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Abstract

A large-scale radon survey consisting of long-term measurements in about 5,200 single-family
houses in the southern part of Belgium was carried from 1995 to 1999. A radon risk map for the
region was produced using geostatistical and GIS approaches. Some communes or villages
situated within high risk areas were chosen for detailed surveys. A high resolution radon survey
with about 330 measurements was performed in half part of the commune of Burg-Reuland.
Comparison of radon maps on quite different scales shows that the general Rn risk map has
similar pattern as the radon map for the detailed study area. Another detailed radon survey in
the village of Hatrival, situated in a high radon area, found very high proportion of houses with
elevated radon concentrations. The results of this detailed survey are comparable to the
expectation for high risk areas on the large-scale radon risk map. The good correspondence
between the findings of the general risk map and the analysis of the limited detailed surveys,
suggests that the large-scale radon risk map is likely reliable.

1. Introduction

A large-scale national radon survey consisting of long-term measurements (3 mo) in about 5,200
single-family houses in the southern part of Belgium was performed from 1995 to 1999. An
indoor radon risk map was produced using geostatistical and GIS approaches. After the large-
scale survey, more detailed radon surveys were carried out in some selected high-radon areas,
two of which will be presented in this article. The objective of this note is to compare the large-
scale radon risk map with detailed radon maps for local areas.

2. The large-scale indoor radon risk map

As mentioned above, a data set of about 5 200 long-term indoor radon measurements was
collected in southern Belgium. Track-etch detectors exposed on the first floor for a period of 3
months. Radon concentrations are lognormally distributed. Spatial variations of indoor radon
concentrations are modelled by logarithmic variograms which are used to produce a Rn contour
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map using the log-normal kriging technique. To define radon risk zones, we used GIS spatial
overlay capabilities to perform a point-in-polygon operation to analyse the spatial relationship
between high-radon houses and kriged contour map. Integrating all measured houses on kriged
contour map of Rn concentrations, we defined a contour level as limit of a category of risk zones,
in order that most high radon houses, say, more than 90% of houses with Rn concentrations over
a given reference level fall within polygons (called anomaly zones) which are formed by the
contour lines. We have three categories of Rn risk zones: high risk areas, medium risk areas and
low risk areas (Table 1, Fig. 1). More details on the approaches of risk mapping can be found in
our other article (Zhu et al, 1999).
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Fig. 1. Large-scale radon risk map for southern Belgium.

3. Detailed indoor radon surveys
Case of the commune of Burg-Reuland

The Commune of Burg-Reuland situated in high risk areas (Fig. 1) was chosen for a detailed
radon survey. Long-term measurements (3 mo) were performed in about 330 homes in half part
of the commune. The conditions of measurements are similar to those of the previous large-scale
survey. Table 2 shows statistics of the measurements.

To evaluate the large-scale Rn risk map, we will try to compare the risk map to the high-
resolution Rn data. Based on the large-scale radon data set and its risk map, we calculated
probability of homes with radon values over a given level which fall within a category of risk
areas. For instance, 46.1 % of homes with radon concentrations above 200 Bq/m are expected
to fall within high risk areas, 35.39 % of homes within medium risk areas (second column of
Table 3). Data points of the detailed survey in Burg-Reuland are integrated to the large-scale risk
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Table 1. Statistics for different categories of risk areas on the large-scale radon risk map.

Risk

areas

High

Medium

Low

Normal

All

Total

samples

within

areas

346

522

821

3485

5174

/ 800 Bq/m3

Measurements

Total

68

Nb. %

64 18.50

2 0.38

1 0.12

1 0.03

calc.

%

21.40

0.49

0.00

0.00

/ 400 Bq/m3

Measurements

Totai

219

Nb. %

187 54.0f

23 4.41

5 0.61

4 0.11

calc.

%

51.41

7.98

0.36

0.01

/ 200 Bq/m3

Measurement;

1
TotaJ Nb. %

621

312 90.17

235 45.02

53 6.46

21 0.60

; calc.

%

80.60

41.01

11.22

0.57

Nb: number of homes; calc.: calculated from lognormal functions.

Table 2. Statistics for two detailed radon surveys.

Burg-Reuland

Hatrival

Nb.of

homes

330

149

GM

Bq/m3

119

230

Percentage of homes with radon concentrations

<100(Bq/m3)

51.5

24.2

100-200

23.6

24.2

200-400

13.9

23.5

400-800

4.6

12.1

>800

6.4

16.1

map drawn before the detailed survey. Table 3 shows the probability of homes in Burg-Reuland
which have radon values over 200 Bq/m3 and fall within a give category of risk areas. Similar
statistics were performed for homes with radon concentrations over 400 and 800 Bq/m3 (Table 4
and 5).

Comparison of the statistical results of the two surveys (Table 3-5) indicates that the results of
the detailed survey in Burg-Reuland are close to the regional expectation for different categories
of risk areas. It is also noted that only about 14% to 16.7% (last columns of Table 4 and 5) of
homes with Rn concentrations over 400 Bq/m3 ( or 1.8 % homes with elevated values among a
total of 330 measured houses) fall in "wrong places" - low risk or normal areas which is drawn
on the basis of the large-scale survey data.

On other hand, a high-resolution radon risk map produced from data set of the detailed survey
shows a similar pattern as the large-scale risk map(Fig. 2 and 3) although it has more details as
expected.
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Table 3. Distribution of homes with radon concentrations over 200 Bq/nr
in different categories of risk areas.

National Rn risk map

Risk areas

High

Medium

Low

Normal

% homes expected

46.10

35.39

15.23

3.28

Burg-Reuland detailed survey

% homes measured

60.98

19.51

18.29

1.22

Table 4. Distribution of homes with radon concentrations over 400 Bq/m3

in different categories of risk areas.

National Rn risk map

Risk areas

High

Medium

Low

Normal

% homes expected

79.86

18.70

1.33

0.01

Burg-Reuland detailed survey

% homes measured

69.44

13.89

13.89

2.78

Table 5. Distribution of homes with radon concentrations over 800 Bq/m3

In different categories of risk areas.

National Rn risk map

Risk zones

High

Medium

Low

Normal

% homes expected

96.66

3.34

Burg-Reuland detailed survey

% homes measured

71.43

14.29

14.29
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Fig. 2. Radon risk map of Burg-Reuland extracted from the large-scale risk map.
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Fig. 3. High-resolution radon risk map for Burg-Reuland.
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Case of the village ofHatrival

The village ofHatrival is situated in a high risk area on the national radon risk map (Fig. 1). In a
further detailed survey, we have 149 houses measured in this small village compared to 5
readings in the previous large-scale survey. As expected, high proportion of elevated radon
houses are found (Table 2), about 16% of homes having radon concentrations over 800 Bq/m3

and about 28% of homes with values over 400 Bq/m3. The results are close to those expected for
high risk areas calculated in large scale survey (Table 1).

4. Conclusions

The results of the two case studies are consistent with the statistical outcome for radon risk areas
drawn in large-scale radon survey. The large-scale radon risk map is likely reliable. For statistical
evidence, however, the reliability of the risk map needs to be validated by the analysis of more
high-resolution surveys.
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