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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 40K, 3H, 14C, and those originating from the thorium and uranium
decay series, in particular 226Ra, 228Ra, 234U, 238U, 210Po and 210Pb can be found in water for
natural reasons (e.g. desorption from the soil and washoff by rain water) or can be released from

|
1
1

Radi
char
nuclg
may

The

the

recoj
that
natid
disch
forp
using
ISO §

Depd
in arf
guid
resp
base

NOTH
that 1
very

P

¢gnvironment as a result of authorized routine releases. Some of these"radionuclid

urium), 3H, 14C, 90Sr and gamma emitting radionuclides can also be found'in nat
bmall quantities of these radionuclides are discharged from nuclear fuel eycle facilit

technological processes involving naturally occurring radioactive materials (e.g. the mining and

neptunium,
iral waters.
ies into the
es used for

nedical and industrial applications are also released into the environment-after use. Anthropogenic

adionuclides are also found in waters as a result of past fallout contaminations res
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
hcteristics and climatic conditions and can be locally and temporally enhanced by r¢
ar installation during planned, existing and emergeney exposure situations[l]. Dri
thus contain radionuclides at activity concentrations\which could present a risk to hun

radionuclides present in liquid effluents are usually controlled before being disc
bnvironment(2] and water bodies. Drinking waters are monitored for their radi
mmended by the World Health Organization {WHO)[3], so that proper actions can be tak
there is no adverse health effect to the public. Following these international recom
nal regulations usually specify radionuclide authorized concentration limits for lig
arged to the environment and radiehuclide guidance levels for waterbodies and drin|
anned, existing, and emergency‘exposure situations. Compliance with these limits can|
r measurement results with their associated uncertainties as specified by ISO/IEC Gu
667-20[41.

nding on the exposure situation, there are different limits and guidance levels that ¥

blines for guidanCe level for uranium 238 and uranium 234 in drinking water is 10 Bq/
bctively. The provisional guideline value for total content of uranium in drinking wat
H on its chemiical toxicity, which is predominant compared with its radiological toxicity

1  Theguidance level is the activity concentration with an intake of 2 1/d of drinking wate
esultsin an effective dose of 0,1 mSv/a for members of the public. This is an effective dose that
ow.level of risk and which is not expected to give rise to any detectable adverse health effects
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action to reduce health risk. As an example, during a planned or existing situatign, the WHO

| and 1 Bq/],
br is 30 pg/l
.

- for one year

represents a
3],

In the event of a nuclear emergency, the WHO Codex Guideline Levelslé] state that the activity
concentration might not be greater than 100 Bq/I for uranium 235.

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)[6].

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 situation[3][6][7],
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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.
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).
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Water quality — Uranium — Test method using alpha
liquid scintillation counting

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.
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document specifies the measurement method for the determination of total activity cc
hnium isotopes in non-saline waters by extraction and liquid scintillation counting.

is document

ncentration

method covers the measurement of soluble uranium isotopes i water in activity copcentrations

een approximately 2:10-3 Bq/kg and 10 Bq/kg when analysing a 1 I test sample vo
0 s counting time with a typical alpha LSC instrument.

ratio 234U/238U can also be determined. This method has not been tested for the mea
Furanium isotopes.

Normative references

following documents are referred to in.the text in such a way that some or all of t
fitutes requirements of this document.For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

696, Water for analytical laboratory use — Specification and test methods

b667-1, Water quality — Sampling — Part 1: Guidance on the design of sampling prog
ling techniques

667-3, Water qualityz~— Sampling — Part 3: Guidance on the preservation and handling of wj
0000-10, Quantities and units — Part 10: Atomic and nuclear physics

1929, Determination of the characteristic limits (decision threshold, detection limit and
fdence interval) for measurements of ionizing radiation — Fundamentals and application

EC"17025, General requirements for the competence of testing and calibration laboratori

ume with a

surement of

heir content
applies. For
hts) applies.

rammes and

ater samples

limits of the
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1S0/

EC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

3 Terms, definitions, symbols and units

For the purposes of this document, the terms, definitions, symbols and units given in ISO 80000-10,
ISO/IEC Guide 98-3 and the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:
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m mass of the test sample, in grams
ms(u) mass of 236U standard solution used for the preparation of the calibration sample, in grams
ms(sr) mass of 90Sr standard solution used for the preparation of the calibration sample, in grams
activity per unit of mass of the 236U standard solution at the measuring time, in becquerel
As
per gram
rs count rate of the calibration sample in the alpha window, per second
1ol 1 1 4= 4= - 41 Lol - pa | pa |
rO UldIIiN Ddlll}JlC COUIIl I'attT I11 UIIT Clll.}lla WIIITUUVWY, lJCl ST LUIIU
rg sample gross count rate in the alpha window, per second
€ alpha efficiency
a activity per unit of mass, in becquerel per gram
cA activity concentration, in becquerel per litre
to blank sample counting time, in seconds
tg sample counting time, in seconds
ts calibration sample counting time, in seconds
u(a) standard uncertainty associated with the meas@rement result; in becquerel per gram
Ula) expanded uncertainty, calculated by U = k@(ca) with k=1, 2,..., in becquerel per gram
a* decision threshold for the alpha activity) in becquerel per gram
a* detection limit for the alpha activity, in becquerel per gram
as,a> lower and upper limits of the.confidence interval, in becquerel per gram
I'sa,B alpha emitter count rate/in beta window
r'so,p blank count ratedin’beta window
Fsa,T alpha emittercount rate in total (alpha+beta) window
I'spa beta emitter count rate in alpha window
r'so,a blank count rate in alpha window
laai ikt PRSPy SRS TPy TP I 2 I PP MR T T S |
rSB,T UCLa TIIIILLTT CUUIIL 1T dlT 111 tUuLal l_all.)llaTUCLaJ VVIIIUUVW
Tq alpha spillover parameter
(7] beta spillover parameter

4 Principle

The water sample is first acidified with a fixed amount of nitric acid and then, if lower detection
limits are required, concentrated by evaporation. Uranium isotopes are then extracted (liquid-liquid
extraction) by a scintillation cocktail containing a complexing agent [bis(2-ethylhexyl) hydrogen
phosphate, HDEHP] and counted by liquid scintillation. The total activity of uranium isotopes can be
thus determined. 236U standard solution is used for calibration (external standard).
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Spectral deconvolution can be performed using a suitable software to assess the 234U/238U ratio.

5 Reagents and equipment

5.1 Reagents

All reagents shall be of recognised analytical grade and shall not contain any detectable alpha and beta
activity.

5.1.1__ Nitric acid, ¢(HNO3) =158 mol/l. p = 1,42 g/ml. mass fraction w(HNQ3) = 70 %

5.1.2 Nitric acid, ¢(HNO3) = 0,7 mol/], obtained by dilution of concentrated nitric acid:

5.1.3 Laboratory water, distilled or deionized (complying with grade 3 of ISO 3696).

Deionhized water can contain detectable amounts of 222Rn and short lived‘daughters. It|is therefore
strongly recommended to boil the water under vigorous stirring and let\it’stand for one day before its
use. An alternative option is to purge it with nitrogen for about 1 h for'2¥volume.

5.1.4 Scintillation cocktail, to be prepared (see 7.1).

5.1.3 Ethanol, 95 %.

5.1.4 p-Xylene, 99 %, for spectroscopy or scintillation grade.

5.1.7 Bis(2-ethylhexyl) hydrogen phosphate.(HDEHP), 95 %.

5.1.8§ Naphthalene, 99 %, scintillation/grade.

5.1.9 2-(4-Biphenylyl)-6-phenyl benzoxazole (PBBO), scintillation grade.

5.1.10 Radioactive standard solution.

Alphh and beta emitter.standard solutions (respectively 236U and 90Sr/90Y or other spitable beta
emitfer radionuclide):shall be provided with calibration certificates containing at least|the activity
concgntration, measurement uncertainty and/or statement of compliance with anp identified
metrjological specification.

5.2 | Equipment

5.2. Balance

5.2.2 Hot plate with magnetic stirrer and stirring bar.
5.2.3 pH meter.
5.2.4 Wide-mouth HDPE sample bottles, volumes between 100 ml and 500 ml.

5.2.5 Liquid scintillation counter, with «/f discrimination option, with thermostated counting
chamber and preferably a commercially available low background counter to achieve better detection
limits.

© ISO 2018 - All rights reserved 3


https://standardsiso.com/api/?name=78cc6bcfcbcd1b0a5f134f4176cf3389

ISO 13169:2018(E)

5.2.6 Polyethylene scintillation vials, PTFE coated, 20 ml.

PTFE coated polyethylene vials are the best choice since they prevent both the diffusion of the cocktail
into the wall of the vial and the absorption of radon from the outer environment. Glass vials exhibit a
considerably higher background and generally degrade both a/f discrimination and a peaks resolution.

6 Sampling

Collect the sample in accordance with ISO 5667-1. Store the water sample (from 0,1 1to 11) in a plastic
bottle in accordance with lSO 5667-3. Ac1d1fy the sample w1th HN03 1f the sample is not supposed to

Q aal Q 0 be
htion

carried out, [ dd 5 ml ofHN03 to 1 000 g ofsample (see 8 1 and 8. 2) When necessary, carry out f11tr
immediately on collection and before acidification.

tion.
wise
hples

Acidificatio]
If the filtra
radioactive
may be stor

of the water sample minimizes the loss of radioactive material from solution by adsorp
tion of the sample is required, the acidification is performed afterward, other
material already adsorbed on the particulate material can be desorbed. Acidified san
ed for two months before being analysed (ISO 5667-3).

7 Instrument set up and calibration

7.1 Preparation of extractant scintillation cocktail

To prepare 500 ml of cocktail, weigh in a beaker:

— Naphthdlene 90,0 g;

— PBBO 2,0g;

— HDEHP 25,0 g.

mately 450 ml of xylene and stirfér about 1 h with a magnetic stirrer. Transfer to a 500 ml

bring to volume with xylene,'shake and filter, if necessary, with glass wool.

Add approxi
tared flask,

Transfer thg cocktail to a dark bottle preferably equipped with a 10 ml dispenser.

7.2 Preparation of alpha emitter calibration source

Transfer anfaccurately knpwn amount ms(y) of the 236U standard solution into a beaker. Add 100 ml of

0,7 M HNO3
Transfer bo
remove trad

and extraettwice, in a separatory funnel, by two 10 ml portions of scintillation coc
th cocktail ‘portions into a scintillation vial and purge gently with argon or nitrog
es of 222Rn.

ktail.
bn to

7.3 Preparation of heta emitter calibration source

Transfer an accurately known amount mgsy) of the 90Sr standard solution at isotopic equilibrium with
90Y into a beaker. Add 100 ml of 0,7 M HNOs3 and extract twice, in a separatory funnel, by two 10 ml
portions of scintillation cocktail. Transfer both cocktail portions into a scintillation vial and purge
gently with argon or nitrogen to remove traces of 222Rn.

7.4 Optimization of counting conditions

Set the alpha and beta counting window so that the energies of all the alpha and beta emitters of interest
are covered.

Count for an appropriate period the alpha and beta counting standards in alpha/beta-discrimination,
under different discriminator settings.

© ISO 2018 - All rights reserved
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Determine the alpha (7,) and beta (zp) spillover parameter for each discriminator setting, as shown by

Formulae (1) and (2):

I'sa,p ~T70,8

Ty =" (1)
I'se,T —T0,T
I — I
SB, 0,

T _SBo "0, 2)
Fsg,T —To,T

The best discriminator setting (working point) is chosen in order to minimize both 7, and 7.

The gelected counting conditions are used for all other subsequent counts (sample, blank and standards).
An ekample of discriminator setting determination is given in Annex A.

NOTH Good alpha-beta separation (r < 0,10) can be achieved by using a scintillation cocktail which is non-
miscible with water and which contains naphthalene.

It is possible to choose a working point such that 74 is slightly higher than 7; this reduges both the
detegtion efficiency and the background and minimizes the interference’by any beta emitter. Since the
samg discriminator setting is used for both calibration and samplesmeasurement, no cqrrection for
misc|assification is necessary in the calculations.

7.5 | Detection efficiency

The ¢xtraction efficiency and the counting efficiency are’calculated together by extracting gnd counting
a 236 standard solution (7.2).

Detefmine the alpha efficiency, as shown by Forifaula (3):

I's—Tg

4o (3)

- Ag mg
Acceptance limits for efficiency should be defined.
The term € includes both counting and extraction efficiencies and usually ranges from 90 % to 100 %.

A mtre accurate estimate of efficiency may be obtained by preparing and measuring five or more
calibjration samples.

Efficjencies should‘be verified with a periodicity established by the laboratory and whengver changes
in mpterials (e«g.‘scintillation cocktail), analyst or when maintenance operations are pdrformed on
the dcintillation ‘counter. A verification or a recalibration is necessary when requisites of instrument
quality control (see Clause 11) are not met.

7.6 | Blank sample preparation and measurement

Prepare the blank sample by the same procedure used for test samples (see Clause 8). Acidify 95 ml of
laboratory water with approximately 5 ml of concentrated HNO3 (final concentration 0,7 M) and extract
it twice, in a separatory funnel, by two 10 ml portion of scintillation cocktail. Transfer both cocktail
portions into a scintillation vial and purge gently with argon or nitrogen to remove traces of 222Rn.

Acceptance limits for blank samples should be defined, also on the basis of the desired sensitivity. For
this purpose the use of control charts is advisablel[8].

It is recommended to count blank samples for the same time length as the usual samples.

Blank measurements should be performed with a periodicity established by the laboratory (e.g.
monthly) and whenever changes in materials (e.g. scintillation cocktail batch) or when maintenance

© IS0 2018 - All rights reserved 5
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operations are performed on the scintillation counter. Verification or a recalibration is necessary when
requisites of instrument quality control (see Clause 11) are not met.

8 Procedure

8.1 Without pre-concentration

Transfer a weighed aliquot (m) of the initial water sample (approximately 95 g) into a beaker. Acidify it
with approximately 5 ml of concentrated HNO3, a 0,7 M final concentration in HNO3 is obtained.

Heat to appi
to desorb. Lg
the initial W

8.2 Pre-c

It is possiblg

foximately 80 °C Under STITINg for 3U mMin in a COvered beaker to altow the dissoived 4
et the sample cool down and weigh it again and add, if necessary, laboratory water tp re
eight.

oncentration by evaporation

to apply a pre-concentration step by evaporation when soft waters are considered (e.g.

residue < 500 mg/l, as most drinking waters) in order to decrease the detection’limit of the me

Hard water{

Transfer a v
approximat

Slowly evap
down to roq
be 0,7 M.

No precipits:
factors are ]

If unknown
adopted.

8.3 Samp
Transfer thd
it twice, in 4

portions int
Clean the ex

8.4 Samp

Count the s

may give rise to salt precipitations which can be hardly completely dissolved.

Veighed aliquot (m) of the initial water sample (1 000 g approximately) into a beaker
bly 5 ml of concentrated HNO3 to achieve a concentration9f.0,07 M.

prate the sample on a hot plate until a quantity of appiroximately 100 g. Let the samplg
m temperature. The resulting nitric acid concentration in the evaporated fraction s}

ition should be observable, otherwise direct counting (8.1) or smaller pre-concentr
0 be applied.

only a rough evaluation of the dry residue is needed. Any commonly used technique c

le preparation

heated or concentrated.sample (approximately 100 ml) to a separatory funnel and ex]

| separatory funnel, by two 10 ml portions of scintillation cocktail. Transfer both coq
o a scintillation vialand purge gently with argon or nitrogen to remove traces of 2
terior of the vial with ethanol and transfer it into the counting chamber.

le measurement

impleusing the chosen optimum counting conditions (see 7.4). The counting time dep

22Rn
store

dry
thod.

Add

cool
ould

htion

hn be

tract
ktail
L2Rn.

ends

on the samqle count rate (rg.) and also on precision and detection limit required.

9 Expression of results

9.1 C(alculation of activity per unit of mass

Calculate the uranium activity per unit of mass, g, of the test water sample by Formula (4):

a:g

Em

g ~To 1

=(r,—-rp)w with w=—o
(g 0) em

(4)

If the result has to be expressed in activity concentration ca (Bq per unit volume) then the initial result
expressed in becquerel per unit of mass shall be multiplied by the density of the water sample.
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9.2 Standard uncertainty
According to ISO/IEC Guide 98-3, the standard uncertainty of a is calculated by Formula (5):

u(a)z\/w2 [uz (rg)+u2 (ro)}+a2 uZ; (w) =\/W2 (rg /tg +10 /t0)+a2 uZ; (w) (5)

where the uncertainty of the counting time is neglected.

The relative standard uncertainty of w is calculated by Formula (6):

2 (.0 2 (N2 (N
U rel \VV}—Mrel \C}Turel \”l} (6)

The relative standard uncertainty of ¢ is calculated by Formula (7):

Ze (€)=uley (rg —ro) +ufe (Ag ) +ule (ms):<rs/ts+r0/t0)/(rs_r0)2+u§el (4g)+ube (ms) (7

Repgatability contribution to u(e) should also be taken into account. [&can be calculated jas standard
devigtion of five or more calibration samples prepared and measured.tunder repeatability conditions
(see [.5).

Calcylate the characteristic limits in accordance with ISO 11929-and u(a), i.e. the standard|uncertainty
of a 4s a function of its true value, using Formula (8):

i(&):\/wz.[(&/w+r0)/tg+r0/t0]+&2 ufe](w) (8)

9.3 | Decision threshold

The ¢lecision threshold, a*, is obtained from Formula (9) for a=0. This yields:
[4 =k1—OC ﬁ(O):kl_aW 'ro/tg'i‘ro/to (9)
a = 0,05 with k1-, = 1,65 are/often chosen by default.

9.4 | Detection limit

Calcylate the dete€tion limit, a¥, (is in the definitions) using Formula (10):

(Y

L +k{_p ﬁ(a#)=a* +ki_p \/WZ[(a# /w+r0)/tg +rp /t0}+a#2u?el (w) (10)

a = 0,05with k1_g = 1,65 are often chosen by default.

The detection limit can be calculated by solving Formula (10) for a# or, more simply, by iteration with a
starting approximation a# = 2 a*.

When taking a = ff then k1-4 = k1-p = k, the solution of Formula (10) is given by Formula (11):

# 2
a#:2a +(k W)/tg o
1-k? u? (w)

rel
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dence limits

Calculate in accordance with ISO 11929, the lower, a<, and upper, a”, limits of the confidence interval
using Formulae (12) and (13):

a“=a-

a’ =a+

where

y=0,05

9.6 Calcu

The activity]
p in gram p¢

I,
CA :ig
ugel (W)

The uncertd
using the prj

10 Interfq

Thorium isd
peaks of 224
are not dist
alpha peaks
shall be use

ko u(a);p=w-(1-v/2)

kqu(a);q=1-w-y/2

(12)

(13)

u(y)l,

being @ the distribution function of the standardized normal disttibuti

may be setif a = 4 u(a) then Formula (14) applies:

ikl—y/Z 'u(a)

with k1-y/2=1,96 is often chosen by default.

lations using the concentration activity

concentration may be calculated by multiplying the‘activity per unit of mass by the de
r litre, as shown by Formulae (15) and (16):

— p= w with w=-_
m em

(rg _rO)
:UEe] (8)+ur2el (m)+ur2e1 (P)

inty, the characteristics limits and the limits of the confidence interval may be calcu
evious expression [Formulaey(5), (9), (10), (12) and (13)] with Formulae (15) and (16).

rrence control

topes can be partially co-extracted with uranium. Thorium presence is shown by 4
Th at the enekgy lines 5,32 MeV (68 %) and 5,26 MeV (32 %). As alpha emissions of 3
inguishable/from those of 238U, the 232Th contribution cannot be removed. When 3
are clearly visible and therefore thorium presence is demonstrated, an alternative mq
1 for Wranium quantification (see e.g. ISO 13166[2]).

on;

(14)

nsity

(15)

(16)

lated

ilpha
32Th
28Th
thod

11 Quality control

Measurement methods shall be selected and associated procedures performed by suitably skilled staff
under a quality assurance programme and control.

Confidence in the measurement results is maintained by regular use of certified reference materials
and the participation in interlaboratory comparisons and proficiency testing (see ISO/IEC 17025).

Laboratory procedures shall ensure that laboratory and equipment contamination as well as cross

sample cont

amination is avoided.
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12 Test report

The test report shall conform to ISO/IEC 17025 requirements and shall contain the following

information:

a) the test method used with reference to this document, i.e. ISO 13169;
b) all information necessary for complete identification of the sample;
c) units in which the results are expressed;

d) testresult, a * u(a) or a + U, with the associated k value.

Complementary information can be provided such as:

e)
f)
g)

h)

robabilities a, f and (1 - y);
ecision threshold and the detection limit;
epending on the customer request there are different ways to present the result:

1) when the activity per unit of mass, a, is compared with the deciSion threshold (se¢
the result of the measurement should be expressed as < @% when the result is I
decision threshold;

2) when the activity per unit of mass, a, is compared.with the detection limit, the
measurement can be expressed as < a* when the result is below the detection
detection limit exceeds the guideline value, it’,shall be documented that the m
suitable for the measurement purpose;

mention of any relevant information likely todaffect the results.

b [SO 11929)
bss than the

result of the
limit. If the
bthod is not
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Annex A
(informative)

Set-up parameters and validation data

A.1 General

The followilng measurements have been performed by a Quantulus? 1220 (PerkinElmexJ4jquid
scintillation| counter. PTFE coated polyethylene vials Polyvials SLD1) (Zinsser Analytic &mbH) and
scintillation{cocktail prepared as described in 7.1 have been used[10],

A.2 Instriument set up and calibration

Superimposgd alpha spectra of natural uranium (234U, 235U and 238U - green)abd 236U (red) are shown
in Figure A.1. 235U peak is not resolved. The scintillation cocktail used is desgribed in 7.1.

100
95
90
85
80
751
704
651
60
55
50
45
40
357
301
257
201
15
104

238(J 234(J

50 100 1504200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000

(=)

Key
X channeld
Y counts

Figure A.1 — Superposed LSC spectra of natural uranium and 236U
The spillover diagram obtained as described in 7.4 is reported in Figure A.2. Calibration sources of 236U
and 90Sr/90Y have been used. Counting window was (620 to 820) channels.

Alpha (74) and beta (zp) spillover parameter are reported on y axis and the discrimination parameter
(PSA) on x axis.

1) Quantulus and Polyvials SLD are examples of suitable products available commerecially. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO of these products.
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Figure A.2 — Spillover diagram

all efficiency was determined as described in 7.5. Results are reported in Table A.1.

Table A.1 — Calibration parameters

. . € average
Calhl;{rl;ltlon Activity Replicates Averagge value combined s(¢) - stand. dev.
uncertainty2
236U 10 Bq 3 0,994 0,024 0,011

a g

unce

average combined uncertainty is the average of individual uncertainties of efficiency values. Th
"tainties take into account uncerfainties of counting, background and standard activity.

pse combined

The
sincd

yariance of replicate measurement is not considered in the calculation of efficiency
the method repeatability contribution is evaluated.

uncertainty

A.3 | Expression-of results
Decigion thréshold and detection limits calculated as in 9.3 and 9.4 are reported in Tabl¢ A.2 for the
above reporfed conditions (1,0 kg samples). The same parameters for non-concentrated samples
(0,1 kgyare reported too. Above reported efficiency and blank values are used.
Table A.2 — Characteristic limits
Actual mass of Counting time Backeround Background Decision Detection
test sample g g uncert. (k=1) threshold limit

kg min counts counts Bq/kg Bq/kg

0,1 1000 125 21 8:10-3 2:10-2

1,0 1000 125 21 8-10-4 2:10-3
© ISO 2018 - All rights reserved 11
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