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Foreword

ISO (the Inte

rnational 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 wark SO collaborates closely with the

International
International
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adopted by

International
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rights. ISO s

ISO 26062 w
fuel cycle.

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting:{Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
nall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 85, Nuclear energy, Subcommittee SC 5, Nyclear
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Introduction

The technique presented in this International Standard is capable of being used to perform quantitative
measurements of elements with the specific exceptions of H, He, C, N, O, F, CI, Br, and the noble gases. The
measurement of other elements such as Si, P, S, K and | will require specialized sample introduction options,
specialized solutions, mass analysers or in-line systems for the measurement.

This |nternational Standard is presented in general terms for actinide samples because of the(cgmplexity and
variation of the ICP-MS technique and its sample introduction accessories. Sufficient and approgriate method
development should be undertaken to ensure that the procedure used for the determination of| impurities in
uranipm and plutonium matrices is validated.

It is pssumed that the user of this International Standard has a basic understanding of standard sample
contrpl, chemical extraction techniques and operation of ICP-MS instrumentation. Blank control is| critical when
undeftaking ICP-MS analysis. Assessment of reagents and standards may be-required when undertaking ultra
trace|analysis.

© 1SO 2010 — All rights reserved Vv
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INTERNATIONAL STANDARD
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Nuclear technology — Nuclear fuels — Procedures
for the measurement of elemental impurities in uranium- and

plutonium-based materials by inductively coupled plasma mass
spectrometry

1

This

pluto
specf{rometry (ICP-MS). It provides both guidelines and specific options for the-determination of 2
grouy

Itis 3
mate
for th
urani
provi

2

The

refergnces, only the edition cited applies” For undated references, the latest edition of th
docu

N

Bcope

International Standard specifies a procedure for the determination of tracg-impurities in
hium-based, or mixed uranium- and plutonium-based, materials by inductively coupled p

of elements.

pplicable to solutions such as uranyl or plutonium nitrate, solids-such as the oxides and to m
rials such as unirradiated mixed oxide material in either solid or<dissolved forms. It is not dir
e analysis of uranium or plutonium matrices containing significant quantities of other elem

Lim—gadolinium mixtures. It may nevertheless form the basis of a process for analysing this f
ed that the impact of the gadolinium component is aseertained.

Normative references
following referenced documents are ‘indispensable for the application of this documen

ment (including any amendments)‘applies.

uranium- or
lasma mass
n element or

ixed actinide
ectly suitable
ents such as
ype of matrix,

t. For dated
b referenced

ISO 3696, Water for analytical laberatory use — Specification and test methods

3 Principle

The method is based/upon the dissolution of solid samples, the use of an optional chemical|treatment to
remove the actifide matrix, followed by the spectroscopic determination of the analytes using inductively
coupled plasnia mass spectrometry (ICP-MS).

In principle; the ICP-MS technique relies on the introduction of the sample in an aerosol form into the
indudtively coupled plasma. In the plasma, the sample atoms are ionized then extracted fron} the plasma

through a series of differential pumping chambers into the analyser region. The ionized species are mass
separated using a mass analyser and then measured using an appropriate detection system. Quantitative
measurements can be performed using a number of techniques, including standard addition and isotope
dilution analysis; however, the generation of calibration graphs from measured standards is the conventional
technique.

To provide an indication of the application of the technique, Table A.1 lists the elements commonly measured
in uranium, plutonium and mixed actinide materials. The table includes the optimum isotope to be measured,
the mass analyser options and comments regarding the measurement of that element.

© 1SO 2010 — All rights reserved
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The process is presented in a series of stages, as given in the following list. For each stage a series of criteria
or principles that require consideration is presented. Annex B gives summaries of specific procedures for the
dissolution and optional chemical extraction stages.

a)

Dissolution to dissolve solid samples:

general details provided for hot plate and microwave oven based dissolution;

b) Optional

chemical extraction procedure to remove the sample matrix:

general details provided for solvent extraction process and chromatography process;

c)
general
d) Analysis

general

No details ar
from the vari

quadrup

convent
nebulise

the use

quantita
A brief descr
should be ob
4 Reage

Use only rea

4.1

Normal indu
guideline. W

Direct arlualysis of samples in the actinide matrix:

Watern

brinciples to be considered if using this option;
of the extracted sample:

brinciples of calibration, quality control and sample measurement are provided.

e provided for the specific instrumental set up, owing to the significant range of options avajlable

bty of instruments currently available commercially, for example,
ple mass analyser vs. magnetic sector mass analyser vs. time-of-flight mass analyser,

onal nebulisation sample introduction vs. specialised applications e.g. flow injection or ultra
r!

Df “collision/reaction cell” or “cool plasma” systems,
ive techniques.

ption of the relative merits of these-options is provided in Annex C. However, detailed inforn
tained from textbooks, journals or from manufacturers' manuals.

nts and materials

pents of recognized analytical grade, unless otherwise specified.

5try practice is to use high purity water designated 18 MQ-cm, judged as being suitable fg
htericamplying with better than grade 2 as defined in 1ISO 3696:1987 is the recommended

Sonic

ation

r this
water

quality.

4.2 Acids

and other reagents

High purity reagents shall be used for all ICP-MS analysis. The quality of the reagents used in the process
shall be validated by undertaking suitable blank measurements before use. Procedural blanks should be used
at the sample preparation, sample extraction (where applicable) and instrument measurement stages.

4.21

4.2.2

Nitric acid, 16 M

Hydrofluoric acid, 40 %

© 1SO 2010 — All rights reserved
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Nitric acid/hydrofluoric acid cleaning solution

Fill a 2,5 | plastic bottle with approximately 2 | of the high purity water. Add 470 ml of 16 M nitric acid slowly to
the water, swirl gently to mix. Add 5 ml of hydrofluoric acid with a mass fraction of 40 %. Dilute the acid
mixture to 2,5 | and mix.

4.3

Standards

Suitable certified and reference standards traceable to a certifying authority shall be used for all quantitative
analysis. Use standards from different suppliers for calibration and quality control standards to monitor for
preparation problems.

4.4
The

suita
deve

4.5

The
using

available elemental standards. Matrix matching the standards_is{required for direct analysis 0

stron
supp

4.6

A su
corre
suita
of an

4.7

A su
the a

apprd
matri

Ideal
alterr
inar

Matrix material
ise of matrix-matched standards is required to ensure a high level of quality-‘control. B

ble material is used that does not affect the measurement. Undertake appropriate’ and suffi
opment to validate the procedure.

Calibration standards for instrumental analysis

CP-MS instrument shall be calibrated to allow quantitative analysis, for example externa
the conventional technique described in 6.4. Suitable standards can be prepared from

j actinide solution to correct for the impact of the sample matrix on signal intensitie
ession or possible enhancement).

Quality control standards for instrumental analysis
table quality control standard shall be measured to ensure that the calibration has besg

ble concentrations for the application. Matrix matching the standards may be required for d
blytes in strong actinide solution.

Quality control standards:for the method control

table quality control standard shall be processed alongside the samples to monitor the pe
halytical method. Prepare a suitable quality control standard that contains the desired anal
priate for the material being analysed. The quality control standard should be prepared
k to reflect the eoneentration of the matrix in the sample solution produced after the dissoluti

y, a certified reference material should be used. In the absence of a suitable reference
ative approach is to prepare a standard from an appropriate dilution of a commercial eleme
hatrix\that matches the samples being analysed.

nsure that a
cient method

| calibration,
commercially
f analytes in
s (i.e. signal

n performed

ctly. Prepare quality control standards by.diluting commercially available elemental standards down to

rect analysis

rformance of
ites at levels
in a suitable
bn phase.

material, the
htal standard

4.8

D + -t o1 a1
NCLUVCTYy COTIUUT Sudituarlu

Where a chemical extraction is used, the recovery through the process shall be monitored and, if necessary,
appropriate correction of the analytical result should be made, ensuring that appropriate uncertainty
associated with recovery correction is taken into account.

Prepare a suitable standard that contains the desired analytes at levels appropriate for the material being
analysed. The matrix of the standard should reflect the concentration of the matrix in the sample solution
produced after the dissolution phase.

Ideally, a certified reference material should be used. In the absence of a suitable standard, the alternative

approach is to prepare a standard by preparing an appropriate dilution of a commercial elemental standard in
a matrix that matches the samples being analysed.
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Specialized options such as isotope dilution analysis can be used. However, these are outside the scope of

this standard

4.9 Intern

, and textbooks on ICP-MS provide details of these techniques.

al standard

Internal standards are used to evaluate variations in measurement arising from drift caused by changing
plasma or instrument conditions and the effect of the sample/standard matrix on measurements. All blanks,
standards and samples shall be spiked with the internal standard. The selection of suitable internal standards
depends upon factors such as the following:

the element is not present in blanks, standards or samples;

the isotq
the elem
the elem

the phy
analytes

There are a
scandium fo
high-mass €

elements across the mass range. It is therefore advisable to use a mixture of three internal standards (i.g.

for low mass

The selection of a suitable standard is widely covered in standard ICP-MS textbooks.

5 Apparatus

5.1 Mass

A computer;
suitable for h

The use of

based disso
maintain inst

5.2 Radio

The process

pe of the element used is not subject to interference from other elements;
ent does not interfere with analyte isotopes;
ent is preferably mono-isotopic;

sical-chemical behaviour of the internal standard element should bé-similar to those ¢
in the instrumental measurement processes.

number of elements routinely recommended for ICP-MS measurements, such as berylli
ements. With only one internal standard it may not be\possible to correct efficiently fi

bs, one for intermediate masses and one for high masses).

spectrometer

controlled inductively coupled plasma mass spectrometer designed for elemental an
andling radioactive material.

blatinum-tipped cones’ is recommended for the analysis of samples where a hydrofluoric

ution process jis-Used. These reduce the chemical corrosion of the cone orifice and Hh
rument performance and reduce blank contribution from the cone metal.

activity.containment

should be undertaken in containment facilities suitable for handling powdered and liquid for|

f the

m or

I low-mass analytes, indium or rhodium for mid-mass eléménts and bismuth or iridiufn for

pbr all
one

blysis

acid
ence

ms of

uranium- and

p'l itonium-based quplnq
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5.3 Dissolution containers and process apparatus

The consumable apparatus used in the measurement process should be chosen to ensure stability of the
analytes, compatibility with the chemicals used and prevention of contamination of the samples and process.
The following list provides an indication of the types of consumables required, and the comments apply
equally to all apparatus used, e.g. for the preparation of standards, calibration processes, sample preparation,
and subsequent measurements. Assessment of the suitability of equipment should be addressed during the
validation of the standard.

— Nalgene®') volumetric flasks or those prepared from other inert materials are recommended.

bribed in this

International Standard.

— Al flasks/centrifuge tubes, polytetrafluoroethylene (PTFE) beakers and sample¢ .Vials lsed in this
peration should be soaked in a cleaning mixture such as nitric acid/hydrofluoricydcid clegning solution
.2.3) for a minimum of 72 h before use. Suitable tests should be made to(validate the process to be
dopted. This is beneficial for removing the potential for contamination of the,samples from| impurities in

these consumable items.

— Glass apparatus should be avoided because of the risk of leaching of potential interferenges from the
glass such as boron, silicon and lanthanides. Some quartz apparatus is available that is suitable for the
impurities analysis described in this International Standard.

— i[ extremely low levels of analytes are to be measured,he*impact of plastic-based apparatus should be
ssessed, in order to ensure stability of the analyte due;to the risk of adsorption onto the apppratus.

6 Procedure

6.1 | Interferences
The gletermination of elements by ICP-MS suffers from interference from a number of sources. [The potential
for inferference has to be assessed:for individual operations, although general details are readily available in

standard textbooks on ICP-MSand from scientific journals, and provided by instrument manlfacturers. A
summary of the impact is provided'in 6.1.1 to 6.1.3.

6.1.1| Isobaric interference
Isobgric interferences.arise from two sources:

— ipobaric interference from other elements;

— tholecular isobaric interference from other plasma species.

ce on '"“Cd
from 114Sn Isobarlc mterferences are readily identifiable from the study of the |sotop|c composition of the
elements of interest and their adjacent neighbours in the periodic table. This interference may be removed by
a number of methods, including the following:

— sample preparation to remove the interfering element prior to measurement;

— use of blank correction if the interference is constant;

1) Nalgene® is an example of a suitable product available commercially. This information is given for the convenience
of users of this International Standard and does not constitute an endorsement by ISO of this product.

© 1SO 2010 — All rights reserved 5
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— use of mathematical correction based on the measurement of the interfering element;

— use of sector ICP-MS for polyatomic species, such as ArO*.

6.1.2 Molecular ion interference

The second group of isobaric interfering ions is more complex and arises from the reactions within the plasma
between the plasma ions, the sample ions and the solvent used for the sample. These species are more
commonly referred to as molecular ions.

Molecular ions from the argon plasma itself include species such as Ar* or its oxide, ArO*, affecting K or Fe
respectively.[The solvent contributes molecular ions; nitric acid generates ions such as its oxides whilst]other
acids present more serious interferences. An example is the effect of the presence of chloride ionsjsugh as
from hydrocHloric acid, where the production of the ArCI* ion interferes with the measurement of 72As.

A second ekample of interference from molecular ions is particularly pertinent to the-measuremgnt of
elemental imfpurities in uranium or plutonium matrices, where the formation of doubly chafged ions and pxide
ions will intefffere with elements with isotopes within the mass range 110 to 140. The formation of these dpubly
charged iong and oxide ions, such as U2*, UO*, UO2*, Pu2*, PuO*and PuOZ2*, deépends upon the plasma
conditions and the level of the matrix component.

To provide dn indication of these interferences, Table 1 shows the massesdikely to be affected by the|most
commonly produced species arising from actinides with atomic masses ranging from 232 to 242.

Table 1 — Potential ions generated from actinide elements

Source mass Mas_s 01; M Affected Mags _of Affected Maszs pf Aﬁectﬂcf)
ion element (MO)~t ion? element (MO,)=* ion? element

232 116 Cd/Sn 124 Sn, Te 132 Ba
234 117 Sn 125 Te 133 Cs
235 117,5 — 125,5 — 133,5 —
236 118 Sn 126 Te 134 Ba
237 118,5 — 126,5 — 134,5 —
238 119 Sn 127 135 Ba
239 119,5 — 127,5 — 135,5 —
240 120 Te, Sn 128 — 136 Ba, C¢
241 120,5 — 128,5 — 136,5 —
242 121 Sb 129 — 137 Ba

@8 M represefits the 'source isotope from the actinide matrix.

b Only natural-i§dtopes are given; radionuclides from fission and other nuclear processes would also be affected: e.g. '25Sb, [34Cs,

135Cs, 137Cs and 7.

This interference may be removed by a number of methods:

— sample preparation to remove the interfering element prior to measurement;
— use of different reagents;

— the use of blank correction if the interference is constant;

— the use of mathematical correction based on the measurement of the interfering element;

6 © 1SO 2010 — All rights reserved
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— adjustment of the plasma conditions can reduce the doubly charged and oxide ion formation, although

this can have a deleterious effect on the sensitivity of the analyte measurement;

— the use of instrumental options such as collision cell technology or different mass analysers such as

high-resolution sector ICP-MS.

6.1.3 Peak overlap

The overlap of a major peak onto an adjacent mass peak will cause interference on the adjacent peak. The
measure of the peak overlap of a mass spectrometer is the abundance sensitivity and for most
quadrupole-based instruments this is around 105. Put simply, this means that the overlap from a

100 Jg/mI 43U peak on mass 237 is around 1 ng/ml.
Therg are two options for managing this interference:
— niemoval of the matrix species;

— the use of instrumental options such as high-resolution sector ICP-MS.

6.2 | Test portion

The quantity of sample selected for analysis should reflect a number-0f parameters, including:
— Ipvel of analyte present in the sample;

— fequired precision and accuracy;

— 1equired detection limits;

— 1neasurement techniques;

— golubility of the matrix in the dissolution_medium.

Annex B provides typical sample quantities for a number of dissolution techniques.
6.3 | Preparation of test portion

6.3.1| Dissolution

Specific dissolution feguirements should be developed for specific applications. General provis
following:

— providescomplete dissolution of the sample and the analytes required;

ions are the

pncentration,

— minimize the risk of contamination through control of reagents, apparatus and segregation of high/low

samples be minimized;
— a procedural blank is required;

— minimize losses of volatile elements such as B, Ru and Tgc;

— provide a final solution that is suitable for the subsequent stages of the analysis, either direct analysis or

extraction chemistry to remove the actinide matrix.

© 1SO 2010 — All rights reserved
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See Annex B for summaries of three specific processes: open beaker, reflux and microwave dissolution, are
described in Annex B. Appropriate validation of the process to be adopted should be undertaken to ensure
that the process meets those general guidelines.

Once the sample is dissolved, two options are available: to use an extraction process to isolate the analytes
from the actinide matrix or analyse the sample directly.

6.3.2 Extraction process

The use of an extraction process is an option for removing the actinide-based matrix and/or for improving the
potential detection limits of the measurement. If the analyte levels are sufficiently high for direct measurement
in the actinidgmatrix then this stage can be omitted. Any extraction process used shall consider the use pf the
following crit¢ria. The selection of the criteria to be used should reflect the specific application:

the use pf a recovery standard is required to measure the extraction of the analytes;

provide & final solution that is suitable for the subsequent stages of the analysis;

a procedural blank is required,;

minimizg the risk of contamination through control of reagents, apparatus and segregation of high/low
samples;
acid wa sable
before u

shing of the solvent extraction mixture or clean up of the_ion exchange columns is advi
5e.

Annex B proyides summaries of two processes: chromatography.and solvent extraction.

6.4 Instrumental analysis

6.4.1 Dynamic range of the instruments
The dynamig range of modern ICP-MS instruments is considerable, covering several orders of magn|tude.
The selection of a dynamic range is dependent upon the level of quality required and the variability in both the
material to he analysed and the sample\preparation used to isolate the impurities of interest. In terms of
general guidglines, the dynamic range should be minimized to 2 to 3 orders of magnitude.

6.4.2 Quartitative analysis options

Two options

are available?)either to analyse the sample directly after dissolution (step 6.3.1) or analys

sample follo
disadvantag
reflect the s

6.4.21 Di

ving the chemical extraction (step 6.3.2). Both processes have their relative advantages
s, some.ef which are described in 6.4.2.1 and 6.4.2.2. The choice should be made accordin
cificiapplication.

e the
and

gly to

This is undertaken directly on the sample solution after dissolution. The concentration of the matrix under
routine operations should be approximately 1 mg/ml. Higher concentrations can be used, but these can lead

to blockages

of nebulizers and cones. The advantages of direct analysis are the following:

it limits analyte loss and reduces risk of contamination in the sample preparation stage;

material.

it avoids the requirement to process the sample, thus minimizing waste and the handling of radioactive
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Drawbacks to take into account:

Dire

significant amounts of the matrix are introduced into the mass spectrometer, resulting in matrix effects
such as signal suppression and generating a high background for the matrix elements that prevents or

restricts subsequent measurement of those elements;

suitable matrix material for use in matrix matched standards and blanks may not be available

the potential detection limits are restricted by the amount of matrix tolerated by the instrument and any

matrix effects induced by the matrix.

analysis IS DeneriClal where speed IS Important and the ahalyle levels are suillicient t

apprgpriate analytical result that meets the desired level of quality and quantification.

6.4.212 Chemical separation

The

nain advantage of undertaking chemical separation is to isolate the analytegs from the samp

potential interferences. Analysis after chemical extraction is beneficial where.ultra trace analys
and/qr there is a need to prevent contamination of the mass spectrometer-from the matrix ele
advaptages are

6.5

The

the removal of the matrix and the potential to improve limit of detection, and

the removal of the matrix to avoid contamination of the insttumentation from the matrix eleme
process does have some disadvantages to consider:

the necessary sample processing will lead to a ceftain amount of analyte losses and contami
gourcing suitable matrix material for use in recovery correction can prove problematic;

many extractants are organic-based,which can present problems for waste disposal.

Instrument and method calibration

steps described in 6.5.1(t0) 6.5.6 provide the criteria to be adopted for the control of the

analysis. The choice will reflect the nature of the analysis being undertaken.

6.5.1| Instrument calibration

Instryment optimization operations shall be undertaken to ensure that parameters such as sg

flows

manyfacturer) are all within acceptable ranges for optimum performance.

provide an

e matrix and
s is required
ments. Other

nts.

hation;

instrumental

nsitivity, gas

samplé\ introduction rates, oxide ion formation and reflected power (as recommended by the

Unddrtake the appropriate pre-analysis instrument checks such as mass calibration, resolutio
detector calibration as recommended by the manufacturer.

h check and

These instrument parameters and checks are critical to ensure that the instrument is operating correctly and
must be undertaken. The actual parameters used will depend on the type of instrument used and the checks
recommended by the instrument manufacturer.

6.5.2 Method calibration

The instrument shall be calibrated to determine the analytes in these samples by appropriate measurement of
blanks and standards in order to generate an appropriate concentration vs. response graph (routinely
undertaken by the operating software of the instrument).
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The concentration range of the standards shall be appropriate to ensure that the analyte concentrations fall
roughly mid-calibration wherever possible, with the standards evenly spread. A calibration regime such as 1, 2,
5, 10 and 20 ng/ml provides additional standards at the low end of the concentration range to improve the
quality of the measurement.

Matrix-matching the standards and blanks is critical in some applications, particularly those involving the direct
analysis of a high-actinide matrix. Both the acid concentration and in the case of direct analysis, the actinide
matrix will have an effect on the accuracy and precision of the measurement. When undertaking validation of
the method, the potential effects of these matrices should be assessed.

If some impurity levels are significantly higher than the majority of elements, adjust the calibration range
accordingly for these specific analytes This may occur for elements such as Cr _Ni Fe Ca Al K and Na

Other optiong, such as standard addition and isotope dilution analysis, are available. These are outside the
scope of this|International Standard and further information is available in ICP-MS textbooks.

6.5.3 Internal standardization
The use of an internal standard is recommended to monitor measurement to measurément variation, i.e| drift,
within an anglytical run due to changing plasma conditions. Internal standardizatiorn’can compensate for the
effect of the| drift arising from a number of factors including variations in instrument parameters, plasma
conditions arnd matrix effects (this is especially pertinent for direct analysis).

All blanks, stendards and samples should be spiked with the internal standard(s).

6.5.4 Instrgyment quality control

To determing the performance of the instrument, suitable blanks and quality control standards are analysed.
The quality dontrol standards should be selected to reflect the range of analytes and the matrix present |n the
samples and|to assess the performance of the method calibration.

6.5.5 Sample preparation and measurement

The number |of replicates to be measured and any dilution of the samples should be chosen on the bagis of
the quality dgmands on the analytical measurement.

Undertake the analysis by measuring the various blanks, samples and standards from the sample preparation
stages alongside the instrument-blanks, calibration standards and quality control standards in a seqyence
appropriate tp meeting analyticahdemands and quality requirements.

If the analygis is to be performed directly on the dissolved sample, ensure that the final solution peing
nebulised does not contain the matrix at a level that could result in blocking of the nebuliser and/or coneg. It is
recommendgd that the.concentration not be greater than 1 mg/ml. If higher concentrations are used, efsure
that the impact istassessed. Ensure that the samples are matrix-matched using a suitable material that is
suitably puref to’prevent cross contamination and/or blank issues.

6.5.6 Instrument conditions

No specific details are provided because of the range of commercial instruments and accessories available.

10 © 1SO 2010 — All rights reserved
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7 Calculation

Calculate the concentration of the analytes in the solution being analysed using the software packages
available with the instrumentation and, subsequently, relative to the original amount of sample taken. Correct
the result as appropriate for

sample dilution,
blank measurements,

interference correction,

8 1|
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Precision

berformance capability of the standard will depend upon the conibination of sample pre
ment configuration and protocol. As a guide, the following should be-achievable.

ypical coefficient of variation from a conventional quadrupole-based ICP-MS is 10 % to 20
ents that do not suffer significant interference through thessample processing and instrume
as lead or beryllium, will achieve precisions of less than*10 %. Elements such as B, Fe, N
worse precision owing to poor reproducibility through.the processing and/or poor measurem

mit of detection is heavily dependent upon the-options chosen, but levels of 0,1 ug/g origir
g original sample are achievable for most elements, based upon a 3x standard deviation
, using a conventional quadrupole-based_ instrument and chemical processing.

typical coefficient of variation from'.a sector-based ICP-MS is 12 % (1 sigma). The
urement of elements such as Li, Be, B Si and P will be significantly poorer and alternativ
d be considered.

mon-natural isotopic abundances of fission product elements such as Zr, Mo or Gd (See Tabl¢ A.1).

paration and

% (1 sigma).
ntal analysis,
b and W will
ent precision.

al sample to
of the blank

instrumental
e techniques

imit of detection for a sector<based ICP-MS instrument is heavily dependent upon the opfions chosen,
but I¢vels between 0,2 ng/g.with respect to the original sample and 200 ng/g with respect tg

le for most analytes-are achievable using a direct analysis based upon a 3x standard de
figure and on analysis of a 50 ug/ml solution with respect to uranium.

Quality @assurance and control

uality of the measurement should be verified by performing the various quality control

the original
iation of the

checks and

mental parameters.

9.1

Instrument performance

Assess the performance of the instrument, taking into account the following items:

instrument blanks level;

upon the instrument used, the element being determined and the calibration regime;

©I1SO

monitoring of the internal standard signals;

2010 — All rights reserved

verification of the performance of the instrumental quality control standards; the acceptability will depend

11


https://standardsiso.com/api/?name=2578113ff795374db068245a5cf6c2b6

ISO 26062:2010(E)

— checking the sensitivity and trending in the signal of the internal standard performance; this will provide
an indication of factors including:

— in direct analysis applications, variability in sensitivity or significant reduction in sensitivity, indicating
effects such as cone or nebuliser blockage,

— in applications using an extraction process, significant suppression of the internal standard signal,
signifying the break though of significant levels of the actinide sample matrix;

— comparison of results from multiple isotopes (where available), which will indicate any possible isotopic
interference.

9.2 Methqgd performance
Assess the performance of the method by:

— assessirg the performance of the method blanks, the levels achieved being dependentiupon factors|such
as the gpality of the reagents, the facilities used and the performance of the instrument;

— assessirng the performance of the method recovery factor if an extraction process has been used; the
expected levels for most analytes should be around 95 % to 100 %; for élements such as Ag and the
lanthanigles and thorium, the recovery will drop to 50 % to 60 %.

NOTE Fdrther improvements in the quality of the analytical procedure can be achieved through measurement and
monitoring of the overall measurement uncertainty. However, this is outside therscope of this International Standard.

10 Test report

The test repqrt shall contain the following information:

a) all information necessary for identification of-the’sample tested;
b) a referemce to the procedure used;

c) the method used;

d) the results of the test, including the results of the individual determinations and their mean, calcylated
using th¢ method specified-in Clause 7;

e) any deviations from thé procedure specified;
f) any unugual featuré (anomaly) observed during the test;

g) the date|of'the test.

12 © 1SO 2010 — All rights reserved
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Annex A
(informative)

Table of elements measurable by ICP-MS

A.1 Table A.1 is by no means exhaustive and so can only provide a brief overview of some of the potential
interferences and measurement requirements.

A.2 | The isotopic abundance of an element is required if the element is fission-product-generated.
A.3 | Method validation can identify the potential interferences, measurement criteria,cete., apd additional
information is available from textbooks, journals or from manufacturer's manuals.
Table A.1 — Elements measurable by ICP-MS
Element Optimum toAZF:JI;Zarﬁgg)I[e AI:S I;Zi?:)l:'ty General comments?
mass instrument instrument
U 7 v v —
Be 9 v v —
B 11 4 v Memory effects
Np 23 v v Risk of contamination from reagents and agparatus
Mg 24 4 4 Risk of contamination from reagents and agparatus
Al 27 4 4 Risk of contamination from reagents and agparatus
q 28 . N High background fror’r_1 quartz spray ch.amber and torch,
Resolution > 3 000 required
H 31 — v Resolution > 3 000 required
9 32 — 4 Resolution > 3 000 required
K 39 — 4 Resolution > 7 000 required
Ch 44 v 4 Resolution > 3000 on sector instrument, poor of quadrupole
Tl 48 v v —
\ 51 4 v Potential interference from CIO~ if it is present in the sample
aor 55 v v Potential interferencg from ArC grising from the presence
of organic material in the sample
Mn 55 v v —
Fe 56 v v Resolution > 3 000 on sector instrument, poor on quadrupole
Ni 58 4 4 Background from cones
Co 59 v v —
Cu 63 v v -
Zn 64 v v —
As 75 v v Potential interference from ArCl
Sr 88 4 4 Potential fission product in sample
Zr 90,91,92 v v Potential fission product in sample
Nb 93 v v Potential fission product in sample

© 1SO 2010 — All rights reserved
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Table 1 (continued)

Element Optimum toAZ?JI;ZarSg::)I/e AF:(F: I;?:E:g:'ty General comments?
mass Instrument Instrument

Mo 95 v v Potential fission product in sample

Mo 98 v v Potential fission product in sample

Tc 99 v v —

Ru 102 v v Potential fission product in sample

Ag 109 v v Potentiatfissiomproductimsampte ]
Cd 111 v v Potential fission product in sample

In 115 v v —

Sb 123 v v Potential fission product in sample

Sn 124 v v Potential fission product injsample

| 127 v v Requires speciallist.sar.nple .tr(_a-atmen.t due to instabilit

of iodine in acidic-solutions

Cs 133 v v Potential fission‘product in sample

Ba 138 v v Potential-fission product in sample

La 139 v v —

Ce 140 v v Petential fission product in sample

Pr 141 v v —

Nd 143 v v Potential fission product in sample
Sm 147 v v Potential fission product in sample

Eu 153 v v Potential fission product in sample

Gd 158 v v Potential fission product in sample

Dy 162 v 4 Potential fission product in sample

Ta 181 v v —

W 184 4 v —

Pb 208 v v —

Bi 209 4 v —

Th 232 v v Memory effects

Np 237 v Resolution > 3 000 in uranium

Np 237 v v In plutonium

U 4 4 Ui Pupossibieafter separatiom o quadrupote mstroment
Pu 239 v Pu in U possible after separation on quadrupole instrument
NEREE o | Separaton o e becauee of ererence from Py
Cm v v —

This table is provided as a guide only and the performance of the standard should be validated on the individual system.

@  |sotopic interferences should be identified through method development and reference sources.
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Annex B
(informative)

Specific examples of dissolution and extraction procedures

B.1 Dissolution options

B.1.1 General

The advantage of the first two options (see B.1.2 and B.1.3) is that relatively simple equipment ca
distinct advantage in a glove-box-based application, whereas the microwave dissolution applica
are faster.

The ¢hoice of process will reflect the application and equipment available. The_processes should
to enpure performance is acceptable.

B.1.2 Open-beaker hot-plate dissolution

B.1.21 Reagents

B.1.21.1 0,5 g of PuO, or MOX dissolved in 10 ml of 12:M HNO5/0,05 M HF.

B.1.21.2 7 gof UO5 dissolved in 40 ml of 12 M HN©5/0,05 M HF.

B.1.2.2 Procedure

B.1.2.2.1 Transfer an appropriate amount of sample into a PTFE beaker. Weighing into an

contdiner, such as an inert weighing boat, is recommended because of the problem of electrosta

n be used, a
tions (B.1.4)

be validated

intermediate
tic charge on

PTFE beakers. Ensure that a guantitative transfer is made by washing with a minimunp amount of

12 M|HNO3/0,05 M HF.

B.1.2.2.2 Add an appropfiate amount of 12 M HNO5/0,05 M HF.
B.1.
150 9C for a period~of 3 h to 4 h. The exact time will depend upon the refractivity of the m
analysed. In the event of incomplete dissolution, continue heating until the sample dissolves. Th
small amounts{of HF may aid dissolution.

B.1.3 Reflux dissolution

.2.3 Place a |gese-fitting PTFE cap on the beaker (to prevent contamination). Place on & hot plate at

aterial being
e addition of

B.1.3.1 Transfer 4 g MOX material into a dissolution vessel with a reflux condenser.

B.1.3.2 Dissolve the sample in 16 M HNO; + 0,1 M HF (about 15ml) at 130 °C under reflux until

complete dissolution occurs.

B.1.3.3 Reduce the heat to 80 °C for a further 2 h without the reflux condenser in place to
compounds.

© 1SO 2010 — All rights reserved
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B.1.4 Microwave dissolution

The conditions will depend upon the type and power of microwave oven available; however, appropriate
safety interlocks should be used to prevent over-pressurisation and over-heating. The following procedure is

suitable for a

B.1.4.1

Questron QWAVE 30002) microwave or similar.

the microwave dissolution vessel.

B.1.4.2

20 min. The pressure should be limited to 2 758 kPa (400 psi).

Transfer between 0,5 g and 0,8 g of PuO, or MOX dissolved in 10 ml 12 M HNO5/0,1 M HF into

Heat the sample in a clean microwave vessel to 215 °C over 10 min. Maintain temperature for

B.1.4.3
4 M HNO,.

B.2 Extra

B.2.1 Sep3

The following
the elements

Specific detd
1 pg/ml, givir

The choice g
to ensure pe

B.21.1 Ex

The uranium
pass through

Condition su
of actinide, o

Elute the bul
this phase if

Elute silver
to 100 %.

Following elU

Dn completion of the run, allow to cool and quantitatively transfer to a suitable vessel

ction options

ration using chromatography

is an example of a chromatography-based separation procedure that is suitable for isolat
listed in Table B.1 from a uranium and plutonium matrix.

ils are available from the resin supplier. The residual actinide present in the samples is less

f process will reflect the application and equipmentavailable. The processes should be vali
formance is acceptable.

traction process for uranium matrix

is retained on an Eichrom UTEVA®3) chromatography column allowing elements of inter
the column for collection and subsequent analysis.

Ch a column (2 ml) with 3 x@2 ml of 3 M nitric acid. Load the sample (1 ml), containing up to 3
hto the column in a 3 M nitric acid solution, collect the eluate.

of the impurities using nitric acid (3 M, 4 x 2 ml) collecting the eluate. Zirconium can be elu
both the sample-salution and elution acid contain a 0,2 M hydrofluoric acid.

and thorium>using hydrochloric acid (6M, 3 x 2 ml) to give recoveries in the region of

tion)the acid solution can be submitted for analysis.

g an extraction efficiency of greater than 99,9 %. Other'chromatography resins are availablg.

using

on of

than

Hated

pst to

0 mg

edin

90 %

2)

Q-WAVE 3000 is the trade name of a product supplied by Questron Technologies Corp. This information is given for

the convenience of users of this International Standard and does not constitute an endorsement by ISO of the product
named. Equivalent products may be used if they can be shown to lead to the same results.

3) UTEVA® is the trade name of a product supplied by Eichrom Industries Inc. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results.
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