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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
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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
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on is today considered to be the main source of human exposure to natural radiation. The UNSC
repgrtl2] suggests that, at the worldwide level, radon accounts for around 52 % of global,average

e isotope 219 is considered negligible. For this reason, references to radon in this,part of ISO
to radon-222.

on activity concentration can vary by one to multiple orders of magnitude ©ver time and space.
n and its decay products varies tremendously from one area to anothef;7as it depends firstly on
don emitted by the soil and the building materials in each area and, secondly, on the degree of ¢

abitat and workplace. Long-term integrated measurement methods are applicable in asses
psure to radiationl3l. For reasons of cost and ease of uséylong-term measurements (over
bral months) are only performed with passive sampling41(3};

values commonly found in the continental environment are usually between a few becquere
e and several thousand becquerels per cubic metre. Activity concentrations of one becquer!
re or less can be observed in the oceanic environment. Mean annual values of radon activity cor

insigle houses can vary from several tens of beegquerels per cubic metre to several thousands of]
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cubic metrel2l. Activity concentrations can(reach several thousands of becquerels per cubic
fined spaces.

activity concentration of radon-222.in the atmosphere can be measured by spot, continuous an
surement methods with activeer passive air sampling (see ISO 11665-1). This part of ISO 1166
n-222 integrated measurement techniques with passive sampling.

E The origin of radon=222 and its short-lived decay products in the atmospheric environme
surement methods are-described generally in ISO 11665-1.

ral radiation. The radiological impact of isotope 222 (48 %) is far more significant.than isotop¢
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3.1

Scope

bd on easy-to-use and low-cost passive sampling, and the conditions of use for the sensors.

Normative references

following referenced documents are indispensable’ffor the application of this document
rences, only the edition cited applies. For undated réferences, the latest edition of the referencefd
uding any amendments) applies.

hort-lived decay products and associatedyneasurement methods

fidence interval) for measurements™of ionizing radiation — Fundamentals and application

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

Terms, definitions and symbols

Terms and definitions

For

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

3.2

For
C
—x

C

—#
C

Symbols

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

average activity concentration, in becquerels per cubic metre

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

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

© 1SO 2012 — All rights reserved

Integrated measurement method for determining average activity

part of ISO 11665 describes radon-222 integrated measurement techniques with(passive sampfing. It gives
cations for determining the average activity concentration of the radon-222 in.the air from mepsurements

part of ISO 11665 covers samples taken without interruption over periods-varying from a few days|to one year.

measurement method is applicable to air samples with radon activity concentrations greater thian 5 Bg/m3.

For dated
document

11665-1, Measurement of radioactivity in the environment — Air: radon-222 — Part 1: Origins qf radon and

11929, Determination of the characteristic limits (decision threshold, detection limit and lmits of the

61577-1, Radiation protection instrumentation — Radon and radon decay product measuring indtruments —
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c< lower limit of the confidence interval of the average activity concentration, in becquerels per cubic
metre

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

t sampling duration, in hours

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

u( ) standard uncertainty associated with the measurement result

ure|( ) relative standard uncertainty

u quantity to be measured

Ho background level

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

4 Principle

Integrated measurement of the average radon activity concentration is\based on the following elements:

a) contindous, passive sampling of an air sample representative, of the atmosphere under investigatior], by
free convection and natural diffusion for a sensor in an open configuration (open to the air) or by nafural
diffusidn for a sensor in a closed configuration (with an.accumulation chamber);

b) simultgneous accumulation of a measurable physicalquantity (etched tracks, electric charges, radioagtive
atoms,|etc.) on a suitable sensor;

c) measufement of the accumulated physi€alquantity with a direct link to the average radon acijvity
concertration over the sampling period .in“question.

Several megasurement methods meet therequirements of this part of ISO 11665. They are basically distinguighed
by the type| of accumulated physical guantity and how it is measured. The physical quantity and its related
measuremgnt may be as follows, for example:

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

— chargep 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 td the

radioadtive disintegration of radon and its decay products: the voltage variation relating to this discharge

is measured (see Annex B);

— atoms of 222Rn adsorbed on charcoal; the gamma emission rates of the decay products 2'4Pb and 214Bi
are measured with a gamma spectrometer (see Annex C).

NOTE 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 sampling duration.

2 © 1S0 2012 — All rights reserved
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5 Equipment
The apparatus shall include the following:

a) asensor which collects the physical quantity (SSNTD, silicon detector, electret detector, activated charcoal,
etc.), either alone or with an accumulation chamber made from a conductive plastic material with a known
detection volume; in closed configuration, the sensor is placed in a closed accumulation chamber with a filter
and in open configuration, the sensor is in direct relation with the atmosphere (no accumulation chamber);

b) a detection system adapted to the accumulated physical quantity.

Th,\ H + £ [ 4 o ad H + P~ I A A DD A al ,\,\t' I
NnmouvCoodi y U\AlUllJIIICIIL TUT TAUIT TTTCAOUT TITTICTIU TITOUTUU 1O O'JU\JIIIUU T AATITTICATO My, LD dluU U 1TTO Y] |Ve y.

6 [Sampling

6.1 Sampling objective

Thel sampling objective is to place, without interruption, an air sample representative of the atmospheric
medium under investigation in contact with the sensor (SSNTD, silicon detector, electret detectgr, activated
chafcoal, etc.).

6.2 Sampling characteristics
Sampling is passive.

In the closed configuration, sampling is performed through,a filtering medium, thus only radon alpha particles
are detected by the sensor (see Clause 5). Sampling shall*be performed in conditions that precludg clogging of
the filtering medium, which would result in modified.measuring conditions. Clogging during sampling can lead
to the non-renewal of air in the accumulation chamber.

Using an open configuration, the sensor simultaneously records the alpha emissions of the radon 3gnd those of
its decay products near its surface. It also records any alpha emitter present in the analysed atmosphere, in the
enefgy range specified by the manufactarer: This configuration shall be used under conditions that pre¢lude fouling
(dugt-filled atmosphere, grease deposit, etc.) of the sensor, which would result in modified measuring|conditions.

6.3| Sampling conditions

6.3I General

Sanmpling shall be-garried out as specified in ISO 11665-1.

6.3.2 Installation of the sensor

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

In the SPECIC CasSe or Maoor measurement, The Sensor SNould De placed Omn a Clear surface between 1 mand
2 m above the ground, under the following conditions:

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

b) the sensorshould 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 installation conditions should not be disturbed during measurement (books falling, engineers
working, curiosity, etc.); recommendations should be made to occupants in order to prevent the change
of sampling conditions;

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

© 1S0O 2012 — All rights reserved 3
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6.3.3 Sampling duration

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

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

The sampling duration shall be adjusted to suit the phenomenon under investigation, the assumed radioactivity
and the sensor characteristics (see Table 1).

Table 1 — Examples of sampling characteristics of the various measurement

methods meeting the requirements of this part of ISO 11665

Annex

Sensor ;
(normative)

Sampling place Exposure’time

Sampling.dunation/

Solid-state huclear track detector
) . Indoors

(open configuration) A Qné-week to sevefal

Solid-state huclear track detector months

(closed configuration)

Electret detbctor B Outdoors or indobrs Few days to severpl
months

Activated charcoal C Few days

The sampli

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

For exampl
variations i

these variaTions.

NOTE L
estimate it, i

Users shou
to ensure th

6.3.4 Voly
For passive
activity per
7 Detec

Depending
discharge g

b, indoor concentrations vary not only over a day butélso between days of the week becaus
occupancy. In this case, it would be reasonable to~sample over a whole week in order to inc

[0 approach the annual average value of thgadon activity concentration in the buildings and not un
is advisable to perform measurements for. at least two months (see ISO 11665-8).

d be aware of the saturation characteristics of their sensors and should adapt the sampling durs
at saturation does not occur.

me of air sampled
sampling, direct measurement of the air volume sampled is not necessary. A calibration factd
unit volume, shall-be dsed.
tion

bn the-sensor used, detection shall be carried out using solid-state nuclear track detectors (SSN
f a’polarized surface inside an ionization chamber, gamma-ray spectrometry or liquid scintilla

as describe

e of
ude

der-

tion

D),
ion,

d in’ ISO 11665-1.

8 Measurement

8.1

Procedure

The measurement procedure for each measurement method shall be as specified in Annexes A, B and C
respectively.

8.2

Influence quantities

Various quantities can lead to measurement bias that could induce non-representative results. Depending
on the measurement method and the control of usual influence quantities specified in IEC 61577-1 and

4
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ISO 11665-1, the influence quantities of particular importance for each measurement method described in this
part of ISO 11665 are specified in Annexes A, B and C respectively.

Manufacturer recommendations in the operating instructions for the sensors shall be followed.

8.3 Calibration

The measuring system (sensor and detection system) shall be calibrated as specified in ISO 11665-1.
Additional requirements for the devices used for particular methods are specified in the relevant annexes
(see Annexes A, B and C).

The] relationship between the physical quantity recorded by the sensor (number of etched tragks| number of
eledtric charges, pulse count and amplitudes, etc.) and the activity concentration of the radomin’ fhe air shall
be gstablished based on the measurement of a radon-222 reference atmosphere. Thertadon-P22 activity
congentration in the reference atmosphere shall be traceable to a primary radon-222 gasjstanda

r
In agidition to calibration, consideration should be given to regular testing to ensure measurements rerIain suitable
for yse. These should include internal blind tests and external proficiency, validation ofinterlaboratory comparisons.

9 |Expression of results

9.1| Average radon activity concentration

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

= (4= tt0)- g

9.2| Standard uncertainty

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

(€)= 02 [u? (1) +u? (o) |+ 21 (o) @

9.3| Decision threshold ‘and detection limit

Thel| characteristic limits“associated with the measurand shall be calculated in accordance with [ISO 11929.
Examples of the calculations of uncertainties and characteristic limits are detailed in Annexes A, B and C for
each respective mgasurement method described.

9.4| Limits of the confidence interval

Thellewer, C*, and upper, C”, limits of the confidence interval shall be calculated using Formulag (3) and (4)

(Snr 1SN0 144020Q)\-
CCTSTTTIZI)-

C=C-k,-u(C)p=0-(1-7/2) (3)
C”=C+k,-u(C)ig=1-0-7/2 4)
where

= cb[y/u(y)J , @ being the distribution function of the standardized normal distribution;

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

© 1S0O 2012 — All rights reserved 5
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6<]> = Eik»]_y/z u(é)

y=0,05 with k1_,» =196 are often chosen by default.

10 Test report

(%)

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

ays

29),
old;
the

tion
the

following information:
a) reference to this part of ISO 11665, i.e. ISO 11665-4:2012;
b) measufement method (integrated);
c) identification of the type of sensor;
d) identification of the sample;
e) samplifpg characteristic (passive);
f) sampli[g times: start and end time (date and hour);
g) duration of sampling;
h) sampling location;
i) units i which the results are expressed;
j) testregult, E’iu(@) or C+U , with the associated & \@jue.
10.2 Complementary information may be provided, such as the following:
a) purposg of the measurement;
b) probabjlities «, gand (1-y);
c) the dedision threshold and the detection limit; depending on the customer request, there are different v
to present the result:
1) whenthe average radonactivity concentration is compared with the decision threshold (see ISO 119
the result of theqméasurement shall be expressed as < C’ ifthe resultis below the decision thresH
2) wllen the average radon activity concentration is compared with the detection limit, the result of
measurément shall be expressed as SE# if the result is below the detection limit or, if the deted
limitrexeeeds the guideline value, it shall be documented that the method is not suitable for
MEasLreMeRt-pUFPOSe;
d) any relevant information likely to affect the results, for example:

1)
2)

we

ather conditions at the time of sampling;

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

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

© 1SO 2012 — All rights reserved
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Annex A
(normative)

Measurement method using a solid-state
nuclear track detector (SSNTD)

-4:2012(E)

A1

Thig
mee

For

Fe

Sss

A.2

The
follg

b)

General

annex deals with the solid-state nuclear track detector (SSNTD) method, which is one'of.seve
ting the requirements of this part of ISO 11665.

the purposes of this annex, the symbols given in Clause 3 and the following apply:
calibration factor, in (tracks per square centimetre) per (becquerel-hour per cubic metrg
number of solid-state nuclear detectors used for determining the-background noise

number of tracks after exposure
mean number of tracks caused by the background.neise

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

Principle

wing elements:

passive sampling, during which thé alpha particles, including those produced by the disin

polymer; this energy that is-ttansferred to the medium leaves areas of damage called “latent t

processing, for example the transformation of the “latent tracks” into “etched tracks” counted wi
system; the numberof these “etched tracks” per surface unit area is linked to the exposure ¢
by the calibration factor previously defined for sensors from the same manufacturing batch
processed che€mically, or electrochemically, and counted under the same conditions;

determination of the average activity concentration from the radon exposure value, the sampl
and Gonsideration of the background noise.

ral methods

integrated measurement of the average tadon activity concentration using an SSNTD is bgsed on the

fegration of

radon and its short-lived decay products, transfer their energy by ionizing or exciting the atoms in the

racks”;

transport of the exposed”’sensors to the laboratory for the appropriate chemical, or electrochemical,

h a suitable
f the radon
of SSNTD

ng duration

A.3 Equipment

The

a)

b)
c)

The

apparatus shall include the following:

a sensor in the form of a solid-state nuclear track detector (SSNTD), used alone or with an accumulation

chamber made from a conductive plastic material with a known detection volume;
equipment and suitable chemical reagents for etching the sensor;
equipment suitable for scanning and counting the “etched tracks”.

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).

© 1SO 2012 — All rights reserved
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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 measured, the value commonly
used inside houses is equal to 0,4[3],

In its closed configuration, the sensor has a chamber that serves as the detection 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 filter between the
external environment and the accumulation chamber, which prevents the passage of solid radon decay products
or any other solid alpha-emitting radionuclide. In this case, knowing the equilibrium factor is not necessary.

/ 1 ‘
| r/
a) Open configuration

4

3 3
2

| y

b) Closed configuration

Keys

1 SSNTD

2  support

3 filter

4 accumulption chamber

Figure A.1 — Solid-state huclear track detectors in open and closed configurations

A.4 Sampling
Air sampling shall be passive.
Sampling of the airand generation of the “latent tracks” on the sensor shall be carried out simultaneously.

Installation pf-the sensor shall be performed in accordance with 6.3.2 and ISO 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.

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.

8 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=69dba166abc75234ed6f1feff1e4bd6d

ISO 11665-4:2012(E)

A.5 Measurement

A.5.

1 Procedure

Measurement shall be carried out as follows.

a)
b)

c)

Select and locate the measuring site.
Install the sensor.

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

d)
e)
f)
9)

h)

A.5

Bes|

b)

Carry out sampling of an air sample representative of the atmosphere under investigation,
Remove the sensor.

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

Send the sensor to the laboratory within a few days of the end of the exposurepetiod. It shall b¢ processed

as soon as possible, unless a storage method is validated, in which case the.sensors may be prod
Remove the SSNTD from the accumulation chamber if needed.

Develop the sensor by etching with a suitable chemical, or electrochemical, treatment. The “Ig
caused by the alpha particles produced by the disintegration of.the radon and its short-lived deg
are converted into “etched tracks”.

Scan the sensor and count the number of “etched tracks™

Determine the background noise of the sensor using a statistically significant number of randg
sensors from each manufacturing batch. Avoid:reliance on data provided by the manufacturg
not include adventitious radon exposure during storage and transit to the processing laboratg
from the same batch of SSNTD shall be déyeloped and counted as described in steps i) to j). ]
of sensors used should be sufficient tg.determine np. Typically this should be at least 10 sen

essed later.

tent tracks”
ay products

mly chosen
r which will
ry. Sensors
'he number
sors, or 1%

of the total number of available sensers per manufacturing batch, depending on the consis{ency of the

background noise of the sensors within each batch.

Determine the average activity*concentration by calculation.

2 Influence quantities
des the influencequantities stated in IEC 61577-1 and ISO 11665-1, the following shall be taken i

Direct exposure’of a sensor with an open configuration: in an indoor environment with a highl
aerosol centent (kitchen, bathroom, cellar, etc.), this can cause pollution on the sensor surfg
potentially/invalidating the results. It is advisable to use closed chambers in such environmen

ThHe\equilibrium factor: in an open configuration, the activity concentration of the radon dec

hto account:

-significant
ce, thereby
S.

Hy products

shall also be taken into account, as well as the variation in the equilibrium factorf8ll®! Either th

equilibrium

c)

A.5.

factor shall be measured or a sensor with a closed configuration shall be used.

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.

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 of sensors, typically 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 measurement samples. Avoid reliance
on data provided by the manufacturer unless you have verified that your processing methods exactly replicate
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the manufacturer’s. The number of sensors used should be sufficient to determine F¢. Typically this should be
at least 10 sensors, or 1% of the total number of available sensors per manufacturing batch, depending on the
consistency of the calibration results of the sensors within each batch. The result is the calibration factor. It
is the ratio between the density of the tracks (tracks/cm?) and the exposure to radon activity concentration in
a reference atmosphere (Bg-h/m3). This calibration factor is expressed in (tracks per square centimetre) per
(becquerel hour per cubic metre) [(tracks/cm?) per (Bg-h/m3)].

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

For a sensor with an open configuration, the calibration factor, F¢, shall take into account the value of the
equilibrium factor of the reference atmosphere. The results can also fluctuate due to the lack of sensor

protection i
0,000 5 tra
on the type

A.6 Exj

A6.1 A

The averag

E:

(”g
For the mos
to radon an

n, may als|

A62 S

The standa

with

”r2e| ()

The uncertainty of the sampling duration is considered negligible.

Calculation
of C asaf

tks/cm?2 per Bg-h/m3 up to 0,004 tracks/cm?2 per Bg-h/m3 are found in published works depen
of sensorl®.

bression of results

verage radon activity concentration
b radon activity concentration is obtained from Formula (1). This yields.,Formula (A.1):

1
) — =
1-SssnTD £

1
1-SssntD £

—n

(ng—ﬁb)w with o =

t accurate value, n, is determined experimentally by reading » sensors that have not been expg

d have been processed under the same physico-chemical and counting conditions. The valu
D be given by the manufacturer.

andard uncertainty

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

= Urel

2

1y,
rel

n

I’lg-l-

(@)

j-w2+52-u

(Fo)+u2 (Sséxp)

of the characteristic limits (see ISO 11929) requires calculation of i#(C) , i.e. the standard uncerta
inction of its true value, calculated as given in Formula (A.3):

N a very humid medium or one loaded with aerosols. As an Indication, conversion factors from

ding

A1)

sed
e of

A.2)

inty

u(C)=

A.6.3

- = !
Cc _ 1 2,72 2
\/LEH%.[H;JJ.CO +C% ufg (o)

Decision threshold

The decision threshold, Z’*, is obtained from Formula (A.3) for C =0 (see ISO 11929).

This yields Formula (A.4):

E* = k1_

L 1(0)=kyy -0 /ﬁb~(1+%j

a=0,05 with k4_, = 1,65 is often chosen by default.

10

(A.3)

(A.4)
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A.6.4 Detection limit

. T : . .
The detection limit, C , is calculated as given in Formula (A.5) (see ISO 11929):

—#

T — (=#) = c’ _ 1 0 —#2 5
c’'=C +k1_/3~u(C ):C +hyp- {;+nb-(1+;]~w +C 7 ufg () (A.5)

The detection limit can be calculated by solving Formula (A.5) for E# or, more simply, by iteration with a

starting approximation F'# = 2-F‘*in terms of the right side of Formula (A.5)

—#
Ong obtains € with k1_, =ky_g =k

—x
—# 2.C +k°-0

=== = = A6
1-k%-u%y (o) "o

Valges o = =0,05 and therefore k4_, =k4_g =165 are often chosen by default.

A.65 Example

Theinumber of tracks for a sensor with a closed configuration exposedfor 90 days (¢=2 160 h) is ng <800 tracks.

The|number of tracks, determined on 10 non-exposed sensors from the same batch, caused by the packground
noige over 90 days, is np, =30 tracks.

The| determination of ng and 7, is performed over the $anie area: Sssntp =1+ 0,1 cm?.

The| calibration factor is F, = (8 + 0,8)><1041 track8lcm? per Bq-h/m3.

Thelaverage radon activity concentration, calculated from Formula (A1), is:

C = 446 Bg/m®

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

1(C) = 65 Bg/m*

Thup, the average radon activity concentration is:

C = (446 £65)Bg/m?

Thel decision threshold, (_?*, obtained from Equation (A.4), is:

Cc* =5Bg/m®

The detection limit, 5# , calculated by Formula (A.6), is:

c* =13 Bq/m3
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Annex B
(normative)

Measurement method using an electret detector

B.1 General

bnts

j on

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

of this part pf ISO 11665.

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

Ui initial electret voltage, in volts

Us fina| electret voltage, in volts

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

Fe calibration factor, in (volts per hour) per (becquerel per cubic metre)

b eledtret parameter, given by the manufacturer, in (volts per hour)‘per (becquerel per cubic metre)

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

Seor correction factor for the gamma radiation, given by the manufacturer, in (becquerels per cubic mgtre)
per (nanogray per hour)

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

B.2 Pripciple

The integrajed measurement of the average radon activity concentration using an electret detector is base

the followinpy elements:

a) Passivge sampling, during whieh the radon and its decay products formed in the accumulation chanber

ionize tfhe air. The electret'being charged positively, an electrostatic field is created between the ele

surfacq
field an
charge|

b) Measu
a voltm

and the accumulation chamber walls. The electret serves both as the anode of the electros
d the collectef-electrode. The electrons produced by the air ionization combine with the pos|
5 of the electret. This leads to a gradual decrease of its voltage.

[ing the-electret voltage before and after every exposure to the atmosphere under investigation
eter specific to the device.

Ctret
atic
tive

Wwith

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
consideration of the average dose rate.

B.3 Equipment

The appara

tus shall include the following:

a) a 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

12
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detection volume (see Figure B.1)['0]: the removable accumulation chamber shall be made of a conductive
plastic material and shall contain filters;

b) a voltmeter to measure the electret voltage immediately before and after exposure to the atmosphere
under investigation;

c) adosemeter to measure the average dose rate at the sampling place.

Key

1 ccumulation chamber
2 pntry point of radon

3 filter

4 nsulating support

5 plectret detector

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

Theye are various types of electrét detector and chamber (see Table B.1). The electret detector is charged
positively at the factory by the mianufacturer to a potential in the order of several hundred volts (750 V). It may
be dised several times until ifs yoltage limit value (200 V) is reached, as the field induced is ther| too low for
effective ion collection. The'yvoltage limit value is given by the manufacturer.

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).

© 1S0O 2012 — All rights reserved 13


https://standardsiso.com/api/?name=69dba166abc75234ed6f1feff1e4bd6d

ISO 11665-4:2012(E)
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0,1 1 10 n1 100 ¢
Key
t time, in qays
Y radon adtivity concentration, in becquerels per cubic metre (Bq/m3)
Figure B.2 — Radon activity concentration measured over a given sampling duration for an elecfret
voltage drop of 30 V (assuming a 100 nGy/h ambient gamma radiation contribution) — Example for

Several exg
and an amk
to produce

B.4 Sampling

Air samplin

During the
through filtg
products, fr

Installation

the three combinations n1, m2 and n2

mples can be extracted from this graph: Thus, for an average activity concentration of 200 Bg
ient dose rate of 100 nGy/h, the sampling duration for the n1 combination (see Table B.1) requ
b drop of 30 V in the electret poténtial is equal to 12 days (see Table B.2).

j shall be passive.

sampling duratioh (exposure period), radon penetrates the accumulation chamber by diffu
rs which pfevent the aerosols present in the air at the time of sampling, especially radon de
bm entering the chamber.

pf tHe \measuring device shall be carried out in accordance with 6.3.2 and ISO 11665-1.

/m3
ired

sion
cay

Time of ins

Tt ! el [T ol ] 1l N
dlldilUlI dlua Termovdl pPridsts Slidil v TSLUTUTU \UdiU altd T1our).

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

14

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 concentration Sampling duration for the combination
Bg/m3 n1 m2 n2
200 288 672 > 2400
400 168 360 2040
1000 72 156 840

advisable to use combination n2 to assess human exposure. Combination n1 is, however, preierable for a

The|graph in Figure B.2 may be used for an electret voltage drop other than 30 V. This requires’an unflerstanding

of the following:

a)

b)

B.§ Measurement

B.5/1 Procedure

9)
h)
i)
)
k)
1)

m)

for a fixed average radon activity concentration, the electret voltage drop is proportional to the sampljng duration;

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

grated measurement of the radon activity concentrationusing an electret detector shall be carried odit as follows.
Select and locate the sampling site.

Select the electret-chamber pairing by usingithe nomographs given by the manufacturer (see Figyire B.2). For
a given sampling duration, the following @rée taken into account when choosing the electret-chamber pairing:

1) expected average radon actiyity*concentration;

2) residual electret potential,

3) characteristics of the electret surface;

4) volume of the @ssociated accumulation chamber.

Measure and_record the initial electret voltage before exposure.
Assemble.thé accumulation chamber and the electret.

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.

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

Disassemble the accumulation chamber and the electret.

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

Measure and record the ambient gamma dose rate at the sampling site at the end of the measurement period.
Record the time (date and hour) of removal of the measuring device.

Determine the average activity concentration by calculation.

© 1S0O 2012 — All rights reserved 15


https://standardsiso.com/api/?name=69dba166abc75234ed6f1feff1e4bd6d

ISO 11665

B.5.2 In

-4:2012(E)

fluence 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 become 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 electrometer temperature affects the value
of the electret voltage.

b) The presence of dust on the electret surface: Check after measurement, and before measurement when

reusingan efectret.

c) The cqnservation of the physical quantity collected after sampling has ended: The voltage “shall be
measufed immediately at the end of the exposure period.

d) The anpbient gamma radiation contributes to discharging the electret. It is therefore necessary to measgure
the doge rate at the sampling place at least twice, once at the beginning and once at the end of| the
measufement period,;

e) The elgctrometer storage conditions: The electrometer shall always be stored in-an area containing drj air
(a desigcant maintains its level of humidity) 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 causg an
undetefmined source of error. Care should therefore be taken to avoidvshocks during the measurement.

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

B.5.3 Chlibration

Calibration [involves exposing several measuring devices{électret and accumulation chamber) to refergnce

radon atmg
exposure td

The gammad

The differefce in potential thus determingdhis’linked to the reference activity concentration.

The result
factor is giv|

The electro

the reference atmosphere.

radiation dose rate shall be measured simultaneously.

pbtained is the value of thecalibration factor depending on the electret detector. This calibre
en by the manufacturer:

meter response shall'be checked regularly with reference electrets.

The correctjon factor of ganima radiation shall be determined by exposing several measuring devices (ele
and accumtilation chamber) to reference gamma radiation dose rates.

B.6 Expression of results

spheres. The electret voltage shall be measured by a specific electrometer before and after

tion

Ctret

B.6.1 Average radon activity concentration

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

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

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

B B1)

The contribution by the ambient gamma radiation, in radon equivalent, Bg, is calculated as given in Formula (B.2):

BG=fcor'D (

16

B.2)

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=69dba166abc75234ed6f1feff1e4bd6d

ISO 11665-4:2012(E)

B.6.2 Standard uncertainty

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

)= Jz o ) R B () () ®3)

where the uncertainty of sampling duration ¢ is considered negligible.

12(R )= £ 2.112(7.7\4-]'72.112(/‘
o) 7 7 CoT 7/

whdre the uncertainties of the correction factor fzor and the average dose rate D are given by the manufacturer.
Thel electrometer reads the electret voltage to within 1V and u? (U;) =u? (Uy) = %2.

B.6/3 Decision threshold and detection limit

Thelcharacteristic limits associated with C shall be calculated according to ISQd1929. An example of thelcalculations
of the decision threshold and the detection limit are detailed in B.6.4 for a specific type of electret detegtor.

B.6(4 Example

Thig subclause shows an example of measurement performed\with a high-sensitivity electret asspciated with
a 50 ml accumulation chamber.

Thel calibration factor is calculated as given in Formula«(B.4):
FC:ber.(%j (B.4)

whdre the constants » and d, provided by the manufacturer, are:

b=2,94 x 104 V/h per Bg/m3

d = 1,54 x 10~7 h~1 per Bg/m?

Thelrelative uncertainty of the calibration factor F¢, provided by the manufacturer, is:

21 (Fo ) = (0,08)°

Thel chamber parameter is feor = 0,594 374 Bq/m3/nGy/h.

The] relative-uncertainty of the chamber parameter f.or, provided by the manufacturer, is:

4

2=/ AY Oond-—
Yrel(Jcor ) = I~ TV

The initial electret voltage is Uj =530 V
The final electret voltage after exposure is Us = 500 V.
Sampling duration is t = 336 h.

The average dose rate during exposure is D = 100 nGy/h.
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Thus, the average radon activity concentration, calculated from Formula (B.1), is given by:

C =180

Bq/m3

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

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

u(C) =15 Bg/m®
Thus, the ajerage radon activity concentration is:
C = (180 +15) Bg/m3
Calculationof the characteristic limits (see ISO 11929) requires calculation of #(C) , i.e. the stafhdard uncertg
of C as a fyinction of its true value, calculated as given in Formula (B.5):
 (evso)|
1+d-—-(C+B
(& -] 2 G 2 2 2 5
u(C): 6 t~(b+d~Ui) tu (BG)+(C+BG) '”reI(Fc) (
The decisign threshold, E*, is obtained from Equation (B.5) for C =.0){see ISO 11929).
This yields Formula (B.6):
; 2
P 1| T+d 58 2 2 2
C =k, u0)=kyy |z | —F—5——| +u(Bg)+Bs"- F,
1l 11(0) =kp g 6 |- (b+d-U;) u™(Bg)+Bg" - urel (Fe) (
a=0,05 with k4_, = 1,65 is often chosen by default.
C* = kyly, -#(0) =10 Bg/m?®
—#
The detectipn limit, C , is calctlated as given in Formula (B.7) (see ISO 11929):
2
" 1+d-;-(c#+BG] " 2
C" =Cl +kq_g =" +u?(Bg)+|C" +Bg | -u’ (F,
e | raramy | )€ se | () (

B=0,05 with*%3 g = 1,65 is often chosen by default.

inty

B.5)

B.6)

B.7)

The detection limit can be calculated by solving Formula (B.7) for c* or, more simply, by iteration with a
starting approximation C* =2.C* in terms of the right side of Formula (B.7).

18
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-1 I
One obtains € with kq_, =kq_g =k

= (B.8)
1—k2'82
with
2t
1 d E BG+d
81—E - — 2 +2-BG-ure|(FC) (Bg)
Ll \UTUUl) J
d-! i
1 2 2
ey =—-| ——=— | + F, B.10
2 6 |btd-U, ”rel( c) ( )
C* =20 Bq/m®
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Annex C
(normative)

Measurement method using activated charcoal

General

CA
This annex
of this part
For the pur
Fe for:
Jd cq
re
JH cq
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tsm tin
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C.2 Pri

Heals with an activated charcoal method, which is one of several methods meeting the requirem
pf ISO 11665.

poses of this annex, the symbols given in Clause 3 and the following apply.
libration factor, in (per second) per (becquerel per cubic metre)

rrection factor for the radioactive decay during the counting time and during the time between
ference instant ( = 0) and the measuring instant

rrection factor for humidity, dimensionless

rrection factor for difference between sampling period and reference calibration exposure pe
mensionless

bnts

the

iod,

mber of counts in the background of the peak, in the, sample and in the background spectjum,

Spectively

mber of counts in the gross area of the peak;;in the sample and in the background spectfum,

spectively

mber of counts in the net area of thé_peak, in the sample and in the background spect
Spectively

ckground counting duration, in.seconds

mple counting duration, in 'seconds

Pasuring instant, i.e. time at which the sample measurement starts, in seconds

ne between mid-pgint of exposure and measurement of exposed detector, in seconds

cay constapt‘of the nuclide i, per second

hciple

um,

Measurement includes the following stages:

a) preparing the measurement device (sensor), as follows:

20

removing the lid;

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);

replacing the lid;

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;

b) passive sampling, during which radon is adsorbed onto the charcoal, as follows:
1) thelid 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;

c) sending the exposed field sensors to the laboratory for the measurement of the gamma emission rates of
the two gamma emitting daughter products 214Pb and 214Bi:

1) at least three hours shall be allowed to elapse between the end of the sampling perfod and the
beginning of the gamma emission rate measurements;

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

d) |determining the average activity concentration from the gamma emission rates@nd the sampling period
and by applying relevant calibration and correction factors.

Aftdr use, sensors should be sealed and not used again until a period of 1.month has elapsed. This ensures
that|any residual radon and short-lived daughters (2'4Pb and 214Bi) have deCayed to levels which will not affect
the fesults of the next measurement.

C.3 Equipment
Thelapparatus shall include the following:

a) |a measuring device containing a block of activated charcoal (sensor) which adsorbs radon gnd is used
in an open or diffusion barrier configuration (sge‘Figure C.1); in both configurations, the chardoal shall be
retained in the base container by an open-mesh grille;

b) |a gamma spectrometer.

Keys

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

3 open-mesh grille

4  activated charcoal

5 base container

Figure C.1 — Device using activated charcoal

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
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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 of up to 4 days.

In the diffusion barrier configuration, a diffusion barrier is placed between the activated charcoal and the
atmosphere. This results in the radon activity concentration at the surface of the activated charcoal almost
always being lower than that in the air being measured and the effects of radon desorbtion are greatly diminished.
The presence of the diffusion barrier also reduces the amount of water vapour absorbed, and these devices
can be used for exposure periods of over 7 days, even where the relative humidity is as high as 75 %.

A typical ac
with a total
the prescrib
in the area
the supplief
average tern

During the
surface as
reduce the

livated charcoal radon detector consists of a canister about 80 mm in diameter and 25 mm in.h€
veight of about 100 g, that can be sent by mail to domestic users and returned to a laboratery w
ed time after exposure. The canister shall be sealed until received and then unsealedrand expg
0 be measured. At the end of the sampling period, the canister shall be re-sealed and returng
, together with the dates and times the sampling started and finished, as well as.an estimate o
nperature during the sampling.

sampling period, radon is adsorbed onto the activated charcoal but it-can also desorb from
vell. The activated charcoal will also absorb water vapour during the 'sampling period and this

undergo m

equal-weig

Figures C.2
(sampling d

capacity of the charcoal to adsorb radon. The radon adsorbed at‘the beginning of sampling

t detectors manufactured from the same material.

and C.3 illustrate the variation in calibration factar with relative humidity (RH) and exposure
uration).
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Figure C.2 — Variation of calibration factor with length of exposure time
(sampling duration) and relative humidity (for illustrative purposes only)
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