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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.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Radon isotopes 222, 219 and 220 are radioactive gases produced by the disintegration of radium
isotopes 226, 223 and 224, which are decay products of uranium-238, uranium-235 and thorium-232
respectively, and are all found in the earth's crust (see Annex A for further information). Solid elements,
also radioactive, followed by stable lead are produced by radon disintegrationil.

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,
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bn decay products can be inhaled and deposited in the bronchopulmonary tree to vaxy
rding to their size [21[3]14](3],

on is today considered to be the main source of human exposure to natural radjation. |
pests that, at the worldwide level, radon accounts for around 52 % of global-average e
iral radiation. The radiological impact of isotope 222 (48 %) is far more.significant th
(4 %), while isotope 219 is considered negligible (see Annex A). For this reason, referenc
nis document refer only to radon-222.

on activity concentration can vary from one to more orders of\magnitude over time
osure to radon and its decay products varies tremendously from*one area to another, as|
rhe amount of radon emitted by the soil and building materials, weather conditions,

ree of containment in the areas where individuals are exposed.

adon tends to concentrate in enclosed spaces like houses, the main part of the populatio
ie to indoor radon. Soil gas is recognized as the most important source of residential rad
tration pathways. Other sources are described in other parts of ISO 11665 and ISO 1316

watler[29],
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on enters into buildings via diffusion mechanism caused by the all-time existing differen
bn activity concentrations in the underlying soil and inside the building, and via
hanism inconstantly generated by a‘difference in pressure between the air in the build
contained in the underlying soil\Indoor radon activity concentration depends on rad
rentration in the underlying.soil, the building structure, the equipment (chimney,
ems, among others), the eavironmental parameters of the building (temperature, pre
the occupants’ lifestyle,

To limit the risk to individuals, a national reference level of 100 Bq-m=3 is recommended by
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5 recommendation was endorsed by the European Community Member States that sha
onal reference\levels for indoor radon activity concentrations. The reference levels for
Fage activity-concentration in air shall not be higher than 300 Bq-m-3[3l.
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ISO

11665 consists of several parts (see Figure 1) dealing with:

— measurement methods for radon-222 and its short-lived decay products (see ISO 11665-2,

ISO 11665-3,1SO 11665-4, ISO 11665-5 and ISO 11665-6);

NOTE1 There are many methods for measuring the radon-222 activity concentration and t

he potential

alpha energy concentration of its short-lived decay products. The choice of measurement method depends

on the expected level of concentration and on the intended use of the data, such as scientific r
health-related assessments[81[2].

esearch and

— measurement methods for the radon-222 exhalation rate (see ISO 11665-7 and ISO 11665-9);
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NOTE 2 ISO 11665-7 refers back to ISO 11665-5 and ISO 11665-6.
— measurement methods for the radon-222 in the soil (see ISO 11665-11);
— methodologies for radon-222 measurements in buildings (see ISO 11665-8);

— measurement methods for the radon-222 diffusion coefficient (see ISO/TS 11665-12 and
ISO/TS 11665-13)

NOTE3 ISO 11665-8 refers back to ISO 11665-4 for radon measurements for initial investigation
purposes in a building and to ISO 11665-5,1S0 11665-6 and ISO 11665-7 for measurements for any additional
investigation
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Measurement of radioactivity in the environment — Air:
radon-222 —

Part 1:
Origins of radon and its short-lived decay products and

associated measurementmethods -]

1 [Scope

Thif document outlines guidance for measuring radon-222 activity concentration and the potential
alpha energy concentration of its short-lived decay products in the air.

Thg measurement methods fall into three categories:
a) |spot measurement methods;

b) [continuous measurement methods;

c) |integrated measurement methods.

Thip document provides several methods commonly~iised for measuring radon-222 and its [short-lived
decpy products in air.

Thif document also provides guidance on the\determination of the inherent uncertainty linked to the
megsurement methods described in its diffeyent parts.

2 |Normative references

The following documents are zeferred to in the text in such a way that some or all of thpir content
conptitutes requirements of ‘this document. For dated references, only the edition cited dpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISOJIEC 17025, General-requirements for the competence of testing and calibration laboratorief

IEC| 61577-1, Radiation protection instrumentation — Radon and radon decay product|measuring
instyuments —Part 1: General principles

IEC| 615772, Radiation protection instrumentation — Radon and radon decay product|measuring
instyumierits — Part 2: Specific requirements for 222Rn and 220Rn measuring instruments

[EC-61577-3;Rudiutiomprotectiomrinstrumentatiomr —Radomumd-Tadom decay product measuring
instruments — Part 3: Specific requirements for radon decay product measuring instruments

3 Terms, definitions and symbols

3.1 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at http://www.iso.org/obp

© IS0 2019 - All rights reserved 1
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— IEC Electropedia: available at http://www.electropedia.org/

3.1.1
active sampling
sampling using active devices like pumps for sampling the atmosphere

[SOURCE: IEC 61577-1:2006, 3.2.22]

3.1.2
activity
disintegration rate

Note 1 to enftry: Activity, 4, is expressed by the relationship given in Formula (1):

A isfthe decay constant per second;

N  isfthe number of atoms.

Note 2 to enftry: The decay constant is linked to the radioactive half-life by the relationship:

A=
T1/9

where

Ty, is fhe radioactive half-life, in seconds.

3.1.3
activity cgncentration
activity pef unit volume

[SOURCE: I[EC 61577-1:2006, 3.1.2]

3.1.4

attached fraction
fraction of the potential alphaenergy concentration of short-lived decay products that is attached to
ambient agrosol

[SOURCE: [EC 61577-%2006, 3.2.15, modified]

Note 1 to erftry: ThHesizes of the carrier aerosol to which most of the short-lived decay products are attached
generally in[the©,1 im to 0,3 pm range of median values.

3.1.5

average activity concentration
exposure to activity concentration divided by the sampling duration

3.1.6
average potential alpha energy concentration
exposure to potential alpha energy concentration divided by the sampling duration

the

are
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7
kground noise

signals caused by something other than the radiation to be detected

Note 1 to entry: A distinction can be made between signals caused by radiation from sources inside or outside the
detector other than those targeted for the measurements and signals caused by defects in the detection system

elec

3.1.

tronic circuits and their electrical power supply.

8

continuous measurement
measurement obtained by taking a sample continuously (or at integration intervals typically in range of

1 mfin to 120 minj with simultaneous or slightly delayed analysis

Not
the

Not

31

bvolution of radon activity concentration over time.
e 2 to entry: See Annex B for further information.

9

diffusion length

dist

Not

wh

31
equ
rati
of 4

ance crossed by an atom due to diffusion forces before decaying

e 1 to entry: Diffusion length, ], is expressed by the relationship given(in' Formula (3):

re
D  isthe diffusion coefficient, in square metres persecond;

A isthe decay constant per second.

10

ilibrium factor

p of the potential alpha energy corncentration of short-lived radon decay products in a gi
ir to the potential alpha energy concentration of these decay products if these are in

equfilibrium with radon in the-same volume of air

Not
equ

e 1 to entry: The short-lived 222Rn decay products present in an atmosphere are very rarely in
librium with their parent (through being trapped on the walls or eliminated by an air renewal

example) and the equilibritim factor is used to qualify this state of "non-equilibrium".

Not
bety

Not

e 2 to entry: Theequilibrium factor is between 0 and 1. The equilibrium factor in buildings typ
veen 0,1 and’0,9, with an average value equal to 0,4[41[e],

p 3 toentry: The equilibrium factor, F,y, is expressed by Formula (4):

e 1 to entry: The sampling duration shall be adapted to the dynamics of the phenomenon studied to monitor

ren volume
radioactive

radioactive
system, for

cally varies

EI’)ADP 220
” K

Foq = 5
5,57-10 ><C222R
n
where
E is the potential alpha energy concentration of 222Rn, in joules per cubic metre;
PAEC,222R,
0 is the potential alpha energy concentration of the short-lived 222Rn decay products for 1 Bq of 222Rn

5,57x10° in equilibrium with its short-lived decay products, in joules per becquerel;
Cryo is the activity concentration of 222Rn, in becquerels per cubic metre.

Rn

© IS0 2019 - All rights reserved
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3.1.11

grab sampling
collection of a sample (i.e of air containing radon or aerosol particles) during a period considered short
compared with the fluctuations of the quantity under study (i.e volume activity of air)

[SOURCE: 1
3.1.12

EC 61577-1:2006, 3.2.18]

guideline value
value which corresponds to scientific, legal or other requirements with regard to the detection
capability and which is intended to be assessed by the measurement procedure by comparison with the

detection |

mit

Note 1 to eptry: The guideline value can be given, for example, as an activity, a specific activity op-an)acti

concentrati

b, a surface activity or a dose rate.

Note 2 to enftry: The comparison of the detection limit with a guideline value allows a decision(en-whether ot

the measur

bment procedure satisfies the requirements set forth by the guideline value and i§therefore suit

for the intepded measurement purpose. The measurement procedure satisfies the requitenient if the deteg

limit is sma

Note 3 to en
as regulatoy

[SOURCE: 1

3.1.13

integratec
measurem
physical qu
of radon ar

ler than the guideline value.

try: The guideline value shall not be confused with other values stipulated as conformity reques
y limits.

SO 11929-2:2019, 3.18]

| measurement

ent performed by continuous sampling of a volufme of air which, over time, is accumula
antities (number of nuclear tracks, number of electric charges, etc.) linked to the disintegra
d/or its decay products, followed by analysisat the end of the accumulation period

Note 1 to enftry: See Annex B for further information.

3.1.14
long-term
measurem

3.1.15

measurement
bnt based on an air sample collected within a period greater than one month

measura

quantity intended to be meastred

[SOURCE: ISO/IEC Guide 99:2007, 2.3]

3.1.16

measuring systern
set of one pr more measuring instruments and often other devices, including any reagent and sup
assembledand adapted to give information used to generate measured quantity values within speci

vity

not
hble
tion

sor

fing
fion

ply,
fied

intervals for-tantities-efspeeified-inds

[SOURCE: I
3.1.17

SO/IEC Guide 99:2007, 3.2]

passive sampling
sampling using no active devices such as pumps for sampling the atmosphere, whereby in most
instruments sampling is performed mainly by diffusion

[SOURCE: I

EC 61577-1:2006, 3.2.21 modified]
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potential alpha energy of short-lived radon decay products
total alpha energy emitted during the decay of atoms of short-lived radon decay products along the
decay chain through to 210Pb for the decay chains of the 222Rn

Note 1 to entry: The potential alpha energy of short-lived 222Rn decay products, EPAE,ZZZRn , is expressed by

Formula (5):

_’V(EAE,ZIS po FEAE214 )'(N218 po) -‘

wh

Not
alon

BARO0D
THAL,ZZZ Ry

re
EE218p,
Eag214 4,
Naigp,
N214pb
N214Bi

1\]2141:0

L+EAE,214 Po '(N214 op FN214 4, )+EAE,214 Po '(N214 Po )J

is the alpha particle energy produced by the disintegration of 218Po, in joules;
is the alpha particle energy produced by the disintegration of 214Po, in joules;
is the number of atoms of 218Po;
is the number of atoms of 214Pb;
is the number of atoms of 214Bi;

is the number of atoms of 214Po.

e 2 to entry: The total alpha energy emitted durifg the decay of atoms of short-lived radon dec
g the decay chain through to 298Pb for the decay‘¢hains of the 220Rn is expressed by Formula (6):

(EAE,216PO +0,36-Epp 21750+ 0,64-Epp 212, )'(N216p0 )

Ay products

EpAE,220 5, =
+(0:36 "Eap2125 +0,64-Epp 212, ) : (1\’212Pb +Na12y, ) +Epg212p, - (Nzlzpo )
whgre
; i 220Ry in i .
EPAE,zzoRn is the potential alpha energy of 229Rn, in joules;
E pE216 is the'alpha particle energy produced by the disintegration of 216Po, in joules;
g Po
Eag212 is the alpha particle energy produced by the disintegration of 212Bj, in joules;
1212 g;
E AR 912 . is the alpha particle energy produced by the disintegration of 212Po, in joules;
4 0]
N717m is the number of atoms of 212Pb;
N is the number of atoms of 212Bj;
N is the number of atoms of 212Po.
212p,
3.1.19

potential alpha energy concentration of short-lived radon decay products
concentration of any mixture of short-lived radon decay products in air in terms of the alpha energy
released during complete decay through 210Pb and/or 298Pb respectively

© IS0 2019 - All rights reserved
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[SOURCE: IEC 61577-1:2006, 3.2.2, modified]

Note 1 to entry: The potential alpha energy concentration of the nuclide i, Eppgc; , is expressed by Formula (7):

Epgc,i = %
’ %4
where
EPAE,i is the potential alpha energy of the nuclide i, in joules;
%4 is the sampled volume, in cubic metres.
3.1.20

potential alpha energy concentration exposure
integral with respect to time of potential alpha energy concentration accumulated during |the
exposure time

Note 1 to entry: Exposure to potential alpha energy concentration, Xp,gc, is expressed-by Formula (8):

t

Xparc = J.EPAEC -de
0

where
is the potential alpha energy concentration, in joules per cubicunetre;
Epagc
t is the sampling duration, in seconds.
3.1.21

primary standard
standard designed with, or widely acknowledgéd as having, the highest metrological qualities pnd
whose valye is accepted without reference to gther standards of the same quantity

Note 1 to erlltry: The concept of a primary standard is equally valid for base quantities and derived quantitieg.
[SOURCE: [EC 61577-1:2006, 3.1.3]

3.1.22
radioactivie equilibrium of ¥adon-222 with its short-lived decay products
state of radon and its shortdiyed decay products whereby the activity of each radionuclide is equal

Note 1 to eptry: In radioaCtive equilibrium, the activity of each short-lived decay product decreases over fime
like the rad¢n activity:

3.1.23

radon em:
mechanisntw aradon ato aves
formed and reaches the free space of pores

geen

3.1.24

radon exhalation

mechanism whereby a radon atom produced by emanation and transported (by diffusion or convection)
towards the material surface is released from the material into the surrounding medium (air)

3.1.25
radon exhalation rate
value of the activity concentration of radon atoms that leave a material per unit time

Note 1 to entry: The radon exhalation rate under conditions whereby the radon activity concentration at the
surface of the material equals zero is called free radon exhalation rate.

6 © IS0 2019 - All rights reserved
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Note 2 to entry: The free radon exhalation rate is approximated from the radon exhalation rate if the radon
activity at the surface of the material has a sufficiently low value.

3.1.26

radon surface exhalation rate

value of the activity concentration of radon atoms that leave a material per unit surface of the material
per unit time

3.1.27

radon mass exhalation rate
value of the activity concentration of radon atoms that leave a material per unit mass of the material
per[unit time

3.1{28
radon exposure
intdgral with respect to time of radon activity concentration accumulated during the exposyre time

Note 1 to entry: Exposure to radon, X, is expressed by Formula (9):

0

whgre
C istheactivity concentration, in becquerels per cubic metre;

t isthe sampling duration, in seconds.

3.1129

reférence atmosphere
radjoactive atmosphere in which the influence(quantities (aerosols, radioactivity, climatic fonditions,
etc.) are sufficiently well-known or controlled to allow its use in a testing procedure for jmeasuring
insffruments for radon or short-lived decay‘products

Notg 1 to entry: The parameter values concerned shall be traceable to recognized standards.
[SOPRCE: [EC 61577-1:2006, 3.2.26 modified - Last sentence of the definition changed to note|1 to entry.]

3.1{30
reference source
radjoactive secondary@tandard source for use in the calibration of the measuring instruments

[SOPURCE: IEC 6157 71:2006, 3.2.25]

3.131
sampling duration
timp interval during which the sampling is performed at a given point

3.1{32
sampling plan
precise protocol that, depending on the application of the principles of the strategy adopted, defines
the spatial and temporal dimensions of sampling, the frequency, the sample number, the quantities
sampled, etc., and the human resources to be used for the sampling operation

Note 1 to entry: See ISO/IEC 17025:2017, 7.3, for further information on sampling plans.

3.1.33

sampling strategy

set of technical principles that aim to resolve, depending on the objectives and site considered, the two
main issues which are the sampling density and the spatial distribution of the sampling areas

Note 1 to entry: The sampling strategy provides the set of technical options that are required in the sampling plan.

© IS0 2019 - All rights reserved 7
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3.1.34
sensor

5-1:2019(E)

element of a measuring system that is directly affected by a phenomenon body, or substance carrying a
quantity to be measured

[SOURCE: ISO/IEC Guide 99:2007, 3.8]

Note 1 to entry: The term "detector" is also used for this concept.

3.1.35

short-lived decay products

radionucli
polonium-

Noteltoe

Note 2 to e

bismuth-21

measureme

3.1.36

short-term measurement

measurem
half-life of

3.1.37

spot meas

measurem

space, toge

Note 1 to enjtry: See Annex B for further information.

3.1.38

unattache

fraction of

to the amb
Noteltoe
Note2toe

disappears
defined.

[SOURCE: IEC 61577-112006, 3.2.14]

3.2 Symbols

!

es Wi P g
18 (218Po), lead-214 (214Pb), bismuth-214 (214Bi) and polomum -214 (214Po)

ry: See Figure A.1.

htry: Decay products of radon-220 disintegration such as polonium-216 (216Po);;lead-212 (%14
P (212Bi), polonium-212 (212Po) and thallium-208 (298TI) can interfere with' the radon

ht (see Figure A.2).

bnt based on an air sample collected within a period compdrable to the duration of
Fadon

urement
bnt based on a grab sample taken within a periodzef less than one hour, at a given poir
ther with an analysis (e.g. count) carried out simultaneously or after a set period of time

d fraction of Epagc2225,

the potential alpha energy concentration of short-lived decay products that is not attad
ent aerosol

ry: The particle size conéepned is in the order of magnitude of nanometres.

ry: In the case of 220Rq; the relatively long half-life of 212Pb can lead to cases where 220Rn complg
before 212Bj; in this-case, the unattached fraction of short-lived radon-220 decay products canng

Pb),
222

the

hed

tely
t be

yali 1 P | L]l - 1 1 1
For the purposes O TS GUTUITITIIT tIIT T0OWINTE SYIITOOIS dpPly-:

activity of the nuclide i, in becquerels
activity concentration of the nuclide i, in becquerels per cubic metre
average activity concentration of the nuclide i, in becquerels per cubic metre

diffusion coefficient, in square metres per second

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

Epagci potential alpha energy concentration of the nuclide i, in joules per cubic metre
EPAE‘I, average potential alpha energy of the nuclide i, in joules

EPAECJ average potential alpha energy concentration of the nuclide i, in joules per cubic metre
Feq equiibritmfactor{dimenstontess)

1 diffusion length, in metres

N; number of atoms of the nuclide i

T1/2 ; radioactive half-life of the nuclide i, in seconds

t sampling duration, in seconds

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

u( standard uncertainty associated with the measurement result

V sampled volume, in cubic metres

X exposure to radon, in becquerel-hpirs per cubic metre

XpAsc potential alpha energy concentration exposure, in joule-hours per cubic metre
Y primary measurement result of the measurand

y* decision thresholdyof the measurand

y# detection limit of the measurand

y< lowerlimit of the confidence interval of the measurand

e upper limit of the confidence interval of the measurand

0 exhalation rate, in becquerels per square metre per second

O free exhalation rate, in becquerels per square metre per second

O mass exhalation rate, in becquerels per square metre per second

o surface exhalation rate, in becquerels per square metre per second

¥ decay constant of the nuclide i, per second

© IS0 2019 - All rights reserved 9
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4 Principle

The measu

rement methods presented in this document are based on the following elements:

a) sampling a volume of air representative of the atmosphere under investigation;

b) detecting radiations produced by successive radioactive disintegrations of the radon isotopes and
their decay products.

NOTE Examples of results for radon activity concentration measurements are given in Annex B.

5 Equip

Equipment
[SO 11665.

6 Samp

6.1 Gen

Selection of the appropriate sampling method depends on the site under’investigation (mines, outdo

houses, bu
level of rad

The radon
vary tremg
observed o
which can

Figure B.2].

The extrag
during a g

pment

is specific to the different measurement methods and is described in the various part
Equipment shall be in accordance with IEC 61577-1, IEC 61577-2 and IEC 61577:3.

ling
bral

ldings open to the public, workplaces, etc.), the intended.tseé of the data and the anticips
on activity concentration.

activity concentration and the potential alpha energy concentration of its decay prodi
bndously over time (see Annex A). More than one~order of magnitude in variation car
ver time at the same place and thus measuremerit results depend on the sampling durat
pxtend from a few minutes to a few hours orseveral monthsl[10 and on the sampling date

iven sampling duration at a given’ sampling time to an average activity concentra

ors,
ted

Icts

be
ion,
see

olation from an average activity concentration obtained from a measurement perforined

fion

representative of a different sampling duration and/or sampling time requires knowledge of the rajdon

activity co

this variabjility can be so large that stich an extrapolation becomes meaningless for the objective off

measurem

hcentration variability over the'inferred period. In some cases, the uncertainty attache

ent.

1 to
the

It is therefore important thatthe choice of sampling method and duration and time of samplinlg is

compatible
measurem
with cautic

The sampl
the objecti

with the measurement objective and its required uncertainty. For these reasons,
bnt results following screening of an area over a short sampling period need to be interpre
n.

ng pregess is performed using different approaches or sampling strategies depending
ve pursued. Whatever this objective might be, the sampling strategy should be caref

selected, a

the
ted

on
ully

b it determines a large number of decisions and can generate important and costly activit

ies.

Radon activity concentration measurement results and the potential alpha energy concentration
measurement results can only be correctly interpreted if the sample is representative of the air that is
being characterized.

The definition of the sampling strategy shall follow, as far as possible, the following stages:

a)
b)

analysis of records to enable an historic study of the previous use of the sampling site;

detectors, may be used to identify the areas to be studied in detail);

c) identif
d)

10

ication of preferential migration pathways and/or accumulation areas;

site reconnaissance with respect to the sampling to be undertaken.

© ISO 2019 - All rights rese
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The implementation of this strategy, which also includes the definition of the data quality objectives
according to the parameters to be analysed, gives rise to the sampling plan.

The

6.2

sampling plan shall define the operations to be carried out as defined in ISO/IEC 17025.

Sampling objective

The objective of the sampling is to provide sufficient representative samples in order that the
measurement results comply with their intended use.

6.3
The

Thd
sha
atm

Thd
des

6.4

6.4

6.4

Sanppling locations shall be distributed outside the building taking into account the

par

domestic) and potential release points.

In a
obs
top

sanjpling location[1] (see Figure 2). The sampling location shall be between 1 m and 2 m

sup

Sampting characteristics

sampling can be either active or passive.

1 be specified for all measurements of radon and decay products in the envirphiment or in
osphere.

sampling characteristics relating to each measurement method of radon and its decay pj
Cribed in the various parts of [ISO 11665.

Sampling conditions
1 Installation of sampling device

1.1 Sampling outside a building
hmeters: topography, prevailing winds, -activity zones (urban, manufacturing, agrict

n open area, sampling shall be representative of the air to be measured. Any natural an

porting surface (e.g. ground). The installation shall not disturb the surrounding atmospH

© IS0 2019 - All rights reserved

sampling time (date and hour), duration and location, and whether sampling is active |or passive,

a confined

oducts are

following
ltural and

d artificial

facles (apart from weather shelters) shall be outside an inverted cone with a 140° opeping at the
and the sampling point at the bottom tip, and outside a sphere with a 1 m diameter cenfred on the

above the
ere.
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Key

1 ground

2 bracket

3 sphere free of obstacles (1 m in diameter)
4  samplinpg place

5  weathe} shelter

6  cone frge of obstacles (140°)

Figure 2 — Example pf'diagram of a sampling place outside a building

6.4.1.2 Sampling inside a building

The select¢d number of samples and their location inside a building is determined by the intended|use
of the measurement resdlts (initial investigations, search for radioactive sources, radionuclide trangfer
study, verification ©f,homogeneity of a parameter measured in an environment or identificatioh of
anomalies,|assessment of human exposure, etc.) taking into account the architectural characteristigs of
the building (erawl space, basement, multiple storeys, earthen floor, building materials, etc.), the r¢gom
characterigties and also the measuring equipment used (see ISO 11665-8).

6.4.2 Sampling duration
The sampling duration can vary from a few minutes to a few hours or several months.

Due to the great variability of both radon activity concentration and potential alpha energy
concentration in time and space (see Annex A), the sampling duration shall be determined according to
the intended use of the measurement results (see Table 1).

12 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=d369e1da9f3c46ed131041a6523880bc

IS0 11665-1:2019(E)

Table 1 — Sampling duration based on type of sampling

Measurement Characterl_stlcs Usual salpplmg Characteristics of the measurement result
of sampling duration
Less than one Representative only of the activity concentration at a
Spot Grab h . . ;
our given moment and a given point
Representative of the activity concentration variation
during the sampling at a given point. This sampling is
. . used to monitor the temporal variation of radon activity
Continuous Variable . . : . :
concentration; the sampling duration and the integration
interval shall be compatible with the dynamics of the
Continuous phenomenon studied
Int¢grated Representative of the mean value of the@ctivify concen-
Few days . : : . .
short-term tration during the sampling at a given.point
Estimation of the annual mean value of activitly concen-
Intg¢grated 1 h . . . hi s bt
lonb-term Several months |tration at a given point. This measurement is ¢ften used
i to approximate human radon exposure
6.4)3 Volume of air sampled
For|active sampling, the volume of air sampled shall be measured by a flow-meter cofrected for
temperature and pressure (expressed in cubic metres at a_standard pressure and temperature of
1,013 hPa and 0 °C respectively).
For| passive sampling, the direct measurement of the air volume sampled is not neede¢d, since a
calipration factor, in activity per unit volume, is used te compute the activity concentration.

7

Sev

7.1

Detection

bn different types of detection can be used. See 7.1 to 7.7.

Silver-activated zinc sulphide ZnS(Ag) scintillation

So
ph

Thi
med

ZnY(Ag) scintillation may also be used to detect radon decay products collected on a filter[13

NOT

e
ph&ons by returning to their)ground state when they are excited by an alpha particle. ]

ons can be detected using a photomultiplier.

5 is the principle ‘adopted for scintillation cells (such as Lucas cells!2]) used for
jsurement.

E This detection principle is occasionally used for continuous sampling[7Z],

electrons in scintillating media, such as ZnS(Ag), have the particular feature of emjitting light

[hese light

[adon spot

|[14][15][16],

7.2

Gamma-ray spectrometry

The radon, adsorbed on activated charcoal encapsulated in a container,[18112][10] js determined by
gamma-ray spectrometry of its decay products (214Bi and 214Pb) after their equilibrium is reached[29],

7.3

Liquid scintillation

The radon, adsorbed on activated charcoal placed in a vial, is measured following the addition of a
scintillation cocktail by counting alpha and beta particles emitted by the radon and its decay products

(218

Po, 214Bj, 214Pb, 214Po) after their equilibrium is reached[21l.

© IS0 2019 - All rights reserved
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7.4 Airionization

When travelling through the air, each alpha particle creates several tens of thousands of ions pairs
which, under some experimental conditions, produce an ionization current. Although very low, this
current may be measured using an ionization chamber that gives the activity concentration of radon
and its decay products. When the sampling is performed through a filtering medium, only radon diffuses
into the ionization chamber and the signal is proportional to the radon activity concentration[221(23],

7.5 Semi-conductor (alpha detection)

A semi-condueter— or—{rrade—o oF5—+6 AP OHY e—errergyfremanineidentalpha
particle info electric charges. These are converted into pulses with an amplitude proportional ‘to[the

energy of the alpha particles emitted by the radon and its short-lived decay productsl24],

NOTE This detection principle is occasionally associated with electrostatic precipitation of the alpha em{tter
isotopes.

7.6 Soligd-state nuclear track detectors (SSNTD)

An alpha particle triggers ionization as it passes through some polymerZiuclear detectors (quch
as celluloge nitrate). lon recombinations are not complete after the pdrticle has passed throfigh.
Appropriafe etching acts as a developing agent. The detector then shows the tracks as etching hples
or cones, ip a quantity proportional to the number of alpha partjcles that have passed through|the
detectorl21[26],

7.7 Disdharge of polarised surface inside an ionization chamber

A polytetrafluoroethylene (PTFE) disc with a positive electric potential is inserted into an ionization
chamber, df a given volume, made of plastic conductive’ material. The electrostatic field, thus cregted
inside the|chamber, collects the ions formed during the disintegration of the radon and its dgcay
products dn this disc. After the ions have been collected, the electric potential of the disc decregses
according o the radon activity concentration:"An electrometer measures this potential differepce,
which is difectly proportional to the radon(agtivity concentration during the exposure period[2Z1[24],

8 Measurement

8.1 Methods

As mentioned in 6.1, the‘sampling duration is important for reaching the measurement objective pnd
its requiregd uncertainty. For the sake of presentation, the measurement methods can therefor¢ be
distinguished on thé basis of the duration of the sampling phase: spot measurement method, continyous
measuremgnt method and integrated measurement method. The information that is provided by
measuremgnts of these three different types is described briefly below.

a) Integr .
concentration of the radon-222 or the average potential alpha energy concentration of short-lived
radon decay products in the air over periods varying from a few days to one year. Long-term
integrated measurement methods are applicable for approximation of human exposure to radon
and its decay products.

b) Continuous measurement method: This continuous monitoring enables the assessment of temporal
changes in radon activity concentration in the environment, in public buildings, in homes and in
workplaces, as a function of ventilation and/or meteorological conditions.

c) Spot measurement method: This method gives indications for spot measuring, at the scale of
a few minutes at a given point, the radon activity concentration or the potential alpha energy
concentration of short-lived radon decay products in open and confined atmospheres.

14 © IS0 2019 - All rights reserved
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The choice of measurement method depends on the objective and the intended use of the measurement
results. The measurement method, sampling and detection described in the various parts of the

IS

0 11665 series are shown in Table 2.

Table 2 — Characteristics of the measurement methods described in ISO 11665

Sampling Detection
Meas- Liquid
urement | charac- Ionization | Alphaspec- |ZnS(Ag) scin-| d"¢ | Gamma spec-
method teristic | YP® chamber trometry tillation sl(:g(t)llll- trometry SSNTD Electret
1SO 11665-6
150 11665-6
Spo Grab ISO 11665-32
IS0 11665-9P
1S0 11665-7P
Confinuous |Active 1SO 11665-5 |1SO 11665-5 |1SO 11665-7P
Inteprated Continu- {$011665-21
shoyt-term
ous
Inteprated 1SO 11665-22
long-term
180 11665-5 | 1< 11665.5 .
Continuous _ I1SO 11665-7
BOT1665 1150 11665-10
Passive Continu-
Inteprated ous 1SO 11665-4 |1SO 11665-4 SO 11665-4
shoift-term
e prated IS0 11665-4 |I1S0 11665-4  |[SO 11665-4
ong-term
a Measurement method: radon decay products.
b Measurement method: exhalation rate.
8.2 Influence quantities
Varjous quantities can lead to measurement bias that could induce non-representatiye results.
Defending on the measurement methed and the control of usual influence quantities specified in
[EC|61577-1, the following quantities-shall be considered:
a) |temperature during the sampling at the location of sampling devices;
b) |humidity on the collection capacity of the sampling device;
c) |air turbulence during the sampling in the vicinity of sampling devices;
d) |air flow-rate;ow’'sampling;
e) |detector storage conditions before sampling;
f) [stability of the sampling and detection system during the measurement;
g) lsampleand-detectorconservationand-storage;
h) variations of radon activity concentration and/or potential alpha energy concentration of the short-
lived radon decay products;
i) concentration of radon decay products when measuring radon isotopes;
j) the presence of other gaseous radionuclide emitters of alpha, beta or gamma radiations, in the
detection volume, including other radon isotopes and their decay products;
k) radiation background during measurement;
1) measurement equipment background and its variation over time.
© IS0 2019 - All rights reserved 15
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8.3 Calibration

Equipment calibration is required to establish the relationship between the variable measured by the
detection system (current, counting rate) and the activity concentration of the radon and/or its decay
products in the air by using reference radioactive sources or reference atmospheres, with controlled
activity concentration of the radon and/or its decay products.

An instrument calibration result shall allow traceability of the measurement result against a primary
standard. In the absence of a primary standard, a reference atmosphere included in the international
comparison database is used (see IEC 61577-4).

8.4 Qua

Measurem
under a qu

ConfidencHq

ity control

bnt methods shall be selected and associated procedures performed by suitably skilled {
hlity assurance and quality control programme.

in the measurement results is maintained by regular use of certified réference mater

and participation in interlaboratory comparisons and proficiency testing (see ISOAEC 17025).

Laboratory
cross-cont

hmination is avoided.

9 Expre¢ssion of results

The mode
the chara
ISO/IEC Gy
the measul

s of the evaluation of the measurand as wellas the standard uncertainties
Cteristic limits associated with the measurand ‘are calculated in accordance V
ide 98-3 and ISO 11929 (all parts), as detailed ini.the various parts of ISO 11665 for eac
ement methods described.

10 Test yreport

est report shall be in accordance with the requirements of ISO/IEC 17025 and shall con|
ng information:

e to the relevant part of\ISO 11665 used for the measurement;

tc
measufrement method (spot, integrated or continuous);

ication of the samiple;

ng characteristic (active or passive);

sampling time-fdate and hour);

duratipmof'sampling;

taff

ials

' procedures shall ensure that laboratory and equipment contamination as well as sample

and
vith
h of

kain

10.1 The {
the followi
a) refere
b)
c) identif
d) sampli
e)
f)
g)
h)
i)

sampling location;

units in which the results are expressed;

k value.

10.2 Complementary information may be provided, such as the following:

a) purpose of the measurement;

b) probabilities «, § and (1-y);

16

test result, y iu(y) or y+U (standard uncertainty or expanded uncertainty), with the associated

© ISO 2019 - All rights reserved
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c) the decision threshold and the detection limit; depending on the customer request, there are
different ways to present the result:

1) when the measurand is compared with the decision threshold [see ISO 11929 (all parts)], the

result of the measurement shall be expressed as Sy* if the result is below the decision
threshold;

2) when the measurand is compared with the detection limit, the result of the measurement shall

be expressed as < y# if the result is below the detection limit or, if the detection limit exceeds

the guideline value, it shall be documented that the method 1s not suitable for the mgasurement
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 open or shut, etc.).

10.8 The results can be expressed in a similar format to that shown-in Annex C.

© IS0 2019 - All rights reserved 17
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Annex A
(informative)

Radon and its decay products — General information

A.1 Rad

Radon has
abundanceg
radioactivg

Radon-222
neverthele
is long eno

Radon-220

the soil. It dlisappears very quickly due to its short radioactive half-life (55,8s).

Radon-219
content in
itis virtua

The abund

The decay
1 Bq (one d

In ISO 11665, only radon-222 is considered.

ks the most widespread isotope in the atmosphere, as its radioactive half-life (3,823 5 d
1gh for it to migrate from the rock producing it, through the soil, to the air.

hnce of these isotopes can vary in some manufaeturing sites.

constant (A) of radon-222 is 2,1 x 1076 s71, with 1,25 x 10~2 s71 for radon-220. An activit

T TOOUT

nisotones
opes

three natural isotopes produced by radionuclides in the earth's crust. Their respec
depends, therefore, on the type of sub-soil (235U, 238U and 232Th content) and t
half-life (see Figures A.1, A.2 and A.3).

a decay product of 238U, emanates less than radon-220 (100 times less;on average).

tive
heir

tis

1y's)

(thoron), a decay product of 232Th, is the most abundant of the three isotopes released by

(actinon), a decay product of 235U, is the least abundant.of the three isotopes. The 3
ocks and soil is around 0,73 %of that of 238U. Owing te:its short radioactive half-life (3,9
ly undetected in the atmosphere and ground water.

isintegration per second) corresponds to 476 600 radon-222 atoms and 80 radon-220 atd

351y

b s),

y of

ms.

o
e yearS)(l 17 min) 2y | 2/455 x 10° years) Uranium 238
238 ,17 min ;
U { o and its decay products
234mp 4,8 MeV
5
42 MeV 2305, | (7,538 10* years)
gy )
(24,1 days) 4,7 MeV
226p4 | (1600 years)
a
4,87 MeV
222Rn (3,823 5 days)
a
5,5 MeV (162,3 ps) (138,38 days)
218 i - 210
Po | (3,094 min) B 214p (5,012 da Po
) ys)
a 214, a 210, f a
6,0 MeV Bi 7,83 Mev B Bi 5,407 MeV
214 {(19'9 min) 210 7 206
Pb Pb Pb
(26,8 min) (22,23 years) (stable)

18

Figure A.1 — Uranium-238 and its decay products/l
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(1,402 x 10° years)
#5p  | (698,6 days) Thorium 232
2320y (6,15h) { o and its decay products
a 28 ¢ 5,4 MeV
5
4,0 Mev i, | (3627 days)
a
228Ra a
(5,75 years) 5,79 MeV

[04
6,405 MeV (3,0 x107 s)
216,
Po | (015) (60,54 mm}/’ "o
o o 24
6,906 MeV B 21%gj (64 %) 8,95 NleV
212 a (36 %) 208
Pb 6,1 MeV B Pb
(10,64 h) 208 (stable)
Tl
(3,06 min)

Figure A.2 — Thorium-232 and its decay-products(l]

(7,04 x 10® years)

(3,276 x 10* years)
U Uranium 235
231 |
a Pa and its decay products
4,4 MeV B/‘ a
5,0 MeV
231Th 227
(21,772 years) Th | (1872 days)
(25,52 h) . % ¢
6,0 MeV
p (1,4 %)
5,0 MeV }-, 23p, (11,43 days)
223 a
fr 5,7 MeV
(22 min)
2190 (3.965)
« (0,516 5)
6,8 MeV

211,

(1,781 ms)| 215p, (2,15 min)/ Po
q
7.4 Mev / B 7,59 flev
, a (99,7 %) _ 2075y
211 6,7 MeV /

Pb tabl
(36,1 min) 207 (stable)

Tl
(4,77 min)

Figure A.3 — Uranium 235 and its decay productsli]

A.2 Changes in radon activity concentration

A.2.1 Inthe soil

Radon originates principally in the earth's crust where it is produced by the disintegration of radium
atoms found in the minerals making up the rock. The quantity of radon-222 produced is directly

proportional to the radium-226 content in the soil. Only a fraction manages to escape, however, with
most atoms remaining trapped inside the crystalline lattice of the parent rock, where they disintegrate.
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Depending on soil porosity, grain size, humidity and so on, the emanation rate varies considerably, from
a few tenths of a percent to around 30 %. Once the radon atoms have escaped from the lattice, they
are transported through the air or ground water over varying distances by diffusion or convection

mechanisms. The radon-222 activity concentration in the soil varies in particular with vertical grad
and time, depending on weather conditions and intrinsic soil characteristics such as permeabi
porosity, etc.

A.2.2 Atthe soil-atmosphere interface

The quantity of radon reaching the open air per unit tlme and per umt surface (called the radon-
surface exhalatio o) depe , . , A
conditions 29][30] Thus the radon 222 surface exhalatlon rate usually increases W1th 5011 hum1

ient
lity,

222
ather
ity

up to apprpximately 80 % and decreases with increasing atmospheric pressure. When the grounld is

covered with snow or a layer of water, or is frozen, this exhalation rate is very low.

The exhalaftion rate is a very useful explanatory parameter, as it is controlled by soil characteristics
weather cdnditions[31l,

A.2.3 Inthe atmosphere

Once in thq outside air, radon dilution/dispersion depends on atmospheric diffusion conditions rela
to meteorqlogy and topographyl31l. A vertical gradient in activity copcentration and time variat
according fo a daily cycle are commonly observed (see Figure A.4). Atmgspheric dispersion is freque

and

[ing
ons
htly

higher durfing the daytime, and radon concentrations are relatively weak. Atmospheric dispersion is

lower during night-time temperature inversions; radon accumulates and its activity concentra
increases By a factor of 10 to 100 in the atmospheric layer in contact with the ground (see Figure A.

YA

500
100
300
200
100

3,5m

0,2m

12 0 12 0 12 0 12 0

S ¥

Key
X  time of|the day

Y  222Rn aptivity concentration (Bq/m3)
3 Height pf sampling probe.

Figure A.4.— Example of changes in daily cycle of radon activity concentration in the
outside airl32]

[ion

5).
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NOTE Hourly average outdoor 222Rn activity concentrationrmeasured in Britanny (France) over

A.2l4 In buildings

In Quildings, radon originates principally from the ground in contact with buildings and
from building materials. More rarely) tap water can be radon-rich (for example, when drdwn from a

wel

different regions is also a possible source of radon.

Ind
for

For

For

yarious reasons.

any specific space; it depends on:

building'slabs and walls) and in more rare instances by building materials or well water

thé.degree of negative pressure at any given time within the building that serves to dri
rddon laden soil gas;

1 year.

Figure A.5 — Example of time variation of'outdoor radon activity concentration[33]

sometimes

in granitic terrain), in which case its degassing is a significant source. The outside atnjosphere in

por radon activity coneentration may vary significantlyin time and space (see Figures A.6,4.7 and A.8)

the amountef radon emitted by the soil (radium content and texture of the ground in c¢ntact with

ve entry of

the degree of passive and mechanically driven radon migration through the building; and

the degree of containment in the areas where individuals are exposed.

any specific time, it depends on:

— the building response to varying outdoor conditions in terms of the extent of negative indoor
pressure compared to that in the soil which affects the volume of radon being pressure driven into

a building;

rates of ventilation with outdoor air and;
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— mechanical system activity for heating, ventilation and cooling that serve to alter distribution and
ventilation rates on different floors within a building and can also influence the degree of negative
pressure within the building compared to that in the soil.

Radon activity concentration is usually higher in buildings than in the outside atmosphere because of
the lower rate of air renewal (see Figure A.9). A daily cycle of variations in activity concentration in
buildings is sometimes observed.

Due to higher indoor radon activity concentration, the radon exposure process of occupants is assessed
as illustrated in Figure A.10.
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Y 1 e =" = NN NN N

X  time of|day
Y  222Rn afctivity concentration (Bq/m3)

NOTE

Hourly variation of randon levels.

Figurle A.6 — Example of indoor radon activity concentration over a period of 24 hours

(Sweden)[34]
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> Y
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Figure A.7 — Example of monthly variation in indoor radon activity concentration mgasured at

two different levels of a housel35]
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Figure A.B — Example of variations between monthly averages.efradon activity concentration
at two different sites less than 1 km.apart[3¢]
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X  time of|day
Y  222Rp artivity coneéntration (Bq/m3)

d*windows closed.

a  Door afpd windows open.
b Door a:[

NOTE House with high randon activity concentration.

Figure A.9 — Example of changes in radon activity concentration in a house: a natural
ventilation effect is revealed[37]
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Ground characteristics:
- 226Ra content
- porosity, grain size, etc.

222Rn activity concentration

on ground surface I
Y
222Rn exhalation rate on
ground surface
Meteorology
Building
characteristics

Atmospheric diffusion:
meteorology
topography

Occupants’ lifestyle

Ventilation

Outdoor #22Rn activity
cencentration

Indoor 222Rn activity concentration
(confined space)

AAd A

.

Exposure to radon

Figure A.10 — General diagram of radon exposure process
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