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Chemical pollution: Out of nine global limits on Earth, five have been exceeded (2022)
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Chemical production has increased by a factor of 50 since 1950. And it is expected to triple again by 2050. 
Plastic production alone increased by 79% between 2000 and 2015

3



Domestic
discharges

Agricultural 
discharges

Hospital dischargesIndustrial discharges

Use

so
u

rc
e

s

Emissions 
et Rejets 

Dir. 2010/75/UE « IED » ; émissions
industrielles
Reg. 166/2006 « E-PRTR » : déclaration
des rejets : 91 molécules
Dir. 91/271/CEE « ERU » collecte,
transport et traitement des eaux urbaines

Composés 
chimiques

Reg. 1907/2006/CE : REACH
Reg. 1107/2009/UE : produits phytosanitaires
Reg. 528/2012/UE : biocides
Dir. 2001/82-89/CE : médicaments à usages 
vétérinaires/humains

Chemical compounds   
manufacturing and marketing

PFC

Additives

Fuster (2017)

Multi-use – Multi-sources – Multi-classes – Multi-compounds 
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plant

Chemical compounds
Reg. 1907/2006/CE : REACH
Reg. 1107/2009/UE : Pesticides
Reg. 528/2012/UE : Biocides
Dir. 2001/82-89/CE : Drugs

Emission and discharges
Dir. 2010/75/UE « IED » : industrial emissions
Reg. 166/2006 « E-PRTR » : reporting of discharges : 91 comp.
Dir. 91/271/CEE « ERU » : collection, transport and treatment of
domestic wastewaters

Fuster (2017)

Atmosphere

Environment
Dir. 2000/60/CE : Water Framework Directive
Dir. 2006/118/CE : Groundwater
Dir. 2008/56/EC : Marine Strategy Framework Directive
…

PFC

Additives

Soils
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Focazio et al. (2008)

 Generalization of water contamination
 Multi-class contamination
 Climatic and global changes

 Need to preserve the water ressource (less
than 1% of fresh water) from pollution
 Need to monitor water quality
 Need to identify sources - remediation -
reduction at source

IN THE CONTEXT OF :
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From Rosse et al., (2011)

Regulated contaminants

Emergent contaminants of 
interest already identified

Unknown
contaminants

(Noguera-Ovieda et Aga, 2016)

?
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Screenings from Local, Regional scales to ...

Gironde estuary

South west coast
of France
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Pesticides in the Garonne-Adour watershed (2021)
Data from water agency 

Annual sum of concentrations (mg/L)

Number of detected molecules



..... To Global scales

Levels of PFOS in marine mammals at large scale

Houde et al. (2011)

EST 45
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Contamination of rivers in the Garonne-Adour 
watershed – PFOS/PFAS(2021)
Data from water agency 

Detected levels
No detection
< 20 ng/L
20-100 ng/L
> 100 ng/L
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• Linking chemical status to ecological status (2010-2015) not so easy nor trivial ?



Top 15 of pesticides in french waterways (2018 
to 2020) (%)

Chemical pollution in rivers and ponds in France from 2000 to 
2020 (statistique publique juin 2023)

• >130 millions of referenced organic and inorganic compounds (CAS registry)

• More than 110 000 chemical compounds presen the european market (with 30 000 to 70 000 daily used)

• In the environment, these figures are multiplied --> transformation products

Risperidone

9-Hydroxyrisperidone

Transformation products can 
be more toxic (or stable) than

parent compounds

One compound can lead to 
several products

Stakes
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OBJECTIVES

To date, main studies and assessments of chemical quality of aquatic
environments are based on target chemical analysis and pre-selected set 
of compounds 

We are only looking for what we know

➢ Need to use new technologies and alternative approaches to characterise more deeply chemical
contamination: Non target analysis by HRMS (High Resolution Mass Spectrometry)

Overall
contamination

Molecular
identification
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Analytical strategies
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Molecular screening
(Molecular Feature extraction algorithm software)

Non target analysis workflow

Extract influent, effluent and sludges of WWTPs

Mass spectrometer: 
Agilent 6540 Q-TOF LC/MS 

C, H,O, N, S, Cl, Br, F, P

List of ions 

List of features and molecular fingerprint of extract
(Mass Profiler)

Attribution of formula to sample features

Statistical data analysis
(Mass Profiler Pro, R)

Substraction of procedural blank

100-1700 m/z ESI +, ESI-

M
S 

m
o

d
e
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(depending on the stat. treatment used)



Comparison to                 
databases & librairies

(Internal, Metlin, Forensics, 
Massbank,…)

Match:

Probable structure

Purchase of 
compounds

Confirmation

No match:

Reduction of candidate 
compounds:

Log Kow, Number of references, 
Structure prediction by in silico 
software (Metfrag, MSC)

List of candidates

Identification workflow

Data-dependent acquisition

Mass spectrometer: 
Agilent 6540 Q-TOF LC/MS 

40-1700 m/z ESI +, ESI-

M
S/

M
S 

m
o

d
e

(Schymanski et al, 2014)
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Confirmed structure

Probable structure

Tentative candidates 

Unequivocal
molecular formula

Exact mass

15



334

293

0

500

1000

1500

0 20 40

M
as

se
 (

D
a)

Rt (min)

Overall analysis – Wastewater treatment plants (important source of MP in surface water)

0
200
400
600
800

1000
1200
1400
1600

0 20 40

M
as

se
 (

D
a)

Rt (min)

WWTP

Influent
Effluent

2433

2099

334

627

47% of effluent features
appearance (new compounds)

What
kind of 

features?

Disappeared
features

Persistant 
features

Appeared
features

intensity

16

1500

0

1500

0



TPs [M+H]+

Venlafaxine
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Jalle de Blanquefort (Bordeaux)

Wastewater treatment plant
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Sample Information

Column 1 (EUT): Treated urban wastewater filtered at 10 µm.

Column 2 (CF+MF): Coagulation-floculation followed by ceramic filtration at 0.25 µm.

Column 3 (NF): Nanofiltration with a molecular weight cutoff of 800 Da.

Column 4 (O3): Ozonation (0.3–0.5 mg Ozone/mg DOC).

Column 5 (MF+O3): Ceramic filtration at 0.25 µm followed by ozonation (0.3–0.5 mg 

Ozone/mg DOC).

Inlets filled with different types of treated waters

Treated urban wastewater (REUSE application)

Five columns (1m) filled with sand and gravel to simulate the 
aquifer environment processes (soil/sand percolation)

Outlets for the different types of waters 18



CF + MF Inlet
CF + MF outlet
NF Inlet
NF Outlet
O3 Inlet
O3 Outlet

O3 + MF Inlet
O3 + MF Outlet
EUT Inlet
EUT Outlet

OUTLETS

INLETS

19



EU
T 

  

C
F+

M
F

N
F 

   

O
3

   

M
F+

 
O

3EU
T 

 
O

U
T.

C
F+

M
F

O
U

T.

M
F+

 
O

3
O

U
T.

N
F

O
U

T.
  

O
3

   
O

U
T.

20



Blank Inlet
Blank Outlet
O3 Inlet
O3 Outlet

EUT Outlet

EUT Inlet

TP 280a-7 of venlafaxine
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Compound Rt Nb Ion Abundance Rt Nb Ion Abundance

280.1906@6.0008593 6,001 3 1112274 6,002 2 300213

228.1955@18.951681 18,948 3 301528 18,945 3 218877

386.1741@4.7342286 4,736 2 359537 4,731 2 128748

333.3008@29.136065 29,148 3 460684 29,135 2 87844

O3 Inlet O3 Outlet

TP 280a-7 of venlafaxine

EUT

EUT
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▪ Demonstration of the presence of more and more compounds
▪ Characterization of more and more complex mixtures (Fingerprint/Footprint)
▪ Able to start to address TPs

But needs

▪ Lower LQ (HRMS towards LQ QQQ) 
▪ To continue to characterize TPs (treatment of waste water - oxidation - « re-use »)
▪ To improve treatment and storage of HRMS data (databases, softwares, statistics, 

interoperability, …) - Resolution
▪ Impossible to characterize all - Mixtures effects : strategies?
▪ Link presence/effects - Effect Directed Analysis

CONCLUSION AND NEEDS
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Thank you for your attention ☺
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