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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 needed for
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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ts. ISO shall not be held responsible for identifying any or all such pateht rights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

For an explanation on the voluntary nature of standards, the . meaning of ISO specific terms

expression
World Trad
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of the Introduction;
of the Bibliography.
the parts in the ISO-11665 series can be found on the ISO website.
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Introduction

Radon isotopes 222, 219 and 220 (also known as thoron) 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 ISO 11665-1:2019,
Annex A, for further information). Solid elements, also radioactive, followed by stable lead are produced
by radon disintegrationl1l.

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

dec
rad
acc

Rad
sug
nat
220
refe

Rad
Exp
on

deg]

As 1
isd
infi

hy products rather than the gas itself. Whether or not they are attached to atmospher
bn decay products can be inhaled and deposited in the bronchopulmonary tree to.vars
prding to their sizel2I[31[4][5],

on is today considered to be the main source of human exposure to natural ¢#adiation.
bests that, at the worldwide level, radon accounts for around 52 % of glebal average e
iral radiation. The radiological impact of isotope 222 (48 %) is far mote Significant th
(4 %), while isotope 219 is considered negligible (see ISO 11665-1:2019; Annex A). For
rences to radon in this document refer only to radon-222.

on activity concentration can vary from one to more orderscof magnitude over time
osure to radon and its decay products varies tremendouslyfrom 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
1e to indoor radon. Soil gas is recognized as the most important source of residential rad
tration pathways. Other sources are describedhin other parts of ISO 11665 and ISO 1316

watler(Zl.
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on enters into buildings via diffusion meehanism caused by the all-time existing differen
bn activity concentrations in the Ainderlying soil and inside the building, and via
hanism inconstantly generated bya 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(environmental parameters of the building (temperature, pre
the occupants’ lifestyle.

To limit the risk to indi¥iduals, a national reference level of 100 Bq-m-3 is recommended by

He3
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Ith Organizatioit3l. Wherever this is not possible, this reference level should not exceed ]
5 recommendation was endorsed by the European Community Member States that sha
onal referénce 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.

educe the risk to the overall population, building codes should be implemented that reg
vention measures in buildings under construction and radon mitigating measures
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dings. Radon measurements are needed because building codes alone cannot guarantee

concentrations are below the reference level.

that radon

The activity concentration of radon-222 in the atmosphere can be measured by spot, continuous and
integrated measurement methods with active or passive air sampling (see ISO 11665-1). This document
deals with continuous measurement methods for radon-222.

NOTE

measurement methods are described generally in ISO 11665-1.
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Scope

5 document describes continuous measurement methods for radon-222~lt gives indi
finuous measuring of the temporal variations of radon activity concentration in open ¢
ospheres.

5 document is intended for assessing temporal changes in raden activity concentra

entilation and/or meteorological conditions.

measurement method described is applicable to airxsamples with radon activity coq
hter than 5 Bq/m3.

Normative references

following documents are referred to in“the text in such a way that some or all of th
Ktitutes requirements of this document’ For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

11665-1, Measurement of radioactivity in the environment — Air: radon-222 — Part 1: Orig
its short-lived decay products\and associated measurement methods

11929 (all parts), Determination of the characteristic limits (decision threshold, detectig
(s of the coverage interval) for measurements of ionizing radiation — Fundamentals and ap,

[EC Guide 98-3_Uncertainty of measurement — Part 3: Guide to the expression of und
surement (GUM:1995)

IEC 17025 XGeneral requirements for the competence of testing and calibration laboratorie

615771, Radiation protection instrumentation — Radon and radon decay product
ruments — Part 1: General principles

rations for
r confined

ion in the

ironment, in public buildings, in homes and in work places, as affiihction of influence quanptities such

jcentration

Pir content
pplies. For
[s) applies.

ns of radon

n limit and
plication

ertainty in

measuring

IEC 61577-2, Radiation protection instrumentation — Radon and radon decay product measuring
instruments — Part 2: Specific requirements for radon measuring instruments

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.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp
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— IEC Electropedia: available at http://www.electropedia.org/

3.2 Symbols

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

C activity concentration, in becquerels per cubic metre

c* decision threshold of the activity concentration, in becquerels per cubic metre

c* detection it of the activity Toncentratiorn, i becquerels per cubic Metre

c< lower limit of the confidence interval of the activity concentration, in becquerelsper

cubic metre

c> upper limit of the confidence interval of the activity concentration, in becGuerels per
cubic metre

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

u( ) standard uncertainty associated with the measurement result

U () relative standard uncertainty

u quantity to be measured

Uy background level

W correction factor linked to the calibration faétor and climatic correction factors

4 Pringiple
Continuou$ measurement of the radon actiyity concentration is based on the following elements:

a) continpous in situ sampling of a‘volume of air previously filtered and representative of
atmosphere under investigationg

b) continpious detection of radiations emitted by radon and its decay products accumulated in
detectjon chamber.

Several asurement .methods meet the requirements of this document. They are basidg
distinguished by the type of physical quantity and how it is detected. The physical quantity ang
related detection may be as follows, for example:

— ionization.current produced by several tens of thousands of ion pairs created by each alpha part

the

the

ally
its

icle
Fein

emitteddy the radon thatis present in the detection chamber and its decay products formed the

(See Amrex A),

— charges produced in a solid [semi-conductor medium (silicon)] by ionization from alpha particles of

radon and its decay products; the charges are detected by related electronics.

Measurement results are instantly available. A mean or integrated value can be obtained thro
appropriate processing based on an integration interval compatible with the phenomenon studied
in all cases less than or equal to one hour.

ugh
but

In order to monitor the temporal variation of radon activity concentration, the measurement period
shall be compatible with the dynamics of the phenomenon studied. For example, the minimum

significant period for detecting daily variations is approximately one week.

2 © IS0 2020 - All rights rese
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Continuous monitoring allows for the assessment of temporal changes in radon activity concentration.
For measurements performed outdoors, the season and climatic conditions shall be taken into account.

For measurements performed inside a building, the lifestyles of its inhabitants, the level at which
the measurement place is located (basement, ground floor, upper levels) and the natural ventilation
characteristics (condition of doors and windows, open or closed) shall be taken into account.

5 Equipment

The apparatus shall include the following:

a) |asampling device, including a filtering medium, for taking the air sample in the detectioln chamber,
a device to pump the air for sampling if active sampling is necessary, and the detection dhamber;

b) [a measuring system adapted to the physical quantity to be measured.
Thg instrument used for measurement shall satisfy the requirements of IEC 61577-2.

An [example of the equipment (ionization chamber) for a specific measurement method fis given in
AnnexA.

6 |Sampling

6.1 Sampling objective

The sampling objective is to ensure air samples representative of the atmosphere under inyestigation
arelin continuous contact with the detector.

6.2| Sampling characteristics

Sa:Ipling may be passive (natural diffusion) or active (pumping).

Sanmpling shall be performed through a filtering medium which prevents access of aeros¢l particles
prefent in the air at the time of sampling, especially radon decay products.

Thd filter shall not trap radon-gas.

The sampling system shall be used under conditions that do not cause clogging of the filter ({this would
resfilt in a modification of the measurement conditions, e.g. decrease of gas quantity sampled due to
pregsure drop in fiéasurement chamber).

In ¢ase of clogging during sampling by pumping, the pressure drop might increase, leading to a
degjradation.in the performance of the measurement system, and possibly resulting in the perforation
of the filter:

Clogging during sampling by natural diffusion can lead to the non-renewal of air in theé detection
chamber.

6.3 Sampling conditions

6.3.1 General

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

6.3.2 Installation of sampling device

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

© IS0 2020 - All rights reserved 3
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6.3.3 Sampling duration

For continuous sampling, the sampling duration corresponds to the measurement period, which shall
be compatible with the dynamics of the phenomenon studied.

6.3.4

Integration interval

The integration interval determines the time resolution of the measurement. Different parameters such
as the expected radon activity concentration or dynamics of radon level changes need to be taken into
account when selecting the appropriate integration interval.

6.3.5 Vo

For active
temperatu
of 1,013 hH

For passiv
factor (acti

7 Deted

Detection §

8 Meas

8.1 Proc

Jlume of air sampled

sampling, the volume of air sampled shall be measured by a flowmeter corrected for
e and pressure variation (expressed in cubic metres at a standard pressure and,temperat
a and 0 °C respectively).

e sampling, direct measurement of the air volume sampled is not necessary; a calibra
vity per unit volume) shall be used.

tion

hall be carried out using a suitable method as outlined iwISO 11665-1.

urement

edure

The measufrement procedure is specific to the detection method used.

e of a measurement procedure using an ionization chamber is given in Annex A.

ence quantities

on the measurementymethod and the control of usual influence quantities specifie
| and ISO 11665-1,¢the following quantities shall be considered in particular:

hg a locationfor the device;
ound radiation;

mental background noise;

the
ure

fion

antities can lead to medsurement bias that could induce non-representative resilts.

] in

rature, humidity) and atmospheric turbulence; these variables are taken into account when

electromagnetic field;

increase in pressure drop due to clogging of the intake filter;

possible presence of other alpha emitters (radium, radon isotopes, actinides, etc.) in the detection

volume; if the presence of other radon isotopes is suspected, it shall be ruled out using an
appropriate system, e.g. ageing chamber;

possible presence of other gamma emitters in the detection volume.

Manufacturer recommendations in the operating instructions for the measuring devices shall be

An exampl
8.2 InﬂI
Various q
Depending
IEC 61577-
a) tempe
choosi
b) backegt
c) instru
d)
e)
f)
g)
followed.
4
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Calibration

The entire measuring instrument (sampling system, flowmeter, detector and related electronics) shall
be calibrated annually as specified in ISO 11665-1.

The relationship between the physical parameter measured by the detection device (number of electric
charges, count rate, etc.) and the activity concentration of the radon in the air shall be established based
on the measurement of a radon-222 reference atmosphere. The radon-222 activity concentration in the
reference atmosphere shall be traceable to a primary radon-222 gas standard.

An instrument calibration result shall allow traceability of the measurement result against a primary

stapdard.

9

9.1
Thd

Formula (2):

9.3

Thd
ISO
in A

9.4

The
and

Expression of results

Radon activity concentration

radon activity concentration is calculated as given in Formula (1):

C=(u—py )

Standard uncertainty

ccordance with ISO/IEC Guide 98-3, the standard tncertainty of C shall be calculated

u(C)=\/a)2 -[uz(u)+u2(u0 )]+C2 U, ()

Decision threshold and detection limit

characteristic limits associated’ with the measurand shall be calculated in accord

nnex A for a specific meagsurement method.

Limits of the confidence interval

lower, C<, and.upper, C*, limits of the confidence interval shall be calculated using Fa
(4) (see ISO1929 (all parts):

(o =C—kp-u(C);p=a)-(1—y/2)

(D

s given in

(2)

ance with

11929 (all parts). An example of the calculations of uncertainties and characteristic limfits is given

rmulae (3)

(3

Co=C+k,-u(C);q=1-0-y/2

(4)

where

©IS

o=@[y/u(y)], ®being the distribution function of the standardized normal distribution;

w =1 may be setif C>4-u(C), in which case:

C® =Chky_u(C)

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

02020 - All rights reserved
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10 Test report

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

are

sult

sult
r, if
not

and
e of

rved

a) areference to this document, i.e. ISO 11665-5:2020;

b) measurement method (continuous);

c) sampling characteristic (passive or active);

d) sampling time (date and hour);

e) duratipn of sampling;

f) sampling location;

g) units iph which the results are expressed;

h) testrepult, C+u(C) or C+U, with the associated k value.

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

a) purpose of the measurement;

b) probabilities a, f and (1 - y);

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

1) when the radon-222 activity concentration” is compared with the decision threshold
(s¢e ISO 11929 (all parts), the result of the-measurement shall be expressed as <C* if the re
is pelow the decision threshold;

2) when the radon-222 activity congentration is compared with the detection limit, the re]
of [the measurement shall be expressed as <C* if the result is below the detection limit g
the detection limit exceeds the\guideline value, it shall be documented that the method is
sujftable for the measurementpurpose;

d) anyrelevant information likely to affect the results:

1) weather conditions-at the time of sampling;

2) veptilation cenditions for indoor measurement (mechanical ventilation system, doors
windows open or shut, etc.) prior to sampling (over a period of a few hours) and at the tim
sampling:

10.3 The gesults can be expressed in a similar format to that shown in [SO 11665-1:2019, Annex C.
6 © IS0 2020 - All rights rese
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Annex A
(informative)

Measurement method using a vented ionization chamber and a

current ionization chamber

A.]I General

Thi
req
atm

For

E

ospheric pressure.

the purposes of this annex, the symbols given in Clause 3 and the following apply.

pressure p (hPa), in joules

electron charge, in coulombs (e = 1,602 x 10719 C)

calibration factor, in becquerels per cubic metre pérampere
correction factor for atmospheric pressure, dintensionless
correction factor for temperature, dimensionless

ionization current due to radon, inatmperes

ionization current for the vented-ionization chamber, in amperes
ionization current due tosgamma radiations, in amperes
background ionization-eurrent, in amperes

atmospheric pressure when calibrating the chamber, in hectopascals
atmospheric\pressure when operating the chamber, in hectopascals
temperature of the air when calibrating the chamber, in kelvins

temperature of the air when operating the chamber, in kelvins

Vch

volume of air present in the chamber, in cubic metres

mean energy released by the radiation in the air of the chamber-for a temperature T

w

2ir mean energy expended to produce an ion pair in the air of the chamber, in joules

A.2 Principle of the measurement method

5 annex deals with an ionization chamber method, which is one of several methods njeeting the
hirements of this document. The vented and current ionization chambers aredntéended td

operate at

K) and

The continuous measurement of radon activity concentration using a current ionization chamber is
based on the following elements.

a) Active air sampling with a sampling pump: Sampling is carried out continuously through filters
to prevent the radon decay products from entering the ionization chamber and using an ageing

chamber to eliminate the interference of the radon-220 isotope.

© IS0 2020 - All rights reserved
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b)

d)

Circulating the air sample in the measurement ionization chamber at known pressure and
temperature, between two electrodes with different voltages: The presence of radon gas in the
detection volume of the ionization chamber causes the emission of 5,5 MeV alpha particles, among
others. As they travel in the air contained in the detection volume, these particles release all or part
of their energy. The released energy is converted into ion pairs (positive and negative charges),
with each 5,5 MeV alpha particle contributing to the formation of approximately 1,6-105 ion pairs in
the air. Each ion type is then collected by the corresponding electrode.

Measuring the electric current (ionization current) produced by the collection of the ions formed in
the detection volume of the ionization chamber.

the mgasured electric current: The influence of gamma radiation on the radon measuretmgents is
determpined using a closed compensation chamber in conjunction with the measurementcha
The rgsponse of the closed chamber is only proportional to the ambient gamma radiation.
resporfse to a gamma dose rate from a 10 1 metallic chamber is 10716 A/nGy/h<(in France,
examplle, the dose rate varies from 30 nGy/h to 230 nGy/h[2]).

Deterrnining the contribution of the ambient ionizing radiation, particularly gamma radiati(:']t; to

er.
The
for

Deterrpnination of the activity concentration from the measured ionization' current corregted
from the gamma radiation contribution: The ionization current delivered by the vented ionization
chambler is proportional to;

1) the number of radon atoms present in the detection chamber in which the sampled| air
cifculates;

2) the mean energy released in the air of the chamber by the radiation resulting from alpha

disintegrations; and

3) the mean ionization energy of the air in the chamber.

NOTE y
particle typ
emitted by
the measur

Table A

'he mean ionization energy in the air varies little with the gas medium characteristics and inci
e and energy (see Table A.1). The typical yalue is approximately 35 eVI8l. A beta or gamma par
radionuclides other than radon and its-decay products present in the detection volume can dis
pments by creating 0,05 x 105 to 0,15.x10% ion pairs.

1 — Response of a 10 l ionization chamber to various radionuclides as compared t
radonl11[8]

Hent
Licle
urb

Radionucl

de 34 14c AP 85Kr 133Ye 222

=

Mean ener

gy of incident particles, keV 57 49,4 464 251 101 550

[=}

Response §s compared to2%2Rn, %

0,1 09 8,4 4,5 1,8 10(

A.3 Equ

ipment

The appargtus'shall include the following elements (see Figure A.1).

a)

b)

A sampling system including a sampling head, intake pre-Tfilter and air dehydrator. In cases where
significant concentrations of suspended particles are to be expected, a pre-filter shall be placed
in or immediately after the sampling head. The pre-filter shall be made of a material with good
resistance to humidity and a very low pressure drop, and it shall not trap radon.

An ageing chamber, in case of interference from the radon-220 isotope. To eliminate radon-220, the
residence time of the air in the ageing chamber shall be at least equal to five times the radioactive
half-life of radon-220.

A filter with a low pressure drop at the inlet of the detection volume. This filter is intended to trap
all solid radon decay products contained in the sampled air immediately prior to analysis. It shall be
placed as close as possible to the ionization chamber. Since the size of the aerosol particles carrying
the solid radon decay products is generally less than 1 um, the filter shall be of absolute filter class.

© IS0 2020 - All rights reserved
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d) Aventedionization chamber constituting the detection volume (measurement chamber). It consists
of a metallic enclosure whose detection volume can range from a few cubic centimetres to several

tens of litres.

e) A closed ionization chamber used to compensate for ambient gamma radiation (compensation
chamber). The compensation chamber shall have characteristics identical to those of the

measurement chamber with which it is used.

f) Appropriate electronics, which shall allow direct measurement of very weak ionization currents

(approximately 10712 A to 10715 A).

p shall be

g) [ATm air pump with operating characteristics appropriate for the volume of the ionizarign chamber
(flow-rate that ensures sufficient air renewal within the detection volume). The airpu
installed upstream or downstream of the measurement chamber.

h) |In certain cases: flow-rate, pressure and temperature detectors.

.
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1 |sampling system

2 |sampling head

3 |pre-filter

4 |air dehydrator

5 |ageing chamber

6 |decay product filter

7 |thermometer

8 |manometer

9 |closed ignization chamber

10 |ventéd-ionization chamber

11 |aSsociated electronics

12 Tlowmeter

13 pump

The volume of the ionization chamber and associated electronics shall be compatible with the expected range of
radon activity concentration.

Figure A.1 — Basic diagram of a radon activity concentration measurement system

with vented and current ionization chambers (pump installed downstream)

A.4 Sampling

The

sampling conditions shall be in accordance with Clause 6.
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If sampling is performed outdoors, the sampling head shall include a weather shelter device

(see ISO 11

665-1).

The pre-filter and the filter shall be replaced regularly, especially if they show signs of clogging.

Active sampling shall be carried out continuously with a sampling pump whose characteristics are
compatible with the volume of the ionization chamber. It is recommended that the air in the detection
volume be renewed one to three times per minute. For a 10 | ionization chamber, a sampling rate of
20 1/min represents a good compromise. The pump can be installed upstream or downstream of the
ionization chamber. Its operation shall not pollute the latter.

The pressyre deviation between the lonization chamber and the sampling place shall be kept within

an acceptgble range (+#50 hPa) in order to ensure measurement accuracy and system imtegrity.

This pressjre deviation is verified by monitoring the pressure drop at the filter boundaries)(where

Ap iy = pidrced filter and Ap ., = clogged filter).

The systerp shall be leak tight to ensure that radon measurements are only carriédy-out in the air

sampled through the sampling head.

A.5 Inflience quantities

Besides th¢ influence quantities specified in 8.2, the following shall be taken into account.

a) The two ionization chambers shall be placed in an identical and homogeneous radiation field. [The
preserice of a source of radioactivity near either chamber shalkbe avoided as far as possible.

b) The air to be monitored shall have a relative humidity ofdess than 80 %. If the humidity conditjons
of the ygampled air are incompatible with the proper opération of the ionization chamber, the relaftive
humidjty should be reduced (for example, by increasing the air temperature in the detection
chambier). Nevertheless, the temperature of the ionization chamber shall remain below 60 °C.

c¢) During measurement, if temperature and pressure deviations exceed *20 °C and =50 hPa,
respedtively, a correction shall be made.

Manufactufer recommendations in the -operating instructions for the measuring devices shall be

respected.

A.6 Expression of results

A.6.1 Radon activity cencentration

The radon pctivity concentration is obtained from Formula (1). This yields Formula (A.1):

C:(I-IO)-a) with a):FC-fp-fT and I:Ig-IY (A1)
where
..
F= L Zair (A2)
Vg, E-e
P p
m
-_m A4
Jr=7 (A4)

e

In practice

T,

, T,,, and pressure, p_, do not differ significa

,itis possible that the measured temperature

from the calibration values, T, and p,. In this case, Formula (A.1) may be simplified.

10

ntly
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