reasonable accuracy. 

CONCLUSION 

The most affected valley of the central Swiss Alps is 
the Upper Rhine valley (Fig. 6). The logarithmic-normal 
distribution of the ground-floor 222Rn levels predicts that 



I I 

428 Health Physics April 1989, Volume 56, Number 4 

"' 1480 OVERALL VIEW a 
I 

\: / 

"" 1295 / 
~ 

/\~<i.. 
...J 1110 /""'~"';\.. l.1..1 
> / l.1..1 

925 ...J 

/ 
= / ~ 740 

"" CCIJ CCC / "' "" / 0 555 
l.1..1 / t-

a <( a c / 
00 

_J 

370 ::> 
u 

1DD a / ...J 
<( 
u 185 /0 

a 

0 c 

0 185 370 555 740 925 1110 1295 
MEASURED 222Rn LEVEL Bq m-3 

"' EXP.ANDED VIEW / I 296 
~ a 0 a ·< CD aa 00 

/. \~ "" 259 ~,.\.. 
~ / v 
_J 222 / L.U 
> 0 / l.1..1 
_J 185 

/ c 

= a Oa 00 c::fl 

~ 148 / 
"" 00 ~ a "' a 
"' 

0 111 ~ L.U 
t-

~ 80 <( 
...J CIC a 0 
::> 74 

cl;} if' u 
0 cP 0 

...J 
<( -?'Cb a a::P u 37 

/ a 0 

0 

0 37 74 111 148 185 222 259 296 

MEASURED 222Rn LEVEL Bq m-3 

Fig. 5. Measured living room levels versus calculated living room levels. Every dot represents one of the 80 houses 
considered. 

for the most affected I 0-percentile of the houses in the 
Upper Rhine valley, an indoor 222Rn level of 580 Bq m-3 

and an exposure to 211Rn and its progeny of 17 mSv ef
fective dose equivalent per year are surpassed. For the 
most affected one-percentile these values are 1900 Bq m-3 

and 56 mSv effective dose equivalent per year. 
For the most affected 10-percentile of the homes in 

the Upper Valais, ground-floor 222Rn levels higher than 
120 Bq m-3 and exposures higher than 3.5 mSv y- 1 are 
predicted. For the most affected one-percentile these val
ues are 235 Bq m-3 and 7 mSv y- 1• 

These facts lead to the conclusion that the soil of the 
Upper Rhine valley, which consists mainly of granite, or
tho-gneiss, and verrucano, has a significantly higher 222Rn 

Subsoil geology and construction techniques in 122Rn levels• R. BUCHLI and W. BURKART 
429 

j:: : J Tertiary of Molasse Basiri 

B Helvetic nappes 

[[[IJ Mesozoic of Jura 

Sedimentary Rocks 

fr! 1l Basement of external Massifs 

~ Penninic basement rocks 

~ Austroalpin basement rocks 

Crystalline Rocks 
Fig. 6. Tectonic map of Switzerland. 

emanation power than the soil of the Upper Valais, which 
consists mainly of mica-schist biotite-gneis, para-gneis, 
~hyllite, grey-schist. and mesozoic and quartemary sed
iments. 
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