
ERRICCA 2 
European Radon Research and Industry Collaboration 

Concerted Action 
European Commission Contract No: FIRI-CT-2001-20142 

 

 

 

An Evaluation of Radon Mapping  
Techniques in Europe 

 

 

 

 

Hugh Synnott 

David Fenton 

 

 
 

 

March 2005 

 
 
 
 
 
 
 
 
 
 
 
 

 

  

 



CONTENTS 
List of Figures…………………………………………………………………... ii 

List of Tables……………………………………………………………………. ii 

Executive Summary……………………………………………………………… iii 

1. Introduction…………………………………………..................................... 1 

2. Methods of mapping radon potential……………………………………… 1 

3. Scope of the ERRICCA2 mapping review………………………………… 2 

4. Questionnaire………………………………………………………………... 3 

5. Results………………………………………………………………………... 3 

 Radon mapping programme......................................................................... 3 

 Mapping organisations and their national standing................................... 3 

 Radon mapping methodology....................................................................... 5 

 Validation of radon mapping programme.................................................... 12 

 Compatibility of model predictions between countries with common  

 borders……………………………………………………………………… 15 

 Further uses of radon maps.......................................................................... 15 

6. Main findings……………………………………………………………….. 17 

7. Observations………………………………………………………………… 19 

8. Acknowledgements………………………………………………………….. 19 

9. References…………………………………………………………………… 20 

10. Appendices…………………………………………………………………... 23 

 

 i 



List of Figures 

Figure 1 Main organisation types that carried out radon mapping in ERRICCA2 

participant countries 

 

List of Tables 

Table 1 Countries that responded to the questionnaire on radon mapping 

Table 2 Organisations that conducted national radon mapping programmes 

Table 3 Radon mapping methodologies used in mapping programmes 

Table 4 Uses of radon map predictions 

 ii 



EXECUTIVE SUMMARY 

Exposure to indoor radon as a result of soil gas ingress into buildings is the most 

significant contributor of radiation dose to members of the public.  Many countries have 

carried out radon surveys to establish the extent of this problem.  In some cases these 

surveys allow radon maps to be produced.  The availability of comprehensive radon 

maps indicate areas where radon is likely to be present in enhanced concentrations and 

facilitates national authorities in targeting resources in dealing with this problem. 

 

Radon mapping has been carried out to some extent by most European countries but the 

extent to which each country has mapped its territories, the mapping techniques 

employed, whether maps produced by countries are compatible and the uses to which 

radon maps are put are not known or fully documented.  This report addresses these 

questions by reviewing radon mapping techniques in the 20 participating countries in 

the European Radon Research and Industry Collaboration Concerted Action 

(ERRICCA2) project.  As a topic leader within the ERRICCA2 project the Radiological 

Protection Institute of Ireland (RPII) took the lead role in gathering and evaluating the 

information in this report. 

 

Data was gathered by questionnaire, which sought information about the radon 

mapping carried out in each country.  All 20 participating countries responded.  Six 

main questions were asked.  Three questions inquired as to whether any radon mapping 

had been done, by whom and the methodology employed.  The remaining three 

questions sought information on follow up work that may have been completed after the 

initial mapping exercise was completed.  Specific information was sought on whether  

• the initial mapping survey was  validated by any follow- up radon surveys;  

• countries that share a common border have cooperated in any way to produce 

radon maps; and 

• for what purpose(s), if any, the radon maps in each country were used?  

 

All countries indicated that radon mapping of their territories had been carried out to 

some extent and in the majority of countries the mapping programme was centrally 

coordinated.  Government organisations in 17 countries played a role in the production 

of radon maps and were solely responsible for the production of radon maps in 11 
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countries.  Academic institutes and other organisations, mainly private consultants, 

played a role in radon mapping in seven and five countries respectively.  

 

The majority of countries have used indoor radon gas measurements to facilitate radon 

mapping.  Ten countries based their maps solely on indoor radon gas measurements.  

Other common radon mapping techniques relied on soil gas measurements and 

geological mapping.  However, it was common for some countries to use two or more of 

these techniques to produce maps.  

 

The type of radon maps produced tends to differ significantly between countries.  For 

example, some maps use a sampling area derived within an administrative boundary 

such as a municipality or county, while others use an area of uniform size such as a 5 

km or 10 km grid square or a geological unit such as bedrock type or soil type.  How 

one chooses to represent radon potential or the likelihood of finding elevated radon 

concentrations is determined by the sampling methodology.  In cases where mapping is 

based on indoor radon measurements the most common means of presenting radon 

involves categorising data from each sampling area based on average radon values, 

measured percentages of dwellings above a predefined reference level and the predicted 

percentage of dwellings above a predefined level of radon such as a national reference 

level.  Where mapping is based on other methods such as soil gas measurements or 

geological parameters the radon potential of the area in question is usually shown on 

the map as being low, medium or high.   

 

Further surveys that serve to validate existing maps have been carried out by 11 

countries.  The types of validation studies undertaken range from investigating the 

reliability of radon maps based on soil gas measurements by carrying out confirmatory 

indoor radon gas measurements to repeating indoor radon gas surveys to confirm 

initial findings.  Several countries have successfully mapped radon potential based on 

soil gas measurements or geological parameters.  However the need for validation 

studies is greatest if the prediction maps are not based on indoor radon gas 

measurements as many non geological parameters are known to affect radon 

concentrations. 
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In many countries radon risk maps are used to increase awareness of the hazards of 

exposure to radon and to target future radon surveys.  In addition, several countries 

have introduced regulations to prevent radon ingress into new buildings.  In such 

countries the radon risk map is used to ensure that radon preventive measures are fitted 

to new buildings in high risk areas.  The installation of radon preventive measures in 

new buildings at the time of construction is a key strategy to reduce radon 

concentrations into the future.   

 

The compatibility of different radon maps between countries with common border areas 

has received very little attention from participant countries with only six countries 

giving consideration to this type of work.  

 

This report reveals certain common approaches adopted by countries in dealing with 

radon such as the setting of indoor reference levels for radon gas.  While it is not the 

purpose of this report to advise or to recommend to individual countries as to what 

course of action they should take in relation to the issues covered, a number of 

observations are possible following a full evaluation of the data. 

• Carrying out further surveys that serve to validate existing maps produced from 

earlier surveys should result in improved maps, which allow even more refined 

targeting of resources.  In addition, consideration might be given to using 

indoor radon measurements to validate maps produced using other 

methodologies.  

• The vast majority of maps based on indoor radon gas measurements are derived 

from surveys of radon concentrations in homes.  It might also be of use to survey 

other building types such as schools or other workplaces to see whether a 

similar pattern of radon potential exists. 

• Further work is needed for those countries sharing common borders who wish 

to evaluate the compatibility of data between their respective countries. 

• Countries who have not yet done so could consider using their radon maps for 

the following purposes 

 Increasing public awareness of radon. 

 Planning further radon campaigns, such as targeting resources to high 

risk areas. 

 Radon prevention in new buildings. 
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1. INTRODUCTION 
 
Radon is a naturally occurring radioactive gas that originates from the radioactive decay of 
uranium which is present in rocks, soils and building materials.  The primary source of radon in 
most buildings is radon bearing soil gas.  Soil gas radon enters a building through any small 
cracks or imperfections that exist in the building’s floor and in some instances it may build up to 
unacceptable concentrations.  The inhalation of radon and its decay products (especially 218Po 
and 214Po) irradiates sensitive lung cells. It is now well established that exposure to radon can 
increase the risk of lung cancer in humans [ICRP, 1994; NRC, 1999; UNSCEAR, 2000, Darby 
et al., 2004]. 

It is recognised by most countries that exposure to indoor radon is usually the most significant 
contributor of radiation dose to members of the public.  This has resulted in many countries 
carrying out large scale radon surveys to establish the distribution of indoor radon 
concentrations [ICRP, 1994].  These surveys have allowed radon maps to be produced.   

Many governments are concerned about exposures arising from radon and the availability of 
comprehensive radon maps is essential for the development of effective strategies to reduce 
exposure from radon.  Radon maps facilitate the identification of areas where buildings are 
susceptible to higher than average radon concentrations or where the percentage of buildings 
with high radon concentrations is above a certain threshold level.  Radon maps which identify 
areas of high radon potential facilitate the targeting of future radon surveys and publicity 
campaigns, thus maximising the use of scarce resources.  It is also becoming increasingly 
popular to incorporate radon preventive measures in new buildings constructed in areas of high 
radon potential. 

 

2. METHODS OF MAPPING RADON POTENTIAL 
 
The most common methods used to date in producing radon risk maps have been described 
elsewhere [Miles, 1998a] and will not be considered in detail in this report.  Radon risk maps 
can be based on indoor radon gas measurements or alternatively radon risk maps can be based 
on geological information such as the uranium content of the underlying geology or soil gas 
radon concentrations.   

When mapping based on geological information is considered, as a preliminary step it is 
necessary to consult existing geological maps (for example bedrock or quaternary geology 
maps) to determine the appropriate areas to be sampled.  The parameter of interest, for example, 
soil gas radon, uranium and/or radium content of soil, or soil gas permeability within each 
sampling area is then measured.  The Czech Republic and Germany have used this technique to 
produce radon risk maps.  However concerns have been expressed that maps based on geology 
are not reliable indicators of radon concentrations in dwellings due to the many non-geological 
factors that influence the entry and retention of radon in dwellings.  

The International Commission on Radiological Protection (ICRP) states that mapping radon 
prone areas using indoor radon measurements is likely to be more accurate than using 
geological information [ICRP, 1994].  When using indoor radon measurements as the basis for 
radon mapping the first consideration is how to group the data i.e. to choose a sampling area.  
Normally data is grouped by administrative boundaries (municipalities, regions, counties etc), 
geological boundaries (soil type, bedrock type, etc) or uniform areas such as 5 or 10 km grid 
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squares.  The advantages and disadvantages of how data is grouped are discussed by Miles 
[1998a].  Measurements are then carried out in a random sample of homes in each sampling 
area.  Maps are presented which show areas of high medium and low radon potential.  These 
designations can be based on summary data, for example, the mean radon concentration for 
each sampling area or predictive data which shows the percentage of dwellings in each area 
above a certain threshold value such as a national reference level. 

Mapping radon potential based on indoor radon gas measurements has some problems. 
Measured indoor radon concentrations are heavily dependent on factors such as the duration of 
the measurement, the number of measurements carried out in a dwelling, whether detectors are 
located only at ground floor level or on upper floors and whether results are seasonally adjusted.  
Therefore clearly defined measurement techniques and protocols are necessary for measuring 
radon indoors.  An evaluation of radon measurement techniques and protocols is also being 
carried out in ERRICCA2 [Synnott and Fenton, 2005].  

 

3. SCOPE OF THE ERRICCA2 MAPPING REVIEW 
 
The majority of countries in Europe have carried out radon mapping of some or all of their 
respective territories.  What is not well established is the extent to which radon risk mapping has 
been conducted so far in Europe, the various mapping techniques used, the compatibility of 
these techniques and the purposes for which these maps are used.  This report representing 
Work Package 6 of the ERRICCA2 project attempts to answer the above questions. 

The main objectives of the mapping module of Work Package 6 are as follows: 

• To establish what countries have carried out radon mapping; 

• To determine what radon mapping techniques are in use in these countries; 

• To establish the compatibility of radon mapping techniques currently in use; 

• To determine to what extent the results of radon mapping programmes have been ground 

proofed or validated by follow-on surveys; and 

• To establish any other uses for radon maps. 
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4. QUESTIONNAIRE 
 
For the purposes of gathering information on the extent of radon mapping techniques, a 
questionnaire was sent out to all the ERRICCA2 participant countries by e-mail in April 2003.  
A reminder was sent to non respondents in September 2003 and all 20 participating countries 
have provided information for input into this report. 

 

Table 1 

Countries that responded to the questionnaire on radon mapping 

Austria, Belgium, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, 
Ireland, Italy, Netherlands, Poland, Portugal, Romania, Slovenia, Spain, Sweden, 
Switzerland, United Kingdom. 

 

A copy of the participant responses to this questionnaire is given in Appendix 1. 

 
5. RESULTS 
 
Radon mapping programme 

All 20 countries that responded to the questionnaire indicated that radon mapping was or is 
currently being carried out in their respective countries.  

 

Mapping organisations and their national standing 

Table 2 gives a list of the organisations in each country that was responsible for carrying out the 
mapping exercise. 

It can be seen from Figure 1 that government organisations in 17 countries played a role in 
carrying out mapping programmes.  Indeed government organisations were solely responsible 
for radon mapping programmes in 11 countries namely Belgium, Denmark, Finland, Hungary, 
Italy, Ireland, Poland, Portugal, Slovenia, Switzerland and the United Kingdom.  In some 
countries such as the Netherlands, Germany and Spain radon mapping is carried out by 
government organisations, supported by technical expertise from academic institutes, 
universities and private consultants with appropriate experience in geological mapping 
techniques.  

Romania, Sweden, Greece and Italy indicated that no centrally coordinated mapping programme 
was carried out in their respective countries.  Mapping in Sweden is largely carried out by 
private companies on behalf of individual municipalities in line with the recommendation of the 
Swedish National Board of Housing.  However much of the earlier radiometric maps of gamma 
emissions from soils were produced by the Swedish Geological Survey.  In Romania, radon 
mapping was carried out in different regions by various Government and non-Government 
organisations and in Italy the various administrative regions are responsible for mapping natural 
radioactivity in their respective areas.  Mapping in Greece was initiated and carried out by 
various university laboratories. 
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Table 2 

Organisations that conducted national radon mapping programmes 

Country Organisation 

Austria University of Vienna1

Belgium FANC2 (Federal Agency for Nuclear Control) 

Czech Republic Various academic institutes/universities1, Czech Geological Survey2 and 

private consultants3 with experience in geological techniques 

Denmark National Institute of Radiation Hygiene2, Geological Survey of Denmark and 

Greenland2, Risoe National Laboratory2

Finland STUK2  (Radiation and Nuclear Safety Authority of Finland) with the 

cooperation of municipal authorities2

France IRSN2 (Institute de Radioprotection et de Surette Nucléaire) and BRGM1 

(Bureau des Resources Géologique et Mineures) 

Germany BFS2 (Federal Office for Radiation Protection), Kemski and Partner 

Geologists3  

Greece Various University Laboratories1 with no centre of coordination 

Hungary National Research Institute for Radiobiology and Radiohygiene2

Ireland RPII2 (Radiological Protection Institute of Ireland) 

Italy Italian National Institute of Health, Agency for Environmental2 Protection and 

Technical Services2, public organisations in various regions2 with no centre of 

coordination 

Netherlands RIVM1 (Rijksinstituut voor Volksgezonheid en Millieu), KVI2 (Kernfysisch 

Versneller Instituut) 

Poland Polish Geological Institute2

Portugal ITN2 (Instituto Tecnologica e Nuclear) 

Romania Various Institutes1,3 with no centre of coordination 

Slovenia Institute Josef Stefan2

Spain Universities of Cantabria1, Catulana1, Canarias-Ciemat1, CSN2 (Nuclear 

Safety Council), ENUSA3 Industrias Avanzadas  

Sweden Private consultants on behalf of various municipalities3 with no centre of 

coordination 

Switzerland SFOPH2 (Swiss Federal Office of Public Health) 

United Kingdom NRPB2 (National Radiological Protection Board)  
1University or academic institute 
2Government organisation 
3Other private laboratories, consultants, etc. 
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Figure 1 

Main types of organisation that carried out radon mapping in ERRICCA2 

participant countries 
Error! Not a valid link. 
Radon mapping methodology 

The most commonly employed radon mapping methodology is based on indoor radon gas 
measurements. This technique is applied to some extent in 18 countries. Indeed radon mapping 
in Austria, Denmark, Hungary, Ireland, Portugal, Slovenia and Switzerland is solely based on 
indoor radon measurements.  However a number of countries combine one or more methods to 
produce radon maps.  For example soil gas measurements taking into account surface and 
subsurface geology form the basis of mapping in the Czech Republic and Germany whereas the 
basis for radon mapping in Finland is indoor radon measurements in conjunction with 
geological mapping and substructure classifications of buildings.  Table 3 shows the different 
radon mapping methodologies used by participant countries. 
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Table 3 

Radon mapping methodologies used in mapping programmes
Indoor radon gas 
measurements 

Soil gas radon 
measurements 

Geological mapping Other methods 

Austria 

Belgium 

Czech Republic 

Denmark 

Finland 

France6

Germany 

Greece 

Hungary 

Ireland 

Italy 

Netherlands 

Portugal 

Romania6

Slovenia 

Spain 

Switzerland 

United Kingdom 

Czech Republic 

France6

Germany 

Greece 

Poland 

Romania6

Sweden 

 

Czech Republic 

Finland 

France6

Germany 

Italy 

Poland 

Spain 

 

Czech Republic1

Finland2

Greece3

Spain4

Sweden5 

 

1gamma dose rate maps 
2sub structure classification radon prognoses 
3radium content of surface soil 
4natural gamma radiation map 
5airborne measurements 
6while radon mapping programmes were reported in both countries details on the methodologies used 
were not given and therefore could not be reviewed in this report 
 

A short description of the radon mapping programme in each country and the methodologies 
employed is detailed below. 

  

Austria 

Mapping was carried out at a municipal level.  Maps show municipality annual average radon 
values and “radon potential”.  Both short-term and long-term measurements were made.  
Approximately 40,000 measurements were taken in living and sleeping rooms. The “radon 
potential” is an estimate of the annual average radon concentration in a standard room i.e. a 
ground floor room, no basement, normal window use and normal inhabitant behaviour. 
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Belgium 

The national survey of measurements of indoor radon has been carried out using passive track-
etch detectors which were installed in randomly selected houses at ground floor level in various 
communes. Measurements were performed over three months during the winter period. A radon 
risk map was produced and this map estimates the percentage of houses in each administrative 
boundary with radon concentrations above predefined reference levels.  The categories used in 
this map area are as follows: number of houses > 200 Bq/m3; number of houses > 400 Bq/m3; 1-
5% of houses > 400 Bq/m3, 5%+ of houses > 400 Bq/m3. 

 

Czech Republic 

The first radon maps of the Czech Republic were published in 1990.  This was a set of seven 
(scale 1:200000) regional maps which covered the whole country and were based on soil gas 
measurements at 148 sites situated in the major lithological units.  In 1998 the Czech Geological 
Survey finished the vectorisation of soil gas radon, geological and gamma dose rate maps on a 
scale 1:500000.  This map was based on a statistical evaluation of 6900 test sites. In 1999 the 
Czech Geological Survey began to produce more detailed radon maps on a scale 1:50000 using 
geographical information systems.  A total of 214 maps of the whole country will be available 
by 2006.  Both the 1:500000 and 1:50000 maps are available on CD and show areas of low, 
medium and high radon risk. 

Radon mapping in the Czech Republic is based primarily on soil gas measurements of 222Rn at a 
depth of 80 cm and of the determination of soil permeability.  Usually 15 measurements are 
taken at each test site.  Up to 2002 data had been acquired at approximately 8900 test sites 
covering all the major geological and litho logical units. 

For more information on radon risk mapping in the Czech Republic and their respective 
methodologies see Miksova and Barnet [2002]. 

 

Denmark 

A radon risk map of Denmark is available which shows the percentage of dwellings in each 
municipality with radon concentrations in excess of the Danish action level of 200 Bq/m3.  This 
map is based on indoor radon measurements in 3109 single family dwellings and 101 
apartments in all 275 Danish municipalities.  Within each municipality houses were selected at 
random and measurements were carried out in living rooms for 1 year using CR-39 detectors 
[Andersen et al., 2001a]. 

The predicted percentage of houses above the Danish action level within each municipality was 
estimated using a statistical model [Andersen et al., 2001b].  The model is based on the 
transformation of data to normality and on analytical unbiased estimators of the quantities of 
interest.  Comparison between model prediction and measurement data suggest that the model is 
more accurate and less variable. Another advantage of the model is that it provides uncertainties 
with the predictions.  
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Finland 

Since 1986 the Finnish Radiation and Nuclear Safety Authority (STUK) has carried out radon 
risk mapping in cooperation with municipal heath authorities. The results of the Finnish radon 
mapping programme are available in two STUK reports [Voutilainen, et al., 1997a, b].  The 
radon mapping strategy in Finland is explained in Weltner et al. [2002]. 

Radon mapping in Finland is based on the following data: 

i. indoor radon measurements of existing houses; and 

ii. geological classification of building ground (soil type and bedrock type). 

The Finnish indoor radon maps are currently based on indoor radon measurements in 70,000 
houses.  These houses come from municipal authorities’ radon measurement programmes, radon 
measurements of private homes, and various STUK research projects.  STUK’s indoor radon 
database includes information of indoor radon concentration, geological classification and house 
information e.g. sub-structure type. 

This data has been utilised for preparing radon measurement plans and radon prognosis maps.  
The main purpose of a radon measurement plan is to locate existing houses with high indoor 
radon concentrations whereas radon prognosis maps are used to prevent the building of new 
houses with high indoor radon concentrations.  Both radon measurement plans and radon 
prognoses maps utilise all existing geological and indoor radon information. In the case of radon 
prognoses sub-structure information has also been utilised.  Radon measurement plans are 
available for all municipalities in Finland. Radon prognoses have been made for two provinces 
and several big towns, totalling 56 of the 450 municipalities in Finland. 

The new building code for sub-structures issued in 2004 requires consideration of radon risks of 
building soil in the whole country. This has decreased the need for classifying the building areas 
and soils. However, radon maps provide necessary background information for measurement 
programmes and also for new buildings. The local radon situation may affect the choice of sub-
structure type and prevention techniques applied. 

Details of the methodology employed in carrying out the Finnish national radon survey is given 
in Castrén et al. [1992].  Further information on radon mapping in Finland is available in 
Voutilainen and Makelainen [1993] and Weltner et al. [2002]. 

 

Germany 

The radon risk map of Germany (scale 1:2000000) is based on the radon concentration in soil 
gas as an estimator of the geogenic radon potential assuming the “worst case” of uniform 
highest permeability.  Areas of radon potential were initially classified as “low”, “medium”, 
“increased” and “high” [Kemski et al., 2001].  Current classifications of < 20 kBq/m3, 21-40 
kBq/m3, 41-100 kBq/m3 and > 100 kBq/m3 are based on the lowest soil gas radon concentration 
measured on a 3x3 km grid. 

Approximately 4000 sites, statistically distributed through the different geological units, were 
subsequently reduced to 2346 reference sites for the above mentioned grid.  The maximum soil 
gas radon concentration from three boreholes was used to describe each measurement site.  
Further details of the methods used for measuring soil radon gas concentrations and 
permeability are given in Kemski et al. [1996].  A transfer factor was determined from the 
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relationship between soil gas radon and indoor radon measurements and this was used to 
estimate the percentage of houses above a certain threshold value on a 3x3 km grid basis.  

 

Greece 

In Greece, the authority responsible for controlling high levels of environmental radioactivity is 
the Greek Atomic Energy Commission. However, only various university laboratories have 
worked independently on radon risk mapping.  A nationwide map of the surface soil radium 
content has been completed by the National Technical University of Athens, Nuclear 
Engineering Dept [Anagnostakis et al., 1996].  Draft regional maps of radon risk may be 
derived from the regional indoor radon survey work of the University of Athens [Nikolopoulos 
et al., 2002].  Limited regional mapping combining data of soil gas radon concentration, soil 
permeability and soil surface radon exhalation have been prepared for a couple of areas of 
specific interest by the National Technical University of Athens [Rouni et al., 2001].  The maps 
of radium content in the surface soil agree strongly with measurements performed after their 
formulation.  No other attempt has been made to investigate the agreement for the rest of the 
draft maps prepared so far.  

 

Ireland  

The first comprehensive survey of radon in Irish dwellings was carried out in the mid 1980s by 
McLaughlin and Wasiolek [1988].  The first radon risk mapping in Ireland was carried by 
Madden et al. [1994] and was essentially a follow-on survey which concentrated on previously 
identified areas of high radon potential.   

A comprehensive national survey of radon in Irish dwellings was conducted by the Radiological 
Protection Institute of Ireland between 1992 and 1999 and is detailed in Fennell et al. [2002].  
The survey produced a radon risk map of all of the Republic of Ireland.  The sampling area was 
a 10 km grid square based on the Irish national grid and one year radon measurements were 
carried out in a random sample of homes from each grid square.  The National Radiological 
Protection Board’s (NRPB) method of radon mapping [Miles, 1998b] was used and the 
lognormal distribution this data exhibited allowed the estimated percentage of dwellings in each 
grid square above the Irish national reference level for dwellings of 200 Bq/m3 to be made.  This 
map defined a “High Radon Area” as any 10 km grid square where the predicted percentage of 
houses above the reference level was greater than 10%. 

 

Italy 

In Italy, regions and autonomous provinces are responsible for the control of environmental 
radioactivity in their territory.  A representative national survey designed to estimate both the 
national and regional distributions was carried out from 1989 to 1996 by the Italian National 
Institute of Health, the Agency for Environmental Protection and Technical Services and public 
organisations from several regions.  Measurements were made in 5361 dwellings in 232 towns.  

Radon mapping has been carried out in the Bolzano province, Veneto region, Friuli-Venezia 
Giulia region and the Sardinia region.  Mapping is currently underway in the Toscana, Emilia-
Romagna and Lombardy regions. 
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The methodologies employed for radon mapping vary according to region.  In Bolzano a 
descriptive map (mean and median radon values and percentiles over the reference level) on a 
geographical-administrative basis (municipality) was made.  The NRPB mapping methodology 
was also applied to the indoor radon measurements and results of the two types of mapping 
were compared.  In the Veneto region the NRPB mapping methodology was applied to the 
mountain and pre-mountain zone of the region with some adaptation to the local situation and 
on a subgroup of radon data a geo-statistical method of mapping was applied.  The radon map 
of the Friuli-Venezia Giulia region was based on 5000 measurements in 1319 schools.  A 
descriptive map (mean values, percentiles etc) was produced.  Also maps showing the 
percentages of schools in each municipality with one or more rooms with radon concentrations 
above 200, 400 and 500 Bq/m3 were produced.  In the Sardinia region mapping was based 
indoor radon measurements in private dwellings and primary schools.  

 

Netherlands 

In 1995 and 1996, radon concentrations and effective air flows were measured in approximately 
1500 dwellings built between 1985 and 1993 in all Dutch municipalities.  The main objective of 
this work was to describe the trend in the average radon concentration and to quantify the 
contributions of the most important sources of radon.  Measurements were carried out in living 
areas using track etch detectors and the measurement period was approximately one year.  The 
average radon concentration in the total Dutch housing stock has increased by 20% since 1970.  
This survey found that the greatest contributor to indoor radon in Dutch houses is building 
materials at 70%.  The remaining 30% comes from crawl space and outdoor air. This survey 
also estimated that approximately 0.012% of houses (approximately 120 houses) built in the 10 
years prior to this survey have radon concentrations above 200 Bq/m3 [Stoop et al., 1998]. 

 

Poland 

Radon mapping in Poland is carried out by the Polish Geological Survey.  Not all of the country 
has been mapped and maps (scale 1:100000) showing areas with enhanced radon potential 
within the investigated areas are available. At present maps of the Upper Silesia and Opole 
regions are available.  The methodology used for mapping is as follows: geological maps are 
initially consulted and soil gas measurements at a depth of 0.8m are then carried out using a 
Lucas cell. Other investigations include mineralogical composition, soil radium content, and 
soil permeability as these parameters affect soil gas concentrations. 

 

Portugal 

The Portuguese national radon map categorises the average annual radon gas concentrations in 
each municipality.  Measurements were carried out using solid track etch detectors (LR-115, 
type II from KODAK).  Exposure periods ranged from one to three months and measurements 
were carried out during summer and winter periods.  Detectors were distributed according to 
one detector per 2000 inhabitants through the cooperation of school teachers and students.  
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Slovenia 

The basis for radon mapping in Slovenia was a random selection of telephone owners 
throughout the country.  A total of 892 homes/apartments were selected which represents a 
sampling density of 1 in 520.  From December 1993 to March 1994 the radon concentration in 
the main living area was determined by CR-39 track-etch detectors.  Radon concentrations were 
found to follow a log-normal distribution. 

 

Spain 

A map of Spain (scale 1:1000000) based on 5000 indoor measurements is available which 
shows areas of high (>400 Bq/m3), moderate (200-400 Bq/m3), low (100-200 Bq/m3) and very 
low (<100 Bq/m3) radon concentration.  A nationwide map which predicts the potential radon 
concentrations based on the MARNA project is also available [Quindos et al., 2004].  Both 
these maps show good agreement. 

Regarding the Spanish Technical Building Code, a map (scale: 1:500000) of Spain is available 
which shows low (level 0), medium (level 1) and high (level 2) areas of radon risk.  This map is 
based on the Spanish natural gamma radiation map (MARNA project).  Data from 40K, 116Ra 
and 232Th in 1318 soil samples and geological data is also used [Frutos Vasquez et al., 2003].  
This map must be consulted prior to building new dwellings and depending on radon risk 
potential, bedrock geology and soil permeability radon preventive measures may have to be 
installed in the building at the time of construction.  In areas of medium risk a radon barrier is 
required, whereas areas of high risk require a radon barrier and sump. 

 

Sweden 

In 1979 the Swedish Geological Survey began producing maps showing radon risks at different 
locations [Akerblom, 1995].  These were essentially maps of areas based on existing geological 
or geophysical maps where it was known or estimated that the gamma radiation at the ground 
surface or in the ground exceeds 30 micro-roentgen per hour µR/h.  It was subsequently found 
that these maps did not give enough information about the risk of having buildings with high 
radon concentrations.  This led to the development of a new type of radon risk map which 
classified areas within municipalities into high, medium and low risk areas.  These maps are 
based on a combination of existing geological maps, airborne ground radiometric surveys, 
indoor radon measurements and geotechnical information such as the thickness, composition 
and permeability of the soil. 

Municipal radon maps are produced by private consulting firms.  The quality of these maps 
varies depending on budget, the mission of the consulting firm and the methods used. Most 
maps are based on soil gas measurements, bedrock geological data and soil geotechnical data as 
well as airborne measurements.  The radon risk classification is the same for each municipality.  
Not all municipalities have radon risk maps. 

The authorities in Sweden have a nationwide map showing areas with an elevated risk for radon 
in groundwater.  This map is based on airborne gamma radiometric surveys, bedrock geological 
data, soil geotechnical data and radon in groundwater measurements [Akerblom and Lindgren, 
1996].  This map does not show local variations but gives a rough overview of radon potential 
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in water in Sweden.  The map, while useful, does not provide sufficient detail to be used by 
local authorities.  This has led to the development of more detailed regional scale maps. 

 

Switzerland 

Radon mapping in Switzerland is based on indoor radon measurements in inhabited homes.  The 
radon concentration is measured with integrating detectors over a period of three months.  The 
sampling area is at the municipal level and the number of houses measured should be greater 
than or equal to 20 or the square root of the number of houses in the area.  A radon prone area is 
an area where the municipal arithmetic mean radon value is greater than 200 Bq/m3 or the 
maximum municipal radon value is greater than 1000 Bq/m3. Further details on the Swiss 
Radon Programme and a copy of the Swiss radon risk map can be found in Piller et al. (1999). 

 

United Kingdom 

Radon potential maps of the UK are available [Miles et al., 1990; Miles et al., 1999, Green et 
al., 2002].  These maps are based on indoor radon gas measurements.  The measurement criteria 
is the placement of two CR-39 track etch detectors in the main living area and main bedroom of 
a dwelling for a period of approximately three months [Miles et al., 1991].  Data has been 
grouped by 5 km grid square and where sufficient data is available 1 km grid squares [Miles, 
1998a]. 

Radon concentrations follow a log-normal distribution and this allows the proportion of 
dwellings in each grid square above a certain level (usually the national reference level for 
radon in dwellings of 200 Bq/m3) to be estimated [Miles, 1998b].  

Miles and Ball [1996] also looked at mapping radon prone areas using indoor radon data and 
geological boundaries.  This method of mapping is more detailed than grid square maps and 
more accurate in estimating the number of homes affected than geological mapping.   

More recently the NRPB in conjunction with the British Geological Survey has investigated 
mapping radon potential by combining data grouped on geological units within 5 km grid 
squares [Miles, 1998a].  This method will most likely produce maps with the most accurate 
radon potential.  However the method requires very high measurement densities and digitised 
geological maps (scale 1:50000). 

 

Validation of radon mapping programme 

Further radon surveys which serve to validate existing results or predictions have been reported 
for 11 countries namely Belgium, Czech Republic, Finland, France1, Germany, Greece, Ireland, 
Italy, Poland, Spain and the United Kingdom.  A brief summary of the current situation in these 
countries (where information was provided) is now given. 

 

                                                 
1Details of the validation study was not given and therefore could not be reviewed in this report 
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Belgium 

Results from local authority’s radon campaigns are used to validate and update if necessary the 
findings and predictions of the general radon map.  Currently seven communes have carried out 
detailed radon campaigns: five in areas where more than 5% of the houses are expected to have 
radon values over 400 Bq/m³ “high areas” and one outside these “high areas”.  On a commune 
level these campaigns did confirm the predictions of the general map. 

Also in the commune outside the “high areas” some localised areas with indoor radon 
concentrations of over 1000 Bq/m³ in a small number of houses have been detected.  These 
localised areas are determined by measuring the close neighbours (in general up to a distance of 
100 m) around the initial detected houses with radon values over 1000 Bq/m³. 

 

Czech Republic 

Studies have been carried out to investigate the reliability of radon risk maps based on soil gas 
radon concentrations with indoor radon measurements [Barnet, 2002].  The first study compared 
the radon risk category derived from bedrock type to indoor geometric mean radon values in 
464 municipalities and found that in 70-80% of cases the predicted category from bedrock 
corresponded to the indoor radon concentration.  Two further studies in Bohemia found a good 
relationship between the indoor radon concentrations and the corresponding radon risk category 
based on soil gas measurements. 

 

Finland 

Radon maps, regional statistics and regional radon prognoses maps have been compared with 
the results of a separate nation-wide survey based on a representative random sample from the 
population register.  In general results from all surveys are in good agreement.  Comparison data 
is available in Voutilainen et al. [1997b].   

 

Germany 

Predictions based on soil gas measurements were validated by indoor radon measurements in a 
number of areas in Germany.  In general the predictions reflect the distribution of indoor radon 
(Lehmann et al., 2002).  The data in the test areas follow a lognormal distribution.  By means of 
multivariate statistics, significant influences of geogenic, construction-specific and utilisation-
specific parameters on the radon concentration in houses were identified.  The radon transfer 
from soil gas to houses was quantified by means of an empirically determined transfer factor.  
While radon activity concentration in houses is significantly positively correlated with radon in 
soil gas, the transfer factor is generally not and is thus a house-type specific parameter.  The 
percentage of houses exceeding the reference level increases clearly with radon concentrations 
in soil gas above 100 kBq/m³. 

 

Greece 

There have been attempts to correlate the results of the radium content of surface soils with 
indoor radon concentrations found in regional surveys.  The correlation coefficients calculated 
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present a range of rather poor values between 0.3 and 0.7.  However, it is believed that the 
radium in soil results could be correlated more efficiently to the indoor radon if indoor radon 
maps and indoor radon results are categorised according to house-type parameters.   

 

Ireland 

No formal validation of the nationwide radon prediction map has been carried out in Ireland.  
However the results from subsequent radon surveys in dwellings [Organo et al., 2004] and 
schools [Synnott et al., in prep] confirm a higher proportion of buildings with elevated radon 
concentrations occurring in areas designated as High Radon Areas in the Irish national radon 
survey [Fennell et al., 2002]. 

 

Italy 

Validations were carried out between geological aspects and indoor radon measurements.  The 
updating of existing maps by follow-on surveys was in effect a validation exercise. 

 

Poland 

Radon mapping in Poland based on soil gas measurements has been carried out by the Polish 
Geological Institute.  Other institutes have carried out independent radon measurements in areas 
where mapping is being conducted and these measurements can be used to validate the existing 
maps.  For example, the Central Mining Institute from Katowice carried out indoor radon 
measurements and soil radon measurements in upper Silesia, the Institute of Nuclear Physics in 
Kraków performed measurements of radon in dwellings in Kraków district and in south-eastern 
part of Poland. The Medical University in Białystok and the Central Laboratory of Radiation 
Protection in Warsaw performed measurements of radon in dwellings and radon in soil gas in 
the northern and eastern parts of Poland. 

 

Spain 

The radon map predictions were validated by comparing them to the results of 5000 nationwide 
indoor radon measurements.  It was found that these radon measurements were in good 
agreement with the corresponding predictions.  For example, higher percentages (>10%) of 
houses with radon concentrations above 200 Bq/m3 were found in areas that were designated 
high risk areas in the prediction map.  A more detailed validation study entitled “Radon level 
estimations in buildings in zones with different gamma exposure rate level” has recently begun. 

 

United Kingdom 

No formal validation of the UK radon potential maps has been carried out, but repeat surveys in 
high radon areas have confirmed the initial estimates of the proportion of the housing stock 
above the UK action level. The initial estimates were based on radon measurements in homes in 
the areas mapped, and employed the assumption that the distribution of radon concentrations in 
any area follows a lognormal distribution. This assumption was tested and found to be valid for 
radon measurements grouped by 5 km grid square [Miles, 1994]. 
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Compatibility of model predictions between countries with common borders 

This question enquired whether any studies or tests were carried out to determine the 
compatibility of different model predictions made for common border areas.  Fourteen countries 
indicated that no studies had been carried out with adjacent countries to determine the 
compatibility of different model predictions.  Three countries (Czech Republic, Poland and 
Romania) answered “yes” to the above question whereas Germany, Switzerland and Italy 
indicated that such initiatives are currently being considered. 

The Czech Republic based their response on an intercomparison study of soil gas measurements 
which include Poland, Germany and Slovakia.  Good agreement between countries for the 
determination of soil gas radon concentrations was found (Neznal et al., 1997).  Further 
intercomparison studies of soil gas radon measurements took place in 2002 between institutes in 
the Czech Republic and Poland.  Scientists in both these countries stress the importance of 
regular intercomparison exercises to ensure that respective radon gas measurement 
methodologies are comparable given that much of the Czech-Polish border is considered an area 
of high radon potential. 

Romania has recently initiated a project with Hungary which will compare radon measurement 
techniques in the two countries. 

In Italy plans were made to compare maps with those in Switzerland and Austria.  In Italy, due 
to the autonomous responsibility of the control of environmental radioactivity in the different 
regions, the compatibility of regional maps needs to be further investigated. 

 

Further uses of radon maps 

This question sought information about whether the predictions of the radon mapping 
programme were utilised by relevant government agencies with responsibility for radiological 
protection and, if so, for what purpose.  Fifteen countries answered “yes” with the exceptions 
being Hungary, Poland, Portugal, Romania and Slovenia. 
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Table 4  

Uses of radon map predictions 
Planning radon 

campaigns 

Distribution of 

radon detectors 

Radon 

prevention in 

new buildings 

Increasing public 

awareness about 

radon 

Other uses 

Belgium 

Finland 

Germany 

Greece 

Ireland 

Italy 

Spain 

Sweden 

United Kingdom 

Czech Republic 

Finland 

United Kingdom 

Finland 

France 

Ireland 

Italy 

Spain 

Sweden 

United Kingdom 

Denmark 

Finland 

France 

Ireland 

Italy 

United Kingdom  

Austria1

Denmark2

Germany3

Italy4 

Netherlands5

Sweden6

Switzerland7

1results of radon mapping programme was utilised in drafting ONORM S5280 (Austrian Standard for 
radon) 
2to assess the magnitude of the radon problem 
3map was used to predict “radon areas” 
4In some Italian regions the radon map predictions were utilised for regional recommendations aimed at 
limiting population exposure 
5results of two radon surveys were used to observe trends of indoor radon concentrations with time. It is 
proposed that the average radon value in Dutch dwellings should not increase in the future 
6geological maps and radon risk maps can be used to find wells with high radon concentrations 
7there is a proposal to change the classification of radon areas from arithmetic mean to predicted 
percentage of dwellings above 200 Bq/m3 

 
Radon maps are used for three main purposes (Table 4) i.e. planning radon campaigns, radon 
prevention in new buildings and to increase public awareness about the hazards of radon.  More 
specific details for each country are given appendix 1. 
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6. MAIN FINDINGS 
 

• All 20 countries responded to the questionnaire and indicated that radon mapping had 

been carried out in their country.  However the extent to which each country has been 

mapped for radon varies considerably. 

 

• Mapping has been predominately carried out by government organisations.  In fact 

government organisations were solely responsible for radon mapping in 11 countries.  In 

some countries mapping was carried by government organisations supported by 

universities/academic institutes and private consulting firms.  

 

• Most countries use indoor radon gas measurements as a basis for their radon risk maps 

and this approach to radon mapping is favoured by the ICRP [ICRP, 1994].  Other 

countries such as the Czech Republic and Germany use geological information such as 

soil gas radon measurements as the basis for their radon maps.  Some countries such as 

Finland use a combination of geological information combined with indoor radon 

measurements to produce their radon maps.  The United Kingdom is also looking at 

refining their existing maps using geological information.  This method requires the 

availability of detailed geological maps and not all countries have these. 

 

• The type of radon maps produced varies from country to country.  Sampling areas are 

usually based on a fixed uniform area such as 5 or 10 km grid squares, on administrative 

areas such as a municipality or county or on distinct geological boundaries such as 

bedrock type or soil type.  Data can be presented in summary form (for example, mean 

value, 95% confidence intervals, maximum value or percentage of measurement above a 

threshold value).  The data can also be presented in model prediction form and this is a 

particularly useful way to present indoor radon data provided the sampling areas are 

uniform and the data follows a log normal distribution.  If these assumptions are met it is 

therefore possible to predict the percentage of homes that are likely to have indoor radon 

concentrations in excess of a threshold level such as a national reference level.  There are 

advantages and disadvantages associated with all mapping methodologies.  However one 

common feature of radon mapping is its ability to show areas of radon potential which 

are usually expressed as “low”, “medium” and “high”. 

 

• Further surveys that serve to validate existing maps have been carried out by 11 

countries.  In general these studies have confirmed the findings of the original mapping 

exercise.  It is important to check the accuracy of predictive maps based on geological 

parameters by carrying out indoor radon measurements.  Ultimately the usefulness of 

 17 



radon maps based on geological parameters is their ability to accurately highlight or 

exclude areas that have a higher than average percentage of buildings with elevated radon 

concentrations.  Such validation studies have been carried out in the Czech Republic, 

Spain, Poland and Germany and results have shown than in general radon risk maps 

based on geology are quite accurate in their predictions.  In the United Kingdom and 

Finland, where radon mapping is based on indoor radon measurements, further separate 

surveys in areas already mapped have confirmed that the existing maps are reasonably 

accurate in their predictions. 

 

• Radon maps are also used by municipal authorities and radiation protection agencies to 

publicly highlight areas of high radon potential and to hopefully encourage more 

householders to carry out radon measurements.  Radon maps also provide valuable 

information in the targeting of future radon measurement surveys which will increase the 

chances of finding dwellings with high radon concentrations.  The construction of radon 

resistant buildings is becoming an established practice in many countries and radon maps 

are being increasingly used to highlight areas of high radon potential where it would be 

prudent to incorporate radon preventive measures into new buildings at the time of 

construction.   

 

• This review has identified a lack of obvious cooperation between countries with common 

border areas in relation to radon mapping.  Only three countries with common borders 

indicated that work has been carried out to determine to compatibility of different model 

predictions and a further three indicated that such work is being considered.  Radon 

surveys and mapping programmes are almost always carried out within the boundaries of 

individual countries and the methodologies employed reflect the resources available 

within countries. 
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7. OBSERVATIONS 
 
It is important to note that it is not the purpose of this report to issue formal recommendations to 
individual countries on issues relating to radon mapping.  What this report does show however 
is how individual countries have addressed these issues and this has the potential to highlight a 
common consensus in many areas which may be useful to countries considering how best to 
proceed.  It is in this context that that the following observations should be viewed.  

 

• Consideration should be given to carrying out further surveys to validate and if necessary 

improve existing maps.  In particular consideration should be given to using indoor radon 

measurements to validate maps produced using other methods. 

 

• The lack of cooperation in radon mapping between countries with common borders was 

noteworthy.  Further work is needed in this area to help ensure that radon risk maps 

between adjacent countries are compatible.  

 

• Countries who have not yet done so should if possible consider using their radon maps 

for the following purposes: 

– Increasing public awareness of radon. 

– Planning further radon campaigns. 

– Radon prevention in new buildings. 
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10. APPENDICES 
Appendix 1 

Response of participant countries to mapping questionnaire 

 
Answers from Austria (AT), Belgium (BE), Czech Republic (CZ), Denmark (DK), 
Finland (FIN) France (FR), Germany (DE), Greece (GR). Hungary (HU), Ireland (IE), 
Italy (IT), Netherlands (NL), Poland (PL), Portugal (PT), Romania (RO), Slovenia (SL),  
Spain (ES), Sweden (SE), Switzerland, (CH), United Kingdom (UK). 
            
1 HAS ANY RADON MAPPING PROGRAMME EVER BEEN 

CONDUCTED IN YOUR COUNTRY? 
yes (20) 

AT, BE, CH, CZ, DE, DK, ES, FIN, FR, GR1, HU, IE, IT2, NL, PL, PT, RO3, SL, SE4, UK. 
 
Comments:  
1Only limited regional mapping has been carried out in Greece.  Mapping in Greece was not 
centrally coordinated 
2Radon mapping in Italy was not centrally coordinated  
3Radon mapping was carried out in different regions of Romania by various Government and 
non-Government organisations. There was no centrally coordinated mapping programme.  
4There has been no centrally coordinated mapping programme in Sweden. Mapping was largely 
done following recommendation by the Swedish National Board of Housing.  
 
        
2 If yes what organisation conducted the mapping programme? 

Austria: University of Vienna. 
 
Belgium: Federal Agency for Nuclear Control. 
 
Czech Republic: Czech Geological Survey. 

Denmark: National Institute of Radiation Hygiene, Geological Survey of Denmark and 
Greenland, Risoe National Laboratory (DK). 
 
Finland: STUK with the cooperation of municipal authorities. 
 
France: IRSN (Institute de Radioprotection et de Surete Nucleaire and BRGM (Bureau des 
Resources Geologique et Mineres). 
 
Germany: Federal Office for Radiation Protection (BFS), Kemski and Partner Geologists. 
 
Greece: Various University Laboratories. 
 
Hungary: National Research Institute for Radiobiology and Radiohygiene. 
 
Ireland: RPII (Radiological Protection Institute of Ireland). 
 
Italy: Various Regional Authorities. 
 
Netherlands: RIVM (Rijksinstituut voor Volksgezonheid en Millieu, KVI (Kernfysisch 
Versneller Instituut). 
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If yes what organisation conducted the mapping programme (continued) 
 
Poland: Polish Geological Institute (PL). 
 
Portugal: Institute Tecnologico e Nuclear. 
 
Romania: Not centrally coordinated various Institutes. 
 
Slovenia:  Institute Josef Stefan. 
 
Spain: CSN (Nuclear Safety Council), ENUSA Industrias Avanzadas (ES), Universities of 
Cantabria, Catulana, Canarias-Ciemat (ES). 
 
Sweden: Private consultants on behalf of various municipalities. 
 
Switzerland: SFOPH (Swiss Federal Office of Public Health). 
 
United Kingdom: NRPB National Radiological Protection Board. 
 
      
3 What is the national standing of the organisation that conducted mapping 

programme in your country? 
  

Government Organisation (17) University or Academic 
Institute (6) 

Other mainly private 
consultants (5) 

BE, CH, CZ, DE, DK, ES, HU, FIN, FR, 
IE IT, NL, PL, PT, RO, SL, UK, ,  

AT, CZ, ES, FR, GR, 
NL. 

CZ, DE, ES, RO, SE.  

 
4 What radon mapping methodology was used in the mapping programme? Was it 

based on? 

Indoor Radon Gas 
Measurements (18) 

Soil-Gas radon 
measurements (7) 

Geological 
Mapping (7) 

Other methods (5) 

AT, BE, CH, CZ, DE, DK, 
ES, FIN, 6FR, GR, HU, IE, 
IT, NL, PT, RO, SL, UK. 

CZ DE, 6FR, GR, 
PL, 6RO, SE 

DE, CZ, ES, 
FIN, 6FR, IT, 
PL  

1CZ, 2ES, 3FIN, 4GR, 
5SE 
 

Comments on “other methods”:  
1Gamma dose rate maps have been used in the radon mapping process. 
2Data of 40K, 226Ra and 232Th, in 1320 soil samples of the country have also been used in the 
radon mapping process. 
3Radon prognoses maps take account of the building’s foundation type. 
4Radium content of surface soil has been mapped. 
5Airborne gamma measurements had assisted the mapping of radon potential in Sweden. 
6While radon mapping programmes were reported in both countries details on the 
methodologies used were not given and therefore could not be reviewed in this report. 
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 Detailed below is a brief summary of the methodology used in compiling radon risk maps 
 
Austria: Mapping was carried out at a municipal level. Maps show municipality annual 
average radon values and “radon potential”.  Both short-term and long-term measurements 
were taken.  Approximately 40000 measurements were taken in living and sleeping rooms. The 
“radon potential” is an estimate of the annual average radon concentration in a standard room 
i.e. a ground floor room, no basement, normal window use and normal inhabitant behaviour. 
 
Belgium: The national survey of indoor radon has been carried out using passive track-etch 
detectors which were installed in randomly selected houses at ground floor level in various 
communes.  Measurements were performed over 3 months during the winter period.  A radon 
risk map was produced and this map estimates the percentage of houses in each administrative 
boundary with radon concentrations above predefined reference levels.  The categories used in 
this map area as follows: no houses > 200 Bq/m3; no houses > 400 Bq/m3; 1-5% of houses > 
400 Bq/m3, 5%+ of houses > 400 Bq/m3. 

Czech Republic: In 1990 the first radon risk maps on a scale of 1:200,000 were published. The 
complete set of 7 maps included the regional maps which covered the whole state territory. 
These maps were based on 148 reference test sites situated in the major litho logical units. In 
1998, the Czech Geological Survey (CGS) finished the vectorization of geological, radon and 
gamma dose rate maps on a scale of 1:500,000.  The radon risk map was based on a statistical 
evaluation of over 6,900 test sites. In 1998, CGS indicated the cooperation of seven state and 
private subjects to publish the special CD with the geoscientific thematics – GEOČR500. The 
radon risk map was one of eleven maps from digital atlas presented in the Geographic 
Information System.  The maps on a scale of 1:500000 are used only for the overview 
information.  In 1999, CGS started the construction of radon risk maps on a scale of 1:50,000. 
In 2003, 154 map sheets based on the soil gas radon database with 9000 test sites were 
published. These maps are based on soil gas radon measurements and soil permeability. The 
sampling area is at the administrative unit or 5x5 cm grid square (which maps use 
administrative units and 5x5 km grid squares as sampling units. three categories of radon risk 
are shown (low, medium and high).  By 2006 the whole country is expected to be covered by 
total of 214 map sheets.   
 
Denmark: From 1995 to 1996 one radon measurement using a CR-39 detector was made in 
3019 single family houses in all 275 Danish municipalities.  Within each municipality houses 
were selected at random.  The predicted percentage of houses within each municipality was 
estimated using a statistical model.  The model is based on the transformation of data to 
normality and on analytical unbiased estimators of the quantities of interest. 
 
Finland: Radon mapping in Finland is based on the following data: indoor radon 
measurements of existing houses, geological classification of building ground and type of sub-
structure construction (slab on grade, crawl-space, slope house, cellar).  In 2003 STUK’s 
database includes data on 52000 houses.  The data base has been utilized in making of radon 
measurement plans and radon prognosis maps.  The aim of a radon measurement plan is to 
locate houses with high indoor radon concentrations.  The purpose of a radon prognosis map is 
to prevent the building of new houses with high indoor radon concentrations.  Radon prognoses 
are regional radon risk maps, classifying areas and soil types with different radon risk.  We use 
indoor radon monitoring data and geological information adjusted according to an empirical 
statistical model.  
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Detailed below is a brief summary of the methodology used in compiling radon risk maps 
(continued) 

Germany: A standardised in situ measuring procedure using a single borehole probe for both 
radon and permeability measurements at a depth of 1 m was developed to ensure the regional 
representation and also the comparability of the field data collected.  At each measurement site, 
the maximum radon value and the mean permeability from three boreholes are taken. 
Regionalisation of the geogenic radon potential estimated from the measured values in the field 
was realised by a distance-weighted interpolation on a grid basis within geological units. Each 
grid element represents an area of 3 x 3 km, to which a series of attributes like geological 
properties, soil gas permeability, radon activity concentration in soil gas and radon potential 
class can be assigned.  Grid-elements without measuring sites receive their values from the 
three nearest measuring sites lying in the same geological unit.  The map of Germany (scale 1: 
2,000,000) is based on the radon concentration in soil gas as an estimator of the geogenic radon 
potential assuming the “worst case“ of uniform highest permeability.  On the basis of this map 
a prediction was made for regions with enhanced indoor radon concentrations.
Generalisation of existing geological maps in various scales by combining geological units 
under lithostratigraphical and radon-relevant aspects was a preliminary step before mapping the 
radon potential. 
 
Greece: In Greece, the authority responsible for controlling high levels of environmental 
radioactivity is the Greek Atomic Energy Commission.  However, only various University 
Laboratories have worked independently towards radon risk mapping.  A nationwide  map of 
the surface soil radium content has been completed by the National Technical University of 
Athens, Nuclear Engineering Dept: (Anagnostakis et al., 1996).  Draft regional maps of radon 
risk may be derived from regional indoor radon survey work of the University of Athens, 
Medical Physics Laboratory: (Nikolopoulos et al., 2002).  Limited regional mapping 
combining data of soil gas radon concentration, soil permeability and soil surface radon 
exhalation have been prepared for a couple of areas of specific interest by the National 
Technical University of Athens, Nuclear Engineering Dept. (Rouni P.K et al., 2001).  The 
maps of radium content in the surface soil comprehensively agree with measurements 
performed after their formulation.  No other attempt has been made to investigate the 
agreement of the rest of the draft maps resulted so far.  
 
Ireland:  The National Survey of radon in dwellings was carried out over a seven year period 
from 1992 to 1997. A random selection of houses in each 10 x 10 km National Grid square 
throughout the country had radon measurements carried out over a twelve month period. The 
results were used to predict the percentage of houses in each grid square in which the radon 
concentration is in excess of 200 becquerels per cubic metre (Bq/m3), the National reference 
level. A high radon area was any grid square where > 10% of houses was predicted to be above 
the ref level.  Names and address of householders were randomly selected from the Electoral 
register and invited by letter to participate in the survey.  Participants were sent two CR-39 
radon detectors and instructed to place one detector in their main living area and the other in 
their main bedroom. Participants were asked to indicate as accurately as possible the location 
of their house on a map provided. The data for the survey was found to log-normal. The 
proportion of houses exceeding the reference level of 200 Bq/m3 in any grid square can be read 
from statistical tables of the area under the standardised normal curve once K is known. K is 
calculated using the formula K=ln(200)-ln(GM for grid square)/ln(GSD for grid square). 
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Detailed below is a brief summary of the methodology used in compiling radon maps 
(continued) 

Italy: In Italy the methodology used in compiling radon maps varied according to region  
Autonomous Province of Bolzano (Alto Adige): Indoor radon measurements were made at 
ground floor level during the winter period in at least 20 private and public buildings for each 
municipality.  They were 3198 geo-referenced data and therefore linkable with a GIS platform 
to other information of the territory. A descriptive mapping (mean values, percentiles, etc..) 
was made. Moreover, these data were analysed with multifactorial covariance analysis 
(ANOVA) to determine if indoor radon concentrations could be predicted from simple 
parameters. The conclusion was that the indoor radon concentration can be foreseen if simple 
parameters are known. The NRPB mapping methodology was also applied to the indoor radon 
measurements and results of the two types of mapping were compared.  
Vento Region: The NRPB mapping methodology was applied with some adaptation to the 
local situation. The sampling area was a 5.5 x 6.5 km2 grid and annual radon measurements 
were carried out in 5 dwellings on average from each grid for greater than 1200 dwellings.  All 
measurements were normalised to the ground-floor-level.  This study identified 82 radon prone 
municipalities.  A municipality is defined as radon prone if at least 30% of its territory has 
elevated concentrations of radon.  A geo-statistical method of mapping was applied to a subset 
of this data.  In conclusion, the comparison between kriging and other assessment methods 
shows a higher reliability even for irregular sampling geometries. 
Friuli-Venezia Giulia Region: The mapping was based on 1319 indoor radon measurements 
in 5000 rooms in 1319 schools.  Mapping was conducted by geo-referencing the data within 
grid squares of varying dimensions.  The main objective of this work was to produce a map of 
radon potential using homogeneous data, therefore only mean values of radon concentration 
measured at ground floor were used.  The map was descriptive (mean values, percentiles, etc.). 
Municipalities were grouped into categories based on the presence or absence of at least one 
room in one or more schools with radon concentration above 200, 400 and 500 Bq/m3. The 
percentage of schools in each municipality with at least one room with radon concentrations 
above 200, 400 and 500 Bq/m3 was also calculated.  
Sardinia Region: Indoor radon measurements both in dwellings from the Italian National 
Representative Survey on natural Radioactivity in dwellings and in primary schools were 
utilised.  These measurements were normalised in order to obtain a regional sole sample. 
Inferential statistical analysis (Bayes) was applied, based on a subdivision in classes depending 
on geology.  For each lithological class the geometric mean and the geometric standard 
deviation were calculated, then an assessed mean was calculated using an ad-hoc equation. 
Two different types of lithological classes (one simplified and one more detailed) were used 
and results were compared.  The process is not concluded, however, there is a clear correlation 
with Ra content of the soil and indoor radon concentrations.  
Other Regions The Toscana region is applying a methodology analogous to that of Sardinia 
and that both Emilia-Romagna region and Lombardy are currently working on preparing radon 
maps. 
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Detailed below is a brief summary of the methodology used in compiling radon maps 
(continued) 
Netherlands: In 1995 and 1996, radon concentrations and effective air flows were measured in 
about 1500 Dutch dwellings built between 1985 and 1993. The goal of this investigation was to 
describe the trend in the average radon concentration and quantify the relative importance of 
the different sources of radon. In the living room radon concentrations varied from 5 to 400 
Bq/m3, with an average of 30 Bq/m3, which is 50% higher than the average measured in 1984 
in dwellings built before 1970. The average concentration in the outside air was 5 Bq/m3 and in 
crawl spaces 70 Bq/m3. The average concentration found in bedrooms was about 10% less than 
concentrations for living rooms.  Measurements of effective air flows showed the most 
important source of radon in the living room not to be the soil but the building materials, with 
an average contribution of 70%.  The other 30% comprised outside air and air from the crawl 
space in equal quantities.  Use of the mechanical ventilation system was found to slightly 
reduce the radon concentration in new dwellings.  The radon concentration was also found to 
be positively correlated with the radon concentration in the crawl spaces and the total area of 
concrete in the living room.  The long-term increase in the average radon concentration is due 
principally to the improvements in insulation since 1970, resulting in a fourfold decrease in the 
building shell permeability, and in a less degree to an increase in the use of concrete by a factor 
of four over the last 40 years. Since 1970, the average radon concentration in the total Dutch 
housing stock has increased by about 4 Bq/m3, to 23 Bq/m3, which is the lowest but one 
average value in Western Europe. 
 
Poland: The Polish Geological Institute in Warsaw started their mapping programme some 
years ago.  Only some areas of Poland have had radon mapping carried out.  Results of the 
radon mapping known as areas with enhanced radon potential will be shown on structural 
geological maps of investigated parts of Poland.  The scale the maps is 1:100,000.  The maps 
will be issued on CDs and available through the internet.  At present maps of Upper Silesia and 
Opole region (neighbouring areas of southern part of Poland) are finished and they will be 
available in the near future.  The methodology used by Polish Geological Institute is as follows: 
Following the analysis of geological maps, soil-gas radon measurements are performed in the 
chosen geological units.  Geological units are chosen based on parameters such as 
mineralogical composition, radium content, permeability and so on.  The density of radon in 
soil gas measurements depends on different factors, measurements of radon in soil-gas 
concentrations are performed with use of Czech device for sampling air from the depth of 0.8 
m. 
 
Portugal: The Portuguese radon map categorises the average annual radon concentrations in 
each municipality.  Measurements were carried out using solid track etch detectors (LR-115, 
type II from KODAK).  Exposure periods ranged from 1 to 3 months and measurements were 
carried out during summer and winter periods.  Detectors were distributed according to 1 
detector per 2000 inhabitants through the cooperation of high schools teachers and students.  
At present a new map based on geology criteria and georeferenciation of all data. This map will 
be updated with new data. 
 

Slovenia: The basis for radon mapping in Slovenia was a random selection of telephone 
owners throughout the country.  A total of 892 homes/apartments were selected which 
represents a sampling density of 1 in 520.  From December 1993 to March 1994 the radon 
concentration in the main living area was determined by Cr-39 track-etch detectors.  Radon 
concentrations were found to follow a log-normal distribution. 
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Detailed below is a brief summary of the methodology used in compiling radon maps 
(continued) 
 
Spain: Regarding the upcoming Technical Building Code and in order to classify the country 
in risk zones of exposure to radon, 1.500000 data of terrestrial gamma radiation from the 
Spanish Natural Gamma Radiation Map (MARNA project) have been used.  This project is 
being carried out by means of an agreement signed between the CSN and ENUSA Industrias 
Avanzadas.  The geological map and data of 40K, 226Ra and 232Th, in 1320 soil samples of the 
country have also been used. From this information, the potential radon exhalation rates have 
been estimated, considering soil standard conditions.  The results obtained have been validated 
with the values of radon concentrations, from 5.000 houses of the country.  One map of the 
country, that is showed here and 46 provincial maps were obtained.  The maps have been 
divided in three levels of risk exposure: level 2 - high risk, level 1 - intermediate and level 0 - 
low risk. 
 
Sweden: The first radon maps were produced by the Swedish Geological Survey and the 
classification system with low, medium and high risk areas was developed. The Swedish 
Geological Survey still produces radon risk maps for local authorities, not as an authority but as 
a consulting business.  Based on airborne radiometric measurements, bedrock geological data 
and soil geotechnical data large scale maps have been produced on groundwater radon potential 
(About 80 % of the surface has today been covered by airborne radiometric measurements.). 
This map does not show local variations but gives a rough overview of radon potential in water 
the Sweden.  Radon risk maps are developed on a local basis, produced by private consulting 
firms.  The quality of the maps varies depending on the budget, the mission to the consulting 
firm and of course the methods used by the consulting firm itself.  Some maps date back to the 
beginning of the 80s´and others have been produced recently.  There are still municipalities 
that don’t have any radon risk maps.  Most maps are based on soil gas measurements, bedrock 
geological data and geotechnical data of the soil as well as the airborne measurements.  The 
classification system is the same all over the country. 
 
Switzerland: For the classification of radon prone areas only measurements in inhabited rooms 
are used and following criteria's are applied: One value (geometric mean of all measurements 
in inhabited rooms) is used per house. Afterwards the arithmetic mean of the measurements in 
the municipality is calculated. The classification is made with following criteria: Radon prone 
area Arithmetic Mean > 200 Bq/m3 or Maximum >1000 Bq/m3 (exceeds of the limit value) A 
Classification makes sense if enough measurements are made in a municipality: Number of 
houses measured should be greater than or equal 20 or the square root of number of houses in 
area. 
 
United Kingdom: Radon maps of most of the UK are available. Sampling areas are 5 km grid 
squares and more recently where data allow 1km grid squares. Maps based on indoor radon 
measurements (measurements carried out for a 3 month period using 2 etch track detectors per 
house in main living area and main bedroom). Radon concentration data follows log-normal 
distribution. This allows the proportion of dwellings in each grid square above a certain level 
(e.g. national reference level for dwellings) to be estimated using standardised normal tables. 
More recently data grouped by 5km grid square and 1:50,000 geological units were looked at.  
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5 Have the results or predictions of the radon mapping programme in your country 

ever been ground-proofed or validated by follow up radon surveys? 
  

Yes (11) No (9) 

BE, CZ, DE, ES, FIN, FR, GR, IE, IT, PL, UK. AT, CH, DK, HU, NL, PT, RO, SE, SL.  

 A brief summary and conclusions of the follow-up validation survey conducted by each 
country is given below 

Belgium: The radon campaigns that have been and are currently being organised by the local 
authorities (mostly with help of FANC) after the publication of the general radon map are and 
will be used to validate (and update if necessary) the findings and predictions made. Up to now 
seven communes have carried out detailed radon campaigns: five in areas where more than 5% 
of the houses are expected to have radon values over 400 Bq/m³ and 1 outside the suspected 
areas.  On a commune level these campaigns did confirm the general predictions.  Also in the 
commune outside the suspected areas some spots (mostly only a few houses) with indoor radon 
concentrations of over 1000 Bq/m³ have been detected. These spots are determined by 
measuring the close neighbours (in general up to a distance of 100 m)  around the initial 
detected houses with radon values over 1000 Bq/m³ 
 
Czech Republic: The reliability of radon risk maps based on geology was confirmed in 
following studies, concerning the indoor vs soil gas radon relationship:  Comparison of 464 
villages (geometric mean of indoor radon concentrations vs soil gas Rn 1:200 000) – 70-80% 
efficiency. Indoor Rn vs. soil gas Rn 1: 50 000 – 3631 particular houses in Southern Bohemia – 
linear regression. Indoor geom. mean vs. soil gas Rn 1: 500 000 (15 000 cadastres, whole state 
territory) – linear regression. Indoor Rn vs. soil gas Rn – 16154 particular houses in Central 
Bohemia – linear regression. The reliability of large scale radon risk maps was tested also by 
another way: Results of detailed in situ soil-gas radon concentration and permeability 
measurements were compared with a predicted radon potential according to radon risk maps 
 
Finland: Radon maps and regional radon prognoses have been compared with a separate 
nationwide survey based on a representative random sample from the population register (3000 
houses). The results in general are in good agreement. 
 
France: Work is underway to validate the French Radon map.  No details of this work has 
been given 

Germany: In different test areas the predictions from soil gas measurements were validated by 
indoor measurements. The indoor radon activity concentrations reflect the distribution of radon 
in soil gas.  The data in the test areas follow a lognormal distribution.  By means of 
multivariate statistics, the significant influences of geogenic, construction-specific and 
utilisation-specific parameters on the radon concentration in houses were proven.  The radon 
transfer from ground to houses was quantified by means of an empirically determined transfer 
factor.  While radon activity concentration in houses is significant positively correlated with 
radon in soil gas, the transfer factor is generally not and is thus a house-type specific parameter. 
The most frequently occurring house (massively constructed, with basement, with concrete 
slab, without usage of natural rocks as building material) has in average a transfer factor of 1,0 
‰. The part of houses exceeding the reference level increases clearly with radon 
concentrations in soil gas above 100 kBq/m³.  
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A brief summary and conclusions of the follow-up validation survey conducted by each 
country is given below (continued) 

Greece: There have been attempts to correlate the results of the radium content of the surface 
soil with those of the regional surveys of indoor radon concentrations.  The correlation 
coefficients calculated present a range of rather poor values between 0.3 and 0.7.  However, it 
is believed that the radium concentrations in soil could be correlated more efficiently with 
indoor radon concentrations if indoor radon maps and indoor radon results were categorized 
according to the house-type parameter.   
 
Ireland: No formal validation of the nationwide radon prediction map has been carried out in 
Ireland.  However the results from subsequent radon surveys in dwellings [Organo et al., 2004] 
and schools [Synnott et al., In Prep] point to a higher proportion of buildings with elevated 
radon occurring in areas designated as High Radon Areas in the Irish national radon survey 
[Fennel et al., 2002]. 

Italy: Validations were carried out between geological aspects and indoor radon 
measurements.  The updating of existing maps by follow-on surveys was in effect a validation 
exercise. 
Poland: In Poland various institutes conduct measurements related to radon mapping. For 
example, the Central Mining Institute from Katowice is carried out survey of radon in 
dwellings, radon in soil gas and exhalations from grounds in mining area in Upper Silesia.  
Institute of Nuclear Physics in Kraków performs measurements of radon in dwellings in 
Kraków and its vicinity and in south-eastern part of Poland. Medical University in Białystok 
with Central Laboratory of Radiation Protection, Warsaw, performed measurements of radon in 
dwellings, radon in soil gas in north and east part of Poland. Mentioned above measurements 
are a kind of validation of the radon-mapping done by the Polish Geological Institute (the map 
of radon risk is not issued up to now, the results of mapping of chosen part of Poland have been 
presented at different conferences). 
 
Spain: The predictions of radon mapping were validated considering the results of indoor 
radon measurements in 5.000 dwellings of the country; we have found a very good agreement 
between predictions and radon results.  The greater number of houses (>10%) with radon 
concentrations above 200 Bq/m3, has been found in zones classified as level 2.  In the 
Technical Building Code a second additional way of radon risk classification has been  
considered. This additional way is applicable to the zone where de building is going to be 
constructed, and for this classification the soil permeability and radon content are considered. 
On September 24, has been signed an agreement between the CSN and Cantabria University 
for developing a new research project with the main aim of validating the results of the radon 
mapping. In this project, zones of different risk (0, 1 and 2), are going to be considered In this 
zones permeability, radon in soil and radon in dwellings, will be measured. The project is going 
to be carried out by Dr. Luis Quindós. According to the following title “Radon levels 
estimation in buildings, in zones with different gamma exposure rate levels.” 
 
United Kingdom: No formal validation of the UK radon potential maps has been carried out, 
but repeat surveys in high radon areas have confirmed the initial estimates of the proportion of 
the housing stock above the UK Action Level. The initial estimates were based on radon 
measurements in homes in the areas mapped, and employed the assumption that the distribution 
of radon concentrations in any area follows a lognormal distribution. This assumption was 
tested and found to be valid for radon measurements grouped by 5 km grid square in: Miles, 
JCH, 1994. Mapping the proportion of the housing stock exceeding a radon reference level. 
Radiation Protection Dosimetry 56, 207-210. 
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6 Have any studies or tests ever been carried out to determine the compatibility of the 

different model predictions made for common border areas? 
 

Yes (3) No (14) Other (3) 

CZ, PL, RO. AT, BE, DK, ES, FIN, FR, GR, HU, IE, NL, PT, SL, SE, UK.  CH, DE, IT 

 A summary of the compatibility study of the different model predictions made by countries 
with common border areas and their conclusions are given below  
 

 

Czech Republic: Several international intercomparison measurements of soil gas Rn 
concentration have been performed. Institutions from some adjacent Countries participated in 
these intercomparison exercises (Czech Rep., Poland, Germany, etc.). Input data for radon 
maps have been thus compared. Neznal M., Neznal M. and Smarda J. (1997): Intercomparison 
measurement of soil-gas radon concentration. Rad. Prot. Dosim. 72 (2), pp. 139-144  
 

 

Germany: Under discussion with some countries. 
 

 

Italy: some first plans were made to compare them with Switzerland, Austria and Slovenia but 
no systematic work was done up to now. In our country, due to the autonomous responsibility 
of the control of environmental radioactivity of the different Regions, this compatibility should 
be also checked probably between bordering Regions. 
 
Poland:  Poland is bordering with (among others) Czech Republic. Central Mining Institute 
and Polish Geological Institute have good collaboration with Czech colleagues having better 
experience in the field of radon mapping. Central Mining Institute, University of Mining and 
Metallurgy from Krakow and Central Laboratory of Radiation Protection from Warsaw 
participated in the international intercomparison measurements of radon in soil gas, radon 
exhalation from ground and building materials which was held in Pribram, Czech Republic in 
2002.  In case of Central Mining Institute results of the intercomparison measurements showed 
the need of improvement of calibration factors applied for the calculations of radon 
concentrations measured with use of Lucas cells. We plan to organise an intercomparison test 
with Czech Radon Company next year in order to verify the results of implemented 
improvements. It is very important for Polish scientists to have methodology comparable with 
Czech specialists as the highest radon risk areas are located at the Czech-Polish border.   As far 
as I was informed by colleagues from other Polish institutes, no tests to determine the 
compatibility of the different models of radon mapping have been carried out till now. 
 

 

Romania:  We have common border with Hungary. We start a common radon programme 
with Hungarian partners. The first step is to check the measurement techniques. 
 

 

Switzerland: Not yet, but this is in discussion with Germany, Austria and Italy (DACH-I). 
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7 Were the predictions of the radon mapping programme adopted or utilised by 

relevant Government Agencies with responsibility for radiological protection in 
your Country?  
 

Yes (15) No (5) 

AT, BE, CH, CZ, DE, DK, ES, FIN, FR, GR, IE, IT, NL, SE, UK.  HU, PL, PT, RO, SL. 

Details of how the radon risk maps were further utilised are given below 
 
Austria: ONORM S5280 (Austrian Standard) 
 
Belgium: The communes where it was expected that more than 5% of the houses have indoor 
radon values over 400 Bq/m3 are advised and helped to organise detailed local radon 
campaigns in order to compose a detailed communal radon map and to inform candidate 
builders about the radon situation in the area. 
 
Czech Republic: The radon risk maps based on geology (1: 50 000) serve for increasing the 
efficiency of the track-etch detectors´ distribution in regional and municipal scale. The indoor 
Rn measurements are performed by the National Radiation Protection Institute (regional 
distribution); practical distribution into houses is done by municipal authorities. Since the 
beginning of maps application the ratio of discovered objects over action level has grown from 
expected 2% (in 1990) to 20% (in 2002) from the total number of distributed detectors within 
each year for the state territory. 
 
Denmark:  To assess the magnitude of the radon problem and to increase public awareness of 
indoor radon. 

Finland: The radon risk maps have been utilized by both STUK, municipal authorities and the 
Ministry of Social Affairs and Health in development of radon policy, in making of radon 
measurement plans and in estimating the need of radon-safe building. Utilization to radon 
communication and raising public awareness, to direction and planning of radon campaigns, to 
development of regulations. 
 
France: Predictions were used to define 31 French departments where radon regulation is built 
(currently, owners of public building have the obligation to measure radon concentration. 
Public Information.  
 
Germany: Used for the identification of "radon areas". 
 
Greece: Used for planning radon campaigns. 
 
Ireland: The 1998 revision of the Irish Building Regulations by The Department of the 
Environment and Local Government deals with radon protection of new buildings. The 
predictions are used to determine the level of protection that is required in new homes. New 
Dwellings in Areas predicted to have > 10% of dwellings above the Reference (High Radon 
Areas) require the installation of a radon barrier and capped off sump during construction. 
Dwellings in other areas only require the installation of a capped off radon sump.  The health 
and safety in work act 1989 requires all workplaces in high radon areas to carry out radon 
measurements.  To target areas to carry out workplace radon surveys. The map will be used in 
the future to target further domestic radon campaigns. 
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Details of how the radon risk maps were further utilised are given below (continued) 
 

Italy: In some Regions they were utilised for identifying radon prone areas. In the others they 
will be utilised for the same scope, in a near future, to implement the 2000 law (see 
questionnaire D15). It should be noted that, at the moment, a national decision was not yet 
taken on which criteria should be used to identify radon prone areas. 
 
Netherlands:  Results of the two radon surveys were use to observe trends (in time) of indoor 
radon concentrations. The average value is now used as an aim for future years. Dutch 
Government aims at a stand-still situation, in the sense that the average value should not 
increase. So the national average is not used as an action level. For single houses no action 
level exists in the Netherlands. 
 
Spain: The new project of building code includes the results achieved for the different surveys 
developed. Oil prospect ion. As it has been explained before, the predictions of radon mapping 
have been used for classifying the country, into radon exposure risk zones. These predictions 
have been also used for planning the additional radon surveys in Spanish dwellings. 
 
Sweden:  Radon risk maps are used by local authorities when handling building permit 
applications. If the house is to be located on a high or normal risk soil the building committee 
can demand radon safe or radon proof building. The maps are also used to localise houses with 
potentially high radon concentrations indoors. Geological maps and radon risk maps can be 
used to find wells with high radon concentrations. 
 
Switzerland:  There is a discussion to change the classification of radon areas from arithmetic 
mean to percentage of measurements to be above 200 Bq/m3.  This point has to be still 
discussed with the cantons. 
 
United Kingdom: To advise local authorities of a radon problem to define areas for further 
surveys and free radon measurements, To define areas for radon preventive measures in new 
buildings, To inform members of the public. 
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