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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
ical 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

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

uman-made radionuclides such as transuranium elements (americium, plutonium
cprium), 3H, 14C, 90Sr and gamma emitting radionuclides can also be foundiw nat
Small quantities of these radionuclides are discharged from nuclear fuel cycle facil
epvironment as a result of authorized routine releases. Some of these-radionucli

radionuclides are also found in waters as a result of past fallout contaminations re
the explosion in the atmosphere of nuclear devices and accidents\such as those thaf
Chernobyl and Fukushima.

Radignuclide activity concentration in water bodies canf{vary according to loc3
teristics and climatic conditions and can be locally and temporally enhanced by 1
hr installation during planned, existing and emergeney exposure situations[ll. Dr
us contain radionuclides at activity concentrations which could present a risk to hu

reco

that t
natio
disch
for pl
using|
ISO 5

mended by the World Health Organization’(WHO)[3] so that proper actions can be tal

nal regulations usually specify radionuclide authorized concentration limits for li
hrged to the environment and radionuclide guidance levels for waterbodies and dri

measurement results with«their associated uncertainties as specified by ISO/IEC Gy
h67-20141.

Depending on the exposure)situation, there are different limits and guidance levels that
in an|action to reduce-h€alth risk. As an example, during a planned or existing situati
guidelines for guidancélevel in drinking water is 0,5 Bq/1 for gross alpha activity and 1 B
beta jctivity.

NOTE
that re¢
very |

Theguidance level is the activity concentration with an intake of 2 1/d of drinking watd
bsults ifiian effective dose of 0,1 mSv/a for members of the public. This is an effective dose tha
w lével of risk and which is not expected to give rise to any detectable adverse health effect
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neptunium,
ural waters.
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sulting from
occurred in

1 geological
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tharged into
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here is no adverse health effect to the'\public. Following these international recompmendations,

quid effluent
hking waters

hnned, existing, and emergency exposure situations. Compliance with these limits can be assessed

ide 98-3 and

would result
bn, the WHO
q/1 for gross

r for one year

trepresents a
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Id, 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][Z].

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.
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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).

An International Standard on a test method of gross alpha and gross beta activity concentrations in
water samples is justified for test laboratories carrying out these measurements, required sometimes
by national authorities, as laboratories may have to obtain a specific accreditation for radionuclide
measurement in drinking water samples.

This document is one of a set of International Standards on test methods dealing with the measurement
of the activity concentration of radionuclides in water samples.

vi © ISO 2018 - All rights reserved
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Water quality — Gross beta activity — Test method using
thick source

WARNING — Persons using this document should be familiar with normal laboratory practice.
This document does not purport to address all of the safety issues, if any, associated with its use.
It is the responsibility of the user to establish appropriate safety and health practices.
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It is the laboratory’s responsibility to ensure the suitability of this method for the water sa
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ISO 3696:1987, Water for analytical laboratory use — Specification and test methods

ISO 5
sampl

ISO 5

ISO 5
envird

ISO 1

aEried out by suitably trained staff.

1 Sicope

Hlocument specifies a test method for the determination of gross betaJactivity con
nline waters. The method covers non-volatile radionuclides withi maximum betd
ximately 0,3 MeV or higher. Measurement of low energy beta emitters (e.g. 3H, 228R|
hd 241Pu) and some gaseous or volatile radionuclides (e.g. raden and radioiodine)

est method is applicable to the analysis of raw and drinking waters. The range d
ds on the amount of total soluble salts in the water~and on the performance ch
ground count rate and counting efficiency) of the counter used.

ormative references

bllowing documents are referred:toin the text in such a way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition-of the referenced document (including any amendmg

667-1, Water quality\= Sampling — Part 1: Guidance on the design of sampling prog
ing techniques

b67-3, Waterqquality — Sampling — Part 3: Preservation and handling of water sampleg

67-14, Water quality — Sampling — Part 14: Guidance on quality assurance and qua
nmentdal water sampling and handling

1929, Determination of the characteristic limits (decision threshold, detection limit an{

led in the gross beta quantification using the test method described in this document.

is document

Ccentration in

energies of
a, 210pPh, 14C,
might not be

f application
aracteristics

mples tested.

their content
applies. For
ents) applies.

yrammes and

ity control of

[ limits of the

confia

ence intervalj for measurements of I0niZing radidation — Fundamentals and application

IS0 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)

ISO/IEC Guide 99, International vocabulary of metrology — Basic and general concepts and associated
terms (VIM)
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3 Terms, definitions, symbols and units
No terms and definitions are listed in this document.

For the purposes of this document, the symbols and designations given in ISO 80000-10, ISO 11929,
ISO/IEC Guide 98-3, ISO/IEC Guide 99 and the following apply.

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

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

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

A bdta activity, in becquerels, of the calibration source

cA beta activity concentration, in becquerels per litre

le d€cision threshold, in becquerels per litre

cﬁ detection limit, in becquerels per litre

Cfl ) CZ loyer and upper limits of the confidence interval, in becquerels\per litre

m mass, in milligrams, of ignited residue from volume, V

my mass, in milligrams, of the sample residue deposited‘on the planchet

ro background count rate, per second

roa background count rate, per second, from the alpha window

rg sample gross count rate, per second

Iga sample gross count rate, per second, from the alpha window

Is calibration count rate of the{beta source, per second

I'sa calibration count rate df the alpha source, per second, from the alpha window
S sufrface area, in sqirare millimetres, of the planchet

to bdckground eetinting time, in seconds

tg sample ceunting time, in seconds

ts calibration count time of the beta source, in seconds

tsa calibration count time of the alpha source, in seconds

u(ca) standard uncertainty, in becquerels per litre, associated with the measurement result
U expanded uncertainty, in becquerels per litre, calculated from U = ku(cg), with k=1, 2 ...
% volume, in litres, of test sample equivalent to the mass of solid on the planchet
Vi volume, in litres, of the water sample

2 © ISO 2018 - All rights reserved
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€ counting efficiency for the specified radioactive standard

source thickness, in milligrams per square millimetre, of the sample residue dep
Py planchet

osited on the

alpha-beta cross-talk, percentage of alpha count going into the beta window from the alpha

calibration source

4 Principle

Gross 2 g
of all peta-emitting radionuclides in a test sample, but rather a screening analysis to ensu
refergnce levels of specific beta emitters have not been exceeded. This type of determir
knowpn as gross beta index. Gross beta analysis is not expected to be as accurate nor
specific radionuclide analysis after radiochemical separations.

The dample, taken, handled and preserved as specified in ISO 5667-1, ISO5667-3 and
is evgporated to almost dryness, converted to the sulfate form, and-ignited at 350 °
of the residue is transferred onto a planchet and the beta activity\measured by co
apprdpriate counting assembly, which is calibrated against a suitable*beta calibration so
potassium-40 (40K) or strontium-90/yttrium-90 (90Sr + 90Y) in egdilibrium.

If simultaneous gross alpha and beta measurements are . required on the same water
procegdure specified in this document is common to thatof 1SO 9696I8l. However, to sij
measfire gross alpha activity, the counting source thickness should be below 0,1 mg/ mm?

A performance criteria example is given in Annex A.

5 Reagents and equipment

5.1 |Reagents
All repgents shall be of recognized\analytical grade and shall not contain any detectable b

NOTE A method for preparing reagent blanks to check for the absence of any endemic beta r4
contamination is given in Clause'7.

5.1.1] Water, conferining to ISO 3696:1987, grade 3.

5.1.2]| Calibration source, the choice of beta calibration source depends on the knowledg
of radioactive-contaminant likely to be present in the waters being tested. Among calibrat
beta-¢mitting radionuclides, 90Sr and 40K are commonly used.

oncentration
re particular
ation is also
S precise as

[SO 5667-14,
C. A portion
inting in an
urce, such as

sample, the

nultaneously
[9][10],

bta activity.

dioactivity or

re of the type
jon source of

aSSTOUTIT

chloridel3l.

NOTE Thebetaaetivity-of¢Minnatural potassitmis
5.1.3 Nitric acid, ¢(HNO3) = 8 mol/I.

5.1.4 Sulfuric acid, c(H2S04) = 18 mol/], p = 1,84 g/ml, mass fraction w(H2S04) = 95 %.
5.1.5 Volatile organic solvents, methanol or acetone.

5.1.6 Calcium sulfate, CaSO4.

5.1.7 Vinyl acetate, [(C4HeO2)n].
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CAUTION — As calcium salts can contain trace amounts of 226Ra and/or 210Pb, checks for the
presence of these radionuclides shall be made.

5.2 Equipment

Usual laboratory equipment and, in particular, the following.

5.2.1 Beta counter, preferably of the gas-flow proportional type, incorporating a plastic scintillation

detector or a

silicon-charged particle detector.

When using a gas-flow proportional counter, it is advisable to choose the electronic beta window with

minimal bet
equipment o
ignored.

If a windov

contaminati¢n of the counting system by counting blank samples.

NOTE Th
a vacuum (as
counter).

5.2.2 Plan
lipped edge 3

The diamete
diameter and

NOTE An|
metal surface
has been appl

5.2.3 Muff]

6 Proced

6.1 Samp]

Collection, h
ISO 5667-3 a

If the measyirement~of the activity in the filtered water sample is required, carry out filt

immediately

h-alpha cross-talk and correct for the alpha-beta cross-talk using a 43Pu alpha spu
ther than gas-flow proportional counters is used, then cross-talk can be insignificat

fless gas-flow proportional counter is used, carry out regular cheéKs' for po

in the case of silicon-charged particle detector) or gas-flow systems (as used in a propot

Chet with counting tray, of surface density at least 2,5 mg/mm?2 (250 mg/cm2), ha
nd made of stainless steel.

r of the planchet to be used is determined by the'Counter requirements, i.e. the de
| source holder dimensions.

evenly spread source is required and some ahalysts find it easier to produce this on a pg
whereas others prefer to use an etched or roughened planchet (sand blasting and chemical e
ed for this purpose).

le furnace, capable of being maintained at (350 + 10) °C.

ure
ing

andling, and~storage of water samples shall be performed as specified in ISO 5
hd SO 5667-14.

on.ollection and before acidification.

rce. If
1t and

ssible

e particulate nature of the source to be counted can give rise to confaimination if operated in

tional

ying a

fector

lished
tching

b67-1,

Fation

NOTE Ac

PR 4o £ 4] 4 1 H - H 41 1 £ pa e 4 HP o 1.4
UIritqativil Ul UIIT vWwWdltTl bdlllylc HITIITIITISTS  LIIT 1TUSS Ul 1T4dUlUudlulIve 11IdiTlidl 1T UIIDL SUTUU

on by

adsorption. If carried out before filtration, acidification desorbs radioactive material initially adsorbed on the
particulate material.

6.2 Pre-treatment

The determination of the total solids content of the water can be performed to estimate the smallest
volume of water needed for the measurement. Making due allowance for changes in composition due to

© ISO 2018 - All rights reserved
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ignition at 350 °C and sulfation of the residue, calculate the volume of sample required to produce a
mass per unit area of solid residue slightly in excess of p, (mg/mm2) given by Formula (1):

psz%zm &)

Use this as a guide to determine the volume of sample required for the concentration stage below.

6.3 Concentration stage

Transfer to a beaker a measured volume, V in litres, of the sample chosen such that after ignition the
valueffor p, isatleast 0,1 mg/mm?2.

With |very soft waters, it is possible that the volume required to produce p250,1| mg/mm?2 is

imprdctically large. In these circumstances, the largest practicable volume should be usgd or calcium
salts [5.1.6) should be added.

Evapgrate the sample carefully on a hotplate until the volume is reduced to about 50 ml.

After|cooling, transfer the concentrated solution to a weighed-silica‘er ‘glazed porcelain dish that has
been previously ignited at 350 °C. Rinse the beaker carefully withva minimum quantity ofwater (5.1.1)
and transfer the rinses to the dish.

NOTE If the beaker is large, it might be more convenient to trahsfer the rinses to a smaller beaker. The rinses
can thlen be evaporated to a lower volume to facilitate sample transfer to the silica dish.

6.4 [Sulfation stage

After|drying and ignition, some water residue-can be hygroscopic or difficult to disperse, and thus,
unsuitable for the activity measurement. A sulfation process is then a suitable treatment fgr such water
samples.

Ensufe that the rinses in the dish are ‘eobl and add (1 * 0,2) ml of sulfuric acid (5.1.4).

The vplume of sulfuric acid chogsenis sufficient for sulfating about 1,8 g of calcium carbonate. To ensure
an exfess of acid, the initial yolume of sample should be chosen such that the total solids [content does
not exceed 1 g (experiencewith some waters can show this step to be unnecessary).

Carefplly evaporate the'contents of the dish to dryness.

To avjpid spittinggheat the dish from above using an infrared lamp until fumes of sulfpric acid are
evolved. Then, transfer the dishes to a hotplate until no further fumes are evolved.

6.5 |Ignition stage

T dfam ¢+ ic an nitontc + N o ffla £o2000 o LD DY 33y for 1 L
ran ICIT CITCU  UISIT dIlu CLUITLUTILS LU UINICU  1T1ITUITIC TUIrIriactco LJ.L..JJ, lslll\,b 1TUI P

(350 = 10) °C and allow to cool to room temperature in a desiccator.

temperature of

Weigh the dish and the residue and obtain by difference, m, in milligrams, the mass of the ignited
residue.

6.6 Source preparation

If the residue is coarse, grind it in a pestle and mortar. Transfer the required mass of the residue onto a
planchet (5.2.2). Let this mass be m.

If the volume of the sample used (V, in 6.3) has led to a value of p_ less than 0,1 mg/mm?2, transfer as
much as possible of the residue to the planchet.

© IS0 2018 - All rights reserved 5
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Disperse the residue evenly over the planchet by slurrying with a few drops of a volatile organic solvent
(5.1.5, methanol or acetone) and allow it to dry to a constant mass. It is also recommended that, to
produce evenly spread counting sources, vinyl acetate (5.1.7) can be added to the solvent to aid in
binding the source. Make a note of the time and date of source preparation, and check that no residue
has been lost.

Although beta-particle counting efficiency is not seriously affected by the source thickness up to 0,2 mg/
mm? (see References [10] and [11]), it is recommended that, for the calibration of the detection system,
either use standard sources of the same mass loading (m;) or repeat the procedure with the addition of
calcium salts to the water sample to achieve the same mass loading as the calibration standard.

6.7 Measyrement
Set up the counter (5.2.1) according to the manufacturer’s instructions.

Immediatelyjafter drying the source, measure the activity on the planchet by counting faran appropriate
duration. Note the time, date, and counting duration.

The counting time depends on the sample and background count rates, and alse'en the detectior] limit
and decision|threshold required.

NOTE Retcounting over a period of one month can reveal in-growth of daughter radionuclides from nafurally

occurring radjioactive isotopes. The interpretation of the counting data can\then be complicated. Howefer, at
normal envirgnmental levels, it is rare for these phenomena to be apparent, particularly with a long counting time.

6.8 Determination of counting background

Measure the packground activity using a clean planchet. Letthe measured counting rate be ro. Repeated
counts confifm the stability of the counting background

6.9 Prepadration of calibration sources

Accurately weigh approximately 2,5 g of calcium sulfate into a 150 ml beaker. Carefully add (10 + (,1) ml
of hot 8 mol I-1 nitric acid (5.1.3), stir andsadd up to 100 ml of hot water (5.1.1).

Add an exactly known amount (in the range of 5 Bq to 10 Bq) of the appropriate standard (5.1.2).

Transfer the[solution to 200 mlsilica or glazed porcelain dish (that was previously ignited at 350 °C),
weighed to 40,001 g, and evaperate the solution to dryness using an infrared lamp.

Ignite the dry residue in thesmuffle furnace (5.2.3) at (350 = 10) °C for 1 h.

Calculate theg activity{per unit of mass of the CaS04 (5.1.6) in becquerels per gram, by dividing the added
activity of the choséni'standard over the mass of the ignited residue.

Crush (and grind with a pestle and mortar, if necessary) the residue to produce a fine powder in a
manner similarto that used for the preparation of the sampie.

Prepare planchet calibration sources in the manner as specified for samples.
Measure these calibration sources in the beta counter.

If a gas-flow proportional counter is used, then an alpha calibration source (239Pu) shall be prepared in
the same way as for the beta calibration source with a known amount (in the range of 5 Bq to 10 Bq) of
the appropriate standard.

If potassium chloride is used as a calibration source, dry the KCl powder to constant mass at 105 °C. The
beta activity of the KCI calibration source is given in 5.1.2.

WARNING — In order to determine the alpha rejection rate in the beta window, this procedure
requires the preparation of a dry powder spiked with beta- and alpha-emitting radionuclides.

6 © ISO 2018 - All rights reserved
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Accidental intake of radioactive particulates shall be avoided and the use of a closed cabinet
glove box for the sample is recommended for the preparation of the spiked sources. Alternatively,
a laboratory fume cupboard can be used, provided that the extract draught is not excessive and
liable to create disturbance or cause the suspension of fine powder particles in the air.

6.10 Sensitivity and bias

These are dependent on the amount of inorganic material in the water, the characteristics of the
detector and the radionuclides present.

As the result of the measurement is expressed as an equivalent concentration to the selected calibration
stan

Al 1 Al 1 1 AREn] £ 1l 1 - 31 - - - 1 ) -
AU, LIIC SUAITUdI U SIIdIT DC LAl CTUully CIIOSCTIT IIT OTUch LU HIIHITITZC ULIIC DIdS.

6.11 [Optimization of the determination

Whern

using constant source thickness, it is necessary to make the sample-and standajrd source as
nearl (

r alike as possible, i.e. in terms of density of material and distribution ofyadioactivity.

7 Source control

7.1 |Contamination check

Check

onto
(1 00

p. S

canb
thatt

If the

deter

prep3

7.2

Some

222RA]

beta-
reve

by th¢ parent228Th, could also be missed due to the time delay between the sampling and

8

8.1

1 1) mg of chromatographic reagent grade silica\gel has been added, and measure the

the contamination of reagents by evaporating the volumes of the reagents used in t}
separate planchets. Check the contamination of the*whole measurement system b
0 £+ 10) ml of water (5.1.1) acidified with 20 s> of 8 mol 1-1 nitric acid (5.1.3),

e compared with the activity of a direct slugry of 0,1 p, S mg of the silica gel on a plar
he activity is not significantly differentfrom that of the processed silica gel sample.

activity is significantly different; select reagents with lower activity, or incl
mination and correction in the.main procedure following the steps required foj
ration.

Potential disequilibrilium of radionuclides

radionuclides are.}ost by volatilisation when this method is used. In the uranium
is substantially1ost during sample processing. When 226Ra is present, 222Rn and i
bmitting daughiters subsequently grow in the source. Re-counting over a period of
in-growthyef the progenies of 226Ra. Some short-lived radionuclides (e.g. 224Ra), if

he procedure
y processing
o which (0,1
activity. This

chet. Ensure

pde a blank

the sample

decay series,
's alpha- and
3 weeks can
unsupported
counting.

Xpression of results

Calculation of activity concentration

When a gas-flow proportional counter is used, the sample gross beta activity concentration, cg4, in
becquerels per litre, of the water sample is given by Formula (2):

rg_ro_x(rga_rOa)

Ca= v Z[rg_ro_l(rga_rOa)}W (2)
&
where
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V' isthe volume, in litres, of test sample equivalent to the mass of solid on the planchet, given by
%

V=--1tm,
m

w=1/(Ve)

The counting efficiency, ¢, is given by Formula (3) equivalent to the specific beta calibration source
used. Note that different calibration source used for beta efficiency determination will lead to different

test results.

where
rsq—)ﬁ )|

If equipment

e alpha-beta cross-talk correction factor, x, can be calculated using Formula (4)t

B

s the count rate in the beta window when the alpha calibratién source is measured.

other than a gas-flow proportional counter is used and the alpha-beta cross-talk d

neglected, then y = 0.

8.2 Stand

As specified
from Formul

ard uncertainty

a (2) by Formula (5):

u(cy )=

with Formul

T(x)=(1

\ Wzl[:_

I
g, lo

g 0

]+T(x)}+0i ulg (W)

|

n(6):

r r

2.2 2| "8a 0
oo —Tog ) U (x| —+—%
ty o

where the ucertainty. ofthe counting time is neglected and the relative standard uncertainty d

calculated us

2
Upel (W) 3

ing Formwula (7):

2 2
Ure) (8)+urel (V)

The relative standard uncertainty of ¢ is calculated using Formula (8):

2
Urel (8) =

and the relat

(rs/ts+r0/t0)
2

2 2 2
urel(rs _r0)+urel(A)= +urel(A)

(rs_rO)

ive standard uncertainty of y is calculated using Formula (9):

| x(x+1)
)=\ G o)

(3)

(4)

an be

in ISO/IEC Guide 98-3 (see also ISO 11929), the standard uncertainty of c4 is calcylated

(5)

(6)

fwis

(7)

(8)

(9)
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For the calculation of the characteristic limits in accordance with ISO 11929, one needs ﬁ(EA) i.e. the
standard uncertainty of c4 as a function of its true value, calculated using Formula (10):

c + o ~Toa )t
) [(CA/W) X(trg 0o r0}+;—°+T(;() +C5uper (W) (o)
. 0

u(cy)= |w

If equipment other than a gas-flow proportional counter is used and the alpha-beta cross-talk can be
neglected, then y = 0.

8.3 |Decision threshold

The decision threshold, cz, is obtained from Formula (10) for ¢, =0 (see also ISO 11929) giving
Formpla (11):

=k 0(0)=ky_gw [x(rga _roa)+r0]+r—°+T(;() (11)

ty to

a

a=0,p5 with k1-4 = 1,65 are often chosen by default.

If eqyipment other than a gas-flow proportional counter*is’used and the alpha-beta cross-talk can be
neglefrted, then y = 0.

8.4 |Detection limit

The detection limit, cﬁ, is calculated using Formula (12) (see ISO 11929):

# —
[(CA /W)”f(rga rO“)HO} + 0T () ety (w) (12)

# * ~ # *
4:CA+k1—ﬁ u(CA):CA+k1—ﬂ w
ty to

a

B =0,p5 with k1-p= 1,65 are often chosen by default.

The detection limit canrbe calculated by solving Formula (12) for cfl or, more simply, by itefration with a

*
starting approximation cz =2cy.

When taking'@= 5, then k1-4 = k1-p and the solution of Formula (12) is given by Formula (1[3):

' _2c:1+(k2 W)/tg 13

1—k%u? (w)

rel

8.5 Confidence limits

The lower, ¢}, and upper, c;, confidence limits are calculated using Formulae (14) and (15)
(see ISO 11929):

(a-7)

5 (14)

ca=ca—kyuc(cy) pP=0
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C/>1 =CA+kq U (CA)

(15)
wy
=1-=~

1 2
where w is given by

w:@[ Y }

u(y)

where

(o) ip the distribution function of the standardised normal distribution;

1 -y ip the probability for the confidence interval of the measurand.
If c4 2 4 uc(cq), w can be set to unity. In this case, Formula (16):

< >

CA’CA:CAik(l—j/)/ZuC(CA) (16)
Y = 0,05, k(1-})/2 = 1,96 is often chosen by default.
9 Testreport
The test repprt shall conform to ISO/IEC 17025 requirements? It shall contain at least the follpwing
information:
a) the test method used, together with a reference to this document, i.e. ISO 9697;
b) anidentification of the sample;
c) the date$ of sample preparation and measturement;
d) the unitg in which the results are expressed;
e) thetestresult, cg * u(cy) or c4 £ U, with the associated k value;
f) theradignuclide reference used'for beta efficiency calibration. In case of a gas proportional counter,

specify the alpha referenee\used for the alpha-to-beta crosstalk correction factor.
Complementpry informatioiycan be provided, such as:
g) the probpbilities&, )3, and (1 - y);
h) decision|thréshold and detection limit;
1) depend rtoncustomerrequirentents; therearedifferent waystopresent theresult:

1) when the activity concentration, c4, is compared with the decision threshold (see ISO 11929),
the result of the measurement should be expressed as Sc; when the result is below the
decision threshold;

2) when the activity concentration, cg, is compared with the detection limit, the result of the
measurement can be expressed as Scﬁ when the result is below the detection limit. If the
detection limit exceeds the guideline value, it shall be documented that the method is not
suitable for the measurement purpose;

j) details of any operating procedures not specified in this document, or regarded as optional,
together with details of any incidents likely to have affected the results.
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