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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

Radionuclides are present throughout the environment; thus, water bodies (e.g. surface waters, ground
waters, sea waters) contain radionuclides, which can be of either natural or anthropogenic origin:

— naturally occurring radionuclides, including 3H, 14C, 40K and those originating from the thorium
and uranium decay series, in particular 210Pb, 210Pg, 222Rp, 226Rga, 228Ra, 227Ac, 232Th, 231Pa, 234U,
and 238U can be found in water bodies due to either natural processes (e.g., desorption from the
soil, runoff by rain water) or released from technological processes involving naturally occurring
radioactive materials (e.g. mining, mineral processing, oil, gas and production, water treatment and
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m, and Cm)and some gamma emitting radionuclides such as ¢0Co and 137Cs_cabalso
atural waters. Small quantities of anthropogenic radionuclides can be discharged f
acilities to the environment as a result of authorized routine releases. The radionucl
liquid effluents are usually controlled before being discharged to thé.environmentl
dies. Anthropogenic radionuclides used in medical and industrial applications can
o the environment after use. Anthropogenic radionuclides are @lso found in water
ontamination from fallout resulting above-ground nuclear detonations and accidents s
hat occurred at the Chornobyl and Fukushima nuclear facilities:

bnuclide activity concentrations in water bodies can“vary according to loca
hcteristics and climatic conditions and can be locally<and temporally enhanced by r¢

r sources can thus contain radionuclides at activity concentrations that could presg
h risk. The World Health Organization (WHOQ), recommends to routinely monitor rad
king watersl4l and to take proper actions when'needed to minimize the health risk.

nal regulations usually specify the activity concentration limits that are authorized
s, water bodies, and liquid effluents/to be discharged to the environment. These lim|

ing situation, the WHO guidancelevel is 10 000 Bq-1'1[4] for 3H and 100 Bq:1! for 14C
r, see NOTE 1 and 2. Compliance with these limits is assessed by measuring radioactiy

les and by comparing the\results obtained with their associated uncertainties as
EC Guide 98-3 and ISO 5667-20 [21.

1  Ifthevalue is notspecified in Annex 6 of Reference [4], the value has been calculated usin|
ded in Reference [4};and the dose coefficient data from References [6] and [7].

2 The guidance level calculated in Reference [4] is the activity concentration with an in
nking water/for one year, results in an effective dose of 0,1 mSv-al to members of the pub

etectable adverse health effects(4].
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dgcument contains method to support laboratories which need to determine 3H and

samples.

The method described in this document can be used for various types of waters (see Clause 1). Minor
modifications such as sample volume and counting time can be made if needed to ensure that the
characteristic limit, decision threshold, detection limit, and uncertainties are below the required limits.
This can be done for several reasons such as emergency situations, lower national guidance limits, and
operational requirements.
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Water quality — Simultaneous determination of tritium
and carbon 14 activities — Test method using liquid
scintillation counting

WARNING — Persons using this document should be familiar with normal laboratory practice.
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[SO 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

[SO 5667-10, Water quality — Sampling — Part 10: Guidance on sampling of waste water

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

ISO 19361, Measurement of radioactivity — Determination of beta emitters activities — Test method using
liquid scintillation counting

[SO 80000-10, Quantities and units — Part 10: Atomic and nuclear physics
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3 Terms, definitions and symbols

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC Guide 98-3:2008,
ISO/IEC Guide 99:2007, 1SO 80000-10 apply.

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

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Eleqtropediaravaitabteat tittps//wwweetectropediaorg/
3.2 Symbols
For the purposes of this document, the symbols and abbreviations given in ISO/IEC\Guide 99:2007,
ISO/IEC Guifle 98-3:2008, ISO 80000-10 and the following shall apply.
Symbol Description Uhit
4 Sample volume I
m Sample mass kg
p Density of the sample kg1
CaT Activity concentration for 3H Bql1
cac Activity concentration for 14C Bql1!
a Activity per unit of mass Bqkg?
A Activity of the calibration source, in becquerel, for3H Bq
Ac Activity of the calibration source, in becquerel} for 14C Bq
t Measurement time 5
to Background counting time 5
tg Sample counting time 3
ter Calibration counting time for$H 5
tsc Calibration counting timé, for 14C 5
T Mean background countrate for 3H st
oc Mean backgroundeount rate for 14C st
TeT Mean sample-count rate for 3H R
Tc Mean saniple count rate for 14C o
It Calibration count rate for 3H !
e Galibration count rate for 14C st
TeCsT Calibration count rate for 14C in the 3H window s
£ Counting efficiency for the lowest value of the quenching parameter —
Q Quenching parameter —
fq Quench factor —
£ Counting efficiency in the unquenched vial —
£ Counting efficiency for the quenching parameter, Q —
e Detection efficiency for 3H —
&c Detection efficiency for 14C —
€cosT Detection efficiency for 14C in the chosen window of the 3H energy range —
X Correcting factor, for the interfering 14C in the chosen window of the 3H energy range —

© IS0 2023 - All rights reserved
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Symbol Description Unit
fqr Quench factor for 3H —
fac Quench factor for 14C —

fact  |Quench factor, for the interfering 14C in the chosen window of the 3H energy range —
u(cyp) |Standard uncertainty associated with the measurement result for 3H Bql1!
u(cyc) |Standard uncertainty associated with the measurement result for 14C Bql!
Upel Relative standard uncertainty —
Ca Possible or assumed true quantity values of the measurand Bql-!
ile,) Standard uncertainty of the estimator c, as a function of an assumed true value 6, of Bal-1
A the measurand q

a Probability of a false positive decision —

B Probability of a false negative decision —
Amax Maximum energy for the beta emission keV
1-y Probability for the coverage interval of the measurand —

Quantiles of the standardized normal distribution for the probabilities p

k . —

p (forinstancep=1-a,1-for1l-y/2)

Quantiles of the standardized normal distribution for the)probabilities q

k, . —

q (forinstanceq=1-a,1-Lfor1-y/2)

A Decay constant of the isotope (ex: 7»215% is the decay constant of 215Po) —

* isi 3 -1
o Decision threshold for 3H Bq:l
Cj:lc Decision threshold for 14C Bql-l
1 Detection limit for 3H 11
- etection limit for Bq'l
| # D ion limit for 14 -1
e etection limit for 1*C Bq'l
e Lower limit of the probabilistically symmetric coverage interval for 3H Bg-l!
o Upper limit of the probabilistically symmetric coverage interval for 3H Bgl-1
flc Lower limit of thé probabilistically symmetric coverage interval for 14C Bql-!
" Upper limit gf-the probabilistically symmetric coverage interval for 14C Bg-l-!
/2 Probabflity of the measurand being smaller than cj or larger than cj; -
D Distsibution function of the standardized normal distribution —
w Distribution function of the standardized normal distribution of ¢4 /u(c,) —
S Lower limit of the shortest coverage interval for 3H Bg-1!
2 Upper limit of the shortest coverage interval for 3H Bql-!
e Lower limit of the shortest coverage interval for 14C Bg-1-!
Cic Upper limit of the shortest coverage interval for 14C Bg-1!

U Expanded uncertainty, calculated by U=k-u(c,) withk=1, 2,... Bg-11

4 Principle

The method is for the measurement of 3H and!4C in water samples by direct liquid scintillation
counting. The general principles for the measurement of beta emitters by liquid scintillation counting
are described in ISO 19361.

©1S0 2023 - All rights reserved 3
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This direct determination is applicable to the analysis of water samples that can produce a homogeneous
mixture between the test portion and a suitable scintillation cocktail.

The direct LSC method does not apply to waters containing micelles or large organic molecules (e.g. lipids,
fulvic acid, humic acid) that do not form homogeneous mixtures with scintillation cocktails. In these
cases, there is a risk that the beta radiation could be attenuated. This reduces the counting efficiency
of the system and hence the results can be underestimated. For these samples, the determination of
3H and *C requires additional chemical processing (such as distillation for 3H measurement, chemical
oxidation or combustion for 14C measurement).

A prerequisite for the direct determination of 3H and 14C in a water sample is the absence of, or a
a0

St—atrd—semeRaiso opes
decay proggny. When the radionuclide content of the sample is unknown, the method specified i this
document oply provides a 14C equivalent activity for the sample.

L doaaloo a2 £ 1o Lot 1l pa 1.l L.
negllglble contridttot rrony, ottt oeta ettt Mg Trataonterraes;,—suen—as

In order to fdetermine 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,
sometimes ¢alled “dead water”.

In order to|determine the detection efficiencies, it is necessary to measure-a Water sample having
known 3H apd 14C activities under conditions that are identical to those uséd for the test sample|This
water shall be a mixture of certified radioactive sources or a dilution of this-mixture produced with the
reference whter.

The conditigns to be met for the blank sample, the test sample and-the calibration source are:

— same tylpe of counting vial;

— same filling geometry;

— same ral|tio between test sample and scintillation cecktail;

— temperature stability of the detection equipment;

— value of the quench indicating parameter Jies on the calibration curve.

Where chenpical quenching can affect the measurement results, it is necessary to correct the counting
data using al quench curve (see 7.4).

5 Sampling and storage

5.1 Sampling

Sampling, handling-ahd storage of the water shall be done as specified in ISO 5667-1, ISO 5667-3
and ISO 5667-10 and guidance is given for the different types of water in References [8] to [15]| It is
important thatthe laboratory receives a sample that is truly representative and has not been damaged
nor modifiedduTing efther transportation or Storage. 1t 1S Tecommended to USe a giass container for
sampling and to fill up the container to its maximum to minimize 3H and 14C exchange with atmospheric
moisture and CO,.

The samples shall not be acidified to avoid the destruction of the carbonic equilibrium (CO3%-, HCO4,
H,CO03), as specified in ISO 5667-3. Basification of the sample is recommended, for example between
pH 8 and pH 9. If NaOH is used to adjust the pH of the sample, the NaOH solution shall not contain
carbonates, 14C and 3H. The volume added is needed to correct for dilution.

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

4 © IS0 2023 - All rights reserved
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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 containers.

6 Reagents and equipment

Use only reagents of recognized analytical grade.

6.1

Reagents

6.1.1
The ¥

q

\

For 4
subtg
(see
cont
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from
and
radid

Dete

For 9
14(C i

Whe

14C dctivity concentrations should remain stable for years, although it is advisable to dete

activi

6.1.2

In or

the area where'the analyses are to be carried out.

Weig

as free as possible of chemical impurities to avoid quenching of radioactive,impurities[]

Imeasured.

Water for blank sample

vater used for the blank sample shall be:

vith an activity concentration of 3H and 14C negligible in comparison with the act

xample, a water sample with a low 3H and 14C activity concentration can be obtained
erranean water kept in a well-sealed borosilicate glass bottle in the dark at controlled f
ISO 5667-3). This blank water sample shall be kept ‘physically remote from any
nining material.

dvisable to keep an adequate quantity of blank watér in stock and to make small work
it for immediate use as required. Contamination with 3H (e.g. from water vapou
'rom 3H sources such as luminous watches;and gas chromatographs) and 14C (air C
active species should be avoided.

rmine 3H and 14C activity concentration of this water and note the date.

ample activities around 1 Bq-l'l{ it'is necessary to verify that the activity concentrati
1 the blank water is less than,0;5 Bqg-1-1.

h the volume of blank water is sufficiently large, for example 10 1 to 20 1, and well-se

ity concentrations at\predetermined intervals, for example, every year.

Calibration source solutions

der to avoid cross-contamination, prepare the solution in a suitable location which is 1§

hand pour into a weighed volumetric container (e.g. 100 ml) the requisite quantity ofac

16]

vities to be

from (deep)
emperature
3H and 14C

ng amounts
r in the air
D,) or other

bn of 3H and

hled, 3H and
rmine these

emote from

oncentrated

tritiu

m={[3H]H0) standard solution-and of a concentrated 14C standard solution, so-tha

3H and 4C

1y

activity concentrations generate sufficient counts to reach the required measurement uncertainty after
dilution with blank water and thorough mixing. Calculate the activity concentrations of the resulting
calibration source solution (¢ = 0). Note the date at which the standard solution was made up (¢ = 0).

The 3H activity concentration of the calibration source solution at the measurement time t of the
samples shall be corrected for radioactive decay.

When using a radiocarbon labelled organic molecule (e.g. glucose) in a standard solution, the absence of

biolo
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6.1.3 Scintillation solution

The scintillation cocktail is chosen according to the characteristics of the sample to be analysed and the
properties of the detection equipment[1Zl.

It is recommended to use a hydrophilic scintillation cocktail, especially for the measurement of
environmental waters.

The characteristics of the scintillation cocktail shall ensure the mixture is homogeneous and stable at
the given mixing ratio and at the temperature of the counting system.

For the direct measurement of raw waters containing particles in suspension, it is recommended to use

a scintillatign cocktail leading to a gel type mixture.

[tis recommnjended to :

— store the scintillation solution in the dark and, particularly just before counting, aveid exposyre to
direct shinlight or fluorescent light in order to prevent interfering luminescence,and

— comply with storage conditions specified by the scintillation cocktail suppliér.

The mixturgs (scintillation cocktail and test sample) should be disposed ‘of as chemical waste,|and,

depending dn the radioactivity, could require disposal as radioactive waste:

6.1.4 Quegnching agent

The chemicpl quenching agent shall not be acidic when 14C js present as carbonated species ip the

standard scﬁution. Examples of chemical quenching agents:are: acetone, organochloride compoyinds,

nitromethane.

NOTE Sqme quenching agents are dangerous or toxic.

6.2 Equipment

Use the equipment specified in ISO 19361.

7 Procedure

7.1 Sample preparation

If the raw dample stems from water presenting low concentrations of suspended matter, the t¢st is

generally carried out-without separation. If the activity of the filtered or centrifuged sample is to be

measured, if is necessary to conduct the separation as soon as possible after collection (see ISO 5667-3).

7.2 Preparation of the counting vial

A known quantity of test sample and scintillation cocktail are transferred to the counting vial.
After closing the vial, it shall be shaken thoroughly 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 operations should take place
in dimmed light (preferably light from an incandescent source, UV-free LED or red light); in addition,
one should avoid direct sunlight or fluorescent light.

© IS0 2023 - All rights reserved
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In order to reduce static electricity effects, the vial can be sprayed with an antistatic agent or wiped
with a moist tissue.

7.3 Counting procedure

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

7.4 Control and calibration

Stati
set of flame-sealed vials for background count rate, 3H efficiency and 4C efficiency monit
are ysually provided by the equipment supplier. Control charts can be created incaceo
1SO 7870-2[181,

vials (e.g. a
ing). These
Fdance with

The measurement of the blank reference water is performed before each test or-éach serigs of sample
testsiunder conditions representative of each type of measurement (Clause 4).

It is ¢ssential to generate a quench curve for each type of matrix measured. The quench cyirve is valid
only ffor a given:

— {ype of measurement apparatus;

— type of scintillation cocktail;

— type of counting vial,

— 1atio of scintillation cocktail and test sample;

— ¢nergy window;

— 1Imatrix, for example water, precipitate, absorbed CO,, Na,CO; solution.

The $tandards are counted by liquidscintillation counting to determine the net count ratd from 14C in
the counting window to be used for-test samples. The counting efficiency, €, at quench pargmeter Q for
eachfvial is calculated. The quenehparameter, Q, is generated by the spectrometer. Calculage f, for each
quenched standard with the Foermula (1):

L _fe (W

wheffe ¢ is the counting efficiency in the unquenched vial.

The quench cuwve is prepared by plotting a graph relating Q and f; with a polynomial regrgssion curve.
The quench-factor f; of the test sample can then be found by interpolation from its quench parameter.

Two separate sets of quenching curves, one for 3H and another for 1*C, shall be used.

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:

— asimilar 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 quench;

— reference water is added until the desired test portion is obtained;

— the scintillation cocktail is then added in order to obtain the desired proportions;
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— atleast one working standard is used as such. Increasing quantities of a quenching agent are added
to the other working standards. This gives rise to a range of quench values similar to that of the
samples to be measured.

From the two quench curves, the efficiencies are determined

for 3H, in the window of the energy range characteristic of the beta emission of 3H,
for 14C, in the window of the energy range characteristic of the beta emission of 3H,

for 14C, in the window of the energy range characteristic of the beta emission of 14C, and

for 3H, i

A simple me
point of the
of 3H range.
window car
Under these

Another me
efficiencies.

7.5 Meas

The countinjg room used shall be suitable to the activity levels ofthe samples and for the measure

equipment.

For the med
samples are

These divis
(luminescer
into accoun
measureme

In order to
counting as
the second S

7.6 Inter

The measun
to the prese
to be measy
measured a

h the window of the energy range characteristic ot the beta emission of **C.

thod for setting counting windows consists in selecting as lower limit of 14C wind@w'th

The upper limit of 3H window can be equal to or less than this value. The ufper limit ¢
be the end point of the spectrum of the less “quenched” working standard of 14C r
conditions, it is considered that there is not any contribution of 3H in the ™C window.

thod would be to select the 3H and 14C counting windows in otdér to obtain optin
This method requires a more complex mathematical processing;

urement conditions

surement of low activities, it is recommended to make repeated counting cycles: al
counted once, then the counting starts for:aecond cycle and so on.

ce, static) that are not auto-corrected-by the measurement equipment. It also allows tz
[ any perturbations, punctual or'¢yclic (e.g. night and day alternation) associated t
Nt equipment environment.

verify the statistical distsibution of counting data, it is recommended to arrangg
repetitions: the first sample is counted several times in a row (number of repetitions),
ample is counted likéwise, and so on.

ference contrel

ement can'be influenced by chemiluminescence or spectrum attenuation phenomens
nce of cherical entities, as well as by the presence of radionuclides other than the ny

hd-to.specify them in the presentation of the result.

b end

spectrum of the tritium working standard having the lowest quench (the less-“qienched”)

f14C
hnge.

hised

ment

test

jons of the count time allow the detection of random or transitory interfering effects

1king
b the

b the
then

. due
clide

ired, Jtuis therefore advisable to take into account the characteristics of the water being

A possible means of verification of the chosen conditions is the measurement of a known mixture
prepared with certified solutions or dilutions of these solutions.

Some low energy beta emitters and electron capture emitters (e.g. 241Pu, 210Pb, 228Ra, 227Ac, 63Ni and
55Fe) cannot be distinguished from the energy spectrum of 3H and from the lower energy part of the
spectrum of 14C by liquid scintillation counting. An examination of the full spectrum of the counted
vials may reveal the presence of high energy beta emitters.

The absence of other high-energy radionuclides is verified by checking the count rate above the
maximum energy f3,,. of 1*C.

The activity measured for 3H can be verified according to ISO 9698[19],
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8 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.

No matter 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

of thf following parameters are taken into consideration:

—
The

The
two
ener

The 1
The ¥
The Y

Exan

8.2
The {

~

whet

aw counts and backgrounds;

etection efficiencies in the windows of the relevant energy ranges for a givén quend
arameter;

uench factor, if a correction is applied;
rolume or mass of the test portion.
pther uncertainties can be ignored (volume or mass of scintillation cocktail, counting t

rovering of the energy ranges of 3H and 14C leads to.séparating the energy ranges
lvindows. The simple method proposed in 7.4 consists)in minimizing the contribution|
by window.

ymbols used are defined in Clause 3.
rariables specific to the chosen window of-3H energy range are indexed (T).
rariables specific to the chosen windgw of 14C energy range are indexed (C).

1ples are given in Annex A.
Activity concentratiomof tritium
ctivity concentration¢ 4 of 3H in the sample is calculated according to the Formula

FeT —ToT —%'("gc —Toc
Vet fqr

AT = ):[”gT—rOT—Z'(rgc—’”oc>]'WT

1
&

h indicating

ime, etc.).

nto at least
of 3H in 14C

2):

(2)

V-er - fr
g

The interfering 14C in the chosen window of 3H energy range shall be taken in account, in order to
obtain the counting rate of 3H. The correcting factor y is calculated according to Formula (3):

7(:8C—>T-ch_>T =(rsct /rsC)'qu_ﬂ
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8.3 Activity concentration of carbon 14

The activity concentration ¢4 of 1C in the sample is calculated according to the Formula (4):

Fec —Toc

Cac == =|Tec ~Toc |"Wc (4)
V‘gc‘ch I:g :I
where
1
We=——"""—
V'Sr'fqr

8.4 Combined standard uncertainty for tritium

The combingd standard uncertainty for 3H is calculated according to the Formula (5):

U(CAT)::\/WTZ '[“2 (rgT)“‘2 (ror )+T(l)]+CAT2 Ugey (W) =

(5)

2 2 2
\/WT 'I:rgT/tg"'rOT/t0+T(Z)]+CAT “Upel (W)
where

T(x)=(rec —1oc)> u* (x)+ 2 (ryc /tg +1oc /o)

and

u(x)=x (x+1)/(rs tsc)

As the uncertainty on the counting time is very sniall against the uncertainty of the other parameters,
itis ignored| and the relative uncertainty of w is-¢calculated according to the Formula (6):

ufey (W) =uley (e ) +ul (fyr ) +ube (V) (6)

If the mass fis used instead of the volume, the mass of the test sample, m, is expressed in kilogfams.
The intermgdiate calculations are‘done with similar equations. The activity concentration can al§o be
expressed ap the activity per unit of mass (m replacing Vin Formula (6)).

The relative{uncertainty of & is calculated according to the Formula (7):

2 2 2 2 2
Urel (ST =Upg) (rsT _rOT)+urel (AT):(rsT /ts *Tor /tO)/(rsT _rOT) tUel (AT) (7)

where

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

ufel (qu ) depends on the mathematical model used to fit the quench curve.
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For the calculation of the characteristic limits, @(C 47 ) is needed (see ISO 11929-1[20]), j.e., the standard
uncertainty of ¢ 41 as a function of its true value, calculated by using Formula (8):

H(EAT):\/W% '{I:EAT /wr +x-(rgc —’”oc)+r0T]/tg +ror /o +T(%)}+Efn Uy (W) 8

It is agreed to ignore the covariance term between £:_,r and &1 which would result in a decrease of

T(x).

8.5 Combined standard uncertainty for carbon 14

The ¢ombined standard uncertainty for 14C is calculated according to the Formula (9):

4 (CAc)=\/Wc2 '[“2 (rgc)+“2 (roc )]"'CACZ Uy (We) =

(9)

2 2 2
YW’ -(rge /tg +Toc /to ) +Cac” -Urel (We)
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 (10):

2 we) =uly (e )+ Ul (foc ) +uba (V) (10)

o~

If th¢ mass is used instead of the volume, the mass of thetest sample, m, is expressed if kilograms.
The Intermediate calculations are done with similar equations. The activity concentration can also be
expressed as the activity per unit of mass (m replacingVin preceding formula).

The relative uncertainty of & is calculated accorging to the Formula (11):

2 2 2 2 2
Lrel(EC):urel(rsC_rOC)+urel(AC):(rsC/ts+r0C/tO)/(rsC _rOC) +urel(AC) (11)
where

IEeI(AC) includes all theathe¢ertainties related to the calibration source: that is in the standard
solution and the-preparation of the calibration source.

l?el (fyc) dependson-the mathematical model used to fit the quench curve.

For the calculatiorf\of the characteristic limits, @(C, ) is needed (see ISO 11929-1), i.e. the standard
unceftainty of ¢z¢ as a function of its true value, calculated by using Formula (12):

! (5AC)=\[W(23 [(Eac /we+roc) /tg +hoc [ to |+ Eac -tfe (W) (12)

8.6 Decision threshold for tritium

The decision threshold CZT is obtained from the Formula (13) for ¢4p =0 (see ISO 11929-1). This yields

Cpr = ky_g W(0)=ky_g Wy '\/[Z(rgc —roc )+ Tor |/ tg +ror /0 +T (%) (13)

a=0,05with k;_, =1,65 are often chosen by default.
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8.7 Decision threshold for carbon 14

The decision threshold CZC is obtained from the Formula (14) for ¢ 47 =0 (see ISO 11929-1). This yields

. y (1.1
Cac =kyg xu” (0)=ky_g xwc [roc [t_+t_]
g 0

8.8 Dete

The detecti

# *|
CaT =C4
*

CAT +k1

B = 0,05 wit

The detecti

a starting a

p
When takin|
Formula (16

2

#
CaT =

8.9 Dete

The detecti

# *
Cac =€y

B =0,05wit

The detecti

a starting a

When taki

(14)
a=0,05with k;_, =1,65 are often chosen by default.
ction limit for tritium
on limit ch is calculated by using Formula (15) (ISO 11929-1):
_(#
T+ki_g '“(CAT ) =
2 # #2 2
-8 ‘\/WT '{[CAT /wr + % (rgc —roc )+r0T]/tg +ror /to +T ()} +Eht el (wr) (15)
n k1—ﬂ =1,65are often chosen by default.
on limit can be calculated by solving Formula (15) for cﬁT or) more simply, by iteration|with
roximation CﬁT :2~c:1T :
o= then ky_, :kl—,B =k and the solution ofFormula (15) is given by the following
):
* 2
CAT +(k -WT)/tg
I (16)
1-k “Urel (WT)
¢tion limit for carbon 14
¢n limit cjc is calculated by using Formula (17) (ISO 11929-1):
~( # * 2 # #2 2
ctkip 'U(CAC):CAC +ki_p '\/Wc 'I:(CAC /w¢ +Toc )/tg +1oc /t0]+CAc Upe (We) | (17)
n kl—ﬂ =1,65are often chosen by default.
on limit €an be calculated by solving Formula (17) for cjc or, more simply, by iterationwith
ppraximation cﬁc ZZ'CZC'
s t=P—ther—+H1— =h1—p=*H-and-the-selution—of Formula{i7/3isgivenbythefelowing
Cac +(k “We )/tg
(18)

12
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Limits of the coverage intervals

8.10.1 Limits of the probabilistically symmetric coverage interval

The lower, ¢ and upper cz, coverage limits are calculated using Formulae (19) and (20)
(see ISO 11929-1):

ca= ca-kyu(cy); p=w-(1-7/2)

whet

In th

~

o

or if

{ y } @ being the distribution function of the standardized nonmial distribt
NE

u(y)
=1 may be setif c,>4-u(cy)

s case the following approximations using Formula (21) for a sytnmetric uncertainty §
2= Ca- kl-y/Z'u(CA)'and cZ =Cypt k1-y/2'“(CA)

esult should be given by using Formula (22)

A ki, prulcy)

,05 and then, kl—y/z =1,96 is often chosen by default.

2 Limits of the shortest coveragé.interval

of the shortest coverage interval, ¢, are calculated from a primary measurement 1
neasurand and the standdrd uncertainty, u(c, ), associated with c4, either Formula (4

Ay Ca=cy thylulcy); p:w(l—gJ

cfl < 0, by Eormula (24):

170;Cx = cptkpu(cy); q=1-aw-y/2

(19)
(20)
ition
pply:
(21)
(22)

ecified in detail in ISO 11929<1,.the lower limit of the shortest coverage interval, cfl and the upper

esult, ¢y, of

13):

(23)

(24)

The relation 0 < CZ < CZ applies and the approximation of Formula (21) is valid.

©ISO

2023 - All rights reserved

13


https://standardsiso.com/api/?name=9cb1e249d25956db1e6728361fc98855

ISO 13168:2023(E)

8.11 Calculations using the activity per unit of mass

The activity concentration can be calculated by multiplying the activity per unit of mass by the density
p in kilogram per litre, as given in Formula (25):

y=2 (25)
with

urzel (V)= urzel (m)+ur2e1 (p)

The uncertdinty, the characteristic limits and the limits of the coverage interval can be calculated yising

the previou$ expression [see Formulae (2), (4), (6) and (10)] with Formula (25).

9 Testreport

The test regort should conform to the ISO/IEC 17025 requirements and it shall~contain the following
information;

a) referenge to this documenti.e. ISO 13168:2023;
b) identifi¢ation of the sample;

c) units in|which the results are expressed;

d) the test|result:

1) when the activity concentration, ¢4, is compared with the decision threshold (see ISO 11929
serjes[20][21][22]);

— |if the result is less than the decision’threshold, the result of the measurement is expré¢ssed
as; < c;

— |if the result is greater than the decision threshold, the result of the measuremgdnt is
expressed as ¢4 * u(c4) 0f ¢4 + Uwith the associated k value;

2) when the activity congéntration, ¢4, is compared with the detection limit;

— |if the result isTess than the detection limit, the result of the measurement is expressgd as
#
< Cas

— |if the gesult is greater than the detection limit, the result of the measurement is expr¢ssed
ascy*u(cy) or cy + Uwith the associated k value.

Comp]emen'ary information can bhe prnxridpd such as:

e) the uncertainty can also be expressed as the limits of the probabilistically symmetric coverage
interval cjj,c; and/or the limits of the shortest coverage interval ¢}, ¢ ;

f) probabilities «, f and (1 - y);
g) decision threshold and the detection limit;

h) if the detection limit exceeds the guideline value, it shall be documented that the method is not
suitable for the measurement purpose;

i) mention of any relevant information likely to affect the results.
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