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Introduction L’étude des résidus et contaminants chimiques depuis leurs sources jusqu’à l’Homme
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Introduction Plusieurs défis sur le plan analytique

g

Des niveaux de concentration extrêmement bas Des matrices biologiques complexes

mg 10-3

µg 10-6

ng 10-9

pg 10-12

fg 10-15

Un besoin d’identification non ambigüe et 
de quantification juste et précise

Sensibilité Spécificité

Précision/justesse
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Introduction Plusieurs défis sur le plan analytique

http://www.biogenouest.org/
http://www.biogenouest.org/
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Introduction Plusieurs défis sur le plan analytique

Isoler (extraire et purifier) pour mieux caractériser Fractionner pour optimiser le prélèvement
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Introduction

Known

Known unknown

Unknown unknown

Mesure ciblée
(Targeted)

Profilage non ciblé 
(Non-targeted

screening - NTS/NTA)

Mesure semi-ciblée 
(Suspect screening)

Méthode quantitative
disponible et validée

Structure connue mais pas
(encore) de méthode ciblée
quantitative bien établie

Marqueur d’exposition
encore inconnu

PFOS
PBDE47

BPADEHP

Panel étendu de pesticides,
nouveaux retardatateurs de
flamme, halogénophénols,
…

Marqueur d’exposition non
encore identifié

Un exposome chimique très étendu ExemplesApproche analytique

Les nouvelles approches méthodologiques

…
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Préparation de l’échantillon

Acquisition spectrométrique

Stratégie globale
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« dilute & shoot » LSE/LLE SPE

SRM
MRMFull Scan

Neutral Loss
Parent scan
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Introduction Du ciblé vers le non-ciblé : un continuum

DIA DDA



Accurate mass
Retention time
MS spectrum

MS/MS spectrum

Profilage par chromatographie-
spectrométrie de masse haute résolution

(LC-HRMS, GC-HRMS)
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Introduction Le principe général du suspect screening

Matrices environnementales
Matrices alimentaires

Matrices humaine

Annotation des descripteurs obtenus via 
l’interrogation de spectres de référence

(Quel niveau de confiance / identification ?)

Suspect screening 
predefined list of 
target markers



Biology driven approach
(look for biological activity / toxicity, e.g. EDA, adducts)

Statistic driven approach
(look for temporal trends, differential patterns)

Chemistry driven approach
(look for particular signatures, e.g. halogens)
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Introduction Le principe général du non-targeted screening
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Control Samples

Treated Samples

EQUATION
y = - 0.91 x [M1] + 0.44 x [M2] + 0.37 x [M3]

Experiment 1

Experiment  3

18 calves
Holstein

80 days old

Clenbuterol

21 days
per os 

10 µg/kg bw

17 calves
Holstein

80 days old

Clenbuterol

6 days
per os 

5 µg/kg bw

3 calves
Holstein

80 days old

Low dose cocktail

5 days
per os 

1 µg/kg bw
(each)

•Mabuterol
• Clenbuterol
• Cimaterol
• Zilpaterol
• Ractopamine

3 cows
Holstein

>36 month old 

• Clenbuterol

• Ractopamine

• Cocktail
Clenbu + Racto

Experiment  2

Experiment  4

1 day
per os 

1-200 µg/kg bw

M
od

el
 v

al
ue

Samples

Control animals

Treated animals

Model Generation

Model Validation

n > 500
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FN (false compliant) rate    
FP (false suspicious) rate

(n> 600 samples) 

Suspicious

Compliant

Population mean (µ)

µ +
2s

Suspicion 
threshold

Model Validation
2

Threshold Definition

3

1 MONITORING & CONTROL

Practical implementation

4

SELECTIVITY

SENSITIVITY

ROBUSTNESS

PERFORMANCES

3. UNTARGETED MS OPTIONS
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Caractériser l’exposition externe Application à la sécurité chimique des aliments

Traitement aux promoteurs 
de croissances anabolisants 

(b-agonistes)?



19 décembre 2018
APCA | Avenue George V |PARIS 14

Caractériser l’exposition externe Application à l’étude de l’impact du traitement des eaux

Eaux de surface
Présence de résidus et 

contaminants chimiques “parents”
Ex : Ethinylestradiol (EE2)

Eau potable
Elimination de certains poluants natifs... 

mais... génération de certains sous produits ?

Procédés de traitement
(ozonation, chloration,...)


« Contrôle » « Traité »

NaClO,
O3, …

Génération puis comparaison de profils chimiques globaux avant et après traitement

Projet PEVEO
Collab. LABERCA-VEOLIA
(V Ingrand)



1. Détection des composés 
constituant les profils

2. Extraction des signaux 
différentiels avant/après traitement

3. Elucidation structurale des sous-
produits de dégradation de l’EE2

Gervais et al., Chemosphere, 2011:83,1553-1559.
Bourgin et al. Chemosphere 2013; 93:2814–2822.
Bourgin et al. Water Research 2013;47:3791-3802
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Caractériser l’exposition externe Application à l’étude de l’impact du traitement des eaux
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Caractériser l’exposition externe Application à la détection de contaminants émergents

Possible application 
to screen for not yet 
known novels flame 

retardants, pesticides 
metabolites, Br/Cl 

phenols, BR+Cl POPs
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Level of 
maturity

Environnent Food HBM

Lower concentration levels
Metabolites vs parent compounds

Less structured networks/labs
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Application à la détection de contaminants émergentsCaractériser l’exposition interne



Coord.

Pillar 2

Pillar 1

Pillar 3
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Call: H2020-SC1-2016-RTD
Project nb. : 733032

“Human Biomonitoring for EU”

 European Joint Programme (EJP) – Cofund
DG RTD, DG SANTE, DG ENV, DG GROWTH, JRC

 28 countries, 41 Grant Signatories + 68 
“linked third parties” (LTPs)

 Total cost: 70 M€
EU subvention: 50 M€
INRA budget : 763 k€

Application à la détection de contaminants émergentsCaractériser l’exposition interne
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The HBM4EU WP16 action plan

1. Capitalize on existing suspect screening capabilities
Conventional HBM circulating / excretion compartments

Semi-targeted high resolution MS profiling

Blood

Partners' in-house annotation 
database and suspect screening 

procedures

GC-HRMS LC-HRMS

Urine

Selection/exchange of samples from
existing EU cohorts/biocollections
- General population
- Occupational populations

Data processing and analysis through
complementary procedures and tools

LC-HRMS and GC-HRMS profiling
after complementary procedures and
technologies
(6 countries/labs and various instrumental
platforms incl. (Q)-Orbitrap and (Q)-TOF)

2018 

2019 

2017 
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Application à la détection de contaminants émergentsCaractériser l’exposition interne

Annotation through reference MS libraries
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The HBM4EU WP16 action plan

1. Capitalize on existing suspect screening capabilities

Partners' in-house annotation 
database and suspect screening 

procedures
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Caractériser l’exposition interne Application à la détection de contaminants émergents



Harmonization of mass spectral annotation 
strategies for untargeted chemical profiles

Sample prep, LC/GC, and HRMS procedures

MS and dependent scan MS/MS reference data

Consolidated framework for MS profiles annotation

- Crossed sample preparation procedures
- Harmonized data acquisition guidelines
- Consolidated QA/QC dispositions
- Interlab assay for QA/QC consolidation

Common and consolidated annotation
framework and related reference library,
e.g. MassBank format

- Aggregation of already existing data
- Modelling new data
- Generation of new experimental data

2019 

2021 

2020 

2018 

The HBM4EU WP16 action plan

2. Expand the current suspect screening capabilities

2222

Partners' in-house annotation 
database and suspect screening 

procedures
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Caractériser l’exposition interne Application à la détection de contaminants émergents



- Aggregated list of ECs (n ≈70 000)
(Norman, AFSA, ECHA, EPA, REACH, OECD,
TEDX,…)

- First level curation
(overlaps, unambiguous compound ID, QA
consolidation)

- MS ready data calculations

- Second level curation
(delete environmental markers, include HBM
biotransformation products & QSAR/QSURs data)

- Collect existing and reliable MS/MS data
- Generate/modelling new MS/MS data

Operational MS reference library for
unambiguous annotation of a wide range of
exposure markers in HBM matrices

HBM4EU_EmergScreenDB_v1.0

2018 

2019 

2020 

v2.0

2017 

The HBM4EU WP16 action plan

2. Expand the current suspect screening capabilities
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Partners' in-house annotation 
database and suspect screening 

procedures
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Caractériser l’exposition interne Application à la détection de contaminants émergents

One extended and QA/QC consolidated annotation MS reference library



Storage / excretion “fatty” compartments

Biocomputing tools 
for revealing 
halogenated 
chemical species

Adipose tissue MeconiumMilk

Selection/exchange of samples
from existing EU cohorts /
biocollections
- General population

Data processing and analysis for
particular screening of halogenated
substances

2017 

2018 

2019 

LC-HRMS and GC-HRMS profiling
after complementary procedures and
technologies
(5 countries/labs and various instrumental
platforms incl. (Q)-Orbitrap and (Q)-TOF)

The HBM4EU WP16 action plan

3. First proof of concept for untargeted screening

2424

Partners' in-house annotation 
database and suspect screening 

procedures
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Caractériser l’exposition interne Application à la détection de contaminants émergents

Semi-targeted high resolution MS profiling

GC-HRMS LC-HRMS



Application on real
human samples

Leon A, Cariou R et al. Anal Chem, submitted

Development of a
user friendly
application for
untargeted screening
of halogenated
features from HRMS
chemical profiles

2017 

2018 

2019 

Global chemical profile -> M/D plot -> putative formulae -
> Putative structures

The HBM4EU WP16 action plan

3. First proof of concept for untargeted screening
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Partners' in-house annotation 
database and suspect screening 

procedures
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Caractériser l’exposition interne Application à la détection de contaminants émergents

Possible application 
to screen for not yet 
known novels flame 

retardants, pesticides 
metabolites, Br/Cl 

phenols, BR+Cl POPs
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 Un fort potentiel et un effet d’opportunité

 Une réelle tendance sur le plan analytique

 Un défi majeur au plan analytique et structurel

 La qualité des données avant l’harmonisation

 Des attentes au plan de la recherche et du 
support aux politiques publiques
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Conclusion Où en sommes nous (vraiment) ?



Institute Country Name Contact Name 1 Contact Name 2 Contact Name 3

INRA FR National Institute for Agricultural Research Jean-Philippe Antignac Laurent Debrauwer Jean-Pierre Cravedi

IRAS NL Institute for Risk Assessment Sciences Roel Vermeulen Jelle Vlaanderen

UA BE University of Antwerp Adrian Covaci Govindan MalarvannanNoelia Caballero-Casero

UFZ DE Helmholtz Centre for Environmental Research Martin Krauss Carolin Huber

MUI AT Innsbruck Medical University Herbert Oberacher

VU-IVM NL Institute for Environmental Studies Marja Lamorree

MU CZ Masaryk University Jana Klanova Garry Codling Veronika Schacht

CEA FR Atomic Energy Commission Christophe Junot François Fenaille Annelaure Damont

DTU DK Technical University of Denmark Anne Marie Vinggaard

ULG BE Univerisity of Liege Jean-François Focant

AUTH GR University of Thessalonik Denis Sarigiannis

UBA DE UmweltBundesamt Lena Reiber Carolin Tschersich

FIOH FI Finnish Institute of Occupational Health Tiina Santonen Olli  Laine

AICT CH Alpine Institute of Chemistry and Toxicology Gabriele Sabbioni

JSI SI Jozef Stefan Institute Milena Horvat Ester Heath Tina Kosjek

IISPV ES Institut d'Investigació Sanitària Pere Virgil i  Marti Nadal José Luis Domingo Marta Schuhmacher

NPHSL LT National Public Health Surveillance Laboratory Rosita Marija Balciene
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Conclusion Remerciements


