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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 needed forj
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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Attention is drawn to the possibility that some of the elements of this document may ‘be the subjeq
patent righits. ISO shall not be held responsible for identifying any or all such patént rights. Detail
any patent|rights identified during the development of the document will be in the Introduction anc
on the ISO Jist of patent declarations received (see www.iso.org/patents).

Any trade hame used in this document is information given for the convenience of users and does
constitute pn endorsement.

For an explanation of the voluntary nature of standards, the.meaning of ISO specific terms
expression)s related to conformity assessment, as well as dnformation about ISO's adherence
the World| Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT),
www.iso.ofg/iso/foreword.html.

This docurpent was prepared by Technical CommitteeZISO/TC 147, Water quality, Subcommittee §
Radioactivity measurements, in collaboration with the European Committee for Standardization (C
Technical Lommittee CEN/TC 230, Water analysis) in accordance with the Agreement on techn
cooperatiop between ISO and CEN (Vienna Agreement).

This second edition cancels and replaces-/the first edition (ISO 13164-4:2015), which has b
technically| revised.

The main dhanges are as follows:

— 3.2:inglex has been modified-according to more recent standards;

— C(Clause|8: a note has been added;

— A.4.2: ¢fficiency ad' repeatability data have been revised and updated;

— A.4.2: subclause on reproducibility has been added.

Alist of all[theyparts in the ISO 13164 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Radionuclides are present throughout the environment; thus, water bodies (e.g., surface waters, ground
waters, sea waters) contain radionuclides, which can be of either natural or anthropogenic origin:

— naturally-occurring radionuclides, including 3H, 14C, 40K and those originating from the thorium
and uranium decay series, in particular 210Pb, 210Pg, 222Rn, 226Ra, 228Ra, 227Ac, 231Pa, 234U, and 238U,

can be found in water bodies due to either natural processes (e.g. desorption from the

soil, runoff

by rain water) or released from technological processes involving naturally occurring radioactive
materials (e.g. mining, mineral processing, oil, gas, and coal production, water treatment and the

production and use of phosphate fertilisers);

anthropogenic radionuclides such as 55Fe, 59Ni, 63Ni, 90Sr, 99T, transuranic elémeént
Pu, Am, and Cm), and some gamma emitting radionuclides such as ¢0Co and 187Cs ¢
found in natural waters. Small quantities of anthropogenic radionuclides can‘be disch

present in liquid effluents are usually controlled before being discharged to the envil
and water bodies. Anthropogenic radionuclides used in medical and-industrial applicat
released to the environment after use. Anthropogenic radionuclides:are also found in w3
contamination from fallout resulting from above-ground nuclear detonations and accide
those that have occurred at the Chornobyl and Fukushima nuclear facilities.

Rad
cha
nuc
wa

ionuclide activity concentrations in water bodies ean/ vary according to local
Facteristics and climatic conditions and can be locally~and temporally enhanced by rel

r sources can thus contain radionuclides at actiyity concentrations that could preser

drinking waters [4] and to take proper actions when needed to minimize the health risk.

ers, water bodies, and liquid effluents*to be discharged to the environment. These limi

The guidance level.calculated in Reference [4] is the activity concentration that, with

up fo 300 Byl in wells, and from 100 Bg-1"1 up to 1 000 Bq-l~! in crystalline rocks. The high
confentrdtions are normally measured in rocks with a high concentration of uraniuml(Z],

s (e.g., Np,
an also be
irged from

nuclear facilities to the environment as a result of authorized routine releases. The raglionuclides

onment [l
ons can be
ters due to
nts such as

geological
pases from

ear facilities during planned, existing, and emergency exposure situations.[2l13] Somle drinking

t a human

e
health risk. The World Health Organization (WHO).recommends to routinely monitor radigactivity in

onal regulations usually specify the activity concentration limits that are authorized in drinking

S can vary
planned or
[ompliance
the results
b667-2016],

hn intake of

-1 of drinking water for one year, results in an effective dose of 0,1 mSv-a~! to members of the pyblic. This is

give rise to

Hwater, the
m 10 Bqg-11
pst activity

- Even in a

region with relatively uniform rock types, some well water can exhibit radon activity concentration
much higher than the average value for the same region. Significant seasonal variations have also been
recorded (see ISO 13164-1:2013, Annex Al8D-

In circumstances where high radon concentrations might be expected in drinking-water, it is prudent
to measure for radon and, if high concentrations are identified, consider whether measures to reduce
the concentrations present are justified[2l.

This document contains method(s) to determine 222Rn in water samples. It has been developed to
support laboratories that need either a certification or accreditation to determine 222Rn in water
samples. A certification or accreditation are sometimes required by local and national authorities as
well as some customers. The certification and accreditation are provided by an independent body.

© IS0 2023 - All rights reserved
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The method(s) described in this document can be used for various types of waters (see Clause 1). Minor
modifications such as sample volume and counting time can be made if needed to ensure that the
characteristic limit, decision threshold, detection limit, and uncertainties are below the required limits.
This can be done for several reasons such as emergency situations, lower national guidance limits, and
operational requirements.

vi © IS0 2023 - All rights reserved
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Water quality — Radon-222 —

Part 4:
Test method using two-phase liquid scintillation counting

WARNING — This document does not purport to address all of the safety issues, if any, associated

wit

practices and to ensure compliance with any national regulatory conditions.

IMBRORTANT — It is essential that tests conducted in accordance with this document

out

1

Thi
con,

Thd
ava
and

It is
unt

Ani

2

Thd
con
und

ISO
ISO
ISO
ISO

its use. It is the responsibility of the user to establish appropriate safety,and health

by suitably qualified staff.

Scope

5 document describes a test method for the determination.”ef radon-222 (222R
centration in non-saline waters by extraction and liquid scintillation counting.

222Rn activity concentrations, which can be measured{by this test method utilizing
lable instruments, are above 0,5 Bq-1"1 which is the typical detection limit for a 10 ml {
a measuring time of 1 h.

the responsibility of the laboratory to ensure thewalidity of this test method for water
ested matrices.

Normative references

following documents are referred to in the text in such a way that some or all of th
stitutes requirements of ‘this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

5667-1, Water quality — Sampling — Part 1: Guidance on the design of sampling programn
5667-3, Water quality — Sampling — Part 3: Preservation and handling of water samples
80000-10,)Quantities and units — Part 10: Atomic and nuclear physics

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

be carried

h) activity

I currently
est sample

samples of

ex A gives indication on the necessary counting conditions to meet the required detectiojn limits for
drimking water monitoring.

Pir content
pplies. For
[s) applies.

es

o7

3

3.1

For

Terms, definitions and symbols

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 80000-10 apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

©IS

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

IEC Electropedia: available at https://www.electropedia.org/

02023 - All rights reserved
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3.2 Symbols
For the purposes of this document, the symbols given in ISO 80000-10 and the following apply.

a Massic activity of sample Bq-g!
ag Massic activity of standard solution at the measuring time Bqg-g!
a Possible or assumed true quantity values of the measurand Bqg-g!
a* Decision threshold for the total massic activity Bqg-g!
a# Detection limit for the total massic activity Bqg-g!

a=, a> |Lower and upper limits of the probabilistically symmetric coverage interval of the Bgrgd?
me¢asurand, respectively

<, a Lopwer and upper limits of the shortest coverage interval of the measurand, respec-.' |, Bq-g!

tiviely
Cp Adctivity concentration Bq-lf!
m Mgss of the test sample g
mg M3ss of standard solution used for the preparation of the counting standard g
N, Nymber of background counts measured from the LSC spectrum forha-given time in
the region of interest of the measurand.
N, Nymber of counts measured from the LSC spectrum for a given‘time in the region of
inferest of the measurand.
o Blank sample count rate s
Iy Sample gross count rate s
rg Count rate of the standard in the counting windowfalpha + beta) sl
to Blank sample counting time S
I  |Ndtcountrate s
t, Tept sample counting time S
t1,, |Radioactive half-life of an isotope
u(a) |Standard uncertainty associated with the measurement result Bqg-g!
U Exppanded uncertainty, calculated using U = ku(a), with k= 2 Bq-g!
w Coefficient equal to 1/(e m) g
€ Togal efficiency
p Density gt
u%,  |Relative uncertaiitty
i(d) |Standard uncertainty of a as a function of its true value Bqg-gd!
ﬁ(a#) Standard uncertainty (_)f an estimate of the measurand when the true value is equiv-
al¢gntto.the detection limit
k, Quarntiteof thestandardizednormatdistributionfor-theprobabitity p{for-instance
p=1l-a,1-forl-y/2)
A Decay constant of the isotope
W Auxiliary quantity
y Primary measurement result of measurand
P Distribution function of the standardized normal distribution
a Probability of the false positive decision
B Probability of the false negative decision

2 © IS0 2023 - All rights reserved
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4 Principle

Radon is extracted from an aqueous solution by means of a scintillation cocktail not miscible with water
(without emulsifier) inside the scintillation vial and counted after the equilibrium is reached with its
short-lived decay products [21110][11][12],

The aqueous sample is drawn with a gas-tight syringe from inside the water volume (i.e., well below
surface) to avoid radon losses during sampling and transferred into a scintillation vial containing
the desired amount of scintillation cocktail. For the same reason, the water sample is injected below
the cocktall surface. The vial is tlghtly capped shaken and kept for 3 h preferably 1n the dark and at

e otal counts
short-lived

(algha + beta) or alpha counts only can be con51dered In these condltlons 222Rn and its
progeny (218Po, 214Pb, 214Bj, and 214Po) are measured.

5 |Sampling

5.1 General

Sanppling, handling and storage of the water samples shall be doné-as specified in ISO $667-1 and
[SO|5667-3. It is important that the laboratory receives a sample that.is truly representative g4nd has not
beeh damaged or modified during transportation or storage.

Singe radon is easily desorbed from water sample, care shotdd"be taken to avoid analyte lo§ses during
the|sampling.
5.2 Sampling with source preparation “on site”

Attach a plastic tube to a faucet with a proper: fitting. Insert the other end of the tube in a wide-mouth
flask (6.2.3). Allow a steady water stream to fill and the volume of water should be overflow¢d in terms
of volume, such as twice or three times. Adjust the flow rate to avoid turbulence, bubbles, and empty
Vol\[/ines both in the tube and in the flask:

Draw the water sample aliquot with'a gas-tight syringe (6.2.4) inserting the needle welll below the
surface. Sampling time shall be rfecorded to calculate decay correction.

Prepare the counting sourcg following the method described in 7.5.

5.3| Sampling without “on site” source preparation

Attach a plastictube to a faucet with a proper fitting. Insert the other end of the tube in a wide-mouth
glags bottle (612-2). Allow a steady water stream to flow out and overflow the bottle for approximately
2 nlin. Adjust flow rate to avoid turbulence, bubbles, and empty volumes both in the tubeland in the
bottle. Gently extract the tube and screw tightly the cap avoiding any air head space. A 1 I bottle is
gengerally'suitable for the sampling. Sampling time shall be recorded to calculate decay corrgction.

The sample should be transported into the laboratory and analysed ideally within 48 h. The sample
should not be frozen to prevent breaking of the container. If the bottle is completely filled without
bubbles and tightly capped, then normal road transport can deliver sample without significant radon
loss even if the samples are exposed to elevated ambient temperatures.

6 Reagents and apparatus

6.1 Reagents

All reagents shall be of recognized analytical grade and, except for 6.1.4, shall not contain any detectable
alpha and beta activity.

©1S0 2023 - All rights reserved 3
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6.1.1 Water, distilled or deionized.

Deionized water can contain detectable amounts of 222Rn and short-lived progeny. It is, therefore,
strongly recommended that water be boiled with vigorous stirring and allowed to stand for 1 day

before use.

6.1.2 Sci

Otherwise, purge it with nitrogen for about 1 h for 2 1 water.

ntillation cocktail, commercially available scintillation cocktails, not water miscible.

6.1.3 Ethanol, 95 %.

6.1.4 Ra
226Ra star

activity co
metrologic

6.2 App
6.2.1 Ba

6.2.2 Wi

dium standard solution.

dard solutions shall be provided with calibration certificates containing atleast
pcentration, measurement uncertainty and/or statement of compliance with an-identi
al specification.

pratus
ance.

de-mouth glass sample bottles, volume from 500 ml to 1+

6.2.3 Wide-mouth flask, volume from 500 ml to 1 1.

6.2.4 Gas-tight syringe.

6.2.5 Liquid scintillation counter, preferably with‘thermostated counting chamber and prefer
ultra-low l¢vel counter to achieve better detectiondimits.

6.2.6 Polyethylene scintillation vials, PTEE coated, volume 20 ml.

6.2.7 Glgss scintillation vials, low petassium glass, volume 20 ml.

NOTE FTFE coated polyethylene-vials are the better choice since they prevent both the diffusion of

cocktail int
vials have s

7 Procé€

7.1 Pre

Transfer a

vial (6.2.6 or 6.2.7). Dilute with laboratory water (6.1.1) (see ISO 3696) to the previously chosen mass

b the wall of the vial,.radon loss and the absorption of radon from the external environment. G
milar advantages butexhibit a considerably higher background due to 4K content.

dure

aration of calibration sources

226

the
fied

bly

the
lass

fion

(e.g. 10 g). Add the scintillation cocktail (6.1.2). Store the sample for at least 25 days until secular
equilibrium is reached. A standard solution of 222Rn can also be used if available.

Vigorously shake the vial for a few seconds. A vortex mixer could also be used for shaking. After phase
separation, a waiting time of at least 3 h shall be used before starting counting. Since 226Ra is not
extracted into the organic phase, its alpha emission would not affect the detection efficiency calibration

for 222Rn.

7.2 Optimization of counting conditions

Both alpha + beta counting or alpha counting using alpha-beta discrimination can be used (see

manufactu

4

rer instructions).

© IS0 2023 - All rights reserved
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When using alpha-beta discrimination, both alpha background and efficiency are usually lower; in
practice it is found that a much lower detection limit can be achieved.

Set the counting window so that the channels affected by photo- and chemo-luminescence are excluded.

NOTE Since no water is present in the scintillation cocktail phase, the quenching is low and constant, thus no
quenching correction is needed.

7.3 Detection efficiency

Let the counting rate be r for the counts of the calibration source in the counting window (alpha + beta).

Detprmine the detection efficiency according to Formula (1):

I'e — I
g=—0 1)
as'ms

Accpptance limits for efficiency should be defined.
NOTE € includes both counting and extraction efficiency. Usual values-are in the range of approximately
400[% to 500 % (222Rn, 218Pg, 214Po alpha emissions and 214Pb, 214Bi beta emissions). If using alpha-orfly counting,

a loyver € value (<300 %) is to be expected.

[t is|advisable to check the method linearity. The efficiency shauld be assessed using calibrat]on sources
whose activities should cover the whole working range.

A npore accurate estimate of efficiency can be obtained by preparing and measuring a |[number of
calipration sources.

Efficiencies should be verified with a periodicity-established by the laboratory and whenever changes
in materials (e.g., scintillation cocktail (6.1.2)) or when maintenance operations are perfformed on
the|scintillation counter (6.2.5). A verification or a recalibration is necessary when requirements of
insfrument quality control are not met.

7.4 Blank sample preparation-and measurement

Trapsfer the chosen quantity/(eg., 10 g) of degassed laboratory water (6.1.1) into the scintfllation vial
(6.4.6 or 6.2.7). Add the scintillation cocktail (6.1.2) and shake vigorously the vial for a few[seconds. A
vorfex mixer could also béjused for shaking.

Aftér phase separatien, wait at least 3 h before starting counting. Count the blank sampl¢ using the
chopen conditions: Let the measured counting rate in the counting window be ry,

Accpptance limiits for blank samples should be defined, also on the basis of the desired detection limit.
For|this purp0se, the use of control charts is advisable.[13]

It issrecommended to count blank samples for the same counting time as the test samples.

Blank measurements should be performed with a periodicity established by the laboratory
(e.g., monthly) and whenever changes in materials (e.g., scintillation cocktail batch (6.1.2)) or
when maintenance operations are performed on the scintillation counter (6.2.5). Verification or a
recalibration is necessary when requirements of instrument quality control (see Clause 8) are not met.

7.5 Sample preparation and measurement

Transfer into the scintillation vial (6.2.6 or 6.2.7) the chosen amount of the scintillation cocktail (6.1.2)
(e.g., 10 ml). Weigh the vial.

This operation should be done in the laboratory. The weighed, capped vial, containing the scintillation
cocktail, can be transported to perform “on site” sampling.

© IS0 2023 - All rights reserved 5
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Withdraw slowly a sample aliquot from the bulk sample contained in the bottle/flask (6.2.2 or 6.2.3)
(see 7.1 or 7.2) by a gas-tight syringe (6.2.4). The tip of the needle should be placed around 3 cm under
the surface of the water in the bottle/flask.

Invert the syringe and slowly eject the water. Repeat this rinsing operation two or more times. Bubbles
inside the syringe should be avoided.

Withdraw a sample aliquot, invert the syringe, and slowly eject any remaining small air bubble. Retain
the desired quantity of sample.

Remove the cap from the vial and carefully place the tip of the needle at the bottom of the vial. Slowly

eject the sd
the cap.

Vigorously
the vial ag

The water
The operat
of radon.

Count the s
in order tg
counting r3

The durati
required.

Before sta
clearly sep|
of NaCl is 3
vigorously

mple water under the scintillation cocktall. Larerully remove the needle and Iirmly rep

shake the vial for at least 30 seconds. A vortex mixer could also be used for shaking. W
hin and calculate the mass, m, of sampled water.

is injected under the liquid scintillation solution to prevent loss of raden from the sam
ion should be carried out slowly to avoid turbulence in the solution which might cause

ample after at least 3 h from its preparation using the chosen optimum counting condit
allow the equilibrium with short-lived radon progeny tosbe-reached. Let the measy

ite in the chosen window be rg:

pn of counting depends on the sample count rate and also on precision and detection |

'ting the counting, it is recommended to ensure that the two immiscible liquid phases
hrated (absence of third phase). In case of perSistence of a third phase for a few hours, (
idded to scintillation cocktail before the water is added to prevent the emulsion [14]- Sh
the vial for a few tens of seconds and wait for the total disappearance of the third ph

(scintillatign cocktail-in-water emulsion).

8 Quality assurance and quality control program

8.1 Gen

bral

Quality comtrol operations shall meet the requirements of ISO/IEC 17025. Measurement methods s

be performn

8.2 Vari

ed by suitably skilled staff under a quality assurance program.

hbles thateould influence the measurement

Special car
bias the m

asurement and lead to a non-representative result. Failure to take sufficient precaut

ace

pigh

ple.
0SS

ons
red

mit

are
1g
ake
ase

hall

e shall'be taken in order to limit as much as possible the influence of parameters that may

ons

during the|different steps of the measurement process such as sampling, transportation and stor

hge,

reagents, transfer, instrument could require corrective factors to be applied to the measured results.

8.3

Instrument verification

Major instrumental parameters (detection efficiency, background signal) shall be periodically
verified within a quality assurance program established by the laboratory and in accordance with the

manufactu

rer’s instructions.

8.4 Contamination

Verify the absence of reagent contamination through the periodic performance of reagent blank
analysis. Laboratory procedures shall ensure that laboratory and equipment contamination as well as

sample cro

6

ss contamination is avoided.
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Interference control

It is the user’s responsibility to ensure that all potential interferences have been removed. The removal
of potential interferences is limited by the decontamination factor of the method.

8.6

Method verification

A periodic verification of the method accuracy should be performed. This may be accomplished by:

participating in intercomparison exercises;

Thd
Thd

8.7

run|
lim

As
ap

labg¢ratory.

9

9.1

Med
unc
int
9.2
Thd

If aLanalyst has not performed this procedure before, a precision and bias test should be pe

analysing reference materials;
analysing spiked samples.
repeatability of the method should be verified (e.g., by replicate measurements).

chemical recovery (R,) should be monitored for quality control.

Demonstration of analyst capability

ing a duplicate measurement of a reference or spiked matefial. Acceptance limits shoul
ts specified by the laboratory.

milar evaluation should be performed by the analystiwho routinely applies this procd
briodicity defined by the laboratory. Acceptance dimits should be within limits speci

Expression of results

General

surement results are expressed as activity concentrations in Bqg-1! or Bq-kg? with
ertainties, presented in a testreport. The coverage factor for the expanded uncertainty
he presentation of results:

Count rate
count rates are calculated using Formulae (2) to (3):
rg=Ng /t J
rp. =Ny /g

Fformed by
1 be within

dure, with
ied by the

associated
s specified

(2)

(3)

It is recommended to count the background at least the same amount of time as for the sample.

The net count rate of the sample (r,,,) is calculated using Formula (4).

©IS

Thet =Tg —To
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9.3 Calculation of activity concentration per unit of mass

Calculate the massic activity, a, of the water sample using Formula (5):

A=Tnet

=W Thet

/(m-¢)

6)

The term w in Formula (5) is isolated (Formula (6)) to calculate the decision threshold, the detection
limit, and the probabilistic symmetric coverage interval.

w=1/(e-m)

(6)

If the resulf has to be expressed in Bq per unit volume, then the initial result expressed in Bq petju
mass shall be multiplied by the density of the water sample. In this case, the uncertainty contnibuti

density is

9.4 Com

This subcl
the liquid s
u(a). Accor

u(a)=
The relativ
o (

The relativ
u (€

If replicate]
be calculat

Mass uncel

egligible and can be ignored.

bined uncertainty

huse contains the Formulae needed to calculate the uncertainty on¢ay The uncertaintie

ing to ISO/IEC Guide 98-3, the combined uncertainty of a is caléulated using Formula (7

\/wz ~(rg [tg+Tp /t0)+a2 ~u3€1 (w)
e standard uncertainty of w is calculated by Formuld\(8).
(m)

2

2
W) =Upg) (8)+urel

e standard uncertainty of ¢ is calculated-by Formula (9).

2
rel

2

:ut%el(rs_ro)"'uzel (as)+u (ms):(rs /ts+r0 /tO)/(rs_r0)2+urel (as)+ut%el(ms)

efficiency determinations areperformed (see NOTE in 7.3), the efficiency uncertainty shc
ed accordingly (see A.2),

tainty, u,(m), should be estimated based on laboratory experience and can be greater

I

njit of

of

on

cintillation volume or mass, A, ¢, ), t, and ¢, are considered negligible for the calculatiop of

):
(7)

(8)

(9)

uld

han

balance unicertainty.
For the calculation of the characteristic limits according to ISO 11929-1,[13] {i(a) is needed, i.e.|the
standard uncertainty'ofa as a function of its true value, calculated by Formula (10).
oy 2 i -2 2 s
u(a):\/w -((a/w+r0)/tg+r0/t0)+a Upe (W) (10)
9.5 Decision threshold
The decision threshold a* is obtained from Formula (11) (see ISO 11929-1).
This yields:
a =k1—a‘W'\/(r0/tg)+(’"0/fo) (11)

where o = 0,05 with k; _ , = 1,65, are values often chosen by default.
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When t, =t, =t, a* is calculated using Formula (12):

a* :kl—O( ‘W‘\IZNO /t

(12)

When the background is very low, or when N, =0, a* is calculated with Formula (13) according to

ISO

11929-2:

a =ky_o -w2(Ny+1) /t

(13)

9.6
Thd

=
1l

Thd
stay

Wh

whd

9.7

9.7

The
ISO

whg

Detection limit

detection limit, a¥, is calculated using the implicit Formula (14) according to 1SQ.11929-

a*=a’ +kqi_p ~ﬁ(a#)=a* +ki_p \/WZ [(a# [w+rg [ty )/tg +u? (rg)/tf}]+a#2 uZ, (w)
0,05 and then, kl—ﬁ =1,65 is often chosen by default.

detection limit can be calculated by solving Formula (14) for a™or, more simply, by iterd
ting approximation a*=2.a".

en taking kq_, =kq_g =k, the solution of Formula (14} isgiven by Formula (15):

a* :(Za’k +(W~k12_a )/tg )/(l—k%_a -ufel (W))

re a = 0,05 with k;_, = 1,65, are values often.chosen by default.
Probabilistically symmetric coverage interval

1 Limits of the probabilistically symmetric coverage interval

lower, a* and upper, a” coverage limits are calculated using Formulae (16) and (17) a
11929-1[15];

a“=a-k,-u(a), p50-(1-y/2)
a” =a+k, ufa), q=1-w-y/2

re

(14)

tion with a

(15)

ccording to

(16)

(17)

o=®[y/u(y)], @ being the distribution function of the standardized normal distrih

ution;

’}/:

1-y) is the probability for the coverage interval of the measurand;
w=1 may be setif a>4-u(a). In this case:

< >
a ,a =atkq_,,-u(a)

0,05 and then, ky_,/; =1,96 is often chosen by default.
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9.7.2 The shortest coverage interval

As described in detail in ISO 11929-1,[15] the lower limit of the shortest coverage interval, a<, and the

upper limit of the shortest coverage interval, a”, are calculated from a primary measurement result, g,
of the measurand and the standard uncertainty, u(a), associated with g, either by:

a<,a>=aikp-u(a);p=[1+a)-(1—y)]/2 (19)
orif a* <0, were the result by:

a~=0jp” =atk,-u(a);q=1-w-y 20)
w=®[y/uly)], ® being the distribution function of the standardized normal distribution;

The relations 0<a“ <a” apply and the approximation of Formula (18) is valid.

9.8 Calc

The activit
in gram pe

r

_9
cq=—

&

2
Upel (W

The uncert
limits and
replacing g

10 Test report

The testre
a)
b)
<)
d)

identif]
units i

the tes

reference to this documentyj:e., ISO 13164-4;

ulations using the activity concentration

y concentration can be calculated multiplying the activity per phit of mass by the densit]
" litre, as follows:

—~p=(

-m

P
g-m

(p)

r,

g —ro)w withw =

2
rel

2

(8)+u (m)+urel

2
=Upe)
ainty of the density u_(p) is usually negligible (see 9.3). The uncertainty, the characterig

the limits of the confidence interval*can be calculated using the previous expressior
ymbol a by c,.

port shall conform to [SQ/IEC 17025 requirements. It shall contain the following informat]

ication of the sample;
h which thetesults are expressed;

t results

1) whémthe massic activity, g, is compared with the decision threshold (see ISO 11929 series)

Y; p,

21)

22)

tics
by

jon:

— if the result is less than the decision threshold, the result of the measurement is expressed

*
as <a ,

— if the result is greater than the decision threshold, the result of the measurement is

2)

10

expressed as atu, (a)ora+U with the associated k value,

when the massic activity, a, is compared with the detection limit;

if the result is less than the detection limit, the result of the measurement is expressed as

Sa#,

if the result is greater than the detection limit, the result of the measurement is expressed

as atu, (a)ora+U with the associated k value.
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Complementary information can be provided such as:

e)

f)
g)
h)

the uncertainty can also be expressed as the limits of the probabilistically symmetric coverage

interval a¥,a" and/or the limits of the shortest coverage interval as,a’;
probabilities a, f and (1 - y);

decision threshold and the detection limit;

if the detection limit exceeds the guideline value, it shall be documented that the method is not

suitable for the measurement purpose;

i)
NOT

resy

mention of any relevant information likely to affect the results;

E Occasionally, it is requested by the customer or regulator to compare the primary m

It, a, with the detection limit, a#, in order to decide whether the physical effect isyrecognized

stipplations are not in accordance with ISO 11929-1. They have the consequence that i-is decided to

that

the physical effect is absent when in fact it is not absent.

easurement

pr not. Such
b frequently
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Annex A

(informative)

Set-up parameters and validation data

ral

A.1 General

The follow

PTFE coatg

used (exce

A.2 Inst

Measurem

bt if otherwise specified).

below (see[Figure A.1).

Y

16 00(

14 000 -

12 000 -

10 000 -

8 000 -

6 000 -

4000

2000 -

Key

X  channe

Y counts

NOTE 1

NOTE 2

rument set up and calibration

ng measurements have been performed by a 1220 Quantulus™?Y liquid scintillation~cou
d polyethylene vials [Polyvials® SLD2)] and Ultima Gold™ F3) scintillation cocktail have b

bnts are performed without applying alpha/beta discriminationCA-spectrum is repot

0 200

v

[\

400

I I
600 800

1000 X

Peak 1: 222Rn (5,489 MeV).

Peak 2: 218P¢ (6,002 MeV).

ter.
een

ted

1) 1220 Quantulus™is an example of a suitable product available commercially from PerkinElmer. This information
is given for the convenience of users of this document and does not constitute an endorsement by ISO of this product.

2) Polyvials® SLD is an example of a suitable product available commercially from Zinsser. This information is
given for the convenience of users of this document and does not constitute an endorsement by ISO of this product.

3) Ultima Gold™ F is an example of a suitable product available commercially from PerkinElmer. This information
is given for the convenience of users of this document and does not constitute an endorsement by ISO of this product.
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NOTE3  Peak 3: 214Po (7,687 MeV).

Figure A.1 — LSC spectrum

Total (alpha + beta) spectrum counting window between channels 100 and 1 000 is considered (dotted
lines in Figure A.1).

In Table A.1, results obtained with different calibrations procedures are reported. In “Calibration 1”,
single sources of 226Ra (see 7.1) at six different concentrations levels (0,2 Bq-kg1; 310 Bq-kg; 610 Bq kg

1;9

(exfraction + counting) has been determined (see Table A.1, first line).

Il’l «

1 and 2, the standard solution of 226Ra was in secular equilibrium with 222Rn when|th€ anal

ll(:a
the

In “

watler (provided by ENEA INMRI, Rome-Italy). Sources were prepared-en-site and then tray

the

10 Bg'kg'l; 1 210 Bg'kgl: 1 510 Bg-kg'!) have been prepared and measured. The overal

Calibration 2”, 10 sources of 226Ra (1 500 Bq-kg1) have been prepared and measured.'For g

ibration 3" employed a water sample containing radon supplied and certified by JRC-G
framework of the radon-in-water pilot PT-2017.

Calibration 4”, a set of 10 calibration sources was prepared from-a national standard

measuring laboratory.

Table A.1 — Calibration parameters

| efficiency

alibrations
/sis began.

cel (EU) in

pf 222Rn in
sported to

. Average Rel.
. . Calibration Activity Replicates/ Scintillation value Stand. dev. stand.
Calibration . . i measure- . s(e)
radionuclide Bq-kg cocktail £ 1 dev.
ments 0 Bg-kg
% See1 (€)
1 222Rn (+226Ra) | 0,2 to 1 5102 | 6 measures? Ultlm;bGOId 394 7 0,02
2 222Rp (+226Ra)| 1500 . ~}'10 replicates Ult‘m;‘bG"ld 392 5 0,01
3 222Rp 2288~ | 4replicates Ult‘mi‘;‘bG"ld 410 3 0,007
4 222Rn 6400 10 replicates| Optiscintb 407 10 0,02
a  |Measurements at six concentration levels (0,2 Bq-kg1; 310 Bq-kg1; 610 Bq-kg1; 910 Bq-kg1; 1 210 Bq-kg 1} 1 510 Bq-kg
_1).
b 1Ultima Gold™ F is an_eXample of suitable products available commercially from PerkinElmer. Optiscint docktail is no
longer available, values-are still reported for exemplification purpose. This information is given for the copvenience of
usefs of this docuniéntand does not constitute an endorsement by ISO of this product.

The

three cdlibration procedures give comparable result if measurement uncertainty is con;

A.3

Expression of results

Decision threshold and detection limits calculated as in 9.5 and 9.6 are reported in Table A.2 for the
above reported conditions. The same parameters for non-concentrated samples are reported too.
Above reported efficiency and blank values are used.

Table A.2 — Characteristic limits

Actual mass of Counting Backeround 2 Decision Detection
test sample time co% nts Urel threshold limit
kg s m Bqg-kg? Bqg-kg?
0,010 3600 170 + 15 2,510-5 2,21071 4,51071
©1S0 2023 - All rights reserved 13
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