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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 proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Everyone is exposed to natural radiation. The natural sources of radiation are cosmic rays and
naturally occurring radioactive substances which exist in the earth and flora and fauna, including the
human body. Human activities involving the use of radiation and radioactive substances add to the
radiation exposure from this natural exposure. Some of those activities, such as the mining and use
of ores containing naturally-occurring radioactive materials (NORM) and the production of energy
by burning coal that contains such substances, simply enhance the exposure from natural radiation
sources. Nuclear power plants and other nuclear 1nstallat1ons use radioactive mater1als and produce

radjoa
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dustry, agr1culture and research is expandlng around the globe. i

Lhese human activities give rise to radiation exposures that are only a small fractien o
rage level of natural exposure. The medical use of radiation is the largest and algrowing
-ce of radiation exposure in developed countries. It includes diagnostic radjology, ra
ear medicine and interventional radiology.

iation exposure also occurs as a result of occupational activities.-It is incurred by
Istry, medicine and research using radiation or radioactive substances, as well as by
crew during air travel. The average level of occupational exposures is generally below
Fage level of natural radiation exposure (see Reference [1]).

As lises of radiation increase, so do the potential health riskyand the public's concerns. Thy
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psures are regularly assessed in order to:
improve the understanding of global levels and temporal trends of public and worker ex
evaluate the components of exposure so as to_provide a measure of their relative import

identify emerging issues that may warrant more attention and study. While doses to W
mostly directly measured, doses to theé_public are usually assessed by indirect method
results of radioactivity measurements of waste, effluent and/or environmental samples

nsure that the data obtained fromradioactivity monitoring programs support their inte
bsential that the stakeholders (for example nuclear site operators, regulatory and local 2

e materials

the global
man-made
liotherapy,

workers in
bassengers
the global

s, all these

posure;
ance;

rorkers are
5 using the

hded use, it
uthorities)

be on appropriate methods.and procedures for obtaining representative samples and fof handling,

ing, preparing and mgasuring the test samples. An assessment of the overall me
ertainty also needs toybe carried out systematically. As reliable, comparable and ‘fit fq
h are an essential requirement for any public health decision based on radioactivity mea
rnational standards of tested and validated radionuclide test methods are an import3
production ef\such measurement results. The application of standards serves also to
parabilitysefithe test results over time and between different testing laboratories. L4

ap

y them to)demonstrate their technical competences and to complete proficiency tests s

durjng interlaboratory comparisons, two prerequisites for obtaining national accreditation.

Todagzover a hundred International Standards are available to testing laboratories for

asurement
r purpose’
surements,
nt tool for
guarantee
boratories
liccessfully

measuring

radIonuctdes imaifferent matrices.

Generic standards help testing laboratories to manage the measurement process by setting out the
general requirements and methods to calibrate equipment and validate techniques. These standards
underpin specific standards which describe the test methods to be performed by staff, for example, for
different types of sample. The specific standards cover test methods for:

— naturally-occurring radionuclides (including 49K, 3H, 14C and those originating from the thorium
and uranium decay series, in particular 226Ra, 228Ra, 234U, 238U and 210Pb) which can be found in
materials from natural sources or can be released from technological processes involving naturally
occurring radioactive materials (e.g. the mining and processing of mineral sands or phosphate
fertilizer production and use);
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— human-made radionuclides, such as transuranium elements (americium, plutonium, neptunium,
and curium), 3H, 14C, 90Sr and gamma-ray emitting radionuclides found in waste, liquid and gaseous
effluent, in environmental matrices (water, air, soil and biota), in food and in animal feed as a result
of authorized releases into the environment, fallout from the explosion in the atmosphere of nuclear

device

s and fallout from accidents, such as those that occurred in Chernobyl and Fukushima.

The fraction of the background dose rate to man from environmental radiation, mainly gamma
radiation, is very variable and depends on factors such as the radioactivity of the local rock and soil, the
nature of building materials and the construction of buildings in which people live and work.

A reliable determination of the activity concentration of gamma-ray emitting radionuclides in various

matrices i
protection
Gamma-ra

necessary to assess the potential human exposure, to verify compliance with radiafion
and environmental protection regulations or to provide guidance on reducing health. rigks.
y emitting radionuclides are also used as tracers in biology, medicine, physics, chemistry, and

engineerinlg. Accurate measurement of the activities of the radionuclides is also needed for-homeland

security ay

d in connection with the Non-Proliferation Treaty (NPT).

This document describes the generic requirements to quantify the activity of 238Bu and 239 + P40
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f plutonium in soil samples after proper sampling, sample handling and test sa
h in a testing laboratory or in situ.

hent is to be used in the context of a quality assurance managemrent system (ISO/IEC 170

is published in several parts for use jointly or separately according to needs. These p
mentary and are addressed to those responsible for determining the radioactivity pre
rocks and ore (NORM or TENORM). The first two parts are general in nature describe
of programmes and sampling techniques, methods, of general processing of samples in

the activity concentration of gamma emitters radionuclides (ISO 18589-3 and ISO 200

h situ measurement of gamma-emitting radionuclides.

tthods described in ISO 18589-3 to'ISO 18589-6 can also be used to measure the radionucl
ediment, construction material and products following proper sampling procedure.

This document is one of a set of International Standards on measurement of radioactivity in

environme
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(ISO 18589-1), the sampling strategy and the s@il'sampling technique, soil sample hand
fation (ISO 18589-2). ISO 18589-3 to ISO 18589-5 deal with nuclide-specific test meth
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Measurement of radioactivity in the environment — Soil —

Part 4:
Plutonium 238 and plutonium 239 + 240 — Test method
using alpha spectrometry
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Scope

5 document describes a method for measuring 238Pu and 239 + 240 isotqp€s in so
Ctrometry samples using chemical separation techniques.

1 of natural alpha-emitting radionuclides.

test methods described in this document can also be used to measure the radionuclide
ment, construction material and products following propersampling procedurel2l(31[4][5

mass of the test portion required depends on the assiimed activity of the sample and {
ection limit. In practice, it can range from 0,1 g to 100.g of the test sample.

Normative references

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this document” For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

11074, Soil quality — Vocabulary
IEC 17025, General requirements for the competence of testing and calibration laboratorie

18589-1, Measurement of radioactivity in the environment — Soil — Part 1: General gui
nitions

18589-2, Measurement of radioactivity in the environment — Soil — Part 2: Guidance for t
e sampling.strategy, sampling and pre-treatment of samples

80000:207 Quantities and units — Part 10: Atomic and nuclear physics

LIEC\Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of und

1 by alpha

method can be used for any type of environmental study or monitoring, These techniques can also

5s than the
5 in sludge,
[7](8],

he desired

Pir content
pplies. For
[s) applies.

felines and

he selection

ertainty in

me

surement [(JUM-1QQ’~T)

3

Terms, definitions and symbols

For the purposes of this document, the terms and definitions given in ISO 11074, ISO 18589-1 and

ISO

80000-10 apply.

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

©IS

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

IEC Electropedia: available at http://www.electropedia.org/

02019 - All rights reserved


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=baeae85e20ace015a5db86d987534a20

ISO 18589-4:2019(E)

4 Symbols

m mass of the test portion, expressed in kilograms;

a activity per unit of mass, expressed in becquerel per kilogram;

A activity of the tracer added, expressed in becquerel, at the time of measurement;

ty sample counting time, expressed in seconds;

to background counting time, expressed in seconds:

I T'at gross count rate per second from measured plutonium and tracer, respectively

o Tot background count rate per second from measured plutonium and tracer, respegtively

R total measurement yield;

u(a) standard uncertainty associated with the measurement result, expressed in becquerel
per kilogram;

U expanded uncertainty, expressed in becquerel per kilogram, calculated by U = k - u(a) w
k=1,2,.;

a* decision threshold, expressed in becquerel per kilograny;

a” detection limit, expressed in becquerel per kilogram;

a<,a> lower and upper limits of the confidence interval, expressed in becquerel per kilogram.

5 Pringiple

The plutorfium is deposited as a thin sourcefor measurement by alpha spectrometry using a

chamber or semi-conductor detector-type-apparatus. The sources are usually prepared by elec

deposition|or co-precipitation after chemical separation and purification of the plutonium isotd

present in [the test portion[2[10[11][22{\Direct deposition on the planchette, such as electro-sprayj

can also bq used.

Specific chiemical separation @nd purification procedures are required in order to avoid interferg

from the presence of natural-or artificial a-emitters and stable nuclides in the sample, in quantities

are often greater than those of the plutonium isotopes during their measurement.

These prodedures attow the removal of the main sources of interference, including

— the salft content of the leaching solutions, especially hydrolysable elements, in order to prepare
thinnest-deposited source,

ith

brid
Lro-
pes
ing,

nce
that

the

— other a-emitting radionuclides, such as 241Am and the thorium isotopes, whose emissions can
interfere with those of plutonium isotopes.

The total yield for each analysis (chemical separation yield, thin-layer deposit and measurement)
is determined by adding a standard solution of 236Pu or 242Pu considered as tracer. As a result, the
procedure shall include a valence cycle, adjusting the tracer and the plutonium isotopes being measured
to the same oxidation state, in order to achieve identical chemical behaviour for all of them.

6 Chemical reagents and equipment

The chemical reagents and equipment are described in Annex A for plutonium desorption, in Annexes B,
C and D for chemical treatment and in Annexes E and F for the preparation of the deposited source.

© ISO 2019 - All rights rese

rved


https://standardsiso.com/api/?name=baeae85e20ace015a5db86d987534a20

ISO 18589-4:2019(E)

All the chemical reagents required to carry out this procedure shall be of analytical grade.

7 Procedure

7.1 Plutonium desorption

It is necessary to desorb the plutonium from the soil test portion and into solution. When the plutonium
is adsorbed onto soil particles from an aqueous solution or onto global fallout particles directly
deposited on the 5011 itis readlly desorbed by direct ac1d treatment. Plutomum metabolized by animals

: Jestruction
dome cases,
batment or

Tw¢ methods of plutonium desorption are described in Annex A.

In drder to quantify the recovery yield, a tracer is added at the start of this.step of the proc¢dure; time
is ajJlowed, usually up to one day, to obtain equilibrium before starting the plutonium desorgtion.

7.2] Chemical separation

Thedre are three commonly used techniques for the chemicalyseparation of plutonium: liquid-liquid
extfaction, extraction on an ion-exchange resin or specific-extraction chromatographic [resin. One
method from each technique is presented in Annexes B te)D: organic solvent[14], separation|by anionic
resin[14l or by extraction chromatographic resin[1el[17],

7.3| Preparation of the source to be measured

7.3{1 General

The source can be prepared by depositien, either by electro-deposition on a planchette (a stajnless steel
disk) (7.3.2), or by co-precipitation (Z8.3).

7.3]2 Electro-deposition method

Ele¢tro-deposition is caryied out after the chemical separation of the plutonium from finterfering
elethents. It allows thé-electrochemical deposition of the radionuclides in an ultra-thin laygr onto the
plafchettel1ZI[18], Theprocedure described in Annex E applies to the three chemical separatign methods
desfribed in Anpexes B, C and D.

NOTE Electro-deposition is not a selective method because the metal cations likely to form insoluble
hydroxidessean’ be deposited at the same time as the plutonium.

7.3)3-) Co-precipitation method

Co-precipitation, using fluoride compounds, can be carried out after the chemical separation of the
plutonium from other interfering elements. It allows the precipitation of the radionuclide(s) in the form
of a thin layer on a filter. The procedure described in Annex F can be applied to the three chemical
separation methods described in Annexes B to D.

7.4 Background determination

Measure the background using a blank prepared for the method chosen, starting with a clean test
portion (or directly distilled water).

© IS0 2019 - All rights reserved 3
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7.5 Measurement

The plutonium activity per unit of mass is calculated by counting the sample source for an appropriate
time. The same equipment conditions should be used for the measurements of the sample, the
background and the reference measurements standards.

The counting time required depends on the sample and background count rates and also the detection
limit and decision threshold required.

The spectra should be inspected to confirm good peak separation and no interfering peaks.

8 Expr(jession of results

8.1 Calc

The pluto
the radio
by alpha s]

count rates,

rg: and

tailing o

r

th

Backgroun
integrating
sample spe
rate, ry, an

The blank
and with o

The activitj

o

where w =

T,
g

The total measurement yield;7R, is determined from the activity, 4, of the tracer added, and the

count rate

R:(r

g

The detect]
control.

!

pbectrometry. The results of these integrations, divided by the counting time, are the gy

ulation of the activity per unit of mass

um activity is calculated by integrating the number of counts in the corresponding peaK

rge and rg, for the tracer and the plutonium isotopes, respectively

hre corrected for the background contribution and, if needed;)for the contribution of
igher-energy peaks, which depends on the detector charactéristics.

d count rates are calculated from the alpha-emission* spectrum of a blank sample
the number of counts in the regions of interest (RO!) in which the peaks appear in
ctrum. The result of this integration, divided by the counting time, is the background ca
 ry, for the tracer and the plutonium isotopes, réspectively.

ample is obtained and measured by applyin@the procedure used in the analysis without
I without tracer.

y per unit of mass, a, of the plutonium-isotope is calculated as given in Formula (1):
—T, )/(m-R):(rg -1, )-w

1

m-R
in the corresponding peak is calculated as given in Formula (2):

—Tot )/A

or efficiency allows one to calculate the chemical yield. This value is important for qua

8.2 Standard uncertainty

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

u(a)=\/w2 -[uz (rg )+u2 (ry )]+a2 uZ, (w)

:\/w2 -(rg/tg +1,y /t, )+a2 Uy

2

(w)

where the uncertainty of the counting time is neglected.

s of

clide tracer, 238Pu and/or 239 + 240Py, of the alpha emission spectrum of,the sample, obtained

0SS

the

by
the
unt

soil

(0

net

(2)

lity

(3)
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The relative standard uncertainty of w is calculated by Formula (4):

ufyy (W) =ufy (R)+ufy (m) (4)
The relative standard uncertainty of R is calculated by Formula (5):

uly (R)=up, (rgt ~Tot )+“Ee1 (4)

z(rgt /tg +r0t/t0 )/( rgt ~Tot )2 +u1%el(A)

PP T PR R 3 3 3 A 3 . 1 P
urel (A) HICTUAcEs dII tIe UIICEIUdIIILIES T'eldied Lo UIC tI'dCer dCUVILY, UldU IS, tI1OSE OI LIle Standard

(5)

solytion, of the preparation of the tracer solution and of the addition of the tracer solutjioh.to|sample.

The calculation of the characteristic limits [in accordance with ISO 11929 (all\parts)] [requires a
det¢rmination of @i(a), i.e., the standard uncertainty of a as a function of its truewalue, as calculated by

Formula (6):
Q(a)=\w2[(a/wry)ft, +1y /t |+a% 12y (w) ©6)

8.3| Decision threshold

Theg decision threshold, a* is obtained from Formula “(6) for a=0 [in accordhnce with
[SO|11929 (all parts)]. This yields Formula (7):

a*=k;_, u(0)=ky_, w- /ro/tg+r0/t0 (7)
a= 0,05 with k;_, = 1,65 is often chosen by default.

8.4 Detection limit

Thq detection limit, a*, is calculated\by Formula (8) [in accordance with ISO 11929 (all parts)]:

[

a® :a*+k1_ﬁ -ﬁ(a# )

(8)

:a*+k1_ﬁ ~\/w2 -[(a#/w+r0 )/tg +r0/t0 }+a#2 ‘“?el (w)
B =P,05 with ky_z = 1,65’is often chosen by default.

The detection ligiit’can be calculated by solving Formula (8) for a* or, more simply, by iteration with a
staffting approximation a* = 2 - a*.

By faking.a.= f, then ky_, = ky_p = k and the solution of Formula (8) is given by Formula (9):

2~a*+(k2-w\)/t,,

1-k2-u? (w)

(9)

8.5 Confidence limits

The lower limit, a<, and the upper limit, a”, of the confidence interval are calculated using
Formulae (10) and (11) [in accordance with ISO 11929 (all parts)]:

aqza—kp-u(a);p:w-(l—y/z) (10)

© IS0 2019 - All rights reserved 5


https://standardsiso.com/api/?name=baeae85e20ace015a5db86d987534a20

ISO 18589-4:2019(E)

a>=a+kq-u(a);q=1—a)-y/2 (11)

where

w=®|[ y/u(y)], where @ is the distribution function of the standardized normal distribution.

w may be set equal to 1 if a>4-u(a) and Formula (12) applies:

a<> =aik1_y/2-u(a) (12)

y=0,05 wiLh kl_},/2 =1,96 is often chosen by default.

9 Testreport

The test report shall to conform to ISO/IEC 17025 requirements and shall coftain the following
informatiop:

a) areference to this document, i.e. ISO 18589-4:2019;

b) identiffication of the sample;

c) units iph which the results are expressed;

d) testrepult, a + u(a) or a + U, with the associated k value.
Complementary information can be provided such as the following:
— probalilities a, f and (1 - y);

— decisign threshold and the detection limit;

— depengling on the customer request, there.are different ways to present the result:

— when the activity per unit of mass, g, is compared with the decision threshold [in accorddnce
with ISO 11929 (all parts)], theresult of the measurement should be expressed as <a* when[the
repult is below the decisiofi threshold,

— when the activity per.unit of mass, a, is compared with the detection limit, the result of|the
measurement cancbeexpressed as <a* when the result is below the detection limit. If|the
detection limit_éxc€eds the guideline value, it shall be documented that the method is|not
sujtable for thedneasurement purpose;

— any relevant information likely to affect the results.

6 © IS0 2019 - All rights reserved
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Annex A
(informative)

Plutonium desorption

A.1 Princinles
! €ipies

Thd radioactive tracers, 236Pu or 242Pu, are added during this initial treatment phase.

The test portion is ashed between 550 °C and 600 °C and in this situation the extractien of thg plutonium
might not be possible without a multiple-acid digestion (see A.4.1).

When the test portion of soil does not contain organic matter, plutonium frofmhiot particles of high-fired
plutonium, the sample should not be ashed but rather the plutonium extracted by nitric acifl digestion
(seq A.4.2).

A.2 Chemical reagents

A.2|1 Certified solution of 236Pu or 242Pu tracer.
A.2]2 Hydrochloric acid, concentrated, c(HCI) = 12{0-mol/l, p = 1,19 g/ml, mass fraction w(HCl) = 37 %.
A.2{3 Nitric acid, concentrated, c((HNO3) = 14,4’'mol/l, p = 1,40 g/ml, mass fraction w(HNO4) = 65 %.
A.2{4 Nitric acid, diluted, c(HNO3) = 8umol/I.
A.2{5 Hydrogen peroxide, w(H,03) =30 %.
A.2{6 Sodium nitrite (NaN©,).

A.2]7 Hydrofluoric acid, concentrated, c(HF) = 22,6 mol/l, p = 1,13 g/ml, mass fraction w(HF) = 48 %
to 51 %.

A.2|18 Oxalicaeid.

A.29 Nitric acid, diluted, c((HNO;) = 4 mol/I.

A.2.10 Calcium nitrate.

A.2.11 Ammonium hydroxide (NH,OH).
A.2.12 Ferric chloride (FeCl;) solution.
A.2.13 Sodium hydroxide (NaOH).

A.2.14 Hydrochloric acid, diluted, c(HCI) = 9,0 mol/1.

© IS0 2019 - All rights reserved 7
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A.3 Equipment

A.3.1 Standard laboratory equipment.

5g.
red

ible

A.3.2 Analytical balance, accurate to 0,1 mg.

A.3.3 Hot plate.

A.3.4 Centrifuge and tubes.

A.3.5 Furnace.

A.3.6 Crucible.

A.3.7 Beaker, Teflon?).

A.4 Procedure

A.4.1 Myltiple-acid digestion

This proceflure, based on a cycle of acid leaching and dry evaporation, includes the following steps.

a) The test sample prepared in accordance with ISO 18589-2-shall be weighted between 0,1 g and 1
The mpss of the test portion shall depend on the expegfed activity of the sample and the requ
detect]on limit.

b) Ash the test portion at between 550 °C and 600-2C for at least 5 h. Leave it to cool in the crug
(A.3.6].

c) Transfer the sample to a glass beaker and.gradually add 10 ml of diluted HNO; (A.2.4) per grain of
samplg¢ and stir.

d) Waitup to one day.

e) Add the 236Pu or 242Pu tracer selution (A.2.1) and homogenize by stirring.

f) Add slpwly 150 ml of concentrated HNO; (A.2.3) and 50 ml of concentrated HCI (A.2.2).

g) Boil fof 1 h while stirring.

h) Cool td room temperature.

i) Decant the liquid into another beaker and retain.

j) Repeatsteps{fite-h}combiningthe iguid-with-thereservedselutionand-evaperate-to-dryness:

k) Transfer the remaining soil to a Teflon beaker (A.3.7) with 30 ml of concentrated HNO5 (A.2.3), add
15 ml of HF (A.2.7) and evaporate to dryness.

1) Add 30 ml of concentrated HNO3 (A.2.3) and 30 ml of HF (A.2.7). Evaporate to dryness.

m) Add 5 ml of concentrated HNO; (A.2.3) and 1 ml H,0, (A.2.5). Evaporate to dryness.

n) Add 20 ml of concentrated HNO; (A.2.3) in 5 ml amounts, drying between each aliquot.

1) Teflon™ isan example of a suitable productavailable commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.

8
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o) Transfer the remaining solids to a centrifuge tube (A.3.4) using 8 mol/l HNO; (A.2.4). Centrifuge
and mix this solution with the liquid retained from step i).

p) Repeatstep n) twice with 50 ml of 8 mol/1 HNO5 (A.2.4).
q) Evaporate the mixed solution to near dryness and dissolve in 50 ml of 8 mol/l HNO; (A.2.4).

The test portion is ready to undergo radiochemical separation.

It is possible to use larger test portions, but a final step of plutonium precipitation is required to avoid
possible interference with stable elements that it is necessary to eliminate before the radiochemical
seppration—Thisprecipitation—consistsof-theadditionof FeClrtothesolutionafterdigestion and the
prefipitation of iron when adding ammonia to pH 10. The supernatant is discarded and-the analysis
continues with the iron precipitate that contains the plutonium and the other actinides,

The dissolution may also be carried out using a microwave digestion apparatus, Operating|conditions
for gach system should be adjusted to the type of apparatus and the nature of thesoil to be digested.

A.4.2 Simple nitric acid digestion
Thip procedure is based on a cycle of acid leaching and dry evaporatiomn.

a) |The test sample prepared in accordance with ISO 18589-2 shall be weighted between 0,1 g and
15 g. The mass of the test portion depends on the expectedactivity of the sample and the required
detection limit.

b) [Gradually add 10 ml of 8 mol/1 HNO3 (A.2.4) per gram-of sample.
¢) |Add the 236Pu or 242Pu tracer (A.2.1) and homogertiize by stirring.
d) |Digeston ahot plate (A.3.3) for atleast 8 h with intermittent additions of H,0, (A.2.5). Leaye it to cool.

e) |Transfer the test portion to a centrifuge’tube (A.3.4) and separate the solid matter from the liquid
phase. The supernatant is stored.

Instead of centrifuging the test'portion, it can be filtered using a fibreglass filter.

f) |Rinse the beaker with 8 mol/1 HNO; (A.2.4), add to the same tube (A.3.4), stir and centfifuge. Add
the supernatant to the fiquid retained in step €). Repeat the process until the supernataint is clear.

g) |Evaporate the supernatant to dryness.
h) |Add 50 ml of 8mel/1 HNO; (A.2.4).

i) |Add 0,6 g afNaNO, (A.2.6), heat to remove the nitrous fumes and leave it to cool.

The test pottion is ready to undergo a radiochemical separation.

It ig possible to use larger test portions, but a final step of plutonium precipitation is requirgd to avoid
possSibIe Interterence with stable elements that it 1s Necessary to eliminate betore the radiochemical
separation. This precipitation consists of the addition of FeCl; to the solution after digestion and the
precipitation of iron when adding ammonia to pH 10. The supernatant is discarded and the analysis
continues with the iron precipitate that contains the plutonium and the other actinides.

The dissolution may also be carried out using a microwave digestion apparatus. Operating conditions
for each system should be adjusted to the type of apparatus used and the nature of the soil to be
digested.

© IS0 2019 - All rights reserved 9
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A.4.3 Precipitation for plutonium and americium

When americium, in addition to plutonium, is measured on the same large-mass test portion, the
specific precipitation procedure shall be adapted as follows.

a)
b)
c) The syst
overnight:
d)
e) Add 2(
f) The fin
g) Evapo
h) Oncet
FeCl; (
i) Filtrat
j) Dissoljy
k) Evapo
1) Add 5(
m) Add O,
The test pa
10

Once the leaching is completed, add 50 g of oxalic acid (A.2.8) and 200 mg of Ca as nitrate (A.2.10).

Precipitate with NH,OH (A.2.11) to a pH of 2,5. This allows the co-precipitation of Pu with calcium
oxalate and the separation of Fe and other cations as the precipitation is done at a very low pH.

stem is maintained at 90 °C whilst stirring for 6 h and then the crystals are allowed to grow

The suEernatants are transferred to a beaker and the precipitate is preserved.

0 mg of Ca (A.2.10) to the supernatants and repeat the previous steps.
al precipitate is dissolved with 8 mol/I HNO3 (A.2.4) and then is transferred¢e'd 250 ml begker.
rate on a hot plate (A.3.3) to dryness and eliminate the oxalate completely.

he oxalate is eliminated, dissolve in 4 mol/l HNO; (A.2.9) and add*50’mg of Fe in a solutiopn of
A.2.12). Then precipitate with NaOH (A.2.13) to a pH of 12.

e and eliminate the supernatants.

e the precipitate with 9 mol/1 HCI (A.2.14).

fate to dryness.

ml of 8 mol/1 HNO; (A.2.4).

b g of NaNO, (A.2.6), heat to remove the nitrous fumes and leave to cool.

rtion is ready to undergo a radiochemical separation.
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Annex B
(informative)

Chemical separation of plutonium by an organic solvent

Princinle
cipie

The

using an organic cation exchanger (HDEHP) after adjustment to valence IV. The purific
hnic phase is completed by washing the solution in 6 mol/1 HCI. Finally, the pluténium i

org
aga

B.2

B.2
hep

Ens
sha

B.2
B.2
B.2
B.2

B.2

B.3
B.3

B.3

plutonium isotopes are extracted from the sample solution, in a nitric medium (1 mol/1 t;]; 10 mol/1),

n in an aqueous medium using a mixture of 6 mol/1 HCl and KI.

Chemical reagents

1 HDEHP [di-(2-ethylhexyl) hydrogen phosphate] solution; 145 ml of HDEHP for
tane.

ure the reagent is pure by washing it in an equal volume of water whose pH after this
1 be greater than 3.

2 Heptane (C,H,g).

3 Hydrochloric acid, diluted, c(HCl) = 6. mol/I.
4 Potassium iodide (KI), crystalljzed.

5 Nitric acid, diluted, c((HNO3) = 4 mol/I.

6 Sodium nitrite (NaN0O3), crystallized.
Equipment
1 Standard laboratory equipment.

2 Scales, to an accuracy of 0,1 mg.

ion of the
b extracted

855 ml of

operation

B.3

B.3

I r 1 & 1 "
) LEVdpPOUOIdiUl O 1TOU Pldic,

4 Separatory funnels, adapted to the volumes being treated.

B.3.5 Stirrer, automatic, for the separatory funnel.

B.4 Procedure

This procedure is carried out after the digestion of the samples described in Annex A with three main
steps: extraction, washing the organic phase and re-extraction of plutonium isotopes.

© IS0 2019 - All rights reserved
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B.4.1 Extraction of plutonium

This procedure includes the following steps:

a) Take an aliquot or all of the solution being analysed, which shall be clear. If not, dilute the solution
with HNO; (B.2.5).

b) Adjust the plutonium to an oxidation state of IV by adding several milligrams of NaNO, (B.2.6).

c) Leave to react for 10 min.

d) Transfpethissolubionintoa separatory bunnel and balance by oliveino viegraudly for 15 min by an
equal yolume of HDEHP dlluted to 15 % in heptane (B.2.2).

B.4.2 Washing of the organic phase

This proceflure includes the following steps:

a) Once settled, remove the aqueous phase.

b) Wash the organic phase in the same volume of HCI (B.2.3) for 5 min.

c) Leave [to settle and throw away the aqueous phase. Repeat this operation until the solutiop is
complgtely discoloured (to remove the iron).

B.4.3 Retextraction of plutonium in an aqueous phase

This proceflure includes the following steps:

a) Add 2% ml of 6 mol/1 HCI (B.2.3) and 500 mg of KI (B.2.4) to the organic phase and re-extract{the
plutonjum in an aqueous phase by stirring vigorausly for 15 min.

b) Leave |t to settle.

c) Transfer the aqueous phase into a second:separatory funnel (B.3.4).

d) Wash for 5 min in an equal volume ef heptane (B.2.2) to remove traces of HDEHP.

e) Collectthe aqueous phase in a400 ml beaker.

12 © IS0 2019 - All rights reserved
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Annex C
(informative)

Chemical separation of plutonium on anionic resin

B

The plutonium isotopes are separated from the other radionuclides and from the soil matrix irf an anionic
conjplex form using an ion-exchange resin in a column with media of nitric and hydrochloric acid.

C.Z Chemical reagents

C.2]1 Hydrochloric acid, concentrated, w(HCI) = 37 %.
C.2]2 Nitric acid, concentrated, w(HNO3) = 65 %.

C.2{3 Ammonia, concentrated, w(NH,OH) = 25 %.
C.24 Sodium nitrite (NaNO,).

C.2}5 Anionicresin, 1X8, 100/200 mesh.

C.2}6 Nitric acid, diluted, c((HNO3) = 8 mol/I.

C.2)7 Hydrochloric acid, diluted, ¢(HCl) = 8 mol/l.

C.2}8 Hydroxyl ammonium&hloride ¢(NH;0H)Cl = 0,2 mol/l in hydrochloric acid, ¢(HCI) § 2 mol/I.

C.3] Equipment
C.3]1 Standardlaboratory equipment.

C.3]2 Hotplate.

C.3{3~. €olumn, glass, 30 ml.

C.4 Procedure

C.4.1 General

This procedure is carried out, after the digestion of the sample as described in Annex A and includes
two main steps: chemical separation and elution.

C.4.2 Separation of plutonium
a) Fill the column with the resin (C.2.5).

b) Prepare the 8 mol/I nitric solution (C.2.6).

© IS0 2019 - All rights reserved 13
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c) Convert the resin to the nitrate form by passing 150 ml of the 8 mol/l HNO; (C.2.6) at a flow rate of
approximately 1 ml/min.

d) Pour the Pu solution into the top of the column.

e) Wash the column and beaker with portions of 8 mol/l HNO; (C.2.6), up to 150 ml at a flow rate of
approximately 1 ml/min. Discard the washings.

f)  Wash the column with 80 ml of 8 mol/1 HCI (C.2.7). Discard the washings.

C.4.3 Elution of plutonium

a) Place { clean beaker under the column.

b) Elute the Puwith 90 ml of 0,2 mol/1 (NH;0H)Cl in 2 mol/1 HCI (C.2.8) at a flow rate of approximafely
0,5 mlfmin.

c) Evaporate the eluate slowly until the volume is less than 25 ml and add carefully 2 mlof concentrated
HNO; (C.2.2).

d) When the presence of relatively important amounts of other actinides isGsuspected, it is necesdary
to carily out a purification process that basically consists of the repetition of the following step$:

1) Evjaporate the eluate to dryness.
2) Add 50 ml of 8 mol/l HNO; (C.2.6).
3) Add 0,6 g of NaNO, (C.2.4) and heat to remove the nitsous fumes and leave to cool.

4) Rdpeat the procedure from C.4.3 to separate and elute the Pu.
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Annex D
(informative)

Chemical separation of plutonium by specific resins

D.1 Pvinrinln

T CIPTT

Thip technique is based on the selective chromatographic extraction of Pu using a resin c¢ntaining a
spefific extractant CMPO/TBP (for example TRU-Spec® 2)). The chemical separation is fagt and well
suitled for monitoring plutonium activity in the environment.

D.2 Chemical reagents

D.2{1 Nitric acid (HNO;), 3 mol/I containing aluminium nitrate, c[Al[NO)5] = 0,5 mol/Il.
D.2|2 Nitric acid, c((HNO3) = 2 mol/I], containing 0,1 mol/l sodi¥m nitrite, c(NaNO,) = 0,1 mjol/1.
D.2|3 Nitric acid, concentrated, at least w(HNO3) = 69 %:

D.2|4 Nitric acid (HNOj;), diluted, different concentrations:
D.2|4.1 ¢(HNOj3) =3 mol/l

D.2|4.2 ¢(HNO3) =2 mol/lL

D.2}4.3 ¢(HNO3) =1 mol/L

D.2|4.4 ¢(HNO3) = 0,5 mol/k

D.2[5 Ammonium thiocyanate, diluted, c¢(NH,SCN) = 0,1 mol/l.
D.2]6 AscorbiCaeid.

D.2|7 Iremsulfamate, 0,6 = mol/l.

D.2{8-)Hydrogen peroxide, w(H,0,) = 30 %.

D.2.9 Hydrochloric acid, concentrated, w(HCI) = 37 %.

D.2.10 Ammonium oxalate, diluted, ¢((NH,HC,0,) = 0,1 mol/l.

D.3 Equipment

D.3.1 Standard laboratory equipment.

2) TRU-Spec® is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.
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D.3.2
D.3.3
D.3.4
D.3.5

D.3.6

D.4 Pro

D.4.1 Ge

This proce

D.4.2 EX|

The procec

a)
b)

c)

d)
e)
f)
g)
h)

i)
j)
k)

Evapo
Add 1(
Add sd

the colour disappears. Then heat and leave to cool.

Repeaf
Add 1
Add 0,
Setup

Prepat
ataflg

Pour t]
Wash

Wash
NaNO

Balance, accurate to 0,1 mg.

Evaporator or hot plate.

Separatory funnels, adapted to the volumes to be treated.
Stirring apparatus, for the separatory funnel.

Resin columns, containing the extractant CMPO/TBP (TRU-Spec®).

redure

neral

fraction of plutonium

ure includes the following steps:

rate the solution being analysed to dryness.

ml of 3 mol/1 HNO; in 0,5 mol/I AI(NO3)5 (D.2.1). Dissolve the precipitate.
me drops of NH,SCN (D.2.5). If the dissolution becomes red, add ascorbic acid (D.2.6) y

step c) if the dissolution is not complete.

ml of 0,6 mol/l iron sulfamate (D.2.7):-Stir until dissolution.

| g of ascorbic acid (D.2.6), heat until total dissolution and leave to cool.

the CMPO/TBP (TRU-Spec®)-column (D.3.6).

w rate of approximately 1 ml/min.
e Pu solution©onto the top of the column (D.3.6).

he beaker with 5 ml of 3 mol/l HNO; (D.2.4.1) and pour onto the top of the column.

he celumn with 5 ml of 2 mol/l HNO5 (D.2.4.2), 5 ml of 2 mol/l HNO; containing 0,1 m
(2.2) and 5 ml of 0,5 mol/1 HNO3 (D.2.4.4). Discard the washings.

dure is carried out after the digestion of the samples as described in Anifex A and inclydes
two main dqteps: extraction and elution of plutonium.

ntil

e the resin by passingthrough it 25 ml of 3 mol/1 HNO; containing 0,5 mol/1 AI(NO3); (D.2.1

ol/1

D.4.3 Elution of plutonium

The procedure includes the following steps:

a) Place a clean beaker under the column.

b) Elute the plutonium with 20 ml of 0,1 mol/l NH,HC,0, (D.2.10).

c) Evaporate the eluate to dryness. The white precipitate is the oxalate.

16
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D.4.4 Oxalate decomposition
The procedure includes the following steps.

a) Add 1 mlof69 % HNO; (D.2.3) and five drops of 30 % H,0, (D.2.8), leave to dryness.

b) Add 1 ml of 69 % HNO; (D.2.3), and 1 ml of 37 % HCI (D.2.9), leave to dryness.
c) Add1mlof69 % HNO; (D.2.3), leave to dryness.

d) Repeat step c) until the precipitate disappears.

e) |Dissolve in 4 ml of 1 mol/l HNO; (D.2.4.3).
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Annex E
(informative)

Preparation of the source by electro-deposition

E.1 Principle

Applying d[
metal cati

formation pf a deposit of actinide hydroxides.

E.2 Chemical reagents

E.2.1

E.2.2

E.2.3

E.2.4

E.2.5

E.2.6

E.2.7

Nifric acid, concentrated, w(HNO3) = 65 %.

Soglium sulfate, c(Na,S0,) = 0,3 mol/I.

Sulfuric acid, concentrated, w(H,S0,) = 95 % to 97 %.

Thymol blue, 0,04 %.
Ammonia, concentrated, w(NH,OH) = 25 %.
Sulfuric acid, diluted, w(H,S0,) =1 %.

Anmmonium hydroxide, diluted, w(NH,OH) = 1 %.

E.3 Equjipment

E3.1

Eldctro-deposition-apparatus, composed of

a) aglasqor polyethylene electro-deposition cell;

b) aplatihum wire (anode);

c) apland

ifferent voltages between two electrodes using a DC generator leads to the reduction‘of| the
ns dissolved in the electrolyte. The reduction that takes place at the cathode leads to|the

hette'or stainless steel disc (cathode) with a diameter adapted to the electro-deposition fell;

d) aDC gemerator;

e) ahotplate;

f) aPetridish.

18
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