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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types
of ISO documen A les of the
ISO/IEC Directives, Part 2 (see WWW.is0. org/dlrectlves)

[SO draws$ attention to the possibility that the implementation of this document may involve‘the[use of (a)
patent(s).| ISO takes no position concerning the evidence, validity or applicability of any claimed patent
rights in fespect thereof. As of the date of publication of this document, ISO had not ¥eceived ndtice of (a)
patent(s) which may be required to implement this document. However, implementers are cautioned that
this may not represent the latest information, which may be obtained from the patent database ayailable at
www.iso.prg/patents. ISO shall not be held responsible for identifying any or alljsuch patent rightg.

Any trad¢ name used in this document is information given for the convenience of users and| does not
constitut¢ an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related tp conformity assessment, as well as information about ISO's adherence to the Wofld Trade
Organization (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyiment was prepared by Technical Committee<1SO/TC 147, Water quality, Subcommittee SC 3,
Radioactiyity measurements, in collaboration with the\European Committee for Standardization (CEN)
Technicall Committee CEN/TC 230, Water analysis”’in accordance with the Agreement on |technical
cooperatipn between ISO and CEN (Vienna Agreement).

This secopd edition cancels and replaces the-first edition (ISO 13165-3:2016), which has been t¢chnically
revised.

The main|changes are as follows:
— theirftroduction has been completely revised;
— the pfincipal of measurement in Clause 5 has been expanded;

— the if{strument verification subclause (formerly 9.3) has been deleted;

— form\[lae for the\éoverage intervals according to ISO 11929 series have been updated;

— requifrements of the test report have been updated.

Alist of all parts in the ISO 13165 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 (see Annex A), in particular 210Pb, 210Pg, 222Rn, 226Ra, 228Ra, 227Ac, 231Pa, 234U, and
238(J, 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 >5Fe, 59Ni, 63Ni, 90Sr, 99Tc, transuranic elements (e.g.\N
Cm) 4nd some gamma emitting radionuclides, such as ¢9Co, 137Cs, can also be found in naturpl waters.
Small quantities of anthropogenic radionuclides can be discharged from nuclear (facilities to the
envirpnment as a result of authorized routine releases. The radionuclides present in liquid eff]uents are

usua
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abovg
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fopogenic radionuclides are also found in waters due to contamination frem fallout resu

shima nuclear facilities.

proper ackions when needed to minimize the health risk.

National 1

b, Pu, Am,

y controlled before being discharged into the environmentlll and water bodies. Anthfopogenic
huclides used in medical and industrial applications can be released to thé.environment{after use.

ting from

-ground nuclear detonations and accidents such as those that have gccurred at the Chorpobyl and

ide activity concentrations in water bodies can vary accordingto local geological chargcteristics
tic conditions and can be locally and temporally enhanced by releases from nucleay facilities
hnned, existing and emergency exposure situations(2[3l) Some drinking water sourceq can thus
hdionuclides at activity concentrations that can present a human health risk. The Woyld Health
ion (WHO) recommends to routinely monitor radivactivity in drinking watersl4l and to take

egulations usually specify the activity concentration limits that are authorized in drinkipg waters,

water bodlies and liquid effluents to be discharged tethe environment. These limits can vary for planned,
existing qnd emergency exposure situations. As an example, during either a planned or existing

the WHO
assessed
associate

NOTE

drinking v

guidance level for 226Ra in drinkingwater is 1 Bq:11, see NOTE. Compliance with thes

i uncertainties, as specified by ISO/IEC Guide 98-3[5] and I1SO 5667-2016l.

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

dose that fepresents a very low level-of risk to human health and which is not expected to give rise to any
adverse hdalth effects[4].

This document containsatéthod(s) to support laboratories, which need to determine 226Ra in wate

The metHod described in this document can be used for various types of waters (see Clause

modificatfions to,.fon example, the sample volume and the counting time, can be made if needed

that the d
limits. T

is_can be done for several reasons such as emergency situations, lower national guida

and operdtional requirements.

situation,
b limits is

by measuring radioactivity in water samples and by comparing the results obtained, yith their

bf 2 1-d-1 of

bater for one year, resultsn.ah effective dose of 0,1 mSv-a~! to members of the public. This is an effective

detectable

rsamples.

1). Minor
to ensure

haracteristic limit, decision threshold, detection limit and uncertainties are below thq required

hce limits

This document deals with the measurement of the activity concentration of radionuclides in water samples.
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Water quality — Radium-226 —

Part 3:
Test method using coprecipitation and gamma-ray
spectrometry

WARNIN

documert does not purport to address all of the safety problems, if any, associated with'itg
the responsibility of the user to establish appropriate safety and health practices and'to d
the applifability of any other restrictions.

IMPORTANT — It is absolutely essential that tests conducted according to this document arj
out by sujlitably trained staff.

1 Scop

This docu
water by

The meth
a sample

For water

performe
11to 5113

NOTE
224Ra and

2 Normmative references

The follov
requirem
the latest

ISO 5667-

ISO 10703
ray spect

— Persons using this document should be familiar with normal laboratory pract

e

coprecipitation followed by gamma-ray spectrometry (sé¢ [SO 20042[7]).

bd covers the measurement of soluble 226Ra activity €bncentrations greater than 0,002 B
yolume of up to 100 1 of any water type.

samples with a volume of less than a volume of 1 1, direct gamma-ray spectromet
H following ISO 10703 but with a higher detéction limit. The typical detection limit for s
in the range of 0,002 to 0,000 40 Bq-171£l.

This test method can be adapted to determine other naturally occurring isotopes of radium, sug
P28Ra, if the respective ingrowth periods are taken into account.

ing documents are referred to in the text in such a way that some or all of their content c
bnts of this documerit. For dated references, only the edition cited applies. For undated r
edition of the referenced document (including any amendments) applies.

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

, Water-guality — Gamma-ray emitting radionuclides — Test method using high resolutio
ometry

ces. This
use. It is
ptermine

e carried

ment specifies a method to determine radium-226 (226Ra)yactivity concentration in alll types of

11171 using

'y can be
amples of

h as 223Ra,

nstitutes
bferences,

n gamma-

ISO 11929

(411 nﬂvfc‘\ Deotormination oftho chaoractorictio Iimite (docicion throchald dotoction limit oy

d limits of

T POt to D CteT ittt oo Ot e T e CT o tT e Co (O C et O e CoT Ot C e CC oot oot

the coverage mterval) for measurements of ionizing radiation

[SO 12749-1, Nuclear energy — Vocabulary — Part 1: General terminology

[SO 12749-2, Nuclear energy, nuclear technologies, and radiological protection — Vocabulary — Part 2:
Radiological protection

[SO 12749-3, Nuclear energy, nuclear technologies, and radiological protection — Vocabulary — Part 3: Nuclear
installations, processes and technologies

ISO 12749-4, Nuclear energy, nuclear technologies, and radiological protection — Vocabulary — Part 4:
Dosimetry for radiation processing

© IS0 2024 - All rights reserved
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ISO 12749-5, Nuclear energy, nuclear technologies, and radiological protection — Vocabulary — Part 5: Nuclear

reactors

ISO 12749-6, Nuclear energy, nuclear technologies, and radiological protection — Vocabulary — Part 6: Nuclear

medicine
[SO/IEC 17025, General requirements for the competence of testing and calibration laboratories

IS0 80000-10, Quantities and units — Part 10: Atomic and nuclear physics

3 Terms and definitions

5,1SO

- . ST the terTS A def oS gtveTr T A
ISO 12749-4, 1SO 12749- 12749-6,1S0 80000-10 and the following apply.

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

— IS0 Opline browsing platform: available at https://www.iso.org/obp

— IEC E]ectropedia: available at https://www.electropedia.org/

31
activity

) 12749-3,

number of spontaneous nuclear disintegrations occurring in a given quantity of material during p suitably
small intdrval of time divided by that interval of time
4 Symbols
For the pyrposes of this document, the following symbolsapply.
A Activity of each radionuclide in calibrationséurce, at the time of calibration Bq
o Activity concentration of 226Ra, withqut-and with corrections Bg-l-!
Cz Decision threshold, without andith corrections Bg-l-!
cﬁ Detection limit, without and-writh corrections Bqg-l-1
Cy Possible or assumed true-quantity values of the measurand Bg-l-1
i [.ower limit of the probabilistically symmetric coverage interval of the measurand Bqg-l1
ca Upper limit 6fthe probabilistically symmetric coverage interval of the measurand Bg-l-!
3 [ .owerdimit of the shortest coverage interval of the measurand Bg-l!
1 Upper limit of the shortest coverage interval of the measurand Bg-l-1
&g Detection efficiency at energy, E, at actual measurement geometry —
fE Correction factor considering all necessary corrections —
K Quantiles of the standardised normal distribution for the probabilities p (for instance .
p p=1-a,p=1- or p=1-vy/2)
K Quantiles of the standardised normal distribution for the probabilities g (for instance i
a q=1-a,q=1-f or q=1-y/2)

© IS0 2024 - All rights reserved
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Mass of barium carbonate

Mass of barium nitrate
Mass of barium sulfate
Number of counts in the background of the peak considered, at energy E, in the sample

Number of counts in the background of the peak considered, at energy E, in the back-
ground

lumber af countsin the har‘l{grnnnr] ofthe pnal{ r‘nncir]ornr" at energy F', inthe standard

Number of counts in the gross area of the peak considered, at energy E, in the sample
Number of counts in the gross area of the peak considered, at energy E, in the backgroun
Number of counts in the gross area of the peak considered, at energy E, in the’standard
Number of counts in the net area of the peak considered, at energy E,in the sample
Number of counts in the net area of the peak considered, at energyE, in the background
Number of counts in the net area of the peak considered, at énergy E, in the standard
Probability of the emission of a gamma-ray with energy E.of each radionuclide, per decay
Chemical yield

Background spectrum counting time

Sample spectrum counting time

Standard spectrum counting time

F:xpanded uncertainty calculated with k = 2

Standard uncertainty associated with the measurement result

Standard uncertainty-of-the estimator c, as a function of an assumed true value ¢, of thg
measurand

Standard uncertainty associated with fitting efficiency curve
Volume ofthe test sample

Distribution function of the standardized normal distribution

stimated value for the calibration factor

Auxiliary quantity

5 Principle

Measurement of 226Ra activity concentration in water is carried out in two separate steps: a sample
preparation step, followed by a measurement using gamma-ray spectrometry[21.[10],

After filtration and acidification of the water sample (see ISO 5667-3), to ensure that only the soluble fraction
of the 226Ra is measured, the 226Ra is coprecipitated as its sulfate salt using a barium carrier. Radium and

barium sulfates are then washed, dried and weighed. The chemical yield is obtained gravimetrically.

© IS0 2024 - All rights reserved
3


https://standardsiso.com/api/?name=54c966a517d64734efc20f770a89938a

ISO 13165-3:2024(en)

For water samples that can have an existing concentration of soluble barium, another tracer should be used

to avoid a

chemical yield above 100 %.

When a radiometric tracer, such as 133Ba is used as an internal standard, the recovery yield is used instead
of the chemical yield, R, in Formulae (2) and (5). A correction of counting losses due to coincidence is then
required for the determination of 133Ba.

The 226Ra activity concentration of the precipitate is measured by gamma-ray spectrometry using a high
purity germanium detector.

Secular equilibrium between 222Rn and its progenies is a prerequisite when measuring 226Ra using 214Bi
and 214Pb gamma rays. The equilibrium is reached four weeks after the last coprecipitation step. The sample

container

shall be air-tight to achieve equilibrium conditions.

The pres
quantifica

NOTE
radium isd
228Ra, if tH
four week

6 Reagents and equipment

6.1 Rejgents

Unless otl

611 D
organic c:

6.1.2 Céncentrated nitric acid solution, c(HNOj) = 14,5 mol-I-! to 15,5 mol-l.

6.1.3 N
6.14 N

6.1.5 C;

Slowly di
acid solut

Itis reconpmendedtoUise a Ba(NO5), or BaCO; reagent with alow 226Ra activity concentration. The p

226Raint

ence of other gamma-ray emitters, such as 235U, in the precipitate can interfere
ition of 226Ra activity.

Since the coprecipitation described in this test method does not allow for the determination
topes, it can be adapted to determine other naturally occurring isotopes of radiumisirch as 223Ra|

with the

of specific
224Ra and

e respective ingrowth periods are taken into account. For this method, however; the equilibrigym time of

does not allow for the determination of 223Ra, 224Ra or 228Ra.

nerwise stated, use only reagents of recognized analytical grade.

stilled or demineralised water, with a resistivity of more than 18,2 MQ-cm at 25 °C
irbon less than 1 pg-1-1.

tric acid solution, c(HNO;) = 04 hiol-1-1.
tric acid solution, c(HNQ5)= 3,2 mol-1-1,

arrier solution, ¢(Ba2*) = 10,0 g-1-1.

bsolve barium nitrate Ba(NO3), (19,0 g) or barium carbonate BaCO5 (14,3 g) in one litr
jon (6.1.3). The.salt mass shall be weighed accurately (better than 1 %) and recorded.

e reagent’shall be controlled using a blank sample prepared with distilled or demineraliz

6.1.6 Ceoncentrated sulfuric acid solution, ¢(H,S0,) = 18,3 mol-1-1.

and total

b of nitric

resence of
ed water.

6.1.7 Cellulose ester filter, of porosity 0,45 um.

6.2 Equipment

Usual laboratory equipment and, in particular, the following.

6.2.1 Peristaltic or membrane pump.

6.2.2 Magnetic bar stirrer.

© IS0 2024 - All rights reserved
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6.2.3 Centrifuge tubes.

6.2.4 Analytical balance, for example, capable of achieving 0,1 mg precision.

6.2.5 Drying oven.

6.2.6 Gas-tight container.

6.2.7 Gamma-ray spectrometry system, with low background capability.

Major instrument parameters (energy calibration, efficiency calibration as a function of energy and

ne bottles

backgroupd spectrum] shall be periodically checked within a quality assurance programme established by
the laborgtory and following the manufacturer's instructions (see ISO 10703 and 1SO 20042[Z1y;

7 Sampling

7.1 General

The methpd can be used on water samples up to 100 1.

7.2 Sampple collection

The sampling conditions shall comply with ISO 5667-3 and ISO 10703. For sampling, polyethyle

should be|used, cleaned with 1 mol-1-1 hydrochloric acid, followed by leaching with dilute nitric aci

and rinse
is demons

Dependinig on the elapsed time between sampling and measurement (e.g. if storage is more than se

the samp
shall be c

The volun

7.3 Sar
The wate
When pr
Acidificat]
is advisah

The tests

8 Proc

] with distilled or demineralised water (other cleaningtreatments can be used if their effq
trated).

e should be acidified to pH 1 with nitric.acid. If particulate matter is removed by filtr
hirried out before acidification.

he of the water sample to be collectéd for measurement depends on the detection limits 1

hple transportation and storage
- sample shall be transported and stored in accordance with ISO 5667-3.

b-concentration iscdesired, acidify the filtered sample to a pH between 1 and 3 w
ion of the water@ample minimizes the loss of radioactive material from solution by ads
le to store liquids at lower temperatures.

hall be performed as soon as possible.

edure

d solution
ctiveness

ven days),
htion, this

equired.

th HNO;.
prption. It

8.1 Blank sample preparation

Prepare a blank with distilled or demineralized water by performing the steps described in 8.2 a) to i).

8.2 Sample preparation

Sample preparation is carried out as follows.

a) To prevent adsorption effects and proliferation of algae, the water sample is filtered and acidified to
pH 1 with concentrated nitric acid solution (see 6.1.2). The water sample volume can be up to 100 1.

© IS0 2024 - All rights reserved
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Acidification of the sample shall not be performed with hydrochloric acid as barium sulfate is partially
soluble in it.

Pour dropwise, precisely, 50 ml of carrier solution (see 6.1.5) into the solution to be analysed, with
vigorous stirring. In the case of natural water rich in sulfate ions, such as seawater, the barium and
radium have to be mixed before the sulfate is precipitated.

Add 20 ml of concentrated H,SO, (see 6.1.6) to precipitate the sulfate.

Mix for a few minutes to homogenize the mixture, and then stop mixing.

Leave the barium radium sulfate precipitate Ba(Ra)SO, to settle for 24 h or until no further
precipitation occurs.

Remd
2 000

Wash
again

ve most of the supernatant, for example using a pump, and centrifuge the remaining/thixture at

r/min for 5 min or filter to recover the precipitate.

the precipitate with 3,2 mol-I-1 nitric acid (see 6.1.4) in the centrifuge tube, shake and ¢entrifuge

. Repeat steps f) and g) twice.

Discard the supernatant.

Rinsg
Dryt
Weig

Place
[SO 2

Weig

the precipitate with water (e.g. shaking and centrifuging each time),
he precipitate in an oven at 105 °C for at least 24 h.

1 a gas-tight container.

the precipitate in the weighed gas-tight container and‘seal tightly to prevent any loss of fadon (see

D04217]).

n the container.

8.3 Counting procedure

In order f{
using the
of approx
that the 9
one used

The 226Rg
without t
probabilit
emission

9

Qual

o achieve low detection limits usipg-gamma-ray spectrometry, the 226Ra activity is dg¢termined
detection of emissions of 214Pb at351,9 keV and/or 214Bi at 609,3 keV following an ingrowth period
mately four weeks after which, sécular equilibrium with 226Ra is reached.[12] However, it requires

Ample is in a gas-tight container. Calibration shall be performed using the same geome
Fo count the sample precipitate.

activity concentrationcan also be determined directly from its own energy emission at

Lry as the

86,2 keV,

ne need for decay products ingrowth[11l, The disadvantages of this technique are that thg emission
y of this gamma’photopeak is low (3,28 %), and furthermore, 235U, which has a gamma-ray

ht 185,7 keVawith a high emission probability of 57,2 % can interfere.

ity assurance and quality control programme

9.1 General

Measurement methods shall be performed by suitably skilled staff under a quality assurance program, such
as the one that is described in ISO/IEC 17025.

9.2

Interferences

Special precautions shall be taken to minimize the interferences that can affect the measurement results:

loss of 222Rn from the container;

— 226Ra present in the Ba(NO3), or BaCO reagent; the presence of 226Ra in the reagents shall be assessed
by measuring a blank sample;

© IS0 2024 - All rights reserved
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— significant radon activity concentration variations which 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[12] and ISO 11665-5[131).[14] In case of significant
222Rn activity, this can be accounted for by ensuring identical environmental conditions between the
background and sample measurement, and, in some cases, sufficiently long counting times can be used
for both sample and background to eliminate short term background fluctuations;

— release of radon from material within the laboratory walls. In order to limit the release of radon from
material within the walls, the walls of the laboratory should be painted with a suitable material such as
epoxy paint.[121 To maintain a constant temperature and relative humidity, the air should be continuously
renewed through an air-conditioning system.

A case caln be added around the detector and filled with a radon-free gas (e.g. N,, air passed

granulate
detector.

9.3 Me

Periodic
accomplis

— parti
— analy]
Method r

The accep

9.4 Del

If an anal
measuren

A similar
the labor4

10 Expy

d activated charcoal filter) in order to prevent any accumulation of radon in thefwiein

thod verification

perifications of the accuracy of the method shall be performed.[l3] These verificatio}
hed by:

Cipating in intercomparison exercises;
sing reference materials.
epeatability shall also be checked, for example, by replicate measurements.

tance limits of the verification tests shall be defined.

monstration of analyst capability

yst has not used this procedure before;a precision and bias test shall be performed b

test shall be performed by analysts routinely using this procedure with a periodicity d
itory. Acceptance limits shall.be.specified.

ession of results

10.1 General

Except fo
ISO 10703

r the chemicdlyield, R, computation for calculation of the activity concentration is de
,and in €lause 10, only the final formulae are presented.

hrough a
ity of the

1S can be

y running

hents of a reference or spiked material. Acceptance limits shall be specified by the laboratory.

efined by

bcribed in

10.2 Warer-soluble 226Ra activity concentration

The activity concentration measured by gamma-ray spectrometry, expressed in Bq-171, shall be corrected for
the barium sulfate or other precipitation yield (R.) determination. Formula (1) describes how to incorporate
the gravimetrically determined yield. As described in Clause 5, it is also possible to use a radiometric tracer,

such as 13

3Ba to assess the recovery yield and to use that instead of R, in Formulae (1), (2) and (5).

This recovery yield is the ratio of the mass of separated barium sulfate to the mass of barium nitrate or
barium carbonate:

R =

C

where 1,1

Msyifate 1,119 8 or R. = _Msulfate 0,845 5

Myitrate Mcarbonate

19 8 and 0,845 5 are the molar mass ratios.

© IS0 2024 - All rights reserved
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Thus, for an undisturbed peak at an energy, E, the activity concentration measured by gamma-ray
spectroscopy is expressed in Bq:1-1 as shown in Formula (2):

n —n
g,E ~NpE w
Cq= = (nN,E) T (2)

1
Pp-ep-V-R.-fg
where g is given by the calibration curve in the measurement set-up.

with w =

n t
ep = Ns,E/ S (3)

#AP5

It should |be considered that for the purpose of this document, the correction factor, f, that appears in
ISO 10703, is taken to be equal to 1. If the determination of the 226Ra is based on the activity of the 214Bi, a
correctioh of counting losses due to coincidence should be required, the correction factor, f, that dppears in
ISO 10703 should be different than 1.

10.3 Stapdard uncertainty of activity concentration

According to ISO/IEC Guide 98-3 [2], the combined uncertainty of ¢, is calculated by Formula (4):

u(cy =\/(W/tg )2 -[uz (ng’E)+u2 o )]+ci uly (w) 4)

where th¢ standard uncertainty of the counting time is néglected and the relative standard uncertainty of
w is calcullated by Formula (5):

2 2 2 2 2 2
Upe (W) =Upe) (PE ) + Urel (V) + Urel (SE ) T Ure] (Rc ) T Ureg] (fE ) (5)
The standard uncertainty of the efficiency-is:given by Formula (6):
2 2 2 2 2 2 2 2 .
Ure] (EE ) = Upe (nNs,E ) T Ure] (A) T Upg) (PE ) = Upg] (”gs,E ~MNps,E ) T Ure (A) T Ure (PE ) T Urel (ﬁt) (6)

Details alout the calculation of w2, (¢ ) can be found in ISO 10703.

For the letculation of the aharacteristic limits (see ISO 11929-1), ii(¢ 4 ) , is needed, i.e. the combined standard
uncertai

Ngp [ty 5Ca /WMy [ty and with u? (ng,E):ng,E , U(Cy),is calculated by Formula (7):

y of c, »as/a function of its true value. For a true value, ¢4, it is |expected

G(Cp Y= WP (Ca /Wty /) /g +uP (myg ) /62 ]+ 85 -uZy (w) (7)

10.4 Decision threshold

According to the ISO 11929 series, the decision threshold, c;, is obtained from Formula (7) for ¢4 =0. This
yields the following given in Formula (8):

. u(ny ) N
Cp=ki_g w2 kg W (8)
g g
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oa=0,

ky
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05;

« =1,645 is often chosen by default.

10.5 Detection limit

The detec

tion limit, cﬁ, is calculated according to ISO 11929 series using the implicit Formula (9):

#2 2

cﬁ =c:1+k1_ﬁ -\/WZ-[(cﬁ/w+nb£/tg)/tg+u2(nb,E)/té]+cA “Upep (W)

9

where
B=0
ky_g

The deteq

- - - *
starting approximation, Cj =2 Cy-

When tak]

ooy +(K*w)/t,

05;

=1,645 is often chosen by default.

tion limit can be calculated by solving Formula (9) for cﬁ or, more)simply, by iterati

ing ki_, =ki_g =k, the solution of Formula (9) is given by Kermula (10):

10.6 Linpits of the coverage intervals

10.6.1 L

The lowe
ISO 11929

2 2
1-k 'urel(W)

imits of the probabilistically symmetric coverage interval

, cfl, and upper, cz, coverage limits are calculated using Formulae (11) and (12) acq
-1 and ISO 11929-3:

a—kp u(cy);p=0-(1-%/2)

atkgu(cys)q=1=w-v/2

)
uley)

bn with a

(10)

ording to

(11)

(12)

1-y

w=1

H 4] 1 loslis £, 4] . 1 £l A |
IS LT pProvdullity TUT LT LUVETL dgT I Vdl UT LT HITdsul d114,

canbe setif ¢y 24-u(cy) . In this case:

carca=cathy_yp-ulcy)

where

r=0,

05;

ki_y/2 =1,96 is often chosen by default.
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10.6.2 Shortest coverage interval

As specified in detail in ISO 11929-1, the lower limit of the shortest coverage interval, ¢}, and the upper limit

of the shortest coverage interval, CZ, are calculated from a primary measurement result, ¢, , of the
measurand and the standard uncertainty, u(c4 ), associated with c4, either by Formula (14):

ci,¢a

=cath, -u(cy)ip=[1+0-(1-7)]/2

or if cj <0 was the result, by Formula (15):

(14)

The relations 0< cf] <c7 apply and the approximation of Formula (13) is valid.

10.7 Coyrections for contributions from other radionuclides and background

10.7.1 G

If the det
emissiony
emission

gamma-r:
to the ling
(see 10.7.]

If the det
products
it should
the backg
time, ¢y, t
spectra.

In both c3
Cyp=
In both c3

10.7.2 C

The gamima-ray<ine to be corrected at the energy Ej, has the net peak area ny g, . The contr

anotherr

o — L] o
g€

Vg —1
I -

s Wila)
7

A

eneral

ermination of soluble 226Ra activity concentration is determinéd-directly from the gi
of 226Ra at 186,2 keV, then correction for the interference fifom 235U, which has a gi
ine at 185,7 keV with an emission probability of 57,0 %, shalkbe applied. Uranium-235 h3

in question can be estimated, taking into account the branching ratios of the gamma-ray
p)LL6],

brmination of soluble 226Ra activity concentration is estimated by the measurement of

be taken into account that the gamma-ray liné of the radionuclide to be determined occy
round of the spectrometer. By measuring a background spectrum without a sample for g

ny g NNoE
- W
ty to

ses, this model gives the necessary corrections, which are developed in ISO 10703.

pntribution from other radionuclides

ses, the activity concentration-can be calculated using a model according to Formula (16]):

(15)

\mma-ray
mma-ray
s another

y spectral line at 143,8 keV, with an emission probability)of' 10,94 %, from which the coptribution

bmissions

its decay

P14Ph and 214Bi at equilibrium, reached four weeks after the coprecipitation step (see Figure A.1),

rs also in
counting

his contribution can be corrected for, taking into account the different counting times ¢f the two

(16)

bution of

hdionuclide having more than one gamma-ray line at energy, E, is calculated through tTe ratio of
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the respective emission probability, deducted from the gamma-ray line, E,. Using Formula (16) with

Pg, & o
X = and ty = tg , this yields Formula (17):
PE2 &y
w
g

Neglecting the standard uncertainty of x, the standard uncertainty of c,4 is calculated by Formula (18):

tg

2
u? (cA):[KW {"g,E1 +u? (”b,E1 )+x2 -[ng'E2 +u? (”b,Ez )J}+c124 -ufel (w) (18)

For the Ciculation of the characteristic limits (see ISO 11929-1), ii(¢4 ) , is needed, i.e. the combined standard

uncertainty of ¢4 as a function of its true value.

i (EA):(w/tg )2 {EA 1, [ w+ n, +u’ (nb’E1 )+x (nMZ -n,, )+x2 [ngﬁz +u’ (nb,EZ ):'}+Ef1 -uil (w) (19)

The decisfjon threshold, cz, is given by Formula (20) for ¢4 =0:

CZ :ll_a '%'\/nb,El + uZ (nb,El )+X(ng,E2 _nb,EZ )+ X2 I:ng'EZ + u2 (nb,Ez ):| (20)

and the detection limit, cﬁ, is given by Formula (21):

ty

2 ( #
c,-t
#_ w A g 2 2 2 #2 2
cq=ch+ky 4 \/{—] { " Ny p, U (”b,El )+x(ng’E2 Aoz, )+x I:ng’E2 +u (nb’E2 ):I}+CA “ugy (w)f (21)

The deteqtion limit can be calculated by solving Formula (21) for cﬁ or, more simply, by iteratipn with a

starting approximation: cfl = 2-02 .
When taking k;_, = kl—ﬁ =k, the solution of Formula (21) is given by Formula (10).

10.7.3 Cpntribution from background

In this cage, Formula (16) js\used for the correction with x=1 and u(x)=0, which yields Formula|(22):

nNE "INy E

ty t

Cp= (22)

where

- 1 1 Vol | h - 1 1 1 Al
I’INO IS UIC TICL PTAK dI'Cd O LT gdllllia=I dy HIIC T LIS DAdUKR g OUIIUa SpCCtll Ulll,

to is the counting time of the background spectrum.
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