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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.
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Introduction

Radioactivity from several naturally-occurring and anthropogenic sources is present throughout
the environment. Thus, water bodies (e.g. surface waters, ground waters, sea waters) can contain
radionuclides of natural, human-made, or both origins.

— Natural radionuclides, including 49K, 3H, 14C, and those originating from the thorium and uranium
decay series, in particular 226Ra, 228Ra, 234U, 238U and 210Pb, can be found in water for natural reasons
(e.g. desorption from the soil and washoff by rain water) or can be released from technological

processes involving naturally occurring radio

q

1
1

Radi
char
nuclg
may

The
the
recoj
that
natid
disch
forp
using
ISO §

Depq
in ag
guid
conc
NOTH

that
very

active materials (e.g. the mining and p

{uman-made radionuclides such as transuranium elements (americium, plutonium,
urium), 3H, 14C, 90Sr, and gamma emitting radionuclides can also be found'in nat

he explosion in the atmosphere of nuclear devices and accidents-such as those that
[hernobyl and Fukushima.

bnuclide activity concentration in water bodies canvary according to loca

ar installation during planned, existing, and emergéney exposure situationslll. Dri

radionuclides present in liquid effluents are usually controlled before being disc
bnvironmentl(2] and water bodies. Drinking Wwaters are monitored for their radi
mmended by the World Health Organization (WHO)[2] so that proper actions can be tak
there is no adverse health effect to th€ public. Following these international recom
nal regulations usually specify radionuclide authorized concentration limits for lig
arged to the environment and radiehuclide guidance levels for waterbodies and drin|
anned, existing, and emergency‘exposure situations. Compliance with these limits can|
r measurement results with their associated uncertainties as specified by ISO/IEC Gu
667-20141,

nding on the exposure situation, there are different limits and guidance levels that ¥

blines for guidaree level in drinking water are 1 Bq/I and 0,1 Bq/l, for 226Ra and 22
bntrations, respectively.

1  Theguidance level is the activity concentration with an intake of 2 1/d of drinking wate
esults in‘an effective dose of 0,1 mSv/a for members of the public. This is an effective dose thaf
ow level of risk and which is not expected to give rise to any detectable adverse health effects

Int

e event of a nuclear emergency, the WHQO Codex Guideline Levels[®] mentjoned that

mall quantities of these radionuclides are discharged from nuclear fuel eycle facilif
bnvironment as a result of authorized routine releases. Some of these-hadionuclid
medical and industrial applications are also released into the environmentdfter use. An|
adionuclides are also found in waters as a result of past fallout contaminations res

hcteristics and climatic conditions and can be locally and temporally enhanced by r¢
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action to reduce health risk. As an example, during a planned or existing situatign, the WHO

BRa activity

- for one year
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the activity

concentrations might be greater.

NOTE 2

The Codex guidelines levels (GLs) apply to radionuclides contained in food destine

d for human

consumption and traded internationally, which have been contaminated following a nuclear or radiological
emergency. These GLs apply to food after reconstitution or as prepared for consumption, i.e. not to dried or
concentrated foods, and are based on an intervention exemption level of 1 mSv in a year for members of the
public (infant and adult)[2l.

Thus, the test method can be adapted so that the characteristic limits, decision threshold, detection
limit and uncertainties ensure that the radionuclide activity concentrations test results can be verified
to be below the guidance levels required by a national authority for either planned/existing situations
or for an emergency situation(el(Zl,
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Usually, the test methods can be adjusted to measure the activity concentration of the radionuclide(s)
in either wastewaters before storage or in liquid effluents before being discharged to the environment.
The test results will enable the plant/installation operator to verify that, before their discharge,
wastewaters/liquid effluent radioactive activity concentrations do not exceed authorized limits.

The test method(s) described in this document may be used during planned, existing and emergency
exposure situations as well as for wastewaters and liquid effluents with specific modifications that

could increase the overall uncertainty, detection limit, and threshold.

The test method(s) may be used for water samples after proper sampling, sample handling, and test

sample preparation (see the relevant part of the ISO 5667 series).

This docun
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This docum
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Ly concentration of radionuclides in water samples.

Vi

ent has been developed to support the need of test laboratories carrying out\these
hts, that are sometimes required by national authorities, as they may have to\obthin a
editation for radionuclide measurement in drinking water samples.

ent is one of a set of International Standards on test methods dealing with the‘measurement
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Water quality — Radium 226 and Radium 228 — Test
method using liquid scintillation counting

WARNING — Persons using this document should be familiar with normal laboratory practices.
This document does not purport to address all of the safety problems, if any, associated with its
use. It is the responsibility of the user to establish appropriate safety and health practices and to
determine the applicability of any other restrictions.

IMPQRTANT — It is absolutely essential that tests conducted according to this,'document be
carrjed out by suitably trained staff.

1 $cope

This|document specifies the determination of radium-226 (%26Ra) and nadium-228 (%28Ra) activity
concentrations in drinking water samples by chemical separation of radium and its measurgment using
liquid scintillation counting.

Masdic activity concentrations of 226Ra and 228Ra which can bemieasured by this test method utilizing
curr¢ntly available liquid scintillation counters go down to<0,01 Bq/kg for 226Ra and 0,06 Bq/kg for
228Ra for a 0,5 kg sample mass and a 1 h counting time in a Igw.background liquid scintillation counter(8l,
The test method can be used for the fast detection of(contamination of drinking water Hy radium in
emeigency situations.

2 Normative references

The following documents are referred_to'in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendmenpts) applies.
ISO 3696, Water for analytical laboratory use — Specification and test methods

ISO $667-1, Water quality 3+ Sampling — Part 1: Guidance on the design of sampling programmes and
sampling techniques

ISO 3667-3, Waterguality — Sampling — Part 3: Preservation and handling of water samples

ISO/|EC 17025:2017, General requirements for the competence of testing and calibration labofatories

[SO §0000x10, Quantities and units — Part 10: Atomic and nuclear physics

ISO/1EC/Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

3 Terms, definitions, symbols and units

3.1

Terms and definitions

No terms and definitions are listed in this document.

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

— 1
|

© ISO

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

EC Electropedia: available at http://www.electropedia.org/
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3.2 Symbols, definitions and units

For the purposes of this document, the definitions, symbols and abbreviations given in ISO 80000-10,
ISO/IEC Guide 98-3, and the following apply.

Symbol Unit Definition

A, Bq/kg |Certified massic activity of the analyte in the certified standard solution at the
reference date

Af( Bq/kg Massic activity of the analyte in the quality control sample at the reference date

a, Bq/kg Massic activity of the analyte in the test sample at the sampling date

a* Bq/kg Decision threshold of the analyte

a” Bq/kg Detection limit of the analyte

a“, a” Bq/kg Lower and upper limits of the confidence interval

c, Bq /1 Activity concentration of the analyte in the test sample at the sampling date

C, Bq/kg | Target massic activity of the analyte in the quality control sample prigpared
for the validation of the procedure

me., kg Mass of the certified standard solution taken for the analysis‘ofthe analyte

mg, kg Mass of the quality control sample taken for the analysis of the analyte

mg kg Mass of the test sample

ns L /s Net count rate of the analyte in the certified standard solution

n)t( /s Net count rate of the analyte in the quality contiel sample

n, /s Net count rate of the analyte in the test sample

PI () Precision index

R, Bq/kg Reproducibility limit

r, Bq/kg Repeatability limit

T'gx /s Gross count rate of the analyfe'in the test sample

Tox L /s Gross count rate of the analyte in the blank sample

S, Bq/kg Standard deviation of\trepeatability

Sp Bq/kg Standard deviation of reproducibility

Tex 5 Counting time.of the analyte in the test sample

to-x 3 Counting time of the analyte in the blank

oy 3 Time interval between measurement date and reference date of the analyte
in the'eertified standard solution

Ery 3 Time interval between measurement date and reference date of the analyte
in the quality control sample

t, 5 Time interval between measurement date and sampling date of the analyte
in the test sample

u(a) q/Kg | Standard uncertainty assoclated with the measurement result

u(x) Bq/kg |Uncertainty in quantity x

U Bq/kg Expanded uncertainty, calculated using U = ku(a), with k=1, 2,...

w 1/kg Factor equal to 1/e,m,

£ — Counting efficiency of the analyte

€€ — Overall efficiency of the analyte in the quality control sample

A, 1/s Decay constant of the analyte

X Bq/kg Mean of all measured values of the analyte in the quality control sample

X for the validation of the procedure
o % Relative bias of the method

kg/1 Density

2 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=890b566fc14cb00f6674a85d80954ea1

IS0 22908:2020(E)

4 Principle

Barium co-precipitation is used as a method of separation for radium due to the very similar chemical
properties of barium and radium. The exploitation of the ability of barium to react with an excess
of sulfate ions to produce a precipitate allows the quantitative analysis of environmental activity
concentrations of radium in water. The inclusion of a lead hold-back carrier allows the removal of 210Pb
from solution, which increases the accuracy of 228Ra measurement, as 210Pb can produce a spectral
interference. The removal of 210Pb is achieved by lowering the pH of the solution to re-precipitate
barium sulfate using acetic acid in which lead sulfate is soluble. This allows 219Pb to remain in solution
and therefore be removed.

The
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5.1.1

5.1.2

ource prepdaratior dchnlieved l'."l': e DArlulr ulrate pre pILd 1
ion. Barium sulfate is insoluble in water, alkalis and acids, but EDTA increases the"st

ation. This enables the use of a naphthalene-based scintillation cocktail tosgain bet]

low chart of the procedure is given in Annex A.

ic activities of 226Ra and 228Ra in the sample are calculated frofr'net count rates of
Ce, sample amount and the overall efficiency that can be obtained from spiked sample
ities of 226Ra and 228Ra, and that shows the ability of the/method to extract radiu
rery) as well as the ability (counting efficiency) of the instfument to detect it.

est method applies to the analysis of a test sample of dtinking water containing less tl
hirium. If the barium concentration is higher than T00 mg/kg, it is recommended tq

ed 50 mg.

Adjustment of the test sample mass and counting time can lead to lower detection
ple, a limit of detection of 0,04 Bq/kg can beachieved for 228Ra using a 0,5 kg test sample and 4

ing time.
Reagents and equipment

Reagents

pagents shall becf\recognized analytical grade and, except for 5.1.12, 5.1.13 and 5.1.

W the EDTA
lubility due
[ium sulfate
ter spectral

the sample
with known
m (chemical

han 100 mg/
reduce the
ble does not

limits. As an
2 h counting

similarly a limit of detection of 0,02 Bg/Kg can be achieved for 228Ra using a 1 kg test sample and a 2 h

14, shall not

hin any detectable alpha- and beta-activity.
Labofatory water, distilled or deionized, in conformance with ISO 3696, grade 3.

Lead carrier solution prepared using 2,397 g lead nitrate, 0,5 ml nitric acid solutio1

mad

h (5.1.4) and

b up to 100 ml with Inhnrnfnry water ('; ] 1)

5.1.3 Barium carrier solution prepared using 2,836 g barium chloride, 0,5 ml nitric acid solution
(5.1.4) and made up to 100 ml laboratory water (5.1.1).

5.1.4 Nitric acid solution, c((HNO3) = 15,8 mol/l, p = 1,42 g/ml, w(HNO) = 700 g/kg.
5.1.5 Hydrochloric acid solution, c(HCI) = 10,2 mol/], p = 1,16 g/ml, w(HCl) = 320 g/kg.
5.1.6 Sulfuric acid solution, ¢(H,S0,) =9,2 mol/], p = 1,84 g/ml, w(H,S0O,) = 980 g/kg.
5.1.7 Ammonia solution, ¢(NH;) = 13,4 mol/], p = 0,91 g/ml, w(NH3) = 250 g/kg.
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5.1.8 Glacial acetic acid solution, c(CH;COOH) = 16,8 mol/l, p = 1,05 g/ml, w(CH;COOH) = 960 g/kg.

5.1.9 Ethylenediaminetetraacetic acid (EDTA), M(EDTA) = 292,2 g/mol.

NOTE

For the purposes of this document, an EDTA solution warmed up within the 60 °C-80 °C temperature
range is considered as a hot EDTA solution.

5.1.10 Analytical grade ammonium sulfate, M((NH,),SO,) = 132,1 g/mol.

5.1.11 Scintillation cocktail, commercially available scintillation cocktail, water immiscible and

suitable for

5.1.12

226

Radium-22§
at least the

identified mletrological specification.

5.1.13 Alpha emitter standard solution (241Am or 210Pg or 242Pu)

The alpha e
the activity

metrologicall specification.

5.1.14

Bets

The beta en
the activity

metrological specification.

5.2 Equipment

5.2.1

5.2.2

5.2.3

5.2.4

5.2.5

5.2.6

5.2.7

5.2.8

5.2.9

5.2.10

5.2.11

Star

Analjytical balance witha@accuracy of 0,1 mg.

Hotj
Cen

pH

Lol dlbato s H o A3 L das 1 Lil ol L. | letoalan)
ll_}lla dllU UTLd UISUT IIIITIAdUIVUIL LC.S. ullauyl Ul.}ylllayllLllalCllC UudostTu bULl\LallD}.

a and 228Ra standard solutions

and 228Ra standard solutions shall be provided with calibration certificates conta
activity concentration, measurement uncertainty and statement of comipliance wit

mitter standard solution shall be provided with calibrationi<ertificate containing at
concentration, measurement uncertainty and statement)of’compliance with an idenf

) emitter standard solution (°0Sr/20Y or 36Cl)

hitter standard solution shall be provided with calibration certificate containing at
concentration, measurement uncertainty aind statement of compliance with an idenf

dard laboratory equipment.

blate with a magnetic stirrer and a stirring bar.
frifuge, with a revolution rate of 3 500 r/min.

meter(or pH papers.

ning
h an

least
ified

least
ified

Water bath with temperature controller.

Vortex mixer.

Wide-mouth HDPE sample bottles, volumes between 500 ml and 1 1.

Glass beaker, volume of 600 ml.

Centrifuge tubes, volume of 50 ml, made of HDPE or PP.

Precision pipettes, volumes of 50 pl, 5 ml and 10 ml.
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5.2.12 Elemental analysis technique for barium and calcium determination.

5.2.13 Liquid scintillation counter, with alpha and beta discrimination option, with thermostated
counting chamber and preferably an ultra-low level counter to achieve better detection limits.

5.2.14 Polyethylene scintillation vials, PTFE coated, 20 ml.

PTFE-coated polyethylene vials are recommended because they prevent the diffusion of the cocktail
into the wall of the vial. Glass vials exhibit a considerably higher background and generally degrade the
achievable alpha and beta discrimination.

5.2.15 Transfer pipette

6 $ampling

It is [the responsibility of the laboratory to ensure the suitability of this(test method fqr the water
samples tested.

Collect the sample in accordance with ISO 5667-1. Store the water&sample in a plastic bpttle (5.2.8)
according to ISO 5667-3. If necessary, carry out filtration immediately on collection|and before
acidiffication.

Acidification of the water sample minimizes the loss of radioactive material from solution hy plating on
the wall of the sample container. If filtration of the sample'is required, the acidification i$ performed
afterwards, otherwise radioactive material already.‘@adsorbed on the particulate matgrial can be
desofbed.

If the sample is not acidified, the sample preparation should start as soon as possible and| always less
than|1 month after the sampling date (ISO 5667-3).

NOTH 226Ra and 228Ra are present inthe environment as radionuclides from the 238U and| 232Th decay
serie$, as shown in Annex B. Massic activity concentrations of 226Ra and 228Ra can vary widely|according to
local jgeological and climatic characteristicsl2l. 226Ra massic activity concentration ranges from some mBq/kg in
surface waters up to several tens of.Bg,/kg in some natural groundwaters(10l, 228Ra massic activity doncentration
rangé¢s from a few mBq/kg in surface waters up to several Bq/kg in some natural groundwaters(10

7 Instrument set<up and calibration

7.1 | Optimization of counting conditions

7.1.1 Preparation of sources

Add Pl of barium carrier solution (5.1.3) to two 50 ml volume HDPE or PP centrifuge tybes (5.2.10)
usinb apt ecistor yipcttc (M)

Add 3 ml of 100 g/kg ammonium sulfate solution (5.1.10) and 1 ml of ammonia solution (5.1.7) to
each solution using precision pipettes (5.2.11) to obtain the barium sulfate precipitates. Separate the
precipitates by centrifuging for 5 minutes at 3 500 r/min (5.2.4).

Dissolve the precipitates in 4 ml of hot 0,25 mol/l EDTA solution (5.1.9) using a precision pipette
(5.2.11) and agitate the solutions carefully to dissolve and suspend the precipitates into solution. This
may require the use of a vortex mixer (5.2.7).

Quantitatively transfer the solutions including partially dissolved barium sulfate precipitate to two
20 ml plastic liquid scintillation vials (5.2.14) using transfer pipettes.

Rinse the HDPE or PP centrifuge tubes with another 1 ml of hot 0,25 mol/1 EDTA solution (5.1.9) to
ensure that no analyte remains in the tubes.
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Add 14 ml of liquid scintillation cocktail (5.1.11) to each plastic liquid scintillation vial (5.2.14) and
vortex or shake well until each solution appears homogenous. The addition of the cocktail should be
done all at once or in large portions to avoid any reaction with the source solution that could cause a
cloudy, inhomogeneous mixture.

Add (10 to 100) Bq of alpha emitter (5.1.13) in the first vial and add (10 to 100) Bq of beta emitter
(5.1.14) in the second vial in 50 pl volume solutions using a precision pipette (5.2.11).

Seal and shake the LSC sources until the suspensions appear homogenous.

Clean the vials with an alcohol wipe to remove any static interference.

7.1.2 Optimization process
Select the full range of the instrument from channel 0 to channel 1024.

Count the [alibration sources in alpha and beta-discrimination mode (see the>manufactyrer’s
instructiong) for an appropriate period, at different discrimination factors.

Calculate the number of alpha counts in the beta counting mode and the number-of beta counts ip the
alpha countjng mode.

Make a grapgh of the correlation between spillover and discrimination fagtor.

The best digcrimination factor (working point) is chosen by visual iispection of the graph in order to
obtain a betp-spectrum free of alpha counts (see Annex C).

NOTE The determination of an optimum discrimination factefrequires two standards, one pure alphp and
one pure beth emitter, 241Am or 219Po or 242Pu and 29Sr/90Y or36Cl, respectively. These radionuclides are|used
rather than 426Ra and 228Ra, as the latter are accompanied. hy,progeny in-growth, which creates uncertainty in
the determinption of a discrimination factor.

Select the best discrimination factor to carry out the test method.

Set the lowgr and upper limits of the analy§is*windows region using the known emission energies of
226Ra and 298Ra.

7.2 Counting efficiencies of 226Ra and 228Ra

7.2.1 Preparation of 226Ra-and 228Ra standard sources

Prepare tw¢ blank samples,/consisting of barium sulfate precipitates in laboratory water, by the same
method asip 7.1.1.

Spike the firfst blaitk sample with the 226Ra standard solution (5.1.12).

Spike the sefénd blank sample with the 228Ra standard solution (5.1.12).

Count each spiked sample a sufficient number of times to provide a reasonable data set for counting
efficiencies’ calculations.

NOTE Spiking of the samples after preparation eliminates the chemical recovery variable.

7.2.2 Determination of counting efficiencies

Calculate the counting efficiencies of 226Ra and 228Ra (see Annex C) using Formulae (1) and (2):

nS

E =
226Ra e~ *226Ra* ts—226Ra

Ay26Ra X Ms_226Ra <
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S
"328Ra
Ra we~M228Ra*ts—228Ra

(2)

€228Ra =

Ay2gRa XMs_228

Acceptance limits for counting efficiencies should be defined. The use of control charts according to
1SO 7870-2[11] js advisable for this purpose.

Verify counting efficiencies at a periodicity established by the laboratory and whenever changes in
materials (e.g. scintillation cocktail) or when maintenance operations are performed on the liquid
scintillation counter (5.2.13). A verification or a recalibration is necessary when instrument quality
control requirements (see ISO/IEC 17025:2017, 6.4.7) are not met.

7.3 | Blank sample measurement

Perfd
samyj
oper

every set of
naintenance

rm blank measurements at a periodicity established by the laboratory (e:gfor {
les) and whenever changes in materials (e.g. scintillation cocktail batch)(orwhen
htions are made on the liquid scintillation counter (5.2.13).

Acce red. Control

char

ptance limits for blank samples should be defined on the basis of the)sensitivity desi
s according to I1SO 7870-2[11] should be used for this purpose.

It is fecommended that blank samples be counted for the same period of time as the test portions.

8 Procedure

8.1 | General

Stanflard laboratory equipment (5.2.1) is required to carry out the procedure. Prior to the start of the

analy
contg
or IQ
dissd

If thd
test

8.2

Acid
acid

Add

test
nece

sis of 226Ra and 228Ra in the water sample;itis recommended to determine the calcium
ents of the test sample using an elemental analysis technique (5.2.12) (for example, A
P-MS), since the volume of EDTA splution (5.1.9) required at the first barium sulfate

barium concentration is higher than 100 mg/kg, it is recommended to reduce the v
ample to be analysed so that the total content of barium in the sample does not exceeq

Separation of radium by precipitation

solution (5.145))

2 ml ofJead carrier solution (5.1.2) and 2 ml of barium carrier solution (5.1.3) to
samplenln case that the total content of barium in the sample solution is 50 mg or hig
Esafy to add the barium carrier solution to the acidified test sample.

lution step (8.3 step 1) depends on:the calcium and barium contents in the test samplg.

and barium
AS, ICP-OES
precipitate

blume of the
| 50 mg.

fy 500 ml of testSample in a glass beaker (5.2.9) to approximately pH 2 using drops of liydrochloric

he acidified
her, it is not

Add 4mT of sulfuric acid solution (5.1.6] using a precision pipette (b.2.11) and 5 g of ammonium sulfate
(5.1.10) accurately weighed using an analytical balance (5.2.2).

Stir the solution (5.2.3) to ensure that all solids are dissolved, allow the precipitate to form and then let
the precipitate settle.

Decant the supernatant without disturbing the precipitate, leaving less than 30 ml of liquid in the
glassware.

Quantitatively transfer the precipitate and the limited amount of liquid to a 50 ml HDPE or PP centrifuge

tube

(5.2.10) rinsing the beaker with laboratory water (5.1.1) to avoid loss of precipitate.

Centrifuge the solution for 5 min at 3 500 r/min (5.2.4).

Decant the excess supernatant carefully without disturbing the precipitate.
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8.3 Purification of radium

Dissolve the precipitate in 10 ml of hot 0,25 mol/l1 EDTA solution (5.1.9) and 3 ml of ammonia solution
(5.1.7) using precision pipettes (5.2.11). The volume of EDTA solution is changeable, depending on
total contents of calcium and barium in the test sample, and is given in Table C.2. Carefully agitate the
solution to dissolve the precipitate.

Add 5 ml of 100 g/kg ammonium sulfate solution (5.1.10) using a precision pipette (5.2.11) and adjust
the pH to 4,2 to 4,5 (5.2.5) using the glacial acetic acid solution (5.1.8). As the pH is lowered, the
precipitate should begin to re-form.

min
Iting

Warm up the : 3 0
(5.2.6), cool it W1th cold tap Water then centrlfuge for 5 min at 3 500 r/mln (5 2 4) The résy
precipitate is purified barium (radium) sulfate precipitate. Discard the supernatant.

Dissolve the|precipitate in 10 ml of hot 0,25 mol/l EDTA solution (5.1.9) and agitate the soltition carg
to dissolve the precipitate into solution. This may require the use of a vortex mixer (5(2,7). The vo
of EDTA soltition is changeable, depending on total content of barium in the test sample, and is givj
Table C.3.

fully
lume
en in

Add 3 ml of 100 g/kg ammonium sulfate solution (5.1.10) to the solution, using a precision pipette
(5.2.11) and|adjust the pH to 4,2 to 4,5 (5.2.5) using the glacial acetic acid solution (5.1.8). The precipitate
should begin to re-form. Separate the precipitate by centrifugation for,5\min at 3 500 r/min (5.2.4). The
precipitate $hall not be left overnight and shall not be allowed to dry. The source shall be prepargd as

soon as the precipitate has been prepared.

8.4 Test sample preparation

Wash the pi card

the superna

ecipitate twice with 20 ml of laboratory water (5.1.1), shake well, centrifuge and dis
tant to ensure removal of any residual solvents.

Add 3 ml o
precipitate.
transfer pip

[ hot 0,25 mol/l EDTA solution (5.19) using a precision pipette (5.2.11) to suspend the
Make sure to break up the precipitate either through vortex (5.2.7) or suction throuygh a
ptte (5.2.15).

Heat the suf
(5.2.6).

Vortex the t
is visible in {
be repeated
Test sample]

reacted wit
precipitate

pension in a water bath ataummoderate temperature (30 °C to 50 °C) for a minimum of 3

he suspension. Thesteps of heating of the suspension and vortex of the sample may ne|
for obtaining @ homogeneous suspension and the absence of cluster of precipitate.

stability-is(determined by the suspension of the precipitate. If the precipitate is nof]

est sample (5.2.7) taensure the precipitate gets well suspended and no cluster of precipi

min

h the EDTA solution, it falls out more easily and quickly. It is suggested to break u
n the EDTA solution either through vortex, shaking or continued suction and exp

through a t
between theé : hievehe
a water bath for a further 30 min followed by Vortex/shaklng helps force the reactlon Thls should be
repeated until the sample can be held still without any settling occurring within a few minutes.

Quantitatively transfer the solution including partially dissolved BaSO, precipitate to a 20 ml plastic
liquid scintillation vial (5.2.14) using a transfer pipette (5.2.15).

Rinse the HDPE or PP centrifuge tube with another 1 ml of hot 0,25 mol/1 EDTA solution (5.1.9) to
ensure that no analyte remains in the tube.

Add 14 ml of liquid scintillation cocktail (5.1.11) to the source solution and vortex or shake well until
the solution appears homogenous. The addition of the cocktail should be done all at once or in large
portions to avoid any reaction with the source solution that could cause a cloudy, inhomogeneous
mixture.
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Seal and shake the LSC source until the suspension appears homogenous.

Clean the vial with an alcohol wipe to remove any static interference.

8.5

Measurement

Count the test sample using the chosen optimum counting conditions.

The counting time depends on the test sample count rate and also on precision and detection limit

required.
Count-the-test-sample-immediatelyatterpreparation-te-aveid-extensivein-growth-ofpregeny and the
degrpdation of alpha spectrum due to nucleation of barium sulfate within the scintillatign\¢ocktail.

8.6 | Chemical recovery

8.6.1 General

The ¢verall counting efficiency takes into account both chemical recovery-and counting efficiency.
8.6.7 Preparation of a QC sample with known 226Ra and 228Ra‘activities

Preppre a QC sample spiked with known activities of 226Ra ad 228Ra.

Perf@rm the test method.

Count the spiked QC sample a sufficient number of‘times to provide a reasonable data set for overall

countting efficiencies’ calculations.

8.6.3

o

o

Determination of overall countingefficiencies
Calcylate the overall counting efficiencigsof 226Ra and 228Ra (see Annex C) using Formulae
c — n£26Ra
ek Ay pa XMy 26 pd X8 "226Ra < ft-226Ra
c — n528Ra
ke A g XIT g pq X€ "228Ra < fr-228Ra
ptance limits fer overall counting efficiencies should be defined. The use of control char

Acce
to IS

Veriff
in m

(3) and (4):

D 7870-2111145 advisable for this purpose.

y overall counting efficiencies at a periodicity established by the laboratory and wheng
hteTials (e.g. scintillation cocktail) or when maintenance operations are performed g

(3

(4)

ts according

ver changes
n the liquid

scin

illation counter (5.2.13). A verification or a recalibration is necessary when instrur

ent quality

control requirements (see ISO 17025:2017, 6.4.7) are not met.

8.6.4 Determination of chemical recovery

The chemical recovery can be calculated from the ratio of the overall counting efficiency and counting
efficiency. It is recommended to calculate the chemical recovery indirectly using this method instead
of the conventional gravimetric or tracer techniques due to the chemistry of the procedure and
the technique of source preparation used. The addition of 133Ba as a tracer has previously shown
inconsistent recovery, possibly due to the chemistry used during the procedure, and is therefore not
suitable. Gravimetric determination requires drying of the precipitate, which causes inconsistent
source preparation and is therefore not suitable. It is to be noted that, in this procedure, the chemical
recovery is not used for the calculation of massic activities of 226Ra and 228Ra in the test sample, but can
be used for quality control purpose only.
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9 Quality control

Measurement methods shall be selected and associated procedures performed by suitably skilled staff
under a quality assurance program with quality control.

Maintain confidence in the measurement results by regular use of certified reference materials
and participation in interlaboratory comparisons and proficiency testing in accordance with
ISO/IEC 17025:2017, Clause 6.

Laboratory procedures shall ensure that laboratory and equipment contamination as well as

cross-sampl

e contamination is avoided.

It is recomn
one blank s{

10 Expre;
10.1 Calcu

Calculate th

26Ra T

a)28Ra T

The massic

It is recomn

ended that real samples should be analysed with minimum one quality control sampl
mple at the same time.

s5sion of results

lation of massic activities of 226Ra and 228Ra at the sampling)date

e massic activities of 226Ra and 228Ra of the test water sample u$ing Formulae (5) and

n
__226Ra o, Ao6Ra Xt226Ra

c
€226Ra Mg
n
__228Ra oApr8Ra Xt228Ra
c
€228Ra Mg

nctivities of 226Ra and 228Ra are calculated using the overall counting efficiencies.

b and

(6):

6)

(6)

nended that real samples are analysed‘with minimum one quality control sample and one

blank sample. The analyst should pay attention ta-the quality control of overall efficiencies of 226R4 and
228Ra. It is aflvised that the analyst preparescaontrol charts for counting efficiency and overall efficlency
of 226Ra and 228Ra, as shown in Annex C. The validation data of the method are given in Annex D.
To express the result as an activity cncentration, c,, in becquerels per litre, multiply the initial result
expressed if becquerels per kilogram by the density, p, in kilogram per litre, of the water samplg, i.e.
c, = pa.
10.2 Standard uncertainty
According tp ISO/IEC-Guide 98-3, the standard uncertainty of the massic activity of 226Ra is calcujated
using Formyla (7):
2 2 2
( \2 —( (1226Ra \ n(n \2 _L( a226Ra \ 1:/0 \2 _I_( 226Ra \ 'II(‘VVI \2
U\ 926Ra 7 R T ¢ ¥ E&26Ra T - HH
L 326 Ra J k 226Ra ) L s J
2 2 2 2 7
+(26ra Xt226ra ) XU A226ra )" T(226Ra X A226Ra ) ¥U(t226Ra ) (7)

where the uncertainty of the counting time is neglected.

10
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The relative uncertainty of the net count rate of 226Ra in the region of interest is calculated using

Formula (8):

rs r.
s — S _ s _ g—226Ra 0-226Ra
M26Ra ="g-226Ra ~T0-226Ra AN ”(”226Ra )_ T ; (8)
s—226Ra 0-226Ra

The relative uncertainty of the counting efficiency u(e;,4z,) is calculated using Formula (9):

2 2 2
£ 2 [ € 2 € 2
2_| €226Ra s 226Ra 226Ra
u(€226pq) —( s W X u(M36r, ) +(A ) xu( Ayyepq ) +(—) xu(mg_pep, )

Socn m,_ -, n

\ 4«4«0Rd )/ N aaUnuj AN STZZONu—J

2 2 2 2
(€260 %Es-226ra ) ¥U(A226ra ) T(€226Ra *M226Ra ) ¥U(ts_226Ra ) 9)

e

The relative uncertainty of the overall counting efficiency is calculated in the samé-way.

Accoyding to ISO/IEC Guide 98-3, the standard uncertainty of the massic activity of 228Ra {s calculated
using Formula (10):

2 2 2
(O )2: Y226 Ra Xu("ZZSRa )2“‘ 2L XU( €280 )2+ 228k xu(m )2
558 Ra €228Ra mg
2 2 2 2
(280 Xt228Ra ) ¥U(A228ra )™ +(228Ra X Aa28Ra ). XU t128Ra ) (10)

whete the uncertainty of the counting time is neglected.

The felative uncertainty of the net count rate.of 228Ra in the region of interest is calcjilated using

Formula (11):

rs r.
s —pS _ 5 _ 9—228Ra 0-228Ra
1528Ra =Tg-228Ra ~T0-228Ra AN u(n228Ra )_ T ; (11)
s—228Ra 0-228Ra
The relative uncertainty of the'counting efficiency u(e,,4p,) is calculated using Formula (17):
€ f 2 € - € 2
2 _| ©228Ra s 228Ra 2 228Ra 2
4(€28pq ) = s xu(n3ygp, ) + "2 Xu(Ayygpq ) +| — - xXu(my_s8rq )
"278Ra 228Ra s—228Ra
b 2 2 2xu(t 2 12
1(€228Ra Xb52328Ra ) ¥U(Ap2gra )™ (€228 R0 X A228Ra ) ¥U(t5_228Ra ) (12)

The relativé-uncertainty of the overall counting efficiency is calculated in the same way.

If reblicate efficiency determinations are avai]ah]n’ average nfﬁ'r‘innr‘y and its nnr‘nrfainfy should be

accordingly calculated.

Mass uncertainty should be estimated based on laboratory experience and can be greater than balance
uncertainty since the occurrence of phenomena like sample evaporation should be taken into account.

NOTE The relative uncertainty of the overall counting efficiency is a dominant contributor to the standard
uncertainty measurement result.
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10.3 Decision threshold
The decision threshold, a*, is obtained using Formula (13):

r I
a*=k w |2 g 0x (13)

1(0)=k
Ts—x tO—x

1-o 1-o

a=0,05with k; _ , = 1,65 are often chosen by default.

10.4 Detection limit

The detectign limit, a¥, is calculated using Formula (14):

#
a® Jw+r, r
a® =a*——k1_ﬁﬁ(a# ):a*+k1_ﬂ \/wz{ /T 0—x +t0_x }+a#2ufel (w) (14)
s—x 0-x

£ =0,05with k; _ p= 1,65 are often chosen by default.

The detectign limit can be calculated by solving Formula (14) for a* or, more simply, by iteration with a
starting apgroximation a* = 2a*.

When taking a =, then k; _, = k; _ ;= k', the solution of Formula (14) is'given by Formula (15):
2a +(k'zw)/Ts_X

1 —klzufel (w)

(15)

10.5 Confidence limits

In accordance with ISO 11929, the lower, a<, and)upper, a®, limits of the confidence interval are
calculated ufsing Formulae (16) and (17):

a“=a-f,u(a); p=o(l-y/2) (16)
a>:a+kq u(a); q=1-wy/2 17)
where

a):qﬁ[— 24 }
4(y)

in which @ i thedistribution function of the standardized normal distribution.

w =1 may bg set if a > 4u(a) and Formula (18) applies:

a"” =atky_,,u(a) (18)
y=0,05 with k; _ 2= 1,96 is often chosen by default.

11 Interference control

High selectivity of the method is provided by chemical separation and the ability of pulse shape analysis
afforded by liquid scintillation counting. However, possible interferences cannot be excluded.

If the solid precipitate is not completely suspended in EDTA, alpha peak broadening can occur due to
the inability of alpha particles contained within unsuspended precipitate to fluoresce efficiently.
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12 Test report

The test report shall conform to requirements and shall contain at least the following information:
a) the test method used, with reference to this document, i.e. ISO 22908:2020;

b) all information necessary for complete identification of the sample;

c) units in which the results are expressed;

d) testresult, a + u(a) or a + U, with the associated k value.

Complementary information can be provided such as:

e) probabilities o, fand (1 - y);

f) ecision threshold and the detection limit;

g) depending on the customer request there are different ways to presenttheresult:

+ when the massic activity, a, is compared with the decisignthreshold the r¢sult of the
measurement should be expressed as <a* when the result isdessthan the decision threshold;

+- when the massic activity, a, is compared with the detection limit, the result of the measurement
can be expressed as <a* when the result is below the.detection limit;

1+ if the detection limit exceeds the guideline value, ityshall be documented that the method is not
suitable for the measurement purpose.

h) 1ention of any relevant information likely to affect the results.
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Annex A
(informative)

Flow chart of the procedure

[ Sample ]

— Acidify the sample with 10 mol/1 HCI
— Add 2 ml of barium carrier
— Add 2 ml of hold-back lead carrier

— Add 4 ml of 9 mol/l H,SO,
— Add 5 g of (NH4),S0,
— Stir until solids are dissolved, precipitate forms. Let it-settle.
Ba/Ra and PbSO,
precipitation

— Remove supernatant
— Transfer precipitate to 50 ml HDPE orPP centrifuge tube
— Centrifuge at 3 500 r/min for 5 mintand remove excess liquid

Separation by precipitation

[ Ra/Pb separation ]

— Add 10 ml of hot 0,25 mo}/YEDTA and 3 ml of 25 % NH;
— Agitate to dissolve the precipitate

— Add 5 ml of 10 % (INH4).SO,

— Adjust pH to (4,24;5) with concentrated acetic acid

— Re-precipitation occurs

— Heat solutionin moderate water bath for 2 min

— Centrifage-at 3 500 r/min for 5 min

— Diseard Supernatant

226Ra and ?**Ra
clean-up and
purificdtion

Purification

— Add 10 ml of hot 0,25 mol/l EDTA

— Agitate to dissolve precipitate

— Add 3 ml of 10 % (NH4),S0.

— Adjust pH to 4,5 with 96 % glacial acetic acid
— Re-precipitation occurs

4 < — Centrifuge at 3 500 r/min for 5 min

Purified
precipitate

— Wash precipitate with approximately 20 ml DI water, twice
— Add 3 ml of hot 0,25 mol/l EDTA

— Heat for 30 min

— Shake/vortex until precipitate is suspended within solution
— Transfer to 20 ml HDPE liquid scintillation vial

— Rinse with 1 ml of hot 0,25 mol/1 EDTA, shake/vortex again
— Add 14 ml naphthalene-based scintillation cocktail

— Shaking until homogeneous

Source preparation

Measurement by
LSC
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Decay series relevant to radium isotopes

238(;
4,47 x 10°a

v

234(5
2,46 x 10°a

il

234mnp
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234Th
24,1d

y 1,16 m

“y

2307
7,54 x 10*a

“y

226Ra
1600 a

“y

ZZZRn
3,82d

“y

218})0
3,07m

“y

214Pb
26,9 m

214—Bi
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214-p0
162yis

/]

y

210Bi
501d
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4
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210py, /

22,2a

206Pb

stable

Figure B.1 — 226Ra is a m€mber of the 238U decay series

2327
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Figure B.2 — 224Ra and 228Ra are members of the 232Th decay series
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(informative)

Set-up parameters and procedure

C.1 Instrument set-up and calibration

Table C.1 sHows results of alpha/beta discrimination setting using a range of discrimination fagtors
from 80 to 150 and for a counting time of 60 min at each discrimination factor (see 7.1).

Table C.1 — Results of optimum alpha/beta discrimination setting

R Alpha counts Beta counts .

DlsCI;:‘r:ltltr,lratlon Alpha Bota c’ﬁ(l)lt:tls . A_H)ha Alpha Total Beta spill-
MCA MCA pillover MCA Beta MCAZP counts over

80 4596 7,49 4603 0,277 783 10 193 26 500 36 693 0,001 p28

90 4 627 6,43 4 633 0,204 105 7 823 30 505 38328 0,001 B88

100 4622 6,94 4628 0,126 225 5032 34832 39 864 0,001 #99

110 4608 8,86 4 617 0,059 216 2 514 39 945 42 459 0,001 p19

120 4591 10,1 4601 0,019 608 909 45 474 46 384 0,002 p01

130 4609 11,8 4621 0,004 677 231 49 241 49 472 0,002 p53

140 4606 25,8 4632 | 0,000899 45,6 50 674 50720 0,005 b64

150 4546 69,6 4616 0,000223 11,3 50783 50 795 0,015 p72

The obtained values are then graphed to determihe the optimum discrimination factor. The correlption
between spilllover and discrimination factoris'shown in Figure C.1.
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Y
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X discrimination factor
Y % spillover

| alpha spillover

_ beta spillover

Figure C.1 — Correlation between spillover and discrimination factor

The joptimum discrimination factor for this~laboratory was calculated to be 130. The optimum

discifimination factor has to be determined*at‘each laboratory performing this procedure.

The lower and upper limits of the regijonis=of-interest are set using the known emission ener

bies of 226Ra

and $28Ra, approximately (4 500 to,5000) keV and (0 to 50) keV, respectively. When using channels in
the NICA, this converts to approximately (600 to 640) keV and (50 to 300) keV, respectivelyl Each liquid

scintjillation counter should be calibrated for radium analysis, including setting of regions,
analysis.

C.2 | Counting efficiencies

prior to any

Each|spiked sample was counted seven times to provide a reasonable data set for the 226Ra and 228Ra

counfting efficiencies’ calculations (see 7.2). Counting efficiencies’ calculations results are
on a fontrokchart in Figure C.2.

represented

© IS0 2020 - All rights reserved

17


https://standardsiso.com/api/?name=890b566fc14cb00f6674a85d80954ea1

IS0 22908:2020(E)

o6+——"————*— -
015 I I I I I I I
o 1 2 3 4 5 6 7 8X

Key
X number of run
Y counting efficiency
° 226{3 counting efficiency
" 228Ra counting efficiency

- medgn of counting efficiency

confrol line of counting efficiency (+3 o)
Figure C.2 — Control chart for counting efficiencies of 226Ra and %228Ra

The countinjg efficiencies were determined to-b&-1,03 and 0,646 with 6 % and 10 % of relative standard
deviation for 226Ra and 228Ra respectively.

C.3 Procedure

The volumg of 0,25 mol/l EDTA’solution (5.1.9) required at the first barium sulfate precipitate
dissolution $tep (8.3 step 1) js'given in Table C.2, as a function of the calcium and barium contents ip the
test sample.

Table C.2 [— Requited volume of 0,25 mol/1 EDTA solution (5.1.9) as a function of calcium gnd
barium contents at the first dissolution step

Contents of calcium and barium in the test sample (mg) Volume of 0,25 mol/1 EDTA splu-
Calcium Barium trom (1)
0 50 15
0 75 26
0 100 35
300 30 52
400 30 65
500 30 75

The volume of 0,25 mol/l EDTA solution (5.1.9) required at the second barium sulfate precipitate
dissolution step (8.3 step 4) is given in Table C.3, as a function of the barium content in the test sample.
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Table C.3 — Required volume of 0,25 mol/1 EDTA solution (5.1.9) as a function of barium
content at the second dissolution step

Content of barium Volume of 0,25 mol/1
in the sample (mg) EDTA solution (ml)
50 10
75 15
100 25

C.4 _Typical spectra

The pegligible overlap of the 226Ra [Figure C.3 (a)] and 228Ra [Figure C.3 (b)] spectra
Figure C.3 with their respective counting windows, as shown in spectral analysis softwarg. The alpha

peaks in the 228Ra spectrum are 228Ra decay progeny, i.e. alpha emitting progeniés'such gs 228Th and

224R4 from in-growing 228Ac.

is shown in

o X O O I I NUSRE
(a) i | ' I I I 1 I I I E '
(b)
PP I IS T SO bl le T SO U SO N
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1  Alpha'peak of 226Ra
2 low f-energy emitting ““Ra
3 Alpha peak of 228Ra decay progeny

Figure C.3 — Negligible spectral overlap of (a) 226Ra spectrum and (b) 228Ra spectrum

A typical LSC spectrum of a test water sample, containing both 226Ra and 228Ra, is given, as shown in

the spectral analysis software, in Figure C.4.
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Figurp C.4 — Typical spectrum of test water sample, gontaining both 226Ra and 228Ra

C.5 Overpll counting efficiencies and chemical recoveries

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850|900 9501000

overall counting efficiencies’ calculations (see.8.6). Overall counting efficiencies’ calculations results

The proced{re was carried out seven times to provide a reasonable data set for the 226Ra and 9%8Ra

are represented on a control chart in Figure'CJ)5.
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Figure C.5 — Control chart for-overall efficiencies of 226Ra and 228Ra

The ¢verall counting efficiencies were détermined to be 0,908 and 0,516 with 6,6 % and 9,9 {6 of relative
stanglard deviation for 226Ra and 228Rayrespectively.

The ¢hemical recoveries of 226Ra-and 228Ra can be indirectly calculated from the counting efficiencies
and ¢verall counting efficieneies'data. They are in the range (78 to 90) %.
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Annex D
(informative)

Validation data

D.1 General
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the results.
detection (I

b used for testing the reproducibility and the other three quality control samplés‘were
| according to ISO 5725-1[12], 1SO 5725-2[13], 1SO 5725-4114] and 1SQ-2174815],

cintillation cocktail was used for the repeatability testing.
1g parameters were established via the validation process:
y, range of measurement;

bility;

Icibility;

n;

S;

Detectipn limit;

inty.

les were run to monitor reagent radiological purity and ensure that there was no c

ixon, Grubbs;Skewness, Kurtosis).

D.2 Linearity, range of measurement

The linearr

Hation of the procedure, four types of spiked water samples with different activity-
Ra, used as quality control samples, and a blank were prepared. One of the quality co

ility and trueness testing. The repeatability, reproducibility and trueness-ef the proce

from five different countries participated to the reproducibility testing. The Optip

rol samples were run to ensure the accuracy of both the method and the instrumentz
on during the procedure. This also included the monitoring of the background to er

Fas no excess background activity being counted by the instrumentation that could 4
All validation nieasurement results were subjected to a set of statistical tests for olitlier

hige of measurement of the method was tested by measuring the 226Ra and 228Ra actiy

atios
ntrol
used
dure
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hase

tion.
ross-
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428Ra

[coverage factor (k = 2)]. Results of measurements as a function of reference values are shown in

Figure D.1.

1) Optiphase Hisafe 3 is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.
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