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Framework of literature overview on Rn surveys
• An excerpt from the WP3:

i) to collect and analyse meta-information from radon surveys 
and existing radon databases in European countries,

ii) to evaluate if the data and methodologies are comparable 
iii) to identify how they could be harmonised in the event of 

methodical inconsistency. 

• Task 3.1 Overview and analysis of indoor radon 
surveys in Europe

Literature overview (among others):
should serve as an input to derive methodologies to 

• harmonise data and 
• reduce inconsistencies in the results



McLaughlin
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Brief history:

• 2006: Epidemiologic studies (Darby, et al., Krewski et al. Lubin et al.)
• 2009: WHO Handbook of Indoor Radon,  
• Council Directive 2013/59/Euratom 

Basic Safety Standards (Article 103) oblige EU member states to:
• establish a radon action plan 
• inform public about their radon
• identify Radon Priority Areas (RPA)

• many surveys in the 70’s and the 80’s (small and national) 
Some national:
• UK (Wrixon et al. 1988), Ireland (McLaughlin and Wasiolek 1988), Italy 
(Bochicchio et al. 1993), Finland (Castrkn 1993), Sweden (Swedjemark et al. 1993)

• back to XVI century and Paracelsius…
• discovery of Rn…

• 1956 first measurements of Rn in dwellings in Sweeden (Hulquist)
• 1964 Indoor Rn survey around Kalna Uranium mine, Serbia (Hajdukovic)

• …
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• Radon activities and radon surveys therefore were started 
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• Radon activities and radon surveys therefore were started 
or repeated in several countries in the last years and are still 
on-going and maybe will be also increased in the next years.

•For non-EU-member states also IAEA BSS require radon 
surveys and IAEA guidelines how to perform radon surveys 
exist (IAEA, 2011).

• IAEA Technical Cooperation Project: 
Establishing Enhanced Approaches to the Control of 
Public Exposure to Radon

All ingredients are here, but is it really that easy!?
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WP3 started already 15 years ago (and more)

• JRC report based on literature review of indoor radon surveys 
in Europe (Pantelic et al., 2018) doi:10.2760/977726

• European Atlas of Natural Radiation De Cort et al, 2011 ... Cinelli et al, 2019

• collect, validate and report information on radioactivity levels in the 
environment

• A first overview of indoor radon surveys in Europe (Dubois 2005)

• data reveal heterogeneity of survey strategies, measurement techniques, 
measurement duration…

• European map of indoor radon levels using a 10 km x 10 km 
grid cells (Dubois et al., 2010)
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• Qualitative overview of radon surveys with a special attention 
to the qualitative description of surveys, representativeness 
and QA/QC (Pantelic et al., 2019) doi:10.1016/j.jenvrad.2019.04.010
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Literature review



Overview of radon surveys:

National surveys: 
22 EU countries
10 non EU countries

Regional surveys: 
5 EU countries
7 non EU countries
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Survey design and representativeness
• numerous factors influencing indoor radon
• not feasible to measure radon in all dwellings

Necessary to carefully design survey – representative 
distribution of radon in dwellings

• truly representative survey – rather difficult
• complete list of dwellings – seldom available

• each step prone to numerous biases:
• type of sampling: (use of volunteers – oversampling in RPA)
• choice of measurement technique
• duration of measurement and seasonal corrections…

Niška Banja RPA (Z. Zunic et al.)
seasonal factor: 2.7 (year/3m summer)
range: 1.1 – 6.0

Serbian National Rn Survey (Udovicic et al.)
seasonal factor: 0.8 (year/6m heating)
range: 0.5 – 1.4 

IAEA Report, 2013 – Review of methodology and measurement techniques
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Survey design: density of deployed detectors

• no. of measurement locations: differs by 4 order of magnitudes 
• ranges from 85 (Malta) to > 500000 (U.K.)
• U.K., Russia, Czech Republic, Switzerland, Finland, Norway > 50000
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Sampling strategy

• Measurement locations:
• dwellings  (great majority)
• schools, kindergartens
• industrial buildings and workspaces (as a part of the survey)
• swimming pools… (as a part of the survey)

• Sampling strategy:
• based on administrative units
• grid cells: 10x10 km2, 5x5km2, 1x1km2, 0.5x0.5km2
• geological regions
• density correlated with population density or RPA regions
• combination of several requirements
• 10 km x 10 km grid  - more prevalent in recent surveys
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Measurement techniques
• Types of detectors

• Measurement time:
• covering wide range of time: 48h; a few: days, weeks, months, half/whole year
• different seasons: heating season, no particularly indicated season… 

• Applied corrections:
• seasonal: heating season over whole year;

weekly variations and corresponding variation
no corrections at all

• corrections based on wind speed and outdoor temperature
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Data analysis
•In only few surveys only arithmetic and geometric mean was used

•Descriptive statistics (used in all other surveys)

• Additional analysis:
• Correlation with different geological regions

• Identification of outliers

• Declustering of oversampled region…

•Mapping

•Test for lognormality (large majority of surveys) 
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Representativeness
• Detailed analysis of survey representativeness is generally missing

• In few surveys authors only state that survey was representative

• In 1 survey: construction expert was consulted for selection of   
representative house for each grid cell

• Only in 2 surveys: data were compared with national Census

• In one survey: could results from Rn in schools be representative  
for general population

• In few surveys: declustering of oversampled area to achieve 
regional representativeness

• In 1 survey : Representativeness reached by following 4 criteria: 
surface, population, high radon potential, and lithostratigraphic
criterion with random sampling
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QA/QC

• Important to avoid mistakes
• Reduce and estimate uncertainties

In many papers QA/QC of radon measurements is described, 
but proper description of QA/QC in radon surveys is missing

• Reported quality assurance and quality control of radon and/or 
radon decay products measurements:

• Periodical calibration (or accreditation ISO 17025): 34 %
• Intercalibration and intercomparison: 30 %
• Comparison of the results from different detector systems: 11 %
• Duplicate detectors: 9 %
• More than 2 QA/QC procedures: 20 %

• Reported quality assurance and quality control of radon and/or 
radon decay products measurements:

• Periodical calibration (or accreditation ISO 17025): 34 %
• Intercalibration and intercomparison: 30 %
• Comparison of the results from different detector systems: 11 %
• Duplicate detectors: 9 %
• More than 2 QA/QC procedures: 20 %
• None: 36 %
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Thoron and thoron measurements

• Different sensitivity to Tn - true especially for older types

• Kfk(Germany,1981): 0.78
• RadTrak(USA,1991): 0.68
• NRPB/SSI: 0.05

• Tn could cause overestimation of Rn concentration
• >70% of surveys Tn is not mentioned
• In only a few surveys:

• Contribution to doses due to Tn
• Tn measurement in regions with high 232Th

• Thoron is mainly measured in regional surveys
• Large effort of thoron mapping in rural regions of Balkans (Zunic et 

al)

• Identified regions in which Tn contribution could not be 
neglected
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Conclusions:
• Design of surveys are quite diverse and not comparable (in general); 
• Often some crucial information regarding Rn survey is missing;

• In only a few papers authors have paid attention on 
representativeness
• Necessary to test to what extent the representativeness of survey 

was reached 
• Necessary to identify the sources of biases (to help making   

appropriate corrections)

Thank you for your attention

• Almost all measurement methods were included, however large 
majority by passive detectors

• Descriptive statistics and test for lognormality common for surveys
• Additional analysis not comparable
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