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ABSTRACT

Man is constantly exposed to radiation from the
radionuclides from the environment. This study
presents the results of measuring the absorbed dose
rates of natural ionizing radiation in rural areas in
the municipality of Strpce, in southern part of
Kosovo and Metohija. The measurements were
conducted in 20 houses in two cycles: when rooms
were not heated, and when they were warmed up
in the same season. Ten observed houses were with
basement rooms, and ten others were without
basements. The absorbed dose rate of radiation

was measured by Gaiger-Miller's counter DR-M3.
Mean value of the measured absorbed dose rate
was 1.93 pGy/h - in the first cycle and 1.47 pGy/h -
in the second cycle. At the same time the values of
the absorbed dose of radiation in the
environmental were measured, and obtained values
were 1.77 pGy/h and 1.33 pGy/h, respectively.
Relations between absorbed dose in the premises
and in the environment were 1.09 in first cycle, and
1.1 in the second cycle of measurements.

Key words: intensity of absorbed dose, GM counter,
houses.

1. INTRODUCTION

Unlike a number of other harmful effects of
physical agents to which humans are exposed, ionizing
radiation is one of the most dangerous. Radiation is
carcinogenic and causes damage to genes (Dainiak,
1997), (Jankovi¢-Mandi¢ et al., 2007), (Turner, 2007),
(Zupunski et al., 2008). The most significant sources
of ionizing radiation in the environment are terrestrial
radionuclides whose half-life is comparable with the
age of the Earth (10° -10% years) (Abdel-Rahman et
al., 2010), (Dragani¢, 1996), (Vucina et al., 2005).
Another important source of natural radiation is
cosmic radiation. Primary galactic cosmic radiation is
of the solar origin, and consists of charged particles of
very high energy (Rajkovi¢, 2001). It rarely reaches
the earth's surface, but it creates secondary cosmic
radiation and radionuclides (Dragani¢, 1996), (Veri§ et
al., 2009). A total cosmic radiation on earth has a
greater impact at the poles than at the equator, due to a
stronger electromagnetic impact that turns radiation.
Also with increasing altitude radiation increases due to
diluted air, so that at 4000-12000 m altitude radiation
is higher as about 25% (Crnogorac et al., 2012).

In addition to natural sources of ionizing radiation,
in the second part of the 20th century anthropogenic
(artificial) sources become a significant problem
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which presents 5% of total radiation on Earth
(Crnogorac et al., 2012).

Investigation of external exposure in the
environment is done by measuring the absorbed dose
rate of radiation. In addition to the above mention
reason the dose of radiation to which man is exposed
depends on food and water that man enters into body
(UNSCEAR, 2000). The received dose can be three to
four times higher in the mountains than on the surface
(Rajkovi¢, 2001), (UNSCEAR, 1993). The average
worldwide value of the absorbed dose rate is 59
nGy/h, with a variation in the range from 18 nGy/h to
93 nGy/h (UNSCEAR, 2000). When the annual
radiation exposure is estimated time spent inside
should be also considered, since the building materials
contain natural radionuclides. The mean value of the
absorbed dose rate of radiation in an enclosed space at
a global level is 84 nGy/h, with a variation in the range
from 20 nGy/h to 200 nGy/h (UNSCEAR, 2000).

The aim of this study was to measure the absorbed
dose rate of radiation in rural areas, inside and outside
of houses, in the municipality of Strpce. Since there
are no measured values in this area, the results of this
monitoring can be a basis for further research.


http://dx.doi.org/10.5937%2Funivtho6-10948

2. INVESTIGATING AREA

Measurement of the absorbed dose rate was
conducted in 20 houses in the area of the municipality
of Strpce (42°14'N, 21°01'E), which has around 13.600
citizens. Strpce is situated at an altitude of 974 m, fig.
1. The municipality is located on Sar Mountain, whose
geological structure is characterized by igneous and
metamorphic rocks, primarily diabase (Sehi¢, 2007).

3. MATERIALS AND METHODS

The absorbed dose rate of radiation in the
municipality of Strpce was measured by Geiger-
Miller's counter DR-M3. Its interface is very simple
and easy for use. During measurements the device was
located at a height of 1 m from the floor (on the
premises) or on the ground (in the open). GM counter
operation is based on the ionization of the gas by
passage of radiation. The ionization is considerably

amplified by means of the avalanche effect to produce
an easily measured detection — pulse. The pulses are
counted at certain intervals of time and on basis of that
information absorbed dose rate was calculated.

Fig. 1. Map of measuring places in Strpce.

Table 1. The absorbed dose rates (D) measured inside and outside of homes.

Intensity of absorbed doses in the air (uGy/h)
The first cycle of measurements The second cycle of measurements
No (unheated rooms) (heated rooms)
Inside Outside Inside Outside
1. 1 1 0.8 0.7
2. 0.7 0.7 0.5 0.7
3. 2 2 0.8 0.8
4. 2 15 1 1
Houses 5. 0.7 0.8 1 1
without |6, 2 2 0.7 07
basement 7. 1 1 2 15
8. 2 2 0.7 0.6
9. 15 15 0.5 0.7
10. 15 1 0.8 0.6
11. 15 15 6 5
Houses 12. 2 2 5 4
with 13. 15 15 2 2
basement | 14, 2 2 0.6 0.5
15. 2 2 0.7 0.7
16. 2 2 0.7 0.6
17. 15 15 3 3
18. 10 8 1 1
19. 0.8 0.7 0.8 0.9
20. 1 0.7 0.8 0.7
Table 2. Descriptive statistic of measured values of absorbed dose rates.
No | Min Max SD | Median Mean GM GSD
(uGy/h) | (nGy/h) (uGyh) | (uGy/h) | (uGy/h)
First inside 20 | 0.7 10 196 | 15 1.935 1.753 2.086
cycle outside |20 | 0.7 8 1.55 | 1.5 1.770 | 1.619 | 1.990
Second inside 20 | 05 6 152 | 0.8 1.470 1.276 2.219
cycle outside | 20 | 05 5 124 [ 07 1335 | 1207 | 2081

SD-standard deviation, GM-geometric mean, GSD-geometric standard deviation.
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4. RESULTS AND DISCUSSION

The study included 20 houses - 10 without
basements and 10 with basements. Results are
presented in Table 1. These houses were mostly built
in the second part of 20th century with the common
materials - bricks and concrete. All measurements
were taken in the same season — autumn, in the ground
floor rooms with concrete floors, as follows: when the
rooms are not heated, and then when they are heated.
At the same time the values of the absorbed dose rates
were measured in the environment.

In the first cycle of measurements when the rooms
were not heated, the values of the dose rates were
same inside and outside of houses at 14 measuring
places. In five measuring places values of doses were
lower outside the house. Only at one measuring place
measured dose from outside was higher than the dose
from inside of the house. The same measured values of
the dose suggest that additional sources of
radionuclides in the house do not exist. Also in
warmer days the room is ventilated more frequently,
which causes the equalization of the concentration of
radionuclides.

In the second cycle of measurements, when the
rooms were heated, at ten locations higher doses were
measured inside than outside, which could be the
result of lower ventilation in cold period. At eight
locations measured values of the dose rates were same
in both cases - inside and outside of houses. The
higher doses outside the house were measured only at
three locations.

From results obtained in this study it could be seen
that there are three extreme values. In the first cycle of
measurement one of extreme values was at measuring
place 18: 10 uGy/h - inside of house, and 8 puGy/h-
outside of house. Reason of that could be sudden
influx of radionuclides due to the increased air
turbulence. But when the room was heated at this
measuring place, both measured values were not
extreme. In the second cycle of measurements slightly
higher values of 6 and 5 pGy/h were measured in the
houses at the measuring places 11 and 12,
respectively. Also, at these measuring places the
higher value of external dose (5 pGy/h and 4 uGy/h)
was measured. This all leads to the conclusion that
there is increased concentration of radionuclides due
to the air flow, as well as increased penetration into
the interior, through cracks in the walls or through the
cavity around the window.
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Table 2 presents the descriptive statistic of these
measured values of the absorbed dose rates. The
values were obtained using the KS test.

Mean values of the absorbed dose rate from
outside of houses are 1.77 pGy/h (first cycle) and 1.33
uGy/h (second cycle). Relations between the mean
values of the absorbed dose inside and outside of
houses totaled to 1.09 in the first cycle, and 1.1 in the
second cycle of measurement, which corresponds to
the global average (interval from 0.6 to 2.3)
(Crnogorac et al., 2012). From these mean values of
the absorbed dose rates can be seen that this area is
characterized by increased radioactivity of air. It is
influenced by its environment, primarily the altitude,
weather conditions and the morphology of the soil.

The fig. 2 and 3 present interdependence of the
measured values of the dose rates inside of houses. If
the images are compared it can be seen that a greater
range of measured values was noted in houses without
basements. This leads to the conclusion that the
existence of the basement reduced the direct
penetration of radionuclides from the soil to the
interior of the building.

Houses without basement
Olcycle

2 e o |l cycle

1]

Fig. 2. The measured values of the absorbed dose rate
(D) in houses without basements
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Fig. 3. The measured values of the absorbed dose rate
(D) in houses with basements

Results of measurement subjected to t-test showed
that two-tailed P values in three different cases equal:
(1) 0.2699 - when rooms in all houses were without
heating, (2) 0.0817 - when rooms in all houses were
warmed, and (3) 0.7303 - when rooms in 10 houses



with basements were without heating. By conventional
criteria, these differences are considered not to be
statistically ~significant. Results of measurement
subjected to t-test showed that two-tailed P value
equals 0.0208 for 10 houses without basements, where
rooms were without heating and when heated. By
conventional criteria, this difference is considered to
be statistically significant.

5. CONCLUSION

In this study, monitoring of the absorbed dose rates
was conducted in the area of the municipality of Strpce
in 20 houses, (10 houses with basements and 10
without basements). GM counter DR-M3 was used to
measure the value of the absorbed dose rates of
radiation inside and outside, when the rooms were not
heated (first cycle) and when they were heated (second
cycle). From the graph of their interdependence can be
concluded that the higher the dose rates were
measured in houses without basements. This leads to
the conclusion that the existence of the basement
reduced the direct penetration of radionuclides from
the soil into the interior of a house.

The results also show that the territory of the
municipality of Strpce is characterized by high
absorbed dose rates inside (1.93 pGy/h and 1.47
pGy/h) and outside of houses (1.77 uGy/h and 1.33
uGy/h). The mean values of the absorbed dose inside
and outside of homes totaled to 1.09 in first cycle, and
1.1 in the second cycle of measurement, which
corresponds to the global average. This may be a
result of higher altitudes, where Strpce lies on one
hand, and the geological structure of the soil on the
other hand. Large fluctuations of air radioactivity can
be caused by a number of other meteorological
conditions (temperature, humidity, pressure, velocity
air mixture).
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