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Water Framework Directive . :

Application of WFD obligations in France since 2000

Chemical status Ecological status
Goal = Reduce / remove priority hazardous substances Goal = Preserve / restore aquatic biodiversity

Etat chimique des cours d’eau Etat écologique
des cours d’eau en 2018

— Tres bon
— Bon
Moyen
— Médiocre
— Mauvais
Inconnu

Etat des cours d’eau en 2019
— Bon état

Visuel ONB, daprés
Origine des données : Agences et offices de Ieay, Directs , de 2 et G Logement (DOM),
Office frangais de la biodversité. Rapportage DCE 2019, 3 partir des données de 2018 pour la France entiére
Traitements : OF8, 2021

© SDES, OF8, 2021

OFB

Jraphiq — Etat médiocre
Olivier Debuf

Inconnu



Monitoring strategy

Application of WFD obligations in France since 2000 cos TR =
Chemical status Ecological status
priority hazardous substances aquatic biodiversity
Monitoring of water Monitoring the presence and abundance of

species in communities (fauna and flora)




Needs

Application of WFD obligations in France since 2000

Chemical status Ecological status
priority hazardous substances aquatic biodiversity

! !

Monitoring of water Monitoring of communities

| |

Representativity of punctual samples Habitat effect

No direct

link

Biodisponibility Predation / competition

Hydrophobic substances Availability of food resources



Needs
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Application of WFD obligations in France since 2000 ”‘

Chemical status Ecological status
priority hazardous substances aquatic biodiversity

! !

Monitoring of water Monitoring of communities

| |

Representativity of punctual samples Habitat effect

No direct
link

Biodisponibility Predation / competition

Hydrophobic substances Availability of food resources

Link with ecotoxicology

Understanding the fate and impact of chemicals on biota



Biomonitoring approaches for ecotoxicology

WHICH APPROACH?

Passive monitoring Active monitoring
v \ 2
sampling native caging of controlled

organisms organisms




Biomonitoring approaches for ecotoxicology

Active monitoring Advantages
J
caging of controlled
organisms

- Active = Applicable everywhere @ Passive = only if species is present

- Active = Using same reference population = spatial comparison

- Active = easy calibration (size, gender,...)

Precaution

- Using non-invasive species




Ecotoxicology model

COMMON IMPLEMENTATION STRATEGY
FOR THE WATER FRAMEWORK DIRECTIVE
(2000/60/EC)

Guidance Document No. 33

ON ANALYTICAL METHODS FOR BIOTA MONITORING
UNDER THE WATER FRAMEWORK DIRECTIVE

WHICH SPECIES ?

Gammarus fossarum

Non invasive species in Europe / largely present

Well adapted to caging

Easy to handle

Etc.



Research and development of solution (2000 — 2013)

In situ bioassays by caging (gammarids) to assess contamination and toxicity in aquatic environments
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In situ feeding assay with Gammarus fossarum (Crustacea):
Modelling the influence of confounding factors to improve
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Vitellogenin-like proteins in the freshwater amphipod Gammarus fossarum
(Koch, 1835): Functional characterization throughout reproductive process,
potential for use as an indicator of oocyte quality and endocrine disruption
biomarker in males

Guillaume Jubeaux?, Romain Simon®, Arnaud Salvador®, Hervé Quéau?, Arnaud Chaumot?,
Olivier Geffard**

rstea, Ui de Recherche Mifeus Aquatiques {UR MALY. 2 bis Qui Chauveau - € 230, F63376 Lyon, Frame
B Universid tyea 1, Anap UMR-CNRS 5280, 4

11 navembre 1918, e France

WATER RESEARSH 47 (2073) 650660

Available online al www sciencedirect com

SciVerse ScienceDirect

journal www.elsevier, as

Caged Gammarus fossarum (Crustacea) as a robust tool for the
characterization of bioavailable contamination levels in
continental waters: Towards the determination of threshold
values
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Multisubstance Indicators Based on Caged Gammarus
Bioaccumulation Reveal the Influence of Chemical Contamination
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Solution transfer for large scale deployment (2014)

In situ bioassays by caging (gammarids) to assess contamination and toxicity in aquatic environments

INRAS T BIOM‘E

Public Research Institute

More than 7.000 assays achieved since creation

Biomonitoring Aquatic Enwronment

2014 : creation of the spin-off

2015 : Fund raising (1,5 M€) = large scale pilots + industrialization to scale up

2018 : Regulatory deployment in France (WFD, afror -
normalisation NF T80-721

frangaise s v

2019 : First standard publication (AFNOR NF T90-721) N s o
Eri?ln:asr?} IEEEEEE{?EE:T: Inat l:;:::gg::lulation

2022 : 2 M€ turnover / 30 collaborators e Cm——
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PROTOCOL

1 Breeding

BIONVE

Blomonltormg Aquatic Enwronrnent
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PROTOCOL

2 Acclimatization 3 Sorting

-—
BIOME*

Biomonitoring Aquatic Environment
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PROTOCOL
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5 Analysis

BIOME

Blornonltormg Aquatic Enwronment
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Applications with some examples

4 N

Check the compliance
with environmental quality
standards in biota (EQS)
For 15 priority hazardous
substances

WEFD

/

\

~

Assess the levels of

bioavailable contamination
for a hundred substances

metals, PAHs, PCBs, chlorinated,
brominated and perfluorinated
compounds, drugs, pesticides,

cosmetics, ...

J

4 N

Assess the toxic impacts
(cocktail effects)
of micropollutants in
aquatic environments

\ /
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Applications with some examples

Check the compliance
with environmental quality
standards in biota (EQS)
For 15 priority hazardous
substances

WEFD

/
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Assess the levels of
bioavailable contamination
for a hundred substances

metals, PAHs, PCBs, chlorinated,

brominated and perfluorinated

compounds, drugs, pesticides,
cosmetics, ...

N O

NS

Assess the toxic impacts
(cocktail effects)
of micropollutants in
aquatic environments

General toxicity (feeding inhibition,
reprotoxicity) and specific toxicity
(neurotoxicity and endocrine
disrupting)

~

/
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Applications with some examples

Check the compliance with environmental quality standards in biota (EQS)
For 15 priority hazardous substances

EQS invertebrate
Benzo(a)Pyrene

NQE Invertébrés ;
* Non conforme
® Conforme

0 50 100 km
|

18



Applications with some examples

Check the compliance with environmental quality standards in biota (EQS)
For 15 priority hazardous substances

EQS invertebrate

. Transalte « gammarid » concentration
Benzo(a)Pyrene

in « fish » concentration

I

RESEARCH Open Access

Babut et al Environ Sci Eur {2020) 32:131

httpsy//doiorg/10.1186/512302-020-00416-4 e Envlronmental SCIences Eurepe

Monitoring priority substances in biota
under the Water Framework Directive:

how effective is a tiered approach based

on caged invertebrates? A proof-of-concept
study targeting PFOS in French rivers

Marc Babut"@, Benoit J. D. Ferlralriz, Patrick Jame{ Azziz Assaumani‘, Frangois Lestremau‘,
Nicolas Hette-Tronquarr;, Cécile Miege' and Olivier Perceval®
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Applications with some examples

4 N

Check the compliance
with environmental quality
standards in biota (EQS)
For 15 priority hazardous
substances

WEFD

Assess the levels of
bioavailable contamination
for a hundred substances

metals, PAHs, PCBs, chlorinated,

brominated and perfluorinated

compounds, drugs, pesticides,
cosmetics, ...

4 N

Assess the toxic impacts
(cocktail effects)
of micropollutants in
aquatic environments

General toxicity (feeding inhibition,
reprotoxicity) and specific toxicity
(neurotoxicity and endocrine
disrupting)

\ /
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Applications with some examples

Assess the levels of bioavailable contamination

BBAC (Background Bioavailable Assessment Concentration)

Available online at www.sciencedirect.com o ﬂgﬁc"
SciVerse ScienceDirect ——

journal homepage: www.elsevier.com/locats/watres

Caged Gammarus fossarum (Crustacea) as a robust tool for the
characterization of bioavailable contamination levels in
continental waters: Towards the determination of threshold
values

Jean-Philippe Besse®’, Marina Cuciuery @1, Christelle Lopes *', Arnaud Chaumot **,
Héléne Budzinski®, Pierre Labadie®, Olivier Geffard “**

“Irstea, UR MALY (Freshwater Systems, Ecology and Pollution), 5 rue de la Doua, CS70077, 69626 VILLEURBANNE Cedex, France
*Université Bordeaux 1, Environnements ef Paléaenvironnements Ocaniques et Continentaux (EPOC), UMR 5805 CNRS, Laboratoire de
Physico- et Toxico-Chimie de lenvironnement (LFTC), 351 cours de la Libération, 33405 Talence, France

IBC (Indicator of bioavailable contamination)

Multisubstance Indicators Based on Caged Gammarus
Bioaccumulation Reveal the Influence of Chemical Contamination
on Stream Macroinvertebrate Abundances across France

Benjamin A.lnc,'\ Olivier Gelﬁrd,z‘ André Chandesris,” Martial FerréaLl Adeline Frangois,“
Olivier Perceval,” Jérémy Piffady,” Bertrand Villeneuve,” and Arnaud Chaumot®

"Irstea, UR RiverLy, Laboratoire d'Ecotoxicologie and ‘Irstea, UR RiverLy, Laboratoire d'Hydrobiologie Quantitative, Centre
Lyon-Villeurbanne, § rue de la Doua CS 20244, F-69625 Villeurbanne, France
QAl\gi:m:c Frangaise Pour La Biodiversité, site de Vincennes, § Square Felix Nadar, 94300 Vincennes, France
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Applications with some examples

Assess the levels of bioavailable contamination in south of France

En
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Applications with some examples

Assess the levels of bioavailable contamination in north of France
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Applications with some examples

4 N

Check the compliance
with environmental quality
standards in biota (EQS)
For 15 priority hazardous
substances

WEFD

/

\

~

Assess the levels of

bioavailable contamination
for a hundred substances

metals, PAHs, PCBs, chlorinated,
brominated and perfluorinated
compounds, drugs, pesticides,

cosmetics, ...

/

Assess the toxic impacts
(cocktail effects)
of micropollutants in
aquatic environments

General toxicity (feeding inhibition,
reprotoxicity) and specific toxicity
(neurotoxicity and endocrine
disrupting)
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Applications with some examples

Assess the toxic impacts (cocktail effects) of micropollutants in aquatic environments

Feeding inhibition
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Applications with some examples

Reference stations
Ranking of stations

Hot spots

Feeding inhibition



Applications with some examples

Weight of evidence - Confirm the reference stations

Feeding inhibition Reprotoxicity
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Applications with some examples

Weight of evidence = Identify the main hot spots

Feeding inhibition Reprotoxicity
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Conclusion

Gammarid caging = available, standardized and routinely deployable method

|:> International standardization in progress

Applicable on a large scale but also for more localized studies (impact studies)

. . Toxicité générale
Industrial discharges A Taux dalimentation
. Pas de toxicité
B raible toxicité
v B Toxicité modére
G_’D- O Forte toxicité
Urban waste B T
= Pasd lyse ( e survie<70%)
% O Ppasd mpagne effect
O
[1[2]3]4]5]6]
1: Hiver 2020 (1/2)
Wastewater treatment plant el
4 : Printemps 2020 (2/2)
5 : Automne 2020 (1/2)
6 : Automne 2020 (2/2)
(M [}
Watershed survey |
4
S
IOOMO/?(
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