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Motivation

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

— 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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m 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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Tirol (3)

24 measurement locations in Austria
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Survey of relevant influencing factors

— 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
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Example: Temperature difference — Rn-222 [

NOE_06_S_G4SL
—Rn222_korrigiert (Bqg/m3)  —Temperaturdifferenz (°C)
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Number of significant correlations
IRC <> meteorological data
Air
Relative Relative pressure | Temperarture
Air air Air air difference | difference
pressure | Temperature | humidity | pressure | Temperature | humidity | Precipi- Wind Wind (indoor - (indoor -
indoor indoor indoor outdoor outdoor outdoor tation speed direction | outdoor) outdoor)
Number of correlations
with p>0.2 3 7 16 5 3 25 1 2 3 10 23
with p> 0.3 3 3 9 4 3 20 1 1 0 4 17
with p>0.5 1 1 5 2 1 5 0 0 0 2 5
Number of anti-correlations
with p < -0.2 7 18 5 10 26 1 2 16 4 6 3
with p <-0.3 5 10 3 6 17 1 0 8 1 1 2
with p <-0.5 1 0 0 1 7 0 0 2 0 0 1
Total number of 35 50 50 50 50 50 50 50 50 35 50
measurements
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=> Complex influences
on the IRC short time measurement!

In any case, this must be taken into account:

* Measurement date (season)
* Ventilation behaviour

* Foundation type and floor

* Qutdoor temperature

— Starting point for creating the

radioecological-statistical model
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pros = 0,905 - 0,1992-cos(TDJ)

prx = 0,875 + 0,0227-TTX*

pvon = wenn (MON>5 und MON<9) dann 1,589 sonst 0,959
prex = 0,512 + 6,24-1073-FFX*

pwx = 1,053 - 0,0342-VVX*

prin=0,978 + 1,683-10>-TIA*

Psicrny = 1,111 - 0,225+ s(cgn)

peex = 0,881 - 0,339 PPX"*

pra =0,674 + 0,405 TIA .o*

Poym = 0,962

p:p; Seasonal influence - winter / spring / summer / autumn

P outdoor temperature

Pmon Strong ventilation during the 'hot' summer months of
June to August

Prex  relative outdoor humidity

pywx Wind force at the building

pra temperature difference inside-outside

Ps(crn) Variability of the radon activity concentration during

the short-term measurement

Prpy: Change in outside air pressure - negative outside air
pressure gradient (air pressure gradient 'radon pump')

pra change in indoor-outdoor differential temperature —
positive temperature difference gradient (temperature
gradient 'radon pump’)

Psym to the symmetry of the ratios E/IRC/LIRC around the
optimum value 1.0 (E/RC = LIRC)
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m Non-linear regression for fitting

(SIRC, f) = LIRC using SigmaPlot 15
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1M 2Raum | 3Ot | 4Rl | 5MG | 62 | #Mon | BTag | SRoK | 10sRK | 11sK |  12Ta
FIM_01 SIMMERING 99,0000 R1FIM 30/12/2022 13:28:00 12,0000 0,0000 129,0000 34,0000 0,2634 5,8000
2,0000 | FIM_01 SIMMERING 99,0000 R1FIM 21/8/2023 13:42:00 8,0000 231,0000 68,0000 52,0000 0,7625 23,3000
3,0000  FIM_02 OBER.CLBERNDC 110,0000 | R1FIM 22/1/2023 15:06:00 1,0000 22,0000 106,0000 23,0000 0,213% 01,3000
4,0000 | FIM_02 OBER.OLBERNDC 110,0000 | R1FIM 3f6/2023 18:16:00 5,0000 153,0000 72,0000 51,0000 0,7142 17,6000
5,0000 | FIM_03 EBENTHAL 82,0000 RIFIM 11/2/2023 04:51:00 2,0000 41,0000 107,0000 66,0000 0,6142 2,3000
&,0000 | FIM_03 EBENTHAL 82,0000 R1FIM 172023 18:29:00 7,0000 181,0000 43,0000 33,0000 0,7548 21,8000
7,0000 | NOE_01 TERNITZ 252,0000 | G45L 19/11/2022 06:30:00 11,0000 319,0000 313,0000 102,0000 0,3259 4,0000
8,00 Regression Wizard - Vanables ®x P | Function - RnAl W J00
9,00 0 100
10,00 ] Variable Columns 0 Equation Variables 100
11,0¢ Select your dependent variable s 0 nA1= RnK=(f2-f1*cos(Tag)) RnL=col(4) 300
12 Uf Save As... 'U fitRnAl to RnL RnK=col(3) .JEJI.’J
—] RnA1= RnKS(f2-f1*cos(Taq)) Variables - Tag=col(g) f
13,01 2 J00
| Rnk: col{3) I |

14,0 Tag: col(8) Options... | 2 jog
15,00 RrL: col(4) 0 00
16,0 Edit Code... 0 Initial parameters Constraints Options joo
17,00 Data From o f1=0,2" {{previous: 0,19915}} Iterations E°
18,00 From Code o 0 f2 = 1,0" {{previous: 0,905245}} 200 Joo
19,00 0 | Sepsze 100
20,00 0 1 J00
21’0(' Help Cancel Back Mext Finish o 1 Tolerance joo
ZZ,UﬁUu TNOE_UF IELUGEENLT L T G300 | L2MA T IS 20 LS uurmrﬂlﬂ : 1e-10 iEJI.’J
23,0000  NOE_08 GLOGGNITZ 168,0000 | RZBEV 19/1/2023 01:33:00 )00
24,0000 | NOE_D8 GLOGGNITZ 168,0000 | R2IBEV 17/5/2023 19:42:00 Trigonometric units 200
25,0000 | NOE_09 NEUNKIRCHEN 201,0000 | G2MA 13/2/2023 17:00:00 | Opegrees (O Radians O Grads 100
26,0000  NOE_09 NELUNKIRCHEN 201,0000  G2MA 9/5/2023 16:30:00 100
27,0000 | NOE_10 NELNKIRCHEN 413,0000 | R2BEV 13/2/2023 17:54:00 Help SRS i Cancel | jop
28,0000  NOE_10 NEUNKIRCHEN 418,0000 | RZBEV 9/5/2023 11:23:00 0000  159,0000] 96,0000  115,0000] 12362 16,3000

n
SS = z w;(SIRC; — LIRC;)?
=0

SS - min

Rnl = LIRC
RnK = SIRC
TAG = TD]

Prpy = £2- f1-cos(TD)) =
= 0.905 - 0.1992-cos(7D))

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

FJ Maringer
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Nonlinear Regression Sonntag, 3. Miarz 2024 21:29:54
[ ]
Data Source: Data 2 in NotebookRadon final. JNB F lt res u It
Equation: User-Defined; RnAl in Radonprojekt final.jfl
EnAl= BEnE*f2-fl*cos(Tag))
i (SigmaPlot 15)

R Rsqr  Adj Rsqr Standard Error of Estimate g
0934 0872 08369 189,394

Coefficient Std. Error t P

The F-test compares the regression model to the zero model.

fl 0,199 0,053 3,772 0,0004
) 0905 0042 71547 <0.0001 Cormrected for the mean of the observations:

' ' ' ' DF 58 MS F P
Analvsis of Variance: Reg_:essmn 1 11684198214 11655:195_;'14 325729 <0,0001

; Residual 48 1721804 286 35870923

DF g5 MS F P Total 49 13406002,300 273501 888
R ion 2 21254310714 10627233337 206,264 <0,0001
R:ggﬁ;ﬂﬂﬂ 1721 E{I'-i-_:lﬂﬁ 358 ?"I}_:EI'L'E ' ' The F-test compares the regression model to a constant model whose value is the mean of the observations.
Total 50 22976315.000 459526300 .

The results of an F-test should only be interpreted for nested models.

The F-test compares the regression model to the zero model. Statistical Tests:
Corrected for the mean of the observations: Normality Test (Shapiro-Wilk) Passed (P =<0,0001)

DE S5 M F P W Statistic= 07304 Significance Level = <0.0001
Regression 1 11684198214 11684198214 325,729 <0,0001 ' '
Fesidual 48 1721804 286 33870923 - . _
Total 19 13406002500 273591 888 Constant Variance Test (Spearman Rank Correlation) Passed (F=00100)
FJ Maringer 50th Radiation Protection Training Course, HajdUszoboszId, 7-9 April 2025 11
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Influence example: Day of the year (season)

[

Rn-222 (Bg/m®)
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SIRC(TDJ) = EIRC / 0.905 — 0.1992*cos(TDJ) with EIRC = 300 Bg/m®
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m Influence example: Outdoor temperature [ BOKU

SIRC = EIRC/0.875+ 0.0227-TTX* with EIRC = 300 Bq/m°
800
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o))
S
o
' 4

-~ Range of values at study

o
]
o

EIRC
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Rn-222 (Bg/m®)
8
o

200
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Outdoor temperature 77TX* (°C)
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m Influence example: negative air pressure gradient [ BOKU

SIRC = EIRC/0.881 - 0.339-PPX' ,* with EIRC =300 Bq!m3

360
SIRC
340 Range of values at study -
< -
320

EIRC

300 | v v v

Rn-222 (Bg/m?)
]
S

Mean value
at study

220

200

0,5 0,4 0,3 T 0,2 0,1 0
Negative outdoor air pressure gradient PPX'.,* (mbar/h)
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m Influence example: Variability of hourly averages [ BOKU

SIRC=EIRC/1.111-0.225-sr(cg,) with EIRC =300 quma
380 Range of values at study

360 SIRC 9 Q"
340 |} L

: -
—~ 320 | 00;0'0
! EIRC 4

Y A P i

Rn-222 (Bg/m*®
2 2

o
(s}
o

at study

240

Mean value

220

200 = :
0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 11 1,2 1,3

Relative standard deviation sr*(cg,) of hourly mean values
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(XIRC / LIRC)-1 (%)
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ratios
(with uncertainty bar):

SIRC/LIRC (red)

and

EIRC/LIRC (green)

sorted in ascending order,

LIRC (Bq/m?3) of the
long-term measurement
(orange)
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m Measurement uncertainties & [

undercutting of guide values

Measured variables:
Hourly averages czy* — SIRC, f; — EIRC

Measurement uncertainties:
u(cgy *) = u(SIRC) > u,,, (EIRC) = u,, (SIRC) + 3 %

Very reliable detection of undercutting:

EIRC - 2.5 < radon-222 guideline (limit) value => 119 Bq/m3 - 2.5 <300 Bg/m?

(SIRC - 5.0 < radon-222 guideline (limit) value => 59 Bg/m? - 5.0 < 300 Bg/m?3)

FJ Maringer 50th Radiation Protection Training Course, HajdUszoboszId, 7-9 April 2025 17
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m 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

10
i=1

=> 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 Bg/m? < 300 Bg/m?

FJ Maringer 50th Radiation Protection Training Course, HajdUszoboszId, 7-9 April 2025 18
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m 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) Goal

=> Indicative value undercut detectable with less than 2.0-EIRC

FJ Maringer 50th Radiation Protection Training Course, HajdUszoboszId, 7-9 April 2025 19
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ABSCHATZUNG DES JAHRESMITTELWERTES DER
RADONKONZENTRATION IN INNENRAUMEN MITTELS
AKTIVER KURZZEITMESSUNGEN

ESTIMATION OF THE ANNUAL MEAN VALUE OF INDOOR RN-222
ACTIVITY CONCENTRATION USING ACTIVE SHORT-TERM
MEASUREMENTS

M. Blum'. D. Boya'. X. Goidinger', F. I. Maringes®, T. Moreav’, I. Toth!, . Wiedner*

Arominstirur, Technische Universitat, Wien, Osterveich

“Institut fiir Bodenforschung, Universitdt fiir Bodenkultur, Wien, Osterreich
3Seibersdorf Laboratories, Seibersdorf, Osterreich

“Strahlenschutzlabor der Stadr Wien, MA3S, Wien, Osterveich

Zusammenfassung
o Radon-222- . mmen (Indoor Radon Concentration,
IRC)ist stark vom Lifungsgeschhan ¢ ubim'ngrg aber auch vom geologischen Untergrund,
der Bodenbeschaffenhatt und dem Geba [1]. Aufierdem weisen zahlreiche
internationale Studien darauf hin, dass sich die IRC aufgrund duPerer Unnwelteinfliisse
wie Aufientemperatur oder Luftdruck veranderm kann. So haben GebGude in Bezug auf die
IRC auch saisonales und, ttliche Verhalten [2]. Die Erhebung der
mittleren jahrlichen IRC erfordert im Allgemeinen eine Langzeitmessung iiber mehrere
Monate [3]. Augrund der moglichen gc.mna'heirllcincn Risthen durch Radon 15t eine
raschere Ermitilung der mittleren
In Zuge dieses Projekts wurde die IRC in Woln- und Srhlnﬁ—ﬂumen 24 asterveichischer
Provathaushalte untevsucht. Zur Eruferung zetclichen Verdnderungen der IRC wurden in
allen Ki mittelsaktiver dte sowohl in den
Wintermonaten, als auch nach der Heizperiode durchgefilhrt. Mittels passiver
erfolgten L um die mittlere IRC in den
Raumen zu_ermitteln. Neben der IRC wurden auch d.e wesentlichen Gebiudedaten
(Baujahr, Haustyp, st} und U Luftdruck und
Temperatur) mitarhoben.
Diese noch laufende Arbett soll Auskunft dariber geben, imwiewait Kurzzettmessungen zur
Eruierung der mittleren jahrlichen IRC herangezogen werden kénnen. Es soll ermiteel
werden, welche Parameter die IRC am starksten beemflussen, beziehungswaise welche
Faltoren fiir zeitliche Veranderungen der IRC beriicksichtigt werden missen.
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Abstract: A method was developed to estimate the average annual indoor radon activity
concentration from three-week short-term measurements using active radon-222 measuring
devices, taking into account the relevant infl (season, P

difference, temporal air pressure gradient, ete.) during the short-term measurements.
A total of 24 long-term measurements (6 months) and 50 short-term measurements (3weeks)
were carried out in 24 indoor spaces in private houses in four Austrian federal states

term measurements lasting around three weeks. The by ing the

ped method, the approximation to the long-term average value can be significantly

check far improved, at least by a factor of 2. This criterion is only valid for the 24 indoor spaces
updatax ined in this study. G i Tequires a test and validation study of the method
QupCusd d. Itis planned to test and validate the developed method in other indoor spaces

Mol by means of further and in-depth physical considerations, and to
K 23 Do mber 2024 improve the functional relati ips and the approsimation to the long-term average value.
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1. Introduction

The indoor air radon activity concentration (IRC) is influenced by several factors.
These include mainly geological factors, such as the rock subsoil and the soil conditions
under the building, the condition of the building (type of foundation, insulation, etc.), the
usage behaviour of the residents (ventilation habits, room temperature, ete.), as well as

listrakend ke £ e bt and
comditions of the Ciealive Comnans
Atribticn (OC BY) Bons

(hbps cacabivesmaonm o)
s by 40/}

gical infl (outside temy air pressume, ete) [1]. Due to the influences
mentioned, the IRC is subject to fundamental changes over time [2]. Buildings, therefore,
also have diumnal, seasonal, and annual behaviour in relation to the IRC [3]. The main
factors influencing the temporal variability of the IRC value in an interior are me teorology
and user behaviour.
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Best regards and wishes from all OVS 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!
Gluickauf - ad multos annos!
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