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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
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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, 210Pg and 219Pb can be found in water for
natural reasons (e.g. desorption from the soil and washoff by rain water) or can be released from
technologlcal processes 1nvolv1ng naturally occurrlng radloactlve materlals (e.g. the mining and
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Tlhe guidance lévelis the activity concentration with an intake of 2 1-d"1 of drinking water for ong

ade radionuclides such as transuranium elements (americium, plutonium, neptu
3H 14C 90Sr, and gamma emitting radionuclides can also be found in natfiral w3

ent as a result of authorized routine releases. Some of these radionuclides use
and industrial applications are also released into the environment afterusé. Anthropo
clides are also found in waters as a result of past fallout contaminations resulting
osion in the atmosphere of nuclear devices and accidents such ds’those that occurr
byl and Fukushima.

e activity concentration in water bodies can vary¢according to local geold
ics and climatic conditions and can be locally and temperally enhanced by releases
allation during planned, existing, and emergency exposure situationsll. Drinking-y
tain radionuclides at activity concentrations which cotld present a risk to human hea

mentl2] and water bodies. Drinking waters are monitored for their radioactivit
ed by the World Health Organization (WHQ)! so that proper actions can be taken to e
5 no adverse health effect to the public)Following these international recommendat
ulations usually specify radionuclide. authorized concentration limits for liquid eff
fo the environment and radionuclide’guidance levels for waterbodies and drinking w
existing, and emergency exposure situations. Compliance with these limits can be assg

Irement results with their associated uncertainties as specified by ISO/IEC Guide 98-
[4],

n the exposure situation, there are different limits and guidance levels that would 1
to reduce health @isk. As an example, during a planned or existing situation, the
r guidance levelin'drinking water is 1 000 Bq-l for 55Fe activity concentration.

h an effective dose of 0,1 mSv-a-1 for members of the public. This is an effective dose that repre
el of riskand which is not expected to give rise to any detectable adverse health effects[3l.

of ‘a huclear emergency, the WHO Codex Guideline Levels[2] mentioned that the act

concentrationmight not be greater than 10 000 Bg-I' for 55Fe
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The Codex guidelines levels (GLs) apply to radionuclides contained in foods destined 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)[=l.

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 situationlellZl,

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.
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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 parts of the ISO 5667 series).

This document has been developed to answer the need of test laboratories carrying out these

measurements_that are sometimes rpqnirpd hy national authorities as fhpy mav have

spec

This
mea

fic accreditation for radionuclide measurement in drinking water samples.

to obtain a

document is one of a series of International Standards on test methods’)dealing with the

urement of the activity concentration of radionuclides in water samples.
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Water quality — Iron-55 — Test method using liquid
scintillation counting
WARNING — Persons using this document should be familiar with normal laboratory practice.

This document does not purport to address all of the safety problems, if any, associated with its
use. It is the responsibility of the user to establish appropriate safety and health practices and to
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document specifies a test method for the determination of iron-55($°Fe) activity cq
mples of all types of water using liquid scintillation counting (kSC). Using currenf
l scintillation counters, this test method can measure the 55Fe"activity concentra
b from the limit of detection up to 120 mBq I'1. These values/can'be achieved with a c(

asured by either diluting the sample or using smaller sample aliquots or both.

These performance indicators are wholly dependent on the measurement regimes
ptories; in particular, the detection limits are influenced’by amount of stable iron present.

range of application depends on the amouiit of dissolved material in the water
rmance characteristics of the measurement equipment (background count rate a
ency).

'he laboratory’s responsibility to ensure the suitability of this test method for the w4
d.

following documents$_are referred to in the text in such a way that some or all of t
fitutes requirements of this document. For dated references, only the edition cited
ted referencesythe latest edition of the referenced document (including any amendme

696, Waterfor analytical laboratory use — Specification and test methods

b667-1<Water quality — Sampling — Part 1: Guidance on the design of sampling prog
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[SO 11929-1, Determination of the characteristic limits (decision threshold, detection limit and limits of
the coverage interval) for measurements of ionizing radiation — Fundamentals and application — Part 1:
Elementary applications

ISO 11885, Water quality — Determination of selected elements by inductively coupled plasma optical
emission spectrometry (ICP-OES)

ISO 15586, Water quality — Determination of trace elements using atomic absorption spectrometry with
graphite furnace

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

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=e93e0af48c042b98e67524166c067052

ISO 22515:2021(E)

ISO 17294-2, Water quality — Application of inductively coupled plasma mass spectrometry (ICP-MS) —

Part 2: Determination of selected elements including uranium isotopes

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

3 Terms and definitions, symbols, and units

For the purposes of this document, the terms, definitions, symbols and abbreviated terms given

in [SO 80000-10 apply.

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

— ISO Online browsing platform: available at https://www.iso.org/obp
— IEC Eledtropedia: available at http://www.electropedia.org/
3.1 Genefal use
Table 1 — General symbols and units
Symbol Units Comments Z, o
Th(a) st Count rate of reagent blank for energy region (2 to,20) keV
Th(B) sl Count rate of reagent blank for energy region (20:to 3 000) keV
o(a) sl Detector background for energy region (2 ta/20) keV
"o(B) sl Detector background for energy region(20 to 3 000) keV
ty s Background count time
Vg 1 Sample volume
u(Vy) 1 Uncertainty on sample volufne
£ s1Bql |General term for detection efficiency
Qp None |Liquid scintillatiod‘guench parameter
f(Qp) None |Empirical function linking a quench parameter, Qp , to a detection efficiency, ¢.
E keV Beta partieleenergy
S(E) None |Energydistribution for beta particles emitted by a particular radionuclide
Vi None |Liquid scintillation counting free parameter
Table 2 — Symbols from ISO 11929-1
Terms from ISO 11929-1
€y Activity concentration of the measurand
u(cA ) Standard uncertainty of the activity concentration
Multiplier, comprised of detection efficiency, decay, sample quantity that concerts r, A(Fe) to
c
w Che_55 such that W=rFe—_55
net,A(Fe)
2
2
U\ Thet, A(F U(Cpe_.
u(w) Uncertainty on multiplier w, where: u(w)=w- ( net A(Fe) ) + (re-s5)
Thet,A(Fe) CFe-55
a Probability of the error of the false positive decision

© ISO 2021 - All rights reserved
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Table 2 (continued)

Terms from ISO 11929-1
kl—a Quantiles of the standardised normal distribution for the probabilities 1—o
B Probability of the error of the false negative decision
kl—ﬁ Quantiles of the standardised normal distribution for the probabilities 1-f3
K f:ove?age_ fac_tor (k =2 is associated with a level of confidence of approximately 95,5 % for a Gauss-
ian distribution)
cA* Decision threshold, in Bq 11
CA# Detection limit, in Bq 11
(o} Distribution function of the standardised normal distribution
0] Distribution function of Cy» where the standard measurement uncertaintyis u(cA )
Ch Lower limit of the probabilistically symmetric coverage interval, in Bgjl=
ch Upper limit of the probabilistically symmetric coverage interval,inyBq 1~}
cx Lower limit of the shortest coverage interval, in Bq 11
ca Upper limit of the shortest coverage interval, in Bq 1!

3.2 | 55Fe and 5%Fe specific terms

Table 3 — Symbols and unitsspecific to 55Fe analysis

Symbol Units - @ N Comments
Cpe(n) ggl Natural iron mass cencentration of sample
U (CFe(n) ) ggl Uncertainty on-hatural iron mass concentration of sample
Apg s Bqg?l |Activity coneentration of the 55Fe calibration standard solution
U (CFe_55 ) Bqg! |Unceftainty on activity concentration of the 5°Fe calibration standard solution
My (Fe-55) g Mass of 55Fe calibration standard solution used
u( M (Fe-55) ) g Uncertainty on mass of 55Fe calibration standard solution used
Td(Fe-55,A) gt Gross count rate of the 55Fe standard source in region A
“(’s(Fe—SS,A) ) sl Uncertainty on gross count rate of the 55Fe standard source in region A
t(Fe-55:A) s Count time of 55Fe standard source
N s1Bq?l |Detection efficiency of 55Fe in energy region (2 to 20) keV

u(gFe—SS(A) ) s1Bq?! |Uncertainty on detection efficiency of 55Fe in energy region (2 to 20) keV

Apo s Bqgl |Activity concentration of the 5°Fe calibration standard solution
u(AFe_59 ) Bqg! |Uncertainty on activity concentration of the >°Fe calibration standard solution
My (Fe-59) g Mass of 59Fe calibration standard solution used
u(ms(Fe—59) ) g Uncertainty on mass of 5%Fe calibration standard solution used
Is(Fe-59,4) st Gross count rate of the >9Fe standard source in region A
u(rs(Fe—59,A) ) st Uncertainty on gross count rate of the 5Fe standard source in region A
tS(Fe_59'A) s Count time of 59Fe standard source

© IS0 2021 - All rights reserved 3
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Table 3 (continued)

Symbol Units Comments
€Re59(A) s1Bq! |Detection efficiency of >9Fe in energy region (2 to 20) keV
u(sFe—S‘)(A) ) s1Bq?! |Uncertainty on detection efficiency of 59Fe in energy region (2 to 20) keV
€Re_59(B) s1Bq! |Detection efficiency of >9Fe in energy region (20 to 2 000) keV
u(gFe—SQ(B)) s1Bq?! |Uncertainty on detection efficiency of 59Fe in energy region (20 to 2 000) keV
Ts(Fe-59,B sl Gross count rate of the 5°Fe standard source in region B
u(rs(Fe—59,B) ) sl Uncertainty on gross count rate of the 59Fe standard source in region B
CC(Fe) ggl Mass concentration of stable iron carrier
u(CC(Fe) ggl Uncertainty on mass concentration of stable iron carrier
Me(Fe) g Mass of stable iron carrier used
u(mc(Fe) g Uncertainty on mass of stable iron carrier used
CS(Fe) ggl Mass concentration of stable iron in the yield soldtion
u(CS(Fe) ggl |Uncertainty on mass concentration of stable ix¥on in the yield solution
R(Fe) None |[Recovery of iron
u(R(Fe) ) None |Uncertainty on recovery of iron
TA(Fe) st Gross count rate of 55Fe source.if' region A
u(rA(Fe) sl Uncertainty on gross coutit-rate of 55Fe source in region A
Thet,A(Fe) sl Net count rate of >SFeisource in region A
u(rnet’A(Fe ) sl Uncertainty omnet count rate of 35Fe source in region A
TB(Fe) st Gross countrate of 55Fe source in region B
u(rB(Fe) ) sl Uncertainty on gross count rate of 5°Fe source in region B
Thet B(Fe) st NeDcount rate of >5Fe source in region B
u(rnet,B(Fe ) sl Uncertainty on net count rate of 55Fe source in region B
) s Count time of 55Fe source
CRe_55 Bqll |Activity concentration of 5Fe in sample
u(Cpe_ss Bgt—TUmncertaimty omactivity concemratton of S Fe timsampte
Mee(1) g Mass of solution recovered for source preparation
u(mFe(l) ) g Uncertainty on mass of solution recovered for source preparation
Mge(2) g Mass of solution used to determine iron content in source solution
u(mFe(z) ) g Uncertainty on mass of solution used to determine iron content in source solution
Mge(3) g Mass of diluted solution for iron content determination
u(mFe(3) ) g Uncertainty on mass of diluted solution for iron content determination
Mee(4) g Mass of solution counted

4 © IS0 2021 - All rights reserved
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Table 3 (continued)

Symbol Units Comments
u(mFe(4) ) g Uncertainty on mass of solution counted
ty S Time elapsed between sampling and measurement
Tre_ss s Radioactive half-life of 55Fe
U(Tpy 55 ) s Uncertainty on radioactive half-life of 55Fe
ln0,5~td
DFe—'5'§ None o £500 1 1 1 Py o
pcldy Ul T UCLWCCIT SAlIIPIITg dIIU TIIEd SUT TIHICIIL. UFe—SS —C remoJ
u(DFe_55 ) None |Uncertainty on decay of 55Fe between sampling and measurement
4 Principle
Iron{55 is an anthropogenic radionuclide that decays to 5°Mn by electron capturg, with the
asso¢iated emission of manganese K- and L- X-rays, with energies of 59.keV and 6,5 keV and a half-life
of 2,747 yearsl8l. 55Fe is generated by neutron capture of 54Fe.
Freshly irradiated natural iron can contain significant quantities6f >°Fe and the activity off this nuclide
can be estimated by gamma spectrometry.
Iron{55 is separated from an aliquot of the sample matrix by extraction chromatography or ion
exchange chromatography and the activity is measured separately by liquid scintillatipn counting

against suitable calibration standards of 55Fe.

To a
meaq

For s
dete

NOTH

It is
mass

Ana

5 1

All rd
activi

urements are recommended.

amples with high activity concentration, dilution of the sample is required to avo
‘tor saturation during the separation’ and counting steps, respectively.

A suitable mineralizationsstep is specified in ISO 18589-2[21,

hecessary to know theconcentration of the stable iron in the sample in order to de
halysis flow chartisgiven in Annex B.
Reagents

pagents'shall be of recognized analytical grade and shall not contain any detectable alj
ity except for radioactive standards solutions.

of the iron carrier to-add and to calculate the chemical yield for the separation of >5Fe}

ccount for the minor impurity 5%Fe, twin @hannel counting, along with gamma spectrometry

d resin and

termine the

ha and beta

5.1

5.1.1

Standard solutions

Iron-55 and 59Fe standards

These should be traceable to national or international measurement standards, and can be obtained

from

5.1.2

a number of commercial suppliers and national measurement institutes.

Stable iron standards

These may be obtained from a number of commercial suppliers at a range of concentrations.
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mical Quenching agent

A suitable chemical should be used, such as nitromethane, CH;NO,.

5.1.4 Colour Quenching agent

A suitable chemical should be used, such as tartrazine, C;HgN,Na3;0,4S,.

5.2 Holdback carrier

Prepare a mixed solution of antimony, caesium, calcium, cerium, chromium, cobalt, manganese, nickel,

ruthenium,
solution.

5.3 Wate

Water confo

5.4 Specific reagents for chemical separation

5.4.1 Stable iron carrier solution

Procure a c3

5.4.2 Am]
Dilute 250 nf
WARNING -

5.4.3
Dilute 450 n

544 Am]
Dilute 500 nf

5.4.5 Hyd
Dilute 750 i

5.4.6 Hyd

Nittfic acid solution, c(HNO3) = 7,2 mgll-1

silver, strontium and zinc at 10 mg-g1 of each element. It is not necessary to calibrate

3

rming with grade 3 of ISO 3696.

librated solution of 10 g-1 1 from a suitable supplier.

monium hydroxide solution, c(NH,OH) = 4 mol I
1l of concentrated ammonium hydroxide solution to 1 1 with water.

— — Eye protection shall be worn.

1l of concentrated nitric acidto 1 1 with water.

monium hydroxide soliition, c(NH,OH) = 6 mol I

1] of concentrated @mmonium hydroxide solution to 1 1 with water.

rochloric acid,.¢(HCI) = 9 mol I

1] of con€entrated hydrochloric acid to 1 I with water.

rochloric acid, c(HCI) = 6 mol I-1

Dilute 500 ml of concentrated hydrochloric acid to 1 1 with water.

5.4.7 Hydrochloric acid, ¢(HCI) = 4 mol 11

Dilute 330 ml of concentrated hydrochloric acid to 1 1 with water.

5.4.8 Hydrochloric acid, ¢(HCI) = 0,01 mol I

Dilute 1 ml of concentrated hydrochloric acid to 1 1 with water.

5.4.9 Nitric acid solution, c(HNO3) = 8 mol I

Dilute 500 ml of concentrated nitric acid to 1 1 with water.

this

© ISO 2021 - All rights reserved
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5.4.10 Nitric acid solution, c(HNO;3) = 2 mol I-1

Dilute 125 ml of concentrated nitric acid to 1 1 with water.

5.4.11 Sodium hydrogen phosphate, c(Na,HPO,) = 0,5 mol I

Dissolve 138 g sodium hydrogen phosphate heptahydrate (Na,HPO,¢7H,0) in 1 I water.

5.4.12 Hydrochloric acid, ¢(HCI) = 1 mol I-1

Dilute 83 ml of concentrated hydrochloric acid to 1 1 with water.

6 Equipment

6.1 | Laboratory equipment for direct evaporation
Usuadl laboratory apparatus to store and prepare the sample as specified in,ISO 5667-3.

A hot plate, an automatic evaporator or any other appropriate apparatus:

6.2 | Liquid scintillation vials

Both|plastic and glass vials are required.

6.3 | Measurement equipment: Liquid scintillation counter
Iron{55 may be counted with a commercial liquidse¢intillation counter. This may optionally|include:

— ‘|conventional” twin photomultiplier tubesystems with CIEMAT-NIST efficiency trading routines
CIEMAT/NIST measurements require.additional software for data analysis), and

— {riple-to-double coincidence ratio systems (TDCR measurements require additional goftware for
data analysis).

7 $ampling and sample preparation

Sampling, handling and“storage of the water samples shall be done as specified in[ISO 5667-1
and SO 5667-3.

Suspended material is removed prior to analysis by filtration using 0,45 pum filters. The anfalysis of the
insoluble fraction requires a mineralization step that is not covered by this document.

The watér'sample should be acidified with concentrated nitric acid. Hydrochloric acid shallfbe avoided.

8 Liquid scintillation set up and calibration

8.1 Region setting

Iron-55 measurements require measurements of low energy photon emitters (°°Fe) and higher energy
beta emitters (°°Fe) and so two measurement regions need to be set.

This can be effectively carried out using a tritium source and a ®3Ni source, neither of which need to be
calibrated. The counting regions are shown in Table 4.
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Table 4 — Counting conditions

Region Energy range Comments

This region captures most of the 5°Fe data, with electronic noise being largely

A 2 keVito 20 keV excluded by setting the lower energy limit to 2 keV

B 20 keV to 2 000 keV | This region captures most of the 5%Fe and other high energy contaminants data

8.2 Background

Measure the background activity using an identical clean liquid scintillation vial containing iron carrier
as appropri to annafnﬂ counts confirmthe. cfnhi]ify ofthe ]f\ar‘l{grnnnr‘ level

For a methpd blank, measure the blank activity using clean water and reagents under eondifions
representatjve of the measurement method. Repeated counts confirm the stability of the blank leviel.

8.3 Calibration

Measure th¢ background for a period of at least equal to that of the counting(time used for the test
sample and ptandards.

The count rate of the reagent blank is denoted, Th(A) for the region A (5°Fe)‘and T(B) for region B (P°Fe)
which can be replaced by the appropriate background count rate valie; To(a) and To(B) if these values

are equivalgnt.

The countirlg efficiency of 55Fe is determined in region A, Exess() with a standard 55Fe solutipn of

known actiyity and purity; the detection efficiency in region B is zero for 55Fe. The detection efficjency
is determing¢d by dividing the net count rate in region Ay the activity of the source: A in

Fe_SS'mS(Fe—E 5)
Formula (1)

[rs(Fe—SS,A) ~To(a) }
€ = (1)
Fe-55(A Ape_55-My(Fe55)

The counting efficiency of 59Fe is detérmined in region A, Epe59(A) and region B, Epe_59(B) wiith a

standard >qFe solution of knoWwn activity concentration and purity. The detection efficienfy is
determined|by dividing the net.ceunt rate in regions A and B by the activity of the source in Formulde (2)
and (3):

|:rs(Fe—59,A) ~To(a) ]
e = (2)
Fe-o9(a Ape 59 My (Fe59)

and

. B [rs(Fe—59,B) _rO(B)}
Fe-59(8) Ape_59 My(Fe-59)

(3)

In each case a chemical quench correction curve shall be prepared by adding a suitable chemical
quenching agent (for example nitromethane) to a series of sources of known activity. Also, a colour
quench correction curve shall also be prepared by adding a suitable chemical quenching agent (for
example tartrazine) to a series of sources of known activity. Each source should be consistent with
respect to:

— approximate activity;

— carrier mass;
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solution volume;

scintillation fluid volume.

The shape of the quench correction curve cannot be predicted, but takes the general form in Formula (4):
e=f (Qp) ®

It is advisable to use efficiency tracing routines, if appropriate [19- Efficiency tracing is a relative or
tracing activity measurement method suitable for activity determination of pure beta, beta-gamma,
pure electron capture and electron capture-gamma decaying radionuclide using a commercial liquid

scint
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effici
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Effic
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counjter.

A vel

9 1
9.1

9.1.1

illation counter.

efficiency tracing requires one to know the experimental counting efficieney of

Lo compute the counting efficiency at the photocathode output for different valueg
meter, v, , associated with the efficiency model in Formula (5):

E
-V
jo S(E)(1-e""m )dE
The derivation of the free parameter, Vi is outside the scope of this document. See,
unziata - Handbook of Radioactivity for a detailed explanation’

btain a universal curve, which allows to determiné<the counting efficiency for any 1
del for the counting efficiency as a function of the free parameter shall be develoy
nuclide.

ptance limits for efficiency should be definéd. It is advisable to check the method li
ency should be assessed using calibration samples whose activities should cove
ing range.

encies should be verified with a periodicity established by the laboratory and wheneve
rials (e.g. scintillation cocktail) of when maintenance operations are performed on the

ification or a recalibration is necessary when requisites of instrument quality control

Procedure
Preliminary

Stable iron content [11]

one tracer

nuclide (tritium is usually employed for beta emitters) for different degree$-of chenmpical quench

of the free

(5)

for example,

adionuclide,
ed for each

hearity. The
" the whole

r changes in
scintillation

are not met.

/[ \ .
Measure the iron ((‘Fe(n) ) concentration in the sample according to various protocols already described

in other International Standards. These protocols include the following:

I
I

CP-OES according to ISO 11885;
CP-MS according to ISO 17294-2;

— AAS according to ISO 15586.

9.1.2

Iron separation

Take a suitable aliquot of sample (VS) and add a known mass calibrated iron (CC(Fe) and mC(Fe))

carrier (5.4.1). Uncalibrated holdback carriers of antimony, caesium, calcium, cerium, chromium, cobalt,
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manganese, nickel, ruthenium, silver, strontium and zinc may be added depending on sample
composition.

Add 4 mol I' ammonium hydroxide solution (5.4.2) to the sample, until alkaline, with pH>10. Warm the
solution to coagulate the precipitate.

NOTE1 Theiron hydroxide (Fe(OH)3) precipitate is visible as a brown precipitate.

Centrifuge the solution at a suitable rate to give effective separation of supernate and precipitate, and
reject the supernate. Wash the precipitate with water (5.3) and recentrifuge; repeat the wash cycle
twice.

It is essentigl to wash any residual NaOH solution from the precipitate.

Redissolve the solid in 7,2 mol I nitric acid (5.4.3), warming if necessary.

Pass the solution through a suitable anion exchange resin®) or extraction chromatography resin? to
remove any [actinide elements. Wash the column with 3 bed volumes of 7,2 mol I nitric-acid (5.4.3).

NOTE 2  This step removes any uranium and thorium from the sample.
NOTE3  Other methods of separation of 55Fe are available, such as (i) sepakation using anion exchange
resin and then purification by liquid-liquid extraction with N-nitroso N-phenythydroxylamine (cupferron)
in chloroforrh, and (ii) by liquid-liquid extraction with methyl-isobutyl ketene - (see Reference [12]). Sqlvent

extraction methods rely on the use of volatile and semi volatile organic conipounds.

Precipitate Jron by adding 6 mol I'1 ammonium hydroxide solution(5.4.4) to the solution, and wafm to
coagulate tHe precipitate.

Centrifuge the solution at 2 000 s, retain the precipitate_far 5>Fe analysis.

Purify the ifjon fraction according to Annex A.

9.2 Iron-H5 source preparation

Take the solution from step A1.6 or A.2.5 as appropriate.

Add 10 ml df 0,5 mol I'! Na,HPO, (5.4.11) to the solution and add 6 mol I NH,OH (5.4.4) until tHe pH
is 3,0, then gently warm the solution on a hot plate to complete the precipitation of iron as Fe(P0O,).

Centrifuge the solution at 2 000-st and reject the supernate. Wash the precipitate with warm watef and
recentrifugg. Repeat the washcycle twice.

Dissolve the precipitatedn the minimum amount of 6 mol Il hydrochloric acid (5.4.6). Transfef the
solution with water £0a clean, pre-weighed glass or plastic scintillation vial, obtaining a solution mass
of approximfately 5sg*and record the mass of solution, Mee(1)-

Remove approximately 0,5 g of the solution, Mge(2) and dilute to approximately 50 g with 1 mol 11

hydrochloric acid (5.4.12), recording the mass, Mee(3) of this ‘Iron yield solution’.

Weigh approximately 2,5 g of the Mge(1) solution into a clean plastic scintillation vial Mge(4) - Add a

suitable amount of an appropriate scintillant and count, using the regions set in Clause 8.

NOTE The intense colour of FeClg3- affects counting efficiency.

1) Dowex AG1-X8 is an example of a suitable anion exchange resin, 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.

2) Eichrom or TrisKem TEVA, UTEVA and DGA resins are examples of suitable extraction chromatography media.
This information is given for the convenience of users of this document and does not constitute an endorsement by
ISO of these products.
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10 Quality control

Periodically, check the measurement performances of the instruments using sources of constant
activity, covering the energy range to be measured. This can usually be done with the background, 3H
and 14C sealed check sources supplied with the counter. The results of such checks should be plotted on
a Shewhart control chart and analysed using ISO 7870-2.

11 Expression of results

11.1

Iron recovery

Usin

b the Mge(3) solution from 9.2 measure the iron concentration in the solution used)to

counting sources, as in 9.1.1, CS(Fe) .

The

and s

The {

Thus

{s(Fe) Mre(3)

R —

foncentration of stable iron in the counting solution is given in Formula (63

s(Fe) MFe(3)
Mge(2)

o the total amount of iron recovered is given in Formula (7)¢

M) Mre(1)
otal amount of iron in the sample is given in Fortnula (8):
Fe(n) Vs T Co(Fe) Me(Fe)
, the recovery of iron, R(Fe) ,is givennin Formula (9):

[ Cotre) Mres) M |
[ Cre(m) Ve +Cogre) Mepe) | M2

(Fe) ™

prepare the

(6)

(7)

(8)

(9)

And thus the uncertainty on R(Fe), “(R(Fe) ) ,is given in Formula (10):
¢ 2 -2 2 2
ulC ulm ulm ulm
) [l [0 T #(7ves)
| Csre) Mee(r) | Mge(2) Mge(3)
2 2 2
L(R(Fe)):R(Fe)' 'VU(CFe(n)) U(VS)T c v J “(Cc(pe)) u(mc(Fe)) c 2
| C + v |: Fe(n)’ S:I + C * m I c(Fe)'mc(Fe)]
U— Fe(m— | L 5 A U— TFe | Tre | J
2
[CFe(n) Vs +Cc(Fe) 'mc(Fe):|
(10)
© IS0 2021 - All rights reserved 11


https://standardsiso.com/api/?name=e93e0af48c042b98e67524166c067052

ISO 22515:2021(E)

11.2 Detection efficiencies

11.2.1 55Fe detection efficiency

The calculation of 55Fe detection efficiency in energy region A is given in Formula (1) in 8.3:

. 3 I:rs(Fe—SS,A) _FO(A)]
PSS Ape s "My(Ee_s55)

And thus the uncertainty on €. cc/ay, u(epp_,;,;,m ), is given in Formula (11):

I I
s(Fe-55,4) + 0(A) }

2
*(4ge-ss) u (ms(Fe—SS) ) {ts(Fe—SS,A) b,
u =€pe55(A)” + +

(EFe—SS(A) ) Apo_sc

11.2.2 59Fe detection efficiency

2
ms(Fe—SS) |:rs(Fe—55,A) _rO(A) :|

The calculation of 5°Fe detection efficiency in energy region A is given in Formula (2) in 8.3:

|:rs(Fe—59,A) ~To(a) }

€
Fe-59(A
Ape 59 My(Fe59)

And thus, thee uncertainty on EFe-59(A)" u(gFe—S‘)(A) ), is given inFormula (12):

, 5 rs(Fe—59,A)+rO(A)
u(AFe—S‘))] N “(ms(Fe—59)) : Ls(Fe-59,4) b

Yepe =€Fe-59(A)" { 2
(ere-so(4)) Are-so [fresony 1o

Also, the calculation of 59Fe detection effjciency in energy region B is given in Formula (3) in 8.3:

My (Fe-59)

[rs(Fe—59,B) ~To(B) }

€
Fe-59(B
Ape_59 My(Fe-59)

And thus, the uncertainty.on 8Fe—59(A) 'u(gFe—SQ(A) ) ,is given in Formula (13):

, Ts(Fe-59,B) +r0(B)
2

u t t
(4pes9) u (ms(Fe—59) ) s(Fe-59,8) ‘b

u =€fe 59(B) {
(8F6—59(1)) e-59( )\ AFe—59 My (Fe—59) |-r . r\B)}

B il = = L b\l"t'—D‘J,B} U

(11

(12)

(13)
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11.3 Iron-55 activity

Calculate the net count rate in regions A and B as given in Formulae (14) and (15).

Thet, A(Fe) = Ta(Fe) ~T0(4) (14)
and

Thet,B(Fe) ~B(Fe) ~T0(B) (15)
If the—value Feet B(Fe) is—greater—than—thebackeround—and—theuheertainty—en—thatteym given in
Formula (16):

’net,B(Fe) >2'u(rnet,B(Fe) ) (16)

Ther| the net count rate of 5°Fe in region A is given in Formula (17):

~

het,A(Fe) ~"A(Fe) ~T0(4) ~net, (17)

The activity may be calculated as given in Formula (18):

het,A(Fe) MFe(1
dre 55 = R (Fe) (L)) (18)
€re-55(4) R(Fe) Mre(4) Press Vs

The ¢ount rate uncertainty is calculated as givenin*Formula (19):

3 /rA(Fe) To(4)
L(rnet,A(Fe))_ tr, + t, (19)

If 5%He is present, this modifies to the form given in Formula (20):

2 2

Ta(Fe) +rO(A) N u(rnet,B(Fe))

o~

(rnet ,A(Fe) ) Fe

—

Lrery ™ by Thet,B(Fe) €Fe-59(4) €Fe-59(B)

(0)

Then, the ungertainty on CRe_55 » u(cFe_55 ) , is given in Formula (21):

u(SFe—59(A)) Epe59(B)) ’ €Fe-59(4) ’
+ + ’ rnet,B -

) €Fe-59(B)

(e e {”(rnetme)ﬂz ,{”(’"Femﬂz ,( “(8&;55(/4)”2 :[“(R@e)ﬂz :{“(mpem)ﬂz Al u(Dpe_ss)T{u(Vs
eSS eSS \J[ Thet,A(Fe) J L Mge(1) J L €re55(4) J [ R(re) J [ Mpe(4) J L Dge 55
(21)
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11.4 55Fe decision threshold and detection limit

The assumption made is that t(Fe) =ty =t,and kl_a =ki_p =k, and that the multiplier, w, is given in

Formula (22):

Mpe(1)

w= (22)
€re—55(4) R(Fe) Mre(4) Pre-ss Vs

Using the model described in ISO 11929 series, the decision threshold is given in Formula (23):

¢, =k, g0 (23)
NOTE1  This can be explicitly stated as: ¢, *=k;_,, 'W'u’(rO(A) )\/E .
And the detgction limit is given in Formula (24):

c,t=c, *+kl_ﬁ-ﬁ(cA#) (24)

k
, k~w~[u(r0(A) )\/7—?}
NOTE2  This can be explicitly stated as: ¢, = .
[1—](2 -ufel (W)]

With k;_,, =k1_ﬂ =k
11.5 Limits of the coverage intervals
11.5.1 Limlfits of the probabilistically symmetric coverage interval
The lower, ¢3 and upper, c; coverage limits are calculated using Formulae (25) and (26) accordipg to
ISO 11929-1{:

ch=cp —-kp-u(cA);pza)-(l—%) (25)

% =cA+kq-u(cA);q=1—% (26)
where

e da ®.being the distribution function of the standardized normal distribution;

u( "A)

1=y is-the prebability ferthecoverageinterval of the measurand;

=1 may be set if ¢, >4-u(c, ). In this case, Formula (27) is obtained:

cd=ck =c, tk u(cy) (27)

AT"AT ™A A

4
Often, a probability of 0,05 is chosen. In this case, y=0,05 and then k1 }/ =1,961s often chosen by
/2

default.

14
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11.5.2 The limits of the shortest coverage interval

As described in detail in ISO 11929-1, the lower limit of the shortest coverage interval, CZ , and the

upper limit of the shortest coverage interval, c;, are calculated from a primary measurement result, c,,
of the measurand and the standard uncertainty, u(c,), associated with c,, either by Formulae (28) or

(29):

cx,Ch=cp Tk, ulcy ),Wh6rep=[1+(g-(1_’y%:|

(28)

or if

w=(g

The 1

127

The
folloy

a) 1

b) i

VAR | +1 h PR : I A daVah
A SUL UICIHTUIC TCSUIL IS S1IVEIT T UL ITTULA (4 7).

3 <0icz =cp+k, u(cy ),whereq=1+0-y

c
D ( 4_ ¢ being the distribution function of the standardized normal distribution.
u(c
A
elations 0 < ¢j{ < ¢} apply and the approximation of Formula (27)isvalid.

[est report

test report shall conform to the requirements of ISQ/IEC 17025 and shall contain
ving information:

eference to this document (ISO 22515:2021);

dentification of the sample;

c) nits in which the results are expressed;

d)
]

3

he test result;

) when the activity concentration, c, is compared with the decision threshold (se
series);

— if the result is-less than the decision threshold, the result of the measurement
as <c
A I

— if the aesult is greater than the decision threshold, the result of the mea
expressed asc, iu(cA )or ¢, tU with the associated k value,

) wherithe activity concentration, ¢, is compared with the detection limit;

~— if the result is less than the detection limit, the result of the measurement is d

(29)

at least the

e [SO 11929

s expressed

surement is

xpressed as

<cH -

4
¢\

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

as ¢, xu(c, )or c, U with the associated & value.

NOTE Occasionally, it is requested by the customer or regulator to compare

the primary

measurement result, Cy with the detection limit, cﬁ, in order to decide whether the physical effect is

recognized or not. Such stipulations are not in accordance with the ISO 11929 series. They have the

consequence that it is decided too frequently that the physical effect is absent when in
absent.

Complementary information can be provided such as:

fact it is not

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

i

© ISO

nterval CZ] ,ci and/or the limits of the shortest coverage interval;
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f) probabilities o, Band 1-y;
g) decision threshold and the detection limit;

h) if the detection limit exceeds the guideline value, it shall be documented that the method is not
suitable for the measurement purpose;

i) mention of any relevant information to affect the results.
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