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Abstract. The quality of drinking water in Bulgaria is controlled by the Ministry of Environment and Water. However, 
unregulated sources are also often used for drinking purposes. In addition to the impaired chemical, biological and 
physicochemical parameters, there is a risk of natural radionuclides occurring in concentration above the permissible 
levels. Higher content of natural uranium in the bedrock can be dissolved by groundwater or surface water and leads 
to high activity concentrations in drinking waters. The long-term use of water containing high content of uranium can 
cause kidney problems and poses cancer risks. 35 unregulated water sources from the region of the Eastern Rhodopes 
were studied. Natural uranium was measured spectrophotometrically. Gross alpha and beta activity were determined 
by low-background alpha-beta counter. Uranium content was between < 0.002 and 0.020±0.004mg/l, alpha activity: 
≤0.001÷0.18±0.04 Bq/l, beta activity: ≤0.02÷0.18±0.04 Bq/l. The study of such unregulated water sources expands the 
monitoring of drinking waters in the country and makes it possible in case of hazard to inform the relevant authorities 
and population in order to protect human health. 
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1. INTRODUCTION 

The Eastern Rhodopes are characterized by a low-
mountains and hilly relief, with a low altitude (320 m.) 
and great fragmentation. This allows the population in 
the region to build a dense settlement network  
(14.5 settlements per 100 km2) [1]. Thus, access and use 
of natural resources is maximized. A large part of the 
population in the area does not use the aqueduct system 
as the main source of drinking water, but unregulated 
water sources. The waters have a shallow circulation. 
The water composition is varied, containing mainly 
hydrocarbonate and sodium-calcium. The dry residue 
content varies between 0.06 and 0.8 g/l. The significant 
amount of calcium and magnesium cations determines 
the greater hardness of the waters in the area. The daily 
use of these waters for drinking and household needs 
can lead to the accumulation of a greater amount of salts 
in living organisms and from there to the development 
of urolithiasis, risk of atherosclerosis, skin problems, 
arthritis, polyarthritis. The incorporation of larger 
amounts of magnesium salts disrupts the functions of 
the cardiovascular and nervous systems [2]. 

The soil-forming rocks in the studied area are 
mainly granites, marbles, gneiss, slates, characterized 
by increased content of uranium and other natural 
radionuclides [3]. Weathering processes release 
uranium and its daughter products into the soil and 
groundwater. Dissolution of radionuclides in water may 
lead to concentrations exceeding the permissible health 
norms. The most important products of uranium decay 
are radium, polonium, radon-222.  

Depending on the content of natural radioisotopes 
in the bedrock, some radionuclides such as 238U, 226Ra 
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and others dissolve well in surface waters, where their 
content can be elevated.  

Due to increased anthropogenic activity in the area: 
lead-zinc mines, gold mine, Lead-zinc complex, 
production of artificial fertilizers, mining of gneiss, 
marble quarries, etc., the distribution and 
concentration of natural radioisotopes in the soil 
increases, resulting in higher level of radioactivity in the 
water. Besides being a risk to human health, the high 
amount of radionuclides affects all living organisms. A 
large part of the studied territory falls within the 
European ecological network Natura 2000 [4]. 

2. MATERIALS AND METHODS 

35 of the most used, unregulated water sources in 
the Eastern Rhodopes region were selected as object of 
the study (see Figure 1). The sources include fountains 
with natural water, possessing large flow rate and near 
populated areas. These water sources are used year-
round, mainly for drinking needs. The amount of each 
sample was 3 liters, without conservation. The research 
was carried out at the Laboratory of Radioecology and 
Radioisotope Research at the ISSAPP “N. Poushkarov” 
which is accredited by IA “Bulgarian Accreditation 
Service” according to BDS EN ISO/IEC 17025:2018 [5] 
for determining the content of natural and artificial 
radionuclides in water, soil and food. Gross alpha and 
gross beta activity in water were determined according 
to standards: BDS ISO 9696 and BDS ISO 9697 [6], [7]. 
According to the methodology, 1000 ml of acidified 
water is concentrated by controlled evaporation to less 
than 50 ml. 1 ml of sulfuric acid is added and the water 
is heated until obtaining a dry residue. It is burned in a 
muffle furnace for 1 hour at a temperature of 350 °C and 
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then cooled in a desiccator. The amount of 0.2000 gr is 
measured. A planshet is prepared from the absolutely 
dry residue and measured in an alpha-beta low 
background apparatus for 600 sec. 

The concentration of natural uranium was 
determined by a method developed and validated in the 
laboratory. The method is based on the formation of 
colored complex compound of U4+ with arsenazo III 
followed by spectrophotometric measurement of the 
samples at 655nm wavelength.  

 

Figure 1. Location of water sources 

3. RESULTS AND DISCUSSION 

All living organisms are exposed to the influence of 
natural radiation, formed both by cosmic radiation and 
by natural radionuclides in the earth’s surface. There 
are geographical variations, but the average value of the 
natural background radiation in Bulgaria is 2.3 mSv per 
year. A small part of it is due to drinking water. Traces 
of radioactive elements are found in any water. Their 
composition and concentration depend on the 
radiochemical composition of the bedrock and soil 
through which the raw water passes. 

The quality of water intended for drinking and 
household purposes in Bulgaria is controlled by the 
Ministry of Environment and Water [8]. Ordinance  
No. 9 of 2001 defines the requirements for the quality 
and safety of these waters in order to guarantee human 
health and avoid the adverse effects of drinking polluted 
water. Constant monitoring of the radiological status of 
drinking water is carried out. In the Eastern Rhodope 
region, parallel to the monitored water sources, non-
controllable spring waters are used. The preference for 

spring water is caused by the hardness of the tap 
drinking water from the region due to the presence of 
limestone depositing as scale at temperature at about 
50°C. 

To assess the health risk of drinking water 
radioactivity, gross alpha and gross beta activity were 
determined in 35 unregulated water bodies. The 
amount of natural uranium has been measured. The 
results are presented in Table 1. 

In terms of radiological indicators, acceptable values 
of gross alpha and beta activity in Bulgaria are less than 
0.1 Bq/l and 1.0 Bq/l respectively. The parametric value 
of the total indicative dose is 0.1 mSv [8]. The use of 
unregulated sources for drinking and household 
purposes, may lead to absorption of annual effective 
dose of all radionuclides exceeding the threshold of 
0.1 mSv. 

In the studied water bodies, the gross beta activity 
varied from ≤0.02 to 0.18±0.04 Bq/l. This was below 
the parametric value for drinking water.  

Results for gross alpha activity ranged from ≤0.01 to 
0.18±0.04 Bq/l. In 33 of the sites, no additional 
radiological examination was necessary, since gross 
alpha-activity and gross beta-activity were lower than 
the thresholds, and the indicative dose was assumed to 
be lower than 0.1 mSv. In two of the sources, activities 
above the control levels were found (respectively 
0.1±0.02 in source 33 and 0.18±0.04 Bq/l in source 7). 
In such cases an analysis to identify specific 
radionuclides is required, according to Ordinance 9 of 
2001 [8]. The amount of natural uranium in these 
samples explained the higher results.  

Further analysis carried out found that gross alpha 
activity was due to the contribution of uranium in 
samples 7 and 33 and was 0.06 and 0.05 Bq/L, 
respectively. In both cases, this value was lower than 
0.1 Bq/l, which is the derived concentration of Po-210 
under Ordinance 9. Polonium exhibits the highest 
radiotoxicity and poses the greatest risk to human 
health. Based on these results the two waters were 
assumed as not being hazardous for human health from 
radiological point of view. Sampling of both waters was 
also repeated during the summer hydrological 
minimum, characteristic of the Eastern Rhodope 
region. The results were comparable. Although in these 
two cases the calculated indicative dose was below 
0.1 mSv, the long-term cumulative exposure of 
absorbed radionuclides must be taken into account, 
because of the health problems they might cause [9]. 
Radionuclides absorbed into the blood accumulate in 
certain tissues, for which they become toxic. More than 
half of the uranium is rapidly eliminated in the urine, 
and the remainder is stored in the kidneys, bones, and 
soft tissues. Radium is mainly deposited in the bones 
[10]. 

Alpha-emitting radionuclides with high energies 
(with high linear energy transfer), such as radium-226, 
polonium-210, uranium, Radium-228 and its decay 
products, have the largest contribution to gross alpha 
activity. These radioactive elements and their decay 
products are included in the earth’s surface to varying 
degrees, according to the chemical composition of the 
main rock. Metamorphic rocks, gneisses, marbles and 
amphibolites predominate in the geological 
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composition of the Eastern Rhodopes. These rocks 
contain high concentrations of natural uranium [11].  

 

Table 1. Investigated radiological indicators in unregulated water sources in the Eastern Rhodopes region  

No. Location 

Natural 
uranium 

mg/l 

Gross alpha 
activity 

Bq/l 

Gross beta 
activity 

Bq/l 

Indicative 
dose 

mSv 

1 “Stanka cheshma” ≤0.002 ≤0.01 0.03±0.01 <0.1 

2 “Ilieva niva” 0.006±0.001 ≤0.01 ≤0.02 <0.1 

3 v. Kolibary 0.006±0.001 0.02±0.01 ≤0.02 <0.1 

4 Madjarovo ≤0.002 ≤0.01 0.06±0.01 <0.1 

5 “Studen kladenets” 0.002±0.0004 0.02±0.01 0.09±0.02 <0.1 

6 v. Studen kladenets 0.003±0.001 ≤0.01 0.07±0.02 <0.1 

7 “Mirchova cheshma” 0.012±0.003 0.18±0.04 0.06±0.02 <0.1 

8 mountain hut Svejest 0.005±0.001 ≤0.01 ≤0.02 <0.1 

9 “Suflar dere” 1 0.003±0.001 ≤0.01 ≤0.02 <0.1 

10 “Suflar dere” 2 0.004±0.001 ≤0.01 ≤0.02 <0.1 

11 “Drujba”, Krumovgrad 0.004±0.001 0.02±0.01 0.18±0.04 <0.1 

12 Krumovgrad 1 0.004±0.001 ≤0.01 0.05±0.01 <0.1 

13 Krumovgr–draw well 0.008±0.002 0.05±0.01 ≤0.02 <0.1 

14 v. Tokachka 0.003±0.001 ≤0.01 ≤0.02 <0.1 

15 v. Kandilka 1 0.004±0.001 ≤0.01 ≤0.02 <0.1 

16 v. Leshtarka ≤0.002 ≤0.01 ≤0.02 <0.1 

17 v. Metlika 0.003±0.001 0.02±0.01 ≤0.02 <0.1 

18 v. Avren - v. Bashtino ≤0.002 0.02±0.01 ≤0.02 <0.1 

19 v. Kandilka - fossils 0.005±0.001 ≤0.01 ≤0.02 <0.1 

20 v. Avren 1  0.005±0.001 ≤0.01 0.04±0.01 <0.1 

21 v. Avren 2 ≤0.002 ≤0.01 ≤0.02 <0.1 

22 v. Chernichevo 1 0.003±0.001 ≤0.01 ≤0.02 <0.1 

23 v. Chernichevo 1 0.003±0.001 ≤0.01 ≤0.02 <0.1 

24 v. Kazak 0.003±0.001 ≤0.01 ≤0.02 <0.1 

25 v. Dolna kula 1 0.004±0.001 ≤0.01 ≤0.02 <0.1 

26 v. Dolna kula 2 0.004±0.001 0.03±0.01 ≤0.02 <0.1 

27 v. Gorna kula  0.008±0.002 0.08±0.02 0.03±0.01 <0.1 

28 v. Malka chinka 0.004±0.001 ≤0.01 ≤0.02 <0.1 

29 “Adatepe” 1 0.003±0.001 ≤0.01 ≤0.02 <0.1 

30 “Adatepe”-draw well 0.004±0.001 ≤0.01 ≤0.02 <0.1 

31 “Adatepe” 2 0.003±0.001 ≤0.01 0.1±0.02 <0.1 

32 v. Kovil - rock well 1 0.004±0.001 0.02±0.01 0.03±0.01 <0.1 

33 v. Kovil - rock well 2 0.005±0.001 0.1±0.02 0.09±0.02 <0.1 

34 v. Lulichka 0.020±0.004 ≤0.01 0.08±0.02 <0.1 

35 Momchilgrad  0.003±0.001 ≤0.01 0.15±0.03 <0.1 
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Radionuclides, produced by the decay of uranium-
238 and thorium-232, are widely distributed in the 
earth’s crust. Most of them are alpha emitters and 
include isotopes of polonium, radon and radium [12]. 
Therefore, an increased amount of dissolved uranium 
decay products transported from the bedrock and soil 
into the aquifer is expected. Uranium concentrations in 
drinking waters studied was from ≤0.002 to 
0.020±0.004 mg/l. The results obtained were lower the 
permissible concentrations for drinking water  
(0.03 mg/l). Five of them were below the limit of 
detection ≤0.002 mg/l. 

In the studied area, there is an increased 
anthropogenic activity due to the presence of ore and 
non-ore deposits (lead-zinc and polymetallic ores), 
exploitation of gneiss and marble deposits, gold mining, 
etc. These activities may cause an increased content of 
radioactive elements such as 40К, 210Pb, 235U, 238U, 232Th 
and 226Ra in soils [13]. In addition, the Rhodopes are the 
territory of Bulgaria with the highest contamination by 
man-made cesium (137Cs), as a result of the Chernobyl 
accident [14], [15], [16]. This presents an additional risk 
for anthropogenic radionuclides entering the aquatic 
environment. Soil studies were performed around all 
studied water bodies. The results obtained do not show 
significant deviations from the average values for the 
soils of Europe and for other territories of Bulgaria [17]. 

4. CONCLUSIONS 

The gross α and β activity of 35 unregulated sources 
of drinking water in the Eastern Rhodope region were 
investigated in order to ensure the safety of drinking 
water and public health. 

The levels of α and β activity in 33 of the investigated 
unregulated water sources in the Eastern Rhodopes 
were lower than the parametric values for drinking 
water in Bulgaria, ensuring the water was safe for 
human consumption. 

The content of the heaviest element in nature - 
uranium in the studied reservoirs was within the normal 
background level. 

There were no changes in the values of gross alpha 
and beta activity in the waters sampled during the 
summer hydrologic minimum and during spring-
autumn sampling. 

The present study is important as it shows the 
radiological status of non-monitored water sources. 
Values above the norm can be established and 
informing the population or corrective actions such as 
closing the relevant water source could be undertaken. 
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