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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.

The proced
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described in the ISO/IEC Dlrectlves Part 1.In partlcular the dlfferent approval crlterla needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the
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4. ISO shall not be held responsible for identifying any or all such patent rights. Details of
ights identified during the development of the document will be in the Introduction and/or
t of patent declarations received (see www.iso.org/patents).

me used in this document is information given for the convenience of users and dogs not
endorsement.

ination on the voluntary nature of standards, the meaning of ISO specific termps and

related to conformity assessment, as well as information about ISO's adherence o the

This docume
Radioactivit)

This third ed
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Organization (WTO) principles in the Technical\Bdrriers to Trade (TBT) see the follpwing
o.org/iso/foreword.html.

nt was prepared by Technical Committee\ISO/TC 147, Water quality, Subcommitteg SC 3,
measurements.

ition cancels and replaces the second edition (ISO 9696:2007), which has been techilically
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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 of 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 runoff by rain water) or can be released from
technological processes involving naturally occurring radioactive materials (e.g. the mining and
l' g Ol MINC dNnds O 0N aNnd U

, plutonium,
0 be found in
par fuel cycle
adionuclides
bnt after use.
ntamination
hs those that

apthropogenic radionuclides, such as the transuranium elements (e.g. americium
neptunium and curium), 3H, 14C, 90Sr, and some gamma-emitting radionuclides@an als|
nptural waters. Small quantities of these radionuclides may be discharged fttom nucls
facilitiesintothe environmentastheresultofauthorized routinereleases.Sonie oftheser
used for medical and industrial applications may also be released into the environm
Anthropogenic radionuclides are also found in waters as the result @f)past fallout cc
resulting from the above ground detonation of nuclear devices and“accidents such
occurred in Chernobyl and Fukushima.

Radignuclide activity concentration in water bodies canf{vary according to loc3
characteristics and climatic conditions and can be locally and temporally enhanced by
nuclefr installation during planned, existing and emergenty exposure situations(ll. Dr
may thus contain radionuclides at activity concentrations which could present a risk to hu

The gadionuclides present in liquid effluents arejiusually controlled before being dis
the epvironmentl2] and water bodies. Drinkinggwater may be monitored for their rad

recommmended by the World Health Organizatien (WHO)[3]. Such control and monitorinF
0

to talfe proper actions to ensure that there*is‘no adverse health effects to the public. Fol
interpational recommendations, radionuclide authorized concentration limits for lig
dischprged to the environment and radionuclide guidance levels for water bodies and dr
are usually specified by national reguldtions for planned, existing and emergency exposu
Compliance with these limits ean. be assessed using measurement results with thei
uncetiftainties as requested by ISO/IEC Guide 98-3 and ISO 5667-20.

Depending on the exposure situation, the limits and guidance levels that would result
to redluce health risk differ. As an example, during planned or existing situation, the W|

1 geological
eleases from
nking water
man health.

tharged into
ioactivity as
can enable
wing these
uid effluent
inking water
re situations.
r associated

in an action
HO guidance

for sdreening levels iirdrinking water is 0,5 Bq:1-1 for gross alpha activity and 1 Bq:1-1 fgr gross beta

activity.

NOTE Theguidance level is the activity concentration with an intake of 2 1-d-1 of drinking w.
that r¢sults_ifi;an effective dose of 0,1 mSv-a-1 for members of the public, an effective dose that rep|
low leyel af risk that is not expected to give rise to any detectable adverse health effectl3].

hter for 1 year
resents a very

Thus, Fod-1ay ed-to-beadiusted-depending s—appledfe ala

Aned-existing

or an emergency situation since during emergency situations, a large number of samples needs to
be rapidly characterized. The test methods could be adapted so that its performance in term of
characteristic limits, decision threshold and detection limit, and the uncertainties ensure that the
gross activity concentration test results permit the verification that they are below the guidance levels
required by national authority for either planned-existing situations or an emergency situation[3][6][Z]-

Usually, the test methods can be adjusted to measure the gross 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 comply with national
regulations in verifying that before their discharge, wastewaters/liquid effluent radioactive activity
concentrations are lower than the authorized limits.

© IS0 2017 - All rights reserved
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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 ad hoc part of ISO 5667).

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 and may be required
by national authorities, as laboratories may have to obtain a specific accreditation for radionuclide
measurement of drinking water samples.

This document is one of a set of International Standards on test methods dealing with the measur¢ment
of the activitly concentration of radionuclides in water samples.

vi © ISO 2017 - All rights reserved
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Water quality — Gross alpha 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 problems, if any, associated with its
use. It is the responsibility of the user to establish appropriate safety and health practices and to
ensure compliance with any national regulatory conditions.

IMP({RTANT — It is absolutely essential that tests conducted in accordance withthjs document
be cafried out by suitably trained staff.

1 Sicope

This document specifies a method for the determination of gross alpha activity in non-salihe waters for
alphatemitting radionuclides which are not volatile up to 350 °C.

The method is applicable to raw and potable waters.

The range of application depends on the amount of total<soluble salts in the water] and on the
perfofmance characteristics (background count rate and counting efficiency) of the counter.

N

It is the laboratory’s responsibility to ensure the suitability of this method for the water samples tested.

2 Normative references

The fpllowing documents are referred to in-the text in such a way that some or all of their content
constjtutes requirements of this document. For dated references, only the edition cited applies. For
undafed references, the latest edition(ofjthe referenced document (including any amendménts) applies.

ISO 3696:1987, Water for analyticallaboratory use — Specification and test methods

ISO 5p67-1, Water quality —Sampling — Part 1: Guidance on the design of sampling programmes and
sampling techniques

ISO 5p67-3, Water qudlity — Sampling — Part 3: Preservation and handling of water sample

ISO 5p67-14, Water quality — Sampling — Part 14: Guidance on quality assurance and quality control of
envirgnmentaliwater sampling and handling

[SO 1]1929,\Petermination of the characteristic limits (decision threshold, detection limit and limits of the
confidenceinterval) for measurements of ionizing radiation — Fundamentals and application

[SO 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)

[SO/IEC Guide 99, International vocabulary of metrology — Basic and general concepts and associated
terms (VIM)

3 Terms and definitions

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

© IS0 2017 - All rights reserved 1


https://standardsiso.com/api/?name=89cc9689ffe00bc95dfb415af4436b2f

IS0 9696:2017(E)

ISO and IEC 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/

4 Symbols
Vi volume of the water sample, in litres
vV volume of test sample, in litres, equivalent to the mass of solid on the planchet
m masks, in milligrams, of ignited residue from volume, V
my mapks of the sample residue deposited on the planchet, in milligrams
A alpha activity of the calibration source, in becquerels
cA alpha activity concentration, in becquerels per litre
to badkground counting time, in seconds
tg sample counting time, in seconds
ro badkground count rate, per second
ts calibration count time of the alpha source, in seconds
rg sample gross count rate, per second
Is calibration count rate, per second
€ counting efficiency of the specified calibration source
S arep of the planchet, in square millimetres
source thickness, in milligrams per square millimetres, of the sample residue deposited|on
Ps the|planchet
u(cy) stapdard uncertainty,associated with the measurement result, in becquerels per litre
U expganded uncertainty calculated by U = k - u(a) with k=1, 2.., in becquerels per litre
ch dedision threshold, in becquerels per litre
Cﬁ detkection limit, in becquerels per litre

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

5 Principle

Gross alpha activity is determined by using a gas-flow proportional counter or a solid scintillation
counter [e.g. ZnS(Ag) detector] on water residue deposited on a planchet. The method requires a
uniform thickness and homogenous layer of residue deposit on the planchet as the sample positioning
in the detector could seriously influence the counting efficiency due to self-absorption of alpha particles
within the residue material.

2 © IS0 2017 - All rights reserved
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Alpha activity shall be counted using either a silver-activated zinc sulfide scintillation screen, a silicon
charged-particle detector [ion-implanted silicon or surface barrier detector (SSB)] or a gas-flow
proportional counter (windowless or with a window of <100 pg-cm-2).

Gross alpha measurement is not intended to give an absolute determination of total alpha activity in the
sample, but rather a screening analysis to ensure particular action levels of specific alpha emitters have
not been exceeded. This type of determination is also known as gross alpha index. Gross alpha analysis
is not expected to be as accurate nor as precise as specific radionuclide analysis after radiochemical

separations.

The sample is acidified for stabilization, evaporated to near dryness, converted to the sulfate form and
. o : X . S

not allow the determination of some volatile species such as gaseous 222Rn and polomium
short{lived radionuclides (e.g. 224Ra) may also not be detected due to the time period betw
and apalysis.

6 Reagents and equipment

6.1 [Reagents

Excep
not cq

t for the certified reference solution, all reagents shallbe of recognized analytical gr
ntain any measurable alpha activity.

A metf
Claus

hod for preparing reagent blanks to check for endemic radioactivity or contaminati
P 8.
6.1.1| Water, complying with ISO 3696:1987,)grade 3.

6.1.2| Certified reference solution.

is measured
pha-emitting
method may
halides. The
ben sampling

hde and shall

bn is given in

A cal
instr
or comparisons linking them to relevant primary standards of the SI units of measure

to SI pnits may be achievéd)by reference to national measurement standards. National 1
standards may be primrary standards, which are primary realizations of the SI unif
representations of S[7inits based on fundamental physical constants, or they may b
standards which are'standards calibrated by another national metrology institute. When u
calibrjation seryices, traceability of measurement shall be ensured by the use of calibra
from [laborateriés that can demonstrate competence, measurement capability and trag
calibrjationy¢ertificates issued by these laboratories shall contain the measurement resu
the medsurement uncertainty and/or a statement of compliance with an identified

bration laboratory establishes ‘traceability of its own measurement standards

measuring

an
ments to the InternatiomalySystem of Units (SI) by means of an unbroken chain '()“Ecalibrations

nt. The link
heasurement
s or agreed
e secondary
sing external
fion services
eability. The
ts, including
metrological

specitication

The choice of alpha standard depends on knowledge of the type of radioactive contaminant likely to be
present in the waters being tested. In general, this amounts to a choice between naturally occurring
and manmade alpha emitters.

Among standard solutions of artificial alpha-emitting radionuclides, 241Am and 239Pu are commonly
used. The presence of other impurities in the chosen alpha standard, which may emit alpha particles
or decay to an alpha-emitting progenies, shall be taken into account. When 241Am is used, the
potential interferences of its gamma emission or alpha-beta crosstalk shall be taken into account (see
Reference [8]).

NOTE1 A uranium compound of certified natural or known isotopic composition has one arguable advantage,
as its specific activity can be calculated from established physical constants and isotopic abundance data which
are independent of the calibration procedures of a particular organization.

© IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=89cc9689ffe00bc95dfb415af4436b2f

IS0 9696:2017(E)

NOTE 2  Furthermore, since the energies of the alpha emissions from uranium isotopes are less than those
from the artificial transuranic nuclides, the use of a uranium standard tends to give a high result for transuranics.
When the true composition is unknown, some authorities prefer to overestimate the results as a conservative

approach.

6.1.3 Nitri

cacid, c(HNO3) = 8 mol-1-1.

6.1.4 Sulfuric acid, c¢(H2S04) = 18 mol-I-1, p = 1,84 g:ml-1, mass fraction w(H2S04) = 95 %.

6.1.5 Volatile organic solvents.

Methanol or

6.1.6 Poly

6.1.7 Calcium sulfate, CaSOy4.

As calcium s

nuclides shalll be made.

6.2 Equip

6.2.1 Usuag

6.2.2 Alphia counter.

Alpha activit
charged-parf
proportional

If a gas-flow
alpha cross-{

If a windowl
counting sys

NOTE Th
in a vacuum (g

6.2.3 Plan
the planchet

NOTE Th

hcetone.

vinyl acetate (PVA).

alts may contain trace amounts of 226Ra and/or 210Pb, checks far-the presence of

ment

1 laboratory equipment.

y shall be counted using either a silver-activated zinc sulfide scintillation screen, a s
icle detector [ion-implanted silicon ,orysurface barrier detector (SSB)] or a gaj
counter (windowless or with a windew of <100 pg-cm-2).

proportional counter is used, it(isjadvisable to choose the alpha window so that the
alk is minimal.

bss gas-flow proportionalcounter is used, regular checks for possible contamination
Lem shall be carried out'by counting blank samples.

e particulate nature.ofthe source to be counted can give rise to contamination problems if op
s in the case of a1"SSB) or gas flow systems (as used in a proportional counter).

Chets, of surface density of at least 2,5 mg-mm~2 (250 mg-cm~2) to avoid any deformat
during the/drying step, lipped and made of stainless steel.

e diameter of the planchet to be used is determined by the counter requirements, i.e. the dg

these

ilicon
-flow

beta-

of the

brated

ion of

tector

diameter and

source holder dimensions.

An evenly spread source is required and some workers find it easier to produce this on a polished metal
surface, whereas others prefer to use an etched or roughened planchet (sand blasting and chemical
etching has been applied for this purpose).

6.2.4 Muffle furnace, capable of maintaining a temperature of (350 * 10) °C.

6.2.5 Cruc

ible, in silica or glazed porcelain, volume of 30 ml to 50 ml.

7 Procedure

WARNING — The use of this document may involve hazardous materials, operations and
equipment. This document does not purport to address all the safety problems associated with

4 © IS0 2017 - All rights reserved
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its use. It is the responsibility of the user of this document to establish appropriate safety and
health practices and determine the applicability of regulatory limitations prior to use. All steps
in this clause, except 7.1, should be carried out in a safety cabinet.

7.1 Sampling

Sampling, handling and storage of the water samples shall be done as specified in ISO 5667-1, ISO 5667-3
and ISO 5667-14.

If the measurement of the activity in the filtered water sample is required, carry out filtration
immediately on collection and before acidification.

NOTE Acidification of the water sample minimizes the loss of radioactivity from solution’by|adsorption. If
carried out before filtration, it desorbs radioactive material already adsorbed on the particulate:mpterial.

7.2 |Pretreatment

The determination of the total solids content of the water may be performed to determing the smallest
volunpe of water needed for the measurement. Making due allowance for’ehanges in compgsition due to
ignitipn at 350 °C and sulfation of the residue, calculate the sample vélume required to produce a mass
of sol]d residue slightly in excess of ps (mg-mm-2) given by Formula (1):

S

A =%20,1 (1

Use tl[lis as a guide to determine the sample volume requited for the concentration stage.

The apalysis should be carried out in an area with-no risk of radioactive contamination.

7.3 [Concentration stage

Trandfer to a beaker a measured volume,\V/'in litres, (1 %) of the sample chosen such that dfter ignition,
the v3lue for ps exceeds 0,1 mg-mm-~2,

With very soft water samples, it.Js' possible that the volume required to produce ps > 0,1 mg-mm-2 is
imprdctically large. In these Circumstances, the largest practicable volume should be usgd or calcium
salts $hould be added.

Evapgrate the samplecarefully on a hot-plate until the volume is reduced to about 50 ml.

After|cooling, transfer the concentrated solution to a weighed silica (or glazed porcelain) dish (6.2.5),
whicl} has been previously ignited at 350 °C. Rinse the beaker carefully with a minimurh quantity of
distilled watéx'and transfer the rinses to the dish (6.2.5).

If the|beaker is large, it may be more convenient to transfer the rinses to a smaller beakqr. The rinses

can tl i i 1l 1 facili f 1 ili Jisl

7.4 Sulfation stage
Ensure that the sample in the dish (6.2.5) is cooled and add 1 ml of concentrated sulfuric acid (6.1.4).

After drying and ignition, some water residue may be hygroscopic or difficult to disperse, which is
unsuitable for the measurement of alpha activity. The sulfation process is a suitable treatment for many
such samples. The volume of sulfuric acid (6.1.4) chosen (1 ml) is sufficient for sulfating about 1,8 g of
calcium carbonate. To allow for an excess of acid, the initial volume of sample should be chosen such
that the total solids content does not exceed 1 g (experience with some waters may show this step to be
unnecessary).

Carefully evaporate the sample in the dish to dryness.

© IS0 2017 - All rights reserved 5
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To avoid spitting, heat the dish directly under an infrared lamp until fumes of sulfuric acid are apparent.

Then heat th

7.5

e dish on a hot-plate until no further acid fumes are visible.

Ignition stage

Transfer the dish and contents to the muffle furnace (6.2.4), ignite for 1 h at a temperature of
(350 £ 10) °C and allow to cool in a desiccator.

Weigh the dish and the residue. Calculate the mass of the ignited residue, m, in milligrams, by difference
of the weights measured.

7.6 Sourcp preparation

Weigh the agh on a planchet to get the value for ps above 0,1 mg-mm-2. If the ash is notfine en

grind itina

If the volum
much as poss

Since alpha-f
itis importa
is achieved ¢
calibration o
the water sa

Disperse the
(e.g. methan
preparation

To minimize

evenly spread counting sources. Polyvinyl acetate (PVA) (6.1.6) can be added to the solvent [e.g.

PVA dissolve

7.7 Measurement

Set up the co

Immediately|

time. Record|

The counting

and decision

NOTE Re
isotopes. The
radionuclides

estle and mortar.

e of sample, V, used in 7.3 has produced a value of ps less than 0,1 mggnim-2, trans|
ible of the residue to the planchet.

article counting efficiency is seriously affected by the source thickness (see Referenc
ht to keep the mass loading of the sample as same as that of thé_calibration standard
ither by preparing the standard source of the same mass-loading as the sample, 7
ff the detection system or by repeating the procedure with'the addition of calcium s§
mple to achieve the same mass loading as the calibration.standard.

residue evenly over the planchet by slurrying withta few drops of a volatile organic s
bl or acetone) and allow to dry to a constant mass. Record the time and date of s
hnd check that no residue has been lost.

the self-absorption effect on alpha-particle counting efficiency, it is essential to pr

d in 100 ml (+5 %) solvent] to aid intbinding the source during evaporation.

unter (6.2.2) according to,the manufacturer’s instructions.

after drying the spuree, start counting of the activity on the planchet for an appro
the time, duratien‘of count and date.

b time depends*on the sample and background count rates, as well as the detection
threshold.néquired.

Counting over a period of 1 month can reveal in-growth of daughter radionuclides from ri
int€rpretation of such data can be complicated by the presence of uranium and/or thorium

ough,

fer as

e [9]),
. This
hy, for
1ts to

blvent
ource

bduce
1 gof

briate

limit

adium
series

At’normal environmental levels, it is rare for these phenomena to be apparent, particularly

when

the counting time is long. However, over a period of 1 month, raw waters with high content of 226Ra can show an
in-growth of daughter radionuclides up to four times the initial count rate.

7.8 Background determination

Measure the background activity using a clean planchet. Repeated counting confirm the stability of

background.

7.9 Preparation of the calibration source

WARNING — This procedure requires the preparation of a dry powder spiked with alpha-
emitting radionuclides. Accidental intake of radioactive particulates shall be avoided. The
use of a closed cabinet glove box is recommended for the preparation of the spiked sources.

© ISO 2017 - All rights reserved
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Alternatively, a laboratory fume cupboard may be used, provided that the extract draught is not
excessive and liable to create disturbance or carry fine powder particles into the air.

Weigh approximately 2,5 g of calcium sulfate (6.1.7) into a 150 ml beaker. Carefully add 10 ml (x1 %) of
hot nitric acid (6.1.3), stir and add up to 100 ml of hot water (6.1.1).

Add an accurately known amount (about 5 Bq to 10 Bq) of the appropriate standard.

Transfer the solution to 200 ml silica or porcelain dish (that was previously ignited at 350 °C), weighed
to 0,001 g, and evaporate the solution to dryness using an infrared lamp.

Ignite the dry residue in the muffle furnace (6.2.4) at (350 + 10) °C for 1 h.

Calcujate the activity per unit of mass of the CaSQy4, in Bq-g-1, using the mass of the ignited residue and
the added activity of the chosen standard (241Am, 239Pu or U of natural isotopic compositipn).

CrusH (and grind with a pestle and mortar if necessary) the solid to produce a finé&powdey in a manner
similgr to that used for the preparation of the sample.

Prepdre planchet sources in the manner specified for the samples.

Measfire these calibration sources in the alpha counter (6.2.2).

7.10|Sensitivity and bias

Thesg are dependent on the amount of inorganic material in the water, the charactegistics of the
detecfor and the radionuclides present. An example of peyformance criteria is given in Anmex A.

As the result is expressed as an equivalent activitysgoncentration to the selected calibratjon standard,
the standard shall be carefully chosen in order todninimize the bias. Counting efficiency data obtained
with f silver-activated zinc sulfide scintillation screen detector for several radionuclides fare reported
as anlexample in Table 1.

Table 1 —(Example of counting efficiency data

Maximum ener er . . .
. . 8y p Counting efficiencyab
Radionuclide dlSlntegratlon
MeV %
25zef 6,1 13,0
241 Am 5,5 11,0
239py 5,1 71
238
U U 4,2
(natural isotopic 234y 4,8 6,4
composition
p ) 235Q 4,4
a Val b o ] H 1 4e. - 1.l o 4L A | 1 4
\.,Uuuuus ClllLlCllLy vdl'lTS UTLWTTID T dAUIUITULIIUTS }Jl COTIIL 11T UIIT TTSIUUT, Ddllll)lc l,Jl C}Jcll ations
and the detectors used.
b The sensitivity and bias obtained when using different radioactive standards is indicated in this
table with counting efficiency for a constant size source increasing with alpha-particle energy.

7.11 Optimization of the determination

As alpha particles are strongly absorbed by matter, it is necessary to optimize the thickness of the
source. In this method, the thickness should be >0,1 mg - mm-2 (10 mg - cm=2).

In order to keep the density and the distribution of radioactivity as constant as possible, it is necessary
to make the sample and the standard source as closely alike as possible.
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8 Contamination check

8.1 General

Check the contamination of reagents by evaporating the volumes of the reagents used in the procedures
onto separate planchets. Check the contamination of the whole system by processing 1 1 of distilled
water acidified with 20 ml of nitric acid (6.1.3) to which (0,1 S ps + 1) mg of chromatographic reagent
grade silica gel is added and measure the activity. This can be compared with the activity of a direct
slurry of (0,1 ps S + 1) mg of the silica gel on a planchet. Ensure that the activity is not significantly
different from that of the processed silica gel sample.

If the activify 1s significantly different, Select reagents with lower radioactivity or determune and
correct the blank as prepared following the procedure for checking the contamination of the whole
system giver] above.

8.2 Radon isotopes losses

Some radionjpiclides may be lost by volatilization when this method is used. In theturanium decay deries,
222Rn would|be lost during processing. When 226Ra is present, 222Rn and its alpha-emitting and|beta-
emitting daulghters subsequently grow in. A similar effect occurs with radipniuclides from the thprium
decay series

8.3 Polonjum losses

Some alpha-pmitting polonium isotopes, which present naturally in the uranium and thorium decay
series, may qomprise a significant proportion of the gross alpha activity of same water sample.|Some
of the polonipm compounds, particularly the halides which are volatile at relatively low temperafures,
may be lost (fee References [10] and [11]). However, nitrates and sulfates of polonium are stable up to at
least 400 °C;|losses of polonium are therefore not expected for samples which have been acidified with
nitric acid arld subjected to sulfation.

9 Expression of results

9.1 Calculation of activity conCentration

The sample dctivity concentration, c4, in becquerels per litre of the water sample can be obtainedfusing

Formula (2):

rodrg Ty —T 1
c =510 With w=—1 2)

Ve w V-e

The counting efficiency is calculated using Formula (3):

_rs—ro

€=— (3)

The volume is given by Formula (4):

r (4)
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Standard uncertainty

As specified in ISO/IEC Guide 98-3 (GUM) (see also ISO 11929), the combined uncertainty of c4 is
calculated, from Formula (1), by Formula (5):

e )= w12 ) +u (r0) [ ula () = WP oy fg 4100 )+ €5 ey ()

(5)

where the standard uncertainty of the counting time is neglected and the relative standard uncertainty
of w is calculated using Formula (6):

Ur

Ther

<

wher
calibry

Ther

<

For the calculation of the characteristic limits (se¢ [SO 11929), one needs u(c,), ie. t

stand

S

9.3

The (
Form

a

wher

a=0,

blative standard uncertainty of € is calculated using Formula (7):
D 2 2 2, .2
*el(‘g):urel (rs _r0)+urel (A)z(rs/ts +r0/t0)/(A-8) T U (A)

P urze](A) includes all the uncertainties related to the calibration-source activity:
ation, preparation of the standard solution and addition of the §tandard to the calibr

blative standard uncertainty of Vis calculated using Formnla (8):

P 2 2 2
ol (V) =Ure (Vi )+ upe (M) ) +upe (M)

ard uncertainty of c4 as a function of its trué’value, ¢ 4, calculated using Formula (9)

)=\ W2 L(Eg /wro)/ b 1 [ 6012 -uly (w)

Decision threshold

ecision threshold, c:l, is obtained from Formula (9) for c, =0 (see ISO 11929)
1la (10):

h =k g -u(0)=Ky o -w\Jrg /g +ro [t

* 0 0 0
p C 4 Is expressed in becquerels per litre.

D5 with k1-4 =1,65 is often chosen by default.

(6)

(7)

certificate of
Ation source.

(8)

he combined

(9)

. This yields

(10)
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9.4 Detection limit

The detection limit, cﬁ ,is calculated using Formula (11) (see ISO 11929):

ch=chkypip(ch)=chrhy g w2 I(ch /wro)/ty +ro [t 1+ch? uZy (w) (11)

where cfl is expressed in becquerels per litre.

a=f=0,05With k1-o = k1-p = 1,65 is often chosen by default.

The detectiop limit can be calculated by solving Formula (11) for cj or, more simply, by iteration yith a

starting approximation cﬁ =2 cZ.
When taking k1-« = k1-p = k, the solution of Formula (11) is given by Formula (12):

2-c|y +(k2 -W)/tg
#_ 12
“ L k2 u? (w) (2)

rel

—_

9.5 Confidence-interval limits

The lower, c[j, and upper, ¢, confidence-interval limits arec¢alculated using Formulae (13) angl (14)
(see 1SO 1192%9):

ca=catk,ulcy); p=o-(1-7/2) (13)

ca=catky-ulcy); q=1-w-y/2 (14)
where

o=@ yfu(y)];

D s the distributiomfunction of the standardized normal distribution;

1-y s the probability for the confidence interval of the measurand.

w=1 may b¢ setifeg= 4-u(cy). In this case [see Formula (15)]:

ca.Ca=fhtkiy;ulcy) (15)

y = 0,05 and then k1-y/2 = 1,96 is often chosen by default.

10 Test report

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

a) the test method used, together with a reference to this document, i.e., ISO 9696;
b) identification of the sample;

c) date of sample preparation and measurement;
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