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1. Introduction 
The intention of the Austrian Radon Project (ARP) was to get information about the indoor 
radon risk in Austria. The first aim was to study the radon concentration in homes and the second 
point was to become aware of areas with enhanced radon risk due to geological conditions. 
These two ambitions are not identical because different constructions of houses and different 
living conditions will significantly influence the indoor radon concentration. Therefore, indoor 
radon and the radon risk from the ground are not in all cases strongly correlated. High indoor 
radon concentrations should lead to mitigation measures of existing houses while an enhanced 
radon risk from the ground should force radon-safe construction for new houses. It was decided 
to make indoor radon measurements in randomly selected homes to get unbiased information 
about the situation in existing dwellings. The radon risk from the ground then was deduced by 
renormalization of these measurements to a standard situation. The radon concentration in the 
standard situation is called radon potential and shall serve as a first guideline for necessary radon 
protection measures for new houses. 

2. Realization 
The funding authorities requested information about the radon risk of areas, preferred on basis of 
municipalities. Therefore, within ARP it was not intended to investigate the radon risk for single 
dwellings, but to estimate mean indoor radon concentrations and mean radon potentials for areas, 
i. e. for municipalities. This is a substantial reduction in certain requirements for the 
measurements, but it increases the needs for the statistical treatment of the results, as discussed 
below. 

In the first stage of ARP all available data with relation to indoor radon (existing measurements, 
U-concentration in soils and rock material, gamma-dose rates etc.) were collected and a strategy 
for a country-wide survey was set up. At that time it was decided  

 To make measurements and not to rely on geological information; 

 To measure radon and not radon progeny; 

 To measure in the primarily used rooms (living and sleeping rooms) and not in the 
basements; 

 To select the homes for the measurements by random and not to use well organized 
groups (e. g. fire-fighters, teacher, police-men, …) as target; 

 To correlate the sample size with the population density and not to have a constant 
sample density on basis of a regular grid; 

In addition it was decided to test several detector systems, how do distribute them (by mail or by 
interviewers) and to make several supplementary investigations (equilibrium factor, thoron 
measurements, soil gas measurements, influence of house types, tests for bias in the sample, 
quasi-continuous indoor measurements, seasonal variations etc.) during a pilot-study. [1] 
Following this pilot-study several procedures were slightly modified and tested again in an 
extended pilot-study. After that, the national survey was started and after 10 years and 
approximately 40.000 measurements of indoor radon concentrations, we have now got a good 
overview on possible radon risk areas in Austria. 



3. Additional investigations and tests 
It is well known that reliable radon data for a home can only be achieved by long-term 
measurements, i. e. measurements for a year or even longer. However, as mentioned before, this 
was not the task in the ARP. So the question arises if a sufficient number of short-time 
measurements can also be used to give representative information on the radon risk of an area 
(municipality). This question was essentially for the ARP because the funding occurred in one 
year periods. Thus, the investigation of larger regions (states) must be carried out within a year. 
From these formal confinements we were restricted to expose detectors to a maximum of several 
months. 

Thus, the first investigations concerned a comparison of 3-months measurements (SSNTD and 
electret detectors) with 3-days measurements (charcoal detectors with LSC): After testing the 
different detector systems in the laboratory (all showed good precision and good accuracy) the 
systems were compared in the field: In a number of dwellings electret detectors and SSNTDs 
were exposed at the same time for three months and within this time period charcoal detectors 
were exposed for three days in the same rooms too. The distributions of the ratios of the 
measurement results can be seen in Figure 1 and the parameters of the distributions are 
summarized in Table 1. 
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Figure 1: Left side: Frequency density distribution for the ratios of a long-term and a short-term 
measurement system; Right side: Frequency density distribution for the ratios of two long-term 
measurement systems. 

 
 Mean Standard 

deviation 
Minimum Maximum 

SSNTD/Charcoal 0.86 0.41 0.30 2.32 
SSNTD/Electret 1.14 0.31 0.63 2.15 

Table 1: Characteristic parameters of the observed distributions for the ratios of the measured 
radon concentrations with different detector systems. 

It can be seen that the mean values for SSNTDs and electrets and for SSNTDs and charcoal 
detectors do not deviate very much (in the order of 15%) but unfortunately in different 
directions. Even the standard deviations are not so different, but, as expected, the distribution for 
the ratios of long-term to short-term measurements is broader than the distribution of the ratios 
of the two long-term measurements. From these results we draw the following conclusions: 



 The uncertainty for the ratios of two detectors systems is in the order of 30% and the 
uncertainty of the mean for the radon concentration in an areas (for the time of exposure) 
should be in the same order; 

 The mean radon concentrations for areas can be determined by short-time measurements 
without loosing much precision. The average of the short-time data can be used as the mean 
radon concentration for a longer time-period when they are distributed over that period; 

 The largest contribution to the uncertainty of a measurement is the unknown treatment of the 
detectors by the inhabitants. This includes the site where the detector is exposed (e. g. near a 
window or a door), how the detector is treated (covered by something, moved within the 
house, not correctly opened or closed) and if the time of exposure is correctly recorded. 
These problems increase with the time of exposure. 

 
Another question concerns the equilibrium factor F. Is F=0.4, as assumed by the ICRP, the 
correct value for typical Austrian homes? Systematic investigations in several rooms in several 
houses showed a rather broad distribution for the equilibrium factor (0.1<F<0.9). Nevertheless 
most of the F-values lie between 0.3 and 0.6. Therefore, we conclude: 

 F=0.4 is an acceptable value for radon dose-calculations in Austrian. 
 
During the pilot phase of ARP several soil-gas measurements should be carried out. However, 
the pilot phase of ARP started in winter. Thus, often the soil was frozen so that substantially 
fewer measurements could be performed than planned. Another problem arises when the base 
rock can be found in less than 0.5 m below the surface. In such cases it is difficult to make 
reliable measurements and to compare the results with measurements from other areas.  

 For this reason we decided not to use soil-gas measurements during ARP. 
 
Several methods for the distribution of the detectors and the questionnaires were tested during 
the pilot phase of ARP. The general procedure was to inform firstly the mayor of the 
municipality by a letter from the local government, explaining the importance of the 
investigation and to ask for support especially when questions arise from the local people. In the 
next step a letter was sent to the selected homes. In the letter the project was described in a very 
short way and the inhabitants were asked to join in the project. The arrival of the detectors were 
announced and how to use them. It was emphasized that the participation in the project is 
absolutely voluntary, but it is the only chance for a radon-measurement free of charge. The 
detectors and questionnaires then were distributed by mail or by interviewers. 
In case of the distribution by mail a telephone call was made 3 days after the detectors were 
dispatched and another call was made the day the detectors should be returned. Of course an 
envelope (postage paid by the receiver) for the return of the detectors and the questionnaires was 
added during the distribution of the detectors. The method worked perfectly (>85% return rate) 
but it was a terrible job for the people who made the calls. These people must be trained, their 
language should have the local sound and all the calls could only be made in a very limited time 
interval, especially after the dispatch of the detectors. Complicating was the fact that many 
homes could be contacted only after 5 p.m. and generally after 7:30 p.m. the people did not like 
to be disturbed when watching TV. 
With the aid of the statistical offices in Austria a number of interviewers could be recruited. 
These people were informed about the aim of ARP, the importance of the questionnaires and 
how to distribute and set up the detectors. The whole information and later the list for the homes 
to be measured, all detectors and questionnaires were mailed to the interviewers. The 
interviewers were afterward paid for each interview based on a signature of the interviewed 
person (home owner) on a list. The interviewers were told to inform the people that the 
participation in ARP is voluntary and if somebody refuses the interviewers should try to install 
the detectors in the neighbour home. 



There was a very wide range in the quality of the interviewers. Many interviewers managed to 
get a 100% return rate, others had rather poor return rates and very few even tried to cheat by not 
distributing the detectors or by exposing all detectors in their own home. 
Finally, from all these experiences we decided for the country-wide survey: 

 The distribution of the detectors should be made by interviewers; 

 All data must carefully be checked on trustworthiness. 
 
The random selection of the homes was made from the telephone register. After the return of the 
detectors and questionnaires, it was tested if the selection was really unbiased. For this reason we 
included several multiple-choice questions from the last census into our questionnaire. The 
distribution of the answers to these questions fitted to the distribution of answers during the last 
census nearly perfectly in rural areas and sufficiently good in larger cities. (This may have 
changed in the last few years because of the wider use of mobile-phones). For ARP the 
conclusion was: 

 The selection from the telephone register is (was) an unbiased sample; 

 The selection of the neighbour home for the measurement in case of a refused participation 
of the primarily selected home does not introduce a (significant) bias in the sample. 

 
Concerning the questionnaire we found: 

 The questionnaire shall be kept very short (one page); 

 Questions should be short and very clear; 

 Multiple choice questions are preferable; 

 The questionnaires should be repeatedly tested and improved before used in a survey and the 
testing should include members of different social groups. 

 
With all these and some more information we started the country-wide survey which officially 
ended in 2002. 

4. Results 
This paper does not concentrate on the numerical results of ARP. The intension is to inform 
about important facts and parameters which can influence the outcome of radon surveys 
significantly. Nevertheless, Table 2 gives an overview on the results of ARP. [2-5] 

 

State Number of 
rooms 

Annual mean 
(Bq/m³) 

Median  
(Bq/m³) 

Maximum 
(Bq/m³) 

Burgenland 846 72 45 762 
Carinthia 1212 107 75 3900 
Lower Austria 3443 104 68 8325 
Salzburg 994 71 53 1342 
Styria 2696 116 64 2842 
Tyrol 1383 128 73 11000 
Upper Austria 4499 150 78 8204 
Vienna 369 49 41 311 
Vorarlberg 627 48 41 1449 
Austria 16069 104/99 61 11000 

Table 2: Results of the Austrian Radon Project. 



The mean indoor radon concentrations are available on basis of municipalities and a 
categorization into 3 classes was introduced (I – low: <200 Bq/m3, II – medium: 200-400 Bq/m3, 
III – high radon indoor levels: >400 Bq/m3). These data shall be used to identify areas where 
radon mitigation measures are necessary.  
By renormalization of the measured data to a standard situation (living room in the ground floor, 
no cellar below, usually tight windows, annual mean, etc.) a radon potential was introduced 
which should characterize the radon risk from the ground. This radon potential was also divided 
into 3 classes (I – low: <200 Bq/m3, II – medium: 200-400 Bq/m3, III – high radon risk: >400 
Bq/m3) and shall be used as a guide for radon prevention measures for new houses.  
The main question is how reliable these radon risk predictions are. The uncertainties of the radon 
potential can be separated in different groups: 

1. Measurement 
2. Number of measured homes 
3. Calculation of the annual mean 
4. Renormalization to the standard situation 

The probability for a false classification depends upon the uncertainty in the determination of the 
radon potential and on the distance of the radon potential from the class boundary. The 
estimation of this probability is rather difficult and depends on many uncertainty contributions 
which often can only be approximated by subjective estimations. [5] 
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Figure 2: Estimated relative uncertainty (single sided significance level: 16%) for the radon 
potential as a function of measured homes in a municipality. Upper curve: uncertainty versus 
higher values; lower curve: uncertainty versus lower values. 

Generally, the radon potential, similar to the indoor-radon concentration, follows a log-normal 
distribution. The standard deviation of the median in the logarithmic distribution scales with 
σ/√n. From our data we found log(2)=0.69 < σ < log(4)=1.39. Because correlations between 
different influence factors can be assumed but are not known in detail, correlated uncertainties 
must be treated like uncorrelated uncertainties. The uncertainty in the computation of the annual 
mean (based on own measurements and the data of other investigators [6-8]) is in the order of 
30% and an estimation of the uncertainty in the computation of the radon potential gives 20%. 
With these data the relative uncertainties of the radon potential can be calculated as a function of 
measurements in a municipality (see Figure 2). It can be seen from this figure that the relative 
uncertainties cannot be reduced significantly by measuring many more homes as far as the 
uncertainties in the determination of the annual mean and in the calculation of the radon potential 
cannot be reduced. This can only be done by significantly longer measurements, which, 



however, introduce larger uncertainties in the measurements results, as we have seen in the pilot 
phase of ARP. 
An example: The radon potential of a municipality was determined to 250 Bq/m3 by five 
measurements. This means a class II area (200 – 400 Bq/m3). From Figure 2 we get 0.64 and 
0.39 relative uncertainties which means on a 84% level that the true radon potential is below 
(1+0.64)·250 Bq/m3 = 410 Bq/m3 and on a 84% level above (1-0.39)·250 Bq/m3 = 153 Bq/m3. 
Therefore, the classification to the medium risk class seems to be well established. 
This example in combination with the problem of increasing uncertainty of the measurement 
results with increasing time of exposure, introduced by the unknown treatment of the detectors in 
the investigated homes, leads to following conclusions: 

 The measurement of approximately 10 homes in a municipality is good compromise 
between invested money and received information; 

 A classification in many more than three classes is not compatible with the uncertainties of 
the radon potential; 

 A reduction in the uncertainties can be achieved by longer (one-year) measurements and by 
more measurements in a municipality, however, from the authors view, it is not a substantial 
improvement; 

 A substantial improvement in the estimation of the radon risk from the ground must be 
based on additional investigations, e. g. by including geological information etc. 

5. Testing the radon potential 
The radon potential introduced by ARP should be used as an indication for areas with enhanced 
radon risk from the ground. It seems essential to test the reliability of the radon potential, 
however, with observing the predicted uncertainties in the classifications. The possibility for 
such a test came with the systematic investigation of indoor air quality in Upper Austrian 
kindergartens. Within that project (funded and managed by the government of Upper Austria in 
collaboration with several other research institutes) many different parameters were investigated, 
besides which was also radon. [9-11] 
644 kindergartens participated in the project and from 633 radon data are available. 423 sites 
were in the lowest radon-potential class, 167 in the medium class and 43 in the highest class. The 
first radon measurements were short-term measurements in the rooms most commonly used and 
identified 7 kindergartens (1%) with more than 1000 Bq/m3 and 26 kindergartens (4%) with 
radon concentrations between 600 and 1000 Bq/m3. These kindergartens were investigated in 
more detail to clarify the reasons for the enhanced radon concentration. Two of the 7 
kindergartens with the highest radon concentration were located in a low radon-potential area 
(class I), 2 in a medium (class II) and 3 in a high radon-potential area (class III). In one 
kindergarten from class I and in one from class II the measurements were performed in the 
basement. With today’s knowledge, the classification of one of the low radon-potential 
municipality should be changed to “medium radon-potential”. In case of the other kindergarten 
in a class-I area, the radon concentration was only very high on a few days at night and in the 
morning. During a longer measurement period the mean was even below 200 Bq/m3. More 
detailed measurements for the ‘high radon-concentration’ kindergartens in class II showed the 
classification “medium” to be correct, because other investigated rooms did not show extreme 
radon concentrations. One of these kindergarten in a class-II area only showed enhanced radon 
values in one room when the kindergarten was closed. During the opening hours the radon 
concentration was below 400 Bq/m3. Summarizing, the classification from the Austrian radon 
project was correct for most of the cases with radon concentrations above 1000 Bq/m3 and the 
observed high radon values in lower risk areas are due to specific circumstances (basement 
rooms, not continuously used rooms). Detailed investigations in the group with radon 
concentrations between 600 and 1000 Bq/m3 (5 in class III, 7 in class II, 14 in class I) showed 



similar results (several rooms in the basement, rooms used only for several hours per day etc.). In 
total only 7 kindergartens remained where the municipality’s radon risk was underestimated (6 in 
class I and 1 in class II).  
These very promising results concerning the reliability of the radon-potential classes led to the 
decision of the government of Upper Austria to measure the radon concentration in a follow–up 
study (public schools) primarily in class-III municipalities. [12, 13] Within this project the radon 
concentration in 338 schools was measured (long-term measurements). 163 of them were 
situated in class III areas and 175 were in municipalities adjacent to class III areas. In addition, 
30 schools in areas with predicted low radon-risk were investigated. All measurements were 
performed in class rooms which directly touch the soil, i. e., rooms in the basement or rooms in 
the ground floor in schools without basement. 23 schools revealed radon concentrations above 
1000 Bq/m3 and 16 schools had radon values between 600 and 1000 Bq/m3 with none of them in 
a class-I area. (This would be possible in principle, because there were some class-I 
municipalities adjacent to class-III areas.) However, from the statistics of ARP a probability of 
1.5% exists to have school rooms with radon concentrations above 400 Bq/m3 (>600 Bq/m3: 
<0.5%) in class I areas.  

6. Conclusion 
The Austrian Radon Project was very successfully in identifying areas with enhanced radon risk. 
The radon potential, introduced as the annual mean radon concentration in a standard situation 
proved to be a good measure for the radon risk from the ground. The classification into three 
classes seems to be compatible with the uncertainties in the determination of the radon risk and 
three classes are adequate for the information of the public too. An independent investigation 
tested and confirmed the results of ARP in Upper Austria. It must be emphasized that the radon 
potential is an average over an area and represents the radon risk only on a certain significance 
level. It is a measure which will be always improved as new information is available. 
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