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Studies by the Finnish Centre for Radiation and Nuclear Safety (STUK) have
shown that, in Finland, indoor radon concentrations are almost twice as high in
houses built on sand or gravel as in houses built on other soil types. The aim of
this study was to assess the radon risk on eskers, ice-marginal formations, and
other gravel and sand deposits on the basis of factors that can be determined from
geological maps.

Altogether, 514 houses built on gravel and sand deposits were selected for the
study from the indoor radon database of STUK. Several geological parameters
were determined. Empirical statistical models were used to assess the significance
of factors affecting indoor radon in glaciofluvial deposits and the sand-dominant
littoral deposits occurring in association with them. A relationship was found
between increased indoor radon concentrations and the location of a house on a
steep-sided esker, in the southeastern rapakivi granite area and on the upper slope
ortop of an esker. The steepness of the slope also increased the radon concentration
in houses on steep-sided eskers. The effect of the topographic features is due to
subterranean air-flows. As estimated from the very sparse till sampling, the
elevated uranium concentration increased the indoor radon concentration only in
houses built on littoral deposits around eskers and ice-marginal formations.
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INTRODUCTION

Significant factors affecting the indoor radon
concentration are the uranium concentration and
permeability of the soil, the foundation type and
ventilation of the house (Mékelidinen et al. 1992)
and the “stack effect” driven by differences between
the indoor and outdoor temperature (Arvela et al.
1989). Radon (radon-222) is a radioactive rare gas
continuously generated in the soil and bedrock
through the decay of radium-226. Because the
decay series is headed by uranium-238, the uranium
concentration of the soil can be expected to
correlate with the indoor radon concentration.

Finland, Sweden and certain states of the USA
have the highest indoor radon concentrations in the
world, and more than half of the radiation dose to
the Finnish population comes from radon. With a
view to establishing the areas with high indoor
radon concentrations, STUK started to draw up
radon measurement plans for Finnish municipalities
in 1986. The plans are based on data available from
soil and bedrock maps and previous radon
measurements made in an area (Castrén et al.
1992). Further, to assess the radon risk for future
houses, radon prognosis maps have been compiled
for areas for which a large number of radon
measurements are available (Voutilainen &
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Maikeldinen 1991).

Owing to the high permeability of coarse sorted
sediments, the indoorradon concentrations of houses
built on gravel and sand accumulations in Finland
are approximately twice as high as those of houses
built on other soil types (Mikeldinen et al. 1992).
These gravel and sand deposits are glaciofluvial
deposits and littoral sand layers. However, large
differences also occur in indoor radon levels within
this group, even in the radon concentrations of the
same formation. Since field research is expensive
and thus is restricted to small areas only, a method
for the preliminary estimation of larger areas is
being examined. The aim of this study is to ascertain
which of the factors that can be determined on
geological maps have an effect on radon level and
could therefore be used to estimate the countrywide
radon risk in houses built on sand or gravel.

STUDY DESIGN AND METHODS
Material

The material is based on the Finnish Centre for
Radiation and Nuclear Safety (STUK) database
comprising more than 25 000 indoor radon
measurements with known position coordinates,
data on the type of soil and bedrock at the building
site, and details about construction of the building;
7000 of these houses were built on sand or gravel.
To obtain as accurate information about the building
site as possible, we excluded houses in areas for
which 1:20000-scale soil maps were notavailable.
Most of northern and central Finland was excluded
for this reason, as were the areas around the cities of
Tampere and Lahti, though there too, very high
radon concentrations have been measured in houses
built on gravel and sand deposits. In all, 514 houses
were selected for the study. The main structural
units of the Precambrian in Finland in the study
areas and on the map sheets used for the study are
shown in Figure 1.

All the indoor radon measurements were
conducted with an alpha-track detector in the lowest

occupied storey of houses during a two-month
period in winter. The radon concentrations measured
were corrected to annual means (Arvela & Win-
qvist 1989, Castrén et al. 1992). Questionnaires
provided the construction data on the houses.
The arithmetic mean of the indoor radon
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. = study areas on map sheets (scale 1:20 000), El = Jotnian sediments,
B- Sveckofennidic schist and gneiss, - orogenic plutonic rocks,
&= rapakivi granites

Fig. 1. Study areas and the main structural units of the
Precambrian in Finland (simplified from Simonen
1980).

concentrations deduced in this study was 288 Bq/
m’ (standard deviation 563 Bg/m?) and the geometric
mean was 168 Bq/m® (geometric standard deviation=
2.57). The median was 164 Bq/m®. Statistics on the
type of formation, the location of the house and the
main structural unit of the Precambrian in Finland
are given in Table 1.

The gravel and sand deposits are not uniformly
distributed around the country. The number of
houses in the Table 1 shows that, in the Jotnian
sedimentary rock area, an area with very few steep-
sided eskers and no ice-marginal formations at all,
there are only two houses on steep-sided eskers. In
the southeastern rapakivi granite area there is only
one house builton aflatesker. The actual abundance
of flat eskers in this area is not known.

Determining the parameters

It was important that the parameters could be
determined with a standard procedure regardless of
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Table 1. Statistics on indoor radon consentration
according to the main structural units of the
“Precambrian of Finland and the soil type formations.

N' AM® GM° MED' GSTD® MAX'
Bgym® Bg/m® Bg/m® Bq/m®

Jotnian sedimentary rock area
Steep-sided eskers 2 112 112 112 107 117
Ice-marginal formations 0 - - - - -
Flat eskers and deltas 24 91 61 61 239 311
Littoral deposits 30 77 65 67 19 213
Southeastern rapakivi
granite area
Steep-sided eskers 56 785 357 281 331 9326
Ice-marginal formations 81 318 238 216 212 1493
Flat eskers and deltas 1 129 129 129 = 129
Littoral deposits 62 191 159 154 186 611

Orogenic plutonic area

Steep-sided eskers 57 487 303 335 265 3940
Ice-marginal formations 17 196 145 136 226 508
Flat eskers and deltas 39 160 123 126 220 665
Littoral deposits 82 167 136 129 190 927
Svecofennidic schist

and goeiss area

Steep-sided eskers 19 251 197 192 209 665
Ice~marginal formations 23 155 125 129 205 493
Flat eskers and deltas 6 108 81 84 240 227
Littoral deposits 15 152 131 144 189 319

a= number of obscrvations

b= arithmetic mean of radon concentration
c= geometric mean

d= median

c= geometric standard deviation

f= maximum concentration

who made the determinations. For details, see the
section on determining the parameters in Hutri
1993.

The location and geological features of each
building site were checked on 1 : 20 000-scale soil
maps, and the following parameters were
determined: formation type, location of house on
the formation (excluding houses on sand deposits),
grain size of the soil, steepness of the slope
(excluding houses on sand deposits), main structural
unit of the Precambrian in Finland, uranium
concentration class of the bedrock type and uranium
concentration in till.

The glaciofluvial layers are marked on soil maps
inviolet to distinguish them from the sand-dominant
littoral deposits. The soil type layers were tentatively
divided on the basis of the map sheet explanations

into the following classes: eskers, deltas associated
with esker groups, ice-marginal formations and
littoral deposits. The eskers were further classified
by their top as steep-sided eskers and flat eskers
(flat-topped eskers and deep-rooted eskers in
Ostrobothnia, see the Atlas of Finland 1992 and
Niemeld 1979), because the shape of an esker was
considered to demonstrate the difference in structure
and grain size distribution of the eskers. Since the
tops of flat eskers and deltas have analogous
features, they were presumed to behave in the same
way in terms of air-flow. The final classification of
formation types was as follows: steep-sided eskers,
ice-marginal formations, flat eskers and deltas and
littoral deposits. Complex eskers with both rising
and flat areas were divided into separate units.

Each formation was vertically divided into four
units: top, upper part, middle part and lower part.
Because only ten houses were located on the top of
an esker, these and the houses on the upper part
were combined into one unit. The location of the
house then had three units: the upper half, the
middle part and the lower part. Each of the latter
two is a quarter of the formation, see Figure 2.

The soil types were divided into three classes by
grain size: 1) gravel (60-2 mm), 2) coarse to me-
dium sand (2-0.2 mm), 3) fine sand to coarse silt
(0.2-0.02 mm).

The steepness of the slopes of eskers and ice-
marginal formations was determined from the
difference in the contour line at the house site and
the contour line 200 m downhill from the house; a
steepness of 0.1 represents a 20 m difference in
height. Because the contour lines are drawn on 1 :
20000 scale maps with a vertical distance of 5 or
2.5mbetween lines, the steepness is given to within
at least 0.0125.

The study areas were divided inio the Jotnian
sedimentary rock area, the southeastern rapakivi
granite area, an orogenic plutonic rock area and the
Svecofennidic schist and gneiss area according to
the main structural units of the Precambrian in
Finland (Simonen 1980).

For each house, the underlying bedrock type
was determined on geological maps ranging in
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Fig. 2. Location of the house on an esker (outlined in
black) Light-coloured screen = on the lower part,
medium-coloured screen = the middle part, dark-
coloured screen = the upper half. The lines with
numbers are contour lines.

scale from 1: 100000 to 1 : 400 000. The rock types
were classified into three groups using the
information on the mean uranium concentration of
till in different bedrock type areas given in The
Geochemical Atlas of Finland (1992). The rapakivi
granite of southeastern Finland constituted the
highest uranium concentration class. The next
highest class is formed by granites, gneisses,
granodiorites and quartz diorites. Other rock types
(sand stone, silica-poor volcanic rocks, diabases,
gabbros and amphibolites) were placed in the lowest
uranium concentration class.

The uranium concentration of the area was also
assessed with reference to the uranium concentration
of till given in The Geochemical Atlas of Finland
(1992) for the sampling station nearest the house. In
that case the location was determined using the
coordinates of the house. The average sampling

density was one composite sample of five
subsamples per 300 km? (The Geochemical Atlas
of Finland 1992).

Air-flow from the ground into a house is affected
by the foundation type of a house. According to
Arvela et al. (1993a), the use of permeable, light-
weight concrete blocks in foundation walls and
open stairwells between the basement and ground
floor has led to an increase in the radon
concentration of houses built during the last fifteen
years. To adjust for this effect, the houses were
divided into three classes by foundation type and
year of construction: houses with a basement built
before 1975, houses with a basement built after
1975 and all houses of other foundation types

Statistical analysis

We used a multiplicative model to calculate the
effect of various geological factors on the indoor
radon concentration. The foundation type of the
house was included in the model as a confounder.
The indoor radon concentration C in a specified
dwelling can be described as a product
ijkimnsu aOaFiaSjaTkaLlaGmaUnbscu (1

where a’s refer to the parameters of class variables
and b and c to the parameters of continuous variables
as follows:

a, constant term (intercept)

a,, foundation type, i=1...3

ag; main structural unit of the Precambrian in

Finland, j=1...4

a,, formation type, k=1...4

a , location of the house on the slope, 1=1...3

A grain size, m=1...3

a,, uranium concentration of bedrock type,

=13

b* coefficient for the steepness of slope, steepness

s as described above.

c"coefficient for mean uranium concentration of

till, u in ppm units

In logarithmic form we obtain:
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log(Cijmnsu) = log(a0)+log(aFi)+log(asj)+10g(ark)+
log(aLl)+log(aGm)+log(aUn)+
sxlog(b)+uxlog(c) 2)

The values of parameter estimates of a’s, b and
¢ can be calculated from the parameter estimates of
log(a), log(b) and log(c) of this linear covariance
model.

This base model was applied to the data as a
whole and stratified in different ways. The model
was used to assess the significance of factors and to
calculate the parameter estimates of a’s, b and ¢, the
expected values of radon and their confidence limits.
In the first phase of the analysis the uranium
concentration class of the bedrock type, the mean
uranium concentration of till and grain size were
included in all models. The uranium concentration
of the bedrock type was not significant in any of
them, and it was excluded from all the more detailed,
stratified models. The mean concentration of
uranium in till was a significant factor only in the
model for littoral deposits, and was included only in
this model. Grain size was included only in the
models stratified by formation types. Different
interaction terms were also tried, but none of them
were significant. For comparing pairwise
differences, the Schaeffe method was used.
Statistical analyses were carried out using the GLM
procedure of the SAS program (SAS Institute Inc.
1990).

To compare the main structural units of the
Precambrian in Finland,we used model

Cij= 0%pidls; ©)

For the comparison of formation types in
different regions, the data were stratified according
to the main structural units. We used three different
models. In the Jotnian sedimentary rock area there
were only two houses on steep-sided eskers, which
we excluded from the model. In this area there are
no ice-marginal formations. In the southeastern
rapakivi granite area the only house on a delta was
excluded. In the orogenic plutonic rock area and
schist and gneiss area there were houses on all

formation types, and we kept these two units
together to study differences between all formation
types.

The model used for the Jotnian sedimentary rock
area was

C,=aa s .i=1.3,k=12, C))

0"Fi

for the southeastern rapakivi area
C,=aaa,,i=1..3,k=1..3, (&)

and for the orogenic plutonic rock and schist and
gneiss areas

C,=aaaga,, i=1..3,j=1,2k=1..4 (6)

The same stratification was used to study the
effect of topography on glaciofluvial formations.
We excluded the houses on littoral deposits from
these data. The model for the Jotnian sedimentary
rock was

C = a.aa_a by i=l..3, k=12, 1=1...3,

iklms 0"Fi Tk LI

m=1..3 @)
for the southeastern rapakivi area

Cime = 3gaga a b, i=1..3, k=1...3, 1=1...3,
m=1..3 ®)

and for orogenic plutonic rock and schistand gneiss
areas

Cijklms = aoaﬁasjanaubs, i=1...3, i=1.2, k=1..4;
I=1...3,m=l..3 9)

To study the effect of topography on different
formations (steepness of the slope and location of
the house), the data were stratified into three groups:
flat eskers and deltas, ice-marginal formations, and
steep-sided eskers. The same model (10) was used
for all these groups.

Cijlms = aoaﬁasjauaGmb’, i=1...3, =14, 1=1...3;
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m=1...3 (10) Table 2. The southeastern rapakivi granite area: The expected
values and 95% confidence intervals for indoor radon
concentrations. The multiplicative model contains the formation
For the littoral deposits, we used the type and the foundation type of the house (model 5).

model

Formation type  Foundation type GM* L95° u9se
Cim =523 1=1..3,j=1..4 (11) | steep-sided esker basement, old* 20 43 121
basement, new*® 321 53 1938
other types 467 92 2362
RESULTS Ice-marginal basement, old* 124 24 635
formation basement, new® 181 30 1095
th
The model (3) was used to compare the ST % % B
main structural units of the Precambrian Pl b B 1
. . ral deposi ascment, -0} 95 19
in Finland regardless of other features. basement, new? 139 _ 485
According to the pairwise test, indoor other types 203 40 1021

radon levels in the southeastern rapakivi
a= Geometric mean

ite area are significantly higher and
gran - : g cantly hig b= Upper bound of a 95% confidence interval for an individual prediction
those in the sedimentary rock area lower | c= Lower bound of a 95% confidence interval for an individual prediction

K . d= Houses with a basement, built before 1975
than in other areas. As to foundationtypes, | ._ Houses with a basement, built in 1975 and after

radon concentrations are significantly | -=No observations in the class
higher in houses with a basement built in = ;
K K Main structural For Foundati GM* L95°  U95°
1975 or after than in houses with other it type type
foundation types. The foundation type was
L. - Orogenic Steep-sided esker basement, old* 179 40 793
significant in all models that had any s g et n? B 5 1o
significantfactors. The multiple correlation other types 313 71 1314
coefficient R? was 24%. Ice-marginal basement, old* 91 20 409
% ® formatio: basement, new*® 198 43 911
As to data stratified by main structural " b, . PR, .3 .70
units, the data on the J otr'nan sedimentary T TR P 05
rock area (model (4)) did not show any basement, new* 167 - =
- . other types 134 30 504
significant differences between the two ot
: i : . . Littoral deposit  basement, old* 90 20 398
formation typesin this area: littoral deposits e, D =
and eskers. No differences were found other types 158 36 60

between foundation types, either. This is
Svecofennidic Steep-sided esker basement, old* 137 31 616

partly due to the paucity of observations. schist and gneiss basement, new* 300 65 1394
According to Table 1, all radon | ** o e
concentrations are below 400 Bg/m® (the e, e o, 2 ¥
Finnish national action level for radon other types 122 28 542
concentrations in dwellings). Flat esker basement, old* 59 - =

In contrast, the southeastern rapakivi — I =

Littoral deposit  basement, old* 69 15 310
basement, new® 151 33 695

Table 3. The orogenic plutonic and o typss D1 27 53

Svecofennidic schist and gneiss areas: The
expected values and 95% confidence

intervals for indoor radon concentrations. §= gwm:loc n:lwf‘ 0596 sl Ml i

S i . N 0 . = Upper bound of a confidence interval for an vidual prediction
The multiplicative model contains the main o= Lower bound of a 95% confidence interval for an individual prediction
structural unit of Precambrian in F inland, d= Houses with a basement, built before 1975
the formation type and the foundation type c= Houses with a basement, built in 1975 and after

of the house (model 6). —= No observations it the class
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area model (5) showed that all three
formation types in this area differ
significantly from each other. The highest
levels are in houses on steep-sided eskers
and the lowestin houses on littoral deposits.

Table 4. Steep-sided eskers: The expected values and 95%
confidence intervals for houses without a basement and two
steepness values. The multiplicative model contains the
foundation type, the main structural unit of the Precambrian in
Finland and house location as class variables and steepness as a
continuous variable (model 10).

. . Main structural St Hous GM* 95  uos
The radon levels on ice-marginal | J2" gl
formations are between these two. The
expected values with 95% confidence Southeastern 001 lower 283 50 1611
. akivi granite iddl 378 65 2193
levels are shown in Table 2. R* for the | oo e &St * 413 - ‘3813
s 23%.
model was 25% ) . 01 lower 597 106 3360
Model (6) for the orogenic plutonic middle 798 136 4684
e : 1382 237 8064
area and the Svecofennidic schist and TRpeE
i f R? . The
SIS A had a. value of R 24.'%_ Th Orogenic plutonic 0.01 lower 187 33 1065
expected values with confidence limits are area middle 251 43 1458
; ; 434 75 2510
shown in Table 3. As in the southeastern Tepc
i ; 26} 01 lower 396 69 274
rapalqw .gr.amte are?, the steep-sided eskers — e s L
had significantly higher radon levels than upper 916 159 5275
other formations, but the parameter ,

: : Svecofennidic 0.01 lower 127 22 744
estlmat'es for -the other three formation St G e s = s
types did not differ from each other. When area upper 295 49 1766
comparing the two bedrock areas, we found 01 - 269 46 1570
that the parameter estimate for the orogenic u"‘p‘gcdh e 132 el

T

plutonic rock area was significantly higher
than that for the schist and gneiss area. a= Steepness is the scaled difference between the contour line at the house site and

The models (7), (8) and (9) were used to the contour line © 200 m downhill from the house, a steepness of 0.1

? Tepresents a 20-m difference in height.
study the effect of topography of eskers b= Geometric mean
. - . c= Upper bound of a 95% confidence interval for an individual prediction

and ice-marginal formations on radon d= Lower bound of a 95% confidence interval for an individual prediction

levels stratified by main structural units.
No significant factors were found in the
Jotnian sedimentary rock area, as in the model (4).
In the southeastern rapakivi granite area, the value
of R? was 27%. Significant geological factors were
the type of formation, the location of the house on
the slope and the steepness of the slope. It turned out
that radon concentrations were significantly higher
in houses on the upper half of the formation than in
those on the lower part. Levels in the middle part
were between these two. Moreover, the model (9)
for orogenic plutonic and schist and gneiss areas
had a higher R?, 48%. The significant factors were
as in the southeastern rapakivi granite area (main
structural unit included), and there was an even
greater difference between the two bedrock type
areas than in the model (6). The differences between
the upper half, and middle and lower parts of the

slope were as in the southeastern rapakivi area.

We studied the effect of topography on different
formation types using model (10). The steep-sided
esker model had R? of 38%. Significant geological
factors were the main structural unit, the location of
the house and the steepness of the slope. The
difference between the upper half and lower quarter
was significant. The expected values are shown in
Table 4. Figure 3 shows the indoor radon
concentration as a function of the steepness of the
slope on steep—sided eskers.

The same model applied to ice-marginal
formations had a slightly lower R?,29%, and it gave
the same significant geological factors as the steep-
sided esker model, except for steepness. The results
are shown in Table 5.
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The significant factors for flat eskers
and deltas were different: the main
structural unit was included in the model,
but the second term was grain size. Location

Table 5. Ice-marginal formations: The expected values and 95%
confidence intervals for houses without a basement. The
multiplicative model contains the foundation type, the main
structural unit of the Precambrian in Finland and house location
as class variables (model 10).

and steepness were not significant in the R

model for flat eskers. Results are given in | Main structural s s Uss*
unit . location

Table 6. R? was 36%.
Eor, httor?l dep 08It (mo_del (113), Southeastern rapakivi lower 191 48 770
statistically significant geological factors | granite area middle 290 72 1166
were the foundation type, the main upper 332 83 1331
structural unit and the mean uranium Orogenic plutonic area lower 118 29 492
concentration of till in the surrounding 300 middle L 43 o
5 - upper 205 49 859
km? area. Figure 4 shows the radon
concentration of littoral deposits as a | Svecofennidic schist lower 81 = =
] a . and gneiss area middle 123 30 505
function of the mean uranium concentration upper 141 35 573
of till in the area. The R? of the model was
28%. a= Geometric mean
b= Upper bound of a 95% confidence interval for an individual prediction
c= Lower bound of a 95% confidence interval for an individual prediction
—= No observations in the class

DISCUSSION

We expected the indoor radon concentration to
depend on the uranium concentration of bedrock,
butin fact we did not find any such correlation when
examining the bedrock type groups in the light of
their assumed uranium concentration. On the other
hand, since the bedrock types were determined on
rock maps at 1:100 000 scale and there is a regional
variation in the uranium concentration of bedrock
types, in the classification the regional variation
within concentration classes is larger than the
variation between them.

Still, the differences in indoorradon concentration
between the main structural units can mostly be
explained by the differences in the uranium
concentration of the material. Kivekis (1973 and
1978) has analysed the uranium concentrations of
various bedrock types in Finland. Her investigations
suggest that the uranium concentration of rapakivi
granite is higher than that of other bedrock types,
especially in the eastern study area and that the
uranium concentration in the sedimentary rock area
is lower than that in other structural units of the
Precambrian.

Another explanation is the difference in

distribution of the formation types of the main
units: The Jotnian sedimentary rock area lacks
steep-sided eskers, which are the most radon-prone
type. In our study in the rapakivi granite area there
was only one house on adelta, which is aless radon-
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Fig. 3. Indoor radon concentration as a function of
slope steepness on steep-sided eskers. Steepness is the
scaled difference between the contour line at the house
site and the contour line 200 m downhill from the
house; a steepness of 0,1 represents a 20 m difference
in height.
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Table 6. Flat eskers and deltas: The expected values and 95%

confidence intervals for houses without a basement. The

multiplicative model contains the foundation type, the main
structural unit of the Precambrian in Finland and grain size

1957, Arvela et al. 1988, Arvela et al.
1993b). In winter these air-flows promote
radon flows into houses in the upper parts

(model 10). of formations. Seasonal variations were
nt our study, but it is

Main structural Grain o L  wes | beyond the context of our study k

unit size known that the winter concentrations

dominate the annual average.

Orogenic plutonic area 2 - 60 mm 234 51 1086 This phenomenon explains many of
02 -2 mm 131 29 586 i
= 03m 1ol 2% 566 our result's, for example, the higher

concentrations on the upper parts of a

Jotnian sedimentary 2 - 60 mm 94 20 439 i

i e s3 12 g | slope. Janssen et al.. (1991) studl.ed the
0.02 - 0.2 mm 49 10 229 | effect of topographic factors on indoor

s s B i 107 _ _ radon levels in Pennsylvania, and found

and gpeiss area 02 -2 mm 60 12 296 | that houses located on uplands had 40% to
Sl =i ey - - ~ | 60% higher radon levels than those on

lowlands.
. The steep-sided eskers turned out to be

a= Geometric mean i

b= Upper bound of a 95% confidence interval for an individual prediction the most radon prone formations.

c= Lower bound of a 95% confidence interval for an individual prediction Subterranean air-flows can develop well

—= No observations in the class

prone type.

The dominant mechanism responsible for
subterranean flows between the upper and lower
parts of an esker is the “stack effect” driven by
differences in the temperature of the soil air (Okko
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Fig. 4. The indoor radon concentration in houses built
on sand deposits as a function of the uranium
concentration of till.

inside steep-sided eskers. The steep-sided
eskers are quite narrow, about 400-600 m.
The steepness of the slope at the house site describes
both the height from the bottom up to the house site
and, to some extent, the height of the formation.
Highly permeable gravel also occurs in ice-
marginal formations, and subterranean air-flows
may develop in parts of a formation. In the rapakivi
area, the radon concentrations in houses built on
ice-marginal formations were significantly higher
than in those on littoral deposits, but this could not
be seenin the schist and gneiss and orogenic plutonic
areas. However, this may not be typical of these
areas: in another study (Voutilainen and
Mikeldinen 1993) very high indoor radon
concentrations were found in the orogenic plutonic
rock area in houses built on an ice-marginal
formation (Salpausselké I) in the city of Lahti.
The flat eskers were the least radon prone of the
formations, radon concentrations being almost the
same as on littoral deposits. Because of the small
height difference, subterranean air-flows inside flat
eskers are much weaker than those in steeper
formations. In the absence of air-flows the effect of
permeability was evident: The coarser the grain
size, the higher the permeability, and the higher the
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radon concentrations.

The uranium concentration of till is significant
only for littoral deposits. This is due to the fact that
their material derives from both glaciofluvial and
till formations. The uranium concentration of till
can be considered to reflect the uranium
concentration of fines including littoral deposits,
regionally. The correlation between indoor radon
and uranium concentration might be higher if local
sand and gravel samples could be used instead of till
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