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Abstract: Background gamma-radiation from soil sources was measured at 42 sites in Montenegro by
the method of in situ spectrometry. Medians of the measured specific activities are found to be
223 Bq/kg for 40K, 19 Bq/kg for 232Th, 19 Bq/kg for 238U, and 152 Bq/kg for 137Cs. Ground contami-
nation by 137Cs , in the first approximation, follows topographical map of Montenegro: it is negligible
on the Montenegrin Coast, while in the mountings it rises up to 74 kBq/m2. Radioactive caesium is
mostly retained in the surface part of uncultivated soil, in average 6 cm in depth. ||||||| ||||||||||]|||||||||||j j | | | ] | |

1. Introduction CZ9928558

A systematic attempt to measure background gamma-radiation of the terrestrial origin in Montenegro
(Yugoslavia) has been made at the end of 1994. A regular 15 x 20 km sampling grid covered the
whole territory of Montenegro. One measuring site, typical for the region according to its geological
and pedological characteristics, was chosen in each of the grid rectangles. To this basic grid of 42
measuring sites, the other 28 specific sites (sea, beaches, outcrops, plantations, tourist resorts) were
added. Only the results of measurements from the basic grid will be presented here.

The method of in situ gamma-spectrometry1-1"3^ has been used for measuring environmental radioactiv-
ity in Montenegro. This method has two essential advantages over a traditional laboratory method:
(i) the results obtained from a single measurement are more representative, because spectrum origi-
nates from photon sources in a large volume of soil, (ii) activities of radionuclides and penetration
depth of radiocesium in soil, as well as dose-rate from each of the radionuclides can be obtained from
only two measurements at a site.

2. Experimental

Portable gamma-spectrometer, consisting of HPGe detector (n-type, beryllium window, 100 cm3 active
volume, 1.95 keV FWHM at 1332 keV), 4k-multichannel analyzer and lap-top computer, has been
used for in situ measurements.

At each measuring site, chosen to be away from buildings and trees, two gamma-spectra were taken,
each with lh acquisition time. In one of these two measurements, the detector crystal was 1 m above
the ground, and detector pointed downwards. In the other, the detector was positioned inside a hole
(diameter of 15 cm and depth of 28 cm), made in the ground, so that the crystal is at a depth of 10 cm
in uncultivated and 20 cm in cultivated soil.

In order to find parameters of the radiation sources and their photon field on the basis of registered
gamma-spectra, beside metrological parameters of the spectrometer, the models of radiation objects are
needed(1"4). We have used the following two models, both with two semi-infinite media (ground and
air) which are divided by a flat surface:

1) One of the media contains homogeneously distributed radioactive substances. Detector is in the
other medium, at a given distance from the dividing surface. Specific activities of naturally occurring
nuclides in the ground and their dose-rates in the air are calculated by this model;

2) One of the media contains radioactive substance in a layer of an unknown thickness. Specific activ-
ity is either constant in that layer, or decreases exponentially with distance from the dividing surface.
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This model was used for calculating surface and specific caesium activities in the soil and caesium
dose rates in the air.

3. Results and discussion

Specific activities of 40K, 232Th and 238U at 42 measuring sites from the basic grid in Montenegro are
shown at Fig. 1. The lowest 40K concentration (78 Bq/kg) in soil is found in Ostros, at the place with
an intensive agricultural production. The highest values of the specific activities of 232Th (74 Bq/kg)
and 238U (166 Bq/kg) belong to Krasici. The cause of the increased natural radioactivity at this site is
probably a terra rossa type of soil.

Fig. 1.
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Dose-rates in the air, 1 m above the ground, due to the gamma-sources naturally occurring in soil, are
shown at Fig. 2 (a). Their mean value in Montenegro of 4.4 uR/h is lower than the corresponding one
in the world, which is 5.7 \\RJh.(5).

The region of Montenegro, as the most part of Europe, has been contaminated by cesium of Chernobyl
origin. Our measurements show that 137Cs contamination, in the first approximation, follows topog-
raphical map of Montenegro, increasing with altitude of a region. The highest contamination of
74 kBq/m2 is found in the mounting, while it is negligible on the Montenegrin Coast (5 kBq/m2). The
measured specific and surface activities of 137Cs are given at Fig. 3.

Fig. 2. Dose-rates from terrestrial gamma-sources
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Fig. 3. Activities of 137Cs in soil
(a)

mean: 227 Bq/kg
median: 152 Bq/kg

"0 2 4 6 8 10 12 14
Total dose-rates from soil sources

16

(b)

mean: 17 kBq/m2

median: 14 kBq/m2

0 200 400 600 800

Specific activity of 137Cs fBq/kg'

0 10 20 30 40 50 60 70

Surface activity of 137Cs [kBq/m2]

478 Session 4



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

The penetration depths of 137Cs in soil are shown at Fig. 4 (a). At the uncultivated areas in Montene-
gro, cesium is still mostly retained in the surface layer, to the depth of 5 cm. The dose-rates of 137Cs are
given at Fig. 4 (b). Their mean value is 1.9 u.R/h, that is 43 % of the average dose-rate from the natural
radionuclides in soil. The relative increase of natural gamma background due to 137Cs contamination is
presented at Fig. 4 (c). An increase higher than 100 % is found at the six measuring sites. All they are
in mountainous part of Montenegro, at the altitudes higher than 1000 m above sea-level.

Fig. 4. Ground contamination by 137Cs
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The chart at Fig. 5 and the histogram at Fig. 2 (b) show the total dose-rates of all terrestrial gamma
sources, both natural and technogenic.

Fig. 5. The basic grid of measuring sites in Montenegro and a chart of the total dose-rates from soil y-
sources
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4. Conclusions

Our measurements of the background gamma-radiation in Montenegro confirm that the method of in
situ gamma-spectrometry is very appropriate for environmental radioactivity research.

The gamma-background in Montenegro has increased for about 50 % (in average) due to the ground
contamination by cesium, but it is still at a level of the corresponding world average before the Cher-
nobyl accident.
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