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Background
Austrian Radon potential map (ÖNRAP 1, 1992-2004)

BUT:
• > 10 years old
• Small number of dwellings per municipality (3-5) (about 9,000 dwellings in total)
• Different measurement systems used (charcoal, electrets, track etch) 
• Maximum measurement time 3 months, > 50% short term (few days)



Purpose: Reliable delineation of radon priority areas

Geograhpically-based survey
• All populated areas should be uniformely covered with measurements

One single measurement method: 
• Track etch detectors

• 6 months (half winter, half summer time)

• 2 rooms (preferably ground floor or lowest inhabitated floor)

Design of the new Austrian indoor radon survey
ÖNRAP 2 (2013 – 2019)

Ref.: IAEA, BfS



Design of the new Austrian indoor radon survey
Selection of measurement points (dwellings)

grid (2x2km) Municipalities geological units

selected dwellings
dwellings of fire brigade membersData basis for selection of dwellings: 

• Members of voluntary fire brigade

• 360,000 members - 4% of population

At least 1-3 dwellings per 2x2 km grid cell
• depending on heterogenity of geology

At least 12 dwellings per municipality
• selected 15-20 (anticipate loss, non-return)



Questionnaire
• building characteristics, living habits

Organisation of measurement campaign and distribution of
detectors/questionnaires via (local) voluntary fire brigades

Design of the new Austrian indoor radon survey
Questionnaire and Distribution of detectors



Results of the Austrian indoor radon survey
Overview

n 
(meas.)

n 
(dwell.)

Average 
return 
rate

AM 
[Bq/m³]

Med
[Bq/m³]

>100
Bq/m³

>300
Bq/m³

>1000 
Bq/m³

46,339 27,834 67% 170 97 49 % 11 % 1 %



https://doi.org/10.1016/j.jenvrad.2021.106618
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Geostatistical Modelling – Generalised Additiative Mixed Model (GAMM)
• Modelling the results of the Indoor Radon Concentration (IRC) in dependency

of explaining factors (based on Borgoni et al., 2014):
 Building characteristics & living habits

 Geology

 Spatial correlation

• To evaluate influence of variables (building characteristics) → Stepwise forward
selection with 5-fold cross validation

From the survey to the radon map
Modelling

Intercept (Rn background level)

Fixed effects according to the relevant 
parameters (building characteristics)

Smoothing function
(thin plate regression splines),
spatial intercept

Random effect (dwelling)

rest variation

Relevant factors:
• earth-boundness
• year of construction
• floor
• geology
• basement
• stone walls
• thermal retrofitted
• usage of building
• number of adults
• low-energy house
• window tightness
• foundation



Prediction of indoor radon concentration (IRC) for reference house on 250 x 250 m 
grid (Radon potential of the grid cell)

Definition of reference house has strong impact

Reference house – representative for requirements for workplaces and for cost-
efficient newly built houses

From the survey to the radon map
Prediction of radon concentration in a reference house

Variable Characteristic

earth-boundness yes

year of construction after 2000

floor 0

basement no

stone walls no

concrete walls no

usage of building single family
house

number of adults 2

low-energy house no

windows tight

foundation full

thermal retrofitted no

geological unit assigned
by coordinates

Bq/m³Predicted
Radon concentration



For administrative reasons – radon map for administrative unit
(municipalities, districts)

Radon potential of municipalities/district: average of all predicted IRC of
grid cells (250 x 250 m) in the settlement area of the municipality/district

From the survey to the radon map
Radon potential of the municipality

Municipalities Districts



Characterisation of areas with no or small number of
measurements possible

Takes into account
• geology
• building factors – reflecting geogenic radon potential
• spatial correlations – more homogenic classification

possible

Standard house could be adapted to specific situations

Predicition of Radon concentration for specific house type 
for different units (grid, administrative) possible

From the survey to the radon map
Advantages of the Modelling approach



Political discussion, not mainly scientifc; involvement of regional authorities & stakeholders
necessary

Radon measurements at general workplaces needs to be managable; priorisation necessary

Radon preventive measures very efficient for radon protection – should be done comprehensive

Effective radon protection in Austria implemented with graded approach and 3 classes:

• Radon protection areas
 Predicted radon potential of municipality is above 300 Bq/m³

 Measurements in workplaces (groundfloor & basement) mandatory

 Preventive measures for new buildings mandatory

• Radon prevention areas
 Predicted radon potential of district is above 150 Bq/m³

 Preventive measures for new buildings mandatory

• Areas with no specific measures necessary (very low radon potential)

Delineation of radon areas
Graded approach



Delineation of Radon areas
Radon protection areas, Radon prevention areas

Radon areas in Austria
radon protection area & radon prevention area (104 municipalities)
radon prevention area; no radon protection area (1730 
municipalities)
no radon protection area, no radon prevention area (261 
municipalities)

radon
protection
area

radon
prevention
area

Other



Radon at general workplaces:
• 104 municipalities in radon protection area
• about 20,000 workplaces
• Mandatory measurements in workplaces in 

groundfloor (if no exemption) – 6 months
passive measurements

• about 20 % expected to be > RL
• about 80-90 % possible to remediate < RL

Radon preventive measures:
• New Austrian standard, ÖNORM S 5280-3 

(15.7.2021) – graded approach depending on 
radon areas

Delineation of Radon areas
Consequences

radon
protection
area

radon
prevention
area



Delineation of Radon areas
Communication – List of municipalities in Radon Protection Ordinance, 
Annex 1



Delineation of Radon areas
Communication – Interactive map https://geogis.ages.at/GEOGIS_RADON.html

https://geogis.ages.at/GEOGIS_RADON.html


Report – for experts & short version for
general public (not published yet)

Information on websites (AGES, BMK, regional 
authorities)

„Roadshows“ for employers & co (with
regional economic chambers, regional 
authorities)

Folders, information campaigns (together with
economic chamber, AUVA, regional 
authorities)

Presentation of radon map/delineation of
radon areas within different stakeholder
groups

Delineation of Radon areas
Communication - Activities

radon.gv.at



Should be done in the scientifically best way for the specific situation of
data/radon potential/purpose of country

Map/delineation should be evaluated and adapted regularly

Not only scientific topic, but also political/economic/etc.

Many different factors can/need to be taken into account

Several stakeholders interested/needs to be involved (not always easy process) –
clear and open communication good, but can take time

Good communication of radon areas and necessary measures necessary
(employers, building industry, regional & local authorities, population, etc.) –
involve trusted/accepted institutions (e.g. labour safety organisation, economic
chamber, etc.) 

Measurements and measures recommended also in areas, which are not 
delineated as radon areas – important message/communication!

Conclusions
Delineation of Radon Areas – a lot to take into account
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