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Table 3. Sampling bias in the indoor radon-concentration data ser. The spatial
density of radon measurements in the area designated as high hazard is almost three
times that in the area designated moderate hazard. Furthermore, the moderate-
hazard area is almost twice as large as the high-hazard area.

Hazard assignment Radon observations Area (km?)
per km?

High 1.73 139.6

Moderate 0.60 253.0

Total 3926

So, after adjustment for bias and assuming that high- and
moderate-hazard zones have the same size, one might expect
to find around 80% of the dwellings with high indoor radon
concentrations if one were to target dwellings located within the
high-hazard zone.

This is effective, but we do not suggest that dwellings in
the moderate-hazard zone be ignored. The hazard assessment is
based on potentially flawed data of variable quality from place to
place and on data that have a limited spatial resolution. Looking
beyond the Gran area, it is quite certain that a large number
of smaller areas with strong radon contamination and probably

some larger areas too, will fall within broad tracts categorised as
moderate hazard.

Consideration of local conditions is
important

The hazard assessment works well around Gran. To balance our
evaluation of the technique, we show how the usefulness of one
of the data sets used in the evaluation can be compromised. Air-
borne geophysical surveying over Oslo produced a uranium map
that was converted into a prediction of radon hazard in a man-
ner similar to that used to generate Figure 8. The result is shown
in Figure 10. The airborne surveying correctly highlights alum
shale cropping out in the park at Toyen (right) that, as would be
expected, has caused elevated radon concentrations inside some
of the buildings in the museum area. The anthropogenic layer
covering much of the inner city prevents radiation from the
alum shale reaching the airborne measuring system, explaining
the abrupt drop in the signal from the alum shale away from the
park. The likely complex distribution of the alum shale beneath

Table 4. The incidence of ‘high’ (= 200 Bq m?) and ‘low’ (< 200 Bq m?) indoor radon-concentration measurements in high- and moderate-hazard regions adjusted for sampling
bias (Table 3 left). Values are also adjusted as if the high- and moderate-hazard regions have the same size (Table 3 right).

Hazard assignment Original number

of radon measurements

Original number
of measurements over

Adjusted number
of radon measurements

Adjusted number
of radon measurements

200 Bg m* over 200 Bg m?®
High 241 100 83.9 34.8
Moderate 152 15 83.9 8.3
Total 393 115 167.8 43.1
Figure  10.  Radon-hazard

model for central Oslo based on
airborne measurements alone.
The methodology used here is
akin to that used in Figure 8 for
the Gran area. The approach
works rather well at Gran,
but in Oslo the uranium-rich
alum shale is hidden from the
airborne detector by a low
permeability,  anthropogenic
covering. Gamma rays from
radon daughter bismuth shine
out from openings in the cover,
most notably over the parkland
around the natural history
museum (this Figure). Field of
view is 2.6 x 1.6 km.
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Testing the performance of a recent radon-hazard evaluation in the municipality of Gran, eastern Norway

Oslo is only partially revealed by the airborne data—in areas
of open ground. Nevertheless, the adoption of a multi-data set
approach to the hazard evaluation in Oslo means that knowl-
edge of the distribution of rock types and superficial deposits
beneath the city is not as compromised as the airborne data set,
and radon measurements in Oslo dwellings are just as valuable a

source of information as measurements anywhere else.

Conclusion

The Geological Survey of Norway and Norwegian Radiation
Protection Authority recently reported a multi-disciplinary
radon-hazard evaluation for the Oslo—Oslofjord region of
eastern Norway (Smethurst et al. 2006; static hazard maps
are available for download from http://www.ngu.no/ and an
interactive map is published on the Norwegian AREALIS
environmental map-theme resource at http://www.ngu.no/kart/
arealis/). The evaluation is founded upon (1) measurements of
radon concentration in indoor air (2) knowledge of bedrock
geology, (3) knowledge of drift geology, and (4) measurements of
uranium concentration in the ground from airborne geophysical
surveying. The hazard evaluation is intended for use at the large
scale and cannot be used to evaluate radon hazards on the scale
of individual dwellings or even local housing communities.

We test this hazard evaluation in a 520 km? rectangular area
centred on the community of Gran, 40 km north-northwest
of Oslo. The uranium-rich alum shale and uranium-rich
granite bodies crop out within the test area and indoor radon
concentrations reach as much as 25 times the action level.
We find that the hazard evaluation describes the distribution
of known radon hot-spots well. 41.5% of the indoor radon
measurements in the high-hazard areas are above the action level
(200 Bq m) while 9.9% of the measurements in the moderate-
hazard areas lie above the action level.

Examining the distribution of high indoor radon
concentrations between the high- and moderate-hazard areas,
we take account of the different spatial densities of indoor
measurements falling in the two hazard categories and apportion
high radon measurements between the categories as if the areas
occupied by the high and moderate categories were equal. This
done, we find that if the high- and moderate-hazard areas were
the same size in the Gran area and were sampled equally densely
with indoor radon measurements, we would expect 80.7% of all
high radon measurements to lie in the high radon-hazard area. In
other words, we would expect efficiency in encompassing high-
radon dwellings of 80.7%. The probability of this distribution
occurring by chance is 0.000543, or 0.054%.

The outcome of this examination, then, is that the radon-
hazard mapping of Smethurst et al (2006), later further
documented by Smethurst et al. (submitted), works very
well in the Gran area by describing known patterns of radon
contamination and identifying additional potential radon
hazards not yet confirmed by indoor radon measurements.
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