INTERNATIONAL ISO
STANDARD 13164-3

First edition
2013-09-01

Water quality — Radon-222 —

Part 3:
Test method using emanometry

Qualité de I'eau — Radon 222 —

Partie 3: Méthode d’essaipar' émanométrie

-_— Reference number
=) — 1SO 13164-3:2013(E)

©1S0 2013


https://standardsiso.com/api/?name=69cfda598ffc7e3debf21e743de2a2f6

ISO 13164-3:2013(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2013
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. + 41 22 749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=69cfda598ffc7e3debf21e743de2a2f6

1ISO 13164-3:2013(E)

Contents Page
FOT@WOTM ... oottt iv
0000 0 Y0 L0 Ut o0 o U000 v
1 SCOPI ...t 1
2 INOTTNATIVE FEECT@IICES ........ooooooooeoeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee oottt 1
3 Terms, definitions and SYMDOLS.............. s 2

3.1 Terms and definitions

3.2 SYIMIDOLS -
4 50 14 (05 J (OSSPSR, S VU SRR 3
5 T 1111 0] D 0 SR S

5.1 General FeQUITEIMENT. ... seeeeseeeesees o oces e

5.2 Sampling reqUIremMENt. ...t B e

5.3 Sample volume...........cccoco.

5.4 Container characteristics

Transportation and STOTAZE ... ST oo e 4

Transfer of radon by deGaSSING ... 52t e 4

7.1 PUIPOSE. .oy B

7.2 Principle

8 Detection.............ccoccc. 4
8.1 Objective 4
8.2 Principle 4
8.3 Silver-activated zinc sulfide ZnS(Ag)scintillation ... 4
8.4 AT TONIZATION s AN e e 5
8.5 5

9 Quality assurance and quality control programme
9.1
9.2 INfIUENCE QUANTITIES, .57 e 5
9.3 9T W D00 Te) s VL) 0§ ok U o) o SN 6
9.4 Method verification
9.5 Demonstration of analyst capability ... e 6

10 EXPression Of FTESULLS ...

10.1 Activityyeoncentration
10.2 Stafdard uncertainty of the activity concentration

10.3 Decision threshold and detection limit.............ccccocccce.

10.4 ¢ CONFIAENCE IS ...
11 CAIIDTATION ... 7
12 TTEST T@POTE ...t | 7
Annex A (informative) Examples of measurement methods using scintillation cells.................c......... 9
Annex B (informative) Example of a measurement method using an ionization chamber-............. 17
BIDIIOGIAPIIY ... 23

© 1S0 2013 - All rights reserved iii


https://standardsiso.com/api/?name=69cfda598ffc7e3debf21e743de2a2f6

ISO 13164-3:2013(E)

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 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, www.iso.org/directives.
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Introduction

Radioactivity from several naturally occurring and human-made sources is present throughout the
environment. Thus, water bodies (surface waters, groundwaters, sea waters) can contain radionuclides
of natural and human-made origin.

— Natural radionuclides, including potassium-40, and those of the thorium and uranium decay series,
in particular radium-226, radium-228, uranium-234, uranium-238, lead-210, can be found in water
for natural reasons (e.g. desorption from the soil and wash-off by rain water) or releases from
technological processes involving naturally occurring radioactive materials (e.g. the mining and
processing of mineral sands or phosphate fertilizer production and use).

— |Human-made radionuclides such as transuranium elements (americium, plutonium, feptunium,
curium), tritium, carbon-14, strontium-90 and gamma-emitting radionuclides c¢dn“also be found in
natural waters as they can be authorized to be routinely released into thetenvironment in small
quantities in the effluent discharged from nuclear fuel cycle facilities anddollowing their used in
unsealed form in medicine or industry. They are also found in water diie to the past fajlout of the
explosion in the atmosphere of nuclear devices and the accidents at Chernobyl and Fukushima.

Dripking-water can thus contain radionuclides at activity concentratien which could presept a risk to
human health. In order to assess the quality of drinking-water (in¢luding mineral waters pand spring
watlers) with respect to its radionuclide content and to providé/guidance on reducing health risks by
taklng measures to decrease radionuclide activity concentrations, water resources (groundwater, river,
lake¢, sea, etc.) and drinking water are monitor for their radieactivity content as recommended by the
World Health Organization (WHO).

Standard test methods for radon-222 activity conéentrations in water samples are needed by test
labgratories carrying out such measurementss«in fulfillment of national authority requirements.
Labjoratories may have to obtain a specific acereditation for radionuclide measurementci1n drinking
watler samples.

Thdradon activity concentration in surface water is very low, usually below 1 Bq I-1. In grounflwater, the
actijvity concentration varies from 1-Bgq1-1 up to 50 Bq 1-1 in sedimentary rock aquifers, from 10 Bq I-1
up o 300 Bq I-1 in wells, and from 100 Bq I-1 up to 1 000 Bq I-1 in crystalline rocks. The highpst activity
congentrations are normally measured in rocks with high concentration of uranium (Referehce [15]).

High variations in the activity concentrations of radon in aquifers have been observed. Even|in a region
with relatively uniform tock types, some well water may exhibit radon activity concentratfon greatly
higher than the average value for the same region. Significant seasonal variations havel also been
recprded (see AnnexA).

Water may dissolve chemical substances as it passes from the soil surface to an aquifer or sprjing waters.
Theg water niay'pass through or remain for some time in rock, some formations of which maly contain a
high concéntration of natural radionuclides. Under favourable geochemical conditions, the [water may
seldctively dissolve some of these natural radionuclides.

Guidance onradon IMATMRINg-water suppiies provided by WHO T 2008 suggests thatcontrots should be
implemented if the radon concentration of drinking-water for public water supplies exceeds 100 Bq I-1.
It also recommended that any new, especially public, drinking-water supply using groundwater should
be tested prior to being used for general consumption and that if the radon concentration exceeds
100 Bq I-1, treatment of the water source should be undertaken to reduce the radon levels to well below
that level (Reference [16]).

This International Standard is one of a series dealing with the measurement of the activity concentration
of radionuclides in water samples.

The origin of radon-222 and its short-lived decay products in water and other measurement methods
are described generally in ISO 13164-1.
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Itis the responsibility of the user to establish appropriate safety and health pract
re compliance with any national regulatory conditions.

rarried out by suitably qualified staff.

Scope

5 part of ISO 13164 specifies a test method for the determination-of radon-222 activity cor
sample of water following its transfer from the aqueous phase to the air phase by degas;

radon-222 activity concentrations, which can be measured by this test method utilizin
lable instruments, range from 0,1 Bq I-1 to several*hundred thousand becquerels per
ml test sample.

5 test method is used successfully with drinking water samples. The laboratory is resp
liring the validity of this test method for water samples of untested matrices.

5 test method can be applied on field\sites or in the laboratory.

exes A and B give indications or the necessary counting conditions to meet the required
{rinking water monitoring.

Normative referenees

following referericed documents are indispensable for the application of this document
rences, only the edition cited applies. For undated references, the latest edition of the
ument (including any amendments) applies.

5667-1; Water quality — Sampling — Part 1: Guidance on the design of sampling progr
plingitechniques

ection. It gives recommendations for rapid measurements,performed within less than 1 j.

bd with its
ces and to

document

jcentration
ing and its

b currently
litre for a

onsible for

sensitivity

. For dated
referenced

immes and

ISO

5667-3, Water quality — Sampling — Part 3: Preservation and handling of water samples

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

ISO

13164-1, Water quality — Radon-222 — Part 1: General principles

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

[SO 80000-10, Quantities and units — Part 10: Atomic and nuclear physics
IEC 61577-1, Radiation protection instrumentation — Radon and radon decay product measuring
instruments — Part 1: General principles
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IEC 61577-2, Radiation protection instrumentation — Radon and radon decay product measuring
instruments — Part 2: Specific requirements for radon 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 80000-10 and ISO 13164-1 apply.

3.2 Sympols

For the purposes of this document, the symbols defined in ISO 80000-10. ISO 13164-1{ and [the

following 3pply.

c measured radon activity concentration in the air of the measuring system after degassing,
n becquerels per cubic metre

co radon activity concentration in the air of the measuring system befote)degassing, in becque-
Fels per cubic metre

CA hctivity concentration of radon in water, in becquerels per litte

C:Z Hecision threshold, in becquerels per litre

Cﬁ Hetection limit, in becquerels per litre

i < ower and upper limits of the confidence inte¥val, in becquerels per litre

fe conversion factor from cubic metre tolitre: 0,001

fd correction factor for the decay of radon during time interval ¢, dimensionless

kp, kq quantiles of the standardizéd*normal distribution for the probabilities, p and g, respectiviely

L Dstwald coefficient

Th,0 vater temperature,in Celsius

t fime interval’between the sampling and the measurement, in seconds

U bxpanded uncertainty calculated by U = ku(cg) with k = 2

u(cy) standard uncertainty associated with the measurement result

Vh,0 volume of test sample, in litres

v, volume of air in the measurement system, in cubic metres

a, B probability of the error of the first and second kind, respectively

y probability for the confidence interval of the activity concentration
decay constant of radon-222, in reciprocal second

O] distribution function of the standardized normal distribution

2 © IS0 2013 - All rights reserved
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4 Principle

The determination of radon-222 activity concentration in water by degassing into the air phase is
based on the:

— collection of a representative sample of the water at time ¢t in a suitable container;
— transfer of radon dissolved in the water to the air phase by degassing;

— detection of the alpha-radiation emitted by the radon or its solid decay products present in the air.

Th radaon Scbivzibyy cn oot oy 1 b vt 1o datarntiand oo o Sk o ot o in the air
TaoagauolT acTtryv LLJ CUITICCTICTOCTUIT TIT CIITC T vvaOCCT T UC CTCTIITITIC O ITT UTIT crtec accerv LLJ CUTICCTTICT O CTO

phalse, taking account of the Ostwald coefficient (see ISO 13164-1).

5 [Sampling

5.1 General requirement

The sample shall be representative of the environment to be analysed at.a)given time.

5.2 Sampling requirement

The sampling shall be carried out in compliance with the“conditions and techniques specified in
1SO|5667-1,1S0 5667-3, and ISO 13164-1. The temperature.of the water shall be measured and recorded
durjng the sampling process.

Fill the container completely and fit the cap in such aWay as to avoid the presence of air above the sample.

The container shall be filled in such a way as.to avoid degassing the radon in the water sample. The
sanjpling techniques to be used vary according to the actual situation.

When the analytical laboratory is not in charge of sampling, the laboratory shall supply the cdntainer for
the measurement and specify the sampling procedure to the person carrying out the sampling operation.

It i recommended that several discrete samples be taken in case of problems arising in relgtion to the
san)pling conditions or transportation of the samples.

5.3| Sample volume

Experience shows,that a sample volume of at least 1 1 is needed for the sample to be repregentative of
thelenvironmenttobe analysed.

Atleast 11sdmples are recommended, but for the effective determination smaller test portions are used.

5.4 Coentainer characteristics

The choice and preparation of a suitable container are important (see ISO 5667-3).
The container and cap used to contain the sample shall comply with the following requirements.

— They shall be made from inert materials, impermeable to radon, non-hydrophobic, and conductive
(in order not to adsorb radon and its decay products from the surrounding atmosphere).

— They shall be shock-proof.

The volume of the container should be compatible with the water volume required by the degassing
technique used.

© IS0 2013 - All rights reserved 3
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6 Transportation and storage

During transportation and storage, the sample shall be maintained at a temperature below that of the
original water (but above 0 °C) until it is ready for analysis. The container shall be protected and tightly
sealed. The container shall be packed in an appropriate manner in order to prevent any leakage.

The period of transportation and storage prior to analysis shall be as short as possible given the half-
life of radon-222, the expected activity concentration, and the detection limit of the measurement
method to be used.

Onarrival atthe laboratory, the sample shall be maintained ata temperature below that of the original water

(but above

Experience

7 Trang
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shaking the sample;

indicates that it is essential that the time between sampling and analysis not exceed)48

fer of radon by degassing

que is used to transfer the radon dissolved in the water into the@irso that it can be deteg
Ired in its gaseous state.

vald coefficient of radon in water is fairly low, the dissolved radon degasses naturally into
atively slow kinetics (over a few hours) (see 1SO.1:3764-1).

accelerate the degassing process, several means may be used:

hg radon-free air through the water sample using a fine air bubble to increase the
ge surface;

sing the pressure in the air,phase.

improve the detection limit of the measurement method, it is necessary for the radon acti
ion in the air used forythe degassing process to be as low as possible and to be measy
hssing the radon from the water.

tion

ctive

0 °C), if it cannot be analysed immediately. The sample shall be analysed as soon as possibld.

ted

the

air

ity
red

seZof the detector is to quantify the alpha-radiation emitted by the radon and/or its s

polid

decay products that is directly related to the activity concentration of the radon in the air phase.

8.2 Principle

A number of detection techniques can be used (see ISO 11665-1[1]).

8.3 Silver-activated zinc sulfide ZnS(Ag) scintillation

Some electrons in scintillating media, such as ZnS(Ag), have the particular feature of emitting photons
by returning to their ground state when they are excited by an alpha-particle. These emitted photons
can be detected using a photomultiplier.

© ISO 2013 - All rights reserved
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This is the principle adopted for scintillation cells (such as Lucas cells) used for radon spot measurement
(see References [5]-[7] and ISO 11665-6[3]).

8.4 Airionization

When it travels through the air, each alpha-particle creates several tens of thousands of ion pairs which,
under some experimental conditions, produce an ionization current. Although very low, this current can
be measured using an ionization chamber that gives the activity concentration of radon and its decay
products. When the sampling is performed through a filtering medium, only radon diffuses into the
ionization chamber and the signal is proportional to the radon activity concentration (see References

(= Wav | AR FaVa Wi il =l KON Y
[5]‘ LV ] dIIU 10U 11000°01=1].

8.5 Semiconductor (alpha-detection)

A sg¢miconductor detector, e.g. made of silicon, converts the energy from an incident alpha-pprticle into
eledtric charges. These are converted into pulses with an amplitude proportiofnal to the energy of the
alpha-particles emitted by the radon and its short-lived decay products (seg‘References [11]+[13]).

NOTE This detection principle is occasionally associated with electrostatic precipitation of the alpha-

emifter isotopes.

9 [Quality assurance and quality control programme

9.1 General

Quglity control operations shall meet the requirements of ISO/IEC 17025.

9.2 Influence quantities

Varjous quantities can lead to measurement bias that could induce non-representative resplts. In the
sperific case of the emanometric method, influence quantities can affect the following stages in the
megsurement process: sampling; transportation and storage of the sample; transfer of raddn from the
aqueous phase to another; and the measurement of the radon activity concentration.

Duijing the sampling, considerparticularly the:
— |water temperature;

— |turbulence in théwater;

— |volume ofaifin the container.

Duijing the-transfer of the radon from the water to the air by degassing, the influence of the water
tempepature shall be taken into account.

D IR GRra-aaclraieiRt—cancidaraariicalarcls 1
ur1115 THCaSUT CTICIIe, COTISTOCT part trcararty crc.

— detector storage conditions prior to beginning the measurement;

— stability of the characteristics of the detection system (contamination of the detection surface,
saturation, etc.);

— possible presence of other alpha-emitters (radon isotopes) in the detection volume.

When the delay between the sampling and the analysis is too long, it is possible that the presence of
dissolved radium in the water needs to be taken into account as an influence quantity.

When the presence of 226Ra is suspected, take a second measurement of the same sample after a period
equal to 10 half-lives of 222Rn (38 days). If the radon activity concentration is insignificant relative to

© IS0 2013 - All rights reserved 5
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the initial measurement result, the contribution of 226Ra is considered to be negligible. If this is not the
case, determine the activity concentration of 226Ra present in the water sample.

9.3 Instrument verification

Major instrument parameters (efficiency, background) shall be periodically checked within a quality
assurance programme established by the laboratory and following the manufacturer’s instructions.

9.4 Method verification

Periodicallyverify the accuracy of the method by:

— particEating in intercomparison exercises;

— analysjing reference materials.

Method repeatability shall also be checked, e.g. by replicate measurements.

The acceptpnce limits of the tests mentioned in the preceding shall be defined.

9.5 Demonstration of analyst capability

If an analygt has not used this procedure before, a precision and bias testshall be performed by running a
duplicate nleasurement of areference or spiked material. Acceptance limits shall be defined by the labora]:ry.

A similar tg¢st shall be performed by analysts routinely using this’procedure with a periodicity defined

by the labdratory. Acceptance limits shall be defined.

10 Expression of results

10.1 Actiyity concentration

The activitly concentration of radon in the water, c4, expressed at the date and time of sampling cap be
obtained uping Formula (1):

cA=(c—c0)[L+VVa ]fcfd=(c—co)w 1)
H,0
where
V.
N 2
a’[ szo]ffd @
fa=exp(At) (3)

The Ostwald coefficient may be expressed by Formula (4) (Reference [14]):

L:0,105+0,403exp(—0,0502THZO) 4)

6 © IS0 2013 - All rights reserved
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10.2 Standard uncertainty of the activity concentration

According to ISO/IEC Guide 98-3,[4] the standard uncertainty of cy4 is calculated as given in Formula (5):

u(ea)=y0?[w?(c) 4P (co) |+ Fuda () ©)
where
2 2
u‘z"}(a))ZIVUZ(LVa)_'_Vau SVHZO)-I /(1)2 (6)
L VL0 VH,0 J/

where the standard uncertainties of the Ostwald coefficient, L, f;, and fg are neglected:

10.3 Decision threshold and detection limit

Calgulate the characteristic limits associated with the activity concentration in accordance with
[SO[11929. An example of the calculations of uncertainties and characteristic limits is fetailed in
Annexes A and B for two specific measurement methods.

10.4 Confidence limits

Thelower, ¢}, and upper, ¢, confidence limits are calculatedtsing Formulae (7) and (8) (see |SO 11929):

ca=ca—kpu(cy) with p:w[l—gj (7)
ca=catkgu(cy) with qzl—% (8)
where

w=®[y/u(y)] inwhich @ is the'distribution function of the standardized normal distrfjbution;

w can be assumed to be 1 if cq = 4u(cy).

In this case:
c=cy thyapsu(ca) 9)

y =P,05 with'kq - /2 = 1,96 are often chosen by default.

11L.Calibration

T T ErcTrOTY

Calibrations shall be carried out under conditions specified in IEC 61577-1 and IEC 61577-2.

12 Test report

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

a) the test method used, together with a reference to this part of ISO 13164 (ISO 13164-3:2013);
b) measurement method;

c) identification of the sample;

© IS0 2013 - All rights reserved 7
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d) measuring date and time;

e) units in which the results are expressed;

f) testresult, cg + u(cy) or cq £ U, with the associated k value.
Complementary information can be provided such as the following:
g) sampling date and time;

h) sampling location;

i) probabilities a, 8, and (1 - y);

j) the de¢ision threshold and the detection limit — depending on the needs of the customer; there|are
differgnt ways to present the result:

— when the activity concentration is compared with the decision threshold (see 1SO,11929), the refsult
of the measurement shall be expressed as < CZ when the result is below the dgcision threshold

— when the activity concentration is compared with the detection limit, the result of the measurenpent
can belexpressed as < cﬁ when the result is below the detection limit —if the detection limit excqeds
the guideline value, it shall be documented that the method is not suitable for the measurement purppse;

k) activitly concentration of 226Ra if its presence is detected in thewater sample;
1) mentign of any relevant information likely to have affected<the results.

The result§ are expressed in a similar format to that shownin ISO 13164-1 (see Annex B).

8 © IS0 2013 - All rights reserved
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Annex A
(informative)

Examples of measurement methods using scintillation cells

o meet the
nique used

between

1 Bq of

e

Thip annex deals only with the scintillation cells methods among the various methodsble {

reqpirements of this part of ISO 13164. The two methods described differ in the degassingtech

and|the volume of test sample. These methods are suitable for use either in the laboratory or on field sites.

For|the purpose of this annex, the following symbols and those given in Clausé3-apply.

Fe¢ calibration factor per alpha for a counting carried out with a radieactive equilibrium
the radon and its short-lived decay products, in pulses per secofidper becquerel

fa correction factor for the decay of radon in the volume detecfion, dimensionless

fr correction factor for atmospheric pressure, dimensionless

No number of background counts

Ny average number of background counts

Ng number of gross counts

N average number of gross counts

n number of counting of each sample

nq(#) number of alpha-emitterspresent in the cell per becquerel of radon after a waiting tie
between filling and ¢oymting the cell (nq is approximately 3 at a waiting time of 3 h fo
radon)

te counting duratjon (common to Ns, Np), in seconds

Vsc cell volume; in cubic metres

Dr pressufe measured in the cell after sampling, in hectopascals

Dv pressure measured in the cell once under vacuum, in hectopascals

At elapsed time between the end of the sampling, t = 0, and the cell counting, in seconds

A decay constant of radon-222, in reciprocal seconds

A.2 Method A

A.2.1 General

This test method covers the measurement of radon in water in activity concentrations above 10 Bq I-1
using a small test sample volume. The degassing technique used is the decrease of the air phase pressure.

© IS0 2013 - All rights reserved
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A.2.2 Equipment

Usual laboratory equipment and in particular the following.
A.2.2.1 Borosilicate glass sample container fitted with a self-healing rubber stopper.
A.2.2.2 Hypodermic syringe to take the test sample.

A.2.2.3 Holder for filter medium for taking the air sample in the detection volume.

A.2.2.4 Skintillation cell fitted with a cap containing a hydrophilic cotton plug to enclpse
detection yolume.

A scintillatfion cell is a hermetically sealed glass flask with defined geometry and volume., The inte
surface of the cell, apart from the bottom, is covered in silver-activated zinc sulfide [ZuSfAg)].

A.2.2.5 cuum-creating device for the cell.
A.2.2.6 Pressure-measuring device for the cell.
A.2.2.7 Counting chain equipped with a photomultiplier.

A.2.2.8 Thermometer to measure the temperature of the waterto be analysed.

A.2.3 Principle

A test portjon of the water to be analysed (1 ml to 2 mi)is introduced into the scintillation cell (A.2.
by injecting the water with a syringe (A.2.2.2) into the hydrophilic cotton plug placed in the cap. Beca
of the partjal vacuum created in the cell prior the\injection, radon is extracted from the water. Rac
free filtered air is then introduced into the scintillation cell to allow the pressure to return to nor

(see Figurd A.1).

Thealpha-particles produced by the decay the radon and its short-lived decay products transfertheir ene
as they pags through the scintillation.medium. As they return to their ground state, the excited electr
in the scintlillation medium emit phetons from the ZnS coating that can be detected by a photomultiy
(A.2.2.7). The photomultiplier converts the photons into electrical pulses that are then counted. The p
count is difjectly proportional‘te’the radon activity concentration in the air inside the cell.

A.2.4 Sampling

Sampling shall be_pérformed in accordance with the requirements specified in Clause 5.

The test pdrtion consists of 1 ml or 2 ml of water, taken through the self-healing rubber stopper usi

the

‘nal

D.4)
use
on-
mal

rgy
ons
lier
1lse

g a

hypodermic syringe

A.2.5 Transfer of the radon from the water phase to the air phase

A partial vacuum at least 10 kPa (100 mbar) below ambient is created inside the scintillation

cell

using a vacuum pump. The test water sample is then injected into the cotton plug inside the cap of
the scintillation cell. Because of the partial vacuum in the cell, radon is extracted from the water. The
pressure in the cell returns to normal by allowing the introduction of clean radon-free filtered air. The
radon equilibrium, governed by the Ostwald coefficient, is achieved between radon dissolved in water

and radon in the air phase.
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It is essential that the partial vacuum not be too high in order to avoid vaporizing the water inside the

cell

Key

Bow N R

A2

Bef
cali

For
dict

A.2
Thd
a)

and damaging the zinc sulfide coating.

(o]

w 7 6
==
3
2
1
a) b) )

scintillation cell 5 syringe contdiniing the test sample

hydrophilic cotton plug 6 air sampling device

cap 7 air filter

vacuum pump 8 aikeirculation

Figure A.1 — Principle of measuringradon in water by degassing and detection uping a
scintillation cell

.6 Detection and counting
pre using the scintillation(cell, its background count is checked by recording the count from a pre-
brated photomultiplier placed in a lightproof enclosure for a suitable period of time.
an optimum count;-3 h should elapse after injecting the water into the cotton. The accuracy sought
ates the countidgduration and the number of counting for the sample.
.7 Measurement procedure
measurement procedure is as follows:
Before using the cells, determination of the background of each scintillation cell by cqunting the

photons emitted before sampling for a suitable duration with a pre-calibrated photomu
lightproof enclosure;

creation of a vacuum of 10 kPa (100 mbar) in the scintillation cell;
measurement of the residual pressure in the cells;

choice and location of the sampling place;

taking of one or more water samples;

taking a test portion using a syringe;

injection of the water into the hydrophilic cotton plug;

© IS0 2013 - All rights reserved
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h)

returns to normal;

atmospheric pressure;

record

j)
k)

ing of the location, date, and time of the sampling;

218Po) in the cell by waiting, for an optimum counting, 3 h after the sampling;

introduction of clean filtered air (free of radon) into the scintillation cell so that pressure

measurement of the pressure after filling the cells and maintenance of the pressure at

establishment of a radioactive equilibrium between the 222Rn and its short-lived decay products
(214po,

counti
numbe
by the

D)

m)
Itis assum

A.3 Met

A3.1 Ge

This test i
The degass
by degassi

A3.2 Eq

Usual labo
A3.2.1 B
A3.22 D
A3.23 A
A3.24 A

A3.25 A

membrane]).

A.3.2.6 S
with defing

L. £ Ll ol Lot liiols 1 s Lokt £ 1
ls, U_y Iricalio vl d PIL cdadlivrdatlcu PllULUlllulLllJll\,l Pla\,bu Il d llsll\,yl UVuUl CIlIItIuosurl T, Ul
r of photons emitted by the scintillation medium when excited by alpha-particles prody
decay of radon and its short-lived decay products present in the cells;

deternpination of the activity concentration by calculation.

bd that the sample counting time and the background counting time are the same.

hod B

neral

ethod covers the measurement of radon in water in activity’ concentrations above 0,1 Bq
ing technique used is air bubbling. The sensitivity of the emanometric method is enhar
g radon from a large sample of water to a small voluine of air.

nipment

ratory equipment and in particular the following.

orosilicate glass sample container fitted with a self-healing rubber stopper.
egassing glass container.

ir filter to protect the scintillation cell against droplets of water.

ir pump.

ir stream-dividing device to create several tiny streams of air bubbles (such as a poj

cintillation cell enclosing the detection volume, consisting of a hermetically sealed glass f

fithe

ced

1-1.
ced

ous

ask

d-geometry and volume. The internal surface of the cell, apart from the bottom, is covere|

d in

silver-activ

A3.2.7 C

ated zinc sullide [ZnS{Ag)T:

ounting chain equipped with a photomultiplier.

A.3.2.8 Temperature sensor for the water to be analysed.

A.3.3 Principle

The measurement is based on flushing water sample with air in closed loop with a scintillation cell (see
Figure A.2).

A test portion consisting of a known volume (0,75 1) of the water to be analysed is introduced into the
degassing water container. A pump is used to circulate the air in the system, bubbling it through the

12
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degassing container to extract the radon dissolved in the water. When equilibrium is achieved between
radon dissolved in water and radon flushed into the air, a scintillation cell of suitable volume measures
the activity concentration of the radon in the air within the system. The radon activity concentration in
the test portion is determined from the activity concentration in the air within the system.

3
L
ITI<* 6} o
7 | Ly
1 S T
:: .0‘0 A Ny 5
- Gl

Key

1 |degassing water container 5  counting chain

2 | degassing system 6 ‘airfilter

3 |pump 7~“temperature sensor
4 |scintillation cell 8 air circulation

Figure A.2 — Closed loop system for:measuring radon in water by degassing and ddtection
using a scintillation cell

A.3l4 Sampling
Sanppling shall be performed jn accordance with the requirements specified in Clause 5.

The test portion consisgts-ef 0,75 | of water.

A.3l5 Transfer{of the radon from the water phase to the air phase

The test portionis introduced into the degassing container. The air present in the system iq circulated
by 3 pump-during a flushing time of 5 min so that it bubbles through the water in the cell anld degasses
the|radon’dissolved in the water. The air flow rate is fixed at 0,4 1 min-1. The air volume of the entire
system, (scintillation cell, air pump and connections) shall be smaller than the test sample yolume and

3 1 o400 1
1S equartot¥ooT:

A.3.6 Detection and counting

Before using the scintillation cell, its background count is checked by recording the count from a pre-
calibrated photomultiplier for a suitable period of time.

When degassing of radon is achieved; measurement of the radon activity concentration in the air is
performed for a suitable period of time.

Itis recommended that both sample counting time and background counting time be the same. They are
fixed at 10 min.

© IS0 2013 - All rights reserved 13
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A.3.7 Measurement procedure

The measu

rement procedure is as follows:

a) before using the cells, determine the background of each scintillation cell by counting the
photons emitted before sampling for a period of 10 min with a pre-calibrated photomultiplier in
a lightproof enclosure;

b) choose and identify the location of the sampling place;

c) take one or more water samples;

d) record|the location, date, and time of the sampling;

e) take ofatestportion of 0,751;

f) inject the water into the degassing container;

g) close df the measuring system;

h) measul
i) startt

j) stopth

e the water temperature;
e pump in order to circulate the air in the measuring system;

e pump after running for 5 min;

k) measI
1) determine the activity concentration by calculation.

A.4 Exp

A4.1 Ac

ression of results

Livity concentration

e the radon activity concentration in the air of the measuring system for a period of 10 thin;

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

CA:(C—C())(D:(NS_N())U)SCCO (Al)
According fo ISO 11665-6,[3] c and cg are given by Formulae (A.2) and (A.3), respectively:

Y _
C:_( S) p :(Ns)a)sc (AZ)
t Fing (6)Vge
(No) fy 5
Co=—] 0) A3
0" t kg ()Vy, (No)ose (p-3)

where

_ n n

N, =2Ns ;m and Ny —ZNO /n

j=1 j=1
Jo
A4
5t Feny (¢)Vse (A4)

in which

fp=—tx (A5)

Pr—Dy
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1% V.-V
O=| L+ |f fy=| L+—= 22 If £,
Vh,0 Vh,0

A.4.2 Standard uncertainty of activity concentration

The standard uncertainty of c4 is obtained from Formula (5). This yields Formula (A.6):

2. 2
u(CA)=\/(Ns'H\_/O)%"’Ci[ugel(w)*'ugel(wsc)} (A-6)

The relative standard uncertainty of w is calculated using Formula (6).

The relative standard uncertainty of ws is calculated using Formula (A.7).
2 _ .2 2
urel(wsc)_urel(Fc)+ure1(Vsc) (A-7)

whe¢re the standard uncertainties of the counting time, the decay constant;the number of alphp-emitters,
and the pressure are neglected.

The calculation of the characteristic limits according to ISO 11929 féquires the calculation of (¢ 4), i.e.
thelstandard uncertainty of c4 as a function of its true value, as given in Formula (A.8):

2 2
ﬂ(aA):\/ @ ;" x2xNy+E “’C: +(5A)2[u§el(w)+u§el(wsc)} (A.8)

A.4.3 Decision threshold

The decision threshold, c;l, is obtained frem’Formula (A.8) for ¢, =0 (see ISO 11929).
Thif yields Formula (A.9):

" N N
g =k1_ol1(0)=kq_o004 2><70 (A9)

a=00,05 with k1 - 4 = 1,65 is'often chosen by default.
A.4.4 Detectionlimit

The detection limit, cﬁ, is calculated as given in Formula (A.10) (see ISO 11929):

2,2
AL, +k1_ﬁu(cﬁ):cA+k1_ﬁ\/ SCX2X N + nSC cj+cﬁ2[ufel(a))+ufel(a)sc)} (A.10)

n

p=0,05 with k1 - g=1,65 is often chosen by default.

The detection limit can be calculated by solving Formula (A.10) for cfl or, more simply, by iteration with

a starting approximation cﬁ = ZCZ in terms of the right side of Formula (A.10).
With k- g=k1-p=k cﬁ is given by:
2c, +k? (@or, /)

1 _kz |:ur2el (w)+ur2e1 (a)sc )j|

Values a = = 0,05 and therefore k1 - o = k1 - g = 1,65 are often chosen by default.

ch= (A.11)
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A.4.5 Example

The measurement of the radon activity concentration in a spring water at a sampling temperature of
Ty,0=20°C is performed using method A.

The test sample of volume VHZO =0,001% 2x107° is injected immediately after sampling.

The counting of the cell is carried out 3 h after sampling and for a period of 3 min. It gives for the cell
with an average number of background counts Ny =3 pulses:

280+268
NSl = > =274-pulses
1030
=— =1,035
fo 1030-35

F.=(0,p £ 0,06) pulse s-1 Bq-1 per alpha
Vse = (125 x 10-6 + 2,2 x10-6) m3
NOTE Uncertainties of the calibration factor and volume of the scintillatien cells have been estimated by the
manufacturer from measurements carried out from a sample of 100 cells.

tc = 180 s (the standard uncertainty of this variable is considered-hegligible).

ngy is apprdaximately 3 for a waiting time of 3 h (the standard@ncertainty of this variable is considgred
negligible)

A=2,1x1(Q-6s"1 (the standard uncertainty of this varigble is considered negligible).
L=0,253 af Ty o =20°C.

The radon pctivity concentration, in becquerelsper litre, in the water is:

274-3 -
¢, ( ) (0,253 0125 0,001) 1 _ o0
3560x3x0,6x125x10~ 0,001 J1000
NOTE The radon decay between the water sampling and the counting is considered to be negligible.

The standdrd uncertainty 6f¢y, in becquerels per litre, is calculated using Formula (A.6):

u(ca) =[52

Lastly, the fresultexpression, in becquerels per litre, is:

u(ca) =|838 + 52

The decision threshold, cjl, in becquerels per litre, is obtained from Formula (A.9)

¢y =kq_gii(0)=12

The detection limit, Cj , in becquerels per litre, is calculated by Formula (A.11)

ch=33
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Annex B
(informative)

Example of a measurement method using an ionization chamber

B.1

Thi
the

For

]

Veh

W3y

B.2

b annex deals only with a method using an ionization chamber from among the various methd
requirements of this part of ISO 13164. It is suitable for use either in the laboratory.orin th

the purposes of this annex, the following symbols and those given in Clause-3iapply.

Usu

allaboratory equipment and in particular the following.

General
=enera:

mean energy, in joules, released by the radiation in the air of the chaniber for a tempef
kelvin, and pressure, p, in hectopascals

electron charge, in coulomb (e = 1,602 x 10-19 C)

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

ionization current due to radon, in amperes

background ionization current, in ampetes

atmospheric pressure when calibrating the chamber, in hectopascals
atmospheric pressure when opérating the chamber, in hectopascals
temperature of the air when calibrating the chamber, in kelvin
temperature of the-airwhen operating the chamber, in kelvin
volume of air present in the chamber, in cubic metres

mean enefgy’expended for the production of an ion pair in the air of the chamber, in jg

Equipment

ds meeting
e field.

ature T, in

ules

B.2.1 Borosilicate glass container for the water sample.

B.2.2 Hypodermic syringe to inject the test portion.

B.2.3 Degassing system for radon dissolved in water, consisting of a degassing cell, a buffer cell, and
free tubes, e.g. of flexible silicone.1)):

B.2.4 Pump.

1))

Tygon is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

© IS0 2013 - All rights reserved
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B.2.5 Ionization chamber.

B.2.6 Thermometer to measure the temperature of the water to be analysed at the time of making
the measurement.

B.3 Principle

This technique uses a closed circuit consisting of a system to induce the degassing of the radon contained
in the water and an ionization chamber to measure contlnuously the quantlty of radon present 1n the
air in the
concentratfion in the air Wlthln the system.

A test portfion consisting of a known volume (0,1 1) of the water to be analysed is introduced into|the
degassing fell. A pump is used to circulate the air in the system, bubbling it through the ‘degas$ing
cell to degas the radon dissolved in the water. An ionization chamber of suitable volume: continuofisly
measures fhe activity concentration of the radon in the air within the system and monitors any charjges

(see Figurd B.1).

2
|
1
a) b) )
Key
1  water §ample 5  buffer cell
2 syringd with the test sample 6  pump
3  ionizatlon chamber 7  degassing system
4  degassing cell 8  air circulation

Figure¢ B.1 —<Principle of measuring radon in water by degassing and detection using an
ionization chamber

The radon content increases gradually during degassing until a steady value is reached (diffusion
mode). This value can then be used to calculate the activity concentration of the radon in the air, ¢ (see
Figure B.2). Opening the closed loop allows the air to be purged from the system.

The background noise of the ionization chamber is measured before the sample measurement is made.
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