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Foreword

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

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

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

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

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

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

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

Method for,determining exhalation rate of dense building materials

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

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

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

Radon is today considered to be the main source of human exposure to natural radiation. The UNSCEAR (2006)
reprtl2] suggests that, at the worldwide level, radon accounts for around 52 % of global.average pxposure to
natyral radiation. The radiological impact of isotope 222 (48 %) is far more significant.than isotopg¢ 220 (4 %),
while isotope 219 is considered negligible. For this reason, references to radon in thispart of of ISO|11665 refer
only to radon-222.

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

The| values commonly found in the continental environment are usually between a few becquerels per cubic
metfe and several thousand becquerels per cubic metre. Activity concentrations of one becquergl per cubic
metfe or less can be observed in the oceanic environment:\Radon activity concentrations inside houses can
vary from several tens of becquerels per cubic metre to'8everal hundreds of becquerels per culhic metrel3l.
Actiyity concentrations can reach several thousands of becquerels per cubic metre in very confingd spaces.

Thelactivity concentration of radon-222 in the atmosphere can be measured by spot, continuous anfd integrated
measurement methods with active or passive airsampling (see ISO 11665-1). This part of ISO 1166p deals with
continuous measurement methods for raden-222.

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

© 1SO 2012 — All rights reserved \%
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Scope

part of ISO 11665 describes continuous measurement methods for radon-222. It/gives ing
inuous measuring of the temporal variations of radon activity concentration in open.drconfined at

part of ISO 11665 is intended for assessing temporal changes in radon ‘activity concentr,

ilation and/or meteorological conditions.
5 Bq/m3.

Normative references

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

11665-1, Measurement of radioactivity in.the environment — Air: radon-222 — Part 1: Origins
hort-lived decay products and associagtéd measurement methods

11929, Determination of the characteristic limits (decision threshold, detection limit and |
fidence interval) for measurements of ionizing radiation — Fundamentals and application

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

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

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

Termss, definitions and symbols

ications for
mospheres.

ation in the

ronment, in public buildings, in homes and in work places, as a function.of influence quantitjes such as

measurement method described is applicable to air samples withyradon activity concentrafion greater

For dated
d document

fradon and

mits of the

truments —

truments —

3.1

For

3.2
For

C

C*

Terms and definitions

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

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

activity concentration, in becquerels per cubic metre

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

© 1SO 2012 — All rights reserved
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detection limit of the activity concentration, in becquerels per cubic metre

lower limit of the confidence interval of the activity concentration, in becquerels per cubic metre

upper limit of the confidence interval of the activity concentration, in becquerels per cubic metre

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

standard lmr‘pr’rainty assaciated with the measurement result

”rel( ) relative standard uncertainty

u quantity to be measured

Ho background level

1) correction factor linked to the calibration factor and climatic correction factors

4 Principle

Continuous|measurement of the radon activity concentration is based afpthe following elements:

a) contindous in situ sampling of a volume of air previously filtered and representative of the atmosplpere
under ipvestigation;

b) continyous detection of radiations emitted by radon\and its decay products accumulated in|the
detectipn chamber.

Several megsurement methods meet the requirements'of this part of ISO 11665. They are basically distinguighed

by the type|of physical quantity and how it is detected. The physical quantity and its related detection may be

as follows, for example:

— ionizatijon current produced by sevetal tens of thousands of ion pairs created by each alpha particle
emitted by the radon that is presentin the detection chamber and its decay products formed thdrein
(see Apnex A);

— chargep produced in a solid’fsemi-conductor medium (silicon)] by ionization from alpha particles of rgdon
and its|decay products; the‘charges are detected by related electronics.

Measuremgnt results arédnstantly available. A mean or integrated value can be obtained through appropriate

processing pased on-aryintegration interval compatible with the phenomenon studied but in all cases less than

or equal to pne hout:

In order to

compatible lu

detecting daily varlatlons is approximately one week.

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.

© 1SO 2012 — All rights reserved
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Equipment
apparatus shall include the following:

a sampling device, including a filtering medium, for taking the air sample in the detection

chamber, a

device to pump the air for sampling if active sampling is necessary, and the detection chamber;

a measuring system adapted to the physical quantity to be measured.

instrument used for measurement shall satisfy the requirements of IEC 61577-2.

quplp of the pnlnilnmnnf (inni7ntinn Phnmhpr) for a qlm:\r‘ifir' measurement methaod is gi\/nn in

nnex A.

6

6.1

The
con

6.2

Sampling

Sampling objective

sampling objective is to place an air sample representative of the atmosphere under invg
inuous contact with the detector.

Sampling characteristics

Sa
the

The
The
ina
in m

Inc
the

Sa:l:pling may be passive (natural diffusion) or active (pumping),

pling shall be performed through a filtering medium whichprevents access of aerosol particle|
bir at the time of sampling, especially radon decay products.

filter shall not trap radon gas.

sampling system shall be used under conditions that do not cause clogging of the filter (this
modification of the measurement conditions, e.g. decrease of gas quantity sampled due to pr
easurement chamber).

hse of clogging during sampling by pumping, the pressure drop might increase, leading to a de
performance of the measuremenit.system, and possibly resulting in the perforation of the filter.

stigation in

5 present in

vould result
bssure drop

gradation in

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

6.3 Sampling conditions
6.3’-.'[ General
Sampling shall be carried out as specified in ISO 11665-1. The sampling location, date and time shall &

6.3.

R _‘Installation of sampling device

e recorded.

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

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.

© 1SO 2012 — All rights reserved
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6.3.5 Volume of air sampled

For active sampling, the volume of air sampled shall be measured by a flow-meter corrected for the temperature
and pressure variation (expressed in cubic metres at a standard pressure and temperature of 1,013 hPa and
0 °C respectively).

For passive sampling, direct measurement of the air volume sampled is not necessary; a calibration factor
(activity per unit volume) shall be used.

7 Detection

Detection shall be carried out using a suitable method as outlined in ISO 11665-1.

8 Measulirement

8.1 Procedure
The measufement procedure is specific to the detection method used.

An examplg of a measurement procedure using an ionization chamber is givenin Annex A.

8.2 Influgnce quantities

Various quIntities can lead to measurement bias that could indugéynon-representative results. Depengling
on the megsurement method and the control of usual influenge guantities specified in IEC 61577-1 [and
ISO 11665-1, the following quantities shall be considered in pacticular:

a) temperature, humidity and atmospheric turbulence; these variables are taken into account when chooping
a locat|on for the device;

b) backgrpund radiation;

¢) instrumental background noise;

d) electromagnetic field;

e) increade in pressure drop due to-clogging of the intake filter;

f)  possible presence of otherdlpha emitters (radium, radon isotopes, actinides, etc.) in the detection volme;
if the presence of otherradon isotopes is suspected, it shall be ruled out using an appropriate system,|e.qg.
ageing|chamber;

g) possible presente)of other gamma emitters in the detection volume.

Manufacturgr recemmendations in the operating instructions for the measuring devices shall be followed.

8.3 Calibration

The entire measuring instrument (sampling system, flow-meter, detector and related electronics) shall be
calibrated 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 standard.

4 © 1S0 2012 — All rights reserved
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9.1

The

9.2
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Expression of results

Radon activity concentration

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

C=(u-to) o

Standard uncertainty

M

Ina

9.3

The
An
mea

9.4

The
(ses

whe

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

()= 02 [ (1) +4% 11g) |+ C2 -y (@)

Decision threshold and detection limit

characteristic limits associated with the measurand shall be calculated.in accordance with
bxample of the calculations of uncertainties and characteristic limjts\is’ given in Annex A fo
surement method.

Limits of the confidence interval

lower, C, and upper, C”, limits of the confidence interval shall be calculated using Formula
ISO 11929):

C*=C—k, u(C);p=0w-(1-7/2)
c” =C+kq-u(C); g=1-w-y/2

re
= <D[y/u(y)] , @ being-the distribution function of the standardized normal distribution;
w=1may be setif C(>4-u(C), in which case:

C™ = Cthy i C)

y=0,054ith k1_,» =196 are often chosen by default.

Formula (2):

(2)

ISO 11929.
r a specific

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:

a)

b)

reference to this part of ISO 11665, i.e. ISO 11665-5:2012;
measurement method (continuous);

sampling characteristic (passive or active);

sampling time (date and hour);

duration of sampling;

© 1SO 2012 — All rights reserved
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f)  sampling location;
g) units in which the results are expressed;

h) testresult, C+u(C) or C+U, with the associated & value.

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

a) purpose of the measurement;

b) probabilities «, gand (1-y);

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

1) when the radon-222 activity concentration is compared with the decision threshold (see1SO 11929),
the result of the measurement shall be expressed as < C* if the result is below the detision threshold;

2) wlhen the radon-222 activity concentration is compared with the detection jimit, the result of| the
measurement shall be expressed as < C¥ if the result is below the detectionlimit or, if the detedtion
limit exceeds the guideline value, it shall be documented that the methed is not suitable for| the
measurement purpose;

d) any relevant information likely to affect the results:
1) wgather conditions at the time of sampling;

2) vetilation conditions for indoor measurement (mechanical ventilation system, doors and windows
open or shut, etc.) prior to sampling (over a period of alfew hours) and at the time of sampling.

10.3 The results can be expressed in a similar format to,that shown in ISO 11665-1:2012, Annex C.

6 © 1S0 2012 — All rights reserved
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A.1 General

Thig annex deals with an ionization chamber method, which is one of several methods meeting the req

this part of ISO 11665. The vented and current ionization chambers are intended to operate at atmosphe

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

E mean energy released by the radiation in the air of the chamber for a-temperature 7 (K) a
p (hPa), in joules

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

Fe calibration factor, in becquerels per cubic metre per ampefe

Jp correction factor for atmospheric pressure, dimensionless

fT correction factor for temperature, dimensionless

I ionization current due to radon, in amperes

Iq ionization current for the vented ionization*chamber, in amperes

I, ionization current due to gamma radiations, in amperes

Iy background ionization current\in amperes

Pe atmospheric pressure when calibrating the chamber, in hectopascals

Pm atmospheric pressure-when operating the chamber, in hectopascals

Te temperature of the’air when calibrating the chamber, in kelvins

Tm temperature.of the air when operating the chamber, in kelvins

Veh volum@é\of air present in the chamber, in cubic metres

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

ISO 11665-5:2012(E)

Annex A
(informative)

Measurement method using a vented ionization chamber

and a current ionization chamber

lirements of
ic pressure.

nd pressure

A.2 Principle of the measurement method

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

a)

b)

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.

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

© 1SO 2012 — All rights reserved
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is converted into ion pairs (positive and negative charges), with each 5,5 MeV alpha particle contributing

to the formation of approximately 1,6 x 10° ion pairs in the air. Each ion type is then collected by
corresponding electrode.

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

d) Determining the contribution of the ambient ionizing radiation, particularly gamma radiation, to

the

the

the

measured electric current: The influence of gamma radiation on the radon measurements is determined
using a closed compensation chamber in conjunction with the measurement chamber. The response of
the closed chamber is only proportional to the ambient gamma radiation. The response to a gamma dose

rate frgm a 10 I metallic chamber is 10 '° A/nGy/h (in France, for example, the dose rate varies from

30 nGy/h to 230 nGy/hl®)).

e) Deternjination of the activity concentration from the measured ionization current corrected from the gan
radiatign contribution: The ionization current delivered by the vented ionization chamber is_proportion

1) thl number of radon atoms present in the detection chamber in which the sampledair circulates,

2) the¢ mean energy released in the air of the chamber by the radiation resulting from a
digintegrations, and

3) th¢ mean ionization energy of the air in the chamber.
NOTE The mean ionization energy in the air varies little with the gas mediumycharacteristics and incident particle
and energy (ee Table A.1). The typical value is approximately 35 eV[5l. A beta.orgamma particle emitted by radionuc

other than r@adon and its decay products present in the detection volume“can disturb the measurements by cre
0,05 x 10° td 0,15 x 105 ion pairs.

Table A1 4+ Response of a 10 | ionization chamber to various radionuclides as compared to radon

hma
bl to

pha

type
ides
hting

1](5]

Radionuclilde 3H 14c MAr 85Kr 133Xe 222R

>

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

[=]

Response ps compared to 222Rn, % 0l 0,9 8,4 4,5 1,8 10(

A.3 Eqlipment
The apparafus shall include thedelitowing elements (see Figure A.1).

a) Asamgling system including a sampling head, intake pre-filter and air dehydrator. In cases where signifi
concerltrations of sspended particles are to be expected, a pre-filter shall be placed in or immedig
after the sampling\head. The pre-filter shall be made of a material with good resistance to humidity a
very lo pressure’drop, and it shall not trap radon.

b) An agging chamber, in case of interference from the radon-220 isotope. To eliminate radon-220,

cant
tely
nd a

the

residencedtime of the airinthe agning chambershall be at least I=Yall 1al to five times the radiocactive hal

-life

of radon-220.

c) 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 pm, the filter shall be of absolute filter class.

d) A vented ionization 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.

8 © 1S0 2012 — All rights reserved
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f)

g)

h)

ISO 11665-5:2012(E)

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

(approximately 1012 A to 10-15 A).

An air pump with operating characteristics appropriate for the volume of the ionization chamber (flow-rate
that ensures sufficient air renewal within the detection volume). The air pump shall be installed upstream
or downstream of the measurement chamber.

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

P
®
<

= ©O© 0 N O 0o & WON -

0
11
12
13

The

>

5
i

sampling system
sampling head

pre-filter

bir dehydrator

pgeing chamber

Hecay product filter
hermometer

anometer

Closed ionization chamber
vented ionization chamber
bssociated electronics
flow-meter

pump

A.4 Sampling

S
<P
©

The sampling conditions shall be in accordance with Clause 6.

10

13

volume of th&lionization chamber and associated electronics shall be compatible with the exp
of radon activity'‘concentration.

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

bcted range

If sampling is performed outdoors, the sampling head shall include a weather shelter device (see ISO 11665-1).

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 I/min represents a good

© 1SO 2012 — All rights reserved

9


https://standardsiso.com/api/?name=2b1d8f59278adb6e32b1ead8108bf765

ISO 11665-5:2012(E)

compromise. The pump can be installed upstream or downstream of the ionization chamber. Its operation shall
not pollute the latter.

The pressure deviation between the ionization chamber and the sampling place shall be kept within an
acceptable range (+50 hPa) in order to ensure measurement accuracy and system integrity. This pressure
deviation is verified by monitoring the pressure drop at the filter boundaries (where Apmin = pierced filter and
Apmax = clogged filter).

The system must be leak tight to ensure that radon measurements are only carried out in the air sampled

through the

sampling head.

A.5 Inf‘uence quantities

Besides thg
a) Thetw
of a so
b) The air
samplg
should

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

b ionization chambers shall be placed in an identical and homogeneous radiation field) The prese
Lirce of radioactivity near either chamber shall be avoided as far as possible.

to be monitored shall have a relative humidity of less than 80 %. If the humidity conditions of
d air are incompatible with the proper operation of the ionization chamber, the relative hum
be reduced (for example, by increasing the air temperature in the detection chamber). Neverthel

the tenpperature of the ionization chamber shall remain below 60 °C.

c) During

measurement, if temperature and pressure deviations exceed %20 °C and +50 hPa, respective

correcfjon shall be made.

Manufactur

A.6 Exj

A61 R

er recommendations in the operating instructions for the measuring devices shall be respecteqd.

bression of results

adon activity concentration

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

ly)-@ with o =F, - f,- fr @hd 1=1I4-1,

Wair

o]
®

nce

the
dity
BSS,

Yy, a

A1)

A.2)

A.3)

.4)

C=(I
where
Fy
VC
Pg
[ =28
P Pm
Tn
Jr= T

In practice, it is possible that the measured temperature, T, and pressure, pm, will not differ significantly from

the calibrati

10

on values, T¢ and pe. In this case, Formula (A.1) may be simplified.
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