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Anticiper les crises sanitaires i

Dioxine
Mélamine

Chlordécone

Fipronil

PFAS

Métabolites de pesticides CRAND FORMAT

Oxyde d’éthyléne Elsa Delmas, Léa Sanchez et Raphaéile

Aubert

Trois cents contaminants dans
nos nappes: polluant par polluant,
notre analyse des eaux
souterraines en France

Comment évaluer au mieux les contaminations, anticiper les futures crises alimentaires
et les limiter autant que possible?
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LExposome,

Volume 14, Issue 8 EDITORIAL | AUGUST 15 2005
1 August 2005 Complementing the Genome with an “Exposome”: The

Outstanding Challenge of Environmental Exposure

Measurement in Molecular Epidemiology G5
Christopher Paul Wild

") Check for updates

+ Author & Article Informafion
Cancer Epidermiol Biomarkers Prev (2005) 14 (8): 1847-1850.

[155-00R5 EP|-R-N45R

Ensemble des sources environnementales et facteurs d'exposition non génétiques auxquels un individu est exposé tout au long
de sa vie et qui peuvent avoir un impact sur I'état physiologique des individus

- Majoritairement abordé : matrices environnementales et fluides biologiques (exposome interne)

- Les aliments = la principale source de contaminants chimiques dans I’'organisme humain!
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2 — Objectifs et structuration
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Objectifs généraux

Préparer la

surveillance

sanitaire de
demain

Evaluer les
instruments,
approches
(ciblées, non-
ciblées),
logiciels...

Caractériser
I'exposome
chimique
alimentaire
Humain et I'éco-

exposome

Dates : février 2020 — aout 2024

Budgets : 300 keuros (ANR) + 350 keuros (ANSES, LDA26, CRD etc...)
Projets :

1) thése AlimOmic

2) these Amphibie (Univ. La Rochelle)

3) Food Processing & CLD (LDA26)

4) CRD PhytoCuisson (Univ. Paris Est)

Personnes recrutées : 3 doctorants et un post-doctorant + stagiaires



Objectifs spécifiques Y

anses

rm——— ---

Exposition des consommateurs
francais
et
Préparer l'intégration de la HRMS
a la surveillance sanitaire
s/f de POC
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Titre de la présentation 9



Food Chemistry Gk
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ide-scope screening of multi-class . o 144, Nensmber 2028, 108077
Q u e I q u es rea I I Sat I O n S contaminants in seafood using a novel . h ‘ '

sample preparation (QUEChUP) procedure Effect of home cooking processes on anses
coupled with UHPLC-Q-TOF-MS: Application chlordecone content in beef and
for semi-quantitation of real seafood

investigation of its by-products and
metabolites by HPLC-HRMS/MS

samples

e M, Adélide Larsbours®, Hiline Thomos®, Tierry Guérn®,

Développement analytique

Thése AlimOmic

Food Chemistry

Faod Const I

Impact of classical home cooking processes Towards comprehensive identification of

- Développement et validation de méthodes

. e P . . g . . . on chlordecone and chlordecol ]JestlcidedegraqatiunproductsfnllowmgnA
- Comparaisons : criteres de détection/identification, algorithmes de matching spectral MS?, et i therma procesingbelow and above T20°C:
modes d’acquisition (IDA, DDA...) e e e s

- Développement d’'une approche automatisée d’annotation pour le suspect screening

- Développement d’'une méthodologie pour la semi-quantification en HRMS

Food Chemistry

Ve 40,15 My 2024138255 (celPress

. " Prediction of pesticide retention time in
Fate of chlordecone during home cooking d-phase liquid c

processes - Transfer into the liquid and using quantitative-structure retention Predicting reversed-phase liquid

aerial phases by conventional thermal relationship models: A comparative study of chromatographic retention times of
seven molecular descriptors datasets pesticides by deep neural networks

- Polyvalence de la HRMS iR Y — S

[ e B Talanta
A proof-of-concept study on the versatility Optimisation and implementation of
et sochmer o s | Gemicionsnd s o foatonof Chemosphere Liquid chromatographic retention time
Z?'&Z?;?;Z‘;ﬂi;‘:;;;ﬁ?ﬁ;"&‘%?::?ﬁ?:: e e by BTLE Ot g ' T prediction models to secure and improve
'ﬂém% R ﬁ‘“ﬁ'ﬂ“iﬁ’i”f’mw Microwave-enhanced thermal removal of the feature annotation process in high-

organochlorine pesticide (chlordecone) from resolution mass spectrometry
contaminated soils

Foad Chertisty k(e Julen Perinet® 9 53, Yossine M, Thietno Dills, Thisry Guirin
ot 1 % R
Development and validation according to Thirr Guin . Ptk Olie, téfon Colombono, uan Pint®
: o the SANTE guidelines of a QUECHERS-
Improving the monitoring of multi-class 'UHPLC-QTOF-MS method for the screening
pesticides in baby foods using QUEChERS- 0f 204 pesticides in bivalves

UHPLC-Q-TOF with automated i
based on MS/MS similarity algorithms

el T el s e i v % 5 FLSEVIER

Food Chemistry Advances
Vlume,Octber 203 10377

> 15 publications dans journaux de rang Q1 et Q2 rinsiss e

Plrre '¥vonnst %, Gosle Vi Xavier Serda ®, Armoud Duboisset°, Bejomin Carborer 1 O

Jllen Porinet, erisn Duboca® © %,
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(3) Développement et validation de méthodes

Comparaisons : criteres de détection/identification, algorithmes de matching spectral MS2,
modes d’acquisition (IDA, DDA...)

Développement d’'une approche automatisée d’annotation pour le suspect screening

Développement d’'une méthodologie pour la semi-quantification en HRMS

Polyvalence de la HRMS

Food Chemistry

3 Talanta e
] [ ————
S

Liquid chromatographic retention time

g . Towards comprehensive identification of
prediction models to secure and improve pesticide degradation products following
the feature annotation process in high- Wide-scope screening of multi-class thermal processing below and above 120°C:
resolution mass spectrometry contaminants in_seafood using a novel A review

sample preparation (QUEChUP) procedure
coupled with UHPLC-Q-TOF-MS: Application

Wide-scope screening of multi-class
contaminants in seafood using a novel
sample preparation (QuEChUP) procedure
coupled with UHPLC-Q-TOF-MS: Application
for semi-quantitation of real seafood

Julien Derinet® & 53, Yassine Makni °, Trierno Dialin®, Thierry Guérin *

ocg 5, Eleri Chtrdi o
XavierSarda %, Gatlle Vial, Araud Duboisset %, Benjamin Carbonier  Julien Parinst® 2, &

for semi-quantitation of real seafood
samples

itne el o e, Al Ll T, Ty G
‘am

(3) Développement et
validation de méthodes



1. Préparation d’échantillons exhaustive: QUEChUP

QuEChUP

-

QuEChERS

X

SmLH0

+8,5mL Na;EDTA- B
Mcllvaine (0.1
mol.L")

<10mLACN = ACH

— «— Echantillons

- 4,0g of Mgs04 Vortex 1min Centrlfuge Sminx = a0

\ +1,0gof NaCl 4000 rpm a 4°C < Sels
i QuPPe
<
o - 10mL wrnageant
i ACN/MeOH ACN (1° phase
] (70/30) orgamiue)
Centrifuge 5 min x Vortex 1min
2°phase 4000 rpm a4°C
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Q oy
E—
g Flltratlnn 02
um PTFE
TransfertSmL Transfert
Tube dSPE Centnfu e § min x
25m|. 2,5mL (EMM,P,d) 4000rprfa4c 1055502:32?4
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@ Contaminants combined

@ Pesticides @Vetenary drugs

97

92 g9 91

g4 86 85

Foad Chemistry | ooy

15 Hovember 2073, 136572

Wide-scope screening of multi-class
contaminants in seafood using a novel
sample preparation (QuEChUP) procedure
coupled with UHPLC-Q-TOF-MS: Application
for semi-quantitation of real seafood
samples

Thierno Diallo ° *, Yassine Makni °, Adélgide Lerebours ®, Héléne Thomas ®, Thierry Guérin &,

Julien Parinet® 2, =

QuEChERS

QuPPe QuEChERS + QuPPe QUEChUP

QuEChUP a fourni des performances équivalentes pour les pesticides (92%) et les médicaments a usage
vétérinaire (89%) par rapport a QUEChERS + QuPPE

12



2. Développement de modeles QSPR - prédiction Rt suspect screening Y

Catmd -

Level 1z Confirmed struciire

. = Level I: Prabable siructure
u) by libiary spectrom inaich
by by diagnostic evidence

by reference standard  — M5, M5, RT, Reference S,

— M5, MSE library M5 ANDRT
— M5, M5, Exp. data AND RT

‘“Which structure to select among the
plausible structures?

Struchire, subsiilienl, cliss

QSRR - bused on molecular structures
Structure (1) (DT, RT" = 1.5 min)
Structure (2) (DIff, RT" = 1 min)
Structure (3) (D00 RT™ = (008 min)

Structure (4) (Diff. RT" = 0,7 min)

— Lavel 32 Tentative candidnteis) - VS, M5%, Expadita AND R

Which structure ta select?

QSRR - based on molecular structures
Structure (1) (DT, RT" = 1.5 min)
Structure (2] (Diff. R1" =1 min)
Steucture (3) (DT RT" = 0.8 min)

Structure (4) (DIff. RT" = 0.7 min)

Level 4 Unegpuivecal molecular formula — M3 isstopeiadduct AND RT

SRR - hased on molecular formula

MF-Finder

L -

ChemCalc

|

LN e =021 ppm) - RY J5RN= 11§ min
CaHihell e, = - & 78 ppm) - 40 QSRR 260
UeblzMethime, = 718 pren) - 87 (25R8= 284 min

Cablis (e = 7 2 ppen — R (74RE= 4,77 min

CHRNO (DT RT =082 min)
o HiaNs0 (DI BT = 0.3% min)

ColpNa (DT BT = 1 L2 ming

sl (DY BT = 0077 man)

e 19LUT60; BT meesnred= 4 min - Level 5 Mewsrement of an canet mass AND w correspunding R -

MS AND

141

DiE RT = | RY mewsared - KT Q8RR |
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Tolanta
Talanta =
Volume 267, 15 Jonuory 2024, 125214
ER

Liquid chromatographic retention time
prediction models to secure and improve

resolution mass spectrometry Elimination des structures chimiques dont les Rt ne

correspondent pas aux critéres du modéle

Julien Porinet® & &, Yassine Makni ®, Thiermne Diallo ®, Thisrry Guérin

the feature annotation process in high- [

QSPR -

structures prangs
. . function

chimiques 1 i R

2 tanh 61

3 ¥ 078 Relu 610

i 16 REE-MLP 069 104 080 LI5S 063 116 10% 16-1616-16-16 Relu D10

5 16 PCAIMIP 075 094 061 112 064 114 10% 16 tanh Adam 1

[ 16 PCA2MIP 042 144 034 147 038 150 I3% 16 tanh Adam 1

7 16 POASMIP 061 118 053 1M 056 126 1% 161616 Relu 10

8 16 MM 082 079 07 091 076 083 &% 16161616 Relu 10

Elimination des formules brutes
dont les Rt ne correspondent pas
aux criteres du modeéle

QSPR — formules
brutes

N Numberof Name ofthe  lniernal st Validation st DNN Optinized
Modd  molecular Model R T
desripors Training set ~ Test set
R ORMSE R* RMSE K'  RMSE Percenageol  Numberofnewons  Activation
ermor per hidden layers
1 BadeMP 0% 043 09 083 05 & 1616161616
16 laoMP 060 119 030 17 0 13% 1M 16
16 ParonMIP 079 08 079 083 08 B 1616

{ERR model performances with Sve-fold cross-walidaton.

Training 1= Toea
Mem B M= RKEE § M= B Mezn RREE 5
= = (hia) b1
MR Q5L 00 1314008 DAF 4005 4854010
AR .73 0l 025 002 D55 40008 L1140
or CLED 002 LLES #0058 BES 01 11§00
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3. Développement et validation de méthodes QUEChUP-LC-HRMS v‘
rechercher en ciblé 850 contaminants dans produits de la péche

Z . Detection rates (%) Identification rate (%)
Evaluation de la S
7 . - 7 Oysters A fish
méthode optimisée CravishB 100_____ Oysters O i oy O
Crayfish A Mussels A

Spiny lobster B Mussels B aiebech Wossels B

Spiny lobster A scallops (Pecten... Spiny lobster A scallops (Pecten...

Tuna B

scallops (Pecten... Tuna B scallops (Pecten...

)

S

Tuna A

B i = scallops (Mimachlamys... Tuna A scallops...
12 produits de la
A Anchovies B scallops (Mimachlamys... Anchovies B scallops...
péche (deux
individus pour Anchovies A Clams A Anchovies A Clams A
chaque espece) sole N Clams 8 SoleB Clams 8
Sole A Sole A Cod A
. Salmon CodB salmon B CodB
850 contaminants salmon A salmon A _
(dont 160 médicaments vétérinaires) e |

n 0.001 mg.kg 1 n 0.01 “g.kg 1 ﬂ 0.1 mg.kg 1 Wide-scope screening of multi-class
contaminants in seafood using a novel
sample preparation (QUEChUP) procedure
coupled with UHPLC-Q-TOF-MS: Application
for semi-quantitation of real seafood

10 fois inférieur 2 LMR > 90% detection, 80% identification
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4. Impact des traitements thermiques : méthodologie de recherche Y

de sous-produits de pesticides par HRMS
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) Food Chemistry Lok

el 12 403,15 Februory 2073, 159287

Towards comprehensive identification of
pesticide degradation products following
thermal processing below and above 120°C:
A review

Active substance
Hezting process
e DEGRADATION PRODUCT INVESTIGATION VOLATILISATION PRODUCT INVESTIGATION
Chemical analysis: Decreasing LC/GC intensity of i :
v LCHRMS s |  theactive substance with Th:;!:;;ﬁw\:ﬁﬂe
v GCHRMS increasing temperature? ps
e |
y ;5 m — ® Totalloss of weight with
Inhl!n;snf?‘elﬁ[ﬁts:gm{ | timironeiptin| Totélm\m\mnnnft.be TGADSC nressing tempertue TGAGCMS | petermination ofhe
Trthecte e odetsin C/6E? > athesbstaeandls | fl—p (Tah,>90%) wiatlsation products
b degadatonproducts Steep endothemic sape 0
e Characterisation of the degradation
s > vesc products necessary
Totald jon ofthe
~ Partial kss of welght with active substance
; No _‘\ increasing temperature
v TG, > 10%)?
‘Degradation and @ TGAGCMS Determination of the
volatsation concomitantly | || volatilisation products
Detecion o some degradeton | m 7 P?}:ﬁ'ﬁlﬁ::‘::‘;:h
products inlC/6C? —— &
b, > 107
TGADSC (TGh,» 1] p ik @
& attive substance
Mo
Partialloss of weight with
Partil volatiisation o the TEA/DSC increasing temperature TGALCMS Determination of the
active substance TGA, 10% o 50%) olatfisaton prodcts
Slight endathermic slope {D5C)

Hexythiazox (pattern 1)

v
£z
6
w3
9n
g E’ NC 90 120 150 180 210 240
ug Hexythiazox

Temperature (°C)

»120°C l Degradation
22
§ 5 ‘
3 5
1k Ii“v
gao
§§ NC 90 120 150 180 210 240 PTL

Temperature (°C)

>180°C lVoEat‘lIisation

265

Pyraclostrobin (pattern 2)

4 i
A Volatilisation
| | _:
AN 2T |

N4
Pyraclostrobin™” Pyraclostrobin

100
v 50
] 1 J

NC 90 120 150 180 210 240
Temperature (°C)

>90°C | First degradation

Concentration %
compared with NC

T I I sk P /\ Volaiisation "

Concentration %%
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Detected
NC 90 120 150 180 210 240 \/ —
Temperature (°C) 300Mo7
>180°C lSecond degradation
1718

3 |
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Conclusions
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Perspectives v

- EAT3 (these EATHRMS)
- Caractérisation de la diversité des PFAS (these EmergExpo collaboration avec Laberca) dans les aliments

- Capturer I’espace chimique des contaminants dans les aliments (PARC WP4.3F02)
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