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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 procedpre

described i
different ty
editorial ru

Attention is
patent right
any patent 1
on the ISO li

Any trade n
constitute a

For an expl
expressions
World Trad

.org/iso/for

the ISO/IEC Directives, Part 1. In particular,
bes of ISO documents should be noted. This document was drafted in accordance\wit
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may be the subje

ect of

s. ISO shall not be held responsible for identifying any or all such patent rights. Detafils of

ights identified during the development of the document will be in the)Introduction ar
st of patent declarations received (see www.iso.org/patents).

hme used in this document is information given for the conyvenience of users and doe
h endorsement.

anation of the voluntary nature of standards, the ineaning of ISO specific terms
related to conformity assessment, as well as information about ISO’s adherence t
e Organization (WTO) principles in the Technical’Barriers to Trade (TBT) see wwj
bword.html.

This docum|
Radioactivit]

This second|
revised. Thd

— 5.5.1ha
the app
slightly
Annexe|

Any feedbad
complete lis

ent was prepared by Technical CommitteeNSSO/TC 147, Water quality, Subcommittee
y measurements.

edition cancels and replaces the first'edition (ISO 11704:2010), which has been techn
main changes compared to the previous edition are as follows:

s been simplified;

ication field of this dociment has been extended to emergency situations;
different countingoenditions have been suggested;

5 A and B havedbeen added.

k or questians on this document should be directed to the user’s national standards bo
ting of these bodies can be found at www.iso.org/members.html.

1d /or

S not

and
b the
W.iso

SC 3,

cally

dy. A

© ISO 2018 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=55b346c084312beef5f5209818549f75

ISO 11704:2018(E)

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

human-made radionuclides, such as transuranium elements (americium, plutonium,

neptunium,

¢urium), 3H, 14C, 90Sr and gamma emitting radionuclides can also be found'‘in natyiral waters.
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$mall quantities of these radionuclides are discharged from nuclear fuel eyele facilit

medical and industrial applications are also released into the environment after use. An|

bnvironment as a result of authorized routine releases. Some of these ‘radionuclid

adionuclides are also found in waters as a result of past fallout contaminations res
he explosion in the atmosphere of nuclear devices and accidents;-Such as those that
[hernobyl and Fukushima.

bnuclide activity concentration in water bodies canvary according to loca
hcteristics and climatic conditions and can be locally and temporally enhanced by r¢
ar installation during planned, existing and emergeney exposure situations[l]. Dri
thus contain radionuclides at activity concentrations;which could present a risk to huj

radionuclides present in liquid effluents are usually controlled before being disc
bnvironment(2] and water bodies. Drinking waters are monitored for their radi
mmended by the World Health Organization {WHO)[3] so that proper actions can be tak
there is no adverse health effect to th€ public. Following these international recom
nal regulations usually specify radionuclide authorized concentration limits for lig
arged to the environment and radionuclide guidance levels for water bodies and drin
anned, existing and emergency exposure situations. Compliance with these limits can
r measurement results withttheir associated uncertainties as specified by ISO/IEC G
SO 5667-2012].

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

action to reduce health risk. As an example, during a planned or existing situati
blines for guidance level in drinking water is 0,5 Bq/1 for gross alpha activity and 1 B
activity.

The-guidance level is the activity concentration with an intake of 2 1/d of drinking water
esults in‘an effective dose of 0,1 mSv/a for members of the public. This is an effective dose thaf
ow level of risk and which is not expected to give rise to any detectable adverse health effects
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Thusd d, detection
limit and uncertalntles ensure that the radlonuchde act1v1ty concentratlons 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[6][Z][8].

Usually, the test methods can be adjusted to measure the activity concentration of the radionuclide(s)
in either waste waters 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, waste
waters/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 waste waters 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 alpha and gross beta activity — Test
method using liquid scintillation counting
WARNING — Persons using this document should be familiar with normal laboratory practice.

This document does not purport to address all of the safety problems, if any, associated with its
use. It is the responsibility of the user to establish appropriate safety and health practices.

IMPORTANT—1t1s a'uauluit:l_y essential-thattestsconducted—accor diug to—thisdocument be
carrjed out by suitably trained staff.

1 $cope

This|document specifies a method for the determination of gross alpha and gross beta activity
concentration for alpha- and beta-emitting radionuclides using liquid scimtillation counting (LSC).

The method is applicable to all types of waters with a dry residue of less than 5 g/l ahd when no
corr¢ction for colour quenching is necessary.

Grosp alpha and gross beta activity measurement is not intended to give an absolute determination
of thle activity concentration of all alpha- and beta-emitting ' radionuclides in a test sample, but is a
scre¢ning analysis to ensure particular reference levels<of specific alpha and beta emitt¢rs have not
been| exceeded. This type of determination is also kngwn as gross alpha and beta index.|Gross alpha
and eta analysis is not expected to be as accurate noras precise as specific radionuclide analysis after
radigchemical separations.

The method covers non-volatile radionuclides.below 80 °C, since some gaseous or volatile radionuclides
(e.g. radon and radioiodine) can be lost during the source preparation.

The method is applicable to test samples of drinking water, rain water, surface and ground water as
well ps cooling water, industrial water; domestic and industrial waste water after proper sampling and
test pample preparation (filtratienr when necessary and taking into account the amount pf dissolved
matgrial in the water).

The method described in(this document is applicable in the event of an emergency situatjon, because
the fesults can be obtdined in less than 4 h by directly measuring water test samples without any
treatjment.

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

2 I]\Iormative references

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

IS0 80000-10, Quantities and units — Part 10: Atomic and nuclear physics

© ISO 2018 - All rights reserved 1
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3 Terms, definitions, symbols and abbreviated terms

3.1 Terms and definitions

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

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

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

3.2 Symbols and abbreviated terms

For the purposes of this document, the symbols and abbreviated terms defined in ISO 8000010 and the

following agply.

ag, ap Alpha and beta activity per mass Bq gr!

a* Decision threshold Bq gr!

at Detection limit Bq gr!

a<. a> Lower and upper limits of the confidence interval Bq gr!

Aq, A Activity of the alpha and beta emitter certified’reference solution used Bq
for the a and {3 calibration sources

m Mass of the test sample g

mq Mass of initial sample subject to heating or possibly concentration g

my Mass of heated or concentrated sample g

m3 Mass of heated or concentrated sample transferred in the vial g

msq, msg Mass of alpha and beta emitters certified reference solutions, respectively g

Fga I'gp Sample gross.count rate, from the alpha and beta windows, respectively s-1

roa F0Bs FOT Blank counprate, from the alpha, beta and total windows, respectively s-1

'S, I'Sa B Countyrate of the alpha calibration source in the alpha, beta and total s-1

rsa,T window

rsg,a 'SB,ps COUI"lt rate of the beta calibration source in the alpha, beta and total s1

rSB’T WIIIAOW

tg Sample counting time s

to Blank counting time S

tsa tsp Counting time of o and 3 calibration sources S

u (a) Standard uncertainty associated with the measurement result Bq gl

U Expanded uncertainty, calculated from U = ku (a), where k=1, 2 ... Bq gl
Standard uncertainty of ay as a function of its true value Bq gl

© ISO 2018 - All rights reserved
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£ €B Counting efficiency for alpha and beta, respectively

To(Xa p) Alpha interference — Fraction of counts observed in the beta window
with respect to the total number of counts measured by the counter
when an alpha emitter is measured

8(Xp o) Beta interference — Fraction of counts observed in the alpha window
with respect to the total number of counts measured by the counter
when a beta emitter is measured

4 Principle

Grosp alpha and beta activity concentrations are determined by using liquid scintillation d
watefr sample mixed with a scintillation cocktail.

Grosp alpha and beta determinations are not absolute determinations of the sample

ounting of a

radioactive

contents, but relative determinations referred to a specific alpha or beta enfitter which constitutes the

stanglard calibration sources. These types of determinations are also knotn as the alpha an|
and are usually employed as screening parameters for first assessment of total radioactive

The aqueous sample is acidified using nitric acid and heated. Subsequently, water with low
can be thermally concentrated by slow evaporation to improveythe method sensitivity. A
sample is transferred into a liquid scintillation vial with scintillation cocktail; scintillatio
vial gre then counted by equipment with an alpha and betadiscrimination device.

The ¢ounter is previously optimized with respect to.atxalpha and beta discriminator setti
calibjrated against alpha and beta emitter certified reference solutions. In data evaluation, n
for chemical quenching is applied, since the procedure is designed to provide samples with
constant quench level.

The
3H m

method does not account for 222Rn “and its short lived progeny and it is not
easurement.

Whe
acidi

h suspended matter is present in significant quantities, a filtration step is reqy
fication.

All r
cont

Reagents and equipment

pagents shall be.of recognized analytical grade, except for the scintillation cocktail, g
hin any detecfable alpha and beta activity, except for the radioactive certified referenc

5.1 | Nitrie-acid, c(HNO3) = commercially available acid with mass fraction w(HNO3) = (65

5.2 | Water, ISO 3696, grade 3.

d beta index
content.

salt content
n aliquot of
ns from the

ng and then
0 correction
a relatively

suitable for

ired before

nd shall not
b solutions.

to 70) %.

Deionized water can contain detectable amounts of 222Rn and short lived progeny. It

is therefore

strongly recommended to boil water under vigorous stirring and let it stand for one day before use.

Alternatively, use nitrogen flushing for about 1 h for a 2 1 sample.

5.3 Scintillation cocktail.

Commercially available scintillation cocktails
(e.g. diisopropylnaphthalene-based cocktails), water miscible.

5.4 Volatile organic solvents.

Methanol or ethanol.

© ISO 2018 - All rights reserved
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5.5 Certified reference solutions.

5.5.1 General

In general, the experimental parameters (efficiency, alpha and beta optimum discrimination) depend on
alpha and beta energies, thus the choice of alpha and beta emitter certified reference solutions depends
on knowledge of the type of radioactive contaminant likely to be present in the waters being tested

(see ISO 9696[2] and Reference [10]).

NOTE M

ore information on metrological traceability can be found in ISO/IEC 17025.

5.5.2 Alpha emitter certified reference solution

The alpha emitter certified reference solution shall not contain any unexpected detectable ‘alpha and
beta activity.

236U is a conjvenient choice when waters are checked for their natural radioactivity content, as its erjergy
is close to the most widespread natural radionuclides (e.g. uranium and thorium isetopes, 226Ra) and
it is commercially available without decay products of short half-life. The supplier/can supply detalils of
the absence|of any decay product.

241Am is coinmonly used when artificial radionuclide contamination is siispected. 239Pu can be usgd as
well in such|circumstances.

5.5.3 Betq emitter certified reference solution

The beta enjitter certified reference solution shall not contain alpha-emitting radioisotopes.

A 90Sr and|90Y mixture or 40K are commonly used, A potassium solution for atomic absorption
spectrometyy has one arguable advantage, in that its specific activity can be calculated from established
physical conistants and isotopic abundance data whiich are independent of the calibration procedures of
a particular{organization. Other beta emitters, such as 137Cs or 36Cl, can also be used.

5.6 Equipment.

5.6.1 Analytical balance.

5.6.2 Hotplate with a magnetic stirrer and a stirring bar.

5.6.3 pH meter.

5.6.4 Wide-mouth HDPE sample bottles.

5.6.5 Liquid=scintillation counter, with a and (R discrimination option, preferably an nltra-lowllevel

counter to achieve better detection limits.

5.6.6 Polyethylene scintillation vials, capacity 20 ml, such as PET vials, low diffusion PET vials or
PTFE-coated polyethylene vials.

PTFE-coated polyethylene vials are the best choice since they prevent both the diffusion of the cocktail
into the wall of the vial and the absorption of radon from the outer environment. Glass vials generally
degrade a and {3 discrimination.

© ISO 2018 - All rights reserved
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6 Sampling

Collect 0,1 1to 11 of water in a plastic bottle (5.6.4) in accordance with ISO 5667-1 and ISO 5667-3. If
necessary, filter immediately on collection and before acidification. If possible, acidify immediately with
nitric acid (5.1) to a value not lower than pH 1,7 £ 0,2 (Z.1) or pH 2,7 £ 0,2 if thermal preconcentration is
desired (Z7.2). Verify the acidity by using a pH meter (5.6.3).

Additional information on sampling of different types of waters can be found in the relevant other parts

of the ISO 5667 series[11][12][13][14][15][16][17][18],

NOTE

adsornh'nn 1f carried out hefore filtration it desorbs radiocactive material alreadsyz adsorbed ontao th
r 7 J

Acidification of the water sample minimizes the loss of radioactive material from solution by

e particulate
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Fial.

le preferably within seven days from collection. Underground waters are usually morg
vaters (see ISO 5667-3).

Procedure

Direct counting

fer a weighed (5.6.1) aliquot of the water sample of approximately 50 g, mj, into a b
atory sample has not yet been acidified, acidify the aliguot using nitric acid (5.1) to
fy by pH meter, 5.6.3).

r the beaker and heat to approximately 80 °C'while stirring for 30 min (5.6.2) to
lved 222Rn. Allow the aliquot to cool and weigh'it again to account for the losses due to ¢

rd the mass as my.

hecessary amount of acid is small (normally about 0,15 g for a 50 g sample) and its
cted.

Thermal preconcentration

possible to apply a thermal preconcentration when soft waters are considered (e.g.
than 500 mg/], as im most drinking waters) in order to increase the sensitivity of
waters (dry residue more than 500 mg/l) may give rise to salt precipitations or t
pgenization with-the scintillation cocktail.

sfer a weighed (5.6.1) aliquot of the water sample of approximately 200 g, my, into a b
atory sample has not yet been acidified, acidify the aliquot using nitric acid (5.1) to
fy by pH-meter).

elatively low acidification of the sample does not ensure long-term preservation;Prepare the test

stable than

eaker. If the
pH 1,7 + 0,2

remove the
bvaporation.

mass can be

dry residue
the method.
o a difficult

eaker. If the
pH 2,7 £ 0,2

ly evaporate the allquot on a hot plate (5 6.2) to a final quantlty of approx1mately 20

g. Allow the

aliq

1+ £l pa
UL LU CUUT LU TUUTIIT LClllyCl aLul T auu VVCISII CITC LUIILCIILI aLcu all\.iuUL I\CLUI (o ¢ LllC ITasSSda

of the concentrated aliquot shall be 1,7 + 0,2.

5 mp. The pH

No precipitation should be observed, otherwise direct counting (7.1) or smaller preconcentration
factors shall be applied.

If unknown, only a rough evaluation of the dry residue is needed. Any commonly used technique can be

adop
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7.3 Sample preparation

Transfer a weighed (5.6.1) test portion (7.1 or 7.2), m3, of the aliquot into the vial. Add the scintillation
cocktail (5.3) and shake vigorously. Clean the scintillation vial (5.6.6) with ethanol or methanol (5.4).

Calculate the exact mass, m, of the sample analysed using Formula (1):
_mymj
my

€y

The relative amounts of test portion and scintillation cocktail depend on the characteristics of the
latter. Follow the manufacturer’s instructions. With many commercially available cocktails, 8:12

volume rati
for all samp
important t

During eme

aliquot of SSmele without any treatment into the scintillation vial, close the vial and shake it vigor

to remove

possible, w4
Different co
can be chos;

7.4 Liqui

74.1 Pre

Transfer an
chosen alph
at the time

the scintilla

In the same
of the beta s

The pH of tH

7.4.2 Opt

Set the alph
the alpha an

Usually all 4
emitter ene
approximat
energies hig
emitters ar

bs can be used. The sample to cocktall ratio has to be selected and shall remain consi
es and used for every measurement (e.g. 8 ml test portion +12 ml scintillation cocktail]
p ensure homogeneity of the test portion and cocktail mix before measurement;

rgency situations when measurement results shall be obtained rapidly, transfer the de

ost of dissolved 222Rn. Then, add the scintillation cocktail to the vial and shake it ag3
it 3 h before performing the measurements to allow 222Rn short-lived progeny to d
hcentration ratios can be adopted. Similarly, different sample to scintillation cocktail 1
1. [t is up to the laboratory to ensure the performance of the modified procedure.

d scintillation measurement

paration of alpha and beta calibration sources

accurately known amount, msy (e.g. corresponding to an activity of about 10 Bq), d
h emitter certified reference solution (5.5.2)nto a scintillation vial (5.6.6). Let the act
f measurement be Aq. Dilute with water (5.2) to the previously chosen mass (e.g. 8 g)
fion cocktail (5.3), e.g. 12 ml, and mix theroughly.

way, prepare the chosen beta emitter certified reference solution (5.5.3). Let the anj
olution transferred into the vial'‘be mspg and the activity at the time of measurement bg

e diluted certified refereneesolutions shall be 1,7 + 0,2.

imization of counting)conditions

h- and beta-countinig windows of the scintillation counter (5.6.5) so that the energies
d beta emitter's of interest are covered (see the manufacturer’s instructions).

Ipha emitters are included in the determination. In principle, using this procedure, all
rgies can be covered, as the liquid scintillation counting sensitivity is extended dov
bly 20¢keV. A common choice is to set the beta-counting window so that all beta enj
'Hey than 20 keV are included in the determination. Tritium and some low beta eq
not counted: Im addition, chemi- and photo-tuminescence signats are mostly exciuded.

Ktent
Jtis

sired
busly
in. If
ecay.
atios

f the
ivity
Add

ount

of all

beta
n to
itter

ergy

Count for an appropriate period the alpha and beta calibration sources in alpha and beta discrimination
mode (see the manufacturer’s instructions), under different discriminator settings.

Let the counting rate be rsg o and rsp, respectively, for the counts of the alpha calibration source in
beta and in the total (undiscriminated) window. Let the counting rate be rsg.o and rsg 1, respectively, for
the counts of the beta calibration source in alpha and in the total (undiscriminated) window.
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Determine the alpha (7q) and beta (rpg) interference parameter for each discriminator setting
(background contribution is often negligible) using Formulae (2) and (3):

T

_Ts0,8 ~T0B
y=— P
I'So, T —T0T

_TsB,o ~Toa

I'sg,r —ToT

(2)

(3)

The best discriminator setting (working point) is chosen in order to minimize both 74 and 7.

The 4
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NOTH
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it is mecessary to account for interference in the calculations of.sample activity, decision th
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7.4.3

Acid
(5.6.1

Coun

elected counting conditions are used for all other subsequent counts (sample, blank an
Ces).

1
ersa.

The term interference means the misclassification of alpha pulses in the beta-countin|

2 Examples of setting determination are given in Reference [10].

necessary for the values of both alpha and beta interference in.the chosen workin
adequately low (e.g. less than 5 %). In this situation, the uncertainty introduced in
'mination is generally included in the range of values defined by the total uncertainty

‘tion limit (see ASTM D7283[19] and Reference [10]).

known that quenching can affect both interference and detection efficiency (see AST
References [10] and [20] to [23]). However, thetrict control of the pH of samples

e) allows quenching variability and its effects.enresults to be minimized. It is therefo
termine an acceptability range for quench values of any measured vial (sample, blank o
ce), e.g. on the basis of repeated measurements of replicate samples. When measur
k or calibration source vials, their quenching should be checked (as monitored by the
he manufacturer’s instructions) and-compared with the acceptability range.

3  Optical quench or colour quénch cannot be pointed out by the parameter given by th
s a general problem of LSC coufiting). The presence of optical quench can be determined by co
nal source spectrum (see thesmanufacturer’s instructions). Optical quench can lead to under
[s, in which the extent is unpredictable.

Blank sample.preparation and measurement

fy water (5.2)\to pH 1,7 = 0,2. Transfer the chosen quantity (e.g. 8 ml) into the scin
b) and weighthe vial. Add the scintillation cocktail (5.3), e.g. 12 ml, and mix thoroughl

1 calibration

o window, or

b conditions
the activity

Otherwise,
reshold and

M D7283[19]
(as outlined

e advisable

 calibration
ng samples,
instrument,

e instrument
nsidering the
pstimation of

Fillation vial
.

t (5.6:5)the blank sample using the chosen optimum counting conditions. Let thle measured
countting rates be roq and rog, respectively, for the counts in the alpha and beta windows.

T
I

Rep

£ad rs 11 £ £3 43 £ 1 +aolailis £ 11 1] ] 4+ s
ditu CLUUIILS diIIUVW 1TUL d CUIITHTHIAUIUIT UL LT StdUIIIty Ul LT UldIIn LUt 14datc. 111

appropriate control chart is recommended.

7.4.4 Alpha and beta efficiencies

use of an

Let the counting rates be rsq  and rsg,g, respectively, for the counts of the alpha calibration source in
the alpha window and for the counts of the beta calibration source in the beta window, as measured

with

the previously defined best discriminator setting.

Determine the alpha- and beta-counting efficiencies using Formulae (4) and (5):

€q
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7.4.5 Sample measurement

(5)

Count the sample using the chosen optimum counting conditions. Let the measured counting rates be
rga and rgp, respectively, for the counts in the alpha and beta windows.

Samples should be counted immediately after preparation, to minimize undesirable ingrowth of 222Rn
and other decay products from 226Ra (see ISO 9696[2] and ASTM D7283[19]). Nevertheless, if direct

counting pr
sample mea

The countin

required.

8 Expre

8.1 Calcu

When the b
using Formi

cedure s adopted—amd o pretreatment s performed;, wait-3—beforeperformmm
surements to allow 222Rn short lived progeny to decay.

g time depends on the sample count rate and also on the precision and deteetion

s5sion of results

lation of activity per mass

p the

limit

(6)

bta interference is negligible, calculate the alpha activity.per mass, aq, of the water sample
la (6):
-
> :(rgoc ~Too, )Woc
1 €,
1
80(

When the alpha interference is negligible, calculate the beta activity per mass, ag, of the water sample

using Formi

r,

_'gp

aB——n

where

WB :;

1la (7):

€

:(%B—ﬁm)wﬁ

|

€B

If the result

has to be expressed in becquerels per volume, then multiply the initial result express

(7)

ed in

becquerels

er rass by thedemnsity of the watersampte:
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8.2 Standard uncertainty

As specified in ISO/IEC Guide 98-3:2008[4], the standard uncertainty of a, is calculated using
Formula (8):

u(ay,) \/W(Zx [uz (rgoc)+u2 (Mo )}"(rgoc _"Ooc)2 u?el (W)

rel
tg to

whefe the uncertainty of the counting time is neglected and the relative standard uncerthinty of w is
calcylated using Formula (9):

r2e1 (Woc ) :ugel (eoc )+u1%el (m) (9)

S (8)
wi [g—m+ﬂJ+a§c uZy (we)

o~

The felative standard uncertainty of m is calculated using Formula (10):

rzel(m):u?el(ml)+ugel (m2)+”§el (m3) (10)

o~

and the relative standard uncertainty of & is calculated using Fot‘mula (11):

(rSa,oc/tSa)+(r0(x/t0) 2

: | (AOL) (11)

Urel (Soc):urzel (rS(x,oc _r00c)+u1%el (A(x)z

(rSa,(x—rOOc)z

“Eel A, ) includes all the uncertainties related tosthe calibration source, i.e. in the certifi¢d reference

solutfion and the preparation of the calibration.source.

For the calculation of the characteristic limits, one needs &(&a) (see ISO 11929(24]), i.e. the standard
unceftainty of aq as a function of its true value, calculated using Formula (12):

a +
i(&a)z Wé[(aa/v‘;a roa)+r:(;x}+&éurzel(wa) (12)
g

In the same way, the stafidard uncertainty of the beta activity per mass is calculated using Fprmula (13):

L (aB ) = \/wé [uz (rgﬁ )+u2 (rOB )} +a§ “Eel (WB ) = Wé [’;g—ﬁ + ’;O—OBJ+ aé “fel (WB) (13)
g
and the standard uncertainty of ag as a function of its true value using Formula (14):
e T T
u(aB):\/WB {T-FKJ-MB Upel (WB) (14)
NOTE If an analytical balance is used, the mass uncertainty contribution to the total uncertainty can be

neglected.

© ISO 2018 - All rights reserved 9
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8.3 Decision threshold

The decision threshold, a; , is obtained from Formula (12) for a, =0 (see ISO 11929[24]). This yields
Formula (15):

oo, |, T0w

aazkl_a &(O)Zkl—a WOL t_+ "
g 0
and, in the same way, the decision threshold, aE, is shown by Formula (16):
T, T,
* N 0B ToB
ag =Ky 7(0)=k;_q g \/_+_
t, to
g
a = 0,05 with k1-4 = 1,65 are often chosen by default.
8.4 Detegtion limit

The detectiq

B =0,05wit

The detecti

an initial ap

n limit, a§ ,is calculated using Formula (17) (see ISO 11929[24]):

)

#
) (aoc/woc"'rOoc)

o
tg

2 2

rel

#

I
PRI,

+ki_p ﬁ(aﬁ):a;+k1_ﬁ w o

+(a

u

(We,)

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

n limit can be calculated by solving Formula-(#7) for ai or, more simply, by iteration

. . # o *
proximation a, =2a,, .

When taking a = f, then k1-4 = k1-p = k and the selution of Formula (17) is given by Formula (18):
A 2
o 2al, +(k W(x)/tg
o« 2 2
1HK" Upg (wa)
In the same [way, the detection limit of the beta activity per mass is given by Formula (19):
[ 2
a# 2(13+(k WB)/tg
B~ 2 2
1+k” Upg (WB)
8.5 Confidencélimits
The lower, | @), and upper, a”, confidence limits are calculated using Formulae (20) and

(see ISO 119

a<=a-
a’ =a+
where

29[24]):

kyu(a) with p=w(1-y/2)

kou(a) with g=1-wy/2

wzé[y/u(y)]

in which @i

10

s the distribution function of the standardized normal distribution.

(15)

(16)

(17)

with

(18)

(19)

21

(20)

(21)
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4 u(a), w may be set to 1. In this case, Formula (22):

<,>

a~” =atkq_,p, u(a)

y=0,

8.6

05 with k1-y /2 = 1,96 are often chosen by default

Quality control

(22)

Precision, sensitivity and bias are dependent on the characteristics of the detector, the radionuclides
present and the cert1f1ed reference solutlon selected both for the dlscrlmmator settmg and for countmg

efficje
bias.

The 1

9 1

9.1

Chec
of di
foun
reag

The
samyj

9.2

Radg
pres

9.3

Loss

nitri¢

10

The
infon

Test report

Relevant Valldatlon and performance data of the method are reported in Annexes Aaf

epeatability of this method has been determined and is reported in Reference {10].

nterference control

Contamination

k the contamination of reagents by processing blank measurements using appropri
stilled water. If a significant contribution of the reagents to the gross alpha or bet
1, select reagents with lower content of radioactivity.-Run contamination checks wit
ent batch.

rontamination of the counting system should bé controlled by passing appropriate
les (e.g. background vials supplied by the manufacturer of the counting system).

Ingrowth of radon

n isotopes should be volatilized during the preconcentration step. If 226Ra and 228T]
bnt, 222Rn and 220Rn and their alpha- and beta-emitting progeny grow in during the m

Loss of polonium

of polonium isotopes-dite to volatilization is not expected, since the samples are aci
acid and heated attemperatures far below 400 °C.

fest report shall conform to ISO/IEC 17025 requirements and shall contain at least t
mation:

ate aliquots
A activity is
h every new

background

h/224Ra are
basurement.

dified using

he following

a) 4

| reference to this document, i.e. ISO 11704:2018;

b) i

dentification of the sample;

c) theradionuclides used for the calibration;

d) the units in which the results are expressed;

e) thetestresult, a + u(a) or a + U, with the associated k value.

Complementary information can be provided, such as:

f) probabilities a, f and (1 - y);

g) decision threshold and the detection limit;

© ISO

2018 - All rights reserved
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h)

12

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

1) when the activity per mass, g, is compared with the decision threshold (see ISO 11929[24]), the
result of the measurement should be expressed as < a* when the result is below the decision
threshold;

2) when the activity per mass, a, is compared with the detection limit, the result of the
measurement can be expressed as < a# 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;

ith details
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Annex A
(informative)

Set-up parameters and validation data

A.1 General

The following data were obtained by ARPA Lombardia, Milano (Italy). Measurements wér¢ performed
by a Quantulus 1220 (PerkinElmer) liquid scintillation counter. PTFE-coated peolyethylene vials
(Zingser, Polyvials SLD) and Quicksafe 400 (Zinsser) scintillation cocktail were uséd. Counts in 500 to
700 ¢hannel window (alpha) and in 200 to 1 000 channel window (beta) were considered.

A.2 | Instrument set up and calibration

In Flgure A.1, discriminated alpha and beta spectra of a naturaliwater obtained with the above
descfibed materials and a 60 000 s counting time are shown.
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Figure A.1 — Superposed alpha/beta spectra of a natural water sample

The spillover diagram obtained as described in 7.4.2 is reported in Figure A.2. Calibration sources of
236U and 40K were used.

Under the specified working conditions, the resulting best discrimination parameter (PSA) is 112 and

the minimum interference value is 1,5 %. Different values can be obtained when other chemicals and/
or counters are used.
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Figure A.2 — Spillover,diagram

160

Overall effidiency was determined as described in 7,4.2: Results are reported in Table A.1.

Table A.1 — Calibration parameters

Calibration Activity Replicates Average value € combined
RN € uncertainty2
2360 0,48 Bq 3 0,983 0,023 (2,3 %)
40K 0,54 Bgb 3 0,975 0,027 (2,8 %)

a ¢ combined uncertainty is thé,cemmon uncertainty of efficiency values. These combined uncertainties takd
account uncejftainties of counting;background and standard activity.

b For 40K, (4,54 Bq correspond'to 0,48 beta/sec, taking into account the emission probability by beta decay.

into

The variande of replicate measurement is not considered in the calculation of efficiency uncert
since the mgthodisepeatability contribution is evaluated.

hinty

A.3 Expression of results

Decision threshold and detection limits, calculated as in 8.3 and 8.4, are reported in Table A.2 for the
chosen condition (1:10 concentrated samples). The above-reported efficiency and blank values are
used. Counting times of 60 000 s were used.

14
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