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ABSTRACT

A pilot study on indoor radon and gamma dose rates in schools and kindergartens
(totalling one hundred buildings) in the Bucharest metropolitan area was performed jointly by
the Institute of Public Health, Bucharest, Romania, and the J. Stefan Institute, Ljubljana,
Slovenia.

Because the geological structure of subsoil over the whole Bucharest area is uniform (a
loess platform), the criteria for selecting a kindergarten or a school to be monitored were the
age of the building and the building materials.

Indoor radon concentrations were measured by a single one-month exposure of radon
monitoring device based on etched track detectors in December 2000. Data show a log-
normal distribution within the concentration range of 43 ÷  477 Bq/m3. An arithmetic mean of
146 Bq/m3 and a geometric mean of 128 Bq/m3 were obtained.

Concomitant with indoor radon levels gamma dose rates were also measured, using
thermoluminescent dosimeters. Values ranged from 54 to 100 µSv mo-1, with a mean value of
74  µSv mo-1.

Having only a single average indoor radon concentration for a winter month, it is not
possible to comment on our results, applying the ICRP Publication 65 methodology for indoor
radon action level for the general public. Nevertheless, they give a preliminary picture of
indoor radon and gamma dose rate levels in schools and kindergartens in Bucharest, and
constitute a solid basis on which to design and perform a nation-wide radon survey
programme.

1 INTRODUCTION

Causal associations between exposure to radon and lung cancer have been demonstrated
in epidemiological studies around the world. For younger age groups, the risk coefficient for
lung cancer from inhalated radon daughters is about a factor of 2 (age at exposure less than 20
years) to 4 (children 0-10 years old) [1,2]. For this reason, in many countries national indoor
radon monitoring programmes were initiated.

A pilot study concerning indoor radon and gamma dose measurements in schools and
kindergartens was performed in the Bucharest metropolitan area, within a bilateral
cooperation between the Institute of Public Health, Bucharest, Romania, and the J. Stefan
Institute, Ljubljana, Slovenia. The study has two major objectives:

To fix the methodological details (measurements and data analyses) for a national
monitoring programme.
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To test  the response of school authorities and the educational level regarding
participation in such type of investigations.

The general instructions for radon measurements in schools in Bucharest, radon
monitoring devices based on the etched track detectors, and the thermoluminescent
dosimeters were provided by the J. Stefan Institute. For this reason membrane permeation
radon dosimeter developed by Kerforschungszentrum Karlsruhe and CaF2 thermoluminescent
detector developed by J. Stefan Institute, Ljubljana were used.

2 MATERIALS AND METHODS

2.1 Exposure assessment

There are a total of 229 kindergartens and 325 schools in Bucharest. To select a sample
from 554 buildings for the survey, and for the purpose of statistical evaluation, we considered
the administrative divisions of the Bucharest metropolitan area. The numbers of the schools
from each division was chosen to be as close as possible proportional to the total number of
schools in the respective division.

The school buildings differ substantially in age, size, type of building materials or
construction systems, and consist of one or two-story buildings, either with or without
basements. They have different types of heating systems, connected to the local central
heating systems or having their own. There is no air conditioning. Because the geological
structure of Bucharest subsoil is the same for the whole selected area (a loess platform), the
school selection criteria were the age of buildings (almost half of them built before 1950 and
the remaining built after 1950), type of building materials and construction characteristics.

The survey consisted of placement and exposure of etched track detectors and
thermoluminescent dosimeters in 100 schools and kindergartens. The detectors were placed at
least 1 m above the floor and at least 10 cm from any surrounding objects.

Measurements were made during the winter, for a median period of 35 days in semi-
closed conditions (at least 20 days under closed conditions, during the winter holiday, and the
rest under the normal operating conditions of the schools). From all 100 tested buildings the
number of 94 detectors were collected.

3 RESULTS AND DISCUSSION

The Bucharest metropolitan area is divided into 6 administrative regions.
Geometric means (GM) of radon concentrations and gamma dose rates were calculated

for each administrative region, as well as geometric standard deviations (GSD). Results are
presented in Table 1. No correlation between radon concentration and gamma dose rate was
found.
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Table 1. Radon concentrations and gamma dose rates in schools and kindergartens in
administrative regions of Bucharest

RADON
Administrative
regions

Number of
measurements

GM
(Bq/m3)

GSD

Region 1 15 147 1.59
Region 2 15 125 1.67
Region 3 9 113 1.82
Region 4 22 118 1.75
Region 5 20 129 1.54
Region 6 13 139 1.60
TOTAL 94 128 1.65

GAMMA DOSE RATE
Range Arithmetic mean Geometric

mean
(65.5 ÷ 127) nSv/h 91.1 ± 12.2 nSv/h 90.3 nSv/h

A histogram showing the distribution of screening radon concentration measurements in
Bucharest is presented in Figure 1. A lognormal distribution with GM = 128 and GSD = 1.65
has been superimposed on the data [3].

Figure 1: Lognormal distribution of indoor radon concentrations in schools and
kindergartens in Bucharest

Considering the observations within each administrative area as different samples, it can
be observed that each of them are lognormally distributed. This means that the logarithms of
the observations are drawn for a normal distribution, for each administrative area. The
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Shapiro-Wilk W test made for all 6 samples showed that each series of data is compatible
with a normal distribution.

With the lognormality assumptions mentioned above, the Bayesian method [4] was used
to improve estimates of mean indoor radon concentrations. According to Price at al. [4], the
most probable value for the true log(GM) is given by weighted average between the observed
value of log(GM) for an administrative area and the “grand mean” µ of the distribution from
which all of the log(GM) values are drawn, where the relative weights depend upon the
number of  measured values of each sample. The ”Grand mean” µ is provided by the mean of
the observed administrative area log(GM)s.

The results for the estimated true log(GM)  using the “empirical Bayes” method for the
Bucharest administrative areas are presented in Table 2.

It can be seen that the difference between the observed value and the estimated value is
very small, which means that the sample of selected building was representative for
Bucharest, for  the proposed study. At the same time the results can be explained by the
homogeneity of the geological subsoil [5] and its small radioactivity [6] and the relatively
small range variation of radioactivity of classical building materials used in the south of
Romania [6].

Table 2. The estimated true log(GM) using the “empirical Bayes” method for the
Bucharest administrative areas

Number of
observations

Observed GM
(Bq/m3)

Predicted GM
(Bq/m3) %

Region 1 15 147 142 3.3
Region 2 15 125 126 0.7
Region 3 9 113 119 5.2
Region 4 22 118 120 1.6
Region 5 20 129 129 0
Region 6 13 139 136 2.1
TOTAL 94 128 -
Grand mean                                         µ = 128 Bq/m3

The cumulative frequency distribution of indoor radon concentrations from Figure 1
shows that only 10% of  the values are more than 200 Bq/m3, and just 2 values are higher than
400 Bq/m3. It is important to note that these values were obtained in the winter period, so the
medium annual values of indoor radon concentrations are lower. Taking into account that the
predicted true value of GM is very close to the observed one and the small radioactivity of
Bucharest subsoil (aprox. 30 Bq/kg of Ra-226), the probability of finding a percentage higher
than 2% of all schools and kindergartens from Bucharest with radon concentrations exceeding
400 Bq/m3 is very low.

In Figure 2 the radon concentrations are plotted versus the age of the buildings, with
types of building materials designated.
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Figure 2: Radon concentrations versus the age of the buildings, with types of building
materials designated.

It can be seen that the buildings in which the values of radon concentrations are higher
than 400 Bq/m3 are less than 40 years old and are made from concrete, and the majority of
buildings in which the values of radon concentrations are higher than 200 Bq/m3 are less than
80 years old and are made in principle from solid bricks. This is more a qualitative correlation
than a quantitative one.

A search was made for a correlation between radon concentrations and the age of the
buildings, but none was found.

4 CONCLUSIONS

A pilot study concerning indoor radon and gamma dose measurements in schools and
kindergartens was performed in the Bucharest metropolitan area, which had the objective of
fixing the methodological details (measurements and data analyses) and of testing the
response of school authorities and the educational level regarding participation in such type of
investigations, as preparation for a national indoor radon monitoring programme in schools
and kindergartens.

Indoor radon concentrations were measured with etched track detectors over a period of
one month, during the winter. The data gave a lognormal distribution in the range of
43 ÷ 477 Bq/m3. An arithmetic mean of 146 Bq/m3 and a geometric mean of 128 Bq/m3 were
obtained.

Concomitant with indoor radon measurements, gamma dose rate measurements were
carried out using thermoluminescent dosimeters. The results ranged from 65.5 to 127
nSv/hour, with a mean of 91.1 ± 12.2 nSv/month and a geometric mean of 90.3 nSv/hour.

Comparing the GM value obtained from measurements with the predicted true value of
GM for the Bucharest area , we estimate that the probability of finding a percentage higher
than 2% of all schools and kindergartens from Bucharest with radon concentrations exceeding
400 Bq/m3 is very low.
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