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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
ical standardization.
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Introduction

Radioactivity from several naturally-occurring and anthropogenic sources is present throughout

the environment. Thus, water bodies (e.g. surface waters, ground waters, sea waters)
radionuclides of natural, human-made, or both origins.

can contain

— Natural radionuclides, including 40K, 3H, 14C, and those originating from the thorium and
uranium decay series, in particular 226Ra, 228Ra, 234U, 238U, 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 involving naturally occurrlng radloactlve materlals (e.g. the mining and

uman-made radionuclides, such as transuranium elements (americium, plutonium|
chrium), 3H, 14C, 90Sr, and gamma emitting radionuclides can also be found\iw nat
Small quantities of these radionuclides are discharged from nuclear fuel cyele facil
epvironment as the result of authorized routine releases. Some of these-fadionucli

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

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

envirpnmentl2l. Water bodies and drinking waters are monitored for their radioactivit
recompmended by the World Health Organization\(WHO)[3] so that proper actions can be tal
that t
natio
disch
for pl
using|
ISO5

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

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

Depending on the exposure)situation, there are different limits and guidance levels that
in an|action to reduce-h€alth risk. As an example, during a planned or existing situati
guide]ines for guidan¢€level in drinking water is 10 000 Bq-1-1 for 3H activity concentratid

NOTE
that r¢
very |

1  The guidance level is the activity concentration with an intake of 2 1/d of drinking watq
sults in ah'effective dose of 0,1 mSv/a for members of the public. This is an effective dose tha
w levelof risk and which is not expected to give rise to any detectable adverse health effect

P event of a nuclear emergency, the WHO Codex guideline levels[2] mentioned that

adionuclides present in liquid effluents are usually controlled before being dischar

neptunium,
ural waters.
ties into the
des used for

edical and industrial applications are also released into the environmentafter use. Anthropogenic

sulting from
occurred in

1 geological
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nking water
man health.

ged into the
y content as
xen to ensure

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

quid effluent
hking waters

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

ide 98-3 and

would result
bn, the WHO
n.

r for one year
trepresents a
(31,

the activity
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than infant food, including organically bound tritium.

NOTE 2

19

r food other

The Codex guidelines levels (GLs) apply to radionuclides contained in food destined for human

consumption and traded internationally, which have been contaminated following a nuclear or radiological
emergency. These GLs apply to food after reconstitution or as prepared for consumption, i.e. not to dried or
concentrated food, and are based on an intervention exemption level of 1 mSv in a year for members of the public
(infant and adult)[5].

Thus, the test method can be adapted so that the characteristic limits, decision threshold, detection
limit and uncertainties ensure that the radionuclide activity concentrations test results can be verified
to be below the guidance levels required by a national authority for either planned/existing situations
or for an emergency situationlél[Z].
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Usually, the test methods can be adjusted to measure the activity concentration of the radionuclide(s) in
either wastewaters before storage or in liquid effluents before discharge 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 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 may be used for water samples after proper sampling, sample handling, and test
sample preparation (see the relevant part of the ISO 5667 series).

This document has been developed to answer the need of test laboratories carrying out [these
measuremerlts, that are sometimes required by national authorities, as they 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 withthe measur¢ment
of the activitly concentration of radionuclides in water samples.

vi © IS0 2019 - All rights reserved
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Water quality — Tritium — 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 and to
determine the applicability of any other restrictions.

IMPQRTANT — It is absolutely essential that tests conducted according to this diocument be
carripd out by suitably trained staff.

1 ope

This Hocument specifies a method by liquid scintillation counting for.thé determinatign of tritium
activity concentration in samples of marine waters, surface waters,-ground waters, [rain waters,
drinkiing waters or of tritiated water ([3H]H20) in effluents.

The method is not directly applicable to the analysis of organically bound tritium; its dgtermination
requifes additional chemical processing of the sample (such.aschemical oxidation or combustion).

With |suitable technical conditions, the detection limit may be as low as 1 Bq:l-1. Tritium activity
concentrations below 106 Bq-1-1 can be determined witheut any sample dilution.

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‘ofithe referenced document (including any amendmg¢nts) applies.

ISO/IEC Guide 98-3, Uncertainty~ef measurement — Part 3: Guide to the expression of uncertainty in
measyirement (GUM:1995)

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

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

ISO 5667-3, Water quality — Sampling — Part 3: Preservation and handling of water samples

ISO/1ECA7025, General requirements for the competence of testing and calibration laboratorjes

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

3 Terms, definitions and symbols

3.1 Terms and definitions

For the purposes of this document, the definitions, symbols and abbreviations given in ISO/IEC Guide 99,
ISO/IEC Guide 98-3, 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

© IS0 2019 - All rights reserved 1
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— IEC Electropedia: available at http://www.electropedia.org/

3.1.1

effluent

water or wastewater discharged from a containing space such as a treatment plant, industrial process
or lagoon

3.2 Symbols

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

Symbol Definition Unit
Pmax Maximum energy for the beta emission kev
%4 Volume of test sample 1
m Mass of test sample, kg

p Density of the sample kg-1-1
cA Activity concentration, in Bq'l-1
a Activity per unit of mass Bq-kg1!
Activity of the calibration source Bq
n Number of counting
to Background counting time s
tg Sample counting time s
ts Calibration counting time S
ro Background count rate s71
rg Sample count rate s-1
I's Calibration count rate s-1
£ Detection efficiency
fq Quench factor
u(cy) Standard uncertainty associated with the measurement result Bq-l-1
U Expanded uncertainty) calculated by U = k - u(cg) withk=1, 2,..., Bq-l-1
Cz Decision threshold Bg-l-1
cﬁ Detectiondimit Bgl-1
C:l] 'CZ Lower\and upper limits of the confidence interval Bq:l-1
4 Principle

The test portion is mixed with the scintillation cocktail in a counting vial to obtain a homogeneous
medium. Electrons (Beta particles) emitted by tritium transfer their energy to the scintillation medium.
Molecules excited by this process return to their ground state by emitting photons that are detected by
photodetectorsl[8l.

The choice of the analytical procedure (either with or without distillation of the water sample prior to
determination), depends on the aim of the measurement and the sample characteristics[19][20][21],

Direct measurement of a raw water sample using liquid scintillation counting[8] shall consider the
potential presence of other beta emitter radionuclides. To avoid interference with these radionuclides
when they are detected, the quantification of tritium is performed following the sample treatment by
distillation[22][23][24][25]. Annexes B, D and E describe three distillation procedures.

2 © IS0 2019 - All rights reserved
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In order to determine the background count rate, a blank sample is prepared in the same way as the
test portion. The blank sample is prepared using a reference water of the lowest activity available, also
sometimes called “dead water”.

In order to determine the detection efficiency, it is necessary to measure a water sample having a
known tritium activity under conditions that are identical to those used for the test sample. This water
shall be a dilution of this mixture produced with the reference water, or a water with a traceable tritium
activity usable without dilution.

The conditions to be met for the blank sample, the test portion and the calibration source are:

— same scintillation cocktail;

|
%]

hme type of counting vial;

|
%)

hme filling geometry;

|
%)

hme ratio between test portion and scintillation cocktail;
— témperature stability of the detection equipment;
— vhlue of quench indicating parameter included in calibration curve.

If parfticular conditions of chemical quenching affect the meastihement results, it is recommended to
correft the counting data using a quench curve (see 7.3.2).

5 Reagents and equipment

Use oply reagents of recognized analytical grade.
5.1 |Reagents

5.1.1| Water for the blank

The Water used for the blank shall*be as free as possible of chemical impurities to avoid quenching,
of radioactive impurities[26][27] and with an activity concentration of tritium negligible i comparison
with the activities to be measured.

For ekample, a water sample with a low tritium activity concentration can be obtained| from (deep)
subtefranean water kept in a well-sealed borosilicate glass bottle in the dark at controlled [temperature
(see IO 5667-3). This blank water sample shall be kept physically remote from any tritium containing
material.

Itis aflvisable to keep an adequate quantity of blank water in stock and to make small working amounts
from [it for immediate use as required. Contamination with tritium (e.g. from water vapqur in the air
and from tritium sources such as luminous watches and gas chromatographs) or other radioactive
species should be avoided.

Determine the tritium activity concentration, in Bg--1, of this water and note the date of the
determination.

As the activity is becoming non-negligible for activities around 1 Bq-l-1, it is necessary to use a blank
water measured to ensure the “absence” of tritium. The tritium activity concentration in the blank water
can be determined by enrichment followed by liquid scintillation counting or from the measurement of
3He by mass spectrometry. Preferably use blank water with a tritium activity concentration of less than
0,5 Bg-1-1.

When the volume of blank water is sufficiently large, e.g. 10 I to 20 I, and well-sealed, tritium activity
concentration should remain stable for years, although itis advisable to verify this activity concentration
at predetermined intervals, e.g. every year.

© IS0 2019 - All rights reserved 3
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5.1.2 Calibration source solution

In order to avoid cross-contamination, prepare, in a suitable location which is remote from the area
where the tritium analyses are to be carried out, weigh and pour into a weighed volumetric flask (for
example, 100 ml) the requisite quantity of a concentrated tritium ([3H]H20) standard solution, so that
the tritium activity concentration generates sufficient counts to reach the required measurement
uncertainty after dilution with blank water and thorough mixing. Calculate the tritium activity
concentration of the resulting calibration source solution (¢t = 0). Note the date at which the standard
solution was made up (t = 0).

The tritium activity concentration of the calibration source solution at time t at which the samples are

measured sh

It is recomm
surface, in oJ

5.1.3 Scin

The scintilla
according to

It is recomm]
water or was

The characts
the given mi)

For the dired
a scintillatio

Itis recomm

store thg
direct sy

comply

The mixture

depending on the radioactivity, may require disposal as radioactive waste.

514 Quel

Examples of

1l be corrected for radioactive dPr‘;\y

ended to adapt the flask to the standard source volume so as to not leave air'abg
der to minimize the exchange of tritium with the atmosphere at each openingof-the

fillation solution

fion cocktail is chosen according to the characteristics of the sample’'to be analyse
the properties of the detection equipment[28].

te water.

ristics of the scintillation cocktail shall ensure the mikture is homogeneous and sta
king ratio and at the temperature of the counting system.

t measurement of raw waters containing partigles in suspension, it is recommended
 cocktail leading to a gel type mixture.

bnded to

scintillation cocktail in the dark.and, particularly just before counting, avoid expos
nlight or fluorescent light in ordepto prevent interfering luminescence, and

vith storage conditions speeified by the scintillation cocktail supplier.

s (scintillation cocktail\and test sample) should be disposed of as chemical waste

nching agent

chemical, \quenching agents include nitric acid, acetone, organochloride compqg

nitromethan

NOTE

Some.quenching agents are dangerous or toxic.

, etc.

ve its
flask.

d and

ended to use a hydrophilic scintillation cocktail for the méasurement of environmental

ble at

(O use

lire to

, and,

unds,

5.2 Equip

ment

5.2.1 General

Laboratory equipment, such as pipettes and balances, shall be employed that enables the expected/
agreed data quality objectives to be achieved, as well as the quantification of the uncertainty attached
to the measurement.

Control of the quantity of liquid scintillation cocktail used in source preparation is essential to achieve
consistent data quality.

© ISO 2019 - All rights reserved
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5.2.2 Liquid scintillation counter

Liquid scintillation counter preferably with an automatic sample transfer. Operation at constant
temperature is recommended following the manufacturer's instructions. Depending on the limit of
detection to be reached, a liquid scintillation counter with a low-level-configuration may be needed.
The method specified in this document relates to the widely used liquid scintillation counters with
vials that hold about 20 ml. When other vials are used with appropriate counters, the described method

shall be adapted accordingly.

5.2.3 Counting vials
Differ - ost common
are glass vials and polyethylene vials. Glass vials allow visual inspection of the scintillation medium,

but h3
in sci

Other

g
fi
(
D
a
Gene

proce

To pr
expos

Tolue
used

htillation cocktails diffuse through the polyethylene, accelerating the degradation of

types of vials that exist are the following:

dbr the determination of very low tritium concentration, the use of polytetrafluoroe
PTFE) or polyethylene vials with an innerlayer of PTFE on inside vial wall is strongly re
iffusion of organic solvents is then slower through PTFE-than through polyethylensg
e used for long counting times with very low-level activity to be measured.

ally, the vials are single use. If the vial is re-used, it is necessary to apply an effic
dure.

event interfering luminescence, the counting,vials should be kept in the dark and s
ed to direct sunlight or fluorescent light, patticularly just before counting.

he-based scintillation solutions may.physically distort polyethylene and should the
n combination with polyethylene ceunting vials. Diffusion of organic solvents into

ass vials with a low level of 40K, exhibit a lower background than ‘aormal’ glass vials;

ve an inherent background, due to the presence of 40K. However, some organic.Solvents contained

the mixture.

)

thylene vials
commended.
. These vials

jent cleaning

hould not be

refore not be
and through

the polyethylene walls is also a serious.drawback of polyethylene vials.

6 Sampling and samples

6.1 [Sampling and sample transportation

Condftions of sampling shall conform to ISO 5667-1. Preservation and handling of water gamples shall
be in pccordancewrith ISO 5667-3. Additional information on sampling of different types ¢of waters can
be foyind in tlfe relevant parts of ISO 5667[2][10][11][12][13][14][15][16], Additional informati¢n on quality
assurpnce efenvironmental water sampling and handling is given in ISO 5667-14[17].

The sptple shall not be acidified due to the high chemical quench caused by acids, and
presence of tritium 1n the acid (as specified 1n IS0 5667/-3).

the potential

It is important that the laboratory receives a representative sample, unmodified during the transport
or storage and in an undamaged container. To avoid compromising the sample, it is recommended to
use plastic containers for effluents and glass containers for other types of samples. The glass containers
reduce the risk of cross contamination. The plastic containers limit the risk of breakage and spilling of
effluents, which may contain high activity concentrations of radionuclides.

For low level activity measurements, it is important to minimize contact between the sample and the
atmosphere during the sampling.

It is recommended to fill the container completely, leaving no headspace to minimize tritium exchange
with the atmospheric moisture.

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=9ff8329fe2cc0686ee98c39f202f9787

ISO 9698:2019(E)

6.2 Sample storage

If needed, the samples shall be stored in compliance with ISO 5667-3. If the storage duration exceeds
three months as recommended in [SO 5667-3, it is advisable to store the samples in glass containers.

For liquid effluents, it is recommended to store separately the samples with high, medium and low level
tritium activity concentrations.

7 Procedure

nroanaration
aACITOTE

7.1 Samp}

7.1.1 Genge¢ral

A monitoring program should be part of the laboratory quality system, in order to detéct-any pot|

cross conta
the laborato
surface wate

cross contamination.

A prior enric

7.1.2 Dire|

Measuremen
matter. If thd
matter shall

7.1.3 Dist
Examples of
Distillation s
by analysing

the same wa

Distillation
measuremern

7.2 Preparation of the sources to be measured

A known qud

o Pay
cpropar

ination between samples with widely varying activity concentrationsCT'he ambient
'y should be monitored for tritium, for example by measuring condensed humidity
r from open vial, etc. or carrying out specific studies demonstratifg the absence of 1

hment step can significantly lower the limit of detection[2Z1{28][29](30],

ct procedure

t of the test sample is generally performed on raw water without removal of susp
activity of a filtered or centrifuged sample is\to'be measured, the removal of susp
be performed as soon as possible after the.samipling (see ISO 5667-3).

llation
distillation procedures are given-in'Annexes B, D and E.

hall avoid isotopic fractionatient311[32]. The yield of the distillation method shall be ve
a tritium certified standard solution, or at least a known activity concentration wa
 as the portion test sample.

br any other physieschemical treatment of water is not appropriate for simulta
t of 3H and 14C.

ntity.of.the test sample and the scintillation cocktail are introduced into the countin

ential
air of
r, free
isk of

ended
bnded

rified
ter, in

neous

b vial.

After closing

the vial, it shall be thoroughly shaken to homogenize the mixture.

The vial identification shall be indicated on the top of the vial cap. The storage time depends upon the
scintillation mixture, the mixture stability and the nature of the sample. It is recommended to perform
the measurement as soon as any photoluminescence or static electricity effects have become negligible,

for example,

after 12 h.

In order to reduce photoluminescence effects, it is recommended that the above-mentioned operations
take place in dimmed light (preferably light from an incandescent source or UV-free LED or red light);
in addition one should avoid direct sunlight or fluorescent light.

In order to reduce static electricity effects, the vial can be sprayed with an antistatic agent or wiped

with a moist

tissue.
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Counting procedure

General

The measurement conditions (measurement time, blank sample, number of cycles or repetitions) are
defined according to the uncertainty and detection limit to be achieved.

7.3.2

Control and calibration

Statistical control of the detection system shall be monitored by measurement of suitable reference
background and reference sources usually provided by the equipment supplier, for example in

comp,

The c
cover]

The b
undet

The d
sourc
test p

Using

iance with ISO 7870-2[18].

brrect operation of the counter shall be checked periodically by means of refereénce spurces which
the energy range to be measured.

ackground is measured prior to each measurement or each series of méasurementg of samples,
the conditions representative of each type of measurement (Clause 4),

etection efficiency is determined with a sample of a standard of"aqueous tritiun] (calibration

e), or a dilution of this standard with water for the blank, measured in the same conditions as the

ortion.

direct measurement, it is essential to generate a quench‘curve for each type of wat

The quench curve is valid only for:

o8]

|
[<5)

— a

Parti

corre
simild
quend

given type of measurement equipment;
given type of scintillation cocktail;
given ratio of scintillation cocktail and.feést sample.

ular conditions of chemical quenching affect the measurement results, thus it is reca
Ct the counting data using a quench curve. It is important to choose a chemical que
ir to the quenching observedin the sample. The quench curve correction is not applic:
hed samples.

The quench curve is obtained ' with a series of working standards (10 for example), presenf

queng
(samg

prep3

— S
c

h. The matrix of the working standards is representative of matrix of the samples to
scintillation liquid; same ratio scintillation liquid-test sample). The working stand
red as followst

milar quantity of certified standard tritiated water solution in each vial. The ad

ertified standard shall be sufficient for the counting ratio to be defined with a knoy

br measured.

mmended to
nching agent
ible to colour

ing different
be measured
ards may be

tivity of the
vn statistical

pLecision, even in the case of a strong quench.

— T

he scintillation cocktail is added to obtain the desired ratio.

rhed.

— One working standard at least is used as it is. In the other working standards, increasing quantities
of quenching agent are added to simulate the quench encountered in the samples to be measured.

The q

uench curve relating e-fq with the quenching is used to determine fg.

For high activity and highly quenched samples or colour quenched samples, it may be practical to use
an internal standard method, as described in Annex C.
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7.3.3 Measurement conditions

The counting room used shall be suitable for the measurement equipment and to the activity levels of
the samples.

The measurement is performed using an energy window that is between the detector noise threshold
and the Bmax of tritium (18,6 keV). It is recommended to choose the width of the energy window in

2
order to optimize the figure of merit 8/ )
0

The absence of other radionuclides is verified by checking the counting rate above the maximum energy
Pmax of the tritium.

In order to pverify the statistical distribution of counting data, it is recommended to arrange the
counting as 1lepetitions: the first sample is counted several times in a row (number of repetitions), then
the second sgample is counted likewise, and so on.

To measure [low activities, it is recommended to fractionate the counting as cycleshall samplgs are
counted oncg, then the counting starts for the second cycle and so on.

These fractignations of the counting time allow the detection of random or transitory interfering effects
(luminescenge, static electricity) that are not auto-corrected by the measurement equipment.| They
also take into account any perturbations, punctual or cyclic (night andiday alternation for example)
associated td the measurement equipment environment.

7.3.4 Interference control

7.3.4.1 Inferference arising from luminescence

Serious interjference of tritium determinations can occur due to a variety of luminescent processss, e.g.
chemilumingscence, phosphorescence, treboluminescence, and static electricity. It is advisable toluse a
liquid scintillation counter capable of identifying these single photon events and current LSC equipment
can even autpmatically corrects for these interferences.

In the absenfe of such an automatic correction, for example the tritium can be measured in pgrallel
in another njeasurement channel B having the same lower threshold as measurement channel A, but
an upper threshold adjusted so that'the tritium counting efficiency is about two thirds of the tgfitium
counting efficiency of channel A:

— In the alpsence of interfering luminescent phenomena, calculation should yield the same absolute
tritium 4ctivity concertration in a sample for both measuring channels A and B, using appropriate
efficiencjies for each.channel.

— In the presence-of‘excessive luminescence the calculation gives an apparently higher activity for

cannot
and are v ‘
occurrence of such a dlscrepancy points to an 1nterference due to lumlnescence and the data should
be discarded.

7.3.4.2 Equipment stability

Once the measurement channels A and B have been adjusted, it is advisable to check that the setting is
maintained by measuring in each sequence two hermetically sealed unquenched vials, one containing
tritium standard solution and the other containing blank water. Drift of the equipment from its initial
setting is then easily detected. The use of control charts ISO 7870-2[18] is advisable.
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Expression of results

8.1 General

The results are generally expressed in activity per unit of mass or activity concentration together with
their associated uncertainty. The coverage factor is specified in the presentation of the results.

Whatever the adopted form, the expression of results is an estimation of the “true” value, with which an
uncertainty is associated, itself being a combination of elementary uncertainties.

In the case of the measurement of radionuclides by liquid scintillation, only the elementary uncertainties

f h £o11 H 4 o | Ao LA | 4ot
(0] t TUNIUWIIITES Pdl dIIITLTT S dI'T LARTIT ITITU CUIISTUTT AULIUTL.

The ofther uncertainties can, at first approximation, be ignored (volume or mass of scintilla
countling time, etc.). An example is given in Annex A.

8.2

The symbols used are defined in Clause 3.

The gample activity concentration of the radionuclide present in the sample is calc

Formpla (1):
I, _ro 1
ch= g ~—:(rg—r0)'w
% 8‘fq
wher¢
1
W= and
V~.s~fq
gzrs_rO
A

of repetitions n is the same for the sample and for the background.

—

hw counts and backgrounds;

detection efficiencies in the windows of the relevant energy ranges for a given quen
pprameter;
q

pench factor, if a correction is applied;

vplume or mass of the test portion.

Calculation of activity concentration

n

Ch indicating

tion cocktail,

ulated using

)

=1

. . % g roj . .
rg and rg are calculated using the expressions: rg = z— and ro= ZT , considering thaIt the number
i=1

T

The combined uncertainty is calculated using Formula (2):

2 r r
u(cA):\/wz~(u2[rg)+u2(r0))+cA2~ufel(w): WT t_g+t_0 +cA2-u?el(w)
g 0
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2 2 2 2
Urel (W):urel (8)+urel (V)+urel(fq) (3)
and the relative standard uncertainty of ¢ for each quenching value is calculated using Formula (4):

Ul (€)=uly (rg —rg ) +ul (A)=(ry /ts +19 /to)/ (rs —1g )% +uly (A) 4)

“?el (A) includes all the uncertainties related to the calibration source: that is in the standard solution
and the preparation of the calibration source.

Ll?el (fq ) depjends on the mathematical model USed to It the quench curve.

For the calcfilation of the characteristic limits, u(c,) is needed (see ISO 11929), i.e. the)stahdard
uncertainty ¢f c4 as a function of its true value, calculated by using Formula (5):

c
2 | (A +ry)
w

a(c )= | WT t, +(%] +C5 ufe (W) (5)

If the mass is used instead of volume, the mass of the test sample, n, is expressed in kilogranp. The
intermediatd calculations are done with similar equations. Activity may also be expressed g4s the
activity per ynit of mass (m replacing Vin preceding formula).

8.3 Decision threshold

The decision|threshold, cz, is obtained from Formula (5¥for ¢, =0 (see ISO 11929). This yields:

cp =k ~&(0)=k1_a~w~\/(”% )( %; %0] ©6)

a=0,05 giving k1-» = 1,65 is often chosemby-default.

8.4 Detection limit

The detectiop limit, cﬁ , is calculated by using Formula (7) (see ISO 11929):

#

#_ x Sy w? (W“Lr(’) o #2 2
ca=catki_pgufen)=cy+ki_g- - by + A +Cp" Upe (W) (7)

j=

B=0,05 give

k1-p= 165 Tsoftenchosemrby defautt:
The detection limit can be calculated by solving Formula (7) for Cf; or, more simply, by iteration with a
starting approximation cj :2-cz.

When taking a = ff then k1-4 = k1-p = k and the solution of Formula (7) is given by Formula (8):

k? -w

2-c2+
# n-tg (8)
ch=——"7—7"—

1-k% -u? (w)

rel
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Confidence interval limits
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The lower, ¢, and upper, ¢, confidence limits are calculated using Formulae (9) and (10) (see
ISO 11929):

ca=ca—kyu(cy); p=0-(1-7/2)

ca=cytkgu(cy); q=1-(w-7/2)

)

(10)

ibution,

where
o = @(y/u(y)), @ being the distribution function of the standardized normal(distr
1|~y is the probability for the confidence interval of the measurand, and’w = 1 ay be set if

a

y=0,

8.6

in kil

a

ca24-u(cy). In this case:
Z,Cz :CA ikl_y/z 'U(CA)
D5 and then, k1-y/2 is often chosen by default.

Calculations using the activity per unit of mass

The a(ftivity concentration may be calculated multiplying the activity per unit of mass by
gram per litre, as follows:
ry—r
L -& 0. P =(rg—ro)-w and w= P
m € fq m-€- fq

<

The u
using

9 T
The t

*Zel (w)= u?el (8)+u5el (m)"'u?el (p)'HJEel (fq )

the previous expression[Formulae (2),(6),(7) and (8) with Formulae (12) and (13)].

est report

bst report sial“conform to the requirements of ISO/IEC 17025 and should contain {

inforgation:

a) a

reference to this document, i.e. ISO 9698:2019;

b) id

lerfification of the sample;

(11)

the density p

(12)

(13)

ncertainty, the characterjstics limits and the limits of the confidence interval may be calculated

he following

c) u

nits in which the results are expressed;

d) testresult, cg + u(cy) or cq + U with the associated k value.

Comp

lementary information can be provided such as:

e) probabilities a, fand (1 - y);

f) d

ecision threshold and the detection limit;

© IS0 2019 - All rights reserved
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g) depending on the customer request there are different ways to present the result:

— when the activity concentration cg4 is compared with the decision threshold (see ISO 11929), the
result of the measurement should be expressed as < cz when the result is below or equal to the
decision threshold;

— when the activity concentration c4 is compared with the detection limit, the result of the
measurement can be expressed as < cﬁ when the result is below or equal to 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;

h) mentionfof any relevant information likely to affect and/or to explain the results.

12 © IS0 2019 - All rights reserved
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Annex A
(informative)
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Table A.1 presents the parameter values for three situations of activity concentration. This table
may be used to verify any computation of the different formulae. Example for constant quenching

meas

ITETTEIL, SATE (UETCINE DETWEETT TEelerelCe vidl, DaCRgTroumnd and test viat:

Table A.1 — Examples of numerical applications

Symbol Unit €y <c2 c; <Cy <cﬁ Ca >cf21E
re 51 0,058 3 0,062 5 0,108 3
t s 3600 3600 3600
ro s1 0,050 0,050 0,050
to s 3600 3600 3600
14 1 0,010 0,670 0,010

u(V) 1 0,002 5 0,002 5 0,002 5
£ 0,25 0,25 0,25
Urel(€) 0,008 75 0,008 75 0,008 75

a By % 5 5 5

w I-1 400 400 400

uZ, (w) 0,063 7 0,063 7 0,063 7

- 09220 0,974 2 0,999 8

p — 0,898 9 0,949 9 0,974 9

q — 09770 09756 09750
kg — 1,275 1,644 1,957
2 — 1,994 1,971 1,960
ca Bq-l-1 3,33 5,00 23,33
u(ca) Bq:l-1 2,35 2,57 6,46
cy Bq-l-1 3,47 3,47 3,47
ch Bq-l-1 8,74 8,74 8,74
i Bq-l-1 0,34 0,78 10,69
i Bq-l-1 8,02 10,06 36,00

For example, to calculate in Excel©D:

w = NORMSDIST(ca/u(ca))

kp = NORMSINV (p)

kq = NORMSINV (q)

1) Microsoft Excel® is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

© IS0 2019 - All rights reserved
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B.1 Princ

019(E)
Annex B
(informative)

Distillation of large volume sample

iple

Samples of v
iodine is sus
are added t
tritium (OB
tritium meas

An aliquot of

NOTE Th
of the distillat

B.2 Reagg

During the a

B.2.1 Reag

For the oxid3

plume from 100 ml to 500 ml are considered as large volume samples. If the prese
pected in the water sample, before the distillation, oxidizing and suitable alkaline 4

) compounds present in the sample may be oxidized[22][33] and can contribute {
ured in the distillate.

the distillate is then mixed with the scintillation solution in a counting vial.

e majority of the interfering compounds, which quench the scintillationprocess, remain in the r|
on together with any interfering radionuclides (radioactive iodine,‘carbon 14, caesium 137, etc
rnts and equipment

halysis use only reagents of recognized analytical'grade.

rents

nt/alkaline medium use either

B.2.1.1 Sodium thiosulfate, anhydrous, Na5S>03, and

B.2.1.2 Sodium carbonate, anhydrous;Na;CO3, or

B.2.1.3 Pot

assium permanganate; KMnO4 and

B.2.1.4 Sodium hydroxide, NaOH.

The sodium |}

nydroxide shall be free of tritium.

B.2.1.5 Tritium'standard solution.

hce of
gents

convert iodine into iodide (non-volatile iodine compounds). Some organically hound

o the

psidue

).

B.2.1.6 Sci

ntillation solution.

B.2.1.7 Blank water.

B.2.1.8 Carborundum or glass beads.

B.2.2 Equipment

Usual laboratory equipment and the following.

B.2.2.1 Distillation equipment, consisting of the following.

B.2.2.1.1 Distillation flask, with a capacity of 500 ml

14
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B.2.2.1.2 Splash head.
B.2.2.1.3 Distillation column, length 40 cm.
B.2.2.1.4 Condenser.

B.2.2.1.5 Adapter, bent type.

The equipment shall be dried before use.

b I LA I & 1 1 ra | 1 1 Fn | ral - 1 EiaWat 1
B.2.21:6—Borusilicate glass or pulyethytenre bottles; of capacity about 106t

B.3 |Distillation

B.3.1] General

Placefthe test sample in the distillation equipment. Add a quantity of oxidasit'agent to conveftiodine into
iodid¢, enough of alkaline agent to make the sample alkaline. Add porious porcelain or carborundum or
glass peads in order to facilitate a homogeneous and smooth boiling.

Asserpble the distillation equipment and start the distillation process.

Distil| discard the first part of distillate, and collect about.the half of the middle fraction in a clean and
dry bpttle. Discard the residue in the flask.

B.3.2 Sample preparation

B.3.2]1 General

Placelan aliquot of the water sample (1004l to 250 ml) in the distillation flask.
If a syspended matter is observed,it can be eliminated by filtering.

All the employed material shallbe well dried.

The ipitial sample should.not be acidified and should be kept in a hermetic glass container

B.3.2|2 Oxidation/in-alkaline medium

Add the necessary reagents to obtain an adequate medium for the oxidation. For example, using an
aliqugt of 250\, the following can be used:

a) 0]1 gef'potassium permanganate and 0,5 g of sodium hydroxidel221[33], or

b) 0,25 g of sodium thiosulfate and 0,50 g of sodium carbonate.

NOTE If the above reagents are not added, the possible presence of organic matter and/or volatile isotopes
in the sample can affect the results.

B.3.2.3 Homogenization

Add porous porcelain or carborundum or glass beads in order to facilitate a homogeneous and smooth
boiling.

B.3.3 Discard

The first millilitre of distilled water (10 % to 30 % of the initial aliquot) can be kept for isotopic control
if needed.

© IS0 2019 - All rights reserved 15
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B.3.4 Collection

Collect the intermediate fraction (about 50 % of the initial aliquot) and collect the volume that remains
in the flask for any ultimate control.

B.3.5 Control

The pH-value or the conductivity of the intermediate distillation fraction shall be controlled. The pH-
value shall be neutral and the conductivity lower than 0,1 mS.cm-1. When these pH or conductivity

conditions are not satisfied, the distillation shall be performed again.

The distille

room, prefer

The followin

B.4 Meas

The measurd

hbly.

irement

ment steps shall be performed as described in Clause 7.

qnmplp should he kppt in a hermetic glncq container and in a rpfrigpmtpd and darkened

b measurement steps shall be performed as described in the main body of this'decument.

16
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Annex C
(informative)

Internal standard methods

C.1 Principle

A trit
high ¢

um standard solution can be added in the sample. This method is recommended for
hemical and/or colour quenching value to assess the counting efficiency.

C.2 |Sample preparation

For e
millil
Ident
scinti
solution to one of these counting vials, labelled S. The added agtivity is called As. Fill, in tl
the appropriate number, as required by the counting procedure, of background counting
volunpe V1, in millilitres, of scintillation solution followed bya volume V = 20 - V1, in millili
watel. The total inaccuracy of each addition should be l€ss than or equal to 1 %. Mark the
countling vials, for example with the designations N%,°S1, Ny, Sp, N3, S3, etc. Shake the c
thoroughly and uniformly, for example using a shaking machine.

ach water sample fill, preferably in dimmed light, two counting\vials, with a v
tres (see note) of scintillation solution followed by a volume V = 20°- V4, in millilitre
fy separately the two counting vials, for example N and S. Thisymixture is further 1

The @bove-mentioned operations should take place in dimmed light (preferably li
incandescent source or red light). Avoid. direct sunlight or fluorescent light in view of
interference by luminescence in some batches of counting vials.

For r
count
efficid
indica

butine control determinations of similar samples, little difference may be experi
ing efficiency between samples. In this case it would be acceptable to determine a m
bncy from internal standard addition to two to three samples of the group or to use
ited by a calibrated external standard technique.

The yse of an internal'standard is recommended when polyethylene counting vials are
using|an external stanidard in polyethylene counting vials, interference may arise because
rate df the externdlstandard changes as a function of time, on account of the loss of comp
scintillation solution by diffusion into the wall of the counting vial. The effects are conside

at lower temperatures (4 °C to 10 °C) than at higher temperatures (e.g. 20 °C to 25 °C).

NOTE Under optimal preparation conditions, many liquid scintillation solutions can incorpord

sample with

plume V1, in
s, of sample.
eferred to as

lation emulsion. Add, using a pipette (for example, 100 pl), a)known quantity of a tritjum standard

he same way,
vials with a
tres, of blank
lids of these
bunting vials

rht from an
the possible

enced in the
pan counting
he efficiency

used. When
the counting
pnents of the
rably smaller

te up to about

50 % ¢f'water, in this case V1 = 10 ml.

C.3 Counting procedure

After shaking, wipe the counting vials with a damp cloth that does not leave any deposit to remove any
electrostatic charge; hereafter, avoid contact with the light-transmitting parts of the counting vials.

Place the counting vials in a fixed sequence in the liquid scintillation counter: background, sample 1,

sample 1 with internal standard solution added, sample 1, background, sample 2, etc.

Count the vials for a preset time period using one or more measurement channels or, for t
internal standard solution, until a preset count is reached.

he vials with

A counting time of 100 min per vial is generally sufficient. It is preferable to count the vial series during

repeated short counting times rather than one long counting time, e.g. instead of one 10

© IS0 2019 - All rights reserved
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count five times for 20 min; for this purpose, an automatic sample presentation unit is necessary. This
provides for a better control of stability of the samples and the possibility of undetected erroneous
counts is reduced.

Before counting it is advisable to equilibrate the counting vials in the liquid scintillation counter for
light and temperature adaptation, for example overnight, thus reducing the chance of interfering
luminescence occurring during counting.

C.4 Expression of results

The generic formulae are used taking into account that the counting efficiency is calculated with

Formula (C.1)):

rs—rg c1
y €1

E =
S

where
rs isthecountingrate, in pulses per second, of the sample with the internal standard solution gdded;
rg isthe countingrate, in pulses per second, of the sample without int€rnal standard solution gdded;

As is the added activity.
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Annex D
(informative)

Distillation of small volume sample

Principle

Samples of volume below 100 ml are considered as small volume sample. A dry distillatioln is easier to

realiZ
distil

If nec

If thd
potas

The
meas

NOTE

dry r
caesiy

D.2

Durin

e with a small volume of water. The almost closed system avoids an isotopic fraction
ation equipment, including the beads, shall be dried (100 °C) before use.

pssary, the addition of dry calcium carbonate is used to neutralize the water to be di

presence of iodine is suspected in the water sample, the addition of sodium t
sium permanganate oxidises the water sample, which is then made-alkaline and dist

BT compounds present in the sample may be oxidized[22][83] and can contribute t
hired in the distillate.

The majority of the interfering compounds, which guiench the scintillation process,
psidue of the distillation together with any interfering.tadionuclides (radioactive iodin
m 137, etc.)

Reagents and equipment

g the analysis use only reagents of recognized analytical grade.

D.2.1 Reagents

D.2.1

D.2.1

D.2.1

D.2.1

D.2.1

1 Calcium carbonate, dry,CaCOs3.

2 Sodium thiosulfate, anhydrous, NaS;03, or
3 Sodium carbonate, anhydrous, NayCOs3, or
4 Potdssium permanganate, KMnOy, or

5-_Sodium hydroxide, NaOH.

ation. All the

tilled.

hiosulfate or
lled.

b the tritium

remain in the
e, carbon 14,

The sodium hydroxide shall be free of tritium.

D.2.1.6 Working tritium standard solution.

D.2.1.7 Scintillation solution.

D.2.1.8 Blank water.

D.2.1.9 Carborundum or glass beads.
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