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HIGHLIGHTS CRAPHICAL ABSTRACT

« The status of valication of LC-MS
methods  is  comprehensively
reviewed.

o Clarity is brought into validation

elated terminology

* Recommendations on difficult vali
dation-related issues in LC-MS are
given,

ARTICLE INFO AssTRACT
Avticke hstery This &5 the part Il of a ttorlal review intending to give an overview of the state of the art of method
Received 4 February 2015 validation in liquid chromatography mass spectrometry (LC-M$) and discuss specific issues that arise
Accepied 9 February 2015 with MS (and MS-Ms) detection in LC (as opposed tothe “conventional detectors). The Part I stasts with

PRI - briefly introducing the main quantitation methods and then addresses the performance related to

ity of signal, sensitity, precision, trueness, accuracy, stability and mex urement
uncertainty. The last section is devoted to practical & in valid,

charactensticits essence and terminology are addressed. the current status of treating it is reviewed and
recommendations are given. how to handle it. speafically in the case of LC-MS methods
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LC-MS as technique

The most powerful technique for determination of
low levels of organics in difficult matrices

LC-MS: many adjustable parameters

—In LC

— In MS

Checking that the method
performs as required is not trivial!

Validation is BIG in LC-MS!

Euro Mass Spectrometry 2017 2



Guidelines?
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Validation guidelines
* Generally very useful, but ...

— Often inconsistent terminology
* e.g. accuracy Vs trueness, ...
— Often very general

* Choosing concentrations? How many replicates? Spiking
levels? How many days? ...

— Sometimes conflicting recommendations

— Usually LC-MS is not addressed
* Except e.g. 2002/657/EC

Euro Mass Specrometry 2017 SiSU.Ut.ee/lcms_method_validation/



Our aims were:

1. Give a critical overview of the state of the art of
LC-MS method validation

— Including comparisons of the relevant guidance
materials

2. Draw attention to the LC-MS specific aspects
— e.g., lonization suppression by matrix effects

3. Give recommendations on problematic issues In
validation of LC-MS methods

Euro Mass Spectrometry 2017 SiSU.Ut.ee/lcms_method_validation/ 5
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 The st of validation of LC-MS
methods  Is  comprehensively
reviewed.

« Clarity is brought into validatica
related terminology.

* Recommendations on difficule vali
dation-related issues in LC-MS are
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This is the part 1l of 3 tutarial review intending to give an overview of the state of the an of method

validation in liquid chromatography mass spectrometry (LC-MS) and discuss specific issues that arise

with MS (and MS-MS)detectionin LC (5 opposed tothe “conventional” detectors). The Part [l starts with

briefly introducing the main quantitation methods and then addresses the performance re
[

Liquid chromatography -imass spectrometry

vty of signal,sensitity, precision, trueness. accuracy,stablity and mess
section is devoted in validation.
charactenisticits essence and terminology are addressed, the current status of treating it i reviewed and
recommendations are given, how to handle it, specfically in the case of LC-MS methods.

© 2015 Elsevier BY. All rights reserved.
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Features

» Specific LC-MS issues
— lonization, matrix effects, MS" selectivity, ...

- Main validation guidelines are reviewed and
compared

— With every performance parameter

- Recommendations are given how to determine
performance parameters
— Synthesis from guidelines and our experience

- General workflow of LC-MS method validation Is
presented

Euro Mass Spectometry 2017 SiSuU.Ut.ee/lcms_method_validation/



Method
optimization

Estimate method conditions and test
analyte and IS stability. At least 3
Stability replicates at two concentration levels
should be evaluated under stress
conditions

Analyse at least 20 representative
blank samples. Analyse representative
blank samples fortified with substances

SeleCtIVIty which are likely to interfere with the
quantification and/or identification of
the analyte.
. . Analyse matrix containing solutions at
Linearity Y 8

10 analyte concentrations in duplicates

Analyse independently prepared
subsamples at least at 3 concentration
levels over the linear range (5-10
Precision replicates each). Repeatability
measurements are done on the same
day, intermediate precision
measurements over several months.

Euro Mass Spectrometry 2017

Is (100% - ST%) of 2/3 of the samples
lower then 1/5 of the expected relative
standard uncertainty?

Ok!

Any false identification? Analyte
identification hindered by interferent?
Notable influence on quantitation?

Ok!

a) Visual assessment b) analysis of
residuals c) LoF test if neccessary.

Ok!

Calculate relative standard deviation of
repeatability and intermediate
precision and test it for ,fit-for-

purpose”.

Ok!

Not Ok!

Not Ok!

Not Ok!

Not Ok!



Analyse independently prepared
subsamples at least at 3 concentration
levels over the linear range (5-10
Precision replicates each). Repeatability
measurements are done on the same
day, intermediate precision
measurements over several months.

Analyse CRM-s or spiked samples with

Trueness y .
nown concentration.

6 calibration points in the LoD range
should be used. Measurements should
LoD, LoQ be done on 5 different days over a long
time period.
LoD = 3.3-0/S, LoQ = 10-0/S.

Select method parameters having the
strongest influence on your method
Robustness performance. Test the method
performance after small changes in
selected parameters.

Method is
suitable for
routine
application

Euro Mass Spectrometry 2017

Calculate relative standard deviation of
repeatability and intermediate
precision and test it for ,fit-for-

purpose”,

Ok!

Calculate bias and compare to legal
requirements if available.

Ok!

The most conservative result should be
used and compared to the legal
requirements if available.

Ok!

In the method performance still
acceptable?

Ok!

Final
Reporting

Not Ok!

Not Ok!

Not Ok!

Not Ok!



Tutornal review

on the example -

of LC/MS

Analytica Chimica Acta 942 (2016) 23-39

journal homepage: www.elsevier.com/locate/aca

Contents lists available at ScienceDirect

Analytica Chimica Acta !

mating LoD

Analytica Chimica Acta 942 (2016) 40-49

Contents lists available at ScienceDirect
Analytica Chimica Acta !

journal homepage: www.elsevier.com/locate/aca

Tutorial

: Theoretical review

Tutorial on estimating the limit of detection using LC-MS analysis, part ®C"’""“'k

Hanno Evard®, Anneli Kruve, Ivo Leito

Ui

y of Tartu, nstitute of Chemistry, Ravila Ma, Tartu, SG411, Estoria

Tutorial

Tutorial on estimating the limit of detection using LC-MS analysis, part @mﬂm
1I: Practical aspects

Hanno Evard’, Anneli Kruve, Ivo Leito

University of Tartu, Institute of remistsy, Ravila 14a, Tartu, 50411, Estonia

HIGHLIGHTS

GRAPHICAL ABSTRACT

HIGHLIGHTS GRAPHICAL ABSTRACT

«The concept of limit of detection
LOD) is thoroughly explained.

«Statistical basis of LOD is compre
hensively reviewed.

«Mathematical ~ foundations  of
different LOD determination ap
proaches are compared.

Theoretcoirview practica spects

ARTICLE INFO

ABSTRACT

Artcle history.
Received 30 December 2015
Received in revised form
24 August 2016

cepted 27 August 2016
Available online 13 September 2016

vord
It of detection
Detection limit

Liquid chromatography

A large body of literature exists on the limit of detection (LOD), but there is still alot of confusion about
this important valication parameter. This confusion mainly stems from its statistically complex: back
‘eround. The goal of this two- part tutorial is to discuss and darify the topic of LOD for practitioners. The
£wo main condlusions of this tutorial are: (1) the choice of how o estimate LOD should be based on the
purpose of the analytical method that is being validated (e.g. consicerable effort should not be made to
estimate LOD for a method that is not used for detecting traces in the vicinity of LOD), and (2) LOD
estimates are strongly dependent on different assumptions and the approach used, and therefore
must be exercised when using the estimare or when comparing different estimates

Part I of the tutorial contains 2 theoretical discussion (without excessively sophisticated statistics) and
part Il contains exam ples based on ex perimental data.In Part | LOD and other definitions related to it are

wtion

e Different LOD determination ap- !
proaches are compared from prac Tsrescotreview
tical LC-MS viewpoint.

« Specific aspects of LCMS/MS are
addressed. -t

« Recommendations and a flow-chart
of LOD determination in LC-MS are

given ,
ARTICLE INFO ABSTRACT

Artcte history: In part 11 of this tutorial, the investigated approaches of estimating the limit of detection (LOD) are
Received 25 June 2016 applied to experimental data from LC-MS measurements, Important practical aspects spesific to LC-MS

Recated insesed orm
24 Aug

Pecepted 27 Pugus

Ivaabic onine s September 2016

and related to LOD are reviewed. The results of different tests of estimating linearity and scedasticity are
compared. LOD estimates obtained with different approaches (for both simple characterization of the
analysis method and accurate interpretation of the results) are applied o the dara and the obtained
values are compared. As a conclusion, a decision tree is proposed for estimating LOD for analytical
methods using the LC-MS technique.

@ 2016 Elsevier B.V. Al rights reserved.

Limit of detection

Detection limit

L romsmgraply

Mass specometry reviewed, and theie estimation and wse are discusied. The asumptions and practicality of different L
Deciion lmit approaches to estimate LOD are compared. Different aspects of the analytical method that strongly in Mass spectomet
Detecton cpatilty fluence 10D estimates (e, linearity, scedasticity and day-to-day vanabilty of L0D) together with

Detection capabilty
experimental design considerations when estimating LOD are ciscussed. In part II, LOD is estimated for

the LC-MS/MS analysis method to detect pesticices on separate days. The performance of cifferent tests
an the data necessary for LOD estimation are discussed and the results of different approaches under

review in this tutorial are compared. In conclusion, a decision tree is proposed for estimating and Contents
monitoring LOD. A detailed working procedure for estimating LOD is presented. Several topics are
pointed out in which farther research and discussion is neeed. 1. Introduction a
© 2016 Elsevier B.V. All rights reserved. 2. Important aspects of LC-MSIMS when estimating LOD a1
2. Fragmentation and identification ... . . . .- . . aee 41
T — breviations: LC-MS(MS, Liquid mwvmw sraphy tandem mass spectromets Limit of detection; S/N, Signal-to-noise ratio; RSD, Relative aumhrd «lwmuvu :I‘
Mﬁf"“"a‘“”i"“ Lon. “""‘”“‘“‘:v“““ x‘“ Decision limit LL:umm) 5D, Relat LC-MS/MS, Liquid andem eury; MRL Madsrum supu\ lem mﬁmmwu. MI:L i ’imﬁﬂ lit; CCsy Dﬂ.\:\:m hmu‘rtL\ Dummmmwny CF, hhlfulwn function; OLS, Ordinary leasi-sq

Calbraton function: 1 :upummuury Information; OLS,

v st souares e reson; 3. £ foizaion surce wih idiond nebuization <opliy. S Wegued s fresiduals;

Signal sengeh of samples
+ Corresponding author
E-mail addresses: evardhanno@genail.com (H. Bvard) ann elikruveut.ee (A, Kruvel, ivoleitoBut ee (L Leito)

source with sddi

it nebulsson capilany- v

Ordinary least-squares regression; WLS, Wei
+ Corresponding author.
E-mail addresses: evardhanno@gmail com (H. Evard), annelLkruve@ut e (A.Kruve), ivo leito@ut ce (L Leito),

‘i.

al ,m-u,,nwmmk Sample; §, Standard i hmmp., b, Slope.

hitp:/decdolorg/10.1016/j3c2.2016.08043
00032670/ 2016 Elsevier B.V. All tights reserved.
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- Tutorial on Estimating Limit of Detection on the example of LC-MS analysis
Part I. H. Evard, A. Kruve, I. Leito. Anal. Chim. Acta 2016, 942, 23-39.
http://dx.doi.org/10.1016/j.aca.2016.08.043
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n-line course: LC/MS Method Validation

/ ©s Validation of liquid chromz' X '\ ‘L‘E_I |£|@Iij
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L-MS METHOD VALIDATION

Course introduction

1. Validation: General ~

4. Precision «

S Validation

6. Precision and trueness: some

additional aspects ~

7. Accuracy ~

0. Ruggedness, robustness ~ 2 o
10. Ruggedness, robustne b 0:00/223 <© 8
VaLChrom

Acknowledgements

Course introduction

http://www.uttv.ee/naita?id=23245

Glossary https://www.youtube.com/watch?v=jbdA8PnPdLY
Glossary
What our participants say? Short description of the course
This is a practice-oriented on-line course on validation of analytical methods, specifically using LC/MS as technique. The

course introduces the main concepts and mathematical apparatus of validation, covers the most important method
performance parameters and ways of estimating them. The course is largely based on the recently published two-part
tutorial review: s

Euro Mass Specrometry 2017 SiSU.Ut.ee/lcms_method_validation/



Online LC/MS Validation course

Validation: General

Performance parameters
— Selectivity, Identity
* Incl specifics of LC/MS
— Linearity, linear range, sensitivity
— Precision, Trueness, Accuracy
* Including matrix effects
— Stability
— LoD, LoQ, CC,, CCq
* Including specifics of LC/MS
— Ruggedness, Robustness

* Glossary
* Literature

Euro Mass Spectometry 2017 SiSuU.Ut.ee/lcms_method_validation/



Course contents

* Theoretical basis as well as practical skills
» Detailed and example-based treatment
* More than 50 short video lectures by 6 teachers

/ y
- i N

— Excel videos demonstrating calculations

* Numerous tests and calculation exercises
— Understanding of main concepts
— Calculation exercises from real life situations

— Feedback is given
* On-line software (some functionality)

Euro Mass Spectrometry 2017

* vaLChrom
13



Videos ...

» Using slides:

. Or ...

 Pen and whiteboard:

Euro Mass Spectrometry 2017

Instrumental LoD:

= MEASUREMENT
— ——

e

Method LoD:

SAMPLE PREPARATION = Ax MEASUREMENT

Recovery Matrix effects

(Loss of analyte) — =

-
'

Lead to increase d
variance and higher LoD

RPRETATION OF
NSie RESULT WIT

AND LD Q
9] LoP Loq
==} ' { e el
i3 ES
gy /s 0
0D, Log LOQ
E LR/

sisu.ut.ee/lcms_method validation/ 14



Discussion dialogues

Two proffessionals discuss a problematic
situations: one asks for help and the other one
gives suggestions

1aZid=425506

Euro Mass Spectrometry 2017 sisu.ut.ee/lcm S m eth Od_VaI idation/

15
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Excel videos for calculations

* |nitial calculation files can be downloaded

|_ jlvo] | == ==
C* 9.3. Estimation of LoD | V2 X
< X | @ https://sisu.ut.eeflcms_method_validation/93-estimating-lod v e ¥ 2
% eM e M OSsUMOOC 0§V MOOC [fiifi Ak Tl AK [3) EACH il AMS {fiili AKKI il Pubkused ol GA M Gmail » Other bookmarks
BE Y 3+ musrall s - Ficw e P E -8 X
Chart2 - fx -4
E : E
b +
: : =
.. :. .
:'F
:CHI?: 47TIR GanTanl™
Sheat! 4 3
P 326 /8:48 ® N —eo I ¥
Calculating LoD
http://www.uttv.ee/naita?id=24440
https://www.youtube.com/watch?v=u7LCGkFUUFE

Euro Mass Spectrometry 2017 sisu.ut.ee/l cms_m eth Od_VaI idation/ 17



Worked examples

/ 0§ 2.3. Selectivity examples | % \§ A\

& (&} | @ Secure | https://sisu.ut.ee/lcms_method_validation/23-selectivity-examples

Q | ¢
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A @G [ Radar [ mudelr [ Im

Course introduction

1. Validation: General -

f and identity

2.1. Selectivity: LC select
Self-test 2.1

2.2, Selectivity: detector-side (MS)

2.3. Selectivity examples

2.4, Introduction to identity
confirmation

| |

1

2.3. Selectivity examples

Example 1

Mot all validation guidelines explicitly specify & required limit for chromatographic peak resolution (Rg). In LC-MS incomplete
chromatographic separation of analyte peak from neighboring peaks may or may not cause problems. Often m/z of analyte
differs from that of neighboring peaks or unigue MREM transition is used. This way the presence of any potentially
overlapping peak is simply neglected. However, even though the analytical signals of these interfering compounds are not
registered, they can cause matrix effects. Therefore, it is customary to seek for peak resolution of at least f; 2 1.5.

Chromatogram in Figure 1 was recorded while developing method for compounds A, B, C and D analysis. One MREM trace is
presented for each compound and shown in different color. If one hadn't recorded the transition shown in green, this peak
would have missed form the chromatogram and one wouldn't have known that compound C(RT 5.33 min) - is present. But
this compound could interfere with detection of other compounds, regardless of whether or not it's signal is recorded.
Therefore, one should make sure that the peak is adequately separated from others.

3
Selftest 2.4 x10 .
3.5+ 5327
2.5, Identity confirmation: |
retention time 34 ||
2.6. ldentity confirmation by MS 25 ]
2.7. Identity confirmation ‘
examples 21 ‘
Seff test 2.7 1.5 ) A
3. Linearity of signal, linear range, 14 ||
Sensitivity =
0.5 l
4. Precision - \ |
0 _—
5. Trueness - !
05 1 15 2 25 3 35 4 45 5 85 & 65 )
6. Precision and trueness: some Counts ve. Acquisition Time (min)
additional aspects -
7. Accuracy - Figure 1. Initial chromatographic separation of compounds A, B, C and D.
8. Stability = Table 1 presents the chromatographic data for above separation. Peak resolution (R} from the preceding peak was

9. LoD and LoQ ~

10. Ruggedness, robustness =
ValLChrom
Acknowledgements
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Glossary

What our participants say?

calculated for the last 3 peaks according to equation 1. It appears that while separation of compounds B and C is at the limit
(Re=1.5), then separation of Cand D is not satisfactory (f = 1.4).

fap — 1
R’ = _RB—R-\ (Eq 1)
0385- (W) + Wyaa)
Table 1. Peak data of the chromatogram in Figure 1.
Analyte 1y Wiz Rs

A 4.710 0079

B 5.102 0054 2.
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Self-tests

Self test 5.28 | Validation © X \

lme|l= @] 2

& C | & Secure | https://sisu.ut.ee/lc
weM o M

ns_method_validation/node/1166

/take Q% A\ B D

0§ V_MooC ffifi Ak R AK [ EACH il AMS il AKKI ffii Puhkused | GA M Gmail [} EcoBalt ¢f Doodle @ GP @G [ Radar [ Mudeler [ 1m Other bookmarks

U_MooC

Self test 5.2B

YOu are v ra for trueness evaluatio Ou are analyzing @
commercial C '\\' sample.
CERTIFICATE OF ANALYSIS
WATER
Mass Concentration
Certified value ” Uncertainty *
(gL IngL)
Perfiuorobutane sutonate (PFBS) 55 14
Porfluorohexane sulfonate (PFHXS) 36 10
Unear perfluorooctane sulfonate (L-PFOS) " 96 1.7
Perfluoropentanoic acid (PFPeA) 40 10
Perfluorohexanoic acd (PFHxA) 74 10
Perfluoroheptancic acid (PFHpA) " 37 07

1) As dafinad by using I CYomatography MAss Speciomatry.

2) Contifiod values aro vakuos that fulfl the highest standards of ACCUraCy and represent th unweighted mean
manw-dwmduu wmmmmnsanmmmumuwm
ing figquid Suttonatos mass
monmmbnm mmvllmlndlhw are Yaceable 10 the Snbm
Unas (S1)

Jxmeumr«yolmu-mmmnsumcwwcmmmr-mmumu-z
comesponding 10 a level of confidence of about 95 % in accordance with ISOIEC Guide 98-3, Guide
10 the Expeession of Uncerainty in Measurement (ouumm 1S0, 2008

This certficate is vald for one year after purchase.

1. Calculate

Answer
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Online validation software

(some functionality is available)

vVaLChrom

/ \
// « ValChrom [ Validation of Il X \\‘

— |

[om ||| B 3%

-

% BM o A M OSUMOOC OSV_MOOC fiifi AKX T AK [3 EACH ffiii AMS il AKKI fffifi Puhkused

X | @ Secure | https://sisu.ut.ee/lcms_method_validation/11-valchrom

| GA M Gmail

Adding new or editing existing validation.

When adding new validation or opening existing validation for editing, the following screen appears.

Required fields are marked accordingly.

N PAR

VALIDATION PARAMETERS I

Name

Caffcind

Vahdation guide

NordVal() EMEAD) FDAC) ICH( ) AOAC(®) EuraChem( ) TUPAC

Parameters for validation

Linearity LoD LoQ Precision Trueness

Comment

Select unit of concentration Select unit of signal

ppb ps

Select unit of time Select unit of mass

Specificity

[ EcoBalt »

Status

in work

Uncertainty

Select unit of volume

Next >

n
1y .
.

Other bookmarks
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,Jsage modes"”

LC/MS Method

Validation
sisu.ut.ee/lcms method validation/

On-line course for
iIndependent

learning
available any time
anywhere

On-line reference
point
of terminology,
explanations and
self-testing
possibilities

Course material
for running training
courses e.g. by labs

Euro Mass Spectrometry 2017

Support to
university teaching
Students can be
directed here e.g. for
self-testing

Running as

MOOC
with registered
participation, on-line
counseling, graded
tests and certificate
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MOOC: Autumn 2016 edition

303 registered participants from 61 countries

Overall completion rate: 55%
Completion rate of those who started: 75%




Interested?

Without registration: the materials are freely
available 24/7

sisu.ut.ee/lcms _method validation/

Registered participation:
— Forums

— Graded tests

— Certificate

Euro Mass Spectrometry 2017
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Many thanks to the team!

Course development:

1
21\

Anneli it Maarja-Liisa RIin Kari
Kruve Herodes Oldekop Rebane Kipper

Video, web design, admin:

AN

Irja Helm  Triin Marandi  Lehti Pilt Esta Pilt Toomas Petersell
Juho Jalviste
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Thank you for your attention!

sisu.ut.ee/lcms_method validation/

Questions, requests:
lvo.leito@ut.ee
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