INTERNATIONAL

ISO

STANDARD 10704

Second edition

2019-02

Water quality — Gross alpha and gross
beta activity — Test method using thin

source deposit

Qualité de lI'eau — Activités alpha-globale et béta globale|— Méthode

d'essai par dépét d'une sourceyine

Reference number
1SO 10704:2019(E)

©1S0 2019


https://standardsiso.com/api/?name=19342ead6ab8bc5755b54766581620d7

ISO 10704:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=19342ead6ab8bc5755b54766581620d7

ISO 10704:2019(E)

Contents Page
FOT@WOT .........oocccc e85 55858555555855 8 5555 \%
IIMETOUICEION. ..ot vi
1 S0P ... 1
2 NOTTNATIVE FEECI@INICES .........oocco e 1
3 Terms, definitions and SYMDOLS ... 2
4 Principle
5 Chemical reagents and eqQUIPIMENT ... T e 3
51 REAZENTES ... e 3
51.1 General....... 3
5.1.2  Standard solutions 3
5.1.3  Wetting or surfactant agents ...l e 4
5.1.4  Volatile organic solvents 4
LT8R T VT U ) oS, S SO 4
5.1.6  Specific reagents for alpha-emitting radionuclides-co-precipitation....|. 4
5.2 EQUIPMENT. ..o () B 4
5.2.1  Laboratory equipment for direct evaporation .. 4
5.2.2  General equipment 4
5.2.3  Special equipment for alpha-emittingwradionuclide co-precipitation..f................ 5
5.2.4  Measurement eqQUIPIMENT ... &hDimmmmimniinresssnsesssssssssssssesssssssessssssssssssseessof s 5
SAMPIITIG .. ettt | e 5
7 PTOCEAUIE. ...t ke 5
7.1 Preliminary )
7.2 SOUICE PrEPATATION......ooooiooieieere et i 5
7.2.1  Preparation of planchel.......... s e 5
7.2.2  Evaporation .. ol .6
7.2.3  Co-precipitatiQny. ... .6
7.3 Counting StAGE ..........qqwarvvrcsrcsiirisieisiesesneseneesneis w7
7.4 Background and blank determination..........cc...... w7
7.5 Preparation ofcounting standard for calibration w7
7.6 Preparation-ef.calibration source for self-absorption determination ...} 8
7 ST S 7= o L) =) IO OSSO 8
7.6.2 CSpiking one of two test portions .8
7.6,3. ) Self-abSOTPLiION CUTVE. ...t 8
8 EXPreSSION Of TESUITS ...t e 9
8.1 83 1<) - OSSR IS 9
8,2 Alpha actiVity CONCENTIATION ......ooiciirisieeie et 9
8.3 Beta activity concentration
84 Standard uncertainty of the alpha activity concentration
8.5 Standard uncertainty of the beta activity cOnCeNtration. ...,
8.6 DeciSion threSNOLd ...
8.6.1  Decision threshold of the alpha activity concentration
8.6.2  Decision threshold of the beta activity concentration ...................
8.7 DeteCtion TNt ...
8.7.1  Detection limit of the alpha activity concentration .............c....
8.7.2  Detection limit of the beta activity concentration ...
8.8 CONTIARINICE THIMITES et
9 CONETOL OFf INEETTEI@IICES .........oooc et 13
9.1 General ...
9.2 Relative humidity
9.3 GEOMELTY Of the AEPOSIE. ... 14
9.4 CTOSSTALK ...t 14

© 1S0 2019 - All rights reserved iii


https://standardsiso.com/api/?name=19342ead6ab8bc5755b54766581620d7

ISO 10704:2

9.5
9.6
9.7
9.8
9.9
9.10
9.11
9.12

10 Test report

Annex A (info

019(E)

Gamma emitters.......
Low beta energy..
Chlorides.....
OTGANIC TMMATELT .o
[O70) 91721 0 105 = [ [0 ) o 1000
Losses of activity
Contribution of the natural radionuclides
Losses of activity

rmative) Numerical apPpliCatiONs ... 18

Bibliograpljly

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=19342ead6ab8bc5755b54766581620d7

ISO 10704:2019(E)

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.

GG“:-‘ tS€6 O—GEVE16P A ceHHR e Rt 3 H G106 v 2
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria ‘neg

..... i her—matntenance are
ded for the

different types of ISO documents should be noted. This document was drafted in acéordapce with the

editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or

on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any
constitute an endorsement.

frade name used in this document is information given for the-éonvenience of users gnd does not

For an explanation on the voluntary nature of standards, the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techniical Barriers to Trade (TBT) see the following

URL{www.iso.org/iso/foreword.html.

This
Radigactivity measurements.

Any
complete listing of these bodies can e found at www.iso.org/members.html.

This
revided. The main changes coripared to the previous edition are as follows:

document was prepared by Technical Cominittee ISO/TC 147, Water quality, Subcompmittee SC 3,

feedback or questions on this document should be directed to the user’s national standprds body. A

second edition cancels and«eplaces the first edition (ISO 10704:2009), which has been technically

Introduction: an intréduction has been added;

(Clause 1: the scope has been modified to specify applicability to emergency sitpations and
dpplicability ef\waste water as a test sample; information about the exclusion of low jenergy beta
eémitters has,also been added;

(lause4+the filtration has been specified to be carried out at 0,45 y;

$.152:2: 137Cs has been introduced as a standard that can be used;

5.2.4: the recommended thickness has been increased to up to 400 pg/cm?;

7.6.3.1: in order to evaluate self-absorption phenomena, spiking method has been recommended to
mimic the nature of the salt;

Clause 8:

— anewFormula (9) hasbeenintroduced to obtain the beta activity concentration when systematic
correction is not required;

— the subsequent Formulae have been renumbered;
Clause 9: several limitations and interferences have been given;

9.1: the natural radionuclides contributions have been given.

© IS0 2019 - All rights reserved v
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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
technologlcal processes 1nvolv1ng naturally occurrlng radloactlve materlals (e.g. the mining and
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The guidance,level is the activity concentration with an intake of 2 1/d of drinking water for one

ade radionuclides such as transuranium elements (americium, plutonium, neptu
3H 14C 90Sr, and gamma emitting radionuclides can also be found in natural W3

ent as a result of authorized routine releases. Some of these radionuclides use
and industrial applications are also released into the environment after™use. Anthropo
clides are also found in waters as a result of past fallout contaminations resulting
osion in the atmosphere of nuclear devices and accidents such ds’those that occurr
byl and Fukushima.

e activity concentration in water bodies can vary¢according to local geold
ics and climatic conditions and can be locally and temperally enhanced by releases
allation during planned, existing, and emergency exposure situations[l]. Drinking-y
tain radionuclides at activity concentrations which cotld present a risk to human hea

mentl2] and water bodies. Drinking waters are monitored for their radioactivit
ed by the World Health Organization (WHQ)#3] so that proper actions can be taken to ef
5 no adverse health effect to the public)Following these international recommendat
ulations usually specify radionuclide. authorized concentration limits for liquid eff
fo the environment and radionuclide’guidance levels for waterbodies and drinking w
existing, and emergency exposure situations. Compliance with these limits can be assg
Irement results with their associated uncertainties as specified by ISO/IEC Guide 98-
4],

n the exposure situation, there are different limits and guidance levels that would 1
to reduce health @isk. As an example, during a planned or existing situation, the
br guidance levelin drinking water is 0,5 Bq/I1 for gross alpha activity and 1 Bq/1 for §

V.
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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 can 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.

vi © IS0 2019 - All rights reserved
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The test method(s) can 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 might 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.

© 1S0 2019 - All rights reserved vii
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Water quality — Gross alpha and gross beta activity — Test
method using thin source deposit

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.

IMPORTANT—1t1s a'uauluit:l_y essential-thattestsconducted—accor diug to—this—document be
carrjed out by suitably trained staff.
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document specifies a method for the determination of gross alpha“and gross b
bntration for alpha- and beta-emitting radionuclides. Gross alpha and gross b
urement is not intended to give an absolute determination of the activity concent
 and beta emitting radionuclides in a test sample, but is a screening analysis to ensui
ence levels of specific alpha and beta emitters have not beenvexceeded. This type of de
o known as gross alpha and gross beta index. Gross alphaland gross beta analysis is 1
as accurate nor as precise as specific radionuclide analysis after radiochemical separs
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The method is applicable to test samples(of drinking water, rainwater, surface and ground v
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samples tested.

by beta emitters can not detected (e.g. 3H, 55Fe,.244Pu) or can only be partially detec
3Ni, 210Pb, 228Ra).

method covers non-volatile radionuclides, sifice some gaseous or volatile radionuclide
adioiodine) can be lost during the source preparation.

oling water, industrial water, domestic and industrial wastewater after proper samp
ling, and test sample preparation (filtration when necessary and taking into account th
lved material in the water).

method described in this’document is applicable in the event of an emergency situat
esults can be obtained/in less than 1 h. Detection limits reached for gross alpha and g
han 10 Bq/1 and-20"Bq/1 respectively. The evaporation of 10 ml sample is carried o}
ved by 10 mincounting with window-proportional counters.

the laboratory’s responsibility to ensure the suitability of this test method fo
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Normative references

ed (e.g. 14C,

s (e.g. radon

Vater as well
ling, sample
e amount of

on, because
oss beta are
it in 20 min

- the water

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

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

© IS0 2019 - All rights reserved
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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 and symbols

For the purposes of this document, the terms, definitions and symbols given in ISO 80000-10 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 Eleqtropedia: available at http://www.electropedia.org/
A activity of the calibration source B
A, activity spiked in sample a, prepared for self-absorption estimation purposes BI
cA activity concentration Bq -1
C:l decision threshold Bq 1
cﬁ detection limit Bql1
ci.ca lower and upper limits of the confidence’interval Bq |1
faw fap self-absorption factor of sample a)for a and f3, respectively —
mq mass of the deposit mg
mp mass of the planchet mg
Mpd mass of the planchét and the deposit mg
Mpf mass of the planchet and the filter mg
Mpfd mass ofthe planchet, the filter and the deposit mg
roa TOB baekground count rate from the a and § windows, respectively s
Fa Tap Self-abSOTption SAmMpie a COUNt Tate fTomnT the o and § Windows, Tespectivety 5
g Tgp sample gross count rate from the @ and § windows, respectively s1
I'sa T'sp calibration count rate from the @ and f windows, respectively s1
to background counting time S
tg sample counting time s
ts calibration counting time S
U expanded uncertainty calculated by U = k - u(cg4) with k=1, 2,... BqI-1

2 © IS0 2019 - All rights reserved
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man

ific alpha and beta emitters that constitute the standard calibration sources.

Chemical reagents and equipment

Reagents

General

pagents shall be of recognizedanalytical grade and shall not contain any detectable alf
ity, except for radioactive(standards solutions.

Standard solutions

.1 Alpha standard.

hoice ofalpha standard depends on the knowledge of the type of radioactive contamirn
esent in-the waters being tested. In general, this leads to a choice between naturally oc
madealpha emitters.

u(ca) standard uncertainty associated with the measurement result Bq -1

%4 volume of test sample 1

Ea, €8 counting efficiency for @ and S, respectively —

Eaa Eaf counting efficiency of sample a for a and f3, respectively —

X alpha-beta crosstalk —

4 Prineiple

The gross alpha and gross beta activity of the deposit is measured by counting dn “an| alpha- and
betatparticle detector or counting system previously calibrated against alpha-'and beta-emitting
stanglards. In order to obtain a thin and homogeneous deposit directly on a plan¢het, thel sample can
be progressively evaporated to dryness at a temperature below about 85.2C, Alternatiyely, for the
gross$ alpha determination, radionuclides can be concentrated via a co-précipitation, the| filtered co-
precipitate deposited on the planchet being measured[8].

Whep suspended matter is present, filtration through 0,45 pm filtek media is required and the gross
alpha and gross beta activity can also be determined for the materialretained on the filter.
IMPORTANT — Gross alpha and gross beta determinations are not absolute determinations
of the sample alpha and beta radioactive contents, but.relative determinations referenced to

ha and beta

ant likely to
curring and

Com

] | £ A | £ YRy SN | Lol 3t A3 1 d 1 d_F£ £l
llUlll_y UsSTU Staliudlius Ul ditilitidl cuyua CllllLLlllS I'dUIUVITUCLIIUTS Culylu_ycu IULl LIS

purpose are

241Am solutions and 239Pu solutions. When 239Pu is used, the presence of 241Pu as an impurity shall
be taken into account as it leads to growth of 241Am in prepared standard solutions of sources. When
241Am is used, take into account the interferences of its x and y emission.

NOTE A uranium compound of certified natural or known isotopic composition has one arguable advantage,
in that its specific activity can be calculated from established physical constants and isotopic abundance date
which are independent of the calibration procedures of a particular organization. However, a uranium compound
of known isotopic composition is difficult to obtain. 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 transuranic elements.
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5.1.2.2 Beta standard.

The choice of beta standard depends on knowledge of the type of radioactive contaminant likely to be
present in the waters being tested.

As anatural material, 40K as potassium chloride, dried to constant mass at 105 °C, can be used. Standard
solutions of artificial beta-emitting radionuclides 90Sr/Y in equilibrium or 137Cs are commonly used.

5.1.3 Wetting or surfactant agents

5.1.3.1 Vinyl acetate.

5.1.4 Volatile organic solvents

5.1.4.1 Ethyl alcohol.

5.1.5 Water

5.1.5.1 Water, complying with the requirements of ISO 3696, grade 3.
5.1.6 Sperific reagents for alpha-emitting radionuclides co-preeipitation
5.1.6.1 Ammonium hydroxide solution, c((NH40OH) = 6 mol/I.
5.1.6.2 Nifric acid, concentrated, c(HNO3) = 15,8 mol/l.

5.1.6.3 Suflfuric acid solution, c(H2504) = 1 mol /I

5.1.6.4 Iron carrier, solution of 5 mg of iron per millilitre.

5.1.6.5 Bdrium carrier, solution of 5.mg of barium per millilitre.

5.2 Equipment

5.2.1 Labpratory equipnient for direct evaporation
Usual labordtory apparatus to store and prepare the sample as specified in [SO 5667-3.

A hot plate, ain autematic evaporator or any other appropriate apparatus.

5.2.2 General equipment

5.2.2.1 Filters, of pore size 0,45 um.

5.2.2.2 Planchet (counting trays).

The planchet shall be lipped and of stainless steel. The diameter of the planchet is determined taking
account of the detector diameter and source holder dimensions of the counter used. In the specific case
of co-precipitation, an annular support is used to fix the filter on to a filter holder or on to the planchet.

As the source, test portion and standard, is spread directly on to the planchet for evaporation, it is
easier to produce an even deposit on a roughened metal surface; sand blasting or chemical etching can
be applied for this purpose, alternatively, a rippled planchet can be used.

4 © IS0 2019 - All rights reserved
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5.2.3 Special equipment for alpha-emitting radionuclide co-precipitation

5.2.3.1 Hot plate with stirring equipment.

5.2.3.2 Infrared lamp.
5.2.3.3 Vacuum filtration system.
5.2.3.4 Filters, of pore size 0,45 pm.

5.2. Measurement equipment

5.2.4.1 Alpha-beta counter.

Grosp alpha and gross beta activity can be measured using either a silicon surface barrier (S
or a proportional counter (windowless). lon-implanted Si detectors and windew-proportio
(betyeen 80 pg cm=2 to 400 pug cm~2) may also be used. Gross alpha and gross beta actiy
be cgunted using a silver-activated zinc sulfide scintillation screen, and plastic scintillati
respectively.

Sample, handle and store water samples in accordance with ISO 5667-1 and ISO 5667-3
inforjmation on sampling of different types of waters can be found in the relative j
[SO 3667 series[2][10][11][12][13][14][15][16],

The laboratory sample is not usually acidified asthe test portion is directly evaporated on t
Acidification minimizes the loss of radioactiz¢ material from solution by adsorption on th
vial, put is done after filtration, as otherwise it desorbs radioactive material already adsa
particulate material and, also, increases:the salt content of the test sample, and thus the thid
depofsit. If necessary, concentrated nitric acid can be used (it is recommended to avoid hydro

7.1 | Preliminary

Calcylate the volume of laboratory sample for gross alpha measurement, i.e. the volumg
portjon, in ordetto produce a deposit with a surface density lower than 5 mg cm~2 on the g
deposits of stizface density below 5 mg cm~2, self-absorption phenomena can be neglect

SB) detector
hal counters
ity can also
on detector,

. Additional
arts of the

he planchet.
b wall of the
rbed on the
kness of the
thloric acid).

b of the test
lanchet. For
ed for gross

beta|measurement except when using low energy beta emitter such as 137Cs for calibration[1Z].

rement, the

Whep“tsing the same deposit for the simultaneous gross alpha and gross beta measy

planchet surface density limit for alpha activity determinations applies.

7.2 Source preparation

IMPORTANT — Due to the ingrowth of radon decay products over time, the results are dependent
on the time elapsed between sample preparation and measurement. For comparison purposes,
it is recommended that the measurement be performed at the same time after the preparation
of the sample.

7.2.1 Preparation of planchet

Degrease planchets (5.2.2.2) using a solvent or a surfactant to ensure that the test portion is well
distributed over the entire surface and consequently that there is a deposit of uniform surface density

© IS0 2019 - All rights reserved
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bonded to the planchets. Some suppliers degrease planchets at the end of a cycle of fabrication and

deliver, on d

emand, a certificate of attestation.

Keep planchets that are not to be used immediately in a dessicator to prevent any modification by
ambient atmosphere in the laboratory.

Weigh the planchets before use, and record the mass, my,. If a co-precipitation method is used, weigh the
filter (5.2.2.1) with the planchet before use, and record the mass, mp.

Avoid reuse of planchets to minimize cross-contamination. If the planchets are reused, their freedom
from contamination shall be demonstrated.

7.2.2 Eva

Transfer the
uncertainty

The residusg
phenomena

After Coolir';E

deposited,

md =m}:

If hygroscop

To minimize
surface to aj

Before evap
appropriate

A homogen

homogeneotisly spread, add a wetting agent.or surfactant (5.1.3).

7.2.3 Co-]

The recomnended working voltune is 500 ml.

If a test port

If a test port

poration

(pipette, water distribution system) and carefully evaporate to dryness.

deposited should form a thin layer of uniform surface density to lithit self-absor
and to ensure similarity with the calibration source geometry.

the planchets to ambient temperature, weigh them and record the mass, mpq4. The

d, is given by Formula (1):

d_mp

ic salt deposit is expected the planchet can also be weight at the end of the measurems¢

oid any overheated areas.

prating the test portion to dryness on theyplanchet, pre-evaporation can be performed
equipment (5.2.1).

bous deposit is best achieved dnjetched or sandblasted planchets. If the deposit i

brecipitation

ion of lower vglume is to be analysed, make up to 500 ml with water.

ion of higher-volume is to be analysed, concentrate it by evaporation (5.2.1) to 500 ml.

Adjust the p

F

Add 20 ml of sulfuric acid (5.1.6.3) and boil for 5 min on a hot plate while stirring.

of the.working volume to 7,0 + 0,5.

test portion on to the planchet using automatic or non-automatic equipment with a known

btion

Inass

M

ent.

any loss by spitting, maintain the temperature below about 85 °C over the entire planchet

with

5 not

At a temperature of approximately 50 °C, add 1 ml of the barium carrier solution (5.1.6.5) and stir

for 30 min.

The barium

sulfate precipitates.

Then add 1 ml of the iron carrier solution (5.1.6.4).

Adjust the pH with ammonium hydroxide, (5.1.6.1) drop by drop until iron(III) hydroxide precipitates.

Continue sti

rring for 30 min.

Filter (5.2.3.4) the co-precipitates.
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Place the filter on to the identified planchet and fix it by an annular support to avoid deformation
while drying.

Dry at moderate temperature.

After cooling the planchet and the filter to ambient temperature, weigh them and record their mass,

mpfd.

md :mpfd —m

NOTE

Determine the mass deposited, mq, using Formula (2):

pf

(2)

Radium, polonium and actinides co-precipitate quantitatively with barium sulfate or iron(III)

hydr

7.3

Follo
the p

The
dura

X1del+l,

Counting stage

wing evaporation (7.2.2) or co-precipitation (7.2.3), if the counting is notperformed }
lanchet with the deposit can be stored in a desiccator.

measurement of the residue activity on the planchet is performed-by. counting for an
Fion to reach the required characteristic limits and depending on‘the test portion and

count rates.

The

To m|
perid
ment

Whe
purp

7.4

Meas
the ny

If red
reprq

7.5

Prep
prec
portj

Add

founting strategy depends on the objectives of the measurements and the regulator re|
onitor natural radionuclides ingrowth or decay (see 9.11)5.counting procedures should
dically over a period of one month. If specific counting condition is applied, it is reco
ion it in the report.

h the counting strategy is defined, the laboratory shall apply it systematically for
oses.

Background and blank determination

ure the background activity usihg'a clean planchet (5.2.2.2) under conditions repre
heasurement method. Repeated counts confirm the stability of the background level.

igents are used, measure(the blank activity using a clean planchet and reagents unde
psentative of the measurement method. Repeated counts confirm the stability of the bl

Preparation ef counting standard for calibration

are a geometry- and matrix-matched calibration source [planchet (5.2.2.2) or filter (§
pitates and/annular attachment to the planchet] to closely mimic the procedure ap
ons inrder to obtain the same retro-diffusion effect.

hn-accurately known amount (about 5 Bq to 10 Bq) of a standard solution (5.1.2.1) to

mmediately

appropriate
background

quirements.
be repeated
mmended to

comparison

sentative of

r conditions
ank level.

.2.3.4) with
blied to test

the starting

volume-0f water and use the same source preparation procedure or directly add the stand

to the planchet.

ard solution

These standard sources are measured in the detector with a counting duration that leads to a counting
uncertainty of 1 % (more than 10 000 counts should be recorded).

The counting efficiency is calculated by dividing the net count rate (test portion minus background) by

the activity of the calibration source, as shown by Formula (3):
I'sa. ~T0a
gy =——— 3
o=t 3)
A commercially available certified calibration source may be used.
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7.6 Preparation of calibration source for self-absorption determination

7.6.1 General

As alpha-particle counting efficiency is directly dependent on the source thickness, estimate the self-
absorption factor, defined by Formula (4):

&

&

faa

Two possibi
— spiking
— spiking

For beta pafj

__ Zao

o

ities are given:

(4)

a single sample (7.6.2);
a set of samples of increasing mass to plot a self-absorption curve.

ticle counting efficiency, self-absorption phenomena are negligible £ = gg5 With (fap =

7.6.2 Spiking one of two test portions

Two test po
test portion

The specifig

test portion

ra

€aa =
7.6.3

spiked with a known activity of the standard solution.

by the activity of sample a Formula (5):
o _rga
A

a

Selfrabsorption curve

7.6.3.1 Alpha self-absorption correction

A set of cal

bration sources with the sameé standard activity and increasing mass is prepared

the same sample preparation procedune to allow the determination of a series of absorption faq

faa- A functi
Several maf
hyperbolic,
be employeq

The use of
the salt con
consideratid
method is r¢

pn relating the absorption factor to the mass can be derived from the measurement

bxponential, polynofiial, power laws[18] to [24]. Commonly used curve-fitting technique
| to derive the funétion and associated uncertainty.

bross alphasself-absorption curves prepared with salts that mimic as closely as pog
tent and, salt nature of the test sample, improves the accuracy of results [25][26].
n apply typically for unknown sample, the evaluation of the self-absorption by the sp
commended.

Ftions from the same laboratory sample are prepared under the'same conditions with one

efficiency is calculated by dividing the net count rate (spiked test portion minus unspiked

(5)

with
tors,
data.

hematical models ate) proposed to describe self-absorption phenomena such as linear,

S can

sible
That
king

WARNING — This procedure requires the preparation of a dry deposit spiked with a
emitting radionuclides. Avoid accidental ingestion of radioactive particulates by use of a sample
closed cabinet glove box for the preparation of the spiked sources. 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.

7.6.3.2 Beta self-absorption correction

pha-

Beta self-absorption phenomena can be neglected for gross beta measurement when deposits of surface
density is below 5 mg cm~2 except when using low energy beta emitter such as 137Cs for calibration.
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8 Expression of results

8.1 General

An example of parameter values obtained for a specific test that can be used to check the computation
results obtained with the different formulae of this document is given in Table A.1 of Annex A.

8.2 Alpha activity concentration

The alpha activity concentration, cg4, can be obtained using Formula (6):

Tooq — 1

ga Oa
¢, =—=——=(r,, —Fy, W 6
A Vey fay (ga 0o ) 6)

with

1
Ww=s———

Vgafaa

It is §dvisable to choose the alpha and beta windows to reduce the alpha-beta crosstalk to 4§ minimum.

8.3 | Beta activity concentration

The beta activity concentration, cg, can be obtained using¥ormula (7):

I, — I - r, — I
g~ 0B x( ga Oa)
4a= =[rap —rop — 2 (g ~Toa ) W (7)
)
with
1
w=
Vgﬁ
and
Jfaﬂzl

Take|any alpha-beta-ctosstalk into account, in order to derive the correct beta count rate. Iff needed, the
alphg-beta crosstalk-orrection factor, y, can be calculated using Formula (8):
rsa—)ﬁ

= (8)
rSOC

wherte rbuﬁﬁ isthe countrate in the beta window when the :\]phn calibration source is mealsured.

Because the alpha-beta crosstalk s specific to the alpha standard used for the calibration, the systematic
correction is not required, the beta activity concentration, cg4, can be obtained using Formula (9):

Fsp — 1
_'8f 0B _
CA—W—I:rgﬂ —rOB:|W [9)

If the laboratory neglect alpha-beta crosstalk, it has nevertheless to be aware of the orders of magnitude.
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8.4 Standard uncertainty of the alpha activity concentration

As specified in ISO/IEC Guide 98-3 (see also ISO 11929), the standard uncertainty of c4 is calculated
using Formula (10):

r
u(cA)z\/w2 [uz(rga )+u2(r0a ):|+CA2 ufel (W) :\/w2 [%+r§_‘*]+cfl2 Ufel (W)
g 0

(10)

As the uncertainty of the counting time and the co-precipitation stage are negligible in comparison
with other sources of uncertaintyl[Zl, it can be neglected and the relative standard uncertainty of w can

be calculate

ncing Eormula (11):

2 2 2 2

urel(W)zurel(ga )+urel(v)+urel(faa) (11)

and the relafive standard uncertainty of g4 is calculated using Formula (12):
2 2 2 (rsa /ts)*+(roe /to) | 2
Urel (€ )= Urel (Fsq —Toq )+ Urel (Ag )= sa /' 0062/ : +Urel (Ay ) (12)
(rsa ~Ta

All the unceftainties related to the calibration source are included in “?el (A5)), i.e. those of the standard
solution and the preparation of the calibration source.
For the calcplation of the detection limits, the term &(EA) is required (as specified in ISO 11929); the
standard urfcertainty of c4 as a function of its true value, calculated using Formula (13):

u(EA)z w? €A /Wt rog 1 [0a +5124 uZ; (w)

ty to rel (13)
8.5 Standard uncertainty of the-beta activity concentration
As specified|in the ISO/IEC Guide98-3 (see also ISO 11929), the standard uncertainty of c4 is calcujated
using Formuyla (14) to (16):
2[ 2 2 2 2 2| "gp | Top 2 2
u(cA): w [u (rgB)+“ (FOB )+T(x)}+cA Upe] (W) = |lw t—+t—+T(%) +C 4% Upg) (W) (14)
g 0
with
— Z /rgu Fog )
T(2)=(rga —Toa ) W20+ X Lt—+t—J (15)
g 0
and
+1
u(z)= AL (16)
sa “sa
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As the uncertainty of the counting time is small in comparison to other sources of uncertainty, it can be
neglected and the relative standard uncertainty of w is calculated using Formula (17):

2 2 2
Urel (W)zurel (8[3 )+urel (V) (17)
and the relative standard uncertainty of eg is calculated using Formula (18):

(rsﬂ/ts)'F(roﬂ/to)
(rsp —’"oﬁJo

2 2 2 2
urel(SB )=urel(rsB —Top )+urel(AB )= t U (AB ) (18)

All the uncertainties related to the calibration source are included in “Eel (Ag ), i.e.theseof the standard
solutlion and the preparation of the calibration source.

For the calculation of the detection limits, the term &(EA) is required (as specified in 1SO| 11929); the
stanglard uncertainty of cg as a function of its true value, calculated by Eorrmula (19):

Ca/WHx(roy -Too |1 I
~ 2|4 ga ""0a )70 To ~2 2
(cq)= |w (t ) + tﬂ +Cg Upel (W) (19)
g 0

If the alpha-beta crosstalk is neglected, as specified in ISO/IEC Guide 98-3 (see also 1S0|11929), the
stanglard uncertainty of cy4 is calculated using Formula (20):

(ca)= \/W +“2(r0ﬂ )}fcfx “Eel(W)=\/W2 {r—ﬁ ;ﬁ}fc,q tgey (W) (20)

tg 0

[l

~

As the uncertainty of the counting time.and the co-precipitation stage are negligible in|comparison
with|other sources of uncertaintylZ] it-can be neglected and the relative standard uncertainty of w can

be cdlculated using Formula (21):

W)=l (we g ) +uly (7 (21)

o~

and the relative standard uncertainty of ¢, is calculated using Formula (22):

/t /t
er‘i‘l(gﬂ)zufel(rsﬁ _roﬁ)Jr“?el(Aﬁ):(rsﬂ s)+(7‘0[32 0)
(’"sﬂ‘rozi)

All the un€ertainties related to the calibration source are included in “rel (Aﬁ ) i.e. those of the standard

rel (Aﬁ ) (22)

solutliémand the preparation of the calibration source.

For the calculation of the detection limits, the term u(EA) is required (as specified in ISO 11929); the
standard uncertainty of c4 as a function of its true value, calculated using Formula (23):

i(E )= \/wz {C’* [WtTop  Top }Ei uZ, (w) (23)

ty to
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8.6 Decision threshold

8.6.1 Dec

ision threshold of the alpha activity concentration

The decision threshold, c;, is obtained from Formula (13) for ca=0 (see ISO 11929):

*
CAzkl_

r0a+r0a

L U(0)=ky o w

g o

a = 0,05 with k1-4 = 1,65 are often chosen by default.

8.6.2 Ded

The decision threshold, c:,, is obtained from Formula (19) for ca=0 (see ISO 11929). This\yields:

*
CA:k].—

a=0,05 wit

If the alpha
ca=0 (seel

ca =k
a=0,05wit
8.7 Deteq
8.7.1 Det

The detectiq

ch=

%k
Ca
B =0,05 wit

The detectid

(24)

ision threshold of the beta activity concentration

r, =T +r I
X( ga Ooc) 0B N 0p +T()()

Ly to

o u(0)= K1 W\/

h k1-o = 1,65 are often chosen by default.
beta crosstalk is neglected, the decision threshold, c;, is‘obtained from Formula (23
SO 11929):
- r I
o u(0)=kq_o w 0_,3_’_0_ﬂ

g to

h k1-¢ = 1,65 are often chosen by default:
rtion limit
pction limit of the alpha aetivity concentration

n limit, cj, is calculatedusing Formula (27) (see ISO 11929):

|

nlimit can be calculated by solving Formula (27) for cj or, more simply, by iteration w

cj /w+ry,

Ly

#2 2

I
+ Oa tC4 Upel

to

Hky_p u(ch)=Ch+kip WZ{ (w)

h k1-p =-1,65 are often chosen by default.

(25)

) for

(26)

(27)

rith a

starting ap

. . # *
roxXimationc 4 =4c¢y4.

When taking a = ff then k1-4 = k1-p = k and the solution of Formula (27) is given by Formula (28):

2 +(k*w/tg)

#_
Cy=
1

12

2 2
-k Urel

(w)

(28)
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8.7.2 Detection limit of the beta activity concentration

The detection limit, cf,, is calculated using Formula (29) (see ISO 11929):

#
CA/W'"%(rga _rOa)+r0ﬂ +r0[3 +T

® ~ * X 2
ch=ch+ki_pulch)=c)+ki_p w? tg to ( )+Cﬁ2urel(W) (29)

B =0,05 with k1-g = 1,65 are often chosen by default.

If the alpha-beta crosstalk is neglected, the detection limit, ¢, is calculated using Formula (30) (see
1SO 11929):

#
CA/W+r0ﬂ roﬁ
+ #2

# - # 2 z
a=catky_pgu(cy)=cy+ki_pg |w ty to |*+ca” U (W) (30)

o

The gletection limit can be calculated by solving Formula (29) or (30)for cﬁ or, more simply, by iteration

*
with|a starting approximation cfl =2cy.

Wheh taking a = f then k1-o = k1-g = kand the solution of Fogmula (29) and (30) is given by Fprmula (31):

2c, +(k*w/t,)
1-k? u? (W)

rel

4= (31)

8.8 | Confidence limits

The Jower, ¢, and upper, ¢ ; , confidence}imits are calculated using Formulae (32) and (33) (as specified
in ISP 11929):

cjch—kpu(cA)pzw(l—%j (32)

cZ=CA+kqu(cA)q=1—% (33)

whete w = @[ y/u(y)] in which @ is the distribution function of the standardized normal disfribution.

Setd) =1 if.cy W 4 u(cy). In this case:

<>

da-~=cq*ky (;I/'))U(CA) (34)

y=0,05 with kl—(y/Z) =1,96 are often chosen by default.

9 Control of interferences

9.1 General

The problems discussed below should be recognized as inherent interferences and limitations of
the method.
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9.2 Relative humidity

If the evaporated sample contains significant levels of hygroscopic material, then this may absorb
moisture from the atmosphere, which increases the counting source mass and this, in turn, leads to
inconsistent detection efficiencies for the source. Although the use of a desiccator may reduce this effect,
the sample may still absorb significant amounts of moisture when it is removed from the desiccator
and placed in the sample measurement system. The sample mass before and after the counting can be
recorded.

To deal with this issue, several strategies are available. One is to spike the sample with internal standard
and to count spiked and non-spiked planchets successively with the same detector; this method is

reliant on theTetative amidity Tenmaiming stabte- Attermatively, botir ptanchets mray becoumnted ysing

two detecto

Additionally,

collodion or

If the techr
transformed
scintillation|

Whatever t¢
configuratid

The countel

rs in parallel.

the sample deposit may be stabilized by treating it with a polymer solution su
poly(vinyl acetate).

iques described in ISO 9696 and ISO 9697 are used, then the hygroscopic depo
| into a hydrophobic deposit by the sulfation stage. ISO 11704 which is based on 1
counting, may also be used.

bchnique is used, the efficiency and crosstalk determined should be based on the sa
n.

point, dry samples that have obtained a static charge, may ionize the carrier gas i

th as

5it is
quid

[mple

h the

at is
b0 %
fully
h the

gas proportional counting system yielding increased counts dbove the level of radioactivity th
actually pregsent. Accumulation of static charge may occur_when conditions of low humidity (<(
relative hunpidity) exist in the laboratory. If such conditions“exist, the static charge may be success
removed by|connecting a small wire to a grounded metalstructure and touching the planchet wit
wire before|counting.

til it
ntial

A usual me
glows with
radionuclidg

thod[27] suggested to convert salts, to“oxides is by heating the sample intensely ur
a characteristic dull-red colour. This process is not recommended due to the pote
s losses such as 137Cs.

9.3 Geonjetry of the deposit

Non-uniforrhity of the sample residue in counting planchet interferes with the accuracy and predision
of the method. The requireménts also apply for calibration using self-absorption mass curveg. For
instance, sources made with-calcium carbonate or sodium sulfate can induce homogeneous or|non-
homogenou$ deposit, respectively[281[29],

9.4 Crosstalk

In general, [the\determination of alpha activity in the presence of beta activity is not subjert to
significant interference. Although crosstalk cannot be eliminated when counting on the beta plateau,
beta to alpha crosstalk can be minimized during set-up of the instrument by adjusting the alpha and
beta discriminators. While minimizing crosstalk also minimizes corrections needed for most samples,
it should be kept in mind that if there is a significant difference in alpha and beta activities significant
crosstalk may still be present. In cases where unusually high ratios of beta activity to alpha activity
are present in samples, determining the alpha activity of samples in a separate measurement from the
beta by counting on the alpha plateau provides the most effective discrimination against beta-to-alpha
crosstalk and the most accurate measurement of alpha activity in samples.

The issue of alpha to beta crosstalk is different. Decay of alpha emitting radionuclides is often
accompanied by the emission of conversion electrons, auger electrons and X-rays, which produce pulses
indistinguishable from beta pulses, thus causing significant alpha to beta crosstalk[30]. Consequently,
the crosstalk correction is only appropriate if the radionuclides assayed are exactly the same as used
for calibration, otherwise an unpredictable bias can be expected for gross beta determination.
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When the correction strategy is defined the laboratory shall apply it systematically for comparison
purposes.

9.5 Gamma emitters

Moderate to high levels of gamma radiation can be misinterpreted as alpha or beta activity by gas-flow
proportional counters. This interference can be minimized by using a guard detector and employing
anti-coincident counting techniques.

9.6 Low beta energy

Propjortional counters operated in the “windowed” mode configuration are limited to detgcting (beta)
particles with an energy of 0,1 MeV or greater. To detect “soft” betas, the counter needsto [be operated
in the “windowless” mode configuration.

9.7 | Chlorides

If th¢ sample is known or suspected to contain significant chloride (acid or salts), the chlpride should
be cqnverted to nitrate before transferring to a stainless steel planchetZ{Chlorides attack the stainless
steel} depositing heavy metal ions on top of the sample, thereby. increasing inelastiq scattering.
Subsgquently, no correction can be made for this effect[2Z]).

9.8 | Organic matter

If the sample contains organic matter, the evaporationgresidue can be inappropriate for counting. The
sample can be treated with acids to oxidize organic matter(2Z]. The additional step may indjice losses of
14C. Another solution is to use liquid scintillation egunter (see ISO 11704(31]).

9.9 | Contamination

Check the contamination of reagents by-evaporating the volumes of the reagents used in thg procedures
on tq separate planchets. Ensure that/the activities are negligible compared with the acfivity of the
test sample.

If thg activity is not negligible; select reagents with lower radioactivity, or include a blank determination
in the main procedure.

9.1( Losses of activity

Volatile radioisetopes of C, 3H, I, Po, and adsorbed Rn may be lost when samples are heated

9.11 Contribution of the natural radionuclides

The most common natural radiological contaminants found in samples are the uranium isdtopes (234U,
235U, and 238U), the radium isotopes (224Ra, 226Ra, 228Ra), lead isotope 210Pb and polonium isotope 210Po.

Isotopes of radon can be lost by volatilization during the evaporation step. Once the residue forms,
222Rn and 220Rn produced by 226Ra and 224Ra respectively are trapped in the residuel32][33].

The gross alpha and gross beta activity are differently affected.

— The contribution of 224Ra decay products to the gross alpha activity decreases with the time
between collection and analysis and becomes negligible (less than 2,5 %) at 21 days.

— The contribution of the 228Ra decay products to the gross alpha activity increases with the time
between collection and analysis and can become significant (9 %) after three months.
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The contribution of the 226Ra decay products to the gross alpha activity increases with the time
between preparation and analysis, becomes more than 16 % after one day and reaches 95 % after
16 days. It can show an ingrowth of four times the initial count.

The contribution of the 210Pb decay product 210Po to the gross alpha activity increases with the
time between collection and analysis, becomes more than 11 % after one month, and reaches 50 %
after 5 months.

The contribution of the 238U decay products to the gross beta activity increases with the time
between preparation and analysis becomes more than 2 % after one day and reaches 95 % after
3 months days.

The contribution of the 226Ra decay products to the gross beta activity increases with the|time
betweeh preparation and analysis, becomes more than 16 % after one day and reaches 95 % fafter
16 days

The conftribution of 224Ra decay products to the gross beta activity decreases withthe’time betveen
collectipn and analysis and becomes negligible (less than 2,5 %) at 21 days.

The contribution of the 228Ra decay product 228Ac to the gross beta activity.increases rapidly[with
the tim¢ between collection and analysis and reaches 93 % after one day:.

The conftribution of the 210Pb decay product 210Bi to the gross beta activity increases with the|time
between collection and analysis, becomes more than 13 % afteryere day, and reaches 95 % fafter
22 days

The problem is complicated when seasonal variations of the concentration of natural radionuclides are

observed in|the water sampled([34].

When the cqrrection strategy is defined, the laboratory shall keep it for comparison purposes.

9.12 Losses of activity
Volatile radjoisotopes of C, 3H, I, Po, and adsorbed Rn may be lost when samples are heated.

If an oxidatipn step is required, it may induce losses of 14C.

Some alpha-emitting polonium is¢tepes, which occur naturally as members of the uranium| and
thorium degay series, may contribute to a significant proportion of the gross alpha activity of some
waters. The| element and somé-of its compounds, particularly the halides which sublime at relatively
low tempergtures, may be volatilized[35]. The problem can be solved by converted halide to nitrat¢[2Z].

10 Test report

The test report shall conform to the requirements of ISO/IEC 17025 and shall contain at leasft the

following infarmation:

a)
b)
‘)
d)

a reference to this document, i.e. ISO 10704:2019;
all information necessary for the complete identification of the sample;
units in which the results are expressed;

testresult, cg + u(ca) or c4 + U, with the associated k value.

Complementary information can be provided, such as the following:

e)
f)

16

probabilities a, fand (1 - y);

decision threshold and the detection limit;
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