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Abstract: Increased awareness that children may have higher sensitivity to ionizing radiation, com-
bined with long winters and extended amount of time Norwegian children spend in kindergartens and
schools have been among the factors that turned our attention to radon levels in these types of build-
ings. During winter 1996/97 and spring 1997 the largest radon survey in Norwegian kindergartens and
schools has been started. So far radon concentrations in 2481 kindergartens have been measured. The
preliminary results of the first phase of the survey are presented. Our experiences in planning and con-
ducting of the investigations are described. Analysis of the preliminary data shows a close to lognormal
distribution of frequencies, a median of 35 Bq/m3, and an average of 69 Bq/m3. Clear dependence of
the radon levels on the year of construction is observed and discussed. Higher radon levels were meas-
ured in larger kindergartens.

1. Introduction

Sporadic measurements of radon concentrations in Norwegian kindergartens conducted some years ago
indicated that in spite of modern ventilation systems high radon levels could be found in some build-
ings. Increased interest in study of radon problems in such buildings can be noticed in the recent inter-
national literature [1-3]. Motivation is special in countries with cold climate, where children spend
longer time indoors. Norwegian children spend up to 18% of their total time during one year in kinder-
gartens and schools. The length of time spent in these buildings comes second longest, next to chil-
dren's homes where up to 70% of the time is spent.

The total exposure time spent in these buildings is up to 5 years (average 4 years), which is quite short
compared to the development time of lung cancer in adults. Nevertheless, there are a number of uncer-
tainty factors, such as sensitivity to radiation at young age that indicate importance of assessing expo-
sure in kindergartens and schools. Knowledge of exposure levels in kindergartens and schools would
also enable more precise estimates of effective doses from radon received by individuals.

Another point is related to the usually close geographic location of children's home, kindergarten and
school. Our earlier measurements in kindergartens have incidentally been good indicators of radon lev-
els in the areas where these buildings were situated. Can measurements in such buildings help identify
areas of higher radon risk?

The questions on how modern construction methods and the use of mechanic/automatic ventilation
systems influence indoor radon levels also motivated the present investigation. Newer Norwegian
dwellings have been found to have, on average higher radon concentrations [4,5] compared to older
dwellings. It was uncertain whether this trend is present in buildings like schools and kindergartens,
which often have mechanical ventilation systems. A large survey of such buildings will hopefully pro-
vide a basis for comparison and offer some explanations as well.

2. Planning of the survey

The present survey of radon concentrations in Norwegian kindergartens and schools has not yet been
completed and, here, only very preliminary results will be presented. The aim of the investigation is to
assess radon concentrations in indoor air in as many Norwegian kindergartens as possible. The results
of the survey will point out those buildings that need remedial measures to reduce radon levels to bel-
low the Norwegian action limit (200 Bq/m3). The study will enable a reanalysis of the doses that Nor-
wegian population receives from radon. Additionally, some questions regarding measurements in
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buildings with varying ventilation regime are expected to be clarified by this investigation. The find-
ings may lead to a revision of the current recommendations by Norwegian Radiation Protection
Authority (NRPA) regarding radon measurements in such buildings.

The survey was planned in two phases: first from October 96 until September 1997, and second from
September 97 until June 98. In the first phase of the survey the local health authorities in all Norwegian
municipalities were contacted. They were given necessary information regarding the project, and of-
fered radon measurements in kindergartens and schools by NRPA either during winter/spring 97 or
winter 97/98. Contact persons in the local authorities were asked to report back the number of kinder-
gartens they have, and later receive detectors from NRPA and distribute them to the managers of the
kindergartens. Each detector is accompanied by a questionnaire that had to be filled out by the manag-
ers. The managers according to written instructions placed detectors in appropriate rooms. The meas-
urement period was no less than 2 months and during the heating season. At the end of the measure-
ment period the detectors were returned directly to NRPA to be analysed.

Two main types of full-time kindergartens were included in the study: ordinary kindergartens, which
care for several tens of children and family-kindergartens which, are situated in private homes and care
for only 3-6 children including family's own children. Children spend on average 7 hours in a kinder-
garten. So far measurements have been conducted in 2481 kindergartens that care for nearly 69800
children, with average number of children per kindergarten being 28.

Another aspect of this project, which concerns public opinion and possible reactions to the investiga-
tion and the results, had to be considered in the planning stage. It is known that investigations of this
type are often socially disturbing in that anxiety and fear in the population involved are present even
before the results are available. This effect is expected to be further increased because of the involve-
ment of children. Some information strategy had to be thought of and prepared in advance.

3. Conducting measurements

Measurements of radon concentration are conducted using etched track detectors, which are analysed
in NRPA's newly established laboratory. Automatic, computer assisted, etched-track counting system
GIPSRAD is used. The material used is CR-39. Etching is conducted using 20 % NaOH over 2 hours
and 45 min. The analysed area per sample is 1.3 cm2. The capacity of the counting system is 50 sam-
ples per hour of continuous analysis. Quality control routines include regular checks of illumination
and focus, sensitivity and background determination using 2 x 6 samples from each batch containing
approx. 160 samples that belong to a single production sheet of CR-39. Samples are stored in freezer to
reduce ageing and radon exposure. The laboratory participates regularly in international intercompari-
sons.

Seasonal corrections are used for estimation of year average, based on the experience that radon con-
centration is on average double during winter months compared to summer months. NRPA recom-
mends cheaper remedial measures for all buildings and dwellings with year average radon levels be-
tween 200 Bq/m3 and 400 Bq/m3 , and above 400 Bq/m3 owners are encouraged to undertake all
necessary measures to reduce the radon concentration.

Since most Norwegian kindergartens are of moderate size (100-300 m2), not much larger than ordinary
private houses, the measurements were conducted using one detector per kindergarten. Only in certain
larger buildings two or more detectors were used.

The measurements in the first phase were conducted under the normal ventilation regime. This means
that in 1339 measured kindergartens which have mechanic ventilation, the ventilation system is off
during the night and is switched on typically one or two hours before children arrive in the morning. It
may be expected that the radon concentration in such buildings will increase considerably during the
night, reach it's peak just before the ventilation system is switched on, and then decrease. In such
buildings, a detector will measure a 24 hours average which can be considerably higher than the actual
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radon concentration during the day-time, when people are occupying the building. In this respect, the
measurements of the first phase are expected to give upper limits of radon concentrations in such
buildings. The same pattern of radon concentration time-development have been observed in dwellings
and buildings with natural ventilation, but the severity of this effect may differ compared to buildings
with mechanic ventilation.

In kindergartens where radon concentrations exceed 200 Bq/m3, the measurements will be repeated in
the second phase of the project to establish more accurate results for the day-time radon levels. During
repeated measurements the ventilation system will be on 24 hours a day. The cost of the repeated
measurements will therefore be higher than normal due to energy consumption by the ventilation sys-
tem during night-time.

4. Results and discussion

The preliminary results of the first phase are summarized in table 1. The median of the distribution is
35 Bq/m3, and the average 69 Bq/m3 . The number of kindergartens with concentrations exceeding the
action level (200 Bq/m3) is 149, or 6 % of the total number of kindergartens measured.

Table 1. The table shows a summary of the results of the first phase of radon survey in Norwegian kin-
dergartens

Phase 1. of the survey Number of Median Average
Group of kindergartens (K.G.) K.G. (Bq/m3) (Bq/m3)

All K.G. measured in phase 1
small K.G. (up to 12 children)
medium K.G. (from 13 to 30 children)
large K.G. (over 30 children)
K.G. with natural ventilation
K.G. with mechanic ventilation
K.G. above ground floor
K.G. bellow second floor
K.G. with Rn cone. < 100 Bq/m3

K.G. with Rn cone. > 100 and < 200 Bq/m3

K.G. with Rn cone. > 200 and < 400 Bq/m3

K.G. with Rn cone. > 400 and < 800 Bq/m3

K.G. with Rn cone. > 800 Bq/m3

2481
400
1043
967
940
1339
121

2366
2049
283
102
34
13

35
30
32
40
33
36
22
37

69
62
62
74
67
71
31
73

Over 80 % of indoor radon in Norwegian buildings and dwellings has its origin in the bedrock. The
most common Norwegian building materials are wood, light-concrete and concrete, all having low to
moderate radium and thorium concentrations. The median radon concentration in the kindergartens on
floors higher than the first are therefore, unsurprisingly, much lower than the overall median. Likewise
the kindergartens on floors lower than second floor have the highest median radon concentration of
37 Bq/m3.

Interestingly, both the median and the average of the radon concentrations in kindergartens with me-
chanical ventilation are higher then the corresponding quantities for the kindergartens with natural
ventilation. Possible explanation for this artefact is what appears to be strong underlying dependence
on the age of construction, which was previously seen in private houses [5]. Very few older kindergar-
tens have ventilation systems, but are also less tightly built with respect to air-currents in the building
and consequently the radon levels are lower.

This reasoning poses a question regarding effectiveness of an average ventilation system, something
that will be given closer attention in the second phase of the survey, when some repeated measure-
ments, under 24 hour ventilation activity, will be performed.
The value of the mean radon concentration, 69 Bq/m3 falls within the range 68-74 Bq/m3, which is the
estimated present average radon concentration in Norwegian detached, semi-detached, row and ter-
raced houses [6].
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Figure 1. (a) Distribution of numbers of kindergartens that have radon concentrations within 5 Bq/m3 in-
tervals, (b) Distribution with log-transformed radon concentration as x-axis. Stippled line is the
Gaussian fit to the data
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In table 1, the kindergartens were also grouped into small, medium and large, and the median and the
average of each group were calculated. Clearly, the largest kindergartens (with more than 30 children)
have the highest radon concentrations. This was not expected since these kindergartens have larger size
and better mechanical ventilation systems. In this respect they come into different category compared
to smaller kindergartens, which are similar to houses.

The distribution of frequencies is close to lognormal and is shown in figure l(a). By transformation of
the variable into logarithm a distribution close to normal in figure 1 (b) is obtained. The stippled curve
in this figure is the Gaussian fitted to the data, with the mean of 1.57 and a = 0.9. Conversion of the
mean by anti-log gives 37 Bq/m3 for the geometric mean with the standard deviation of 8 Bq/m3.

Dependence of the radon concentration on the year of construction has been given special attention to
see whether similar trends exist as in private houses. Table 2 and figure 2 summarize the data, which
reveal very similar patterns as in detached, semi-detached, row and terraced houses (reported earlier
[5]). Note that the period of interest, here, is from 1970 until nowadays, since most older houses have
undergone restoration and additional thermal insulation, which often causes radon levels to increase.
The reason being changes in building technique which produce more air tight construction above
ground, but weak, fracturing (over time) slab-construction. Almost linear increase of radon levels from
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1970 until 1995 is only deviated by the very recently built kindergartens. The same is observed for the
houses: lower radon levels in 2-3 year old dwellings compared to those built 4-7 years ago. It appears
that there exists a critical age of the house (3-4 years) when previously airtight slab-construction be-
comes permeable to soil gas inflow.

Table 2. Dependence of the average radon concentration on the year kindergartens were constructed

Construction year
-1950

1950- 1960
1960- 1970
1970 - 1975
1975- 1980
1980- 1985
1985 - 1990
1990-1995
1995- 1997

Median (Bq/m3) Average (Bq/m3) Number of kindergartens
26
30
24
21
35
40
44
50
31

52
63
51
39
58
72
96
97
57

273
128
157
190
263
206
370
355
32

Figure 2. Dependence of the average radon concentrations in Norwegian kindergartens on the age of the
buildings. Interesting period is from 1970 onwards, as most older houses have undergone signifi-
cant changes due to restoration
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In conclusion, the preliminary results of the survey in Norwegian kindergartens indicate median of
35 Bq/m and average of 69 Bq/m3 for the year average radon concentrations. The dependence on the
year of construction is clear, with an upwards trend. Larger kindergartens have higher radon levels.
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