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1. Introduction 
Probably 70% human radioactive exposure that comes from natural sources is caused by 
radon. The reason of an unusually high radon activity, found in dwellings or in fresh water 
from drilled-wells, is quite high concentration of Uranium and Radium in the ground. As a 
result of their radioactive decay the 222Rn is generated and released from rock and soil. 
Therefore the risk of radon releases and it’s penetration into houses built from types of rock 
like granite or black shale (or dissolved into fresh water) is higher. The common values of 
radon concentrations in the depth of 1 meter underground are higher than 10 000 Bq/m3. One 
part of Czech Republic with the higher radon activity in water is the village Lounovice.  
Lounovice area is located approximately 20 km south-east from Prague. The radon activity in 
fresh water from drilled-well, used for village water supply, range from 700 to 900 Bq/l, 
which amount exceeds the standard for drinkable water more than 100 times. For that reason 
water is treated before use by aeration. In spite of it some of the residents use the drinking 
water from their own well. It was interesting to learn the general situation with the water 
sources in the village. All measurements were conducted with participation of students 
from secondary schools, under the scientific program for young physicists “Physical 
Week”, which runs on CTU (Czech Technical University) in Prague every year. 
The complete radon and natural radioactivity survey was conducted in this area in year 2004 
and it consisted of: 

 
 Laboratory gamma spectrometric measurement of bedrock 
 Radon activity measurement in water before and after aeration procedure  
 Continual radon activity measurement in workplaces of water company -a comparison 

between values reported by devices with ionization chamber and semiconductor 
detector was made 
 Radon daughters measurement in workplaces of water company 
 In situ gamma spectrometry 
 In situ effective dose rate measurement 
 Determination of a “radon index” in the neighborhood of drilled well  

 

2. A short description of geology – the source of higher radon concentration 
The Central Bohemian Pluton is the third biggest geologic body in Bohemian mass (length 
approximately 146 km and width 30 km, surface area about 3200 km2). Petrographically it 
belongs to richest masses of deep igneous rocks in Czech Republic. In the Lounovice area 
(north-westward tip of pluton) the main rock is biotitic granodiorite (adamellite), which is 
partly disguised with perm carbonic and cretaceouos sediments. Adamellite being considered 
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to be one of youngest ring complex of pluton. In Lounovice area stretch the veins of 
leucocratic granite up to granodiorite (see Fig.1). 
 

 
 

3. Summary of monitors used 
 
For additional measurements the following equipment had been used: 
 

 The essential device for continual radon measurement the RADIM 3 (inside). 
 The ionisation-chamber-based continual radon monitor (RADONIC) with the active 

volume amount of ~8 l and with the forced airflow (inside). 
 The set for radon daughters’ measurement (air pump+2×PSDA reader) - inside. 
 Gamma dose rate has been measured by monitors TEMA (RM 552 GS) and Eberline 

(FH 40F2). 
 The radon-in-soil test set (incl. reader ERM 2) with the ionisation chambers IK 250 

has been used for radon in sub-soils measurements. 
 Laboratory HPGe-gamma spectrometry. 
 Scintillation spectrometer MCA µ NOMAD EG &G Ortec with scintillation detector 

NaI(Tl) diameter 3” by 3” in the energy range up to 3 MeV. 
 Device TESLA NB 3201 to direct determination of gamma dose rate. 
 Radon activity in water monitor RADIM 4. 

 

4. Laboratory gamma spectrometric measurement of bedrock 
 
The measuring equipment consists of HPGe detector with built-in preamplifier (mfg. by 
EG&G Ortec), amplifiers 2022 Canberra, Source VN31060 Canberra, ADC built-in analyser, 
analyser model 4202 Canberra and a PC. After grounding two samples of granodiorite were 
enclosed in Marinelli containers with a volume of 0.5 l, surrounding during the measurements 
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coaxial HPG detector. After three weeks samples were measured for duration of 14 000s. 
Processing of measured spectra using the program SP DEMOS in the range up to 3 MeV 
provided mass related activity of naturally radioactive elements 40K, 226Ra, and 232Th. The 
results are included in Tab. 1. 
 
Tab. 1: The results of the laboratory gamma spectrometry 
 

mass activity [Bq/kg] sample 226Ra 228Th 40K 
mass aktivity index  

adamellite 62 99 1419 1,175 
adamellite with more kontent of spar 43 103 1381 1,119 

 
Note: the mass activity index reaches over 1 thus the rocks is unsuitable to use it as building 
material. 

5. Radon activity measurement in water before and after aeration procedure  
 
For measuring the radon activity in Lounovice water the device RADIM 4 was utilized (see 
Fig. 2). The RADIM 4 device is a radon monitor, which is designed for continuous 
monitoring of radon in water and in air and single measurement of radon in a sample of water. 
A sample of water is taken into the 200 ml-bottle and the “3+2” purging and filling system is 
used on the beginning of the 30-minutes cycle when sample is measured. The radon 
concentration is determined by measuring the alpha activity of the 218Po which is collected by 
the electric field on the surface of the semiconductor detector from the chamber (0,7 l) of the 
detection system. The position of the window (3,2 – 6,3 MeV) around the peak of 218Po was 
optimized to register practically all the alpha particles formed in the decay of 218Po. Radon 
activity is determined with a statistical error equal to ± 20%. 
In Lounovice area was sampled the water from places with different bedrock and from water-
station before aeration. The samples were taken in plastic bottles with dripping set for best 
transferring of the sample into measuring bottle. 
 
Fig. 2: Radon in water monitor RADIM 4 and plastic bottle with dripping set 
 
 
 
 
 
 
 
 
 
 
 
 
The summary of water samples and theirs numbers: 
 

1. Water before aeration – water-station  
2. Water after aeration – village duct 
3. One of the wells in family house – well in adamellites - water from kitchen 
4. One of the wells in family house – well in sediments near pond – water from well 
5. Forest pool 
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Tab. 2: Results of radon activity in water measurement 
 

water samples measured radon activity 
[Bq/l] 

radon activity in time of 
sampling  [Bq/l] 

1 – water station before… 529 612 
2 – water station after… 29 29 
3 – the well in adamellites 646 657 
4 – the well in sediments 90 105 
5 – forest pool 147 154 

 

6. Continual radon activity measurement in workplaces of water company - a 
comparison between values reported by devices with ionization chamber and 
semiconductor detector was made 
The essential equipment for continual radon measurement the RADIM 3 and the ionisation-
chamber-based continual radon monitor (RADONIC) with the active volume amount of ~8 l 
and with the forced airflow were used (see Fig. 4). The monitors were placed in two rooms – 
in workplace of operator in the water cleaner station and in the water-aeration station. The 
results of one-week measurement are presented on Fig. 3. 
 
Fig. 3: The results from measurement with RADIM 3 and RADONIC  
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Note: the radon air activity at workplace of operator in water station is elevated, but the 
operator is being there only a short time. The curve of radon activity from water-station very 
well represents the movement of operator. 
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Fig. 4: Radim 3 and Radonic  
 
 
 
 

 
 

 
 

7. Radon daughters measurement in workplaces of Water Company 
 
The set for radon daughters’ measurement (air pump+2×PSDA reader) was used at three 
workplaces: the first one was in water station right beside the supply of water from well and 
the other two were the same as the place of continual monitoring. The measuring regime: 5 
minutes drawing, data of impulses reading in 10, 20 and 55 minutes after drawing. The results 
are given in Tab. 3. 
 
Tab. 3: The results of radon daughters’ measurement 
 

activity (Bq/m3) nuclide water station near well water cleaner
218Po 54,325 722,1 9,97
214Pb 186,35 462,46 37,8
214Bi 1 110,682 1 513,73 75

EOAR 7 539,8 13 436,1 715,6
 
 

 
 
 
Fig. 5: The measurement  
with PSDA reader 
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8. In situ gamma spectrometry, in situ effective dose rate measurement 
 
Fig. 6: Scintillation spectrometer MCA µ NOMAD EG &G Ortec 
 

 
 

Three methods were used with corresponding types of measurements:  
1/ determination of gamma dose rate by direct measurement using device TESLA NB 3201 
with integration interval of 100 seconds 
2/ measurement of photon-spectra by use of scintillation spectrometer MCA µ NOMAD EG 
&G Ortec with scintillation detector NaI(Tl) diameter 3” by 3” in the energy range up to 
3 MeV. The spectra during spectrometry measurements were collected for 2700 seconds. 
Measurements from point 1 and 2 were conducted in reference altitude 1 meter above surface.  
3/ Gamma dose rate has been measured by monitors TEMA (RM 552 GS) and Eberline  
(FH 40F2). 
The measured values of the dosimetry and spectrometry characteristic of photon-fields 
correspond to nominal values on natural background, depending mainly on geological 
substrata (soil contents), concentration of radon in soil or air etc. From measured spectra  
(see Fig. 7) is evident, that in the proximity of of water-station building is missing 137Cs, 
because the station was constructed on a bank. 
 
Tab. 4: Gamma dose rate inside water station 

measurement 1 2 3 4 5 
gamma dose rate    (nSv/h) 210 982,8 649,4 193,7 108 

 
Tab. 5:  Gamma dose rate outside water station 

measurement 1 2 3 4 5 6 7 8 9 10 11 12 
gamma dose 
rate (nSv/h) 143,2 155,1 170,2 150,2 170,7 215,3 215,5 161,3 150,1 134,9 176,5 176,1
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Note: the high values of gamma dose rate inside water station correspond with the location of 
sand filter as well as annex filter. 
 
Fig.7: In situ gamma spectra from Lounovice area – in forest and in the proximity of the 
building 
 

 

 

9. Determination of a “radon index” in the neighborhood of drilled well  
 
The property radon index expresses the measure of risk of Radon infusion from the building 
foundation (ground air) into the building inner air. In case where the building is planned on a 
property with medium or high Radon index, the building must be preventively protected 
against radon infusion from the foundation.   
Measuring steps: 
 

1. Performing at least 15 test-pits into the depth of 0.8 – 1 meter for taking air samples 
from soil/foundation and measuring Radon content (see Fig. 8) 

2. Establishment permeability of foundation soils  
3. Based on these measurements and gamma dose rate, the category of foundation soils 

radon risk is established  
 

On every area measured, the 15 samples of ground gas are taken to minimize the 
influence of non-homogeneity, and local permeability variations. The depth of 0,8 m is 
selected in such a way to approximate the foundation depth and to minimize the influence of 
soil surface climatic effects (temperature variation, moisture, wind etc.) The volume radon 
activity and soil permeability are the governing values for the determination of radon risk 
category on a building property. The eventual increase of radon with depth is compensated for 
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by adjusting the classification table, using the 3rd quartile of the measured data. Also the 
season radon variations are not influencing the appropriate category classification, because 
the radon volume activity changes are accompanied by changes of soil permeability. The 
sample of soil gas is collected in the depth of 80 cm below surface, through a pipe leading 
into the ionizing chamber. 

The ERM-2 Soil Radon Reader serves to measure ionization electric current produced 
by radon and its daughter products in the IK-250 Sampling Ionization Chamber (Fig.9). The 
soil air with radon was sampled by standard procedure. If requirements of the sampling, 
concerning the volume of the soil air and the time elapsed from the moment of sampling, are 
fulfilled, then ERM-2 Soil Radon Reader displays the soil air radon concentration in kBq/m3. 
If the sample of soil air did not contain radon daughter products (besides radon), the activity 
of daughter products is a known function of elapsed time and radon activity at the moment of 
taking sample. On this principle the mode “15 min” is based. 
 
 
 
 
 
 
 
 
 
Fig. 8: Soil air sampling  
with “lost” tip method 
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Fig. 9: The ERM-2 Soil Radon Reader and the IK-250 Sampling Ionization Chambers 

 
Tab. 6: Radon activity in soil air (kBq/m3) 
 

number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Rn activity 
[kBq/m3] 108 13,1 7,9 144 227 262 10,5 20,1 34,3 38 39,8 16,2 23,9 20,8 13,3

3rd quartile = 74 
 
Tab. 7: Gamma dose rate (pGy/s)F 
 
number of mes. point 1 point 2 point 3 point 4 

1 31,8 32,8 31 30,5 
2 32,2 33,5 30,1 29,7 
3 31,5 32,9 29,4 31,4 
4 32,1 33,9 30,2 31,8 
5 31,9 32,1 32,7 31 

average 31,9 33,04 30,7 30,88 
Maximum: 33,9  Minimum: 29,4  Average: 31,6 
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Results: the 3rd quartile of the measured data was 74 kBq/m3. In accordance with the Czech 
norm the plot with adamellite in the bedrock has the high radon risk index for both: medium 
and high permeability.  
Note: the Lounovice area is located on the Czech Radon Risk Map as a high radon risk 
region, which was confirmed by our measurement. 

11. Conclusions 
 
The results of radon activity in water measurement in Lounovice area confirm necessity of 
aeration before use of village water supply. Since many of people in this area take advantages 
of their own well, we suggest that National Radiation Protection Institute carry out the 
complete research radon activity in water which is put to use as drinking water, to meet the 
target to protect population from exposure to inhalation and ingestion of radon and its 
daughters.  
 
All measurements were conducted with participation of students from secondary schools, 
under the scientific program for young physicists “Physical Week”, which runs on CTU 
(Czech Technical University) in Prague every year. It has contributed very much to education 
of young people in radiation physics. 
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