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In principle or by law (Annex 2 to §5 Austrian Radon Protection Ordinance):

Determination of the average annual radon concentration indoors: 

• Long-term measurement of the activity concentration, at least six months

• Half of the measuring time in the winter season

Special cases require a quicker estimation of the annual average radon value:

e.g. 

• Possible health consequences in the event of greatly increased radon activity 

concentrations 

• Assessing the effectiveness of radon remediation at property transactions

Motivation 

→ Target 
Development of a method with which the annual average radon-222 activity 
concentration (IRC) in indoor spaces can be realistically estimated by means 
of three-weeks short-term radon-222 measurements.
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Rn-222 measurements in the period from October 2022 to July 2023

in private homes in four Austrian federal states:

→ 24 long-term measurement locations, 6 months = 3 month in winter + 

3 month in summer, with Rn-222 nuclear track detectors 

→ 50 short-term measurements, hourly averages, 3 weeks, 

with Rn-222 measuring devices 
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24 measurement locations in Austria 
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→ Building data

Year of construction, foundation type, basement, slope, etc.

→ Ventilation and room utilisation behaviour

→ Meteorological parameters

Outdoor and indoor temperature, indoor & outdoor air pressure, 

indoor & outdoor humidity, wind speed, wind direction, 

amount of precipitation 

Survey of relevant influencing factors
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Example: Temperature difference → Rn-222

Rn-222 (Bq/m³) Tindoor-Toutdoor (°C)
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Number of significant correlations 
IRC  meteorological data
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In any case, this must be taken into account:

• Measurement date (season) 

• Ventilation behaviour 

• Foundation type and floor

• Outdoor temperature

→ Starting point for creating the

radioecological-statistical model

= Complex influences 
on the IRC short time measurement!  
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pTDJ seasonal influence - winter / spring / summer / autumn 

pTTX outdoor temperature 

pMON strong ventilation during the 'hot' summer months of

June to August 

pFFX relative outdoor humidity 

pVVX wind force at the building 

pTIA temperature difference inside-outside 

ps(cRn) variability of the radon activity concentration during

the short-term measurement 

pPPX‘ change in outside air pressure - negative outside air

pressure gradient (air pressure gradient 'radon pump') 

pTIA' change in indoor-outdoor differential temperature –

positive temperature difference gradient (temperature

gradient 'radon pump‘)

psym to the symmetry of the ratios EIRC/LIRC around the
optimum value 1.0 (EIRC = LIRC) 



FJ Maringer 50th Radiation Protection Training Course, Hajdúszoboszló, 7-9 April 2025 10

Marquardt, D.W. (1963). An Algorithm for Least Squares Estimation of Parameters. Journal of the Society of Industrial and Applied Mathematics, 11, 431-441.

Non-linear regression for fitting 
(SIRC, fi) → LIRC using SigmaPlot 15

RnL = LIRC
RnK = SIRC
TAG = TDJ

pTDJ = f2 - f1∙cos(TDJ) =

= 0.905 - 0.1992∙cos(TDJ)

𝑆𝑆 =

𝑖=0

𝑛

𝑤𝑖 𝑆𝐼𝑅𝐶𝑖 − 𝐿𝐼𝑅𝐶𝑖
2

𝑆𝑆 → 𝑚𝑖𝑛
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Fit result
(SigmaPlot 15) 
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Influence example: Day of the year (season) 
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Influence example: Outdoor temperature 
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Influence example: negative air pressure gradient 
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Influence example: Variability of hourly averages 
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ratios 
(with uncertainty bar): 

SIRC/LIRC (red) 
and 
EIRC/LIRC (green)
sorted in ascending order, 

LIRC (Bq/m³) of the 
long-term measurement 
(orange)
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Measured variables:
Hourly averages cRN* → SIRC, fj → EIRC

Measurement uncertainties:
u(cRN *) → u(SIRC) → urel (EIRC) = urel (SIRC) + 3 % 

Very reliable detection of undercutting:

EIRC ∙ 2.5 < radon-222 guideline (limit) value = 119 Bq/m³ ∙ 2.5  300 Bq/m³ 

(SIRC ∙ 5.0 < radon-222 guideline (limit) value = 59 Bq/m³ ∙ 5.0 < 300 Bq/m³) 

Measurement uncertainties & 
undercutting of guide values
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Summary & conclusions

→ Three-week measurements of radon-222 activity concentration

(hourly averages) with active radon measuring devices

+ Simultaneous collection and consideration of 10 influencing factors -

seasonal, meteorological, metrological

= Estimation / delimitation of the 'annual mean value' 

within a ± 30 % interval ( 80 % confidence level)

= Undercutting of guide value detectable with 2.5∙EIRC  Rn-GV

Example: 2.5∙119 Bq/m³  300 Bq/m³

→ 𝑬𝑰𝑹𝑪 = 𝑺𝑹𝑰𝑪 ∙ෑ

𝒊=𝟏

𝟏𝟎

𝒑𝒊 𝒇𝒊
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Outlook: Project phase 2

→ Carry out further similar measurements or analyse measurement series 

(different federal states/regions, different building types, ...)  

→ Further develop influencing parameters and functional relationships: 

e.g. 1-week measurements, adjust 3-hour averages 

→ Refined physical-statistical analyses and methods

→ Extrapolate influences on hourly mean values to annual mean values

= Estimation / delimitation of the 'annual mean value' within an

within an interval smaller than ± 20 % ( 95 % confidence level)

= Indicative value undercut detectable with less than 2.0∙EIRC
Goal
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Project deliverables
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Thank you for your attention!

https://www.mdpi.com/2073-4433/16/2/215
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Best regards and wishes from all ÖVS colleagues and 
thank you for the good and unifying co-operation of our 

radiation protection associations in Central Europe -
especially in the context of the k&k ‘Monarchy 

Conferences’ in the past 50 years! 
Glückauf - ad multos annos!
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