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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.
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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 potassium 40, tritium, carbon 14, and those originating from the
thorium and uranium decay series, in particular radium 226, radium 228, uranium 234, uranium
238, lead 210, can be found in water for natural reasons (e.g. desorption from the soil and wash-
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off by rain water) or can be released from technological processes involving natura

production and use);

human-made radionuclides, such as transuranium elements (americium, plutohium,
¢urium), tritium, carbon 14, strontium 90 and gamma emitting radionuclidestcan also
natural waters as a result of authorized routine releases into the environmentin small
the effluent discharged from nuclear fuel cycle facilities. They are also released into the g
following their use in unsealed form for medical and industrial appli¢ations. They are g
the water as a result of past fallout contamination resulting from theexplosion in the at

king-water may thus contain radionuclides at activity concéntrations which could py
man health. In order to assess the quality of drinking-water (including mineral water
rs) with respect to its radionuclide content and to provide guidance on reducing hed
g measures to decrease radionuclide activity concentrations, water resources (ground
sea, etc.) and drinking water are monitored for theit radioactivity content as recomme
d Health Organization [WHO] and may be required by some national authorities.

)

hternational standard on a test method.'0f simultaneous measurement of tritium
ncentrations in water samples is justified for test laboratory carrying out these me
red sometimes by national authoritiés, as laboratories may have to obtain a specific a
hdionuclide measurement in drinking water samples. Such standard is to be used as
od, until the interference of otherbeta emitters in the test portion is considered neglig

[(

hm and carbon 14 natural activity concentration can vary according to local geological
hcteristics, at a level below~5 Bq/1 and below 0,1 Bq/I respectively. These radioactivit
cally enhanced by nuclear installation authorized discharges of low level radioactive
nvironment. The gliidance level for tritium and carbon 14 in drinking water as recor

is 10 000 and 100,Bq /1 respectively.[4]

i
1

The guidance level is the activity concentration with an intake of 2 1/day of drinking wa
esults inanveffective dose of 0,1 mSv/year for members of the Public, an effective dose that
ow levelofrisk that is not expected to give rise to any detectable adverse health effect.
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Water quality — Simultaneous determination of tritium
and carbon 14 activities — Test method using liquid
scintillation counting

WARNING — Persons using this International Standard should be familiar with normal
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Normative references

pcope

International Standard describes a test method for the simultanest’s measurement of
bn-14 in water samples by liquid scintillation counting of a sotrce obtained by mixiy
le with a hydrophilic scintillation cocktail.

is considered a screening method because of the potential presence of interfering nu
ample.

[nternational Standard is applicable to all types of waters having an activity concentra
5 Bq/1to 106 Bq/1 (upper limit of the liquid scintillation counters for direct counting
ity concentrations, the sample can be diluted to obtain a test sample within this range

following documents, in whole or in part, are normatively referenced in this docunj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest edition-of the referenced document (including any amendments) appl

b667-1, Water quality — Sampling — Part 1: Guidance on the design of sampling prog

ling techniques
667-3, Water quality — Sampling — Part 3: Preservation and handling of water samples
D6985>Water quality — Determination of tritium activity concentration — Liquid

Ling ‘method

ry practice. This standard does not purport to address all of the safety iss

ues, if any,
safety and

kternational

tritium and
g the water

clides in the

tion ranging
. For higher

ent and are
For undated
es.

rammes and

scintillation

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

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

ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

ISO/IEC Guide 99:2007, International vocabulary of metrology — Basic and general concepts and
associated terms (VIM)
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3 Symbols, definitions and units

For the purposes of this document, the definitions, symbols and abbreviations defined in ISO 80000-10,
ISO/IEC Guide 98-3 and ISO/IEC Guide 99, and the following apply.

pmax Maximum energy for the beta emission, in keV
1% Volume of test sample, in litre
m Mass of test sample, in kilogram
p Density of the sample, in kilogram per litre
Ar‘fivify (‘nnr‘nnhﬂqfinn’ n hchr‘qnav‘n] per ]ifrch’ racpnr‘fiua]y fortritivm and carbon 14
CAT CAC
a Activity per unit of mass, in becquerel per kilogram
AT, Ac Activity of the calibration source, in becquerel, respectively for tritium and carbon 14
to Background counting time, in second
¢ Sample counting time, in second
g
teritsc Calibration counting time, in second, respectively for tritium and carbgnl4
si’*s
ForToc Mean background count rate, per second, respectively for tritium afid'carbon 14
P P Mean sample count rate, per second, respectively for tritium,dnd carbon 14
gl 8
ror Toc Calibration count rate, per second, respectively for tritiuthand carbon 14
sl’'s
r Calibration count rate, per second, for the interfering.éarbon 14 in the chosen window of the
sC-T tritium energy range
£q Detection efficiency for the quenching parameter q
€ Detection efficiency for the lowest value ofithe quenching parameter
e, Ec Detection efficiency, respectively for tritium and carbon 14
Ecot Detection efficiency for carbon 147in'the chosen window of the tritium energy range
%
x Correcting factor, for the interfering carbon 14 in the chosen window of the tritium energy range
for f Quench factor, respectively.for tritium and carbon 14
qT»/qC
FacosT Quench factor, for the\interfering carbon 14 in the chosen window of the tritium energy range
ql—
ulc Standard uncertginty associated with the measurement result, in becquerel per litre, respective-
E AT; ly for tritiurivarid carbon 14
u(cac
8] Expanded uncertainty, calculated by U = k - u(cq) with k=1, 2,..., in becquerel per litre
* * Décision threshold, in becquerel per litre, respectively for tritium and carbon 14
CAT CAC
# # Detection limit, in becquerel per litre, respectively for tritium and carbon 14
CAT CAC
4 > Lower and upper limits of the confidence interval, in becquerel per litre, respectively for tritium
CarCa and carbon 14
4 >
CAT/CAT
<4 >
cac Cac

4 Principle

The test sample is mixed with the scintillation cocktail in a counting vial to obtain a homogeneous
medium. Electrons emitted by the radionuclide transfer their energy to the scintillation medium.

2 © IS0 2015 - All rights reserved
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Molecules excited by this process return to their ground state by emitting photons that are detected by
photodetectors.

The electric pulses emitted by the photodetectors are amplified, sorted (in order to remove random
events) and analysed by the electronic systems and the data analysis software. The count rate of these
photons allows the determination of the test sample activity, after correcting for the background count
rate and detection efficiency.

In order to determine the background count rate, a blank sample is prepared in the same way as the
test sample. 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 efficiencies, it is necessary to measure a water Sample having
known tritium and carbon 14 activities under conditions that are identical to thoserused| for the test
sample. This water shall be a mixture of certified radioactive sources or a dilution of this mixture
produced with the reference water.

The ¢onditions to be met for the blank sample, the test sample and the calibration source afe:
— game type of counting vial;

— gdame filling geometry;

— game ratio between test sample and scintillation cocktail;

— flemperature stability of the detection equipment;

— vyalue of quench indicating parameter included in ealibration curve.

If pafticular conditions of chemical quenching affect the measurement results, it is recomnmended to
corrg¢ct the counting data using a quench curveyItis important to choose the chemical quenching agent
according to the supposed type of quenching-observed in the sample. It shall not be acid when carbon
14 is| present as carbonated species in the standard solution. This method is not applicahle to colour
quenched samples.

5 Reagents and equipment

Use gnly reagents of recognized analytical grade.
5.1 | Reagents

5.1.1 Water for'the blank

The water tised for the blank shall be as free as possible of chemical impurities to avoid quenching,
of radioactive impurities[3] and with an activity concentration of tritium and carbon 14 pegligible in
comparison with the activities to be measured.

For example, a water sample with a low tritium and carbon 14 activity concentration can be obtained
from (deep) subterranean water kept in a well-sealed borosilicate glass bottle in the dark at controlled
temperature (ISO 5667-3). This blank water sample shall be kept physically remote from any tritium
and carbon 14 containing material .

It is advisable 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 vapour in the air
and from tritium sources such as luminous watches and gas chromatographs) and carbon 14 (air CO2)
or other radioactive species should be avoided.

Determine the tritium and carbon 14 activity concentration (¢ = 0), in Bq/], of this water and note the
date (t = 0) of this determination.

© IS0 2015 - All rights reserved 3
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As the activity is becoming non-negligible for activities around 1 Bq/], it is necessary to use a blank
water measured to ensure the “absence” of tritium and carbon 14. 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 Bq/l. The carbon 14 activity concentration in the blank water can be

determined

by techniques such as the synthesis of benzene or by accelerator mass spectrometry.

When the volume of blank water is sufficiently large, e.g. 10 1 to 20 1, and well-sealed, tritium and carbon
14 activity concentrations should remain stable for years, although it is advisable to determine these
activity concentrations at predetermined intervals, e.g. every year.

5.1.2 Calibration source solutions

In order to
area where
example, 10,
a concentra
generate su
water and {
solution (¢t =

The tritium

avoid cross-contamination prepare, in a suitable location which is remote fron
the analyses are to be carried out, weigh and pour into a weighed volumetric flask
0 ml) the requisite quantity of a concentrated tritium ([3H]H20) standard‘Solution a
fed carbon 14 standard solution, so that the tritium and carbon 14 activity concentra
fficient counts to reach the required measurement uncertainty after dilution with
horough mixing. Calculate the activity concentrations of the resulting calibration sq
0). Note the date at which the standard solution was made up (t="0).

activity concentration of the calibration source solution at‘the measurement time ¢ g

samples shalll be corrected for radioactive decay.

When using
biological ef

5.1.3 Scii

The scintillg
according td

It is recom

aradiocarbon labelled organic molecule (e.g. glucose) in'a standard solution, the abser
fect has to be periodically verified.

tillation solution

ition cocktail is chosen according to the characteristics of the sample to be analyse(
the properties of the detection equipment.[é]

mended to use a hydrophilic scintillation cocktail, especially for the measureme

environmental water.

The charact
the given m

For the dire
a scintillatid

It is recomn

xing ratio and at the temperature of the counting system.

Ct measurement of raw waters containing particles in suspension, it is recommended t
n cocktail leadingto a gel type mixture.

ended to

— store thle scintillation solution in the dark and, particularly just before counting, avoid exposy

directs

inljghtor fluorescent light in order to prevent interfering luminescence, and

1 the
( (for
nd of
ions
lank
urce

f the

ce of

and

nt of

eristics of the scintillation gocktail shall ensure the mixture is homogeneous and stalple at

D use

re to

comply

with storage canditions Qpprifipd hy the scintillation cocktail anplipr

The mixtures (scintillation cocktail and test sample) should be disposed of as chemical waste, and,
depending on the radioactivity, may require disposal as radioactive waste.

5.1.4 Quenching agent

Examples of chemical quenching agents: acetone, organochloride compounds, nitromethane, etc.

NOTE

Some quenching agents are dangerous or toxic.

© ISO 2015 - All rights reserved
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Equipment

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.

NOTE

consi

stent data quality.

5.2.1 Liquid scintillation counter

Control of the quantity of liquid scintillation cocktail used in source preparation is essential to achieve

Liqu
temp
Inter
20
accoj

5.2.2

Diffe
are g
but h
in sc

Othe

4

— {for the determination of very low tritium cenecentration, the use of polytetrafluoroet

]

q

Geng
proc

To p1
expo

NOT]H
be us

polys

N

6

gre used for long counting times with.very low-level activity to be measured.

d—scintitatiomrcounter preferably—with—am—automaticsampte—tramsfer—Operation

erature is recommended following the manufacturer’s instructions. The method spe
national Standard relates to the widely used liquid scintillation counters with vials tha
1. When other vials are used with appropriate counters, the described method/shall
rdingly.

Counting vials

rent types of scintillation vials exist, manufactured using a rangé\of materials. The m
lass vials and polyethylene vials. Glass vials allow visual inspection of the scintillati
ave an inherent background, due to the presence of 40K. Howeéver, some organic solven
ntillation cocktails diffuse through the polyethylene, aceelerating the degradation of't

I types of vials that exist are the following:

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

PTFE) or polyethylene vials with an inner layer of PTFE on inside vial wall is strongly rec
Diffusion of organic solvents is then slewer through PTFE than through polyethylene

rally, the vials are single use. If.the vial is re-used, it is necessary to apply an effici
pdure.

sed to direct sunlight-er.fluorescent light, particularly just before counting.
Toluene-based\scintillation solutions may physically distort polyethylene and should

ed in combination-with polyethylene counting vials. Diffusion of organic solvents into and
thylene walls(s-.also a serious drawback of polyethylene vials.

bampling and samples

at constant
rified in this
t hold about
be adapted

pst common
on medium,
ts contained
he mixture.

hylene vials
ommended.
These vials

ent cleaning

‘event interfering lumineseence, the counting vials should be kept in the dark and should not be

herefore not
through the

Carnlbing
aTpTing

6.1

Conditions of sampling shall be in accordance with ISO 5667-1. Samples shall not be acidified because of
the shifting of the equilibrium of carbonated species.

It is important that the laboratory receives a representative sample, unmodified during the transport
or storage and in an undamaged container. It is recommended to use a glass flask and to fill it to the
maximum, to minimize tritium exchange with the atmospheric moisture.

When NaOH is added in the sample, the solution shall not contain carbonates, carbon 14 and tritium.
The volume added is needed to correct for dilution. For low level activity measurements, it is important
to avoid any contact between sample and atmosphere during the sampling.

© ISO 2015 - All rights reserved
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6.2 Sample storage

If required the sample shall be stored in compliance with ISO 5667-3. If the storage duration exceeds
that specified in ISO 5667-3, it is advisable to store the samples in glass flasks.

7 Procedure

7.1 Sample preparation

If the raw sample stems from water presenting low concentrations of suspended matter, the test is

generally cdrried out without separation. If the activity of the filtered or centrifuged sample js

measured, if is necessary to conduct the separation as soon as possible after collection (see [SON 64

7.2 Preparation of the sources to be measured

Known quantity of test sample and scintillation cocktail are introduced into the counting vial.

After closin

The vial ide
scintillation
the measurd
e.g. after 12

In order to 1
should take
light); in add

In order to
with a mois

7.3 Coun

b the vial, it shall be thoroughly shaken to homogenize the mixture:

htification shall be indicated on the top of the vial cap. The storage time depends upo

ment as soon as any photoluminescence or static electricityeffects have become negli
h.

educe photoluminescence effects, it is recommended-that the above mentioned opera
place in dimmed light (preferably light from anificandescent source or UV-free LED o
lition one should avoid direct sunlight or fluoréscent light.

Feduce static electricity effects, the vial can be sprayed with an antistatic agent or W
tissue.

ting procedure

7.3.1 General

The measur]

ement conditions (testportion amount, measurement time, blank sample, number of c

or repetitions) are defined accerding to the uncertainty and detection limit to be achieved.

7.3.2 Conftrol and calibration

Statistical c
background|
compliance

pntrol of the detection system shall be monitored by measurement of suitable refej
and_reference sources usually provided by the equipment supplier, for examp
with ISO 8258.

mixture, the mixture stability and the nature of the sampletdt is recommended to per

to be
7-3).

n the
form
rible,

kions
r red

riped

ycles

ence
le in

The measur

emert of thre blank sampte s performed before eachamatysis or eactr series of sa

measurement in representative conditions of each type of measurement (Clause 4).

mple

The correct operation of the counter shall be checked periodically by means of constancy sources which

cover the en

ergy range to be measured.

The background is measured prior to each measurement or each series of measurements of samples,
under the conditions representative of each type of measurement.

Two separate sets of quenching curves, one for tritium and another for carbon-14, shall be used. These
curves are only valid for

— agiven counting assembly,

— agiven type of scintillation cocktail,

6
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— agiven type of counting vial, and
— given respective quantities of scintillation cocktail and test portions.

The quench curve is obtained from a series of working standards (e.g. 10 or so) having variable quench
of which the matrix is similar or close to that of the samples to be measured (same scintillation cocktail,
same respective quantities of scintillation cocktail and test portion). These working standards can be
produced in the following manner:

a similar quantity of standard solution is introduced into each vial. Its activity shall be sufficient so
that the count rate of the working standard can be determined with a known statistical accuracy,
even in presence of a high guench;

feference water is added until the desired test portion is obtained;

the scintillation cocktail is then added in order to obtain the desired proportions;

ht are added
mples to be

gt least one working standard is used as such. Increasing quantities of a quenching age
o the other working standards. This gives rise to a quench similar_to‘that of the sa
measured.

Fronj the two quench curves, the efficiencies are determined

or tritium, in the window of the energy range characteristic\of the beta emission of tritium,

or carbon 14, in the window of the energy range charagteristic of the beta emission of ftritium,
or carbon 14, in the window of the energy range characteristic of the beta emission of cafrbon 14, and

or tritium, in the window of the energy range €haracteristic of the beta emission of carbon 14.

The quench curve relating ¢ fq with the quenching is used to determine fq:
€
o q
-9 1
1q e ( )
A sithple method consists in selecting as lower limit of the carbon 14 window the end [point of the
spectrum of the working standard having the lowest quench (the less “quenched”) of the trjtium range.
The pipper limit of the tritium’ window can be equal to or less than this value. The upper| limit of the

standard of
ution of the

carb
the d@
tritiy

bn 14 window canbe_the end point of the spectrum of the less “quenched” working
arbon 14 range.Under these conditions, it is considered that there is not any contrih
m in the carbeny4 window.

Anot er to obtain

optiy

her method*would be to select the tritium and carbon 14 counting windows in ord
hised efficiencies. This method requires a more complex mathematical processing.

7.3.3 c-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 fpax of tritium (18,6 keV). It is recommended to choose the width of the energy window for the

2
counting of tritium in order to optimise the figure of merit (¢ . ).
0

For measurement of low activities, it is recommended to make repeated counting cycles: all test samples
are counted once, then the counting starts for a second cycle and so on.

These fractionations of the counting time allow the detection of random or transitory interfering effects
(luminescence, static electricity) that are not auto-corrected by the measurement equipment. It also

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=cf14365b33ca02605dcb2cc923bb337d

ISO 13168

:2015(E)

allows taking into account any perturbations, punctual or cyclic (night and day alternation for example)
associated to the measurement equipment environment.

In order to verify the statistical distribution of counting data, it is recommended to arrange the
counting as repetitions: the first sample is counted several times in a row (number of repetitions), then

the second s

7.3.4

ample is counted likewise, and so on.

Interference control

The measurement can be influenced by chemiluminescence or spectrum attenuation phenomena due
to the presence of chemical entities, as well as by the presence of radionuclides other than the nuclide

to be measi
measured a

nd to specify them in the presentation of the result.

A possible means of verification of the chosen conditions is the measurement of a known mis

prepared w

th certified solutions or dilutions of these solutions.

Some low energy beta emitters and electron capture emitters (e.g. 241Pu, 210Pb, 228Rq, 227Ac, 63N|

55Fe, etc.) €3
of the spect}
counted via

The absencd
Bmax of the ¢

The activity]

8 Expre;

8.1 Gene

The results
their associj

Whatever th
uncertainty;

nnot be distinguished from the energy spectrum of tritium and froni the lower energy
'um of carbon 14 by liquid scintillation counting. An examination efthe full spectrum (
s may reveal the presence of high energy beta emitters.

of other radionuclides is verified by checking the countingTate above the maximum eq
arbon 14,

measured for tritium can be verified according to [SO-9698.

s5sion of results

ral

hre generally expressed in activity:per unit of mass or activity concentration together
hted uncertainty. The coverage factor is specified in the presentation of the results.

e adopted form, the expression of results is an estimation of the “true” value, with whi
is associated, itself being a‘combination of elementary uncertainties.

ired. It 1s therefore advisable to take into account the characteristics of the water Ibeing

cture

i and

part
fthe

ergy

with

ch an

In the case of the measurementofradionuclides by liquid scintillation, only the elementary uncertainties

of the follow
raw cou

detectid
parame

ing parameters aretaken into consideration:
nts and backgrounds;

n efficiencies in the windows of the relevant energy ranges for a given quench indic
ter;

quench

ating

factor, if a correction is applied;

volume

or mass of the test portion.

The other uncertainties can, at first approximation, be ignored (volume or mass of scintillation cocktail,
counting time, etc.).

The covering of the energy ranges of tritium and carbon 14 leads to separating the energy ranges into at
least two windows. The simple method proposed in 7.3.2 consists in minimizing the contribution of the
tritium in the carbon 14 energy window.

The symbols used are defined in Clause 3.

The variables specific to the chosen window of the tritium energy range are indexed (T).

The variables specific to the chosen window of the carbon 14 energy range are indexed (C).

8

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=cf14365b33ca02605dcb2cc923bb337d

ISO 13168:2015(E)

Examples are given in Annex A (informative).

8.2

Activity concentration of tritium

The activity concentration c 47 of the tritium in the sample is calculated according to the Formula (2):

_rgT_rOT_Z'(rgC_rOC)

CaT = :[FT_rOT_Z' Fec —Toc :|'WT (2)
1% &1 .qu g ( g )
where
Wr = 1
p=—————
Veer-f qT
The Interfering carbon 14 in the chosen window of the tritium energy range shall'‘be taken in account,
in order to obtain the counting rate of the tritium. The correcting factor y is calculated according to
Formula (3):
4:8C—>T'ch_)T:(rsCeT/rsC)'ch_)T (3)
8.3 | Activity concentration of carbon 14
The jctivity concentration c 5 of the carbon 14 in the sample'is calculated according to the Formula (4):
roc =1
gc ~Toc
‘Ac:—:[rgc—roc]'wc 4)
V-ec fo
where
W= !
=———
V-ec fyc
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8.4 Combined standard uncertainty for tritium

The combined standard uncertainty for the tritium is calculated according to the Formula (5):

“(CAT):\/WT2 '(Uz(rgT)+U2(r0T)+T(%))+CAT2 Ul (wr) :\/WTZ (rgr /tg+ror /to +T(x))+Cpar” U (Wr)

(5)

where

T(x) = (Fpe=toed et e g 2e(r e [t —roc /to) (6)
and

u()=\x-(x+1)/(rsc -tsc) (7)

As the uncertainty on the counting time is very small against the uncertainty of the other parameters,
itis ignored| and the relative uncertainty of w is calculated according to the Ferinula (8):

Ut (Wr) =l (1) + b (fqr) + b (V) (8)

If mass is ysed instead of volume, the mass of the test sample;um, is expressed in kilograms| The
intermediate calculations are done with similar equations. A¢tivity may also be expressed a$ the
activity perjunit of mass (m replacing V in preceding formula).

The relative{uncertainty of ¢ is calculated according to.thie Formula (9):

ule (a7 Y= tle (rer —ror )+ Ube (Ap) =(rsr / ts +1gey o)/ (rer —Tor)? +ufe (AT) 9

“?el (Ar) ingludes all the uncertainties relatédyto the calibration source: that is in the standard solpition
and the preparation of the calibration source;

ufel (fqr) d¢pends on the mathematical model used to fit the quench curve.

For the calqulation of the chatdeteristic limits, @(¢ pr)is needed (see ISO 11929), i.e. the standard
uncertainty|of c o as a function of its true value, calculated by using Formula (10):

u(Car)5 \/WT2 (exr/wr + x-(rgc —roc)+ror)/tg +Tor /t0)+T(X))+E,%1T ‘ugel(WT) (10)

It is agreed [to.ignore the covariance term betweenec_,r and et which would result in a decrease of
T(x)-

10 © IS0 2015 - All rights reserved
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8.5 Combined standard uncertainty for carbon 14

The combined standard uncertainty for the carbon 14 is calculated according to the Formula (11):

”(CAC):\/WCZ (WP (rge) +u? (roc))+cac” ura (W) Z\/Wcz (rgc /g +oc / to)+Cac” ura (we) (1)

As the uncertainty on the counting time is very small against the uncertainty of the other parameters,
itis ignored, and the relative uncertainty of w is calculated according to the Formula (12):

by (W) =uley(6¢)+ b (foc)+uba (V) (12)

If mgss is used instead of volume, the mass of the test sample, m, is expressed in kilggrams. The
intermediate calculations are done with similar equations. Activity may also b¢ |exprgssed as the
activiity per unit of mass (m replacing Vin preceding formula).

The relative uncertainty of ¢ is calculated according to the Formula (13):

2 2 2 2 .8
rel(€c)=urel(rsc —roc) +urel(Ac)=(rsc /ts +roc /to) / (rsc —roc)” Hikpei (Ac) (13)

o~

o~

rzel(Ac) includes all the uncertainties related to the calibration source: that is in the standard
splution and the preparation of the calibration source;

rzel(ch) depends on the mathematical model used<4o fit the quench curve.

~

For the calculation of the characteristic limits, (¢ 5c) is needed (see ISO 11929), i.e. the standard
unceftainty of ¢ ¢ as a function of its true value, calculated by using Formula (14):

b

(5Ac)=\/Wcz | (€ac /we+roc) [£55roc /to |+ ERc -ufe(we) (14)

8.6 | Decision threshold fortritium

The decision threshold CZT is obtained from the above Formula (10) for ¢t =0 (see [[SO 11929).
Thislyields

~

At = kg @OV ky_o - wr [ (rgc —roc)+ror) / tg +ror /o +T (%) (15)

a = 0,05 with"k,_, =1,65 are often chosen by default.

8.7 Decision threshold for carbon 14

The decision threshold CZC is obtained from the above Formula (14) for c¢,;=0(see ISO 11929).
This yields

CAC:kl—OL'ﬁ(o):kl—a‘WC.\/rOC/tg—i_rOC/tO (16)

a=0,05with k;_, =1,65 are often chosen by default.
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8.8 Detection limit for tritium

The detection limit CKTiS calculated by using Formula (17) (ISO 11929):

R S
Car =Car tki_p-Ulcar)=

* 2 [ # 2 2
CAT+k1—/3'\/WT '[(CAT/WT+%'(rgC_FOC)"'rOT)/tg+r0T/tO+T(%):|+CAT “Urel (W)

B =0,05with kl—ﬁ =1,65are often chosen by default.

(17)

The detection limit can be calculated by solving Formula (17) for cﬁT or, more simply, by iteration with

a starting a

When takin|
Formula (18

2

. . *
;Lprommatlon CXT =2-Cyr.

a=p then ki_, =ki_g =k and the solution of Formula (17) is given by the follo
):

#
CAT =
8.9 Deteq
The detectid
# *|

Cac =CH

[ =0,05wit

The detectiq

a starting

1-k* 'urzel(WT)
'tion limit for carbon 14

n limitcf{c is calculated by using Formula (14) (ISO 11929):

c+ki_p-i(chc)=cac+kip ‘\/WCZ '[(CKC /we #Toc)/tg +roc /fo}LCf{cz Ul (we)
n kl—ﬁ =1,65are often chosen by default.

n limit can be calculated by solving Formula (19) for CKC or, more simply, by iteration

*
proximation CXC =2-Cxc-

a
When takijga =p then ki_, =ki_g =kand the solution of Formula (19) is given by the follo

Formula (2(

2

):

~CZC +(k2-wc)/tg

# o
Cac™=

1-k2-ul (we)

8.10 Confidence interval limits

The lower,

' /and upper, cj, confidence limits are calculated using the Formulae (21) and (22

ISO 11929):

wing

(18)

(19)

with

wing

(20)

(see

<a_
CA=CA—

CZZCA

where

kp-ucp);p=w-(1-y/2)

+kq-u[cA);q=1—a)-y/2

o=®(y/u(y)), @ being the distribution function of the standardized normal distribution;

1-y,thepr

12

obability for the confidence interval of the measurand; and

(21)

(22)
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®=1may be setifc, >4-u(c,). In this case:
CaCA=Cathkyp-ulcy) (23)
y=0,05 and then, & , = 1,96 is often chosen by default.
1-=
2

8.11 Calculations using the activity per unit of mass

The activity concentration may be calculated multiplying the activity per unit of mass by the density p
in kilograms per litre, or replacing Vin the above equations:

W= P (24)
m
with
U2 (V) =ule (M) +ule (p) (25)

The Qincertainty, the characteristics limits and the limits of the confidence interval may bje calculated
using the previous expression with the two last equations.

9 Testreport

The test report has to conform to the requirements~of ISO 17025 and should contain the following
information:

a) a reference to this International Standard,“i.e. ISO 13168, with the mention of the sample pre-
ffreatment with or without filtration;

b) identification of the sample;
c) Units in which the results are expressed;
d) {estresult, ca * u(ca) or cA\£)U with the associated k value.

Complementary informatioh‘can be provided such as:

a) probabilities a, fand (1 - y);
b) decision threshold and the detection limit;
c) depending’on the customer request there are different ways to present the result:

pared with the decision threshold (see ISQ 11929), the
essedas—=< ., e eresuttisbetoworequal to the

when the activity concentration ca is com

decision threshold;

— when the activity concentration cp 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;

d) mention of any relevant information likely to affect and/or explaining the results.
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