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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.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Radioactivity from several naturally-occurring and anthropogenic sources is present throughout the
environment. Thus, water bodies (such as 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
processing of mineral sands or phosphate fertilizers production and use).

Human-made radionuclides such as transuranium elements (americium, plutoptum, meptunium,
curium), 3H, 14C, ?0Sr, and gamma emitting radionuclides can also be found.in“natufal waters.

Rad
cha
nuc
may

The
env
rec
tha
nat
dis(
for

using measurement results with their associated uncertainties as specified by ISO/IEC Guid

ISO

Dep
an a
for

NO1
that
very

In t

Small quantities of these radionuclides are discharged from nuclear fuel eycle faciliti
environment as a result of authorized routine releases. Some of thesg’ radionuclide
medical and industrial applications are also released into the environmentafter use. Ant
radionuclides are also found in waters as a result of past fallout contaminations rest
the explosion in the atmosphere of nuclear devices and accidents such as those that ¢
Chernobyl and Fukushima.

ionuclide activity concentration in water bodies canfwary according to local
racteristics and climatic conditions and can be locally and temporally enhanced by rel
ear installation during planned, existing, and emergenty exposure situationsll. Drin
r thus contain radionuclides at activity concentrations which could present a risk to hum

radionuclides present in liquid effluents are usually controlled before being discharg
ironmentl2] and water bodies. Drinking watexs are monitored for their radioactivity
mmended by the World Health Organizatiof?( WHO)[3] so that proper actions can be take

onal regulations usually specify radionuclide authorized concentration limits for liqy
harged to the environment and radionuclide guidance levels for waterbodies and drinK
blanned, existing, and emergency exposure situations. Compliance with these limits can

5667-20[4],

ction to reduce health risk. As an example, during planned or existing situation, the WHO
buidance level indciking water is 100 Bg-1~ for 29Tc activity concentration.

E1 The guidance level is the activity concentration with an intake of 2 1/d of drinking water
results in ameffective dose of 0,1 mSv/a for members of the public. This is an effective dose that

he eveént of a nuclear emergency, the WHO Codex Guideline Levels[3] mentioned that 4

low level of risk and which is not expected to give rise to any detectable adverse health effects(3.
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ending on the exposure.situation, there are different limits and guidance levels that woulld result in

guidelines

for one year
epresents a

he activity
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céntration on contaminated food might not be greater than 10 000 Bq-kg™! for ?9Tc.

NOTE 2

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)[=l.

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 situation[21el[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
measuremgnts, that are Sometimes required by national authorities, as they may have to obtajn a
specific ac¢reditation for radionuclide measurement in drinking water samples.

This docurnent is one of a set of International Standards on test methods dealing with the measurenjent
of the actiyity concentration of radionuclides in water samples.
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Water quality — Technetium-99 —

Part 1:
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, associats

us

detprmine the applicability of any other restrictions.

IMBORTANT — It is absolutely essential that tests conducted according ¢e’ this dod
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Itis the responsibility of the user to establish appropriate safety and health pract

ried out by suitably trained staff.

Scope

5 document specifies a method for the measurement of 29F¢vin all types of water
tillation counting (LSC).

method is applicable to test samples of supply/drinking water, rainwater, surface and grg
vell as cooling water, industrial water, domestic, and industrial wastewater after prope
handling, and test sample preparation. A filtration.of'the test sample is necessary.

detection limit depends on the sample volume“and the instrument used. The method
his document, using currently available LSE;instruments, has a detection limit of ap

D Bq 171)[3]. These values can be achievedwith a counting time of 30 min for a sample volu
veen 14 ml to 40 ml. The method presented in this document is not intended for the det

activity concentration values‘in this document are expressed by sample mass unit
ple volume unit as it is usually the case in similar standards. The reason is that 99Tc is n

vity concentration values can be easily converted to sample volume unit by measuring

method desckibed in this document is applicable in the event of an emergency situati
MTc is present at quantities that could cause interference and not if 2°™Tc is used as a reco}

analysis.of Tc adsorbed to suspended matter is not covered by this method.

the user’s responsibility to ensure the validity of this test method for the water samples
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ument be

by liquid
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ximately

o
n-kg! to 20 Bg-kg1, which is lower than the WHO criteria for safe consumption of drigﬁ;ing water

ne varying
brmination

instead of
easured in

ous matrix types such ds fresh water or sea water, which have significant differences in density. The

the sample

bn, but not
Jery tracer.

tested.

2

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including 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
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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

ISO 5667-10, Water quality — Sampling — Part 10: Guidance on sampling of waste waters

ISO 10703, Water quality — Determination of the activity concentration of radionuclides — Method by
high resolution gamma-ray spectrometry

ISO 11929, Determination of the characteristic limits (decision threshold, detection limit and limits of the

confidence
ISO/IEC 17|

1SO 19361,
liquid scint

[SO 20042
gamma spe

[SO 80000

Laat 1) £ £ £ ez iy I 2 ol = N £
Treecr Vuljjul IMICcUusSur CiIricrito Uj lUIllLllly ruuiucivri I"UrnuuuiITicrituro uriua u[}l.llll/ublull

025, General requirements for the competence of testing and calibration laboratories

Measurement of radioactivity — Determination of beta emitters activities — Test method u
llation counting

Measurement of radioactivity — Gamma emitting radionuclides — Gener'i¢c,test method u
ctrometry

10, Quantities and units — Part 10: Atomic and nuclear physics

3 Termss, definitions and symbols

3.1 Ternps and definitions

For the pu
ISO/IEC Gy

ISO and IE
ISO On

IEC El¢

3.2 Syml

For the pul

rposes of this document, the terms and definitions given in 1ISO 80000-10, ISO 11
ide 98-3 and ISO/IEC Guide 99 apply.

[ maintain terminological databases for use in standardization at the following addresse

line browsing platform: available athttps://www.iso.org/obp

ctropedia: available at http://wwi.electropedia.org/

bols

Fposes of this document, the symbols and designations given in ISO 80000-10, ISO 11

5ing

5ing

D29,

12

D29,

ISO/IEC Gyide 98-3, ISO/IEC Guide 99 and the following apply.

Symbol Term Unit
C; decision threshold Bq-kg!
o detection limit Bg-kg!

A

le ci lower and upper limits of the confidence interval Bg-kg!
cﬁ detection limit in mass concentration g-kg1

p
A activity of the calibration source Bq
Ar tracer activity Bq
Aty tracer activity measured Bq
cy activity concentration Bqg-kg™!
Cm mass concentration gkg1
Cq specific activity Bg-g!
2 © IS0 2019 - All rights reserved
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Symbol Term Unit

DPM disintegrations per minute

fq quench factor

m test sample mass kg

my sub sample mass of the eluate for Tc measurement by LSC g

m, sub sample mass of the eluate for recovery measurement g

m, eluate mass g

Mmq tracer mass g

me mass ol tracer added to the reagent blank for the calculation of 1y, g

M empty container mass of the eluate g

Mg full container mass of the eluate g

mqol tracer mass measured g

My tracer solution mass g

1N reagent blank count rate counts-s~
R, chemical recovery

re sample count rate counts-s~
R, mass ratio

re calibration count rate counts-s~
Fsp spiked reagent blank count rate for r, calculation, counts-s~
r 99Tc count rate from the tracer counts-s”
I'us unspiked reagent blank count rate for r,, caletflation counts-s~
SQRE spectral quench parameter of the external standard

to background counting time s

TDCR triple to double counts ratio

t, sample counting time S

ts calibration counting time ]

tSIE transformed spectraliridex of the external standard

ﬁ(éA) characteristic limits Bg-kg!
U expanded uncertainty, calculated by U = ku(c,) with k=1, 2..,, Bg-kg!
u(ch) standard uncertainty associated with the measurement result Bg-kg!
4 test sample volume 1

detéction efficiency

p sample density kg1
4 |Principle

Technetium is mainly an anthropogenic element, but trace amounts are found in uranium ores. It has
no stable isotope. 99Tc is a significant fission product of 235U (approximatively 6 % yieldl8]) with a
maximum beta-energy of (294 + 1) keV and a half-life of (2,1 + 0,1) x 10> years[2l.

To determine °?Tc in water, a water sample is collected, filtered, acidified, and oxidized (see Clause 5).
A tracer is added before the chemical separation to take into account the losses of recovery during
the purification step. Enough tracer is added to obtain a good statistical precision and be easily
distinguished from a blank sample. The tracers that can be used are stable Re, >™mTc and 29™MTc. Stable
Re is often used as a recovery tracer for Tc measurement due to its similar reactivityl8l. It has the
advantages of being easily available and stable. Tc and Re do not behave similarly when heated in an

© IS0 2019 - All rights reserved
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acidic solution. Tc is more volatile[12[11]; thus Re cannot be used as a recovery tracer when the method
includes a vaporization step.

— When Re is used as a chemical recovery tracer, a sub-sample (m,) of known mass is taken before
the LSC measurement for the recovery determination. It is recommended to complete the recovery
determination before counting the sample.

Rhenium can be measured for example by:

ICP-0OES according to ISO 1188512

AAS ag
UV-vis

When
by gan
when (
pre-trg
ISO 10

95mT¢ or 99
99mTc and

preferred 1
containas

99Tc is che
the liquid
purificatio

After rem
sample is 1
vial is cour

5 Samp

Sampling,

and ISO 56
important
or modifie

The sampl
can also b
not strong
sample to

0,01 mol-l7

i H £ 1CNO
COTOTITg tOTOU

ible spectroscopy14][13]

POmTc or 95MTc is used as a chemical recovery tracer, the chemical recovery is\deter

ounting the sample. The sample is directly placed in the gamma counter, without any sa
batment. It is measured according to the instrument specifications and im accordance v
703 and I1SO 20042.

["Tc should completely decay before measuring the sample by LS€. Itcan take several days
beveral months for 9°MTc depending of the initial quantity add€d. The tracer 29MTc is usy
o 95MmTc due to a faster decay and also because commergial. 95mTc standard solutions 1
gnificant amount of 99Tcl8l,

mically purified from potential interferents, which:consist of any isotope that can c3
scintillator to emit light in the region of interest{fROI) of ?°Tc. Different methods for
n of 99Tc are presented in the Annexes A to C.

val of the potential interferents, the chemyical recovery (R is determined. The puri
hixed with the scintillation cocktail in a-counting vial to obtain a homogenous medium.
ted by LSC.

ling and storage

mi
hma spectrometryl8l. Enough activity of 99mTc or 9°MTc is added to obtain“10 000 coInts

ed

ple
vith

for
ally
may

use
the

fied
The

handling, and storage of{ the water shall be done as specified in ISO 5667-1, ISO 5

6
67-10 and guidance is given for the different types of water in References [16] to [23] }

that the laboratory receives a sample that is truly representative and has not been dam
l during transportation or storage.

b is filtered to'remove suspended matter using a 0,45 pum filter. A smaller pore size f
e used, but;the filtration might be more tedious and time consuming. Technetium (VI
y adsorbed to plastic or glass container, but it can be reduced by the organic matter in
fechnetium oxide (TcO,). After filtration, the sample is acidified with nitric acid (HNO;
L HNO;. Then, hydrogen peroxide (H,0,) is added to maintain Tc as TcO," and reducg

adsorption

7-3
tis
ged

lter
) is
the
) to

its

to.the container. An addition of H,O, to bring the sample to a concentration of 0,02 mol |

1 is

recommended for the sample.

6 Procedure

6.1 Sam

ple preparation for measurement

Filter, acidify, and oxidize the samples and a blank sample prepared with ultrapure water as specified in
Clause 5. A minimum of 1 blank sample is required for all the methods presented. However, the average
of several blanks can be used. Also, 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). Add the tracer to the sample.
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Purify the sample from potential interferents. Purification methods are described in the informative
Annexes A to C. An equivalent method can be used but shall follow all the criteria stated in this
document.

Det

ermine the chemical recovery.

Measure the 29Tc in the sample by LSC.

6.2

Measure 99Tc in the samples by LSC by following the instructions provided by the

Sample measurement

instrument

mafufacturer and the steps described in ISO 19361.

7

7.1

Qud
be |

7.2

Spe
biag
may
med

Thd
lum
pea

7.3
Maj

asst
inst

7.4
Ver

Quality assurance and quality control program

General

lity control operations shall meet the requirements of ISO/IEC 17025y Measurement me
erformed by suitably skilled staff under a quality assurance program.

Variables that could influence the measurement

cial care shall be taken in order to limit as much as passible the influence of parameter

the measurement and lead to a non-representative yesult. Failure to take sufficient g
' require corrective factors to be applied to the-measured result. The variables affd
)surement method are discussed in ISO 13164-284and 1SO 13164-3[23],

encing variables can affect the following stages of the measurement process:

Infl
trarrsportation and storage, reagents, transferpand the activity measurement.

presence of luminescence prevents. the proper measurement of the samples. To

kk is observed, wait a few more heurs until no luminescence is observed and re-count the

Instrument verification

or instrument pararneters (efficiency, background) shall be periodically verified withi

ructions.

Contamination

fy fotreontamination of the reagents through the periodic performance of reagent blan

fhods shall

s that may
recautions
cting each

sampling,

reduce the

inescence, the samples are left in\th€ dark for a few hours before counting them. If a lutninescence

samples.

h a quality

irance program.‘established by the laboratory and in accordance with the manpufacturer’s

k analysis.

Labjoratory procedures shall ensure that laboratory and equipment contamination as well as sample
Cross-Eentaminationis-aveided:
7.5 Interference control

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

7.6 Method verification

A periodic verification of the method accuracy should be performed. This may be accomplished by:

participating in intercomparison exercises;
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— analysing reference materials;

— analysing spiked samples.

The repeat

ability of the method should be verified (for example, by replicate measurements).

7.7 Demonstration of analyst capability

If an analyst has not performed this procedure before, a precision and bias test should be performed
by running a duplicate measurement of a reference or spiked material. Acceptance limits should be

the laboratory.

defined by

A similar d
periodicity

7.8 Sa

Periodic:;lj

activity, co
for a perio
count rate
standard s

The sample
(such as t§
similar. Hg

valuation should be performed by the analysts who routinely apply this procedurejwi
defined by the laboratory. Acceptance limits should be defined.

le measurement

verify the measurement performances of the instruments usingrsaurces of cons
vering the energy range to be measured. The counting background ofthe’system is measu
1 of at least equal to that of the counting time used for the test sample and standards.
of the reagent blank is denoted ry. The counting efficiency of °°Tc is determined wi
blution of 29Tc of known activity and purity.

s collected after the purification and analysis by LSC shauld show a similar quenching in
[E, SQPE, TDCR, direct DPM) for a specific type of matrix as the chemical medium is Y
wever, a quench calibration curve can be constructed to cover the quenching index v

range encduntered. This curve is made by adding a known afiount of ?°Tc and varying concentrat

of a quench
against qu

ling agent to blank aliquots. A quench curve canbe obtained by plotting detection efficig
bnching index value.

8 Expre¢ssion of results

8.1 Sample activity, recovery and uneertainties

In the part
liquid volu

icular case of the measunémnient by liquid scintillation, the uncertainties on the scintilla
me or mass and the coufiting time can be neglected.

th a

ant
red
The
h a

dex
ery
hlue
ons
ncy

fion

The sampl¢ activity concentration (c,) of ?°Tc of the sample is calculated using Formula (1):
CA:Rn-(rg—rb)/(m-RC-e-fq):(rg—rb)-w €8]
where
w=Ry|{0-R - f, )
and
£= (rS —-ry ) /A

If Reis used as arecovery tracer, ry, is equal to a method blank count rate. However, it is not the case when
95mTc or 99mTc is used as a recovery tracer, since these tracers might contain a significant amount of
99Tc. To be able to calculate this contribution, 2 reagent blanks, with no tracer added, shall be prepared
using the same method as for the samples. After separation, one of these method blanks is spiked with
a known amount of the tracer (mgg). The tracer is allowed to decay until it is undetectable. This can be
done at the same time as the real samples to be more time efficient. The unspiked and spiked samples
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are then measured by LSC. The subtraction of the spiked (ry,) and unspiked (r,) count rate reagent
blanks allows to determine the °°Tc count rate () contribution from the tracer as in Formula (2):

I'r =Isp —Tus (2)

The contribution of °?Tc from the tracer (ry) varies as a function of the sample recovery (R.), but not
the instrumental background. The reagent blank count rate (r,) for each sample is determined using

Formula (3):

r, =ry. +(R.-rp-mg /myg) (3)

And the uncertainties on ry is calculated using Formula (4):

2 2
u(rb)z\/(:u(rus )) +(:ur2el(Rc)+‘u1?el(rT)+/”Lr2el (mT)+»uI?el(mTB )) (4)
Theq eluate mass (m,) is determined using Formula (5):

Me =My —Mye (5)

Thd sub-sample mass for LSC (m;) measurement is determined.using Formula (6):

mp=mgy—my (6)

Thg mass ratio (R,,,) is determined using Formula.(7):

Ry =mg /my (7)

The chemical recovery (R is calculated-using Formula (8):

Rc:(me/mT)'(me/mZ) (8)
where
mry, is the tragerimass measured using one of the methods listed in Clause 4;

my  is the'tracer mass added to the sample;
m, JSthe sub sample mass.

If °YmTe.or 95mTc are used as recovery tracers, the ratio m,/m, = 1. The uncertainty on [R, (4R, is
caldulated using Formula (9):

—_

:urzel (Rc)= :urzel (M) +Nr2e1 (mp )+Hr2e1 (me )+:ur2el (my) 9)

When 29MTc or 95MTc are used as recovery tracers, the amount of tracer added and measured is most
likely expressed in activity rather than in mass. In that case, the ratio tracer mass measured on tracer

© IS0 2019 - All rights reserved 7
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mass added (my,,/my) can be equally replaced by the ratio tracer activity measured (Ay,,) on tracer
activity added (A7) as shown in Formula (10):

Rc = (ATm/AT) ’ (me/mz) (10)
And the uncertainty is calculated using Formula (11):
2 2 2 2 2
Hrel (Rc ) =Hrel (ATm )+:urel (AT )+:urel (me )+nurel (mZ ) (11)
When using—22Fe-eor-Sife-as-arecovery-tracertisimportan racer
radiologicdl decay.
When 2T or 99mTc is used as a chemical recovery tracer, m, = m; and m, = 0, which implies that R, |= 1.
The uncertfainty of the sample activity (u[C,]) is calculated using Formula (12):
2. 2 2 2 .2 2 20) 2
M[CAJZ\/W '(“ (rg)+u (rb))+CA Hrer (W) :\/W (rg /tg+ro /to )+ a? e (w) 12)
where
2 2 2 2 2 2
Hyel (W = Hrel (8)+:ure1 (m)+:urel (fq )+:urel (Rc ) + Hrel (Rm )
And the relative standard uncertainty of € for each quenching value is calculated using Formula (13)):
2 () =2 (rg —rp )+ 12 (A)=(rg /ts 410 /o) / (r0—rp ) + 12 (A 13
»urel(g Hrel\I's —Tp “rel( ) rs/ S rb/ 0 /(rs s Hrel ) )
where p..,f(4) includes all the uncertainties related to the calibration source: that is in the standard
solution and the preparation of the calibration seurce.
yrelz(fq) degpends on the mathematical model'used to fit the quench curve.
If needed,|the characteristic limits, ﬁ(EA ) can be calculated using Formula (14) as explained in
ISO 11929:
~re 2.(( ~2 2 -
U[CA:I =\/W '((CA /(W+rb)>/tg +1y, /t0)+CA Hrel (W) 14)
Note that the resultS'can be expressed in volume unit using the density of the water tested.
8.2 Decision threshold
The decision threshold, c;, is obtained from Formula (15) for ¢, =0 (see ISO 11929). This yields:
Ca :kl_a‘w~\/(rb/tg)+(rb/t0) (15)

a=0,05wi

th k; _, = 1,65 are often chosen by default.
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8.3 Detection limit

The detection limit cj is calculated using Formula (16):

ch=c) +ki_p -ﬁ(cﬁ)zcz +ki_p -\/W2 -(((cj /w)+rb)/tg )"‘(’”b Jto)+ch? i (w) (16)

f=0,05with k; _ B = 1,65 are often chosen by default.

. . . . . # .
Th detection limit can he calculated }'\y cn]v‘ng the pr‘n‘nnnc Eormula for FA nr’ maore Slmply’ by

iterption with a starting approximation ¢ =2- cZ .

When taking a = b then k; _ , = k; _g = kand the solution of the detection limit is given'by Foimula (17):
=2, k2 1-k? - u? 17
Ca™= Cqt{lw /tg / Hrel (W) (17)

8.4 Confidence interval limits

Theg lower, cfl, and upper, cz, confidence limits are calculated using Formulae (18} and (19)
(seq ISO 11929):

ca=ca—ky-u(cy)ip=0-(1-7/2) (18)

ca=catk,-t(cy)iq=1-w-y/2 (19)
whére w = @(y/u(y)),
wheére

@ is the distributien-function of the standardized normal distribution;
1-y/2 is the probability for the confidence interval of the measure;
w=1 mayhesetifc, >4 u(cy).

In this case, seexFormula (20):

Chry Tr=cy K1y /2u(cy) (20)

y = 0,05 and then, kl-y/Z = 1,96 is often chosen by default.

8.5 Calculation using the activity per unit of volume

The activity concentration may be calculated by multiplying the activity per unit of mass by the density
p in grams per litre, as shown in Formula (21):

Cy :(Rm -p-(rg—rb))/(m-RC '£~fq):(rg—rb)-w (21)

© IS0 2019 - All rights reserved 9
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where

w=(Ry, ~p)/(m~RC~8-fq)

»urzel (W)znurzel (£)+:u1?el (m)+:ur2el (fq )+:ur2el (Rc )+:ur2el (Rm)+:ur?el (P) (22)

The formulae for the uncertainty, the characteristics limits and the limits of the confidence interval are
calculated using the same formula as defined with the mass.

8.6 Conyersion of activity concentration to mass concentration

The results can be expressed in mass concentration by dividing the activity concentration by|the
specific activity of °9Tc (Cy), which is 6,3 + 0,2 x 108 Bq-g~1.

The activitly concentration (c,) and detection limit (¢#,) can be converted to mass cotieefitration (c,)) by
dividing the values obtained with the specific activity of °°Tc (CJ) as in Formulae (23Yand (24).

m =Ch /Cs 23)
chp=t4/C; 24)

Cs=6,317+0,033x108 Bq-g !

The uncertlainty of the mass concentration is calculatedsusing Formula (25):

ﬂ[P]:P\/ﬂrzel (Ca)+ube (Cs) 25)

2

There is nd need to calculate the uncertaintiés on the ¢, and c#, , because they are estimated value

8.7 Conyersion of mass concentration to volume unit

To expresq the concentration by sample mass to sample volume, the mass (m) and volume (V) of|the
sample shall be recorded when performing the measurement. The activity concentration by sample
mass c,(Bq-kg™1) may be ealculated by sample volume c¢,(Bq-1™1) using Formula (26):

CA(Bq_l 1) :CA(Bq.kg—l) -m/V 26)

And the urfcertainty can be calculated using Formula (27):

.LL[CA(Bq'l—l ) } = CA(Bq,l—l ) \/.urzel (CA(Bq,kg_l) J+ fier (m)+ 11y (V) (27)

9 Testreport

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

a) areference to this document,i.e. ISO 22125-1:2019;

b) all information necessary for the complete identification of the samples;
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c) units in which the results are expressed;

d) testresult,C, * u(C,) or C, = U, with the associated k value.
Complementary information can be provided such as:

e) probabilities a, § and (1-y);

f) decision threshold and the detection limit;

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

— when the activity concentration C, is compared with the decision thre
[SO 11929 (all parts)], the result of the measurement should be expressed as.s Cj

result is below or equal to the decision threshold;

— when the activity concentration C, is compared with the detection limit, the reg
measurement can be expressed as < Cf; when the result is below ot lequal to the deté

If the detection limit exceeds the guideline value, it shall be deciimented that the mg
suitable for the measurement purpose;

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

shold  [see

when the

sult of the
ction limit.

thod is not

© IS0 2019 - All rights reserved
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Annex A
(informative)

Method 1 — TEVAD resin

A.1 Prineiple

The sampl
purified fr]
quaternary

5Bq-kgli

A.2 Rea

A.2.1 Re

Use only re
A2.11 N
A2.1.2 N

A2.13 N

e is filtered, acidified, and oxidized as described in Clause 5. The tracer is addeds %77
pm potential interferents by passing the solution through a TEVA resin, which.'contail
r amine that selectively extract Tc. Then ?9Tc is measured by LSC.

MTc can be used as a recovery tracer for this method. An approximate 'detection lim
5 usually obtained using this method.

gents and apparatus

agents

agents of recognized analytical grade.

itric acid solution, c(HNO3) = 0,01 mol-1-L.

itric acid solution, ¢(HNO;3) = 0,1 mol-I-L.

itric acid solution, ¢(HNO3) = 12 mo].I*.

itric acid + hydrofluoric acid selution, c(HNO3) = 0,02 mol-1-1 + ¢(HF) = 0,5 mol-I-1.
PMTc or 29mTc standard-solution.

hromatographic extraction resin TEVA.

aboratory water, distilled or deionized, complying with ISO 3696 grade 3.

PTc stanndard solution.

iquid scintillation cocktail, chosen accordingly to the characteristics of the sample tq

C is
1S a

t of

be

A2.14 N
A2.15 °
A21.6 C
A2.1.7 L
A.2.1.8 °
A219 L
analysed a

shall allow

A2.2 Ap

the mixture to be homogeneous and stable.

paratus

Usual laboratory equipment including the following:

A.2.2.1 Vacuum filtration system.

4 the properties of the detection equUipment. 1e characteristics of the scintittation cocktail

1) TEVA resin is the trademark of a product supplied by Eichrom Technologies and TrisKem international. 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.
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A.2.2.2 Filters, of pore size 0,45 pm.

A.2.2.3 Multi-holes vacuum box, e.g. 12 positions.

A.2.2.4 Analytical balance, accuracy 0,1 mg.

A.2.2.5 Disposable polypropylene centrifuge container, minimum volume of 50 ml.

A.2.2.6 Pipettes.

A2

A.2

A3

A3

2.7 Hot plate.

2.8 Liquid scintillator counter.

Procedure

.1 Sample preparation

Weigh approximately 40 ml of the filtered sample (m) in a 50 ml_ disposable plastic centrifugg container.

Red

Add
trad

A3

Plag
resq

Pre
Pas
Rin

If 2
c(H

Ifa
of t

Eluf

A3

ord the sample volume (V) if it is desired to express the final eoncentration in volume un

the tracer to the sample and record the mass of solution added (myg). Add enough 95m
er to give 10 000 counts by gamma spectrometry when counting the sample.

.2 Sample purification by extraction chromatography

brvoirs to pass the reagents through themesin.
rondition the extraction resin with 5ml of the HNO; solution of c(HNO3) = 0,1 mol-1-1.
5 the sample through the resin-ata flow rate of 1 ml-min! to 2 ml-min-1.

Se the resin twice with 25m! (total 50 ml) of the HNO; solution of c(HNO3) = 0,01 mol-1-1
NO) = 0,02 mol-1-24(HF) = 0,5 mol-I"L.

ne HNO; solution of c(HNO3) = 2 mol-1-1.

.3>ySample preparation for LSC measurement

e Tc frem'the resin into a glass beaker using 25 ml HNO; solution of c(HNO3) = 12 mol-1-}.

fit.

[c or 99mTc

e a 2 ml TEVA resin on top of a multi-heleés vacuum box using the appropriate connfectors and

B4Th is present, rinse - the resin another time with 25 ml of the solution of HNQ; + HF of

high amount.df Ru and/or Mo is present, rinse the resin another time twice with 20 ml (tptal 40 ml)

Vaporize the sample solution on a hot plate until 0,5 ml is left. It is suggested not to heat at a temperature
above 80 °C to minimize the chemical recovery losses.

Transfer the 0,5 ml sample to a LSC vial. Rinse the container with up to 4,5 ml of water and transfer this
rinse solution to the LSC vial and adjust to 5 ml if needed.

A3

4 Measurement

Measure the tracer in the samples by gamma spectrometry and calculate the chemical recovery (R,).

Let

95mTc or 99MTc decay completely.

Add 15 ml of LSC cocktail in a 20 ml liquid scintillation vial and mix the sample.

© IS0 2019 - All rights reserved
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Let the sample stand in the instrument rack to reduce the luminescence by dark adaptation.

Measure ?9Tc in the samples by LSC.
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Annex B
(informative)

Method 2 — TRU2 resin

1—P1r3 inl
B.1T—Erinciple

Thg sample is filtered, acidified, and oxidized as described in Clause 5. The tracer is.added. %9Tc is
purffied from potential interferents by proceeding to a calcium phosphate co-precipitatign followed
by 4 solid phase extraction using an extraction chromatography resin (TRU resin) eontaining tributyl
phasphate (TBP). Then ?9Tc is measured by LSC.

Re, P>MTc and 29mTc can be used as a recovery tracer for this method.

An gpproximate detection limit of 5 Bq-kg! is usually obtained using this’method.

B.Z Reagents and apparatus

B.2l1 Reagents

Uselonly reagents of recognized analytical grade.

B.2{1.1 Phosphoric acid solution, ¢c(H;P0,) 14,8 mol-1-1.
B.2|1.2 Sulfuric acid solution, c(H,5S0,)18 mol-1-1.

B.2|1.3 Sulfuric acid solution, ¢(H,50,) = 2 mol-1-1.

B.2|{1.4 Calcium chloride solution, ¢(CaCl,) = 1 mol-1-1.

B.2|{1.5 Ammonium hydroxide solution, c((NH,OH) = 14,5 mol-1-1.
B.2|{1.6 Hydrogenyperoxide solution, ¢c(H,0,) = 8,82 mol-1-1.
B.2|1.7 Re(standard solution, ¢(NH,ReO,) = 8,06 x 106 mol-1-1 or 95™mTc or ?°mTc standard solution.

B.2|1.8", Chromatographic extraction resin TRU.

B.2.1.9 Laboratory water, distilled or deionised, complying with ISO 3696 grade 3.
B.2.1.10 °?Tc standard solution.

B.2.1.11 Liquid scintillation cocktail, chosen accordingly to the characteristics of the sample to be
analysed and the properties of the detection equipment. The characteristics of the scintillation cocktail
shall allow the mixture to be homogeneous and stable.

2) TRU resin is the trademark of a product supplied by Eichrom Technologies and TrisKem international. This
information is given for the convenience of users of this document and does not constitute an endorsement by 1SO
of the product named. Equivalent products may be used if they can be shown to lead to the same results.
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B.2.2 Apparatus

Usual laboratory equipment including the following:

B.2.2.1
B.2.2.2 F

B.2.2.3

Vacuum filtration system.

ilters, of pore size 0,45 pm.

Centrifuge.

B.2.2.4

B.2.2.5

=

B.2.2.6 D
B.2.2.7
B.2.2.8 H

B.2.2.9

p—

B.3 Pro

B.3.1 Sa

Weigh app
Record the

Add the tr3
of Re trace
used, add ¢
the sample

Add 5 x 10

l\kulti-holes vacuum box, e.g. 12 positions.

nalytical balance, accuracy 0,1 mg.

isposable polypropylene centrifuge containers, minimum volume of 50/m¥.

Pipettes.

ot plate.

iquid scintillation counter.

redure

mple preparation

roximately 40 ml of the filtered sample () in a 50 ml disposable plastic centrifuge contaipner.

sample volume (V) if it is desired to-express the final concentration in volume unit.

icer to the sample and record the mass of solution (mqg). If Re is used, add 8,06 x 1010

I (my) (0,1 ml of Re standard,solution, c(NH,Re0,) = 8,06 x 10-6 mol-1-1). If 95mTc or 29mT

nough 9°mTc or 99MTc traeét:to give 10 000 counts by gamma spectrometry when coun

4 mol of Ca2* (0,5 mbof calcium chloride solution, c(CaCl,) = 1 mol-1-1) (except for sea w

since the amount of calciumis-already sufficient), 2,96 x 10-3 mol of H;P0, (0,2 ml of H;PO, solut

c(H3P0,) =

14,8 mol-1"1),and 8,82 x 10~% mol of H,0, (0,1 ml of H,0, solution, ¢(H,0,) = 8,82 molj

Mix the sample to hombgenize and wait 5 min.

B.3.2 Ca
Add 1,45 x

cium-phosphate precipitation

1052 mol of NH,OH (1 ml of 14,5 mol-11 NH4OH solution, ¢((NH,OH) = 14,5 mol-1-1) and

mol
Cis
[ing

iter,
ion,
I-1).

mix

the sampl

Centrifuge

Ao T £ £l oL
. VVCllL J llllll IUL L1IC lJl CLI}JI\,C{LC LU UT 11Ul lllCu

the sample.

Transfer the supernatant in a disposable 50 ml plastic container and add 7,92 x 102 mol of H,SO,
(4,4 ml of H,SO, solution, c(H,S0,) = 18 mol-1-1) to the supernatant. Mix the sample and wait 30 min to
let the sample cool to room temperature.

CAUTION — The dissolution of H,SO, in water is highly exothermic, which could make the plastic
softer. It is important to be careful when closing the container cap.

16
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