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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 Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe technical committees are circulated to the member bodies for voting. Publication as an
International|Standard requires approval by at least 75 % of the member bodies casting a vote.

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

ISO 13162 was prepared by Technical Committee ISO/TC 147, Water quality.
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Introduction

The carbon 14 (4C) 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 '4C have been released into the environment. Due to the substantial
proportion of 14C in the human internal dose contribution, monitoring of 4C activity concentrations in the
environment is necessary in order to follow its circulation in the hydrosphere and biosphere. 4C is the second
radionuclide (~3 500 Bq) to contribute to the human body natural radioactivity, behind 49K (~6 000 Bq).

© 1SO 2011 — All rights reserved \%
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Water quality — Determination of carbon 14 activity — Liquid

sci

ntillation counting method

WARNING — Persons using this International Standard should be familiar with normal laboratory
practice. This standard does not purport to address all of the safety problems, if any, associated with

its use

ens

IMP(
be c

1

This
samy]

q
y

The ethod is applicable to the analysis of any organic moleculgysoluble in water that is well m

scinti
inadg

of the scintillation cocktail and the results are underestimated. The method is not applicable to

of or

oxidgtion, combustion).

Itis g

2

The following referenced documeghts “are indispensable for the application of this documen

refer:
(incly

ISO
samy

ISO §

ISO
confi

arried out by suitably trained staff.

. It is the responsibility of the user to establish appropriate safety and health practices and to

RTANT — It is absolutely essential that tests conducted according to this Internatior

pcope

International Standard specifies the conditions for the determination™of 4C activity con
les of environmental water or of 14C-containing water using liquid scintillation counting.
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b667-1, Water qualityy— Sampling — Part 1: Guidance on the design of sampling prog
ling techniques

667-3, WaterqQuality — Sampling — Part 3: Preservation and handling of water samples

11929, Determination of the characteristic limits (decision threshold, detection limit and
Hencé interval) for measurements of ionizing radiation — Fundamentals and application
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ISO 80000-10, Quantities and units — Part 10: Atomic and nuclear physics

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

For the purposes of this document, the symbols, definitions, units, and abbreviations defined in ISO 80000-10,
ISO 11929, ISO/IEC Guide 98-3 and the following apply.

A Activity of the calibration source, in becquerels

cA Activity concentration, in becquerels per litre

CZ Decision threshold, in becquerels per litre

cﬁ Detection limit, in becquerels per litre

c} c; |_ower and upper limits of the confidence interval, in becquerels per litre

Jq Quench factor

m Mass of test sample, in kilograms

70 Background count rate, in reciprocal seconds

rg Sample count rate, in reciprocal seconds

rs Count rate of the calibration sample, in reciprocal seconds

10 Background counting time, in seconds

Ig Sample counting time, in seconds

ts Counting time of the calibration sample, in seconds

U - xpanded uncertainty, calculated by U = k u(dy) with k=1, 2, ..., in becquerels per litre
u(c4) Standard uncertainty associated with the measurement result, in becquerels per litre
V \Volume of test sample, in litres

a Activity per mass, in becquerels.per kilogram

Bmax [Maximum energy for the beta emission, in kiloelectronvolts

&£ Petection efficiency

P Mass density of the sample, in kilograms per litre

4 Principle

The scintillation \phenomenon results from interaction of ionizing radiation with solvents and compqunds
exhibiting fluorescence (scintillators). Both solvents and scintillators constitute the scintillation cocktaill The

scintillation mixture is achieved by adding the scintillation cocktail to the test sample in order to obtain a
homogeneous mixture.

The test sample is mixed with the scintillation cocktail in a counting vial to obtain a homogeneous medium.
Electrons emitted by 4C 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 electric pulses
allows the determination of the test sample activity, after correcting for the background count rate and detection
efficiency.

2 © 1SO 2011 — Al rights reserved
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In order to determine the background, 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, in accordance with the
activities to be measured.

The detection efficiency is determined with a calibration sample that is prepared with a standard of aqueous
14C, or a dilution of this standard with reference water, measured under the same conditions as the test sample.

The sample (blank, test, calibration) and the measurement conditions shall be:
— same type of counting vial;

— same filling geometry;

— game scintillation cocktail;

— game ratio between test sample and scintillation cocktail;

— temperature stability of the detection apparatus;

— Value of quench-indicating parameter included in calibration curve.

A prerequisite for the direct determination of 14C in a water sample is the abserice of or a negligible contribution
from |other beta-emitting radionuclides, such as 90Sr and Ra isotopes. When the radionuclide dontent of the
sampgle is unknown, the method specified in this International Standafrd only provides a 4C equijalent activity
for the sample.

Exaniples of methods of sample pretreatment are describeddn*Annexes C and D.

Conderning quench correction, if particular conditions of\Chemical quenching affect the measurement results,
it is recommended that a quench curve be established.\lt is important to choose the chemical quenching agent
in acgordance with the supposed type of quenching@bserved in the sample.

5 Reagents and equipment

5.1 |Reagents

Durirlg the analysis, unless othetwise stated, use only reagents of recognized analytical grade.

5.1.1] Reference water for-the blank

The reference water/forthe blank should be as free as possible of chemical or radioactive impurifies.

The feference water may have a low '4C activity concentration, in becquerels per litre, at the time ¢ at which
the spmples are/measured.

For example, obtain water with a 14C activity concentration as low as possible, e.g. (deep) subterjanean water.
Distil{ the® water. Keep the distillate in a well-sealed borosilicate glass bottle in the dark at a teqperature as
constant as possible; this reference water shall be kept physically remote from any #C-containing material
(see next paragraph). Determine (see final paragraph) the 14C activity concentration (¢ = 0), in becquerels per
litre, of this water and note the date (+ = 0) of this determination.

It is advisable to keep an adequate quantity of reference water in stock and to draw off small working volumes
from it for immediate use, as required. Contamination with 14C (e.g. from COx in the air) or other radioactive
species should be avoided.

For measurement of activity concentrations close to 1 Bq I-!, water with a very low activity concentration is
necessary as reference water.

© 1SO 2011 — Al rights reserved 3
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5.1.2 Calibration source solution

In order to avoid cross-contamination, prepare the calibration source solution in a suitable location which is
remote from the area where the '4C analyses are to be carried out. Weigh and pour the requisite quantity
of a 14C aqueous standard solution into a weighed volumetric flask (e.g. of capacity 100 ml), so that the 14C
activity concentration generates sufficient counts to reach the required measurement uncertainty after dilution
with water for the blank and thorough mixing. Calculate the 14C activity concentration of the resulting internal
standard solution (¢ = 0), in becquerels per litre. Note the date at which the standard solution was made up

(t=0).

5.1.3 Scint

illation solution

The scintillat
to the proper

It is recommgd
activity leveld

The scintillat

For the mea
cocktail lead

It is recomm

stored in
in order

complia

The mixtures
on the radiod

on cocktail is chosen according to the characteristics of the sample to be analysed and accd
ties of the detection apparatus.

bnded that a good hydrophilic scintillation cocktail be used, especially for the measurement

on cocktail shall be homogeneous and stable.

urement of raw waters containing particles in suspension, it is recommended that a scintil
ng to a gel-type mixture for the added volume of water be used.

ended that the scintillation solution be:

the dark and, particularly just before use, exposure to direct sunlight or fluorescent light av
to prevent interfering luminescence;

nt with the storage conditions specified by the scintillation cocktail supplier.

(scintillation cocktail and test sample) should\be disposed of as chemical waste, and, depe
ctivity, may require disposal as radioactivé.waste.

5.1.4 Quenching agent

Examples of

NOTE S

chemical quenching agents (non acid): organochloride compounds, nitromethane.

me quenching agents are dangerous or toxic.

5.2 Equipment

Usual labora

5.2.1 Liqu
correct for sg

fory equipment and in particular the following.

fd scintillation counter, preferably with an automatic sample transfer and ability to measy

mple‘guench.

rding

f low

ation

bided

hding

re or

Operation at

constant temperature is recommended. Follow the manufacturer’s instructions

The method specified in this International Standard relates to the widely used liquid scintillation counters
(LSCs) with vials that hold about 20 ml. When other vials are used with appropriate counters, the method
specified shall be adapted accordingly.

5.2.2 Pipe

5.2.3 Bala

tte, suitable for

accurate transfer of the standard solution (e.g. a micropipette of capacity 100 pl);

accurate transfer of the test sample.

nce, e.g. capable of being read to the nearest 0,1 mg.
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5.2.4 Counting vials.

Different types of scintillation vials exist, manufactured using a range of materials. The most common are glass
vials and polyethylene (PE) 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 PE, accelerating the degradation of the mixture.

There are other types of vials.
— Glass vials with low level of 40K, which exhibit a lower background than “normal” glass vials.

— Polytetrafluoroethylene vials (PTFE) or PE vials with a layer of PTFE on the inside wall, which are strongly
;Ecommended for the determination of very low *C concentrations. Diffusion of organic solvénts is slower
rough PTFE than through PE. These vials are used for long counting times when very'owtlevel activity

ip to be measured.

Gengrally, the vials are single use. If the vial is re-used, efficient cleaning is essential'

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

NOTH Toluene-based scintillation solutions can physically distort PE and_¢ounting vials made of that polymer are
unsuitable for use with them. Diffusion of organic solvents into and through the walls is also a serious drawbgck of PE vials.

6

on.

s»ampling and samples

6.1 [Sampling

Conditions of sampling shall conform to ISO 5667-1@nd 1ISO 5667-3.
The gamples shall not be acidified to avoid the'destruction of the carbonic equilibrium (CO%’ , HCO3, H2CO3),
as specified in ISO 5667-3.

It is important that the laboratory receives a representative sample, unmodified during transport of storage and
in anfundamaged container. It is re¢gommended that a glass flask filled to the maximum be used to minimize
14C gxchange with atmospheric COD>.

For Ipw level activity measurements, it is important to avoid any contact between sample andl atmosphere
during the sampling.
6.2 [Sample storage

If required, the;sample shall be stored in compliance with ISO 5667-3 for carbon dioxide. If the stofage duration
excegds that'specified in ISO 5667-3, it is advisable to store the samples in glass flasks.

7 Procedure

7.1 Sample preparation

On a raw sample, measurement of the test sample is generally performed without removal of suspended
matter, if the sample has low levels of such material. If the activity of a filtered or centrifuged sample is to be
measured, the removal of suspended matter shall be performed as soon as possible after sampling.

7.2 Preparation of the sources to be measured
Known quantities of test sample and scintillation cocktail are introduced into the counting vial.

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

© 1SO 2011 — Al rights reserved 5
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The vial identification shall be written on the top of the vial stopper. The storage time depends upon the
scintillation mixture, the mixture stability and the nature of the sample. It is recommended that the measurement
be performed as soon as any photoluminescence or static electricity effects have become negligible (e.g. 12 h).

In order to reduce photoluminescence effects, it is recommended that the above mentioned operations take
place in dimmed light (preferably light from an incandescent source or red light); in addition, exposure of the
vial to direct sunlight or fluorescent light should be avoided.

7.3 Counting procedure

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

7.4 Calibrjation and verification

Statistical coptrol of the detection system shall be monitored by measurement of the reference wials (background,
tritium and 14C) usually provided by the equipment supplier, e.g. in compliance with 1ISO 8258 ['].

The measur¢ment of the blank sample is performed before each test or each series_of sample tests {inder
conditions representative of each type of measurement (Clause 4).

It is essential to generate a quench curve for each type of matrix measured. The quench curve is valid only for:
a) a given {ype of measurement apparatus;

b) a given {ype of scintillation cocktail;

c) agiven [atio of scintillation cocktail and test sample;
d) a given energy window;

e) agiven analyte radionuclide, e.g. 14C.

The quench furve is obtained with a series (e.g::10) of working standards, presenting different quench The
matrix of the|working standards is representative’ of matrix of the samples to be measured (same scintillation
liquid, same fatio scintillation liquid-test samplée). The working standards may be prepared as follows:

— similar duantity of 14C standard watef solution in each vial. The activity of the certified standard shall be
sufficient for the counting ratiofto,be defined with a known statistical precision, even in the case of a strong
quench;

— the stanflard is completed with reference water until the volume of test sample is reached;
— the scinfillation coektail is added to obtain the desired ratio;

— one working, standard at least is used as it is. In the other working standards, increasing quantities of
quenching-agent are added to simulate the expected range of quench values encountered in the sarples
to be me¢asured

The quench curve relating ¢ and fq with the quenching is used to determine the fq of the test sample, e.g. by
fitting a polynomial regression curve.

7.5 Measurement conditions
The counting room used shall be suitable for the measurement apparatus and the activity levels of the samples.

The measurement is performed using an energy window that is above the detector tritium threshold up to the
Pmax of 14C (156 keV). It is recommended that the size of the energy window be chosen in order to optimize
the figure of merit (&2/rq).

The presence of other radionuclides can be checked by comparing the counting rate in the full energy window,
e.g. 0 keV to 2 000 keV.

6 © 1SO 2011 — Al rights reserved
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In order to verify the statistical distribution of counting data, it is recommended that the counting be done one
sample at a time: the first sample is counted several times in a row (number of repetitions), then the second
sample is counted likewise, and so on.

For measurement of low activities, it is recommended that the counting be done on each sample in sequence:
all samples are counted once, then the counting starts for the second cycle, and so on.

Sequential counting allows the detection of random or transitory interfering effects (luminescence, static
electricity) that are not auto-corrected by the measurement apparatus. It also allows any disturbances, either
one-off or cyclic (e.g. night and day alternation) associated with the measurement apparatus environment to
be taken into account.

8 Expression of results

8.1 | General

Inthg particular case of the measurement of radionuclides by liquid scintillation, onlythe elementary uncertainties
of the following parameters are retained:

a) faw counting and blank sample;

b) detection efficiency in the energy window considered for a given.quench indicator paramete

c) quench parameter, if a correction is applied;
d) Yolume or mass of test sample.

To a first approximation, other uncertainties (in scintillation liquid volume or mass, counting time| etc.) can be
neglgcted. An example of the computation is given i/ Annex A.

8.2 | Calculation of activity concentration
The gymbols used are defined in Clausg 3.

The sample activity concentration\of the radionuclide present in the sample is calculated pccording to
Equation (1):

I’g—l”o 1
= = =~ 1
q4 Ve /g (”g ro)w (1)
wherg
1
Ve
and
e='s""0
A

The combined uncertainty is calculated as follows:

tg lo

u(cA):\/w2 [uz(rg)+u2(r0)]+c/24 urze|(w) :\/W2 [V—g+r—0}+ci ué(w) (2)
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ufey (W) =

uZi(e)+ul )+ (1)

and the relative standard uncertainty of ¢ for each quenching value is calculated using Equation (4):

ur29|(s) = urze|(rs —r0)+urze|(A) =

(}"S /ZS)+(}"O /lo)
(rs—r0)?

2
rel

+u

(4)

©)

(4)

All the uncertainties related to the calibration source, i.e. in the standard solution and the preparation of the
calibration source, are included in urzel(A).

The term urze

For the calc

uncertainty g

u(c 4) =

!

NOTE If
calculations a
preceding equ

If the transfo
per litre, a p
activity and i

8.3 Decis

,(fq) depends on the mathematical model used to fit the quench curve.

f c4 as a function of its true value, calculated by Equation (5):

o

fo

w2 l:(EA /W)+I"0
t

mass is used instead of volume, the mass of the test sample, m, is expressed in kilograms. The interm
e done with similar equations. Activity may also be expressed as the.-adtivity per mass (m replacing V]
ations).

~2 2
]i—cA e (W)
g

mation of the activity per mass is done by multiplying the specific activity by the density pin g

s associated uncertainty.

on threshold

ilation of the characteristic limits according to 1ISO 11929, #(¢ ) is needed, i.e. the“standard

(5)

bdiate
in the

rams

brameter associated with the determination of the density shall appear in the expression ¢f the

In accordange with ISO 11929, the decision threshbold, cz, is obtained from Equation (5) for ¢ , =0 { This
yields:

¢ =k | a0y =k, , w [L+]0 ©)

g o
a = 0,05 with k1_, = 1,65 are often-chosen by default.
8.4 Detection limit
In accordande with 1ISOA11929, the detection limit, cﬁ , is calculated by
#
R N I?HCA/W)JrrO i’n—‘ #2_ 2, |
cy=cyFhig T )=C Tk g \/w {t—+t—J+cA TralCW) (7)
g 0

B = 0,05 with

k1-p= 1,65 are often chosen by default.

The detection limit can be calculated by solving Equation (7) for cj or, more simply, by iteration with a starting

approximation cf: =2c,.

When taking

a = B, then k1_4 = k1_g= k and the solution of Equation (7) is given by Equation (8):

2+ (k2 w) /14

c

4y

2 2
—k Urgl

()

(8)
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8.5 Confidence limits

In accordance with ISO 11929, the lower, ¢, and upper, ¢%, confidence limits are calculated using Equations (9)

and (10):

©)

(10)

wher:

11

1- 72 is the probability for the confidence interval of the measurand;
=1 may be set if ¢4 > 4 uc(cy).

In thig case,

o

MEELTE. kioyra teley)
y=0J05 and k1,2 = 1,96 is often chosen by default.

8.6 |Calculations using the activity per mass

The activity concentration may be calculated by mdltiplying the activity per mass by the mass

gramp per litre, as follows:

Foq—F
g~ '0 p

dy = =(rqg—rg)w
m><103€fq ?

wher:

W

_ p
W=——F
mx107 x¢ f,

~

(W) = u 2 (&) € gy (m) + u 2y (p) + uley (7q)

The dincertainty,/the characteristic limits and the limits of the confidence interval may be calcula

previpus expression [Equations (2), (6), (7) and (8)] with Equations (12) and (13).

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

density, p, in

(12)

(13)

ed using the

9 Testreport

The test report shall conform to the requirements of ISO/IEC 17025 and shall contain at least the following

information:

a) the test method used, with reference to this International Standard (ISO 13162:2011);
b) the evaluation procedure used;

c) identification of the sample;

d) units in which the results are expressed;

e) assay result, cg + u(cy) or ¢4 £ U with the associated & value.

© 1SO 2011 — All rights reserved
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Complementary information can be provided such as:

f)
g)
h)

10

probabilities «, g, and (1 — y);

decision

threshold and the detection limit;

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

— when the activity concentration ¢4 is compared with the decision threshold, in agreement with
ISO 11929, the result of the measurement should be expressed as < c; when the result is below the

decision threshold,

— whd
can

the
med

mention

n the activity concentration c4 is compared with the detection limit, the result of the measurgment
be expressed as < cj when the result is below the detection limit — if the detection limit exgeeds

guideline value, it shall be documented that the method is not suitable for_the:purpoge of
surement;
of any relevant information likely to affect and/or to explain the results.

© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=18e2838ba7d09303a1fecbb4daacd337

ISO 13162:2011(E)

Annex A
(informative)

Numerical applications

Table A.1 presents the parameter values for three situations of activity concentration. Table A.1 may be used
to verify any computation of the different formulae.

Table A1 — Parameter values
Symbol Unit ¢y <c;1 c; <cy< cﬁ oy > cﬁ
Ng — 210 225 390
tg s 3600 3600 B 600
rg s 0,058 3 0,062.5 (4,108 3
No — 180 180 180
10 S 3600 3 600 B 600
ro s 0,050 0,050 D,050
V | 0,010 0,010 0,010
u(V) | 0,002 5 0,002 5 0,002 5
g — 0,25 0,25 0,25
urel(€) — 0,035 0,035 D,035
a, By % 5 5 5
w I-1 400 400 400
Urel(w) — 0,252 0,252 D,252
1) — 0,922 0 0,974 2 0,999 8
p — 0,898 9 0,949 9 4,974 9
q = 0,977 0 0,975 6 0,975 0
kp St 1,275 1,644 1,957
kq — 1,994 1,971 1,960
c4 Bq I 3,33 5,00 3,33
u(cq) Bq I 2,35 2,57 6,46
¢y Bq I 3,47 3,47 3,47
o Bq I 8,74 8,74 8,74
cjl Bq I 0,34 0,78 10,69
C: Bq I 8,02 10,06 36,00

Ng and Ny are the number of the counted pulses for the sample and the background, respectively.

For example, to calculate in Excel®:

1) Excelis the trade name of a product supplied by Microsoft. This information is given for the convenience of users of this
document and does not constitute an endorsement by ISO of the product named. Equivalent products may be used if they
can be shown to lead to the same results.

© 1SO 2011 — Al rights reserved 1
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® = NORMSDIST [u(ca)lcl;
kp = NORMSINV (p);
kq=NORMSINV (g).

12 © 1SO 2011 — Al rights reserved
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Annex B
(informative)

Internal standard method

Sample preparation

For g
Note
two ¢
stang
way,

volun
The {

ach water sample fill, preferably in dimmed light, two counting vials, with a volume 77, in\
of scintillation solution followed by a volume V' = 20 — V1, in millilitres, of sample. Identify s
ounting vials, e.g. N and S. Add, using a pipette (e.g. of capacity 100 pl), a known |quant
ard solution to one of these counting vials, labelled S. The added activity is called 4s. Fill
the appropriate number, as required by the counting procedure, of backgreund counting
ne V1, in millilitres, of scintillation solution followed by a volume ¥ = 20 — V{\in millilitres, of
ptal inaccuracy of each addition should be less than or equal to 1 %. Mark the lids of these d

with fhe designations N1, S1, N2, S2, N3, S3, etc. Shake the counting vials thoroughly and uniform

a sha

The
sourq
in so

For rq
betw
intern
stang

king machine.

hbove mentioned operations should take place in dimmed light™(preferably light from an i
e or red light). Avoid direct sunlight or fluorescent light in view:of the possible interference by |
me batches of counting vials.

utine control determinations of similar samples, little difference may be observed in the count

ben samples. In this case, it is acceptable to determine a mean counting efficiency from th
al standard to two to three samples of the grouper to use the efficiency indicated by a calibr
ard technique.

The lise of an internal standard is recommended when PE counting vials are used. When usin

stang
chan
the W
highe

NOTH
fractig
B.2

After
elect

Placd

ard in PE counting vials, interferences’can occur because the counting rate of the exter
hes as a function of time, on account/of the loss of components of the scintillation solution by
all of the counting vial. The effects are considerably smaller at lower temperatures (4 °C to 1
r temperatures (e.g. 20 °C te.25 °C).

Under optimal counting‘conditions, many liquid scintillation solutions can incorporate up to abou
n of water, in this case-/%.= 10 ml.

Countingyprocedure

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

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

nillilitres (see
bparately the
ty of internal
in the same
vials with a
blank water.
ounting vials
ly, e.g. using

ncandescent
iminescence

ng efficiency
e addition of
ated external

) an external
nal standard
diffusion into
0 °C) than at

t 50 % volume

remove any

nal standard

the counting vials in a fixed sequence in the LSC: background, sample 1, sample 1 with inte

solut

on added, background, sample 2, etc.

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 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 LSC for light and temperature adaptation,
e.g. overnight, thus reducing the chance of interfering luminescence occurring during counting.

©1SO
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B.3 Expression of results
The generic formulae are used taking into account that the counting efficiency is calculated with Equation (B.1).

rs —7g
A

(B.1)

E =
S

where

rs is the count rate, in pulses per second, of the sample with the internal standard solution (5.1.2)
added,;

rg is the count rate, in pulses per second, of the sample without internal standard solution added;

As is the added activity.

14 © 1SO 2011 — Al rights reserved
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Annex C
(informative)

Extraction of total carbon: precipitate counting

C.1  Principle

The tptal carbon is determined in the water sample (US EPA method 9060A[2]). The carbon-contaivl]ing products
in the water sample are hydrolysed and oxidized in CO2 under a current of inert gas (e.g. fitrogen or argon),
and the COz3 is precipitated as CaCOg3 in traps (References [3][4][5]). The CaCOz3 is transferred jas a solution
into g previously weighed counting glass vial. The solution is evaporated until dryness;and the vial is weighed.
The ¢alcium carbonate is then dissolved before counting.

The method described applies to a water sample of volume 0,25 |, for quantities of CaCO3 gs precipitate
of 80 mg to 105 mg. It may be necessary to use a carbonate carrier (anhydrous sodium carbgnate), with a
known 14C content. For a counting time of 180 min and a sample volumé:.of 0,25 I, the detection limit may be
0,030 Bq I-".

The fain point is to avoid any mixing of the carbon contained in the*sample with the 14C in labofatory air and
in thg reagents used.

C.2| Reagents

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade.
C.2.1 Sodium persulfate.

C.2.7 Silver nitrate solution, 40 g I-™ef silver nitrate.

C.2.3 Sodium carbonate, aphydrous.

C.2.4 Hydrochloric acid; 0,6 mol I-.

C.2.§ Ammonium hydroxide, concentrated at 250 g I-1.

C.2.§ Ammonium hydroxide, 0,1 mol I-1.

C.2.7 C€alcium chloride, 1,5 mol I-1.

C.2.8 Methanol.

C.2.9 Inert gas.

C.2.10 Distilled water.
C.2.11 Calcium carbonate.

C.2.12 Sodium hydroxide.

© 1SO 2011 — Al rights reserved 15
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C.2.13 CO3 absorber, e.g. Carbo-Sorb® E2).

C.2.14 Scintillation cocktail, e.g. Permafluor® E* 3).

C.3 Equipment

Usual laboratory equipment and in particular the following.

C.3.1 Analytical balance.

C.3.2 Wataer bath.

C.3.3 Ultrgsonic bath.

C.3.4 Glass equipment, three-necked round-bottomed flask, two reservoirs, tubing, fouf traps.
C.3.5 Flow meters, two.

C.3.6 Pipeltes, e.g. one- or two-mark pipettes, or e.g. fixed volume pipette{adjusted to the volume needed.

C.4 Extraction

C.41 Gehneral

The extractign procedure is designed to avoid carbonationf the precipitation solution and contamination of
the sample with laboratory air.

C.4.2 Pre¢paration of the precipitation solution

To 400 ml of NH4OH, 0,1 mol " (C.2.6), add 100'ml of CH30H (C.2.8). Mix. Then add 4 ml of CaCly, 1,5 njol -1
(C.2.7).

C.4.3 Pre¢paration of the traps

In trap 1 (C.3.4), put 70 ml of HG 0,6 mol I-1 (C.2.4). In traps 2 to 4, distribute the precipitation solution (¢.4.2,
e.g. 125 ml in each). It may be, useful to cool the traps with ice.

C.4.4 Chemical separation

Fill a reservqir withsthe sample water (25 ml), with some drops of concentrated NH4OH (C.2.5) to obtain|a pH
of 10. Fill angthérreservoir with 5 ml of the silver nitrate solution (C.2.2). In the round-bottomed flask, add 5 g
of NaxS»0g [C:2.1). If necessary, add the anhydrous Na>CQO3 (C.2.3) as a carrier to obtain a total of 80 mg
to 105 mg of CaCOg3. Use the inert gas (C.2.9) to clean all the assembly (reservoirs, balloon, traps), verifying
with the flow meters (C.3.5) that there is no leak. Introduce half of the sample into the flask, then the AgNO3
solution, then the remainder of the sample. The extraction is achieved in 2 h. Warming the flask helps to
completely outgas the liquid.

2) Carbo-Sorb® E is an example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.

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