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Abstract - The knowledge about radon is well established in the radiation 
protection world. After many decades of research work done worldwide by 
many radiation protection scientists and research teams, the sources and 
origin, the transport through the soil and into the buildings, and the radio-
biological effects of radon progenies in the human respiratory tract are well 
known. When typing ‘radon’ in web search engines e.g. www.google.at about 
5.1 Million hits are appearing. A countless number of papers have been 
published in the field of radon research and the ICRP has established radiation 
protection principles for radon exposure at home and at workplaces. 
So far, the radon issue seemed well ticked off in the scientific world of 
radiation protection and the scientists could give more attention to other and 
more newsworthy problems and questions. But this is only half the truth. The 
implementation of radon mitigation and precaution standards needs 
continuously scientific attendance and research networking on an 
international level. Otherwise the radon issue could degrade easily to a 
simplified techno-economical exercise without sustainable results in public 
health. 
In this paper the radon investigations in Austria which have been carried out 
in the last 20 years and the applied methods and derived standards for 
mitigation and precaution in the home and workplace sectors are given. The 
future strategy and scientific and social necessities in the radon issue are 
outlined comprehensively. The agreed and proposed research objectives and 
cooperation which seems necessary are discussed in consideration of the 
medium-term European radiation protection context.  
 
 
 
Introduction 
Radon is well known and researched as one of the most essential natural 
sources of human exposure to ionising radiation. The alpha decay of the 
radioactive progenies of Rn-222 and Rn-220 – inhaled with the breathing air 



indoor - deposits ionising energy in the epithelium of bronchi and lung. This 
exposition is able to cause increased lung cancer risk.  
Compared to other agents raise enhanced lung cancer risk - e.g. smoking - 
radon in principle causes statistically only a small part of  lung cancer 
incidence.  
Radon is not known in the society only as hazard: There are well established 
radon spas worldwide in operation for therapeutic use of radon in case of 
arthropathy, specific vertebral column diseases e.g. morbus bechterew,  and 
other medical indications (Deetjen 2005).  
 
These are the reasons why it is not so easy to make the public aware to the 
threat of radon:  

• radon is natural occurring 
• radon is invisible and odourless  
• radon is able to cause lung cancer but there are much more heavier 

agents 
• radon is therapeutically used 

 
Additionally there are much more imminent and medial popular danger and 
health risks e.g. traffic, heart disease,  nuclear industry, terrorism etc.  
Therefore it is not easy to search for political and socio-economical 
understanding and support of implementation of public radon programs to 
solve the radon problem. Although in many countries the radiation protection 
scientists and public health authorities successfully introduced radon 
mapping, indoor-air and soil-gas radon surveys, monitoring programs, and 
mitigation studies and programs.  
Worldwide many countries stepped into the radon issue with different 
approaches and strategies. In some European countries and regions with a high 
amount of bedrock geology e.g. in the Scandinavian countries, the southern 
part of Great Britain, the Czech Republic etc. much effort was done in the last 
centuries to find solutions for the radon problem. 
     
The ICRP took the natural sources of radiation into it’s focus beginning with 
ICRP 39 1983 publication and followed up by ICRP 47 1985. The most 
significant and strongest motivation to take up the radon issue in radiation 
protection worldwide was given by ICRP 60 1991 and ICRP 65 1993 
recommendations. These documents strongly stimulated the introduction of 
regional and national radiation protection standards taking into account the 
exposure to radiation due to the inhalation of radon in indoor-air of workers 
and the public. These recommendations are the basis for the radon related 
parts of the International Basic Safety Standards IAEA 1996,  the European 
recommendations, guidelines, and directives EC 1990, EC 1996, and EC 1997. 
A complete summary of the long-term development of the radon issue, the 
radon legislation and national guidelines up to 1999 was given by Åkerblom 
1999. 
 
The knowledge 
So far, the knowledge about radon, its environmental behaviour, and its 
health risk has been well researched. From the point of science, the radon 
issue is one of the most multi-disciplinary topics in radiation protection. 
Research on radon needs various scientific gateways: 



• Radiation physics 
• Soil physics 
• Geology and petrology 
• Health physics 
• Radiation biology  
• Epidemiology 
• Risk assessment 
• Building engineering 

 
The Austrian radon mitigation joint research project SARAH, a two-year follow 
up study of the Austrian national radon survey ÖNRAP (Friedmann 2001), was 
carried out from 1996 to 1998 (Maringer 2000). The research project was 
carried out to demonstrate simple, cost effective experimental methods for 
the characterisation of the radon situation in dwellings and to evaluate 
technically and economically the implementation of state of the art remedial 
actions for Austrian house types.  
Five houses were closely examined in regions with elevated radon levels in the 
federal state of Upper Austria. In this research work for the first time an 
extended Blower-Door method was successfully applied to radon diagnosis of 
buildings.  
In the course of this work three main reasons for elevated indoor-air Rn-222 
activities in Austrian buildings has been identified: 1. weather-worn granitic 
ground with high permeability due to weathering of fine grained particles in 
the soil, 2. hillside position of buildings, and 3. rooms direct over ground level 
without cellar floor below. 
The in this project developed extended Blower-Door method has been 
improved for the determination of the radon reduction effect after mitigation 
and for the estimation of the average annual mean of the Rn-222 activity 
concentration of a building. The successful installation of a sub-house 
depressurisation system in a old farm-house has demonstrated a useful 
mitigation method without inside remedial activities necessary. 
As one main result of this joint research project the basics for an Austrian 
standard for Rn-222 mitigation of buildings was outlined.  
Based on the experience gained, in radon prone areas conventional watertight 
construction against non-pressurised ground water could solve the radon 
problem in most cases.  
The results and conclusions of the demonstration project has sustainably 
stimulated the development in Austria like education events of the building 
branch, increased information of the public, installation of public funds for 
radon mitigation and precaution, registration of radon prone areas in the land 
utilisation maps, and inclusion of regulations and recommendations into – or at 
least around - the building legislation. 
 
After publication of the results of the SARAH project, Kindergartens & schools 
in Upper Austria obtained an increasing public interests in respect to radon. In 
the county of Upper Austria there are numerous regions with elevated radon 
potential due to the crystalline ground (granite, gneiss). Since 1992 the 
county’s governmental authorities have carried out many investigations and 
measures to reduce the radon risk e.g. founding of radon measurements, 
mitigation and prevention measures in private houses. The investigation of 



the radon situation in Kindergartens was of special interest: many rooms in 
Kindergartens are at ground level and therefore have direct contact with 
ground soil. Additionally the long-term reduction of the radiation exposure of 
the youngest group of population is an important health objective.  
In the course of an radon implementation project carried out between 1999 
and 2001 (Maringer 2001a), after a questionnaire survey on 'Indoor-air quality 
in the Upper Austrian Kindergartens' the radon activity concentrations were 
measured in two rooms during two 3-day periods. All 712 Kindergartens of 
Upper Austria were invited to participate in the survey. The median of the 
log-normal distributed 222Rn activity concentrations was about 75 Bq/m³ in the 
working day period and about 130 Bq/m³ during the weekend period. The 
maximum values laid at about 3500 Bq/m³ (working day) and 5500 Bq/m³ 
(weekend) respectively. In some Kindergartens with detected highly elevated 
radon activity concentrations mitigation measures were initiated. The results 
of this project serve as a basis for prevention measures for new Kindergarten 
buildings in radon prone areas and for the future strategy in solving the radon 
problem in Upper Austria generally. 
 
For mapping the local radon potential in regard to the design of technical 
precaution measures in radon prone areas geological data could be used in 
addition to in-situ measurement of soil-gas radon. In the Austrian 
demonstration project ELORA (Maringer 2001b) the connection between 
geological, geo-chemical, and physical soil parameters and the local radon 
availability by means of geo-statistical methods and in-situ soil-gas 
measurements has been investigated. In the research project the radon 
potential data of the Austrian radon project ÖNRAP have been applied in a 
test area in Upper Austria to find the geogenic main parameter and influencing 
factors of the local radon potential and to develop a general geo-statistical 
model for the mapping of the local radon potential.  
In the model evaluation phase (single fit of the radon potential to each 
parameter) the geo-chemical potassium contents (+) and tectonics (+) showed 
well significant (positive) correlations to the radon potential. The parameters 
geology (+), soil porosity (-) and density of lineaments (-) showed less 
significant correlation to the radon potential. The other parameters under 
investigation: orographical exposition, soil type and assessment, biological 
soil mixture, soil thickness, soil moisture, and density of plant roots in the 
soil, weren’t correlated with the radon potential. 
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Fig. 1: Distribution of soil-gas radon activity concentration measured on  

different locations in the 1600 km² test area of the ELORA project 
 
 
The results of the in-situ soil-gas measurements in the test area are shown in 
Fig. 1. This distribution more or less is able to count as a standard 
distribution of soil-gas radon in granitic bedrock regions in Europe. The 
relation between soil-gas radon-222 classes and radon-222 potential classes 
based on the calibration and validation of the applied model in the test area 
is given in Tab. 1. This relation has given the evaluation base for the Austrian 
standards for radon mitigation and precaution measures. 
 

Tab. 1: Relation of Rn-222-potential and soil-gas classes 
 

Rn-222-
potential (1)

Bq/m³

original Rn-
222-potential 

class

Rn-222 in 
soil-gas
kBq/m³

soil-gas 
Rn-222 class

< 200 1 < 60 1
200 - 400 2 60 - 120 2

> 400 3 > 120 3  
 

(1) Definition of Rn-222-potential in: Friedmann 2000 

 
 
A very interesting comprehensive overview of European radon surveys – indoor 
and soil-gas-  was recently published by the EC Joint Research Center IES, 
Ispra, Italy (Dubois 2005).  
 
One of the recently most interesting and from the society most controversially 
anticipated research result in the last years was brought up with the pooled 
evaluation of the European epidemiological indoor-air radon studies (Darby 
2004). The research team concluded a statistically significantly elevated 
health risk at 100 Bq/m³ average Rn-222 activity concentration with a 
relatively increase of risk of 10 % per 100 Bq/m³. This level is very low in 
respect to usually occurring indoor radon concentrations, and additionally if 
this result will be verified in the future, the radon activity concentration 
action limits have been updated to lower values. 
 
An very important follow up of the various research and demonstration 
projects carried out in Austria between 1992 and 2002 in the radon field was 
the creation of three parts of Austrian radon standards for measurement, 
precaution and mitigation measures: 

• ÖNORM S 5280-1:1998 – Radon, measuring methods and their range of 
application 

• ÖNORM S 5280-2:2003 – Radon part 2: Technical precautionary 
measures in the case of buildings 

• ÖNORM S 5280-3:2005 – Radon part 3: Remedial measures on buildings 
 
These three standards lay out the technical basis for solving the radon 
problem in Austria on site.  
 
Conclusions – future strategies and action 



Based on the working experience in Austria during 20 years the following 
necessities / lacks could be identified - at least partially: 

A. International level: 
• Finalisation and concentration of reliable epidemiological studies on 

indoor-air radon health risk 
• Agreed, sustainable and easy-to-use exposure guidelines / limits for 

the public and at workplaces 
• Harmonised recommendations, protocols and standards for radon 

metrology, measurement, instrumentation, precaution measures and 
mitigation procedures 

 
B. European level: 

• Adoption and implementation of internationally agreed updated 
recommendations / limits in the EU radiation protection directives, 
guidelines and recommendations  

• Implementation of a high-level radon metrology and instrument 
calibration standards as basis for traceable radon measurements 

• Integration of national radon potential / radon risk maps to a 
scientifically agreed harmonised European radon map 

• Integration of society, economy and science into a European radon 
reduction framework program 

 
C. National level: 

• Definition of national radon programs with triggers, targets and 
roadmaps / timetables 

• Collimating and coordination of all national radon reduction 
activities 

• Bundling and concentration of interests and power of involved 
parties (scientists, public health authorities, companies, building 
engineers, …)  

• Installation of a web based radon information platform 
 

D. Regional level 
• Installation of in-situ, easy-to-find personal radon information 

contact points 
• Regional coordination of the practical implementation of radon 

reduction measures 
• Stimulation and coordination of workshops and information events 

for the public and other involved / interested parties 
 

E. Local level 
• Steady continuous information of the public in areas with high radon 

potential 
• Identification and documentation of areas without enhanced radon 

risk   
 
In particular European countries the radon issue is on the way differently. The 
eventual solution of the radon problem is a long-term issue of society, science 
and engineering. The necessary time-period for successful radon reduction 



implementation process seems in the range of 20 to 40 years – slightly 
connected to the average refurbishment period of buildings.  
 
Learning from the implementation practice in Austria, radon is really not only 
an issue of radiation protection. To carry out a radon program on a regional 
level including mitigation and precaution there is a strong need in forming a 
team of experts. stakeholders and persons of public meaning discussing the 
problem with the public and accompany the implementation of the measures: 

• Communicators like sociologists or psychologists 
• Local physicians 
• Regional politicians 
• Regional health and environmental authorities 
• Building engineers 
• Public representatives of the radon affected persons 
• Building owners or their representatives respectively 

 
Indeed there is a real indication if radiation protection scientists would merge 
their awareness in radon furthermore – considering the stated necessities and 
supported by the national and international institutions and stakeholders – the 
radon problem should solved finally in Europe within about 20 years.  
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