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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.
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Introduction

Radioactivity from several naturally occurring and anthropogenic sources is present throughout

the

environment. Thus, water bodies (e.g. surface waters, ground waters, sea waters) can contain

radionuclides of natural, human-made, or both origins:
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Natural radionuclides, including potassium 40, and those originating from the thorium and uranium
decay series, in particular, radium 226, radium 228, uranium 234, uranium 238, lead 210, can be
found in water for natural reasons (e.g. desorption from the soil and wash-off by rain water) or can

be released from technological processes involving naturally occurring rad aterials (e.g.

¢urium), tritium, carbon 14, strontium 90 and some gamma-emitting radionudlides,
found in natural waters as a result of authorized routine releases into the-environm
quantities in the effluent discharged from nuclear fuel cycle facilities. They. are also r
the environment following their use in the unsealed form for medical and industrial
They are also found in water as a result of past fallout contamination nesulting from t}
iln the atmosphere of nuclear devices and accidents such as those that occurred in Ch|
Fukushima .

king water may thus contain radionuclides at activity conceéntrations which could py
man health. In order to assess the quality of drinking water (including mineral water
rs) with respect to its radionuclide content and to provide guidance on reducing heg
g measures to decrease radionuclide activity concentrations, water resources (ground
sea, etc.) and drinking water are monitored for theit radioactivity content as recomme
d Health Organization [WHO].

ternational Standard on a test method for uranium isotope activity concentrations in w
stified for a test laboratory carrying ot these measurements, required sometimes
brities, as laboratories may have to obtain a specific accreditation for radionuclide mea
xing water samples.

ium activity concentration ¢an vary according to local geological and climatic ch:
ex D).The guidance level fer;uranium-238 and uranium-234 in drinking water, as recor
,is 10 and 1 Bq - 11, respeetively. The provisional guideline value for the concentratior]
inking water is 30 pg~ [T based on its chemical toxicity, which is predominant comp4
logical toxicity.

The guidancélevel is the activity concentration (rounded to the nearest order of magni
e of 21+ d-1 (litres per day) of drinking water for 1 year, that results in an effective dose of 0,1 1
bers of the-Public, an effective dose that represents a very low level of risk that is not expected
etectable.adverse health effect.
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[nternational Standard is one of a set of International Standards on test methods dealling with the
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INTERNATIONAL STANDARD ISO 13166:2014(E)

Water quality — Uranium isotopes — Test method using
alpha-spectrometry

WARNING — Persons using this document should be familiar with normal laboratory practice.
This document does not purport to address all of the safety problems, if any, associated with its
use. It is the responsibility of the user to establish appropriate safety and health practices and to
ensure compliance with any national regulatory conditions.

IMPQRTANT — It is absolutely essential that tests conducted according to this document be
carrjed out by suitably trained staff.

1 $cope

This|International Standard specifies the conditions for the determinatignyof uranium isofope activity
concentration in samples of environmental water (including sea waters}using alpha-spectrometry and
232(J|as a yield tracer. A chemical separation is required to separate and purify uranium|from a test
portion of the sample.

Plutgnium isotopes can interfere, if present, with detectable dctivities in the sample.

The dletection limit for measurement of a test portion of about 500 ml is approximately 5 m{Bq - 1-1 with
a coynting time of about 200 000 s.

2 Normative references

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

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

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

[SO §667-3, Water quality — Sampling — Part 3: Preservation and handling of water samples

ISO 11929, Determiination of the characteristic limits (decision threshold, detection limit and|limits of the
confidence interyal) for measurements of ionizing radiation — Fundamentals and application

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

[SO 80000-10, Quantities and units — Part 10: Atomic and nuclear physics

3 Terms, definitions and symbols

For the purposes of this document, the terms, definitions, and symbols given in ISO 80000-10 and
[SO 11929 and the following apply.

© ISO 2014 - All rights reserved 1
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Table 1 — Symbols and definitions

Symbol Definition

A activity of 232U tracer added, in becquerels, at the date of measurement

cA activity concentration of 238U or 235U or 234U, in becquerels per litre

C:l decision threshold, in becquerels per litre

cﬁ detection limit, in becquerels per litre

Cj CZ lower and upper limits of the confidence interval, in becquerels per litre

R total measurement yield

ro, roT background count rate per second for the uranium analytes and tracer in the respective regjons
of interest (ROI) of the blank sample spectrum

R chemical yield

Ig, I'gT gross count rate per second for the uranium analytes and tracer in the respective regions off
interest (ROI) of the test sample spectrum

to background counting time, in seconds

tg sample counting time, in seconds

U expanded uncertainty, calculated by U = ku(cy) with k = 1, 2\¢., in becquerels per litre

u(cq) standard uncertainty associated with the measurementJyesult; in becquerels per litre

V volume of test sample, in litres

£ counting efficiency

4 Principle

The test samiple is mixed with an aliquot of 232U tracer, followed by equilibration of the sample prior to
analysis. After a valence cycle to adjust the oxidation states, chemical isolation of uranium is achieved by
a concentration step (e.g. a precipitation)\followed by a specific separation step (e.g. using ion exchange
chromatogrpphy).

Thorium-23)0, 226Ra and 228Th canybe present in water and can interfere with the counting of urahium
isotopes if no chemical separation is carried out to remove these radionuclides from the test portign.

The measurjed thin sourcé.is prepared by electrodeposition or coprecipitation and mesured by a|]pha-
spectrometly using a«gtid chamber or a semiconductor-type apparatus. Measurements rely on the
interaction pf alpha<particles with the detecting medium. This interaction creates a charge, which is
amplified and output as a voltage pulse proportional to the deposited energy of the incoming ajpha-
particle.

The electricpulsefronr the detector is—amatysedby the electromic systemsDataamatysissoftware
provides a spectrum, in which the number of pulses (counts) recorded in each energy interval is shown.

The analysis of the count rates in the uranium isotopes alpha-energy windows allows the determination
of the test sample activity concentration for uranium-238, uranium-235 and uranium-234, after
correcting for the blank count rate, volume of the test sample and the total measurement yield (chemical
yield and detection efficiency).

The chemical yield and detection efficiency are not necessarily determined separately, but are
determined together by measuring the total measurement yield from the net count rate of 232U, added
as a chemical yield tracer.

In order to quantify any potential interference coming from the reagents, a blank sample is prepared in
the same way as the test sample. This blank sample is prepared using a reference water.

2 © ISO 2014 - All rights reserved
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For quality control, in order to quantify potential impurities in the tracer solution, another blank sample

shall be prepared with addition of tracer.

The radioactive characteristics of the main uranium isotopes are given in Table 2 (References [Z][8]).

Table 2
Uranium iso- Half-life Main emission energy Intensity
tope years keV %
5263,48 30,6
232 70,6 (+ 1,1)
N Q')n")A. F\Q’1
4783,5 13,2
233 159,1 (+ 0,2) x 103
4 824,2 84,3
4722,4 28,42
234 2,455 (+ 0,006) x 105
4774,6 71,37
4366,1 18,8
235 704 (£ 1) x 106 43978 57,19
44149 3.01
4 445 26,1
236 23,43 (+0,06) x 106
4494 73,8
4151 22,33
238 4,468(+ 0.005) x 109
4198 77,54
With a spectral resolution (FWHM full-width half-maximum height) of around 20 keV i1} best cases,
alpha-spectrometry cannot easily resolve 233Uand 234U, nor 235U and 236U, due to the similgrity in their
respgctive emission energies; however, 2334:dnd 236U are not normally encountered in enyironmental
samples.
5 Chemical reagents and equipment
5.1 | General
The ¢hemical reagents anid equipment used for chemical treatment and preparation of the source are
described in Annexes.A'to C, which give various alternatives. Where there are options, atleast one of the
optigqns presented/shall be used.
Use dnly reagents of recognized analytical grade.
5.2 | Chemical reagents

5.2.1 Laboratory water, used as a blank, as free as possible of chemical or radioactive impurities (e.g.
uranium isotopes), complying with ISO 3696, grade 3.

Fresh rainwater is an example of water with a very low uranium activity concentration. The uranium
activity concentration of this water can be evaluated at the same time as interferences from reagents or
using another type of precise measurement, e.g. thermal ionization or inductively coupled plasma mass
spectrometry.

© IS0 2014 - All rights reserved
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5.2.2 Uranium-232 tracer solution, used to determine the total yield. It can also be used to calculate the
chemical yield. The solution is prepared by the dilution of a suitable standard that provides traceability to
national and international standards. The tracer solution shall be homogeneous and stable.

The tracer solution concentration should be calculated to allow adding a small amount of this solution
in order to be in the range of activity contained in the test portion. For example, the tracer solution
concentration could be between 0,05 Bq - g-1 and 1 Bq - g1.

It is recommended that the activity and the purity of the tracer solution dilution be checked before use
and atregular intervals after preparation. This can be done, for example, by liquid scintillation counting,
but account needs to be taken of progeny radionuclide ingrowth. Performing a blank analysis with tracer

is a potenti

Thorium-22
Therefore, s
of 228Th so

5.3 Equi

Usual labor{

5.3.1 AlpH
semiconduc

is recommended. Follow the manufacturer’s instructions.

For semico
interaction

conductivity
resolved sp4
further enh

5.3.2 Pipe
with a total

5.3.3 Balance, for example, capable of.achieving +0,1 mg precision.

6 Sampling and samples

6.1 Samp
Conditions (

Filter the sa
as possible

canbe presentin the 232U tracer solution and has very close energy to that of its parent
paration between Th and U is required (References [11],[12]) to minimize the.interfef
hat the counting yield of 232U is not overestimated (see Clause 4).

ment

itory apparatus and in particular the following:

a-spectrometer, of the grid chamber (with higher detectionlyield, but lower resolutio
for type (with lower detection yield, but higher resolution);@peration at constant temper

hductor-type apparatus, the measurements using alpha-spectrometry depend o
of alpha-particles with ion-implanted silicons>This interaction instantly changes
r of the silicon, proportional to the energy of.the incoming alpha-particle. To achieve
ectra, the detection system needs to be maintained at a pressure <1 Pa. Resolution c4
inced through increasing distance between source and detector.

tte, suitable for the accurate transfer-of (for example. 100 pl) uranium-232 tracer sol
precision within +1 %.

ling
f sampling\shall conform to ISO 5667-1.

mple toremove solids and then acidify to < pH 2 with nitric acid or hydrochloric acid as
hftér sampling prior to analysis, as specified in ISO 5667-3. Acidification prior to filtr

D32(J.
ence

n) or
hture

the
the
well-
in be

ition

soon
htion

can result i1

leaching of uranium from solids component of sample.

It is important that the laboratory receive a representative sample, unmodified during transport or

storage and

in an undamaged container.

6.2 Sample storage

If required, the sample is shall be stored according to ISO 5667-3.
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7 Separation and measurement

7.1

Chemical steps

Suggested separation and source preparation strategies are outlined in Annexes A, B, and C respectively.

7.2

Measurement

7.2.1 Quality control

Equi
perfq

A th
poss
the 5
the s

7.2.2

The
obta
analy

The

Tota

Tota

3

7.2.3

The
least

The
thes

pment quality control sources shall be measured to verily that the measurement e
rming within agreed limits.

n source of 239/240Pu (other alpha-emitters such as 230Th, 239Pu, 244Cm,-and 241/
ble) may be employed to check the energy calibration and the resolution (alpha-emis

ource.

Chemical yield

Chemical yield can be considered as a quality control parameter. In general, the ch
ned is around 90 %. For very low chemical yields, the Jaboratory can decide to redda
ySis.

themical yield R. of the process can be calculated using Formula (1):

yield R is the product of the chemical jield and the counting efficiency «.

yield, R, is calculated from the sample spectrum using Formula (2):

(rar —ror)
A

Background

background rate' of each detector is determined with an empty source support, this
as much timeé as the counting of a sample.

pptimumstime for the measurement of the background source can be shown to be eqy
purcedfrom very low activity sources.

quipment is

\m are also
sions are in

,10 MeV to 5,20 MeV energy region), and there will be no appreciable decay over the working life of

emical yield
the sample

1)

(2)

thall take at

al to that of

The

13l ool nal 1o (3 nal 3 1iad £ it 1ol ose ot oney

detectable

o la-agnalucic (3 A Snmalocic o A z xazatay ot ol
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uranium isotope without adding tracer) value shall be compared to the totality of the background values
obtained from the same detector.

This value can be comparable to the background value measured with an empty source support in the
energy regions of uranium isotopes and of the tracer if there is no reagent or laboratory equipment
contamination.

ro is the blank value or can be the background value of the detector if similar.
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8 Expression of results

8.1 Spectrum exploitation

The activity concentration of the different isotopes of uranium is calculated by integrating the number
of counts in the corresponding region of interest (ROI) of each uranium isotope analyte and in the ROI
corresponding to the tracer peak.

The results of these integrations are divided by the counting time and give the gross count rates.

Gross count rates are corrected for the background or, if needed, the blank contribution in the same ROL.

For uraniumn

-235, a correction factor is needed to take into account the percentage of emission in itg

ROLI:

as this isotgpe has 21 alpha-emissions, it is difficult to catch them all in the classical ROI. A-péercemtage

around 80 9

8.2 Calcu
The symbol

The activity
Formula (3)

r,

_.8 _
Cy ——RV——(rg —rp)w
1
w=——
RV
8.3 Standard uncertainty

In the parti

b is usually reached.

lation of activity concentration

b used are defined in Clause 3.

tracer activity;
of test sample.

\certainties ean be neglected to a first approximation (counting time, etc.).

concentration, cg4, in becquerels per litre, of a radionuclide present in a sample is giv{

s of the following parameters are rétained:
unts from measured uranium isotope and tracer;

und counts per second fromuranium isotope and tracer;

en by

(3)

fular case of the measurement of radionuclide by alpha-spectrometry, only the elementary

uncertaintig
a) gross cd
b) backgrd
c)

d) volume
The other u
6
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According to ISO/IEC Guide 98-3[1], combined uncertainty of c4 is calculated by:

r
u(cA):\/wz[uz(rg)+u2(i”0)}+€§1“?el(w): w? t_g+£ +ciu§el(w) (4)
8

where the uncertainty of the counting time is neglected and the standard uncertainty of w is calculated
using Formula (5):

u?el (W)zu?el(R)"'uEel(V) (5)

The relative standard uncertainty in R is calculated using Formula (6):

s

ty o

2 _ 2 2 |, Tor 2,2
rel(R)_urel(rT_FOT)+urel(A)_ PREL (rT_rOT) +urel(A) (6)
where ufe] (A) includes all the uncertainties related to the tracer activity: thé'standard solufion activity,

preppration of the tracer solution; addition of the tracer solution to-the sample; cofrection for
intenferences; etc.

For the calculation of the characteristic limits, ﬁ(EA ) , i.e. the combined uncertainty of c4 4s a function
of itgtrue value (see also ISO 11929), is required, calculated by:

\/WZHC:;H*O )/fg+2—z}+5iufe](w) (7)

NOTH If the mass of the test portion, m, is used, itis expressed in grams. The intermediate calculations are
done|with similar equations. Activity concentration can also be converted to specific activity [m replacing V
in Fopmulas (3) and (5)]. If activity per volume'is converted by dividing by the density p in granj per litre, an
uncertainty associated with the density is added in Formula (5).

bl
—

a
S
N—

Il

8.4 | Decision threshold

In adcordance with ISO 11929, the decision threshold, CZ, in becquerels per litre, is obfained from

Formula (7) for ¢4 =0:

* ~ rO ro
A :kl_au(O):kl_aW t_+t_ (8)
g 0

a = 0,05 withky - o = 1,65 is often chosen by default.

(@)

8.5 | Detection limit

The detection limit, cﬁ, in becquerels per litre, can be calculated by solving Formula (9):

#

g * c r

cﬁzcz+k1_ﬂu(cﬁ)=cA+k1_ﬁ w? WAH‘O /tg+t_0 +chul, (w) 9
0

The detection limit can be calculated by solving Formula (9) for cﬁ, or more simply by iteration with a

starting approximation cﬁ :2cz in terms of the right-hand side of Formula (9).

© ISO 2014 - All rights reserved 7
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With ki - g=k1-p=k:
2c, +(kzw) /t
#_—A g
Ca= 2 2 [10)
1 _|:k Uye] (W)i|
Values a = = 0,05 and therefore k1 - o = k1 - g= 1,65 are often chosen by default.
9 Testreport
The test report shall conform to the requirements of ISO/IEC 17025 and should contain at least the
following information:
a) referenge to the measurement and evaluation procedure used and to this International‘\Standard

(ISO 13166:2014);

b) identifi¢ation of the sample;

c) units in|which the results are expressed;

d) testresplt, cq £ u(cy) or cg + U with the associated k-value.

Complementary information can be provided such as:

e) probabilities a, fand (1 - y);

f) decision threshold and the detection limit;

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

1) when the activity concentration c4 is compared with the decision threshold, in agreement|{with
[SO|11929, the result of the measurement should be expressed as < cz when the result is helow
the|decision threshold,

2) wheén the activity concentration ¢4 is compared with the detection limit, the result of the

#
megsurement can be expressedas <c, when the result is below the detection limit

If the detection limit exceeds-the guideline value, it shall be documented that the method if not

suitiable for the measufement purpose;
h) mention of any relevantjrnformation likely to affect or explaining the results.
8 © IS0 2014 - All rights reserved
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Annex A
(informative)

Chemical separation of uranium

Sample preparation

If negessary on a raw sample, the removal of suspended matter shall be performed as $Qof]

after
Take
Acid
Ther]

A.2
This
A.2.

Unle
watel

A.2.]
A.2.]

A.2.]
chlor

A.2.]
A.2.]
A.2.]
A.2.]
A.2.]

the sampling.
a test portion of Vlitres (e.g. 0,51) or determine the mass m in kilograms for-analysis.
fy the sample test portion to <pH 2.

e are several possibilities for the chemical separation of uranium. Examples are given

Uranium separation and purification examples

procedure is based on References [4],[11],[12].

I Reagents

5s otherwise stated, use only reagents of recoghized analytical grade and distilled or de|
r or water of equivalent purity.

.1 Concentrated nitric acid, w(HNOz}'="65 % (mass fraction).
.2 Concentrated ammonia, c(NHzOH) = 250 g 1-1.

.3 Carrier salt or solution, €alcium phosphate [Ca3(PO4)2] or yttrium chloride (YCl3)
ide (FeCl3).

.4 Anion exchange resin or chromatographic extraction resin.
|.5Hydrochloricacid, c(HCI): 9 mol/1, 8 mol/l, 3 mol/], 0,1 mol/1, 0,01 mol/l.

.6 Nitric acid;-¢(HNO3): 7,2 mol/l, 7 mol/l, 6 mol/], 3 mol/I.

.7 Hydrochloric acid solution in oxalic acid. Dissolve 5 mol of HCl in 1 1 of 0,05 mol/

| .8 Aluminium nitrate solution in nitric acid. Dissolve 1 mol AI(NO3)3 in 11 of 3 mol

1 as possible

>
N

n

mineralized

, or iron(III)

C2H204.
1 HNOs3.

A.2.

(e.g. uranium isotopes), complying with ISO 3696, grade 3.

A.2.2 Equipment

Usua

| laboratory equipment and in particular the following.

A.2.2.1Analytical balance.

A.2.2.2Hot plate.

A.2.2.3Centrifuge and tubes.

© ISO
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A.2.3 Tracer addition

Add an activity A of 232U yield tracer similar to the activities of the uranium isotopes to be measured in
the test portion.

Allow the tracer to equilibrate with the samples by warming.

NOTE

The half-life of 232U is 70,6 + 1,1 years; see Reference [8].

Daughter progeny radionuclides (228Th, 224Ra, et seq.) grow in from 232U, and may interfere with other

analytes.

Thorium-228 may recoil into the detector from decay of 432U, and the background for each det

should be

A2.4 Co

To concentr
It is possiblg
Add the cor}

Stir and adjy

nitored for this potential source of interference.

centration step

hte the uranium in the sample, the solution can be evaporated(A.2.2.2) of’coprecipitatg

‘esponding carrier salt or solution (A.2.1.3) in excess.

stto pH 9 for hydroxide precipitation or pH 12 for phosphaté precipitation with concent

ammonia sollution (A.2.1.2).

Allow to pre
Centrifuge (|
Wash with

Centrifuge 3

A.2.5 Sep

A.2.5.1 Arg

Transfer thg
7 mol/I nitr
the minimu

Prepare a cd
size of 100
condition w

Introduce tH

cipitate.
A.2.2.3) and discard the supernatant.
vater.

nd discard the supernatant.

aration and purification

ion exchange option

precipitate from A.2.4 to’a clean, labelled beaker, and then dissolve the precipitate in j
ic acid (A.2.1.6). Gently evaporate the resulting solution to dryness and then redissol
m volume of 8 mgl/Ahydrochloric acid (A.2.1.5) (around 20 ml).

lumn contaifing 5 g of anion exchange resin® (A.2.1.4) with 8 % cross-linking and a pa
mesh to, 200 mesh (approximately 1 cm diameter and approximately 7,5 cm long)
th 10 ml.8'mol/1 hydrochloric acid.

e.sample to the column, and let it pass through the column.

to coprecipitate uranium with iron (III) or yttrium hydroxides or calcium phosphates.

pctor

ed.

rated

0ml
ve in

"ticle
and

Wash the column twice with 15 ml 8 mol/] hydrochloric acid; the column eluate can be rejected. Any
thorium and radium is removed by this treatment.

Wash the column with 10 ml 3 mol/l hydrochloric acid (A.2.1.5), rejecting the eluate. Neptunium and

plutonium a

re removed by this treatment.

Wash the column with no more than 15 ml 7,2 mol/l nitric acid (A.2.1.6). Iron is removed by this

treatment.

Remove uranium from the column by washing with 10 ml 0,1 mol/l hydrochloric acid (A.2.1.5) and
collect the eluate in a clean glass beaker.

1) AG1 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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The solution is ready for use in the preparation of an alpha-spectrometry source.

A.2.5.2 Extraction chromatography option

Transfer the precipitate (A.2.4) to a clean, labelled beaker, and then dissolve the precipitate in 6 mol/]
nitric acid (A.2.1.6).

Gently evaporate the resulting solution to dryness and then redissolve in 10 ml of AI(NO3)3 solution in
HNO3 (A.2.1.8).

If plutonium, neptunium, and thorium require removal (Reference [11]), first prepare a prepacked

chro

1

Prep
and 4

\

\
q

1

The {

A.2.5

Both|
a thi
prep
the

micr
forh
inth
and

esh to 150 mesh, and condition with 5 ml 3 mol/l HNO3 (A.2.1.6):

introduce the sample into the column, and allow it to pass through the column;

vash the column with 5 ml 3 mol/1 HNO3; the column eluate contains uranium — any
adium is retained by the extraction chromatography medium?) (as is pluténium and n|

are the specific uranium chromatography medium3) pre-packed ¢olumn containing 2

rticle size of

horium and
eptunium).

ml of resin

 particle size of 100 mesh to 150 mesh, and condition with 5 ml3 miol/l HNO3 (Reference [8]):

introduce the sample into the column, and allow it to pass th¥ough;

vash the column with 6 ml 3 mol/l HNO3, discard the coltimn eluate;

vash the column with 5 ml 9 mol/l hydrochloric,acid (A.2.1.5) — the resin is conv
hloride form;

vash the column with 20 ml hydrochloriccaeid solution in oxalic acid (A.2.1.7) to
horium, plutonium and neptunium that may be present;

emove purified uranium from the column by washing it with 15 ml 0,01 mol/] hydrd

(A.2.1.5) and collect the eluate in a'clean glass beaker.

olution is ready for use in the preparation of an alpha-spectrometry source: See Anne

.3 Information abouf the source preparation technique choice

electrodeposition@nd microprecipitation methods have been commonly used for pr
n-layer source for,counting of uranium isotopes by alpha-spectrometry. Selection o

brted to the

remove any

chloric acid

eparation of
[ the source

hration method)depends on laboratory preference. Each method has its own advantages over

ther. Theelectrodeposition method usually yields a slightly better energy resol
pprecipitation method saves time for source preparation and is easier to set up for batc}
gh sample analysis throughput. Both of the methods might be affected by the presence ¢
e satmple matrix. For instance, organic residues in the sample could yield a lower countil

ition, while
L processing
fimpurities
hg efficiency

h Worse resolution for alpha-source prepared by electrodeposition; on the other han

1, milligram

levels of calcium in the sample cause a thicker alpha-source using the fluoride microprecipitation
method.

2) TEVA s 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.

3) UTEVAisan 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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Annex B
(informative)

Preparation of the source by electrodeposition

B.1 Principle

ADC generaltor is used to apply different voltages between two electrodes, resulting in the reductilon of

the metal cations dissolved in the electrolyte. The reduction that takes place at the cathodedgads t

formation of a deposit of actinides in hydroxide form.

B.2 Reagents

o the

Unless othefwise stated, use only reagents of recognized analytical grade and distilled or deminerallized

water or waler of equivalent purity.

B.2.1 Cong¢entrated nitric acid, w(HNO3) = 65 % mass fraction.

B.2.2 Sodjum sulfate, c(NazS04) = 0,3 mol/l.

B.2.3 Con¢entrated sulfuric acid, w(H2S04): 95 % to 97 %.mass fraction.
B.2.4 Thymol blue, 0,4 g1-1.

B.2.5 Con¢entrated ammonia, p(NH40H)= 250 g -+

B.2.6 Sulfpiric acid, p(H2S04) =10 gI-1,

B.2.8 Lab¢ratory water, used as a-blank, as free as possible of chemical or radioactive impu

B.2.7 Am:Eonia,p(NH4OH): 1gl-L

(e.g. uraniumn isotopes), complying with'ISO 3696, grade 3.

B.3 Equipment
The electrodleposition agparatus is generally composed of the following components.
B.3.1 Glass or polyethylene electrodeposition cell.

B.3.2 Platjnuim'wire (anode).

rities

B.3.3 Staimlesssteetdisk(cathode) withradiameter adapted to the etectrodeposItion Cett

B.3.4 DC power supply.
B.3.5 Hot plate.
B.3.6 Petri dish.

B.4 Procedure

B.4.1 General

This procedure is based on Reference [13] and ASTM C1284I[2].

12 © ISO 2014 - All rights reserved
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B.4.2 Assembly of the electrodeposition cell

This procedure refers to the electrodeposition apparatus designed for deposits on small diameter
stainless steel disks (see Figure B.1). [t may be possible to engrave identifying information on the reverse
of the disk. The electrodeposition procedure for this type of apparatus is as follows.

Place the clean and degreased stainless steel disk (B.3.3) in the cap assembly.
Screw the cell (B.3.1) with the cap assembly.

Fill the cell with water to check for leaks.

Empty the cell.
Fix the platinum wire (B.3.2) vertically to its support.

Attach the lower end of the wire to the side contact of the disk support; the distanee betwg¢en the wire
and the disk is approximately 3 mm.

B.4.3 Electrodeposition

Using the preparation obtained from the chemical separation of granium (Annex A), cqrry out, for
exanple, the following operations.

Evaporate to near dryness, taking; care to avoid evaporatingthe sample to complete dryness.

Add [l ml of concentrated HNO3 (B.2.1), and evaporate to fiear dryness. Repeat this step thrjee times.
Add [l ml of NazS04 solution (B.2.2) and evaporate to‘dryness.
Add 00 pl of concentrated H2S04 (B.2.3).

Add 10 ml of water and 3 drops of thymol blue (B.2.4) and stir.

Adjupt the pH to between 2,1 and 2,3 by:adding concentrated ammonia solution (B.2.5) (colour changes
from|red to orange).

Trangfer this solution (final volume between 10 and 15 ml) into the electrodeposition cell.

Rinsg the beaker with dilute:H,S04 (B.2.6), whose pH is previously adjusted to 2,3; add the¢ rinsings to
the electrodeposition cell

Set up the anode andycarry out the electrodeposition (B.3.4) at a constant current density {about 0,1 A.
cm?)| for approxifrately 2 h.

Coolthe plating cell, if necessary.

Add [l nthof concentrated NH40H (B.2.5), 1 min before switching off the power supply.

Wait T min, remove the anode before switching off the power supply and quickly empty the cell.

Dismantle the apparatus, rinse the disk in water, then in dilute NH40H (B.2.7), and dry it (if necessary
on a hot plate (B.3.5)).

Identify the disk and place it in a plastic Petri dish (B.3.6).

The source is ready to be measured by alpha-spectrometry.

© ISO 2014 - All rights reserved 13
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Figure B:1.— Diagram of an electrodeposition cell
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