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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

Everyone is exposed to natural radiation. The natural sources of radiation are cosmic rays and
naturally occurring radioactive substances which exist in the earth and within the human body. Human
activities involving the use of radiation and radioactive substances add to the radiation exposure
from this natural exposure. Some of those activities, such as the mining and use of ores containing
naturally-occurring radioactive materials (NORM) and the production of energy by burning coal that
contains such substances, simply enhance the exposure from natural radiation sources. Nuclear power
plants and other nuclear installations use radioactive materials and produce radioactive effluent and
waste during operation and on their decommissioning. The use of radioactive materials in industry,

agri ulture and researcn 1s expanding around the globe.

All these human activities give rise to radiation exposures that are only a small fraction
average level of natural exposure. The medical use of radiation is the largest and a growin
sourte of radiation exposure in developed countries. It includes diagnostic radiology, r
nuclgéar medicine and interventional radiology.
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rew during air travel and for astronauts. The average level of o¢cupational exposures|
v the global average level of natural radiation exposurel13].
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Generic standards help testing laboratories to manage the measurement process by setting out the
general requirements and methods to calibrate and validate techniques. These standards underpin
specific standards which describe the test methods to be performed by staff, for example, for different
types of sample. The specific standards cover test methods for:

— Naturally-occurring radionuclides (including 40K, 3H, 14C and those originating from the thorium
and uranium decay series, in particular 226Ra, 228Ra, 234U, 238U, 210Pb) which can be found in
materials from natural sources or can be released from technological processes involving naturally
occurring radioactive materials (e.g. the mining and processing of mineral sands or phosphate
fertilizer production and use);

Human-made radionuclides, such as transuranium elements (americium, plutonium, neptunium,
and curium), 3H, 14C, 90Sr and gamma emitting radionuclides found in waste, liquid and gaseous
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effluent, in environmental matrices (water, air, soil, biota) and food and feed as a result of authorized
releases into the environment and of fallout resulting from the explosion in the atmosphere of
nuclear devices and accidents, such as those that occurred in Chernobyl and Fukushima.

Many of these radionuclides are beta emitters that can be measured by liquid scintillation counting,
following appropriate sample preparation.

A generic international standard on liquid scintillation counting is justified for test laboratories carrying
out beta emitter measurements in fulfilment of national authority requirements. For example, testing
laboratories need to obtain a specific accreditation for radionuclide measurement for the monitoring of
drinking water, food, the environment or the discharges, as well as for biological samples for medical
purpose.

This documient describes (after appropriate sampling, sample handling and test sample preparation)
the generiq requirements to quantify the activity concentration of beta emitters using ljquid
scintillation| counting. In the absence of a specific pre-treatment of the test sample (such.as distillation
for 3H meagurement, or after benzene synthesis for 14C measurement), this document is to be jused
as a screening method unless the interference of beta emitters, others than thoseto’be quantifigd, is
considered pegligible in the test portion.

This document is one of a set of generic International Standards on measureément of radioactivity.
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Measurement of radioactivity — Determination of beta
emitters activities — Test method using liquid scintillation
counting
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document applies to liquid scintillation counters and requires the preparation of'a
Ce obtained by mixing the test sample and a scintillation cocktail. The test sample c
Pous or organic), or solid (particles or filter or planchet).

document describes the conditions for measuring the activity of beta emitter radi
1 scintillation counting[14][15].

hoice of the test method using liquid scintillation counting involves the-€onsideration of{
ence of other beta emitter radionuclides in the test sample. In this ¢asSe, a specific samp
paration or extraction is implemented to isolate the radionuclide of interest in order

ference with other beta-, alpha- and gamma-emitting radionuclides during the counting

document is applicable to all types of liquid samples having an activity concentration r
r Bq-1-1 to 106 Bq-1-1. For a liquid test sample, it is pessible to dilute liquid test sample
n a solution having an activity compatible with the,measuring instrument. For solid

measurement range is related to the test méethod used: nature of test portion, prepai
illator - test portion mixture, measuring assembly as well as to the presence of thd
ities due to interfering radionuclides.

portion preparations (such as distillation for 3H measurement, or benzene synth|
urement, etc.) are outside the.scope of this document and are described in specific t
y liquid scintillation[21[3][4][3]E6][Z][8][9].

following docunients are referred to in the text in such a way that some or all of t
[itutes requirements of this document. For dated references, only the edition cited
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[SO 11929, Determination of the characteristic limits (decision threshold, detection limit and limits of the

confid

ence interval) for measurements of ionizing radiation — Fundamentals and application

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

[SO 18589-2, Measurement of radioactivity in the environment — Soil — Part 2: Guidance for the selection
of the sampling strategy, sampling and pre-treatment of samples

3 Terms and definitions

No terms and definitions are listed in this document.

© ISO

2017 - All rights reserved


https://standardsiso.com/api/?name=bbb02c4796e079d282652493d3648a25

IS0 19361:2017(E)

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

— IEC Electropedia: available at http://www.electropedia.org/

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

4 Symbols, abbreviations and units

For the purposes of this document, the symbols and abbreviations defined in ISO 80000-10[10],
ISO/IEC Guide 98-3[11], ISO/IEC Guide 99[12] and the following apply.

Bmax Maximum energy for the beta emission, in keV
vV Volume of test portion, in litre
m Mass of test portion, in kilogram
p Density of the sample, in kilogram per litre
&p Preparation efficiency
a Activity per unit of mass, in becquerel per kilogram
cA Activity concentration, in becquerel per litre
A Activity of the calibration source, in becquerel
to Background counting time, in second
tg Portion counting time, in second
ts Calibration counting time, in second
ro Background count rate, per second
g Portion count rate, per second
Is Calibration count rate, per second
€ Detection efficiency
£q Quenched efficiency
fq Quench factor
u (cA) Standard uncertainty a§sociated with the measurement result; in becquerel per litre
u Expanded uncertainty, calculated by U=k - u(cA) with k=1, 2,..., in becquerel per ljtre
c:; Decision threshold, in becquerel per litre
ch Detectiofrlimit, in becquerel per litre
cs, Lower-and upper limits of the confidence interval, in becquerel per litre

5 Principle

The aqueous, organic or particles portion is mixed with the scintillation cocktail in a counting vial
to obtain a homogeneous medium (scintillation source). Electrons emitted from beta disintegration
transfer their energy to the scintillation cocktail molecules that are excited by this process before
returning to their ground state by emitting photons that are detected by photoelectron multiplier tubes
(phototubes).

The electronic pulses emitted by the phototubes are amplified. The peak pulse amplitude is
converted to a digital value by an analogue-to-digital convertor (ADC) and the pulse height stored
using a multichannel analyser (MCA). The pulses are analysed (in order to remove random events)
by the electronic systems and the data analysis software. The count rate of these photons allows the
determination of the activity in the test portion, after correcting for the background count rate and
detection efficiency, taking account of the quench correction. The requirements of the specific test

2 © IS0 2017 - All rights reserved
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method for specific beta emitting radionuclides, including test portion preparation and scintillation
source preparation, shall be determined according to the intended use of the measurement results and
the associated data quality objectives.

In order to determine the background count rate, a blank portion shall be prepared in the same way as
the test portion.

The conditions to be met for the blank sample, the test portion and the calibration source are:
— same scintillation cocktail;

— same type of counting vial;

— dame filling geometry;
— game ratio between test portion and scintillation cocktail;
— g4ame preparation conditions, minimizing photoluminescence and static electricity effelcts;

In addition, the quench indicating parameter should be within the range of the quench calibration
curvg. An alternative method using the Cerenkov effectl16][17] is treate@in Annex C.

6 Reagents and equipment

Use ¢nly reagents of recognized analytical grade.
6.1 | Reagents

6.1.1 Blank material

Blank material is used to prepare the blank'portion. For direct counting of test portion, if shall be as
free as possible of chemical impurities to-avoid quenching, and with radioactive impurities pegligible in
comparison with the test portion activities to be measured.

If some preparation is required fotthe test portion, the blank portion shall be prepared with a reference
matdrial of the lowest activity@vailable.

This|blank sample shallcbe: kept physically remote from any radioactive material to avoid cross-
contamination.

For gxample, 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 atja controlled
temperature {see ISO 5667-3). When the volume of blank water is sufficiently large (e.g. L0 1 to 20 1)
and ell-sealed, tritium and carbon 14 activity concentrations remain stable for years, aJthough it is
advigable to determine these activity concentrations at predetermined intervals (e.g. every year).

6.1.2 Calibration source solutions

To avoid cross-contamination, preparation of samples and calibration source solution shall be
segregated.

The standardized solution used to prepare the calibration source solution shall be provided with a
calibration certificate confirming traceability to a national or international standard of radioactivity.

Weigh and pour into a weighed volumetric flask (for example 100 ml) the required quantity of a
standardized solution of the radionuclide to be measured, so that the activity concentration generates
sufficient counts to reach the required measurement uncertainty after dilution with the blank
solution and thorough mixing. Calculate the activity concentrations of the resulting calibration source
solution (A). Note the date at which the standard solution was made up (t = 0).

© IS0 2017 - All rights reserved 3
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The radionuclide activity concentration of the calibration source solution at time ¢ at which the samples
are measured shall be corrected for radioactive decay.

6.1.3 Scintillation solution

The scintillation cocktail is chosen according to the characteristics of the sample to be analysed and
according to the properties of the detection equipment[18][19],

For the measurement of usual environmental and drinking water sample or for test sample prepared as
an aqueous solution, it is recommended to use a hydrophilic scintillation cocktail.

. . L. . . 1 T .
For the direptmeasurenrentof partrcres T suUsSpersIon; it s reconmrIentet to usea scmtiaton oy ktail

that leads tq a gel type mixture.

In all cases, the characteristics of the scintillation cocktail when mixed with the sample shallresulft in a
scintillation|source with the form of a homogeneous and stable medium.

It is recomnjended to:

— store al|] samples in the dark and, particularly just before use, avoiding expasure to direct surnlight
or fluorpscent light in order to prevent interfering luminescence;

— comply with storage conditions specified by the scintillation cocktail’'supplier.

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

6.1.4 Quenching agent
Water, as we¢ll as dissolved oxygen, is a quenching agentfér the scintillation cocktail.
Examples of chemical quenching agents include acetone, organochloride compounds, nitromethang, etc.

Some quenching agents are dangerous or toxic:and shall be handled and disposed properly.
6.2 Equipment

6.2.1 General

Laboratory | equipment, such~as pipettes and balances, shall be employed that enables| the
expected/agreed data quality objectives to be achieved, including the uncertainty attached t¢ the
measurement.

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

6.2.2 Liquidscintillation counter

Liquid scintillation counter with an automatic sample transfer is preferable. Operation at constant
temperature is recommended following the manufacturer’s instructions.

The generic 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.

It is recommended to use a liquid scintillation counter using an external source, so that the level of
quench can be determined. Otherwise, an LSC-counter with three photomultipliers and appropriate
softwarel20][21] may enable the activity to be determined directly (see Annex B).

For low activity measurements, a counter with low background photomultipliers, electronic equipment
with the option of background correction and suitable shielding is recommended.

4 © IS0 2017 - All rights reserved
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6.2.3 Counting vials

Different types of scintillation vials exist, manufactured using a large range of materials. The most
common are glass vials and polyethylene vials. Glass vials allow visual inspection of the scintillation
medium, but have an inherent background, due to the presence of 40K. However, some organic solvents
contained in scintillation cocktails diffuse through the polyethylene, accelerating the degradation of
the scintillation source.

Other types of vials exist:

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

— flor the determination of very low concentration of low energy beta emitters (for example, tritium),
the use of polytetrafluoroethylene vials (PTFE) or polyethylene vials with an inner Iqyer of PTFE
on inside vial wall is recommended. Diffusion of organic solvents is then slower through PTFE than
through polyethylene. These vials are used for long counting times with verylow:level gctivity to be
measured.

Gengrally, the vials are single use. If vials are re-used, it is necessary te apply an efficient cleaning
procedure.

To prevent interfering luminescence, the counting vials should be kept in the dark and should not be
expossed to direct sunlight or fluorescent light, particularly just before use.

Tolu¢ne-based scintillation solutions may physically distort polyethylene and should thergfore not be
used|in combination with polyethylene counting vials. Diffusion of organic solvents into and through
the golyethylene walls is also a serious drawback of polyethylene vials.

7 $ampling and samples

7.1 | Sampling

It is Important that the laboratory réceives a representative sample, unmodified during the transport
or stprage and in an undamaged container.

For gxample, for water and soil, conditions of sampling shall comply with ISO 5667-1 and [SO 18589-2
respectively.

If catbonated species areto be measured, water sample shall not be acidified in order to avgid changing
the equilibrium of carbonated species.

For yvater, it is recommended to use a glass flask and to fill it to the maximum, to minimpize tritium
exchange with the atmospheric moisture. For low level activity measurements, it is important to avoid
any dontacfbetween sample and atmosphere during the sampling.

7.2 Qamplp storage

If storage of samples is required, the sample shall be stored to avoid oxidation, fermentation or any
modification of its properties.

For water, if storage is required, the sample shall be stored in accordance 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.

8 Procedure

8.1 Determination of background

In order to determine the background count rate, a blank sample is prepared in the same way as the
test sample.

© IS0 2017 - All rights reserved 5
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For aqueous test sample, the blank sample is prepared using a reference water of the lowest activity
available, also sometimes called “dead water”. For other matrices, the blank solution is prepared using
a reference material, as close as possible to the matrix to be measured, of the lowest activity available.

8.2 Determination of detection efficiency

In order to determine the detection efficiencies, it is necessary to measure a sample having a known
activity under conditions that are identical to those used for the sample. This sample shall be a mixture
of certified radioactive source (standardized solution) or a dilution of this mixture produced with the
prepared reference material.

8.3 Quenlch correction

The quench|correction shall be considered, as mixing the organic liquid scintillation cocktail with the

sample test portion can affect the emission properties of the cocktail.

If the quenching is the same for the blank sample vial, the test sample vial and the ‘calibration squrce

vial, the coulnting efficiency can be determined without requiring a quench correction.

Alternativell:, an internal standard method can be used (see Annex A).

If chemical quenching affects the measurement results, it is recommendéd to determine a quench cprve.

It is important to choose the chemical quenching agent according to'the expected type of quenching

observed ir| the prepared test sample. An acid quenching agent; however, shall not be used if the

chemical forfm of the carbon 14 in the standardized solution is carbonates.

It is useful tp plot a quench curve for each matrix/radionuclide: These curves are only valid for:

— agiven jnstrument;

— agiven Lype of counting vial;

— agiven type of scintillation cocktail;

— given qlantities of scintillation cocktail and test portions;

— agiven pounting window.

The quench| curve is obtained from a series of working standards (e.g. around 10) having varjiable

quench of which the matrix isssimilar or close to that of the samples to be measured (same scintillation

cocktail, samne quantities of-sCintillation cocktail and test portion).

These work]ng standards-can be produced in the following manner:

— asimilar quantity of standardized solution is dispensed 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 at high quench levels;

arefere

the scin

nce solution is added until the desired test portion is obtained;

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

at least one working standard is used without adding any quenching agent. Increasing quantities of

a quenching agent, with a very low volume (e.g. less than 1 or 2 % of the total volume of the working
standard), are added to the other working standards. This gives rise to a quench similar to that of

the sam

ples to be measured.
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The quench curve relating ¢ - fq with the quenching is used to determine fq:

£
9
fa=-1 (1)
This method is not applicable to colour quenched samples.

8.4

Sample preparation

The test sample is prepared to obtain a scintillation source, aqueous or organic, which contains the
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Preparation of the scintillation sources to be measured
vn quantities of the sample and scintillation cocktail shall be dispensed inte’the count

quid and particulate samples, after closing the vial, it shall be thoroughly shaken to
hixture.

ilter and planchet samples, great care shall be used to obtain the proper counting geq
ilter or planchet materials not blocking the photons fromyreaching the phototubes
ce of the filter or planchet shall be positioned with the aétivity facing into the scintillat
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cintillation mixture, the mixture stability and.the nature of the sample. It is recor
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In orjder to reduce photoluminescence effects; it is recommended that the above mentioned operations
should take place in dimmed light, preferably light from an incandescent source or UV-fre¢ LED or red
light| Direct sunlight or fluorescent light'should be avoided.

8.6 | Counting procedure

8.6.1 Control and calibration

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

compliance withd8077870-2[1]. Usually, these references are sealed, unquenched scintillat

blan]

The
mea

Z, tritium-and carbon 14.

measurement of the blank sample is performed before each analysis or each serid
urément in representative conditions of each type of measurement (see Clause 5).

ion sources:

s of sample

8.6.2 Measurement conditions

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

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

The measurement is performed using an energy channel A that is between the detector noise
threshold and the Smax of the radionuclide to be measured. It is recommended to choose the width of
the energy window for the counting of the radionuclide to be measured in order to optimize the figure

2
of merit [5/]
o
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For measurement of low activities, it is recommended to fractionate the counting as cycles: all test
samples are counted once, then the counting starts for the second cycle, etc.

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

For one cycle counting, it is recommended to arrange the counting as repetitions in order to verify the
statistical distribution of counting data. The first test sample is counted several times in a row (number
of repetitions), then the second test sample is counted likewise, and so on.

8.6.3 Intdrference control

8.6.3.1 Ge¢neral

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,ethér than the nyclide
to be measyred. It is therefore advisable to take into account the characteristics’of the prepared test
sample and fo specify them in the presentation of the result.

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

8.6.3.2 Infterference arising from luminescence

Serious intdrferences in the measurement of low energy beta-emitters (e.g. tritium) determinafions
can occur flue to a variety of luminescent processes-(e.g. chemiluminescence, phosphorescgnce,
trebolumingscence, and static electricity). It is advisableto use a liquid scintillation counter capable of
identifying these single photon events and correcting automatically for these interferences.

8.6.3.3 Interference from other radionuclides

The following method can be used to identify possible interferences from other radionuclides in th¢ test
portion. Twg additional measurementchannels (B and C) may be set: (1) channel B has the same lpwer
threshold ag measurement channel &,but an upper threshold adjusted so that the counting efficiency is
about two thirds of the counting(efficiency of channel A; (2) channel C has the same lower threshqld as
measuremehnt channel A, but ad-upper threshold adjusted to the fmax of the radionuclide to be measpired.

In the absernce of an interfeping radionuclide, calculation should yield the same activity concentration
in the test pprtion for channels A, B and C, using appropriate efficiencies for each channel. If signifjicant
differences pre observed, further chemical separation steps may be needed in the sample preparation
process.

However, somélow energy betaemittersand electron capture emitters (e.g. 241Pu, 210Pb, 228Ra, 227A ¢} 63Ni
and 55Fe) canmotbedistinguishedfromrtheenergy spectrumrof 3Hamdfromr the fowerenergy part of
the spectrum of 14C by liquid scintillation counting.

8.6.3.4 Equipment stability

If the equipment is not stable for the measurement of low beta spectrum energies (e.g. tritium), it is
not suitable for the measurement of lower parts of the test sample beta spectrum or for quenched test
samples. For example, once the measurement channels A and B have been adjusted for tritium, 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.

For control purposes, the use of control charts[!] is advisable.
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9 Expression of results

9.1 General

In the case of the measurement of radionuclides, without a preparation, by liquid scintillation, the main
components of the uncertainty are:

— raw counts and backgrounds;

— detection efficiencies in the windows of the relevant energy ranges for a given quench indicating
parameter;

— (Iluench factor, if a correction is applied;
— yolume or mass of the test portion.

The ¢ther uncertainties can, to first order, be ignored (volume or mass of scintillation cocktpil, counting
time] etc.).

In the case of a preparation of the sample, the uncertainty in the radiochenical yield shall he included.

9.2 | Calculation of activity concentration, without preparation
The gymbols used are defined in Clause 4.

The pample activity concentration of the radionuclide present in the test sample is calcyilated using

Formula (2):

ro—r
g 0 1
== =(r, —ry)w 2
q
r.—r
whete w=——— and g = -9
V-e-fq A
The ¢ombined uncertainty is caleulated using Formula (3):
4 (cA) = \/wz ~(u2(rg)+u2(r0))+cA2 ’“fel (w) = \/WZ ~(rg /tg +r, /t0)+cA2 ’“?el (w) 3
2 2 2 2
Urel (W) = Upel (8) + Urel (V) + Urel (fq) (4)

2
rel

and fhe relative standard uncertainty of &, u

Formula{(5):

u:el (8) =u

(fq) for each quenching value is calcylated using

Z

e (7 =1y )+ (A)=(r /1 +r0/t0)/(rs_r0)')+ur‘el(A) (5)

u’,(A) includes all the uncertainties related to the calibration source: that is in the standard solution
and the preparation of the calibration source.

2
rel

u (fq) depends on the mathematical model used to fit the quench curve.
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For the calculation of the characteristic limits, #(¢,) is needed (see ISO 11929), i.e. the standard

uncertainty

&(EA) -

of ¢, as afunction of its true value, calculated by using Formula (6):

2
rel

(w)

W@y [ wry) [t +ry [ tg) 8 u

(6)

If mass is used instead of volume, the mass of the test sample, m, is expressed in kilograms. The
intermediate calculations are done with similar equations. Activity a may also be expressed as the

activity per

unit of mass (m replacing V in preceding formula).

9.3 Decis

The decision

*

Cp = k]
o =0,05 wi
9.4 Deteq

The detectid
CX =c,

B =0,05 w

The detectiq

starting apgroximation cf\ =2 c: .
When taking o= f8 then k_, = k_g =k .and the solution of Formula (8) is given by the follo
Formula (9)
2
. _2 c —I—(k -w)/tg
Cp =

ki g -ﬁ(ci)zc;+k1_ﬁ -\/w2 '((CX /w+r0)/tg+r0 /lo)+c§Z ‘u

10n threshnold, without preparation

threshold, c: ,is obtained from the above Formula (6) for ¢, =0 (see ISO 11929)Fhis y

o (0) = kg e ry 1y T /s
ith k,_, =1,65 are often chosen by default.

rtion limit, without preparation

n limit, cj ,is calculated by using Formula (8) (see ISO 14929):

2
rel

(w)
ith k1-/3 =1,65 are often chosen by default.

n limit can be calculated by solving Fornmula (9) for ci or, more simply, by iteration w

9.5 Confidence interval limits, without preparation

The lower,
(see ISO 119

1-— k2. ufel (W)

Z, and- upper, cZ, confidence limits are calculated using the Formulae (10) and
29):

elds:

(7)

(8)

ith a

wing

(9)

an

Cp=Cp —kp -u(cA); p:a)~(1—y/2)
>
Cp =Cyp +kq u(cA); q= 1—co~y/2
where
0= (D[y/u(y)] , being @ the distribution function of the standardized normal distribution,

1- v, the probability for the confidence interval of the measurand, and

10

(10)

(11)
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@ =1 may be setif ¢, 24-u(c, ). In this case:
< >
CA’CA:CAiklfy/Z'u(CA) (12)

¥ =0,05 and then, k,_,, =1,96 is often chosen by default.

7/2
9.6 Calculations using the activity per unit of mass, without preparation

The activity concentration may be calculated multiplying the activity per unit of mass by the density p
in grams per litre, as follows:

r.—r,

g 0 p P
4, = : =(r. —ry)-wand w=——— 13
A m e f, (rg =1o) mee-f, (13)
g (W) = ulg (€) - ulg (m) + w2y (p) +uly (£, (14)

The fincertainty, the characteristics limits and the limits of the confidence interval may b calculated
using the previous expression (Formulae (3), (7), (8) and (9) with the\two last equations.

10 Test report

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

a) a reference to this document with the mention of the sample pre-treatment with| or without
dlistillation;

b) identification of the sample;
c) Units in which the results are expressed;
d) ftestresult, ¢, * u(cA) or ¢y U with the associated k value.

Complementary information.can be provided such as:

e) probabilities a, f and)(1 - y);
f) ecision threshold and the detection limit;
g) dependingon'the customer request there are different ways to present the result:

asrecommended by ISO 11929, the test result should be compared with the decisign threshold.
When the activity concentration ¢, is below or equal to the decision threshold, a ¢ontribution

e expressed

*

as<c, ;

— ifthe customer requests that the activity concentration ¢, is to be compared with the detection

limit, then the result of the measurement can be expressed as < ci when the result is below or
equal to the detection limit.

— Ifthe detection limit exceeds the guideline value, it shall be documented that the method is not
suitable for the measurement purpose.

h) mention of any relevant information likely to affect and/or explaining the results.
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Internal standard method

le preparation

For each teq
solution foll
vials so that
known quan
is called As.
background|
V=20-1V1,
equalto 19
the counting

The above
incandescer]
interferenc

For routine
efficiency b¢
the addition
by a calibrat

The use of
external sta
standard ch
solution by
temperaturg

NOTE
about 50 % v

A.2 Coun

After shaking thesscintillation source in the counting vials, wipe them with a damp cloth that

not leave a
transmittin

indard in PE counting vials, interference can occur because the counting rate of the ext

t sample fill two counting vials, with a volume V3, in millilitres (see Note) of scintill
pwed by avolume V=20 - V1, in millilitres, of the test sample. Mark the cap of the twe.cou
they can be clearly identified (e.g. N and S). Add, using a pipette (e.g. of capacity 100

tity of internal standard solution to one of these counting vials, labelled S. Thé added act
Fill, in the same way, the appropriate number, as required by the counting procedu
counting vials with a volume V1, in millilitres, of scintillation solution.followed by a vo
in millilitres, of blank solution. The total inaccuracy of each additien-should be less th

y vials thoroughly and uniformly, e.g. using a shaking machine.

mentioned operations should take place in dimmed~light (preferably light fror
t source or red light). Avoid direct sunlight or fluorescent light in view of the poq
by luminescence in some batches of counting vials.

control determinations of similar samples, little.difference may be observed in the cou
btween samples. In this case, it is acceptable te\determine a mean counting efficiency
of internal standard to two to three samplésiof the group or to use the efficiency indi
ed external standard technique.

hn internal standard is recommended when PE counting vials are used. When usiry

anges as a function of time,.on”account of the loss of components of the scintill
diffusion into the wall of the counting vial. The effects are considerably smaller at 1
s (4 °C to 10 °C) than at higher temperatures (e.g. 20 °C to 25 °C).

blume fraction of watey, in this case V1 = 10 ml.
ting procedure

hy deposit to remove any electrostatic charge; hereafter, avoid contact with the
b parts of the counting vials.

htion
hting
ul), a
ivity
re, of

lume

an or

. Mark the lids of these counting vials with the designations N1,.S1y N2, S2, N3, S3, etc. Shake

n an
sible

hting
from
rated

g an
brnal
htion
pwer

Under optimal counting ‘tonditions, many liquid scintillation solutions can incorporate fip to

does
ight-

Place the counting vials in a fixed sequence in the liquid scintillation counter background, sample 1,
sample 1 with internal standard solution added, background, sample 2, etc.

Before counting, it is advisable to equilibrate the counting vials in the LSC for light and temperature
adaptation (e.g. overnight), thus reducing the chance of interfering luminescence occurring during
counting.

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

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 100 min count,
count five times for 20 min). For this purpose, an automatic sample presentation unit is necessary. This
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provides a better control of stability of the samples and the possibility of undetected erroneous counts
is reduced.
A.3 Expression of results

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

Formula (A.1):

c_s s (A1)
Aa
wherre
. is the count rate, in pulses per second, of the sample with the internal standard golution (see
* 6.1.2) added;
g is the count rate, in pulses per second, of the sample without internal standard solfition added;

4 1sthe added activity.

For estimating the uncertainty, the uncertainty in the velume or mass of the interral reference
solution and the certificated activity shall be taken into/account.
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TDCR Liquid Scintillation Counting

B.1 General

The Triple t

calculation
counting ra|
photons em
conditions.

The TDCR 1
known-actiy
(PMT), as s}
decay prody

Key

f the detection efficiency from the experimental ratio of double and triple coincid
es. The underlying theory is based on a statistical distribution law of\the numb
tted by the scintillation process, the Poisson law, which is well suited to mest measure

nethod allows obtaining the sample counting efficiency and activity (DPM, Bq) wit
rity standards. It requires a liquid scintillation counter with three photomultiplier {
own in Figure B.1, and utilizes the fact that scintillations are’'multi-photon events, i.e.
ces a flash of several photons within a few tens of nanosecends.

PM R

Double Coincidence Ratio method (TDCR) is a primary measurement method allowinlg the
standardiZaEion of radionuclides by Liquid Scintillation Counting (LSC).[20](21] The TDCR method a

lows
ence
er of
ment

hout
ubes
each

1 sample

Figure B.1 — Sample/detector geometry for TDCR counting

A valid pulse is recorded if the counter detects a triple coincidence (triple, simultaneous detection from
all 3 PMT’s) or a double coincidence (double, simultaneous detection from 2 PMT’s). The sum of triples
+ doubles is called the logical sum of doubles and it represents all accepted coincidence pulses from

counting.

14
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The core parameter is the Triple to Double Coincidence Ratio (TDCR) which is given by:

TDCR = ——

t t

t+d D

where

t

d

is the number of obtained triples;

is the number of obtained doubles;

Thus

One
beta
few
nece

The
meas
effici
the ¢
The j
spec
phot

Mod¢
utiliz
with
The
(e.g.

via t
from
TDC]
analy

The
estali

B.2
Whe

TDCR technique reguires a minimum amount of activity, usually more than some Bq-l-

D Is the number of logical sum of doubles = all obtained coincidences.

, TDCR is the ratio of triple coincidences to all coincidences.

emitters, e.g. 3H, 14C, 35S, 63Ni, 32P, 33P, it approximates counting efficieney of D, us
percent bias. As the bias of TDCR is relatively small in most applicatiens, a calibraf]
ssarily be required for some analysis.

TDCR method is in use as a primary standardization method" in national and i

ency. The software include factors such as the Poisson medel for PMT photoelectron
nergy spectrum of the beta particles and ionization quenching function for beta par
programs calculate the detection efficiency that corresponds to the measured TDCR. F
alist TDCR counters at measurement institutes, can take into account differenc
btubes.

ern LSC counters with three photomultiplier tubes can be used for all the differsg
ling liquid scintillation counting, either by-applying the TDCR counting technique or by
reference standards.

DCR method can also be applied-to-Cerenkov counting (see Annex C). High-energy b
B2P, 898r, 90Y, 40K ..) can elicit light emission directly in water, without a liquid scintillat
he Cerenkov phenomenon. Models have been developed to obtain Cerenkov countiy
the observed TDCR. Forgexample, the TDCR-Cerenkov counting technique in combi
R-LSC can be applied for a,rapid analysis of 89Sr and 90Sr in case of a nuclear incident
sis (e.g. 90Sr, 90Y).

lish accurately. the t/D ratiol22].

Efficiency and quenching

h calculating the counting efficiency, the quench effect plays a dominant role. In TD

3id

hdvantage of the technique is that the TDCR can be used as a quench parameter. With fnany simple

ually with a
ion may not

nternational

urement institutes. Metrologists have developed specialist,software to calculate the detection

listribution,
ticle energy.
irthermore,
es between

nt methods
F calibration

bta particles
jon cocktail,
g efficiency
nation with
r in routine

,in order to

CR counting

ntical phnfnhlhnc are ncnrl, and the detection nFFir‘innry is calculated for double coind

idences and

for triple coincidences.

Increasing quench reduces the number of scintillation photons. This reduces the probability for triple
coincidences (cubic dependence) more than in relation to probability for double coincidences (quadratic

depe
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Figure B.2 — Various 14C spectra for different querich level

he triple-to-double coincidence ratio (TDCR) is a cenvenient quantity for quench

the triple to double counts/coincidences can be calculated by using the Poisson distriby

nverges for high numbers of decays against the overall efficiency. Hence, the meas
under these circumstances approximates well the counting efficiency of the system.

jue of TDCR-method enables amautomatic quench correction without using ext
'he TDCR method is therefore an’absolute activity measurement method for detecti
p.g. 3H, 14C, 32P, 33P, 35S, 63Nj\89Sr, 90Sr) and pure EC-emitters (e.g. 55Fe) activity.

standard is needed-if'there is more than one radionuclide in the sample or to reduc
of the result.

nvironmental€vels, an external source is recommended for the determination o

and
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Iculated counting efficiencies for double and triple coincidences, using Birk’s paranjeter,
and by usinjg the calculated transferred energy spectritm. The ratio of the triple to double cou
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