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Abstract: The basic radionuclides that cause natural radiation – potassium, uranium, radium, thorium, radon, thorom. Is described their 

content in different soils and rocks, as given more attention to potassium because it is the most widespread in the earth's crust and its 
influence is strongest. An analysis of radiological monijoring of soils in Bulgaria in the past two years, which show that there is no deviation 
from the normal background values.  
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1. Introduction 
Vinogradov A.P. brings the following table for the content of 

uranium, thorium and radium in the rocks (Table 1).According to 
these data the lowest content of uranium and radium in the primary 
and especially in the ultramain rocks , that have the lowest total 
radioactivity. The average data for the content of uranium and 
thorium in the various types of rock is represented by Clement 
(Table 2 and Table 3).The highest radioactivity is due the uranium 
and thorium , except for the acidic eruptive rocks is characterized in  
some sedimentary rocks ,slates and clays. It is known that 
phosphate minerals ,some types of coal and bitumen have higher 
radioactivity [5]. Uranium and thorium are mostly found in their 
distracted state , sometimes they occur in the form of minerals. Both 
elements are concentrated mainly in the surface layers of the earth’s 
crust. In some areas of the world there are geochemical provinces 
with high content of radioactive elements which are observed. Some 
of the larger ones are established in Canada , Brazil ,USA – 
Colorado , India – the state of Kerala , South Africa and others. 
Smaller ones are found in Europe – in Portugal , France , Czech 
Republic ,Slovakia and others. Thorium minerals are distributed in 
Brazil and India and in the other countries we have found uranium 
minerals ( Table 2) 

 
Rocks 
and soils Ra U Th Th:U 

Ultramain 1,0 . 10¯¹² 3,0 . 10¯⁶ 6,0 . 10¯⁴ 1,7 

Main 2,7 .10¯¹¹ 8,0 . 10¯⁵ 3,0 . 10¯⁴ 4 

Medium 6,0 . 10¯¹¹ 1,8 . 10¯⁴ 7,0 . 10¯⁴ 4 

Corrosive 1,2 . 10¯¹⁰ 3,5 . 10¯⁴ 1,8 . 10¯³ 5 

Sludgy 
(shale 
and clay) 

1.0 . 10¯¹⁰ 3,2 . 10¯⁴ 1,1 . 10¯³ 4 

 
 

 
Tabl.. 1. Content of Uranium , thorium and radium in rocks , in %. 

 
The group of singles , non-radioactive series radionuclides is 

not outnumbered. It is important for them that they are also rarely  
found  (excluding potassium) in nature , they have a long half-life 
period most of them are absorbed poorly by plants and little 

relevance regarding the dose of the radiation. Two of them, 
however are very important from a biological point of view : 
potassium – 40 and rubidium – 87 . As the element potassium is 
essential for life , then the radioactive isotope potassium – 40 can be 
found in all living beings. 

 
Types of rocks Concentration of uranium 

m/kg 

ultramain 0.001 

basalt 1 

granite 3 

syenite 3 

slate 3,7 

sand 0,45 

limestone 2,2 

deep sea clay 1,3 

 
Table.2. Content of uranium in different rocks 

 
Type of rock Uranium Bq/kg Thorium Bq/kg 

eruptive 48,10 48,10 

sand 14,80 24,05 

Slate 14,80 40,70 

limestone 14,80 5,18 

 
Table 3. Activity of uranium and thorium in different types of 

rocks. 
 
As is known , the contribution of potassium – 40 in the isotopic 

mixture of potassium is small – only 0.012% , giving a specific 
activity on natural potassium 31,6 Bq/gr. The half-life of potassium 
– 40 is 1.26 X 109 years as the main product of the decay is stable 
potassium – 40 (89%) in beta radiation – particles with 1,314 MeV 
max. Potassium – 40 emits photons (11%) , which can be measured 
by gamma-spectrometry. 

Types of rocks Concentration µg/g 

Ultramain 0,0047 

basalt 0,98 
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High calcium granite 2.97 

Low calcium granite 4,96 

Syenite 5,66 

Slate 3,14 

Sand 1,26 

Limestone 0,32 

Deep sea sediments 

Limestone 0,34 

Clays 2,95 

 
Table 4. Potassium-40 in the earth’s crust 

 
Calcium is widely distributed element in nature. For his 

presence in various rocks of the earth’s crust can be judged from the 
table. 4. The lowest content in ultramain  rocks, basalt and 
limestone rocks, while granite and syenite is dozens of times more. 
Sandstone occupy the middle position between those other rocks. 
The average radioactivity of the rock, due to potassium-40, is 0,63 
Bq / gr, but there granites poor in calcium and syenites, the activity 
of potassium-40 exceed 1,85 Bq / gr. 
 

 
 

Figure 1. Radio Geochemical provinces on the globe 
 

Soil as a product of weathering of rocks, inherit their mineral 
composition and the dispersed small amounts of naturally occurring 
radioactive elements. Therefore, the radioactivity of the soil 
depends to a large extent on the composition and type of soil and 
formation rocks. 

Major natural radioactive elements in the soil are: potassium-40, 
uranium-238, thorium-232 and radium-226. The  content of 
potassium can be influenced not only by the rocks it can also be 
influenced by the practical activity of man - the use of potassium 
fertilizers, the growing of potassium loving plants, land reclamation 
and others. The importance of other rare radioactive elements is 
very limited. Even less importance for soil radioactivity have 
cosmogeneous elements - carbon - 14, tritium (3H), which enters 
the soil thanks to the rainfall. Fundamental studies on the content of 
radioactive elements in the soil are performed by famous Soviet 
scientists A.P.Vinogradov, Baranov V.I., Grodzinskiy DM and 
others that build on the basic ideas of Vernadskiy V.I. participation 
and role of radioactivity in the biosphere processes. 

The studies covered  large and diverse soils from Russia and 
neighboring republics, defined as a large number of naturally 
occurring radioactive elements. The general conclusion from these 
studies is that about 2/3 of soil radioactivity is due to potassium-40, 
and the remaining 1/3 is split roughly equally between uranium, 
radium and thorium. Recently conducted research on the soil of 
Belarus, Moldova, Georgia, Kazakhstan, Kyrgyzstan and other 
republics and regions show that the content of uranium-238 in the 
soil of these countries fluctuates from 1 to 43 Bq / Kg; thorium-232 
from 2 to 91; radium-226 from 3 to 90; and potassium-40 of 129 to 
1238 Bq / Kg. The average content of the said radio- elements 

respectively 16,35,33 and 618 Bq / Kg. Participation of potassium-
40 in the natural radioactivity of the soil reaches 88%, and other 
elements take from 2 to 5.5% from her. 

Data from the radiological monitoring of uncultivated soils are 
the result of analyzes carried out by laboratories for radiation 
measurements of the EEA in 2012 year and are presented in fig. 2. 

 

 
 

Figure 2. Specific activity of natural radionuclides in non-
arable land, Bq / kg [1] 

 
Soil formation is the result of the cumulative effect of various 

natural factors and conditions; rocks, topography climate 
(temperature, humidity), age of the rocks, plant and animal 
organisms, then the appearance of man on Earth and its business. 
The interaction of these factors determines the course of the various 
basic physical, chemical and biological processes that determine the 
type and nature of soil formation process and formation of the 
transformative properties of soil in rock. Although there are some 
assumptions it is not scientifically proven role of radioactive 
elements in the process of soil formation. Although there are some 
assumptions it is not scientifically proven that there is a  role of 
radioactive elements in the process of soil formation. Some authors,  
proceed from the constant radiation of radioactive elements allow 
an activating effect on the activity of the micro flora, plants and 
other organisms, which can lead to the destruction of non-crystal 
lattice of clay minerals and other processes related to soil formation. 
These questions are not yet sufficiently studied. Yet little is known 
about the role of radio- elements in soil formation, although there is  
accumulated interesting data on certain biochemical processes. 

. 

 
 

Figure 3. Total beta radioactivity of soils developed on loess, 
loam, marl and other sedimentary rocks from North Bulgaria[2] 

 
 
Of the scheme (Figure 3) shows that the total beta radioactivity 

of soils developed on loess, loam, marl and other sedimentary rocks 
from Northern Bulgaria, black and gray forest soils, compared with 
soils from South Bulgaria, developed mainly on acidic solid crystal 
rocks (brown wood, cinnamon forest soils) is significantly lower. 
The lowest total beta radioactivity are mountain-meadow soils due 
to their low levels of potassium-40, which is the main component of 
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total beta radioactivity. These are summarized data - in any soil type 
deviations due to diverse geographical basis of soil forming rocks of 
different types of soils 

 
2. Characteristic of the solar radiation 
Different areas of the planet's rocks, minerals and others are 

characterized by a certain constant proportion of their isotopic 
composition, which can be established genetic link, continuity and 
other natural formations and their development. Thus, the ratios of 
the isotopes of chlorine in meteorites, volcanic and sedimentary 
rocks individual are the same. However, there are data showing that 
common in geochemical and biochemical processes prejudice 
isotope ratios. This is observed especially in the involvement of 
elements in both cycles, when migration and others. The benchmark 
in such cases isolate the ratio of isotopes in the ocean, where the 
isotopic composition of elements is the constant.Radiation status of 
soils, bottom sediments and waste products from the activity of 
enterprises - potential pollutants in the environment is measured by 
carrying out destructive gamma-spectrometric analysis of samples 
from the points set out in the monitoring network throughout the 
country [3].In the third quarter of 2014 of Burgas region were tested 
15 pcs. soil samples. Not observed abnormal radiological indicators 
compared to those of previous years. The values of technogene 
deposits in the soil cesium-137 are 1,73 Bq / kg for Tsarevo 87,5 Bq 
/ kg for Lyulyakovo.With the tested samples of the bay "Vromos" 
establishes the characteristic pollution flotation waste. The sample 
of the "sandbox" of a control point on the beach with the usual 
inflated activities, such as: 533 Bq / kg of uranium-238, 598 Bq / kg 
for radium-226 and 326 Bq / kg for lead-210. The same applies to 
natural radionuclides in the sample from the "fresh" deposit from 
the surf beach "Vromos" in which uranium-238 is a value of 235 Bq 
/ kg, radium-226 is 231 Bq / kg, and lead-210 is 247 Bq / kg.During 
the period from July to September of 2014. the territory of Varna, 
Dobrich and Silistra areas were tested 19 pcs. soil samples and 4 
pcs. sediments. There have been typical for the region values of 
natural radionuclides. Technogene cesium-137 in soil in the region 
is in the range (0,6 ÷ 23,4) Bq / kg respectively and with Shabla. 
Rosica [1].The radiological monitoring in the region of Vratsa for 
the third quarter of 2014. It consists in analyzing the 5 pcs. samples 
of sediment and 16 pcs. soil samples, 13 of them are from the 30 km 
zone of the NPP "Kozloduy". No deviations in the measured 
specific activity of natural radionuclides compared to their previous 
values. Data for cesium-137 are in the range 0,89 Bq / kg for NPP - 
farm and 19,3 Bq / kg for Krushovitsa.During the same period they 
analyzed 21 pcs. samples of uncultivated soils from Montana and 
Vidin, as 10 pc. they come in a range of 30 km zone of the NPP 
"Kozloduy", and a sample of river sediment. Timok at Bregovo. 
There have been observed in previous years values of the specific 
activity of natural radionuclides. The content of Cs-137 in the range 
of 0,42 Bq / kg to about Vidin 60,2 Bq / kg for Bregovo. 

Was also examined soil from the area of the tailings pond of 
TPP "Vidin", they are not considered excessive amounts of natural 
radionuclides. 

In the region of Pleven region during the period from July to 
September of 2014. They analyzed 10 pcs. samples of arable land 
and 6 pcs. bottom sediments. There have been typical for this area 
background values of natural radionuclides. The measured specific 
activity of tehnogene cesium-137 is in the range (0,86 ÷ 40,7) Bq / 
kg, respectively Glojene and Voneshta voda [2]. 

The results of analyzes of soil samples from the territory of 
Plovdiv and Smolyan districts indicate that there are no significant 
deviations in the measured specific activity of natural radionuclides 
from the values from previous periods. For the third quarter of 2014 
were studied 14 pcs. samples of arable land and 2 pcs. sediments. 
Data on the distribution of technogene cesium-137 deposited in the 
soil following the accident at the Chernobyl nuclear power plant 
range from 10,4 Bq / kg for Barutin to 132 Bq / kg for Mihalkovo. 

The performed radiological monitoring in the areas of facilities-
potential pollutants: vol. "Assarel-" Adit Bisa Bisa 1A and 1B at the 
"Obrochishte" and Adit 1, 2 and 4 in the newspaper "Location" vol. 
"Renaissance"; region of p-k "Geranium" and in the area of project 

"Sunrise" -under Adit 3 to p. Barutinska, found no increased values 
of natural radionuclides. Only in the "Potato levels" of the last 
object is observed as in previous years, twice elevated to the 
specific activities of natural radionuclides uranium-238, radium-226 
and lead-210 [4]. 

During the period from July to September of 2014. from the 
territory of Sofia, Kyustendil and Blagoevgrad were tested 34 pcs. 
soil samples, 10 pcs. sediments. Absent over the background values 
of natural radionuclides. The specific activity of cesium - 137 is in 
the range (0,64 ÷ 116,8) Bq / kg respectively Eliseina Gueshevo. 

Tested 23 pcs. samples uncultivated soil and sampling 
sediments from areas of objects-potential contaminants: objects 
"Babeshka River," "White Water", "Eleshnitsa", "Igralishte" "Iskra" 
mine "gold" and in the newspaper "Proboinitsa. In performed 
radiological monitoring in the area listed former uranium mining 
industry sites are usually set higher values of radiological indicators 
at the following locations: 

- Soils from the area of career "Kopitoto" and the area of the 
plant, vol. "Eleshnitsa" 

- Soil from the area of the heaps, vol. "Igralishte" 
- Sediment from the river. Ochushnitsa after vol. "White 

Water"; 
- Sediment from the river. First before infusion into the river. 

Milkyovska by vol. Mina " The Wicked." 

 

3.Conclusions: 
 
1. A well developed and organized national system for monitoring 
the radiation environment status. Real-time monitor the change of 
the background radiation of the atmosphere, soil and water in 
Bulgaria.;  
 2. Radiation background is within the typical country background 
values. Over the past 20 years are not deviations from normal; 
 3. With regard to the radiation status of soils not be ascertained 
values above background. Periodically exercise control in different 
parts of Bulgaria by the competent authorities - Ministry of 
Environment and Water. 
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