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Oceanic mercury concentrations on both sides of the Strait of Gibraltar decreased between 1989 and 2012

Introduction

Mercury (Hg) is a trace element which affects human health primarily via marine fish consumption (e.g., [START_REF] Fitzgerald | Marine Biogeochemical Cycling of Mercury[END_REF]. Its toxicity is essentially due to the presence of methylmercury (MeHg), which biomagnifies up food webs (e.g., [START_REF] Clarkson | The toxicology of mercury and its chemical compounds[END_REF].

In aquatic environments, MeHg is formed by methylation of inorganic Hg by microorganisms (e.g., [START_REF] Jensen | Biological methylation of mercury in aquatic organisms[END_REF][START_REF] Parks | The genetic basis for bacterial mercury methylation[END_REF]. In the open ocean, although MeHg formation has been shown in sub-surface seawater and sediments (e.g., [START_REF] Monperrus | Mercury methylation, demethylation and reduction rates in coastal and marine surface waters of the Mediterranean Sea[END_REF][START_REF] Hollweg | Mercury and methylmercury cycling in sediments of the mid-Atlantic continental shelf and slope[END_REF][START_REF] Soerensen | A Mass Budget for Mercury and Methylmercury in the Arctic Ocean[END_REF], it occurs mainly in the thermocline/intermediate waters (200-1000 m) where most bacterial organic matter regeneration occurs (e.g., [START_REF] Mason | Alkylmercury species in the Equatorial Pacific[END_REF][START_REF] Cossa | The origin of methylmercury in the open Mediterranean water column[END_REF][START_REF] Blum | Methylmercury production below the mixed layer in the North Pacific Ocean[END_REF][START_REF] Cossa | The open sea as the main source of methylmercury in the water column of the Gulf of Lions (Northwestern Mediterranean margin)[END_REF]. Inorganic Hg reaches the thermocline/intermediate waters via the solubility and biological pumps (e.g., [START_REF] Fitzgerald | Geochemistry of Mercury in the Environment[END_REF][START_REF] Mason | Mercury biogeochemical cycling in the ocean and policy implications[END_REF][START_REF] Lamborg | An examination of the role of particles in oceanic mercury cycling[END_REF][START_REF] Semeniuk | Development of a global ocean mercury model with a methylation cycle: Outstanding issues[END_REF]. The solubility pump advects Hg with water circulation, while the biological pump transports Hg to deep water with sinking biogenic debris after its adsorption/uptake by phytoplankton in the upper reaches of the water column. At thermocline/intermediate levels, inorganic Hg associated with particulate matter is partially dissolved during the remineralization of organic matter and used as a substrate by microorganisms for MeHg synthesis. Since direct atmospheric Hg deposition represents the principal source of inorganic Hg to the open ocean (e.g., [START_REF] Mason | Mercury biogeochemical cycling in the ocean and policy implications[END_REF][START_REF] Sonke | Mercury biogeochemistry: paradigm shifts, outstanding issues and research needs[END_REF], its rates of deposition and transport to thermocline/intermediate layer depths are, along with the intensity of microbial activity there, the primary control factors on Hg methylation.

Ultimately, these parameters control the exposition of the base of the aquatic food web to MeHg levels and thus constrain human contamination from seafood resources.

The Hg natural biogeochemical cycle has been disrupted by human activities for several millennia (e.g., [START_REF] Cooke | Over three millennia of mercury pollution in the Peruvian Andes[END_REF][START_REF] Elbaz-Poulichet | A 3500-year record of Hg and Pb contamination in a Mediterranean sedimentary archive (the Pierre Blanche Lagoon, France)[END_REF][START_REF] Mason | Mercury biogeochemical cycling in the ocean and policy implications[END_REF].

According to [START_REF] Amos | Legacy impacts of all-time anthropogenic emissions on the global mercury cycle[END_REF], simulations show that the present-day Hg concentration in the atmosphere is enriched by a factor of 2.6 relative to pre-industrial times (before ~1850 AD) and by a factor of 7.5 relative to natural levels. A recent critical review concludes that atmospheric Hg concentrations have risen by about 4.5 times above the level prevailing before 1450 AD [START_REF] Outridge | Updated global and oceanic mercury budgets for the United Nations Global Mercury Assessment 2018[END_REF], and that this increase has driven a 3-fold increase in the average deposition rates to the Earth's surface, which in turn has elevated Hg levels in oceanic waters. Mass balance calculations suggest that within the last century Hg increased by ~200% in the surface ocean, ~25% in subsurface waters, and ~10% in recently formed deep waters [START_REF] Mason | Mercury biogeochemical cycling in the ocean and policy implications[END_REF]. Modelling oceanic Hg changes in the last millennium (Zhang et al., 2014a and b) suggests a Hg increase by a factor of 4.4 in the ocean mixed layer, whereas the inventory of Hg has increased by 50 and 20% in the thermocline/intermediate and deep ocean, respectively. Using a different approach, Lamborg et al. (2014a) calculated that Hg concentrations have increased by 250%, 160% and 10% in surface, thermocline/intermediate, and deep waters. They argue that these 3 layers contain respectively 6%, 59% and 35% of total oceanic anthropogenic Hg. These figures are comparable with the values of 3% in surface, 52% at thermocline/intermediate depths, and 45% for the deep ocean estimated by Zhang et al. (2014b). For their part, [START_REF] Outridge | Updated global and oceanic mercury budgets for the United Nations Global Mercury Assessment 2018[END_REF], in their updated global and oceanic Hg budget, suggest that the oceanic Hg concentrations increased compared to natural level by a factor of 2.3 in surface waters and by only 12-25% in deeper layers. In addition, global Hg emissions, as well as the deposition rates, are geographically heterogeneous, and the time-trends of Hg change in oceanic waters are consequently geographically dependent [START_REF] Mason | Mercury biogeochemical cycling in the ocean and policy implications[END_REF]Lamborg et al. 2014b). For example, the waters of the Pacific Ocean show a Hg increase at depths between 200 and 1000 m during the last few decades, while such a trend is not observed from measurements for North Atlantic waters [START_REF] Mason | Mercury biogeochemical cycling in the ocean and policy implications[END_REF]. Irrespective of the uncertainties of these various estimates, all previously quoted studies converge in establishing that the anthropogenic emissions of Hg and subsequent oceanic loading have massively increased since the beginning of the industrial time. These anthropogenic perturbations will persist for years to centuries depending on the geographical position and oceanic layer concerned. An insight of the relative persistence of anthropogenic Hg can be derived from the residence times of Hg, which are roughly < 1 year in the mixed layer [START_REF] Soerensen | An Improved Global Model for Air-Sea Exchange of Mercury: High Concentrations over the North Atlantic[END_REF], ~120 years in the thermocline/intermediate layer, and ~2000 years in deep layers (Zhang et al., 2014b).

Observations in recent years of Hg concentrations in the atmosphere contrast with the long-term assessments. Indeed, the Hg concentrations in the troposphere of the northern hemisphere and the wet deposition have declined by ~35% during the 1990-2010 period [START_REF] Prestbo | Wet deposition of mercury in the US and Canada, 1996-2005: Results and analysis of the NADP mercury deposition network (MDN)[END_REF][START_REF] Slemr | Worldwide trend of atmospheric mercury since 1995[END_REF][START_REF] Muntean | Trend analysis from 1970 to 2008 and model evaluation of EDGARv4 global gridded anthropogenic mercury emissions[END_REF]. More specifically, a temporal decrease of Hg concentrations in the marine boundary layer of the North Atlantic atmosphere was observed during the same period [START_REF] Sprovieri | A review of worldwide atmospheric mercury measurements[END_REF][START_REF] Cole | Trends in long-term gaseous mercury observations in the Arctic and effects of temperature and other atmospheric conditions[END_REF][START_REF] Mao | Speciated mercury at marine, coastal, and inland sites in New England -Part 1: Temporal variability[END_REF][START_REF] Weigelt | Analysis and Interpretation of 18 years of mercury observations since 1996 at Mace Head, Ireland[END_REF]. [START_REF] Zhang | Observed decrease in atmospheric mercury explained by global decline in anthropogenic emissions[END_REF] reviewing the recent atmospheric data conclude that the decrease in atmospheric elemental Hg (Hg 0 ) concentrations ranges from 1.2 to 2.1 percent per year at northern midlatitudes, and that wet deposition fluxes follow these trends. Similar observations for the oceanic waters are lacking due to the sheer difficulty in obtaining an adequately long time series of quality Hg concentration data (in both precision and accuracy) Hg concentration data. For an example, a set of four measurements, obtained between 1980 and 2010, tends to suggest that surface concentrations in the North Atlantic have decreased since the 1980s (Fig. 4 in [START_REF] Driscoll | Mercury as a Global Pollutant: Sources, Pathways, and Effects[END_REF]. These data are obviously limited in their ability to provide a basis for sound conclusions. For instance, the compilation of a larger dataset collected in the water column of the North Atlantic Ocean near Bermuda (Fig. 4b in [START_REF] Mason | Mercury biogeochemical cycling in the ocean and policy implications[END_REF] conversely does not show a clear Hg decrease either at the surface or in intermediate or deep waters when early data (i.e., the samples collected in 1979 that may be poorly validated) are excluded. Mercury concentrations in the Eastern North Atlantic measured at the beginning of the 2000s [START_REF] Cossa | Total mercury in the water column near the shelf edge of the European continental margin[END_REF] and in 2014 during a GEOTRACES cruise (Cossa et al., 2018a) are difficult to compare because the data were obtained using different techniques for total Hg determination. Indeed, the former method (hydride formation) is different from the now validated bromine oxidation and tin chloride method (see Materials and Methods section) which is widely used and considered as the reference method by research programs and many national and international agencies. Nevertheless, this comparison suggests a decrease in Hg concentration in the Mediterranean waters in recent decades, which has also been argued by [START_REF] Rajar | Mass balance of mercury in the Mediterranean Sea[END_REF] by using data partially obtained by the hydride technique [START_REF] Cossa | The Distribution and Cycling of Mercury in the Western Mediterranean[END_REF]. Those decreases in the Mediterranean waters are consistent with the decrease of American and European Hg emissions [START_REF] Streets | Projections of global mercury emissions in 2050[END_REF][START_REF] Pirrone | Global mercury emissions to the atmosphere from anthropogenic and natural sources[END_REF]. However, bearing in mind the uncertainty associated with the accuracy of early data, the observed decreasing trend and its magnitude is questionable. Despite these trends in marine waters being expected and predicted by modelling [START_REF] Sunderland | Human impacts on open ocean mercury concentrations[END_REF][START_REF] Soerensen | Multi-decadal decline of mercury in the North Atlantic atmosphere explained by changing subsurface seawater concentrations[END_REF], they need to be confirmed by unambiguous field data acquired using consistent sampling and analytical techniques. Tentatively, a decrease by 30% in Hg concentrations is observed when using the same sampling procedure and analytical method in the North Atlantic (GEOTRACES GA-01 transect conducted in June 2014) between a recently formed core (1-3 years) of the Labrador Sea Water (LSW) and a core of LSW of 20 years old (Cossa et al. 2018a). Thus, additional field measurements are still clearly needed to actually observe and confirm the probable but still hypothetical decrease in Hg burden of the North Atlantic Ocean, both on a regional and seasonal basis. This latter is all the more important since biological pumping and net Hg deposition rates are geographically variable [START_REF] Mason | Mercury biogeochemical cycling in the ocean and policy implications[END_REF][START_REF] Mason | The air-sea exchange of mercury in the low latitude Pacific and Atlantic Oceans[END_REF].

The Hg transfer at depth by biological pumping and Hg residence time at thermocline/intermediate layers of the global ocean (~120 years) suggest that these oceanic layers are the most suitable for investigating possible effects of changes in Hg deposition over scale of a century. In addition, the upper layers of the North Atlantic and the entire water column of the Western Mediterranean are also suitable water masses for studying decadal environmental changes, since their residence time are of the order of two decades [START_REF] Cunningham | Circulation and volume flux of the North Atlantic using synoptic hydrographic data in a Bernoulli inverse[END_REF][START_REF] Béthoux | Nutrient, Oxygen and Carbon Ratios, CO 2 Sequestration and Anthropogenic Forcing in the Mediterranean Sea[END_REF][START_REF] Schneider | Changes in ventilation of the Mediterranean Sea during the past 25 year[END_REF].

In this context, we are herein reporting the results of Hg determinations in the water column, obtained during oceanographic cruises conducted on both sides of the Strait of Gibraltar over the last 25 years using similar sampling and analytical techniques. The water column west of Gibraltar is included in the Subtropical North Atlantic Gyre (STG), which is one of the main features of North Atlantic circulation, and which anticyclonically links the Gulf Stream to the North Equatorial Current. The STG is a region where subtropical and recently ventilated waters mix, leading to an overturning of North Atlantic circulation [START_REF] Carracedo Segade | Quasi-synoptic transport, budgets and water mass transformation in the Azores-Gibraltar Strait region during summer 2009[END_REF]. The water column east of Gibraltar, the so-called Alboran Sea, contains the typical water masses of the Western Mediterranean [START_REF] Millot | Large warming and salinification of the Mediterranean outflow due to changes in its composition[END_REF]Garcia-Lafuente et al., 2017) characterized by high salinity values due to evaporation which exceeds precipitation reaching its maximum, particularly during summer. The Alboran Sea constitutes the reservoir of Mediterranean outflow to the North Atlantic through the Strait of Gibraltar. The objective of our study is answering the question: whether or not the decrease in atmospheric Hg concentrations at northern midlatitudes, at the turn of the century, has had a measurable impact on the Hg content of the water column of Northeast Atlantic and Western Mediterranean both sides of the Strait of Gibraltar. We show that a significant decrease in Hg concentrations occurs, between 1989 and 2012, in the upper and intermediate oceanic waters on both sides of the Strait of Gibraltar. Water samples were collected using the most state-of-the-art techniques for ultra-trace Hg sampling and analysis that were available at the time of the cruises [START_REF] Gill | Mercury sampling of open ocean waters at the picomolar level[END_REF][START_REF] Cossa | An international intercomparison exercise for total mercury in seawater[END_REF][START_REF] Mason | The distribution and biogeochemistry cycling of mercury in the Equatorial Pacific Ocean[END_REF][START_REF] Yoon | Distribution of Zn Concentrations in the Western Mediterranean Sea and its Influence on the North East Atlantic Ocean[END_REF]Lamborg et al., 2012). During ALMOFRONT-I and MEDATLANTE-II cruises, stainless-steel rosette frame and hydrowire were deployed with acid-cleaned, Teflon-coated Go-Flo bottles (General Oceanics), whereas, during FENICE cruise, Niskin bottles (General Oceanics) placed on an epoxy-coated rosette and hung on a stainless steel hydrowire were used. During all three cruises, the rosettes were equipped with sensors for salinity, temperature, dissolved oxygen, and optical transmission. Samples for HgT determinations were treated and measured on board from sub-samples, using identical procedures in clean lab-vans (Class 100000-ISO8 equipped with Class 100-ISO5 laminar flow hoods). Samples were withdrawn from sampling bottles into acid-cleaned Teflon bottles (FEP), then stored acidified (Ultrapur HCl, 0.4% v/v) until analysis, which was always performed within the next 12 hours. In order to determine operationally defined total mercury (HgT) in the sample, Hg was released from its ligands and alkyl moieties through oxidation with BrCl. Dissolved, oxidized Hg was reduced to its Hg vapor with an acidic SnCl 2 solution. This technique, initially proposed by [START_REF] Bloom | Determination of Mercury in Seawater at Subnanogram per Liter Levels[END_REF], is now known as the US-EPA standard method N° 1631 (EPA, 2002). For our analyses, the Hg vapor is purged using Ar and amalgamated on a gold trap, then released by thermal desorption into an atomic fluorescence spectrometer (Merlin, PSA in 1989-91, and Tekran, Model 2500in 2012). The detailed procedure for 1989-91 analyses is given by [START_REF] Courau | Dosage du mercure minéral dissous[END_REF], and by Cossa et al. (2018b) for 2012 analyses. The differences between cruises are the following: in 1989-91, 125 mL of seawater sample was oxidized with the bromide present in the seawater by the addition of 0.25 mL of a 0.04 mol L -1 potassium permanganate solution, then the Hg was reduced with 1 mL of a 0.05 M SnCl 2 solution. In 2012, the 100mL seawater subsample was oxidized with the addition of 0.1 mL of a 0.2 M BrCl solution, and Hg reduction was achieved by 0.2 mL of a 1 M SnCl 2 solution. The detection limit, defined at three times the standard deviation of six blank measurements, was 0.2 pmol L -1 and 0.1 pmol L -1 in 1989-91 and 2012, respectively. The reproducibility, defined as the coefficient of variation of six replicate samples, was 15% in 1989-91, and 12% in 2012. In 2012, the accuracy of Hg measurements was verified using the ORMS-4 certified reference material (CRM) from the National Research Council of Canada. Our measurements were always within the confidence limits given for the CRM. No CRM was commercially available at the time of MEDATLANTE-II and ALMOFRONT-I cruises, but accuracy was checked using two independent Hg standard solutions. Easily-reducible Hg (often called "reactive Hg", HgR) was also systematically measured on board. The data, not reported here, allowed the calculation of the mean HgR/HgT ratio, which was used to estimate the six missing HgT values (see SI 1). The quality of the analytical measurements was ensured by the use of the cleaning procedures for sampling and sample treatment that are recommended by [START_REF] Gill | Mercury sampling of open ocean waters at the picomolar level[END_REF], [START_REF] Mason | The distribution and biogeochemistry cycling of mercury in the Equatorial Pacific Ocean[END_REF] and more recently by the GEOTRACES program, and by the rapidity of the onboard determinations after sampling. The capability of the two laboratories (LOV-CNRS and IFREMER) for producing high-quality ultratrace measurements is shown by the results of their participation in most of the Hg intercomparison exercises for the aquatic environments over the last 25 years (e.g., [START_REF] Cossa | An international intercomparison exercise for total mercury in seawater[END_REF][START_REF] Lamborg | An intercomparison of procedures for the determination of total mercury in seawater and recommendations regarding mercury speciation during GEOTRACES cruises[END_REF].

Material and Methods

Samples

Results and Discussion

Water masses and biogeochemical context

West of Gibraltar, temperature and salinity distributions at Sta. 6A (1989) andSta. 6B (2012) are given in SI (Fig. S1a andb). The temperature versus salinity (T-S) graphs (Fig. 2) allow the same water masses to be identified during the two cruises; the presence of these water masses is well documented in this STG region (e.g., [START_REF] Pérez | Meridional overturning circulation conveys fast acidification to the deep Atlantic Ocean[END_REF]. Listing them from surface to bottom: (i) the surface (mixed) layer, (ii) the North East Atlantic Central Water (NEACW), (iii) the North East Atlantic Deep Water (NEADW) and (iv), at the bottom, the Lower Deep Water (LDW). The NEACW in the STG is composed of different mode waters including Mediterranean Water (MW) and Subpolar Mode Waters (SPMW), which both are clearly identified on the T-S graph in Figure 2 by high and low salinities, respectively [START_REF] Mccartney | Recirculating components to the deep boundary current of the northern North Atlantic[END_REF][START_REF] Tsuchiya | An eastern Atlantic section from Iceland southward across the equator[END_REF]. The presence of MW is clearly identified by the salinity maximum located between 800 and 1250 m (SI, Fig. S1). The salinity variations along the Sta. 6A profiles testify to the presence of MW escaping the Strait of Gibraltar. Salinity (herein Sp) is defined using the practical salinity scale from rosette sensor data.

Using salinity of 35.5 and 38.5 Sp for the Atlantic and Mediterranean end-members, the proportions of MW at Sta. 6A varied around 25% in 1989 (MEDATLANTE-II cruise).

According to [START_REF] Yoon | Distribution of Zn Concentrations in the Western Mediterranean Sea and its Influence on the North East Atlantic Ocean[END_REF], who described zinc distribution from the same cruise, the salinity maximum (36.37 Sp) corresponded to 32% of MW. At Sta. 6B occupied during the FENICE cruise (2012), the MW proportion reached 28% at the salinity maximum. There, the NEADW is underlain by the bottom layer constituted by LDW, which is a warmed Antarctic Bottom Water (AABW) coming from the Southern Ocean (Fig. 2). This deepest water mass contains very low chlorofluorocarbon (CFC's) concentrations, which attest for its preindustrial atmospheric imprint [START_REF] Rhein | Labrador Sea water: Pathways, CFC Inventory, and Formation Rates[END_REF] and a Hg inventory attributable to the Hg solubility pump. During the MEDATLANTE-II cruise (1989), the soluble reactive phosphorus (SRP) distribution varied from 0.01 to 1.23 µmol L -1 between the surface and 2000 m. The vertical profiles exhibited the typical pattern for this region with concentrations increasing rapidly from surface to 500-600 m, then decreasing slightly. The MW was located between 800 and 1200 m (SI, Fig. S2a). At deeper depths, SRP concentrations continued to increase at slower rates. During the FENICE cruise, at Sta. 6B, nutrient concentrations were not measured.

As a proxy for SRP, we use remineralized phosphate (P rem ) calculated from the Apparent Oxygen Utilization (AOU) divided by a 141 Redfield ratio [START_REF] Minster | Redfield ratios along isopycnal surfaces -a complementary study[END_REF], suggesting P rem varied from 0.49 to 1.22 µmol L -1 . The concentration range and shape of the vertical profiles (SI, Fig. S2b) were similar during both the 1989 and 2012 cruises, suggesting that the biogeochemical conditions affecting Hg remobilization remained relatively unchanged during the 1989-2012 period.

In the Western Mediterranean Sea, the following water masses are from top to bottom: the modified Atlantic waters (MAW), the Levantine Intermediate Water (LIW), the Winter Intermediate Water (WIW), and the Western Mediterranean Deep Water (WMDW) [START_REF] Millot | Large warming and salinification of the Mediterranean outflow due to changes in its composition[END_REF]Garcia-Lafuente et al., 2017). The LIW, identified by a salinity maximum, is formed in the Eastern Mediterranean basin, while the WIW, identified by a temperature minimum, is formed along the continental shelf of the North Western Mediterranean basin.

Finally, the WMDW is both the densest and coldest water present in the basin. The hydrological structures found during the ALMOFRONT-I (1991) and FENICE (2012) cruises were typical of the Alboran Sea [START_REF] Tintoré | A Study of an Intense Density Front in the Eastern Alboran Sea: The Almeria-Oran Front[END_REF][START_REF] Béthoux | Nutrient, Oxygen and Carbon Ratios, CO 2 Sequestration and Anthropogenic Forcing in the Mediterranean Sea[END_REF]. In addition, the ALMOFRONT-I conditions were given in detail by [START_REF] Prieur | ): an interdisciplinary study of the Almeria-Oran geostrophic front, SW Mediterranean Sea[END_REF] During the FENICE cruise, the T-S graph of Stas. 4 and 7 exhibited the same hydrological structure with the presence of MAW, WIW-LIW, and WMDW. In addition, surface temperatures of 18-25 °C showed the extension of summer surface stratification (FENICE cruise) that was not observed in spring (ALMOFRONT-I cruise). In the Alboran Sea, phosphorus concentrations varied from low values in surface waters to P rem of 0.5 µmol L -1 in 1991. In 2012, P rem also reached 0.6 µmol L -1 in deep waters. Vertical dissolved phosphorus profiles are shown (Fig. S4, SI). The P rem data obtained in 2012 (FENICE cruise) were calculated from the AOU divided by a factor of 237, the specific Redfield ratio for the Western Mediterranean due to the P limitation of this oceanic region [START_REF] Béthoux | Nutrient, Oxygen and Carbon Ratios, CO 2 Sequestration and Anthropogenic Forcing in the Mediterranean Sea[END_REF].

Mercury distributions

West of Gibraltar, in the Eastern North Atlantic, HgT concentrations measured in 1989 (Sta. 6A) varied from 0.21 to 1.07 pmol L -1 (Fig. 4). They ranged from 0.21 to 0.75 pmol L -1 in the surface layer, and increased from 0.21 at 40 m to ~1 pmol L -1 at 500 m within the SPMW, characterized by low temperature and salinity, and by peaking phosphorus levels (Fig. S1 and S2, SI). Below this depth, the profile showed a small Hg peak between 1000 and 1200 m. This relative maximum corresponds to the water layer (open circles in Fig. 4) where high salinity and low nutrients indicate the highest proportion of MW (Fig. SI,S1). Below 1200 m, the HgT levels were relatively less variable and ranged between 0.95 and 1.07 pmol L -1 in the NEADW and LDW. In comparison, HgT concentrations measured in 2012 (Sta. 6B) varied within a similar range, from 0.19 to 0.95 pmol L -1 . However, the concentrations were clearly lower in the NEACW (Fig. 4). The presence of MW at ~1000 m comes with a small inflexion in the HgT profile (open circles in Fig. 4). At greater depths (>3000 m), HgT concentrations, obtained in 1989 and 2012, were converging to a mean value of 0.96 ± 0.04 pmol L -1 reached within the LDW. Since LDW results from the mixing of AABW with North Atlantic Deep waters during its northward transit, its relatively high mean HgT concentration is consistent with the elevated concentrations found recently (2014) in the lower NEADW during the GEOTRACES GA-01 transect (1.04 ± 0.02 pmol L -1 according to Cossa et al., 2018a) and at the source of AABW in the Southern Ocean in 2008 (1.35 ± 0.31 pmol L -1 ) [START_REF] Cossa | Mercury in the Southern Ocean[END_REF]. It can be surprising that, at depth as deep as 2500 m, HgT concentrations may have changed in a 20-years period. West of Gibraltar, NEADW spread down to 3000 m (Fig. 4). According to [START_REF] García-Ibáñez | Structure, transports and transformations of the water masses in the Atlantic Subpolar Gyre[END_REF], the water mass present at 3000 m is composed of 50-60% of LDW (called by these authors "lower-NEADW" or NEADWL) and similar proportions (20-25%) of LSW (Labrador Sea water) and ISOW (Island Scotland Outflow water). With a ventilation age of more than 150 years, NEADWL cannot contain recent anthropogenic Hg from the solubility pump.

Conversely, LSW and ISOW, which are younger than 20 years [START_REF] Doney | A comparison of ocean tracer dating techniques on a meridional section in the eastern North Atlantic[END_REF], may have undergone changes in the Hg incorporation within the 1989-2012 period. Furthermore, in the layer of NEADW between 3000 and 2500 m the proportion of NEADWL is decreasing to 40% and at 2000 m it is less than 20%, whereas, parallelly, the proportion of the younger LSW is increasing up to 60%. Thus, a HgT change down to 2500-3000 m, at this place of the Northeast Atlantic Ocean within the 1989-2012 period, is rational.

East of Gibraltar, in the Alboran Sea (Fig. 1), HgT concentrations measured in 1991 varied from 1.28 to 2.44 pmol L -1 in the MAW, with an average of 1.71 pmol L -1 . They reached values higher than 2 pmol L -1 in the WIW, and averaged 1.42 and 1.32 pmol L -1 in the LIW and WMDW, respectively (Fig. 5). On the other hand, HgT concentrations measured in 2012 were clearly lower for the same water masses (0.33 to 0.96 pmol L -1 ). Interestingly and in contrast to 1991, the lowest values in the subsurface waters were associated with the MAW probably as results of photoreduction and evaporation of Hg volatile species, whereas the highest were observed at depth (Fig. 5).

Time trends in Hg concentrations

Simple calculations can be done to estimate the temporal decrease of HgT concentration from direct comparison of the vertical profiles obtained in 1989, 1991and 2012 (Figs. 4 and 5) (Figs. 4 and 5).

West of Gibraltar, the amplitude of the Hg decrease diminished with depth. It ranges from ~50% in SPMW/NEACW to ~40% in MW/NEACW and ~35% in the upper NEADW. This last estimate is consistently similar to the 30% decline of Hg mean concentration observed in the core of LSW during the last 20 years (Cossa et al., 2018a). Below, in the aged LDW, no HgT change seems to have occurred between 1989 and 2012. East of Gibraltar, the observed decrease is ~30% in the herein sampled WMDW.

Another way to estimate the Hg decrease in the last 20 years that may reveal changes in the biogeochemical context, is to look at changes in the Hg/nutrient ratios. Indeed, Hg is thought to exhibit a nutrient-like behaviour in the North Atlantic Ocean [START_REF] Cossa | Total mercury in the water column near the shelf edge of the European continental margin[END_REF]2018a;Lamborg et al., 2014b;[START_REF] Bowman | Mercury in the North Atlantic Ocean: The U.S. GEOTRACES zonal and meridional sections[END_REF]. This is confirmed by the statistically significant correlations between Hg and SPR or P rem concentrations in both the 1989 and 2012 cruises west of Gibraltar (R 2 = 0.94 and 0.92, respectively, Fig. 6a). The regression coefficient calculated with 2012 data from Sta. 6B is 0.87 µmol Hg /mol P based on an AOU/P rem of 141 [START_REF] Minster | Redfield ratios along isopycnal surfaces -a complementary study[END_REF], and it is 1.05 µmol Hg /mol P if AOU/P rem is 171 according to Lamborg et al. (2014b). This latter value is similar to that obtained for oceanic water not suspected of containing anthropogenic Hg, namely 1.02 ± 0.03 µmol Hg /mol P (Lamborg et al., 2014b). The regression slope obtained in 1989 was lower (0.57 µmol Hg /mol P based on an AOU/P rem of 141, or 0.69 µmol Hg /mol P if AOU/P rem is 171) reflecting Hg-enrichment in P-poor surface water (Fig. 6a). According to the Lamborg et al. ] -0.07 (see discussion in the Supplementary Information section in Lamborg et al.'s paper). The nutrient-like behavior of Hg means that a large fraction of surface Hg is drawn down to the ocean interior by sinking particles, where it is released as a result of organic matter microbiological remineralization, according to the well-known biological pumping/regeneration process [START_REF] Sigman | The biological pump in the past[END_REF]. East of Gibraltar, during the FENICE cruise in 2012, the Hg versus P rem relationships were also statistically significant (R 2 = 0.95 and 0.76 at Stas 4 and 7, respectively, Fig. 6b). In contrast, during the ALMOFRONT-I cruise in 1991, the absence of a significant Hg versus SRP relationship (Fig. 6b) illustrated the fact that the major Hg enrichment at Stas. 63-65 was especially elevated in surface waters (Fig. 5). Normalized to common P concentrations, the Hg concentration decrease between 1991 and 2012 in the east of Gibraltar ranges ~38% for WMDW (for P = 0.6 µmol L -1 ). West of Gibraltar, the P-normalized Hg decrease between 1989 and 2012 is ~30% at 1000 m (for P = 1.2 µmol L -1 ) (i.e., in the MW/NEACW) increasing up to >50% in the subsurface water (i.e., upper SPMW/NEACW) (for P = 0.6 µmol L -1 ).

It is interesting to note the contrasting situation which exists for deep waters east and west of Gibraltar. In the Alboran Sea, the Hg decrease is 30-38% in ~20 years old WMDW (Bethoux et al., 2005;[START_REF] Schneider | Changes in ventilation of the Mediterranean Sea during the past 25 year[END_REF], whereas, on the Atlantic side of Gibraltar Strait, the HgT concentration did not vary in the LDW between 1989 and 2012 (Fig. 4). This is entirely consistent with the pre-industrial age of these deepest oceanic waters. Furthermore, the Hg decrease between1989 and 2012 west of Gibraltar appears to be smaller for the oldest waters (NEADW) than that for younger ones (SPMW/NEACW). This result is consistent with the smaller decrease (30%) of the anthropogenic Hg fraction modeled in the deep waters of the North Atlantic at 35°N compared to that modeled at shallower depths (70%) (e.g., OFFTRAC-GEOS-Chem model; Zhang et al., 2014b). A minor part of the temporal decline in Hg concentrations in the intermediate waters of the North Atlantic between 1989 and 2012 might be attributed to the reduced efficiency of the biological pump, since the oceanic primary production of North and Central Atlantic has slightly (-7%) decreased since the early1980s [START_REF] Gregg | Ocean primary production and climate: Global decadal changes[END_REF]. The dramatic drop of Hg concentrations actually observed in intermediate waters likely reflects the reduction in Hg deposition over the North Atlantic region over time [START_REF] Soerensen | Multi-decadal decline of mercury in the North Atlantic atmosphere explained by changing subsurface seawater concentrations[END_REF][START_REF] Weigelt | Analysis and Interpretation of 18 years of mercury observations since 1996 at Mace Head, Ireland[END_REF]. Indeed, this trend follows the temporal decline in Hg emission inventories for the Eastern United States of America since the mid-1990's years (Zhang et al., 2014b). Such decrease has already been observed in the North Western Atlantic near Bermuda but in sub-surface waters [START_REF] Mason | Mercury biogeochemical cycling in the ocean and policy implications[END_REF]Lamborg et al., 2014b). Additionally, recent Hg measurements performed in the water column of the North Eastern Atlantic in 2010 (GA-03 section) and 2014 (GA-01 section) (Fig. 4; [START_REF] Bowman | Mercury in the North Atlantic Ocean: The U.S. GEOTRACES zonal and meridional sections[END_REF]Cossa et al., 2018a) indicate, together with our dataset, that Hg concentrations have been declining between 1989 (Sta. 6A), 2010 (e.g., 0.68-0.89 pmol L -1 at Sta. 5) and 2012 (Sta. 6B) in the core of NEADW. Conversely, no significant decrease is observed between 2012 (Sta. 6B) and 2014 (Sta. 13), since HgT concentration ranges and distribution at depth were similar at both years (Fig. 4).

In the Alboran Sea, sources of Hg are (i) Atlantic waters inflowing the Mediterranean in surface, (ii) direct atmospheric deposition, and (iii) WIW, LIW and WMDW from the Western Mediterranean at depth. As discussed above, the Atlantic surface waters, sampled west of Gibraltar, show a decline in their Hg content (>50%) between 1989 and 2012. Thus, the influx of Hg from the Atlantic toward the Mediterranean is weakening with time. In addition, Alboran Sea waters are influenced by riverine metal sources (the minecontaminated Tinto-Odiel-Huelva riverine system) inflowing the Gulf of Cadiz (van Geen et al., 1991). In the case of Hg, the concentrations were elevated in those rivers (up to 330 pmol L -1 in the Odiel River), and in the surface waters of the Gulf of Cadiz, the average dissolved Hg concentration was 2.9 ± 0.9 pmol L -1 in 1997-98 [START_REF] Cossa | Mercury in the Tinto-Odiel Estuarine System (Gulf of Cadiz, Spain): Sources and Dispersion[END_REF]. In 2012, during the 2012 FENICE cruise, dissolved Hg concentrations in the Gulf of Cadiz averaged only 0.55 ± 0.17 pmol L -1 (Knoery, unpublished). This decrease in Hg content in the Gulf of Cadiz surface waters may have contributed to the Hg decrease in the MAW entering the Alboran Sea. The direct Hg atmospheric deposition on the Alboran Sea has not been estimated.

However, an atmospheric record of CO, O 3 and Hg across the Western Mediterranean and the Northeastern Atlantic (April 2012) indicates an Hg peak in the troposphere at Gibraltar, probably due to the densification of maritime traffic and industrialization at the Strait (Marusczak et al.,unpublished,Fig. S5,SI). At depth, the Hg concentrations in WMDW have been found to be enriched during the winter water convection occurring in the Gulf of Lions and the adjacent gyre (Cossa et al., 2018b). The efficiency of the convection, which governs the Hg export at depth and its further exportation to the adjacent Northeast Atlantic, is variable from year to year, driven by the intensity of winter cooling of surface water (Marty and Chiaverini, 2010;[START_REF] Heimbürger | Temporal variability of vertical export flux at the DYFAMED timeseries station (Northwestern Mediterranean Sea)[END_REF][START_REF] Macias | Deep winter convection and phytoplankton dynamics in the NW Mediterranean Sea under present climate and future (horizon 2030) scenarios[END_REF]. Furthermore, the Hg export to the Atlantic (i.e., the "Hg clearing rate" of the Mediterranean Sea) may have increased since the vertical export flux capacity seems to have increased since 1999 (Marty and Chiaverini, 2010).

Conclusions

Our work reveals that the decrease in atmospheric Hg concentrations, observed at the turn of the century in northern mid-latitudes, has had a measurable impact on the Hg content of oceanic waters. We showed that, using identical sampling and analytical techniques during four oceanographic cruises on both sides of the Strait of Gibraltar, Hg concentrations have significantly decreased between 1989 and 2012. West of Gibraltar, the Hg decrease ranges from ~35% in the upper NEADW to ~50% in the NEACW. East of Gibraltar, the observed decrease is ~30% in the WMDW. In contrast, no change was observed in the deepest waters (>3000 m) whose ventilation age exceeds 150 years, i.e. waters formed prior the industrial era. These results corroborate the predicted decreasing Hg concentration trends in North Atlantic waters (e.g., [START_REF] Sunderland | Human impacts on open ocean mercury concentrations[END_REF] as well as the expected decline in the Mediterranean Sea (Radjar et al., 2007). Our results suggest that regulations to reduce anthropogenic Hg emissions, starting with the 1970 US Clean Air Act to the more recent 2017 International Minamata Convention (UNEP, 2013), have had a positive effect on Hg contamination in parts of the marine environment. Abated anthropogenic Hg emissions decrease the Hg influx to the marine environment, its subsequent entrapment in the ocean's interior, and its availability for the formation of the toxic MeHg which biomagnifies through marine food webs. All other factors governing Hg methylation and bioaccumulation being equal, our results suggest that Hg bioavailability to Northeastern Atlantic and Western Mediterranean pelagic ecosystems, including edible fish species, is likely to have decreased between the two decades straddling the new millennium. A declining-trend in Hg levels in fish tissue in North American lakes over the period 1972-2016 has recently been demonstrated [START_REF] Grieb | An assessment of temporal trends in mercury concentrations in fish[END_REF], but in many cases the temporal trends in aquatic biota do not parallel changes in atmospheric concentrations and processes other than Hg concentrations must control MeHg bioaccumulation [START_REF] Wang | How closely do mercury trends in fish and other aquatic wildlife track those in the atmosphere? -Implications for evaluating the effectiveness of the Minamata Convention[END_REF]. Hence, more information must be gathered to elucidate these complex processes, especially in marine environments. 
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 2 Figure 2. Salinity-Temperature graphs in the water column West of Gibraltar at Stas. 6A and 6B during the MEDATLANTE-II and FENICE cruises. NEACW: North East Atlantic Central Water; NEADW: North East Atlantic Deep Water; LDW: Lower Deep Water; SPMWs:
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 3 Figure 3. Salinity-Temperature graphs in the water column East of Gibraltar at Stas. 63, 65, 4 and 7 during the ALMOFRONT-I and FENICE cruises. Modified Atlantic Water; WIW: Winter Intermediate Water; LIW: Levantine Intermediate Water; WMDW: Western Mediterranean Deep Water.
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 4 Figure 4. Concentration profiles of total Hg (HgT) West of Gibraltar at Sta. 6A (FENICE cruise), Sta. 6B (MEDATLANTE-II cruise), Sta. 5 (31°N; 22°W, GEOTRACES GA-03 cruise), Sta. 13 (41°23'N; 13°53'W, GEOTRACES GA-01 cruise). Open marks correspond to salinity maxima due to the presence of the maximum proportion (≤ 25%) of Mediterranean waters (MW) along with the profile. NEACW: North East Atlantic Central Water; NEADW: North East Atlantic Deep Water; LDW: Lower Deep Water.
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 5 Figure 5. Concentration profiles of total Hg (HgT) east of Gibraltar at Stas. 36, 63 and 65 (ALMOFRONT-I cruise), and Stas. 4 and 7 (FENICE cruise). MAW: Modified Atlantic Water; WIW: Winter Intermediate Water; LIW: Levantine Intermediate Water; WMDW: Western Mediterranean Deep Water.
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 6 Figure 6. Relationships between concentrations of total Hg (HgT) and soluble reactive phosphorus (SRP) or remineralized phosphorus (P rem ). (a) West of Gibraltar at Stas. 6A and 6B, (b) east of Gibraltar at Stas. 4 and 7.
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 S2S3S4S5 Figure S2. West of Gibraltar. Soluble Reactive phosphorus (SRP) and remineralized phosphorus (Prem) and nitrate (NO3) and remineralized nitrogen (Nrem) profiles during the (a) MEDATLANTE-II cruise (1989) at Stas. 749, 760 and 772 closed to Sta. 6A, and during the (b) FENICE cruise (2012) atSta 6B. The Redfield ratios used for Prem/Nrem/AOU are 1/17/141 according toMinster and Boulhadid (1987).
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