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We determine the concentrations of N>O, CH,, OCS and (CHj3),S (DMS) in
surface waters of estuaries, shelf, shelf edge, open oceans using continuous
equilibration techniques and automated gas chromatography (RAPSOMANIKIS ef
al., 1994). Atmospheric concentrations of these gases are also determined in tandem.
Horizontal profiles during cruise tracks have time resolution of up to one hour (in the
worst case of OCS). Super- or under-saturation of surface sea waters for these gases
is established, after computing equilibrium air-sea values using our high precision
atmospheric concentration measurements and Henry law constants. The following
basic equation for flux density calculations of the ith gas is used :

Fi= K;* ACi (€3]
where Fj= flux density. in units of concentration (mass/volume)/unit area/unit time
K= mass transfer coefficient in units of length/unit time
AC;= concentration difference between the atmosphere and surface waters in
units of concentration i.e. mass/ volume.

The concentration difference, AC;, can be measured relatively accurately and
precisely with modern instrumental, automated methods and the equilibrium
calculations described above. In the case of DMS concentration of ocean surface
waters exceed atmospheric concentrations by orders of magnitude, so that in flux
density measurements one can ignore the later in calculating DCDMS. Large
uncertainties persist on the parameterisation of the mass transfer coefficient K;.

The simple case of DMS fluxes is treated here, using resuits from two cruises.
The first cruise took place near the Antarctic peninsula between 10 December 1991
and 2 January 1992 (PFS Polarstern; Cruise ANT X/1b). The second cruise took
place in the Eastern Mediterranean (Aegean, Levantine and Ionian Seas) between 2-
18 July 1993 (RV Aegaio; Cruise “EGAMES”). Sea surface water samples were
collected, filtered on line and analysed using a literature method (ANDREAE and
BARNARD, 1983). In brief, a measured volume of water was purged with helium,
the volatile DMS was trapped in a U tube filled with chromatographic packing and
cooled to liquid nitrogen temperatures. Upon heating, DMS was separated from other
volatile sulphur compounds, and detected in a sulphur selective FPD (flame
photometric detector). Quantification was carried out using a series of liquid DMS
standards in glycol, added to, DMS free, sea water. Surface sea water temperature,
salinity, absolute wind speed and other meteorological parameters were continuously
recorded from the ship's sensors. The DCDMS values obtained from the above
cruises are treated using the K; values obtained from equations obtained from
experiments usmg {a) SF(J as a tracer in lakes (UPSTILL-GODDARD er al.
1990),(b) SF4 and 3He as dual tracers in stormy seas (Watson et al. 1991), which is
based on the Liss and Merlivat model, (¢) SF¢ and N>O in a large wave generating
wind tunne] (WANNINKHOF and BLIVEN 1991) and (d) an empirical approach for
air-water gas exchange (GOSINK 1992).The two cruises present two contrasting
environments for the calculation of flux densities of DMS. On one hand the
productive and cold Antarctic waters with moderate to high wind velocities
prevailing at the time of the cruise and on the other hand the Eastern Mediterranean
marginal seas with high sea surface temperatures, low DMS concentrations and low
wind velocities, are considered. Transfer coefficients calculated for the prevailing
conditions at the time of sampling and using calculation methods (a) to (d) were used
in equation(1l) to determine flux densities for each cruise. Because of the
uncertainties involved in each calculation method of these coefficients, the
uncertainty of the flux densities calculations may also be within a factor of two. The
values of the coefficients calculated by methods (a) to (d) fall within the uncertainty
of each other. In a simple error propagation exercise, the overall uncertainty never
exceeds 50%. At very high DMS concentrations and moderate wind velocities the
flux densities are concentration dominated. At medium to high wind velocities and
low DMS concentrations, there is no dominant factor for ar least three of the models
(Mediterranean cruise). It is hence obvious that there exists not a simple and single
way of establishing the accuracy of these estimates across the wind velocity and
concentration spectrurm. It is also obvious that simple parameterisation of K; against
wind velocity, sea water temperature and diffusion coefficients, is not always
possible. A number of other parameters like breaking waves and bubble formation
may need determination and consideration in the calculation of K; (WALLACE and
WIRICK, 1992; FARMER et al., 1993).An alternative, but not simple way, is to
directly measure flux densities i.e. the F parameter in equation (1), using the “eddy
correlation” technique. A stable platform, or corrections for the movement of the
sampling platform (ship, buoy or floating platform) are necessary in this case. Also,
corrections for flow distortions due to the shape of the sampling platform or the in-
flow of air to the sampling lines, are necessary. A fast response, sensitive, detector is
also required for the gas(es) that are going to be measured so that fluctuation in
vertical flux densities can be resolved. If DCi can be calculated by determining the
concentration of the ith gas in the surface sea waters, then K; can be determined
using again equation (1). Parameterisation of the K; in these measurements will
depend on the number of parameters measured at the time. The uncertainties in
measuring flux densities and hence fluxes of green house gases from the world's
oceans have been assessed by treating data for DMS flux densities from two
contrasting oceanic areas. The possibility to measure transfer coefficients by the
“eddy correlation” method is appealing but not simple.
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DISTRIBUTION VERTICALE DES METAUX EN MER
D’ALBORAN : ENRICHISSEMENT EN METAUX DES EAUX DE
SURFACE (CAS DU CADMIUM)
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Les eaux de surface d’origine atlantique dans la mer d’Alboran (Méditerranée
occidentale) présentent des teneurs élevées en métal. Les fortes concentrations ont
été attribuées 2 des apports externes 2 la Méditerranée, provenant de 1’ Atlantique, ou
4 des apports cdtiers dans la zone de Gibraltar (BOYLE et al., 1985). L’observation
des résultats disponibles montre que les teneurs en métaux augmentent en surface
vers I'Est en Méditerranée (SPIVACK et al. 1973). Ceci nous a conduit & envisager
la  présence en
Méditerranée d’une 2go
source interne en
métal. Pour examiner N
cette hypothése nous
avons effectuées des
mesures en mer
d’Alboran lors de la
campagne Almofront
1 (NO Atalante, avril -
maj 1991). Les préle-
vements ont été
effectués a six stations
sur une radiale Nord-
Sud dans la zone du
front géostrophique
Almeria-Oran (fig. 1).
Un échantillonnage
serré a été effectué
dans la couche de
surface et de sub-
surface (10 échantil-
lons entre 0 et 500 m
de profondeur). Les
diagrammes T/S (0-
500m) mettent en
évidence dans ce
secteur la présence de
trois masses d’eaux :
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Gibraltar, a partir de
300 m I’eau levantine intermédiaire et entre ces deux masses d’eaux (de 75 a 300 m)
I’eau méditerranéenne du Nord-Ouest. Cette eau qui est caractérisée par un minimum
thermique (GASCARD et RICHEZ, 1985; PRIEUR et al., 1992) est formée 2
I'intérieur du bassin méditerranéen, au voisinage des cotes frangaises. La figure 2
montre la distribution verticale du cadmium (métal total dissous). Les concentrations
en métal dans la colonne d’eau varient de 50 & 125 pM. Ces teneurs sont en accord
avec celles présentées par BETHOUX et al., }1990). Nos résultats indiquent la
présence entre 75 et 300 m, dans la couche correspondant 2 I’eau méditerranéenne du
Nord-Ouest, de fortes teneurs en métal. Les concentrations en cadmium des eaux de
surface et sub-surface {0-300 m) varient de fagon linéaire avec la salinité. Nous
avons alors émis I"hypothése (RISO er al., 1994) que la masse d’eau du minimum
thermigue pouvait contribuer de facon notable 4 U'enrichissement en métal des eaux
de surface. Sur la base des mesures d’adsorption de 1’azote (15N-nitrate; L’Helguen
com. pers.) les coefficients de diffusion verticaux ont & calculés; ils montrent que
les flux verticaux, en raison de la présence du jet d’eau atlantique, sont accentués.
Les calculs indiguent que dans le secteur du front les apports profonds seraient d’un
ordre de grandeur supérieur aux apports atmosphériques. Les transports verticaux
expliquent, du moins pour partie, I’enrichissement en métal des eaux atlantiques en
mer d’Alboran.
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