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Abstract 
 
In the Postgraduate School of the Faculty of Forestry of the University of West 
Hungary a project with the topic “Research of natural radioactive isotopes in 
our built and natural environs” is being run. Preparing this map is an organic 
part of this PhD research. The measurements are being made in Sopron city 
and in its next surroundings, trying to estimate, which dose of radiation a 
citizen of Sopron is exposed, according to his age and lifestyle.  

The measurements completely cover the built-up area of Sopron, 
moreover they exceed the confines, so thus they provide information about 
the natural areas in the vicinity of the city. In figures, the detection carried 
out in an area of 24 square kilometres, working with a grid mesh of 200 
metres. A sodium-iodide detector was used.  
We have faced several anomalies while mapping. These are the following: 

On Main Square (Főtér), Ursulin Square (Orsolya tér), Paulites’ Square 
(Pálosok tere, where a higher dose can be measured, due to granite cobbles, 
used to cover the pavements of the squares and streets. This was confirmed 
by the gamma spectrometric examination of the granite stones. In these areas, 
a triple of the mean dose-rate of 70-90 nSv/h in Sopron was detected.  

The highest values of 400 nSv/h were detected in the cinder-covered 
car-park of the paint store in Kőszegi Street. The total gamma activity 
concentration of the cinder used in the car-park was nearly 2000 Bq/kg.  

A triple to a quadruple of the natural level was detected in the vicinity 
of the chimney of the former thermal powerplant and the brick factory. The 
detection was carried out in four directions with raising range starting by the 
chimneys, which has spectacularly shown, that the sedimentation of the 
aerosols can be tracked is a function of distance.  

The measurements have also shown, that there is a significant 
difference between dose-levels of the natural areas beyond the eastern and 
western edge of the city, which can be explained with the different mineral 
composition of the rocks in these areas. 
 
 
Introduction 
 

There are strict norms to control the occupational and civil radiation 
exposure. Latest laws specify, that the civil exposure must not exceed 1 



mSv/A. This dose adds up from different sources, thus it is suggested to keep 
each of them lower than the limit of 0.1 mSv/A.  

This twofold regulation is criticized by many, for the living organism 
cannot decide, whether the radiation comes from a natural or an artificial 
source. Nevertheless, there is a contradiction to decide, whether a source is 
natural or artificial at all.  

Most of the civil exposure comes from radon and the following products 
from its decay, diffusing from soil and/or building materials. The exposure due 
to a risen gamma-dose-rate, coming from building materials with a high 
radionuclide concentration, can also be considerable. The global average of 
exposure coming from natural sources is 2.4 mSv/A. Wherever additional 
radiation load has to be expected, prevention and countermeasures reducing 
the exposure become more and more significant [3], [4]. 

The PhD work of the first author deals with natural radionuclides, but 
nowadays often have an impact far over the average natural level. This work 
includes the investigation of both outdoor and indoor locations. The sampling 
area of this work is the city Sopron, which is located in the very northwest 
corner of Hungary, and is especially interesting and manifold concerning its 
radiology.  The outdoor investigation has been finished lately. The result is 
the radiation map shown hereinafter, which only covers a smaller area, but 
still contains several positive anomalies.  

 
Methods of measurements  
 

Complex measurements were carried out in this research. First the 
whole area of the city was perambulated with a gamma-dose-rate measuring 
instrument. An ND-497 sensor equipped with a NaI(T1) and plastic scintillator, 
fabricated by MÉV, and NC-483 portable analyzers were used. We applied a 
grid with a 200 X 200 metres mesh on the map of the city, and measured on 
the grid points. The measurements cover a total of 24 square kilometres, and 
include both natural and artificial areas of the city. The measurements on the 
grid points give 651 sampling sites in the aggregate (Fig. 1). On field the 
coordinates of the grid points were verified with a GARMIN-Vista high 
precision satellite navigation device (GPS).  

 



 
 

Fig. 1: The distribution of the sampling sites in the city. 
 
In addition to the grid points, further measurements were made in areas 

with a higher background radiation, hence the final map is based on more than 
700 sampling sites. Certainly there were some grid points, where it was 
impossible to carry out the measurements exactly at the given GPS 
coordinates. In these cases the radiation was detected at the closest spot, 
where it was possible. The counts were recorded with a 6 seconds integration 
interval.  

The instrument was calibrated in the Radiochemistry Department of the 
University of Veszprém. The calibration was made with a 226Ra source of 
4.45x107 Bq activity, with marking Pl-248. The radiation was detected in 4, 6, 
8, and 10 metres distance from the radiation source, and after the necessary 
calculations the coefficient of 10.96 was determined to divide the counts to 
get the effective dose of radiation.  

Beyond the gamma detection, in situ gamma spectrometric 
measurements were carried out on the Main Square, the Ursulin Square, in the 
surrounding of the brick factory, and about 60 metres southeast from the 
thermal powerplant. These measurements were executed with a high purity 
germanium crystal (HpGe) semi conductor gamma spectrometer constructed by 
ORTEC, which is equipped with a DART multichannel analyzer. The detector is 
being chilled with liquid nitrogen from a dewar-flask above it. A single filling 
allows measurements for three days. The efficiency of the detector is 15%.  

Finally the cinder from the cinder-covered car-park, producing the 
highest background radiation level in the city, and cobblestones from several 
pavements showing higher background radiation, have been examined with an 
ORTEC low background (9 cm of lead isolation) semi conductor gamma 
spectrometer in the OM-OSJER laboratory of the West Hungarian University. 



The data were visualised on a map processed with the Digiterra Map 
software, which has been developed in the Institute of Geomatics and 
Engineering of the university of West Hungary. 
 
 
Results and evaluation 
 
a., Results of the gamma dose-rate detection  

 
95 % percent of the measurement work were the gamma detections. 

Based on these measurements the radiation map of the city was plotted. The 
calculated effective dose-rate values range from 47 to 401 nSv/h. The mean 
dose-rate of the sampling area is 89 nSv/h. Several positive extremes have 
been detected in the city, which are the following, in order of their decreasing 
intensity:  

 
• The cinder-covered car-park of the paint storein Kőszegi Street: The 

highest background radiation was detected at the sampling site with the 
EOV coordinates E465810.00; N262033.00. The car-park is an area of 
approximately 60X80 metres, and its whole surface was covered with 
coal-cinder the date of the detection. Dose-rates recorded here range 
from 386 to 401 nSv/h, showing a high homogeneity.  Lower rates were 
detected at the edges of the car-park. 20-30 metres away from the car-
park values typical for the surrounding were measured. Samples were 
taken from the cinder, which were examined in our laboratory too. The 
results follow later. No in situ gamma spectrometry could be performed, 
due to the fact, that two weeks after the gamma-dose detection the 
cinder had been removed and replaced with broken stone by the owner 
of the area.  

 
• The surrounding of the chimney of the former coal-heated thermal 

power plant: The chimney is located by the EOV coordinates 
E464047.00; N263671.00, in the north-western part of the city. The 
gamma dose-rates vary from 131 to 219 nSv/h, according to the distance 
from the chimney. Beyond the grid points further sampling was made, in 
10, 30, 40, 60, 80, 100 and 150 metres distance from the chimney to all 
four points of the compass. High doses were registered in all four 
directions, but the sampling has shown, that that the main wind 
direction (coming from north-northwest) results in a substantive higher 
background radiation to the south-southwest, even in 150 metres 
distance, but against the wind, to the north-northwest normal 
background values have been detected in 100 metres distance already. 
The highest value (219 nSv/h) was detected in about 60 metres distance 
in the main direction of distribution. The higher background radiation 
definitely occurs due to the sedimentation of byproducts (e.g. cinder 
and scale) from the smoke, as also coal from mining sites around Ajka, 
which contains comparably high amounts of 226Ra, had been burnt here. 
The radiological effect of the utilization as a building material of this 
cinder in houses will be examined in future too.  

 



 

 
 

Fig. 2: The background-radiation map of the city Sopron 
 
 
• The surrounding of the brick factory: The brick factory is located under 

the EOV coordinates E 466858; N263092, at the northeast border of the 
city. The furnace of the brick factory had also been heated with stone 
coal, and the cinder from the burnt coal had been scattered in the 
surrounding area. Areas with higher background radiation were found in 
an 80 metres wide zone along the bypass road of the city to the 
southeast direction from the brick factory. This part of the city has 
almost totally been built up, usually normal background radiation was 
found, but the above mentioned zone contains natural areas, where the 
soil has most likely not been altered since the opening of the brick 
factory, due to the fact, that significantly higher values have been 
detected. The recorded dose rates of 161 and 273 nSv/h speak for 
themselves. Only 20 to 30 metres away from these high-background 
areas only 85 to 89 nSv/h doses could be detected, which are normal for 
the city. In situ gamma spectrometric measurements have also been 
made in the area. The results of those follow later. 

• Main Square, Ursuline Square, Paulites’ Square, : Background radiation 
significantly higher than the average had been detected also in these 
three sites. The reason why they are mentioned together is, that all of 
them have pavements covered cobblestones, which cause the positive 
anomaly, and all these areas are densely built up. In these areas granite 
cobbles were used to cover the pavements instead of the usual basalt 
stones. These cobblestones cause the higher effective dose-rates of 150 
to 172 nSv/h in the Main Square – EOV coordinates  E465600.00; 



N263200.00 – 175 to 193 nSv/h in the Ursuline Square – EOV E465490; 
N262907 – and 170 nSv/h in the Paulites’ Square – EOV E462611; 
N262341. This has also been confirmed by the results of the gamma 
spectrometric examination of the cobbles.  

 

 
 

Fig. 3: The background-radiation map of the city Sopron, according to the 
recorded counts 

 
 
 
b., In-situ gamma spectrometry 
 
Following the gamma dose-rate measurements in situ gamma spectrometry had 
been begun. The recorded activity concentration values of the four sampled 
sites are summarized in the next table. The activity concentration, and the 
absorbed and environmental equivalent dose-rates derived from it have been 
determined by means of an Excel table developed by DÉRI ZS [1]. (KFKI- Central 
Research Institute for Physics of the Hungarian Academy of Schiences). Though 
the doses calculated from the data of the in situ measurements differ from the 
results of the gamma-dose-rate detections, they still give a good correlation 
with them. It can obviously be seen, that the higher dose values mainly 
originate from the 40K content of the buildings nearby, and from the 238U and 
232Th of the granite cobblestones. In the vicinity of the brick factory and the 
power station higher background radiation is mostly caused by isotopes from 
the 238U decay series. There has been little or no perturbation in these areas 
lately, therefore the 137Cs isotope, which had precipitated after the Chernobyl 
disaster, has been detected.  

 The measurements were carried out with a sampling period of 1800 
seconds, the instrument was positioned in a plane area, where there were no 
other objects within a circle of 10 metres radius. 
 

  Activity concentration (Bq/kg) 
238U Main Ursuline Brich Power 



series Square Square factory plant 
214Pb 57 88 198 185 
214Bi 55 99 214 201 

          
232Th 
series         
212Bi 63 115 103 76 
212Pb 60 113 108 84 
208Tl 69 95 97 76 
228Ac 60 127 103 73 

          
40K 952 1193 440 348 

          
137Cs 0 0 23 14 

 
Tab. 1: The activity concentration of the radionuclides detected in the in situ 

measurements in the four sampling areas 
 
 

The values of the absorbed and environmental equivalent dose 
calculated from these can be taken from the following four tables. The data 
referring to the cosmic radiation are standards, based on the measurements of 
DÉRI Zs [2].  (MORAL14, 14. Sep. 2002, Lake Balaton). The D/A coefficient 
values in the table are those calculated and applied in KFKI, these were used 
by calculating the doses from the activities. The doses caused by the different 
isotopes/decay series can be seen separately in the tables. D stands for the 
absorbed, H*10 for the environmental equivalent dose. The standard deviation 
of the activity concentration is also shown in the table. The coefficient to 
calculate the environmental equivalent dose from the absorbed dose is 1.221. 
Against the table above 137Cs is already shown in Bq/m2, the figures were 
transformed according to ICRU53. 
 
 

 
According to D/A used per KFKI D/A D H*10 

  Bq/kg   +/- Bq/kg   (nGy/h) (nSv/h) 
238U series 55,7  4,8 0,444 24,7 30,2 
232Th series 65,0  5,4 0,655 42,6 52,0 
40K 952  40 0,043 40,9 50,0 
Cosmic         24,5 29,9 
Total 133 162 

 
Tab. 2: Absorbed and environmental equivalent dose-rate values calculated 

from the activity concentration recorded on the Main Square (directly 
measured gamma dose: 150-172nSv/h) 

 
 
 
 



 
 

According to D/A used per KFKI D/A D H*10 
  Bq/kg   +/- Bq/kg   (nGy/h) (nSv/h) 
238U series 92,6  7,2 0,444 41,1 50,2 
232Th series 100,3  8,2 0,655 65,7 80,2 
40K 1193  60 0,043 51,3 62,6 
     24,5 29,9 
 183 223 

 
Tab. 3: Absorbed and environmental equivalent dose-rate values calculated 

from the activity concentration recorded on the Ursuline Square (directly 
measured gamma dose: 175-192nSv/h) 

 
According to D/A used per KFKI D/A D H*10 

  Bq/kg   +/- Bq/kg   (nGy/h) (nSv/h) 
238U series 204,8  15,4 0,444 90,9 111,0 
232Th series 94,0  7,3 0,655 61,6 75,2 
40K 440  30 0,043 18,9 23,1 
  kBq/m2  kBq/m2       
137Cs 2,7  0,0 2,680 7,3 8,9 
Cosmic         24,5 29,9 
Total 203 248 

 
Tab. 4: Absorbed and environmental equivalent dose-rate values calculated 
from the activity concentration recorded around the brick factory (directly 

measured  gamma dose: 161-273nSv/h) 
 

According to D/A used per KFKI D/A D H*10 
  Bq/kg   +/- Bq/kg   (nGy/h) (nSv/h) 
238U series 194,8  14,8 0,444 86,5 105,6 
232Th series 71,0  6,5 0,655 46,5 56,8 
40K 348  25 0,043 15,0 18,3 
  kBq/m2  kBq/m2       
137Cs 1,7  0,0 2,680 4,5 5,5 
Cosmic         24,5 29,9 
Total 177 216 

 
Tab. 5: Absorbed and environmental equivalent dose-rate values calculated 
from the activity concentration recorded around the power plant (directly 

measured gamma dose: 160-237nSv/h) 
 
 
c., Gamma spectrometric examination of the granite cobblestones and the 
cinder from the car-park  

The following table shows the activity concentration values of the 
materials examined in the low background chamber. These results confirm the 



field measurements too. Though elements from both the 238U series and the 
232Th series can be found in the granite cobbles, the highest activity 
concentration is obviously caused by the 40K radioisotope. The high activity 
concentration in the cinder sample from the car-park is caused by the decay 
products of the 238U series. The 137Cs, as contamination, which precipitated on 
the surface can also here be detected.  

 
 

Granite cobbles Car-park cinder 
Radionuclides Bq/kg Radionuclides Bq/kg 
238U series 238U series 
226Ra 83+/-4 226Ra 1100+/-58 
214Pb 41+/-2 214Pb 439+/-21 
214Bi 39+/-2 214Bi 390+/-20 
232Th series 232Th series 
228Ac 72+/-4 228Ac 33+/-2 
208Tl 25+/-2 208Tl 10+/-1 
212Pb 72+-4 212Pb 31+/-2 
        
40K 1322+/-62 40K 312+/-14 
        
 137Cs 18+/-1 
Gamma, total 1703+/-76 Gamma, total 2308+/-119 

 
Tab. 6: The activity concentration of the granite cobbles and the cinder 

from the car-park [5]. 
 
 
Conclusions 

 
The mean background radiation of Sopron city is 89 nSv/h. Though the 

sampling area only covers 24 square kilometres, several anomalies have been 
found. The highest background radiation was 401 nSv/h, recorded in a cinder-
covered car-park, and coal-cinder was responsible for other positive 
anomalies too. Most likely large amounts of the same cinder, which was found 
outside in the sampled field, have been used in houses as thermal isolation in 
the last few decades. These houses have to be tracked and examined in next 
future. The areas with the identified high background radiation certainly do 
not directly threaten the population, as nobody ever spends enough time in 
any of these places, to be exposed to a dose which exceeds the limit of 1 
mSv/A. A person needs to spend at least seven hours on each day of the year in 
the car-park, where the highest background was detected, to be exposed to a 
dose of 1 mSv/A, but this is not likely to happen to anyone, as there is no 
guard or parking attendant employed there.  
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