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Foreword

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

electrotechnical standardization.

The procedy

described i
different ty
editorial ru

Attention is
patent right
any patent 1
on the ISO li

Any trade n
constitute a

For an exp
assessment,
Barriersto

The commit
measuremer

the ISO/IEC Directives, Part 1. In particular

the different approval criteria neededfor the

bes of ISO documents should be noted. This document was drafted in accordande\with the

es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may'be the subjéct of
s. ISO shall not be held responsible for identifying any or all such patént-rights. Detafils of
ights identified during the development of the document will be in thé)Introduction and/or

st of patent declarations received (see www.iso.org/patents).

hme used in this document is information given for the conyvenience of users and doefs not

nh endorsement.

anation on the meaning of ISO specific terms and\expressions related to conformity
as well as information about ISO’s adherence to*the WTO principles in the Technical

[rade (TBT) see the following URL: Foreword - Supplementary information

tee responsible for this documentis ISO/147, Water quality, Subcommittee SC 3, Radioactivity

ts.

© ISO 2015 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=100a22f292674ac24cc7db71b6e9ca4e

ISO 13167:2015(E)

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.
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Natural radionuclides, including potassium 40, and those originating from the thorium and uranium

decay series, in particular radium 226, radium 228, uranium 234, uranium 238, lead
found in water for natural reasons (e.g. desorption from the soil and wash-off by ra
can be released from technological processes involving naturally occurring radioacti

in natural waters as a result of authorized routine releases into the environment in' small
1

tthe water as a result of past fallout contamination resulting from the éxplosion in the at
nuclear devices and accidents such as those that occurred in Chernobyl and Fukushima.

man health. In order to assess the quality of drinking water {including mineral water
rs) with respect to its radionuclide content and to provide guidance on reducing heg
g measures to decrease radionuclide activity concentrations, water resources (ground
sea, etc.) and drinking water are monitored for theirradioactivity content as recomme
d Health Organization [WHO] and as may be required by some national authorities.
international standard on a test method for isotopes of plutonium, americium,
Inium activity concentrations in water samples is justified for test laboratories carryi

n a specific accreditation for radionuclide measurement in drinking water samples.

1, 239Pu, 240Py, 241Am, 242Cm, €43Cm, 244Cm, 237Np activity concentrations can vaf
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mmended by WHO is 1 BqA for all of those isotopes, except for 242Cm (10 Bq/1) [WH
rinking waters quality; 2011, Geneval.

The guidanege level is the activity concentration (rounded to the nearest order of magni
e of 2 1/day of deinking water for 1 year, that results in an effective dose of 0,1 mSv/year for m
C, an effectiveldese that represents a very low level of risk that is not expected to give rise to a
se health effect.

International Standard is one of a set of International Standards on test methods deal
urément of the activity concentration of radionuclides in water samples.

¢urium), tritium, carbon 14, strontium 90 and some gamma emitting radionuclidés,can g
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INTERNATIONAL STANDARD ISO 13167:2015(E)

Water quality — Plutonium, americium, curium and
neptunium — Test method using alpha spectrometry

1 Scope

This International Standard specifies a test method for measuring actinides (238Pu, 239+240Py, 241Am,
242Cym; i i ical separation.

The method can be used for any type of environmental study or monitoring.

The yolume of the test portion required depends on the assumed activity of the sample and the desired
dete¢tion limit.

The detection limit of the test method is 5 x 10-3 to 5 x 10-4 Bq/I for a voluime of the test pofrtion of 0,1 1
to 5 ] with a counting time of two to ten days.

2 ormative references

The following documents, in whole or in part, are normatively referenced in this docunient and are
indigpensable for its application. For dated referencessonly the edition cited applies. For undated
referjences, the latest edition of the referenced document;(including any amendments) applies.

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

ISO §667-3, Water quality — Sampling — Paxt-3: Preservation and handling of water samples

ISO 11929, Determination of the charasteristic limits (decision threshold, detection limit and|limits of the
confidence interval) for measurements-of ionizing radiation — Fundamentals and application

ISO §0000-10, Quantities and units*— Part 10: Atomic and nuclear physics

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

3 Terms and definitions

For the purposes-of this document, the terms, definitions and symbols given in ISO 8(0000-10 and
ISO 11929 apply.

© IS0 2015 - All rights reserved 1
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4 Symbols

The following symbols apply.

A

Activity of tracer added at the date of measurement, in becquerels

Activity concentration of the actinides isotopes in becquerels per litre

Decision threshold, in becquerels per litre

Detection limit, in becquerels per litre

Lower and upper limits of the confidence interval, in becquerels per litre

Counting efficiency

Gross count rate per second from measured actinides isotopgs’and tracer, respe¢

tively

Background count rate per second from actinides isotopes and tracer, respectivg

Total measurement yield
Chemical yield

Background counting time, in seconds
Sample counting time, in seconds

Standard uncertainty.associated with the measurement result, in becquerels per

Expanded uncértainty, calculated by U=k-u(c, ) with k = 1, 2,..., in becquerels per

litre

Volumeé.of test sample, in litres

Eorrection factor for possible bias for curium isotopes using 243Am as a tracer
237Np using 236Pu as a tracer. For plutonium isotopes or for 241Am, f is equal to

5 Principle

litre

r for

Actinide isotopes are deposited as a thin source for measurement by alpha spectrometry using a
grid chamber or semi-conductor detector type equipment. The sources are usually prepared by
electrodeposition or co-precipitation after chemical separation and purification of the actinide isotopes
present in the test portion.[1][2][3][4]

Specific chemical separation and purification procedures are required in order to avoid interference
from the presence of other a emitters, and stable nuclides in the sample, in quantities that are often
larger than the actinide isotopes of interest.

© ISO 2015 - All rights reserved
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These procedures allow the main sources of interference to be removed:

the salt content of the water sample, especially hydrolysable elements, in order to prepare the
thinnest deposited source;

other a emitting radionuclides, such as uranium and thorium isotopes, whose emissions may
interfere with those of actinide isotopes of interest.

The total yield for each analysis (product of chemical separation yield and detection efficiency) is
determined by adding a standard solution of tracer: 236Pu can be used for plutonium isotopes and 237Np,
242Pu can be used for plutonium isotopes only and 243Am can be used for americium and curium isotopes.

Asa
to th

It is
pote

result, the procedure shall include a reduction/oxidation cycle to adjust the tracer and
P same oxidation state.

possible to quantify curium isotopes on the basis of 243Am tracer behaviout. This m
htial bias that shall be quantified using a standard solution and/or participation in inte

compparison tests.

Itis
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NOTE
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6

6.1

The
Annd

ossible to quantify neptunium on the basis of 236Pu tracer behaviour.-This may lead to a p|
bhall be quantified using a standard solution and/or participation in inter-laboratory co

-
B

235Np, 236Np, 238Np and 239Np can be used as a yield traeers for 237Np (if available]
Field tracer for other Cm isotopes but the test method of this International Standard dg
P measurements.

Chemical reagents and equipment

Chemical reagents

rhemical reagents and equipment are described in Annexes A and B for chemical separ]
xes C and D for the preparation of.thée deposited source.

Exce
shall

6.2

pt for the certified standard solutions, all the chemical reagents needed to carry out th
be analytical grade.

Equipment

Usudl laboratory apparatus and in particular the following equipment.

6.2.1
or S€
temp

For

Alpha-spectrometer, of the grid chamber (with higher detection efficiency, but lowe
miconductor type (with lower detection efficiency, but higher resolution). Operation|
eratureis recommended. Follow the manufacturer’s instructions.

semiconductor-type equipment, the measurements using alpha-spectrometry dep

the analytes

ay lead to a
r-laboratory

otential bias

mparison.

,and 245Cm
es not cover

ation and in

s procedure

" resolution)
at constant

end on the

inter

. £ 1.1 - | L | - - 1 b A | L h . . La nh P - b do T
dCTIOIT Ol dIpITa-pdr tITIES WITIT dIT TOIFIIIPIaIted SIICOIT aeteCtol. T IIIS  IIIteraction mstantly

changes the conductivity of the silicon, proportional to the energy of the incoming alpha-particle. If
a well-resolved spectra is required, the detection system should be maintained at a pressure < 10 Pa.
Resolution can be further enhanced through increasing distance between source and detector.

6.2.2 Pipette, suitable for the accurate transfer of (for example 100 ul) tracer solution with a total
precision within * 1 %.

6.2.3 Balance, capable of achieving + 0,1 mg precision.

In addition, the equipment for chemical separation is listed in Annexes A and B and the equipment for
the preparation of the deposited source is listed in Annexes C and D.
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7 Procedure

7.1 Sampling
Conditions of sampling shall follow ISO 5667-1.

The sample should be filtered to remove solids and then acidified (pH < 2 with nitric acid) as soon as
possible after sampling prior to analysis, as specified in ISO 5667-3.

It is important that the laboratory receives a representative sample, unmodified during the transport
or storage and in an undamaged container.

7.2 Concentration step and valence cycle
The radioactive tracers are added during this initial treatment phase.

If required,|a concentration step can be done by evaporation or co-precipitation, After evaporation,
the residue fis dissolved with acid mixture. The co-precipitation with the iron hydroxide, for example,
[Fe(OH)3] at pH = 8 can be done by adding iron nitrate or chloride. After centrifugation or filtration, the
precipitate is dissolved with acid mixture.

The procedyire shall include a valence cycle, adjusting the tracer and the’actinide isotopes to megsure
oxidation stfates, in order to achieve the identical chemical behaviour for all of them. For example, a
primarily reduction step is carried out by adding NH,0H.HCI, NaHSO3 or NayS;03, then an oxidption
step is done|with NaNOz or H0».

7.3 Chemical separation

There are tivo commonly used techniques for the chenrical separation of actinides: extraction ¢n an
ion exchange resin or specific extraction chromatographic resin. One method from each techiique
is presented in Annexes A and B: separation by anionic resinlé] or by extraction chromatographic
resins.[Z].[8]

It is also pogsible to use a mix of Annexes A and B: use of an ion exchange resin followed by the usg¢ of a
specific extraction chromatographic reSin for americium phase purification only.

7.4 Preparation of the source to be measured

7.4.1 General

The source fan be prepared by electrodeposition on a planchet, a stainless steel disk (7.4.2), or by co-
precipitation (7.4.3).

7.4.2 Ele¢trodeposition method

Electrodeposition is carried out after the chemical separation of the actinides from interfering
elements. It allows the electrochemical deposition of the actinides in an ultra-thin layer onto the
planchet. The procedure described in Annex C applies to the two chemical separation methods
described in Annexes A and B.

NOTE Electrodeposition is not a selective method because some stable metal cations are likely to form
insoluble hydroxides, which can be deposited at the same time as the actinides.

7.4.3 Co-precipitation method

Co-precipitation, using fluoride compounds, can be carried out after the chemical separation of the
actinides from other interfering elements. It allows the precipitation of the radionuclide(s) in the form

4 © IS0 2015 - All rights reserved
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of a thin layer of cerium or lanthanum fluoride on a filter. The procedure described in Annex D can be

app

7.5

lied to the two chemical separation methods described in Annexes A and B.

Background determination

Measure the background using a blank sample prepared for the method chosen (for example:
laboratory water). This blank sample should be prepared without tracer to be used for obtaining the
background count rates.

7.6

The
chenf

7.7

The

cou
the

The
limit|

[t shq

8

8.1

The
corrg
divid
resp

the

Bac

Counting efficiency determination

rounting efficiency is estimated by measuring the calibration source. It is needed toddg
ical recovery.

Measurement

hctinide activity concentration is calculated by counting the sample’source for an
nting time. The same instrumental parameters should be used for the sample, the back
cplibration source measurements.

founting time required depends on the sample and background-count rates and also t
and decision threshold required.

uld be verified on the spectrum that no interferent is present and an adequate resolutior]

Expression of results

Calculation of the activity concentration

actinides activity concentration isicalculated by integrating the number of co
bsponding peaks of the tracer and-isotopes to be measured. The results of these i
ed by the counting time, are the gross count rates rgr and rg for the tracer and the actin
ectively.

a
h

nd rg are corrected for{he’background contribution and, if needed, of the tailing cor
ighest derived energypeaks that depends on the detector characteristics.

Kiground count rates are calculated from the alpha emission spectrum of a blank

termine the

appropriate
tlground and

he detection

is obtained.

ints in the
Integrations,
de isotopes,

tribution of

sample, and

integrating the nufnber of counts in the regions of interest (ROI) in which the peaks appear in the

sample spectrum<The results of these integrations, divided by the counting time, are the packground

courI rates, rgyand ro for the tracer and the actinide isotopes, respectively.

The blank'sample is obtained and measured, applying the procedure in use in the laboratory with tracer

(for he-test method qualification) or without tracer (for background quantification).

The activity concentration ca of the actinides isotopes is calculated as given in Formula (1):
cp=(ry—rg)/(V-R)=(r, —rg)-w with w= 1 (@8]

A g '0 g 0 V-R

The total measurement yield is determined from the activity A of the tracer added and from the net

cou

nt rate in the corresponding peak as given in Formula (2):

R=(rgr-rom)/A-f

(2)

With fbeing the correction factor for possible bias when calculating results for curium isotopes using
243Am tracer or 237Np results using 236Pu tracer. f is the ratio between the Pu/Np and/or Am/Cm
chemical yield
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m isotopes and 241Am, the factor fis equal to 1.

The counting efficiency & allows one to calculate the chemical yield Rc. This value is important for
quality control.

8.2 Standard uncertainty

According to the GUM (ISO/IEC Guide 98-3), the standard uncertainty of ca is calculated by Formula (3):

u(cA):\/w2 .(uz (rg)+u2 (ro))+ci .ufe] (w):\/w2 .(rg/tg +r /t0)+0123‘ .ufel (w)

where the u

The relative]
2

Upel (w)3

The relative

uZe (R)=

urel(4) incly
preparation

For the calcylation of the characteristic limits according to 18011929, i(c , ) is needed, i.e. the stan

uncertainty;
G(c )=

8.3 Decis

In accordan
¢ A=0. Thi

*

Ca =k1

a=0,05

8.4 Deteq

hcertainty of the counting time is neglected.

standard uncertainty of w is calculated by Formula (4):

2 2
FUrel (R)+Ure (V)

standard uncertainty of R is calculated by Formula (5):
tro(rgr = ror) + trel () + 7 (A)=(rgr / tg +ror /to)/ (rgr ~ror ) +ttgea () +upei(4)

des all the uncertainties related to the tracer activity:“that is in the standard solu
of the tracer solution and the addition of the tracer selition to sample.

of ca as a function of its true value, calculatedby Formula (6):

w2 -((En /wrg)/ tg+1o [ to)+EF -usw)

ion threshold

ce with ISO 11929, the decision threshold, ca*, is obtained from the above Formula (4
s yields Formula (7):

L o - ﬁ(O)zkl_a W H'O/tg+r0/t0

with k;_, =13,65 is often chosen by default.

'tion limit

In accordance with ISO 11929, the detection limit, CA#, is calculated by Formula (8):

# *
Cp =Chp

*
cp +kq

+ky_p-i(cp™)=

pow?en” Swro) g+ fto) e ufy(w)

B =0,05 with kl_ﬁ =1,65 is often chosen by default.

(3)

(4)

(5)

tion,

dard

(6)

) for

(7)

(8)

The detection limit can be calculated by solving Formula (8) for CA# or, more simply, by iteration with

. . . # *
a starting approximationc,” =2-c, .
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When taking a =, then k;_, = kl—ﬁ =k and the solution of Formula (8) is given by Formula (9):

“ _2-CA*+(k2-w)/tg
CA = 2 2 [9)
1-k -urel(w)

8.5 Confidence limits

In accordance with ISO 11929, the lower, cA<', and upper, CAD, limits of the confidence interval are
calculated using Formulae (10) and (11):

qa =ca—ky ulcp)ip=0w-(1-7/2) (10)
CAD:cA+kq-u(cA);q:1—a)-y/2 (11)
wherre

=@ (y/u(y)) with @ being the distribution function of the standardized normal distribution;
=1 may be setif cy >4-u(c,) and Formula{12) applies:

da™" =cathky_yp-ulcy) (12)

=0,05 with kq_,, =1,96 is often chosen by default.

9 (Quality assurance and quality control programme

9.1 | General

Qualjty control operations shallmieet the requirements of ISO/IEC 17025.

9.2 | Influence quantities

Specjal precautions.shall be taken to minimize the influence of quantities that canp affect the
meagurement results:

— gpike of tracer with an inappropriate activity (too small or too large) compared to fthe actinide
dctivityeto be quantified;

— paoy chemical separation with interferences on the alpha spectrum;

— asmall chemical yield (a value of atleast 30 % is expected) which can be a consequence of important
losses during the chemical separation steps or in the preparation of the source;

The chemical yield R. can be calculated using Formula (13):

Rc=R/e (13)

— presence in the test sample of a small amount of the actinide isotope that is used as the tracer, e.g.
242Py, In this case, 236Pu can be used as tracer instead.

© IS0 2015 - All rights reserved 7
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Instrument verification and calibration

Major instrument parameters (energy calibration, efficiency calibration, energy resolution, and
background spectrum) shall be periodically checked within a quality assurance programme established

by the labor

atory and following the manufacturer’s instructions.

Make sure the whole of the data acquisition chain is performing satisfactorily, using an alpha-emitting

radioactive

9.4 Meth
The test me
The acceptal

Periodical v|

— analysing reference materials.

9.5 Demonstration of analyst capability

If an analy{

running a d

by the labor

A similar te
by the laborj

10 Test report

The testrep
a) referen
b) identifi

C) unitsin
d) the test
Complemen

probab

decisio

particip

Iities - and (1 -y);

depending on the customer request there are different ways to present the result:

standard source (e.g. 239Pu).

od verification

Fhod repeatability shall also be checked, €.g. by replicate measurements.
Ince limits of the test parameters contained in 9.2 and 9.3 shall be defined.
brifications of the accuracy of the method shall be run. These may be accomplished by

ating in inter-laboratory comparison tests;

t has not used this procedure before, a precision and/bias test shall be performe
iplicate measurement of a reference or spiked material:Acceptance limits shall be de
atory.

5t shall be performed by analysts routinely using-this procedure with a periodicity de
atory. Acceptance limits shall be defined.

prt shall conform to ISO/IEC 17025 requirements and shall contain the following informg
te to this standard;

fation of the sample;

which the result isCexpressed;

result, ¢, £affc)) or c, U, with the associated k value.

Fary information can be provided such as:

d by
Ffined

fined

tion:

threshold and the detection limit;

— when the activity concentration cp ls compared with the decision threshold, in accordance

with ISO 11929, the result of the measurement should be expressed as < c:\ when the result is
below the decision threshold;

measurement can be expressed as < ci when the result is below the detection limit;

chemical yield value;

any relevant information likely to affect the results.

when the activity concentration ¢, is compared with the detection limit, the result of the
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If the detection limit exceeds the guideline value, it shall be documented that the method is not suitable
for the measurement purpose.

© IS0 2015 - All rights reserved 9
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Annex A
(informative)

Chemical separation of actinides on anionic resin

A.1 Principle

The actinid¢ isotopes are separated from the other radionuclides and from the matrix in amanjionic
complex form using an ion exchange resin in a column in a nitric acid medium and hydrochleric onle.

A.2 Appd3ratus
Usual laborgtory apparatus and the following.
A.2.1 Hotjplate.

A.2.2 Glass column.

A.3 Reagents

A.3.1 Tracer solutions.

A.3.2 Hydrochloric acid, concentrated, (HCI) : 3% %.

A.3.3 Nitriic acid, concentrated, (HNO3) : 65 %.

A.3.4 Aminonia, concentrated, (NHzOH) : 25 %.

A.3.5 Sodjum nitrite (NaNO>).

A.3.6 Anig¢nicresin1 x4 50/100 meshor 1 x 8 100/200 mesh.

A.3.7 Nitrjic acid, solution c(HNO3) : 8 mol/l.

A.3.8 Hydlrochloric acid, solution c¢(HCl) : 2, 8 and 10 mol/1.

A.3.9 Hydroxylamine hydrochloride NH,OH.HC], 0,2 mol/l in hydrochloric acid (HCl), 2 mol/I1.
A.3.10 Methanol.
A.3.11 Solution A: 10 % (vol) 10 mol/I HNO3 and 90 % (vol) of methanol, freshly made.

A.3.12 Solution B: 30 % (vol) 0,5 mol/l HNO3 and 70 % (vol) of methanol, freshly made.
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https://standardsiso.com/api/?name=100a22f292674ac24cc7db71b6e9ca4e

ISO 13167:2015(E)

A.4 Procedure

A.4.1 General

Add a known activity of tracers to the water sample.

This procedure is carried out with two main steps: chemical separation and elution.

In all steps, if not specified, the flow rate should be of approximately 1 ml/min.

NOTE

A.4.2 Separation of plutonium and neptunium

Carry out the following steps.

a)

b)

‘)
d)

e)

f)

A.4.3 Elution of plutonium and neptunium

A.4.3.1 Carry out the following steps:

a)
b)

)

A.4.3.2 When the presence of relative important amounts of other actinides is suspected, it
to cafry‘eut a purification process that basically consists of the repetition of the following st

a)
b)
‘)
d)
e)

In some cases, the flow through resin columns is very poor because of sample composition. Working
with vacuum is therefore very hplpﬁl] to support the flow

f prepared resin).

Prepare a 8 mol/I nitric acid solution.

[onvert the resin to the nitrate form by passing 150 ml of th€.8 mol/1 HNO3.

Place a clean beaker under the column and load the actinide solution on the column.

Wash the beaker and column with portions of 8%mol/l HNO3 up to 150 ml wit
dpproximately 1 ml/min. This eluate E1 contains.Am, Cm, Fe and U.

ill the column with the resin (for example, a 150 ml volume column canbéfilled with gbout 100 ml

h a flow of

Place a clean beaker under the column andswash the column with 80 ml of 8 moll/] HCI. This

¢luate E2 contains Th.

Place a clean beaker under the column.

Elute the plutonium and neptunium, E3, with 90 ml of 0,2 mol/ NH20H.HCI in 2 mol
flow of approximately 0,5 ml/min.

Evaporate the‘eluate E3 slowly until the volume is less than 25 ml and add caref
¢oncentrateddINO3.

| HCl with a

illy 2 ml of

is necessary
LS.

Evaporate the eluate E3 to dryness.
Add 50 ml of 8 mol/1 HNOs3.

Add 0,6 g of NaNO3 and heat to remove the nitrous fumes and leave to cool.

Repeat the procedure from A.4.3.1 to separate and elute the plutonium and neptunium.

Prepare the source by electrodeposition or co-precipitation, as described in Annex C a

nd Annex D,

respectively.

© ISO 2015 - All rights reserved
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A.4.4 Separation of americium and curium

Carry out the following steps.

Evaporate the eluate E1 to dryness.

Dissolve the residue with 50 ml of 10 mol/I HCI.

Fill the column with 15 ml of anionic resin.

Prepare 50 ml of a 10 mol/l HCI solution and wash the column to convert the resin to the chloride
form. Discard the washings.

a)

b)

c)

d)

e) Placead

f)  Wash th
from e)

g) Evapord

A.4.5 Pur

e beaker and column with portions of 10 mol/1 HCI up to 50 ml. The eluate E4 is obt{
and f).

ite the eluate E4 to dryness.

ification of americium and curium

Carry out the following steps.

a)
b)
‘)
d)
e)
f)
g)

h)

j)

12

Dissolv{
Stir and|
Fill the

Prepare
Pour th
Wash th

Place a
solution

Evapors
Dissolv{

1) 1m

e the residue of eluate E4 with 10 ml of 10 mol/1 HNO3.
add 90 ml of methanol.
Column with 15 ml of anionic resin.
50 ml of a fresh solution A and add to the r€sin.
e solution into the top of the column.
e beaker and column with 50 ml efsélution A.

clean beaker under the column and elute americium and curium with 100 ml of a
B as ES5.

ite to dryness the eluate-E5.
e the residue with:

| of concentrated HNO3 in case of electrodeposition;

2) 501l of 0,24mol/1 HCI in case of co-precipitation.

Prepare

the seurce by electrodeposition or co-precipitation, as described in Annex C and Ann

lean beaker under the column and pour the solution obtained in b) into the top of the colen.

1ined

fresh

ex D,

respect

vely.
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(informative)

Chemical separation of actinides by specific resins

B.1 Principle

This|technique is based on the selective chromatographic extraction of plutonium isotdpes, 241Am,
curiym isotopes and 237Np using a resin coated with a specific extractant CMPO/T'BP. The chemical
separation is fast and well suited for monitoring plutonium and americium activity; in'the environment.

B.2 | Apparatus

Usuadll laboratory apparatus and the following.
B.2.1 Scales, to an accuracy of 0,1 mg.

B.2.2 Evaporator or hot plate.

B.2.3 CMPO/TBP extractant-coated resin columns(2 ml volume in general).

B.3 | Reagents

B.3.1 Tracer solutions.

B.3.2 Nitric acid (HNO3): 3 mol/lin aluminium nitrate (Al(NO3)3): 0,5 mol/l.
B.3.3 Nitric acid (HNO3): 2 mol/] in sodium nitrite NaNO2: 0,1 mol/l.

B.3.4 Nitric acid, cencentrated, (HNO3) : 69 % minimum.

B.3.3 Differentuitric acid (HNO3) solutions: 3 mol/l, 2 mol/], 0,5 mol/l, 1 mol/l.

B.3.¢ Ascorbic acid.

B.3.7 Hyudrogen neroxide (H-0Q5): 30 04,
i J [ =) r el A\l Ry e

B.3.8 Hydrochloric acid, concentrated, (HCI),: 37 %.
B.3.9 Hydrochloric acid solution (HCl): 0,2 mo/1.

B.3.10 Ammonium hydrogen oxalate (NH4HC204): 0,1 mol/l.

© IS0 2015 - All rights reserved 13
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B.4 Procedure

B.4.1 General

Add a known activity of tracers to the water sample acidified with nitric acid.

This procedure is carried out with two main steps: chromatographic extraction and elution of
americium, curium, plutonium and neptunium. In all steps, if not specified, the flow rate should be of
approximately 1 ml/min.

In some cases, a ferric hydroxide co-precipitation can be added before the separation steps to

concentrate

NOTE In|
with vacuum

B.4.2 Exti

Carry out the following operations.

a)
b)

<)

d)
e)
f)
g)
h)

j)
k)

)

Evapors
Add 10

Add 0,1
sure no
leave to

Setupt
Prepare
Pour th

Wash th

Wash the column with 5 ml of 2 mel/1 HNO3, 5 ml of 2 mol/1 HNO3 in 0,1 mol/l NaNO3. Dig

the wag

Place a
3mlon

Evapors
Dissolv{

1) 1m

PR 1
dCLIITIUCS.

some case, the flow through resin columns is very poor because of sample compositian, Wo
is therefore very helpful to support the flow.

faction of americium and curium

ite the solution to be analysed to dryness.
ml of 3 mol/l HNO3 in 0,5 mol/l AI(NO3)3 to dissolve the precipitate.

g of ascorbic acid to keep all Fe as Fe(II) (to ensure reduction of Pu and Np but also
Fe(IlI) could interfere with Pu(Ill) and Am(III) uptake), heat until total dissolution
cool.

he CMPO/TBP column.
the resin by passing 25 ml of 3 mol/l HNO3in 0,5 mol/1 Al(NO3)3.
e solution into the top of the column:

e beaker with 5 ml of 3 mol/l HNO3, pour into the top of the column.

hings.

Clean beaker under the) column and elute americium and curium with 5 ml 0,5 mol/1 H
nol/1 HCl and 20 ml’of 4 mol/1 HCI (E6).

ite the eluate’E6/to dryness.
e the residue with:

| of conicentrated HNO3 in case of electrodeposition;

rking

to be
and

card

NO3,

cinitation

2) 50

1 AF 0 2 Al /T HCIin caca nf cn nracd
H o+ oo/ e -6a5e-6+co-precipiatoh-

..:

Prepare the source by electrodeposition or co-precipitation, as described in Annex C and Annex D,
respectively.

B.4.3 Elution of plutonium and neptunium

Carry out the following operations.

a)
b)

<)

14

Place a clean beaker under the column.

Elute plutonium and neptunium as E7 with 20 ml of 0,1 mol/l NH4HC204 in 1 mol/1 HCI (U is not

eluted).

Evaporate the eluate E7 to dryness. The white precipitate is in the oxalate form.
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Thorium is known to be very insoluble in water. If the presence of thorium is suspected in the sample,
it is necessary, prior to Pu/Np elution, to add a step to wash the column with 20 ml of 4 mol/1 HCI
in 0,1 mol/1 HF to elute thorium as it interferes with plutonium in a-spectrometry.

B.4.4 Oxalate decomposition

Carry out the following operations.

a) Add 1 ml of 69 % HNO3, and five drops of 30 % H,05, evaporate to dryness.
b) Add 1 mlof 69 % HNO3, and 1 ml of 37 % HCI, evaporate to dryness.

c) Idd 1 ml of 69 % HNO3, evaporate to dryness.

d) Repeat the step c) until the precipitate disappears.

e) Dissolve the residue in 4 ml of 1 mol/1 HNO3 (Solution E8).
f) IEvaporate the solution E8 to dryness.

g) Dissolve the residue with:

1) 1 ml of concentrated HNO3 in case of electrodeposition;

2) 50 ml of 0,2 mol/1 HCl in case of co-precipitation.

h) Prepare the source by electrodeposition or co-precipitation, as described in Annex C and Annex D,
fespectively.
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Annex C
(informative)

Preparation of the source by electrodeposition

C.1 Principle

Using a DC %enerator to apply different voltages between two electrodes leads to the reduction-gf the
metal cations dissolved in the electrolyte. The reduction that takes place at the cathode leads tp the
formation of a deposit of actinides in hydroxide form.

C.2 Apparatus

C.2.1 Eledtrodeposition apparatus, generally composed of the following.

C.2.1.1 Glgss or polyethylene electrodeposition cell.

C.2.1.2 Platinum wire (anode).

C.2.1.3 Stainless steel disk (cathode) with a diameter addpted to the electrodeposition cell.
C.2.1.4 D( power supply.

C.2.2 Hot plate.

C.2.3 Petri dish.

C.3 Reagents
C.3.1 Nitriic acid, concentrated (HNO3): 65 %.
C.3.2 Sodjum sulfate/(NazS04): 0,3 mol/1.

C.3.3 Sulfprie acid, concentrated (H25S04): 95 % to 97 %.

C.3.4 Thymol blue (C27H3005S): 0,04 %.
C.3.5 Ammonia, concentrated (NH40H): 25 %.
C.3.6 Sulfuricacid (H2S04): 1 %.

C.3.7 Ammonia (NH40H): 1 %.
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