EU analytical performance criteria: time for a revision!
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The European story in one slide.
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Traditional routine monitoring for residues and contaminants
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LC-MS/MS
LC-Q-Trap-MS
LC-Q-ToF-MS
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Food safety challenges in the past years
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Collecting early signals indicating possible
new food safety Risks

" Early warning systems based on “Big data” analyses and “machine
learning”

" Signals from food producers

" Effect assays such as ERA, RAA etc

" Untargeted chemical screening with smart dataprocessing



Traditional routine monitoring for residues and contaminants
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The European story in one slide.
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EU analytical performance criteria: time for a revision!
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COMMISSION

COMMISSION DECISION
of 12 August 2002
implemeating Councl Divective 96{2JEC conceming che performance of wmaltial metbods aad
the

interpretation of resul

norified under doaument manber €(2002) 044)
{Text with EEA. relevance)

(2002657 EC)

THE COMMISSION OF THE EUROPEAN COMMUNITIES

Having regard 10 the Treaty establishing the European
Communiy.

Having regerd to Council Directive 96/23(EC of 29 Aprdl 1996

on measures (@ monitor certain substancs

s and residues thereof

in live animals and animal producis and repesling Directives
85[358[EEC and 36/469/EEC and Decisions $9/187 [EEC and
91/664[EEC (), and in pamcular the second subparagraph of
Article 15(1) thereof,

Whereas

o

@

@

The presence of residues in products of animdl origin is
amatser of concern for public health.

Commission Decision 98/179EC of 23 February 1998
laying down detailed rules on official sampling for the
‘monitoring of wenain subsiances and residues thereof in
live amimals and animal products f] provides thar the
analysis of samples is @ b cared ou exclusily by
lahoratories approved for official residue control by die
competent naomal authoriy.

I is necessary 10 ensure the quality and comparabilty of
the analytical results generated by laboratories approved
for officil residue contrl. This should be achieved by
wing qudity asuance sysems and specifically by
applying of methods validated according 10 common
procedures and performance criteria and by ensuring
wacesbliy 10 commen sundads o siandards
commonly agreed upon.

Council Directive 93{99/EEC aﬁa Dnnhcr wn on the
subject of additiond measures the official
Cormnol of foodstufs and Decison 981 70/EC () require
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afficial control laboratories tw be accredited according 1o
150 17025 (1} from January 2002 omwards. Pursuant to
Decision 98/179/EC. participation in an inemarionally
recognised external quality control assessmen: and
accrditation scheme is mquired for approved labora-

Moreover, approved laboratories must prove their
compeznce by mgular and successful paracipation in
adkquare proficiency wsting schemes recopnised or orga-
i by the mational or Commniy releence abor
torics.

A mowork of Communiy reference laborarores,
national referene laboratories_ and narional_conrol
laboratories operates under Directive 96/23(EC w0
enhange coordination

As 3 result of advances i analyical chemisery since the
adoption of Directive 96/23/EC the concept’ of routine
‘mathods and reference methods has heen superseded by
criteriz approach, in which performance arieria_and
‘procedures for the validation of scracning and confirma-
tory methods are established.

It & necessary 1o derermine commen criteria for the
interpretation” of sest resuls of officid conol labora-
10ries in order to ensure a harmonised mplementasian
of Directive 96/23/EC.

It is necessary to provide for the progressive establish-
‘ment of minimum required perfommance limits (MRPL)
of andlycal method for subsunces for which no
permitied limit has been established and in particular for
those substances whose use 1s not awthorised or is spect-
fically proibited i the Commaunity, in order to ensure
‘harmonised implemsntation of Directive 96/ 23/EC.
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Revision should:

Be more science based
Reflect technical progress

Include the lessons learned

EN

draft has not been adopted or endorsed by the European Commission. Any
views expressed are the preliminary views of the Commission services and may
not in any circumstances be regarded as stating an afficial position of the
Commission The information transmitted is intended only for the Member State
or enfify to which it is addressed for discussions and may contain confidential

and'or priviloged material.

SANTE 11185-2018 Rev0.

COMMISSION IMPLEMENTING REGULATION (EU} ...\...

of XXX

on the performance of analytical methods for pharmacologically active substances, the
interpretation of results and the methods to be used for sampling.

(Tet with EEA relevance)

‘THE EUROPEAN COMMISSION,
Having regard to the Treaty on the Functioning of the Eurcpean Union,

Having regard to Regulation (EU) 2017/623* of the Evropean Parlizment and the Couxcil of 15
Marck 2017 on offieial controls and ofher official activities performed to ensure the application
of food and fsed law, rulas on animal health and walfare, plant healih and plant protsction
product, amending Regulstions (EC) No 999/2001, (EC) No 39612003, (EC) No 1069:2009,
{EC) 11072005, (EV) 1151201, (EU) Mo 65272014, (EU) 2016/429 and (EU) 20162031 of
ofthe Council, Couneil ions (EC) No 1/2005 and (EC) No
1099‘2009 and Council Dirsctives 93/58EC, 199974 EC, 200743EC, 2008/119EC and
2008/120/EC, and repealing Re; zs (EC) No 854/2004 and (EC) No 8822004 of the
Europea Parlizment and of the Council, Council Dirsctives S9/608/EEC, 39/662EEC,
§0/425EEC, S14S6EEC, 9623EC, 96/93EC and 977THEC and Councl Decision
92/438EEC (Official Controls Regulation), and in particular Article 14(6) thereof.

(1) Regulation (EU) 2017/625 lays down rules for the performance of official controls and
other official activities by the competent authorities of the Member States to verify
compliance with Union legislation intsr alia in the area of food safety at all stagas of
production, procsssing and distrdbution. [t provides for specific rales oz official controls
in relation to substances whose use may result in residues i food and feed.

*OTL3, 742007, pl.

EN
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New performance criteria should provide

" Updated (science based) criteria for screening and confirmation
e Retention time (Screening and confirmation)
e Detection of screening ion (Screening)
e Detection of multiple (fragment)ions (Confirmation)

e Identification points

" Guidelines for validation as screening method (either qualitative or
quantitative)

e CCa ad CCB

e False negative rate
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Revision: Retention times

" Almost all current guidelines have a relative requirement (e.g.
2.5%) for the maximum deviation of the Rt between sample and
standard

" Using gradient elution, empirical studies (Mol et al. Berendsen et al.)
show deviation is absolute over the whole retention time range
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Revision: Retention times
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Revision: Retention times

Proposal for the retention time criteria

® Use an absolute criterion instead of relative

" Twice the retention time corresponding to the void volume of the
column

® Absolute retention time criterium of £0.1 min

" In case fast chromatography is used <5% in case the retention time is
below 1 minute

Mol et al: Analytica Chimica Acta, 2015, 873, 1-13
Berendsen et al: Drug Testing and Analysis, 2016, 8,477-90
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MSMS analysis using hrMS

“"MSMS” acquisition modes

Data Depended @ <

one precursor most specific

Data Independed :
Considered as full- _

scan hrMS techniques V

All lon Fragmentation iN SANTE 11188-2018

all precursors not specific 15



Proposal: full scan hrMS SANTE 11188-2018

"High-resolution mass spectrometry (HRMS), including e.g. double
sectors, Time of Flight (TOF) and Orbitrap instruments are
appropriate

"In high-resolution mass spectrometry (HRMS), the resolution shall
typically be greater than 10,000 for the entire mass range at 10 %
valley or 20,000 at full width at half maximum (FHWM)

"The mass deviation of all diagnostic ions should be below 5 ppm
(or in case of m/z < 200 below 1 mDa).




Additional criteria’s

" Full scan and SIM (both LRMS and HRMS):

When mass spectrometric determination is performed by the
recording of full scan spectra, only diagnostic ions with a
relative intensity of more than 10 % in the reference spectrum
of the calibration standard or MMS are suitable.

® Adducts and isotopes of selected diagnostic ions are excluded.

In case the precursor selection in MSMS has a mass selection
window of more than one Dalton (e.g. in case of Data
Independent Acquisition) the technique is considered as full-
scan confirmatory analysis.

17



LC-MS/MS ion ratio’s

® Requirements for MS/MS confirmatory analysis are often based on
the requirements from CD 2002/657.

" In CD 2002/657 they were based on expert opinion; at that time no
scientific data available

" Experimental data is now available

Mol et al: Analytica Chimica Acta, 2015, 873, 1-13
Berendsen et al: Drug Testing and Analysis, 2016, 8,477-90
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LC-MS/MS ion ratio’s

® CD 657/2002 allows a deviation based on the
ratio in the reference standards
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LC-MS/MS ion ratio’s

® Deviations depend on the intensity of the less
abundant ion
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LC-MS/MS ion ratio’s

Diagnostic ions shall include the molecular ion if present at 210%
intensity of the base peak and characteristic fragment or product ions

When mass spectrometric determination is performed by
fragmentation after precursor ion selection, precursor ion selection is
carried out at unit mass resolution or better.

The selected precursor ion should be the molecular ion, characteristic
adducts of the molecular ion, characteristic product ions or one of their
isotope ions.

Maximum allowed deviation a compromise between the false positive
and false negative rate

® New guideline proposed * 30 % (relative deviation)



Why focus on hrMS?

New approach to answer new questions, need new criteria
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Why focus on hrMS

" Advantages of hrMS coupled to LC (and now also GC) techniques:
e Easier to expand/maintain methods with more compounds
e Possibility to do a retrospective search
e Higher resolving powers
e Better mass accuracy
® More stability of the systems

e Use of profiles / fingerprints instead of targeted to one compound

" Guidelines / Regulations need to catch up

23



Complete workflow of screening analysis
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Generic (untargeted) hrMS screening for urine metabolites

e1:1 buffer pH 6.8
eIsotope labelled IS

eBovine urines
e Human urines

e Collected in the
past/present and
also in the future
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96 wells SPE

e Wash 200pul H-0
e Elution 90% ACN
e Final volume 100yl

e Generic
e High throughput

LC BEH Cyq

eT=30 min
e Acid run
e Alkaline run

e Stable

chromatography
over the years

e Optimal LC
conditions for
most compounds

hrMS

eR=140000
¢ Positive mode
e Negative mode

e Obtain high

quality MS data

eENnormous
amount of data



Examples

Hundreds of urine samples from 2014 - 2019
Analysis performed in negative and positive
ionization mode
Total 386 urine samples x2 (pos and neg)

« 194 GB reduced to 1.1 GB
Subsets created
Parent and metabolites detected

Confirmatory analysis

26



Subsets, example Cl-containing compounds
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{8 sample ID max value Retention Quantifier Mass Mass1  Intensityl Mass2  Intensity2 Mass3  Intensity3

P 14967 308603584  florphenicol 8.00 355.9932 355.9932 1000 357.9902 640 359.9873 100
El 14967  2918788.75  florphenicol>C6H806 6.43 532.0253 532.0253 1000 534.0223 640 536.0194 100
L 14967 358278 florphenicol>S03 6.57 435.9500 435.9500 1000 437.9470 640 439.9441 100

el 14967 148892453  florphenicol#nC2CI20>503  4.06 326.0174 326.0174 1000
(M 14967  200822.828 florphenicol#nC2Cl20>C6H806 3.95 422.0927 422.0927 1000
114967  471660.438 florphenicol#nCI2pH20>503  5.06 384.0229 384.0229 1000

Exact Mass: 384. 0229 o

o, @
F S
N\ HO\)]\
Q (@]

// \o

Cl O\S// o/ O 0
g ~o Exact Mass: 326.0174

\\ P
(0)
(0]

N % @ - \\S/

F S N\
N\ o}

0 cl -

- Exact Mass: 355.9932 N o)

H2N O H

Cl 0o o

Q
I=
o

HO OH
OH

Exact Mass: 532.0253

HO OH
OH

Exact Mass: 422.0927



Conclusions

" When finalized, SANTE 11188-2018 will provide an updated and
science based revision of CD 2002/657 on method performance
criteria. (2002 > 2020)

" Broad and untargeted screening will replace current multi-analyte
and multi-class analytical methods.

" Updated guidelines for the validation of screening methods,
focussing on avoidance of false compliant results, are under
preparation by EURLs “Berlin” and “Fougieres”.
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