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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
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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 installations use radioactive materials and produce radioactive effluents and wastes during
operation and decommissioning. The use of radioactive materials in industry, agriculture, medicine and
research is expanding around the globe.

All these hfiman activities give rise to radiation exposures that are only a small fraction of the glo
level of natural exposure. The medical use of radiation is the largest and a growing man-mad
radiation gxposure in developed countries. It includes diagnostic radiology, radiotherapy,muclea
and interventional radiology.

hal average
b source of
r medicine

Radiation ¢xposure also occurs as a result of occupational activities. It is incurred’by workers i
medicine and research using radiation or radioactive substances, as well as by passengers and ¢
air travel. [The average level of occupational exposures is generally similar, te_the global aversz
natural radiation exposure (see Reference [1]).

in industry,
Few during
ge level of

As uses of]
exposures

a)
b) evaluate the components of exposure so as to provide agitéasure of their relative importance
9

While dosd
methods u

radiation increase, so do the potential health risk and the public's concerns. Thus, all these

are regularly assessed in order to

improye the understanding of global levels and temporal trends of public and worker exposure,

and
identifly emerging issues that may warrant more attention and study.

s to workers are mostly directly measuxred, doses to the public are usually assessed
5ing the results of radioactivity measurements of waste, effluent and/or environmentg

by indirect
l samples.

To ensure
essential t

bd use, it is
ities agree

that the data obtained from radioactivity monitoring programs support their intendg
hat the stakeholders, for exampl€, nuclear site operators, regulatory and local author

on approp
preparing
needs to b

riate methods and procedures for obtaining representative samples and for handli

e carried out systematieally. As reliable, comparable and ‘fit for purpose’ data are a

g, storing,
and measuring the test.samples. An assessment of the overall measurement uncer]Eainty also

essential

andards of
asurement

requireme
tested and

ht for any public health/decision based on radioactivity measurements, international st
validated radionuclide test methods are an important tool for the production of such mg
results. The application of standards serves also to guarantee comparability of the test results over time and
between different testihglaboratories. Laboratories apply them to demonstrate their technical cdmpetences
and to complete preficiency tests successfully during interlaboratory comparisons, two prerequisites for
obtaining gccreditation.

Today, ove
radionucli

r~ashundred International Standards are available to testing laboratories for
esHin different matrices

measuring

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

— natural radionuclides (including 49K, 3H, 14C and those originating from the thorium and uranium decay
series, in particular 226Ra, 228Ra, 234, 238U and 210Pb), can be found in the environmental components
for natural reasons 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), and
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— human-made radionuclides, such as transuranium elements (americium, plutonium, neptunium, and
curium), 3H, 14C, 20Sr and gamma-ray emitting radionuclides found in waste, liquid and gaseous effluents,
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 devices and
fallout from accidents, such as those that occurred in Chernobyl and Fukushima. Natural components
and foodstuff may thus contain radionuclides at activity concentrations which could present a risk to
human health. In order to assess the radiological levels of environment and food, including the quality of
drinking-water (mineral waters and spring waters) with respectto its radionuclide contentand to provide
guidance on reducing health risks by taking measures to decrease radionuclide activity concentrations,
natural resources and food are monitored for their radioactivity content as recommended by the World

Health

Organization (WHO) and the International Atomic Energy Agency (IAEA).

An international standard on a generic test method using alpha spectrometry for the determination of the

activity co
from nucle
by nationa
measurem

Artificial a
discharges|

This docuy
[SO 19361l

hcentration of alpha emitting radionuclides in natural and food samples or other kind
hr facilities is justified for test laboratories carrying out these measurements, requined
1 authorities, as laboratories may have to obtain a specific accreditation [for rd
ents in natural, food or nuclear facilities samples.

|pha emitting radionuclide activity concentrations can vary according te'duthorized lo
from nuclear plant and environmental characteristics.

nent is one of a set of generic International Standards on measurement of radioactivj
£l and 1SO 20042131,

of samples
sometimes
idionuclide

ral effluent

ity such as
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Measurement of radioactivity — Alpha emitting radionuclides
— Generic test method using alpha spectrometry

1 Scope

This document describes a generic test method for measuring alpha emitting radionuclides, for all types

of sampleg
human bio

{soil, Sedimment, construction mmatertat, foodstutf, wateT, aiTborTe, envirommertat bi
ogical samples as urine, faeces etc.) by alpha spectrometry. This method can be used/f

of environinental study or monitoring of alpha emitting radionuclides activities.

If relevant
separation

This test my

containing
238py, 239+

This test m
the usual 1
(Reference
waters and

this test method requires appropriate sample pre-treatment followed by’ specifi
of the test portion in order to obtain a thin source proper to alpha spectrometry meas

ethod can be used to determine the activity, specific activity or activity concentration
alpha emitting radionuclides such as 210Po, 226Rq, 228Th, 229Th, 230Fh, 232Th, 232(,234U
40py, 241Am or 243+244Cm,

ethod can be used to measure very low levels of activity, one\6r two orders of magnitug
atural levels of alpha emitting radionuclides. Annexes B/of UNSCEAR 2000 and UNS
s [4] and [5]) give, respectively, typical natural activity concentrations for air, food
, soils and building materials. The detection limit of the test method depends on the am

sample malterial analysed (mass or volume) after concentration, chemical yield, thickness of me

source and|

counting time.

The quantity of the sample to be collected and analysed depends on the expected activity of the s

the detecti

2 Norm

The follow
requireme
the latest ¢

ISO/IEC G
measuremse

ISO 661, An
ISO 707, M1

on limit to achieve.

ative references

ng documents are referred+e.in the text in such a way that some or all of their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any amendments) applies.

ide 98-3, Uncertdainty of measurement — Part 3: Guide to the expression of undg
nt (GUM:1995)
imal and végetable fats and oils — Preparation of test sample

Ik and ‘milk products — Guidance on sampling

[SO 874, Fn

-indicator,
br any type

c chemical
urement.

pf a sample
235U, 238U,

le less than
CEAR 2008
5, drinking
ount of the
asurement

ample and

ronstitutes
references,

ertainty in

esh-fruits and vegetables — Sampling

[SO 3696, Water for analytical laboratory use — Specification and test methods

[SO 5500, Oilseed residues — Sampling

SO 5538, Milk and milk products — Sampling — Inspection by attributes

ISO 5555, Animal and vegetable fats and oils — Sampling

[SO 5667 (all parts), Water quality — Sampling

[SO 11929 (all parts), Determination of the characteristic limits (decision threshold, detection limit and limits of
the confidence interval) for measurements of ionizing radiation — Fundamentals and application
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025, General requirements for the competence of testing and calibration laboratories
Microbiology of the food chain — Carcass sampling for microbiological analysis

(all parts), Soil quality — Sampling

[SO 18589-2, Measurement of radioactivity in the environment — Soil — Part 2: Guidance for the selection of
the sampling strategy, sampling and pre-treatment of samples

[SO 24333,

ISO 80000-

Cereals and cereal products — Sampling

10, Quantities and units — Part 10: Atomic and nuclear physics

3 Term

For the pu
and the fol

ISO and IE
ISO On

IEC El¢

3.1

thin tests
measurem
in order td
expected l¢

3.2
substrate
medium co

3.3

reference
radioactivg
(solid, liqu
such thatt

3.4
alpha emi
radioactivd

3.5
energy re!
FWHM
full width §

S and deftinitions

Fposes of this document, the terms and definitions given in ISO 80000-10 and~ISO 1]
owing apply.

[ maintain terminology databases for use in standardization at the following addresse

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

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

purce
bnt source with a very thin layer deposited on a substrate containing the radionuclided

bvel of activity

source

secondary standard source for use in the calibration of the measuring instruments, i
d) containing one or moresradionuclides of known activity (Bq or Bq-g! or Bq-ml1]
he activity is traceable te national or international primary standards of radioactivity

fter radionuclide
nuclide with aspecified atomic number and mass which emits alpha particles

solution

it Half'of the maximum of the alpha peak distribution

1929 series

2]

of interest

obtain an optimal spectral resolution previously*defined by the laboratory according to the

htaining the source to be measured on itssurface e.g. stainless steel disk, test dish or memprane filter

e. material
, prepared

Note 1 to en

3.6

try: The width is given in kiloelectronvolts (keV).

adsorption
process in which a substance forms a very thin layer onto the surface of a solid by attraction of the molecules

3.7

resolution
ratio between energy resolution (3.5) and energy corresponding to the maximum of the peak distribution

Note 1 to entry: The resolution is the spectral resolution and it is given in per cent.
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3.8

tracer

radionuclide, which has the same chemical properties as the alpha radionuclides of interest and whose
activity in the test source is used to determine the chemical yield or the total efficiency

3.9

carrier

a stable chemical element which is added to the test sample to ensure that the radionuclide of interest will
behave normally in the radiochemical separation procedures

4 Symbols and units

Table 1 — Symbols and definitions

Symbol Definition Unit
A activity of certified calibration source, at the date of the measurement Bq
Ap activity of the tracer added, at the date of measurement Bq
a activity of the measured radionuclides on thin test source, at the date of méasurement Bq
a true activity (see ISO 11929-1) Bq
a decision threshold of the activity Bq
a*t detection limit of the activity Bq
a derived activity measured from the thin test source insthe'unit of wy (see wq)
a; decision threshold of the derived activity in the unit of wy (see wq)
a]# detection limit of the derived activity in the unit'of w; (see wq)

aj<1 ) a;-> Locvt\;srita;,ni(ril ltlﬁgil;lllltrglftivif the probabilistically symmetric coverage interval of derived | |(see w;)

P e lower and upper limits of the shortest coverage interval of derived activity in the unit (see wy)

o of wy
detection efficiency
G geometrical factor of alphia‘detection as a function of the effective solid angle of
measurement, 2 with\@2 =4n-G
Iy summation of alplaiemission intensity
k coverage factorwith k=1,2,3...
Ki_o» kidp quantiles.of the standardized normal distribution for the probabilities: 1—¢, 1- 8
and and 1-<y¢¥2
ki_y/2
n number of counts in the region of interest of the spectrum
ng number of gross counts in the region of interest of the spectrum
ny number of counts of the global background in the region of interest of the spectrum
N number of channels of alpha peak integration
R total efficiency with R=R_ - &
R. chemical yield
r count rate in the region of interest of the spectrum s
o background count rate of the test sample region st
o background count rate of the blank sample region s
Toe background count rate of the detection efficiency region s

© IS0 2024 - All rights reserved
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Table 1 (continued)
Symbol Definition Unit
Iy gross count rate of the test sample region st
Toe gross count rate of the detection efficiency region s
Igt gross count rate of the tracer region st
Sref reference area of alpha peak integration
t counting time s
to background counting time of the test sample S
toe background counting time of detection efficiency S
toT background counting time of tracer S
ty counting time of the test sample s
toe counting time of detection efficiency S
tor counting time of tracer S
u(y) standard uncertainty associated with parameter y result (k=1) in ynit of the
measurand y
U(y) expanded uncertainty calculated by U(y)=k-u(y) with k> 1,0 unit of the
measurand y
Upe (V) relative standard uncertainty associated with parameter{y result calculated by
-1
Ure] (y)=u(y)-y
Uprel (¥) relative expanded uncertainty calculated by U, g(V) =k - u.e (y) withk>1
w correction factor for activity of the thin test source (see wy)
wy correction factor for derived activity of the'test sample in the inverse of the sample
unit, i.e.:
— per kilogram for a solid samplelfer a specific activity concentration; kgt
— per litre for a liquid sample for an activity concentration; 11
— per square metre for a contaminated surface sampled with a wipe-test; m2
— per cubic metre forah-activity concentration of particles in air or gases sampled; m3
— per one unit for spécific thin test sample directly measured.
5 Prindiple
Generally, [the test sample solution, containing alpha emitter radionuclides of interest, is mix¢ed with an
aliquot of g solutionof similar physico-chemical properties and containing a radioactive tracer. This solution
has at leadt one_ isotope of the radionuclides of interest contained in the sample, except if the chemical
properties|of £he tracing radionuclide are close enough to the alpha radionuclides of interest, for example
as in the cas€of curium and americium (see Table 2). This is followed by a specific preparatior} according

to the type of sample matrix by dissolution entailing either dissolution with an acid or fusion by melting an
inorganic base (e.g. alkaline fusion).

After a valence cycle to adjust the oxidation states, chemical separation of the radionuclide is achieved by a
concentration step (e.g. a precipitation) followed by one or more specific separation steps (e.g. ion exchange

chromatog

raphy, extraction chromatography, liquid-liquid extraction or selective precipitation).

The sample can also be measured directly by alpha spectrometry, i.e. without sample preparation or pre-
treatment, no addition of carrier or radionuclide tracer, no chemical separation, or some combination of these
considerations. If relevant, in this case, the user shall ensure that the quality of the measurement source
allows to quantify its activity or to qualitatively determine the energies of the alpha-emitter present with a
sufficient resolution previously defined by the user without degrading the performance of the detector by
radioactive contamination due to a poor quality of the deposit or by volatile decay parent products, e.g. 210Po,

© IS0 2024 - All rights reserved
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radon isotopes and their daughter nuclides. Other alpha emitting radionuclides can be present in the sample
and can interfere with the counting of the radionuclide of interest to measure if no chemical separation is
carried out to remove these interfering radionuclides from the test sample.

The thin test source is usually prepared by electro-deposition, by coprecipitation or by spontaneous
deposition and assayed by alpha spectrometry using a grid chamber or a semiconductor-type device. The
measurement relies on the interaction of the alpha particles with the detecting medium. This interaction
creates an electric charge, which is amplified and output as a voltage pulse proportional to the deposited
energy of the incoming alpha particle.

The electric pulse from the detector is analysed by the electronic systems and stored by a multichannel
analyser (MCA). Data analysis software shows the alpha emitter radionuclides spectrum which is the
distribution of number of pulses (counts) as a function of energy.

The analys
considered
count rate,

The chemi
are often g
a chemical
sample is |
blank matd

For quality
shall be pr

Even with
radioactivd
alpha emis|

is of the count rates in the region of interest (ROI) of the alpha spectra for the\r
allows the determination of the test sample activity concentration after correctin|
chemical yield and detection efficiency.

ral yield and the detection efficiency are not necessarily determined separately. In thi
btained as of the total efficiency combined from the net count rate of‘the radionuclid
yield tracer. In order to quantify any potential interference coming from the reagern
repared in the same way as the test sample. This blank sample is\prepared using an a
rial.

control, in order to quantify potential impurities in thethacer solution, another blz
ppared with addition of the tracer.

a good energy resolution of approximately (20 t6.30) keV (FWHM) several isoto
element cannot easily be resolved by alpha specttémetry due to the very close similaf
Sion energies, e.g. 233U and 234U, 235U and 236U, 239Pu and 240Pu or even 243Cm and 244

The dissolytion, radiochemical and evaluation parts of\an analytical process are summarized in |

6 Chen

6.1 Gen

Use only re
6.2 Ches

6.2.1

Laboratory
with ISO 3

ical reagents and equipment

bral

agents of recognized analytical grade.

mical reagents

Water quality

r wateris used as a blank, as free as possible from chemical and radioactive impurities,
h96, grade 3 or an equivalent purity (e.g. distilled or demineralized water).

tdionuclide

by blank

b case, they
e added as
ts, a blank
ppropriate

nk sample

pes of one
ity of their
L m.

igure A.1.

complying

6.2.2 Tracersolution

The radionuclide tracer solution for determining the total yield can also be used to calculate the chemical
yield. The solution is prepared by the dilution of a suitable, traceable standard. The tracer solution shall be
homogeneous and chemically stable by adding suitable acids.

The concentration of the tracer solution should be chosen such that a small yet accurately determined
amount may be added with activity in the range of the test sample.

It is important to check the activity and the purity of the tracer solutions periodically after preparation.
Those checks which ensure method validity and performance, can be done by liquid scintillation counting,
grid ionization chamber counting or alpha spectrometry. Performing a blank analysis with tracer is a
potential way to identify any presence of radioactive impurity in the tracer.

© IS0 2024 - All rights reserved
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For example, 228Th can be present in the 232U tracer solution and has a very close energy to that of its parent
232, Therefore, a complete separation of Th and U prior to or during the chemical purification process is
required (References [6] and [7]) to minimize the interference of 228Th so that the counting yield of 232U
is not overestimated (see Clause 4). Table 2 gives a list of alpha emitter tracers with possible radioactive
impurities and their decay products.

Before using a purified tracer, the user shall ensure that the purified tracer has been properly referenced to
the activity in becquerel, if the activity of the tracer no longer corresponds to that of the certificate which
accompanies the standardized material.

Table 2 — Alpha emitter tracers and possible radioactive impurities

Radionuclide of interest Used tracer Alpha impurity Origin
234y, 235(] and 238U, 233y, 2360 232y 228 232()
238p|; and 239+240py 242pyy 236py 241, 241py
241Am, 242Cm and 243+244Cm 243Ama
237Np 235Np, 236Np
238Np, 239Np
227Th, 428Th, 230Th, 232Th 229Th Decay products of 229Th: 225Ac, 221Fr, 217At 229Th

and 213Po from»which 225Ac can
interfere with4¢he determination of 227Th

226Rg 133Bgb
or
224Ra (from 228Th)
210p, 208p, 209pq

a  The chemical property of curium is so similar to that of americium'that there is no need of a curium tracer, i.e. the americium
tracer is usef as a chemical yield monitor for those both radionuclides(8l.

b The medsurement of 133Ba activity is achieved by gamma spectrometry.

6.3 Equipment

Usual laboratory device and in particular-the following.

6.3.1 Detector.

Alpha spectrometry can be perfermed with a grid chamber device (high detection efficiency, low fesolution),
an ion implanted semiconductor device (low detection efficiency, high resolution) or a liquid sfintillation
counter (near 100 % detection efficiency, low resolution). Those measurement devices operate at constant
temperatufe followingthe manufacturer's instructions.

6.3.1.1 QGrid ionization chamber.

A grid ionization chamber is a pulse ionization chamber. It detects variations in charges due to the ionization
of a gas by alptrapartictes-Undertheactiomof amretectricfietd the charges createdmigrate totheir respective
electrodes. The amplitude of the corresponding signal depends on the energy of the incident particle but
also on the distance of its interaction between the cathode and the anode. This difficulty was solved with a
grid placed between the anode and the cathode where the alpha particles interact only in the space between
the cathode and the grid. This grid subjected as an intermediate potential captures only a negligible
number of electrons during their migration to the anode. Signals thus created become usable for alpha
spectrometry. The energy resolution is not less than 30 keV. The detection efficiency depends on the quality
of the measurement source to be measured (thickness, chemical and elemental purities) and on the region
of interest (ROI) of the spectra defined by the user. As the measurement source is inside of the detector
the detection efficiency can reach 50 % i.e. a detection geometry of 2m steradian or more considering
possible backscatters. In addition, the grid chamber works with an ionization gas. The most used gases are
nitrogen, hydrogen, hydrocarbons or rare gases such as Ar-CH, or Ar-CO,. The gas consumption during the
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measurement is in the order of ten litres per hour with an operating pressure varying between 1-10> Pa and
1,5-105 Pa.

6.3.1.2 Semiconductor.

For alpha spectrometry a semiconductor device can be used. Measurements are based on the interaction of
alpha particles with ion-implanted silicon. This interaction instantly changes the conductivity of the silicon,
proportional to the energy of the incident alpha particle. To achieve well-resolved spectra, the detection
system needs to be maintained at a pressure <1 kPa. The resolution also depends on the quality of the
measurement source and on ROL. It can be improved by increasing the distance between the measurement
source and the detector to the disadvantage of the detection efficiency. In theory the energy resolution could
be of 10 keV which is the intrinsic resolution of the detector. In practice it is between 20 keV and 30 keV.

Under thes

And 2361]

1and 240Pu

or243Cma
2331 and 2
nearby sou

6.3.1.3 L

The techni
quantifiabl
The usual
to achieve
consequen
and degrag
of the san]
the 1970s

conditionsalphaspectrometry canhardly separate 233 and 234 2301 qnd 230 239p
nd 244Cm because of the similarity of their respective alpha emission energies (see 8.6)
6U are not present inside environmental samples. If these radionuclides are not@xped

rce, they are often under the detection limits of the alpha spectrometry given in{9.1.1.

iquid scintillator.

gue for measuring activity by liquid scintillation consists in transfotming ionizing rag
e light radiation which is usually detected by two facing photoniultiplier tubes in ¢
commercial counters with scintillating cocktails and alpha/beta discrimination doe
sufficient resolutions for alpha spectrometry. Otherwise, light attenuation or quench
ce of shifting the energy of a given alpha emitter to low ehergies and generating cour
ling the resolution. This effect depends on the chemical purity and on the chemical c
ple to be measured. However, a specific technique to alpha spectrometry was de
and later developed in its current form by McDowell (Reference [9]). This techn

PERALS fofr photon-electron rejecting liquid alpha scintillation spectrometry combines liquid s

instrumen
and a pulsg

This techn
by the liqy
technique
This energ
elements |
isotopes 2
necessary

6.3.2 Pij

The pipett
precision v

6.3.3 Sc{

fation with aqueous-non-miscible extraction.s¢intillators specific to the alpha-emittg
shape discrimination electronics.

Generally,
ted from a

liation into
bincidence.
5 not allow
ng has the
ting losses
bmposition
veloped in
que called
cintillation
r elements

que is faster because the radioactive element of interest is simply extracted from the {
id-liquid scintillating extractor exchanges. Despite a detection efficiency close to
Hoes not allow to obtain energy resolutions below 200 keV to 300 keV (References [10]
y resolution is sufficient to determine the total activity of most naturally radioactiy
ut it limits the separationspower of alpha emitters whose emission energies are clg
11 and 243 of americiumior for isotopes 208, 209 and 210 of polonium). Therefore
Fo know the total yield a-priori.

ette.

e shall be suitable for the accurate transfer of radioactive tracer solutions (e.g. 100 pl) ¥
Vithin +1%¢

le.

est sample
00 %, this
and [11]).
e chemical
se (e.g. for
it is often

with a total

A calibrat
precision).

4 scate shattbeused for measurements of Mass (6.8 a batarnce capabie to actie

6.3.4 Coprecipitation device for deposition.

e 20,1 mg

The coprecipitation unit consists of the usual laboratory equipment and in particular the following:

membrane filter, (e.g. made from cellulose ester, polyethersulfone, polycarbonate or PTFE) with pore

diameter of 0,1 pum for uranium isotopes or 0,22 um for other actinides isotopes such as americium,
curium and plutonium isotopes;

filtration system;
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test dish or stainless-steel disk, with a diameter adapted to the spectrometry device.

5 Electrodeposition device

The electrodeposition device is generally composed of the following components:

glass, Teflon™ or polyethylene electrodeposition cell containing the analyte;
platinum wire (anode);
stainless steel disk (cathode) with a diameter adapted to the electrodeposition cell;

DC power supply.

Figure 1 sHows an example of the main components of an electrodeposition device.

S U1 A W N

)

Y

+

T
il

platinum wire (anode)

electrofleposition cell

DC generator
disk (cathode)
cap assembly
base

Figure 1 — Diagram of an electrodeposition device
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7 Sampling and samples

If appropriate, samples shall be collected in accordance with the relevant standard (See Table 3).

The following information shall be recorded:

location;

a unique identifier for the sample;

reference to the sampling procedure followed;

sampling date and time;

Special handling of samples can be required to avoid degradation if there is risk ofa‘long del

sampl¢ description (physical, chemical, biological form, mass and volume, as appropriate);

name ¢f the sampling operator.

hy (several

days) between sampling and measurement. If samples are perishable, it is recommended that they are
transporteld and stored in the absence of light and at a temperature between 1 °C ahd 5 °C before [processing
and measujrement.
Conditions|of sampling depend on sample types. It is important that the laboratory receive a representative
sample, unmodified during transport or storage and in an undamaged container. If required, the sample
shall be sampled and/or stored according to corresponding ISO standards given in Table 3.
Table 3 — Standards for sampling and/or storage of different types of samples
Type of sample Standards

Water ISO 5667 series on potable water, seaszwater, rainwater, ground water, waste watgrs,

sludges, effluents, suspended solids’and sediments

ISO 707 and ISO 5538 on milkand milk products

ISO 874 on fresh fruits and yegetables
Foodstuff ISO 17604 on meat of slaughtered animals

ISO 24333 on cereals and cereal products
0ils and faks ISO 661 and ISO&555 on animal and vegetable fats and oils

ISO 5500 on oilseeds residue
Soil d thi 1 ISO 18400-series on soil in the landscape, soil stockpiles, potentially contaminatgd sites,
n?alltse?iglsmmera agricultural soils, landfills, and forest soils

[SO 18589-2 on soil, rock, bedrock, building materials
8 Procedure
8.1 General
The qualityof the atpha spectrum depends on the quaiity of the deposit made for aipha spectrometry and/

or on the chemical purity of the solution containing the alpha-emitter radionuclides. As the linear energy
transfer of alpha-particles is very high (very short path through matter) the presence of chemical impurities
in the deposit increases the FWHM resulting in worse energy resolution. To improve the energy resolution,
the laboratory shall use sample dissolution processes in order to obtain a liquid aqueous sample usable in the
different steps of the specific radiochemical separation procedures. Then the test sample realized becomes
usable for deposition techniques to obtain a thin test source with the most uniform surface distribution

© IS0 2024 - All rights reserved
9


https://standardsiso.com/api/?name=0eedc0a0eb6344f330fb5a2207aec3ec

ISO 23548:2024(en)

possible or for direct counting by liquid scintillation. The dissolution, radiochemical and evaluation parts of
an analytical process are summarized in Figure A.1.

NOTE

Specific methods for dissolution, specific chemical separation, preparation of measurement source, and

evaluation of the result of measurement of alpha emitters in particular sample types can be used according to the
requirements of ISO/IEC 17025. Proposed methods published either in international standards, in relevant scientific
texts or journals, or as specified by the equipment manufacturer are listed in the bibliography in References [12] to
[13] and [33] to [41].

8.2 Calc

ination

The sample to be measured after chemical preparation of calcined ashes is homogenized, placed in a
container and introduced into a calibrated oven.

The contailner (made for example of platinum) shall be non-vulnerable under the test condititl)ns, have a

suitable si4
of the test

The oven,
destructio
reached gr
projection

Depending]
can be car
obtained g
ash (e.g., r¢
in the resi
performed|
conditions
temporaril

8.3 Sample dissolution processes

The radion
before the
will depen

The mass
decision th

Sample dis|
it can be d¢

Usually, th
hydrochlor
acid solutig

e to provide the largest possible surface area for oxidation allowing a homogenéous d
sample to be obtained and shall be designed to prevent cross contamination.

the temperature of which shall be adjustable and programmable, shall allow t
W of organic matter by heating until ashes are obtained. The maximunt temperatu
hdually through increasing temperature steps. This protocol makes. it possible to limit
and self-ignition of the sample.

on the type of chemical preparation applied, either partial or complete calcination of t
ried out. In the case of complete calcination of the samplé€, the mineral residue form
hall be free of carbonaceous particles which is characterised by the appearance (
ed-brown ash indicating the presence of iron) or white ash, without any carbonaceoy
Hue. If carbonaceous residues (e.g., black particles) are present, a second calcination

can be totally used for the chemical preparation. Otherwise, sample ashes can
y according to laboratory specifications.

uclides contained in the solid of liquid organic samples shall be dissolved in aqueo
chemical separation steps. Different methods for dissolving solids exist and the choicg
[l on the nature of the solid samples and the radionuclides to be analysed.

reshold or detectionlimit. In practice, it varies from 0,1 g to 500 g or more of the sample fq

solution can be-fatal or partial (leaching). Total dissolution of the solid sample is not 11
monstrated.that the radionuclides of interest are completely solubilized in aqueous sd

b solids.are'completely or almost completely dissolved by a solution or a mixture of
ic acidihydrofluoric acid, sulfuric or perchloric acid. It should be ensured that the vo
n iS.sufficient for dissolving the quantity of test sample.

istribution

he gradual
e must be
the risks of

he samples
ng the ash
f coloured
s particles
should be

Upon removal from the oven the mineral residue-obtained after calcination under the specified

be stored

1s solution
of method

f the test portion depends on the activity level of the sample, the sample type and the expected

r each test.

ecessary if
lution.

nitric acid,
ume of the

The complete dissolution process may inctude stages of dissolution or teaching by actds, separat

on of solid

and liquid phases in the case of leaching, dry evaporation of the liquid, re-dissolution of the dry residue with a
suitable acid composition and optionally followed by a step of adjusting the acid concentration in the final step.

Solids which are difficult to dissolve with acids can be melted by the alkaline fusion technique using suitable
fluxes to obtain substances which can be solubilized easily by acids. Examples of melting conditions are
presented in Annex B.

A higher temperature increases the reaction rate but with a risk of vaporizing certain radionuclides.

Sometimes a combination of acid dissolution and fusion is performed. It consists of a first dissolution of
as many samples as possible by mineral acids including hydrofluoric acid. The insoluble residue is then
dissolved by alkaline fusion. This treatment sequence is often practical to perform in the laboratory.
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The particular technique of dissolution using microwaves in an open or closed device (under pressure)
makes it possible, under these conditions, to greatly improve the kinetics of dissolution.

8.4 Specific radiochemical separation procedures

The principle of the chemical separation methods used in radiological analysis consists in shifting the
equilibrium of the chemical species to another phase of the system. In general, the separation phases are
solid/liquid (precipitation, coprecipitation, separation resins) or liquid/liquid (liquid-liquid extraction).

The separation is based on the differences in the physical and chemical properties of the species and on
the shifting the equilibrium of the species from one phase to another. Shifting the equilibrium can involve
modifying parameters such as the pH, acid concentration, oxidation state of the elements, complexation,

solubility p

roduct solubility in the organic phncp etc

The soluti
radionuclig
the approj
separation|

colour of the solid residue.

Fe(OH)3, C
co-precipit

are tributy|l phosphate (TBP), bis(2-ethylhexyl) phosphoric acid (HDEHP){bri-n-octylamine (TnO

Aliquat-33
the actinid

The chem
chromatog

Ion exchar
negative ol
groups. M
quaternary

The most y

bn intended for chemical separations shall not contain organic matter which ahay
les and which may interfere with the chemical separation steps. If organic matter
riate chemical treatments by dissolution processes shall be carried out, before th
steps. The absence of organic matter can be verified by observing a cléar white of]

hHPO,, LnF; (Ln = La, Nd, Ce) are often used to co-precipitate actinides and BaSO,
ate radium. Separation by liquid-liquid extraction uses extractants, the most comma

b, thenoyltrifluoroacetone (TTA). Those extractants are diltited in an organic solvent
es.

fical separation or purification steps of actinides» mainly use ion exchange 1
raphic resins.

gers are classified as cation exchangers orsanion exchangers, according to their

[ positive counterions respectively. They arefurther subdivided into strongly or wea
hst cation exchangers contain sulfonic.acid groups, whereas typical anion exchal
r amine groups with replaceable hydroxyl ions (see Table 4 where R is alkyl group).

Table 4 — Typical functional groups of ion-exchange resins

Cation-exchange resin Anion-exchange resin
RFSO3H R- NH,
R-*COOH R- NHR

R- OH R-NR,
R- SH R- NRj*

sed chromatographic resins are presented in Table 5.

react with
is present,
e chemical
light grey
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n of which
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Table 5 — Extraction chromatography resins and resins designed for the separation of specific

radionuclides
Chromatographic resin Extraction reagent Use
Aliphatic quaternary amine For tetravalent actinides Th#+, U4+, Np#+,
TEVA °
and Pu#*
Octylphenyl-N,N-diisobutyl For tri and tetravalent actinides Th#+, U4+,
TRU carbamoylphosphine oxide Np#**, Pu*, Pu3+, Am3+, Ac3*, and hexavalent
(CMPO) uranium UO,2*.
UTEVA Diamyl, amylphosphonate (DAAP) For tetravalent actinides Th#+, U4+, Np#+,
Pu**, and hexavalent uranium U0,2*
N,N,N’,N’-tetra-n-octyldiglycolamide For tri and tetravalent actinides Th4+, U4+,
DGA P P AT and iexavatent uranium
U022+
MnO, Manganese Dioxide (MnO,) For RaZ*
Bis(2-ethylhexyl)phosphoric acid For Ra2* and rare eartli€lements|(REE) Ln3*
LN
(HDEHP)
In chemicgl separation steps, the oxidation state of some elements can be modifiéd. Oxidizing|(NaNO, or

H,0,) and
agents can

The seque
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most appr(
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solution and the alpha emitter radionuclides to be analysed. The laboratory should
priate separation method in different separation protocols proposed by the literature
standards according to its objectives and the nature.of the samples.

nods of deposition

rect deposition

Dsition consists of depositing a known quantity of the solution to be analysed on th¢
tte, a pycnometer or a dropper bottle. For measurements in defined geometry, the d¢
and shall not contain fractions ofthe solution outside the deposit area.

try obtained by direct deposition is generally not reproducible in terms of surface an
e uniformity of the deposits depends on the liquid-solid surface tension at the inter
ind the liquid solutiony The spreading of the deposit on the substrate is improved b
ent. [t can be centred by applying the wetting agent with a calibrated pad on top of th

n shall be carried out without exceeding the boiling point of the solution to avoid splash

area. When the residue is dry, its calcination by pyrolysis process leads to better adhg
Lhe substrate. It also eliminates volatile and carbonaceous impurities. The calcination td
mpatible with the material of the substrate and shall not generate diffusion of the depd

substrate.

Forexample, for stainless steel, the maximum of pyrolysis temperature is about 500 °Q.

orbic acid)

ce of the different chemical separation steps will depend‘on the chemical composition of the

choose the
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Direct deposition is a fast but non-selective method. When the deposit is made with a non-purified solution,
the non-volatile impurities present in the solution are also present in the deposit. This will degrade the

resolution

of the alpha spectrum.

8.5.2 Spontaneous deposition of polonium

Radiochemical separation of polonium can be quite simple. It consists of its spontaneous deposition on metal
disks such as silver or nickel in acidic chloride, nitric or acetic acid medium. The medium shall be between
0,1 Mand 1 M for HCl and HNO3 and between 1 M and 2 M for CH;COOH. Spontaneous deposition is furthered
if the acidic solution is stirred and heated with a temperature less than 90 °C. Spontaneous deposition on
silver can be inhibited in the presence of Hg* and Fe3* ions. Ferric ions inhibit deposits on silver when their
concentrations are greater than 5:10-4 mol-l-1. Deposition on a silver disk eliminates elements such as Bi, Cu,
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Pb, Zn and natural radionuclides, especially 210Bi and 210Pb. During the dissolution part, the sample should
be heated at high temperatures only by wet methods (i.e. by acid dissolution or by alkaline fusion) because
the polonium readily volatilizes.

8.5.3 Microprecipitation

Precipitation depends on the solubility product of the compound which is proportional to the solubility of
the compound in solution. If a suitable isotopic carrier for a radionuclide is not available precipitation shall
be performed with a non-isotopic carrier to achieve a coprecipitation. An example of microprecipitation
procedure is presented in Annex C.

The coprec1p1tat10n process associates a micro- component (radlonucllde) with a macro-component (carrier)
i ormed salt
surface of

the precipifate grains. The quality of the deposit depends on parameters given in Table 6.

rate which
to sources
chnique of

pitation, the precipitate is collected on a membrane filter, dried and fixed ofia subst
apted for alpha counting. However, even if the layer of the deposit is thickeér\compared
auto-deposition or by electrodeposition, the resolution obtained by this rapid te
is acceptable for alpha spectrometry (References [11] and [18]).

After preci
shall be ad
gained by
deposition

Table 6 — Influence of precipitation conditions
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roughput. It may be affected by the presence of impurities in the sample matrix. Fa
ample contains calcium coiicentrations in milligrams the alpha source is thicker whic
ion of the alpha spectray
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urification of‘the interfering elements and the selection of the radionuclides of inte
eparation techniques (see 8.3), the deposit is carried out by electrodeposition on §
be thorotighly cleaned, for example with ethanol and/or acetone, to remove deposits
An example of an electrodeposition procedure is presented in Annex D.

Fater” is used to apply different voltages between two electrodes, resulting in the r¢

igh sample
r example,
h degrades

rest by the
i disk. The
of organic

bduction of
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formation of a deposit of actinides in hydroxide form.
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With a constant redox current density of about 150 mA-cm2 this technique can produce sources which
achieve very good intrinsic resolutions less than 15 keV improving the deconvolution of the spectra.

The pH of the solution must not hydrolyse the actinide ions except when these ions are complexed. The pH
of the electrolyte must be greater than 1,5 and to avoid shifts in pH during electrolysis, a buffered system is
required.

At the end of the electrodeposition process, a hydroxide deposit can be dissolved by the acidic electrolyte
when the current is stopped. Therefore, the little amounts of a base (e.g. ammonia, sodium hydroxide or
potassium hydroxide) are added while maintaining the current for a further half to one minute.
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Americium and curium may be slightly dissolved when rinsing the source with water. In this case, the
deposit should be rinsed with ethanol.

In addition

, calcining the source improves its intrinsic resolution.

This method can be affected by the presence of inorganic and organic impurities in the sample matrix which
could result in a lower counting efficiency and a worse resolution for alpha source.

8.6 Mea
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teneral

pectrum acquisition the gross counts-n, of the radionuclides are calculated by inte

g
counts n in the regions of interest (ROI) of the corresponding peaks and if used,
the tracer peak.

election of alpha peakrareas

General

um stored ipthe multichannel analyser shows one or several alpha peaks. Referring {
the alpha peaks approximately show a Gaussian shape on the right side (higher chg
ntial tailing'shape on the left side (lower channels). This low-energy distortion is dug
bnds onSelf-absorption, emission angle and energy lost during the path of the alpha p4
to/the detector. The channel number of the maximum alpha peak depends on the en

ice density
the source
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rles of that

energy which have interacted with the detector during the counting period. The net alpha peak area can be
determined in the analysis software package by fitting or by summation of gross area after manual selection

of the ROI.

8.6.2.2.2

Fitting method

Spectra processing software uses two methods of spectra deconvolution:

— automatic adjustment by the least squares method, or

— semi-automatic methods where the user manually adjusts a peak and its tailing which is taken as a
reference.
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In the second case, the modelled shape of the peak is superimposed on each peak of the spectrum. Then,
the software adjusts the amplitude and position parameters of each peak using the x2 method for gaussian
fluctuations (least squares method). This method is adapted to deconvolute the spectra with mixtures of
alpha radionuclides whose energies are too close to be separated by simplest methods. At the end of the
calculations, the overall envelope of the initial spectrum is compared to the sum of all the modelled peaks.
When the user considers the result unacceptable, the shape of the reference peak tailing must be readjusted
for a new peak adjustment calculations.

8.6.2.2.3 Gross area method

The gross area method assigns a radionuclide to an alpha peak and determines the number of gross counts
in the peak. Then, the activity is calculated taking into account the total number of gross counts of the peak
and an alp eS.
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l integration of a spectrum consists of the determination of the number of alpha peaks
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integral of the number of counts below the alpha peak in the defined ROI. In thiS¢ase, th
rrect the global background. If relevant, this subtraction has to be done matually.
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bf the alpha peak than to the right. Generally, the ratio on the right iS-1/3 and 2/3 on the
be different depending on the quality of the spectrum due to the geometry of the me
and the quality of the sample, the measurement device electronics and mainly the
ach channel.

is used for the measurement, the alpha peak area €an'be estimated in the same
uding the tracer peak, using a fixed number of chanmels previously defined by the
Lion error due to the selection of the tracer peak i§’reproduced on all other peaks and

be included in the same selection.

methods, each alpha peak range can/be selected by minimizing integration unc
of this method (Reference [11]) is presented in Annex E.

ount rate

rate r is given by Formula-{1}:
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The net count rate is calculated by the ratio between the subtraction of the number of gross counts, ng, with

the number of counts of the global background of the detection system, ny, and the counting time.

The activity of the different radionuclides on the measurement source is calculated by dividing the net count

rate by the

8.6.3 En

detection efficiency and, if relevant by the alpha emission intensity.

ergy calibration

Energy calibration identifies the energy peaks of the alpha emitter radionuclides detected in the spectrum.
This calibration establishes the relationship between the channel number of a peak maximum and the
known energy of the corresponding alpha emitter radionuclides. The energy calibration shall be established
using a source containing a mixture of alpha emitter radionuclides that cover the energy range of interest
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(e.g. 233U, 239+240py, 241Am, 244Cm, etc.). Energy calibration shall be performed periodically according to
quality control procedures to take account any drifts a priori. After the counting period of a test sample in a
given solid angle with a too large quantity of matter, the intensity of the alpha peaks weakens due to the self-
absorption, thus, the peaks move to lower channels as a function of the energy, broaden (Reference [18]) and

the exponential tailing increases a posteriori.

8.6.4 Efficiency calibration

8.6.4.1 General

The estimation of the detection efficiency is not necessary if a radionuclide tracer is used but, it is needed to
determine the absolute activity, the chemical yield, and the decision threshold values. In this aim, there are

two ways
certified r¢

8.6.4.2 I

The define
and the se
measurem

the dig
the did
the dig

the ecq

From the K
eccentricit
such as G=

This absoly
with relati
dispensed

8.6.4.3 (

0 asSess e detection efficiency by a defined sottd angte (DSA)or by direct compar
ference source.

pefined solid angle

d solid angle consists of a collimator placed in the alpha detection chamber between
miconductor detector. This device allows to precisely define the solid’angle of detd
bnt in defined geometry is based on the following four parameters;

meter of the collimation diaphragm;
tance between the source and the detector;
meter of the deposited source; and

entricity of the source relative to the centres of source and detector.

y, a geometrical factor G can be defined as afunction of the effective solid angle of mea
)/4T. Then, the activity of the source is ealculated from the product of the net count rg

Ite method relative to time units of length allows estimation of alpha activities of primg
ve standard uncertainties in the jorder of 0,1 %, including the uncertainty from wg¢
amounts in the sources. More explanations are summarized in References [19], [20] an

omparison with a certified reference source

The compajrison of the count rate-given by the detector with the activity of a certified reference sox

the quantif
as the refe
For examp
between 5
detection ¢

ication of alpha activity from each test sample prepared as much as possible in the sal
rence source, ile)identical layer thickness and diameter deposited on the same type o
e, a thin sourCe of 239+240Py can be used for this purpose; alpha emissions are in the en

fficieney:by alpha spectrometry is practically independent of the alpha energy particlg

emission intensity. Under this condition, detection efficiency is considered as constant in the en

of interest,

son with a

the source
bction. The

nown values of the collimator radius, the distance of source to detector, the source radius and its

urement (2
te per 1/G.

Iy sources
bighing the
d [21].

hirce allows
ne manner
F substrate.
ergy range

10 MeV and 5,20 MeV and there is no significant decay over the life of the source. Mgreover, the

s and their
ergy range

The measurement time shall be sufficient to record a large number of counts to minimize or to neglect the
standard uncertainty due to the number of pulses stored in each alpha peak used for calibration.

NOTE

An alpha peak area of 10 000 counts is normally sufficient.

The efficiency calibration shall be performed and checked periodically according to quality control
procedures to take into account any anomaly. A different source should be used for checking the efficiency
calibration. A record of previous values of detection efficiency (e.g. a Shewhart control charts given in
Reference [22]), should be used to identify deviations which have to be investigated and corrected if
necessary. Any deviations shall be investigated and corrective action taken if necessary.
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ion efficiency € can be calculated using Formula (3):

—Toe

AO.IO(

ponding relative uncertainty is given by Formula (4):

u? (rgg )+u2 (roe)
2

2 2
tUpe (AO )+urel (I(x)
(rgs —Toe

(3

(4)

where I, corresponds to the summation of alpha emission intensity in the selected region of interest.

8.6.5 Global background

The global
routine (o]
parameter

— thepo

The radiod

and on the

The optim|
depends o
measurem

The detect
is also use
which cou
products o

If used, thd

reagents a
value shall
be compar

radionuclig
If the radid
take one o]

In all caseq
calculation

8.6.6 Ch

electr(

background is a combination of the detector background and the radiochentical bl
I usual) measurement conditions the detector background results frony two i

5.

nic and/or digital noises and/or perturbations of signal processing matetials and

hemical blank depends on the radioactive purity of reagents and materials used, suc
cross contamination of the laboratory equipment by the radionuclides of interest.

um counting time for the measurement of the detector background and radiochen
 decision threshold or detection limit required by‘the customer. It shall not be leg
ent time of a very low activity source.

or background count rate of each detector, is'determined with an empty source subst
d for the measurement of real sample souxces. It shall be regularly checked for cont

f the radionuclides of interest.

radiochemical blank shall be carried out without adding tracer and with identical c
nd materials as filters (i.e. containing no detectable nuclide of interest). The radiocher]
be compared to the detecterbackground values obtained from the same detector. Thi
hble to the background galue measured with the empty source substrate in the energy
le of interest and of the-tracer if there are no reagent or laboratory equipment contg
chemical blank and-the detector background values are similar then, the global back
the other valuef

, if a significdnt number of background counts is observed, it shall be taken into acco
of the net'dount rate in the regions of interest defined by the user.

mical yield and total efficiency

hnk. Under
nseparable

fential presence of alpha emitter radionuclides contamination of the‘measurement chamber.

h as filters,

hical blank
s than the

rate which
hminations

d be brought on the detector surface by impurities on the measurement sources or by decay

ean water,
nical blank
s value can
r regions of
minations.
rround can

unt for the

The chemical yield can be considered as an Important quality control parameter for the complete
radiochemical method covering dissolution, separation/purification and preparation of the measurement
source. In general, the chemical yield obtained is more than 60 % (References [23] and [24]).

For very low chemical yields, the laboratory can decide to repeat the chemical separation and deposition.

If the total efficiency is lower than a previously defined level and if it is relevant the laboratory should take
appropriate actions as repeating the separation possibly using alternative procedures which have to be

validated in

accordance with the requirements of ISO/IEC 17025.
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The chemical yield R, of the process can be calculated using Formula (5):

RCZE

(5)

The total efficiency R is the product of the chemical yield R. and the detection efficiency & . Itis determined
from the activity Ay of the tracer added, and the net count rate using Formula (6):

Tor — 1
R:( gT OT) (6)
Ar
The corresponding relative uncertainty is given by Formula (7):
2 2
u (r )+u (rot)
T 0T 2
Upe (R = 2 T Upe (AT ) (7)
(r gT ~ 10T
where
r,
2 2 T  Tor
u (rgT)+u (rOT)zg—+— (8)
tgr ot
and
2
2 u” (Ar)
Urel (Af)= 2 )
Ar
8.6.7 Quality control sources
Measuremgnt sources for quality control shall regularly be measured to verify that the mgasurement
equipment|is performing within agreed limits.
A measurgment source of one or more knowi'radionuclides with alpha emissions in a very clpse energy
range (e.g.|239+240Py, 242Py, 241Am, 243Am).and with a sufficiently long half-life (i.e. no notable |decay over
the lifetime of the measurement source).should regularly be measured to check the correctness pf the peak
position arld/or to carry out an energy, {re)calibration.
8.7 Recommended nuclear decay data
Nuclear dgcay data (half-lives, alpha energy and emission probabilities) are available from the scientific
literature, [databases and ether publications. There are often differences between the values depending on
the origingl data usediand the evaluation method.
To ensure| consistent results from alpha spectrometry measurements, nuclear decay data used for
instrument calibration or for estimating the activity content of samples, shall therefore be takegn from the
Decay Datjy ‘Evaluation Project (http://www.nhb.fr/nuclear-data/). If no evaluation of the nuglear decay

data of the radionuclide of interest is available in this database, the following databases should be consulted:

— Joint Evaluated Fission and Fusion (JEFF) Library (https://www.oecd-nea.org/dbdata/);

Nation

al Nuclear Data Center database (https://www.nndc.bnl.gov/);

Evaluated Nuclear Data File (ENDF) (https://www-nds.iaea.org/).
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9 Expression of results

9.1 Calculation of activity

9.1.1 General

The used symbols are defined in Table 1.

The activity of the radionuclide of interest is calculated by integrating the number of counts in the
corresponding energy region of the alpha emission spectrum of the sample. The results of these integrations,
divided by the counting time, are the gross count rates, r, which are corrected by the background

g

contribution and, if needed, for the contribution of the tailing of higher-energy peaks, which depends on the

detector cHf

Backgrou
blank sa
in the samj]

Combined

The chara
calculated

The detect
(mass or V|

aracteristics and on the quality of the measured source.

count rates are calculated from the alpha emission spectrum of the detector\backg

mﬁe by integrating the number of counts in the regions of interest (ROI) in whioch the pe

ble spectrum.
hbsolute or relative uncertainties shall be calculated in accordance with[JISO/IEC Guidg

Cteristic limits (decision threshold, detection limit and limits«of the coverage in{
in accordance with SO 11929-1.

on limit of the test method depends on the amount of the analysed aliquot of the samp
plume) after radiochemical process (see Annex A) and‘counting time. Typically, wit

sample malterial of 5:10-3 kg of soil or of 5 litres of water, a chemical yield of 80 %, an energy re

20 keV to 3
2Bqkgltg

9.1.2 Al

The activit]
a=(

where

I

w=R

w = (I,

If the radi

other valug.

0 keV, and a counting time of 36 000 s to 200 000 s the detection limit of the test met]
5104 Bq'l.

bha activity

y of the radionuclide of interest is givehby Formula (10):

"”0) ‘w
if the activity is determined by spiking with a certified tracer source an
separation
. g)—l if the)activity is directly determined from the detection efficiency

pchemical blank and the detector background values are similar, then ry can take

round or a
hks appear

98-3.

erval) are

le material
h an initial
solution of
hod is 5:10-

(10)

d chemical

one or the

913 U

iy
CCTCarmty

The standard uncertainty of measured activity, a, is given by Formula (11) where the following parameters
are considered:

the gross count rates from measured radionuclide of interest Ig
the global background count rates of measured radionuclide ry;
the conversion factor to express derived activity per unit of test sample w and

the counting time uncertainty is neglected.
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\/wz . (u2 (rg)+u2 (ro))+a2 -ufel (w)

I's 1
+u? (rg)= £.0
tg to

2
rel

(11)

(12)

(w), of the conversion factor, w, is given by Formula 13 if the activity

is determined by spiking with a certified tracer source or by Formula 14 if the activity is directly determined
from the efficiency calibration.

2
Urel (W

2
Ure]

(w
u(a) inclu
the tracer
calculation

function of

Hes all uncertainties related to the tracer activity: the standard solutiohactivity, pre

solution, addition of the tracer solution to the sample, correction-for’interferences, g
of the characteristic limits according to ISO 11929-1, ii(a), i.e. thesstandard uncertain

its assumed true value is given by the Formula (15):

[ a ]

—+r

2 w o |, 2.2

we - +—|+a° U (W)

=Ufe (R) (13)
:urzel (Ioc)+ur2e1 (8) (14)

paration of

tc. For the
ty of a asa

ii(d)= (15)
ty to
9.1.4 Decision threshold
The decision threshold, a”, in becquerel, obtaifted from Formula (15) for @=0 in accordance with
[SO 1192941, is given by Formula (16):
. - 171
a =k1—a ‘U(O):kl_a W rO . [—+—J (16)
t, ¢t
g
o0=0,05 apd then, k;_, =1,65 is often chosen by default.
9.1.5 Detection limit
The detectjion limit can‘be calculated by solving Formula (17) for a*, or more simply by iteration with a
starting apgproximation a® =2-a" in the term of the right-hand side of the Formula (17).
(] |
—+1
W
a’ =d* +ki_g - ﬂ(a#):a* +ki_pg - w? . &t—2+;—0 +a*? . ufel (w) (17)
g 0
where =0,05 and then, ki_g =1,65 is often chosen by default.
If ki_q =ki_g =k the detection limit is given by Formula (18):
2-d" +k% - tﬂ
a* = — g (18)
1-k* - upg (w)
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9.2 Calculation of sample activity

9.2.1 General

To convert alpha activity on the thin source, in becquerel, into derived activity, a conversion factor, wy is

introduced. The unit of the conversion factor is the inverse unit of the sample, i.e. per kilogram for a solid
sample with a specific activity, per litre for a liquid sample with a volume activity, per square metre for a
contaminated surface sampled with a wipe-test, per cubic metre for a volume activity of particles in air or
gases sampled with a filter or other per one unit for specific thin test samples directly measured by alpha
spectrometry. In that last case, the uncertainty of the unit is null.

If relevant, the conversion factor shall include specific corrections and associated uncertainty such as

Sampling € fi\,icu\,_y ofair-or-whenderived a\,tivity pet uhitof-vohrmetsconverted ]u_y dividius ]u_y he density
p in kilogram per litre, for example.
Combined hbsolute or relative uncertainties are calculated in accordance with ISO/IEC Guide 98-B.
The charagteristic limits, decision threshold, detection limit and coverage interval liniits are cdlculated in
accordance¢ with ISO 11929-1.
9.2.2 (Cajculation of derived alpha activity
The derivefd activity of the radionuclide of interest is given by Formula f19}:
aj=a |wq (19)
Table 7 gives examples of derived activity calculations.
Table 7 — Examples of derived activity calculations
Derived activity Expression of Description
a]- w1
for specific|activity for solid sample (Bq-kg1) 1 m is the mass of the test sampjle
m expressed in kilogram
for volume pctivity for a liquid sample (Bg:L1) 1 Vis the volume of the test sample
v expressed in litre
for volume pctivity of particles in aiy or gases 1 V,ir is the volume of air samplled
sampled (Bq-m3) V€7 - (1—&g) expressed in cubic metre
er is the trapping efficiency ¢f the
media filter
& is the loss yield due to the [deposition
along the sampling time
9.2.3 Relative uncertainty
The combined relative uncertainty of derived activity a; is given by Formula (20):
_ \/ 2 2 20
Ure] (aj ) =y Urel (a) + Upe (Wl ) ( )
9.2.4 Decision threshold
The decision threshold aj* is given by Formula (21):
aj* =a" - wy (21)
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tection limit

The detection limit a]# is given by Formula (22):

= ] .

#

*

p ’ [1_1(2 ' ugel (Wl)J

1=k - [ufey (a) +ufer (w1) ]

9.2.6 Coverage interval limits

9.2.6.1 Probabilistically symmetric coverage interval

(22)

The lower
ISO 11929+

where

(1-y/

w=1

In this casq

Y=0,05arn

9.2.6.2 §

The lower
aj> , calcul

u(a]-

a;’and upper aj coverage interval limits are calculated using Formulae (23)rand
1):
'I:l_kp " Ure] (aj):l p=0-(1-v/2)
[1+ky - uer(a)] 50 = 1-0 - y/2

] ¢ being the distribution function of the standatdized normal distribution;

is the probability for the coverage intérval of the measurand;

may be set if a; >4 - u(q;).

, the probabilistic coverage interval.is Symmetric and given by Formula (25):
=0 - [1tkiyp - e (o) ]

d then ky_,, =1,961is often chosen by default.

hortest coverage interval

imit of the shértest coverage interval, aj< , and the upper limit of the shortest covera

), assgciatedwith g;, are given by Formulae (26) or (27) (see ISO 11929-1):

=@ [1 £k, - u(a)]; p=[1+0 - (1-7)]/2

| (24) (see

(23)

(24)

(25)

be interval,

ited from.a’primary measurement result, g;, of the measurand and the standard uncertainty,

(26)

Or if aj< <0, then aj< =0 and

>_ .
a5 =a;

.

The relatio

. [1 t kg - Upel (a]-)]; q=1-w -y

q;

u(a;)

no0< a]-< < a]-> apply and the approximation of Formula (25) is valid.

], ¢ being the distribution function of the standardized normal distribution.
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10 Test report

The test report shall conform to ISO/IEC 17025 requirements. It shall contain the following information:

a)
b)
)
d)

1)

reference to this document, i.e. ISO 23548:2024;
identification of the sample;

units in which the results are expressed;

test result:

when the derived alpha activity, aj,is compared with the decision threshold:

2)

Compleme

the un
and/of

probal
decisig

if the d
for the

mentid

NOTE

stipulationg
the physica

wlen the derived alpha activity, a; is compared with the detection limit;

if the resultis less than the decision threshold, the result of the measurement is express

if the resultis greater than the decision threshold, the result of the measurementis e

a; + u(a ) or a; + U(a ) with the associated k value;

)

)

if the result is less than the detection limit, the result of the measurement is express

if the result is greater than the detection limit, the result ofthe measurement is ex
a t u(a ) ora; * U(a-) with the associated k value.

) ) J
htary information can be provided such as:

]

the limits of the shortest coverage interval;
ilities ¢, B and (1-y/2);
n thresholds and the detection limits;

etection limit exceeds the guideliné.value, it shall be documented that the method is 1
measurement purpose;

n of any relevant informationlikely to affect and/or to explain the results;

e respectively detectiohJimit, a ,in order to decide whether the physical effect is recognized

are not in accordance with ISO 11929-1. They have the consequence that it is decided too fre
effect is absentwhen in fact it is not absent.

*
edas Saj

)

pressed as

#

bd as Sa]- :

pressed as

Certainty can also be expressed as the limits of the-probabilistically symmetric coverdge interval

ot suitable

ccasionally, it is requested’by the customer or regulator to compare the primary measurenpent results,

or not. Such

quently that
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Annex A
(informative)

Generic alpha test method processes

— Dissolution part

Qamp]n fypnc Solids 1 iﬂ‘l]idq
Soils, sediments, vegetables, Drinking, surface, ground, sea or
foods, organic matter... waste waters . ..
Treatment Homogenization Concentration
— Drying and milling — Tracer addition
— Calcination — Evaporation
— Tracer addition — Co-precipitatioh and filtration
or centrifugation

v L2

Dissolution — Dissolution by acid digestion or by alkaline fusion (soils, sediments)

— Valence cycle (reduction and oxidatiomsteps)

v

— Radiochemical part

Purification Specific chemical separation
(Radipdctive tracer(s) and radionuclide(s) of interest)

v

Preparation
(Direct, spontaneous, electrodeposition or co-precipitation)

Measurement
source

v

— Evaluation part

Medsurement Spectrum acquisition
(Grid chamber, semiconductor or liquid scintillator detectors)

4

Result
Spectrum treatment and activities calculation

Figure A.1 — Schematic diagram of generic alpha test method processes
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Annex B

(informative)

Examples of melting flux

Table B.1 — Common flux and melting conditions for various kinds of samples (Reference [25])

mF;;l )f,. Fusion temperature °C| Type of crucible Types of decomposed sample
| |
Na,S,07 For insoluble oxides and oxide containi'ng samples,
or Up tored heat Pt, quartz, porcelain |particularly those of Al, Be, Ta;\Fi) Zr, |Pu, and the
K,S,0, rare earths.
NaOH (321) Ni Ag. gl
or 450 - 600 L caﬁ:‘tigo?lssy For silicates, oxides, phosphates, and fluorides.
KOH (404)
Ni For silicates and silica containing sanmples (clays,
Na,CO, (853
a;{z CS ( )0; or 900-1000 Pt for short minerals, rocks; glasses), refractory oxildes, quartz,
2€03 (p03) periods (uselid) |and insoldble phosphates and sulfates
Na.d 600 Ni, Ag, Au, Zr For sulfides; acid-insoluble alloys of Fg, Ni, Cr, Mo,
2H2 Pt (<500 °C) W, and'Li; Pt alloys; Cr, Sn, and Zn mingrals.
For‘analysis of sand, aluminum silicaffes, titanite,
H;BQ; 250 Pt . .
hatural aluminum oxide (corundum), and enamels.
For Al,05; ZrO, and zirconium ores, minerals of the
Na,B,0,(878) 1000-1200 Pt rare earths, Ti, Nb, and Ta, aluminum| containing
materials; iron ores and slags.
' For almostanything except metals and qulfides. The
Li,B,07 (920) tetraborate salt is especially good for basic oxides
or 1000-1100 Pt, graphite and some resistant silicates. The metaborate is
LiBO, ($45) better suited for dissolving acidic oxifles such as
silica and TiO, and nearly all minerals
NH,HF, (125),
NaF (992), For the removal of silicon, the destructiop of silicates
KF (837) 900 Pt and rare earth minerals, and the analy$is of oxides
or of Nb, Ta, Ti, and Zr.
KHF, (339)
a  Meltingpoint.
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Annex C
(informative)

Preparation of the source by coprecipitation

C.1 Principle

The isotop

C.2 Equ

Usual labo

C.2.1 Me
system, po

0,1 um

0,22 1
C.2.2 Te
c.2.3 Fil
C.2.4 Pef

C.2.5 Ga
using the 1

C.3 Rea

Unless oth
ISO 3696, d

C.3.1 Lal
specially fq
deminerali
C.3.2 Hy
C.3.3
C.3.4
C.3.5
C.3.6 Hy

C.3.7

es of interest are recovered by coprecipitation using lanthanum or cerium fluorides.

ipment

Fatory equipment and in particular the following:

mbrane filter, membrane filter with a diameter adapted for alpharspectrometry an
e diameter (see 6.3.4):

for uranium, thorium and radium isotopes and

m for other actinides such as americium, curium, plutoniwim,and, neptunium isotopes.

$t dish or stainless-steel disk with a diameter adapted to the spectrometry device.

fration system.

ri dishes.

B3Ba tracer.

gents

rade 3 or equivalent purity (e.g. distilled or demineralized waters).

poratory water, used as a blank, as free as possible of chemical or radioactive
r radionddlides of interest, complying with ISO 3696, grade 3 or equivalent purity, e.g.
zed water.

drochloric acid, ¢c(HC]) = 0,2 mol-1-1.

mma spectrometry for the detertnination of the chromatographic separation yield,

erwise stated, use-only reagents of recognized analytical grade and water comp

d filtration

of radium

lying with

impurities
distilled or

Concentrated ammonia, w(NH,OH) = 25 % mass fraction.
Lanthanum oxide, w(La,03) = 99,999 % mass fraction.

Cerium (III) nitrate hexahydrate, w(Ce(NO3);-6H,0) = 99,999 % mass fraction.

drofluoric acid, w(HF) = 40 % mass fraction.

Ammonium fluoride solution, w(NH,F) = 10 % mass fraction.
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C.3.8 Lanthanum carrier solution, 29 mg of lanthanum oxide (C.3.4) dissolved in 100 ml of 0,2 molar HCI

(C.3.2).

C.3.9 Cerium carrier solution, 155 mg of cerium (III) nitrate hexahydrate (C.3.5) dissolved in 100 ml of
water (C.3.1).

C.3.10

C.3.11

C.3.12

Sodium nitrite, (NaNO,), crystallized.
Titanium trichloride solution, w(TiCl;) = 15 % mass fraction.

Ethanol 80 %.

C.3.13
C.3.14

C.3.15 Ba

C.3.16 Ba

Dissolve 37
water (C.3,

C.3.17 Isdgpropanol.

C.4 Pro

C4.1 Ur
This proce
Using the f

HCI solutiojn.

Setup
Add 0,
Add 0,
Add 1

Adjust

133lBa tracer (~50 Bq-ml1).

Ammonium sulfate, (NH,),SO,.

Fium chloride dihydrate, BaCl,-2H,0.

rium carrier (0,75 mg-ml1).

8 mg reagent grade barium chloride, dihydrate (C.3.15) in water (C.3.1) and dilute to 2
1).

redures

Anium, Thorium
Hure is based on the References [25],[26] and [27].

Faction obtained from the chemical separation, carry out, for example, the following op

the filter and wash it with 5 ml 80 % ethanol (C.3.12);
D ml of the cerium.earrier solution (C.3.9);

b ml of the titdnium trichloride solution (C.3.11);
ml of HF{€,8.6) or 1 ml of NH,F (C.3.7) solutions;

1

the pHto 1,9 by adding NH,OH (C.3.3);

Stir, t

endeave to settle for 15 min;

50 ml with

erationsin

Recover the precipitate by light vacuum filtering (C.2.3) on the membrane filter (C.2.1) without forgetting

to collect the deposit remaining on the side of the beaker in water (C.3.1), and wash the filtered material

with 5

ml ethanol (C.3.12);

disk (C.2.2).

The source is ready to be measured by alpha spectrometry.
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C.4.2 Americium, Curium, Plutonium, Neptunium

Using the fraction obtained from chromatographic elution, re-extraction or oxalate decomposition and
carrying out the following operations:

Adjust

the pH to 1,9 by adding NH,OH (C.3.3);

solution (C.3.8) or 0,5 ml of cerium carrier solution (C.3.9);

Add 1 ml of HF (C.3.6) or NH,F solutions (C.3.7);

Add, for a deposit of 20 cm?, the equivalent of 250 pg of lanthanum, (e.g. 1 ml of lanthanum carrier

— Adjust plutonium to the oxidation state IV by adding several milligrams of NaNO, (C.3.10);

— Stir, thien leave to settle for 10 min;

— Recoveér the precipitate by light vacuum filtering (C.2.3) on the membrane filter (C.2.1) without forgetting
to collect the deposit remaining on the side of the beaker in water (C.3.1), and wash the'filter¢d material
with 5|ml ethanol (C.3.12);

— Leave the precipitate to dry in open air, then attach the membrane to the test dish or stainles§-steel disk
(C.2.2).

The sourcd is ready to be measured by alpha spectrometry.

C.4.3 Radium

This procefure is based on the References [28] and [29].

Using the fraction obtained from chromatographic separagiof’elution (LN Resin, MnO, resin, DGA resin, ...)

carrying ofit the following operations:

— Count pials containing Ra/Ba fractions for 133Ba.hy gamma spectrometry for tracer recovery;

— Add 3,0 g of ammonium sulfate (C.3.14) to the'Ra/Ba sample tubes. Mix to dissolve;

— Add 140 pl of barium carrier (C.3.16) t6 each sample. Swirl to mix;

— Add 5 ml of isopropanol (C.3.17) te.each sample. Swirl to mix;

— Place tjubes in an ‘ice-cold’ watep bath for at least 30 minutes;

— Prepare alpha spectrometry sources on resolve filters as outlined in Method SPA0O1 (Referenge [30]);

Option 1:|Place a 0,1 pm)25 mm polypropylene filter (C.2.1) on a filter apparatus (C.2.3), with 50 ml

polysulfong funnel. Insert the stem of the filter apparatus into a vacuum box outer tip. Insert tHe outer tip

into a holeon a hole'vacuum box. Repeat for each filter assembly available.

Option 2: Maké sure that an 0,1 pm/25 mm polypropylene filter (C.2.1) in disposable funnel §ssembly is

fit together tightly with the filter properly set in the bottom of the funnel. Insert the stem of the|disposable

filter into an-eutertiptnsertthe-outer-tipinte-a-hoele-enahole-ofvacuumbexRepeatforeachfilter assembly
to be used.

NOTE The vacuum box assembly in either option 1 or 2 can be run with individual 50 ml plastic centrifuge tubes

in a vacuum box rack below each filter or a single vacuum box inner liner. Either option is normally effective. However,
using individual 50 ml centrifuge tubes provides additional insurance, should issues arise during the filtration of the
BaSO, micro precipitate.

— Apply vacuum (~34 kPa). Add 3-5 ml of ethanol (C.3.12) to wet each filter. Make sure that there are no
leaks along the sides of the filter assembly. Allow all liquid to pass through filter;

— Add 2-

3 ml of water (C.3.1) to each filter. Allow all liquid to pass through filter;
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