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Global trends of chemical industry production
between 2000 and 2017

Chemical 

pollution

Chemical pollution
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Planetary boundaries
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Water Framework Directive

Chemical status
Goal → Reduce / remove priority hazardous substances

Ecological status
Goal → Preserve / restore aquatic biodiversity

Application of WFD obligations in France since 2000 
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Monitoring strategy

Chemical status
priority hazardous substances

Ecological status
aquatic biodiversity

Application of WFD obligations in France since 2000 

Monitoring of water Monitoring the presence and abundance of 
species in communities (fauna and flora)
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Needs

Chemical status
priority hazardous substances

Ecological status
aquatic biodiversity

Monitoring of water Monitoring of communities

Representativity of punctual samples

Biodisponibility

Hydrophobic substances

No direct 
link

Application of WFD obligations in France since 2000 

Habitat effect

Predation / competition

Availability of food resources

?
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Needs

Chemical status
priority hazardous substances

Ecological status
aquatic biodiversity

Monitoring of water Monitoring of communities

Representativity of punctual samples

Biodisponibility

Hydrophobic substances

No direct 
link

Application of WFD obligations in France since 2000 

Habitat effect

Predation / competition

Availability of food resources

Link with ecotoxicology

Understanding the fate and impact of chemicals on biota
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WHICH APPROACH? 

Biomonitoring approaches for ecotoxicology

Passive monitoring


sampling native 

organisms

Active monitoring



caging of controlled 

organisms
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Biomonitoring approaches for ecotoxicology

Active monitoring



caging of controlled 

organisms

Advantages

- 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

VS
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WHICH SPECIES ? 

Ecotoxicology model

Non invasive species in Europe / largely present

Well adapted to caging

Easy to handle

Etc.1 cm

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

Research and development of solution (2000 – 2013)

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

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,         )

2019 : First standard publication (AFNOR NF T90-721)

2022 : 2 M€ turnover / 30 collaborators

Solution transfer for large scale deployment (2014)

More than 7.000 assays achieved since creation
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Thresholds

Breeding Acclimatization Sorting Exposition Analysis AssessmentAcclimatization Sorting

PROTOCOL
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Thresholds

Breeding Acclimatization Sorting Exposition Analysis AssessmentAcclimatization Sorting

PROTOCOL

Thresholds
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Thresholds

Breeding Acclimatization Sorting Exposition Analysis AssessmentAcclimatization Sorting Analysis Assessment

Thresholds

PROTOCOL
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Thresholds

Breeding Acclimatization Sorting Exposition Analysis AssessmentAcclimatization Sorting Analysis

Thresholds

PROTOCOL
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Applications with some examples  

Check the compliance 
with environmental quality 

standards in biota (EQS)
For 15 priority hazardous 

substances

WFD

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
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EQS invertebrate
Benzo(a)Pyrène

Applications with some examples  

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

EQS invertebrate
Benzo(a)Pyrène

Applications with some examples  

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

Transalte « gammarid » concentration
in « fish » concentration
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Applications with some examples  

Assess the levels of bioavailable contamination

IBC (Indicator of bioavailable contamination)

National background noise (no abnormal contamination)

Weak

BBAC (Background Bioavailable Assessment Concentration)

Very strong

Strong

Moderate

Contamination

BBAC

 
 

 
 

A 
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Applications with some examples  

Assess the levels of bioavailable contamination in south of France

Contamination scale
Cadmium PCB 118

industrial

discharges

geochemical 

background

Historical

contamination 

of the Rhône
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Lead

Contamination scale

Diflufenican (herbicid)

Applications with some examples  

Assess the levels of bioavailable contamination in north of France

strong 

occurrence in 

the north of 

the watershed
old 

metalworks
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Applications with some examples  
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Applications with some examples  

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

Reference values (no effect)

Weak

Very strong

Strong

Moderate

Effect 
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Reprotoxicity

Feeding inhibition



Feeding inhibition

Applications with some examples  

Tarn

Gave de Pau

Riou MortLa Jalle

Le Gat Mort

Le Retjons

Dronne

Le Touyre

Le Sor

Barguelonne

Reference stations

Ranking of stations

Hot spots
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Reprotoxicity

Applications with some examples  

Feeding inhibition

Gave de Pau

Weight of evidence → Confirm the reference stations
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Applications with some examples  

La Jalle

Le Retjons

Le Riou Mort

Dronne

Gave de Pau

Tarn

Barguelonne

Feeding inhibition

Tarn

Gave de Pau

Riou MortLa Jalle

Le Gat Mort

Le Retjons

Dronne

Le Touyre

Le Sor

Barguelonne

Weight of evidence → Identify the main hot spots

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)

Industrial discharges

Urban waste

Wastewater treatment plant

Watershed survey
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