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ABSTRACT

The school presented in this paper exceeded instantaneous indoor radon
concentration of 1000 Bqm"3, obtained within the Slovene radon programme. Thus,
additional measurements were performed and the radiation doses of teachers and
pupils estimated. Radon concentrations between 1000 and 3000 Bqm"3 during
teaching hours were found and the yearly effective doses from 0.75 to 1.1 mSv for
the pupils and from 1.1 to 4.2 mSv for the teachers were calculated. In the soil gas
radon and thoron concentration ranging from 70 to 150 kBqm"3 were obtained. The
school was mitigated during summer 1998.

INTRODUCTION

Since 1990, when the nation-wide radon program in Slovenia started, indoor
radon concentrations have been measured continuously in elementary and high
schools. First, indoor radon concentrations were determined in all the 890 school
buildings under so-called "closed conditions" using alpha scintillation cells (1).
Second, additional long-term measurements, using complementary measuring
techniques, were performed in 24 schools, where the instantaneous radon value
exceeded 1000 Bqm"3 (2). As of now four of them have been mitigated. Third,
additional measurements were carried our in 22 schools with instantaneous radon
concentration between 600 and 1000 Bqm"3. And finally, additional long-term
measurements for 26 schools with a radon value of more than 400 Bqm"3 (3), the
proposed Slovene action level value, are planned to be taken next winter.

The majority of high radon level schools were found in the karstic area. It
seems that good permeability of the soil for gas and poor building construction,
typical of the older school buildings, resulted in easy radon transport from the soil
gas to the classrooms. A typical example is the elementary school presented in this
paper.
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The school is situated in the central part of the Slovene Karst, in the
southwestern part of the country. It is a two-story building, without a basement,
built in 1883. For teaching purposes there is in total one classroom and a gym-
room on the ground floor and one classroom and a library on the first floor. Twenty
pupils and two teachers attended the school during the last academic year.

The school was recognised as a high radon level place during our radon
survey, when the instantaneous value of 3200 ± 50 Bqirf3 was found in a ground
floor classroom. Consequently, an additional investigation to define radon source
and radiation doses for the pupils and the teachers was required by the Health
Inspector at the Ministry of Health. Additional measurements confirmed high
radon concentrations and therefore the building was mitigated during the summer
vacation of 1998. This paper reports the results of our radon measurements indoors
and in the soil gas.

MEASUREMENTS

For indoor radon or its decay products concentration measurements, the
following instrumentation was used: etched-track detectors (KfK) for long-term
average radon concentrations, electrets (Red Elec. Inc.) for the average radon
concentrations during teaching hours, AlphaGuard (Genitron) for continuous
measurement of radon concentrations, Sarad EQF-3010 and EQF-3020 (Sarad) for
continuous measurement of radon and its decay products concentrations and
scintillation cells for instantaneous radon concentrations (JSI).

For radon and thoron in soil gas, AlphaGuard instrument (Genitron) was
used.

RESULTS AND DISCUSSION

Indoor radon concentrations

Etched-track detectors were exposed for three months in the ground floor
classroom three times, during autumn 1996, during winter 1996/97 and during
summer 1997. The values of 1790 ± 70 Bqm"3 in autumn, 1570 ± 60 Bqm"3 in
winter and 2100 ± 90 Bqm"3 in summer were obtained. The lower concentration in
winter than in autumn is not usual; it is caused by strong winds during the winter
season. As expected, the summer concentration was the highest, because the school
was closed for two months. During the summer, etched-track detectors were also
exposed in the gym-room (ground floor) and the library (first floor) and the values
of 885 ± 35 Bqm"3 and 815 ± 33 Bqm"3, respectively, were obtained.
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Electrets were exposed during teaching hours in both classrooms in June
1997 for one week. In the ground floor classroom, a radon concentration of 1350 ±
130 Bqm"3 was obtained, and in the first floor classroom 122 + 15 Bqm3.

In the ground floor classroom, where the highest radon concentrations were
detected during all the periods, radon was also monitored continuously. In Figures
1 and 2 diurnal variations of radon concentrations in January 1997 and June 1997
are graphically presented. As seen in Figure I, radon concentrations during
teaching hours in January were between 1000 and 2000 Bqm"3 with an equilibrium
factor of 0.56. In June, radon values were similar, early in the morning they were
sometimes even higher than in January (Figure 2).
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Fig.l. Radon (Rn) and radon decay products (RnDR) concentrations run in the
ground floor classroom in January 1997 (part of the curve during teaching
hours is in bold).

For pupils and teachers, radiation doses received during the last academic
year were calculated according to ICRP 65 (4). A teacher in the ground floor
classroom received an effective dose of 4.2 mSv, and a pupil in the same
classroom received 3.1 mSv. A teacher in the first floor classroom received 1.1
mSv and a pupil 0.75 mSv.

The Health Inspector at the Ministry of Health required remedial action in
the school: to reduce radon levels below 200 Bqm"3.
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Figure 2. Radon concentration run in the ground floor classroom in June 1997
(part of the curve during teaching hours is in bold)

Communication between different points under the basic concrete slab was
tested with a vacuum cleaner. The communication was found to be very poor and
the depressurisation or pressurisation was not considered feasible for the mitigation
procedure. A new foundation was put in instead, even though it is the most
expensive way of remediation.

Soil gas radon and thoron concentrations

During the summer of 1998 soil gas radon and thoron concentrations were
measured also. For this experiment, five 3 i.d. cm boreholes were drilled 15 to 85
cm deep in the soil, a distance of a few metres away from the building. The values
vary substantially between the points and the depths: from about 70 to 150 kBqm"3.
These preliminary results indicate that humidity of the soil plays the most
important role in such investigations. On the similar type of the soil we could
expect radon and thoron concentrations more than 200 Bqm"'.

CONCLUSIONS

Twenty-four schools in Slovenia were found to exceed instantaneous radon
concentration of 1000 Bqm"3. Here, about 180 teachers and 3000 pupils in the
school received on average from 2 to 6 mSv yearly effective dose due to radon
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decay products. For some teachers, homes were also tested and quite often higher
values were found there. The majority of high radon levels were found in the
buildings with poor foundations (old buildings) in the karstic area, where radon
easily moves through the ground and further into a building. In order to decrease
radiation doses to this target population, additional measurements accompanied by
dose estimates in their homes will have to be done in the future.
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