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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{or
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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rights identified during the development of the document will be in the Introduction ang
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hame used in this document is information given for the convenience of users and does
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ttee responsible for this document is ISO/TC 147, Water quality, Subcommittee SC 2, Phys
hd biochemical methods.
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consists of the following parts, under the general title Water quality — Applicatio
coupled plasma mass spectrometry (ICP-MS):

General guidelines

Determination of selected elements including uranium isotopes
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Introduction

When applying this part of ISO 17294, it is necessary in each case, depending on the range to be tested,
to determine if and to what extent additional conditions are to be established.

© ISO 2016 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 17294-2:2016(E)

Water quality — Application of inductively coupled plasma

mass spectrometry (ICP-MS) —

Part 2:

Determination of selected elements including uranium

isptopes

WARNING — Persons using this part of ISO 17294 should be familiar with normal |
practice. This part of ISO 17294 does not purport to address all of the safety proble
asspciated with its use. It is the responsibility of the user to establish appropriate
heglth practices and to ensure compliance with any national regulatory‘conditions.

aboratory
ms, if any,
safety and

IMFPORTANT — It is absolutely essential that tests, conducted in accordance with this part of

I1S0|17294, be carried out by suitably qualified staff.

1 [Scope

Thip part of ISO 17294 specifies a method for the determination of the elements aluminium|
arse¢nic, barium, beryllium, bismuth, boron, cadmiumg:caesium, calcium, cerium, chromi

antimony,
m, cobalt,

copper, dysprosium, erbium, gadolinium, gallium, germyanium, gold, hafnium, holmium, indium, iridium,

enium, samarium, scandium, selenium,_silver, sodium, strontium, terbium, telluriu
lium, thulium, tin, tungsten, uranium @nd its isotopes, vanadium, yttrium, ytterbiu
zirdonium in water (for example, drinking water, surface water, ground water, waste water a
Tak
det
ISO

ing into account the specific and additionally occurring interferences, these elements
brmined in digests of water, sludges and sediments (for example, digests of water as d
15587-1 or ISO 15587-2).

Thd
reld
mos

working range depends-on the matrix and the interferences encountered. In drinking
tively unpolluted waters, the limit of quantification (xLQ) lies between 0,002 pg/1 and
t elements (see Table 1). The working range typically covers concentrations between s

bodymium,
, rhodium,

:I, thorium,

, zinc and
nd eluates).

an also be
bscribed in

water and
,0 ug/1 for
everal pg/l

and mg/1 depending on the element and pre-defined requirements.

Theg quantification limits of most elements are affected by blank contamination apd depend
preflominantly on the laboratory air-handling facilities available on the purity of reagerlts and the
clegnlinessof glassware.

The lower limit of quantification is higher in cases where the determination suffers from inferferences
(see Clause 5) or memory effects (see ISO 17294-1:2004, 8.2).

© IS0 2016 - All rights reserved 1
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Table 1 — Lower limits of quantification (xLQ) for unpolluted water

Element Isotope Limit of Element Isotope Limit of Element Isotope Limit of
often quantification? often quantificationa often quantificationa
used used used

ng/l ug/l g/l
A 107Ag 0,5 Hf 178Hf 0,1 Ru 102Ru 0,1
g
109Ag 0,5 Hg 202Hg 0,05 o 1215h 0,2
Al 27A1 1 Ho 165Ho 0,1 123Sh 0,2
As 75Asc¢ 0,1 In 115]n 0,1 Sc 45Sc 5
Au 19744 0:5 h e o ISec +
. 10B 1 K 39KC 5 Se 785ec 04O
1B 1 La 13913 0,1 825e ald
137Ba 3 6Li 10 Sm 147Sm " Ma
Ba Li —
138Ba 0,5 7Li 1 S ussn < 1
n
Be 9Be 0,1 Lu 175Lu 01 12050}’ 1
Bi 209B; 0,5 24Mg 1 dbgr 0,5
43 Mg 25 Sr (es
Ca 100 Mg 10 a Sr 0,3
Ca 44Ca 50 Mn 55Mn 01 Tb, N 159Tb 01
40Ca 10 " 95Mo 0,5 ) 126Te 2
0
o 111¢q 0,1 98Mo 0,3 " Th 232Th 01
114¢q 0,5 Na 23Na 10 v 2037] 0,2
140 146 i\ Tl 205
Ce Ce 0,1 Nd Nd 0,1 Q\\\ Tl 0,1
Co 59Co 0,2 Ni 58Nic 0,@, Tm 169Tm 0,1
i
. 52Crc 01 60Njc s{ﬁ;ﬁ 238 01
r N
53Cr 5 P 31p o 5 ) 235U 10-4
Cs 133Cs 0,1 206pbb J\N7 0,2 234y 105
63Cu 0,1 Pb 207pigh)) 0,2 v stye 01
Cu 65 b 182
Cu 01 ) @}?b 01 w w 0,3
Dy 163Dy 0,1 Pd (], 108pd 0,5 184y 0,3
Er 166Er 0,1 P& o, 141pr 0,1 Y 89y 0,1
N\
Fe 56Fec 5 PP 195pt 0,5 v 172yD 0,2
69Ga 0,3 ) Rb 85Rb 01 174y} 0,2
Ga
71Ga 03 () 185Re 0,1 647n 1
C Re
o 157Gd 0157 187Re 0,1 Zn 66Zn 1
158Gd o1 Rh 103Rh 01 687n 1
WV,
74 101 90
Ge Ge ‘\?-s,s Ru Ru 0,2 Zr Zr 0,2
a Depending on the instr Ytation, significantly lower limits can be achieved.
b In order tq avoid inc t results due to the varying isotop ratios in the environment, the signal intensities of 206Pb, 207Pb and 208Pb shall be added.
c In order t raa&k;e limits, depending on interferences, the use of a collision/reaction cell is recommended
2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

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

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

ISO 5667-3, Water quality — Sampling — Part 3: Preservation and handling of water samples

© ISO 2016 - All rights reserved
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ISO 8466-1, Water quality — Calibration and evaluation of analytical methods and estimation of
performance characteristics — Part 1: Statistical evaluation of the linear calibration function

ISO 15587-1, Water quality — Digestion for the determination of selected elements in water — Part 1:
Aqua regia digestion

ISO 15587-2, Water quality — Digestion for the determination of selected elements in water — Part 2:
Nitric acid digestion

ISO 17294-1:2004, Water quality — Application of inductively coupled plasma mass spectrometry (ICP-
MS) — Part 1: General guidelines

3 |Terms and definitions

For|the purposes of this document, the terms and definitions given in ISO 17294-1 and the following apply.

3.1
limjit of application
lowest concentration of an analyte that can be determined with a definedTevel of accuracy and precision

4 |Principle

Multi-element determination of selected elements, includinguranium isotopes, by inductively coupled
plagma mass spectrometry (ICP-MS) consists of the following steps:

— |introduction of a measuring solution into a radiefrequency plasma (for example, by [pneumatic
nebulization) where energy transfer processesfrom the plasma cause desolvation, decqmposition,
atomization and ionization of elements;

— |as an additional option, collision and Teaction cell technology may be to overcojne several
interferences (see 5.1);

— |extraction ofthe ions from plasmathrough a differentially pumped vacuum interface withlintegrated
ion optics and separation on the’basis of their mass-to-charge ratio by a mass spectrgmeter (for
instance a quadrupole MS);

— |transmission of the ion§ through the mass separation unit (for instance, a quadrupole) and detection,
usually by a continuous dynode electron multiplier assembly, and ion information procgssing by a
data handling systemn;

— |quantitative-determination after calibration with suitable calibration solutions.

The relationship between signal intensity and mass concentration is usually a linear one oyer a broad
range (usually over more than several orders of magnitude).

Thegmethod to be used for determination of uranium isotopes is described in Annex A. With igstruments

equinnnA wath o o agnatic cactar £101d highar yaacc racaliition connctyra o o obhtainad Thic an hel to
PpeeWiehamagher HereHERe o Heea—rHS p

TC-oTCTorT T IS T CooTa IO o p ottt tar o c-ootTo

separate isotopes of interest from interfering species.

5 Interferences

5.1 General

In certain cases, isobaric and non-isobaric interferences can occur. The most important interferences
in this respect are coinciding masses and physical interferences from the sample matrix. For more
detailed information, see ISO 17294-1.

Common isobaric interferences are given in Table 2 (for additional information, see ISO 17294-1).
It is recommended that different isotopes of an element be determined in order to select an isotope

© IS0 2016 - All rights reserved 3
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that does not suffer from interference. If there are none that meet this requirement, a mathematical
correction has to be applied. For the determination of uranium isotopes, the specific procedure detailed
in Annex A has to be followed.

Small drifts or variations in intensities should be corrected by the application of the internal standard
correction. In general, in order to avoid physical and spectral interferences, the mass concentration of
dissolved matter (salt content) should not exceed 2 g/1 (corresponding to a conductivity of less than
2700 uS/cm).

NOTE With the use of collision and reaction cell technology, it is possible to overcome several interferences.
As the various options and parameters of those techniques cannot be described in detail in this part of ISO 17294,
the user is fesponsible for demonstrating that the chosen approach is fit for purpose and achieves the necespary

performand
5.2 Speq

5.2.1 Ge|

For more detailed information on spectral interferences, see ISO 17294-1:2004{6,2.

5.2.2 Isg

Isobaric el
mass-to-ch
spectrome

Element interferences from isobars may be corrected for:taking into account the influence from
element (see Table 3). In this case, the isotopes used for correction shall be determingble

interfering
without ar
included in

c.
'tral interferences

neral

baric elemental

emental interferences are caused by isotopes of differefit)elements of the same nonr;[
arge ratio and which cannot be separated due to an insufficient resolution of the
Ler in use (for example, 114Cd and 114Sn).

y interference and with sufficient precisign. Possible proposals for correction are o
the instrument software.

Table 2 — Important isobaric and polyatomic interferences

nal
ass

the

ten

Elemégnt Isotope Inter-element interferences caused Interferences caused by
by isobars and doubly charged ions polyatomic ions
Ag ig;Ag . Zr0
Ag NbO, ZrOH
As 75As — ArCl, CaCl
Au 197AG — TaO
103
B
11B — BH
Ba 138Ba La*, Ce* —
Be 9Be — 180,
43Ca — CNO
ca 44Ca — €00
111¢cd — MoO, MoOH, ZrOH
td 114Cd Sn+* Mo0O, MoOH
Co 59Co — Ca0, CaOH, MgCl
52Cr — ArO, ArC, CIOH
cr 53Cr Fe+ ClO, ArOH,
cu 63Cu — ArNa, POO, MgCl
65Cu — SOOH
NOTE In the presence of elements in high mass concentrations, interferences can be caused by the formation of
polyatoms or doubly charged ions which are not listed above.

© ISO 2016 - All rights reserved
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Table 2 (continued)

1SO 17294-2:2016(E)

Element Isotope Inter-element interferences caused Interferences caused by
by isobars and doubly charged ions polyatomic ions
Eu 151Eu — BaO
153Eu — BaO
54Fe — 37C11601H+ 40Ar14N
Fe 56Fe — 40Ar160+ 40Cal60+
57Fe — 40Ar1601H+ 40Cal601H+ 40Ar170+
G 696G B+ €ro AT €160
Ge 74Ge Se ArS, CICD
In 115]n Sn* (}})
Ir 193] — . LHfo
Mg 24Mg — O cc
25Mg — N\VY ccC
Mn 55Mn — @) NaS, ArOH, ArNH
Mo 98Mo Ru* NP —
\i 58Ni Fe+ O Ca0, CaN, NaCl, MgS
60Ni — X Ca0, CaOH, MgCl|NaCl
Pd 108pd c+ {7 Mo0, Zr0
Pt 195pt — > HfO
Re 187Re 0s+ & —
Ru 102Ry P 3 _
Sb 1235h - O Te —
Sc 455 N €00, COOH
77Se - — CaCl, ArCl, ArArH
Se 78Se AR Kr+ ArAr, CaCl
82Se L Kr+ HBr
Sn 120Sn r&\\ Te+ —
v sy )~ — C10, SOH, CIN, AfNH
w 164w Os* —
~\647n Ni* AICL, SS, SO0, a0
Zn Q" 66Zn Bat+ PCl, SS, FeC, SQO
687Zn Ba*+, Ce*+ FeN, PCl, ArS, FeC, SS, ArNN, SO0

NOTE
poly

oubly charged ions which are not listed above.

'E %&A)resence of elements in high mass concentrations, interferences can be caused by the f
ratom&

ormation of

correction
Element Recommended isotope and inter-element correction
As 75As -3,127 (77Se - 0,815 82Se) or
75As -3,127 (77Se + 0,322 0 78Se)
Ba 138Ba -0,000900 8 139La - 0,002 825 140Ce
Cd 114cd -0,026 84 118Sn
Ge 74Ge -0,138 5 82Se
In 115[n -0,014 86 118Sn
Mo 98Mo -0,110 6 101Ry

© ISO 2016 - All rights reserved
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Table 3 (continued)

Element Recommended isotope and inter-element correction
Ni 58Ni -0,048 25 54Fe
Pb 208pp +207Ph + 206Ph
Se 82Se -1,009 83Kr
Sn 120Sn -0,013 44 125Te
\ 51y 51V -3,127 (53Cr -0,113 4 52Cr)
w 184w -0,001 242 1890s

5.2.3 Polyatomic interferences

Polyatomiq ions are formed by coincidence of plasma gas components, reagents and sample majtrix
(for examplle, interference of the relative mass 75As by 40Ar35Cl and 40Ca35Cl). Examples.for correcfion
e given in Table 3 and information on the magnitude of interferences are-stated in Table 4.

formulae
This interfj

Itis recom]

In the cas
interferend
mass conce
solution.

5.3 Non

For detaile

Table 4

erence is of particular relevance for several elements (for example, As, Cf,\S€, V).

mended that the analyst checks the magnitude of this interference regularly for the partic
instrument.

1lar

e of mathematical corrections, it shall be taken into account that the magnitud¢ of

e depends both on the plasma adjustment (for example,‘oxide formation rate) and on

the

ntration of the interfering element, which will usually be'a variable component of the sample

-spectral interferences

d information on non-spectral interferences{see ISO 17294-1:2004, 6.3.

— Important interferences by solutions of Na, K, Ca, Mg, C1, S, P (p = 100 mg/1) and
Ba\(p=1000 png/l)

Element | Isotope Simulated mass Type of interfer-
concentrationa ence
g/l
As 75As 1,0 ArCl
Co 59Co 0,2t00,8 Ca0, CaOH
520y 1,0 CIOH
Cr 1,0 ArC
53Cr 5,0 Clo
1,0 to 3,0 ArNa
63Cu
1,0to 1,6 POO
Cu 2,0 ArMg
65Cu 2,0 POO
2,0 SOOH
1,0 to 25 Bat+
69Ga 0,3 ArP
Ga
1,0 Cloo
71Ga 0,2to0 0,6 ArP
a  Indicates the magnitude of interference without corrective measures. User
should check the interferences and decide how to reduce or eliminate them.

© ISO 2016 - All rights reserved
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6

For
Thd
neg

For

For

6.1

Reagents

Table 4 (continued)
Element | Isotope Simulated mass Type of interfer-
concentrationa ence
pg/l
0,3 ClCl
Ge 74Ge
0,3 ArS
3,0 KO
Mn 55Mn 3,0 NaS
356 NaS
Ni 58Ni 2,5 Ca0, CaN
i
60Ni 3to 12 Ca0, CaOH
Se 77Se 10 ArCl
1to5 Clo, CIN
\ 51y
1,0 SOH
7 ArMg
3 Ca0
64Zn
8 SS, SO0
1 POOH
2,0 ArMgBa++
Zn
5 SS, SO0
6621'1
4 PCl
2 Bat+
6871 50 ArS, SS, SO0
4 Ba*+

a  Indicates the magnitude of interference without corrective measures. User

should check the interfetences and decide how to reduce or eliminate them.

uraniuni.isotopes concentration determination, see Annex A.

preservatiomand digestion, nitric acid should be used to minimize interferences by poly

Water, grade 1 as specified in ISO 3696, for all sample preparation and dilutions.

the determination of elemients at trace and ultratrace level, the reagents shall be of adeqyate purity.
concentration of the analyte or interfering substances in the reagents and the water
ligible compared-te the lowest concentration to be determined.

should be

htoms.

6.2 Nitricacid, p(HNO3) = 1,4 g/ml.

NOTE

Nitric acid is available both as p(HNO3) = 1,40 g/ml [w(HNO3) = 650 g/kg] and p(HNO3) = 1,42 g/ml

[W(HNO3) = 690 g/kg]. Both are suitable for use in this method provided that there is minimal content of the

analytes of interest.

6.3 Hydrochloric acid, p(HCI) = 1,16 g/ml.

6.4 Hydrochloric acid, c(HCl) = 0,2 mol/L

6.5 Sulfuric acid, p(H2S04) = 1,84 g/ml.

© ISO 2016 - All rights reserved
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6.6 Hydrogen peroxide, w(H202) = 30 %.

NOTE Hydrogen peroxide is often stabilized with phosphoric acid.

6.7 Element stock solutions, p = 1 000 mg/1 each of Ag, Al, As, Au, B, Ba, Be, Bi, Ca, Cd, Ce, Co, Cr, Cs,
Cu, Dy, Er, Eu, Fe, Ga, Gd, Ge, Hf, Hg, Ho, In, Ir, K, La, Li, Lu, Mg, Mn, Mo, Na, Nd, Ni, P, Pb, Pd, Pr, Pt, Rb, Re,
Rh, Ru, Sb, Sc, Se, Sm, Sn, Sr, Tb, Te, Th, T, Tm, U, V, W, Y, Yb, Zn and Zr.

Both single-element stock solutions and multi-element stock solutions with adequate specification
stating the acid used and the preparatlon techmque are commerc1ally available. Element stock solutions
with differgn X2 are also allowed.

ions are considered to be stable for more than one year, but in reference to guarangeed

stability, the recommendations of the manufacturer should be considered.

6.8 Anion stock solutions, p =1 000 mg/I each of Cl-, PO43-, SO42-.

Prepare th
stock solut

bse solutions from the respective acids. The solutions are also commercially available. Afpion
ions with different concentrations of the analytes (for example, 100 fmg/1) are also allowgd.

These solutions are considered to be stable for more than one year, butiinreference to guaranteed
stability, the recommendations of the manufacturer should be considered:

6.9 Multi-element standard solutions.

Depending]
combining
of the com

on the scope, different multi-element standard solutions can be necessary. In general, W
multi-element standard solutions, their chemicaheompatibility and the possible hydrol
ponents shall be regarded. Care shall be taken to prevent chemical reactions (for exam

hen
/Sis
ple,

precipitatipn).

The examples given below also consider the differeént sensitivities of various mass spectrometers.

The multi-¢lement standard solutions are considered to be stable for several months, if stored in the dprk.

This does pot apply to multi-element standard solutions that are prone to hydrolysis, in particylar,
solutions off Bi, Mo, Sn, Sb, Te, W, Hf and-Zr.
In referenfe to guaranteed stability of all standard solutions, see the recommendations of |the
manufactulrer.
6.9.1 Multi-element standard solution A, for example, consisting of the following:
— p(As, Se) = 20 mg/l;

p(Ag, Al, B,Ba, Be, Bi, Ca, Cd, Ce, Co, Cr, Cs, Cu, Fe, La, Li, Mg, Mn, Ni, Pb, Rb, Sr, Th, Tl, U, V pnd

Zn) = 10,mg/1.

Pipette 20 ml of each element stock solution (As, Se) (6.7) and 10 ml of each element stock solution (Ag,
Al, B, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs, Cu, Fe, La, Li, Mn, Ni, Pb, Rb, Sr, Th, T1, U, Vand Zn) (6.7) intoa 1 000 ml
volumetric flask.

Add 10 ml of nitric acid (6.2).
Bring to volume with water (6.1) and transfer to a suitable storage bottle.

Multi-element standard solutions with more elements may be used provided that it is verified that
these solutions are stable and no chemical reactions occur. This shall be checked again a few days after
the first use (sometimes precipitation can occur after preparation).

6.9.2 Multi-element standard solution B, for example, consisting of the following:

© ISO 2016 - All rights reserved
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— p(Au, Hg, Mo, Sb, Sn, W, Zr) = 5 mg/1.
Pipette 2,5 ml of each element stock solution (Au, Hg, Mo, Sb, Sn, W, Zr) (6.7) into a 500 ml volumetric flask.
Add 40 ml of hydrochloric acid (6.3).

Bring to volume with water (6.1) and transfer to a suitable storage bottle.

6.9.3 Reference-element solution (internal standard solution).

The choice of elements for the reference-element solution depends on the analytical problem. Solutions
of these elements should cover the mass range of interest. T he concentrations of these elenjents in the
sanjple should be negligibly low. The elements In, Lu, Re, Rh and Y have been found suitaple for this
purpose. Other elements can also be used, depending on the purpose of the analysis;such gs stable Bi
and T1 for example.

For|example, p(Y, Re) = 5 mg/l reference-element solution may be used.

Pipette 5 ml of each element stock solution (Y, Re) (6.7) into a 1 000 ml volumetric flask.
Add 10 ml of nitric acid (6.2).

Bripg to volume with water (6.1) and transfer to a suitable storage‘bottle.

NOTE For the determination of mercury (Hg), it can be helpfulto.add gold (Au) in order to avoid ipterferences
to the reference-element solution to allow a final concentration of 50 pg/l in the solution to bp measured

[p(Au) = 50 pg/1].
6.10 Multi-element calibration solutions.

Chdose the mass concentrations of the calibration solutions to allow for a sufficient pr¢cision and
reproducibility and ensure that the workingrange is covered.

The stability of the calibration solutions should be checked regularly. Due to their rather low|respective
mags concentrations, they should bé replaced by freshly prepared solutions at least every month or
more frequently for elements which are prone to hydrolysis. In special cases, daily preparation is
necpssary. The user has to deternmine the maximum stability period of the calibration solutigns.

Trapsfer the calibration solution(s) A (6.10.1) and B (6.10.2) to suitable storage bottles.

If the determination is'carried out after previous digestion (9.2), the matrix of the calibration|solution(s)
A (4.10.1) and B (6.19:2) below shall be adjusted to that of the digests after dilution, where appropriate.

Thg working rarnige in general may cover the range of 0,1 pg/1 to 50 pug/1 or a part of this.

6.1P.1 Multi-element calibration solution(s) A.

Prepafe the calibration solution(s) A that cover the required working range by diluting|the multi-
element standard solution A (see 6.9.1). Add sufficient nitric acid (6.2) and other acids, if required,
per litre to matrix match with prepared sample solutions and bring up to volume with water (6.1).
If necessary, add reference-element solution (6.9.3) to a concentration of, for example, 50 pg/1 of the
reference-element before bringing up to volume.

6.10.2 Multi-element calibration solution(s) B.

Prepare the calibration solution(s) B that cover the required working range by diluting the multi-
element standard solution B (6.9.2). Add sufficient hydrochloric acid (6.3) and other acids, if required,
per litre to matrix match with prepared sample solutions and bring up to volume with water (6.1).
If necessary, add reference-element solution (6.9.3) to a concentration of, for example, 50 pg/1 of the
reference-element before bringing up to volume.

© IS0 2016 - All rights reserved 9
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6.11 Blank calibration solutions.

High demands shall be set concerning the purity. The user should ensure that the background levels of
the analytes are not significant to the results of the analysis.

6.11.1 Blank calibration solution A.

Pipette sufficient volume of nitric acid (6.2) and other acids, if required to matrix match with
prepared sample solutions, to a volumetric flask made, for example, from perfluoroalkoxy (PFA) or
hexafluoroethene propene (FEP) and bring to volume with water (6.1). If necessary, add reference-

element s
bringing uj

If the dete
solution A

6.11.2 BIg

Pipette sulf
prepared s
hexafluoro
element sg
bringing uj

If the dete
solution B

6.12 Opti]

The optimi
for examp

minimal fojmation of doubly charged ions.

It should ¢
formation
containing
tend to cay

The mass d
more than

For furthej

lution (Rq 2) to a concentration nF’ for pvamp]p’ 50 :_Ig/] of the reference-element he

b to volume.

Fmination is carried out after previous digestion (9.2), the matrix of the blank calibra
shall be adjusted to that of the digests.

Ink calibration solution B.

ficient volume of hydrochloric acid (6.3) and other acids, if requiredto matrix match v
ample solutions, to a volumetric flask made, for example, from ‘perfluoroalkoxy (PFA
ethene propene (FEP) and bring to volume with water (6.1). I necessary, add referel
lution (6.9.3) to a concentration of, for example, 50 pg/l of the reference-element be
b to volume.

Fmination is carried out after previous digestion (9.2),the matrix of the blank calibra
thall be adjusted to that of the digests.

mization solution.

zation solution serves for mass calibration‘and for optimization of the apparatus conditi
e, adjustment of maximal sensitivity<with respect to minimal oxide formation rate

bntain elements covering the entire mass range, as well as elements prone to a high o
rate or to the formation ofidoubly charged ions. For example, an optimization solu
Mg, Cu, Rh, In, Ba, La, Ce; Yrand Pb is suitable. Li, Be and Bi are less suitable because t
se memory effects.

oncentrations of the-elements used for optimization should be chosen to allow count rate
10 000 counts/s(

informatiohysee general remarks in ISO 17294-1.

demands arema o 3 ag 0 3 3 :
user should ensure that the background levels of the analytes in the matrix solution are not significant

ix soliition.

fore

fion

vith

or
ice-
fore

fion

bNS,
and
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hey
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Selutions
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S 0 € purity o e D cage daue 1o The nig O O

to the results of the analysis. The composition may be as follows:

10

p(Ca) =
p(C) =
p(P043-) = 25 mg/l;

200 mg/];
300 mg/];

p(S042-) =100 mg/I.
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Pipette 200 ml of element stock solution (Ca) (6.7), 300 ml of anion stock solution (Cl-) (6.8), 25 ml
of anion stock solution (P043-) (6.8) and 100 ml of anion stock solution (S042-) (6.8) to a 1 000 ml
volumetric flask.

Add 10 ml of nitric acid (6.2).

Bring to volume with water (6.1) and transfer to a suitable storage bottle.

The reaction or collision cell technology might replace the use of the matrix solution. This has to be

vali

dated accordingly by the user of this part of ISO 17294.

7

The
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Imn]
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solu
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the

For

7.1

Apparatus

stability of samples and measuring and calibration solutions depends to_a |high
container material. The material shall be checked according to the specific’purpo
brmination of elements in a very low concentration range, glass or pelyvinyl chlo

pene (FEP) or quartz containers, cleaned with hot, concentrated nitric'acid in a closed s
determination of elements in a higher concentration range, high (dénsity polyethene
tetrafluoroethene (PTFE) containers are also allowed for the collection of samples.

hediately before use, all glassware should be washed theroughly with diluted nitri
mple, w(HNO3) = 10 %], and then rinsed several times with water (6.1).

use of piston pipettes is permitted and also enables thepreparation of lower volumes of
tions. The application of dilutors is also allowed. Mihd that contaminated consumables |

disposable vessels and filters might lead to incredsed blank levels and increase the unc
analytical result.

more detailed information on the instrumentation, see ISO 17294-1:2004, Clause 5.

Mass spectrometer.

A

anallysis is required. The spectrometer should be capable of scanning a mass range from 5
to 240 m/z (AMU) with a resolirtion of at least 1 my/z peak width at 5 % of peak height (m
mags of an atom species; Z = charge number). The instrument may be fitted with a convi
exténded dynamic range detection system.

7.2 Mass-flow centroller.

A mlass-flow cantroller on the nebulizer gas supply is required. Mass-flow controllers for the
and| the auxiliary gas are also useful. A water cooled spray chamber may be of benefit in red
typps of interferences (for example, from polyatomic oxide species).

NOTE

degree on
e. For the
ride (PVC)

1ld not be used. Instead, it is recommended to use perfluoroalkoxy, (PFA), hexaflfioroethene

ystem. For
(HDPE) or

c acid [for

calibration
ike pipette
ertainty of

ass spectrometer with inductively coupled plasma (ICP) suitable for multi-element and isotope

m/z (AMU)
- = relative
bntional or

plasma gas
icing some

The plasma is very sensitive to variations in the gas flow rate.

7.3 Nebulizer with variable speed peristaltic pump, for which information on different types of

neb

7.4

7.5

7.5.

7.5.

©IS

ulizers is given in ISO 17294-1:2004, 5.1.2.
Argon gas supply, of high purity grade, for instance >99,99 %.
Glassware, consisting of the following:

1 Volumetric flasks, for example, 50 ml, 100 ml, 500 ml and 1 000 ml.

2 Conical (Erlenmeyer) flasks, for example, 100 ml.

02016 - All rights reserved
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7.5.3 Pipettes, for example, 1 ml, 2,5 ml, 10 ml, 20 ml and 25 ml.

7.6 Storage bottles, for the stock, standard, calibration and sample solutions.

For the determination of elements in a normal concentration range, high density polyethene (HDPE) or
polytetrafluoroethene (PTFE) bottles are sufficient for the storage of samples. For the determination
of elements in an ultratrace level, bottles made from perfluoroalkoxy (PFA) or hexafluoroethene
propene (FEP) should be preferred. In any case, the user has to check the suitability of the chosen
containers.

8 Samp

Carry out
requireme

The mass
or desorpt
choice of t}

For the det
filter, nom
tests. Use
required v

Add 0,5 m]
nitric acid

In the casqg
Hg, Sb, Sn,

Ensure that the pH is less than 1; otherwise, add more hydrochloric acid as required.

9 Samp

9.1 Detg

Continue according to

shown thaf
be colourlg

9.2 Dete

The mass d
mass conc
for a given

ling

nts concerning purity in trace and ultratrace analysis, any impurity shall be avoideéd.

foncentrations of the elements can change rather rapidly after samplingcte to adsorp
on effects. This is of special importance, for example, in the case of Ag,As, B, Se and Sn.
le container material depends on the mass concentration of the elements to be determing

ermination of the dissolved fraction of the elements, filter the sample through a membr
nal pore size 0,45 pm. Membrane filters shall be tested for impurities by appropriate bl
several portions of the sample to rinse the filter assembly, discard and then collect
blume of filtrate.

of nitric acid (6.2) per 100 ml of sample. Ensure thatthe pH is less than 2; otherwise,
hs required.

of determination of elements forming compounds that tend to be hydrolyzed, for exam
W or Zr, add to an additional sample 1,0 mtof hydrochloric acid (6.3) per 100 ml of w4

le pre-treatment

rmination of the mass ¢oncentration of dissolved elements without digestio

Clause 10, wsing the acidified filtrate specified in Clause 8. If experience
no significant amounts of particles occur, the filtration may be omitted. Those samples s
ss and shall have-aitarbidity of <1,5 FNU (formazin nephelometric unit, see ISO 7027-1).

rminationof the total mass concentration after digestion

oncentration determined according to this subclause does not in all cases represent the t
entration. Instead, only the portion that is determinable according to the distinct diges
element composition will be analysed.

the sampling in accordance with ISO 5667-1 and ISO 5667-3. Due to the extrémely high

fion
The
d.

ane
Ank
the

add

ple,
ter.

=]

has
hall

ptal
fion

A nitric acid digestion shall be carried out in accordance with ISO 15587-2. If aqua regia is chosen, the
procedure shall be carried out in accordance with ISO 15587-1, in which case, possible interferences
caused by the high content of chloride have to be considered accordingly.

Some elements and their respective compounds (for example, silicates and aluminium oxide) will be
dissolved incompletely using this procedure.

For the determination of tin, the following digestion may be used:

a) add 0,5 ml of sulfuric acid (6.5) and 0,5 ml of hydrogen peroxide (6.6) to 50 ml of the homogenized
water sample;

b) evaporate the mixture until SO3 vapour is formed;
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c) in case of incomplete digestion, add a small portion of water (6.1) after cooling, add hydrogen
peroxide (6.6) once more and repeat the treatment;

d) dissolve the residue in diluted hydrochloric acid (6.4) and adjust the volume to 50 ml with water;

e) treata blankin the same way.

Special digestion methods might be necessary if Sb, W or Zr is to be determined.

If experience has shown that the elements will be recovered quantitatively without decomposition, the
digestion may be omitted.

10

10.

Procedure

1 General

In ICP-MS methods, the relationship between measured count rates and 4nass concentra

eler
may
atr

Adj
Abg

Bef
us
req

Adj
(for

—

Acc

Def]
con

The
the
soll
be 1]

Am
NO']

nun
inst|

hent is known to be linear over several orders of magnitude. Therefore, linear calibrat
' be used for quantification. In routine measurements, check the linearity of the calibra
boular intervals. This check shall be carried out in accordance with-SO 8466-1.

st the instrumental parameters of the ICP-MS system in accordance with the manufacture
ut 30 min prior to measurement, adjust the instrument t@' working condition.

bre each series of measurement, the sensitivity and<the stability of the system should

[e

ng the optimization solution (6.12). Check the x€solution and the mass calibration

1ired by the manufacturer.

st the instrument with the aid of the optimization solution (6.12) to minimize interfer
example, oxide formation, formation of doubly charged ions) allowing sufficient sensitiv

prding to Table 3, define the relative atomic masses and the corresponding corrections.

Fions of an
ion curves
ion curves

r's manual.

be checked
s often as

ing effects
ity.

ne the rinsing times depending on the length of the flow path; in the case of large variati¢ns in mass

rentrations in the measuring'solutions, allow for longer rinsing periods.

use of a reference-element solution is recommended. Add the reference-element solutign (6.9.3) to

matrix solution (see(6.13), to all multi-element calibration solutions (6.10), to the blank

calibration

tions (6.11), and tg-all measuring solutions. The mass concentration of the reference-elements shall

he same in all saltitions.
ass concengration of p(Y, Re) = 50 pg/lis often suitable.
E [ER-MS has excellent multi-element capability. The sensitivity of determination de

bercofparameters (nebulizer flow, radiofrequency power, lens voltage, lens voltage mode, etc.).
Fuent settings cannot be achieved for all elements simultaneously.

bends on a
[he optimal

10.2 Calibration of the ICP-MS system

When the analytical system is first evaluated, and at intervals afterwards, establish a calibration curve
for each element to be determined, e.g. using four to five measuring points (for example, the blank
calibration solution and three or four calibration solutions).

For work on a daily basis, one blank solution and one to two calibration solutions are enough but check
the validity of the calibration curve with a certified reference sample, a standard sample, or a suitable
internal control sample (consider also comments in ISO 17294-1:2004, 9.1).

Typically proceed as follows.
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Prepare and measure the blank calibration solutions (6.11) and the multi-element calibration
solutions (6.10). Set up a calibration graph according to the manufacturer’s instruction and in line with
[SO 8466-1. Each reference point should be the mean of at least two replicates.

Take into account possible discrepancies in the isotope composition between the calibration solutions
and the measuring solutions (for example, relevant for Li, Pb, U).

10.3 Measurement of the matrix solution for evaluation of the correction factors

In order to evaluate and to update the correction factors, measure the matrix solutions (6.13) or

. , . s .
extracts of matrix-matched CRM’s at rngn]av intervals within a measuring r‘yr‘]n

10.4 Measurement of the samples
After estaljlishing the calibration curves, measure the blanks and the samples.

Within suffficient small intervals (for example, every 10 samples), check the accuracy of at least [one
certified reference sample or one standard sample or one internal control sample. If necessary) re-
calibrate.

Some elemients (for example, Ag, B, Be, Bi, Li, Th and Sb) are rinsed very $lowly from the sample iplet
system. After high count rates, these memory effects shall be checked by measuring a blank calibration
solution (6/11).

11 Calcullation

The mass doncentrations for each element may be determihed with the aid of the instrument softwpre.
Carry out the following single steps for each element.

a) Corredt the count rates according to the respective formulae (see Table 3).
b) For uranium isotopes, the calculation of the concentration is described in Annex A.

c) Make gllowance for the count rates fromrthe blank calibration, calibration and measuring solutipns,
and rejate to the count rates of the\reference-elements. Determine the slope and the intercepf on
the ordinate.

d) Deterrhine the mass concerityations of samples with the aid of the count rates and the calibragion
graphy.

e) Corredtthe results taking into account the mass concentrations from the blank calibration solutjons
and inforporate all'dilution steps in the calculation. If the sample is digested (see 9.2), a correction
for the| procedure blank shall be used if appropriate (digestion blank solution).

According [to the'requirements set by the analytical quality control, the determination of the njass
concentratjiohs using the software of the apparatus shall be verifiable and shall be documented. Ia[ all
cases, it sh i ' i i ' .

Alternatively, it is also allowed to process the raw data (count rates) by validated in-house software
applications.

Report the results to as many significant figures as are acceptable according to the precision of the
measuring values.

EXAMPLES Copper (Cu) 0,142 mg/1
Cadmium (Cd) 0,50 pg/I
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12 Test report

The test report shall contain at least the following information:

a) test method used, together with a reference to this part of [SO 17294, i.e. SO 17294-2;
b) complete identification of the sample;

c) expression of results as indicated in Clause 11;

d) sample pre-treatment, if appropriate;

e) |any deviations from this part of ISO 17294, and details of all circumstances whichfould have
affected the result.

For|the determination of uranium isotopes, see Annex A.
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Annex A
(normative)

Determination of the mass concentration of uranium isotopes

A.1 Gen,

ral

This Anne
example, d
plasma ma
the differe

For the mo
the mass c

For nucleat
of each isof
[15] and [1]

This methd
obtain a sd
assembly:.

Filtration 4

b]).

t 0,45 um and acidification are recommendeds

K describes methods for measuring the concentration of uranium isotopes in water [(for
rinking water, surface water, ground water, waste water and eluates) by inductively coupled
ss spectrometry. On the basis of the concentrations obtained, the activity concentrations of
ht isotopes can be calculated.

st chemical environmental monitoring purposes, it is important and sufficient do deternpine
bncentration of uranium.

environmental monitoring purposes, itis important to determine the activity concentratjons
ope of uranium in order to be able to perform the right dosis estimation (see References [[L3],

d is applicable to all types of water having a saline load\less than 1 g/1. Dilution is possible to
lution having a saline load and activity compatible ‘with preparation and the measure

ent

A.2 Symbols and abbreviated terms
uantit mbo nit symbo erm
Q ity Symbol Unit symbol T
abbrevi-
ated
tefm
Mass concentration C pg/l Mass of analyte per unit volume of the sample
Mass concentration of the in- c / Mass of internal standard element per unit
ternal stanflard solution T HE volume of the internal standard solution
nternal stgndard mass mrt v ass of the isotope dilution tracer adde
I 1 dard g M fthe i diluti dded
Standard uhcertaint u(C) unit of the Standard uncertainty associated with the
Y quantity C measurement result
Expanded dncettaint U unit of the Product of the standard uncertainty and the
p T y quantity C coverage factor kwithk=1,2,.., U=k - u(C
I b Ll
. UulIIit ur tIic
Standard uncertainty U quantity C
IDL is the lowest value that can be measured
by the instrument in the most optimal set up
Instrumental detection limit IDL pg/l and is determined by three times the stand-
ard deviation obtained with ten replicates of
the blank
xLQ can be determined by ten times the stand-
Limit of quantification xLQ pg/l ard deviation obtained with ten replicates of
the blank
xLQjns is the xLQ expressed in counts for
Limit of quantification xLQins pg/l the chosen m/z, due to the blank and the
instrument

16
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Quantity Symbol/ Unit symbol Term
abbrevi-
ated
term

Lowest or highest concentration of an analyte
Limit of application LOA ng/l that can be determined with a defined level of

accuracy and precision
Blank standard deviation SNo
Volume of the sample %4 1
Ba(‘kgrmmd Ng Counts Countsfora gi\mn massin the blank solution
Coynts N Counts Raw counts

N-Ng
Nefl counts Npet Counts ] .

Define NpetT in case of the internal $tandard
fZOL nts ca!culgted when using Nay Counts
isotopic dilution
Regression line slope a Counts.ugl:l |[Npet=a-C+b
Cogrdinate at the origin of the

S b Counts

regression line
Int¢rnal standard correction e Sample'matrix effect correction when an in-
factor int ternal standard is added to the samfple
Biaf per unit mass a
Fractionation coefficient B
deyiation
Isotope distribution in the . e
stahdard solution of 233U T Used for isotopic dilution
Megsured isotopic ratio r
Trye isotopic ratio R

in a water

rs given in

A.3 Principle
ICP1MS can be used to measure-the mass concentrations of the different uranium isotopes
tesfl portion.
If npcessary, the resultsscan be converted in activity concentrations using conversion factag
Tabje A.1.
Table A.1 — Uranium isotopes half-lives and specific activities
Uranium isotope Half-life Specific activity
y Bq/g
234 2,455 (+0,006) x 105 2,312 x 108
235 704 (+1) x 106 7,997 x 104
236 23,43 (£0,006) x 106 2,392 x 106
238 4,468 (£0,005) x 109 1,244 x 104

Abundances 0f 99,274 5 % for 238U, 0,720 0 % for 235U and 0,005 5 % for 234U would usually be observed

inn

atural waters.

236U has a low natural abundance and is not usually measured in water samples. But as 236U is a good
fingerprint to demonstrate the presence of uranium isotopes in water from anthropogenic sources, the
measurement of this isotope may be sometimes required.

The water sample can be directly measured after filtration (at 0,45 pm porosity) without specific
chemical separation.

©IS
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As the water sample is directly measured, matrix effect correction with an internal standard is needed
(as described in ISO 17294-1:2004, 6.3.5). For isotopic determination of uranium in water, 233-Uranium
is commonly used but 204-Thallium can also be chosen.

It is also important to evaluate the mass bias and to correct it, if necessary.

The followi

ng different possibilities are offered:

— external calibrations with 238U, 235U and 234U certified standard solutions can provide 238U, 235U
and 234U mass concentrations in the sample test portion;

samplg
stand3

isotop
samplg
the sar

In the firs
standard s

In the seco
twice; first
addition to

In the last
natural urg
interfereng

Examples
Table A.2.

A.4 Rea

Use only reg

externg

test portion; then the isotopic ratios measured in the sample test portion without inte
rd addition lead to the 235U and 234U concentrations in the sample test portion;

c dilution using 233U (236U is also possible, provided that this isotope is not present in
) is another possibility; a known amount of pure 233U certified standard solution is adde
hple test portion and the concentration of the uranium isotopes is based on'th€ isotopic rat

[ case, it can be difficult for the laboratory to get the three different pure and certi
blutions and three external standard calibration curves have to befprepared.

hd case, only one certified standard solution is needed, but the test portion shall be measy
with internal standard to get 238U mass concentration and then without internal stand
evaluate isotopic ratios

case, the method is more convenient, but requikes corrections for the interferenc
inium isotopes (235U and 234U) in the internal standard solution, the mass bias and sped
es like hydrides.

Table A.2 — Examples of limits of quantification

xLQ
mBq-1-1

<20
<0,1
<1

Isotope xLQ
gt
<0,0001
<0,001

0,1

234-Uranium

235-Uranium

238-Uranium

pents

agents-of recognized analytical grade.

m the

nal

the

d to

ios.

fied

red
ard

b of
tral

pf limits of quantification that can be obtained with a quadrupole ICP-MS are givep in

A.4.1 Lahoratory water

A.4.2 Blank.

Diluted aci

d solution used to determine the background spectra for the various masses.

A.4.3 Certified standard solutions of isotopes.

Certified standard solution with known isotopic ratios to evaluate the mass bias or reference solution
with known isotopic ratios are used for standard bracketing (measure at least twice, before and after
sampling; several repetitions are recommended).

18
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A.4.4 Calibration solutions.

Prepare these solutions by successive dilutions of the certified standard solution in 1 % to 2 % nitric
acid (volume). Adjust concentrations in line with the measuring range to be calibrated. The calibration
curve is established with at least five measuring points (for example, the blank calibration solution and
four calibration solutions).

A.4.5 Internal standard solution (for example, of uranium 233 as an internal standard).

Prepare this solution by successive dilutions of the certified standard solution in 1 % to 2 % nitric acid
(VO nmn) Adjust the concentrationisin line with the validation methaod chosen Qpil{n samples with a

known amount of this solution before measurement.

A.4{6 Quality control solution.

—

Soluition of certified uranium concentration, different than the one used for calibration.
A.4{7 Argon gas, atleast 99,995 % pure.

A.4{8 Diluted nitric acid, 2 % volume, for example.

A.§ Apparatus

Usulal laboratory apparatus and, in particular, the following.

A.5{1 Analytical balance, accurate to within 1/10'mg or 1/100 mg.

A.5]2 Argon supply, equipped with low pressure control.

A.5{3 ICP-MS apparatus with associated software, installed in an air-conditioned room.

A.5}4 Auto-sampler device.

A.@ Sampling

A.6.1 General

For[the determination of trace amounts of uranium, the prevention of all contamination or losses
shall be of primary concern. Dust in the laboratory, impurities in the reagents and on the[laboratory
equEpment which is in contact with the sample are all potential sources of contamination. The sample

confainers can lead to positive or negative errors in the determination of trace elements by[superficial
despfption or adsorption.

Perform the following conservation and pre-treatment steps (filtration and acidification) when
sampling or immediately afterwards.

The sample collection conditions shall comply with ISO 5667-1.

It is important that the laboratory receive a sample that is truly representative and has not been
damaged or modified during transport or storage.

A.6.2 Sample preparation for the determination of dissolved uranium

Filter the sample on a 0,45 pm membrane filter as soon as possible, using a glass or single-use filtration
apparatus.
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Acidify with nitric acid to ensure that the pH of the sample is less than 2.

A.6.3 Storage

See ISO 5667-3. Perform the analysis as soon as possible.

A.7 Procedure

A.7.1 General

Follow the
of ISO 1724

For each 3
precision, {

Before anallysing a sample or prior to a series of samples, analyse the quality control solution as

was a samj
value (wit
(optimum

and perfor

The value

instructions provided by the instrument manufacturer and the steps described in this.j
4.

nalysis performed on this instrument, the sensitivity, the instrumental detection li

ind the interferences should be established for the masses of interest.

ple. Ensure that the measured value of the concentration does not deyviate from the expe
hin measurement limits). If the deviation exceeds the established measurement li

fensitivity, optimum stability), follow the recommendations of the\inistrument manufactrrer

M the adjustment again.

bf the blank solution is measured using the same procedure as for the samples. This v

bart

Mmit,

if it
ted
its

hlue

shall be suptracted from those measured in the samples.

Begin sample analysis by cleaning the system with the blank solution. Repeat this operation alfter
each sample.

A.7.2 Quantification

Uranium ijotopes can be quantified in the following'three different ways:

using an external calibration solution foreach isotope;

n external calibration solutien for one of the isotopes (for example, for 238U) with an intefnal

rd and isotopic ratios to determine the other isotopes of uranium;

using ¢
standg

using 4n internal standard selution and corrections (isotopic dilution).

A.7.3 External calibratien

Prepare the calibratiqiisolutions by adding an internal standard (233U or stable thallium can be uséd).

The formula of the calibration curves are determined by linear regression using the least square method.

Analyse the gliality control solutions to validate the external calibrations.

Perform samples measurements.

Total uranium concentration is sometimes quantified using the calibration of 238U. Then it is
recommended to check that isotopic compositions of the sample and the working solution are identical,
otherwise it is necessary to perform corrections.

A.7.4 External calibration for 238U and isotopic ratios

Prepare the calibration solutions for 238U by adding 233U as an internal standard, for example. It is also
possible to choose stable elements such as T1.

The formula of the 238U calibration curve is determined by linear regression using the least square
method.
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Analyse the standard solution to validate the external calibration.

Sample test portion is measured twice: first time with 233U, as an internal tracer to correct matrix
effects, to determine 238U concentration, second time without 233U to determine isotopic ratios.

A.7.5 Internal calibration by isotopic dilution

The uranium concentration will be quantified in relation to the 233U standard solution isotopic
composition and concentration introduced in the samples.

[sotopic ratios in the standard tracer solution shall be different than the one in the sample test portion.

The
por

Per

As

quantified with precision and corrections shall be made as well as for mass-bias.

A.8

A.8
Thd

is s]
Ifd

Thd
con

A.8

The
dur]
the
the

Thi
Thd
call

Thd

stapdard bracketing. Two examples are given:

mass of tracer 233U added shall be closed to the one of the uranium isotopes in thé-4
fion.

form samples measurements.

the 233U certified standard solution is not pure, impurities of uranium,‘natural isotop

Expression of results

.1 General

results are expressed in mass concentration with theirassociated uncertainty. The cove
pecified in the presentation of the results.

lutions were carried out, apply the appropriate factor to the values of the sample.

bination of elementary uncertainties.

.2 Mass bias evaluation

mass bias is a fundamental rotion in mass spectrometry and the user shall take it in
ing calculations to obtain-good accuracy of measurement. This is a systematic error p
instrument. However, thexmass bias may be small for heavy ions as they are better focus
skimmer cone after the sampling cone.

5 fractionation cpeéfficient deviation, 5, can be defined as a function of the different masg
true ratio of isotopes A and B (R) can be expressed from the ratio measured (r) by differe}
ed linear law,/power law, kinetic law, equilibrium law or generalized power law.

bias per'unit mass, a, determined measuring a certified solution or a reference solution

ample test

es shall be

rage factor

result is expressed as an estimate of the “trtte” value, to which an uncertainty is associated, itself a

to account
roduced by
d through

es studied.
\t relations

vhen using
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Linear law, given in Formula (A.1):
r
—=14+adm (A1)
R
Exponential (kinetic) law, given in Formula (A.2):
R
=In|—|/In (m m A2
p [r ] / a/mo) (r.2)
And pOWe ]lClVV, E;VCII ;11 FUI ulu}a rlA.B‘l.
m
R=r —A] B (A.3)
Mg
The linear Jaw is commonly used for determination of uranium isotopes concentration-ih water.

In the follo

The associ

wing, the raw counts will be corrected of the mass bias, if necessary.

hted uncertainty shall be determined, depending on the law chosendsee Reference [6]).

A.8.3 External calibration
The calibrption curve is established from a series of working, selutions of known and increaging
concentratjions, including the expected concentrations (at leastfive points that can be four diffefent
mass conc¢ntrations and the blank) and is expressed with Formula (A.4):

N ,gaC+b A4)
It is recommended to have the mass concentrationdn the sample very close to the centroid of the cyrve
in order tolminimize the standard uncertainty linked to the calibration curve.
The formula of the calibration curve is deterniined by the least squares method. Construct a calibration
curve by isotope that can be measured in‘the standard.
Additionally, the use of an internal.standard (Uranium 233, for example) is useful to correct the signal
fluctuatior]s. In cases where an.internal standard is used, a correction factor a is introduced. This
correctionlis applied by the software.
The mass foncentration efthe uranium isotopes, expressed in pg:1-1, is equal to Formula (A.5) pnd
Formula (A.6):

23i
23i Nt ( U) b
p( U) = (p.5)
a
23i7r) _ 23i 23i
Nnet( U)_cirlt ><N( U)—NO( U) (A.6)

with i=4,5, 6 or 8 depending on the uranium isotope quantified.

A.8.4 External calibration and isotopic ratios

The 238U mass concentration is determined as explained in Clause 8.
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The concentration of the 238U, expressed in pg-1-1, is equal to Formula (A.7) and Formula (A.8):

238
238 net ( U) ~b
p ( U) = - (A7)
238 238 238
N_.. ( U) =c,, X N( U) ~ N, ( U) (A.8)

Then, the isotopic ratios are used to determine the concentration of the other isotopes based on
the counts obtained in the sample test portion measured without internal standard, as given in

Formula (A.9):
23i
Nnet ( U) 1

N .. (238 U) ’ [1 + a(ig)]

with i =4, 5, or 6 on the basis of the uranium isotope quantified.

p(23iU):p(238U)X (A9)

A.8.5 Internal calibration by isotopic dilution

Urajpium 233 is generally used as isotope dilution tracer: a knowfiquantity of 233U, generally determined
by yveighing, is added to each sample and is thus used to caleulate the concentration of oth¢r uranium
isotiopes present in the sample.

Theg mass concentration of the uranium isotopes, expressed in pg.l-1, is equal to Formula (A.10):

ey MY
’U) =— A.10
ol . (A.10)
with Formula (A.11):
23i
23i Niet ( U) 1
m( U) =my X (A.11)

N (233 U) " [1 + a(i3)]

and| the value of Nperswhich is expressed as given in Formula (A.12) for the various isoffopes to be
anallysed and the isetope dilution tracer:

N, =Ny <N, (A.12)

net

with Formiila (A.13):

N2 (23i)  a(23i) o (23300) . o [23ig)
A e R A2 ws pe (A.13)

where T (23iU) is the rate of the isotope 23i (i = 4, 5, 6 or 8) present as impurity in the tracer used.

This correction is particularly significant for the measurement of Uranium 234 by isotopic dilution.
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A.9 Uncertainties

A.9.1 Uncertainties associated with external calibration

The measurement uncertainty is expressed in relation to the error associated with the calibration and
the error associated with the measurement, as given in Formula (A.14):

1
u 6(23" U)] = |u? (cal) + u? [Nnet (23iU)] ? (A.14)
with Formila (A.15):
1
. Y , 0|2
u[zvnet (23' U)] = [N(23’ U)] x U (Cine ) + € X U [N(23' U)] +u® [NO (23' U)] (Al15)
A.9.2 External calibration and isotopic ratios
For 238U mjass concentration, the uncertainty is expressed as in A.9.1.
For the other isotopes, the uncertainty is expressed as given in Formulda(A.16):
1
23 2 238 2 23i 238 2 2
u p( IU)} —u2, [p( U)] +u?, [Nnet ( 'U)/Nnet ( U)] +u?, [1/[1 + a(i_s)]] (al16)
A.9.3 Isqtope dilution
The measurement uncertainty is expressed by Formula (A.17):
1
u [c ( 23 U)] = [u?, [m (23" U)] +uZy (V2 (Al17)
with Formlila (A.18):
1
238\ _ 1,2 2 238 233 2 2
u C( U)} | Trel (C (mT)) T Urel [Nnet ( U)/Nnet ( U)] T lUpg [1/ 1+ a<i3)]] (A118)
A.9.4 Instrumental detection limit
The instrumental detection limit, for a given mass, is obtained from an extension of the standard
deviation gsSeciated with the measurements obtained for 10 test portions of the blank.

The detection limit (DL) is expressed in pg:1-1 dividing IDL (equivalent to three times the background
counts deviation) by the slope of the regression line when using external calibration, as given in

Formula (A.19):
DL| 23 U): 3 . A.19
( SN0(23’U) a ( )
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