LC-HRMS based screening: approaches and
experiences in pesticide residue analysis

Hans Mol, Wageningen Food Safety Research (WFSR)
NRL pesticides in food & feed, The Netherlands

WAGENINGEN

UNIVERSITY & RESEARCH

3-6 June 2025, Ghent, Belgium Q TRACES
Residues of pharmacologically active substances in food, feed and
environment within the One Health concept



LC-HRMS based screening: approaches and
experiences in pesticide residue analysis

Hans Mol, Wageningen Food Safety Research (WFSR)
NRL pesticides in food & feed, The Netherlands

3-6 June 2025, Ghent, Belgium

Residues of pharmacologically active substances in food, feed and
environment within the One Health concept

WAGENINGEN

UNIVERSITY & RESEARCH




LC-HRMS based screening: approaches and
experiences in pesticide residue analysis

Official Journal of the European Union

REGULATIONS

§to take account of dilution or concentration during the process.
| co'ation covers pesticides currently or formerly used in agriculture in or 0utsid e ncCION DELEGATED REGULATION (EU) 20221644
EU (around 1100).
j A general default MRL of 0.01 mg/kg applies where a pesticide is not specif of 7 July 2022

freptioned. ation (EU) 2017625 of the European Parliament and of the Coff

Hans Mol, Wageningen Food Safety Research (WFSR)
NRL pesticides in food & feed, The Netherlands

3-6 June 2025, Ghent, Belgium

Residues of pharmacologically active substances in food, feed and
environment within the One Health concept

WAGENINGEN

UNIVERSITY & RESEARCH




Pesticide legislation

ANALYTICAL QUALITY CONTROL
AND METHOD VALIDATION PROCEDURES
FOR PESTICIDE RESIDUES ANALYSIS
IN FOOD AND FEED
SANTE 11312/2021 v2

Supersedes Document No. SANTE/11312/2021. Implemented by 01/01/2024

. Spain
wie, Lyngioy, Denmark
URL-AC, CVUA Freiburg, Freiburg, Gemmany
... EURL-SRM. CVUA Stutigart. Fellbach. Germany

URL-AD, CVUA Fraiourg, Freiburg, Garmany
F3A, Evropsan Food Safety Autharity, Parma, laly

Herman Unterluggay 3 e for Food Safety. Innskruck, Austia
n Food Sofefy Research, Wageningen,

Octavio Malato ~FV. Universty of Almeria, Almera, Spain
Radim $&pdn riculture and Food Inspection Authority, Prague, Czech

MSES. French Agency for Focd. Envionmental and
Occupational Health & Safety, Maisons-Alfort , France

https://food.ec.europa.eu/system/files/2023-
11/pesticides mrl_guidelines wrkdoc 2021-11312.pdf

WAGENINGEN

UNIVERSITY & RESEARCH

Guidance (but referred to in legislation). Revised every 2 years.

Quan: LOQ = lowest level validated that meets requirements for
trueness (recovery), precision, identification, and MU

Qual: SDL, the lowest concentration for which it has been demonstrated that
the analyte is detected in at least 95 % of the samples of a commodity group.

REGULATION (EC) NO 396/2005 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 23 February 2005

on maximum residue levels of pesticides in or on food and feed of plant and animal origin and
amending Council Directive 91/414/EEC

(Text with EEA relevance)

https://food.ec.europa.eu/plants/pesticides/eu-pesticides-database en

MRLs: if not set then default 0.01 mg/kg
= There is always an MRL*
= Target LOQ or SDL for validation is 0.01 mg/kg

*Exception: ‘no MRL required’ for non-hazardous substances, e.g. acetic acid,
plant extracts, microbial pesticides


https://food.ec.europa.eu/system/files/2023-11/pesticides_mrl_guidelines_wrkdoc_2021-11312.pdf
https://food.ec.europa.eu/system/files/2023-11/pesticides_mrl_guidelines_wrkdoc_2021-11312.pdf
https://food.ec.europa.eu/plants/pesticides/eu-pesticides-database_en

Pesticides

Pesticides: total > 3200 active substances (plus RD metabolites!)

Current approach:
LC-MS/MS; GC-MS/MS 36 pesticides

Target measurement (200-500 pest)  #>1000x reported
Quantitative multi-methods

Better approach:
LC-HRMS; GC-HRMS

Scope limitations

High QC burden : Non-target measurement
,\,00* No scope limitations
RPLC-MS amenable Suited for:
o . 551 pesticides 40-30% . .
(~2000) Reality check: Not found ; Quan./.conflrmatory analysis
EFSA report* on (< L0Q ~10x Screening TS/SS/NTS

EU-MACP 13,246 samples ~ mostly <0.01 me/kg)
National risk-based 132,793 samples
937 pesticides

300 found = 3x
Combined quan/qual.

WAGENINGEN *EFSA Journal, 2025:23:e9398 5



HRMS bonus

Full scan raw data sets
Digital sample storage

-

from freezing samples
to ‘freezing’ data

Asset for future advanced computational mass spectrometry possibilities
Stock up on food for data-hungry Al

Do what we normally do and at same time create data for
comprehensive (food toxicant) analysis now or later

Take advantage of the unique and extensive food safety control infrastructure
and all efforts/money spend on sampling and sample preparation

<
—
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HRMS bonus

Retrospective screening
(already possible for >10 years!)

Target/suspect screening
Name of chemical => formula => exact mass (Da)
Extract signal of exact mass + x Da (ppm)

Example
Senecionine = C;gH,:NO; = 335.1733 Da

XIC = [M+H]*=336.1805 + 5 ppm (+0.0017 Da)

Honey spiked with pesticides,
WAGENINGEN veterinary drugs, plant toxins
UNIVERSITY & RESEARCH at 10 ug/kg
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Definitions* screening, (non)target analysis

Three types of screening (depending on what you know and what you have):

You know the molecule you are looking for:

- you have the analytical reference standard: quan/confirmatory analysis; target screening

- you don’t have the reference standard: suspect screening

You don’t know the molecule you are looking for: non-target screening

- feature based screening, e.g. substructure (fragments), element (e.g. halogens), differential analysis (w/o treatment)
- effect directed analysis (EDA): bioeffect assay, fractionation if positive, identify feature in positive fraction(s)

Target measurement: dedicated/optimized sample prep + analyte instrument settings (MS/MS), best quan/LOQ
Non-target measurement: generic sample prep, full scan HRMS, generic settings, sufficient quan/LOQ/LOD (or not)

Quantitative/confirmatory methods: quantification and identification according to set (regulatory) requirements (full
validation, LOQ, trueness, precision, linearity, matrix effects, selectivity, measurement uncertainty, ....)
Screening methods: any method not meeting the requirements for quan/confirmatory method

WAGENINGEN .
UNIVERSITY & RESEARCH *as | use/lnterpret them....



LC-HRMS: acquisition options

~(ATE, all-ions MS/MS, MSE, broadband CID)

Acquisition |MS1 MS2 Precursor isolation window XIC
(‘ —-~\
[ DA m/z 100-1000 (high res) MS1 precursor

MS2 fragment ion(s)

< Non-target Full scan m/z 100—1000,__~\ d T T
(high resolution) (\ DIAy/DIA, SWATH, ......) I e i

MS1 precursor

L covering m/z 100-1000 MS2 fragment ion(s)
P _‘
N
(\ DDA,MSZ intensity triggered (top N) 1 Da MS1 precursor
[y
SIM (m/z £ 1 Da) high res| tMS2 (multiplexing) 1 Da f,l\ﬂl\gle\ié;::g;st?;}]S

27N
(:Target > Full scan mz/ 100—100d\ DDA WS2 with inclusion list

1 Da

MS1 precursor

(survey scan) (high res) ‘[‘krchNn analytes]

Target / Non-target combinations

m/z 100-1000 100-1000 m/z 100-1000 95205 195305 295-405  395-505  495-1005 =
FS/AIF MS1 MS2 FS/DIA(5) m ms2 | ms2 | ms2 | ws2 | wms2 |

100-1000 1Da 1Da 1Da 1Da 1Da 1Da 1Da 1Da 1Da 1Da
FS/D DA MSZI MSZI Ms2 | MSZl MSZl MSZl MSZl MszI DDA| DDA
m/z 100-1000 95205 195305  295-405 395-505  495-1005 1Da 1Da 1Da 1Da 1Da 1Da 1Da 1Da 1Da 1Da

FS: R>50-60K*
[ Cycle time < 1s

FS/DIA/DDA Ms2 | Ms2 | ms2 | MS2 | MS2 | wsz|ws2|ms2|wisz| wisz| w2 w2 | ms2| ooa| |ooa

WAGENINGEN

UNIVERSITY & RESEARCH
*Kellman et al. ) Am Soc Mass Spectrom

2009, 20, 14641476



Detection and scope

Reference std.

Analysis once each seq. | Detection Number of substances
guan analysis yes yes t,, + XIC of 2 ions 100-300
target screening yes no (precursor + 1 fragment) >500

MS1: accurate m/z => mol.form.

suspect screenin no
. : MS2: spectra

size of suspect database/list
available MS2 spectra

Features: e.g. common fragments,

non-target screenin no . L
& & Data filtering / prioritization /

molecular networking

time & complexity

structural alerts, halogens, analogues....

General compound databases:

Pubchem, Chemspider, Comptox,...

de novo identification

WAGENINGEN

UNIVERSITY & RESEARCH

Similar to
triple quad

10



Screening when the ref.std. is available in your lab

Screening when the ref.std. is NOT available in your lab

WAGENINGEN
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Screening when ref. std. is available in lab

Approach: non-target measurement followed by target screening

Set up fixed generic LC method with linear gradient

100

Column BEH C18 column (2.1 mm x 100 mm, 1.7 pm)
0 Column temperature: 50 °C
. Flow rate 0.3 mL/min
For ESI*

Mobile phase A: water, 2 mM NH,COOH, 0.1% HCOOH

Mobile phase B: methanol, 2 mM NH,COOH, 0.1% HCOOH
20 For ESI-

; Mobile phase A: water 10 mM (NH,),CO4
o - 10 15 20 05 Mobile phase B: methanol/water 95/5 10 mM (NH,),CO,

Time (min)

Gradient, %B

40

Build up screening database*

= Determine t, precursorin FS, and 1 fragment from DIA @ used CE
Setup MS acquisition method: FS m/z 100-1000 (R = 60K) + AIF or vDIA

WAGENINGEN *Existing databases: e.g. WFSR database; https://www.eurl-pesticides-datapool.eu/;
university s researcH  Wong et al., J. Agric. Food Chem. 2025, 73, 8632-8650; Chen et al., Talanta 283 (2025) 127154

12


https://www.eurl-pesticides-datapool.eu/

MS2 DIA in more detail: AIF vs vDIA

920

XIC MS1 precursor " %
Carbaryl (10 pg/kg) o0

m/z 202.08630+5 ppm o
20 E
- 022 9% 5 502
MS2 AIF . E
100-1000  100-1000 60 | 3
@ :

60K 60K, NCE 30/80 .\ (\ ‘ \\L [
; /\.,.fl \Aj\/\J \/\\;/\\‘J\v\/\t{\_}J

Ll it b5 ke i bt |
922 921

\
5 N/ \_W,v’\_,z\,, ,V,IJ \apsan
MS2 m/z 145.0647945 ppm | et o

100
80
MS2 vDIA X
100-1000 95205 195-305 205-405 395505 4951005 40 5
MSZIMSZ'MSZIMSZ'MSZ| ]
60K 30K, NCE 30/80 20 E
\ N il N A <
el it R Tl S s i
Tme (min) Time (min)
Zomer & Mol, Food Add. & Contam. A 32 (2015) 1628-1636
WAGENINGEN See also: Rajski et al, Talanta 228 (2021) 122241;

UNIVERSITY 8 RESEARCH Rajski et al. Anal. Methods. 12 (2020) 2027-2038

100

w
o

oo
o

70

60

50

30

20

% pesticidesidentified (t, &2 ions)

o

W solvent M wheat

AlF

DIA (5)

145 pesticides 1.25 ng/mL (10 pg/kg in wheat)
QUEChERS, UPLC-ESI-Q-Orbitrap (1Q-X)

13



Target screening: example application

Animal products:
Extraction*: ACN/water 75/25 1%FA

LC-HRMS, quan scope 138 pesticides

Target screening scope 748 pesticides
TraceFinder software, intensitity threshold
25-50 hits/sample, 50 samples reviewed in <1.5h

Data Review - 240617_A1349_s12_LC-OTT3_qual_pos [Quan]

o
& Filename Sample Name s Sele Compound - Height - Fage area o FlagDetals - AcuwslfT - Pesklsbel - AT Type RTDeta ~ Formula . Adduct
& = & ». & 2 =T > 100000 - % & - 2 -: & - 3 & - & = & = L
1 2M614 AT [C-OTT3 POS 008 =td 0ng! 5 1 M s, W 57T — 52 n fi Target Compound 055 CEHIGNS MeH
2 20614 AIMSLC-OTTPOS003  spoel 2 & Mibemectin A3nofrag. 25107 W 17309009 1230 n 1260 Torget Compound 030 CHHUOT Mol
3 06UAIMSLCOTTIPOS0I0 bl chem 3 ¥ Naptalam 1aBsE1EE W 136144686 529 n 588 Target Compound 059 CIBHIING: MeH
; yz::‘:g’:g$:‘g‘g:; ::'w 4 W Neputamnotg) e W 1350324 529 538 Target Compound 009 CIBHIING: MoH
6 2M06UAMLCOTILPOSO 30659+ 50 & s [ Methoprene (geen parent) 6349302 - 362 132 n 1273 Target Compound 049 CI8H3002  MeH
7 240614 A19LC-OTTIPOSOM 13169 & 6 & Pinoxaden 12765651 W 534949 157 n 1080 Target Compound 0.7 C2HANC MeH
8 280614 A1343LC-OTTIPOS OIS 21365 @ 7 W Hydrowyquinoline 8- 11sas205 W 220210 7 m 724 Target Compound -0.02 COHTNO  MeH
9 | 200614 A1S45 LC-OTT3 POS 016 2140 8 ¥ 13CCaffene o0 W 0070 £ n 552 TargetCompound 051 NICRCSH MeH
10 2M0614 A1BLC-OTT3POS 017 21403 9 Imazapyr(nofrag) 103600 W 16350190 53 n 533 Target Compound -0.10 CIHISNIC MoH
il ::::::gﬁ:x:z; iy & 10 & Knoprene osens W tame 28 n 1325 Target Compound 082 CIeH2802 MeH
1 MOUABLCOTIPOLE  dfongmiieve ||® 1 B indoleaceicaca3- i W l00es2 P—C | CPF 58 n 5 Torget Compound 005 CIZHING: MeH
14 RIS ATHLCOTTI POS 021 spoel ® 2 W Clethodim suforide | 76051 . enn vecer 629 n 673 TargetCompound -044 CITHECN. MeH
15 240614 AIM9LC-OTT3 POS 022 310 & B ¥ Cabetamide 1037657 - 5800 699 n 8 Target Compound -0.53 CIHIEN2C MeH
16 200614 A1343C-OTT3 POS 023 31098 3 u & Allethin 1647544 Lt 132 T 1136 Target Compound -0.04 C19H2603  MeNa
17 20614 A1 LC-OTT3POS.024 31143 B W Propachior cxalinic derivate ] W s 648 n 661 Target Compound -0.13 CIHIING: MeH
ARSI A2 LG OS2y N 1 % & Cineini(nofrag) 206 W sage 12 n 1157 Torget Compound -031 CAHBOI MeH
19 200614 AT LC-OTT3 POS 026 31845 =
ek s e erri s sk $ 7 & Imame 956762 . s 539 n 5% Torget Compound 033 CISHISNIC MeH
21 240614 AIM0LC-OTTSPOS.028 31948 ® 18 ¥ Prallethin 7583 - 3006960 LCLCPF 1018 n 1067 Target Compound -049 C19H2401 Mo
2 W61 ABBLCOTIPOS 09 32207 ® 18 [ Indole3-ButyricAcd aumms . sus UCCPF 532 n 571 Target Compound -039 CIHING: MeH
23 200614 ATMSLC-OTT3POS 030  stdSOng/milever . |& 20 2 Terbuthylazine 567084 - 2056 935 n 970 Target Compound -0.35 COHIEEINS MeH
Compound Detasts vix

WAGENINGEN
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Example findings target screening

Animal products
Found and confirmed

[ Netherlands Food and Consumer
4 Product Safety Authority
Ministry of Agriculture,

Nature and Food Quality

>0.01 mg/kg <0.01 mg/kg
Rodenticides (mostly liver) |fluopyram To the Head of Agency of the NVWA

To the Minister of Agriculture, Nature and Food Quality
brodifacoum piperonyl butoxide Advice from the Dircctor of the Ofice for Risk Assessment & Rescarch

{coumatetralyl > pyraclostrobin

dicoumaro[ tetracona Zo|e Risk assessment coumatetralyl in products of animal origin
difenacoum
DDAC-C10 (liver, mucle) 1 Backaround

In 2023, coumatetralyl was found Ifs | ice as part of the National

uralaner (e (MRLY) of 0.01 ma/kg for this substance

fl | gg Residues Plan (NPR). In both tion was above the legal limit
moxidectin (fat) o asinscd v memariane ot comoon o o

Additional target screening analysis fruit/veg for updating scope (100 samples)
Extraction QUEChERS (no dSPE)

2,6-dichlorobenzamide Cyetpyrafen Isotianil Propachlor oxalinic derivate
Atrazine desisopropyl Cyromazine Mandestrobin Propamocarb-N-oxide

CGA 304705 (cyprodinil-OH) Dithianon-diol Mefenpyr-diethyl (safener) Terbucarb

CGA 32113 (trifloxystrobin acid) imidacloprid-desnitro Metolachlor OA Terbutylazine-desethyl
Chlorbenzuron Indole-3-butyric acid Oxolinic acid (antibiotic.> TFNA-AM

chilipepper
WAGENINGEN
UNIVERSITY & RESEARCH |parent/ metabolite in RD PO metabolite onlyin RDAO notin RD




Screening when the ref.std. is NOT available in your lab

WAGENINGEN
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Screening when no ref. std. available in lab (1)

Approach-1: MS1-based (molecular formula)

Needed:

Accurate mass of precursor + software => molecular formula

List/database of compounds of interest (pesticides, (predicted)metabolites, more....)
Data processing software

Approach-2: MS2-based (spectrum)

WAGENINGEN

EEEEEEEEEEEEEEEEEEE
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MS1 based suspect screening

PESTICIDE DATABASE
Pesticide Molecular formula
- oo

C14H7CIFSNOS
Acifuorfen methylester CI5HSCIFSNDS

database
matching

Extraction

accurate mass accurate mass +
measurement isotope sighature

accurate m/z’s molecular formulas Pesticides/metabolites

194.08038 —  C,H,N,0, —

222.08921 — C,H,0, —»

222.06743 —»  CHuN,O,S— 5 aldicarb-sulfone

Match!
(tentative detect)
O Hic ©O 0 NH, o
L1 O ’
CHN,0,5= ey ton > som or (A n Mg or T\A/\*A
H CHs © H 4 NH,
aldicarb-sulfone butoxycarboxim cystathionine (endogenous)

WAGENINGEN

UNIVERSITY & RESEARCH



Screening when no ref. std. available in lab (2)

Approach-2: MS2-based (spectrum)

Needed:

MS2 spectra (DDA data, 1 Da precursor ion window)
MS2 library

Data processing software

WAGENINGEN

EEEEEEEEEEEEEEEEEEE
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MS2 DDA in more detail

Data Dependent Acquisition

Full scan followed by multiple MS/MS (PIW = ~1 Da) events triggered by predefined conditions:
1) Intensity dependent: m/z with highest intensities

2) List dependent: only trigger predefined m/z (=compound precursors: inclusion list)

3) Start with 2, then do 1

Key parameters: collision energy, cycle time,
settings: intensity threshold, dynamic exclusion, exclusion lists, ....

WAGENINGEN

UNIVERSITY & RESEARCH
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Investigating combined FS-DIA-DDA acquisition

Orbitrap
HRMS

‘ e
o ( 7 fﬁ&{@,

(Precursor ion = ) \OO
selection) 22 i g‘\. z
— N/
=% b lontrap
EE:&-“I% = ’ MS (low res)
- HCD
—E 1— . C-trap (fragmentation)

% ESI ion source

500 ms <500 ms
1

[ \ >

MS2 I MS2 I MS2 I MS2 I MS2 IDDAIDDAIDDAIDDAIDDAIDDAIDDAIDDAIDDA| ..... m

m/z 100-1100 95205  195-305  295-405  395-505  495-1005

WAGENINGEN FS: 60K  DIA: NCE 30/80; 30K  DDA:NCE 45; 7.5K or lontrap

UNIVERSITY & RESEARCH




Investigating combined FS-DIA-DDA acquisition

Experimental set up:

3 cereals/products (wheat, bread, breakfast cereals)

QUEChERS, spiked with test set 145 pesticides @ 10 pg/kg (2.5 ng/mL in final extract)
4 types of DDA measurements:

FS + DIA (orbitrap) FS + DIA (orbitrap)
DDA DDA
Inclusion list (target):«— 1) list-triggered 1) list-triggered
are 145 pesticides 1000 food toxicants 855 food toxicants
triggered and does (includes the 145 test pest) (145 test pest not included) Intensity (non-target):
MS2 spectrum 2) Intensity triggered 2) Intensity triggered — are 145 pesticides
match? triggered and does
DDA MS2 DDA MS2 DDA MS2 DDA MS2 MS2 spectrum

Orbitrap® lon trap @ Orbitrap @ lon trap@ match?

detection by matching MS2 spectrum in WFSR library

WAGENINGEN

UNIVERSITY & RESEARCH
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Investigating combined FS-DIA-DDA acquisition

Results of experiments: Owheat mbread M breakfastcereals
145 pesticides@ 10 pg/kg 100
%pesticides detected/identified o
through MS2 spectrum & library Incl. list Intensity
search (WFSR-lib) ° top N
70
% 60
@ 50
g‘_ 40 —
@ Orbitrap 30
~18,000 DDA MS2 spectra 20
@@ lontrap
~39,000 DDA MS2 spectra 10 4

WAGENINGEN DDAlist DDA list DDAint DDAint

UNIVERSITY & RESEARCH oT IT oT IT



Investigating combined FS-DIA-DDA acquisition

. Owheat ™ bread ™M breakfastcereals
Results of experiments:

MS1 >90% 100 DIA >87-94% identified (t,)
detected (t,)
145 pesticides@ 10 pg/kg 90 DDA incl. list (no t,)
] >61-82% identified

% pesticidesidentiied

80
Comparison with DIA and MS1 DDA intensity top N
_ ” >20-64% identified
DDA spectral matching (no t,) £ &0
MS1/MS2 DIA identification £ 50
t, + 2-ion XIC approach 2 40
MS1 XIC detection with t, 30
20
10
0

WAGENINGEN FS (det) DIA (ID) DDAllst DDAllst DDAlnt DDAlnt

UNIVERSITY & RESEARCH




Non-target screening

WorkSpace 1: 250404.2,5ppb_OT_IL_with_AIDmix_Breakfastcereal

~Chromatogram 1 250404_2,5ppb_OT IL_with_AlDmix_Breakfastcereal

Common fragments and neutral losses e

6.0E8

e.g. triazole moiety N MS1 TIC
C,H,N, 70.0400 i
=N

NL:6.25E8
TIC MS F:FTMS + ¢ ESI Full msz
'350.0000@ed5500 [40.0000-360.0000]
250404_25pph_OT_IL_uith_AIDmix_Ereakiastesr
sl

15.45

1496 15.20

Intensity

2.0E8

1430 1437
928 975 1025 1053 1090 1126 1149 415 1209 1301 D1 1324 1391

.« MS2 DIA XIC for
“ C,H,N, 70.0400

NL:2.0855
‘CaHANG: 2= 70.03066.70.04035 WS F: FTMS +
GES| Full ms2 350.0000@Nca55.00
[40.0000-260.0000]
250404_250pb_OT_IL_uwith_AIDmix_Breakiastoer
el

12.10

Intensity

11.09

WAGENINGEN

UNIVERSITY & RESEARCH



Non-target screening

Common fragments and neutral losses
e.g. triazole moiety

+4\
HN
C,H,N, 70.0400 PN

WAGENINGEN

UNIVERSITY & RESEARCH

WorkSpace 1: 250404.2,5ppb,

IL_wiith_AIDmix_Breakfastcereal

~Chromatogram 1 250404 _2 5ppb_OT_IL_with_/ Breakfastcereal
RT :8.98-16.01
T MS1TIC
4.0E8
5
]
£ 208

15.45

1496 15.20

1430 4437

1 928 975 1025 1053 1090 1126 1149 4198 1229 B S By B
1210
.- MS2 DIA fragment
2.0E5
< 2= C,H,N, 70.0400
E 1.0E5
5.0E4-
N 11.09
20E3 HaC_ CHs “
{1 MS1308.1524
= 30E3] HaC
o C,6H,,CIN;O N‘i’\*
el (tebuconazole) N%/\N
0 1210
15645 N—\
. MS1312.0665 «NTN "
> 10E4]
I C14H15C1N50
= == (prothioconazole-desthio) oM
0= 12.94 -
|DE4; i‘ g_\\N
8.0E3 MS1 320.1524 [ ol wo N
z 6.0E3] |
fral  CuHnCINGO I or
.3 (metconazole) [ Ch
P |
e e
Time (min)

NL:6.25E8
TIC MS F:FTMS + ¢ ESI Full msz
'350.0000@ed5500 [40.0000-360.0000]
250404_25pph_OT_IL_uith_AIDmix_Ereakiastesr

NL:2.0855
‘CaHANG: 2= 70.03066.70.04035 WS F: FTMS +
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Application suspect & non-target screening

Routine compliance testing & monitoring: -----
Research projects: searching for expected/predicted pesticide metabolites

Environment International 168 (2022) 107452

Contents lists available at ScienceDirect

Environment International

ELSEVIER

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

Full length article

A large scale multi-laboratory suspect screening of pesticide metabolites in
human biomonitoring: From tentative annotations to verified occurrences

Carolin Huber ", Rosalie Nijssen“, Hans Mol ‘, Jean Philippe Antignac “, Martin Krauss*,
Werner Brack ", Kevin Wagner ', Laurent Debrauwer ', Chiara Maria Vitale ',

Elliott James Price ®, Jana Klanova®, Borja Garlito Molina", Nuria Leon ', Olga Pardo ™",
Sandra F. Fernandez ', Tamas Szigeti’, Szilvia Kozépesy ', Libor Sulc®, Pavel Cupl’“,

Inese Martinsone “, Lisma Akiilova ", Ilse Ottenbros ", Roel Vermeulen ", Jelle Vlaanderen ",
Mirjam Luijten ", Arjen Lommen “

Talanta 283 (2025) 127154
Contents lists available at ScienceDirect
Talanta
& -
El SEVIER journal homepage: www.elsevier.com/locate/talanta
Suspect and nontarget screening of pesticides and their transformation S

products in agricultural products using liquid
chromatography-high-resolution mass spectrometry

Tiantian Chen™", Yujie Zhang “", Yuting Wang “", Wenying Liang ", Zengqi Yan ", Xin Lu ™",
Xinyu Liu ™, Chunxia Zhao ™", Guowang Xu™""

HBM: pesticide metabolites in urine

WAGENINGEN

UNIVERSITY & RESEARCH

Transformation products/metabolites
in strawberry and soil
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Identification suspect / non-target screening

MS1 accurate mass, MS2 spectrum
Schymanski* confidence level

Example Identification confidence Minimum data requirements
Level 1: Confirmed structure X ¢ q
me, by reference standard MS, M5, R, ReferenceSta.
e u)km —
i .f’k.. A Level 2: Probable structure
a) by library spectrum match MS, MS?,| Library MS?
b) by diagnostic evidence MS, MS?, Exp. data
E' ?I,.cu,ccIL i
Ev:.l"“-( Ty E Level 3: Tentative candidate(s) MS. MSZ. Exo. d
i b i structure, substituent, class ’ » Exp. data
L A
""""" =1 o .
i CgHsN;0, ;{ Level 4: Unequivocal molecular formula  MS isotope/adduct
[155”65'5”5] { Level 5: Exact mass of interest MS

Figure 1. Proposed identification confidence levels in hjgh resolution mass spectrometric analysis. Note: MS$ is intended to also represent any form of

MS fragmentation (e.g,, MS®, MS").

X:.QiE:IRI\EISEAEENH *Schymanski et al., Environ. Sci. Technol. 2014, 48, 2097-2098
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MS2 libraries: the inconvenient truth

Public libraries contain many (if not mostly) == o
compounds not relevant for food safety MoNA
(natural compounds, metabolomics, lipids, ...)

[ MassBank
[ Brungs

WSFR MS2 library so far only 1007 compounds
g

Poster 82
Serena Rizzo

1660

Food Safety Mass Spectral Library

213 not present in the public libraries

of which:

84 pesticides & metabolites included in EU-RD
48 are also not present in Thermo EFS

© B et s s 3
wady theraphes Bitech woluscrs

= - Bl - -
I S——
—— . .
High-Resolution Accurate-Mass MS/MS Spectral
Libraries Frice EUR /Euch
e e
e ——— o ot Ll \
i - N
WAGENINGEN o e m | emean e g 29
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Estimation of concentration without standard?

Received: 7 May 2021 | Revised: 2 August 2021 | Accepted: 2 August 2021

LC_H RMS: Kruve et al’ OvervieW: DOF: 10.1002/rcm.9178

Rapid
RESEARCH ARTICLE PP emmieserse. WILEY

c Quantitative electrospray ionization efficiency scale:
Prediction of ESI response factors e =

Merit Oss | Sofja Tshepelevitsh | Anneli Kruve | Piia Liigand |
Jaanus Liigand | Riin Rebane | Sigrid Selberg | Kristel Ets |
Koit Herodes | Ivo Leito

Software .tOOI: - . . Quantem
Input: smiles of pesticides found, t, eluent compositions, gradient ANALYTICS

‘anchor’ set of pesticides (25) with known conc. analysed @ lab’s system/conditions as input for model
Evaluation: test set of 159 pesticides in solvent

Factor error of calculated concentration
#pesticides Avg. <2 <3 <4 <5 <10
Quantem model 159 2.9 50% 77% 84% 89% 97%

WAGENINGEN
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Validation of screening methods

Target screening
SANTE/11312/2021 v2

For each commodity group (AO: muscle, dairy, egg, fat):

multiple matrices, in total at least 20 samples
SDL = lowest level with 95% detection confidence

Batch QC: monitored through quan QCs (>100 pest)
Reporting validated pesticides:

Not found: <SDL
Found: go to quan/confirmatory analysis

Reporting not validated pesticides:
Not found: - (absence cannot be reported)
Found: go to quan./confirmatory analysis

Suspect screening/non-target screening
No validation at compound level possible

Instead: definition of ‘chemical space’ through QC-
mix (50-100 chemicals) representing all phys./chem.

Batch QC: monitor method/system performance
through QC-mix

analygl'&g!istry

b acoralad

A Proposed Quality Control Standard Mixture and Its Uses for
Evaluating Nontargeted and Suspect Screening LC/HR-MS Method
Performance

Ann M. Knolhoff*" Jacob H. Premo,” and Christine M. Fisher

Cite This: Anal. Chem. 2021, 93, 15961603 . Read Online
DA )
/ \ \.v/
WP4.3 SS/NTS incl. https://www.eu-parc.eu/

QA/QC requirements


https://www.eu-parc.eu/

Conclusions

LC-HRMS technology matured and suited for combined quan/qual analysis

Target screening (still) best way to go for monitoring & control

- straightforward data acquisition and data processing

- low hanging fruit for expanding scope of analysis

Added value demonstrated: pesticides beyond usual scope found (and >MRL)

Suspect/non-target screening: discovery and input for future regulatory monitoring

Take home message: replace triples by HRMS where possible
to obtain the free bonus: MS1, MS2 DIA & non-target DDA for future screening
Al is booming, time for big data collection = NOW

WAGENINGEN
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LC-HRMS based screening: approaches and
experiences in pesticide residue analysis

Hans Mol, Wageningen Food Safety Research (WFSR)
NRL pesticides in food & feed, The Netherlands

WAGENINGEN

UNIVERSITY & RESEARCH

3-6 June 2025, Ghent, Belgium Q TRACES
Residues of pharmacologically active substances in food, feed and
environment within the One Health concept
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