





WEB information system

WEB interfaces for wireless bi-directional interaction

http://www.schema-ocean.eu/Data-Portal
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Analytical approach:
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Detection technique: subtractive SWASV
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\> Main features related to the characteristics
of micro-sized electrodes (r £ 10 pm)

—> Specific measurements of the dynamic M species
I.e. max conc. of M potentially available for
bio-uptake

J. Buffle, ML.-L. Tercier-Waeber, Trends in Analytical Chemistry 24 (2005) 172-191.
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» TMSM analytical performance and potentiality for environmental and water quality

monitoring
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Analytical approach: Pigment-based taxonomic classification

The photosynthetic apparatus of algae consists of two types of pigment-protein
complexes:

e light-harvesting complexes

* reaction centers

LHC contain pigments: absorb light, transferring it to photosystem reaction centers
Reaction centers: turn solar energy into chemical energy.

e Chlorophyll pigments omnipresent in all reaction centers (RC)

e Pigments of light-harvesting-complex (LHC) differs for different algal groups

» Combining LEDs with relevant wavelength
ranges to signal deconvolution enable to
detect the differencies in the algal group
LHC relative pigment patterns



Challenge: Lack of information about algal pigment pattern in literature

Analytical approach:

» Algae cultivation and characterization (fluorescence excitation spectra
study; marker pigments analyzed via HPLC)

» Generation of data bank for signal analysis:

v’ 76 coastal algae species belonging to 8 different phyla

Cyanobacteria ) toxin productive algae
Dinophyta (Dinoflagellates) s toxin productive algae
Bacillariophyta (Diatoms)

Haptophyta

Chlorophyta

Ochrophyta

Cryptophyta

Euglenophyta.

> Selection of

v’ Selection of optical components

v" Reference data matrix for data evaluation



ASM detection module:

> Material and Dimensions

Material: Aluminum

Size : 28 x 34.8 x 15.8 mm?3

Capillary: Quartz, ID =1.94 mm, OD =3 mm
Measurement volume: 5.91 plL

» Optical components

8 Excitation sources : LEDs 380-650 nm
4 Photodetectors: Silicon pin photodiode

S. Zieger et all, Env. Sci. Tech., 2018



Algae detection system: portable and submersible

CSM



Dedicated software

» Detection of single cell events
- guantification of average cell density

Semi-quantification of the various
algal phylum
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» Gironde estuary — June 2017
e Reliability of measurements in salinity gradient and highly turbid system (SPM: 55 to 1600 mg/L)

(19 stations)



GIME TMSM channels 1 and 3: copper, lead, cadmium, zinc
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e Reliability of GIME measurements in highly turbid systems
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(L413: SPM 75.4 mg/L)
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Hg-GIME TMSM: copper, lead, cadmium, zinc

» Gironde estuary — June 2017

e Variation of bioavailable fraction, under different trends, and up to one order of magnitude
along the salinity gradient



Hg-GIME TMSM: copper, lead, cadmium, zinc
» Me speciation - Gironde estuary — June 2017



AuNP-GIME TMSM: As(lll) Gironde Estuary — June 2017
» Salinity gradient

As(lll) dyn:1.2t0 2.8 nM

» 30h cycle coastal area

As(lll) dyn : 1 to 2nM

Internalisation
via phosphate channel



Gironde coastal area
24h cycle — June 2017
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¥ Other algae

® Cyanobacteria

“ Diatom & Ochrophyta
Haptophyta

® Dinophyta

Deviation from microscope
analysis < 15%



MEPHY

» Elbe Estuary mouth: 7-16 May 2019

s Helmholtz-Zentrum
: 212 Geesthacht

Zentrum fiir Material- und Kiistenforschung
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MEPHY

AuNP-GIME TMSM channel 2: 150 measurements without renewal of the AuNP layers



MEPHY

AuNP-GIME TMSM channel 2: 150 measurements without renewal of the AuNP layers



MEPHY

GIME TMSM channel 1 : 150 measurements without renewal of the Hg layers



MEPHY



MEPHY

Phytoplankton communities



> Visit the SCHeMA web site

Ty

http://www.schema-ocean.eu

Maritime Sensor Technologies for the European
Market:

Research, Development and Implementation.
Good practice guide.

Horizon 2020: COLUMBUS and Atlantos projects
FP7: Ocean of Tomorrow projects



EU publications

The ocean of tomorrow projects (2010-2013)
Joint research forces to meet challenges in
ocean management

Universita degli Studi
nnnnnnnn




Development TMSM sensors and probe Development ASM

UNIGE  Guy Lecoultre TUGraz Ingo Klimant
Stéphane Jeanneret Silvia Zieger,

EPFL Marianna Fighera Lukas Troi

Idronaut Fabio Confalonieri Alexander Lang
Giuliano Brandini Gunter Mistlberger

Christian Holly

] Idronaut Fabio Confalonieri
Field tests Elbe (MEPHY)

UNIGE Mélina Abdou

Pierre Groc* Field tests Gironde (SCHeMA)
UBx Jorg Schafer UBx Jorg Schafer
Maeva Labassa* Mélina Abdou
Thibault Devanne* Cécile Bossy
Lionel Dutruch Lionel Dutruch
ETT Luca Bonofiglio UNIGE  Abra Penezic
Susanna Alloisio
HZG Willi Petersen

Daniel Blandfort
*Master students
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Motivation and Challenges:

Oligoelements, i.e. essential to living organisms, Toxic even at very low conc.
or toxic depending on their concentrations (Hg, As, Pb, U, TI)




Motivation and Challenges:
- Direct monitoring at natural pH and in presence fouling materials and oxygen

- Detection limit: nM to pM
- Selectivity to relevant, in term of toxicity, metal species

M.-L. Tercier-Waeber, M. Taillefert, ]. Environ. Monit., 10, 2008, 30-54.



Motivation and Challenges:

» Occurrence and intensity increase
» Production of various toxins
» Physical threat to fish and human
» Fish and shellfish poisoning
» Relevant as screening and alarm system for:
= Recreational facilities
»  Fish farming industry

HoN +
O

HO HNyNH
HO\@/H"\\\OJLNHZ
N _NH
A

“NH2  gaxitoxin (STX)

Dinoflagellates (Dynophyta)

https://www.whoi.edu/website/redtide/regions/world-distribution/



Dedicated software:

» identification/classification of the various algae
» clear separation of common toxin producing Cyanobacteria and Dinophyta (Fisher’s linear
discriminant analysis)

Light intensity spectra Excitation spectrum Cyanobacteria sp.

Separation in the LDA subspace Excitation spectrum Amphora sp.



» Evaluation: Genoa long-term field tests (15 February - 7 March 2017)

Rel. algal composition
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MEPHY

(TMSM: 1 GIMEs; 2 AuNP-GIMEs)
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» 94 percent of life on Earth is aquatic



The main Blue sectors The EU 'blue' economy represents roughly

5.4 million jobs and generates a gross added
value of almost €500 billion a year.

http://ec.europa.eu/maritimeaffairs/policy/blue_growth/index_en.htm



» Detailed spatial and temporal measurements required for efficient
v water quality monitoring

v’ risk assessment
v’ to define appropriate action to ensure further sustainable management

and therefore Blue Growth Economy



v Innovative sensors with improved:
- sensitivity, selectivity and reliability
- robustness

v’ Miniaturization

v' Minimum reagents requirements

v' Low power consumption and cost

v’ Standardization of :

- wired and wireless networking solutions
- web-based data information system



» TMSM analytical performance and potentiality for environmental and water quality
monitoring

- Preconc.: 10 min Preconc.: 30 min Preconc.: 10 min Preconc.: 30 min
0.04 (8) 0.01 (2.5) 0.017 (3) 0.006 (1.2)
0.50 (35) 020  (15) 0.20 (15) 0.08  (6)
0.25 (15) 010  (6.3) 0.10 (6.3) 0.04  (2.5)
0.02 (4) 001 (2 0.01 (1.6) 0.005 (1)
0.03 (3) 001 (1) 0.015 (1.5) 0.005 (0.6)
0.40 (25) 0.15 (10) 0.15  (10) 005 (3

Coastal /

Parameter Open Sea
P surface water

AA-WQS

Dissolved Inorganic Mercury (11) 0.0002-0.0015 0.001 - 15 1.50

Dissolved Inorganic Arsenic (ll) nM 0.3-0.6 1 -500 130.00
Dissolved Copper (Cu) nM 0.5-5 1-235 80.00
Dissolved Lead (Pb) nM 0.005-0.09 0.03 - 200 120.00
Dissolved Cadmium (Cd) nM 0.001-1.2 0.005 - 25 2200
Dissolved Zinc (Zn) nM 0.1-8 0.3 - 680 610.00
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AuNP-GIME TMSM: As(V), As,, - Gironde Estuary —June 2017
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» Gironde estuary —June 2017

e Reliability of GIME measurement in salinity gradient and highly turbid system
(SPM: 55 to 1600 mg/L)

(2 Hg-GIMEs; 1 AuNP-GIME)



» 9 Partners from 6 different countries (5 Universities, 3 SMEs, 1 Federal Institute of
Technology)

» Starting date: 15t October 2013 (48 months)
» Total budget: € 6.74 Million
» EU contribution: € 5.2 Million



Metal role, behavior and fate are very complex:

- inherently persistent (i.e. non bio-degradable)
- involved in bio-geochemical processes
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Hg-GIME TMSM: copper, lead cadmium, zinc

» Gironde estuary — June 2017
e Reliability of GIME measurement in salinity gradient and highly turbid system (SPM: 55 to 1600 mg/L)

Gironde 18.06.2017 14h
016 (L413: SPM 75.4 mg/L)
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