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INDOOR RADON IN SLOVENIA

Janja VAUPOTIC

Received on October 10, 2003; accepted on December 24, 2003

The Slovenian Radon Programme started in 1990. Since then, radon and radon
short-lived decay products have been surveyed in 730 kindergartens, 890 schools,
1000 randomly selected homes, 5 major spas, 26 major hospitals, 10 major municipal
water supply plants, and 8 major wineries. Alpha scintillation cells, etched track detec-
tors, electret-based detectors and various continuously measuring devices have been
used. On the basis of estimated effective doses, decisions were made on appropriate
mitigation. In total, 35 buildings have been appropriately modified. The programme
is displayed and results reviewed chronologically and discussed.
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INTRODUCTION

The first radon measurements in Slovenia
were made by the Jozef Stefan Institute in 1969 in
the, at that time exploratory, Zirovski vrh uranium
mine [1, 2]. Once the mining company had estab-
lished its own radiation protection service, the Insti-
tute turned its attention to underground mines of
coal, mercury, and zinc [3], karst caves [4-6], spas [7,
8], and a phosphate mill [9]. Indoor radon surveys
started in 1985-86 when, in each of six urban and
industrialized areas, 10-30 homes were selected for
measuring — once in spring, autumn and winter —
instantaneous air radon concentration with alpha
scintillation cells [10-12]. The volume of the results
was not sufficient to estimate population doses, but
adequate to recognise the radon problem in the
country and hence to provide a good basis for pre-
paring a nation-wide radon programme. The
programme proposal was sent to the Health Inspec-
torate at the Ministry of Health, the governmental
body responsible for radiation protection, for evalu-
ation. After its approval, a systematic indoor radon
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survey was started in 1990. Firstly, kindergartens,
schools, and homes, and then spas, hospitals, water
plants and wineries were surveyed. Effective doses
of employees were estimated and used by the
Health Inspectorate as a criterion for undertaking
mitigation measures. A number of buildings with
high radon levels have been appropriately modified.
In this review, the results of the Slovene Radon
Programme are presented and discussed.

THE PROGRAMME

The programme was carried out in two steps. In
the first period, 1990-92, instantaneous indoor air ra-
don concentration was measured in 730 kindergar-
tens [13-23] and 890 schools [19, 22-31] with alpha
scintillation cells, and three-month average radon con-
centration in 1000 randomly selected homes [32, 33]
with etched track detectors. At the same time, we were
involved in radon monitoring in kindergartens in
some neighbouring countries [14, 34-36]. In the sec-
ond period, 1994-2002, we focused our attention
primarily on kindergartens and schools with elevated
radon levels. Additional monitoring, using a combi-
nation of various measuring techniques, provided
data for dose estimates for the personnel as well as for
children and/or pupils, on the basis of which the
Health Inspectorate decided whether mitigation was
needed or not. The Ministry of Education, Science
and Sport established the Slovene Radon Centre as
the scientific and technical support for undertaking
mitigation measures. About 40 buildings have been
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modified and radon levels reduced [16] to below
200-400 Bqm™.

In addition, in the second period, the radon sur-
vey has been extended to other workplaces potentially
exposed to radon. Thus, radon was measured and ef-
tective doses estimated for the employees of 26 major
hospitals [37], 5 major spas [38], 10 major water-
works [39], and 8 major wineries.

RADON LIMITS

Up to 2002, we followed the ICRP recommen-
dations [40] that radon levels should not exceed
200-600 Bqm™ at home and 500-1500 Bqm™ at
workplaces. For the employees of kindergartens,
schools, hospitals, spas, waterworks and wineries the
first limit was taken into account because they are not
declared as radiation workers. In the beginning of
2002, the Slovenian government issued a general law
regulating radiation protection [41], also defining ra-
don limits for air. They are: 400 Bqm™ in homes,
1000 Bqm at workplaces, and 200 Bqm™ in build-
ings after mitigation. In addition, the Health Inspec-
torate uses the annual effective dose of 2.5 mSv per
year as the value above which precautionary measures
have to be initiated.

SLOVENE RADON CENTRE

The Slovene Radon Centre was established
with the aim of designing and executing radon miti-
gation measures on an interdisciplinary basis. Ex-
perts in radon measurement and dosimetry from
the Jozef Stefan Institute and the Nova Gorica Poly-
technic worked jointly with experts in building en-
gineering from the National Institute of Construc-
tion and Building Engineering. Firstly, radon
experts carry out thorough measurements of con-
centrations of radon and radon short-lived decay
products, as well as radon equilibrium factors and,
in some cases, also the fraction of unattached radon
short-lived decay products, by applying combined
and complementary techniques. The main radon
sources are identified. After the results, together
with effective dose estimates, are discussed at the
Health Inspectorate, a design for mitigation is pre-
pared by the construction engineers and sent to the
owner. Every major step in remodelling the build-
ing is supervised both by radon and construction
engineering experts. In the end, radon levels are
checked in order to prove the success of mitigation
[16]. The report is sent to the Health Inspectorate.
Following this, yearly radon checking is required.

In 1997 a one week training course entitled
“Diagnosis and Mitigating Radon Problems in
Buildings“ was organised by the Slovene Radon

Centre and the Nova Gorica Polytechnic. The or-
ganisers invited eminent experts from Rutgers
University, the Eastern Regional Radon Training
Center, New Brunswick, USA, to introduce the
main radon mitigation techniques to attendees with
different profiles, such as health inspectors, radon
experts, construction engineers and others involved
in radon matters in Slovenia and neighbouring
countries.

INSTRUMENTATION OF THE
SLOVENE RADON CENTRE

The Radon Centre possesses various measur-
ing devices for different purposes of survey. They
are:

— Alpha counters IGMA and PRM 145 with a
set of different size calibrated alpha scintillation cells
[1, 13] (RACI, AMES, Jozef Stefan Institute,
Slovenia),

— E-PERM  System [42]: electret-based
short-term and long-term detector chambers (Rad
Elec. Inc., USA),

—  Etched-track  detectors  provided by
Forschungszentrum Karlsruhe and evaluated at
Forschungszentrum Karlsruhe, Germany [43],

— AlphaGuard PO2000 multiparameter radon
monitor (Genitron, Germany),

— System 30 combined continuous radon gas
and radon daughter monitor (Scintrex, Canada),

— RTM 2010-2 radon and thoron gas monitor
(Sarad, Germany),

— EQF 3020 and EQF 3020-2 [44] radon and
radon progeny monitor system with separate mea-
surement of attached and unattached decay prod-
ucts (Sarad, Germany),

— Barasol [45] radon monitor system
(ALGADE, France),

— Spectra 5011 alpha spectrometer (Sarad,
Germany),

— Doseman radon personal dosimeter (Sarad,
Germany),

— Radim 5 radon monitor (Plch — SMM,
Czech Republic), and

— Gamma spectrometry of samples of building
material and soil is performed by the Medium and
High Energy Department at the Jozef Stefan Insti-
tute.

For fast radon screening and searching for ra-
don sources in a building, alpha scintillation cells are
used. To obtain the annual exposure, etched track
detectors are exposed all year round. With
electret-based detectors, we distinguish the overall
radon average concentrations from those measured
during working hours only, to which a person is ac-
tually exposed. Continuous measurements enable
diurnal variations of the concentrations of radon



38

Nuclear Technology & Radiation Protection — 2/2003

and radon short-lived decay products to be ob-
served. The values of the equilibrium factor and the
fraction of unattached radon short-lived decay
products, the two parameters playing a crucial role
in radon dosimetry, can also be obtained.

In order to comply with the Quality Assur-
ance/Quality Control requirements, all measuring
devices have been regularly checked at the
intercomparison experiments organized annually
by the Slovenian Nuclear Safety Administration at
the Ministry of the Environment, Spatial Planning
and Energy [46-48]. We also participated in the in-
ternational intercomparison experiments held in
1991 in Badgastain (Austria) and 1997 in Pribram
(Czech Republic). In addition, alpha scintillation
cells are calibrated monthly with 226RaCl, solution
purchased from NIST (National Institute of Stan-
dards and Technology US, Standard Reference Ma-
terial 4953D) [1, 49] and in about 10% of rooms
ctched track and electret detectors were exposed in
duplicate.

RADON LEVELS
Kindergartens and schools

Distributions of the instantaneous indoor air
radon concentrations in 730 Slovenian kindergar-
tens and 890 schools [15, 25] are shown as log-nor-
mal plots in fig. 1 and as iso-concentration contours
in fig. 2. In the karst region in the southern part of
the country, radon emanates from deep soil layers
through fissures and then enters buildings through
cracks and faults in the floor slabs, thus enhancing
indoor air radon concentrations. On the other
hand, indoor radon concentrations are lower in the
north-eastern part of Slovenia because the water
saturated clay layers of the sedimentary strata pre-
vent movement of soil gas containing radon.
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Figure 1. Log-normal distribution of indoor radon
concentrations in kindergartens and schools
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Figure 2. Radon iso-concentration contours in kin-
dergartens and schools (in Bqm-3)

Statistics of kindergartens and schools exceeding
the Slovenian radon limit of 400 Bqm™ are summa-
rised in tab. 1. Altogether, thorough radon measure-
ments were carried out and annual effective doses of
the personnel and children/pupils estimated in 123
buildings (45 kindergartens and 78 schools) with ra-
don levels above this limit. On the basis of the mea-
sured radon concentration, equilibrium factor be-
tween radon and its progeny and duration of exposure
periods effective doses to these personnel and children
may be estimated. Here and in other parts of this pa-
per the quoted effective doses received are estimates.
In kindergartens, of the 2700 persons (260 workers

Table 1. Statistics of kindergartens and schools
exceeding the Slovenian radon limit of 400 Bqm-3

Kindergarten|  School

Total number of buildings 730 890
Rn concentration above 45 78
400 Bqm-3 (6.2%) (9.0%)
Total number of children/pupils 65,600 280,000
Number of children/pupils in

buildings with Rn concentration (271932) (156 ’9(2)())

exceeding 400 Bqm-3

Number of workers in buildings
with Rn concentration 260 270
exceeding 400 Bqm-3

Maximum Rn concentration 5600 Bqm= |4680 Bqm™3

Arithmetic mean 133 Bqm= | 168 Bqm=
Geometric mean 58 Bqm™ 82 Bgm™®
Total number of modified 16 19
buildings (35.5%) (24.0%)
No action (ignored requirement 4 13
of health inspectors) (9.0%) (17.0%)
Ill{n ct)ﬁnﬁafég] l;‘iuru}sg working 25 46
ours below Qi (55.5%) (59.0%)

— mitigation measures not request
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and 2440 children) 470 received effective doses of
more than 2.5 mSv per year. In schools, of 16,000
persons considered (270 workers and 15,730 pupils),
750 received more than 2.5 mSv per year. In one of
the high radon level schools, with occupants receiving
more than 6 mSv a year, chromosome aberration anal-
yses were performed [27]. Up to the end of 2002, 16
kindergartens and 19 schools have been successfully
modified.

Typical diurnal variations of radon concentra-
tion in a school, with overnight maxima and minima
in the afternoon of the working day, are shown in fig.
3. This type of data on diurnal variations is very im-
portant in detailed dose analysis.

Homes

In 1994, 3 month radon concentrations were
measured in 1000 randomly selected homes during the
winter, using etched-track detectors. Values ranged
from 7 to 1890 Bqm™3, with a median of 54 Bqm. In
4.5% of homes the value exceeded 400 Bqm™ [32,
33].
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Figure 4. Annual effective doses of each employee in
waterworks

o
Time of measurement

All people concerned about radon levels in their
home or working place can ask the Slovene Radon Cen-
tre to carry out measurement at their expense. In last five
years about 250 measurements were performed.

Spas

Fifteen rooms of 5 major spas were surveyed
tor radon. Radon was analyzed in air and drinking
water [38]. Because of very eftective ventilation,
air radon concentrations everywhere are kept be-
low 250 Bqm™3. Therefore, under the present op-
erational conditions and working regime there is
no concern about the radon exposure of personnel.

‘Waterworks

Fifty two workplaces, attended temporarily by
about 40 persons, in 10 major drinking water sup-
ply plants were surveyed. Radon in air and radium
(*?°Ra) in water were analyzed [39]. Both instanta-
neous and 3-month average air radon concentra-
tions were low at the majority of places, although
up to 5 kBqm was recorded at some. Because of
short attendance times, radon exposure at these
places is not high, as evidenced from fig. 4, showing
annual effective doses of each employee calculated
according to the ICRP-65 methodology [40].

Hospitals

Instantaneous and 1-month average air radon
concentrations were measured in 186 rooms of 26
major hospitals, with the emphasis on basements
[37]. Radon levels were mostly low, fig. 5, but in 7
rooms elevated radon concentrations were observed,
in one case up to 15 kBqm™3, with a pronounced diur-
nal variation, fig. 6. Dose estimates were made for
1025 persons. Employees in the above mentioned 7
rooms received from 2.1 to 7.3 mSv annually, while
annual effective doses for others are shown in fig. 7.
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Instantaneous and long-term average air ra-
don concentrations in 8 major wineries, tab. 2,
were below the Slovenian intervention limit of

Figure 5. One month average
radon concentrations in hospi-
tals obtained by etched-track
detectors

Figure 6. Diurnal variation of
radon and decay product con-
centration in a hospital main-
tenance shop

Figure 7. Annual effective
doses received by employees
averaged for each hospital

400 Bqm~3. Only in one winery did radon levels
exceed this limit, but only during the periods of
ventilation shutdown, fig. 8. These periods do
not affect the radon exposure of personnel, be-
cause nobody is present at that time.
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Table 2. Average radon concentrations in wineries

Winery Time of measurement | Kadon ]c30nc§ntrat10n
) qm
South-western part of Slovenia
Winery 1 19.04-23.05.2002 141+ 16
47+ 9
91+ 3
Winery 2 23.04-17.06.2002 54+ 8
2+7
33+ 6
Winery 3 23.04-18.06.2002 88+ 10
100+ 10
73+ 9
North-eastern part of Slovenia
Winery 4 30.05-19.07.2002 109+11
119+ 12
Winery 5 06.06-05.07.2002 144+17
233+21
216+22
Winery 6 06.06-05.07.2002 456 +27
179+ 14
Winery 7 20.06-30.08.2002 256+15
Winery 8 20.06-13.11.2002 103+ 7
80+ 6
CONCLUSION

Various living and working environments in
which exposure to radon and its short-lived decay
products may be expected were included into the in-
door radon survey in Slovenia. In 5 major spas
based on thermal and mineral water, effective venti-
lation keeps radon concentrations low, mostly be-
low 250 Bqm, and no radiation protection con-
cern is needed. The situation is similar in 8 major
wineries with underground facilities, in which ele-
vated radon concentrations (the highest value of
3500 Bqm~3) were found only during the periods of
ventilation shutdown, when workplaces are not oc-
cupied. In some of the 15 major waterworks, ele-

6/7/02 10:58

6/7/02 18:58

6/8/02 2:58
6/8/02 10:58
6/13/02 14:38
6/14/02 16:28
6/15/02 0:28
6/18/02 10:25
6/18/02 18:25
6/20/02 12:41
6/20/02 20:41
6/21/02 13:24
6/21/02 21:24
6/26/02 12:40
6/26/02 20:40
6/27/02 20:41
6/28/02 13.09
TII02 743
713102 7:50
713102 15:50

Time of measurement

vated radon levels (the highest concentration was
2600 Bqm~?) have been found, but the attendance
time is short and the resulting effective dose is low.
Nevertheless, longer maintenance work should be
carefully planned. Of 186 rooms surveyed in 26 ma-
jor hospitals, only in 7 rooms did the radon concen-
tration exceed 400 Bqm3, with the highest value of
2800 Bqm™ in a basement maintenance shop. Con-
centrations higher than 400 Bqm™ have been found
in 45 kindergartens (of total 730), 78 schools (of to-
tal 890), and 42 homes and/or flats (of total 1000).
Special attention has been paid to public
buildings such as kindergartens and schools with el-
evated radon levels in which additional thorough
monitoring, using sophisticated and complemen-
tary measuring devices, was implemented. Based on
the results of this monitoring, effective doses were
estimated and used by the Health Inspectorate as
the criteria for deciding whether mitigation is
needed or not. In order to assure an interdisciplin-
ary approach toward mitigation, the Slovene Radon
Centre in which experts on radon matters and con-
struction engineering work together was estab-
lished. In total, 35 buildings have been successfully
mitigated. The fundamental and applied research in
the Radon Centre is strongly interrelated. Results of
the first are immediately transferred into practice,
and for problems envisaged in everyday monitor-
ing, scientific solutions are sought. Hence, we use
the advantage of performing fundamental research
in real buildings, not in model houses, and thus try
to simultaneously attain a high scientific level and
practical value of our fundamental results.
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Jama BAYIIOTNY

PAJOH Y 3ATBOPEHUM ITPOCTOPNJAMA CIOBEHUJE

CioBeHauKu pajioH nporpam nokpenyrt je 1999. rogune. Opn Taga ce pajoH U KpaTKoxXupehn
OPOAYKTU PajJJOHOBOr pacnafa Haariaeaajy y 730 peujux BpTuha, 890 mkosna, 1000 gomoBa n3abpaHux
HAaCyMUYHO, 5 Behux 6ama, 26 rimaBHux 60sHUIA, 10 BenuKux rpajickux padpuka Bojie, u 8 Behux BuHapuja.
Kopuithene cy anda cumatuinanuone henuje, Tpar JeTEKTOPH, €IEKTPET ACTEKTOPH, M Pa3TUINTH
ypebaju 3a KOHTHHyalnHO Mepewme. Ha OCHOBY olemeHHX e(eKTHBHUX [03a J[OHETE Cy OJyKe O
ofrosapajyhoj 3alITUTH. YKYITHO je Ha CBPCUCXO/IaH HauUUH INpenpaBibeHo 35 3rpafa. Y pajy je Ipuka3aH
Iporpam, a pe3ylTaTH Cy XPOHOJOIIKH U3JI0KEHN U PA3MOTPEHU.



