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Abstract: During the academic year 2016/17 (September — June), radon was surveyed
in all 519 buildings of the pre-university education in Montenegro — primary, high and
vocational schools, kindergartens, institutes for children with special needs and student
dormitories. Radon detectors (Radosys,RSFV type) were placed in all classrooms, rooms
occupied by children and offices on ground floor, and in some rooms on the upper floors.
The total number of detectors was 4078, of which 285 were duplicate (control) detectors.
During the radon survey, 11.4% of the detectors were lost or damaged. Average 9-month
radon activity concentrations were obtained for 3345 rooms in 507 buildings. Mean values
of radon concentrations in the rooms were AM = 243 Bg/m?® and GM = 142 Bg/m?, while the
corresponding values for Montenegrin dwellings, found in the national radon survey, were
more than twice lower. Radon concentrations above 300 Bg/m® were found in 23.3% of all
surveyed rooms and in 3.4% of the rooms they were above 1000 Bg/m®. Radon activity
concentrations above 300 Bg/m?® were measured in some rooms in 44% of the buildings, and
those above 1000 Bg/m® in 9.5% of the buildings. Radon levels in educational buildings are
significantly higher than in Montenegrin homes, which means that children and educators are
more exposed to the harmful effects of radon in schools and kindergartens than at homes (for
equal durations of stay in them). This could be resulting from the type of construction of
educational buildings, which are usually large low-rise structures, and from a relatively high
average age of these buildings.
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1. INTRODUCTION

Radon (Rn) is naturally occurring noble and
radioactive gas. It comes from decay of uranium
(most important radionuclide of Rn is ?2?Rn —
commonly known as radon) and thorium (important
radionuclide is ?°Rn — named thoron) in the
environment, and it enters into buildings and other
closed spaces, where, because of buildup, it can reach
high concentrations. Radon (?*2Rn) is a major
contributor to the radiation dose received by the
general population. There is strong evidence that
long-term exposure to radon increases the risk of lung
cancer. Therefore, the World Health Organization
proclaimed radon as the second most important cause
of lung cancer after smoking in many countries[1],
and the International Atomic Energy Agency [2] and
the Council of the European Union [3] recommended
to the member countries the need for addressing long-
term risks from radon exposure, by conducting
representative radon surveys in dwellings and other
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buildings with high occupancy factors for members
of the public and by establishing reference levels for
indoor radon concentrations.

Montenegro is a Western Balkan country on
the Adriatic Sea, with a land area of 13,812 km? and
a population of about 620,000. Radon (??Rn)
measurements in Montenegrin homes for the first
nationwide survey were completed at the end of 2015,
and the main results were published recently [4, 5].
Immediately after finishing radon measurements in
Montenegrin dwellings, a national survey of radon in
the buildings of pre-university education began,
funded by the International Atomic Energy Agency
and the Government of Montenegro.

In total, there are 519 buildings of the pre-
university education in Montenegro - 427 school
buildings (primary, high and vocational), 81
kindergarten buildings, 4 buildings of institutes for
children with special needs and 7 student dormitories.
These buildings are usually low rise structures, with
only one floor (ground floor) or two floors. In the
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town areas they are mostly buildings with a very large
contact area with the ground, while in the country side
they usually do not differ from family houses.
Educational buildings are typically without basement
and heated on wood or electricity, without central
heating and ventilation system. Construction
materials are mostly concrete and bricks, while in the
country side the stone houses are prevailing. The
buildings are, on average, relatively old — 65% of
them are built before the year 1980.

Montenegro has to comply with new
international standards [2], which require establishing
a national reference level for indoor radon annual
average activity concentration not higher than 300
Bqg/m?3. This reference level also applies to the schools
and kindergartens.

This paper presents descriptive statistics of the
radon activity concentrations in buildings of pre-
university education in Montenegro and compares
them with those found in Montenegrin dwellings.

2. MATERIALS AND METHODS

In order to involve representatives of all
schools and kindergartens in the radon survey, the
three regional trainings on the method of radon
measurement and on completing the accompanying
guestionnaire were organized for them. At the end of
training, radon detectors were assigned to the
representatives of educational institutions in a
guantity required to cover at least all working rooms
on the ground floor in the buildings of their
institutions. In the course of radon survey, many
activities were carried out with the intention of
increasing awareness on radon risk among school
children, their parents, teachers, educational and
health authorities: a leaflet “Radon in school” and two
posters about radon (one for primary, the other for
secondary schools) were written, printed and
distributed to the schools and educational and health
authorities, lectures on radon were held in all schools,

radon experts initiated public media programs on
radon and took part in them, etc.

Radon was continuously measured during the
whole school year 2016/17 (September — June) in all
519 buildings of pre-university education, in all
classrooms, playrooms, offices and bedrooms on the
ground floor, and in some rooms on the first floor. In
total, 3793 rooms were surveyed with 4078 radon
detectors, 285 of them being control detectors, set
paired  side-by-side  with  basic  detectors
approximately at every twelfth location and exposed
for exactly the same period of time.

Radosys’ detector of the RSFV type, with two
CR-39 chips of different sensitivities, was used for
radon measurement. According to the manufacturer’s
leaflet [6], it is not sensitive to thoron (**°Rn) and
gamma-radiation, and has sensitivity of measuring
radon (22Rn) up to 80 MBgh/m?, which means that it
can measure an average 9-month radon activity
concentration up to about 12 kBg/m?. After 9-month
long exposure, detectors are sent to the Radosys’
laboratory for etching and track counting.

During the radon survey, 11.4% of the
deployed detectors were lost or damaged.

3.RESULTS AND DISCUSSION

Average 9-month radon activity concentrations
were obtained for 3345 rooms (85.4% of them are on
ground floor) in 507 educational buildings
countrywide. In four rooms radon detectors were
saturated at the exposure level of 24 MBgh/m3, which
corresponds approximately to a radon concentration
of 3600 Bg/m?. Therefore, for statistical purposes, the
radon activity concentrations in these rooms were
arbitrary taken as equal to 4000 Bg/m®. The frequency
distribution of radon concentrations in 3345 rooms is
presented at Figure 1, while descriptive statistics of
the radon concentrations is given in Table 1.

Table 1. Characteristics of radon activity concentrations in the rooms of educational buildings (9-

month average).

Number of AM SD MAX GM GSD Crn> 300 Crn> 1000
rooms (Bg/md) (Bg/md) (Bg/md) (Bg/md) Bg/m? Bg/m3
3345 243 345 >3600 142 1.09 23.3% 3.4%

AM — arithmetic mean; SD — standard deviation; MAX — the highest radon activity concentration;
GM — geometric mean; GSD — geometric standard deviation

The mean values of the 9-month radon activity
concentrations in 3345 rooms are AM = 243 Bg/m®
and GM = 142 Bg/m®. They are higher more than

twice than the corresponding mean values of the
annual average radon activity concentrations in 953
Montenegrin dwellings (AM = 110 Bg/m3, GM =
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58.3 Bg/m?), obtained in the national indoor radon
survey [4] and presented in Table 2. Average radon
concentrations above 300 Bg/m?® are found in 23.3%
of all surveyed rooms in educational buildings and in
3.4% of all rooms the concentrations were above the
level of 1000 Bg/m?®, which could be considered as

the “urgent action level”, above which mitigation
measures are strongly recommended [4]. In the
Montenegrin dwellings these percentages are 7.9%
and 0.6%, respectively, which means 3 to 5 times
lower.

Table 2. Characteristics of radon activity concentrations in Montenegrin dwellings (annual average).

Number of
dwellings

AM
(Bg/m)

SD
(Ba/m?®)

MAX
(Bg/m)

GM
(Ba/m?®)

GSD

Crn> 300
Bg/m?

Crn> 1000
Bg/m?

953

110

182

2320

58.3

291

7.9%

0.6%
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Figure 1. Frequency distribution of radon concentrations in 3345 rooms in educational buildings.

This comparison of the 9-month averages of
radon levels in educational rooms (they do not
encompass radon levels during summer period of a
year) with the 12-month averages in dwellings could
seem improper and leading to erroneous conclusions.
Indeed, summer radon concentrations indoors are
usually lower than in the rest of year, worldwide [7]
as in the Montenegrin dwellings [5], due to a smaller
indoor-to-outdoor air temperature and pressure
differences, but this doesn’t have to be true in case of
school buildings because this effect could be
compensated by the effect of radon buildup caused by
closed doors and windows of schools during summer
vacations. Such a situation was reported for 29
primary schools of three municipalities in Macedonia,
where radon was measured exposing simultaneously

two detectors, one for nine months (during school
year, and not during summer vacations) and one for
the whole year —it was found that differences between
measured annual and 9-month radon concentrations
were not significant [8].

The 9-month radon concentrations in the rooms
of educational buildings (Table 1) can be also
compared with the 6-month (October—April) radon
concentrations in Montenegrin dwellings (given in
Table 3), measured in the colder half of a year when
they are higher than in the other 6-month period [5].
Again, all above mentioned characteristic values of
radon concentrations in educational buildings are
about two times higher than in dwellings during a
colder 6-month period of a year.

Table 3. Characteristics of radon activity concentrations in Montenegrin dwellings during the colder 6-

month (October—April) period of a year.

Number of AM SD MAX GM GSD Crn> 300 Crn> 1000
dwellings (Bg/m?®) (Bg/m?3) (Bg/m?®) (Bg/m?) Bg/m? Bg/m?
953 140 265 3798 65.1 3.24 10.5% 1.5%
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In 223 of 507 educational buildings where
radon was measured, there are some rooms with
average 9-month radon activity concentration above
300 Bg/m?, while in 48 of these buildings there are
one or more rooms with radon concentration higher
than 1000 Bg/m?, as graphically presented at Figure2.

All results presented here point out that
Montenegro has a serious problem with radon in
schools and kindergartens, and needs to adopt an

action plan to cope with it in order to protect children,
students and people employed in the educational
system from exposure to radon. The action plan
should approach the radon mitigation of educational
buildings gradually, starting with those buildings
with the highest radon levels and highest number of
their occupants, and applying in the other buildings
immediately a regime of air ventilation which
corresponds to radon level in the rooms.

507
educational
buildings

I
223 (44.0%)
buildings have
rooms with
C,, > 300 Bg/m*

|
48 (9.5%)
buildings have
rooms with
C,, > 1000 Bg/m®

779 (43.7%)
rooms with
G, > 300 Bg/m?

1784
sampled rooms

114 (26.8%)
rooms with
C., > 1000 Bg/m?

425
sampled rooms

Figure 2. Educational buildings with some rooms having average radon concentrations
above 300 Bg/m? and 1000 Bg/m?.

4. CONCLUSIONS

Radon concentrations in the rooms of
educational buildings are, on average, significantly
higher than in Montenegrin homes. Their mean
values are AM = 243 Bg/m3and GM = 142 Bg/m?.
Average 9-month radon concentrations are found to
be above 300 Bg/m? in 23.3% of all surveyed rooms
and higher than 1000 Bg/m? in 3.4% of the rooms,
while in four rooms they reach a value above 3600
Bag/m?.

In 44% of the 507 surveyed educational
buildings there are one or more rooms with radon
activity concentration above 300 Bg/m?, while in
9.5% of the buildings there are rooms with radon
concentration higher than 1000 Bg/m®.

These elevated radon levels are probably
caused by the type of construction and age of
educational buildings, which are mostly large low-
rise structures and relatively old.

Results of the nationwide radon survey in the
buildings of pre-university education provide a strong
indication that Montenegro has a serious problem
with exposure of children, students and educators to

radon in schools and kindergartens, and Montenegrin
authorities have to find the appropriate and systematic
way to cope successfully with this issue as soon as
possible.
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FOXR

PAIOH Y 3TPAJJIAMA ITPEAYHUBEP3UTETCKOI' OFPASOBABAY LIPHOJ 'OPU

Caxerax: Tokom mkoncke 2016/17. roaune (cenrembap—jyH), pagoH je MjepeH y
cBux 519 3rpama mpemyHmBep3uTeTCKOr oOpazoBama y LlpHOj I'opym — y OCHOBHHM u
CpelIbHUM INKOJaMa, Ije4juM BpPTUNMMA, PECYpCHHMM LCHTPHMa M }adykuM IOMOBHMA.
[TacuBHM [HETEKTOPH paJOHA IIOCTABJECHH Cy Y CBUM YYHOHHIAMA, WrPaoHHIAMa,
CIaBaoOHHMIIaMa M KaHLeJIaprjaMa y IPH3eMIbY, ¥ Y HEKUM OJ TAKBUX MPOCTOPHja HA BUILIHM
cmpaToBHMa. YKymaH Opoj TOCTaBJbeHUX nAeTekTopa Omo je 4.078, oxm xojux cy 285
KOHTPOJIHH JICTEKTOPH, ITOCTaB/bEHH Y Mapy ca OCHOBHUM JeTeKTOopuMa. TOKOM Mjepema
n3ryospeno je win omreheno 11,4% nerexropa. Cpenbe IEBETOMjECCUHE KOHIICHTPALIH]E
aKTUBHOCTH panoHa fnooujere cy 3a 3.345 mpocropuja y 507 3rpaga. ApuTMeTruka cpema
BPHMjEJHOCT KOHIIEHTpalldja pajJoHa y TUM IpocTopujama je 243 Bg/m®, a reomerpujcka
cpenma Bpujeanoct 142 Bg/m3. Ose BpujenHocTu cy Bulle HEro ABOCTpyKo Behe of
onrosapajyhux cpeamux Bpujeanoctu y cranosuma llpue ['ope. Konrenrpaiuje pamona
usHaz 300 Bg/m? nahene cy y 23.3% ucnuTuBaHUX IPOCTOpHM]ja, 0K cy y 3,4% mpocTopuja
one 6une sehe u ox 1000 Bg/m?. Konuentpanuje pagona usHaz 300 Bg/miusmjepene cy y
jenHoj wiu Bulie npoctopuja y 44% ucnutupaHux 3rpaza, a usHan 1.000 Bg/mdy 9,5%
srpaga. HuBon pazoHa y Imkojama v BpTHiMMa 3HATHO Cy BHIIW Hero y cranoBuma LlpHe
Tope, TO 3HAYM Ja Cy Jjelia M 3allOCICHH BHILE M3JIOKSHH LITETHOM JIEjCTBY pajoHa y
BUMa Hero koJ kyhe (3a jeqHako Bpujeme OopaBka y mrMa). To je BjepoBaTHO y3pOKOBAaHO
TUIIOM KOHCTPYKILIMje 3rpajia IiKojia ¥ BpTuha, Koje cy 00MYHO MPOCTpaHe M HHUCKE, Kao U
penaTUBHO BEJIMKOM MpOCjeyHoM crapoihy THX 3rpaja.

KibyuHe pujeyn: pasoH, mkone u Bptuhu, AeBeToMjecedHa Mjepea.
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