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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 neededfor
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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Water quality — Multi-compound class methods —

Part 2:
Criteria for the quantitative determination of organic
substances using a multi-compound class analytical method

1
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Scope

5 document specifies the criteria for developing an in-house mass spectrometry<based
titative analysis of multiple subgroups of organic substances in the scope-of physic3

5 document supplements ISO/TS 13530 which provides guidance on the initial characte
measurement performances, by providing details to select the tesfmatrix and internal
criteria for analyte and internal standard recoveries.

5 document is not intended as a substitute for the curxently applicable analytical

Normative references

following documents are referred to in theltext in such a way that some or all of th
Stitutes requirements of this document. Kor dated references, only the edition cited 4
ated references, the latest edition of theseferenced document (including any amendmen

8466-1, Water quality — Calibration and evaluation of analytical methods and es

formance characteristics — Part {: Statistical evaluation of the linear calibration function
8466-2, Water quality —.Calibration and evaluation of analytical methods and est
formance characteristics.\—= Part 2: Calibration strategy for non-linear second-order
'tions

11352, Water qudlity — Estimation of measurement uncertainty based on validation
trol data

21253-1, Water quality — Multi- compound class methods — Part 1: Criteria for the iden
et compéunds by gas and liquid chromatography and mass spectrometry

3

Terms and definitions

method for
11-chemical

rization of
standards

standards

ents.

bir content
pplies. For
[s) applies.

imation of

imation of
calibration

ind quality

ification of

For

the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

3.1

ISO Online browsing platform: available at https://www.iso.org./obp

IEC Electropedia: available at http://www.electropedia.org/

analyte
substance to be determined

[SOURCE: ISO/TS 28581:2012, 3.1]
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3.2
blank

aliquot of reagent water (reagent blank) or of a matrix in which the analyte (3.1) is absent (matrix blank)
that is treated exactly as a sample through the complete analytical procedure including extraction,
clean-up, identification and quantification including all the relevant reagents and materials

Note 1 to entry: Itis crucial that the laboratory specifies which blank is considered.

3.3

calibration curve

expression

of the relation between indication and corresponding measured quantity value

[SOURCE: 1

3.4

limit of qu
LOQ
lowest valy
be estimat

[SOURCE: I

3.5

analytical
unambiguc
determina
definitions
performan

[SOURCE: 1

3.6
recovery
relative re
extent to
analytical

Note 1 to €
unspiked al

[SOURCE: ]

3.7
relative r¢
ratio betw
standard

SO/IEC Guide 99:2007, 4.31]

antification

e of a determinand that can be determined with an acceptable level of aceuracy, which cq
bd by different means and shall be verified in the intended matrix

SO/TS 21231:2019, 3.2.5, modified — Note to entry has been excluded.]

method
usly written procedure describing all details required to carry out the analysis of
hd or parameter, namely: scope and field of application, principle and/or reacti

ce data and test report

SO/TS 16489:2006, 3.3]

covery
which a known, added quantity of determinand in a sample can be measured by
system

quot of sample and is usually expressed as a percentage.

SO 5667-14:2014,.3.8]

tention time
een thelretention time of the target compound and the retention time of the calibra

[SOURCE: ]

uld

the
b1,

reagents, apparatus, analytical procedures, calculations and presentation of restlts,

an

ntry: Recovery is calculatedfrom the difference between results obtained from a spiked angl an

Fion

50715680:2003, 3.5, modified — "retention-time standard" has been replaced by "calibrati

—

on

standard"

3.8

injection standard
standard mixture added to a sample before injection into the GC-MS apparatus, to monitor variability
of instrument response and to calculate internal standard recovery

Note 1 to entry: The same definition is applied for GC-MS/MS, LC-MS and LC-MS/MS.

[SOURCE: I

SO 28540:2011, 3.4, modified — Note to entry has been replaced.]
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3.9

subgroup of compounds

analytes (3.1) pre-classified into groups that share similar patterns of analytical behaviour in response
to extraction mode and analysis

3.10

internal standard
compound added in a known amount to the sample from the beginning of the protocol and enabling
analytical coverage throughout the procedure, and that is used to correct for losses during sample
preparation and analysis by accounting for all-system matrix effects (recoveries, ionization effect,
varijability of the detector response of the instrument for example)

Note 1 to entry: Determining the ratio of characteristic molecule signal intensity to the internal Stafjdard makes
it ppssible to calculate the quantitative ratio between molecule and internal standard andtheéreby to deduce
molgcule concentration in the sample. An identical amount is also added to the calibration staridard §olutions.

3.11
yield
abspolute recovery
amTunt of analyte (3.1) added in the test sample corrected by the relative recovery of the internal
stamdard (analyte-to-internal standard ratio)

Note 1 to entry: Yield is a value that accounts for both sample matrix €ffect and compound recovery.

4 (Principle

Thif document specifies the critical points to be considered when developing a mass speftrometry-
baspd method for the analysis of multiple subgroups of organic substances in water sanples. The
critical points addressed here involve:

— |selection of the matrix;
— |internal standards and internal standard recoveries;
— |analyte recovery.

Thif document proposes a rdting-scale method for analytical protocols dedicated to huge pumbers of
conipounds, making it possible to give the method a reliability score for each compound. Wh¢n a review
of these critical points.concludes that the method can reliably quantify the analytes, ther the initial
chafacterization of the measurement performances of the method can be started.

Thif document concludes by proposing quality assurance criteria that should be made routing to ensure
that performanee levels do not degrade over time.

If there issa*need to expand the initial list of reliably quantifiable analytes in a method, then verify
the|andlogue transitions, retention times, LOQ performances and accuracy. Modification|of method
performances of previously characterized analytes to new performance levels requires an update of
the method characterization in the way described before.

For each substance, the method can only be claimed as reliable for those matrices that were effectively
tested during the characterization process.

If one or more purification steps need to be carried out, and if substances are present that are liable to
create interferences in the chromatogram or contaminate the analytical system, then the measured
yield for each substance shall account for the purification step(s).

5 Selection of the matrix

The method shall be characterized on a matrix that is representative of the claimed scope. The water
matrix is characterized by its physicochemical properties (SPM, TOC, conductivity, pH, major ions, etc.).

© IS0 2019 - All rights reserved 3
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Additional information on the source of the sample (marine water, waste water, groundwater, drinking
water, etc.) can inform the final user on the likelihood of certain physicochemical parameters. These
parameters shall be identified at the start of of the method development and recorded.

The representative matrix can be natural or synthetic. Laboratory-grade water (distilled water,
deionized water) is not representative of any natural water.

In the absence of a suitable analyte-free real matrix blank (especially for the characterization of the
LOQ), then the natural matrix can be diluted (with drinking water or laboratory-grade water, for
example) in order to lower the concentration of organic compounds, taking care to appropriately adjust
the modified properties (SPM, TOC, conductivity, pH, etc.) as specified in ISO/TS 21231:2019, 7.1.

6 Sample preservation prior to analysis

In the abs¢nce of normative requirements expressly covering the analytes, storage time 'and sanmple

preservati
analysis-re

Sample pr
and, where
or near 10
provides a
preservati

Special att
metabolite

7 Inter

7.1 Gen

One or mg
the protog
interfereng

The use of

of individupl analytes and for matrix effects.

The injecti

the instrumental analysis, detector response for example, and are used to calculate internal stand

recoveries

Both these
standards

bn mode shall be defined and verified from collection of the sample through‘completion o
lated operations. The storage time defined commences at the date of samplé collection.

pservation integrity tests shall be conducted on the representative matrix (see Claus
appropriate, in presence of the preservative. They shall be conducted at least one levg
x LOQ or at the regulatory value, with field/laboratory duplicates; ISO 5667-3:2018, Ann
more complete protocol, for example, where appropriate, ¢hese tests shall also exten
bn time for sample extracts.

ention shall be paid to any breakdown products of analyte molecules (parent molecules
5) if they are included in the scope of the method.

hal standards and injection standards

bral

re internal standards shall be msed and introduced into the sample right at the star
ol. This is the most efficient-way to screen for and correct any potential matrix-ef
es at extraction and analysis'of each sample.

stable isotopically labelled internal standards is recommended to account for specific lo

typeswof standards can be used for the quantification step, although the use of inte
s preferred.

fall

2 5)
| at
px C
1 to

and

t of
fect

bSES

bn standards aré-added just before the analysis step. They provide additional informatiof on

ard

‘nal

7.2 Sele

ction of standards

The internal standard and the injection standard shall possess properties making them representative
of the analytes. Suitable criteria are available in ISO/TS 13530:2009, 4.4.3.1. The near-identical
retention time may also be a useful criterion.

For methods featuring a large number of compounds and in those cases where it is impossible to get
an internal standard for each analyte, it is recommended to assign one internal standard or injection
standard per subgroup of compounds, giving a suitable justification for the rationale involved.

For complex matrices liable to create strong interferences, for example signal enhancement, signal
suppression, or altered retention time, it is recommended to have a labelled analogue for each substance
subject to such interferences.

© ISO 2019 - All rights reserved
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Every effort shall be made to ensure the internal or injection standards are well distributed along the

full

duration of the chromatogram, and if necessary, in each ionization mode.

Cumulating a series of internal standards and injection standards may help to overcome the analytical
difficulties involved when implementing multi-compound class methods and to make the quantification
reliable (see 11.2).

For the mass spectrometric detection, it is recommended to use a stable isotopically labelled analogue
as an internal standard; 13C or 15N-labelled compounds are preferred rather than deuterated
compounds. There is generally an observable drift in retention time compared to the natural compound
when working with isotopically labelled standards (isotope effect).

Only a stable part of the molecule shall be labelled, and degree of labelling shall not chan
coufse of analysis. Exchanges may take place, via tautomerization processes for exainple,
typp of mechanism shall be experimentally verified in the event that the abundanceqf intern

iss

Spe
for

own to vary.

monoisotopic mass greater than at least 3 Da.

The
its 1
of
unl

To

isotopic purity of the internal standards shall be checked. It is\not a critical factor pr

hbelled analogue should be negligible at LOQ level.

onfirm the accuracy of the method, it is necessary to confirm the right balance betwe

analogue and native substances. It may be necessaryto’run pre-investigative studies to chec

If a
allo|

the internal standard has been fully extractéd without degradation, or

thatinternal standard is in equilibriumwith the sample and bound to suspended particu
(SPM) in the same way as the native substance.

filtration is intended in the ldbgratory, the internal standards can be added before
wing delay for the equilibrium' to take place, and the applicability of the internal standa

step shall be verified (see 9.3).

8

In @
cali
ori
wil
cur

Calibration

rder to analyse.and quantify a substance of interest, the analyst shall acquire the com
bration standard of the highest purity possible. This analytical standard may be sourced
h solution. Firstly, it will guarantee that instrumental analysis is both feasible and unde
also confirm that the substance is present in the sample and will serve to establish the
7e needed to quantify, and further to establish the performance of the extraction step.

Imp

ortant information (whether for in-house prepared solutions or commercially-sourced s

ctral overlapping between labelled analogue and native substances shalkbe’avoided. Col
the majority of small-molecule applications, the labelled analogue |should preferal

mpurities, including unlabelled analogue, have preferably zero contribution on target ¢
he analytical method. In case it is not possible, the confribution of the labelled anala

be over the
hnd so this
h] standard

isequently,
bly have a

pvided that
ompounds
gue to the

en labelled
k that:

|ate matter

filtration,
ds for this

pound as a
either pure
" control. It
calibration

lutions) is:

the identity of the substances: special attention is needed when dealing with mixtures of
(nonylphenols for example) and with separately distributed isomers or isomer mixtures (i
for example);

their purity;
the uncertainty on their assessed concentrations;

the behaviour patterns of the internal standards and injection standards, which is a
individually injecting them;

the behaviour pattern of the compounds in the course of analysis, whether injected indivi

substances
endosulfan

cquired by

dually or in

mixture ofasmall number of substances on one hand, and mixed with all the otherintended substances,
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internal standards, injection standards in calibration solvent solutions on the other hand, so as to
check for any synergistic or antagonistic substance-to-substance effects in the course of analysis. If
there are differences in the responses, it means the instrumental analysis method is not optimized.
If this method nevertheless remains the technique employed by the laboratory, then the selection of
internal standards should include the stable isotopically labelled analogue of each compound whose

response presents the above-stated behaviour, or to apply the standard addition method.

Identity of the standard and trueness of the calibration shall be double-checked by using a cross-check
solution prepared with the same substance but obtained through a different reference frame: for
example, different supplier, different batch number, different preparation —exclusively if made up from
the pure compound, or a certified reference (CRM) if available

Special attention should be given to those substances that show similar chemical structure$\(s
family, parent substances and metabolites) and the same retention time in order to preclude @poter

loss of sp
scrutinizi

Some inst
substances
shall there

ificity. Loss of specificity can be detected by injecting individual standard solutions
g all of the transitions specified for the method.

Fuments feature an automatic ionization optimization mode for injecting mixtures

which, in some cases, can lead to loss of specificity. The optimization parameters propa
fore be verified with the individual compounds.

For calibration protocols, see the ISO 8466 series and ISO/TS 13530. Internal standard calibration s

be preferre

d to external calibration.

9 Recoyvery determination

9.1 Gen

The analyt
each subst
using Anne
of selecting

If a filtratid

9.2 Qua

In the absq
recovery a

For ea
least1

In cas¢
more {

bral

ical method cannot be developed further without knowing the matrix-matched recover
hnce. Matrix effect on the analysis and ggmpound extraction recovery can be distinguis
X A. This information helps guiding further development of the method, particularly in te
y a calibration system.

nis intended in the method, the effect of a filtration step on the recovery shall be determii

htification by external; calibration

nce of regulatory et-normative required performance criteria, the following criteria for
bply.

Ch level of ahalyte concentration, obtain a mean recovery at intermediate precision (n
D, 5 x 2 replicates, for example) in the range 70 % to 120 % with a coefficient of variation < 2

s where recovery is less than 70 %, the coefficient of variation in recovery shall not v
han 20 % around this recovery value. Otherwise, the analyst shall use an internal standaz

hme
tial
and

of
sed

hall

y of
hed
'ms

ned.

the
= at
) %.

ary
rd.

In cases where the coefficient of variation in recovery (in the range 70 % to 120 %) is >20 %, if this
parameter cannot be optimized (another extraction method, another analytical method, etc.), then
an internal standard shall be used.

If recovery is >120 %, it is strongly recommended to identify an alternative (another extraction
method, another analytical method, etc.).

If it proves impossible to meet the characterization criteria stipulated in this article, it is recommended
to use the standard additions method in 9.2.

In all cases, attention shall be drawn to the impact of the recovery and its coefficient of variation on the
uncertainty.
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9.3 Quantification by internal calibration

When quantification is done by internal calibration, the only criterion to consider is the criterion
applied to yield. Mean yield shall be in the range 70 % to 120 %, with a coefficient of variation <20 %.

The recommended minimum recovery for an internal standard is 30 %.

In any cases and mainly in case of low mean recovery, attention shall be drawn to the impact on the
uncertainty.

10 Is ad= £ -y o d=a A WaVYanl
LIIIIT UL quUudiitiiitatlvll (LUYj

LO(Q shall be established by matrix-matched measurement and for each analyte claimed\as ip the scope
of the method. The determination of LOQ covers the method’s entire protocol.

In the absence of any other requirement or national regulation, the LOQ can be ghtained as ekplained in
ISOfTS 13530:2009, 3.1.7 and CEN/TS 16800:2016, 6.4.5[111,

In the case of mass spectrometry analyses for quantification and quatification where mojecules are
identified via transitions or ions, the LOQ shall be verified for the MS-quantification transifion or ion,
proyided than qualification transitions or ions are present (see ISO 21253-1).

When studying the LOQ, at least one matrix blank shall be processed in exactly the same way as the
sanjples (including all pre-processing steps). Concentratiofp of substances in the matrix blank shall
not|go above the LOQ. Otherwise, an investigation should:bé led to find and remove the cpuse. If the
blapk remains above the LOQ, then it shall not be subtracted from the values obtained for the sample's
quantification, but the LOQ shall be re-assessed instedd.

11|Results

11.11 Identification of the compounds

Accprding to ISO 21253-1.

11.2 Quantification

Qudntification requires an)/ddequate number of appropriately distributed calibration points. Calibration
accliracy shall meet asét of minimum requirements in accordance with ISO 8466-1 and I1SO B466-2.

The laboratory shall specify any yield correction factors applied. If this correction is not agplied, then
thid uncorrected'bias shall be accounted for in the uncertainty calculations.

11.3 Measurement uncertainty

Medsurement uncertain imations shall lcul for h_anal n h matrix at the
characterization stage using [SO 11352.

12 Quality controls

12.1 General

It is important to regularly challenge the analytical sequencies by introducing control samples
undergoing the whole analytical process (including filtration step, if relevant). These control samples
are obtained by directly adding standard solutions in a sampling bottle containing exactly the
same amount of representative matrix as the test portion volume sampled. Regular participation in
proficiency testing (interlaboratory trials) is also recommended.

© IS0 2019 - All rights reserved 7
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It should be checked that the initial uncertainty values obtained at the characterization stage remain
consistent with uncertainty values obtained over the method’s lifetime, via approaches based on
internal quality assurance or interlaboratory testing.

12.2 Quality control checks on the blank

In each analytical sequence, at least one blank shall be processed in exactly the same way as the samples,
including all pre-treatment steps. It is recommended to perform at least one blank determination before
analysing real samples so as to ensure that the full procedure is contamination-free.

If the concentration-in-the blank ig nrnafnr than the Tﬂﬂ then it shall nat he subtracted from

the

concentrat

12.3 Qua

ion in the samples, either the analytical batch shall be invalidated or the LOQ raised.

lity control checks on the internal standards

Response ¢f standard solutions and internal standards shall be subjected to acceptabitity criteria

regularly n

12.4 Qua
The LOQ s}

nonitored, using a control chart for example.

lity control checks on the limit of quantification

all be verified at each measurement series containing samples below LOQ, in a matrix th

representative of the samples under test.

Any adaptz

accour

shall be clg

If interferg
identity of|
additional

tions made to the LOQ due to:

ting for a blank value;

or diluting the sample or extract

arly stated and appropriately documented:

nce is suspected, it may be necessary to perform additional measurements to confirm
the analyte, such as using differenb chromatographic separation conditions or evalua
m/z ratios or SRM transitions.

and

ht is

the
[ing
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