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Abstract. We have created a database of national radon levels around the world building on initial information 
from the surveys conducted by the United Nations Scientific Committee on the Effects of Atomic Radiation 
(UNSCEAR) from 2001 through 2007 for its 2006 Annex E on radon. We have conducted a systematic review 
of all original documents contributing information to the database, and of have collected all other relevant 
documents to enhance this database. Among the sources of data,  in addition to the recent UNSCEAR surveys, 
the UNSCEAR 2000 Report, and “An Overview of Radon Surveys in Europe”, the following sources were 
searched   for  keywords  (indoor and  radon):  MEDLINE,  tables of content of  Radiation Protection 
Dosimetry,  tables of content of Radiation Measurements, and the WEB. Initially for the purpose of data quality 
objectives (DQO) we used following valuation order to classify the reliability of the references: journal 
publication, conference proceedings, internal report, UNSCEAR Surveys, WHO 2006 Survey, Personal 
communication. However, we  realized  that for the purpose of assessing the reliability of the national indoor 
radon levels the above classification did not work well given that most of the information had been published in 
‘gray literature’ and that some of this literature was of very high quality. Therefore we treated journal 
publications, conference proceedings, and internal reports equally as long as they were publicly and relatively 
easily available (on the web for example). We evaluated each reference in terms of level of evidence for using 
national Average Radon Level reported in the reference (sufficient evidence, limited evidence, and inadequate 
evidence).  Currently the database contains information on national indoor levels from 67 countries (out of 193 
recognized by WHO).  These 67 countries represent 76% of the world’s population and 71% of its land mass.  
Radon information varies by continent with only three African countries (out of 53)  and 34 European countries 
(out of 46) with  data. Using data from the database, we have created a map of national levels of residential 
radon around the world. In addition to static map, we have also implemented a preliminary web version and 
Google Earth version of the map. 
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1. Introduction 

 
The most common isotope of radon is 222Rn (hereafter “radon”). Radon, an inert noble gas, is a member 
of the uranium (238U) radioactive decay series. Uranium occurs naturally in all rocks and soils and 
produces radon, some fraction of which escapes in the air.  
 
Radon occurs naturally in varying levels in all rocks and soils. Some fraction of radon produced in rocks 
and soils escapes to the atmosphere and therefore radon is present everywhere in the atmosphere. Due to 
dilution from atmospheric processes, the concentrations of radon in the open air are usually quite low; 
however, in enclosed spaces, mines, caves and homes for example, the levels of radon can be quite high.  
 
Sources of radon in homes include radon from the soil on which the home is built, radon from building 
materials and radon from groundwater used in homes.  In buildings with high radon levels, as for 
example described in the UNSCEAR 2000 Report [1], the main mechanism for entry of radon is 
pressure-driven flow of soil gas through cracks in the floor. However, in addition to pressure 
differences, other factors, including relative humidity and soil moisture, can also influence radon levels 
in buildings. Radon gas enters homes from the ground through cracks between concrete floors and 
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walls, through gaps in the floor and through small pores in hollow-block walls. Consequently, radon 
levels are usually higher in basements, cellars and ground floors. 
 
While most building materials produce some radon, certain materials, which may contain elevated 
levels of radium (the actual source of the radon), can act as significant sources of indoor radon. Such 
materials have a combination of elevated levels of radium-226 and a porosity that allows radon gas to 
escape. Examples are lightweight concrete with alum shale, phosphogypsum and Italian tuff.   
 
Radon is soluble in water, and is therefore, present in the groundwater that passes through uranium-
bearing soils and rocks that contain radon. When radon-rich groundwater is used as drinking water, 
people are exposed both through water consumption and by radon being released from water to the air 
and being inhaled.  
 
Depending on a number of factors, the concentration of radon indoors varies from yerar to year, with 
the time of year, from day to day, and from hour to hour. Moreover, it is possible for one home to have 
elevated levels of radon while a neighbouring home does not. Measurement is the only reliable way to 
determine levels of radon in a home.  Measurements are normally carried out using special detectors left 
in the home for periods from days to months. Because radon levels vary from day to day and from 
season to season, measurements over several months or even years are better than short-term 
measurements for estimating annual average radon levels. The sources of indoor radon are well 
described in the UNSCEAR 2000 Report [1]. 
 
2. World Health Organization International Radon Project  
 
Recent analysis of pooled residential radon case- control studies in Europe [2] and North America [3] 
support a small but detectable lung cancer risk from residential radon exposure with the risk increasing 
as the radon concentrations increase.  In view of these observations, the World Health Organization 
(WHO) initiated an international radon initiative, referred to as the “World Health Organization's 
International Radon Project” and formed a network of key partner agencies from some 40 Member 
States. The first meeting of the International Radon Project (IRP) was held in Geneva in January 2005 
[4]. The following key objectives of the IRP were formulated at this meeting: 

- Identify effective strategies for reducing the health impact of radon; 
- Promote sound policy options, prevention and mitigation programs to national authorities; 
- Raise public and political awareness about the consequences of exposure to radon; 
- Raise the awareness of financial institutions supplying home mortgages to the potential impact      
of elevated radon levels on property values; 
- Monitor and periodically review mitigation measures to ensure their effectiveness; 
- Estimate the global health impact of exposure to residential radon and so allow resources to be 
allocated effectively to mitigate the health impact of radon; and 
- Create a global database (including maps) of residential radon exposure. 

The work reported in this paper contributes to the last stated objective. We have created a database 
based on generally available information on national residential levels around the world. By reviewing 
the information we have identified a number of countries with reliable estimates of Average Population 
Radon Level (APRL). The WHO IRP used national APRLs to estimate the global burden of disease 
(GBD) associated with exposure to radon. While the current database provides some estimates of APRL 
for most of the world’s population, it is important to understand that radon data for most countries of the 
world is sparse and many of the radon data are focused on radon prone areas and thus biased.  
 
3. UNSCEAR Radon Surveys 
 
In the international community, a prominent role is played by UNSCEAR which was established by the 
General Assembly of the United Nations in 1955. Its mandate in the United Nations system is to assess 
and report levels and effects of exposure to ionizing radiation. Governments and organizations 
throughout the world rely on the Committee’s estimates as the scientific basis for evaluating radiation 
risk and establishing radiation protection guidance. UNSCEAR reports are regarded by the scientific 
community as authoritative and balanced reviews of the exposures to and potential health consequence 
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of ionizing radiation.  The work of UNSCEAR receives considerable leverage from contributions in 
kind provided by 58 national organizations and by four international organizations, including the 
International Commission on Radiological Protection (ICRP) and the WHO which participate in its 
deliberations. UNSCEAR has recently completed a thorough review of radon in a new annex, “Annex 
E, Sources-to-effects Assessment for Radon in Workplaces and Homes” [5]. 
 
A Table from the  UNSCEAR 2006 Report [5] entitled “Concentrations of radon in indoor air 
determined from Indoor Surveys” (referred here further as the UNSCEAR 2006 Table), provides a 
summary of concentrations of radon in indoor air determined from surveys carried out by UNSCEAR 
and from literature cited in the Table. As indicated in the Table in many cases new data, i.e., subsequent 
to that provided in UNSCEAR 2000 Report [1] was not available and the old data was simply carried 
forward. Since the publication of UNSCEAR 2000 Report, UNSCEAR has conducted three surveys of 
the natural radiation environment in 2001, 2004 and 2006 and the data are reflected in the UNSCEAR 
2006 Table. 
 
The data in the UNSCEAR 2006 Table show considerable variability both within countries and from 
country to country, for example, reported nominal geometric mean indoor levels ranging from <10 
Bq m-3 in Egypt and Cuba, upwards to more than 100 Bq m-3 in a number of European countries, and 
above 600 Bq m-3 in parts of Iran. 
 
Many of the indoor radon data were collected for areas or regions where indoor radon levels were 
thought to be elevated and thus, in terms of a “national average” are likely to be biased towards higher 
levels. The last column of the UNSCEAR 2006 Table provides a qualitative (subjective) evaluation of 
the data and an opinion on whether the data in the Table may be considered as some form of "national 
average" or is more indicative of radon levels in a region or local area. As described in UNSCEAR 2006 
[5], in some instances the national authorities provided this judgement while in some instances, 
judgements were made by the authors of the UNSCEAR 2006 report. In all instances, precedence was 
given to data provided to UNSCEAR as opposed to literature values.   
 
UNSCEAR 2000 [1] reported (national) worldwide arithmetic mean values of 46 Bq m-3 (unweighted) 
and 39 Bq m-3 (population weighted). Worldwide, geometric mean values of 37 Bq m-3 (unweighted) 
and 30 Bq m-3 (population weighted) with corresponding geometric standard deviation of 2.2 
(unweighted) and 2.3 (population weighted). Given the wide variety and disparity of data currently 
available to UNSCEAR, UNSCEAR [5] considered that the national average values reported in 
UNSCEAR 2000 remained reasonable. In the research we report here, we have attempted to update and 
validate the national and global average radon levels using currently available data. This in turn will 
facilitate more reliable estimation of the GBD due to radon. 
 
4. Average Population Radon Level (APRL) 
 
As indicated earlier, one of principal goals of the WHO’s International Radon Project was the 
estimation of the GBD associated with residential radon exposure. In order to help conducting the 
GBD calculations it was assumed that the risk was directly proportional to the exposure and that the 
risk per unit exposure from recent pooled residential case-control radon studies applied to all 
populations of the various countries of the world. In order to support these calculations, we have 
created a database of national radon levels around the world building on initial information from the 
surveys conducted by UNSCEAR from 2001 through 2006 for its Annex on radon [5]. Rather than 
attempting to calculate the APRL for each country, we have assessed the validity of reported values 
based on publicly available information. For example in Canada, the APRL was derived from the 
Canadian nineteen cities survey [6]. The sample included 14 000 homes in the largest Canadian cities, 
and represented over 50% of the housing stock. Within the 19 cities the survey has closely followed a 
stratified random sampling design (with cities being strata). It is  widely accepted that the distribution 
of  indoor radon concentration follows a  lognormal distribution [7]. This allows for the calculation of 
parameters of the distribution of radon concentration in the housing stock [8]. For radon gas 
measurements the estimated geometric mean and geometric standard deviation are 11.2 Bq m-3 and 3.9 
respectively. The corresponding arithmetic mean is 28.4 Bq m-3 [9]. Alternatively, the APRL for Spain 
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[10] was derived from the national radon distribution. This distribution was defined as a mixture of 
regional radon distributions weighted by the proportions of Spanish population living in a given 
region. The resulting estimated geometric mean and geometric standard deviation are 25.2 Bq m-3 and 
3.4 respectively. In general, the latter approach does not require any assumptions on the shape of 
radon distributions in the regions and nationally. 
 
5. Database of national residential radon levels 
 
In developing the world radon database, we have conducted a systematic review of all original 
documents contributing information to the database, and have collected all other relevant documents to 
enhance the database. Among the sources of data, we have considered in addition to data from the 
recent UNSCEAR surveys, and the UNSCEAR 2000 Report, “An Overview of Radon Surveys in 
Europe” [11] we have searched MEDLINE for the keywords  indoor and radon (searched on September 
20, 2007). The MEDLINE search returned 992 references, from which 87 were retained as contributing 
information about national/regional indoor radon levels. In addition on September 29, 2007, from a 
search of tables of content of Radiation Protection Dosimetry (keywords: indoor, environmental, radon, 
survey), some 300 items were identified and 103 were retained as contributing information about 
national/regional indoor radon levels. A similar search of tables of content of Radiation Measurements 
(on December 3, 2007) returned 11 relevant references out of 102 initially identified.  
For the purpose of data quality objectives (DQO), we first used the following evaluation order to 
classify the reliability of the references: journal publication, conference proceedings, internal report, 
UNSCEAR Surveys, WHO 2006 Survey and personal communication. However, we realized  that for 
the purpose of assessing reliability of the national indoor radon levels the above classification does not 
work well given that most of the information has been published in ‘gray literature’ and some of this 
literature is of very high quality. Therefore we treated journal publications, conference proceedings, and 
internal reports equally as long as they are publicly and relatively easily available (on the web for 
example). For each reference we discussed (among ourself) wherther there was sufficient evidence, 
(limited evidence or inadequate evidence) for using the value reported in this reference as national 
Average Radon Level for a given country.  
 
Currently the database contains information on national indoor levels from 67 countries (out of 193 
recognized by WHO). These 67 countries represent 76% of the world’s population and 71% of its land 
mass. The radon information varies by continent with only three African countries (out of 53) and 34 
European countries (out of 46) with data (Table 1). The full list of documents that contributed 
information to the database can be obtained from the correcponding author. 
 
6. Mapping national residential radon levels around the world 
 
Using data from the database, we have created a map of national levels of residential radon around the 
world. In addition to the static maps (see Figure 1 to Figure 7), we have also implemented a preliminary 
web version http://www.mclaughlincentre.ca/research/map.shtml, and Google Earth version of the map 
(http://www.mclaughlincentre.ca/research/map_radon/World_Rn.kml, NB you need to have Google 
Earth installed on your computer in order to view this map; see http://earth.google.com/). We have 
presented available radon levels for countries, provinces or cities and towns in boundary maps of the 
whole World, continent and countries using ArcMap. The boundary files were taken from CDs of ESRI 
ArcView software and websites (http://biogeo.berkeley.edu/gadm/, http://research.cip.cgiar.org/gis/index.php).  
The projected coordinate systems used for most maps were those shown on maps collected by The 
University of Texas Libraries from the original publishers (http://www.lib.utexas.edu/maps/). Radon 
levels on the map were expressed by red, yellow and green colors to represent different levels of risk 
based on widely used color codes in risk assessment and management systems, i.e.on a relative basis,  
red means high risk; yellow represents moderate risk and green signifies a low risk. 
 
We approached three different types of mapping practice and developed preliminary maps. First, 
traditional static maps – these are maps created using ArcMap and exported as image files in GIF or 
JPG format. This approach does not require JavaScript or any dynamic page loading and can be easily 
downloaded or printed. Second, interactive maps in web format – Using dynamic HTML script and 
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JavaScript technologies, conventional static map images were combined to present radon information 
interactively. When moving the mouse on the map, a small box pups up to displaymore information as 
shown on the website  http://www.mclaughlincentre.ca/research/map.shtml.   
Softwares used to develop the webpage include MapEdit (http://www.boutell.com/mapedit) and 
DHTML tip messages (http://simplythebest.net/scripts/DHTML_scripts/dhtml_script_120.html). And 
the third, interactive map in KML format – KML (Keyhole Markup Language) is an XML-based 
language schema for expressing geographic annotation and visualization on web-based Earth browsers. 
It is a file format for managing the display of geographic data in Google Earth and Google Maps. There 
are a few different softwares packages to convert geographic data to KML format, such as Export to 
KML 2.4.5 (http://arcscripts.esri.com/details.asp?dbid=14273); KMLer(http://www.mi-
perm.ru/gis/programs/kmler/);  Arc2earth Pro (http://www.arc2earth.com/products/default.htm);  
Tiles2kml Pro 2.31 (http://www.supershareware.com/info/tiles2kml-pro.html). We accomplished 
converting the map of radon level on the World to KML format using XTools (www.xtoolspro.com). 
 
 
 
Table 1: Summary of information on indoor radon data availability by continent. 

 
No. of Countries No. of Countries % Countries with Continent (Total) (Rn data available) (Rn data available) 

Africa 53 3 6  
Asia 45 17 38  

Europe 46 34 74  
North America 23 4 17  

Australia and Oceania 14 2 14  
South America 12 7 58  

Total 193 67 35  
    

Continent Total Population Population of Countries % Population with 
    with Rn data available Rn data available 

Africa 904,305,412 128,999,490 14  
Asia 3,893,470,170 3,314,703,215 85  

Europe 742,491,636 663,052,098 89  
North America 511,362,031 448,779,940 88  

Australia and Oceania 33,105,457 25,078,384 76  
South America 374,997,087 315,551,179 84  

Total 6,459,731,793 4,896,164,306 76  
    

Continent Total Surface Surface of Countries % Surface with 
   sqr km with Rn data available Rn data available 

Africa 30,042,810 3,621,723 12  
Asia 31,713,399 24,408,412 77  

Europe 23,215,582 22,255,613 96  
North America 22,300,343 21,668,763 97  

Australia and Oceania 8,480,726 7,952,834 94  
South America 17,730,252 14,938,952 84  

Total 133,483,112 94,846,297 71  
 
 
 
 
 
 
 
 

 5

http://www.mclaughlincentre.ca/research/map.shtml
http://www.boutell.com/mapedit
http://simplythebest.net/scripts/DHTML_scripts/dhtml_script_120.html
http://arcscripts.esri.com/details.asp?dbid=14273
http://www.mi-perm.ru/gis/programs/kmler/
http://www.mi-perm.ru/gis/programs/kmler/
http://www.arc2earth.com/products/default.htm
http://www.supershareware.com/info/tiles2kml-pro.html
http://www.xtoolspro.com/


7. Conclusions 
 
Radon maps are a clear and easily-understood way of presenting the radon issue to the public and 
policy-makers, and essential for persuading people to take it seriously. Although radon levels vary 
widely from house to house, radon maps are valuable in identifying areas where it is important to 
measure, or to prevent high radon levels in new buildings. This allows both public and private funds to 
be used most effectively in avoiding excessive radon exposures. It allows national and local 
government radon programmes to focus on the areas at most risk of having high radon levels. It 
outlines areas where radon preventive measures are required in new buildings. It allows house buyers 
to find out whether there is a likelihood of high radon levels in a house they may wish to buy. 
 
We recognize that the current map has many deficiencies but suggest that such a web based product, 
after improvements and extensions, might provide a useful means for UNSCEAR, or WHO IRP to 
facilitate collection, review and communicate information about the very important radon data it 
collects, and to facilitate electronic updates of the database and subsequently mapping of the data. 
Such a tool could be extended over time to other sources of exposure. 
 
 
 
 
 
Figure 1: Availability of indoor radon data in the World: Whole World 
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Figure 2: Availability of indoor radon data in the World:  Africa 

 
 
Figure 3:  Availability of indoor radon data in the World:  Asia 
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Figure 4: Availability of indoor radon data in the World:  Europe 

 
 
Figure 5:  Availability of indoor radon data in the World:  North America 
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Figure 6: Availability of indoor radon data in the World:  Australia and Oceania 

 
 
Figure 7:  Availability of indoor radon data in the World: South America 
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