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Quantification of trace metal enrichments of Ligurian surface 

waters by atmospheric deposition

The meanresidencetime of Ligurian surfacewaters(0-200 m) is
102 days. During this period, the surfacemixed layer (10-30 m
depth) constitutesa homogeneouswater volume. It is therefore
possible to quantify the extent to which atmosphericdeposition
affects surfacewaters for the duration of the stratification period
(May-November). On thebasisof literaturedataon ten tracemetals
(Al, Cd, Co, Cr, Cu, Fe, Hg, Ni, Pb, Zn), the ratios betweentotal
seawaterlabile atmosphericdepositionduring 102 days (ȹc) and
dissolvedconcentrationsin Ligurian surfacewaters(c) illustratethe
impactof atmosphericdepositionon surfaceseawater(ȹc/c). These
ȹc/c ratiosmayreachvaluesashigh asseveralhundredpercent(Al,
Fe, Hg, Pb, Zn) or may be lessthan30% (Cd, Cr, Ni). High ratios
arerelatedto surfaceenrichments,while low ratios indicatesurface
depletion,due to the quasi-completesorptionand removalof trace
metalsby plankton,which leadsto surface-depletedprofiles.

The mean increase of TM concentrations in the surface layer (ȹc) 
may be expressed by:

ȹc = [FTM * t R] / z

whereFTM is theseawaterlabile atmosphericflux of a givenTM, for
tR = 102daysandz is thedepthof theLigurian homogeneousmixed
layer (ML = 10ï30m).

tR = V/LC

For a 0-200m-deepsurfacelayer,thevolumeV of surfacewatersof
the Ligurian Seais 0.53 x 1011 m2 x 200 m = 10.6 1012 m3. The
Ligurian current(LC) flow rateis 37.8 x 1012 m3 year-1.

The impactof the atmosphericinput of seawaterlabile TMs on the
surfacelayercanthenbecomputedasȹc/c.

Where c is the dissolvedTM concentrationsin Ligurian surface
waters.

The use of a ȹc/c ratio allows to quantify the impact of
individual TMs on surfacewaters. While Cd, Cr andNi do not
raise any concern,other TMs, such as Hg, Pb and Zn, with
elevatedȹc/c ratios,arenot effectively removedfrom Ligurian
surface waters during their passageand within their local
residencetime.
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Seasonality of methylmercury distributions in relation with 

biological activity in an oceanic water column of the 

North-western Mediterranean

We presentherea short-term times-seriesof high-resolutionvertical profiles of methylatedmercury(MeHgT = monomethylmercury+

dimethylmercury) distributionsof the openMediterraneanSea. Methylatedmercuryhasbeenmeasuredmonthly on 20 researchcruises

betweenJuly 2007andMay 2009at 12 depthsin a 2350m deep-watercolumnof the Ligurian Sea(North-westernMediterraneanSea).

Methylmercuryconcentrationsrangedin the very low picomolarlevel (0.3 Ñ0.17 pmol L-1, n = 214) with the lowestvaluesat surface,

increasingwith depthup to theoxygenminimumzone(200-600m). While concentrationsin theupper100m neverexceeded0.4 pmol L-1,

highestconcentrationswhereencounteredin autumnin a highly stratifiedwatercolumn,with a maximumof 0.82 pM at 400m. Our data

suggeststhe existenceof two methylationzones,one in the euphoticzone in relation to the microbial food web and a second,more

pronouncedzone,in the aphoticlayer asa resultof the activity of themicrobial loop, recyclingsinkingorganicmatter. Atmosphericand

sedimentsourcesof methylatedmercuryseemto beof minor importance.
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Trace metal concentrations in the North-western 

Mediterranean atmospheric aerosol between 1986 and 2008: 

Seasonal patterns and decadal trends

Climatic andanthropogenicchangesareableto engendermodificationsin

theaerosolcompositionat differentgeographicalandtemporalscales. The

presentstudy addressesthis questionfor the trace metal concentrations

(TM = Al, Fe,Mn, Co, Ni, Cu, Pb, Cd andZn) of aerosolfrom theNorth-

westernMediterraneancoastof France(CapFerrat, nearbyNice) between

1986 and 2008. From seasonalvariations(2006-08) and decadaltrends

(1986-2008) of TM concentrations,three groups of elementscan be

distinguished. They consist of different aerosolsources: crustal-derived

elements(Al, Fe, Mn and Co), a secondof principally anthropogenic

sourcedtracemetals(Pb, Cd and Zn) and a third, intermediate,groupof

trace metals that presented both anthropogenic and natural/crustal

influences(Ni andCu). Reproducibleseasonalpatternswereobservedfor

crustal and intermediateelementswith highest concentrationsbetween

May and November,while anthropogenictrace metals did not show a

pronounced seasonal cycle. Nevertheless,highest concentrationsof

anthropogenictracesmetalsoccurredmostly in autumn/winter. Aerosol

concentrationsof anthropogenicTM decreasedremarkablyover the last

two decades,while crustaltracemetalsdid not showanyevolution. Nickel

and copper aerosol concentrationsremained constant, as well. Lead

concentrationsdecreasedfrom 1986(29.34 ng m-3) to 2008(3.33 ng m-3),

overall by 90%. Cadmium andzinc aerosolconcentrationsdecreasedby

66 and54%, respectively,between1998 and2006-08, from 0.27 to 0.09

ng m-3 and from 23.9 to 10.9 ng m-3, respectively. These findings

demonstrate the response of the atmospheric environment to the

implementationof antipollution policies. Possiblechangesof tracemetal

emissionssourcesandlocal influencesarediscussed.
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Abstract

My PhDthesisdealswith thechemicalforcing of trace-metals(TMs) andpersistentorganiccontaminants(POPs)to theLigurian Sea,a regionof theNorthwesternMediterraneanwherethe inputsof

elementsand chemicalcompoundsare mainly controlled by atmosphericdeposition. The chemicalcycling of TMs and POPswas studiedfor the first time in a holistic perspective,from the

atmosphericinput over exchangeprocessesat the atmosphere-oceaninterface,biological feedback,vertical transport,mineralisationand recycling to the final depositionon the marineseabed.

Monthly samplingcampaignswerecarriedout overa periodof 2 yearsin orderto studythewatercolumndistributionsof dissolvedand/orparticulateTMs andPOPs. In addition,a mooringline with

sedimenttrapsallowedthebimonthlycollectionof sedimentarymaterial. Sedimentcoringcompletesthesamplingdesign. Trace-metals(Al, Ag, Cd, Co,Cu,Fe,Hg, MeHg, Ni, PbandZn), andPOPs

(PBDEs,PCBsandPAHs)weredeterminedat a 2350m deepreferencestation(DYFAMED site locatedbetweentheFrenchRivieraandCorsica)in orderto explore their seasonalvariationpatterns

andcausalrelationshipsbetweenatmosphericinputsandthemarineenvironmentresponse. TheDYFAMED site,thelongestmarineMediterraneantimes-seriessite,is shelteredfrom anyfluvial inputs

by theLigurian currentandthereforemainly influencedby atmosphericsources,including thoseof anthropogenicTMs andPOPs. Measurementsof theaerosolcontent,wet anddry depositionat the

CapFerratreferencesite(on theFrenchRivieracoastline),theoldestoperationalatmosphericsamplingsite in theMediterraneanregion,give anestimationof atmosphericinputsto theLigurian Sea.

Focuswasthe definition of main sources,trendsandevolutionof TMs andPOPs. Seasonalvariationof distributions,partitioningandfluxes of TMs andPOPsin the watercolumnallow a better

understandingof the impactof suchatmosphericallyintroducedchemicalcontaminantsandtraceelementson the oligotrophicwatersof the NorthwesternMediterraneanand its ecosystems. Their

cycling, biological rolesandocean-atmosphereexchangeprocesseswereexaminedin relationwith auxiliary parameterssuchashydrologicalparameters,nutrients,oxygenandchlorophyll a. This

works aims to establisha presentstateof the contamination(TMs andPOPs)of the openwesternMediterraneanand to providepioneerdataof environmentallydangerousspeciesasmethylated

mercuryandPBDEs.

Acquired data with ongoing exploitation

ÅWet and dry deposition of TM on Cap Ferrat2006-08 

ÅPOPs (PCBs, PBDEs and PAH) in aerosols (project EXTREMA)

ÅHg in atmosphere (project EXTREMA)

ÅPOPs(PCBs, PBDEs and PAH) insediment traps 

ÅPOPs (PCBs, PBDEs and PAH) in SPM (in situ pumps)

ÅTMs and Hg in SPM (in situ pumps)

ÅHg in SPM (in situ pumps)

ÅTMs and Hg in sediment core

Forecasted outcome in terms of publications:

üPersistent organic contaminants (PCBs, PAHs, PBDEs) in sediment traps, on suspended particulate matter and sediment

üExtreme input events such as (heavy rain, Saharan dust): marine response (atmosphere vs. surface seawater)

üPOPs, TMs and black carbon (BC) in aerosols at Cap Ferrat: a 3 month survey

üAnthropogenic part of atmospherically-transported iron in the Ligurian region

Seasonal variations of trace elements in the water column of 

the Ligurian Sea, North-westernMediterranean

Sometracemetals(TMs) areessentialfor planktonicmicroorganismsand

thus involved in organic matter synthesisand regenerationprocesses

accordingto the Redfield model, while the biogeochemicalcycling of

otherTMs is moregovernedby passivescavengingprocesses. We present

here recentdata of a 20 month survey (July 2007 - May 2009) of TM

distributions(Ag, Cd, Co, Cu, Ni, Pb, Zn) in a 2350m deepwatercolumn

in the centreof the Ligurian gyre, WesternMediterranean. This LNLC

regionis characterisedby a long stratificationperiodduringwhich surface

watersarenutrientdepleted. Ag (3.5 - 14pM) andCd(91 - 193pM) depict

conservativeprofiles with seasonalvariation, while Ni (3.6 - 5.1 nM)

depicts typical nutrient-like profiles. Despite its known bioactive

character,Co depictsa scavenged-like profile (35-130pM) which suggests

high atmosphericinputsin comparisonto the biological uptake. Cu (1.4 ï

3.6 nM) also presents non-nutrient-like profiles, even though less

pronounced,duringmostof theobservedtime, exceptduringspringbloom

when it depicted a nutrient-like profile. The mechanismscontrolling

biogeochemicalcycling of TMs (atmosphericinputs,physicalforcing and

interactionswith planktonicmicroorganisms)are discussedaccordingto

their physicochemical properties and their biological importance.
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