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Abstract
My PhD thesisdealswith the chemicalforcing of tracemetals(TMs) andpersistenbrganiccontaminantgPOPs)to the Ligurian Sea,a regionof the NorthwesterrMediterraneamwherethe inputs of
elementsand chemicalcompoundsare mainly controlled by atmospheriadeposition The chemicalcycling of TMs and POPswas studiedfor the first time in a holistic perspective from the
atmospherianput over exchangeprocesseat the atmospher@ceaninterface,biological feedback,vertical transport,mineralisationand recycling to the final depositionon the marine seabed
Monthly samplingcampaignsverecarriedout overa periodof 2 yearsin orderto studythe watercolumndistributionsof dissolvedand/orparticulateTMs andPOPs In addition,a mooringline with
sedimentrapsallowedthe bimonthly collectionof sedimentarynaterial Sedimentoring completegshe samplingdesign Tracemetals(Al, Ag, Cd, Co, Cu, Fe,Hg, MeHg, Ni, PbandZn), andPOPs
Keywo_rds: _ (PBDEs,PCBsandPAHs)weredeterminecat a 2350m deepreferencestation(DYFAMED site locatedbetweerthe FrenchRivieraand Corsica)in orderto explore their seasonavariation patterns
/3C_hem|cal contaminants andcausarelationshipdetweeratmospheriénputsandthe marineenvironmentesponseThe DYFAMED site, the longestmarineMediterraneanimesseriessite, is shelteredrom anyfluvial inputs
ﬁBmgeochemlpal cycles by the Ligurian currentandthereforemainly influencedby atmospherisourcesincluding thoseof anthropogeni@Ms and POPs Measurementsf the aerosolcontentwet anddry depositionat the
/3Atmospher|(_: Inputs CapFerratreferencesite (on the FrenchRiviera coastline) the oldestoperationaktmosphericamplingsite in the Mediterraneamegion,give an estimationof atmospheriénputsto the Ligurian Sea
,ﬁS_easonalr_ ariation Focuswas the definition of main sourcestrendsand evolution of TMs and POPs SeasonaVariation of distributions,partitioning and fluxes of TMs and POPsin the water column allow a better
Alimesseries understandingf the impactof suchatmosphericallyintroducedchemicalcontaminantsand trace elementson the oligotrophic watersof the NorthwesternMediterranearandits ecosystemsTheir
A racemetals cycling, biological roles and ocearatmospherexchangeprocessesvere examinedin relationwith auxiliary parametersuchas hydrologicalparametersnutrients,oxygenand chlorophyll a This
AVediterraneaiSea works aimsto establisha presentstateof the contamination(TMs and POPs)of the openwesternMediterranearand to provide pioneerdataof environmentallydangerouspeciesas methylated
mercuryandPBDEs

Quantification of trace metal enrichments ofLigurian surface
waters by atmospheric deposition
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The meanresidencetime of Ligurian surfacewaters(0-200 m) is
102 days During this period, the surface mixed layer (10-30 m %
depth) constitutesa homogeneousvater volume It is therefore — —
possibleto quantify the extent to which atmosphericdeposition 105634
affects surfacewatersfor the duration of the stratification period 163-256 2692
(May-November) On the basisof literaturedataon ten tracemetals
(Al, Cd, Co, Cr, Cu, Fe, Hg, Ni, Ph Zn), the ratios betweentotal e | 394-70045 |  251-1200 33-28023

1200-2005 20-5839

seawaterabile atmosphericdepositionduring 102 days (gqx) and
dissolvedconcentrationsn Ligurian surfacewaters(c) illustratethe p—— —p o —
impactof atmospheridepositionon surfaceseawate qx/c). These
gx/cratiosmayreachvaluesashigh asseverahundredper cent(Al, i | 637-452 | 2300-3203 20-196
Fe, Hg, Pb Zn) or may be lessthan 30% (Cd, Cr, Ni). High ratios 125095 B3-S
arerelatedto surfaceenrichmentswhile low ratiosindicatesurface pe— R— P

depletion,due to the quasicompletesorptionand removalof trace 1400- 1998 50-40.8 ic \

metalsby plankton,which leadsto surfacedepletedprofiles 1998 5.0-28.6

The mean increase of TM concentrations in the surface lgggr (
4007 - 2615 153-984
may be expressed by 25738 1698-3303 121-1515 ,

ox = [Fry *tr]l/ Z

3.65-145 649 56-223
66.1 55-22

whereF;,, is the seawatetabile atmospheridlux of agivenTM, for 90.7-193 19-16
tz = 102daysandz is the depthof the Ligurian homogeneoumixed
layer (ML =107 30m). 0.17-13 0.5-2.0 8.5-255

tR=V/LC 41-256 1704 243-151.4 4 42 44 46 48 5
80.1-160 25.7-319 Ni [nM]

For a 0-200m-deepsurfacelayer, thevolumeV of surfacewatersof _ 5
the Ligurian Seais 0.53 x 10 m? x 200 m = 10.6 102 m3. The Values expressed immolm
Ligurian current(LC) flow rateis 37.8 x 102 m? year?.

The use of a géc ratio allows to quantify the impact of
The impactof the atmospherianput of seawatetabile TMs on the individual TMs on surfacewaters While Cd, Cr andNi do not
surfacelayer canthenbe computedasqz/c. raise any concern,other TMs, such as Hg, Pb and Zn, with

Where ¢ is the dissolved TM concentrationsin Ligurian surface gh‘ar}’:égdvf\lloaﬁr;agﬂfi’ r?retrrl]%tireﬁ%%t;\gelggﬁrg%?ﬂfrzow] ;iﬂll‘(;g} _ _ _
waters residencame. g eIl passag @ Cap Ferrat atmospheric sampling site

Submitted to Marine Chemistry O DYFAMED site sheltered from lateral coastal inputs by theligurian current ( — )

Trace metal concentrations in the Northwestern Seasonal variations of trace elements in the water column of
Mediterranean atmospheric aerosol between 1986 and 2008: the Ligurian Sea, Northwestern Mediterranean

Seasonal patterns and decadal trends
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Climatic andanthropogenichangesareableto engendemodificationsin Ny - G .
the aerosolcompositionat differentgeographicahndtemporalscales The 15 i|5 i sﬁ«x ] i é ) o i
presentstudy addresseshis questionfor the trace metal concentrations 'i §F§ ok ’f‘ b o Sometracemetals(TMs) areessentiafor planktonicmicroorganismsnd
(TM = Al, Fe,Mn, Co, Ni, Cu, Ph, Cd andZn) of aerosolirom the North- : o B 5 i 1 LA thus myolved in_ organic matter syn_theS|sar?d regenera_ltlonprqcesses
§825228858 ' 25533 accordingto the Redfield model, while the biogeochemicalcycling of

westernMediterraneartoastof France(CapFerrat nearbyNice) between
1986 and 2008 From seasonalariations (2006:08) and decadaltrends
(19862008 of TM concentrationsthree groups of elementscan be

otherTMs is moregovernedby passivescavengingrocessesWVe present
hererecentdataof a 20 month survey (July 2007 - May 2009 of TM
distributions(Ag, Cd, Co, Cu, Ni, Pb, Zn) in a2350m deepwatercolumn

e 3 I a4 1.2
distinguished They consistof different aerosolsources crustatderived ; wl ¥ Sid %%
elements(Al, Fe, Mn and Co), a secondof principally anthropogenic y I ] “ <
sourcedtracemetals(Ph, Cd and Zn) and a third, intermediate group of T 28gse
trace metals that presented both anthropogenic and natural/crustal
influences(Ni and Cu). Reproducibleseasonapatternswere observedor | : e I
crustal and intermediateelementswith highest concentrationsbetween 5 ! - 3 N E ,};
May and November,while anthropogenidrace metalsdid not show a " ; ik
pronounced seasonal cycle Nevertheless, highest concentrations of
anthropogenidracesmetals occurredmostly in autumn/winter Aerosol
concentrationof anthropogenicTM decreasedemarkablyover the last

two decadeswhile crustaltracemetalsdid not showany evolution Nickel when it depicted a nutrientlike profile. The mechanismscontrolling
and copper aerosol concentrationsremained constant, as well. Lead biogeochemicatycling of TMs (atmospheridnputs, physicalforcing and

concentrationslecreasedrom 1986 (29.34 ng m) to 2008(3.33 ng m'3), i A o i Ay ,, L intgractions_with pla_nktonic microorganisms}are Qiscu§secbl_ccordingt0
overall by 90%. Cadmium and zinc aerosolconcentrationslecreasedy - their physicochemical properties and their biological importance
66 and 54%, respectivelybetween1998 and 200608, from 0.27 to 0.09 o [ng/rm’]
ng m3 and from 239 to 109 ng m3, respectively These findings Crustal

demonstratethe response of the atmospheric environment to the Intermediate "] &
implementationof antipollution policies Possiblechangesof trace metal anthropogenic 8 g' - In prepal‘ation

em.ission$ource$tndlocalinfluencemrediscussed | Poster on GOLDSCHMIDT 2008 vancouver
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in the centreof the Ligurian gyre, WesternMediterraneanThis LNLC
regionis characterisethy a long stratificationperiodduringwhich surface
watersarenutrientdepletedAg (3.5 - 14 pM) andCd (91 - 193 pM) depict
conservativeprofiles with seasonalvariation, while Ni (3.6 - 5.1 nM)
depicts typical nutrientlike profiles Despite its known bioactive
characterCo depictsa scavengedike profile (35-130 pM) which suggests
high atmospherignputsin comparisorto the biological uptake Cu (1.4 1
3.6 nM) also presents nonnutrientlike profiles, even though less
pronouncedduringmostof the observedime, exceptduringspringbloom

Seasonality oimethylmercury distributions in relation with Acquired data with ongoing exploitation
biological activity in an oceanic water column of the
North-western Mediterranean

Awetand dry depositionf TM on CapFerrat200608
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. . . ) ) i Adg in atmosphere (project EXTREMA)
We presentherea shortterm timesseriesof high-resolutionvertical profiles of methylatedmercury(MeHg, = monomethylmercury

dimethylmercury distributionsof the openMediterranearSea Methylatedmercuryhasbeenmeasurednonthly on 20 researclcruises Lo
betweenJuly 2007 and May 2009 at 12 depthsin a 2350n deepwater columnof the Ligurian Sea(North-westernMediterranearSea) #POPs(PCBs, PBDEs and PAH)sediment traps
Methylmercuryconcentrationsangedin the very low picomolarlevel (0.3 N0.17 pmol L, n = 214) with the lowestvaluesat surface,
increasingwith depthup to the oxygenminimumzone(200-600m). While concentrationg the upper100m neverexceeded.4 pmol L1,
highestconcentrationsvhereencounteredn autumnin a highly stratifiedwatercolumn,with a maximumof 0.82 pM at 400 m. Our data
suggestghe existenceof two methylationzones,one in the euphoticzonein relation to the microbial food web and a second,more ArMs and Hg inSPM (in situ pumps)
pronouncedone,in the aphoticlayer asa resultof the activity of the microbial loop, recyclingsinking organicmatter Atmosphericand

sedimensourcedf methylatedmercuryseemto be of minorimportance Adg in SPM (in situ pumps)

AOPYPCBs, PBDESs and PAH) SPM (in situ pumps)
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