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Abstract. Some areas of the Tuzla region (B&H) suffer heavily from the shortage of quality drinking water. The 
only real long-term water resource in this region is the Lake Modrac, the largest accumulation lake in Bosnia and 
Herzegovina. Due to the fact that radon is soluble in water it can be transported by water to long distances. In 
cases of intake of waters rich in radon the most affected are sensitive cells within the abdomen and other internal 
organs. In order to satisfy the needs for drinking water, people are forced to excavate and drill wells. In the area of 
Tuzla region and the entire B&H excavated wells are very frequent, and so are drilled wells lately, due to more 
developed and cheaper technology for soil drilling. Such activities in this area, and the whole of B&H, are carried 
out in an unorderly manner and without previously completed chemical and radiological analyses of soil and water 
samples. The University of Tuzla formed the Laboratory for detection of radon in all environments, and the survey 
displayed in this paper have been the first investigation of that kind in B&H. Here we presented the results of 
radon survey of drinking waters from excavated and drilled wells in the area of Tuzla region (North-Eastern region 
of B&H). The measurements were conducted over the period of one year (2006), so as to make possible 
monitoring of variations of radon concentrations in dependence of meteorological changes. These investigation 
works showed that radon concentration at most locations was significantly higher in drilled wells than in 
excavated wells. Mean values of radon concentration in the tested water samples ranged within the interval of 101-
4200 Bq/m3. Radon activity concentration was measured with the Alpha GAURD radon system (Genitron 
instruments-Frankfurt). 
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1. Introduction 
 
The world population receives by far the largest part of radiation which has originated from natural 
sources. Natural radioactive sources give the average annual effective dose of 2,4 mSv, of which the 
contribution from indoor and outdoor inhalation of Radon, Thoron and their progeny amounts to around 
1,2 mSv. Exposure to the largest part of this radiation is inevitable and people are daily exposed to 
natural radiation which is found in soil, water, air and foodstuffs [1].  
 
The major contribution to human exposure to natural radiation comes from Radon. Radon is a natural 
inert radioactive tasteless and odorless gas. Its three radio-isotopes 222Rn, 220Rn and 219Rn, with the half-
life times of 3.825 days, 55,6 s and 3,96 s respectively, are the middle members of natural radioactive 
series. The isotope 219Rn is insignificant for its small amount of 235U, while the isotope 220Rn is less 
important for its short half-life time. For the longest half-life time and its isotope abundance, the radon 
isotope 222Rn has the major importance among natural radon isotopes. In its chain of disintegration, the 
gaseous radon 222Rn is being transformed into a stable 206Pb, through short-lived decay products, thereby 
emitting 5 alpha particles with an energy up to 7,7 MeV, beta radiation energy up to 2,8 MeV and 
photons of gamma radiation of an energy up to 2,4 MeV [2].  
 
An important radon property is its solubility in water, therefore it can be transported to large distances 
through soil, so in special cases at certain locations radon concentration can be highly significant for 
health risk. In the world, a half of the totally used drinking water, come from underground waters. 
Under the ground, this water often moves through rocks which contain natural Uranium, which by its 
disintegration releases radon into this water. In that way, radon can be dissolved and deposited in 
underground springs, such as wells. Due to the fact that radon is well dissolved in water, radon can be 
transported to large distances by water. In the process of radioactive decay of 226Ra, escaping radon  
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nucleus is being released into water and hence underground waters may contain significant 
concentrations of radon. Therefore, a significant contribution to the exposure to radon an its decay 
products comes from ingested drinking water from underground sources, excavated and drilled wells.  
 
Important international scientific organizations rated radon as carcinogenic and a serious health issue.  
On the basis of data from epidemiological studies of radiation in mines, and other relevant experiments, 
radon has been classified among carcinogenic substances of the class I. The major part of a radon dose 
comes from inhalation of this gas and its radioactive progeny. However, contribution to the exposure to 
radon through ingestion is not insignificant, assuming that the most of population is supplied with 
drinking water from soil, which is drawn from underground sources. By intake of food and drinks with 
increased concentration of radon into an organism, its sensitive cells within abdomen (stomach) are 
exposed to emitted radiation, but also are those in other internal organs (in this case radioactive radon 
gas is directly absorbed in the blood circulation). 
 
2. Materials and methods 
 
Detection and measurements of radon activity concentration can be performed directly by measuring 
radon itself, or indirectly through its progeny. Radon progeny are α, β and γ – emitters, hence 
measurements of radon activity concentration can be made by measuring α, β and γ – radiation, during 
their interaction with various materials, which are used in an adequate measuring technique [3].  
 
The first steps in realization of this survey would be working on creation of a grid, i.e. nodal points of 
the anticipated survey area. Knowing about the consequences to human health from increased 
exposure to radioactive radon gas, efforts were made to complete radon analysis of as many as 
possible sources of drinking water in the area of Tuzla canton. Special attention was paid to water 
sources from wells, excavated (Fig. 1) and drilled ones (Fig. 2), from which the water is exploited 
without preliminary measures, without previous radiological control. 
 
Figure 1: An excavated well 
 

 
During the survey, water samples were taken from excavated and drilled wells. In the survey areas the 
depth of excavated wells ranged from 6 to 9 m, while the drilled wells were around 8 to 14m deep. 
The excavated wells were old even up to twenty years, and the drilled wells were not older than ten 
years. In areas without wells of any type, where the population were supplied from urban water supply 
systems, water samples were taken from natural sources. During water sampling we carefully avoided 
to agitate water because that would make radon leave the sample, and paid attention to carry out the 
measurement in the shortest time interval possible. 
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Figure 2: A drilled well 
 

 
For measuring of radon activity concentrations we used the instrument AlphaGUARD PQ 2000 PRO 
(Fig. 3) [3], while for direct and reliable determination of concentration of radioactive radon gas in 
water samples in addition to the AlphaGUARD and AlphaPUMP we used also an AquaKIT [4]. These 
instruments (Genitron Instruments) provide highly efficient and successful detections, and wide 
measuring range. Since 1992, these instruments have been highly accepted by radon experts. The 
Alpha GUARD  PQ 2000 Multiparameter Radon Monitoring System is an instrument which operates 
on the ionization principle. 
 
Figure 3: The AlphaGUARD PQ 2000 PRO System (Genitron Instruments), used in the survey 
 

 
Ionization chambers and proportional counters are the widest used radiation measurement technique, 
by which the radon concentration is determined. The cylindrical ionization chamber of the 
AlphaGUARD device has the active volume of 0.56 dm3. The chamber case is held on the potential of 
+750 V (anode). By diffusion, as shown in the figure above, the radon gets into the ionization chamber 
via a large-surface glass fiber filter, which prevents the radon progeny products and aerosol particles 
to enter the ionization chamber. By decay of radioactive radon gas, alpha particles ionize the air in the 
ionization chamber. The cathode attracts positively charged particles, and the anode those negatively 
charged ones. Then, through the whole circuit there flows ionization current which is proportional to 
the amount of decayed radon atoms.  
 
In addition to determination of radon concentration in air, AlphaGuard's integrated sensors can 
measure and record space temperature, relative humidity and atmospheric pressure. The combination 
of the measured radon gas concentration with these parameters in the surrounding, enables a graphical 
diagram refering to spatial and temporal distribution of the radon gas, from the level of natural 
background to doses which can occure at nuclear accidents.  
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The basic condition for correctness and exactness of the measurement of radon activity concentration 
in water is the process of sampling. The losses of radon on its way between sampling and measuring 
should be minimized. The syringe sampler is a particular tool for sampling and we used four plastic 
syringes each of 100 ml. They enable taking of exact needed amounts of samples as well as a short-
term storage (< 6h) of water samples. In order to store the samples the inlet part of a plastic syringe 
must be immediately closed with the supplied plastic cap after they were filled.  
 
The determination of the radon concentration in the water samples is based on the Rn concentration 
indicated on the radon monitor. E.g. this measuring value is not yet the radon concentration in the 
measured sample because the radon driven out has been diluted by the air with in the measurement 
set-up and a small part of the radon remains diluted in the watery phase.  
 
Thus the general approach as presented in Equation 1 for the determination of the Rn concentration in 
the measured water sample is valid: 
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where the parameters are: 
 
CWater  - Rn-concentration in water sample [Bq/l], 
CAir    - radon concentration [Bq/m3] in the measuring set-up after expelling the radon (indicated by 
AlphaGUARD) 
C0       - Rn-concentration in the measuring set-up before sampling (zero level) [Bq/m3],  
VSystem - interior volume of the measurement set-up(ml), 
VSample - volume of the water sample (ml), 
 k        - radon distribution coefficient 
 
The influence of the radon diffusion coefficient k is only low in the temperature range between 10° C 
and 30° C. With quick measurements this is based on the given relation of volume between the air 
enclosed in the set-up and the watery measuring sample of approximately 10 : 1. Because of this it can 
be said that the diffusion coefficient k = 0,26 with quick measurements within the specified 
temperature range for a mean room temperature of 20° C. This is suitable as long as the samples are 
measured under normal conditions. This stipulation of the diffusion coefficient leads - related to the 
final result - to an uncertainty of ~ ≤ ± 2 % and is therefore negligible for the error resulting of 
sampling. 
 
3. Results and discussion 
 
The results of survey obtained in this paper are the first measurements of radon activity concentration  
in waters of excavated and drilled wells in B&H. Knowing that distribution of radon activity 
concentration  depends on climatic and seasonal changes, the surveys were conducted by phases. 
Table 1 shows mean radon activity concentrations of some excavated and drilled wells in the area of 
NE Bosnia. 
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Table 1: Mean radon activity concentrations of some excavated and drilled wells in the area of the 
North-East Bosnia. 
 

 
Nr. 

Location 
Well 
type 

CWater 
(Bq/m3) 

 
No. 

Location 
Well 
type 

CWater 
(Bq/m3) 

1 Slavinovici 1 y 33577±  34 Dubnica y 355± 59 
2 Nezuk y 611± 29 35 Memici y 167± 81 
3 D. Mionica x 133± 85 36 Simin Han y 615± 28 
4 Vida y 101± 89 37 Modran y 368± 57 
5 G. Mionica y 112± 87 38 Janja x 234± 73 
6 Mosnik z 3769± 343 39 Vuckovci y 431± 50 
7 Moluhe y 217± 75 40 Selo Musici x 441± 49 
8 Miladije 2 z 331± 62 41 Slavinovici 2 y 457± 47 
9 Plane z 1423± 66 42 Prokosovici 2 x 246± 72 
10 Stupari y 218± 75 43 Prokosovici 1 y 242± 72 
11 Podgajevi x 176± 80 44 Poljice y 236± 73 
12 Solina 1 y 769± 80 45 Sepetari x 728± 15 
13 Solina 2 x 308± 65 46 Mandici 1 y 2557± 200 
14 Solina 3 x 305± 64 47 Mandici 2 y 1686± 97 
15 Solina 4 x 1070± 25 48 Brdani 3 x 1029± 20 
16 Solina 5 y 252± 71 49 Milino Selo 1 x 1504± 76 
17 D.Obodnica 1 x 2343± 210 50 Milino Selo 2 y 288± 67 
18 D.Obodnica 2 x 273 ± 43 51 Pasci 2 x 231± 73 
19 Tetima x 1923± 125 52 Pasci 3 y 493± 43 
20 Kosci x 1734± 103 53 Suho Polje x 391± 55 
21 Dokanj y 2824± 231 54 Ravno Polje x 465± 46 
22 Svojtina y 2090± 145 55 Solina 6 x 3648± 328 
23 Hajdarovac y 562± 35 56 Caklovici y 1757± 105 
24 Si Selo x 1600± 87 57 Bilalici x 1336± 56 
25 Lipnica 2 x 2364± 177 58 Puracic 2 x 226± 74 
26 Lipnica 1 x 1228± 44 59 Crvene Njive y 2344± 175 
27 Avdibasici y 1532± 79 60 Maoca x 251± 71 
28 Hidani y 322± 63 61 Tojsici y 1704± 99 
29 Kiseljak 2 y 270± 69 62 Basigovci y 189± 78 
30 Grabovica 1 x 437± 69 63 Dolovi y 1915± 124 
31 Grabovica 2 x 248± 72 64 Devetak 1 x 1265± 47 
32 Miladije 1 z 289± 67 65 Dubrave x 547± 36 
33 Bistarac 3 y 1102± 48 66 Devetak 2 y 170± 81 

  x – excavated well, y – drilled well, z – flowing source (tap) 
 
The first phase covered autumn period, in which 50 measurements were carried out mostly in the area 
of Tuzla Municipality. The second phase covered winter period from Decembre 21, 2006 to March 11, 
2007. That period was characterized with very little snow precipitation. The third phase of the work 
assumed some measurements charactersistic for the melting phase of snow cover. However, as during 
the months of Decembre through February there were no snow precipitation, the measurements were 
carried out at those locations where the highest radon activity concentrations in water were recorded.  
 
In the surveyed areas, the depth of excavated wells ranged within 6-9 m, while the depth of drilled 
wells was within 8-14 m. Aiming to obtain the best results possible, at some locations were carried out 
several measurements, but of various types of well. Also, there were conducted measurements of 
radon activity concentration at some sources, where people take daily supplies of water. Fig. 4 
displays the results of radon activity concentrations in water expressed in Bq/m3, from one measuring 
location, which were obtained graphically by AlphaGUARD  PQ 2000 PRO System. 
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Figure 4: Concentration of radon in air (after suppression of the sample from water) at the location 
Nr.16  Solina 5,  during the second phase measuring 
 

 
During the first phase of the survey at most of the locations the levels of radon activity concentrations  
were lower than in the winter period. So, for example at the location Lipnica 2 (location nr. 25, Table 
1), the radon activity concentration in water was 2297 Bq/m3, whereas the value in the winter period at 
this location was 2364 Bq/m3. In the same area, but at the location which is marked in the Table 1 as 
Lipnica 1 (location Nr. 26, Table 1), water was sampled from another excavated well of the depth of 6 
meters. The measured radon activity concentration in the water sample was 867 Bq/m3 in the first 
phase survey, whereas in the second phase it was 1228 Bq/m3. During the survey, at all locations with 
excavated wells, the walls of a well were covered with stones.  
 
In excavated wells at the location Donja Obodnica 1 (location Nr. 17, Table 1), the concentration in 
the first measuring phase amounted to 2343 Bq/m3, and at the location Donja Obodnica 2 (Nr. 18, 
Table 1), the radon activity concentration in water amounted to 273 Bq/m3. In the settlement 
Avdibasici (location Nr. 27, Table 1), the radon activity concentration in water of a drilled well (depth 
12 m) in the first measuring phase was 308 Bq/m3, while in the second measuring phase there occured 
a significant growth in radon concentration at this location, where the calculated radon activity 
concentration was 1532 Bq/m3.  
 
The reason for growing radon activity concentration  may be the fact that the water in the second 
phase was sampled in colder days than at sampling in the first  phase. In repeated water sampling in 
times of colder days at these measuring locations we observed significantly higher radon 
concentrations in water. Thus at the location Tetima (location Nr. 19, Table 1),  with the depth of 
excavated well of 9 m the value of radon activity concentration  was 1923 Bq/m3 in this period, and at 
the location Kosci (location Nr. 20, Table 1), with the well depth of 7 m, it amounted to 1734 Bq/m3. 
Right behind the settlement Crno Blato is the settlement Dokanj (location Nr. 21, Table 1), where by 
sampling water from a drilled well of 12 m depth, the recorded radon concentration in the first phase 
of measuring was 914 Bq/m3, and in the second measuring phase it was 824 Bq/m3.  
Besides excavated and drilled wells in the area of Tuzle Municipality, we also measured radon activity 
concentrations in waters of some springs. Those were mainly springs where people intensively use that 
water for drinking. Of all springs the highest concentration during the first phase was found at the 
spring Mosnik, 1603 Bq/m3. During the second phase of surveying, at this location was measured 
radon activity concentration of 3769 Bq/m3.  
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Hence, at most of the surveyed locations during the winter period there occured a growth of radon 
activity concentration as a result of low temperatures influence, because the known fact is that with 
decline of temperatures an amount of radon in water grows.  
 
Radon activity concentrations in water samples of drilled wells in this survey are approximate to radon 
activity concentrations in excavated wells. The highest radon concentration during the measurement 
was at the source Mosnik, location Nr.6, 3769 Bq/m3. The lowest values of radon activity 
concentrations  in water were recorded in the area of Gradacac Municipality, location Nr.3. Donja 
Mionica (133 Bq/m3), location Nr. 4. Vida (101 Bq/m3) and location Nr. 5. G. Mionica (112 Bq/m3). 
Valus of radon activity concentrations at other locations ranged within 231 Bq/m3 - 2824 Bq/m3. As it 
can be observed, the values of radon activity concentrations at all locations were in a relatively low 
interval. 
 
4. Conclusion 
 
In the area of Tuzla region and the entire B&H, excavated wells are very spread and recently are so 
drilled wells too, with development of drilling techniques and their price-cutting. However, these 
activities are carried out in this area, and in the whole of Bosnia and Herzegovina, in an unorderly 
manner and without previously completed chemical and radiological analyses of soil and water 
samples.  
 
In this project we carried out surveys of radon activity concentrations in waters of Tuzla region. 
Primarily we investigated radon concentrations in waters from drilled and excavated wells. The 
measurements were performed with a multiparametar radon system Alpha GUARD PQ 2000 
(Genitron instruments - Frankfurt). Generally, it can be stated that radon activity concentrations in 
waters at most of the investigated locations were lower than world averages. Survey results showed 
that waters from wells contain higher concentrations of radon than geographical waters such as lakes 
or rivers, because radon from rivers or lakes emanates into air.  
 
The obtained results will serve as an initial database for mapping and forecast of geo-genetical 
potentials of radon in air, water and soil, thereby making a valuable contribution for a map of natural 
radioactivity of Bosnia and Herzegovina. 
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