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Context : The environmental characterization

Freshwater Seawater Industrial waters
(wastewaters)

Issues
Evaluating the ecological state of these environments to determine the level of degradation
induced by anthropogenic activity.



Context : The environmental characterization

Freshwater Seawater Industrial waters
(wastewaters)
Dissolved oxygen Turbidity Biodegradation
Organic matter Temperature Ecotoxicity
Specific ions (NOy’, CI, NH,*,...) pH

Emerging pollutants (PFAS, antibiotics,...)



Context : The environmental characterization
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How to transpose these results
to the environment ?

Contents lists available at ScienceDirect

Ecotoxicology and Environmental Safety

" - :
FILSEVIER Jjournal homepage: www.elsevier.com/locate/ecoany

Research paper

» Industrial waters

Toxicity assessment of total petroleum hydrocarbons in aquatic e
environments using the bioluminescent bacterium Aliivibrio fischeri

Marzieh Mirjani *, Mohsen Soleimani ™, Vahid Salari ™ (Wa Ste Wa te rS)

* Department of Matural Resources, Isfahan University of Technolagy, Isfahen, 8415683111, Iran
® Department of Physics, Isfuhan University of Technology, lsfuhan, 8415683111, Iran
© Department af Physical Chemisery, University of the Basque Couritry UPV/EHU, Apda. 644, 48080, Bilbos, Spain

Overall approaches aimed at determining the toxicological impact of a mixture of pollutants on the ecosystem,
and specifically on the biological component.

The probably most well-known method: ISO 11348 (based on the inhibition of bioluminescent strain Aliivibrio
fischeri).

Emerging pollutants
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Context : The environmental characterization

Issue: Increasing the representativeness of metrological approaches.

Concept of Bioelectronic Tongue :

IUPAC definition : “The electronic tongue is a
multisensor system, which consists of a number of
low-selective sensors and uses advanced
mathematical procedures for signal processing
based on the pattern recognition and/or multivariate
analysis (artificial neural networks (ANNSs), principal
component analysis (PCA), etc.).”

Biological system
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Data processing ‘ Decision—-Results

TCh + Acetic acid
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(Bio)sensors arvay Data collection Signal preprocessing Chemowmetric model

Quantitative analysis

X. Cetd, N.H. Voelcker, B. Prieto-Simén, Bioelectronic tongues: New trends and applications in water and food analysis, Biosensors and Bioelectronics, Volume 79, 2016, Pages 608-626, ISSN 0956-5663,

https://doi.org/10.1016/j.bios.2015.12.075.
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Context : The environmental characterization

Issue: Increasing the representativeness of metrological approaches.
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Which bioreporters?
How many bioreporters?

Nature of collected data? How to analyze
multi-sensor data ?

Which reference
frameworks?
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TOXLAB : Context

Domestlc WWTP

Objective : To propose a strategy for
assessing the toxicity of raw water in
order to anticipate its potential effects
on biological part of this process.
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(Bio)sensors array Data collection Signal preprocessing Chemometric model
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Quantitative analysis




TOXLAB : Strategy

Bioreporters arrays Firmicutes

B Actinobacteria
M Bacteroidetes
M Proteobacteria

Others
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STEP 1 :
Characterization of
the WWTP
ecosystem

sludge of WWTPs

Average bacterial community in activated

23 pre-selected strains

23 bioreporters were pre-selected

* Representative of this ecosystem
* Ensuring a relative diversity compared to the WWTP community

* In accordance with the metrological objective (aerobic, Non pathogenic, resistant to freeze-drying)



TOXLAB : Strategy

Firmicutes
B Actinobacteria
M Bacteroidetes
W Proteobacteria

Bioreporters arrays
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the bioreporters

0% 20%

1)

Firmicutes
W Actinobacteria

B Bacteroidetes

Average bacterial community in activated

23 pre-selected strains

Experimental characterization

¥ ¥

Toxicological profiles Respiratory kinetic

Bioreporters covering a wide range
of sensitivity

the bioreporter most likely to
provide a rapid response.

Final array = 8 bioreporters
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TOXLAB : Strategy

Data collection

Principle : Approach based on the monitoring of
respiratory activity of aerobic strains using a fluorescent
marker, resazurin.
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TOXLAB : Strategy

Data collection

Principle : Approach based on the monitoring of
respiratory activity of aerobic strains using a fluorescent
marker, resazurin.
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TOXLAB : Strategy

Data processing and validation

Chemometric model

Quantitative analysis

Bioreporter 1
Bioreporter 2
Bioreporter 3

Bioreporter 4 Toxicity | = Cumulative sum of the bioreporters responses
Bioreporter 5 level | weighted by their specific toxicological sensitivities

Bioreporter 6
Bioreporter 7

Bioreporter 8 13




TOXLAB : Results

Data processing and validation

Norfloxacine 3,5 Dichlorophenol
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Abundance
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TOXLAB : Limit
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MOBILTOX : Context

S - S Objective : To develop an in-field assessment method

dedicated to the health state of marine environments.
S Measurement strategy
© 2
anr

TCh + Acetic acid
.

WeSfised

G E P E A (Bio)sensors array Data collection Signal preprocessing Chemometric model

Quantitative analysis

I\ Nantes
W Université

Field deployment

i + Sampling
¥  NMeasurement
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MOBILTOX : strategy

1 Measurement strategy

Electronic tongue

4 :/!H ::u Qualitative analysis
NN S
i

Data collection Signal preprocessing Chemometric model

(Bio)sensors array

Quantitative analysis
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(bacterial strains isolated from
this specific environment)
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MOBILTOX : strategy

1 Measurement strategy

Electronic tongue

(Bio)sensors array

Qualitative analysis

Data collection Signal preprocessing Chemometric model

Metabolic
capabilities

Bioreporter 1

40 potential bioreporters

(bacterial strains isolated from
this specific environment)

Bioreporter 2

Bioreporter 3

Quantitative analysis
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Final bioreporters array = 7
bioreporters
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MOBILTOX : strategy

Field deployment

2 functions

« Sampling  Measurement




MOBILTOX - strategy

Field deployment : Sampling

BATHYMETRIE



MOBILTOX : strategy

2 Field deployment : Sampling
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MOBILTOX : strategy

2 Field deployment : Measurement

Biosensor designed for in-field measurement and

Measurement room . . ‘e
ensuring optlmal conditions for measurement.

Incubateur door

Temperature controller

-8 Vial support on
motorized platform

ON/OFF incubator
ON/OFF command card

Mains supply

Battery supply

i ‘ Command interface
\




MOBILTOX : strategy

Field deployment : Measurement

Measurement method :
e simple
* without specific skills




MOBILTOX : Results

. Final bioreporters array = 7 )
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Conclusion

TOXLAB
Domestic WWTP

Easy to use
methods

Powerful
tool

Representative data

Intensity of toxic effect
on community

* Impact on population
diversity

* Impact on ecosystemic
functions

MOBILTOX

Seawater
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Crucial choice

of bioreporter
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TOXLAB : Strategy
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the bioreporters
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Average bacterial community in activated

23 pre-selected strains

Experimental characterization

£ bt Experimental characterization :
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Index of toxicological resistance

Hierarchical clustering
by dissimilarity




TOXLAB : Strategy

Biore porters arrays Firmicutes
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the bioreporters
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Average bacterial community in activated

23 pre-selected strains

Experimental characterization
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8 clusters with similar profiles

the bioreporter most likely to
provide a rapid response.

Final array = 8 bioreporters




