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Foreword

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

The proce@lures used to develop this document and those intended for its further 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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consists of the following parts, under the generalctitle Water quality — Radon-222:
General principles

Test method using gamma-ray spectrometry
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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 cdn“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
conpentrations are normally measured in rocks with high concentration of uranium (Reference [7]).

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 miay'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 IMAdTMRINg-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 [8]).

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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ERNATIONAL STANDARD ISO 13164-2:2013(E)

Water quality — Radon-222 —

Part 2:

Te

st method using gamma-ray spectrometry

WARNING — Persons using this document should be familiar with normal laboratory practice.

This document does not purport to address all of the safety problems, if any, associats

us
en

IMPORTANT — It is absolutely essential that tests conducted in accordancé with this
be ¢arried out by suitably qualified staff.

1

Thip part of ISO 13164 specifies a test method for the determination-0f radon-222 activity coy

in g

speftrometry of the water sample (see Annex A).

Thd
ava

becfjuerels per litre for a 1 1 test sample.

Thip test method can be used successfully withcdrinking water samples. The laboratory is 1
for gnsuring the validity of this test method for water samples of untested matrices.

Anr

2

Thd
refd

document (including:any amendments) applies.

ISO
sam

ISO

ISO

drinking water monitoring.

Itis the responsibility of the user to establish appropriate safety and health pract
re compliance with any national regulatory conditions.

Scope
sample of water following the measurement of its short-lived decay products by dire

radon-222 activity concentrations, which can be measured by this test method utilizin
lable gamma-ray instruments, range from a few becquerels per litre to several hundre

ex B gives indication on the necessary counting conditions to meet the required sen|

Normative references

following referenced-documents are indispensable for the application of this document
rences, only the editien cited applies. For undated references, the latest edition of the

5667-1, Water-quality — Sampling — Part 1: Guidance on the design of sampling progr
pling techniques

56673, Water quality — Sampling — Part 3: Preservation and handling of water samples

bd with its

ces and to

document

jcentration
ct gamma-

b currently
l thousand

esponsible

sitivity for

. For dated
referenced

immes and

10703, Water quality — Determination of the activity concentration of radionuclides — Met

hod by high

resolution gamma-ray spectrometry

ISO

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

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

ISO
[EC

80000-10, Quantities and units — Part 10: Atomic and nuclear physics

60973, Test procedures for germanium gamma-ray detectors

IEC 61151, Nuclear instrumentation — Amplifiers and preamplifiers used with detectors of ionizing
radiation — Test procedures
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IEC 61452, Nuclear instrumentation — Measurement of gamma-ray emission rates of radionuclides —
Calibration and use of germanium spectrometers

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 pt
following 3

A

kp, kq

Nb,E, NbO,E»

ng,El ngO,E'

NN,E, NNO,E,

Pg

rposes of this document, the symbols defined in ISO 80000-10, ISO 13164-1{ and

pply.

bs,E

[1gs,E

NNs,E

activity of each radionuclide in calibration source, at the calibratientime, in
becquerels

activity concentration of radon in water, in becquerels per litre

decision threshold, in becquerels per litre

detection limit, in becquerels per litre

lower and upper limits of the confidenc@interval, in becquerels per litre

correction factor for the decay ofiradon during time interval between sampliy
and measuring and for the decay of the radionuclide being measured (214Bi or
214PDb) over the counting timg,dimensionless

quantiles of the standardized normal distribution for the probabilities, p, q,
respectively

number of counts.in the background of the peak, at energy, E, in the sample sp
trum, in the background spectrum and in the calibration spectrum, respectiv

numben®fcounts in the gross area of the peak, at energy, E, in the sample spe
trumgintthe background spectrum and in the calibration spectrum, respectiv

number of counts in the net area of the peak, at energy, E, in the sample spec-
trum, in the background spectrum and in the calibration spectrum, respectiv

probability of the emission of a gamma-ray with energy, E, of each radionuclid
per decay

the

g

ec-
bly

bly

bly

to

ts

u(ca)

MH,0

background spectrum counting time, in seconds

sample spectrum counting time, in seconds

calibration spectrum counting time, in seconds

expanded uncertainty calculated by U = ku(c4) with k=2
standard uncertainty associated with the measurement result

volume of test sample, in litres

© ISO 2013 - All rights reserved
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a,f probability of the error of the first and second kind, respectively

y probability for the confidence interval of the activity concentration

€E efficiency of the detector at energy, E

Ao Rn decay constant of radon-222, in reciprocal seconds

O] distribution function of the standardized normal distribution

4 |Principle

The determination of radon activity concentration in water using direct gamma-raylspecfrometry is
baskd on the:

T4

The
san

5

5.1
Thd

collection and storage in a suitable container of a representative sample-ofithe water at {

detection and quantification of gamma-radiation emitted by the shoxt-lived decay prod
radon present in the water sample (see Table 1).

ble 1 — Energies and emission probability of the main X¢and gamma-ray emission
lived 222Rn decay products (Réference [5])

Half-life Energy Probability of emission
Radionuclide
min keV %

351,93 35,60

214pp 26,8
295,22 18,50
609,31 45,49
1764,49 15,28

214Bj 19,9
1120,29 14,907
1238,11 5,827

ime, t;

ucts of the

of short-

activity concentration js cemputed from the decay product activity measured and the vojume of the

ple having the radorrin €quilibrium with its decay products.

Sampling

Genefal'requirement

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

ISO

5667-1,1S0 5667-3, and ISO 13164-1.

The sample shall be transferred directly into the container to be used for the gamma-spectrometric analysis.

The container is filled completely in order to avoid the presence of air in contact with the water sampled.

The container shall be filled in such a way as to avoid degassing the radon in the container sample. The
sampling 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 container for
measurement and specify the sampling procedure to the person carrying out the sampling.

© IS0 2013 - All rights reserved
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The temperature of the water shall be measured during sampling.

It is recommended that the container and its cap be weighed before and after sampling in order to
estimate the quantity of suspended material and particles in the container.

5.3 Sample volume

Experience shows that a sample volume of at least 1 1 is needed for the sample to be representative of
the environment to be analysed.

raimer clraracteristics

5.4 Con

The selecti
with the rd

bn and preparation of a suitable container are important. The container shall be in accerdgnce

quirements of ISO 5667-3.

The contaipher and cap used to contain the sample shall comply with the following requiréments.

hall be made from inert materials with low gamma-ray absorption. Theyshall be impermegble
bn, non-hydrophobic, and conductive (in order not to adsorb radonsand its decay prodiicts
he surrounding atmosphere).

Theys
to rad
fromt
They shall not themselves emit gamma-radiation interfering with theimeasurements.

They shall be shock-proof.

6 Transgportation and storage

During tra
original w
sealed. Thg

The period
life of rad
equipment

On arrival
water (but
possible af|

Experience

7 Deted

The activit]
214Pb meas

hsportation and storage, the sample shall be maintained at a temperature below that of
hter (but above 0 °C) until its measuremerit: The container shall be protected and tig
container shall be packed in an appropriate manner in order to prevent any leakage.

of transportation and storage priointe analysis shall be as short as possible given the |

to be used.

at the laboratory, the sample shall be maintained at a temperature below that of the orig
above 0 °C) if it cannof be analysed immediately. The sample shall be analysed as soo
fer radioactive equilibsium has been achieved.

indicates that itlis'essential the time between sampling and analysis not exceed 48 h.

tion

y conCentration of the 222Rn is determined from the gamma-ray emissions from 214Bi ang
ured by direct gamma-spectrometry of the water sample.

the
htly

alf-

bn-222, the expected activity cehcentration and the detection limit of the measurenjent

inal
N as

| /or

The determination of the activity concentration of radon-222 in water samples shall be determined by
high resolution gamma-ray spectrometry as specified in ISO 10703.

The measurement period shall start when the radon is at radioactive equilibrium with its decay products,

i.e. atleast

3 h after the end of the sampling.

The selection of the measurement equipment shall take into account the specifications given in IEC 60973
and IEC 61151.

The calibration shall follow the requirements of IEC 61452 using, for example, a radium-226
calibration source.

© ISO 2013 - All rights reserved
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Measurement procedure

The measurement procedure is as follows:

a)
b)
‘)
d)

choice and location of the sampling point;
taking one or more water samples;

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

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

714Dln\ iatha caranlo by azadtin g o o) ooty oot D oot n coanlin o,

e)
f)
g)
h)

9.2

The
dec

Spe
med

Dur

T O TIT CIIC- ST PTIC Oy vy Ottt g TUT ol OpPtIiToiT COUTTIC, O IT ot CCT CIIC SO TIT PITIT Sy

calibration of the spectrometer;
determinination of the background of the detector;
recording of a spectrum of the sample;

analysis of the spectrum and determination of the activity concentration by calculation,

Quality assurance and quality control programme

General

lity control operations shall meet the requirementsf1SO/IEC 17025.

Influence quantities

determination of radon-222 activity concentration shall take into consideration the corre
hy during the storage time prior to the measurement, as well as the duration of the measuremg

cial precautions shall be taken: {0, 'minimize the influence of quantities that can
isurement results.

ing the sampling, it is recommended that the influence be minimized of the:

water temperature;

turbulence in the.ater;

volume of airin)the container.

ing measurément, take into account the influence of the:

222Rppresent in the atmosphere at the site where the measurements are performed;

226Ra present in the water to be analysed;

ction of its
bnt process.

affect the

presence of suspended material in the sample.

Wide temporal variations of the radon activity concentration can be observed in the atmosphere of the
laboratory. The continuous monitoring of the 222Rn activity concentration in the laboratory using a
radon-measuring device is recommended, since even in well-ventilated rooms, considerable variations

are

possible in special weather conditions (see ISO 11665-1[1] and ISO 11665-5[2]).

The air shall be continuously renewed through an air-conditioning system to maintain a constant
temperature and relative humidity.

The walls of the laboratory should be painted in a suitable material in order to limit the release of radon
from material within the walls (e.g. epoxy paints) (see Reference [6]).
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A case may be added around the detector and filled with a radon-free gas (e.g. Ny, air passed through
a granulated activated charcoal filter) in order to prevent any accumulation of radon in the vicinity of
the detector.

When the presence of 226Ra is suspected, take a second measurement of the same sample after a period
equal to 10 times the half-life of 222Rn (38 days). If the radon activity concentration is insignificant
relative to the initial measurement result, the contribution of 226Ra is considered negligible. If this is not
the case, determine the activity concentration of 226Ra present in the water sample.

9.3

Instrument verification

Major inst
backgroun|

by the labdratory and following the manufacturer’s instructions (see ISO 10703).

9.4 Metl

Periodical

— analys|

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

The accept

9.5 Demn

If an analys
duplicatem

A similar t

by the labdratory. Acceptance limits shall be defined.

10 Expression of results

10.1 Actiy

The activit]

|
particK)

-ument parameters (energy calibration, efficiency calibration as a function of energy;
d spectrum) shall be periodically checked within a quality assurance programme establis

nod verification
verify the accuracy of the method by:
ating in intercomparison exercises;

ing reference materials.

ance limits of the tests mentioned in the preceding shall be defined.

onstration of analyst capability

t has not used this procedure before, a precision and bias test shall be performed by runni

st shall be performed by analystsfoutinely using this procedure with a periodicity defi

yity concentration

easurementofareference or spiked material. Acceptance limits shall be defined by the labora]:

and
hed

g a
ry.

ed

y concentration of radon in the water, ¢4, expressed at the date and time of sampling cap be

M

obtained uping Formula{(1):
_ ety Ngg—Npg o
AT PleVofs  PoegV =(1g5 =m0 )
H€eVn,0fa  Pe€pVu,ofatg tg
where

1

o=——
PgepVy,o0f4

The efficiency for energy, E, shall be calculated by:

_NngE /ts _ ngs,E —NpsE

g

P:A Pp At

(2)

(3)

Due to the half-life of radon, the specific activity shall be corrected by fg in order to take into account the:

— radioactive decay of the radionuclide being measured (214Bi or 214Pb) during the counting time;

© ISO 2013 - All rights rese
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— radioactive decay of radon-222 during the time between the reference instant, ¢ = 0, and the

measuring instant, t = ¢;.

Formula (4) is used to calculate fj:

10.

Aitg

fit :exp(lzzanti) W

2 Standard uncertainty of the activity concentration

(4)

Acc

wh
of d

Tak

whg

stamdard solution, and preparation of the calibration source and the addition of this calibrat

Thd
the

For

and

10.

prding to ISO/IEC Guide 98-3,[4] the standard uncertainty of c4 is calculated as given inF

u(cy)= [%] |:u2(ng,E>+u2<nb,E):|+(CA)2u§el(w)

re the standard uncertainty of the counting time is neglected and the relative standard y
is calculated by:

Ugel () = ey (Pg) +Ufel (VH20)+“5e1 (e£)
ing into account Formula (3), the relative standard uncertainty of g is calculated by:
ulgel (8E ) zugel (nNs,E )+urzel (A)+u1?el (PE):uI?el (ngs,E ~Mbs,E )+u1gel (A)+ulgel (PE)

re urel(A4) includes all the uncertainties related tothe calibration source: calibration certif

calculation of the characteristic limits according to ISO 11929I3] requires an equation for
standard uncertainty of c4 as a function of its true value.

a true value, ¢ 4, it can be assumed that:

Neg &, N
gf _Ca _ TbE

t (0] t

g g

with u2(ng) = ng is'dbtained:

&yl o+nyp /ty) u?(nyg . \2
pr A T WA NERCH N
g g

i(¢y)=

3 -Decision threshold

brmula (5):

(5)

ncertainty

(6)

icate of the
on source.

ﬁ(EA) , i.e.

(7)

As specified in ISO 11929,[3] the decision threshold, cz, is obtained from Formula (7) for ¢4 =0. It
follows that:

a=

* ~ (0]
CA =k1_au(0)=k1_a [t—] nb’E +U2(nb'E)
g

0,05 where k1 - ¢ = 1,65 is often assumed by default.
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10.4 Detection limit

As specifie

d in ISO 11929,13] the detection limit, cﬁ , is given by:

#_ * ~( #
CA—CA+k1_ﬁu(CA)

# 2 2

4 x 2|l ca , MbE u (”b.E) #\* 2

cp=cyptkypg 07| S+—= |/t +——— +(CA) Urel (@)
(0] tg tg

(9)

B=0,05 where k1 - p = 1,65 is often assumed by default.

The detect

an initial a

#

on limit may be calculated by solving Formula (9) for ¢,

or, more simply, by iteration u

. - *
bproximation of ¢’ =2¢, .

Taking a =[B gives k1 - ¢ = k1 - g = k and the solution of Formula (9) is given by Formula-(10):
* 2
L 2dar(KPw) /e
€a= 22
1-k urel(w)

10.5 Confidence limits
The lower| ¢, and upper, c%, confidence limits are calculated using Formulae (11) and (12)
1SO 11929[B]):

ci=cyl-k,u(cy) with p:w( —Zj

p 2

cyp=cy +kqu(cA) with ¢= —%
where

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

1-y is the probability for the confidence interval of the measurand;

W can be.assumed to be 1 if ¢4 = 4u(cy).

In this casg:

cy=c

gty pu(c y)

bing

[10)

see

11)

12)

13)

y = 0,05 with kj - /2 = 1,96 are often chosen by default.

11 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 13164-2:2013);

b)

Cc) measu

identification of the sample;

ring date and time;
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d)
e)

1ISO 13164-2:2013(E)

units in which the results are expressed;

testresult, cg * u(cy) or c4 * U, with the associated k value.

Complementary information can be provided such as the following:

f)
g)
h)

sampling date and time;
sampling location;

probabilities a, B, and (1 - y);

i)

j)
k)
The

the decision threshold and the detection limit — depending on the needs of the custome}, there are
different ways to present the result:

when the activity concentration is compared with the decision threshold (see’ISO 11929(3]), the
result of the measurement shall be expressed as < c*A when theresultis below the decisior} threshold,

when the activity concentration is compared with the detection limit, thé nesult of the m¢asurement
can be expressed as < c* when the result is below the detection limit— if the detection lipnit exceeds
the guideline value, it shall be documented that the method is not suitable for the measurement purpose;

activity concentration of 226Rg, if its presence is detected in,the'water sample;
mention of any relevant information likely to have affected.the results.

results are expressed in a similar format to that shewin ISO 13164-1 (see Annex B).
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ISO 13164-2:2013(E)

Annex A
(informative)

Sample spectra

Examplesofspectraaregivenin Figure A.1 (sodiumiodide detector) and Figure A.2 (germanium detector).

=
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n  numbef of counts
E  energy

Figure A.1 — Spectrum with sodium iodide detector
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