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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:

— Natural radionuclides, including 49K, 3H, 14C, and those originating from the thorium and uranium
decay series, in particular 226Ra, 228Ra, 234U, 238U, and 219Pb, 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 radioactive materials (e.g. the mining and processing of

f

{uman-made radionuclides, such as transuranium elements (americium, plutonium,
urium), 3H, 14C, 90Sr, and gamma emitting radionuclides can also be found'in nat
mall quantities of these radionuclides are discharged from nuclear fuel eycle facilities into the
environment as the result of authorized routine releases. Some of these‘radionuclides used for
medical and industrial applications are also released into the environment-after use. Anthropogenic

neptunium,
iral waters.

1

1
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nuclg
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the 4
recoj
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natid
disch
forp
using

he explosion in the atmosphere of nuclear devices and accidents-such as those that
[hernobyl and Fukushima.

bnuclide activity concentration in water bodies canvary according to loca

ar installation during planned, existing and emergeney exposure situations[tl. Dri

radionuclides present in liquid effluents are usually controlled before being disc

mmended by the World Health Organization (WHO)[2] so that proper actions can be tak
there is no adverse health effects to the)public. Following these international recom

r measurement results with their associated uncertainties as specified by ISO/IEC Gu

adionuclides are also found in waters as a result of past fallout contaminations res

hcteristics, and climatic conditions and can be locally afid temporally enhanced by r¢g

thus contain radionuclides at activity concentrations\which could present a risk to hun

nvironmentl2] and water bodies. Drinkingswater is monitored for its radioactivity

nal regulation usually specify radignuclide authorized concentration limits for liqg
arged to the environment and radionuclide guidance levels for water bodies and drin
anned, existing and emergency exposure situations. Conformance with these limits can

ulting from
occurred in

geological
leases from
hking-water
han health.

harged into
r content as
en to ensure
mendations,
uid effluent
king waters
be assessed
de 98-3 and

1SO 3667-20141.

Depq
in ag
guid

nding on the exposure situation, there are different limits and guidance levels that ywould result
action to reduce health risk. As an example, during a planned or existing situatign, the WHO
ince level in drirking water is 0,1 Bq 11 for polonium-210 activity concentration.

NOTH
that 1
very

1  The guidance level is the activity concentration with an intake of 2 1/d of drinking wate
esults in an €ffective dose of 0,1 mSv/a for members of the public. This is an effective dose that
ow levelefrisk and which is not expected to give rise to any detectable adverse health effects

- for one year

represents a
3]

In th
conc

e €vent of a nuclear emergency, the WHO Codex Guideline Levelsl2] mentioned that
entration might be greater

the activity

NOTE 2 The Codex guidelines levels (GLs) apply to radionuclides contained in foods destined for human
consumption and traded internationally, which have been contaminated following a nuclear or radiological
emergency. These GLs apply to food after reconstitution or as prepared for consumption, i.e., not to dried or
concentrated foods, and are based on an intervention exemption level of 1 mSv in a year for members of the
public (infant and adult)[=l.

Thus, the test method can be adapted so that the characteristic limits, decision threshold, detection
limit and uncertainties ensure that the radionuclide activity concentrations test results can be verified
to be below the guidance levels required by a national authority for either planned/existing situations
or for an emergency situationl6llZ],

Usually, the test methods can be adjusted to measure the activity concentration of the radionuclide(s)
in either wastewaters before storage or in liquid effluents before being discharged to the environment.
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The test results will enable the plant/installation operator to verify that, before their discharge,
wastewaters/liquid effluent radioactive activity concentrations do not exceed authorized limits.

The test method(s) described in this document may be used during planned, existing and emergency
exposure situations as well as for wastewaters and liquid effluents with specific modifications that
could increase the overall uncertainty, detection limit, and threshold.

The test method(s) may be used for water samples after proper sampling, sample handling, and test
sample preparation (see the relevant part of the ISO 5667 series).

This document has been developed to answer the need of test laboratories carrying out these
measurements that are sometimes rpqnirpd hy national authorities as fhpy may have to obtain a

specific accfeditation for radionuclide measurement in drinking water samples.

This document is one of a family of International Standards on test methods dealing with the
measuremept of the activity concentration of radionuclides in water samples.
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Water quality — Polonium 210 — Test method using alpha
spectrometry
WARNING — Persons using this document should be familiar with normal laboratory practices.

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

determine the applicability of any other restrictions.
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The method described in this document is'also applicable in an emergency situation.

The :

If su

The 4
(13], )
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Itis

2

The
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$pended material has to be removed or analysed, filtration using a 0,45 pm filter is req
inalysis of the insolublefraction requires a mineralization step that is not covered by thjis document

Normative references

DRTANT — It is absolutely essential that tests conducted according to this,'dqg
jed out by suitably trained staff.

fcope

document specifies a method for the measurement of 219Po in @ll types of watg
frometry.

method is applicable to test samples of supply/drinking water, rainwater, surface
, marine water, as well as cooling water, industrial water;;domestic, and industrial

red.

detection limit depends on the sample volume,(the instrument used, the countir
pround count rate, the detection efficiency and the chemical yield. The method (
document, using currently available alphasspectrometry apparatus, has a detect
pbximately 5 mBq 11, which is lower than the'WHO criteria for safe consumption of dri
mBq 1-1). This value can be achieved with a counting time of 24 h for a sample volume

inalysis of 210Po adsorbed to suspended matter in the sample is not covered by this mg

n this case, the measurement is made on the different phases obtained. The final aqg
pf all the measured activity concentrations.

he user’s responsibility to ensure the validity of this test method for the water sample

yjcument be

rs by alpha

and ground
wastewater

proper sampling and handling, and test sample preparation. Filtration of the test sample may be

g time, the
lescribed in
ion limit of

nking water

pof 500 ml.

thod.

ommended.

tivity is the

s tested.

followmg documents are referred to in the text in such a way that some or all of t

cons

heir content
applies. For

undated references the latest edition of the referenced document (1nclud1ng any amendments) applies.

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

ISO 5667-1, Water quality — Sampling — Part 1: Guidance on the design of sampling programmes and
sampling techniques

[SO 5667-3, Water quality — Sampling — Part 3: Preservation and handling of water samples

ISO 5667-10, Water quality — Sampling — Part 10: Guidance on sampling of waste waters

ISO 11929-1, Determination of the characteristic limits (decision threshold, detection limit and limits of
the coverage interval) for measurements of ionizing radiation — Fundamentals and application — Part 1:
Elementary applications

© IS0 2020 - All rights reserved
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[SO 11929-3, Determination of the characteristic limits (decision threshold, detection limit and limits of
the coverage interval) for measurements of ionizing radiation — Fundamentals and application — Part 3:
Applications to unfolding methods

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

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

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in

measurement (GUM:1995)

3 Terms|, definitions, symbols and abbreviated terms

3.1 Terms and definitions

For the pufposes of this document, the terms and definitions given in ISO 80000-10 and the
following apply.

ISO and IEC|maintain terminological databases for use in standardization at the{following addressgs:
— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Eleqtropedia: available at http://www.electropedia.org/

3.1.1

certified standard solution

solution of known concentration traceable to primary or sécondary certified radioactivity standard
solution

3.1.2

tracer solufion

usually a sefondary standard or reference material, such as 208Po or 209Po, employed to determing the
chemical yigld of the analysis

3.1.3

quality control standard

radioactive source used to demonstrate that the measurement equipment employed performs wjithin
defined limifts

Note 1 to entry: Quality controlisytisually carried out by the regular measurement of a suitable radioactive spurce

in accordanc

3.2 Symb

For the pury
following ag

< >

< LD

b with 1SO 787051014, SO 7870-2[13], and 1SO 7870-4[16],

ols and-abbreviated terms

osé€s of this document, the symbols and abbreviated terms defined in ISO 80000-10 anF the

ply
activity of the tracer added Bq
activity concentration of 210Po Bql1
decision threshold Bql!
detection limit Bql!
lower and upper limits of the shortest coverage interval Bql1
lower and upper limits of the probabilistically symmetric coverage interval ~ Bql™
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4 1]

4.1

Polonium-210 is a natural alpha-emitting radionuclide with a half-life of (138,376 + 0,002

appe|
throt

Ther]
liqui
spec

Aftel

polonium on a metal disc'or'on a filter for measurement by alpha spectrometry.

The
at th
conc
conc

ISO 13161:2020(E)

chemical yield

total yield

background count rate in the 210Po region of interest
background count rate in the tracer region of interest

gross count rate of the sample in the 219Po region of interest

gross count rate in the tracer region of interest

background counting time

sample counting time

expanded uncertainty calculated by U=k -u(c,) with k=1, 2 ...
standard uncertainty associated with the initial measurement result
volume of the test sample aliquot

counting efficiency
Principle

General

ars in the natural chain of 238U (see Figure 1). It is a long-life decay product of 222R
igh 210pp[8][12],

e are different techniques to meastre 210Po activity concentration in water: alpha sp
1 scintillation counting, and alpha proportional counting. This document describg
[rometry technique.

sampling, the test sample undergoes treatment to produce an extremely thin de

sample shall beZanalysed as soon as possible in order to evaluate the activity cq
e sampling date. If the time elapsed between sampling and measurement is long,
bntration measured requires correction. It is then necessary to know the 210Pb and 2
bntrationsin the sample in order to adjust the 210Po activity concentration to the samy

) days[1Zl. It
h (Figure 1)

ectrometry,
s the alpha

posit of the

ncentration
the activity
L0Bi activity
ling date.
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4,47-10°a
238y 234y ((2,455-10°a)
(1,17 min)
a 234m B «
4,2 MeV Pa 4,8 MeV
Th [ g 230Th ((7,538-10%a)
(24,1 4d) <
Vv 4,7 MeV
226Ra (1600 a)

T |
: 4.8 MeV .
: “2pn  f 382354) |
[ |
I a (165 pus) 138,4d I
: 5,5 MeV . 7 214p, 5 210p5 :
| 218p, (3,05 min) y 5,013 d |
| a 214Bi o4 210Bi e g [(\x/[ v |
[ ) 7,7 MeV - 3Me [
| 6Mevy BT (19,9 min) y B |
| 214pp 210pp 206py, |
[ [
| ___@6fmin) @233 __ o ____ J

NOTE 20bPb is stable.

Figure 1 — Uranium-238 and its decay products
4.2 Treatment
4.2.1 Treatment for a deposition on a disc

The main st

The poloniu
as tracers s
good resolu

filtratio
acidificy

addition

addition

spontarn

I if necessary;

bps of the sample treatment are:

i of a veducing agent (e.g. ascorbic acid);

) of a polonium traéer (2°8Po or 209Po) solution;

equs dppncifinn aof athin ];lypr onto ametal disc

tion with concentrated.hydrochloric acid (or nitric acid);

m isotopes 2083 (5,11 MeV alpha emission) or 209Po (4,88 MeV alpha emission) can be
nce interference with 210Po (5,31 MeV alpha emission) is minimal for sources displaying
ion (<50keV FWHM); 209Po is preferred, but 298Po is acceptable.

used

The activity concentration measurement as well as the determination of the total yield is carried out by
alpha spectrometry.

4.2.2 Treatment for a precipitation on a filter

The main steps of the sample treatment arel181[19]:

filtration;

— acidification with concentrated hydrochloric acid;

— addition of a polonium tracer (298Po or 209Po) solution;

© IS0 2020 - All rights reserved
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The polonium isotopes 208Po (5,11 MeV alpha emission) or 209Po (4,88 MeV alpha emission) can be used
as tracers since interference with 210Po (5,31 MeV alpha emission) is minimal for sources displaying

good

resolution (<50 keV FWHM); 209Po is preferred, but 208Po is acceptable.

— evaporate to dryness;

— dissolve with 10 ml of 1 mol-1'1 HC];

— filter the solution;

— add a co-precipitation agent (e.g. 50 pg of copper as copper chloride);

— Inicro-precipitate polonium with sulfide;

—

The :
alphi

4.3
The {

ilter on a filter.

ictivity concentration measurement as well as the determination of the totatyield is cg
) spectrometry.

Principle of alpha spectrometry

hin layer deposited on the metal disc or on a filter allows the detection of alpha parti

exce
chan|

bsive attenuation by the sample matrix. The interaction of alpha particles and detectoj
e in (bias) current in the detector that is proportional to-the energy of the particles.

The glectronic pulses generated by the detector are amplified, and displayed as an energ
using an analogue-digital converter, multiple channel analyser, and computer processing. T}
display enables the radionuclides present in the spiirce to be identified and integratio

enab
rateq

A bl
conf

To e
meaq

The
a prd

5 1

5.1

Duri
grad

and/or the blank test and the total yield.

ink test should be carried out withsthe same reagents replacing the water sam
rming with ISO 3696, grade 3 previjously used for the preparation of the reagents wit

hsure an acceptable performanceé of the detector system, a quality control standd
ured.

hemical yield of 210Po mreasurement is determined by adding a radioactive tracer. The

duct of the chemical yield and the detection efficiency.

Reagents andyequipment

Reagents

hg chémical treatment and cleaning of the metal disc, use only reagents of recognizg
b (Use only reagents with no measurable 210Po concentration.

rried out by

cles without
results in a

y spectrum
he spectrum
n of counts

es the determination of activity of the test sample, taking into account the background counting

e by water
out tracer.

ird shall be

total yield is

d analytical

5.1.1 Water, conforming with ISO 3696, grade 3.

5.1.2 Tracer solution.

Use a tracer solution of known activity. 298Po (T;,, =1 058,5d + 0,7 d) or 2°Po (T, = 115y + 13 y)
[17] are suitable isotopes. The activity of tracer added shall be close to the 210Po act1v1ty concentration

expe

cted in the test samplel201[21],

Tracer decay shall be taken into account in accordance with the information given on the calibration
certificate.

NOTE The half-life of 209Po was subjected to a recent investigation[22],
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5.1.3 Con

centrated hydrochloric acid, 37 % mass fraction, or concentrated nitric acid.

5.1.4 Dilute hydrochloric acid or dilute nitric acid, to adjust the pH at the beginning of the treatment.

5.1.5 Ascorbic acid (or hydroxylamine hydrochloride).

5.1.6 Ethanol.

5.1.7 Cop

5.1.8 Sod

5.2 Equipment

The laborat

5.2.1 Standard laboratory equipment, including filtration material, hot plate,pH meter or pH p
5.2.2 Eledtronic balance, with a readability of 0,1 mg.

5.2.3 Stirrer.

5.2.4 Equ

5.2.5 Met
[304L type]
deposition,

deposition gn the side that is not measured.
5.2.6 Filtérs with 0,1 pm porosity (e.g. cellulose nitrate or polypropylene filtersl).

5.3 Alpha spectrometry measuring equipment

The alpha s
semiconduc

A spectrum

6 Sampl

Sampling, hb
ISO 5667-10

per chloride solution (500 mg-1-1in HCl 1 % v/v).

um sulfide solution for precipitation (10 % m/v).

bry equipment should be appropriate for the chemical treatment used (Clause 7).

jpment for the preparation of the thin layer deposit.

hl disc, of a metal that allows reductivegdeposition of polonium (e.g. stainless
silver, nickel or another metal displaying-this property). Depending on the device useg
t can be useful to cover one side of the«disc (e.g. with spray paint, or equivalent) to prg

pectrometry countingcan be carried out using either gridded ionization chambers of]
for detectors.

display is essential.

ling and samples

aper.

steel
d for
rvent

thin

and guldance is glven for the dlfferent types of water in Reerences [23] to [30]

167-3,

It is important that the laboratory receives a sample that is truly representative and has not been

damaged or

modified during transportation or storage.

If necessary, the sample is filtered using a 0,45 pm filter to remove suspended matter before acidification
(the use of a single-use filtering device is recommended).

1) Eichrom Resolve® Filters 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 the product named.

6
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7 Chemical treatment and deposit process

7.1 General
The volume of the test sample is variable; the usual quantity is between 150 ml and 2 000 ml.

All reasonable precautions should be taken during handling and storage of the test sample to avoid
contamination or degradation.

The verification that any contamination of reagents and residual contamination in the analytical
equipment are below the detection limit for the analysis shall be carried out and documented (blank

analjy

The
extrd

7.2
7.2.%

7.2.1
Take

If lan
conc
addis

Adju

Acco
nitri
shall

Add

yield
equij
the a

/SIS).

teps of the chemical treatment where a hot plate is used shall be carried eut Gn
cting hood.

Chemical treatment
Autodeposition of polonium on a disc

.1 Treatment
an aliquot of volume V from the test sample, e.g. 500 ml.

ge test samples are used, or if a special study is beingcarried out, it is possible that a
entration prior to the first step of chemical treatment is necessary, e.g. co-precipitatio
g Fe3* can be used. Co-precipitation from large samples decreases the detection limit

rding to ISO 5667-3, it is recommended'to store the samples after acidification with c
c acid (5.1.3). In this case if hydrochloric acid is to be used for the chemical treatment]
be evaporated to dryness before dilution in hydrochloric acid.

h sufficient, known quantijtyof tracer solution (5.1.2) to enable the determination of {
without introducing large-measurement uncertainties or potentially contaminating th
pment. Ideally the 210Ro peak and the tracer peak should be of the same magnitude (an
cquisition of between-400 counts and 10 000 counts in the tracer peak).

At thiis stage, a congentration step [dry evaporation and addition of dilute hydrochloric acid

be c4

The «

c 0 ne d
repeatability of the method.

HCI and water to produce a final solution of between 0,1 mol 1! and 3 mol 1-! and an
e forthe“deposition phase. This volume depends on the laboratory’s equipment for

der a fume-

preliminary
h of Fe(OH);

5t the pH with hydrochloric acid preferably'or nitric acid (5.1.4) in order to reduce the pH below 1,5.

oncentrated
the sample

he chemical
e laboratory
ideal aim is

(5.1.4)] can

rried out by<slew evaporation to dryness at a temperature lower than 80 °C (to avoid losses of Po).

appropriate
indertaking

haintain the

A chemical treatment procedure using extraction chromatographic resin can be used when both 210Ph
and 210Po are to be measured. The measurement of 210Pb is beyond the scope of this document[31].

7.2.1.2 Disc cleaning

The disc shall be thoroughly cleaned in order to remove deposits of organic impurities, e.g. by washing
with ethanol or acetone or both. It may also be necessary to remove surface oxide deposits with dilute
hydrochloric acid.

In the case of unprotected silver discs, the oxide and sulfur deposits present on the surface can be
eliminated by polishing or by washing with dilute ammonia solution (or any silver polish equivalent).

© IS0 2020 - All rights reserved
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Depending on the deposition equipment used (e.g. hanging the disc in the solution), it is important to
get the deposition on only one side of the disc. Cover one side of the disc, e.g. with tape, if necessary.

7.2.1.3 Deposition phase

Transfer the solution to the deposition equipment (Annex A) and add an excess of the reducing agent,
e.g. 0,1 g of ascorbic acid or hydroxylamine hydrochloride (5.1.5).

During the deposition phase, the metal disc catalyses the reduction of the polonium from Po** or
Po%* to metallic polonium. The addition of a reducing agent prevents the reoxidation (and therefore
redissolution) of the deposited polonium on the disc by any oxidants that may be present in the solution,

e.g. Fe3*.
Stir the solu

The deposit
can be accel
permanent

evaporation
good deposi

Add ascorbi
on the amoy

On completion, polonium is deposited as a thin source on the disc.;Rinse the disc with water (5.1.1)

wait until it

To avoid con
and 300 °C f

7.2.2 Mic

7.2.2.1 Cd
Take an aliq|

If large volu
preliminary
with CaHPO
and the detg

Add a suffic
yield withou
equipment.

the acquisit

Acidified to

[ion continuously using, for example, an automatic stirrer during the entire deposition p

jon of Po** or Po%* to metallic polonium is slow at room temperature. Thedeposition
erated by heating the solution to a maximum of 90 °C, making sure that the solution|
rontact with the metal disc, without excessive bubbling. It is advisable, to limit polo
losses by keeping the acidity of the solution low. This phase shall be{long enough to al
tion yield and in normal circumstances is completed within 3 h to4"h[81[2],

C acid carefully as it can interfere with the spectral resolution. The quantity needed dep
nt of Fe present in the sample, especially when an Fe(OH)4co-precipitation has been y

is dry before measuring it by alpha spectrometry.

tamination of the detector, it is recommended to.put the disc on a hot plate between 2
or a few minutes.

roprecipitation on a filter

precipitation of polonium sulfide with copper sulfide
t of volume V from the filtered test sample, e.g. 500 ml.

[-lno

e samples need to be tested, or if a special study is being carried out, it is possible 4
concentration prior tothe first step of chemical treatment is necessary, e.g. co-precipit
, can be used. If a ce=precipitation is performed, the volume of analysed sample can be
ction limit lowered in the same proportion.

tintroddcing large measurement uncertainties or potentially contaminating the labor
deally<the 210Po peak and the tracer peak should be of the same magnitude (an ideal a
onAf'between 400 counts and 10 000 counts in the tracer peak).

hase.
rate
is in
nium
ow a

ends
sed.

and

DO °C

hat a
htion
arge

ient, known_guantity of tracer solution (5.1.2) to enable the determination of the cheinical

itory
im is

IR & Fal ] 1 hd

: Tl 1 11 - aAQ 1 .c - PR IR & Pal |
dPPIUXIIIIAdLCTY 1 IITOT' T TG Uy dUllily U, o 11T Ul COIILTIILI dtCU TTGLL

A volume of 0,05 ml of the copper solution (5.1.7) is added and a volume of 0,1 ml of the sodium sulfide
(5.1.8) is then added.

The solution obtained is vigorously shaken and allow to react for 10 min.

Polonium sulfide coprecipitates with CuS.

7.2.2.2 Fi

Itration step

Filter the solution through a filter of 0,1 um porosity (5.2.6) with an appropriate diameter size for alpha
spectrometer measurement.
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After filtration, the precipitate is rinsed with 1 ml to 2 ml of 80 % ethanol (5.1.6) and air-dried for a few
minutes.

The filter is then mounted on a stainless-steel disc for alpha spectrometry measurement.

8 Measurement by alpha spectrometry

8.1 General

The counting time depends on the data quality objectives, uncertainty and detection limit to be
achigved.

8.2 | Quality control

Equipment quality control sources shall be measured (see 3.1.3) to verify)that the nmleasurement
equipment is performing within agreed limits[16l,

A thip source of 239/240py may be employed for this purpose as well to estimate the detection efficiency;
the alpha emissions are in the 5,10 MeV to 5,20 MeV energy region, and’there is no apprefiable decay
over [the working life of the source.

The ¢hemical yield of the process can be calculated using Formula (1):

R =-"T (1)
E

In gejneral, the chemical yield obtained is greater than 90 %.

— The background rate of each detector is determined with an empty source support (cleaned disc);
The background count time must be atleast equal to the sample count time.

INOTE The optimum time for the\ineasurement of the background source can be shown tjo be equal to
that of the source from very low activity sourcesl21l.

.

— The blank analysis [i.e. apalysis carried out with water (5.1.1) containing no detectgble, or very
w levels of, 210Po without-adding tracer solution (5.1.2)] value shall be compared to the previous
ackground values obtained from the same detector. This value shall be similar to the pbackground
alue measured with-ah empty source support (cleaned disc) in the energy region of 210Po and of the
racer to make sure'that there is no reagent or laboratory equipment contamination.

— A blank count(rate significantly larger than the background count rate, r, demonstratgs either the
resencecf polonium in the reagents and/or equipment, or cross-contamination.

8.3 | Measurement

The source is measured using grid ionization chambers or thin semiconductor detectors (See Annex B).

9 Expression of results

9.1 General

Measurement results presented in a test report are expressed as activity concentrations, in becquerels
per litre, with an associated uncertainty. The coverage factor for the expanded uncertainty is specified
in the presentation of results.

The reported result is an estimation of the “true” value with an associated uncertainty, which is itself a
combination of elementary uncertainties.

© IS0 2020 - All rights reserved 9


https://standardsiso.com/api/?name=22f2bfc44c75e2b7e5110ed0c1775c16

ISO 13161

:2020(E)

Where alpha spectrometry is used to measure radionuclide activity concentration, the main uncertainty

components
a)
b)
<)
d)

mass of
activity

volume

to be taken into account are the following:

gross counts in the analyte and background signals;

the added tracer (or volume of the tracer solution);
of the tracer;

of the test sample.

Other uncertainties are small in comparison to these parameters and may be disregarded, unless there
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(3)

where W:L.

T

If 208Pg or 209Po are used as tracers, a correction due to impurities is necessary if these have been

declared by

the supplier or are otherwise known to be present.

The decay correction of the 210Po activity concentration is made if necessary, e.g. for a very long
counting time or a significant delay between the deposition date and the counting time.

10
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9.4 Combined uncertainties

According to ISO/IEC Guide 98-3, the combined uncertainty of ¢, is calculated using Formula (4):

g 0

u(cy >=\/W2 [”2 (rg )+“2 (ro )]+C§\ uly (W) :\/Wz [%J{l}ci uly (w) 4)

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

Wz (w)=p? (R 41?2 (V) (5)
7 rerv 17 rel

rers

The relative standard uncertainty of Ry, u,.(Ry), is calculated using Formula (6):
(rT /tg )+(rOT /to)

2
(rp=Tor

where ufel (A) includes all the uncertainties related to the tracer activity, i.e. in the standgrd solution,

2 —,2 2 — 2
Lrel(RT)_urel(rT _r()T )+urel(A)_ +urel(A) (6)

preppration of the tracer solution, and the addition of the tracer solution to the sample.

For the calculation of the characteristic limits, u(c,) is required,.ile. the combined uncertainty of c, as a
function of its true value (according to ISO 11929-1), calculated using Formula (7):

(€, )= \/wz {_(EA / W_+r°)+:_°}+5§\ w2, (w) 7)

t, 0

b

9.5 | Decision threshold

In adcordance with ISO 11929-1 and ISQ 11929-3, the decision threshold c:\, expressed i becquerels
per litre, is obtained from Formula (%) for ¢, = 0.

Thisyields:

~

. . o

A =Ko U(0)=k;_ W t_+t_ (8)
g 0

whette @ = 0,05 with.k; _, = 1,65, a value often chosen by default.

9.6 | Detection limit

In agcordance with ISO 11929-1 and ISO 11929-3, the detection limit cf\, expressed in be¢querels per

lt an o colo ot d o s Doy 1o (O
1tre,cafmHe-carcdratetr oS g ToTrTirara 7.

. . . (ck /w+ry)

ch=cp+hky_gilch)=cy +k g \/wz [—t 2 +t£ +ch2uZ (w) 9)
g 0

The detection limit can be calculated by solving Formula (8) for CK or more simply by iteration with a

starting approximation cﬁ = ZC:\ in terms of the right side of Formula (9).
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CX is obtained with k; _, = 1-8 =k:

2cy +(kK2w)/t,

# _
ct =
A 1-

Values a =

2,2
k Urel

(w)

= 0,05 and therefore k; _, =k;_ B = 1,65 are often chosen by default.

9.7 Limits of the coverage interval

9.7.1 Li

its of the prnhahilicﬁrally symmeitric coverage interval

The lower,
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Ao -
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Lo 2 4 u(cy). In this case:
ks u(cy)
05 with k; _,/, = 1,96 are often ¢hosen by default.

shortest coverage interyal

| in detail in ISO 119291 the lower limit of the shortest coverage interval, ¢}, and the y

hortest coverage-intérval, CZ' are calculated from a primary measurement result, ¢,, ¢
hnd the standdrd uncertainty, u(c,), associated with c,, either by:

c, Tkp-ufey); p=(1+0-(1-7))/2

by

: <
orlch <0,

¢y .Cca=0;c, £kq-u(c, )withg=1-w-y

where @w= (D[

@ being the

Ca

el

distribution function of the standardized normal distribution.

The relation: 0 < c3 < c3 applies and the approximation of Formulae (11) and (12) is valid.
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10 Test report

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

n date, then
the activity

e expressed

d following
the result is

esult of the

ethod is not

information:

a) the test method used, with reference to this document (ISO 13161:2020);

b) all information necessary for the complete identification of the sample;

c) units in which the results are expressed;

d) 210pg activity concentration reference date — if the reference date is not the depositio
the equilibrium between 210Po, 210Ph and 219Bi shall be taken into account to correet
¢oncentration;

e) festresult, cy * u(cy) or ¢y £ U, with the associated k value. The uncertainty can'also b
as the limits of the probabilistically symmetric coverage interval, c3, cj ,;ahd/or the |imits of the
d : < >
ghortest coverage interval €A Cas
Note that U = k u(c,) with k=1 or 2.

[omplementary information can be provided such as:

f) probabilities «, 3, and (1 - );

g) decision threshold and detection limit;

h) dlate of deposition or microprecipitation and date©fmeasurement;

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

1) when the activity concentration, ¢y Is compared with the decision threshol
[SO 11929-1, the results of the measurement should be expressed as Scz when
below or equal to the decision threshold;

1) when the activity concehtration ¢, is compared with the detection limit, the 1
measurement can be éxpressed as Scﬁ when the result is below or equal to the detlection limit.

If the detection limit(exceeds the guideline value, it shall be documented that the m

guitable for the measiirement purpose.

j)  4qny relevant idformation likely to affect the results.

In acpordance-with ISO/IEC 17025, additional information can be provided, e.g. sampling d¢

ptails.
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Annex A
(informative)

Cell deposit examples

Key
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3 metal digc

Figure A.1 —Room temperature deposit system
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