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Foreword

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

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

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

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

radpn decay products can be inhaled and deposited in the bronchopulmonary tree to vaxy
accprding to their size [2][3][4][5]

Radon is today considered to be the main source of human exposure to natural radiation. U
suggests that, at the worldwide level, radon accounts for around 52 % of glebal”averag
to patural radiation. The radiological impact of isotope 222 (48 %) is far(more signif
isotope 220 (4 %), while isotope 219 is considered negligible (see Annex A). For this reason,
to rpdon in this document refer only to radon-222.

Radon activity concentration can vary from one to more orders of\trragnitude over time
Exposure to radon and its decay products varies tremendously fronirone area to another, as
on the amount of radon emitted by the soil and building materials, weather conditions,

degrree of containment in the areas where individuals are exposed.

As fadon tends to concentrate in enclosed spaces like houses, the main part of the populatio
is dpe to indoor radon. Soil gas is recognized as the most important source of residential rad
infiltration pathways. Other sources are described it other parts of [SO 11665 and ISO 1316

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

Sys
and|

To limit the risk to individuals, a national reference level of 100 Bq-m~3 is recommended by,
Hedlth Organization[2E-Wherever this is not possible, this reference level should not exceed ]
Thif recommendation was endorsed by the European Community Member States that sha
natjonal referenceevels for indoor radon activity concentrations. The reference levels for
avefage activity-concentration in air shall not be higher than 300 Bq-m=3[21.

To tteducethe risk to the overall population, building codes should be implemented that reg

preyention measures in buildings under construction and radon mitigating measures

ing depths
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P exposure
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and space.
it depends
hnd on the
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bn through
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e between
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pn activity
ventilation
ksure, etc.)

the World
00 Bg'm3.
| establish
the annual
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n existing

buildings. Radon measurements are needed because building codes alone cannot guarantee

that radon

concentrations are below the reference level.

Variations of a few nanojoules per cubic metre to several thousand nanojoules per cubic metre are
observed in the potential alpha energy concentration of short-lived radon decay products.

The potential alpha energy concentration of short-lived radon-222 decay products in the atmosphere
can be measured by spot and integrated measurement methods (see ISO 11665-1). This document deals
with integrated measurement methods. Integrated measuring methods are applicable in assessing
human exposure to radiation[4.

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

Part 2:
Integrated measurement method for determining average

potential alpha energy concentration of its short-lived

decay products

1 [Scope

Thip document describes integrated measurement methods for short-lived radon-222 decay products[4l.
It giives indications for measuring the average potential alpha energy’/concentration of [short-lived
radpn-222 decay products in the air and the conditions of use for the measuring devices.

This document covers samples taken over periods varying from@few weeks to one year. Thi§ document
is npt applicable to systems with a maximum sampling duration of less than one week.

Thgmeasurement method described is applicable to air samples with potential alpha energy coficentration
of short-lived radon-222 decay products greater than 10,nj/m3 and lower than 1 000 nJ/m3.

NOTE For informative purposes only, this documentalso addresses the case of radon-220 decqy products,
givegn the similarity in behaviour of the radon isotopes*222 and 220.

2 |Normative references

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

[SO|11665-1, Measurement ofradioactivity in the environment — Air: radon-222 — Part 1: Origins of radon
and\its short-lived decay-products and associated measurement methods

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

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

IEC| 61577-3, Radiation protection instrumentation — Radon and radon decay product|measuring
instytaments — Part 3: Specific requirements for radon decay product measuring instruments

3 Terms, definitions and symbols

3.1 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 11665-1 apply.
ISO and [EC maintain terminological databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at http://www.electropedia.org/

© IS0 2019 - All rights reserved 1
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3.2 Symbols
For the purposes of this document, the symbols given in [SO 11665-1 and the following apply.

a attenuation coefficient relating to the 222Rn found in the collimators corresponding to the
range P; (established theoretically and provided by the manufacturer)

b attenuation coefficient relating to the 222Rn found in the collimators corresponding to the
range P, (established theoretically and provided by the manufacturer)

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

average potential alpha energy concentration of the nuclide i, in joules per cubic metre

—x decision threshold of the average potential alpha energy concentration of thenuclide i, jn
Eppgc,i joules per cubic metre

=y detection limit of the average potential alpha energy concentration,ef the nuclide i, in
Epagc, joules per cubic metre

lower limit of the confidence interval of the average potential @lpha energy concentratig¢n

<
Epakc,i of the nuclide i, in joules per cubic metre
—_ upper limit of the confidence interval of the average petential alpha energy concentratipn
Epagc,i of the nuclide i, in joules per cubic metre
n counting number of each range P;
P, range recording alpha particles for i =1, 2,3} 4
R j™ number of net count of range P; with-deduced background fori=1, 2, 3,4
Pi.j
}—? mean number of net count of rdnge P; with deduced background fori=1, 2, 3,4
P;
7 mean number of count due to background
0
r ratio between théamimber of alpha particles emitted by 212Bi (a emitter at 36 %) and
the number of &lpha particles emitted by 212Po (produced by 8 disintegration at 64 %
of 212Bi); 0,56
U expandéd uncertainty calculated by U = k-u( ) with k=2
u() standard uncertainty associated with the measurement result
urel( ) 1 c}ativc btdlldal d UIILTI tdillty
V sampled volume, in cubic metres
€gd geometric detection efficiency (established theoretically), i.e. the ratio between the num-
ber of tracks counted and the number of alpha particles emitted by the deposit collected
on the filter
Ehe collection efficiency (established experimentally), i.e. the ratio between the number of

atoms of short-lived decay products collected per unit of sampled volume of air and the
number of atoms per unit of volume of air present in the detection system environment

2 © IS0 2019 - All rights reserved
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Principle

Integrated measurement of potential alpha energy concentration of short-lived radon decay products is
based on the following elements:

a)

b)

continuous sampling of short-lived radon decay products contained in an air volume representative

of the atmosphere under investigation, using a high-efficiency filtering membrane;

counting, and discriminating over four energy ranges, the alpha particles emitted by the collected

short-lived radon-222 decay products (alpha particles with an energy E ag1sp, and E ag2iap,

c)

NO71
parf

disi

5.1

The
(seq
and

5.2

5.2
The

Thd

5.2

emitters of alpha particles of this type), using a solid-state nuclear track detector;
calculation of the potential alpha energy concentration of the short-lived radon:222’deca

E For the radon-220 decay products, this involves distinguishing between(-and countin

htegration of 212Pb and 212Bi potential emitters of alpha particles of this type.

Equipment

General

apparatus shall include a measuring device, compgsed of a sampling system and a detect
Figure 1), and a counting system. The measurihg device shall be in accordance with I
IEC 61577-3.

Measuring device

1 Sampling system
sampling system shall include the following components:

a high-efficiency filtering-membrane in cellulose acetate to collect the radon decay prod

characteristics pfthe detection system;

sampling system is located downstream of the detection system.

2~ Detection system

produced by the disintegration of #'°Po and #1*Po, and the disintegration of #1*Pb and 4L*Bi potential

y products.

p, the alpha

icles, with an energy E pp212p, and E agp12p, » released through disintegrdtion of 216Po and 212Po, and

ion system
EC 61577-1

LICtsS;

a sampling pump-which provides a volume rate compatible with the air and metrological

a mass flowémeéter which measures the flow-rate of air sampled throughout the samplinjg duration.

The detection system shall include the following components:

a)

b)

three boPET screens of different thickness placed at one end of the collimators are used to
discriminate between the particles over three energy ranges. This geometry is used to mitigate

the initial energy of each alpha particle emitted by the collected radionuclides in an en
compatible with the characteristics of the sensor (SSNTD) used;

a solid-state nuclear track detector (SSNTD).

© IS0 2019 - All rights reserved

ergy range


https://standardsiso.com/api/?name=85573f30c48e1162ab2e2fa528fb3533

ISO 11665-2:2019(E)

3
§E§ —-t+» 4
) :

solid stpte nuclear track detector (SSNTD)
air inle
mass flpw-meter

air outlpt

high-efficiency filter
baffles [diffusion barrier)

1

2

3

4

5  vacuunj pump
6

7

8  collimagor
9

boPET [biaxially oriented polyethylene teraphthalate) screen
10 scannirjg range
a  Frontvjew.
b Side vigw.

Figure 1 +— Example set-up of a measuringdevice for determination over four energy rangeg of
avergge potential alpha energy concemntration of short-lived radon-222 decay products

5.3 Counting system
The countipg system shall include the following components:
a) equiprment and suitable’chemical reagents for etching the detector (SSNTD);

b) an optjcal microscepe and associated equipment for scanning and counting the etched tracks.

6 Sampling

6.1 Sampling objective

The sampling objective is to collect, without interruption, all the aerosols carrying short-lived radon
decay products, regardless of size (unattached and attached fractions), that are contained in the
ambient air during a given sampling duration (at least one week).

6.2 Sampling characteristics
Sampling shall be carried out under the conditions specified in ISO 11665-1.

The short-lived radon decay products shall be sampled continuously and directly in the atmosphere
under investigation by pumping and filtering a known volume of air through a high-efficiency collection
membrane. The air sample shall be omni-directional.

4 © IS0 2019 - All rights reserved
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The filtering membrane shall be as close as possible to the sampler inlet section, so as to collect the
ambient decay products with the maximum efficiency.

In order to count the emitted alpha particles correctly, the sampling system shall conduct to the surface
deposit of the radionuclides on the filter and shall prevent the aerosols from being buried.

The sampling system shall be used in conditions that preclude clogging of the filtering membrane, which
would cause self-absorption of the alpha emissions of particles collected on the filter or a reduction in
the sampling flow-rate over time.

The sampling flow-rate shall be stable (no more than 10 % variation from the average value) in order
for fhie sSampling to remain representative throughnout the sampling duration. I his can be dchieved by
usimg a flow-rate controller (sonic throat, servo-controlled valve, etc.).

6.3| Sampling conditions

6.3{]1 General

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

6.3{2 Installation of sampling system

Installation of the sampling system shall be carried out as specified in ISO 11665-1.
In the specific case of an indoor measurement, the sampling system shall be installed as follpws:
a) |in an area not directly exposed to solar radiation;

b) [away from a heat source (radiator, picture wittdows, electrical equipment, etc.);

c) |away from traffic areas, doors and windows, walls and ventilation sources (it could, for gxample, be
sited on an item of furniture like a shelfor sideboard).

6.3{3 Sampling duration

The sampling duration is equakto the time interval between installation and removal of the sampling
sysfem at a given point.

Tine (date and hour) of installation and time of removal of the sampling system shall be rec¢rded.

Sanppling duration-shall be determined according to the intended use of the measurement fesults and
thephenomenonunder investigation.

A sgmpling.duration of at least one week is required in order to obtain a measurement resulf above the
detgction limit.

It i fecommended that measurements be performed with a sampling duration of several mgnths when
assessing the annual fuman exXposure.

Users should be aware of the saturation characteristics of the sensor (SSNTD) and should perform their
sampling regime so as to ensure that saturation does not occur.

6.3.4 Volume of air sampled

The volume of air sampled shall be ascertained by measuring the flow-rate or volume during sampling
with a calibrated system (for example a sonic nozzle) (see IEC 61577-3).

The total volume of air sampled throughout the sampling duration shall be recorded.

© IS0 2019 - All rights reserved 5
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7 Detection method

Detection shall be carried out using solid-state nuclear track detectors (SSNTD), as described
in ISO 11665-1.

8 Measurement

8.1 Procedure

Measurem

a)

b) Installlthe measuring device (sampling system with detection system).

c) Record the location and the time (date and hour) of installation of the measuring-dévice.

d) Carry put sampling of the air under investigation.

e) Remoye the measuring device after the exposure period.

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

g) Remoye the detection system from the measuring device.

h) Remoye the detector (SSNTD) from the detection system.

i) Develdp the detector by etching with a suitable chemical treatment in the laboratory. The la
tracks|caused by the alpha particles produced by thedisintegration of the radon and its short-l
decay products are converted into “visible tracks”,

j)  Scan the detector under an optical microscope:-The scanning ranges on the detector are marke
shown|in Figure 1:

1) rapge P, records alpha particles caused by 218Po, 212Bj and 222Rn;
2) rapge P, records alpha partjeles caused by 214Po and 222Rn;

3) rapge P;records alpha particles caused by 212Po;

4) rapge P, records alpha’particles caused by 222Rn.

k) Deterrhine the background level of the detector: Place ten detectors from each batch installed
detectjon system'in‘a radon-free atmosphere for a period of time equal to the sampling durat
Repeat steps hj'to j) to determine the background level.

1) Determiné.the potential alpha energy concentration by calculation.

NOTE RTs method 1s used to determine the average potential alpha energy concentration ol snortl

ntshall he carried out as follows

Select

hnd locate the measuring point.

Fent
ved

] as

in a
ion.

ved

radon decay products, as well as decay products from isotope 220, by considering the number of alpha particles
with an energy E ag2125 and E ag212p, Produced by the disintegration of 216Po, 212Pb, 212Bi and 212Po, potential

emitters of alpha particles of this type.

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 [EC 61577-1 and ISO 11665-1, the following quantities shall be considered in particular:

a) The presence of 226Ra or of any other alpha emitters collected on the filtering membrane: This
can produce erroneous results if appropriate correction is not made. A gross alpha counting of the

© ISO 2019 - All rights rese
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filtering membrane is performed. When the count rate is high, alpha spectrometry may be used to
identify and quantify the alpha emitter radionuclides present.

b) The temperature (influencing the sampling process) and the humidity (influencing the capacity
of the sampling device). The influence of these variables is limited by halting sampling if the
recommended values are exceeded.

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

8.3 _Calibration

Theg measuring device (sampling system and detection system) shall be calibrated\as specified
in I$0 11665-1.

Caljbration of the sampling system flow-rate shall be performed using a reference-flow-metgqr.

The relationship between the variable measured by the detection system'and the average potential
alpha energy concentration of the radon decay products in the air shall be establishefl by using
refgrence radioactive sources or another standard (for example a reference atmosphere) recognized
thrpugh international inter-comparison programmes.

To dalibrate the detection system, an instrument taken from a batch is placed in a reference dtmosphere
with known concentration of radon and its decay products, using a 226Ra source in equilibrifim with its
decpy products.

9 |Expression of results

9.1 Average potential alpha energy concentration

The average potential alpha energy concentration of short-lived radon-222 decay products if calculated
as given in Formula (1) (see also ISO 11665-1):

|:EAE,218PO “Novep, TEAE214p, ‘(N218p0 +No1ag tN214p, +N214p, )]

" )

EpaEc2224, =

Formula (2) is obtained-by taking into account the different ranges in which the device redords alpha
particles, and the colléction and detection efficiencies:

l:EAE,218PO '(RP1 —r-Rp; —a-Rp, )+EAE'214P0 -(sz —b-Rp, ”

Eparcaazg, = (2)
Rn V €pe€gq
wheére
n
LY
Rp, =21 fori=1,2,3,4 (3)
n
NOTE This method is used to determine the average potential alpha energy concentration of short-lived

radon decay products as well as those of the isotope 220 decay products due to the track counting of range Ps.

© IS0 2019 - All rights reserved 7
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The average potential alpha energy concentration of the radon-220 decay products can be calculated as

given in Formula (4):

(E AE212 g T RP3 +E ppp12, RPy ) (E AE212 g T HE AE212 5 )'RP3

E = = 4)
PAEC,ZZORn V’ghc 'Sgd V'ehc 'ggd

9.2 Standard uncertainty

In accordance with ISO/IEC Guide 98-3, the standard uncertainty of ED”"?”KH shall be calculated as

given in Formula (5):

2 2 2
Eag, 218, '(Rpl +r°-Rp, )+EAE.214PO ‘Rp, +

U(EPAE C222g, )= : z (5)
(V.ghc'ggd) ‘n
_ 2
+<EPAEC,222Rn ) '[“?el (V) +uge) (Ene ) +ufe (ggd )}
where
uz(f_ep ):Rifori=1,2, 3,4 6)
n

In addition], the following applies when using Formula (5):

a) the stgndard uncertainties of E g5 Po and E pgo14 po are considered negligible;
b) the stdndard uncertainties of a and b-are considered negligible;

c¢) the stgndard uncertainty of the detection efficiency, &y, is calculated using the MONTE-CARLO
methof and is usually provided.by the manufacturer;

d) thestandard uncertainty ofthe collection efficiency, ¢, ., is obtained by measurement and is usujally
provided by the manufacturer.
NOTE1 The standard uncertainty of the background count, u(l_?o ), obtained from a sample of 10 detedtors

installed in p detéction system in a radon-free atmosphere for two months remains negligible compared witlf the
variances cqused.by the production and counting of tracks.

NOTE 2 In accordance with ISO/IEC Guide 98-3, the standard uncertainty of the average potential alpha

energy concentration of the radon-220 decay products, “(EPAEC,ZZORn ) ,can be calculated as given in Formula (7):

= = 1 2 2 2
u(EPAEC,ZZORn):EPAEC,ZZORn' - Fpe " (V) +upe " (Epe )+ Upel " (€gq) (7)
. P3
where
R
uz(RP3):—3 8)
n

8 © IS0 2019 - All rights reserved
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Decision threshold and detection limit

For practical measurements of the potential alpha energy concentration, a calculation of the
decision threshold and the detection limit is not necessary, since both are far below any reasonable
environmental potential alpha energy concentration. It is sufficient to give the standard uncertainty of

the

NOTE

results and, if required, a coverage interval.

Blank results obtained from the evaluation of detection systems, stored for 6 months without any

exposure to radon-222 and radon-220, yielded mean values of 3 n], with a standard uncertainty of 5 nJ, allowing
calculation of a decision threshold for the determination of the net potential alpha energy of 12 n] and a detection
limit of the net potential alpha energy of about 24 n].

Ass
dec
of t
envy|

9.4

The

using Formulae (9) and (10) (see ISO 11929):

whyd

10

10.

sion threshold of the net potential alpha energy concentration of 0,3 nJ/m3 and-a detq
ne net potential alpha energy concentration of about 0,6 nJ/m3, which are far below any
ironmental potential alpha energy concentration.

Limits of the confidence interval

lower, Epagc,222,, » a0d Upper, Epapcazz, » limits of the confidefice interval shall be

EparC,2225, = EParc,222, —Kp 'U(EPAEC,ZZZRn )? p=w(1<y/2)

_D = E I . —
Eparc22y, =Eparc222, tKq 'U(EPAEC,ZZZRn ) q=1-0-y/2
bre

w =@ [y/u(y)], @ being the distribution function of the standardized normal distributio

w=1 may be set if EPAEC,ZZZRn 24U(EPAEC,222RH ), in Whlch case:

. - _
EpaEc222y, =EpaEczoy, TK1-y/2 '“(EPAEC,ZZZRn )

¥ = 0,05 and kg5,+/= 1,96 are often chosen by default.

Test report

| “The test report shall be in accordance with the requirements of ISO/IEC 17025 and sk

uming a sampled volume of 40 m3 (typical value for an exposure time of 1 month), tllis yields a

ction limit
reasonable

calculated

9)

(10)

(11)

all contain

the
a)
b)
c)
d)
e)
f)
g)

following information:

reference to this document, i.e. ISO 11665-2:2019;

measurement method (integrated);

identification of the sample;

sampling characteristic (active);

time (date and hour) of installation and removal of the measuring device;
duration of sampling;

sampling location;
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h) units in which the results are expressed;

i) testresult, Epagc2, i“(EPAEC,zzan ) or Eppgc222,, U, with the associated k value.

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

a) purpose of the measurement;

b) probabilities «, § and (1-y);

eqare

cay
the

1d;

cay
sed

the

and

rved

c) the decisionthresheld and the detectic depe

differgnt ways to present the result:

1) when the average potential alpha energy concentration of the short-lived radonf222 dg
prpducts is compared with the decision threshold (see ISO 11929), the result of
m¢asurement shall be expressed as < E;AEC 222 if the result is below the de¢ision threshd

, Rn

2) when the average potential alpha energy concentration of the shortlived radon-222 dd
prpducts is compared with the detection limit, the result of the measurément shall be expres
as SE:;AEC 999 if the result is below the detection limit or, if the.detection limit exceeds

d Rn
gulideline value, it shall be documented that the method is not suitable for the measurenpent
purpose;
d) anyrelevant information likely to affect the results:

1) weather conditions at the time of sampling;

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

10.3 The tesults can be expressed in a similarformat to that shown in 11665-1:2019, Annex C.
10 © IS0 2019 - All rights rese
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