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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve t}tre1
patent(s). I$O takes no position concerning the evidence, validity or applicability of any clai

rights in regpect thereof. As of the date of publication of this document, ISO had not;received

patent(s)

ich may be required to implement this document. However, implementers are ca
this may ndt represent the latest information, which may be obtained from the patent database
www.iso.ong/patents. ISO shall not be held responsible for identifying any or all;stich patent righ

Any trade

constitute 3

For an expl
related to

Organizatig

This docum
radiologicall

Any feedba

use of (a)
ed patent
hotice of (a)
tioned that
available at
ts.

hame used in this document is information given for the convenience of users and does not

n endorsement.

hnation of the voluntary nature of standards, the meaning of ISO specific terms and

conformity assessment, as well as information about ISO's adherence to the W
n (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/for¢

pxXpressions
Yorld Trade
pword.html.

protection, Subcommittee SC 5, Nuclear installations, processes and technologies.

ting of these bodies can be found at www.iso.org/members.html.

ent was prepared by Technical Committee ISQ/TC 85, Nuclear energy, nuclear techn

ologies, and

£k or questions on this document should be directed to the user’s national standajrds body. A
complete lis
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Nuclear fuel technology — Preparation of spikes for isotope

dilutio

1 Scope

n mass spectrometry (IDMS)

This document spec1f1es a method Wthh applles to the preparatlon and Valldatlon of the standard materials

generally c3

for measuri

This meas
water reacf
reprocessin
fuel fabrica

2 Norm

The followi
requiremen

g the content of plutonlum and/or uranium by 1sotope dllutlon mass spectrometry

rement methodology can be applied to input solutions of irradiated Magno3

uards used

x and light

or fuels (boiling water reactor or pressurized water reactor); in final ptoducts at spent-fuel

g plants; in feed and products of mixed oxide of plutonium and uraniumtv0X); and
fion.
ative references

hg documents are referred to in the text in such a way thatSome or all of their content
ts of this document. For dated references, only the editiof cited applies. For undated

the latest edlition of the referenced document (including any amendments) applies.

[SO 3696, U

ISO 8299, |
concentrati

3 Terms

For the pur
[SO and IEC

IECEle

3.1

(ater for analytical laboratory use — Specificationahd test methods

Vuclear fuel technology — Determination of-the isotopic and elemental uranium an

bns of nuclear materials in nitric acid solutioxs by thermal-ionization mass spectrometr)
and definitions

poses of this document, the following terms and definitions apply.

maintain terminology databases for use in standardization at the following address

[SO Online browsing platforin} available at https://www.iso.org/obp

ctropedia: availdble at https://www.electropedia.org/

solution s
nitric acid

ike
lutions-with accurately quantified uranium and/or plutonium content and isotopic (

Note 1 to enfryz-One of the reference materials for IDMS.

in uranium

constitutes

references,

1 plutonium
y

ES:

omposition

3.2

dried spike
prepared by aliquoting solution spikes (3.1) into glass vessels and then drying

Note 1 to entry: One of the reference materials for IDMS.

3.3

large-sized dried spike

LSD spike

dried spike containing both uranium and plutonium in milligram size, were originally developed to analyse
high concentrated input solution

Note 1 to entry: One of the reference materials for IDMS.

© IS0 2024 - All rights reserved
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Note 2 to entry: The LSD spikes can simplify the sample preparation process with only one spiking step to the sample,
which also contains uranium and plutonium, and reduce measurement uncertainty by less dilution factor than smaller

sized spikes.

4 Principle

Element content measurement using thermal ionization mass spectrometry (TIMS) is made on a sample
and mixture of the sample and a spike, consisting of an enriched isotope of the element to be analysed and
determine element content by calculating the difference of isotopic composition before and after spike
mixture. This method of measuring an element’s content is called isotope dilution mass spectrometry (IDMS).

The isotopic compositions of the sample and spike is required to be significantly different. Therefore, it
is desirable_that spikes are composed of isotopes that are not present, or only minimally present, in the

unspiked s
measured 3
element cor

Chemically-
solutions of
on its desig
mixed to pr

5 Desig

As the unce
for safegua
IDMS after

hmple. It is necessary that the isotopic composition and the content of spikes tbe
ccurately and has small uncertainties because it reflects to the uncertainty of-the f
tent.

pure compounds of separated plutonium or uranium isotopes are dissplved to pr
spikes, in general terms, in 3 mol/l to 7 mol/l nitric acid to obtain an‘optimized co
h to obtain reliable results. Aliquots of the plutonium and uranium spike stock solutf
epare mixed spikes. Aliquoted spikes are used for IDMS in solution state or after drie

h of spikes

Ftainty to be considered in determining the reliability efnuclear fuel material analysig
ds, International Target value (ITV)[ is decided for IDMS. It is desirable that spikes
being optimized for the sample to be analysed. Different target values are set deper

environment to be measured and spikes used. Spikes shall be designed so that measurement H

achieve the

There are ty

appropriate ITVs.

vo types of spikes: solution spikes and dty spikes. Basically, either spike is fine. In gen

e known or
nal results,

epare stock
ntent based
ions can be
d.

techniques
hre used for
ding on the
y IDMS can

eral, choose

which spikg to prepare according to user needs;
51 Optilnization of spikes
In IDMS, when the isotopic composition'in the unknown sample and in the spike are significant]y different,
the measurgment accuracy become higher. On the other hand, the isotopic composition of available certified
reference njaterials for preparing spikes are limited. Therefore, it is important to design the plutonium and/
or uranium| composition of spikes by evaluating, in advance, the isotopic composition and the|amounts of
elements ofspikes that can-be obtained sufficient accuracy. The following sentences describe ar example of
calculationg for optimizing-$pikes.
The followihg Formfila (1) can be obtained by partially differentiating the theoretical equation of IDMS with
sample to spike mass ratio, pl2l.
|:G(p)_2 1 (1+p)*(1+yKR ) a1 +p)? (1+ yKR. ) —_—
_ [ N . 8 + . 8
2 2 2 2 2
P 1 p" (Rs—Rrp)" (1+7KRs) (Rs —Rr)” (1+7KRy)
2 2
o1 PRy (L yKRS)+ R (1 7KRy I [p(1+7KRs )+ (14 vKRy)F
2 2 2 2
p (Rs —Rr)” (1+7KRr)” (1+7KRs)
2 2
Y" (Rp —Ry) o2 1)
(1+yKRy ) (1+yKR )
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is the standard deviation of p;

is the isotopic ratio of sample;

is the isotopic ratio of spike;

is absolute mass ratio of second to first major isotope;
is mass discrimination factor;

is standard deviation of for isotopic ratio measurement.

By replace
Formula (1

1B

p to sample to spike number of atoms ratio, g and putting y equal to unity. IftK
is described as following Formula (2):

equal to 1,

[M _1 (1+q)° (1+Ry)* e2R2 4 (1+q)° (1+R)* e2R.2
9 1 ¢ (Ry—Rp)*(1+Rs)’ (Rs—Rp)? (1+Ry)? !
J L [aRe (1+Rs)+Rs (1+Rp)[*[q(1+Rs)+ (1+Rp)I" @)
¢’ (Rs =Rr)” (1+Rp)* (1+Rs)’
Where, the yalue “[0(q)/q]?/€2” means the size of the error depending-enthe mixing ratio of spike pnd sample,
and from tHis, the amount of spike to sample and/or isotopic ratio.ds calculated and able to be opftimized.

5.2 Uncertainty of spikes

The uncert3
and also frq
or standard
uncertainty
ISO/IEC Gui

6 Refersy

The reagen

6.1 Refe

Examples o

6.1.1 Urdg

natural

1inty of spikes can be combined from the Certified Reference Material (CRM), analyti

m the equipment and tracer used for instrumental analysis for the purpose of char
ization. These individual uncertainties should be combined and should be given a
when the coverage factor k = 2..The uncertainty can be calculated in accord

de 98-3[31.

rnce materials and reagents

s listed below are prepared from analytical grade reagents unless it is specified othg

"ence materials

[ reference.material for preparing spike are shown below.

nium réference materials

a)

cal balance,
hcterization
s expanded
ince to the

rwise.

tranium metal CRM of purity with an elemental content certified to +0,05 % (k =

V) or better,

such as

b)

NBL-CRM-112A (e.g. NBS-960D), EC-101, CETAMA-MUZ.

other uranium metal, powder or pellet CRM of purity with an elemental content certified to +0,05 %

(k = 2) or better, such as NBL-CRM-116A (HEU metal), CRM-125A (UO, pellet) and CRM-129 (U504
powder). CRM solution can also be available as a source. Abundance of the major isotope of uranium
shall be greater than or equal to 80 %.

6.1.2 Plutonium reference materials

Plutonium metal CRM with an elemental content certified to 0,05 % (k = 2) or better, such as NBL-CRM-126
or 126A, EC-201 or CETAMA-MP2. Abundance of the major isotope of plutonium shall be greater than or

equal to 80

%.

© IS0 2024 - All rights reserved
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6.1.3 Secondary standard materials

For both plutonium and uranium, secondary standard materials in solution or in solid and traceable to CRMs
or verified by means of a laboratory intercomparison can also be used. The values should be certified to
+0,05 % (k = 2) or better.

6.2 Other chemical reagents

The reagents listed below are in analytical grade and other reagents could also be used if results are
confirmed to be equivalent.

6.2.1 Nitric acid solutions, c(HNO3) = 1 mol/], 3 mol/l, 4 mol/l, 7 mol/Il to 8 mol/l and other.

6.2.2 Hydrochloric acid solutions, c(HCl) = 0,1 mol/], 3 mol/], 4 mol/], 12 mol/1 and other arf applicable
for dissolutjon and etching for uranium metal and/or plutonium metal.

6.2.3 Hydrofluoric acid, c(HF) = 27 mol/l. HF can mix with nitric acid solution before use.

WARNING +— Hydrofluoric acid is strongly corrosive. Safety precautions are necessary.
6.2.4 Potpssium carbonate solution, ¢(K,CO3) = 1,45 mol/l.

6.2.5 Water, complying with at least grade 1 in accordance with IS®'3696.

6.2.6 Ethpnol.

6.2.7 Aceftone.

7 Apparnatus

7.1 Appajratus for mass spectrometry, shall be in accordance with ISO 8299.
7.2  Glove boxes, for handling uranium and plutonium safely.

7.3 Analytical balance, capable of accurately weighing items to the nearest 0,1 mg in a sdaled cell or
glove box. If the mass is 100\g-or more, an accuracy of 1 mg is sufficient. Evaluate uncertainfy based on
ISO/IEC Gulde 98-3[3] beforeuse.

7.4 lonizpr, to remqvVe static electricity of vessel, is recommended to be installed in analytfcal balance
room, a shiglded cellor a glove box.

7.5 Pipet] volume adjustable with disposable pipette tips, installed in a shielded cell or a glovg box.

7.6 Hot plate, capable of heating to at least 150 °C in a glove box to concentrate solutions or dissolving the
standard reference materials. Parallel use with vapour condensing system is recommended. Heating block
to have enough reflux in the vial is also recommended.

7.7 Dry-cell battery, capacity of at least 6 A-h for plutonium metal electro polishing[2l.
7.8 Platinum wire and crucible, for plutonium metal electro polishing[2l.

7.9 Stock bottle, is used as container for storing solution during aliquot.

© IS0 2024 - All rights reserved
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7.10 Common laboratory ware, consisting of disposable plastic containers, flasks, watch glass, beakers,
vials, and others.

NOTE It

8 Prepa

is recommended to clean glassware before use.

ration of spikes

There are several types of spikes applicable to perform IDMS. These are the major spikes used for analysing
plutonium and/or uranium in the samples.

8.1 Large-sized dried (LSD) spikes

1 h o . L alal n =1 . £-11
HITLIIOU U pIepdllilg LoD SPIRTS 15 d5 TUTTUWS.

m (6.1.1) and plutonium (6.1.2) CRMs are dissolved to prepare respective stock seluti

Secondary reference materials (6.1.3) which are traceable to CRM can also be used as star
pikes. Guidance for the preparation of secondary reference materials can be found-in ASTM (

stock solutions to be desired uranium content and plutonium contént and preparin
lution.

Uranium to plutonium ratio can be optimized according to 5.1,

As an alternative to methods a) to b), mixed stock solufion’s can also be prepared by
e to the other stock solution and dissolving.

aliquots from mixed stock solution to vials and drying them.

of each step are explained in the following subparagraphs.

The genera
a) Uraniu
NOTE
of LSD s
b) Mixing
stock s
NOTE
NOTE
referen
c¢) Taking
The details
8.1.1 Prj
Open a un
accordance
are not aval
Secondary

paration of uranium stock solution

t of a uranium certified reference material such as those mentioned in 6.1.1 ar
with the certificate. If not specified in the certificate, or if reagents specified in th
lable, follow the steps below,

reference materials can also be used to prepare stock solution such as those mentio

and use it i accordance with the cerftificate.

C shine. Heatat\around 125 °C on hot plate if necessary.

vacuunped desSiccator at room temperature.

hpidly with 'water (6.2.5), then with ethanol (6.2.6) or acetone (6.2.7) and dry quickly

Oons.

Ling material
112831,

b the mixed

r adding one

d use it in
b certificate

nhed in 6.1.3

he uranium metahwith water (6.2.5) and etch it in 7 mol/1 to 8 mol/1 nitric acid solgtion (6.2.1)
1/1 hydrochlori¢acid solution (6.2.2) until the surface of the metal takes a uniforni

and bright

/ in air or in

r@&he uranium metal into a tared vessel for dissolution. Conical flask is recommendecll.

ollected in the vessel.

Cap the vessel with a reflux head or a watch glass and start a gentle dissolution on hot plate.

portions to maintain a gentle reaction.

a) Rinset
or 3m
metalli

b) Rinser

c) Transfe

d)
metal ¢

€)

f)

g)

h)

8 mol/I

nitric acid solution (6.2.1) and collect all liquid into the vessel.

© IS0 2024 - All rights reserved
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Add sufficient 7 mol/1 to 8 mol/] nitric acid solution (6.2.1) to cover the metal into the vessel.
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When the dissolution process is completed, wash the reflux head or the watch glass with 7 mol/l to
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i) Wait until the solution reaches thermal equilibrium.

j)  Dilute with water (6.2.5) and/or nitric acid solution (6.2.1) to obtain the desired volume of solution.

k) Cap the vessel tightly and shake it to homogenize the uranium solution.

1) Measure the gross mass of the vessel with cap to 0,1 mg and calculate the net mass of the uranium
solution, m,. The mass fraction of uranium, wy, in milligrams per gram, in the stock solution is calculated
using Formula (3):

my
Oy =—- Ps (3)

my
where, isthe purity m(prpccpd asamass fraction of uranium element (grnmc of uranium per gram of
materigl), of the certified reference material reported on the certificate.

m) Until the stock solution will be used, cap the vessel and leave to stand on a stable place.

8.1.2 Prtlparation of plutonium stock solution

Open a unif of a plutonium certified reference material such as those mentiened in 6.1.2 apd use it in

accordance|with the certificate. If not specified in the certificate, or if reagents-Specified in the dertificate is

not available, follow the steps below.

Secondary

and use it i accordance with the certificate.

solution (6.2.2) and colleet'the rinse into the vessel.

‘eference materials such as those mentioned in 6.1.3 can-also be used to prepare st

‘om the reference materials distributed in unitsof certified masses
its mass, m’;, in milligrams.
r the plutonium metal into a tared and dryvessel. Conical flask is recommended.

ately measure the gross mass of thevessel to 0,1 mg and calculate the mass, m";, inm
onium metal collected in the vessel; compare it to the certified value, m’;, to confirm
nit. If there is a discrepancy between m’; and m”;, evaluate the discrepancy before

he plutonium metal with 0,1 mol/1 hydrochloric acid solution (6.2.2).

r leach the vial or@he’ampoule several times with 1 ml aliquots of 0,1 mol/1 hydro

mol/l hydroehloric acid solution (6.2.2) and adjust the acid concentration to 4 mol/l.
flask with'a reflux head or a watch glass and start a gentle dissolution on hot plate.

he”dissolution process is completed, wash the reflux head or the watch glass w

ck solution

lligrams, of
the identity
proceeding

chloric acid

ith 4 mol/]

hloric acid solution (6.2.2) and collect all liquid into the vessel

8.1.2.1 Fi
a) Record
b) Transfdg
c¢) Immed
the plut
of the
further
d) Covert
e) Rinsed
f) Add 12
g) Cap the
h) When {
hydroc
i)
j)
k)
D)

Wait until the solution reaches thermal equilibrium.

Cap the vessel tightly and shake it to homogenize the plutonium solution.

Dilute with water (6.2.5) and/or nitric acid solution (6.2.1) to obtain the desired volume of solution.

Measure the gross mass of the vessel with cap to 0,1 mg and calculate the net mass of plutonium

solution, m'y, in gram. The mass fraction of plutonium, wp,, in milligrams per gram, in the stock solution
is calculated using Formula (4).

© IS0 2024 - All rights reserved
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’

ml ’

4 S

my

(4)

where, P’ is the purity, expressed as mass fraction of plutonium element (grams of plutonium per gram
of material).

m) Until the stock solution is used, should cap the flask and leave to stand on a stable place.

8.1.2.2 From the plutonium metal reference material which requires surface treatment

a) Connect one platinum wire to plutonium metal and the other platinum wire to a platinum crucible.

b)

d) Removg¢ the plutonium metal when it turned shiny.

e) Rinser

f) Transfdr the plutonium metal into a tared and dry vessel. Conical flaskis recommended.

g) Immed

of the pglutonium metal collected in the vessel.

h) Add su
(6.2.3)

i) Cap thqflask with a reflux head or a watch glass an@start a gentle dissolution on hot plate.

j) If therg
(6.2.1)

1/1 potassium carbonate solution (6.2.4) and connect two platinum wires to dry-céll

‘'rent 6 A-h for 2 min to 3 min if the sampleisin 1 g to 2 g size.

ately measure the gross mass of the vessel to 0,1 mg and calculate the mass, m';, in

Lo cover the metal into the vessel.

ind 1 drop or 2 drops of hydrofluoriciacid again.

inm metal to

battery.

hpidly with water (6.2.5), then with ethanol (6.2.6) or acetone (6.2.7)7and dry quickly in air or in
vacuunped desiccator at room temperature.

milligrams,

[ficient 7 mol/l to 8 mol/] nitric acid solution (6.24) and 1 drop or 2 drops of hydrdfluoric acid

are still particles of the plutonium metal on bottom, add 7 mol/I to 8 mol/I nitric acid solution

k) When the dissolution process is complete, wash the reflux head or the watch glass withy 7 mol/l to

8 mol/l|nitric acid solution (6.2.1) and collect all liquid into the vessel.

1) Wait until the solution reachesthermal equilibrium.

m) Dilute ¥
volume

n) Follow

8.1.3 Pre

The plutoni
masses of r

vith 1 mol/l, 3 mol/}4-mol/l, or 7 mol/1 to 8 mol/I nitric acid solution (6.2.1) to obtain
of solution.

same procedure’for 8.1.2.1 k) to m).

paration of mixed stock solution

m_and uranium contents of mixed stock solution are calculated using the certified

the desired

values, the
ation of the

traces of uranium contained in the plutonium certified reference material. The isotopic composition of the
plutonium spike is taken from the certificate of the certified reference material.

The 235U isotopic abundance and the isotope ratio 235U/238U are calculated using the certified values and
the masses of reference materials taken, including consideration of the traces of uranium contained in the
plutonium certified reference material. Continued in growth of uranium isotopes from plutonium alpha
decay should also be considered if it significantly effects to the result.

If the remaining the stock solution need to store after use, wipe the inside of the cap and around the head of
the vessel, then close the cap and measure the gross mass of the vessel.

© IS0 2024 - All rights reserved
7


https://standardsiso.com/api/?name=ed023401a1d98a7e9844497fb6bc16cb

ISO 6863:2024(en)

8.1.3.1 Mixing with solutions

a)

to 0,1 mg.

b)

evaporation factor.

Measure the gross mass of vessels containing stock solutions of uranium (8.1.1) and plutonium (8.1.2)

Compare the gross mass with final gross mass of vessels (8.1.1 1) and (8.1.2.1 1)) and calculate

The evaporation factor, k, is calculated by dividing the net mass after storage (before use), M’, by the net
mass before storage, M, as given by Formula (5):

(5)

according to Formula (5).

Open the cap of the vessel containing the uranium 8olution, transfer the plutonium stock sq

| Formula (6), by multiplying the evaporation factor by the content of the solution bef]
nt after storage (before use), C’, is obtained.

h vessels capped tightly and shake them to homogenize solutions.

le cap of the vessel containing the uranium stock solution and take‘aliquots to vials fo
ranium stock solution.

r the uranium stock solution from the vessel to a tared vessel and measure the gros
,1 mg or to the lowest digit of the balance.

he cap of the vessel containing the plutonium stock solution and take aliquots
on of the plutonium stock solution.

Kel to tared vessel and measure the gross-mass with cap to 0,1 mg or to the lowest

Order of transferring uranium selution and plutonium solution to vessel can reverse.

e mixed stock solution will bewsed, should cap the vessel tightly and leave to stand on a

(dding uranium reference materials to the plutonium stock solution
e the gross mass efvessels containing stock solutions of plutonium (8.1.2) to 0,1 mg.
‘e the gross mass with final gross mass of the vessels (8.1.2.1 1)) and calculate evapor

inium «eference materials (6.1.1 or 6.1.3) to the vessel containing plutonium stock §

h

pre storage,

(6)

r validation
5 mass with
to vials for
lution from

digit of the

stable place.

ation factor

olution and

Ifthe uranium reference materialis g mai‘a], it canhave been treated (n g 811 9) to ],\)) b

fore adding.

The mass of the uranium reference material is measured before adding it to the vessel.
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M
As shown ix
C, the conte
C'=k-C
¢) Confirn
d) Openth
of the u
e) Transfg
cap to (
f) Open t
validat
g)
the ves
balancs.
NOTE
h) Until th
8.1.3.2 A
a) Measur
b) Compa
¢) Addur
dissolv
NOTE1
NOTE2
d)
balance.
e)

stand on a stable place.

8.1.4 Taking mixed solution aliquots

After dissolution, measure the gross mass of the vessel with cap to 0,1 mg or to the lowest digit of the

Until the mixed stock solution is used, should keep under mass control by capping the flask and leave to

During taking aliquots, the stock bottle for storing the solution preferably has a structure that prevents
evaporation as much as possible in order to prevent changes in the uranium and plutonium content. Take

© IS0 2024 - All rights reserved
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aliquot 1 ml to 2 ml from mixed stock solution into 10 ml vials (or suitable size for user) by hand or by
machine. The amount of aliquot can be varied as necessary. Taking mixed solution aliquots is carried out as

follows;

a)

the balance.

b)

factor according to Formula (5).

)
d)

Confirm the vessel cap tightly and shake it homogenize the mixed stock solution.

Transfer the mixed stock solution to a stock bottle which is used during taking aliquot.

Weigh initial gross of the vessel containing the mixed stock solution to 0,1 mg or to the lowest digit of

Compare the gross with final gross of the vessels (8.1.3.1 g) or 8.1.3.2 d)) and calculate evaporation

e)
8.1.5 Dry

The aliquot]
leads to the

Take 1 fnlto 2 mlaliquots from the stock solution to tared 10 mI vials and measure the gross ma

ing

s are carefully heated to dryness in a manner that avoids any loss of material as 3
production of a film of dried spike adhering firmly to the bottom of the'vial. Keep sev

solution stafte for validation of mixed stock solution.

a) Reflux
also re
glassy

b)

c¢) Coolto

d) Investi
nitric a

8.1.6 Sta

Coating ma

to ensure it

the additivg

hliquot in vials on hot plate (<135 °C) until it changes to glassy cendition on bottom
rommended to move vials to flat top hot plate when the spike solution is reduced to
ondition.

Close the vial with a chemically stable rubber cap immediatelyrafter removing from hot plat

room temperature.

pate the condition within few days and if spikeimaterials seem to be crystalized, re-d
Cid and repeat from a) to prevent flaking offfrom the bottom.

bilization of LSD spike

Lerial, such as cellulose acetate butyrate (CAB) or carboxymethyl cellulose (CMC), c:
s stability for longer period[@llZ}. If coating materials are added, clarify the method g
and confirm that there ismorinfluence on the content analysis result by IDMS.

8.2 Uranfium spikes

ssto 0,1 mg.

erosols and
eral vials in

bf vials. It is
confirm its

®

ssolve with

in be added
f dissolving

8.2.1 Urgnium liquid spikes

a) Prepar¢ the stock solution of uranium liquid spike following the same procedure for 8.1.1.

b) Measurje thegross mass of the vessel containing the stock solution of uranium liquid spike (8.1J1) to 0,1 mg.

¢) Compare-the gross with final gross of the vessel (8.1.1 1)) and calculate evaporation factor gccording to
Formula (5).

d) Confirm that the vessel is capped tightly and shake it to homogenize solutions.

e) Open the cap of the vessel containing the uranium liquid spike stock solution and take aliquots to vials
for validation of the uranium liquid spike stock solution.

f) Weigh tare of ampoules or glass vessels, that can be sealed, to 0,1 mg.

g) Take aliquot to ampoules or glass vessels from uranium liquid spike stock solution and measure the
gross mass of them to 0,1 mg.

h) Seal ampoules or glass vessels.
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i) Weigh the ampoules or vessels. Record the mass for stability checks based on mass control.

8.2.2 Uranium dried spikes
a) Take the spike solution, which is prepared in 8.2.1, aliquots to vials after diluting if necessary.

b) Reflux aliquot in vials on hot plate (<135 °C) until it changes to glassy condition on bottom of vials. It is
also recommended to move vials to flat top hot plate when the spike solution is reduced to confirm its
glassy condition.

c) Close vials with a chemically stable rubber cap immediately after removing it from the hot plate.

d) Cool to room temperature.

8.3 Plutgnium spikes

8.3.1 Pluftonium liquid spikes
a) Prepar¢ the stock solution of plutonium liquid spike following the same procedure for 8.1.2.
b) Measurje the gross mass of the vessel containing stock solutions of plutoniufrliquid spike (8.1.2) to 0,1 mg.

c¢) Compafe the gross with final gross of the vessel (8.1.2.1 1)) and caleulate evaporation factdr according

to Fornpula (5).

d) Confirm that the vessel is capped tightly and shake it to homogenize solutions.

e) Open the cap of the vessel containing the plutonium liquidspike stock solution and take aligyiots to vials
for valiflation of the plutonium liquid spike stock solutien.

f) Weigh fare of ampoules or glass vessels, that can bésealed, to 0,1 mg.

g) Take a;[quot to ampoules or glass vessels fromi-plutonium liquid spike stock solution and reasure the
gross npass of them to 0,1 mg.

h) Seal anjpoules or glass vessels.

i) Weigh the ampoules or vessels. Record the mass for stability checks based on mass control.

8.3.2 Pluftonium dried spikes
a) Take thle spike solution(which is prepared in 8.3.1, aliquots to vials after diluting if necessary.

b) Reflux pliquot in vials-on hot plate (<135 °C) until it changes to glassy condition on bottom ¢f vials. It is
also retommended to move vials to flat top hot plate when the spike solution is reduced to|confirm its
glassy ¢ondition:

c) Close tllxe yial with a chemically stable rubber cap immediately after removing it from the hqt plate.

d) Cool to room temperature.

8.4 Uranium - plutonium mixed spikes

When both the plutonium and uranium contents are to be analysed routinely, it is convenient to use a
solution spike which contains both plutonium and uranium. The proportion of the solution spikes should be
designed following 5.1 for that can be obtained sufficient accuracy. This mix solution is prepared as follows;

a) Prepare uranium stock solution and sample for validation following the same procedure as 8.2.1 a) to e).
b) Prepare plutonium stock solution and sample for validation following the same procedure as 8.3.1 a) to e).

c¢) Weigh tare of ampoules or glass vessels, that can be sealed, to 0,1 mg.
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