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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Radioactivity from several naturally-occurring and anthropogenic sources is present throughout
the environment. Thus, water bodies (e.g. surface waters, ground waters, sea waters) can contain
radionuclides of natural, human-made, or both origins:

— natural radionuclides, including 49K, 3H, 14C, and those originating from the thorium and uranium
decay series, in particular 226Ra, 228Ra, 234U, 238U, 210Pg and 210Pb can be found in water for
natural reasons (e.g. desorption from the soil and washoff by rain water) or can be released from

technological processes involving naturally occurring radioactive materials (e.g. the mining and
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human-made radionuclides such as transuranium elements (americium, plutonium,
¢urium), 3H, 14C, 90Sr, and gamma emitting radionuclides can also be found'in nat
$mall quantities of these radionuclides are discharged from nuclear fuel eycle facilit
environment as a result of authorized routine releases. Some of these"radionuclid
medical and industrial applications are also released into the environment-after use. An|
fadionuclides are also found in waters as a result of past fallout contaminations re
the explosion in the atmosphere of nuclear devices and accidents-such as those that

[hernobyl and Fukushima.

bnuclide activity concentration in water bodies canvary according to loca
hcteristics and climatic conditions and can be locally and temporally enhanced by r¢

gar installation during planned, existing, and emergengy exposure situations.[tl[2] Dri

radionuclides present in liquid effluents are usually controlled before being disc
bnvironment[3] and water bodies. Drinking Wwaters are monitored for their radi
mmended by the World Health Organization {WHO)[4] so that proper actions can be tak
there is no adverse health effect to th€ public. Following these international recom
nal regulations usually specify radionuclide authorized concentration limits for lig
arged to the environment and radiehuclide guidance levels for waterbodies and drin|
anned, existing, and emergency‘exposure situations. Compliance with these limits can|
r measurement results withitheir associated uncertainties as specified by ISO/IEC

1SO 5667-20[>1

nding on the exposure situation, there are different limits and guidance levels that ¥

plinesl] for guidance level in drinking water is 0,1 Bq-1" for 210Pb activity concentratiq

i
1

1  The guidance level is the activity concentration with an intake of 2 1-d"1 of drinking wate
esults in an €éffective dose of 0,1 mSv-al for members of the public. This is an effective dose th|
V low level'of risk and which is not expected to give rise to any detectable adverse health effect

e-£vent of a nuclear emergency, the WHO Codex Guideline Levelsl®l mention that
pntration might not be greater than 0,1 Bq-l1 for 219ph

neptunium,
iral waters.
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action to reduce health risk. As an example, during a planned or existing situatign, the WHO
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I for one year
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The Codex guidelines levels (GLs) apply to radionuclides contained in foods destined for human

consumption and traded internationally, which have been contaminated following a nuclear or radiological
emergency. These GLs apply to food after reconstitution or as prepared for consumption, i.e., not to dried or
concentrated foods, and are based on an intervention exemption level of 1 mSv in a year for members of the
public (infant and adult)fel.

Thus, the test method can be adapted so that the characteristic limits, decision threshold, detection
limit and uncertainties ensure that the radionuclide activity concentrations test results can be verified
to be below the guidance levels required by a national authority for either planned/existing situations
or for an emergency situationl21[el[Z],

Usually, the test methods can be adjusted to measure the activity concentration of the radionuclide(s)
in either wastewaters before storage or in liquid effluents before being discharged to the environment.
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The test results will enable the plant/installation operator to verify that, before their discharge,
wastewaters/liquid effluent radioactive activity concentrations do not exceed authorized limits.

The test method(s) described in this document may be used during planned, existing and emergency
exposure situations as well as for wastewaters and liquid effluents with specific modifications that can
increase the overall uncertainty, detection limit, and threshold.

The test method(s) may be used for water samples after proper sampling, sample handling, and test
sample preparation (see the relevant part of the ISO 5667 series).

This document has been developed to answer the need of test laboratories carrying out these

measureme

nts that are sometimes rpqnirpd hy national authorities as fhpy mighf need to abt

in a

specific accy

editation for radionuclide measurement in drinking water samples.

Vi
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Water quality — Lead-210 — Test method using liquid
scintillation counting

WARNING — Persons using this document should be familiar with normal laboratory practices.
This document does not purport to address all of the safety problems, if any, associated with its
use. It is the responsibility of the user to establish appropriate safety and health practices and to
determine the applicability of any other restrictions.

IMPQRTANT — It is essential that tests conducted according to this document be-casried out by
suitably trained staff.

1 $cope

This|document specifies a method for the measurement of 210Pb in dl} types of watefs by liquid
scintfillation counting (LSC).

The method is applicable to test samples of supply/drinking water; rainwater, surface and giround water,
as well as cooling water, industrial water, domestic, and industrial wastewater after proger sampling
and handling, and test sample preparation. Filtration of the test'sample is necessary. Lead{210 activity
concentration in the environment can vary and usually ranges from 2 mBq 11 to 300 mBq It [2Z][28],

Using currently available liquid scintillation counters,&he limit of detection of this methpd for 210Pb
is geperally of the order of 20 mBq 1! to 50 mBq_ I*f; which is lower than the WHO critg¢ria for safe
conspiimption of drinking water (100 mBq 1-1).4l[eiThese values can be achieved with a cqunting time
between 180 min and 720 min for a sample volume from 0,5 1 to 1,5 I. Higher activity copcentrations
can e measured by either diluting the sample or using smaller sample aliquots or both. [[he method
pres¢nted in this document is not intended for the determination of an ultra-trace amount pf 210Pb.

The [range of application depends on‘the amount of dissolved material in the water [and on the
performance characteristics of thé.measurement equipment (background count rate and counting
efficlency).

The method described in this-document is applicable to an emergency situation.
The @nalysis of Pb adsorbed to suspended matter is not covered by this method.

It is the user’s responsibility to ensure the validity of this test method for the water samplefs tested.

2 Normative references

The followmg documents are referred to in the text in such a way that some or all of their content
cons ' [TIET ' i ' ftior applies. For
undated references the latest edition of the referenced document (1nclud1ng any amendments) applies.

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

ISO/IEC Guide 99, International vocabulary of metrology — Basic and general concepts and associated
terms (VIM)

ISO 3696, Water for analytical laboratory use — Specification and test methods

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: Preservation and handling of water samples

© IS0 2021 - All rights reserved 1
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ISO 5667-10, Water quality — Sampling — Part 10: Guidance on sampling of waste water

[SO 11929 (all parts), Determination of the characteristic limits (decision threshold, detection limit and
limits of the coverage interval) for measurements of ionizing radiation — Fundamentals and application

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

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

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

3 Terms

3.1 Term

For the pur
series, ISO/1

, definitions and symbols

s and definitions

EC Guide 98-3 and ISO/IEC Guide 99 apply

poses of this document, the terms and definitions given in ISO 80000-10, the ISO 11929

ISO and [EC|maintain terminological databases for use in standardization atthefollowing addressgs:
— ISO Online browsing platform: available at https://www.iso.org/obp
— IEC Eledtropedia: available at http://www.electropedia.org/
3.2 Symbols and abbreviated terms
Symbol Definition Unit
Cp Activity concentration in the sample Bql1
Cao Activity concentration of the standard Bq It
Py Decision threshold Bql1
A
ct Detection limit Bql1
s Low_er and upper limits ofithe probabilistically symmetric cover-|Bq 1!
A’"A age interval
5.5 Lower and upper limits of the shortest coverage interval Bql1
c Coefficient of 219Bi ingrowth in the sample from the end of bis- |n/a
coeff muth elutiofi to time of counting
DPM Disintegrations per minute n/a
fmax Maximum Beta particle energy keV
R, Chemical recovery n/a
12N count rate of reagent blanks s or counts s
Iy Sample count rates s
re Calibration count rates st
o Background count rate st
S Eluted solution containing lead n/a
SQPE Spectral quench parameter of the external standard n/a
TDCR Triple to double counts ratio n/a
ty Sample counting time s
ts Calibration counting time s
to Background counting time S
n/a Notapplicable.
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Symbol Definition Unit
tSIE Transformed spectral index of the external standard n/a
U Expanded uncertainty, calculated by U = ku(c,) with k=1, 2... Bql?
u(cy) Standard uncertainty associated with the measurement result |Bql1
%4 Volume of the eluted phase S containing lead 1
V. Total volume of the test sample plus carrier 1
V Volume of the standard test sample 1
Viample Volume of the sample 1
V1 Volume of the aliqnn‘r from S for 210ph counting 1
v Volume of the aliquot from S for determination of chemical 1

2 recovery of lead
£ General term for detection efficiency s1Bqt
Cpp Concentration of lead in the eluted solution S mg it
Cpp d Concentration of lead in the sample after addition of carrier mgl11
n/a Notapplicable.

4 Principle

Lead210 is a naturally occurring beta-emitting radionuclide with a maximum
of 63,5(5) keV and a half-life of 22,23(12) years [8][2]. It appears in the 238U decay series (4n+
lived| decay product of 222Rn (see Figure 1).

document describes the measurement of 210Rh after separation from its progeny, 210
ts activity is measured by liquid scintillatidty counting, either immediately after its s

um. The vial is counted by LSC.

use of their iden€ical separation behaviour in the extraction chromatographic procedy
ives, 214Pb, 211Ph, and 212Pb are potential interferences (Table 1).

To ayoid the peSsible interferences of the isotopes with short half-lives such as 211Pb an
their] progeny»during the liquid scintillation counting, it is recommended to wait at least

eluti

The

bn of Iéad and sample counting to allow these radionuclides to substantially decay.

beta-energy
2) asalong-

Bi and 210Po
bparation or

at can make

re and their

d 214Pb and
B h between

hota-onaraiac of 211D 212DW a0 d 214DH and thair nraagony ava highar than tha paavid
e5-6+ D5 —o—ah& —o—aha—+theH—progeny—afre

Cta=cTrrcr o T TS TICT Tttt CitC TiIe2st

um energy

of 210Pb. The 3 h delay time before counting can be reduced by setting appropriate counting windows
different from the one set for 210Pb to eliminate these interferences. In this approach, it is possible to
start counting without a 3 h delay to neglect 219Bi ingrowth during counting.

It is necessary to know the content of stable lead in the sample in order to adjust the quantity of the lead
carrier to add to avoid resin saturation and to allow for the chemical recovery of 210Pb. Total content of
stable lead in samples should not exceed 10 mg Pb per gram of extraction chromatographic resin 18C6
to be used for the lead separation.

For samples with high stable lead content and/or high activity concentration, dilution of the sample
is required to avoid either resin or detector saturation during the separation and counting steps,
respectively.

© ISO

2021 - All rights reserved


https://standardsiso.com/api/?name=b7861d03998697a456784319144db320

ISO 13163:2021(E)

Suspended material is removed prior to analysis by filtration through a 0,45 um filter membrane. The

analysis of the insoluble fraction requires a mineralization step that is not covered by this document.
NOTE A suitable mineralization step is specified in SO 18589-2 [111.

The measurement of stable lead for the determination of the chemical recovery can be carried out
according to protocols such as:

— ICP-AES according to 1SO 11885 [12];
— ICP-MS according to I1SO 17294-2 [13]; or

— AAS acdording to ISU 15586, 5]
It is possible to confirm the radiopurity of the 210Pb fraction by monitoring 219Bi ingrowth &ctivify up
to equilibriym via repeated counting over an appropriate period of time.
4,47 x 10°|a
=0y (1,17 min) 24y | (2455x10°a)
a B o
42Mev |PPa| P 4,8 MeV
234Th 'S 230Th | (7,538 x 10* a)
(24,1 d) a
4,7 MeV
226R, | (1600 a)
ro« 1" " "« "¥& ¥7YV~mmm 1
| 4,8 MeV |
| 222 |
| Rn B (382354 |
I |
| 5,5 MeV ~ 165ps  (1384[d)
I 218pg | (3,05 min) p 214p, (5,013 d) B 210p I
| ‘ |
I a ~ | 214p; a _ [ 210p; o |
| 6MeV B 11 7,7 MeV B 11 53 MeV |
I 214p}, |_—"(19,9 min) 210p}, " 206pif I
| |
I 26,8 mi 22,3 |
L oizesmn)  @3d [
Figure 1 — Uranium-238 and its decay products
Table 1 — Decay data for lead radioisotopes and their progenies[?l
Lead radioiso- T Decay Emission energy | Emission probabil- Progen
topes 1/2 mode (keV) ity (%) geny
B- 63,5(5) 19,8(13) % 210Bj
210pp 22,23(12) y B- 17,0(5) 80,2(13) % 210Bj
a 3792(20) 0,0000019(4) % 206Hg
B- 1161,2(8) 99,99986(2) % 210pg
210Bj 5,012(5) d « 4778(4) 0,000056(6) % 2067T]
a 4740(4) 0,000084(9) % 206T]
5604,40(9) 0,00124(4) %
210pg 138,3763(17) d a 206pp (stable)
5407,45(7) 99,99876(4) %
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Table 1 (continued)
Lead radioiso- T, Decay Emission energy Emission probabil- Progeny
topes /2 mode (keV) ity (%)
2067] 4,202(11) min B- 1532,4(6) 99,885(14) % 206ph (stable)
1367(6) 91,28(12) %
211pp 36,1(2) min B- 962(6) 1.5709) % 211Bj
535(6) 6,32(9) %
257(6) 1,06(4) %
(x 6750,4(6) 83,56(23) % 207T]
211Bj 2,15(2) min a 6399,8(9) 16,16(23) % 207T]
B- 574(5) 0,276(4) % 211pg
2077] 4,774(12) min B- 1418(5) 99,729(10%% 207Pb (stable)
211pg 0,516(3) s a 7594,48(51) 100-% 20fPb (stable)
569,9(19) 13)3(11) %
212pp 10,64(1) h B- 331,3(19) 81,7(11) % 212Bj
154,6(19) 4,99(21) %
pi2p; 60,54(6) min B- 2252 1(17) 64,07(7) % 208T]
a 6207 26(3) 35,93(7) % 212pg
B- 1801'3(17) 49,2(6) %
208T] 3,058(6) min 1523,9(17) 22,1(5) % 20BPD (stable)
1290,5(17) 24,1(2) %
212pg 300(2) ns a 8954 12(11) 100 % 20BPb (stable)
1019 (11) 9,2(7) %
729(11) 41,09(39) %
214pp 26,916(44) min B- 667(11) 46,52(37) % 214Bj
485(11) 1,047(17) %
180(11) 2,762(22) %
. 1 G min B- 3270(11) 99,979(13) % 214pg
5621(3) 0,0210(13) % 2107]
214pg 162,3(12) ps 7833,46(6) 99,9895(7) % 210pp
5 $ampling and storage
Sam]i)ling, handling, and storage of the water shall be done according to ISO 5667-1,{ISO 5667-3

and [SO5667-10and guidance is given for the different types of water in Relerence |16] to Re
It is important that the laboratory receives a sample that is representative of the material being tested
and has not been damaged or modified during transportation or storage.

erence [23].

The sample is filtered to remove suspended matter using a 0,45 pm filter membrane. A smaller pore
size filter can also be used, but the filtration might be more time consuming. After filtration, the sample
is acidified with nitric acid (HNO3) to 0,01 mol-I-"1 HNO.

An activity concentration of 100 Bq 1 -1 of 222Rn in a sealed water sample with no airspace generates
approximately 40 mBq-1-1 of 210Pb for a storage time of 10 days. Thus, the storage time of samples
dedicated to 219Pb measurement shall be taken into consideration when the sample contains radon.

© IS0 2021 - All rights reserved
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6 Procedure

6.1 Sample preparation for measurement
Filter and acidify the samples and a blank sample prepared with ultrapure water as specified in Clause 5.

A minimum of 1 blank sample per batch is required. However, the average of several blanks can be
used. Measuring blank samples at regular interval enables to rapidly detect a background issue when
measuring the samples (see quality assurance and quality control program in Clause 7).

Purify the sample from potential interferents. Examples of purification methods are described

in Annex A.

Determine the chemical recovery.

6.2 Sample measurement

Measure 21fPb in the samples by LSC by following the instructions provided by the instrument
manufacturer and the steps described in [SO 19361.

7 Quality assurance and quality control program

7.1 Genepal

Quality confrol operations shall meet the requirements of ISOZIEC 17025. Measurement methodsshall
be performed by suitably skilled staff under a quality assurance program.

7.2 Variapbles that could influence the measurement

Special carg shall be taken in order to limit as miuch as possible the influence of parameters thaf can
bias the me3dsurement and lead to a non-representative result. Failure to take sufficient precautionf can
require corylective factors to be applied to the‘measured result.

Sampling, tfansportation and storage;teagents, transfer, measurement of stable lead, and the activity
measuremept of 210Pb are all subject to’potential interference or variability.

The presende of chemiluminescence prevents the accurate measurement of the samples. To reduce the
chemilumingscence, the samples are left in the dark for a few hours before counting them. This gelay
can be the Jame as used _for) progeny decay as mentioned in Clause 4. If a chemiluminescence pdak is
observed, whit until the eliemiluminescence has decayed and re-count the samples.

Preconcentration stép of lead is performed using an Fe(Ill) co-precipitation, which allowg the
elimination [of Greup 1 elements such as K and Na. The chromatographic extraction resin, e.p. an
18C6 crown ether-type resin, has very low affinity for Group 2 elements when choosing appropriate
chemical cohditiensIHtheseelementsare-presentathighconcentrations-the-volume-ofthe3866-efown

ether-type resin column can be revised to cope with their interferences given that the working lead
capacity of the 18C6 crown ether-type resin is about 20 mg Pb-g1 of dry resin.

If a cation exchange resin is used for the preconcentration step instead of the Fe(Ill) co-precipitation,
the quantity of cation exchange resin should be determined based on its exchange capacity and amount
of cationic species in the sample.[26] An excess of resin is usually employed.

7.3 Instrument quality control

The main instrument parameters such as efficiency and background shall be periodically checked
within a quality assurance program established by the laboratory and in accordance with the
manufacturer’s instructions.

© ISO 2021 - All rights reserved
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Reagent interferents

The periodic performance of reagent blank analysis provides a check for interferents in laboratory
reagents. Laboratory procedures shall ensure that laboratory and equipment contamination as well as
sample cross contamination is avoided.

7.5

Interference control

It is the user's responsibility to ensure that all potential interferences have been removed or accounted
for. The removal of potential interferents is limited by the decontamination factor of the method and
the instrumental capabilities.

7.6

A per
oral

q

q

The 1

Usin
cont
robu

7.7

If an

Method verification

iodic verification of the method accuracy should be performed. This may be-dccomplis
of the following:

participating in intercomparison exercises;

gnalysing reference materials;

inalysing spiked samples.
epeatability of the method should be verified (for example, by replicate measurement

b this method, laboratories have reported uncertainties of 10% for a water sample siz¢
hining 210Pb at a level of 0.2 Bq1'1. A 5 % reproducibility and a 3 % repeatability were o
stness of the method was about 5 % for activity concentrations in the range 0,2 Bq 11

Demonstration of analyst capability

analyst has not performed this procedure before, a precision and bias test should b

by rfinning a duplicate measurement of a reference or spiked material. Acceptance limit

defin

A sif
perid

7.8

Periq
activi
for a

The

ed by the laboratory.

hilar evaluation should bé performed by the analysts who routinely apply this proce
dicity defined by the laboratory. Acceptance limits should be defined.

Calibration

dically, verify-the measurement performances of the instruments using sources
ity, coveringthe energy range to be measured. The counting background of the system
period. of\at least equal to that of the counting time used for the test sample and stand

ount rate of the reagent blank is denoted, ry,, which can be replaced by the appropriate

hed by some

5).

of 1,5 litres
btained. The
o1Bqll

e performed
s should be

dure, with a

of constant
is measured
hrds.

background

counft rate value, rp, if these values are equivalent.

The counting efficiency of 210Pb is determined with a standard 219Pb solution of known activity and
purity.

A volume of known activity is prepared in conditions similar to those of the sample, as in the following:

determination of lead mass content before separation;

above);

© ISO

separation on the resin of 210Pb and its progeny;
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— liquid scintillation counting: measurement of the activity of 219Pb as soon as possible, but after
decay period given in Clause 4, to minimize the contribution due to the ingrowth of 210Bi.

Repeated counting of the 210Pb standard allows the ingrowth of 210Bi and thus the separation efficiency
to be verified.

For the liquid scintillation cocktail, verify the stability of the mixture over time.
Check the lead carrier solution regarding its stability over time.

The samples collected after the chromatographic separation should show a similar quenching index
(such as tSIE, SQPE, TDCR, direct DPM) for a specific type of matrix as the chemical medium is very
similar. However, a quench calibration curve can be constructed to cover the quenching index talue
range encoyntered. This curve is made by adding a known amount of 219Pb and varying concehtrafions
of a quenching agent to blank aliquots. A quench curve can be obtained by plotting detection efficlency
against quenching index value.

The beta-erpission of 210Pb is measured in a counting window with a maximum ‘énergy equivilent
to 64 keV. It is advisable to monitor other suitable counting windows to check for the presenice of
potential inferfering beta- or alpha-emitters, as well as chemiluminescence. If the/.SC spectrum shows
the presence of any interference, an additional purification step may be implemeénted.

The detectiqn efficiency of 210Pb is typically in the range of 30 % to 60 % depending on the performance
of the measyring device, the counting mode (low background noise), the.counting window, the counting
vial, the scinptillation cocktail, and its mixing ratio to the sample velume.

The duration of the counting period is determined according-to*the detection limit required anfl the
evaluation df the ingrowth yield of the daughter.

Possible intgrferences from the decay chains of 238U, 2331,"and 232Th can be avoided either due to their
short half-liyes or because they are separated during the analysis (212Bi, 214Bi, 211Bi, 207T], and 20871).

Start counting of the 210Pb samples as soon as pdssible after lead elution and within 12 h following its
separation fo maintain 219Bi ingrowth at a negligible level (219Bi represents about 6,5 % of the [total
activity after 12 h [23]),

8 Expression of results

8.1 General

For measurfement by liquid scintillation, only the uncertainties of the following parameterg are
considered:

— test and blank'Samples counts;

— countingfficiency;

— volume or mass of test sample.

Other uncertainties such as scintillation liquid volume or mass, counting time, may be neglected in the
first approximation.

The calculation approach presented in 8.2 to 8.6 is based on an immediate counting (within 12 h of 210Bi
separation) to limit the ingrowth of 210Bi during the counting time.

For counting where 219Bi ingrowth is not negligible, a method using the contribution of 219Bi in the 210Pb
window can be used [33], but is not covered in this document.

8 © IS0 2021 - All rights reserved
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8.2 Sample recovery, activity and uncertainties
The chemical recovery for lead separation is determined using Formula (1):
Cp,V
R, - Pb " (1)
(CPb,e Ve )

The beta-counting efficiency is determined from a 210Pb solution of known activity, c, ,, prepared
following this document and defined using Formula (2):

_ (rs —1y )'Ccoeff |4 2)
caoRVs W

where C,,. is the correction coefficient of the ingrowth of 210Bi in the sample witli-respect to time,

given by Formula (3):

I 1
( coeff — (3)

2—exp #At

1
2
whefe
T/, isthe half-life of 210Bi in days (i.e. 5,013 days);
At is the time delay, in days, between the start ofbismuth rinsing and the average countjng duration.

C.oerr If the sample is counted within 12 h~after 210Pb separation, then C

coef coeff €Al belassumed as
equalto 1

The yield is thus defined from the initial@ime of the separation of lead from its progeny.

The $ample activity concentration ¢, 0f 219Pb in the sample is calculated using Formulae (4):

B (rg —1o )'CCOeff .1:

A= (rg=ro )} w @
€R, 'Vsample Vi &
wheie
C 4
w=— Coeff> *
€ 'Rc 'Vsample Vi

It is|recommended that a blank be measured at the beginning and at the end of eafh series of
meaguréments.

The standard uncertainty on activity concentration is calculated using Formula (5):

g 0
Uncertainties on counting times of the sample and the background are considered negligible.

e =W (12 (1) +42 (1)) iy () :JWZ {:ﬁ{i}cfi U (W) (5)

© IS0 2021 - All rights reserved 9
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ertainty on w is calculated using Formula (6):

2 (R, )+uZ, ( )“‘?el (Vy)+udy (V)+uy (Cooesr )

rel

V.

u (8 )+u sample

rel

(6)

Uncertainties on counting time and half-life of 210Bi are considered negligible. Relative uncertainty on
w is calculated using Formula (7):

2 —q,2 2 2 2 2
Urel (W)_urel (8)+urel (Rc )+ure1 (Vsample )+urel (Vl )+urel (V) (7)
Relative standard uncertainty of ¢ is calculated using the following:
2 1.2 2 2 2 2 2 2
Urel (8)_ Urel (rs —To )+urel (Ccoeff )+urel (CAO )+urel (RC )+urel (Vs )+urel (Vl )+urel (V)
r. L
2 J 0 2.2 2 2 2 2 2
Urel (8)_ (ti+t_]/(rs _rO) +urel (Ccoeff )+urel (CAO )+urel (RC )+urel (Vs )+urel (Vl )+urel (V)
S 0
Uncertainti¢s on counting time and half-life of 210Bi are considered negligible. Relative uncertainty on &
is calculated using Formula (8):
r. L
2 J 0 2.2 2 2 2 2
Urel (8)_ [ti+t_]/(rs _rO) +urel (CAO )+urel (RC )+urel (Vs )+urel (Vl )+urel (V) (8)
S 0
where
u (C ) includes all the uncertainties related to the calibration source: i.e. in the standard|solu-
rel \"A . . . .
tion and the preparation of the calibration source;
”?el (Rc is the uncertainty on the chemicaltiecovery and it depends upon its evaluation mefhod.
If needed, [the characteristic limits, L"l(EA ) ~can be calculated using Formula (9) as expldined
in ISO 11929-1:
[Ca] t t(D A Trel
g 0
8.3 Decidion threshold
The decision threshald, CZ, is obtained from Formula (10) for ¢, =0 (see ISO 11929-1). This yields
N
¢y =k, | w2 4+L 10
A 1— »\ t t. ( )
v 5 Y
a=0,05 with k;_, = 1,65 are often chosen by default.
8.4 Detection limit
The detection limit, cﬁ, is calculated using Formula (11) (see ISO 11929-1):
cff =c) +ki_p -ﬂ(cf{ ):CZ +k_p ~\/w2 ~([(cf\ /w)+r0 ]/tg +(ry /t, ))+c§2 uZ (w) (11)

B = 0,05 with ky_g = 1,65 are often chosen by default.

10
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The detection limit can be calculated by solving the previous formula for CX or, more simply, by iteration

with a starting approximation CKZZCZ When taking a = f then ky_, = ki3 = k, the solution of the
detection limit is given by Formula (12):

ct =(2~cj\ +((w~k2 )/tg ))/(1—k2 2 (w))

8.5

8.5.1

The
to IS

[«

o

whet

8.5.2
As d

upps
of th

or if

Limits of the coverage intervals

Limits of ] babilisticall . . al

(12)

OWEer, cf\, and upper, ci, coverage limits are calculated using Formulae (13) aund {14
D 11929-1:

7 =ca—kyulcy ip=0(1-7/2)

2 =Cp —kq-u(cy )iq=1-w-y/2

e
= (y/u(y)),dbeing the distribution function of the:standardized normal distributi
1y is the probability for the coveragednterval of the measurand;

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

ArCa=Ca TRy u(cy )
05 and then, ky_/, = 1,96 is often-chosen by default.

The shortest coverage interval

escribed in detail in 1S©.11929-1, the lower limit of the shortest coverage interval,
r limit of the shortest.coverage interval, c,”, are calculated from a primary measureme
e measurand and-the’standard uncertainty, u(c,), associated with c,, either by

a5 =Cy Ekyu(cy Yip=(1+0:(1-7))/2

C,= <05by:

), according

(13)

(14)
h1;

(15)
c,<, and the

nt result, c,,

AS=0;c,” =C, ikq u(c, );q=1-wy

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

The relation 0<c,~<c,” applies and the approximation of Formula (15) is valid.

9 Testreport

The test report shall conform to ISO/IEC 17025 requirements. It shall contain the following information:

a) reference to this document, i.e. (ISO 13163:2021);

b) i

© ISO

dentification of the sample;
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which the results are expressed;

result:

1) when the activity concentration, c, is compared with the decision threshold (see the [SO 11929
series);

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

Complemen

e) the unc

f) probabilities , S and (1 - y);

g) decisioy

h) if the d
suitable

i) mentioy

NOTE 0
result, Cpr W

stipulations {
frequently th|

if the result is less than the decision threshold, the result of the measurement is expressed

*
as SCA,

if the result is greater than the decision threshold, the result of the measurement is

| I [ AY LT sl ol oo 1 1
CXPTESSCUasST TU (T ) OF ¢ U witirtreassotateti-varie:

if the result is less than the detection limit, the result of the measurement is’express

SCK;

as ¢, tu, (CA ) or ¢, U with the associated k value.

Fary information can be provided such as:

) threshold and the detection limit;

etection limit exceeds the guideline valuepit shall be documented that the method i
for the measurement purpose;

| of any relevant information likely:te' affect the results.

casionally, it is requested by the: customer or regulator to compare the primary measurg
ith the detection limit, cf\, imorder to decide whether the physical effect is recognized or not

re not in accordance with the ISO 11929 series. They have the consequence that it is decidg
at the physical effect is'absent when in fact it is not absent.

bd as

if the result is greater than the detection limit, the result of the measurement is exprégssed

ertainty can also be expressed as the limits of the probabilistically symmetric cove¢rage
interval cj ,c and/or the limits of the shortest coverage interval cy ,cj ;

5 not

ment
Such
d too

12

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=b7861d03998697a456784319144db320

A1l

IS0 13163:2021(E)

Annex A
(informative)

Separation and purification of 210Pb

Principle

The
prec
next
is pr
solut

The
resin

A2

A2,

All r
dete

A.2.]

The |
and ¢

210py
scint]

A.2.]

Thes|
Appr]

A.2.1
A sy

sample is filtered and acidified as described in Clause 5. The lead carrier iscadg
pncentrated. The solution of Pb obtained after the preconcentration step forms theloa
step. This can be either 2 mol. I' HCI (A.3) or 1 mol. ' HNO; (A.4). The load sohitfon of
pferred when both 210Pb and 210Po are measured. For the measurement of 229Pb alone
ion medium (2mol.I'1 HCl or 1mol.I' HNOj) is applicable.

bolution is further purified from potential interferents by passing it\through a crownj
that selectively extracts Pb. After elution, the 210Pb is measured by-L.SC.

Reagents and apparatus

I Reagents

eagents shall be of recognized analytical gradé and shall not contain, as far as p
‘table alpha and beta activity, except for radioactive standard solutions.

.1 Lead-210 standard solutions

Pb-210 standard solutions should betraceable to national or international measuremer
an be obtained from a number ¢f ¢ommercial suppliers and national measurement ing

illation.

.2 Standard solutien of Pb(II)

e can be obtainéd from a number of commercial suppliers at a range of con
oximately 14 in acidic medium (for example, 0,5 mol-1'1 HNO;).

.3 Quernching agent

led. Lead is
1 solution to
2 mol.I't HCI
, either load

ether based

ossible, any

t standards,
titutes.

standard solution in equilibrium with 210Bi for the determination of the counting yield in liquid

centrations.

acetone or

itable chemical should be used, such as nitromethane (CH3;NO,). Nitric acid,

orga

1.1 H dea L 1a1 £ hY 1 1o A |
TULITITUT TITCT L OTITPUUITUS (T 5. LINTUT UTUT I, LI dISU UTUSTUL

CAUTION — Some quenching agents are dangerous or toxic.

A.2.1.4 Laboratory water, distilled or deionized, complying with grade 3 of ISO 3696

Deionized water can contain detectable amounts of 222Rn and short-lived progeny. It is therefore
strongly recommended that water be boiled with vigorous stirring and allowed to stand for 1 d before
use. Otherwise, degas it with nitrogen for about 1 h per 2 1.

© ISO
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A2.1.5

A.2.1.6

A.2.1.7

A.2.1.8

A2.1.9
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Cationic exchange resin, e.g. sulfonic type 8 % cross-linking.
Hydrochloric acid solution, ¢(HCI) = 2 mol-1-1.
Nitric acid solution, c(HNO3) = 1 mol-1-1.

Nitric acid solution, c((HNO3) = 0,1 mol-1-1.

Solution of stable iron carrier, approximately 1 g-1'1 (for example in 0,5 mol-1'1 HNO,).

A.2.1.10 alJ1monium hydroxide solution, c(NH,OH) concentrated = 280 g-1-1.

A.2.1.11 Ampmonium citrate or citric acid solution, ¢(C4H;;NO-) or ¢(C;HgO;) = 0,01miol"l-1
to 0,1 mol-If1

A.2.1.12 EDTA solution, c(C,,H;cN,0g) = 0,01 mol-I-1.

A.2.1.13 Chromatographic extraction resin, 18C6 Crown ether-type resins.

A.2.1.14 Liquid scintillation cocktail

Choose accdrding to the characteristics of the sample to be analysed and according to the propert
the detecti%‘n equipment. The characteristics of the scintillatipn cocktail shall allow the mixture
homogeneotis and stable.

A.2.2 Apparatus

Usual labor4

itory equipment and in particular the, following.
ntrifuge or vacuum filtration system.
embrane filter, of pore size 0,45 pm.

jalytical balance, aceuracy 0,1 mg.

uipment for the measurement of stable lead.

-MS, ICP-OES.

pasturement equipment: Liquid scintillation counter

es of
to be

A.2.2.1 Ce¢
A.2.2.2 Mg
A.2.2.3 An
A224 Eq
e.g. AAS, ICE
A.2.2.5 Mg
210Pb may b

tounted withra commrerciat tiquid scintittationr counter- These may include:

— “conventional” twin photomultiplier tube systems with CIEMAT-NIST efficiency tracing routines
(CIEMAT/NIST measurements require additional software for data analysis); and

— triple-to-double coincidence ratio systems (TDCR measurements require additional software for
data analysis).

Liquid s

cintillation counters should be used in accordance with ISO 19361.

A.2.2.6 Scintillation vials

Glass or plastic (PTFE or PE) vials, suitable for the selected liquid scintillation counter.

14
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A.3 Procedure with 2 mol.I'1 HCl loading medium

A.3.1 Preconcentration

A.3.1.1 Preparation

Add a known quantity of lead carrier solution (A.2.1.2) (e.g. corresponding to approximately 1 mg
to 10 mg of Pb) to the sample (obtained from Clause 5) for the determination of the chemical recovery
and shake. The presence of Ca, Ba, K, Na and Sr in the sample can impact the chemical recovery (see 7.2).

The sample solution is preconcentrated either by iron hydroxide precipitation (A.3.1.2) or by cation
exchange resin (A.3.1.3).

A.3.1.2 Preconcentration by iron (III) hydroxide co-precipitation

An He(Ill) co-precipitation allows the greater part of alkaline and alkaline-earth elements to be
elimjnated. Add 10 mg to 20 mg of the Fe(III) solution (A.2.1.5) to the sample.obtained in A{3.1.1. Shake
to hgmogenize and warm the solution to approximately 50 °C to 60 °C.

Add |concentrated ammonium hydroxide solution (A.2.1.10) to about pH 9 until brown Fe(OH);
precipitates.

Allow to settle and cool for at least 2 h, then separate the iromhydroxide precipitate by filgration or by
centrifugation.

The [ron hydroxide precipitate is isolated and dissolved in a minimum volume (about 5 fnl to 10 ml)
of 2 mol-1I"t HCI (A.2.1.7).

A.3.1.3 Preconcentration with cation exchange resin [10]

The Water sample obtained in A.3.1.1 is lJoaded onto the cation exchange resin (A.2.1.6). The eluate is
evapprated to almost dryness and dissolved in a minimum volume (about 5 ml to 10 ml) of 2 mol.I'1 HCI
(A.2.1L.7).

If polonium is also to be determined, the temperature of evaporation has to be below 85 °[ to prevent
loss ¢f polonium.

A.3.2 Separation of 210Pb - Method with 2 mol.l'1 HCl loading medium (see Figure A.1)

A.3.2.1 General

The yolumes<of'the solutions for the preconditioning, the elution and rinsing steps are| given for a
volume of extraction chromatographic resin of 2 ml (i.e. approximately 0,7 g of dry resin).[The volume
of resinAised shall take into account the salinity of the sample (see 7.2).

= ] +1 - o 1 - 1 s (A O 4 40 R : ol 1N 1 _-c .
PI‘eC OIMTUILIOIT UIC CXLIACLIUIT CIITOITIdLOg TN dPITIC TESIITN (A.4.1. 10 ] WILIT dPPIOXIHIIALCLY 1U IIIT U1 2 mol'l 1 HC]

(A.2.1.7).

Step 1: Load the sample solution (A.3.1.2) or (A.3.1.3) on to the resin. An additional volume of 5 ml of
2 mol.I'1 HCI (A.2.1.7) is used to rinse Bi and Fe (in case Fe(OH); preconcentration is used) from the
resin.

Step 2: Elute polonium with 5 ml of 1 mol-I'1 HNO; (A.2.1.8) followed by 15 ml of 0,1 mol'l HNO,
(A.2.1.9). The 0,1 molI1 HNO; fraction can be used for the determination of 210Po, provided that a
polonium tracer has previously been added to the sample during its preparation.

Note the date and the time of the end of the rinsing (beginning of the ingrowth of 210Bj).

Step 3: Elute lead with 10 ml to 20 ml of a solution of ammonium citrate or citric acid (A.2.1.11) or EDTA
(A.2.1.12) to obtain solution S and make it up to a known volume, V.

© IS0 2021 - All rights reserved 15
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Key
a  step 1: Lpad and rinse in 2 mol.I'1 HCI (A.2.1.7) (Bi and Fe elution)
b step 2: Rjnses with 1 mol-I"1 HNO; (A.2.1.8) + 0,1 mol-1I'1 HNO; (A.2.1.9) (Po elution)

step 3: Rliinse with or 0,1 mol-1-1 citric acid or ammonium citrate (A.2.1.11) or 0,01 mol-l:* EDTA (A.2.1.12) (Pb
elution)

Figure A.1 — Separation scheme of 210Pb with 2 mol-1'1 HCI asloading medium

A.3.2.2 Preparation for the counting and the determination of the chemical recovery

In a 20 ml vjal, take an aliquot of volume, V;, generally of the order of 10 ml, from solution S, complete
to 20 ml with LSC cocktail (A.2.1.14) and mix the sample to measure 210Pb by liquid scintillation.

Take an aliquot of volume, V,, of solution S for the detérmination of the stable lead to estimatg the
chemical refovery. The chemical recovery can reach 80,% to 90 % if the sample has low salinity.

A.3.2.3 Measurement
Measure 210Pb in the samples by LSC as indicated in 6.2 and 7.8.
Measure the stable Pb concentration~in the samples by AAS, ICP-OES or ICP-MS for cheinical

recovery (R}).

A.4 Procgdure with 1 mel.l'1 HNO, loading medium

A.4.1 Preparation

Apply the ptoceduredescribed in A.3.1.1.

A.4.2 Prefoncentration

Apply the same procedure as described in A.3.1.2 or A.3.1.3 but replace the final dissolution step and
preparation of load solution with 1 mol:I1 HNO; (A.2.1.8) instead of 2 molI1 HCI (A.2.1.7).

A.4.3 Separation of 210Pb - Method with 1mol.I'1 HNO; loading medium (see Figure A.2)

Precondition the extraction chromatographic resin (A.2.1.13) with approximately 10 ml of 1 mol-l1
HNO; (A.2.1.8) and not 2mol.I'1 HCL.

Step 1: Load the sample solution (A.4.2) on to the resin.

NOTE In 1 mol.I't HNO; medium, bismuth and iron are not retained on the resin. Polonium is only partly
retained.

Step 2: Elute remaining polonium by means of 15 ml of 0,1 mol-I'1 HNO; (A.2.1.9).

16 © IS0 2021 - All rights reserved
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