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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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consists of the following parts, under the general title Measurement of radioactivity in
t — Air: radon-222:

Origins of radon and its short-lived decay products and associated measurement methods

Integrated measurement method for determining average potential alpha energy concentratid
t-lived decay products

Spot measurement method of the potential alphaginergy concentration of its short-lived decay prod

Integrated measurement method for detérmining average activity concentration using pas
g and delayed analysis

Continuous measurement method_of the activity concentration
Spot measurement method of-the activity concentration
|Accumulation method fok.estimating surface exhalation rate
Methodologies for.initial and additional investigations in buildings
g parts are under preparation:

Method for,determining exhalation rate of dense building materials

Determination of diffusion coefficient in waterproof materials using activity concentration measuren
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Introduction

Radon isotopes 222, 220 and 219 are radioactive gases produced by the disintegration of radium isotopes 226,
224 and 223, which are decay products of uranium-238, thorium-232 and uranium-235 respectively, and are
all found in the earth’s crust. Solid elements, also radioactive, followed by stable lead are produced by radon
disintegrationl'].

When disintegrating, radon emits alpha particles and generates solid decay products, which are also radioactive
(polonium, bismuth, lead, etc.). The potential effects on human health of radon lie in its solid decay products
rather than the gas itself. Whether or not they are attached to atmospheric aerosols, radon decay products can
be | P — P P > > > — > =

Radon is today considered to be the main source of human exposure to natural radiation."The|UNSCEAR
(2006) reportl2] suggests that, at the worldwide level, radon accounts for around 52 % of global average

220| (4 %), while isotope 219 is considered negligible. For this reason, reference§~io radon in [this part of

Radon activity concentration can vary by one to multiple orders of magnitudé pver time and spac¢. Exposure
to radon and its decay products varies tremendously from one area to @nother, as it depends firstly on the
amgunt of radon emitted by the soil and the building materials in each:area and, secondly, on the degree of
confainment and weather conditions in the areas where individuals are exposed.

Variations of a few nanojoules per cubic metre to several thousand nanojoules per cubic metre afe observed
in the potential alpha energy concentration of short-lived radondecay products.

Thel| potential alpha energy concentration of short-lived @fadon-222 decay products in the atmosphere can
be measured by spot and integrated measurement méthods (see ISO 11665-1 and ISO 11665-2). This part
of IBO 11665 deals with spot measurement methods. A spot measurement of the potential alpha energy
congentration relates to the time when the measurement is taken and has no significance in annual exposure.
Thig type of measurement does not therefore apply when assessing the annual exposure.

NOTE The origin of radon-222 and jts(short-lived decay products in the atmospheric environmept and other
measurement methods are described gengrally in ISO 11665-1.

© 1SO 2012 — All rights reserved \%
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part of ISO 11665 describes spot measurement methods for determining theactivity cond
't-lived radon-222 decay products in the air and for calculating the potential alpha energy cong

partofISO 11665 gives indications for performing a spotmeasurement of the potential alpha energy ca

measurement method is applicable for a rapid assessment of the-potential alpha energy co
result obtained cannot be extrapolated to an annual estimate “potential alpha energy conc
rt-lived radon-222 decay products. Thus, this type of measufenient is not applicable for the ass
Lial exposure.

measurement method is applicable to air samplesdwith potential alpha energy concentra
5 nJ/m3.

E This part of ISO 11665 does not address the-potential contribution of radon-220 decay products

Normative references

following referenced documents™are indispensable for the application of this document
rences, only the edition cited applies. For undated references, the latest edition of the reference
uding any amendments) applies.

11665-1, Measuremeft'of radioactivity in the environment — Air: radon-222 — Part 1: Origins (
hort-lived decay products and associated measurement methods

IEC 17025, Géneral requirements for the competence of testing and calibration laboratories

61577-1,Radiation protection instrumentation — Radon and radon decay product measuring ing
1: General principles

615 77-3, Radiation protection instrumentation — Radon and radon decay product measuring ins
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3

3.1

For

Terms, definitions and symbols

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 11665-1 apply.
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3.2 Symbols

For the purposes of this document, the symbols given in ISO 11665-1 and the following apply.

C;
Epng,i

Epgt,i

activity concentration of the nuclide 7, in becquerels per cubic metre

alpha particle energy produced by the disintegration of the nuclide i, in joules

total alpha particle energy potentially produced by the nuclide i, in joules

Eppg;

EpaEc,i
EI;AEC,i
EgAEC,i
EpaEC,i

>
Eppgc,i

5

potential alpha energy of the nuclide i, in joules
potential alpha energy concentration of the nuclide i, in joules per cubic metre

decision threshold of the potential alpha energy concentration of the-nuclide i, in jo
per cubic metre

detection limit of the of the potential alpha energy concentration_of the nuclide i, in jo
per cubic metre

lower limit of the confidence interval of the potential alpha energy concentration of
nuclide i, in joules per cubic metre

upper limit of the confidence interval of the potential alpha energy concentration of
nuclide i, in joules per cubic metre

7t number of gross counts obtained betw&en times # and 1
/' number of background counts obtaified between times # and z¢;

coefficient related to the ;! numbérof gross count for radon decay product i, dependin
the decay constants of the radan decay products, the sampling duration, s, and the ti
t; and t¢;, per square second

number of atoms of the nuclide i

counting number-depending on the gross alpha counting protocol used
sampling flew-rate, in cubic metres per second

end time of counting j, in seconds

start-time of counting j, in seconds

Sampling duration, in seconds

expanded uncertainty calculated by U = ku( ) with £ =2

Lles

Lles

the

the

j on
mes

urel( )

V

&
Ai

standard uncertainty associated with the measurement result
relative standard uncertainty

sampled volume, in cubic metres

counting efficiency, in pulses per disintegration

decay constant of the nuclide i, per second

© 1SO 2012 — All rights reserved
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4 Principle of the measurement method

Spot measurement of the potential alpha energy concentration of short-lived radon-222 decay
based on the following elements:

products is

a) grab sampling, at time ¢, of short-lived radon decay products contained in a volume of air representative of
the atmosphere under investigation, using a high-efficiency filtering membrane;

b) repeated gross alpha measurements of the collected decay products using a detector sensitive to alpha
particles; the counting stage starts after sampling has stopped;

c) |calculation of the activity concentrations of the radon decay products using the laws of radiodctive decay

and the counting results from a preset duration, repeated at given times.

Thelgross alpha measurement method quantifies alpha particles emitted by short-lived.radon decay products.

The| 222Rn decay product chain shows that 99,98 % of the decays of 218Po resulfin-the emissi
parficles. It can, therefore, be considered as a pure alpha emitter. 2'4Pb and 2'4Bi ‘ate not alpha ¢
they contribute to the appearance of alpha particles from the decay of 214Po,

Aftgr collecting the air sample, the gross alpha activity is measured for various counting durations.
the fast decay of radon decay products, the isotopic composition of a sample rapidly changes durir]
as Well as during the counting durations. Repeated measurements{of the gross alpha activity are
in ofder to describe the decay of the sample and thereby calculaté.the amounts of the various dec
whi¢h were originally collected in the air sample.

NOTE Although 222Rn and its decay products are usually found in higher quantity, environmental air

on of alpha
mitters, but

Because of
g collection

necessary
Ay products

samples can

also|contain significant activity of radonuclides of the 220Rn deedy chain as well as other airborne long-lived radionuclides.

In sych cases, the formulas and procedures given in this part'ef ISO 11665 need to be adapted to take into account these

addifional radionuclides.

5 |[Equipment

The|apparatus shall include a sampling system and a detection system composed of a detector cofnected to a

coupting system (see Figure 1). The measuring devices used shall comply with IEC 61577-1 and IEC 61577-3.

The|sampling system shall include the following components:

a) |an open filter holder allowing fast and easy removal of the filter after sampling;

b) |a pump;

c) |a high-efficiency particulate air filter (HEPA filter with a minimum efficiency of 99,97 % fdr a particle
size of 0;3,pm);

d) |a flow=meter and a chronometer;

Poskible detectors include the following:

a photomultiplier associated with a sensitive scintillation surface [ZnS(Ag), for example];

a silicon semi-conductor that is sensitive to alpha particles.

The detector, connected to a pulse counting system, shall have a sensitive detection surface at le
diameter to the filtering membrane.

© 1SO 2012 — All rights reserved
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-

a) Sampling system b) Detection system

Key

1 filtering membrane

2 filter holder

3 support

4 flow-meter and chronometer

5 pump

6 counting|system

7 detector

Figure 1 —+ Functional diagram of a spot measuring system forpotential alpha energy concentration
of short-lived radon decay products

6 Sampling

6.1 Gengral

Grab samp|ing is representative of the potential alpha energy concentration of short-lived radon-222 dgcay

products at

6.2 Sam

The sampli

and attachg
given samp

6.3 Sam

The unattad

a given time and a given plage:

bling objective
ng objective is to €Collect, without interruption, all the aerosols, regardless of their size (unattag

ing duration.(less than one hour).

bling.-characteristics

hed and attached fractions of short-lived radon decay products shall be sampled without interrup

hed

d fractions), catrying short lived radon decay products and contained in the ambient air duripg a

tion

from the atmosphere under investigation by pumping and filtering a known volume of air through a high-

efficiency collection membrane located in an open filter holder. The air sampling shall be omni-directional.

In order to count the emitted alpha particles correctly, the sampling system shall conduct to the surface deposit
of the radionuclides on the filter and shall prevent the aerosols from being buried.

The sampling system shall be used in conditions that preclude clogging of the filtering membrane, which would
cause self-absorption of the alpha emissions of particles collected on the filter or a reduction in the sampling
flow-rate over time.

© 1SO 2012 — All rights reserved
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6.4

ISO 11665-

Sampling conditions

6.4.1 General

3:2012(E)

Sampling shall be carried out as specified in ISO 11665-1. The sampling location, date and time shall be recorded.

6.4.2 Installation of sampling system

Installation of the sampling system shall be carried out as specified in ISO 11665-1.

6.4.

Givé¢n the short half-lives of the radon-222 decay products, particularly 218Po, the sampling duratiénysho

be |

6.4.4 Volume of air sampled

The
with

Det
(alp

8.1
Mea
a)

b)

<)

B~ Sampling duration

bss than or equal to 20 min. A longer sampling duration would not improve the detectiondimit of the¢

a calibrated system (for example, a sonic nozzle) (see IEC 61577-3).

Detection method
bction shall be performed using silver-activated zinc sulphide ZnS(Ag) scintillation or a seni
ha detection), as described in ISO 11665-1.

Measurement

Procedure
surement shall be carried out as follows:
Select the sampling duration, zs.
Plan the counting stage, wittz countings, and choose start time #; and end time ¢; for each
time can be required.

NOTE Examples-of gross alpha counting protocols are given in Annex A.

Install the deteetion system (detector and pulse counting system).

Determine’/the background level of the filtering membrane. Before carrying out sampling, p

virgingmembrane opposite the detector, in accordance with manufacturer recommendations. VF

accaording to the counting stage selected:

e)

f)

1) t=0tor=1r standby, there is no count if 71 > 0;
2) t=t1t0t=1tc count [y 1 is performed,;

3) t=tqtor=¢ standby, there is no count if ; > #¢;_1;
4) t=ttor=1tg count /o ; is performed.

If n > 1, repeat stages 3) and 4) until j = n.
Record values of Iy ; for j=1to j = n.

Select and locate the measuring point.

© 1SO 2012 — All rights reserved
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volume of air sampled shall be ascertained by continuous measurement.of the flow-rate duripg sampling

-conductor
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Install the sampling system.

Using grab sampling, obtain an air sample representative of the atmosphere under investigation during the
sampling duration ts.

Record the location and the time (date, hour and minutes) of sampling.

Once sampling is completed, remove the filtering membrane from the sampling system and position it opposite
the detector, in accordance with manufacturer recommendations. Given the short half-lives of the radon-222
decay products, the alpha particles shall be detected on the sampling site within a few minutes of sampling.

Perform—u—successive gross :\Iphn r\nnnﬁnge of the membrane with epnr‘ifir\ r\nnnﬁng durations f‘-’/’

9)
h)
i)
j)
k)
accord
1) ¢4
2) t=
3) t=
4) t5
Ifn>1
I) Recorg
m) Detern
8.2 Influ
Various qu
on the me
ISO 11665-
a) influen
b) influen
be so g
c) detectd
perforn
d) potenti
the am
Manufactur
8.3 Calik

ng to the counting stage selected:

Otor=n1 standby, there is no count if 71 > 0;
1 1ot = te1 count /4 is performed,;

ti1tot=1 standby, there is no count if #; > #¢;1;
titot=tg count J; is performed.

repeat stages 3) and 4) until j = n.
values of /;forj=1to;j=n.

ine the potential alpha energy concentration by calculation.

bnce quantities

Intities can lead to measurement bias that could induce non-representative results. Depen

surement method and the control of usual\influence quantities specified in IEC 61577-1
1, the following quantities shall be considefed in particular:

ce of atmospheric pressure on the sampling process;

ce of the filtering membrane storage conditions before sampling starts; the storage conditions s
esigned to avoid contaminationof the filtering membrane with radon decay products;

r surface contaminationi_.the surface contamination of the detector shall be controlled be
ning the measurement;

bient air.

er recomimendations in the operating instructions for the measuring devices shall be followed.

ration

-

Hing
and

hall

fore

bl presence of other alpha emitters (radium, radon isotopes, etc.) on the filtering membrane ¢r in

The entire measuring device (sampling system and detection system, i.e. detector and related electronics) shall
be calibrated as specified in ISO 11665-1.

The relationship between the variable measured by the detection system and the potential alpha energy concentration
of the radon decay products in the air shall be established by using reference radioactive sources or another
standard (a reference atmosphere, for example) recognized through international inter-comparison programmes.

© 1SO 2012 — All rights reserved
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9 Expression of results

9.1 General

Calculation of the potential alpha energy concentration of short-lived radon-222 decay products is based
on the activity concentration of each short-lived decay product as well as the total potential alpha energy
concentration.

Calculation of the activity concentration of 218Po, 214Pb and 214Bi is based on several gross alpha counts 7;, the

detector background level 1o ;, the counting efficiency, the flow-rate and the sampling duration. The following
hyp'\thncac shall ha applinnl:

a) |the short-lived radon decay products are the only alpha-emitting nuclides present in the airbeing analysed;
b) |their respective activity concentration does not change during sampling;
c) |the counting efficiency is the same for each decay product.

The] activity concentration of each decay product is calculated using equations.that express thg number of
atoms of each decay product present on the filter at the end of the sampling.process based on the gross alpha
coupts obtained over the different time intervals (see Annex B).

9.2| Potential alpha energy concentration

The| potential alpha energy concentration of short-lived radon-222 decay products shall be calculajed as given
by Formula (1):

Eppg; Epgti - N; Epgt; - C;
EPAEC222R,, Zz v l 22( Vl l ZZ + (1)

i i ! i !

Ence: k. -
EPAEC, 2225, =w'z z%'(lj _Io,j) @)
j i

whdre

;

Ci=2 .Q’Zku (1 ~doy)= 0 Dokij-(1;-1o,) ®)

J J
1

€. 0

A method of caleulation of k; ; is detailed in Annex B.

NO-I E FOI’ 218PO, EAEt,i = EAE,218P0 +EAE'214PO . For 214Pb, 2‘14B| and 214P0, EAEt,i = EAE’214PO .

9 3 Ctonmalaral o o S PN TV
- WidITudiruv uriv el lﬂllll.’

The uncertainties of the sampling flow-rate, the counting efficiency and the number of counts (including the
background level) shall be taken into account.

The uncertainties of decay constants, sampling duration and counting durations are considered negligible. The
uncertainty of k;; is therefore considered negligible.

By hypothesis:
a) the variables are all independent;

b) the numbers of counts /o ; and ; are normal variables according to Poisson’s law.

© 1S0O 2012 — All rights reserved 7
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Under these conditions, the uncertainties of numbers of counts /o ; and /; are expressed as follows:

uz(lo‘j

)=10‘j and uz(lj)=1j

(®)

I; depends on the activity of each decay product as well as on the time elapsed since the end of the sampling
process. The counting uncertainty estimated from the variance of /; therefore includes uncertainties associated
with the variables on which /; depends.

In accordance with ISO/IEC Guide 98-3, the standard uncertainty of Epagc 222, shall be calculated as given

by Formula

(6):

u(Eppg

where

urer (@)

Calculation

uncertainty

f’(EPAE

J

2225, ) = \/wz 'Z[(Ki,j)'([j +1g; )] + (EPAEC,222Rn )2 gy (o)

of Epaec 2225, @s afunction of its true value, calculated as given in Formula (9).

C 2225, ) = \/wz 'Z[(Ki,j)'(ij +10,j)] + (EPAEC,222Rn )2 ufy (o)

J

9.4 Decision threshold

The decisig

n threshold, EI;AEC,222Rn , is obtained from Formula (9) for EPAEC,222Rn =0 (see ISO 11929)

each C, = and I; =, ;. This yieldsFormula (10):

Eppgc 2

2[(’9',1)"0,1}

22p = K1-g 11(0) = ks 60\/2 _
J

a = 0,05 with kq_, = 1,65/8 0ften chosen by default.

9.5 Detegtion limit
The detectiprilimit, EP#AEC,zzan , is calculated as given in Formula (11) (see 1ISO 11929):
# 2 2 2 _2 (= 2 2 2 -2
EPAEC,ZZZRn =a-+ \/(1 +(k1—ﬂ _k1—06 ) ‘U (EPAEC = 0) =a+ \/Cl +(k1—ﬁ —k1_a ) ‘U (0)
with
2
- 1 ki 2 )
a=ky o i(0)+| = . [” (Epagc)—4 (0)}
PAEC
If o = B, then it follows that Efagc =2-a.

a=f=0,05with k1_4 = k1_p= 1,65 is often chosen by default.

(6)

(7)

(8)

of the characteristic limits (see ISO 11929) requires calculation of ﬁ(EPAEC,zzan ) , i.e. the stanglard

.e.

(10)

(1)

(12)

© 1SO 2012 — All rights reserved
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9.6 Limits of the confidence interval

< >
PAEC,222g,, PAEC,222g,

Formulae (13) and (14) (see 1ISO 11929):

The lower, E , and upper, E , limits of the confidence interval shall be calculated using

< _ . —

Epagc 2025, = EraEc 2225, ~K»p '”(EPAEc,zzan ) p=0-(1-7/2) (13)
> _ - —

EppEc 2225, = EPAEC 2225, ~ K4 '”(EPAEC,zzan ) g=1-07/2 (14)

whdre

o = @ [ylu(y)], @ being the distribution function of the standardized normal distribution,

o =1may be setif Epapc 2225, 2 4'”(EPAEC,222Rn ) , in which case:
<> _

EpAEC2225, = EPAEC 2225, T F1-7/2 ”(E PAEC 222, ) (15)

y= 0,05 with k1_,2 = 1,96 are often chosen by default.

10 (Test report

10.1 The test report shall be in accordance with the requirements of ISO/IEC 17025 and shall|contain the
follgwing information:

a) [reference to this part of ISO 11665, i.e. ISO 11665-3:2012;
b) |measurement method (spot);

c) |identification of the sample;

d) |sampling characteristic (active);

e) [start time of sampling (date, hour and minutes);

f) |end time of sampling(date, hour and minutes);

g) |duration of sampling;

h) |sampling location;

i) |units in‘'which the results are expressed;

J) test result, EPAEC,222Rn iu(EPAEC,QZZRn ) or EPAEC,ZZZRn +U , with the associated & value.

10.2 Complementary information may be provided, such as the following:
a) purpose of the measurement;
b) probabilities «, gand (1-y);

c) the decision threshold and the detection limit; depending on the customer request, there are different ways
to present the result:

1) when the potential alpha energy concentration of the short-lived radon-222 decay products is
compared with the decision threshold (see ISO 11929), the result of the measurement shall be

expressed as < EI;AEC,222Rn if the result is below the decision threshold;

© 1S0O 2012 — All rights reserved 9
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2) when the potential alpha energy concentration of the short-lived radon-222 decay products is
compared with the detection limit, the result of the measurement shall be expressed as < EF,#AEC 292
) Rn
if the result is below the detection limit or, if the detection limit exceeds the guideline value, it shall be
documented that the method is not suitable for the measurement purpose;
d) any relevant information likely to affect the results:
1) weather conditions at the time of sampling;
2) ventilation conditions for indoor measurement (mechanical ventilation system, doors and windows
opgn-or shut, nfh)
10.3 The 1

10

esults can be expressed in a similar format to that shown in 11665-1:2012, Annex C.
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Examples of gross alpha counting protocols

There are several gross alpha counting protocols associated with spot measurement methods for the potential
alpha energy concentration of short-lived radon-222 decay products described in this part of ISO 11665.

SorLe of them, that are suitable for the purposes of this part of ISO 11665, are listed in Table A.1:

Table A.1 — Examples of gross alpha counting protocols

© 1SO 2012 — All rights reserved

Duration of the different phases
Method S
Sampling Standby 1st count Standby | 2nd gount | Standby Brd count
Themas!“! 300 120 180 60 840 60 540
Themasl + .
Mafkovl7] 300 60 180 180 180
Nagaroffl8] 300 60 600 600 1140
Miller(oIl10] 120 30 120
2400 to
[l
Kugnetz 300 to 600 5400
Rollel'2] 120 480 120
1"
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Annex B
(informative)

Calculation of the coefficients k315, ;) k214, ; @Nd k14,

B.1 General
This annex deals with the method of determination for the coefficients kp1g, ;. k214p,,; @aNd kp1g5."
NOTE Kor definitions of the symbols used in this annex, see Clause 3.
B.2 Determination method
B.2.1 Dptermination of the number of alpha disintegrations
After sampling is completed, the expected number of alpha disintegrations, n4~during the time interval «cf — ¢;
is given by Formula (B.1):

n = A + Aotapy, - Aotag Natsp, '(e—lzwpo"j _e—/121spo"cj )

a = | N218p,
()»214Bi —7L218Po)'()»214F>b —1218P0)
. A21gp, ~A21ag - Natgp, )“214Bi Notag, .[6—1214%";‘ o 2tpy Ty j B.1)
_(/1215 Po —/1214Pb)'(12148i —1214Pb) /1214Bi _/1214Pb
A21gy A21ap, ~Notg Asiang, - Noa1g “Aprati  —Apia. te
N Po Pb Po : Pb . D | Nyrg -(e 21agtj _ A2ty )
- ) _ 2145, ~
(/121 Po )“214Bi ) (/1214Pb ’121455) Pb 214

where Noib, . Naiap, €t Nayyg, afe the number of atoms for 218pg, 214Pp and 214Bi, collected on| the
membrane filter at the end of sampling.
To determirfe this number0f alpha disintegrations, counting has to be performed once between ¢; and ;.
The numbef of countings that it is necessary to perform depends on the gross alpha counting protocol Used
(see AnneX A). Frem these counting results, 7, -1, ;, the number of atoms of each radon decay profiuct
collected ov|| thé.filter at the end of sampling (N218P0 , N214Pb and N2148i ) can be deduced.

B.2.2

Determination of the activity concentration of each radon decay product

The activity concentration of each radon decay product is obtained from Formula (3) (see 9.2). This yields
Formulae (B.2), (B.3) and (B.4):

C —
218Po

Cotap,

12

1 n
D ko1g,. (L —1g ;) (
gC.Q 122’1 PO’J J yJ
1 n
= Y kotapy,; (1 =1o ;) (
gC'Q j=1

B.2)

B.3)
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1 n
Co1ag =70 ';kmsrf (7 =1o,) (B.4)

J

The activity concentration of each radon decay product is also calculated, for a sampling duration ¢, as given
by Formulae (B.5), (B.6) and (B.7):

12

218 N21g
_ Po Po
Cot8p, = i 1s (B.5)
1—e 218pgTs 0
’1;4 Na1g A21ap, - A218
o = Pb . Pb _ Pb Po
Pb _e—/1214pb'fs 0 1_6—/1218P0'fs 8
X214 “A21apyTs _ TA218pyTs | Ny '
1+ Pb € —€ . Po
- —A214,,
A214py —A218 5, 1—e Pb’S 0
2 A 1 A t
- )“214Bi N214Bi /1214Bi '/1214Pb ’ /1214Bi o [2M4gi's | g "M4py|'s
24pi ~ ~A21agTs 0 - Aotap,ts | A S ' —A214g.1s
1-e Bi 1-e Pb 214 214 5 1—e Bi
Na1a A21a o - A21ag, ~A21s
Pb Bi Pb Po (B?)

A it
° ()”Z“‘Po _1214%)'[1_6 e S)

_6—1214%"3 _e—/121spo'ts Ratag, e—/1214Bi'fs _e—/121spo'fs
1-e "2Mpos ' Aat8p, T Mg, 1-e 2Mai"e N21gp,
N A21ag, o F2tags _ (A2iapyts . o M 2pyTs _ Th2t8p, s 0
1214Bi —1214Pb 1_e—/1214Bi‘fs 1_6—/1214Pb'fs

B.213  Determination.of the coefficients 315, ;, k214p,,; aNd k214, ;

Usi
ko1gp..j k214p548Nd ko145 ; can be obtained for each measurement method.

ng Formulae (B2)4o (B.7), along with the determination of Njqg, . Np14,, @nd Noqqy. . the values of

B.3 Application to the Thomas protocol

B.3"+—Measurementprocedure

For the Thomas protocoll4, the sampling takes place over exactly #s = 300 s, to the second.
After the sampling phase, the number of alpha disintegrations of the collected decay products is measured.
The steps are as follows:

a) Determine the background number of counts. Before performing the sampling, the virgin membrane is
measured by means of three gross alpha countings with counting durations 7c1 — 11 =180's, #c2 — 12 = 840 s,
tc3 — t3 = 540 s. The non-contamination of the detector when fitted with a virgin membrane is checked by
a counting of at least 1 min prior to each measurement.

b) Carry out sampling.

© 1S0O 2012 — All rights reserved 13
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c) Position the filtering membrane opposite the detector after the sampling process has been halted.
d) Perform three gross alpha countings of the membrane with specific durations according to the Thomas protocol:
1) ¢t=0storn=120s standby, there is no count;
2) t¢1=120sto#1=300s count 1 is performed;
3) %1=300stornr=360s standby, there is no count;
4) t=360stor2=1200s count /2 is performed;
5) t=1200stosr3=1260s standby, there Is no count;
6) 13F1260stoz3=1800s count /3 is performed.
B.3.2 Dptermination of the coefficients 315, ;, k214p,,; aNd ka14,, ;
If the sampling duration is known, the activity concentration of each radon decay product ean’ be obtained from
Formulae (B.5), (B.6) and (B.7). This yields Formulae (B.8), (B.9) and (B.10):
N1
Catgp, [ 2112 91x107°. ——FPo (B.8)
Nog N1
Coia. E153178x107°.——Pb _984924x10~" . ——Fo (B.9)
Pb 0 0
Noar, No1g No1g
Catag, 2131 71x1076. —~ "Bl _132816x10~’ -pr+2,327 55x1078. _~_Po (8.10)
From all times (start and end counting times) selected. in the counting protocol and using Formula (B.1)| the
counting regults can be expressed as given by Formulae (B.11), (B.12) and (B.13):
I —Toq|= ¢ -(0,316 57 Naisp, +0,085 3N 514, +0,093 37 N214Bi) (B.11)
Iy ~1log =¢c-(0,324 93 Noia,, +0108 01 Norap, +0,31493- Nora | (8.12)
I3-1Io4 = -(0,095 77 Naid, +0,095 65 Noys, +0,12965- N214Bi) (8.13)
From these|counting restilts, the number of atoms of the radon decay products collected on the filter at the|end
of sampling (N218P0 . N214Pb and N214Bi ) can be deduced using, for example, the Cramer’s rule:
1
Nats ol 4,930 77 (11— 104)-2,393 32 (13 Ig2)+2,26279- (I3~ Io3) ] (B.14)
1
Nota g, = o (4,930 77 (11 -104)-2,393 32 (13~ Io2)+2,26279- (I3~ Io3) | (B.15)
1
Notag, = 8—-[—6,342 40-(Iy—1Io4)+9,01225- (I~ Io5)~9,61152- (I3~ In3 )} (B.16)

14

C
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