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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.
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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, are all found in the earth’s crust. Solid elements, also radioactive, followed by stable lead

arep

roduced by radon disintegration.[1]

Radonis considered to be the main source of human exposure to natural radiation. The UNSCEAR (2006)
reportl2] suggests that, at the international level, radon accounts for around 52 % of the global average
exposure to natural radiation. Isotope 222 (48 %) is far more significant than isotope 220 (4 %), while
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nt studies on indoor radon-222 and lung cancer in Europe, North America, and Asia pr
bnce that radon-222 causes a substantial number of lung cancers in the general populat
hates of the proportion of lung cancers attributable to radon-222 range from 3 % to 14 9
e average radon-222 concentration in the country concerned and the calcudation meth

br radon-222 concentration is mainly measured by passive deteetors that can m
h-222 and radon-220 signals.[4] If the readings are overestimated;the lung cancer |
biased estimate when epidemiological studies are carried out. Radon-222 and radon-
urements have been carried out in several countries[4]-[11] (See’Table A.1). Experiencg
indicate that there is no correlation among radon-222 and radon-220 and its dec:
bntrations. This implies that one parameter cannot be estiniated from the other. Unles
ity concentration is measured, a correct radon-222 congcentration cannot be given with

o its short half-life, radon-220 disappears very rapidly in the atmosphere. An activity ca

tive of the measurement (building charagteristics, construction material characteri
nmpling location is to be chosen after taking into account this gradient.

o a highestlevel of radon-222 in air,tadon-220 is very difficult to measure alone. This |
lard proposes a measuring method of radon-220 activity concentration using a
dering radon-222 and radons220.

e are many ways of measuring the activity concentration of radon-220 and its decay p}
uring technique proposed is an integrated measurement method for radon-220 only.

Hon-222 measuring device. Therefore, a specific meastirement of radon-220 is justified.
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Measurement of radioactivity in the environment — Air
— Radon 220: Integrated measurement methods for the
determination of the average activity concentration using
passive solid-state nuclear track detectors

1

This
samy
the a
deviq

N

This
mont

This

2

The
indis
refern

ISO 1
rado

ISO 1
confi

1S0/

IEC
instr|

L

3

3.1

Fort

fcope

International Standard covers integrated measurement techniques for radon;220
ling only. It provides information on measuring the average activity concentration of 1
lir, based on easy-to-use and low-cost passive sampling, and the conditionsefuse for th
es.

[nternational Standard covers samples taken without interruption over periods varyin
hs to one year.

type of measurement is also applicable for determination ofdadon-222 activity concer

Normative references

following documents, in whole or in part, are neratively referenced in this docunj
pensable for its application. For dated referenees, only the edition cited applies. I
ences, the latest edition of the referenced doeument (including any amendments) appl

1665-1:2012, Measurement of radioactivity in the environment — Air: radon-222 — Par#
h and its short-lived decay products and dassociated measurement methods

1929, Determination of the characteristic limits (decision threshold, detection limit and
flence interval) for measurements of ionizing radiation — Fundamentals and application

EC 17025:2005, Generalrequirements for the competence of testing and calibration labo

61577-1, Radiation_protection instrumentation — Radon and radon decay produc
liments — Part 1; General principles

[erms, definitions, and symbols

Terms and definitions

vith passive
adon-220 in
P measuring

g from a few
tration.

ent and are
For undated
es.

1: Origins of

limits of the

ratories

t measuring

e-purposes of this document, the following terms and definitions apply

3.1.1

activity
number of spontaneous nuclear disintegrations occurring in a given quantity of material over a
reasonably short time interval, divided by this time interval

[SOURCE: ISO 921:1997, 23]

Note

1 to entry: Activity is expressed by the relationship:

A=AxN

The decay constant is linked to the radioactive half-life (T) by the relationship:
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activity concentration

activity per

unit volume

[SOURCE: IEC 61577-1]

3.1.3

average activity concentration

exposure to

314
radon expo
integral wit

Note 1 to ent
t

e= j cd
0

3.1.5

integrated
measureme
of electric ¢
analysis at ]

3.1.6
measurand
particular q

[SOURCE: I§

3.1.7
passive san
sampling us

[SOURCE: IH
Note 1 to ent

3.1.8

activity concentration divided by the sampling duration

sure
h respect to time of radon activity concentration accumulated during the exposure tin

y: Exposure to radon is expressed by:

TF

measurement

ht obtained by accumulating over time physical variables' (number of nuclear tracks, nu
harges, etc.) linked to the disintegration of radon.and/or its decay products, followg
he end of the accumulation period

uantity subject to measurement

0/1EC Guide 99]

hpling

ing no active device likepumps for sampling the atmosphere
C 61577-1]

Fy: In this case, theé.sampling is in most instruments mainly made by diffusion.

primary standard

standard de
value is acce

signed or widely acknowledged as having the highest metrological qualities and w
ptéd without reference to other standards of the same quantity

mber
d by

hose

[SOURCE: I

C61577-1]

Note 1 to entry: The concept of primary standard is equally valid for base quantities and derived quantities.

3.19

reference atmosphere
radioactive atmosphere in which the influencing parameters (aerosols, radioactivity, climatic conditions,
etc.) are sufficiently well-known or controlled to allow its use in a testing procedure for thoron or its
decay products’ measuring instruments

[SOURCE: IEC 61577-1]

Note 1 to entr

y: The parameter values concerned shall be traceable to recognized standards.
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3.1.10
reference source

radioactive secondary standard source for use in the calibration of the measuring instruments

[SOURCE: IEC 61577-1]

3.1.11
sampling duration
time interval between the installation and removal of the sampling device at a given point

3.1.12

sam 1ling plan

precise protocol that, depending on the application of the principles of the strategy adopted
spatial and temporal dimensions of sampling, the frequency, the sample number, the quantit]
etc., aind the human resources to be used for the sampling operation

3.1.13
sampling strategy

set of technical principles that aim to resolve, depending on the objectivesand site conside]
main issues which are the sampling density and the spatial distributioiiefthe sampling are

Note|l to entry: The sampling strategy provides the set of technical options that are required in
plan.

3.1.14
rad(ln-ZZO decay products

polopium-216 (216Po), lead-212 (212Pb), bismuth-212 (212Bi), polonium-212 (212Po), and t
(208T1)

Note|l to entry: See Figure A.1.

3.2 | Symbols

For the purposes of this document, tlie following symbols apply.

, defines the
ies sampled,

red, the two
as

the sampling

hallium-208

bncentra-

A decay constant of the nuclide\i; in per second

c average activity concentration, in becquerel per cubic metre (e.g. C,, radon-220 activity c
tion)

I true value ofthe-average activity concentration

t sampling‘duration, in hours

e exposure to radon, in becquerel per cubic metre hour

u Standard-unecertainty-of theestimaterofthe truevalue A

u() standard uncertainty associated with the measurement result

U expanded uncertainty calculated by U =k x u() with k=2

c" decision threshold of the average activity concentration, in becquerel per cubic metre

ct detection limit of the average activity concentration, in becquerel per cubic metre

C < " lower and upper limit of the confidence interval, respectively, of the average activity concentration, in

becquerel per cubic metre
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w1
w2
w3
w4
dy
dy
b
S
fm2

Sfrn1

fRnZ

4

The integraf
track detect]

facto
facto
facto

facto

r linked to the calibration factor fr,2 and the sampling duration
r linked to the calibration factor f7,1 and the sampling duration
r linked to the calibration factor fg,1 and the sampling duration

r linked to the calibration factor fr;2 and the sampling duration

track density for low air-exchange rate chamber in tracks per square centimetre

track density for high air-exchange rate chamber in tracks per square centimetre

tracK

calib
hour

calib
per h

calib
hour

calib
per h

Princi

passive
particle
product
energy
differen
high airf
howeve

The hig]

is ideally the same as that'of radon-222. On the contrary, the low air-exchange rate should be s

low as (

density due to background in tracks per square centimetre

Fation factor for radon-220 in a low air-exchange rate chamber in (tracks per square ceéntimetr
per (becquerel per cubic metre)

ration factor for radon-220 in a high air-exchange rate chamber in (tracks per square centimetj
our) per (becquerel per cubic metre)

ration factor for radon-222 in a low air-exchange rate chamber in (tracks per square centimett
per (becquerel per cubic metre)

ration factor for radon-222 in a high air-exchange rate chamberdny(tracks per square centimetj
our) per (becquerel per cubic metre)

ple of the measurement method

or (SSNTD) is based on the following:[12]

sampling using two chambers with different air-exchange rates during which the §
s, including those produced by the.disintegration of radon-220, radon-222, and their d
s, transfer their energy by ionizing or exciting the atoms in the polymer or plastic.
fransferred to the medium leaves areas of damage called “latent tracks”. Because of
t half-lives, radon-222 andradon-220 can be separated using these two chambers. I

I, radon-222 is mainly-detected with only a small quantity of radon-220 (see Figure 1)

1air-exchange ratésshould be setas high as possible so that the calibration factor of rador]

ossible withiahigh diffusion barrier.

transp
transfo
visible
produc

rt of the.exposed detectors to the laboratory for the appropriate chemical processing v
ms thelatent tracks into “visible tracks” counted via an optical system. The number of {
racks per unit surface area is linked to the exposure value of the radon-220 and its ¢

e per

re

e per

ed measurement of the average radon-220 activity concentration using a solid-state nufclear

ilpha
ecay
This
their
h the

-exchange rate chamber;beth isotopes are detected. In the low air-exchange rate chamber,

-220
etas

rhich
hese

J=

counted under the same conditions;

determination of the radon-220 average activity concentration from the exposure value of both

chambe

rs and the sampling period.
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Environmental air Monitor
Radon-220 > Radon-220
adon- y hadon- High air-exchange rate
Radon-222 > Radon-222
Radon-220
Radon-222 » Radon-222 Low air-exchange rate

Figure 1 — Principle of radon:thoron separation technique

5 Equipment

The apparatus includes the following.

5.1 | A device composed of tWwo'closed accumulation chambers with different air-exchange rates.

Each|of them is associated with a solid state nuclear track detector. Each closed accumulatfon chamber
has g filter through whi€hythe radon-220 and radon-222 diffuse. This filter is set to prevent access of the
aerosols present in the)air at the time of sampling, especially the solid radon-220 and radon-222 decay

products (see Figure2).

The $SNTD shall‘come from the same sheet of plastic to avoid different results. Neverthelessleach SSNTD
batch is calibrdted.

5.2 | The equipment and suitable chemical reagents for etching the detector.

See ISO 11665-4.

5.3 An optical microscope and associated equipment, for scanning and counting the etched tracks.

© IS0 2014 - All rights reserved 5
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6 Sampl

6.1 Samp

The sampli
representat

6.2 Samp

The sampliy
rate of the 3
exchange rg
radon-222
that preclu
the filtering

de

e nuclear track detector (SSNTD)

filter or dliffusion barrier

htion chamber

- Example of the design of a radon-222/radon-220 discriminative measuring dey

ling

ling objective

g objective is to place the measuring device, without interruption, in an air sa
ve of the atmospheric medium under investigation.

ling characteristics

g is passive and s performed through a filtering medium. Depending on the air-exch
ccumulation chamber, one or two radon isotopes can diffuse into the chamber. If th
te is low, only radon-222 can diffuse into the chamber. If the air-exchange is high,
d radon-220 can diffuse into the chamber. The sampling shall be performed in condi

medium clogs there is a risk of the air in the chamber not being renewed.

ice

mple

ange
P air-
both
tions

clogging/of the filtering medium, which would result in modified measuring conditigns. If

6.3 Sam

6.3.1

13 qies
Il CUITUItav1S

Installation of sampling device

The installation of the measuring device shall be carried out as specified in ISO 11665-1.

In the specific case of an indoor measurement, the measuring device is installed as follows:

— inan area not directly exposed to solar radiation;

— away from a heat source (radiator, picture windows, electrical equipment, chimney, etc.);

— away from traffic areas, doors and windows, and natural ventilation sources (it could, for example,

be sited

on an item of furniture like a shelf or sideboard);

© ISO 2014 - All rights reserved
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sheltered from weather conditions.

6.3.2 Sampling duration

The sampling duration is equal to the time interval between the installation and removal of the
measuring device at the sampling point.

The dates and times of the installation and removal of the measuring device shall be recorded.

The sampling duration is adjusted to suit the phenomenon under investigation, assumed to be the
activity concentration of radon-220 and radon-222.

Itisimportant that the period of measurement is commensurate with the desired outcome;}
indopr concentrations vary not only during a day but also between days of the week because
in odcupancy and weather conditions. Depending on the intended use of the measurement
sampling duration shall be chosen according to ISO 11665-1:2012, Clause 6.

Userf should be aware of the saturation characteristics of their devices ‘because etch
overlapped due to many tracks in a small area. Therefore, they should argange their sampli
ensufre that saturation does not occur.

6.3.3 Volume of air sampled

For passive sampling, direct measurement of the air volume Sampled is not needed.

7

Detection method with solid-state nuclear track detectors (SSNTD)

An a]pha particle triggers ionization as it passes-through some polymer or plastic nucle
(such as cellulose nitrate, polycarbonate). lon.tecombinations are not complete after the
passed through the detecting materials. Appnopriate etching acts as a developing agent. 'l
then|shows the tracks as etching holes ‘«Qr cones, in a quantity proportional to the num
particles detected.

8

8.1

Measurement procedtire

General

The ineasurement is performed as follows:

a)
b)
c)
d)
e)
f)
g)

h)

¢hoosing and{ocating the measuring point;
installing.the measuring device;

feeording the location, date, and time of the installation of the measuring device;

For example,
bf variations
results, the

tracks are
g regime to

hr detectors
particle has
'he detector
ber of alpha

collecting an air sample that is representative of the atmosphere under investigation;
removing the measuring device;
recording the date and time of the removal of the measuring device;

processing the measuring as soon as possible;

In case that the detectors are positioned by laboratory/company who is not responsible for the
etching, they should be sent to the laboratory for processing following the procedure described by

the laboratory who performs the etching and following procedures.

removing the SSNTD from the measuring device;

© IS0 2014 - All rights reserved
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i) developing the SSNTD by etching with a suitable chemical treatment. The latent tracks caused by
the alpha particles produced by the disintegration of the radon-220, radon-222, and their decay
products are converted into “visible tracks”;

j) scanning the SSNTD under an optical microscope and counting the number of etched tracks;

k) determining the background noise of the SSNTD. Several (for example 10) detectors, from the same
batch, are revealed and counted as described from step i) up to j);

1) determining the average activity concentration by calculation.

8.2 Influ .lu,iug variables

Various quantities canlead to measurementbias that could induce non-representative results, Depenpding

on the measprement method and the control of usual influencing quantities specified in IEC-6¥'577-1 and

ISO 11665-1] the influencing quantities of particular importance are:

a) direct ekposure of a sensor to solar radiation;

b) humidity which can clog a filter of the chamber and consequently reducé-pdrticularly radon-220
diffusiolE into the chamber;

c) the ageing effect of the SSNTD. In order to avoid the effect of ageing,the sensor shall be used bgfore
the expiry date given by the manufacturer.

Manufacturgr recommendations in the operating instructions«for the measuring devices shall be

followed.

8.3 Calibration

The entire measuring system (sampling system, detector, and related electronics) is calibrated as

specified in| ISO 11665-1. Additional requirements’ for the devices used for particular method§ are

contained i1} the relevant annexes.

The relationship between the physical parameter measured by the detection device (number of etiched

tracks) and|the activity concentrationfof the radon-220/radon-222 and its decay products in thg air,

shall be established based on the measurement of a radon-220/radon-222 reference atmosphere} The

radon-220/1adon-222 activity concentration in these reference atmospheres shall be traceable|to a

primary radon-220/radon-222 gas’standard.[13] [14]

If the calibration factor isnot provided by manufacturer, each batch of detectors is calibrated ppon

receipt.

For a batch ¢f detectors:

— calibratfioninvolves exposing 10 randomly chosen devices to reference atmospheres and applying

the samle'cliemical processing and track counting as used for measurement samples;

the calibration factor is the ratio between the density of the tracks per unit of time (tracks - cm2 - h-1)
and the activity concentration (Bq - m=3) of the reference atmosphere. This calibration factor
is expressed in (tracks per square centimetre per hour) per (becquerel per cubic metre)
(tracks - cm-2 - h-1. Bq-1- m3);

at the same time as the calibration, the background noise is measured on 10 detectors from the
same batch.

© ISO 2014 - All rights reserved
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9 Expression of results

9.1 Average thoron activity concentration

Fordualmeasurementsofradon-222 and radon-220, the averageradon-222 and radon-220 concentrations
are calculated as given in Formulae (1) and (2), respectively:

-~ _ AN anZ _ AN anl _ AN _ AN
CRn_(dL b) t-(fra1 - froz = fr2 - frm1) (dH b) t-(fra1 - frnz = frn2 - frm) <dL b) 1 (dH b) “2

with o, anz and w; = me where & = fpa1 - fraz = fraz frm (D

"1 7 fRnl 7 fRnZ M 7

CT de—b —dL—b‘ de—b'D3—dL—b 0)4
! ( ) t-(frm " frnz = frnz " frn1) ( ) t-(fr1 frnz = frnz - fmir) ( ) ( )

with o fR'ﬂ and wy fR”Z (2)

For the most accurate value, b is determined experimentally by reading the number of tfacks on the
SSNTD that have not been exposed to radon and have been processed under the same physico-chemical
and ¢ounting conditions. A nominal value may also be'given by the manufacturer.

9.2 | Standard uncertainty

Accofding to ISO/IEC Guide 98-3, the standard uncertainty of CE is calculated as given in Formula (3):

s

@)- a)lz(uz(dL)+u2(l_)))—2w1w2u2(E)Jra)zz(uz(dH)Jruz(l_)))Jr(dL—l_))zuz(wl) )
Rn|—

+(—dH +5)2 u? (@3)
u? (al):#{(g —fanme)z u’ (anz)Jranz‘tu2 (fRn1)JrmeZanzz“2 (fRn2)+fRn22an22“2 (an1 )}

uz(wZ):#{(S+fRn1an2)2u2(anl)+an24u2(fRn2)+an12an22u2(fRn1)+fRn1 f"nl u (anz)}

The standard uncertainty of C_Tn is calculated as give in Formula (4):

2 (uz(dH)+u2(5))—2w3m4u2(5)+w42 (uz(dL)+u2(5))+(dH —E)Z u*(w3)

u(Cry)= )

+(=d+5) uP(w,)
with

o (03) =~ {(o Frnt ) W) o "0 i) i Ui fron U

and
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u? (w4)=ﬁ{(3 +fRn2an1)2 uz(fRn2)+fRn24u2[an1)+fRnZZanZZUZ(fRnl)"'fRanfanzuz(anZ)}

:2014(E)

where the uncertainty of the exposure time is neglected.

The calculation of the characteristic limits (ISO 11929) requires the calculation of ﬂ(@Rn) and ﬁ(f‘Tn ),

i.e. the standard uncertainty of CE and C_Tn as a function of their true value, calculated as given in

Formulae (5

) and (6), respectively:

(v*(dy)+u?(B))

Icolz (uz(dL)+u2(I;))—2w1w2u2 (E)+w22

(6]

i(Cry )=

9.3 Decis

The decisi
éRn =0, ﬁ(a
These yield

—x%
CRn Zkl

—x
CTn :k1

a=0,05wit

9.4 Deteq

The detectiq

(45 ~2bdy +5* )3 +Cpy (2} ~2b )0 +C
. H H 2 an( H )2 Rnuz(w1)+(—dH+5)2u2(w2)
01
a)g(uz(dH)+u2(E))—2w3a)4u2(E)+a)£(u2(dL)+u2(5))
+( - uz(a)3)+(—dL+b) u? ()
@3
ion threshold
bn thresholdsE;n and E;n are obtained fromgsthe Formulae (2) and (3)

1)=0, C7,=0 and @(dy )=0 (seeISO 11929).
Formulae (7) and (8):

w12u2(E)—Za)la)zuz(l;)+w22(u2(dH)+u2(E))
Lo 4(0)=k1g | (dy2-2bdy +b2)k?
’ ’ +( i wZ+ )wz uz(m1)+(—dH+I;)2u2(a)2)
1

w%uz (5)—2w3w4u2 (l_))+co‘% (uz (dL)+u2 (5))

O '&(O)zkl—a (dLZ—ZEdL +Ez)0)42

+ uz(w3)+(—dL+E)2u2(w4)

o3

h k1.¢ = 1,655 often chosen by default.
ftion liniit

nlimit, Egn and E#n, are calculated as given in Formulae (9) and (10) (see ISO 11929)

—# —* [ =#
CRn :CRn +k1—ﬁ 'U(Can

of (u? (dy)+u? (b)) ~201050% (B)+ 03 (u? (dy ) +u? (b))

=Crn+ky_p- (d,z, —2bd, +l_)2)a>22 +Cpo(2dy —2b)wy +CE,

10

_I_

a)12 uz(a)l)+(—dH +I;)2u2(a>2)

(5)

(6)

for

(7)

(8)

(9)
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—# —* [ =#
Ctn=CTn +k1—ﬁ 'U(CTnj

o (o 5)) 2o ()0 (0 )

uz(w3)+(—dL +l_))2

+
0)32

(10)

”2(w4)

The detection limit can be calculated by solving Formulae (6) and (7) for C* or,more simply, by iteration

with a starting approximation c*

=2xC " in terms of the right side of Formulae (11) and (12).

One

(]

DI

Valug

9.5

The

(see

ﬁl

('\I

whet

U

(e

pbtains C* with ky_, =k;_p =k
—x 2d,; —2b Yw,u’ (@
2-Ca + k> (2 )22 (@)
# 01
Rn =
2
1-k2Y (a;)
01
— 2d; —2b)ou” (0
ZCm+k2( L )24 (03)
# 03
Tn =
2
ELAC)
03
s a = = 0,05 and therefore k1.4 = k1.5 = 1,6:are often chosen by default.

Confidence limits

lower, C¥, and upper, C", confidence limits are calculated using Formulae (1
SO 11929):

=C-k xu( ) p=0x{1-y/2)
=C+k xu( ) q=1-wxy/2

e wz@(y/u

y)
may be'set if C (C) In this case:

P=Ctkyyppxu(C)

(11)

(12)

B) and (14)

(13)

(14)

) with @ being the distribution function of the standardized normal dlistribution.
>4

(15)

y=0,05 with k1—y/2 =1,96 are often chosen by default.

9.6 Example

The number of tracks after a radon-222/radon-220 discriminative measuring device has been exposed
for 90 days reaches dy =900 + 30 and d, = 500 + 23 tracks for a count over 1 cmZ2.

The number of track_s, determined on 10 non-exposed SSNTD from the same batch, caused by the
background noise is b =50 tracks over 90 days for a count over 1 cm2.

The calibration factors are fry7 = 1,65 + 0,01, f1,7 = 0,03 = 0,01, frpz = 1,70 £ 0,03, and f1,2 = 0,95 £ 0,12
intracks - cm=2 - h-1 - kBq-1 - m3.
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Thus, the average radon-222 and radon-220 activity concentrations, calculated from Formula (1) and

Formula (2),

Cpn =12

are:

BBq-m_3

Cr,=195Bq-m 3

The standard uncertainty of the average radon-222 and radon-220 activity concentrations, calculated

from Formu

lae (3) and (4), are:

(m)
u(Crn)
Thus, the ay

(1

CRn

64 Bq-m'3
81Bq-m>

erage radon-222 and radon-220 activity concentrations are:

p3+64) Bq-m >

Crn=(195£81) Bq-m™

The decisio

Crn=88 Bq

The detecti
—#
Cthn=183B

h threshold, E;n and E;n obtained from Formulae (7) and (8) are E*Rn =12 Bq.m'3
‘m3, respectively.

pn limit, Efqn and E#‘n calculated by Formulae (9) and (10) are E‘ﬁn=24 Bq-m'3
q-m'3.

10 Test report

port shall be in accordance with the ISO/IEC 17025 requirements and shall contail
formation:

nce to this Interpational Standard (i.e. ISO 16641);
of measurefent;
bment method (integrated);

ration‘of the sample;

and

and

h the

The test rej
following in
a) arefere
b) purposd
C) measur
d) identifi
e) samplin
f)
g)
h)
i) unitsin
j)

g characteristic (passive);

sampling date and time;
duration of sampling period;

sampling location;

which the results are expressed;

test result, Eiu(a) or C+U , with the associated k value.

Complementary information can be provided such as the following:

a) probabi

12

lities @, B, and (1 - y);
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b) the decision threshold and the detection limit; depending on the customer request, there are
different ways to present the result:

— when the average radon-220 activity concentration is compared with the decision threshold
(see ISO 11929), the result of the measurement shall be expressed as < E;n when the result is
below the decision threshold;

— when the average radon-220 activity concentration is compared with the detection limit, the
result of the measurement can be expressed as SE#,, when the result is below the detection
limit. If the detection limit exceeds the guideline value, it shall be documented that the method

3 4+ tolalo € 1o i
IS TIUL SUIldUIU 1TUTL LIIU ITICASUT TITICTIT lJul PUDC’

c) 4ny relevant information likely to affect the results, for example:

1+ weather conditions at the time of sampling;

— ventilation conditions for indoor measurement (mechanical ventilation system| doors and
windows open or shut, etc.).

The results can be expressed in a similar format to that shown in ISO 1665-1:2012, Annex|C.
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