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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.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Starjdards
adopted by the technical committees are circulated to the member bodies for voting.)yPublication s an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shiall not be held responsible for identifying any or all such patent rights:.

ISO 9698 wag prepared by Technical Committee ISO/TC 147, Water quality.

This second |edition cancels and replaces the first edition (ISO 9698:1989), which has been techpically
revised.
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Introduction

The tritium present in the environment is of natural origin and man made. As a result of atmospheric nuclear
weapon testing, emissions from nuclear engineering installations, and the application and processing of
isotopes, relatively large amounts of tritum have been released to the environment. Despite the low dose
factor associated to tritium, monitoring of tritium activity concentrations in the environment is necessary in
order to follow its circulation in the hydrosphere and biosphere.
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INTE

RNATIONAL STANDARD

ISO 9698:2010(E)

Water quality — Determination of tritium activity
concentration — Liquid scintillation counting method

WARNING — This International Standard does not purport to address all of the safety problems, if

any,
healt

practices and to ensure compliance with any national regulatory conditions.

safety and

IMPORTANT — It is absolutely essential that tests conducted according to this International Standard

This |
samp

The ¢
detern
[2], [3

Direct
prese

ried out by suitably trained staff.

cope

hternational Standard specifies the conditions for the determination of tritium activity co
es of environmental water or of tritiated water ([3H]H20) usingdliguid scintillation counting.

hoice of the analytical procedure, either with or without distillation of the water sa
nination, depends on the aim of the measurement and the sample characteristics (see R

).

measurement of a raw water sample using liquid scintillation counting has to considet
nce of other beta emitter radionuclides. To -avoid interference with these radionuclides v

detecled, the quantification of tritium will be pérformed following the sample treatment by d

Refer

bnces [4], [5], [6], [7]). Three distillationprocedures are described in Annexes B, D and E.

The mpethod is not applicable to the analysis of organically bound tritium; its determination requ

chem
With s

below|
lower

2 N

The f
refere|

cal processing (such as chemigal oxidation or combustion).
uitable technical conditions, the detection limit may be as low as 1 Bq I=1. Tritium activity

108 Bq I-! can be determined without any sample dilution. A prior enrichment step ca
the limit of detection{(see References [8], [9]).

ormative-references

bllowing. referenced documents are indispensable for the application of this docume
hces, ‘only the edition cited applies. For undated references, the latest edition of th

ncentration in

mple prior to
eferences [1],

the potential
hen they are
stillation (see

res additional

oncentrations
n significantly

nt. For dated
e referenced

docun

nent (including any amendments) applies.

ISO 5667-1, Water quality — Sampling — Part 1: Guidance on the design of sampling programmes and
sampling techniques

ISO 5667-3, Water quality — Sampling — Part 3: Guidance on the preservation and handling of water
samples

ISO 5667-14, Water quality — Sampling — Part 14: Guidance on quality assurance of environmental water
sampling and handling

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

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories
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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)
3 Symbols, definitions and units

For the purposes of this document, the definitions, symbols and units defined in 1SO 80000-10,
ISO/IEC Guide 98-3 and ISO/IEC Guide 99, as well as the following symbols, apply.

Brnax Maximum energy for the beta emission, in kilo-electronvolts

14 Volume of test sample, in litres

m Masg of test sample, in kilograms

P Mass density of the sample, in grams per litre

cy Actiity concentration, in becquerels per litre

a Activiity per unit of mass, in becquerels per kilogram

A Activfity of the calibration source, in becquerels

t Background counting time, in seconds

Iy Sample counting time, in seconds

g Caligration counting time, in seconds

n Numbper of repetitions

roi Background count rate in the repetition i, per second

o Mean background count rate for i repetitions, per second
rgi Sample count rate in the repetition i, per second

rg Meap sample count rate for i repefitions, per second

Fg Caliggration count rate, per second

& Detegtion efficiency

& Efficiency measuréd.for each of the working standards to elaborate the quench curve
fq Quench factof

u(c,) Stangard uncertainty associated with the measurement result, in becquerels per litre

U Expanded-unecertainty—caleulated-by- U=tk—nfep-with-k =12 ——in-becquerelsperlitre
c; Decision threshold, in becquerels per litre

Cj Detection limit, in becquerels per litre

Cj,cz Lower and upper limits of the confidence interval, in becquerels per litre

2 © 1SO 2010 — Al rights reserved
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4 Principle

The test portion is mixed with the scintillation cocktail in a counting vial to obtain a homogeneous medium.
Electrons emitted by tritium transfer their energy to the scintillation medium. Molecules excited by this process
return to their ground state by emitting photons that are detected by 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 portion activity, after correcting for the background count rate and
detection efficiency.

In order—to-determine-the har\l{grr\llnr] count rgfn, 2 hlank egmpln IS prnpgrnd n-the same W y as the test

portiop. The blank sample is prepared using a reference water of the lowest activity availablef{also sometimes
called|“dead water”.

The dgtection efficiency is determined with a sample of a standard of aqueous tritium~(calibratior} source), or a
dilutiop of this standard with water for the blank, measured in the same conditions as-the test portion.

The cpnditions to be met for the blank sample, the test portion and the calibration’source are the|following:

|
7]

hme type of counting vial;

|
n

bme filling geometry;

|
n

bme ratio between test portion and scintillation cocktail;

— tgmperature stability of the detection equipment;

|
<

blue of quench indicating parameter included._in-Calibration curve.

IMPORTANT — Quench correction: If the measurement results are affected by particular ¢onditions of
chemjcal quenching, it is recommended that a quench curve be established. It is importgnt to choose
a suitpble chemical quenching agent for the type of quenching suspected in the sample.

NOTE For high activity and highly:quenched samples, it may be practical to use an internal standard method, as
descriped in Annex C.

5 Reagents and equipment

Use only reagents.of fecognized analytical grade.

5.1 |Reagents

5.1.1 | “"Water for the blank

The water used for the blank shall be as free as possible of chemical impurities to avoid quenching, of
radioactive impurities (see Reference [10]) and with an activity concentration of tritum negligible in
comparison with the activities to be measured.

For example, a water sample with a low tritium activity concentration can be obtained from (deep)
subterranean water kept in a well-sealed borosilicate glass bottle in the dark at a controlled temperature
(ISO 5667-3). This blank water sample shall be kept physically remote from any tritium-containing material
(see Clause 4, important notice). Determine the tritium activity concentration (= 0), in Bq |-, of this water and
note the date (¢ = 0) of this determination (see Clause 4, Note).

© 1SO 2010 — Al rights reserved 3
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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) or other radioactive species should be avoided.

As the activity is becoming non-negligible for activities around 1 Bq I-1, it is necessary to use a blank water
measured to ensure the “absence” of tritium. The ftritium 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 I-.

When the volume of blank water is sufficiently large, e.g. 101 to 201, and well-sealed, tritium activity
concentration will remain stable for years, although it is advisable to determine the ftritium activity

concentration

at predetermined intervals, e.q. every year

5.1.2 Calibration source solution

In order to av
tritium analys
the requisite
concentration
blank water a
solution (z=0

The tritium 4
measured my

5.1.3 Scinfjllation solution

The scintillation cocktail is chosen according to the characteristics of the sample to be analysed and acc

to the propert

It is recomme
environmenta|

The charactefistics of the scintillation cocktail must allow the mixture to be homogeneous and stable.

For the direo
scintillation cd

It is recomme|

store in t
order to

comply W

Did cross-contamination, prepare, in a suitable location which is remote from the-area whe
s are to be carried out, weigh and pour into a weighed volumetric flask (for-example, 1
quantity of a concentrated tritium ([3H]H,O) standard solution, so that’the tritium
will generate sufficient counts to reach the required measurement unceftainty after dilutig
nd thorough mixing. Calculate the tritium activity concentration of the resulting calibration §
. Note the date at which the standard solution was made up (¢ = 0).

4

[«

ctivity concentration of the calibration source solution at time ¢ at which the samplg
st be corrected for radioactive decay.

es of the detection equipment (see Reference [1/1]).

nded to use a good hydrophilic scintillatioh cocktail, especially for the measurement of
water.

t measurement of raw waters containing particles in suspension, it is recommended
cktail leading to a gel-type mixture be used.

nded to:

he dark and, particularly just before use, avoid exposure to direct sunlight or fluorescent |
revent interfering luminescence;

ith the.storage conditions specified by the scintillation cocktail supplier.

re the
D0 ml)
ctivity
n with
ource

S are

brding

usual

that a

ght in

The mixtures

(sCintillation cocktail and test sample) should be disposed of as chemical waste, and, depgnding

on the radioactivity, may require disposal as radioactive waste.

5.1.4 Quenching agent

The following are examples of chemical quenching agents: nitric acid, acetone, organochloride compounds,

nitromethane.

NOTE

Some quenching agents are dangerous or toxic.
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5.2 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

Control of the quantity of liquid scintillation cocktail used in source preparation is essen

consistent data quality.

5.21

Liquid
recon
liquid

Intern
When

5.2.2

Different types of scintillation vials exist, manufactured using a range of materials. The most

Liquid scintillation counter

btional Standard relates to the widely used liquid scintillation counters with vials that-holq
other vials are used with appropriate counters, the described method shall be adapted acd

Counting vials

tial to achieve

scintillation counter with a low-level conﬂguratlon may be needed. The method specifi

about 20 ml.
ordingly.

common are

glass |vials and polyethylene vials. Glass vials allow visual inspection of the scintillation medium, but have an
inhergnt background, due to the presence of 40K. However, some organic solvents contained fin scintillation
cocktails diffuse through the polyethylene, accelerating the degradation of the mixture.

Other

=

(¢

o T

(@)

Gene

To prevent interfering luminescence, the counting vials should be kept in the dark and should n

to dire

Tolue
comb
walls

6 S

types of vials exist:

ass vials with low level of 40K, will exhibit a lower background than “normal” glass vials;
r the determination of very low tritium concentration, the use of polytetrafluoroethylene (F
blyethylene vials with an inner layer of PTEE-on the inside vial wall is strongly recommen
[ organic solvents is then slower through RFFE than through polyethylene. These vials are

bunting times with very low-level activity‘to be measured.

ally, the vials are single use. If the Vvial is reused, it is necessary to apply an efficient cleani

ct sunlight or fluorescent'light, particularly just before use.
ne-based scintillationZsolutions may physically distort polyethylene and should therefore

hation with polyethylene counting vials. Diffusion of organic solvents into and through the
s also a serious drawback of polyethylene vials.

ampling and samples

PTFE) vials or
ded. Diffusion
used for long
ng procedure.
bt be exposed

ot be used in
polyethylene

6.1

Condi

Sdlllp“llg

tions of sampling shall conform to ISO 5667-1.

It is not advised to acidify the sample due to the high chemical quench caused by acids, and the potential
presence of tritium in the acid, as specified in ISO 5667-3.

It is important that the laboratory receive 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.

For low level activity measurements, it is important to avoid any contact between sample and atmosphere
during the sampling.
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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 Proced
71

711
Measurement

the activity of]
performed as

7.1.2 Distill

Examples of dlistillation procedures are given in Annexes B, D and E.

Distillation sh

Distillation or
of tritium and

7.2 Prepat
Known quantji
After closing t
The vial iden
scintillation
measurement
after 12 h.

In order to re

place in dimn
fluorescent lig

7.3 Count

The measure
defined accor

Direct procedure

ation

ure

Sample preparation

of the test sample is generally performed on raw water without removal of suspended ma
a filtered or centrifuged sample is to be measured, the removal of suspended matter sk
soon as possible after the sampling (see ISO 5667-3).

Il avoid isotopic fractionation (see Reference [12]).

any other physic-chemical treatment of water is not apprepriate for simultaneous measur
14C.

ation of the sources to be measured
ty of test sample and scintillation cocktail are-introduced into the counting vial.

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

tter. If
all be

ement

tification shall be written on the top of the vial stopper. The storage time depends up
ixture, the mixture stability and the nature of the sample. It is recommended to perfor

Huce photoluminescence effects, it is recommended that the above mentioned operation
ed light (preferably,light from an incandescent source or red light); in addition, direct sunl
ht should be ayoided.

ng procedure

ment ‘conditions (measurement time, blank sample, number of cycles or repetitions)

n the
m the

as soon as any photoluminescence or static electricity effects have become negligible, e.g.

5 take
ght or

vill be

ding to the uncertainty and detection limit to be achieved.

7.31

Control and calibration

Statistical control of the detection system shall be monitored by measurement of suitable reference
background and reference sources usually provided by the equipment supplier, for example in compliance
with 1ISO 8258 [13],

The measurement of the blank sample is performed before each analysis or each series of sample
measurement in representative conditions of each type of measurement (Clause 4).

The detection efficiency is determined with a sample of a standard of aqueous tritium (calibration source), or a
dilution of this standard with water for the blank, measured in the same conditions as the test portion.
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Using direct measurement, it is essential to generate a quench curve for each type of water measured. The
quench curve is valid only for:

— a

a

given type of measurement equipment;

given type of scintillation cocktail;

a given ratio of scintillation cocktail and test sample.

The quench curve is obtained with a series of working standards (10 for example), presenting different
quench. The matrix of the working standards is representative of matrix of the samples to be measured (same

scintil

ation liotd cama ratin cointillatian Lanid tact camnlal Thao wwarkina ctandarde mav h
HOH—Hg tHE—SarHe—ato0—SGH o ua—teSt—SarhptE ) —e—Wormg—StanaaraS—Hay—o

prepared as

followp:

= N

r

—

K

—

f

5
milar quantity of certified standard tritiated water solution in each vial; the activity o
andard must be sufficient for the counting ratio to be defined with a known statistical pred
e case of a strong quench;

e standard is completed with reference water until the volume of test sample is reached;

e scintillation cocktail is added to obtain the desired ratio;

— a} least one working standard is used as it is; in the other 4vorking standards, increasing

glenching agent are added to simulate the quench encountered in the samples to be measy
The guench curve relating & and the quenching parameter{provided by the equipment are useqg
Jq as fpllows:

&
=9

Aq -
7.3.2 | Measurement conditions
The cpunting room used shall be suitable for the measurement equipment and for the activity
samples.

The measurement is performed using an energy window that is between the detector noise thre

:Bmax
the fig

The a
of the

In ord
repetit
is cou

bf tritium (18,6 keV):\ 1t is recommended to choose the width of the energy window in ord
ure of merit (52 50 |-
psence of-ether radionuclides is verified by checking the counting rate above the maximun
tritium.

er-to*verify the stat|st|cal distribution of counting data, it is recommended to arrange the

the certified
ision, even in

quantities of
red.

to determine

(1)

levels of the

shold and the
er to optimize

N energy Bax

e counting as

n-thao-chbh

nnnnnnnnnnnn +
T arc—oST

cond sample

tha firct copan mtod-caveral-timaocin ronas Loyt o ¥
TOTTS OIS TIT Ot \JCAIIIPIU IS-EoHftea-SeverartmestHh—arow \IIUIIIUUI Ot |Upc|.||.|u||o/,

nted likewise, and so on.

For measurement of low activities, it is recommended to fractionate the counting as cycles: all samples are
counted once, then the counting starts for the 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 allows
taking into account any perturbations, punctual or cyclic (night and day alternation for example) associated to
the measurement equipment environment.
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7.3.3 Interference control

7.3.3.1  Interference arising from luminescence

Serious interference of tritium determinations can occur due to a variety of luminescent processes, e.g.
chemiluminescence, phosphorescence, triboluminescence, and static electricity. It is advisable to use a liquid
scintillation counter capable of identifying these single photon events and current LSC equipment can even
automatically correct for these interferences. In the absence of such an automatic correction the tritium is
measured in parallel in another measurement, channel B having the same lower threshold as measurement
channel A, but an upper threshold adjusted so that the tritium counting efficiency is about two-thirds of the

tritium counting efficiency of channel A.

In the absen
activity conce
each channel

In the presen
than for chan

registered by
points to an in

ce of interfering luminescent phenomena, calculation should yield the same absolute
ntration in a sample for both measuring channels A and B, using appropriate efficienci

ce of excessive luminescence the calculation will give an apparently higher a¢tivity for cha

channels A and B with the same counting efficiency. The occurrence” of such a discreg
terference due to luminescence and the data should be discarded.

7332 Eq

Once the m

maintained by measuring in each sequence two hermetically sealedyunquenched vials, one containing
standard solufion and the other containing blank water. Drift of the:equipment from its initial setting will th
easily detectdd. For control purposes, the use of control charts{see ISO 8258) is advisable.

ipment stability

surement channels A and B have been adjusted, it is;advisable to check that the set

tritium
es for

hnel B

nel A, due to random coincident single photon events which the equipment’cannot distipnguish
from the tritilm double photon pulses; these pulses lie near the lower thresholdand are conseq

uently
pancy

ing is
tritium
en be

8 Exprespion of results

8.1 General

In the particular case of the measurement of radionuclides by liquid scintillation, only the elemgntary
uncertainties pf the following parameters/are retained:

— test and blank samples counts;

— detection| efficiency in {hie'‘Considered energy window for a given quench indicator parameter;

— volume or mass_of test sample.

The othe; un¢ertainties may be neglected in first approximation (scintillation liquid volume or mass, counting
time, etc.).

For symbols not defined in Clause 3, see also Annex A.

8.2 Calculation of activity concentration

The sample activity concentration of the radionuclide present in the sample is calculated using Equation (2):

Cy=

I"g—l"o )
V

Vg fq

1 —_—
€ fq

(rg—rg)-w

—rg
A

v,
and ¢ =-S5

)
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o .
rg and rq are calculated following the expressions: rg=>»" % and ry = Z" '0i | considering that the

number of repetitions is the same for the sample and for the back’éround.

i=1 5’

i=1

The combined uncertainty is calculated using Equation (3):

u

u

(CA)=\/w2 '[uz(r9)+“2(r0)J+cA2'”rzel(w) :\/(Wz/n)~(rg/tg +r0/t0)+cA2 -urze|(w)

(W) = uZ (&) + ufe (V) +uer(fq)

@)

(4)

and th

S

CoNSi(

N

N

For th
of c, @

=1

NOTE
calculg

in the @bove).

8.3

Thed

o

a=0,

8.4

Thed

e relative standard uncertainty of ¢ for each quenching value Is calculated using Equation

21(8) = udy(rs —10) + uy(A) = (re/ts+roltg)l(rs — Vo)z +udy (4)

ering that in this case rg as well as ry come from one single measurement.

,?el(A) includes all the uncertainties related to the calibration sourcesthat is in the stapdard solution

and the preparation of the calibration source;
r2e| (fq) depends on the mathematical model used to fit the quench curve.

e calculation of the characteristic limits, Z[(EA) is needed(see ISO 11929), i.e. the standa
s a function of its true value, calculated by using Equatiotr’(6):

(EA)=\/(wz/n)-[(aA/wwo)/tg+r0/to]+5§ 1 2l)

If mass is used instead of volume, the mass of the test sample, m, is expressed in kilograms. T
tions are done with similar equations. Activity may also be expressed as the activity per unit of masg

Decision threshold

bcision threshold, c;, is obtained from Equation (6) for EA =0 (see ISO 11929).This yield

[ = kq_y i1(0) = kg, S flrg 1) (11g +111q)
D5 with £4_, =165 are often chosen by default.

Detection limit

rd uncertainty

(6)

he intermediate
(m replacing V

ptection limit, c’ff, is calculated by using Equation (8) (see ISO 11929):

c

Bk piich) =+ kg -\/(w2 /n)-[(cfj Iw+10) tg +7 /tO)J+cﬁ2 2 (w)

£ =0,05 with k1_ﬁ: 1,65 are often chosen by default.

(8)

The detection limit can be calculated by solving Equation (8) for cff or, more simply, by iteration with a starting
approximation cff =2-cy.
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When taking a = g, then k,_,, = k1_ﬂ= k and the solution of Equation (8) is given by Equation (9):

2

-cA*+(k2-w)/n~tg

#
s 1-k2 -urze| (w) ©

8.5 Confidence interval limits
The lower, cj, and upper, c%, confidence limits are calculated using Equations (10) and (11)
(see 1ISO 11929):

ci=cathy uley) p=w-(1-7/2) (10)

¢ =cqthyulcy); g=1-(0-7/2) (11)
where

= @[y u(y)] with @ being the distribution function of the standardized normal distribution;

1-y is the probability for the confidence interval of the measurand;

=1 may be setif ¢, >4-u(c ).
In this case,

e =ty ik1,},/2-u(cA) (12)
7 =005 and|ky_, /> =196 are often chosen by default:
8.6 Calculptions using the activity per unit of mass
The activity cpncentration may be calctlated multiplying the activity per unit of mass by the mass density pin
grams per litr¢, as follows:

CA:%%.g-,[_)fq:(rg_ro).w andw=ﬁ;€.fq (13)

ey (w) =ufe) (&) Tt (m) + ufer(p) + ey ( fg) (14)
The uncertainty,the characteristics limits and the limits of the confidence interval may be calculated using the

previous expr

ession [Equations (3), (7), (8) and (9)] with Equations (13) and (14).

9 Testreport

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

a) a reference to this International Standard (ISO 9698:2010) with the mention of the sample pretreatment

with or wi

b)

10

ithout distillation;

identification of the sample;
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c) units in which the results are expressed;

d) testresult, ¢, + u(c, or c, + U with the associated & value.

Complementary information can be provided, such as:
e) probabilities , fand (1 - y);
f)  decision threshold and the detection limit;

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

- when the activity concentration ¢, is compared with the decision threshold (see. IS

decision threshold;

— when the activity concentration ¢, is compared with the detection limit, the result of the

measurement purpose;

h) mention of any relevant information likely to affect and/or explaip-the results.

D 11929), the

result of the measurement should be expressed as <c, when the result is below of equal to the

measurement

can be expressed as < cj when the result is below or equal to the detection limit. If{the detection
limit exceeds the guideline value, it shall be documented that thé-method is not syitable for the

© 1SO 2010 — All rights reserved
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Numerical applications

Annex A
(informative)

Table A.1 presents the parameter values for three situations of activity concentration. This table may be used
to verify any computation of the different formulae. The repetition number, 7, is taken to be = 1.

Table A1
Symbol Unit c <y cy<c <ct e >ct
Ny 210 225 390
ly s 3600 3600 3600
g . 0,058 3 0,062 5 0,108'3
No 180 180 180
f0 s 3600 3600 3600
0 s 0,050 0,050 0,050
v | 0,010 0,016 0,010
u(v) | 0,002 5 0,002 5 0,002 5
P 0,25 0,25 0,25
(8 0,035 0,035 0,035
a By % 8 5 5
w -1 400 400 400
(W) 0,252 0,252 0,252
® — 0,922 0 0,974 2 0,999 8
p — 0,898 9 0,949 9 0,974 9
P — 0,977 0 0,975 6 0,975 0
ks — 1,275 1,644 1,957
k, — 1,994 1,971 1,960
¢, Bq I 3,33 5,00 23,33
u(c,) Bq I 2,35 2,57 6,46
cy Bq I 3,47 3,47 3,47
A Bq I 8,74 8,74 8,74
s Bq I 0,34 0,78 10,69
5 Bq I 8,02 10,06 36,00

Ny and N, are the number of the counted impulsions for the sample and for the background, respectively.

12

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=aadfbb98f6a016298b6f8a66988273f6

ISO 9698:2010(E)

For example, functions to calculate w, k,, k,, in Excel®!) are:
o= NORMSDIST (u(cA)/cA )
k, = NORMSINV (p)

k, = NORMSINV (q)

1) Microsoft Excel is an example of a suitable product available commercially. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of this product.
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Annex B
(informative)

Distillation of large volume sample

B.1 Principle

Samples of v
the water san
iodine into io
(see Referen

NOTE Th
distillation toge

B.2 Reagents and equipment

During the an

B.2.1 Reag

For the oxidant/alkaline medium use either of those given in B.2,11.

B.2.1.1 S

The sodium h

potassium permanganate, KMnO, and sodium hydroxide, NaOH.

pltrme—frorm—106-mi-to-506-mi-are—consideredastarge—volume—samples—Before-the—distilla
ple, oxidizing and suitable alkaline agents are added to degrade organic matter and, trar
dide. An aliquot of the distillate is then mixed with the scintillation solution in a_countin
e [14]).

e majority of the interfering compounds, which quench the scintillation process, remaingn-the residus
her with any interfering radionuclides (radioactive iodine, carbon 14, caesium 137,.etc/).

plysis, use only reagents of recognized analytical grade.

bnts

odium thiosulfate, anhydrous, Na,S,05, and sodium carbonate, anhydrous, Na,CO3, 0

ydroxide shall be free of tritium.
ritium standard solution.
cintillation solution:

lank water.

arborundum-or glass beads.

ment

ion of
sform
g vial

of the

-

B.2.1.2 T
B.2.1.3 S
B.2.1.4 B
B.2.1.5 d
B.2.2 Equip
Use usual lat
B.2.2.1

— cooler, ci

B.2.2.2

14

ratory equipment and-thefottowing:

Cooling system, consisting of

rculating bath (5 °C);

Dewar flask, adapted to the receiver flask.
Heating system, consisting of
heater, adapted to the distillation flask;

air gun heater.
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B.2.2.

B.2.2.

B.2.2.

B.2.2.

ISO 9698:2010(E)

3 Distillation equipment, consisting of the following.
3.1 Distillation flask, with a capacity of 500 ml.

3.2 Splash head.

3.3 Distillation column, length 40 cm.

3.4 Condenser.

3.5 Adapter, bent type.

The e

B.2.2]

B.3

Place
and e
in ord

Assern

Distil,
Disca

B.3.1
Place
If a s
All the

The in

B.3.1.
Add th

a) 0

Huipment shall be dried before use.

3.6 Borosilicate glass or polyethylene bottles, of capacity about 100 ml.

Distillation

the test sample in the distillation equipment. Add a quantity of oxidaat agent to convert iod
nough alkaline agent to make the sample alkaline. Add porous porcelain or carborundum @
br to facilitate a homogeneous and smooth boiling.

nble the distillation equipment and start the distillation process.

discard the first part of distillate, and collect about _half of the middle fraction in a clean 4
d the residue in the flask.

Sample preparation
an aliquot of the water sample (100 mlite-250 ml) in the distillation flask.
spended matter is observed, it can-be eliminated by filtering.
employed material has to beywell dried.
itial sample should not be acidified and should be kept in an hermetic glass container.
1 Oxidation in.alkaline medium
e necessaryreagents to obtain an adequate medium for the oxidation. The following can &

1 g of-\petassium permanganate and 0,5 g of sodium hydroxide; or

b) 0

25.9g of sodium thiosulfate and 0,50 g of sodium carbonate.

NOTE

If the above reagents are not added, the possible presence of organic matter and/or volatile

sample can affect the results.

B.3.1.

2 Homogenization

ne into iodide
r glass beads

nd dry bottle.

e used:

isotopes in the

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

B.3.2

Discard

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

© 1SO 2010 — All rights reserved
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B.3.3 Collection

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

B.3.4 Control

The pH value or the conductivity of the intermediate distillation fraction has to be controlled. The pH value
must be neutral and the conductivity lower than 100 uS cm~2. When these pH or conductivity conditions are
not satisfied, the distillation shall be performed again.

The distilled fample should be kept in an hermelic glass confainer and in a refrigerated and dark [room,
preferably.

B.4 Measyrement

The measurenent steps shall be performed as described in 7.2 and 7.3.

16 © 1SO 2010 — Al rights reserved
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Annex C
(informative)

Internal standard methods

C.1 Principle

A triti
chem

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

Sample preparation

ch water sample, fill, preferably in dimmed light, two counting vials, with-a volume 7, in
f scintillation solution followed by a volume V=20 - 7, in millilitres, ‘'ef 'sample. Identify

same|way, the appropriate number, as required by the counting procedure, of background coun
a volume V4, in millilitres, of scintillation solution followed by a volume V=20 — V4, in millilitres, g

les with high

millilitres (see
separately the
quantity of a
4. Fill, in the
ting vials with
f blank water.

The total inaccuracy of each addition should be less than orequal to 1 %. Mark the lids of these counting

vials, for example with the designations N4, S;, N,, S,, N385, etc. Shake the counting vials th
uniformly, for example using a shaking machine.

The gbove-mentioned operations should take placedin dimmed light (preferably light from an
sourcg or red light). Avoid direct sunlight or-fluorescent light in view of the possible in
lumingscence in some batches of counting vials:

For ra
samp
from 4

utine control determinations of similar samples, a small difference in the counting efficig
es may be experienced. If this occurs, it would be acceptable to determine a mean coun

by a qalibrated external standardtechnique.
The uge of an internal standard is recommended when polyethylene counting vials are used. W\
exterrjal standard in polyethylene counting vials, interference may arise because the countin

extern
solutiq
tempsg

al standard changes as a function of time, on account of the loss of components of tf
ratures (4 °C-to 10 °C) than at higher temperatures (e.g. 20 °C to 25 °C).

NOTE
water;

WUnder optimal counting conditions, many liquid scintillation solutions can incorporate up to
in this case V; = 10 ml.

oroughly and

incandescent
lerference by

ency between
ting efficiency

n internal standard in addition.fo the two to three samples of the group or to use the effici¢ncy indicated

hen using an
g rate of the
e scintillation

n by diffusioninto the wall of the counting vial. The effects are considerably smaller at lower

about 50 % of

C.3 Counting procedure

After shaking, wipe the counting vials with a damp cloth that does not leave any deposit to remove any

electrostatic charge; hereafter, avoid contact with the light-transmitting parts of the counting vials

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

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

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

© 1SO 2010 — All rights reserved
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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 provides for a
better control of stability of the samples and the possibility of undetected erroneous counts is reduced.

Before counting, it is advisable to equilibrate the counting vials in the liquid scintillation counter for light and

temperature adaptation, for example overnight, thus reducing the chance of interfering luminescence
occurring during counting.

C.4 Expression of results

The generic| formulae are used taking into account that the counting efficiency is calculated with
Equation (C.1|):

rg — 11

o (C.1)

< IS the counting rate, in pulses per second, of the sample with the intefnal standard solution added,;

is thé counting rate, in pulses per second, of the sample without internal standard solution add€d;

A4g is the added activity.

18 © 1SO 2010 — Al rights reserved
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D.A1

Samples of volume below 100 ml are considered as small volume samples. A dry distillatio
realiz
distillgtion equipment, including the beads, must be dried (100 °C) before use.

If necgssary, the addition of dry calcium carbonate is used to neutralize the water to be’distilled.

If necgssary, the addition of sodium thiosulfate or potassium permanganate oxidizes the water §
is them made alkaline and distilled.

NOTE The majority of the interfering compounds, which quench the scintillation process, remain in th
the distillation together with any interfering radionuclides (radioactive iodinegcarbon 14, caesium 137, etc.)

D.2

During the analysis, use only reagents of recognized analytical grade.

D.2.

D.21{1 Calcium carbonate, dry, CaCQgy.

D.21p2 Sodium thiosulfate, anfiydrous, Na,S,0, and sodium carbonate, anhydrous, Na

The

D.213 Working.tritium standard solution.
D.2.14 Scintillation solution.

D.2.1.|5 Blank water.

ISO 9698:2010(E)

Annex D
(informative)

Distillation of small volume sample

Principle

with a small volume of water. The almost closed system avoids an isotopic fraction

Reagents and equipment

1| Reagents

potassium permanganate, KMnO,, and sodium hydroxide, NaOH.

spdium hydroxide shall-be free of tritium.

bCO3, or

D.2.1.6 Carborundum or glass beads.

D.2.

Use

2 Equipment

usual laboratory equipment and the following.

D.2.2.1 Cooling system, consisting of

cooler, circulating bath (5 °C);

Dewar flask, adapted to the receiver flask.

© 1SO 2010 — All rights reserved
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