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Some previous studies on radon concentration in dwellings of some areas of Kosovo and
Metohija have revealed a high average radon concentration, even though the detectors were
exposed for three months only. In order to better design a larger study in this region, the an-
nual measurements in 25 houses were carried out as a pilot study. For each house,
CR-39-based passive devices were exposed in two rooms for the two consecutive six-month
periods to account for seasonal variations of radon concentration. Furthermore, in order to
correlate the indoor radon with radium in nearby soil and to improve the knowledge of the
natural radioactivity in the region, soil samples near each house were collected and 226Ra,
232Th, 40K activity concentration were measured. The indoor radon concentration resulted
quite high from the average (163 Bq/m3) and generally it did not differ considerably between
the two rooms and the two six-month periods. The natural radionuclides in soil resulted to be
distributed quite uniformly. Moreover, the correlation between the??°Ra content in soil and
radon concentration in dwellings resulted to be low (R? = 0.26). The annual effective dose
from radon and its short-lived progeny (5.5 mSy, in average) was calculated by using the last
ICRP dose conversion factors. In comparison, the contribution to the annual effective dose
of outdoor gamma exposure from natural radionuclides in soil is nearly negligible (66 uSv).
In conclusion, the observed high radon levels are only partially correlated with radium in soil;
moreover, a good estimate of the annual average of radon concentration can be obtained from
a six-month measurement with a proper choice of exposure period, which could be useful
when designing large surveys.
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INTRODUCTION sonal variations) of annual radon concentration in
dwellings of Kosovo and Metohija, a new measure-
ment campaign in the area was necessary and the mea-
surement of radon concentration had to be conducted
for a total of 12 months. To this purpose, a pilot study
has been conducted (from December 2009 to Decem-

ber 2010) in 25 houses distributed in 13 villages of 8

Many studies on the indoor radon have been car-
ried out in Balkan region [1]. Also, in the last decade, a
considerable attention has been given to the indoor ra-
don survey in Kosovo and Metohija, although it lim-
ited to some specific regions [2-7].

However, evaluations of radon concentration in
these studies (as in other all around the world [8]) were
generally based only on the three-month measure-
ments, and annual averages could not be evaluated be-
cause adequate correction factors for the seasonal
variations were not available. Therefore, in order to
obtain an unbiased evaluation (i. e. not affected by sea-

* Corresponding author; e-mail: francesco.bochicchio@iss.it

municipalities of the region. In particular, two
“mixed” six-month exposure periods were selected,
i. e. periods with overall similar mixture of cold and
warm months, in order to test if each of these periods
could be used to estimate the annual average with a
low bias.

Moreover, an effort has been made in this study to
evaluate the correlation between the radon level in
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dwellings and the ??°Ra concentration in soil samples
taken close to the selected dwellings. This is interesting
because whereas the soil is generally the main source of
radon concentration in indoor air, the correlation be-
tween the indoor radon and radium in soil is often not
very strong [9], although in some situations it resulted
to be significant [10], and not many studies have been
carried out trying to correlate the indoor radon and ra-
dium content in nearby soil (e. g., [11, 12]). Finally, in
order to increase the knowledge on the natural radioac-
tivity in the region (which could be useful also for com-
paring the soil contamination from artificial
radionuclides), the other main natural radionuclides
(i. e. 2**Th and *°K) in soil were also measured.

In summary, in this paper methodology and re-
sults of the study are presented as regards: (a) the annual
radon concentration and comparison of the two
six-month periods, (b) the natural radionuclide content
in the soil, including the correlation between radium in
soil and indoor radon, and (c) the evaluation of the ef-
fective dose for the population living in these areas.

Study area and its geology

The studied area, Kosovo and Metohija, is lo-
cated between latitudes 41° 51' and 43°15' N and lon-
gitudes 20° 01', and 21°48' E. The 25 houses involved
in the study are distributed in 13 villages belonging to
8 different municipalities of the South-Eastern and
Central Kosovo.

The terrain is plain, with hilly and mountainous
landscapes of average height of over 500 m above the
sea level. The continental climate indicates cold win-
ters and warm summers, windy springs and rainy au-
tumns. Temperature ranges from —10 °C to 30 °C.

The complex geology of studied area is due to the
different periods of formation that range from Cambrian
to Quaternary. It is rich in volcano-sedimentary forma-
tions and ophiolitic mélanges. The deposits fill numerous
depressions with marl-sandy clays and sands bellow the
Neocene and Quaternary overstep sequence with lignite
deposits [13]. Formations set in magmatic and orogenic
phases include few belts of ophiolites ranging in age
from Jurassic to Cretaceous. These ophiolitic mélanges
consist of marly limestones, conglomerates, sandstones,
massive limestones, silts, carbonates and clastics. From
Cambrian to Triassic became phyllites, calc-schists, mar-
bles, dolomites, schists, and gneisses.

EXPERIMENTAL PROCEDURE
Indoor radon measurements

Aiming to cover the biggest possible field terrain
regarding radon survey in Kosovo and Metohija, the

new cycle of radon survey in the region (including
new homes and locations) started by investigating 25

homes in the period between 2009 and 2011. In order
to obtain the permission to measure radon concentra-
tion, the houses of some students from the University
of Pristina were selected for this survey. Although
these houses are not randomly selected, they are still
appropriate for the purposes of this study. Only in two
locations the measurements were repeated, i. e. in
Gracanica and Dobrotin, due to the previously mea-
sured high indoor radon concentrations [6, 7]. The
houses are rural types houses with self-contained
ground-floor with or without concrete slab and of av-
erage age of about 30 years. The solid fuel heating and
natural ventilation are typical for these houses. In ad-
dition to the sandy soil or clay, somewhere even the
stone is under and around the house’s basement,
mainly. The study area gravitates toward two active
mines of lead and zinc [3].

The indoor radon measurements were carried
out by exposing passive device, which consisted of a
small dome-shaped diffusion chamber of4.5 cm diam-
eter and 2 cm height, made of conductive plastic, hous-
ing on the bottoma CR-39 nuclear track detector
(2.5cmx2.5 cm, 1 mm thick) model TASTRAK made
by Track Analysis Systems Ltd., for the two consecu-
tive six-month periods, from December 2009 to June
2010 and from June 2010 to December 2010. The de-
vices were placed in the kitchen (or living rooms) and
bedrooms, at a distance of about 30 cm from walls (in
order to reduce the thoron contribution to the detector
track density) and at the (a) height of 1.5 to 2.0 m
above the floor. The first period relates to win-
ter-spring, and the second relates to summer-autumn,
so that the similar radon concentration values could re-
sult, on average, for the two periods. The tracks of al-
pha particles in the detectors were visible after chemi-
cal etching in a 6.25 N NaOH solution at 98 °C for 1 h.
The readout of alpha particle tracks was carried out by
an automatic track analysis system (Politrack, Italy).
The etching, track counting and radon concentration
assessment were performed by the Italian National In-
stitute of Health.

Measurement of radioactivity in soil

During the indoor radon measurements soil sam-
ples from undisturbed area near the houses were col-
lected in 15 sampling sites. For neighboring houses,
which were not but several meters far from each other,
the soil samples were taken from one joint sampling
site, i. e. of one square meter. Samples were taken by
shovel from the three different depths. For the superfi-
cial samples, about 200 ml surface soils from each an-
gle of a one square meter and from a center of this
square were taken up to the 5 cm depth, whereas the
other two one litre soil samples were taken both at the
center of the one square meter at 10-20 cm and 20-40
cm depth. All samples were closed in plastic bags and
transported to the laboratory. After removing the
stones and roots, each sample was dried in an oven at
temperature of 100-110 °C for about two hours to
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eliminate the moisture. Then the samples were
crushed and sifted on sieve < 2 mm aiming at getting
volume of 450 ml. The samples were stored in
Marinelli beakers, closed by silicone sealant and left
for more than 4 weeks to achieve secular equilibrium
between radium and its decay products. The gamma
spectrometric system used for the analysis of the sam-
ples consists of a coaxial high-purity germanium de-
tector (GEM30-70, ORTEC) with relative efficiency
of 32% at 1.33 MeV (°°Co) and of multichannel ana-
lyzer. The system had an energy resolution (FWHM)
1.69 keV at 1.33 MeV (°°Co) and 725 eV at 122 keV
(°’Co). The detector was settled in a 10 cm thick lead
shelter in order to reduce the background. Background
and each soil sample were measured 10800 s under the
same conditions.

The gamma-activity of radionuclides was deter-
mined through their intensity of emission lines in the
spectrum after the background subtraction. Activity
concentration of 2>°Ra was determined as weighted
average activity obtained from the two separate
gamma photopeaks of its decay products, i. e. >'*Pb at
351.9 keV, and 2'“Bi at 609.3 keV. The activity con-
centration of 2*Th was determined by the gamma
photopeaks of 2% Ac (at the energies of 911.1 keV and
968.9 keV) and >°%T1 (at the energies of 583.0 keV and
860.6 keV). The photopeaks are created by gamma
rays from de-excitation of decay products (gamma
rays following B-decay of 2!“Pb (to 2'“Bi), 2!“Bi (to
214po), 228Ac (to 228Th), 293T1 (to 2°8Pb)). From the
photopeak at energy line of 1460.7 keV, gamma-activ-
ity concentration of 40 K was obtained.

RESULT AND DISCUSSION
Indoor radon

Out of the 25 monitored houses, full and vali-
dated measurements (i. e. both rooms and both peri-

ods) were available for 17 houses, whereas partial
measurements were available for the remaining 8
houses: valid measurements for both rooms during
one measurement period were only available for 4
houses, and measurements during both periods in one
room were available for 4 houses. An anomalous ra-
don concentration value found in one home, in one of
the two rooms during the second period, has been ex-
cluded from this analysis, and the house was consid-
ered in the group of houses where the measurements
during both periods were available only in one room.

The summary statistic of measurements carried
out during the two exposure periods, in the two moni-
tored rooms, is presented in tab. 1. Out of the 25 mea-
sured houses, the houses with both rooms measured
were 22 and 18 for the first and second exposure pe-
riod, respectively. For each period, the average indoor
radon concentration in each house was estimated as
the arithmetic mean of results in the two rooms.

The differences between the two measured
rooms in each house were investigated. The ratios be-
tween radon concentration measured in the kitchen or
living rooms and that measured in bedrooms follow
the expected lognormal shape, with a geometric mean
for the first and the second period of 0.9 and 1.0, re-
spectively, and a geometric standard deviation of 1.7
and 1.6, respectively. Therefore, no significant sys-
tematic difference appears between radon concentra-
tions in the two room types, as confirmed by the
Kruskal-Wallis test.

According to the above result, in case of a miss-
ing measurement in a room, the available measure-
ment in the other room was assumed to be representa-
tive for both ones. In this way it was possible to
estimate the house average radon concentration, dur-
ing the two six-month periods, for 25 and 21 houses re-
spectively (see tab. 1).

The ratio between radon concentration mea-
sured in the two periods was analyzed in order to ver-

Table 1. Summary statistic of indoor radon concentrations measurements in the two periods of exposure and of the annual

indoor radon concentrations

. . Indoor radon concentration [Bqm ]

Period Location N Min Max | Med | AM | SD [ GM | GSD
Kitchen or living room 24 49 423 139 173 91 151 1.7
First Bedroom 23 27 380 136 161 94 136 1.9
(Dec. 09-June 10) House average® 22 38 336 136 165 82 145 1.7
House average” 25 38 336 138 169 79 150 1.7
Kitchen or living room 20 44 359 133 173 97 147 1.8
Second Bedroom 19 32 489 123 170 119 138 1.9
(June 10-Dec. 10) House average” 18 46 424 157 179 101 153 1.8
House average” 21 44 424 130 166 99 140 1.8
Kitchen or living room 20 47 383 161 179 94 155 1.8
Complete year Bedroom 18 46 424 157 179 101 153 1.8
(Dec. 09-Dec. 10) House average® 17 61 378 164 179 88 159 1.7
House average® 25 41 378 138 136 84 143 1.7

AM - arithmetic mean, SD — standard deviation, GM — geometric mean, GSD — geometric standard deviation (dimensionless)
*houses with valid measurements in both room, ®houses with valid measurements in >1 room, “houses with valid measurements in >1 room and

>1 period
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ify if the two six-month periods are equivalent or not.
The distribution of the radon concentration ratio dur-
ing the second and the first period is shown in fig. 1 for
both measured rooms. The ratio ranges from 0.6 to 1.8
for kitchens or living rooms, and from 0.6 to 1.3 for the
bedrooms, with a median value of 0.9 for both room
types. Therefore, the average radon concentration dur-
ing the two exposure periods appears to be nearly
equivalent, although with some house-to-house
variation that will be discussed later.

The annual average values are also summarized
in tab. 1. The Complete measurements were available
for 17 dwellings. For these houses, the annual average
for each room was obtained by weighting the results in
the two periods, with the weights equal to the exposure
times, in order to take into account minor deviations
from the planned six months exposure period Then,
the house annual average was obtained by averaging
the annual averages of the two rooms. As regards the
houses with missing measurements in one of the two
six-month periods, it is possible to estimate the house
annual average by using the ratio (evaluated in houses
with complete measurements) of radon concentration
in the two measuring periods. In particular, for each
room type, the annual average was obtained multiply-
ing the radon concentration in the first six-month
period by the median values reported in fig. 1.

However, it is worth noting that the above proce-
dure of estimating the annual average by using a correc-
tion factor based on the median of the ratio for the two
periods introduces an uncertainty related to the width of
the ratio distribution in the fig. 1. This is a common
problem for every annual average obtained from the
measurement periods shorter than one year [14].

The minimum annual indoor radon concentration
is 41 Bg/m? and it was observed in Graganica. The max-
imum value (378 Bg/m®) was measured in Susica and it
is the only measured indoor radon concentration
(roughly corresponding to 4%) that exceeds 300 Bq/m?,

Room 1 (kitchen/living room) Room 2 (bedroom)

10 3 104

I N N 20 N 18
15 3| Min 0.6 Min 0.6
2 g4 Max 18 g/ Max 1.3
k] Median 0.9 Median 0.9
E AM 1.0 AM 0.9
g 64 sD 0.3 64 SD 0.2
=z

N

\ Y
4] § N \
21 ] N § |
W N L

0 T Tt S T
00 0306 09 12 1518 0.0 03 06 09 12 15 1.8
Rations distributions of radon concentration in Il and | six-month period

Figure 1. Ratio of radon concentration in the II
six-month period and in the I six-month period for both
measured room

which is the maximum reference level for existing
houses, as established in the latest drafts of both the In-
ternational and European Basic Safety Standards [15].

The results reported in tab. 1 can be compared
with those of previous studies carried out partly in the
same regions and partly in different regions of
Kosovo. From measurements in 83 buildings in
Pristina [16], the results of indoor radon measure-
ments ranging from 20 to 100 Bg/m? (with AM = 50
Bg/m?) have been reported. The results of combined
studies [17] are also quite different giving an approxi-
mate value of GM of 220 Bg/m?. Part of the differ-
ences is probably due to the measuring period that was
3 months for previous studies and a total of 12 months
in this study. The effect of the seasonal variations can-
not be evaluated in this study because the chosen expo-
sure periods were nearly equivalent as regards the av-
erage radon concentration. In [7] a radon values
comparison in different periods was reported, show-
ing higher values in winter than in summer, with ratios
of average in different periods ranging from about 1 to
about 1.8 (the comparison was done in different
houses). In a study carried out in schools in Sharr mu-
nicipality [5], very different average values were mea-
sured in winter (236 Bg/m?) and summer (20 Bg/m?),
however these results could be not representative for
dwellings, due to the peculiar characteristics and the
occupancy of schools.

Activity concentration of natural
radionuclides in soil

Actotal of 15 x 3 soil sample measurements were
done.

The samples came from the undisturbed areas near
the houses where also indoor radon concentration was
measured. Table 2 gives the descriptive statistic for activ-
ity concentration of 22°Ra, 2**Th, and *°K for all samples
obtained by gamma spectrometry measurements. The
activity concentration of 22°Ra, 2**Th, and “’K for all the
15 measuring sites collected at different depth are plotted
in fig. 2. The plots show no significant increase of the

Table 2. Descriptive statistic of 226Ra, 2’ Th, and K
activity concentrations in all the 15 x 3 soil samples

Depth Activity concentration [Bqkg ']
[em] | Min | Max | Med | AM | SD

Radionuclide

0-5 16 45 23 24 | 8
22Ra 10-20 14 46 24 25 | 8
20-40 16 59 22 27 | 11

0-5 18 52 33 34 | 9
BT 10-20 18 52 33 36 | 9
20-40 | 21 55 38 37 | 11

0-5 340 | 880 | 495 | 520 | 150
K 10-20 | 292 | 912 | 506 | 529 | 157
20-40 | 299 | 993 | 513 | 553 | 183
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Figure 2. The activity concentration of ***Ra, **Th, and *’K in soils sampled from different depth
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estimated from the measured annual radon concentra-
tion using the following formula

E =Cy, FTDCF (1)

where Cg, is the annual mean radon concentration, F —
the equilibrium factor between radon and its decay
products (taken equal to 0.4), T'— the annual indoor oc-
cupancy (taken equal to 7000 hours per year as assumed
also by ICRP [19]), and DCF — the dose conversion
factor for radon decay products. Both the recently up-
dated ICRP DCF and the usual UNSCEAR one — 12
and 9 nSv per Bqh/m’, respectively — were considered
[18, 19]. The annual effective dose values calculated by
using the ICRP DCF is 5.5 mSv (calculated from the
average indoor radon concentration in all 25 houses),
are quite higher than the worldwide mean value of
1.2 mSv [19]. By using the UNSCEAR DCEF, all annual
effective doses resulted 3/4 lower than the above ones.
The mean value of effective dose obtained in this
study by using ICRP DCF can be compared with results
obtained in other studies in Balkan regions (tab. 3).

Radiological impact due to the
outdoor terrestrial radiation

The outdoor exposure of general public and the
corresponding absorbed dose rate and annual effective
dose can be evaluated on the basis of the measured ac-
tivity concentration in the soil. The absorbed dose rate
D [nGyh™']in air at | m above the ground level due to
the presence of natural radionuclides is estimated ac-
cording to the following equation

D =0445 Ap, +0584 Ay, +004174,  (2)

where Ar,, Atn, and Ak are the average activity con-
centrations in qug’1 of *%Ra, ***Th, and *’K, re-
spectively. The coefficients used in eq. (2) are ob-
tained averaging the values found in literature,
which range from 0.399 to 0.463 nGy/h per Bq/kg
for *°Ra, from 0.544 to 0.604 nGy/h per Bq/kg for
22Th, and from 0.0399 to 0.0429 nGy/h per Bq/kg

for K [20-23]. The estimated average absorbed
dose rates were found not to exceed the world aver-
age value of 60 nGy/h obtained from the direct out-
door measurements [19]. The absorbed dose rate
values can be used to estimate an annual effective
dose due to the gamma dose terrestrial radiation at
each site. The conversion coefficient of 0.7 Sv/Gy
from absorbed dose in air D [nGy] to effective dose
E [uSv] and the outdoor occupancy factor of 0.2 for
one year (8760 h) — 107 if £ in pSv — proposed by
[21], were used

E[mSv]=D[nGy] 123 3)

In tab. 4 the summary of annual effective dose £
statistic is presented. It can be seen that the outdoor
annual effective dose ranges from 44 mSv (Izvor) to
111 mSv (Susica), with an average of 66 mSv.

In tab. 5, a summary of average values of the an-
nual effective doses due to outdoor exposure to natural
radionuclides in soil is presented, as evaluated in this
and other conducted investigations in Balkan region.

Table 4. Summary statistic of annual effective dose E in
all the monitored locations

AM | SD | Min | Max |Med |1*quart. | 3"quart.
E[uSv]| 66 | 16 | 44 | 111 66 57 72

Table 5. Annual effective doses from natural
radionuclides in soil, in Balkan region

Region or country E [uSv] Reference
Kosovo and Metohija 66 Present study
Republic of Srpska 85 [24]
Vojvodina 91 [25]
Serbia 77 [26]
FYR Macedonia 88 [27]

CONCLUSIONS

The annual average radon concentration mea-
sured in the selected dwellings distributed in 13 vil-
lages of 8 rural municipalities of South-Eastern and

Table 3. Indoor radon concentration and annual effective dose reported in different Balkan regions

Region or count Cro [Bqm ] E** (ICRP) [mSv] Reference
g id N AM | (SD) | GM | (GSD% AM

Kosovo and Metohija
(South-eastern and JCenl,‘ml part) 25 163 (84) 143 (1.7 3.3 Present study
Serbia
(Niska Banja) 65 1163 529 (3.9) 39 [17]
Kosovo and Metohija
(Central Kosovo, Region Prizren 63 429 224 (3.3) 14 [6]
and North Kosovo)
Montenegro
(Manteneggrin coast) 107 32 (23) 26 (2.1) 1.1 [2]
FYR Macedonia 437 105 (84) 84 (1.9) 3.5 [1]

" GSD is dimensionless

“* All the annual effective dose values E are calculated by using the ICRP DCF
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Central Kosovo and Metohija resulted quite high, al-
though lower than values obtained during the
three-month measurements in other areas of Kosovo
and Metohija. On the opposite, the average of natural
radionuclides activity concentration (and the derived
doses) in soil resulted slightly lower (for 2*°Ra and
232Th) or slightly higher (for °K)) than the world pop-
ulation weighted mean values. Although the highest
indoor radon concentration and the highest radium
activity concentration in soil were measured in the
same location (Susica), the correlation between these
two quantities is low and the indoor radon levels
appearto be more affected by other parameters than
the radium content in soil. Finally, the radon concen-
tration was quite similar (on average) for the two se-
lected six-month periods, so that a single six-month
period (from December to June, or from June to De-
cember) could be used to obtain a good estimate of
the annual average for a group of dwellings, whereas
for a single dwelling this would introduce a signifi-
cant uncertainty due to the house-to-house variabil-
ity. This could be very useful in the design of large
surveys.
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Jbumana P. I'YJIAH, ®panyecko BOKUKHNO, Kapmena KAPIIEHTUJEPU,
T'oppana A. MWINh, Jenana M. CTAJW'h, [Iparana 2K. KPCTUR,
3penka A. CTOJAHOBCKA, Iparocias P. HUKE3WHh, 3opa C. KYHUh

BUCOKA TOJUIIIbA KOHIHEHTPAIIMJA PAJOHA Y KYhAMA
CEOCKHUX IIOAPYYJA KOCOBA U METOXWJE U ITPUPOOHA
PAINOAKTNBHOCT OKOJHOI' 3EM/BUIITA

Y npeTxoaHUM nCTpaXkMBakbUMa KOHICHTpalluje pajioHa y Kyhama (craMGeHuM mpocTopujama )
HeKkux noapyydja KocoBa n MeToxmje n3MepeHe cy BICOKE MPOCEIHE KOHIEHTpAIHje pajloHa, IpeMaa Cy
IEeTeKTOPH OMIIH U3TIOXKEHH caMO TpH Mecela. [la 61 ce MOruia IiIaHupaTé OOMMHHja NCTPAKUBAHA Y OBOM
HoApYYjy, FOAMIIIA Mepea y 25 Kyha cy cipoBefieHa Kao MIJIOT CTyArja. Y cBakoj Kyhu, y iBe mpocTopuje,
JHEBHO] U cnaBahoj coOu, IOCTaB/bEHN Cy IaCUBHU pafioHcKu feTekTopu Cr-39, cBaku jBa myTa 110 1ecT
Mecell y TOKY TOfMHY AaHa, Aa OW ce BHWfeNla W Ce30HCKa BapwWjanuja. Y OWbY NpOIeHe Kopeialmje
M3MEpEeHNX KOHIICHTpAIHja paJoHa ca caipsKajeM pajiijymMa y OKOJTHOM 3eMJBHIITY 1 1a OU Ce YHATIPEUIO
3HaWE O CaipyKajy IPUPOAHUX PALUOHYKIINAA Y 3eMIBUIITY, Y30PIM 3¢ MIBHIITA CY Y30PKOBAHU Y OKOJINHU
cBake Kyhe U aHanM3upaHu Ha cafpkaj paaujyma (2*°Ra), Topujyma (>3?Th), n kanujyma (“°K). M3mepena
IpOCeYHa TOfMIIba KOHIEHTpanmja pajona of 163 Bg/m® je Bucoka, a m3MepeHe KOHIEHTpaLHje y
IHEBHUM U cmaBahmMm cobama ce HHUCY 3HAYajHO pa3luKoBalie MehycoOHO Kao HH y IPBOM W IPYroM
IIECTOMECEYHOM NIEPUOAY y TOKY FOAMHY 1aHa, Y TOKY KOjUX Cy IETEKTOPH OMIIU U3/1araHu. Y 3eMJBUIITY je
pacnofiesia IPUPOAHKUX PaJUOHyKIMAa Oula cacBuM yjemHaueHa. Kopenaumja usmeby cagpxkaja **°Ra u
KOHIIEHTpaNyje pafloHa y Kyhama 6mita je Hucka ca KoedunujeHToM Kopenanmje of (R? = 0.26). Foguinma
edekTHBHA J103a Of] PajioHa M HErOBUX KpaTKoXXnBehux moromaka (5.5 mSv, NpoceyHo) U3padyHaTa je
kopuirtheweM HajHOBHjUX ICRP 103HNX KOHBEp3UOHUX (haKTOpa. [JonpuHOC FOAUIIEHOj €(PeKTUBHO] 031
Of CHOJbAIII-ET TEPECTPHjaIHOr raMa 3paderma Koje MOTHYE Of NMPUPORHUX PAAUOHYKIHAA je CKOPO
3aHeMapibuB (66 pSv). 3akibydyak je jla Cy youeHe BHCOKe KOHICHTpalyje pajoHa caMoO JeJTUMHYHO
KOpeJIicaHe ca paaujyMoM u3 3emsbminTa. [JoGpa mpoljeHa TOIUIIhe IPOCCYHE KOHIICHTPAIHje pajoHa
MOKe ce JOOUTH Ha OCHOBY IIECTOMECEUHOT Mepea ca JoOpo n3abpaHuM IePUOOM U3JIarama, IITO MOKe
OUTHU KOPUCHO KaJla ce MJIaHupajy OOMMHUja N3TpasKuBamba.

Kmwyune pequ: padoH, paduoaxitiueHOCIl iting, paouosowKu yimuyaj



