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Резюме – Гама радиацията от естествени радиоактивни източници и от 
137Cs в областта на Националния парк “Централен Балкан” били измерени. 
Сумарната годишна ефективна доза била оценена на 0,73 mSv, което не 
превишава нивото от 1 mSv, прието като горна граница за годишната 
доза за населението в България. Изследваната област е избрана защото 
се посещава често от много български и чуждестранни  туристи.   
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Abstract – The natural gamma radiation and 137Cs deposition in the soils in the 
region of Central Balkan National Park was measured, using high-resolution 
gamma ray spectroscopy. The resulting annual effective dose was estimated to be 
0,73 mSv, that not exceed the level of 1 mSv adopted as the upper annual dose 
limit for the population in Bulgaria. The study area is frequented by many tourists 
of the whole Bulgaria during week-ends and summer and winter holidays. 
 

1. Introduction  
There is a great interest in the study of natural radioactivity in soil because 

the population is exposed to natural radioactivity at different levels depending on 
the radioactive minerals in the soils of each region in the world [1]. The exposure 
of the Bulgarian population to natural gamma radiation of terrestrial origin has 
been the object of research work in the past [2]. The estimation of the external 
doses due to the terrestrial natural sources of ionizing radiations is important 
because of their contribution to the collective dose of the population. After the 
Chernobyl accident the 137Cs contamination led to additional enhancement of the 
external doses [3]. 
 The main purpose of this study is to assess the impact of natural 
radioactivity and Chernobyl fallout on the region of mountain resort Central Balkan 
National Park, where tourists of the whole Bulgaria and neighbouring smaller cities 
are accustomed taking walks throughout the year or spending week-ends in 
encamping.  
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2. Materials and method 
2.1. Soil sample collection and preparation 
Forty one soil samples were collected in Central Balkan region from flat 

and undisturbed by man or nature soil’s surface. The samples were taken from a 
surface of 0,25 m x 0,25 m and depth of 0,1 m. More of soils were covered by 
some type of grasses and other of them were not. Soil samples were dried at room 
temperature for a few weeks in order to achieve equilibrium for 238U and 232Th with 
their respective progeny. Then samples were passed through a sieve with mesh 
size of 2 mm to eliminate organic materials, small stones and other foreign 
materials and dried at 1200C in a drying oven in a few hours. The dried samples 
were hand ground in a glass mortar and passed through a sieve with mesh size of 
0,5 mm, before a volume of about 500 cm3 to be put into a Marinelli bakers as it is 
recommended by the IAEA [4]. 

 
2.2. Gamma-ray detection system 
Gamma-spectrometric measurements were performed by a Canberra 

Packard gamma-spectrometer with HPGe-detector. The HPGe-detector has an 
efficiency of 25% and energy resolution of 1,9 keV for 1,33 MeV gamma-transition 
from 60Co and 1,1 keV for 122 keV gamma-transition from 59Co. The detector is 
surrounded with lead shields and is adapted for gamma-radiation measurements 
of soils at low level. The specific activity (in Bq.kg-1), AEi , of a nuclide i and a peak 
at energy E, is calculated by 
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where SEi is the net photo-peak area at energy E, E is the absolute efficiency at 
energy E, p is the number of gammas per disintegration of this nuclide for a 
transition at energy E, t is the measuring time in sec and m is the mass of the 
sample in kg.  
 

2.3. Derivation of the gamma dose rates in air outdoor 
The absorbed external dose rates in air at 1 m above the ground surface 

were calculated using the conversion factors given by Saito et al. [5]. The effective 
dose rates were calculated using the conversion factors recommended by the 
UNSCEAR [6]. The conversion factors are given in Table 1. 
 
Table 1. Outdoors absorbed dose rate and effective dose rate conversion factors 

for the significant naturally occurring radionuclides 

 
Radionuclide 

 

40K 

 

232Th (series) 

 

238U (series) 

Dose coefficient 
(nGy.h-1 per Bq.kg-1) 

0,0417 0,604 0,462 

Dose coefficient 
(nSv.h-1 per Bq.kg-1) 

0,03 0,42 0,31 
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3. Results and discussion 
The results from the individual measurements of the concentrations of 40K , 

232Th and 238U in soil, along with the corresponding sampling weights were 
combined to derive the statistical estimates characterizing the distribution of 
natural radionuclide concentrations in soil in the region of Central Balkan National 
Park. Table 2 presents the specific activities (concentrations) in Bq.kg-1 dry soil,  
absorbed dose rates in air outdoors and effective dose rates. 
 

Table 2. Specific activities in soil, absorbed dose rates in air outdoors 
and effective dose rates for the region of Central Balkan National Park 

 

Specific activities 
(Bq.kg-1) 

 
Minimum 

 
Maximum 

 
Mean 

 
Std. deviation 

Radionuclide 
40K 340,1 1072,1 591,6 126,4 

232Th 16,4 52,3 31,8 8,4 
238U 26,1 52,5 34,5 4,7 

Absorbed dose 
rate (nGy.h-1) 

37,6 87,7 59,5 10,8 

Effective dose 
rate (nSv.h-1) 

26,2 61,6 41,6 7,6 

  
 As shown in Table 2, the mean concentration of 40K in soil was found 48% 
higher than the mean value of the whole country (400 Bq.kg-1) [2]. The mean 
concentrations of 232Th and 238U were found equals to the mean values of the 
whole country (30 Bq.kg-1 and 35 Bq.kg-1, respectively) [2]. Nevertheless, the 
mean absorbed dose rate in air outdoor is 15% lower than the mean value of the 
whole country (70 nGy.h-1) [6] and [2].  
 The annual effective dose of 0,365 mSv was calculated using the mean 
effective dose rate from Table 2. This result is in agreement with recommended by 
the UNSCEAR [6] conversion coefficient from absorbed dose in air to effective 
dose received by adults (0,7 Sv.Gy-1). 
 No other than naturally occurring radionuclides were detected in the 
measured samples, with the exception of a contamination of 137Cs due to the 
Chernobyl nuclear accident. Expected dose of 0,361 mSv has been calculated for 
annual effective dose due to the surface contamination of 137Cs [7].  
 The resulting annual effective dose in the region of Central Balkan National 
Park was estimated to be 0,73 mSv. According to [8] the level of 1 mSv is adopted 
as the upper annual dose limit for the population in Bulgaria. Therefore with a high 
degree of confidence can be concluded that the dose due to external exposure in 
the region of Central Balkan National Park is lower than adopted in Bulgaria value. 
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