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Abstract:  
 
In regard to prospection of radon activity concentration, the first required input parameter is to 
know the concentration and variation of outdoor-radon in air. Taking into consideration the degree 
of contribution of radon gas and its decay products toward total load on the environment, the central 
place in this work belongs to the survey on activity concentration of outdoor-radon in air at the 
explored locations. The survey was conducted over one year in the area of Tuzla city and its nearer 
surrounding. At the measuring locations there were registered daily and seasonal variations in 
outdoor-radon concentration, of which the average values were within the interval of 9 – 30 Bq/m3. 
The obtained results in this work are in direct function of the database for creation of the 
concentration map of radon activity in Bosnia and Herzegovina. 
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1.  Introduction 
 
  A problem related to the levels of natural radiation draws great attention of scientific and 
expert circles in the world. In many developed countries of the world: USA, Japan, Sweden, 
Finland, Germany, Italy etc.,  there have been established large national projects including 
measurement of natural radiation and technologically modified natural radioactivity, particularly 
emphasizing importance of the level of concentration of radon and its decay products activity in all 
environmental areas. On the basis of those measurements there are calculated yearly radiation doses 
received by the population,  and the effects arising thereof [1].  
 Air-pollution  is a chronic problem of Tuzla City and its surrounding places, directly 
affecting people’s health, plant and animal populations, that is, the its complete environment. Major 
polluting influences on the environment come from the powerfull coal-fired power plants (CPP) in 
Tuzla, then from 105 boiler rooms in Tuzla and its surrounding, individual fireboxes, and especially 
from exhaust gases of motor vehicles. In the city itself there are the giants of chemical industry, 
Polihem, Izohem and other industrial installations (most o fthese installations are currently out of 
function), while 8 km far from Tuzla there are the Cement Factory Lukavac, the Coke-Chemical 
Plant Lukavac and the Soda Factory Lukavac. Also, the very relief of the Tuzla City's terrain is 
suitable for all these polluters  of Tuzla City and its surroundings to come to their maximal impact.  
 Dominant environmental pollution of Tuzla City and its nearer surrounding comes primarilly 
from the system  of  CPP  Tuzla,  which  was  put  into  operation in 1966, i.e. it belongs to the old 
system  of  CPPs. Energy  blocks  of  this  system  through  their  chimneys  exhaust  even over 
3862 tons/year of fly-ash into the atmosphere. Some of the energy blocks in this system have been 
revitalized in recent years. Out of the CPP Tuzla system, the emission of waste materials into the 
river Jala amounts to approx. 33000 mg/m3, that is 12,54 tons/yr, while emission of organic 



materials amounts to 50 000 mg/m3 , that is around 19 tons/yr.  This thermo-energetic system burns 
low-caloric lignite with the lower heat value of approx. 10300 kJ/kg, as well as brown coal with the 
lower heat value of 13 200 kJ/kg. Modern installations for production of electrical energy can return 
up to 99,5 % of solid burned waste through the electrostatic filtering system [2].  Most of 
radioactive elements from coal remain in the ash and slag, whereas radon – which by the recoil 
effect has left captivated in between coal layers, is 100% released from coal by processing and 
combusting and it goes away into the atmosphere by emission through the systems of chimneys.   
 One of the middle members of every natural chain is noble gas isotope of radon: 222Rn, 220Rn 
and  219Rn with half-time of 3,825 days, 55,6 s and 3,96 s respectively.  Their immediate 
predecessors are radium isotopes which α-decay into radon. Isotope 219Rn is insignificant because 
of its small amount of 235U, whereas the isotope of 220Rn is of small significance for its short  half 
life. Because of its longest life time and isotopic abundance, the most important of natural radon 
isotopes is 222Rn and the term radon thereafter will refer to this isotope. In its decay chain, gaseous 
radon is through its short-lived decay progeny transformed into stable lead 206Pb, emitting 5 alpha 
particles with energy up to 7,7 MeV, beta radiation of energy up to 2,8 MeV and photons of gamma 
radiation of energy up to 2,4 MeV.   
 Nowadays, measurements of activity concentration of natural radionuclides in the living 
environment are also used as basic standards for estimation of impact of the scattered produced 
radionuclides in the living areas on the radiation dose on the global population and professional 
exposure. Measurements of radon activity concentration in the living areas are very actual. 
Exposure to radon is connected with the lung-cancer risk factor.  
 
  
2.  Methods and instrumentation 
  
 The survey was continuously conducted over period of one year, at 20 measuring points in 
Tuzla and its nearer surrounding in circle of a 30 km diameter. We noticed influence of 
metereological conditions ( forming and movements of fly ashes from chimneys of coal-fired power 
plants and the cement factory, precipitations and  wind speed) on  the  measured  radon activity 
concentration. 
 For measuring of radon activity concentration, there was used an Alpha GUARD  PQ 2000/ 
MC50 Multiparameter Radon Monitor, a device which operates on the principle of ionization [3]. 
Ionization chambers are detectors used at large in dosimetry of ionizing radiation. The used 
measurement system has an impulse ionization chamber, with active volume of 0,56 dm3, designed 
for alpha spectometry with digital signal processing. A large filter with glass fibres allows diffusion 
of radon gas into the chamber, while decay products are withhold in the filter. Measuring range of 
this system for concentration of radon activity is from 2 – 2 x106 Bq/m3 , while its temperature 
range is from –10 to 50 0C. Calibration error of this system for Rn-222 is ± 3 %. Besides radon, the 
system simultaneously measures temperature of air, atmospheric pressure and relative humidity of 
air, that is, all those metereological parameters which are in deep correlation with the distribution of 
radon. This system is supported by professional Alpha EXPERT software package for 
multiparameter analysis as well as graphic visualisation of the obtained data, and making archives. 
 Measurement system Alpha GUARD  PQ 2000/ MC50, was installed 1-1,5 m above ground 
level and 1m away from all other materials. The system permanently operated at a 10-minute 
measuring cycle during the whole research at all measurement locations. In such a way we obtained 
output 10-minute values of radon activity concentration, which is very essential for radon 
prospection. In times of intensive winds, the measurements were interrupted, as under such 
conditions the registered values of radon concentration are not of great significance. Namely, due to 
its relatively long half life (3,82 days), radon may move large distances by turbulent streams, so the 
measurements under such conditions are very unreliable.  
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 Surveys were performed at 15 measurement locations: MS1 Skver, MS2 Tuzla1, MS3 
Bukinje, MS4 Bektici, MS5 Cerik, Veterinarska stanica, Brcanska Malta, Kapija,  Solina, Simin 
Han, Poljice, Husino, BKC Tuzla, Krug TZ Termoelektrana  and  Kula 1. At the first five locations 
there are fixed mesurement units of the Office for Environmental Protection of Tuzla Canton. There 
were multiple reasons for selection of these locations for mesurement units:  knowledge on values 
of imission parameters, which are in deep correlation with meteorological parameters, that are also 
treated by these measurement units; these are useful input parameters  also for research of 
radiological load on environment. Since in the operation we used measurement systems that are 
designed also for mobile surveys, the measurements were performed also at other locations of Tuzla 
City and its surroundings, interesting for the survey, as well as at locations for comparison. 
 
  

3.   Results and discussion 
 
 Table 1 shows average values of radon concentration in air at the surveyed locations, 
obtained in four series of measurements. The measurement was performed from July 2003. to June 
2004.  

Table 1 : Values of radon concentration in air [Bq/m3] at the surveyed locations 
 

Average values of radon activity concentrations [Bq/m3] 
Location jul- sept. oct-dec. jan - mar apr - may yearly 

1. Husino 26 24 22 23 23,75 

2. Krug TE 30 24 23 24 25,5 

3. Brcanska  Malta  29 20 16 17 20,5 

4. Kapija   26 19 18 20 20,72 

5. MS3 Bukinje 23 23 21 18 21,25 

6. MS1 Skver 20 18 16 16 17,5 

7. MS2 Tuzla1  16 18 14 17 16,25 

8. Veterinarska. stanica 25 21 19 20 21,25 

9. MS4 Bektici 22 16 15 18 17,75 

10. Simin Han 21 16 13 15 16,25 

11. MS5 Cerik 15 17 18 17 16,75 

12. Poljice  18 15 13 12 14,5 

13. Solina  20 14 15 16 16,25 

14. BKC Tuzla 16 19 18 18 17,75 

15. Kula 1  9 11 12 11 10,75 

16. Zivinice 21 18 15 17 17,75 

17. Kalesija 18 17 16 15 16,5 

18. Seljublje 17 14 16 15 15,5 

19. Srebrenik 18 12 15 14 14,75 

20. Gracanica 19 11 13 12 13,75 
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 Table 1 shows that the highest concentrations of radon in air, in the first series of 
measurement,  were registered at almost all measurement locations from July to September. The 
concentration  values  obtained  in  this  series, at some locations are rather high for levels of 
outdoor radon, which motivated the survey team to continue measurement at all locations for an 
extended time period. The average concentrations of outdoor radon in this series were in the interval 
of 9 – 30 Bq/m3.  
 In the first series, at almost all measuring locations there were observed daily variations of 
outdoor radon concentrations, which can mostly be associated with changes in atmosphere stability. 
Daily variations of outdoor radon activity concentrations, were noticed in all other series too, but 
they were to a certain degree less apparent. Daily variations of outdoor radon concentrations can be 
explained in the following way. Early in the morning, before sunrise, temperature inversion 
prevents vertical air streams which leads to extremely stable atmosphere: the consequence is 
morning maximum of radon concentration. As a rule, this maximum usually happens in mornin 
hours, mostly around 6 AM. After the sunrise, the grounds start  to get warmed up, which again 
raises the temperature of the low layers of the atmosphere. There occures a temperature inversion 
and established are vertical air streams. For that reason, beside others,  the radon concentration in 
low layer of the atmosphere decreases. The lowest values of radon concentration in each seasonal 
series were registered at almost all locations in period from 12 - 18 PM.  In late afternoon, stability 
of the atmosphere increases and that brings to the increase of radon  concentration in low layers, so 
as to reach the maximal amount of radon concentration in early morning hours. Such a trend is 
appeares in some cases only, when the process of radon  exhalation flows wthout any 
meteorological complications, and the distribution of emenations is then conditioned only by 
turbulent moving of air. Therefore, air is most intensively moved in afternoon hours, which is the 
consequence of equalizing radon concentrations by height, that is, its reduction in the low layer. In 
such a way, then the concentration of radon in the low layer of air is reciprocally dependent on the 
temperature. 
 The largest concentration of radon in the survey was measured in the first measurement 
series in the circle of the coil-fired power plant  Tuzla (31 Bq/m3). The reason for so large 
concentration of outdoor radon can be found in the fact  that during transportation and processing of 
coal and finally its combustion in boilers of the coil-fired power plant, a redistribution of natural 
radioactivity is made. In such a way there are released, through chimneys, certain amounts of 
radioactive elemenats into the atmosphere, where radon takes a special place. The medium value of 
outdoor radon activity concentration registered in the first series at the measuring location nr.1– 
Husino was 26 Bq/m3, while the yearly average value was 23,75 Bq/m3. This location is in the 
immediate vicinity of the CPP Tuzla system, and on the dominant direction of the wind rose from 
this system.   
 Table 1 shows the average radon concentration at the measurement location – Kapija, in the 
whole measurement cycle was 20,72 Bq/ m3. At this location was measured the maximum radon 
concentration  in  the first  series , which was 112 Bq/m3,  while  the  avereage  concentration was 
26 Bq/m3. The first measurement series was conducted at exceptionally warm weather conditions,  
when the concentration of radon as maximal, which is one of the causes for such high concentration 
of radon.  This  statement  was confirmed  by  the  results  from  the  second  measurement  series, 
when maximal  concentration  of radon at this location amounted to 58 Bq/m3, and the average was 
19 Bq/m3. However, this location is in the area of emphasized settling and sinking of the ground, 
with significant fissures, through which radon can penetrate from larger depths. In this area there 
should be continued permanent measurement of radon concentration, so as to obtain on-time 
information on possible larger ground movements.  

Fig. 1 shows values of radon concentration at the measurement location nr.2 – the circle of 
CPP Tuzla, from the first series of measurements. 
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Fig. 1. Concentration of radon in air [ Bq/m3] in the circle of CPP Tuzla 

 
 At the  measuring locations of  Skver, Solina, Bektici and Simin Han, the average 
concentrations of radon  amounted to 20 Bq/m3, 20 Bq/m3, 22 Bq/ m3 and 21Bq/ m3 respectively. At 
the location of MS3-Bukinje, which was of a special significance due to the proximity of a coil-fired 
power plant,  the average concentration of radon  amounted to 23 Bq/m3. Similar values were 
obtained also at the measuring location “Veterinarska stanica”, which is also placed in the 
immediate vicinity of the coil-fired power plant but in the opposite direction of the wind rose. More 
significant values of radon concentration were registered at the location of Brcanska Malta, 
maximal value concentration of radon was 93 Bq/ m3,  and the average concentration of radon  
amounted to 29 Bq/m3. The measuring system at this location was set in the immediate vicinity of a 
traffic junction, so that the traffic effect could have maximal significance. 
 At the measuring location of Poljice, the measuring sistem was located on the very shore of 
the lake. This measuring location was selected for the survey due to the strategic importance of the 
Lake Modrac’s water for the Tuzla Canton. The average concentration of radon registered at this 
location was 18 Bq/m3. The minimal average radon activity concentrations were registered on the 
locations of Cerik and Kula1, 15 Bq/m3 and 9 Bq/m3 respectively. At the location Kula1, the 
measuring system was set on the roof of this multistory building, so as the vertical distribution of 
radon concentration can be seen.  Entering air environment, radon is spread by horizontal and 
vertical streams into various directions. It was observed that the change of radon concentration on a 
larger degree depends on vertical streams, rather than on horizontal ones. The survey results 
confirm that radon concentration decreases with height.  
 In the second series of measurement, performed from October to December, the average 
activity  concentrations at almost all locations were found smaller compared to the first 
measurement series. Noticeable drop of radon concentration in this measurement series was 
registered  at  locations  nr. 3 – Brcanska Malta ( from 29 Bq/m3 dropped to 20 Bq/m3 ), nr.4-Kapija 
( from 26 Bq/m3 to 19 Bq/m3),  nr. 2 – Krug  TE Tuzla ( 31 Bq/m3  to 24 Bq/m3 ), nr. 13 – Solina 
(20 Bq/m3 to 14 Bq/ m3) and Gracanica ( from 19 Bq/ m3 to 11 Bq/ m3). Only at the location nr. 11 
– MS4 Cerik there was registered increase of radon concentration compared to the first series ( from 
15 Bq/m3 to 17 Bq/m3). 
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 In the third series of measurement, performed from January 2004 to March 2004, the average 
activity concentrations at almost majority of measurement locations remained unchanged or were 
somewhat lower compared to the second series.  Increase of radon concentration compared to the 
second series, was registered at the locations nr. 19 – Srebrenik ( from 12 Bq/m3  to 15 Bq/m3) and 
location nr. 20- Gracanica ( from 11 Bq/m3 to 13 Bq/m3). 
 In the fourth series of measurement, performed from March 2004 to May 2004, we noticed 
slight increase of radon activity concentration, at large number of locations compared to the third 
series of measurements.  At some individual measurement locations in this measurement series, it 
came up to further slight decrease of radon concentration. Apparently the cause for this tendency 
lies in the fact that this weather period was characterised by frequent and abundant rains, which 
brought to high humidity of soil and thereby to decreased radon exhalation. 
 
 
4.  Conclusion  

 
 Large oscillations in air radioactivity at the same one geographic place, are conditioned by 
meteorological conditions and a series of other conditions related to temperature, pressure, 
humidity, speed of air movements, morphologic status of solil, etc. The measured values of gamma 
radioation dose rates in air at all measuring locations are within limits of natural phone variation. 
Usually, the normal value of the natural phone in most countries of the world is around 100 nSv/h.  
 For prospection of the radon activity concentration, the first required input parameter is 
knowing the concentration and variation of the outdoor radon in air. Needed are surveys on radon in 
soil, on some geological and other necessary parameters before construction of new houses, thus to 
prevent their building at locations where the radon from the ground might penetrate in abnormaly 
large concentrations. Such surveys are needed also for identification of houses with increased radon 
concentrations. In this work, at some investigated locations there were registered values of the 
concentrations of outdoor radon in air being somewhat higher than average world values which are 
from 10 Bq/m3 – 20 Bq/m3. At almost all measurement locations we observed daily and seasonal 
radon concentration variations, that mostly may be associated with changes in atmospheric stability. 
The concentration of radon and its short-lived decay products, as well as measuring of gamma 
radiation  dose rates, should be systematically performed at the following locations: Husino, 
Bukinje , near- center of Tuzla City, Lukavac (city center) and Lake Modrac, and other 
measurements should be periodically performed at environmentally important locations. 
 With purpose of environmental and working-area protection of humans, control of 
radioactivity should include primary and intermediary products that are found in wide usage (stone, 
pebbles, sand), connective agents (cement, lime), finished products (blocks, brick, concrete, glass), 
and needed is also control of industrial materials that is used as addition to conventional materials. 
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