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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 proce@lures used to develop this document and those intended for its further maintenance
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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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 Annex A for
further information). Solid elements, also radioactive, followed by stable lead are produced by radon
disintegrationl2l.

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
decpy products rather than the gas itself. Whether or not they are attached to atmosphgrjc aerosols,
radpn decay products can be inhaled and deposited in the bronchopulmonary tree to.yarying depths
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prding to their sizel2I[31[4][5],

bests that, at the worldwide level, radon accounts for around 52 % of glebal average e
Iiral radiation. The radiological impact of isotope 222 (48 %) is far more,sighificant than i
0), while isotope 219 is considered negligible (see Annex A). For this-reason, references
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
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To limit the risk to indi¥iduals, a national reference level of 100 Bq-m-3 is recommended by
Ith Organizatioit3l. Wherever this is not possible, this reference level should not exceed ]
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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.

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-m3[18],

educe the risk to the overall population, building codes should be implemented that reg
vention measures in buildings under construction and radon mitigating measures

on is today considered to be the main source of human exposure to natural ¢adiation.
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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 radon-222 integrated measurement techniques with passive sampling.

NOTE

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


https://standardsiso.com/api/?name=9c3ca711eccc787872e6b7fdedfc1cb5



https://standardsiso.com/api/?name=9c3ca711eccc787872e6b7fdedfc1cb5

INTERNATIONAL STANDARD

ISO 11665-4:2021(E)

Measurement of radioactivity in the environment — Air:

ra

don-222 —

Part 4:
Integrated measurement method for determining average

aC
all

1

Thi
givg
med
sen

Thi
one

Thi
tha

2

Thd
con
und

ISO
and|

ISO
limi

ISO
meq

ISO
IEC

: : ; o

alysis

Scope

5 document describes radon-222 integrated measurement techniques with passive s

lsurements based on easy-to-use and low-cost passive sampling,“and the conditions of
50T'S.

5 document covers samples taken without interruption-over periods varying from a f
year.

5 measurement method is applicable to air samples with radon activity concentratid
n 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 produets and associated measurement methods

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

IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of und
surement(GUM:1995)

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

layed

hmpling. It

s indications for determining the average activity concentration ef.the radon-222 in tle air from

use for the

bw days to

ns greater

Pir content
pplies. For
[s) applies.

ns of radon
n limit and
blication

ertainty in

3

61577-1, Radiation protection instrumentation — Radon and radon decay product

measuring

instruments — Part 1: General principles

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 [EC maintain terminological databases for use in standardization at the following addresses:

©IS

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/
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3.2 Symbols

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

rels

rels

nts:
ion,
) or
atic

ity

ally

C average activity concentration, in becquerels per cubic metre

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

P detection limit of the average activity concentration, in becquerels per cubic metre

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

per cubic metre
c> upper limit of the confidence interval of the average activity concentration, ifwbecque
per cubic metre

t sampling duration, in hours

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

) correction factor linked to the calibration factor and the sampling duration

4 Pringiple

Integrated|/measurement of the average radon activity concentration is based on the following eleme

a) continpous, passive sampling of arrair sample representative of the atmosphere under investigat
by fre¢ convection and natural-diffusion for a sensor in an open configuration (open to the aif
by natpiral diffusion for a sensor'in a closed configuration (with an accumulation chamber);

b) simultpneous accumulatien of a measurable physical quantity (etched tracks, electrost
potentjial drop, radioactive atoms, etc.) on a suitable sensor;

c¢) measurement of the'accumulated physical quantity with a direct link to the average radon acti
concetrjtration-Qver the sampling period in question.

Several asurement methods meet the requirements of this document. They are basig

distingui[sl;lizd by the type of accumulated physical quantity and how it is measured. The phy{

ical

quantity and its related measurement may be as follows, for example:

“latent tracks” produced in a polymer [solid-state nuclear track detector (SSNTD)] by ionization
from alpha particles of the radon and its decay products; these latent tracks are detected and
counted (see Annex A);

charges produced in a solid [semi-conductor medium (silicon)] by ionisation from alpha particles of
the radon and its decay products; they are detected by related electronics;

discharge of an electret (non-rechargeable, positively charged element) by ionisation of the air due
to the radioactive disintegration of radon and its decay products; the voltage variation relating to
this discharge is measured (see Annex B);

© ISO 2021 - All rights reserved
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— atoms of 222Rn adsorbed on charcoal; the gamma emission rates of the decay products 214Pb and

214Bj are measured with a gamma spectrometer (see Annex C).

Analysis of the physical quantity might not be immediate and might require laboratory operations.

The result of integrated measurement is the exposure of a sensor to radon over the sampling duration
in question. The average radon activity concentration is calculated by dividing the exposure result by

the

5

sampling duration.

Equipment

Thd

5.2
cha
wit
cha

accyimulation chamber).

5.2
The

6

6.1
The

medlium under investigation in contact with the sensor (SSNTD, silicon detector, electrsg

acti

6.2

Sampling is passive.

Int
par
pre
Clo

apparatus shall include the following:

Fcoal, etc.), either alone or with an accumulation chamber made from a conductive plast
1 a known detection volume; in closed configuration, the sensor is placedriti-a closed ac
mber with a filter and in open configuration, the sensor is in direct relation with the atma

2 Detection system, adapted to the accumulated physical quantity.

necessary equipment for each measurement method is specified in Annexes A, B and C rg

Sampling
Sampling objective
sampling objective is to place without intetruption, an air sample representative of the af

vated charcoal, etc.).

Sampling characteristics

he closed configuration, sampling is performed through a filtering medium, thus only r
Licles are detected-by the sensor (see Clause 5). Sampling shall be performed in cond
Clude clogging-0fithe filtering medium, which would result in modified measuring
poing during/sampling can lead to the non-renewal of air in the accumulation chamber.

Usi

those of itsidecay products near its surface. It also records any alpha emitter present in th
atnosphere, in the energy range specified by the manufacturer. This configuration shall be
conditions that preclude fouling (dust-filled atmosphere, grease deposit, etc.) of the sensor, wi

g an opén) configuration, the sensor simultaneously records the alpha emissions of the

1 Sensor, which collects the physical quantity (SSNTD, silicon detector, electret.détector, activated

ic material
tumulation
sphere (no

spectively.

mospheric
t detector,

hdon alpha
itions that
conditions.

radon and
e analysed
1sed under

hich would

result in modified measuring conditions.

6.3

6.3.

Sampling conditions

1 General

Sampling shall be carried out as specified in ISO 11665-1.

6.3.

2 Installation of the sensor

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

© IS0 2021 - All rights reserved
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In the specific case of indoor measurement, the sensor should be placed in a normally occupied or
occupiable zone on a clear surface between 1 m and 2 m above the ground, i.e. the "breathing zone"
under the following conditions:

a) a clear space of at least 20 cm should be left around the sensor to avoid the influence of thoron
exhalation from the walls;

b) the sensor should be placed away from any heat sources (radiator, chimney, electrical equipment,
television, direct sunlight, etc.) and from areas of traffic, doors and windows, walls and natural
ventilation sources;

c) the inma ation conditions should not be disturbed during measurement (DOOKS talling, engingers
working, curiosity, etc.); recommendations should be made to occupants in order to prevent|the
changg of sampling conditions;

d) the sepsor should also be made secure during measurement, in order to prevent any damage.

6.3.3 Sampling duration

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

Time of indtallation and removal of the sensor shall be recorded (date and hour).

The samplling duration shall be adjusted to suit the phenomenon<{under investigation, the assuined
radioactivity and the sensor characteristics (see Table 1).

Table 1 —+ Examples of sampling characteristics of the:various measurement methods meetjng
the requirements of this document

Sensor Annex Sampling place Sampling duratign/
(normative) plingp Exposure time
Solid-state nuclear track detector
| ° Indoors
(open configuration) A One week to several
Solid-state knuclear track detector months
(closed conffiguration)
Electret detector B Outdoors or indoors | Few days to several
months

Activated dharcoal C Few days

The sampling duration shall be determined on the basis of the intended use of the measurement results.

For example, indoorconcentrations vary not only over a day but also between days of the week becduse
of variations in oecupancy. In this case, it would be reasonable to sample over a whole week in orddr to
include thdse variations.

h—h e z gs—and not
under-estimate it, it is advisable to perform measurements for at least two months (see ISO 11665-8).

Users should be aware of the saturation characteristics of their sensors and should adapt the sampling
duration to ensure that saturation does not occur.

6.3.4 Volume of air sampled

For passive sampling, direct measurement of the air volume sampled is not necessary. A calibration
factor, in activity per unit volume, shall be used.

4 © IS0 2021 - All rights reserved
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Detection

Depending on the sensor used, detection shall be carried out using solid-state nuclear track detectors
(SSNTD), discharge of a polarized surface inside an ionization chamber, gamma-ray spectrometry or
liquid scintillation, as described in ISO 11665-1.

8

8.1

Measurement

Procedure

Thd
resj

8.2

Var
Dep
inll
met

Manufacturer recommendations in the operating instructions for the sensors shall be follow

8.3

Thd
inl
the

The
nun
rad
The
rad

In 3
ren
intg

Exp

8.4
The

pectively.

Influence quantities

ous quantities can lead to measurement bias that could induce neh-representati
ending on the measurement method and the control of usual influence quantitie
C 61577-1 and [SO 11665-1, the influence quantities of particular impotrtance for each me
hod described in this document are specified in Annexes A, B and\Crespectively.

Calibration

measuring system (sensor and detection system)cshall be calibrated at least annually 4
50 11665-1. Additional requirements for the devices used for particular methods are {
relevant annexes (see Annexes A, B and C).

relationship between the physical quarntity recorded by the sensor (number of et

nber of electric charges, pulse count and amplitudes, etc.) and the activity concentr
bn in the air shall be established based on the measurement of a radon-222 reference a
radon-222 activity concentration'in the reference atmosphere shall be traceable to
bn-222 gas standard.

ddition to calibration, cdnsideration should be given to regular testing to ensure meg
ain suitable for use. Thesé should include internal blind tests and external proficiency, vz
rlaboratory comparisons.

ression of results

AverageTadon activity concentration

average radon activity concentration shall be calculated as given in Formula (1):

measurement procedure for each measurement method shall be as specified in Annexeg A, B

ve results.
b specified
asurement

ed.

s specified
pecified in

c;ted tracks,

ion of the
mosphere.
a primary

surements
lidation or

(D

8.5

Z‘:(_u—_us\-a)

Standard uncertainty

In accordance with ISO/IEC Guide 98-3, the standard uncertainty of C shall be calculated as given
in Formula (2):

u(E)z\/a)Z {u? (u)+u? (1) ]+C? 12, (@)

© IS0 2021 - All rights reserved
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8.6 Decision threshold and detection limit

The characteristic limits associated with the measurand shall be calculated in accordance
with ISO 11929 (all parts). Examples of the calculations of uncertainties and characteristic limits are

detailed in

Annexes A, B and C for each respective measurement method described.

8.7 Limits of the confidence interval

The lower, C<, and upper, C”>, limits of the confidence interval shall be calculated using Formulae (3)
and (4) [see ISO 11929 (all parts)]:

C<=C -k, u(C); p=w-(1-7/2) (3)

C>=Ctk,u(C);q=1-0y/2 (4)
where

o=2(ly/u(y)], @ being the distribution function of the standatdjzed normal distribugjion;

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

C=(tky_,/pu(C) (5)
where

Y =0,05 with kl—y/z =1,96 are often chosen by default.

9 Testgeport

9.1 The{
the followi
a) referel
b) measul
c) identi
d) identi
e) sampli
f) sampli
g)

h)

i) unitsin
j) testre
9.2

a)

6

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

ce to this document, i.e.JSO 11665-4:2021;

rement method (intégrated);

flication of the-fype of sensor;

fication of the sample;

ng characteristic (passive);

than two months);
duration of sampling;

sampling location;

which the results are expressed;

sult, Z‘iu(f) or C+U , with the associated k value.

Complementary information may be provided, such as the following:

purpose of the measurement;

kain

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

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

1) when the average radon activity concentration is compared with the decision threshold

[see ISO 11929 (all parts)], the result of the measurement shall be expressed as < C" ifthe result
is below the decision threshold;

2) when the average radon activity concentration is compared with the detection limit, the result

—# . .
Of tThe measurement snall be expressed as <C if the result is below the detection (it or, if the
detection limit exceeds the guideline value, it shall be documented that thermethod is not
suitable for the measurement purpose;

d) |any relevant information likely to affect the results, for example:
1) weather conditions at the time of sampling;

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

9.3| The results can be expressed in a similar format to that shewnin ISO 11665-1:2019, Arjnex C.

© IS0 2021 - All rights reserved 7
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Annex A
(normative)

Measurement method using a solid-state nuclear track detector

(SSNTD)

A1l Genleral

This anney
methods nj

For the pui

SSSNTD

A.2 Priq

The integr
the followi

a) passivi
of radg
in the
tracks

b) transp
proces
with a
the ex
manuf]
same

deals with the solid-state nuclear track detector (SSNTD) method, which is oné.of sev|
eeting the requirements of this document.

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

calibration factor, in (tracks per square centimetre) per (becquerelhour per cubic metre
nhumber of solid-state nuclear detectors used for determining the'background noise
number of tracks after exposure

mean number of tracks caused by the background noise

SSNTD area used for counting the number of “etehéd tracks”, in square centimetres

Iciple

hted measurement of the average radon activity concentration using an SSNTD is basec
hg elements:

b sampling, during which the alpha particles, including those produced by the disintegra
n and its short-lived decay‘products, transfer their energy by ionizing or exciting the at
bolymer; this energy that'is’transferred to the medium leaves areas of damage called “la
ort of the exposed'sensors to the laboratory for the appropriate chemical, or electrochem
sing, for example’the transformation of the “latent tracks” into “etched tracks” cour

bosure of-the radon by the calibration factor previously defined for sensors from the s
hcturing.batch of SSNTD processed chemically, or electrochemically, and counted under
onditions;

bral

| on

fion
bms
fent

cal,
ted

suitable syStem; the number of these “etched tracks” per surface unit area is linkedl to

hme
the

c) deter

duration and consideration of the background noise.

A.3 Equ

ipment

The apparatus shall include the following:

ing

A.3.1 Sensor, in the form of a solid-state nuclear track detector (SSNTD), used alone or with an

accumulati

on chamber made from a conductive plastic material with a known detection volume.

A.3.2 Equipment and suitable chemical reagents, for etching the SSNTD.

© ISO 2021 - All rights reserved
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A.3.3 Equipment, suitable for scanning and counting the “etched tracks”.
The SSNTD shall be made of a polymer that is sensitive to alpha particles.

The sensor shall be fixed on a support that can be used in either an open or closed configuration
(see Figure A.1).

In an open configuration, the sensor can record simultaneously the alpha emissions of radon and its
decay products close to the detector and of any other alpha emitter present in the analysed atmosphere,
in the energy range specified by the manufacturer. It is necessary to know the equilibrium factor,
amongst other things, in order to exploit the results obtained with this sensor. If this parameter is not
medsured, the value commonly used inside houses 1s equal to U, 4]

In jts closed configuration, the sensor has a chamber that serves as the detectién volume. This
configuration is used to overcome the influence of the solid radon decay products and of any|other solid
alpha-emitting radionuclide present in the analysed atmosphere. This is achieved By the presence of a
filtgr between the external environment and the accumulation chamber, whi¢hyprevents the passage
of splid radon decay products or any other solid alpha-emitting radionuclidé. In this case, knowing the
equifilibrium factor is not necessary.

i 1 I/ 3
a) Open configuration

4

1

3 3
2

| r

b) Closed configuration

Key

1 |SSNTD

2 |support

3 |filter

4 |accumulatioh chamber

Figure A.1 — Solid-state nuclear track detectors in open and closed configuratir)ns

A.4 Sampling

Air sampling shall be passive.

Sampling of the air and generation of the “latent tracks” on the sensor shall be carried out simultaneously.
Installation of the sensor shall be performed in accordance with 6.3.2 and 1SO 11665-1.

When the sensor is not in the measurement mode, it is normally enclosed in sealed packaging which
prevents the penetration of radon and its decay products. The sensor begins measuring when it is
removed from this packaging at the place of installation. The measurement ceases when the sensor is
removed from the installation place and immediately returned to the sealed packaging.

© IS0 2021 - All rights reserved 9
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Time of installation and removal phases shall be recorded (date and hour).

The sampling duration shall comply with 6.3.3.

The sampling duration shall be adapted to the assumed level of radon activity concentration. If a
very high level of activity concentration is assumed, the sampling duration shall be reduced to avoid
saturating the SSNTD. Conversely, if a very low level of activity concentration is assumed, the sampling
duration shall be extended so as to produce a significant physical variable.

A.5 Measurement

A.5.1 Pr
Measurem
a) Select
b) Install
c) Record
d) Carry
e) Remoy
f) Recorg
g) Sendt

proces

be pro

h) Remov

i) Develo
tracks
lived d

j)

k) Detern
manuf]
the pr
as des
manuf]
each b

1)

Scan the SSNTD and count themumber of “etched tracks”.

randoinly chosen sensors from each manufacturing batch. Avoid reliance on data provided by
hcturer whichcwill not include adventitious radon exposure during storage and transit to

Typically this-should be at least 10 sensors, or 1 % of the total number of available sensors

pcedure

ent shall be carried out as follows.

hnd locate the measuring site.

the sensor.

| the location and the time (date and hour) of installation of the sensor.

but sampling of an air sample representative of the atmospherelinder investigation.
e the sensor.

| the time (date and hour) of removal of the sensor.

sed as soon as possible, unless a storage methad'is validated, in which case the sensors 1
ressed later.

e the SSNTD from the accumulation chamber if needed.

p the SSNTD by etching with a suitable chemical, or electrochemical, treatment. The “la

ecay products are convertediinto “etched tracks”.

hine the background’ noise of the sensor using a statistically significant numbel
cessing laboratory. Sensors from the same batch of SSNTD shall be developed and cour
cribed in~steps i) to j). The number of sensors used should be sufficient to determing

hcturing batch, depending on the consistency of the background noise of the sensors wi
htch.

he sensor to the laboratory within a few days of(the end of the exposure period. It shalll be

may

fent

' caused by the alpha particles‘produced by the disintegration of the radon and its shiort-

of
the

ted

n,.
per
hin

Determine the average activity concentration by calculation.

A.5.2 Influence quantities

Besides the influence quantities stated in IEC 61577-1 and ISO 11665-1, the following shall be taken into
account:

a)

10

Direct exposure of a sensor with an open configuration: in an indoor environment with a highly-
significant aerosol content (kitchen, bathroom, cellar, etc.), this can cause pollution on the sensor
surface, thereby potentially invalidating the results. It is advisable to use closed chambers in such
environments.
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b) The equilibrium factor: in an open configuration, the activity concentration of the radon decay
products shall also be taken into account, as well as the variation in the equilibrium factor(21110],
Either the equilibrium factor shall be measured or a sensor with a closed configuration shall be used.

c) The ageing effect of the SSNTD: in order to avoid the effect of ageing, the sensor shall be used before
the expiry date given by the manufacturer.

A.5.3 Calibration

If the calibration factor is not provided by manufacturer, each batch of sensors shall be calibrated upon
receipt.

For|a batch of sensors, calibration involves exposing a statistically significant number pf sensors,
typjcally at least 10 randomly chosen sensors per manufacturing batch, to reference atmospheres
and applying the same chemical, or electrochemical, processing and track counting as used for
megasurement samples. Avoid reliance on data provided by the manufacturer unt€ss you hgve verified
that your processing methods exactly replicate the manufacturer’s. The numbgt-of sensors ysed should
be Jufficient to determine F,. Typically this should be at least 10 sensors, or 1% of the totall number of
avajlable sensors per manufacturing batch, depending on the consistency-ef the calibration results of the
senpors within each batch. The result is the calibration factor. It is the“ratio between the defsity of the
tragks (tracks/cm?) and the exposure to radon activity concentration in a reference atmosphere (Bq-h/
m3), This calibration factor is expressed in (tracks per square centimetre) per (becquerel hoyr per cubic
mefre) [(tracks/cm?2) per (Bq-h/m3)].

At the same time as the calibration, the background noise.shall be measured on 10 sensois from the
sanje batch.

Forja sensor with an open configuration, the calibratien factor, F,, shall take into account the yalue of the
equifilibrium factor of the reference atmosphere. The results can also fluctuate due to the ladk of sensor
protection in a very humid medium or one loadéd with aerosols. As an indication, convergion factors
fron 0,000 5 tracks/cm? per Bq-h/m3 up to 8,004 tracks/cm? per Bq-h/m3 are found in publi$hed works
depending on the type of sensorl[10l,

A.q§ Expression of results

A.6.1 Average radon activity concentration
The average radon actjvity concentration is obtained from Formula (1). This yields Formula [A.1):

— _ 1
C:(ng —nb)-

=(ny 71, )- with o= (A1)

&Sssntp Fe t-Sssntp Fe
For|the mostaccurate value, i is determined experimentally by reading n sensors that haye not been
exppsed to radon and have been processed under the same physico-chemical and counting fonditions.
Thevalue of n, may also be given by the manufacturer.

A.6.2 Standard uncertainty

The standard uncertainty of C is obtained from Formula (2). This yields Formula (A.2):

n

u(E):\/[ng +ﬁ—b}w2 +C2 12, (o) (A.2)
with

gz (@)=ufy (F,)+uy (Sssnp )
The uncertainty of the sampling duration is considered negligible.
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Calculation of the characteristic limits [see ISO 11929 (all parts)] requires calculation of #(C), i.e. the
standard uncertainty of C as a function of its true value, calculated as given in Formula (A.3):

e L\ w2 162 .2
u(C):\/[5+nb~[1+;ﬂ-a) +C% ugy

A.6.3 De

(@)

cision threshold

The decision threshold, E*, is obtained from Formula (A.3) for €=0 [see ISO 11929 (all parts)].

(A.3)

This yields

C =k,

| -a(0)=k,_, o \/@

Formula (A.4):

a = 0,05 with kl—a = 1,65 is often chosen by default.

A.6.4 De

The detect

A

The detect

a starting :

One obtain

e
1-
Values o =
A.6.5 Ex

The numb
ng =800 ti

The numb
backgroun|

tection limit

—#
on limit, C , is calculated as given in Formula (A.5) [see [SO/11929 (all parts)]:

1 —#2
)]wz +C '“rzel (@)

—#
C_+ﬁ .
) b

—#
on limit can be calculated by solving Formula.(A.5) for €' or, more simply, by iteration v
_# —_
\)pproximation C =2-C in terms of the right'side of Formula (A.5).

1+=
n

g -a(E#):E*Jrkl_ﬂ. [ (

—# .
s C with k;_, = 1—ﬁ=k:

C +K -

-k 'ugel (@)

B=0,05 and therefore ¥;_, = 1-B =1,65 are often chosen by default.
hmple

br of tracks €or"a sensor with a closed configuration exposed for 90 days (¢t = 2 160 |
acks.

br of ‘tracks, determined on 10 non-exposed sensors from the same batch, caused by
d noise over 90 days, is ﬁb =30 tracks.

.4)

\.5)

vith

\.6)

the

The determination of ng and ny is performed over the same area: Sggyrp =1+ 0,1 cm?2.

. . . _ _4
The calibration factor is F, =(8+0,8)x10 tracks/cm? per Bq-h/m3.

12
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The average radon activity concentration, calculated from Formula (A.1), is:

C=446 Bq/m3

The standard uncertainty of the average radon activity concentration, calculated from Formula (A.2), is:

u(C)=65 Bq/m3

Thus, the average radon activity concentration is:

C=(446+65) Bq/m3

Thq decision threshold, E*, obtained from Formula (A.4), is:

C* =5 Bq/m3

—#
Theg detection limit, C , calculated by Formula (A.6), is:

C* =13 Bq/m3

© IS0 2021 - All rights reserved 13
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Annex B
(normative)

Measurement method using an electret detector

the

tre)

1bic

our

ris

fion
ted

air

B.1 Gengeral

This annex deals with the electret detector method, which is one of several methods meeting

requirements of this document.

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

U, initjal electret voltage, in volts

Ur fingl electret voltage, in volts

B confribution by the ambient gamma radiation, in becquerels per,cubic metre

F, calipration factor, in (volts per hour) per (becquerel per cubiometre)

b eledtret parameter, given by the manufacturer, in (volts pevhour) per (becquerel per cubic me

d eledtret parameter, given by the manufacturer, in (pér-hour) per (becquerel per cubic metre}

feor ~ cortection factor for the gamma radiation, giveéw by the manufacturer, in (becquerels per c

mefre) per (nanogray per hour)

D average dose rate due to ambient gamma radiation during the exposure period, in nanograys per |

B.2 Principle

The integrpted measurement of the average radon activity concentration using an electret detectq

based on the following elements:

a) Passive sampling, during which the radon and its decay products formed in the accumula
chambler ionize thefair. The electret being charged positively, an electrostatic field is crez
between the electret surface and the accumulation chamber walls. The electret serves both as
the anpde of the electrostatic field and the collector electrode. The electrons produced by the
ionization cofmbine with the positive charges of the electret. This leads to a gradual decrease of its
voltage.

b) Measuringthe etectret voltage before amd after every €xXpoSure to the atimoSphere ur

investigation with a voltmeter specific to the device.

der

c) Measuring the average dose rate due to ambient environmental (cosmic and terrestrial) gamma
radiation at the sampling place. The ambient gamma radiation contributes to discharging the
electret detector.

d) Determining the average activity concentration from the voltage drop, the sampling duration and

consid

B.3 Equ

eration of the average dose rate.

ipment

The apparatus shall include the following:

14
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B.3.1 Measuring device, which includes a dielectric disk of polytetrafluoroethylene (PTFE) or
fluorinated ethylene propylene (FEP), known as an electret and a removable accumulation chamber with
a known detection volume (see Figure B.1)[11]; the removable accumulation chamber shall be made of a
conductive plastic material and shall contain filters.

B.3.2 Voltmeter, to measure the electret voltage immediately before and after exposure to the
atmosphere under investigation;

B.3.3 Dosemeter, to measure the average dose rate at the sampling place.

1
2 2
I S e S S
3 / 3
5 4
Key
1 Jaccumulation chamber
2 |entry point of radon
3 |[filter
4 |insulating support
5 |electret detector

Figure B.1 — Configuration of a measuring device using an electret detector|

Thedre are various types of_electret detector and chamber (see Table B.1). The electret Hetector is
charged positively at the factory by the manufacturer to a potential in the order of severl hundred
voltls (750 V). It may.-bhe-used several times until its voltage limit value (200 V) is reached, ps the field
indyiced is then tog-low for effective ion collection. The voltage limit value is given by the mahufacturer.

Table B.1 — Example of types of accumulation chamber and electret detector

Accumulation chamber Electret detector
Type Volume Type Sensitivity
ml
n 50 1 high
m 210 2 low

Several combinations are possible.

By way of example, three combinations are presented in Figure B.2. For each combination, the letter
(n or m) refers to the type of accumulation chamber and the number (1 or 2) indicates the type of electret
detector (see Table B.1). An ambient gamma radiation equal to 100 nGy/h and a voltage drop of 30 V are
considered in this example. The upper and lower limits of each response field relate, respectively, to an
electret detector with the maximum charge voltage (used from 750 V to 720 V) and an electret detector
at the end of its life (used from 230 V to 200 V).

© IS0 2021 - All rights reserved 15
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Y 4
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N
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X N\ T
N\ m2
10 -
0,1 1 10 nl 100 ¢t

Key
t time, indays
Y radon {ctivity concentration, in becquerels per cubic metre (Bq/m3)

Figure B.2 — Radon activity concentration measuredover a given sampling duration for anp
electret vpltage drop of 30 V (assuming a 100 nGy/h ambient gamma radiation contribution] —
Example for the three combinations n1, m2 and n2

Several examples can be extracted from this.graph. Thus, for an average activity concentrafion
of 200 Bg/m3 and an ambient dose rate of 180 nGy/h, the sampling duration for the n1 combinafion
(see Table{B.1) required to produce a drep of 30 V in the electret potential is equal to 12 days
(see Table B.2).

B.4 Sampling
Air sampling shall be passive,

During th¢ sampling duration (exposure period), radon penetrates the accumulation chambel by
diffusion through filters which prevent the aerosols present in the air at the time of sampling, especially
radon decdy products, from entering the chamber.

InstallatioT of the measuring device shall be carried out in accordance with 6.3.2 and ISO 11665-1.

Time of installation and removal phases shall be recorded (date and hour).

The sampling duration shall be in accordance with 6.3.3 and shall be adapted to the assumed level of
radioactivity and the electret-chamber pairing (see Table B.2). Nomographs relate the average radon
activity concentration and the sampling duration as well as the type of electret detector and the
accumulation chamber (see Figure B.2).
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Table B.2 — Examples of sampling duration, in hours, for different combinations (accumulation

chamber/electret detector) and a voltage drop of 30 V

Average radon activity Sampling duration for the combination
concentration
Bq/m3 nl m2 n2
200 288 672 >2 400
400 168 360 2 040
1000 72 156 840

Itis
for

Thd
und

a)

b)

B.5

B.5

Intd
out

a)
b)

A

advisable to use combination n2 to assess human exposure. Combination n1 is, however,
h rapid determination of the average radon activity concentration.

graph in Figure B.2 may be used for an electret voltage drop other than 30V.-This 1
erstanding of the following:

for a fixed average radon activity concentration, the electret voltage dxop is proporti
sampling duration;

for a fixed sampling duration, the electret voltage drop is proportional to the average rad
concentration.

Measurement

.1 Procedure

grated measurement of the radon activity congentration using an electret detector shall
as follows.

Select and locate the sampling site.

(see Figure B.2). For a given sampling duration, the following are taken into account whq
the electret-chamber pairing;

1) expected average yaden activity concentration;

2) residual electretpotential;

3) characteristies of the electret surface;

4) volume-of the associated accumulation chamber.

Measure and record the initial electret voltage before exposure.

ASsemble the accumulation chamber and the electret.

preferable

equires an

bnal to the

on activity

be carried

Select the electret-chamber pairing by using the nomographs given by the manufacturer

n choosing

d)

e)
f)

g)

Install the measuring device.
Measure and record the ambient gamma dose rate at the sampling site.

Record the location and the time (date and hour) of installation of the measuring device.

h) Carry out sampling of an air sample representative of the atmosphere under investigation.

i)
j)

Disassemble the accumulation chamber and the electret.

Measure and record the final electret voltage immediately after the end of exposure.

k) Measure and record the ambient gamma dose rate at the sampling site at the end of the

measurement period.

© IS0 2021 - All rights reserved

17


https://standardsiso.com/api/?name=9c3ca711eccc787872e6b7fdedfc1cb5

ISO 11665-4:2021(E)

1) Record the time (date and hour) of removal of the measuring device.

m) Determine the average activity concentration by calculation.

B.5.2 Influence quantities

Besides the influence quantities specified in IEC 61577-1 and ISO 11665-1, the following shall be taken
into account:

a) The temperature: The electret voltage shall be measured before and after exposure to the
atmosphere under investigation at the same temperature conditions. The electret surface tends
to becpme convex or concave when a substantial variation in temperature occurs. It may therefore
be different to the electrometer sensor when the voltage is read. A substantial variation)in|the
electrgmeter temperature affects the value of the electret voltage.

b) The pilesence of dust on the electret surface: Check after measurement, and before.measurenfent
when feusing an electret.

c) The conservation of the physical quantity collected after sampling has ended:*The voltage shall be
measufred immediately at the end of the exposure period.

d) The arhbient gamma radiation contributes to discharging the electretiltis therefore necessarfy to
measufre the dose rate at the sampling place at least twice, once at.the beginning and once at|the
end of the measurement period;

e) The electrometer storage conditions: The electrometer -shall always be stored in an drea
contaiping dry air (a desiccant maintains its level of hiimidity) to ensure that it indicates
acceptable voltage values.

f) The effect of physical shock on the response of electret detectors is well known and can cduse
an undletermined source of error. Care should\therefore be taken to avoid shocks during|the
measufrement.

Manufactufrer recommendations in the operating instructions for the sensors shall be respected.

B.5.3 Calibration

Calibratior] involves exposing seyeral measuring devices (electret and accumulation chamber) to
reference fadon atmospheres. The €electret voltage shall be measured by a specific electrometer before
and after ekposure to the reference atmosphere.

The gammp radiation dosérdte shall be measured simultaneously.
The differdnce in potential thus determined is linked to the reference activity concentration.

The result| obtained is the value of the calibration factor depending on the electret detector. This
calibration| factor is given by the manufacturer.

The electrometer response shall be checked regularly with reference electrets.

The correction factor of gamma radiation shall be determined by exposing several measuring devices
(electret and accumulation chamber) to reference gamma radiation dose rates.
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B.6 Expression of results

B.6.1 Average radon activity concentration
The average radon activity concentration is calculated as given in Formula (B.1):

F -t

By (B.1)

The calibration factor, F,, is a function of the initial and final electret voltages.

NOTE The expression of F. depends on the type of electret detector used.

Theq contribution by the ambient gamma radiation, in radon equivalent, B, is calctlated ps given in

Formula (B.2):
B zfcor'D (B.2)

B.6.2 Standard uncertainty

In dccordance with ISO/IEC Guide 98-3, the standard uncertaintypof C shall be calculatdd as given
in Hormula (B.3):

_ 1 — 2

u(C)= [2: - 2 (U; )+u? (Bg )+(C+Bg ) u2y (F.) (B.3)
(F-t)

whére the uncertainty of sampling duration t is considered negligible.

2 —F 2 4 D2 .2
u (BG)_fcor u (D)+D U (fcor)
where the uncertainties of the correction factor f, . and the average dose rate D are giyen by the

manufacturer.

The electrometer reads the elegtret voltage to within 1V and u? (U; )=u? (U; ):%2 :

B.6.3 Decision threshold and detection limit

Thd characteristic liniit$ associated with C shall be calculated according to ISO 11929 (al] parts). An
example of the calculations of the decision threshold and the detection limit are detailed in| B.6.4 for a
spefific type of electret detector.

B.6.4 Exaniple

Thip subclause shows an example of measurement performed with a high-sensitivity electretjassociated

. il AY 1 ) 1 1
witha stmraccumuationcmamober:

The calibration factor is calculated as given in Formula (B.4):
U; +U;
FC =b+d' T (B4)

where the constants b and d, provided by the manufacturer, are:
b=2,94-10"*V/h per Bq/m3
d=1,54-10"7 h~1 per Bq/m3
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The relative uncertainty of the calibration factor F,, provided by the manufacturer, is:

w2, (F,)=(0,06)*

rel
The chamber parameter is f,. = 0,594 374 Bq/m3/nGy/h.
The relative uncertainty of the chamber parameter f_,, provided by the manufacturer, is:

2 (fon J 95107

rel

The initial electret voltage is U; = 530 V

The final electret voltage after exposure is U= 500 V.

Sampling duration is t = 336 h.

The averagde dose rate during exposure is D = 100 nGy/h.

Thus, the average radon activity concentration, calculated from Formula (B.1), is given by:

C=180Bq/m3

The dose rate measuring instrument indicates a dose rate with a 5% uUncertainty.

The standdrd uncertainty of the average radon activity concentration is calculated from Formula (B.3):

u(C)=15 Bq/m3

Thus, the average radon activity concentration is:

C=(18p+15) Bq/m?3

Calculation} of the characteristic limits {see ISO 11929 (all parts)] requires calculation of #(C), i.efthe
standard upncertainty of C as a funcfion of its true value, calculated as given in Formula (B.5):

SRS
1+d-—(C+B
a(C)=| |~ 2 &

2 2.2
6 t.(b+d.Ui) +u (BG)+(C+BG) Urel (Fc) (B.5)

The decisign threshold, E*, is obtained from Formula (B.5) for C=0 [see ISO 11929 (all parts)].

20 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=9c3ca711eccc787872e6b7fdedfc1cb5

This yields Formula (B.6):

R 2
1+d-—-BG

—x B 1 2

C =k_, -(0)=k

o\ 6 t(brdu,) +u? (Bg )+ Bg? -ty (F)

rel

a=0,05with k;_, =1,65 is often chosen by default.

C*=k,_,-u(0)=10 Bq/m3

1ISO 11665-4:2021(E)

(B.6)

—#
The detection limit, C , is calculated as given in Formula (B.7) [see [SO 11929 (all parts)]:

_ 2
1+d-£-(C# +BG)
2

+u? (B J+(C" +B )2 2, (F,)

““rel

- 1
C =C"+k,_p- |—
il t(b+dUy)

B =D,05 with k1—[3 = 1,65 is often chosen by default.

Thd detection limit can be calculated by solving Formula (B.7) for €* or, more simply, by ite

a sthrting approximation C# =2-C* in terms of the right side of Formula (B.7).
Is obtained with k,_, :kl—ﬂ =k:

—
E#_2~C +k &

1-k?-g,
With
. _dzé-BG +d
— 2
g, =—| —2—— |+2:B, 4% (F.)
6| t-(b+d-U, Y N
¢ 2
1 dE >
2 6 b+d'Ui rel( C)
C* =20 Bg)m?3

(B.7)

Fation with

(B.8)

(B.9)

(B.10)
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Annex C
(normative)

Measurement method using activated charcoal

C.1 General

This annex deals with an activated charcoal method, which is one of several methods meeting|the
requirements of this document.

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

F, cdlibration factor, in (per second) per (becquerel per cubic metre)

f4 cqrrection factor for the radioactive decay during the counting time@nd during the time bg-
tween the reference instant (¢ = 0) and the measuring instant

fu cqrrection factor for humidity, dimensionless

fs cqrrection factor for difference between sampling periodand reference calibration exposyre

périod, dimensionless

n,,N,o  humber of counts in the background of the peak, invthe sample and in the background sped
trum, respectively

NgNgy  nyimber of counts in the gross area of the peak; in the sample and in the background spec-
trjum, respectively

nyNyo humber of counts in the net area of the peak, in the sample and in the background spectrupn,

rdspectively
to bgckground counting duration, in seconds
ty sgmple counting duration, in seconds
t; mleasuring instant;jle. time at which the sample measurement starts, in seconds
tom time between,mid-point of exposure and measurement of exposed detector, in seconds
A d¢cay constant of the nuclide i, per second

C.2 Pri Lip}c

Measurement includes the following stages:
a) preparing the measurement device (sensor), as follows:
1) removing the lid;

2) heating the charcoal to a temperature of 110 °C in an atmosphere of nitrogen in order to remove
water content (this step may be omitted but it shortens the useful life of the device);

3) replacing the lid;

4) weighing and recording the weight of the complete device;
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5) adding additional sealing, if necessary, by applying adhesive tape around the seal between the
lid and the base;

passive sampling, during which radon is adsorbed onto the charcoal, as follows:

1) the lid is removed at the beginning of the sampling period and replaced at the end of the
sampling period;

2) the sampling time and the start time are both recorded;

sending the exposed field sensors to the laboratory for the measurement of the gamma emission

d)

Aftq
ens
whi

C.3
The

C.3
use
sha

C3

+ £filao i+ ipas A L A +o 214D A214D;
FacteS ottt Ttwogatirira thrce g tatt grcCt proauctTs T o aft T

1) atleast three hours shall be allowed to elapse between the end of the sampling.perjod and the
beginning of the gamma emission rate measurements;

2) the emission rates are linked to the quantity of radon adsorbed;

determining the average activity concentration from the gamma emission rates and thie sampling
period and by applying relevant calibration and correction factors.

br use, sensors should be sealed and not used again until a period of 1 month has elgpsed. This

ires that any residual radon and short-lived daughters (214Pbyand 214Bi) have decaydd to levels

ch will not affect the results of the next measurement.
Equipment

apparatus shall include the following:

1 Measuring device, containing a block of-dctivated charcoal (sensor) which adsorbs radon and is
 in an open or diffusion barrier configuration (see Figure C.1); in both configurations, the charcoal
1 be retained in the base container by an-open-mesh grille.

2 Gamma spectrometer.

Ul s W N

a1

lid enabling hermetic seal with base container
diffusion barrier (optional)

open-mesh grille

activated charcoal

base container

Figure C.1 — Device using activated charcoal
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In the open configuration, the charcoal is exposed directly to the atmosphere under investigation. In
this condition, radon also desorbs from the charcoal when the concentration of radon in the surface
layers of the charcoal is higher than that in the surrounding air. This makes the response of an open-
faced activated charcoal detector very sensitive to the time-profile of the radon activity concentration
in the air to which it is exposed. Open-faced activated charcoal detectors have a response which is
severely weighted towards the radon activity concentration at the end of the sampling period, whereas
a response indicative of the average radon activity concentration over the entire sampling period is
required. For this reason, open-faced activated charcoal detectors are generally only used over periods

ofupto4d
In the difft

ays.

sion barrier configuration, a diffusion barrier is placed between the activated charcoal

nd

the atmosyp
almost alw
greatly dir
absorbed,
humidity is

A typical a
in height, v
a laborator
then unseg
shall be re
and finishd

During the
the surfacg

and this willl reduce the capacity of the charcoal to adsorb radén. The radon adsorbed at the beginnin
ill undergo more radioactive decay than that adsorbed towards the end of the measurenfent

sampling
period. In
undertake
enable app
correction
material.

Figures C.
exposure t

here. This results in the radon activity concentration at the surface of the activated char
ays being lower than that in the air being measured and the effects of radon desorptien
hinished. The presence of the diffusion barrier also reduces the amount of water vap

as high as 75 %.

ctivated charcoal radon detector consists of a canister about 80 mm in)diameter and 25
Uith a total weight of about 100 g, that can be sent by mail to domesticiusers and returne
y within the prescribed time after exposure. The canister shall besealed until received
led and exposed in the area to be measured. At the end of the sanipling period, the cani
sealed and returned to the supplier, together with the dates-and times the sampling stat
d, as well as an estimate of the average temperature duringthe sampling.

sampling period, radon is adsorbed onto the activated:charcoal but it can also desorb f:
as well. The activated charcoal will also absorb water vapour during the sampling pe

prder to take all of these factors into account;iit is important that the calibration proces
1 across a range of different relative humidity conditions and different sampling period
ropriate correction factors to be generated. It is also important to understand that t}
factors apply to just a single batch ef-equal-weight detectors manufactured from the s

b and C.3 illustrate the variation in calibration factor with relative humidity (RH)
me (sampling duration).

roal
are
our

ind these devices can be used for exposure periods of over 7 days, even where/the relafive

mm
d to
and
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fom
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s to
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