
IN SITU AUTOMATED MONITORING OF TRACE METAL SPECIATION IN SITU AUTOMATED MONITORING OF TRACE METAL SPECIATION 
IN AQUATIC SYSTEMS IN RELATION WITH THE BIOGEOCHEMICAL PROCESSESIN AQUATIC SYSTEMS IN RELATION WITH THE BIOGEOCHEMICAL PROCESSES

μ‐Sensors
Measurement Principle and Feature

μ‐Sensor Technology

Gel Gel integratedintegrated HgHg‐‐platedplated IrIr‐‐basedbased voltammetricvoltammetric microsensormicrosensor
arraysarrays allowingallowing direct direct measurementsmeasurements ofof specificspecific metalmetal speciesspecies

or group or group ofof metalmetal speciesspecies in in complexcomplex mediamedia
(FNS (FNS andand EU EU projectsprojects: : CABECABE‐‐UniversityUniversity ofof GenevaGeneva + + IMTIMT‐‐UniversityUniversity ofof Neuchâtel)Neuchâtel)

Me Me speciesspecies playingplaying important  important  rolerole in in termterm ofof transporttransport
propertiesproperties andand residenceresidence timetime

GIME GIME voltammetricvoltammetric microsensormicrosensor::
micromicro‐‐integratedintegrated analyticalanalytical systemsystem
couplingcoupling separationseparation, , electrochemicalelectrochemical
prepre‐‐concentrationconcentration andand detectiondetection
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CGIME CGIME voltammetricvoltammetric microsensormicrosensor::
micromicro‐‐integratedintegrated analyticalanalytical systemsystem
couplingcoupling separationseparation, , chemicalchemical andand
electrochemicalelectrochemical prepre‐‐concentrationconcentration,,
electrochemicalelectrochemical detectiondetection

GIME Direct GIME Direct MeasurementsMeasurements::
‐‐ detectiondetection ofof dynamicdynamic metalmetal speciesspecies ((freefree Me ions + Me ions + 
smallsmall andand mobile ML complexes mobile ML complexes withwith sizesize ofof fewfew nm)nm)

Me Me speciesspecies potentiallypotentially biobio‐‐availableavailable
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InternalisationInternalisation

AdsorptionAdsorption

ColloidsColloids
ParticlesParticles//

AggregatesAggregates

CoagulationCoagulation
MicrobialMicrobial activityactivity

ShearShear stressstress
MicrobialMicrobial activityactivity

SedimentationSedimentation

ComplexationComplexation & Diffusion& Diffusion

GIME GIME MeasurementsMeasurements in in PretreatedPretreated SamplesSamples::
‐‐ total total extractableextractable metalmetal Me concentrations  Me concentrations  
‐‐ colloidalcolloidal andand particulateparticulate Me Me speciesspecies (Me (Me tottot –– Me Me dyndyn))

CGIME Direct CGIME Direct MeasurementsMeasurements::
‐‐ detectiondetection ofof freefree Me ionsMe ions

Me Me speciesspecies linkedlinked to to biobio‐‐uptakeuptake

VIP VIP –– Windows Management Windows Management ProgramProgram

In situ Monitoring Systems
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AutonomousAutonomous, in situ VIP , in situ VIP dynamicdynamic trace trace metalmetal speciesspecies monitoringmonitoring
((LakeLake LucerneLucerne‐‐SwitzerlandSwitzerland, , JuneJune 2727‐‐30, 2000.)30, 2000.)

In situ monitoring In situ monitoring ofof thethe dynamic
fractions of Cu(II), Pb(II), Cd(II), 
Zn(II) at the ppt levellevel andand Mn(II), 
Fe(II) at ppb levellevel usingusing a GIME a GIME 
sensorsensor

IIn situ
PProfiling
system

VVoltammetric

VIP VIP usersusers: : worldwideworldwide academicacademic/ / governmentalgovernmental institutes institutes andand privateprivate companiescompanies

CABECABE‐‐CH; EAWAGCH; EAWAG‐‐CH; Plymouth Marine CH; Plymouth Marine laboratorylaboratory‐‐UKUK; Lancaster ; Lancaster EnvironmentalEnvironmental Science Science DeptDept‐‐ UK;UK;
InstituteInstitute ofof Marine Marine SciencesSciences‐‐II; ; AnalyticalAnalytical andand Marine Marine LaboratoryLaboratory‐‐SS; ; INRSINRS‐‐CanadaCanada; ; CaliforniaCalifornia StateState
UniversityUniversity‐‐USAUSA; ; SeismicSeismic ApplAppl. . BeijingBeijing‐‐ChinaChina; ; IranianIranian National National CenterCenter for for OceanographyOceanography‐‐IranIran; ; 
MagistratoMagistrato AlleAlle AcqueAcque VeneziaVenezia‐‐II;;T&T T&T S.p.aS.p.a‐‐II;  ;  SeismicSeismic AsiaAsia PacificPacific LTD LTD –– AustraliaAustralia; ; MariCalMariCal LtdLtd –– USAUSA

M.M.‐‐L. L. TercierTercier*, J. Buffle, F. *, J. Buffle, F. GraziottinGraziottin, , 
ElectroanalysisElectroanalysis 10 (1998) 35510 (1998) 355

First generation: The VIPVIP System

Second generation: The MPCP MPCP 

PPhysical‐
CChemical
PProfiler

MMultiulti
In  situ In  situ  simultaneoussimultaneous monitoring  of 4  specific
fractions  (speciation)  of Cu(II),  Pb(II),  Cd(II)  at
the ppt level (free Me  ions,  dynamic Me  species, 
colloidal/particulate Me species, total extractable
Me  conc.)  and master  variables (P,  T,  O2, 
conductivity, salinity, turbidity, chlorophyll a)

FIA cooling coil

Waste bag

CGIME & FIA
reagent bags

FIA insulated
heating coil

FIA mixing coil

Fluorescence probe

Pressure compensated
voltammetric cells and
Integrated multipara-
meter probe

Submersible 
persitaltic pump

Electronic housing

TheThe MultiMulti--PhysicalPhysical ChemicalChemical Profiler (MPCP) Profiler (MPCP) andand detailsdetails ofof itsits main componentsmain components

SubmarineSubmarine connectorsconnectors

MotherMother boardboard & & PowerPower supplysupply

Main CPU Main CPU boardboard
FSK FSK telemetrytelemetry boardboard
FluidicFluidic devicedevice drive drive boardboard

Smart Smart potentiostatpotentiostat boardsboards
MultiparameterMultiparameter probe probe boardboard

PreamplifierPreamplifier
Pressure case basePressure case base

SumersibleSumersible peristaltiqueperistaltique pumppump

TitaniumTitanium rodrod connectorsconnectors

Pressure Pressure conpensatedconpensated flowflow‐‐troughtrough
voltammetricvoltammetric cellcell
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MixingMixing coilcoil
((SampleSample + L)+ L)

HeatingHeating coilcoil
((SampleSample + L + + L + AcidAcid) ) 

CoolingCooling coilcoil
((SampleSample + L + + L + AcidAcid))

ToTo cellcell

Channel-3: FIA-GIME
SAMPLESAMPLE

ReliableReliable remoteremote monitoring monitoring systemssystems
for for environmentalenvironmental studiesstudies andand

pollution control pollution control 

RapidRapid detectiondetection of of pollutantpollutant inputinput

MinimizationMinimization of of thethe large large numbernumber of aof arrtifactstifacts
((samplingsampling andand samplesample handlinghandling))
MinimizationMinimization of of thethe overalloverall costcost of data collectionof data collection

Accumulation of Accumulation of detaileddetailed spatial spatial andand temporaltemporal datadata

MeasurementsMeasurements in locations in locations difficultdifficult to to accessaccess
((boreholesboreholes, , deepdeep lakeslakes andand oceansoceans))

AdvantagesAdvantages ofof remoteremote submersible probes:submersible probes:

DevelopmentDevelopment, optimisation , optimisation ofof environmentalenvironmental modelsmodels

MPCP applications:MPCP applications:

EstuariesEstuaries‐‐SWSW UKUK: Temporal : Temporal evolutionevolution ofof trace trace metalmetal speciationspeciation andand master master 
vatiablesvatiables in in microtidalmicrotidal estuariesestuaries (IMTEC EU (IMTEC EU projectproject –– 2003)2003)

Po estuary & its coastal plumePo estuary & its coastal plume‐‐I:I: Spatial evolution of  trace metal speciation Spatial evolution of  trace metal speciation 
and bioand bio‐‐physicochemical  parameters physicochemical  parameters (IMTEC EU (IMTEC EU projectproject –– AdriaticAdriatic cruisescruises: : 
2002, 2002, 2003, 2004)2003, 2004)

Venice Lagoon & northern Adriatic coastal area‐I:  Remote in situ monitoring 
of trace metal speciation and master bio‐physicochemical variables (IMTEC EU 
project – 2003)

Lake LemanLake Leman‐‐CHCH: Trace element regulation and removal by algal bloom in the : Trace element regulation and removal by algal bloom in the 
surface surface waterwater ofof LakeLake LemanLeman. . (Projet (Projet FrancoFranco‐‐SuisseSuisse TERRAB 2006: TERRAB 2006: Forel,Forel, INRAINRA‐‐
ThononThonon, CABE, CABE))

Gullmar Fjord‐Sweden: Monitoring of trace metal speciation in relation with
bio‐geochemical processes (IMTEC EU project 2002)

RiouRiou‐‐Mort & Lot riversMort & Lot rivers‐‐ FrFr:: Monitoring of spatial and temporal evolution of :: Monitoring of spatial and temporal evolution of 
specific trace metal species and master variables in aquatic sysspecific trace metal species and master variables in aquatic systems affected by tems affected by 
chronic chronic polymetallicpolymetallic pollution. pollution. (ECODIS EU project : 2007(ECODIS EU project : 2007‐‐2008)2008)

DetailedDetailed spatial spatial andand temporal data temporal data bankbank
on trace on trace metalmetal speciationspeciation andand
biobio‐‐physicochemicalphysicochemical parametersparameters

DevelopmentDevelopment/optimisation /optimisation ofof predictivepredictive
environmentalenvironmental modelsmodels

EvolutionEvolution ofof aquaticaquatic ecosystemsecosystems andand
ofof long long termterm impact impact ofof heavyheavy MeMe

M.-L. Tercier-Waeber*, F. Confalonieri, G. Riccardi, A. Sina, 
S. Noël, J. Buffle, F. Graziottin. Mar. Chem. 97 (2005) 216-235

Ecotoxicity ? 
Reactivity ? 
Spreading ?

Free MeFree Me
Simple Simple inorganicinorganic Me Me speciesspecies

OrganicOrganic MeMe
ColloidalColloidal//particulateparticulate MeMe

Role and Fate of Trace Metals
in Aquatic Ecosystems ?
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Temporal monitoring Temporal monitoring ofof trace trace metalmetal speciationspeciation in in FalFal EstuaryEstuary‐‐UKUK duringduring a tidal cycle (a tidal cycle (AprilApril 30, 2003)30, 2003)

Submersible probes for in situ «Submersible probes for in situ « realreal‐‐timetime » » measurementsmeasurements ofof specificspecific metalmetal speciesspecies or group or group ofof metalmetal speciesspecies coupledcoupled to master variablesto master variables
(EU (EU projectsprojects: Idronaut Srl: Idronaut Srl‐‐ Milan + Milan + CABECABE‐‐UniversityUniversity ofof GenevaGeneva))

VIP VIP schematicschematic diagramdiagram andand detailsdetails ofof itsits main componentsmain components

M.-L. Tercier-Waeber*, F. Confalonieri, G. Riccardi, A. Sina, 
S. Noël, J. Buffle, F. Graziottin. Mar. Chem. 97 (2005) 216-235

Applications

DevelopmentDevelopment
ValidationValidation
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100100--interconnectedinterconnected
IrIr microdiskmicrodisk chipschips

100-interconnected
Ir microdisk array chip
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TELEMETRY UNIT
or RS232C INTERFACE

PERSONAL COMPUTER

CALIBRATION
DECK UNIT

PRESSURE COMPENSATED
VOLTAMMETRIC CELL

PERISTALTIC
PUMP

C. C. BelmontBelmont‐‐HébertHébert, M., M.‐‐L. L. TercierTercier*, J. Buffle, G.C. *, J. Buffle, G.C. FiaccabrinoFiaccabrino, M. , M. KoudelkaKoudelka‐‐HepHep, Anal. Chem. 70 (1998) 2949, Anal. Chem. 70 (1998) 2949
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