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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 13160 was prepared by Technical Committee ISO/TC 147, Water quality,_Subcommittee §C 3,
Radiologicallmethods.

iv © IS0 2012 — All rights reserved


https://standardsiso.com/api/?name=be4a607ff16be677754d3edba61fec87

INTERNATIONAL STANDARD

ISO 13160:2012(E)

Water quality — Strontium 90 and strontium 89 — Test m

ethods

using liquid scintillation counting or proportional counting

WARNING — Persons using this International Standard should be familiar with norma

| laboratory

practice. 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 prac
ensure compliance with any national regulatory conditions.

tices and to

IMPQRTANT — It is absolutely essential that tests conducted in accordance with this)l
Stangard be carried out by suitably qualified staff.

1 cope

This |nternational Standard specifies the test methods and their associated princCiples for the
of the activity of 90Sr in equilibrium with 20Y, and 89Sr, pure beta-emitting radionuclides, in w4
Different chemical separation methods are presented to produce strontium and yttrium sources,
which is determined using a proportional counter (PC) or liquid scintillatién counter (LSC). The s¢|
test method depends on the origin of the contamination, the charaetéristics of the water to be 4§
required accuracy of test results and the available resources of the laboratories.

Thes
gase

e test methods are used for water monitoring following;~past or present, accidental or rou
bus discharges. It also covers the monitoring of contamination caused by global fallout.

Whe
stron
activi

1 fallout occurs immediately following a nuclear_ggccident, the contribution of 89Sr to the tof
lium activity is not negligible. This International Standard provides the test methods to d
ty concentration of 90Sr in presence of 89Sr,

ormative references

The following referenced documeghts “are indispensable for the application of this documen
refergnces, only the edition cited@pplies. For undated references, the latest edition of the referenc
(incldding any amendments) applies.

ISO {11929, Determinationyof the characteristic limits (decision threshold, detection limit and
configence interval) forimeasurements of ionizing radiation — Fundamentals and application

hternational

nheasurement
ter samples.
he activity of
lection of the
nalysed, the

ine, liquid or

al amount of
etermine the

t. For dated
ed document

limits of the

Aj calibration source activity of radionuclide i, at the time of calibration

CAi activity concentration of radionuclide i

C:\i decision threshold of radionuclide i

Cﬁi detection limit of radionuclide i

oS o lower and upper limits of the confidence interval of radionuclide i
Ai CAj
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Rei chemical yield of the extraction of radionuclide i 1
70 background count rate s
ro; background count rate for measurement ; s
rg gross count rate s
rgj gross count rate for measurement j s
rj net count rate for measurement j s
rs catibratiormrsource count rate 5!
t time elapsed between separation of 90Sr/90Y (s = 0) and counting 5
to background counting time 5
t4, tf start and finish time respectively of the measurement, referred to 1 =0 5
Ig sample counting time 5
lj start time of the measurement j, referred to 1 = 0 5
ts calibration source counting time 5
U expanded uncertainty, calculated by U = ku(cp) with k= 132 ... Bd I
u(cp) standard uncertainty associated with the measurement result Bq I
V volume of the test sample |
& counting efficiency for radionuclide i L
A decay constant of radionuclide i (
4 Principle
4.1 General
905y, 90Y arld 89Sr are pure béta-emitter radionuclides. Their beta-emission energies and half-livep are
given in Table 1.
TaBle 1 — Half-tives, maximum energies, and average energies of 20Sr, 90Y, and 89Sr
Parameter 90y 920y 89gr

Maximum energy 546,0 keV 2 283,9 keV 1491,0 keV

Average-energy 496-4keV- 935-3 ket 586-3-kev

Half-life 28,79 a 2,67d 50,5d

90Sr can be directly measured or estimated through the measurement of its daughter product 90Y. All the
test methods are based on a chemical separation step followed by beta-counting of the element using PC or

LSC. See Ta

4.2 Chem

ble 2.

ical separation

Strontium is isolated from the water using precipitation, ion chromatography or specific chromatographic

separation using crown ether resin. Yttrium can be isolated by precipitation or liquid—liquid extraction.

The separation step should maximize the extraction of the pure element. The method chosen shall be selective
with a high chemical yield. When thorium, lead or bismuth radioisotopes are present at high activity levels,

2
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they may interfere with 90Sr, 90Y or 89Sr emission during the detection step. Other matrix constituents such as
alkaline earth metals and in particular calcium for strontium, or transuranic and lanthanide elements for yttrium,
reduce the chemical yield of the extraction.

The radiochemical separation yield is calculated using a carrier such as stable strontium or yttrium, or a
radioactive tracer such as 83Sr. Techniques like atomic absorption spectroscopy (AAS), inductively coupled
plasma—atomic emission spectroscopy (ICP—AES) or inductively coupled plasma—mass spectrometry (ICP—
MS) to measure the carrier, and gamma-spectrometry to measure 85Sr, are recommended. A carrier can
also be measured by gravimetric methods, but the presence of inactive elements, essentially alkaline earth
elements, in the leaching solutions can lead to an overestimation of the radiochemical separation yields,
particularly for the measurement of strontium.

When stable strontium is added as a carrier, the original strontium concentration in the test sarpple must be
known to avoid the overestimation of the radiochemical separation yield.

4.3 | Detection

The yse of LSC, which provides spectra and permits the detection of interference frem unwanted radionuclides,
is recommended in preference to PC, which does not distinguish between| emissions from djfferent beta-
emitters. When PC is used, it is recommended that the purity of the precipitate be checked by [following the
change over an appropriate time of the 90Y or 89Sr activity, even though this method is time conguming.

Six tgst methods are presented in Annexes A, B, C, D, E, and F.

5 Chemical reagents and equipment

The pecessary chemical reagents and equipment for each strontium measurement method arg specified in
Annexes A, B, C, D, E, and F.

During the analyses, unless otherwise stated, use only reagents of recognized analytical grade and laboratory
watef such as distilled or demineralized water or water of equivalent purity as specified in 1ISO 3696.["]

6 Procedure

6.1 | Test sample preparation
Strorftium is determined ffom’the water test sample.

If filtration is required; add the tracer or carrier after this step of the procedure and allow sufficient time to attain
chentical equilibridgm-before starting the test sample preparation.

If staple strontium is added as carrier, the original concentration shall be determined in the test gample in this
step pf thetprocedure before the addition of the carrier.

6.2 -Chemicatseparation

6.2.1 General

There are several routine analyses of 89Sr and 90Sr involved in the separation and purification of strontium:
precipitation, liquid—liquid extraction or chromatographic techniques (ion exchange or chromatographic
extraction). Annexes A, B, C, D, E, and F describe a test method for each of these techniques.

© 1S0O 2012 — All rights reserved 3
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Table 2 — Determination procedures for strontium depending on its origin

Origin Old contamination Fresh contamination
QOSr+90Y
Radionuclide 0gr+90y
89sr
a
Element Sr > Y Sr
c b b
2 Method Chromatography Precipitation | Extraction | Precipitation | Chromatography” | Precipitation
g
S | Prodlict 0sr Dy 05r+89gr
(2}
Carrigr or Sr or stable Sr Stable Y 83r or sfable Sr
Tracer
Equilibpium
sy Yes No No Yes No
20(d (recommended)
Q, Number * One * One Two or more
é 90
s s0g, Sr
# | Emissfons y Sy
8 QOY
= 89gr
Eaui ¢ PC or LSC PC or LSC PC or LSC
quipinen (total) (total or Cherenkov) (total)
. . 0gy 90g 490y s
Calibration 90 . 90 %0
Sr+7Y Y 90y
sourges oy 895,
8QSr
a Y separatjon is performed following the *°Sr-2% equilibrium in the test sample.
b Liquid chjomatography or specific chromatography using crown ether resin
c  Carrier or|tracer element measurefments can be taken using gamma-spectrometry for #Sr (tracer), by gravimetry, atomic absorption
spectrometry (AAS), inductively coupléd plasma (ICP) or mass spectrometry (MS) for Sr and Y (tracer and/or carrier).
6.2.2 Precipitation-techniques
The precipitgtiorntechnique is suitable for the separation of all mineral elements, including strontium, in vater
samples with high mineral salt contents. This technique is very efficient, but not selective for strontium. The use

of large quantities of nitric acid and the need to wait for the yttrium to reach equilibrium limit its use.

The addition of nitric acid leads to a strontium precipitate with other interfering elements. Successive dissolution—
precipitation cycles concentrate strontium in the precipitate, while yttrium and other elements remain in the

supernatant fraction. The most usual procedures lead to a SrCOg3 precipitate.

For the test method with 99Sr and 99Y at equilibrium, either the global contribution of yttrium and strontium is
directly measured in the precipitate or the yttrium activity is measured after a last separation from the strontium.
In this latter case, the chemical yield is estimated by the addition of an yttrium carrier to the source before the
yttrium separation. The final product is an yttrium precipitate, usually in the form of an oxalate.

In the absence of 89Sr, 90Sr is measured by counting the beta-emission of 90Y or of 90Y and 99Sr in equilibrium.

© 1SO 2012 — All rights reserved
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When 89Sr in the water test sample cannot be neglected, the direct measurement method of strontium at two
different times shall be chosen.

Two precipitation methods are described: Annex A employs PC for 89Sr and 90Sr; Annex B employs LSC for
89Sr and 90sr.

6.2.3 Liquid-liquid extraction technique

This technique is based on the extraction using an organic solvent of 90Y at equilibrium with its radioactive
parent 90Sr. The chemical separation is fast and requires few technical resources. A provisional result may be
achieved after 3 d (approximately one yttrium decay period). However, total selectivity of the extraction is not
alwayspossittetrthepresence of high tevets of raturat radioactivity, imterference may ocear, aking it difficult
to defermine very low levels of strontium activity.

This fest method is suitable for all samples with low activity of beta-emitting radionuclide:

90Y 5 extracted from the water test sample fraction using an organic solvent, and\then after fe-extraction,
recoyered in the form of an yttrium precipitate. Test methods are presented in Annexes C and F.

After|the source preparation, the 90Y is measured by PC (Annex F) or by measuring the Cherenkov radiation
from the 90Y with LSC (Annex C).

The absence of other interfering beta-emitters is verified during the décay of 90Y by measuring th¢ decrease in
count rate of the 99Y and once the decay is complete, comparing.it with the background level actjvity.

6.2.4] Chromatographic technique

6.2.4{1 lon exchange resin

This technique is based on Sr(ll) exchange on a catienic resin and is used for separation and purification of strontium
in large volume samples. A method is presented:in’Annex D in which the measurement is carried out{with a PC.

6.2.4/2 Crown ether resin

This fechnique is based on the selective chromatographic separation of strontium using a specifi¢ crown ether
resin| The chemical separation i§ fast and suitable for inspection and monitoring of the environmgnt. A method
is prgsented in Annex E in which the measurement is carried out by LSC.

6.3 |Preparation of-the’source for test

6.3.1| Source preparation for liquid scintillation counter

LSC Jmeasures “directly the photons produced by the scintillations in the liquid as a result of the excitation
caused by the beta-emissions from the source.

A strertium—orytirium—preeipitateis—dissolved-and-mixed—with—thetiquid-seintifater—Ahen—the! strontium or

yttrium is in solution, it is mixed directly with the liquid scintillator. The volume depends on the equipment (vial
size) and the specific scintillator used.

The calibration source shall be prepared from a known activity of tracer (°0Sr, 89Sr, 90Sr + 90Y or 90Y) with the
same geometry and chemical composition as the source to be measured.

The blank source should be prepared following the method chosen starting with a clean test sample (or water).

6.3.2 Source preparation for proportional counter

The PC measures directly the beta-emission from the source prepared from a thin layer deposit to minimize
the self-absorption effects.

© 1S0O 2012 — All rights reserved 5
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The strontium or yttrium precipitate is deposited on a filter by filtration or on a stainless steel planchet by
direct evaporation.

The filter or planchet size diameter should be similar to the detector size (see Annex A or D).

The calibration source shall be prepared from a known amount of tracer (90Sr, 89Sr, 90Sr + 90Y or 90Y) with the

same geometry and chemical composition as the source to be measured.

6.4 Measurement

6.4.1

General

The same e
measuremer|

The blank so
background

The counting
decision thre

6.4.2 Liqui

Huipment conditions should be used for the sample, the background and the calibration s
ts.

urce should be prepared following the method chosen starting with laboratory water.” Measu
Ising a blank source prepared for the method chosen.

time used depends on the sample and background count rates and also onjthe detection lim
shold required.

d scintillation counter

The scintillafion phenomenon results from interactions of ionizing radiations with solvents and compd

having fluors
The scintillat
homogeneol

The scintillat
to the propg
scintillation g

The characts

scent properties (scintillators). Both solvents and scintillators constitute the scintillation co
on mixture is achieved by adding the scintillation cocktail to the test sample in order to ob
s mixture.

on cocktail is chosen according to the characteristics of the sample to be analysed and accd
rties of the detection equipment (see 1SO~18589-5[6). It is recommended that a hydro
ocktail be used, especially for the measurement of natural water.

ristics of the scintillation cocktail shall~allow the mixture to be homogeneous and stable.

It is recommeénded that the scintillation cocktail-be stored in the dark and, particularly just before use, exp

to direct sun
the storage d

The mixtures
on the radios

The measurs
to the presen
of the water

When asses

ight or fluorescent light avoided in order to prevent interfering luminescence and to comply
onditions specified by the seintillation cocktail supplier.

(scintillation cocktait and test sample) should be disposed of as chemical waste, and, depe
ctivity, may require diSposal as radioactive waste.

ment can bedfifected by chemiluminescence phenomena or quench due to chemical entitie

sample.

sing'the 90Sr activity by its measurement with 90Y in equilibrium, two cases arise:

purce

e the

tand

unds
ktail.
ain a

rding

philic

psure

with

hding

5 and

ce of other radionuclides than yttrium. It is then necessary to take into account the characteijistics

assesse

d using LSC;

to estimate the 89Sr activity through its decay.

the presence of °?Sr can be neglected, the relevant contribution of VY in equilibrium with *YSr can be

the presence of 89Sr cannot be neglected, it is necessary to measure the strontium at two different times,

When assessing 90Sr activity by 90Y measurement, if the presence of small amounts of 99Sr cannot be
excluded, then it is preferable to measure the Cherenkov radiation from the 90Y, as it is negligible for 90Sr.

6.4.3 Proportional counter

A PC measures directly the beta-radiation, without energy discrimination, from the source usually prepared as

a thin layer d

eposit.
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The use of double window (alpha and beta) in this type of counter allows the presence of alpha-emitter
contaminants in the source to be checked. If other short radioactive half-life beta-emitters are present, they
can be detected by performing successive measurements of the source at given times.

6.4.4 Efficiency calculation
The procedure to calibrate the counters is as follows:
— select 5 to collect at least 104 counts;

— determine the beta-count rate of the calibration source (°9Sr in equilibrium with 90Y);

— ¢alculate the counting efficiency of the counter by dividing the count rate measured by the Jactivity of the
¢alibration source:

_Is—h

1

6.4.5 Determination of the chemical yield

The phemical yield of the strontium, R¢ sy, is calculated from strontidm carrier or tracer by one of the
following procedures:

a) ¢hemical yield calculated as the ratio of the mass of the collected strontium to the mass of the strontium
added as a carrier at the start of the procedure:

—ob (1)

Me Sy

Rc,Sr =

wherg

e, p is the mass of the strontium cellected, determined by an appropriate method (AA,[ICP-AES or
ICP-MS);

ic,sr IS the mass of the strontium carrier added;

b) ¢hemicalyield calculated asthe ratio of the activity of the 89Sr collected, measured by gamma- §pectrometry,
gver the theoretical activity of the equivalent 85Sr added as a tracer at the start of the procedure.

Ags
Sr,M
c,Sr ==t )

=

A8s ser

wher:

11

is the activity of 85Sr measured by gamma-spectrometry taking into account th¢ 85Sr decay

85
StM___ from the start of procedure;

Ags is the theoretical activity of 85Sr added at the start of the procedure.
Sr,T

The chemical yield of the yttrium, Rcy, is calculated from the yttrium carrier by a procedure similar to that
presented for the chemical yield of the strontium.

© 1S0O 2012 — All rights reserved 7
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7 Expression of results
7.1 Determination of %0Sr in equilibrium with 90Y

7.1.1 Calculation of the activity concentration

The activity per unit mass in source samples where the 90Y has been completely separated from the parent
radionuclide 90Sr cannot be reassessed until the daughter nuclide 99Y has grown back in and is in equilibrium
with the parent nuclide 99Sr. This occurs 20 d after = 0, where ¢ = 0 is the time at which all the 90Y had been
removed from the sample.

The result oithe measurement gives the gross number of counts from the 99Sr plus 90Y. Dividing th@ gross
counts by the counting time gives the gross count rate, rg.

To apply this|method, neglect the 89Sr contained in the test sample.

The gross count rate should be corrected by background count rate, ro, which is obtained from,the measurgment
of a blank sojurce.

The activity ¢oncentration of 99Sr plus 90Y, ca sr 4v, is calculated using Formula (3):

I"g - I"o
CASHY TV R o pe v ()
c,Sr €Sr+Y
and, the actiyity concentration of 90Sr, is
CA,Sr+Y '3~
Cpo0q T = ={rg—r0)woo 4)
ATSr 2 2xV Rc,Sr €sr+Y ( ) Sr
with
w 1
90 e R ———————
S P X VRC,SF€SF+Y

7.1.2 Standard uncertainty

According to|ISO/IEC Guide 98-3,[/the standard uncertainty of ¢, 90g, Is calculated by:

_ |2 2 2 2 2 _ |2 "9 . 10 2 2
H(CAygoS )—\/WgoSr[” (”g)"‘” (FO):I-’-CA’QOSrureI(WQOSr)—\/Wgosr[g"'g}"'ckgosrurel(WQOSr) 5)

where the urcertainties of the sample and background counting times are neglected and the relative stapdard
uncertainty df w istealculated using Formula (6):

2 2 2 2
Urg| (WQO St ) —Hrgt (Rc,cr ) +Hret (V) +Hret (SDF+Y ) (6)

where the relative standard uncertainty of &sr v is calculated using Formula (7):

7, Iy 2

alesno) =it o) o) = 22 |0 40 ) )
S

in which

urel(4sr + v) includes all the uncertainties related to the calibration source, i.e. in the standard solution and
the preparation of the calibration source;

urel(Rc,sr)  is the uncertainty related to the chemical yield, and depends on its method of evaluation.

8 © 1S0 2012 — All rights reserved
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For the calculation of the characteristic limits according to ISO 11929, 17(5 ) , i.e the standard uncertainty

A,%sr
of )00 aSa function of its true value, is required, calculated by Formula (8):

~ ~ 2 A,7"Sr ) ~2 2 ( )
ulc = |w +7 tqy+— |+C ul (w 8
( A,9°Sr) P [( W903r OJ/Q t0] A0y rel { "90g, ®)

7.1.3 Decision threshold

In accordance with ISO 11929, for EAanr =0, the decision threshold. c:\ %o is_obtained from

Formula (8). This yields:

e B 7 -
A 905 k1-q(0) = k1_gWeo g, 0,0 ©)

tg 1o

o

a = 0,05 with k1 — , = 1,65 is often chosen by default.

7.1.4] Detection limit

In acfordance with ISO 11929, the detection limit, cﬁ %0g, is calculated by
, r

[ * [ #
c =c +kq_piif
A 0 “Asr B [ A,gOSr]
o (10)
* 2 A°VSr o # 2 ( )
=c +ki_g |w +7 to+— |+c Urgl | W
A Qs TR Teog, Weog 0 gy A 90g, el (Wo0g,
r

B=0]05 with k1 - g= 1,65 is often chosen by default.

The gletection limit can be calculated by solving Formula (10) for ci %0 or, more simply, by itgration with a
, r

# *

starting approximations CA,QO s 20A’90 St

When taking o = f, then k1 _ ,'=Jk1 - g=k and the solution of Formula (10) is given by Formula (1

~

" 2
b 2c, 9005, +(k WgOSr)/tg

“hos = 2 2
’ 1=k urel(WQOSr)

7.2 | Determination of %0Sr by ingrowth of 20Y

7.2.1| (Galculation of the activity concentration

The 90Y is measured immediately after its separation in the test sample when strontium and yttrium are in
equilibrium. The time when the 90Y is separated from the 99Sr and starts to decay with a half-life of 2,7 d is
taken as 1= 0.

The result of the measurement is the gross number of counts from the 90Y, divided by the counting time, to give
the gross count rate, rg.

The gross count rate should be corrected by background count rate, ro, obtained from the measurement of a
blank source.

© 1S0O 2012 — Al rights reserved 9
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The activity concentration of 99Y, ca v, is calculated at time ¢ = 0, using Formula (12):

I"gfg —rotg

CAY = ; = (Vg —Vo)WY (12)
S
eYVRCJ. exp(—Ayt).dr
d
where
_ /lYtg y 1
[exp(~Aytq)—exp(-Aytr)]| eyVRe
Rc = Re srRey
The integral allows the activity of the decay of 90Y during the counting time to be corrected, tg = tf — tg, and the
activity per upit of mass of 90Sr, is
CA,QOSF = CA,Y =(I"g—l’0)WY (13)
7.2.2 Standard uncertainty
According to|ISO/IEC Guide 98-3,[7] the standard uncertainty of ¢, 90g, Is calculated by:
2 2 2 2 2 21’9 1o 2 2
u(cA‘gos ) = \/WY [u (rg ) +u“(rg )] + CA,9OSrure| (wy) = \/WY [g + Z}- CA,QOSrureI (wy) (14)

where the un
uncertainty d

uier (wy )

the relative s

”r2e| (ey)

in which ug|(
the preparati
be calculateq

”l%l (Rc)

(1

2

where g

f wy is calculated using Formula (15):

2

=uby (Re)+uZ (V) +ufg (ey)

tandard uncertainty of ¢y is calculated-by

]/<rs—ro)2+u3e.<AY>

4y ) includes all the uncertainties related to the calibration source, i.e. in the standard solutio
on of the calibration seurce; and urel(Rc) is the uncertainty related with the chemical yield.
from

¥ 'y
’s "0

=“r2e|(7s—ro)+“r2el(AY):[ fo

Lg

2 2
= Urgl (Rc,Sr ) g (RC,Y )

yttrium, resp

certainties of the sample and background counting_ timdes are neglected and the relative stapdard

(15)

(16)

h and
t can

(17)

LC’Sr), u,.zel (RC’Y) are the squared relative uncertainties of the chemical yields of strontiunp and

bctively, and depends on their method of evaluation.

For the calculation of the characteristic limits according to ISO 11929, ﬁ(EA 90 Sr) , i.e the standard uncertainty

of ¢)o0g aSQ function of its true value, is required, calculated by:

u

(

10

C
A0sr

2

wy 0

"
+
fo

“A s

~2 2
- ()

= C u
) A0, Tel

[

(18)
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7.2.3 Decision threshold

In accordance with ISO 11929, for EA W0g, = 0, the decision threshold, c; W0g, is obtained from
Formula (18). This yields:
* - 17 17
¢p 00, = kiqil(0) = ki_gwy |2+ (19)
: tg 1o
a = 0,05 with k1 _ ;= 1,65 is often chosen by default.
7.2 .4 Detectiom timit
In acordance with ISO 11929, the detection limit, ci %0g, is calculated by
, r
i . _( # * 2|| “A%0s 0 # 2 2
CA,QOSr =cpo0g t kq_pgti CA,QOSr =Cp90g, +kig Wy T-’- | /tg +¥ +CA,908rure (wy) (20

B =0[05 with k1 _ 5= 1,65 is often chosen by default.
The detection limit can be calculated by solving Formula (20) for cﬁ %0g or, more simply, by jteration with
, r

. A # _o.x
starting approximations CA,QOSr = 2CA,9°sr'

When taking o = fthen k1 - 4 = k1 - p=k and the solution gf: Formula (20) is given by Formula (21):
& 2
. 2cp 0 +(k "Y )/tg

= 21)
90 2 2 (
oS 1-k ”reI(WY)

7.3 |Determination of 90Sr in presence of 89Sr when 920Sr is in equilibrium with 90Y

7.3.1| Calculation of the activity concentration

This method is based in the realization of two measurements of the same source at two different times 71 and
to after the time ¢ = 0 of the/separation of the yttrium present in the test sample. It is suggested that the same
counting time, 7g, is used-or both measurements. The net count rates, r;, of these measurenents can be
calcylated from the gr@ss count rates, rg;,and the background count rates, ro;, as r; = rg; — ro;.

If thel measuremefits-are made when equilibrium between the 90Sr and 90Y has been reached,|then the net
count rates cam\be calculated using the equations below, considering that the 90Sr and 89Sr Rctivities are
constant during'the counting time, and the appropriate decay constants,

"= 2A90 Srg Osryy +Es9 SrI‘189 Sr exp (_189 Srt1 )

(22)
2= 2A90 Srg 0grpy +Es9 SrA89 Sr exp (_289 Srt2 )
From these equations
1= riexp| ~Aag g (12 ~11)]
A9 Sr -
28904,y {1—9Xp[—/1893r(f2 — 14 )J} 23)
(}"1 —ry ) eXp(+)ugg Srt1 )
Ago Sr -

€89, {1 - eXp[—lagsr(fz -1 )}}
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The activity concentration, ca j, of the radionuclide i is calculated using Formula (24):

A:
cA,i = VR ! (24)
c,Sr
and
CA,QOSF = Wgo (1’2 —CV1) (25)
where
o = 1
90 =
VRC,SF X2X890 Sr+ Y (1 - C)
c= eXP[—lsgsr(fz -1 )J
and
CA,BQSF 3 W89 (V2 —V1) (26)
where
exp(#t 89, 11 ]
wgg =
VResi€s9g, (c=1)
e =exp| Ao (12 ~11)]
7.3.2 Standard uncertainty
When the mleasurements are made in equilibriumi-conditions and according to ISO/IEC Guide 98-3,[{] the
standard undgertainty of ca j is calculated by:
2 [ 2 2.2 2 2
I/I(CA gOS ) = \/Wgo |:Ll (}’2)+C u (r1)]+cA 908 Urg| (Wgo)
) , r
(27)
2 [ 2 2 2 2
u(CA,SQS ) - \/W89 [” (r1)+u (r2 )} + CA‘sg Sr”reI(WSQ)
assuming that 12(c) = 0.
The relative $tandarduncertainty of 7; is calculated by:
2 |y o)
u? (r) =5~ (28)
u \%J
The relative standard uncertainties of wgg and wgg are calculated by
2 2 2 2
Urgl (WQO) = Urg| (Rc,Sr ) T g (V) T gl (390 Sr+Y) 29)

uZ (weg) = uy (Re,sr )+ ufgy (V) + uy (889 Sr)
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The relative standard uncertainty of g is calculated by

2 2 2 I's 7 2 2
Urg| (Si) = Urgl (’”s _r0)+”rel (Ai) = [ts"'th/(”s _VO) +”reI(Ai) (30)
S
where
urel(4i) includes all the uncertainties related to the calibration source, i.e. in the standard solution

and the preparation of the calibration source;

urel(Rc, sr) is the uncertainty related to the chemical yield, and depends on its method of evaluation.

For the calculation of the characteristic limits according to ISO 11929, ﬁ(EA,i), i.e the standard) yncertainty of
Aj as|a function of its true value, is required, calculated by:
[ 2 (¢ c c
1/ 2 2 1 1 1+c¢ A%sr  “A®sr ABsh 2 D
ilé = |w rop +¢crgq )| —+— |+ . - : +¢ ufe (W 31
( A‘QOSr) 30 ( 02 01)(t0 ' ] 15 (1-0)| “wao g oG A0 el(wgo) (31)
1/ 9 1 1 2 €A% Ca®g | Ca89s |,
i\ c = |w 01+ 7, —+— |+ : : : +c Ui [ W 32
( A’SQSr) 89| (701 02)[1‘0 o ] 19 (1-0)| e g Weolg A 89, el go) (32)
7.3.3| Decision threshold
In acpordance with ISO 11929, the decision thresholds; c;,i, are obtained from the Formula (32) for ¢, ; =0
. Thig yields:
d = kq_g#(0) = kq_gw (V + 2y, ) 14‘1 +c(c+1) nBsr
h 90 = Ko 1-a"90, (| 702 04 o 1g (c-1) g "ss
(33)
o - 1 1 2  Cp%g,
|l 89 = k1_ U(O) = k1_ wgg , [\701 +I"02) —_—t— |t
A, Sr o o ( tO tg fg (1—0) Wgo
a = 0,05 with k1 _ 4, = 1,65.s_often chosen by default.
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7.3.4 Detection limit

In accordance with ISO 11929, the detection limits, c;#\,i, are calculated by

(34)

lae:

(39)

# * _( #
#
1+¢2) | e c c
. 2 2 1.1 ( ) A% st "Asr A8 sr # 2
= +k + —+— |+ : - +— +
CA,QOSr -5 ,["90 (V02 ¢ r01)[z0 tg ] tg (1—c) 2N Wgg w89tg CA Ogr reI(WQO)
# * (o #
CA,SQ S = CA,BS o + k1_ﬁu(cA’89 o j
c C# C#
* 2 1.1 2 A%sr A% ASsr 4 22
= -k + —+— |+ : -— +— +
at9g TKip, [Weo” | (o1 Voz)[to . ] 1 (1-0)| e Voo P ¢\ 89, el Ve9)
B=0,05 with| k1 - = 1,65 is often chosen by default.
The detectiop limit can be calculated by solving Formula (34) for cf\’i or, moré&ssimply, by iteration with starting
approximatigns cﬁ,i = 2c;,i.
When taking|a = , then k1 - 4 = k1 - g=k and the solution of Formula(34) is given by the following formu
20 90 + k2w 1+02)/t 1 c
o | Sr 90 g
Na, |
A8 kPus (weo )
£
4 ) 2CA,898r+k W89(1+C)/( )
“A®s ] 2,2
’ 1-k ”reI(WBQ)
7.4 Confidence limits
Confidence ljmits can be calculated in-accordance with ISO 11929. The values of lower limit, cf\,i, and Yipper
limit, c;i, arg calculated using-Formulae (36) and (37):
Y
cai=caf—kpu(cai) p=w[ _E]
wy
C;,i=CA, +kqu(cA,i) q= —?

where o = @[ylu(y)], @ being the distribution function of the standardized normal distribution.

The value of w can be set to 1, if ca; > 4u(ca ;). In this case:
<>
cA,i = cA,i + k1_y/2u(cA,i)

y=0,05 with k1 — ;2 = 1,96 is often chosen by default.

8 Quality control

(38)

Measurement methods shall be selected and associated procedures performed by suitably skilled staff under

a quality assurance programme and control.

14
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Confidence in the measurement results is maintained by regular use of certified reference materials and the
participation in suitable programme of interlaboratory comparisons or proficiency testing (e.g. in compliance
with ISO/IEC 17025[3]).

Laboratory procedures shall ensure that laboratory and equipment contamination as well as cross-sample
contamination is avoided.

9 Test report

The test report shall contain at least the following information:

a)
b)
c)
d)
e)

f)

9)

[

q

!

q

q

[

the test method used, together with reference to this International Standard (ISO 13160:2042

dinits in which the results are expressed;

Hentification of the sample;

est result, ca i + u(ca i) or cai + U, with the associated i value;
omplementary information can be provided such as:
robabilities «, 5, and 1 — ¥

ecision threshold and the detection limit;

epending on customer requirements, there are different.ways to present the result:

he result of the measurement should be expressed.as < c;\’i when the result is below the decis

vhen the activity concentration ca j is compared with the detection limit, the result of the meas
e expressed as < cf\,i when the result is'below the detection limit

ention of any relevant information likely to affect the results.

~

vhen the activity concentration cp i is compared with-thé“decision threshold, in accordance with ISO 11929,

on threshold,

urement can

f the detection limit exceeds the guideline value, it shall be documented that the method is no¢t suitable for
J;e measurement purpose;

© 1SO 2012 — All rights reserved
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Annex A
(informative)

Determination of 89Sr and 90Sr by precipitation and proportional counting

A.1 Principle

Strontium is| precipitated by adding nitric acid. Yttrium and other interfering elements are eliminated by
precipitating |the hydroxides, followed by precipitation with barium chromate. The final product is astroptium
precipitate, in the form of SrCO3, which is measured by PC.

The mass of the test sample shall take into account the presumed activity of the samplé.and the dgsired
detection limjt. The procedure presented in the following is given for samples of 2 I.

The detectioh limit is about 10 Bq m=3 and 2 Bq m=3 for 89Sr and 90Sr, respectively;-for volumes of 2| and
measuring time of 60 000 s.

A.2 Chemical reagents and equipment

A.21 Chemical reagents

During the apalysis, unless otherwise stated, use only reagents*of recognized analytical grade and distilled or

demineralize]

A.21.1

A.21.2

A.21.3

A.21.4

A.21.5

A.2.1.6

A.21.7

A.21.8

A.2.1.9

A.2.1.10

A.21.11

Str|

Anjmonia, NH4OH, 250 g I-!.
Anfmonia solution, 4 mol I-".

Anjmonia solution, 0,1 mol -,

Nit

Nit

So

d water or water of equivalent purity.

pntium carrier solution, 40 mg mi~1 Sr(llYor 85Sr solution.

fic acid, HNO3,eoncentrated, 690 g I-'.
Fic acid, HNO3, 4 mol I-1.

Hium ¢hromate, Nao>CrOg4; 1,5 mol I-1.

Sodium carbonate, NaxCOs.

Sodium carbonate solution, Na>CO3, saturated.

Fe(Ill) carrier solution, 5 mg ml-".

Ba(ll) carrier solution, 10 mg mi-1.

A.2.1.12 Ammonium acetate solution, CH3COONHg4, 5g I-".

A.2.1.13 Sodium acetate and acetic acid buffer, pH 5,2. Mix 2,75 mol of sodium acetate and 1 mol of acetic
acid and make up to 1 | with laboratory water.

16
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A.2.1.14 85Sr solution, for tracer if used for chemical yield determination.

A.2.1.15 Hydrogen peroxide, 60 g I-'.

A.2.2 Equipment

Usual laboratory equipment and in particular the following.

A.2.2.1 Filtration equipment.

The diameters of the filters shall correspond to the filtration device and the geometry of the counter used.

A.2.2.2 Cellulose and fibreglass filter.

A.2.2.3 Buchner funnel.

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

A.2.2.5 Hotplate, with temperature control and magnetic stirring.
A.2.2.6 pH meter.

A.2.2.7 Atomic absorption spectrometer (AAS) or atomic.emission spectrometer (ICP-AE$ or ICP-MS)
or gamma-spectrometer.

A.2.2.8 Proportional counter.
A.2.2.9 Desiccator.

A.2.2.10 Stainless steel test planchet, with a diameter compatible with the geometry of the coupter.
A.2.2.11 Plastics flasks.

A.2.2.12 Vacuum pump,

A.3| Procedure

A.3.] Intreduction

Filter| 24 of water sample and add 1,5 ml of strontium carrier in known quantity [40 mg mi=! Sr(ll)] if chemical
yield strontium extraction is determined hy AAS ICP_AES or ICP-MS_and add a well known nrtivity of 85Sr,

if this yield is established by gamma-spectrometry.

A.3.2 Separation of alkaline metals

Heat the water sample, stirring without boiling for 30 min, add 1 ml of concentrated ammonia and 20 g of
sodium carbonate.

Allow to cool while stirring, adjust the pH to >9 and leave to stand for 12 h (minimum).
Decant the maximum volume of solution and centrifuge, then rinse the precipitate using 0,1 mol I-! ammonia solution.

Dry the precipitate in a sand bath.

© 1S0O 2012 — All rights reserved 17
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A.3.3 Separation of calcium

The optimum nitric acid concentration for the calcium and strontium separation is between 650 g1-'and 750 gI-'.
Allow the precipitate to cool in an ice bath and add 45 ml of concentrated nitric acid while stirring.

Leave for 30 min in the ice bath.

Centrifuge and discard the solution.

Add 45 ml of concentrated nitric acid to the precipitate and proceed as before.

A.3.4 Separation of barium, radium and Tead

Dissolve the|precipitate using 10 ml of laboratory water.

Add 1 ml of Barium carrier [10 mg ml~1 Ba(ll)].

Add 4 mol I7] ammonia solution to adjust to pH 5,0 to pH 5,5.

Add 1,5 ml of pH 5,2 buffer solution; check the pH.

Boil the solufion and add 0,5 ml of 1,5 mol I-! sodium chromate solution.
Leave to cod| (frost bath), filter using a fibreglass filter.

Rinse the precipitate twice using 5 ml of 5 g 1! ammonium acetate sqlution.
Discard the precipitate.

Add 1 ml of goncentrated ammonia and 2 g to 4 g of sodium.carbonate and allow the precipitate to settlg out.

Heat gently and verify that precipitation is total by addipg a few drops of saturated sodium carbonate so|ution
to the solutign. If precipitate appears, add more sodiuny carbonate.

Heat without|boiling for a few minutes, leave tocool, and centrifugate. Discard the solution.

A.3.5 Iron separation

Dissolve the |precipitate using 10 ml of4’mol I nitric acid, add 20 ml of water.

Add 1 ml of §0 g I-! hydrogen peroxide and 0,5 ml of Fe(lll) carrier solution (5 mg mi-1).
Heat for 10 min, avoid boiling,

Adjust the pH using concentrated ammonia (about 15 ml) (optimum pH for the yttrium hydroxide precipitation
is 10 to 10,3 |if pH >=10,5, strontium can precipitate).

Allow to cool|and filter using a fibreglass filter.

Rinse the precipitate with 20 ml of diluted ammonia solution (a few drops).

Note the date and time of separation of Sr(NO3)2 as ¢ = 0 or as time elapsed after precipitation of the yttrium
present in the test sample.

Discard the yttrium precipitate.

A.3.6  Strontium purification and sources preparation to be measured by proportional counter
Add 2 g to 4 g of sodium carbonate until total precipitation of SrCOa3.
Heat and stir for 30 min without boiling.

Leave to cool.
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Filter the SrCO3 obtained using a membrane filter.

Note the date and time of precipitation as 1 = 0.

A.3.7 Sources preparation to be measured by proportional counter
Place the filter carefully on the previously identified planchette.
Dry the precipitate in an oven for 1 h at 105 °C to constant mass.

After weighing, place the source in the desiccator until the PC measurement.

Do nétcarry out the Tirst recount of the planchette before 24 h after the preparation so that the descendants of
radon decay radioactively, preferably between 24 h to 72 h after the separation.

Keep the planchette for 20 d to obtain radioactive equilibrium between 90Sr and 99Y in the desicgator.

Carry out the second measurement with the PC.

© 1S0O 2012 — Al rights reserved 19
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Annex B
(informative)

Determination of 89Sr and 90Sr by precipitation and liquid scintillation

B.1

counting

Principle

The strontium is precipitated by adding fuming nitric acid. Yttrium and other interfering elements are-elimi
by precipitating the hydroxides followed by precipitation with barium chromate. The final prodyet,‘a stro
precipitate in the form of SrCO3, is measured by LSC after being dissolved.

The detectiof limit is about 22 Bq m=2 and 12 Bq m=2 for 89Sr and 99Sr, respectively, fora volume of 1
measuring time of 86 400 s.

B.2 Chemical reagents and equipment

B.2.1

Chiemical reagents

During the apalysis, unless otherwise stated, use only reagents of recognized analytical grade and distil
demineralized water or water of equivalent purity.

B.2.1.1

B.2.1.2

B.2.1.3

B.2.1.4

B.2.1.5

B.2.1.6

B.2.1.7

B.2.1.8

B.2.1.9

Sr(ll) carrier solution, 40 mg mi~.
Fuming nitric acid, HNO3, >860 g I-".
Ammonia, NH4OH, concentrated, 250-g I-1.

Anjmonia solution, 4 mol I

tric acid, HNO3, conCeritrated, 690 g I-1.

tric acid, HNQ3,"8'mol I-1.

tric acid,"kiNO3, 4 mol I-1.

tric-acid, HNO3, 2,5 mol I-1.

hated
htium

| and

ed or

Sodium chromate, Na>CrOg4, 1,5 mol I-1.

B.2.1.10 Sodium carbonate, Nay;COs.

B.2.1.11 Ammonium carbonate, (NH4)2CO3.

B.2.1.12 Fe3" carrier solution, 5 mg g~'.

B.2.1.13 Ba2* carrier solution, 10 mg g~".

B.2.1.14 Ammonium acetate solution, CH3COONH4, 5 g I-1.

20
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B.2.1.15 Sodium acetate and acetic acid buffer, pH 5,2. Mix 2,75 mol of sodium acetate and 1 mol of acetic
acid and make up to 1 | with water.

B.2.1.16 Hydrogen peroxide, 330 g I-1.
B.2.1.17 Hydrogen peroxide, 60 g I-".
B.2.1.18 Scintillation solution.

B.2.1.19 85Sr solution, for tracer, if used for chemical yield determination.

B.2.2 Equipment

Usud|l laboratory equipment and in particular the following.
B.2.4.1 Filtration equipment (the diameters of the filters shall correspond to thefiltration deviceg).
B.2.2.2 Cellulose and fibreglass filter.

B.2.2.3 Buchner funnel.

B.2.2.4 Desiccator.

B.2.2.5 Analytical balance, accuracy 0,1 mg.

B.2.2.6 Hotplate, with temperature control and magnetic stirring.
B.2.24.7 pH meter.

B.2.24.8 Atomic absorption spectrométer (AAS) or atomic emission spectrometer (ICP-AE$ or ICP-MS)
or gamma-spectrometer.

B.2.2.9 Liquid scintillation counter.
B.2.2.10 Polyethylene-vials.
B.2.2.11 Plastic\flasks.

B.2.2.12 Vacuum pump.

B.3 Procedure

B.3.1 Introduction

Filter 1 | of water sample and add 1,5 ml of strontium carrier solution.

B.3.2 Separation of alkaline metals
Heat the water sample, stirring without boiling, add 1 ml of concentrated ammonia and 20 g of ammonium carbonate.
Cover with a watch glass and leave to cool while stirring for 1,5 hto 2 h.

Filter using a fibreglass filter.
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Discard the s

olution.

Dissolve the precipitate using the minimum quantity of 8 mol- I-1 nitric solution, clean the filter with an equal
volume of water.

B.3.3

Separation of calcium

The optimum nitric acid concentration for the calcium and strontium separation is between 650 g 11 and 750 g I-".

Reduce the solution volume to 20 ml, leave to cool and add 50 ml of fuming nitric acid (2,5 ml per millilitre of solution).

Leave 30 min in a cool bath.

Filter using a
Discard the 4
Dissolve the
Add fuming 1
Leave for 30
Filter using 4

Dissolve the

B.3.4 Se
Add 0,5 ml o
Add 4 mol |-
Add 1,5 mlo
Boil the soluf

Leave to cog

fibreglass filter (use a dried filter).

olution.

precipitate with 5 ml of hot water; if necessary add 5 ml more.
itric acid (3 ml per millilitre of solution).

min in a cool bath.

fibreglass filter (use a dried filter). Discard the solution.

precipitate using 30 ml of hot water.

paration of barium, radium and lead

f barium carrier.

ammonia solution until the pH reaches 5,0 t6.5,2.
F pH 5,2 buffer solution; check the pH.

ion and add 0,5 ml of sodium chromate solution.

I, filter using a fibreglass filter:

Rinse the precipitate twice using 5 ml'af5 g I-! ammonium acetate solution.

Discard the |

Add 1 ml of
settle out. Ve
the solution.

Heat without

recipitate.

rify that precipitation is total by adding a few drops of saturated ammonium carbonate solut
If a precipitate appears, add more ammonium carbonate.

boiling for a few minutes. Leave to cool, then filter using a fibreglass filter.

Discard the s

olution

Dissolve the

precipitate using 10 ml of 4 mol I-! nitric acid and clean the filter using 20 ml of water.

concentrated afmmonia and two spatulafuls of ammonium carbonate and allow the precipitate to

on to

From this point, the procedure should be carried out without interruption, due to the yttrium separation produced.

B.3.5

Separation of fission products and yttrium

Add 1 ml of 60 g I-! hydrogen peroxide and 0,5 ml of Fe(lll) carrier solution.

Heat for 10 min, avoid boiling.

Adjust the pH to 9 to 10 using concentrated ammonia (about 15 ml) (optimum pH for the yttrium hydroxide

precipitation

22

is 10 to 10,3, if pH > 10,5 strontium can precipitate).
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Leave to cool and filter using a fibreglass filter.
Rinse the precipitate with 20 ml of dilute ammonia solution (a few drops).

NOTE The date and time of separation of Sr(NO3)2 as ¢ = 0, the time elapsed since precipitation of the yttrium present
in the test portion.

Discard yttrium precipitate.

B.3.6  Strontium purification

Add two spatulafuls of sodium carbonate until total precipitation of SrCO3.

Heat|and stir for 30 min without boiling.
Leave to cool and filter the SrCO3 obtained using the filter pump and a fibreglass filter.
Rins¢ the beaker and the precipitate using 10 ml of dilute ammonia and 10 ml of water:

Leave the precipitate to dry with the vacuum pump for at least 10 min.

B.3.T Sources preparation to be measured by LSC

Dissglve the SrCO3 precipitate using a volume of 35 ml to 40 mkof 2,5 mol I-! nitric acid (fipal strontium
solution). Keep the solution in a pre-weighed plastics flask and note'the mass.

Vial A preparation (first measure), transfer 14 ml (or the optimized quantity) of the final strontium|solution to a
20 m| pre-weighed polyethylene vial; note the mass.

Add {he required volume of liquid scintillation cocktaiksolution and shake for complete dissolutign; this is the
sourge to be measured.

Keep| at 4 °C until measurement by LSC.

After[20 d of the yttrium separation, prepare the vial B (second measure), transfer 14 ml (or the optimized
quantity) of the final strontium solution te-a 20 ml pre-weighed polyethylene vial and note the mass.

Add the optimizer scintillation liquidivolume, weigh, and stir until dissolved. This is the source to Qe measured.

Keep| at 4 °C until measurement’by LSC.
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2012(E)

Annex C
(informative)

Determination of 20Sr from its daughter product 20Y at equilibrium by

C.1 Prin

Yttrium is ex
washing the
HNOs3. Final
before being

The detectio

C.2 Che

C.21 Ch

During the a
demineralize]

organic extraction and liquid scintillation counting

ciple
fracted from the sample solution using an organic solvent, HDEHP, with a pH of 1,0-te1,2.

y, the yttrium is precipitated as its hydroxide and dissolved in 1 ml of concentfated nitric
measured by beta-counting using an LSC.

N limit is about 15 Bq m~3 for 908, for a volume of 1 | and measuring timé_of 86 400 s.

mical reagents and equipment

femical reagents

halysis, unless otherwise stated, use only reagents of recognized analytical grade and distil
d water or water of equivalent purity.

After

brganic phase in 0,08 mol I-1 HCI, the yttrium is re-extracted from the organic phasertisifig 3 ol |-

acid,

ed or

C.2.1.1 Anjmonia, NH4OH, concentrated, 250 g I-1.
C.2.1.2 Citfic acid.

C.2.1.3 Hygrochloric acid, HCI, concentrated;"350 g I-.
C.2.1.4 Hydrochloric acid, 0,08 moH*<l.

C.2.1.5 Nitfic acid, HNO3, con€efitrated, 690 g I-1.
C.2.1.6 Nitfic acid, HNQ3,"8'mol I-1.

C.2.1.7 HDEHP solution [di-(2-ethylhexyl) hydrogenphosphoric acid], 100 g I-! in toluene.
C.21.8 Tolr.lene.

C.2.1.9 Yttrium oxide, Y203.

C.2.1.10 Yttrium carrier solution, 10 g I-1.

C.2.2 Equipment

Usual laboratory equipment and in particular the following.
C.2.2.1 Analytical balance, accuracy 0,1 mg.

C.2.2.2 Hotplate, with temperature control and magnetic stirring.

24
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C.2.2

C.2.2

C.2.2

C.2.2

C.2.2

1ISO 131

.3 pH meter.

.4 Filtration equipment.

.5 Membrane filter, pore size 0,45 pym.
.6 Separating funnel, 250 ml.

.7 Polyethylene vials.

C.2.2

C3

C.3.1

The
solut

Cong
Add
Adjud
Trans
Add {

Stir \
yttriu

Leav

Wash
aque

Extrg
time.

Colle]

Add
flocc

.8 Liquid scintillation counter.

Procedure

Chemical separation of yttrium

racer is added to the sample before the radiochemical separation. dnyprinciple, this lea
on for which the organic separation procedure described in the following applies.

entrate a volume of water sample.

ml of yttrium carrier and 2 g of citric acid.
t the pH to 1,0 to 1,2 using 6 mol I-! ammonia solutiop:
fer the sample into a 250 ml separation funnel.

b0 ml of the HDEHP solution in toluene.

M present in the test sample.
b for 30 min and remove the aqueous phase.

the organic phase five timie$ in 50 ml of 0,08 mol I-! HCI, stir for 1 min, leave for 2 min g
bus phase away each time.

ct the 90Y from the.ofganic phase using 50 ml of 3 mol I-1 HNOg3, stir for 1 min and leave fq
Recover the aguebdus phases.

ct the aqueous phase and add 50 ml of water.

oncentratéd ammonia solution until Y(OH)3 total precipitation (pH = 9 to 10) and boil for 2 m
Llation(of the yttrium hydroxide.

60:2012(E)

Is to a nitric

igorously for 1 min, note the date and.time of separation as ¢ = 0 or the time from the separation of the

nd throw the

r 2 min each

in to achieve

15 cool

Leav

otoO-C OO

C.3.2 Source preparation to be measured

Remove the supernatant and dissolve the residue by adding 1 ml of concentrated nitric acid, carried to volume.

Take

an aliquot fraction of the solution to determine the chemical yield.

A known quantity of test sample and scintillation cocktail is introduced into the counting vial.

After

closing, shake the vial thoroughly to homogenize the mixture.

The vial identification shall be written on the vial cap. The storage time depends upon the scintillation mixture,
the stability of the mixture, and the nature of the sample.

© 18O
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2012(E)

Annex D
(informative)

Determination of 90Sr after ionic exchange separation by proportional

counting

D.1 Principle

Water sample with carrier and ethylenediaminetetracetic acid (EDTA) is passed through a cationic.exchange
resin. At pH 3,8, alkali metals and most alkaline earths are adsorbed on to the cationic resin, and\thé Ca-EDTA
complex pasges through the column. The alkaline earth metals are eluted from the cationicyresin with sgdium
chloride and|strontium is then precipitated as carbonate at pH 8.

The detectiof limit is about 5 Bq m=3 for 90Sr, for a volume of 1 1to 6 | and a measuring)time of 86 400 s

D.2 Chemical reagents and equipment

D.21 Chemical reagents

During the apalysis, unless otherwise stated, use only reagents of recognized analytical grade and distilled or

demineralize

D.211 So

D.2.1.2 Nit

D.2.1.3
D.2.1.4

D.2.1.5 So

D.2.1.6 So

D.2.1.7 Ca

D.2.1.8 Ca

D.2.1.9
D.2.2 Eq

Usual labora

D.2.21

Am

Disodium ethylenediaminetetraacetate, Na,EDTA-2H,0; 20 g I-1.

d water or water of equivalent purity.
Hium acetate buffer solution, pH 4,66.
ic acid, HNO3, 650 g I-1.

monium hydroxide, NH4OH, 250'g I-".

Hium chloride, 4 mél.
Hium carbonatéyNax(CO3), 1,5 mol I-1 and 0,1 mol I-1.
ionic exchange resin, e.g. Dowex 50W-X8,1) 50 mesh to 100 mesh.

rier solution for strontium nitrate Sr(NO3)2, 20 mg mI=1in 0,1 mol I HNOs3.

Reference 85Sr solution, if used for chemical yield determination.

uipment

tory equipment and in particular the following.

Filtration equipment.

The diameters of the filters shall correspond to the filtration device and the geometry of the counter used.

1)

of users of this document and does not constitute an endorsement by ISO of this product.

26

Dowex 50W-X8 is an example of a suitable product available commercially. This information is given for the convenience
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D.2.2.2 Cellulose filters.

D.2.2.3 Buchner funnel.

D.2.2.4 Analytical balance, precision 0,1 mg.
D.2.2.5 Hotplate, with temperature control.

D.2.2.6 pH meter.

D.2.2.7 Stirrer.
D.2.2.8 lon exchange column.

D.2.2.9 Atomic absorption spectrometer (AAS) or atomic emission spectrometer (ICP-AES$ or ICP-MS)
or gamma-spectrometer.

D.2.2.10 Proportional counter.
D.2.2.11 Desiccator.
D.2.2.12 Oven.

D.2.2.13 Stainless steel test planchet, with a diameter compatible with the geometry of the coupter.

D.3| Procedure

D.3.1 Strontium fixation

Add 40 g Na2EDTA and 60 mg of strontium carrier to 1 | of water sample.
Add ¢nough ammonium hydroxide’to reach pH 3,8.

Stir the solution for 2 h apdleave overnight.

Filter|on a fibreglassfilier and discard the solid.

Bring the solutiofito pH 4,4 to pH 4,6 by adding ammonium hydroxide, then add 20 ml of sodium gcetate buffer
solution. Adjust fo pH 4,8.

Load|the<calumn (10 ml min=T).

D.3.2 Strontium extraction
Add 600 ml of 20 g I-! Na2EDTA (pH 5,1) at a flow rate of 20 ml min~', then add 250 ml water.

Elute the strontium with 400 ml of 4 mol I-! sodium chloride.

D.3.3 Strontium precipitation

Adjust to pH 8 with ammonium hydroxide and add 10 ml 1,5 mol |I-! sodium carbonate Naz(COs3) while
stirring for 30 min.

Filter and dry the precipitate in an oven at 50 °C to 60 °C. Note the date and time of the strontium precipitation.
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D.3.4 Preparation of sources to be measured
Put the filter with the precipitate on the filtration device and add 25 ml 650g I~ nitric acid, HNO3.

Dissolve the precipitate with water. Adjust to pH 8 with ammonium hydroxide and precipitate the strontium with
10 ml 1,5 mol I-! sodium carbonate Nax(CQO3), while stirring for 30 min.

Filter the strontium carbonate in a cellulose filter previously weighed in a planchette. Dry and weigh the residue
for self-absorption correction.
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ISO 13160:2012(E)

Annex E
(informative)

Determination of 20Sr after separation on a crown ether specific resin

and liquid scintillation counting

E.1

The 3
using

Principle

btrontium is selectively extracted on a specific crown ether column in an HNO3 medium an

0,05 mol I-' HNOg3. The separation yield is determined from the stable strontiym).added

carrigr and the strontium measured subsequently by FAAS, ICP-AES or ICP-MS. Thébeta-acti

meas

The ¢

E.2

E.2.1

Durir
demi

E.2.1
butyl

E.21

E.21

E.21

E.21

E.21

E.21

ured by LSC.

letection limit is about 50 Bq m~3, for 1 | sample volume and 3 600 s of rheasuring time.

Chemical reagents and equipment

Chemical reagents

g the analysis, unless otherwise stated, use only reagents of recognized analytical grade a
heralized water or water of equivalent purity.

.1 Support soaked in crown ether, specific{d the extraction of strontium, e.g. 1,0 mol I
Lyclohexano)-18-crown-6 (crown ether) in #-octanol.

.2 Inactive strontium salit.

.3 Reference 85Sr solution, if.used for chemical yield determination.

.4 Aluminium nitrate, A{NO3)3, 0,5 mol I, solution in a 3 mol I-1 nitric acid.
.5 Nitric acid, UNO3, 3 mol I-1.

.6 Nitric_acid, HNOs3, 8 mol I-1.

.7 _Nitric acid, HNOs3, 0,05 mol I-1.

1 then eluted
initially as a
ity of 90Sr is

nd distilled or

4,4(5)-di-(t-

E.21

.6 ocintillator cocktall.

E.2.2 Equipment

Usual laboratory equipment and in particular the following.

E.2.2.1 Analytical balance, accuracy 0,1 mg.

E.2.2.2 Atomic absorption spectrophotometer, ICP-AES or ICP-MS.

E.2.2.3 pH meter.

E.2.2.4 Evaporation system.

© 18O
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E.2.2.5 Lig

uid scintillation counter.

E.3 Procedure

E.3.1 Co

The tracer (1

ncentration of the sample

0 mg of inactive strontium) is added to the sample before evaporation.

Evaporate the water sample until almost dry.

Dissolve the

residue in 10 ml to 20 ml of a solution of 3 mol - HNO3 and 0.5 mol I AI(NO3)3

E.3.2 Pre¢paration of the column

Prepare the

E.3.3 Strnontium fixation

Load the col

Rinse the co

Note the dat¢ and time after rinsing.

E.3.4 Strontium extraction

Elute the strg

E.3.5 Preparation of the sources to be measured

Take an aliqu
A known qu3g
After closing

The vial iden
the mixture s

column (containing 2,8 g of specific strontium resin) by adding 20 ml of 3 mol I-1 HNO3.

mn with the solution.

umn with 10 ml of 3 mol I-" HNO3 and 10 ml of 8 mol I-! HNO3.

ntium with at least 20 ml of 0,05 mol I-' HNO3 solutfon.

ot fraction of the solution to determine the:chemical yield.
ntity of test sample and scintillation-gocktail is introduced into the counting vial.
shake the vial thoroughly to homogenize the mixture.

tification shall be written on;the vial cap. The storage time depends upon the scintillation mixture,
tability and the nature/of the sample.
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Annex F
(informative)

Determination of 20Sr from its daughter product 90Y at equilibrium by

F.1

organic extraction by proportional counting

Principle

Yttriym is extracted from the sample solution using an organic solvent, HDEHP, at pH ~1;4.afterf washing the

organic phase in 1 mol I-' HCI and re-extracting the yttrium from the same phase using'9 mol

solut
at 90

D °C, before being measured by beta-counting using a PC.

I-' HCI. The

on is then purified using the TOM solution. Finally, yttrium oxalate is precipitated‘@nd calcingd in an oven

The gbsence of other interfering beta-emitters is assessed during the decay of.the 90Y by monitoring the count

rate decrease. After a complete decay, the residual activity level can be compared with the backgr|

The fracer used is stable yttrium in the form of metal powder or yttriurm oXide. It is added to the s
the injitial phase in a mass of between 5 mg to 50 mg.

The

The detection limit is about 15 Bq 1= or 0,1 Bq I-! for-a'1 | or 200 | sample volume, respectively, a
measguring time.

F.2

F.2.1

Durin
demi

F.2.1

F.21

F.2.1

Chemical reagents and equipment

Chemical reagents

g the analysis, unless otherwise stated, use only reagents of recognized analytical grade a
heralized water or water.of equivalent purity.

1 Hydrochloric-acid, dilute, HCI, 9 mol I-.
2 Hydroghtoric acid, dilute, HCI, 1 mol I-1.

3 (Heptane.

bund activity.

ample during

mass of the test portion shall take into account the presumed activity of the sample and the desired
detegtion limit. The procedure described in the following applies to clear or charged water (such
samples, from 0,1 | to 250 | volume.

as seawater)

nd 6 000 s of

nd distilled or

F.2.1.4 HDEHP solution [di-(2-ethylhexyl) hydrogenphosphoric acid]: 145 ml of HDEHP plus 855 ml of heptane.

This reagent should be purified by washing it in an equal volume of water whose pH after this operation shall

be gr

eater than 3.

F.2.1.5 Toluene.

F.2.1.6 TOM solution (trioctylmethylammonium chloride): 333 ml of TOM for 666 ml of toluene.

F.2.1.7 Ammonia, concentrated, NH4OH, 280 g I-1.

F.2.1.8 Oxalic acid, saturated solution, HoC204-2H20, 140 g I-!.

© 18O
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