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Occurrence, loading and exposure of atmospheric particle-bound POPs at the African and European edges of the western Mediterranean Sea.

Introduction

Atmospheric particulate matter has been recognized as a major environmental airborne pollutant impacting human health and ecosystems. [START_REF] Who | Health Aspects of air Pollution. Results from the WHO Project "Systematic Review of Health Aspects of air Pollution in Europe[END_REF] A recent study performed in the Mediterranean Sea supports the hypothesis that atmospheric aerosols can elicit a number of toxic effects in marine organisms due to the presence of hydrophobic contaminants intimately associated to the atmospheric particle phase. [START_REF] Mesquita | Toxicity assessment of atmospheric particulate matter in the Mediterranean and Black Seas open waters[END_REF] High molecular weight (HMW) polycyclic aromatic hydrocarbons (PAHs) and generally persistent organic pollutants (POPs) such as polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) and polychlorinated biphenyls (PCBs) are among the contaminants suspected to produce these hazardous effects. [START_REF] Mesquita | Toxicity assessment of atmospheric particulate matter in the Mediterranean and Black Seas open waters[END_REF] In addition, POPs associated to the atmospheric particle phase can be more resistant to atmospheric degradation processes (e.g. photodegradation) increasing therefore their atmospheric residence times, subsequent long-range atmospheric transport (LRAT) and potential expossure. [START_REF] Mesquita | Toxicity assessment of atmospheric particulate matter in the Mediterranean and Black Seas open waters[END_REF] A first step in order to elucidate the potential role of particle-bound POPs in toxic pathways and to estimate their atmospheric dry deposition, considered as the main vector for the introduction of the most hydrophobic contaminants in aquatic ecosystems, is their accurate qualitative (congener specific distribution) and quantitative (environmental concentration) determinations in the atmospheric aerosol. The legacy PCDD/Fs and PCBs may lead to complex mixtures in the environment. However, the seventeen 2,3,7,8-chlorine substituted PCDD/Fs (i.e. seven PCDDs or "dioxins" + ten PCDFs or "furans") and the twelve dioxin-like PCBs ( DL PCBs) named CBs-81, -77, -105, -114, -118, -123, -126, -156, -157, -167, -169, -189, jointly considered as dioxin-like pollutants, have received most of the attention due to their accumulation and toxic effects in biota and humans. [START_REF] Safe | Polychlorinated biphenyls (PCBs) and polybrominated biphenyls (PBBs): biochemistry, toxicology and mechanism of action[END_REF][START_REF] Safe | Polychlorinated biphenyls (PCBs), dibdenzo-p-dioxins (PCDDs), dibenzofurans (PCDFs) and related compounds: environmental and mechanistic considerations which support the development of toxic equivalency factors (TEFs)[END_REF][START_REF] Van Den Berg | A source inventory and budget for chlorinated dioxins and furans in the United Kingdom environment[END_REF][6] In addition, a set of non-dioxin-like PCBs, commonly referred as indicator PCBs ( ID PCBs), containing CBs-28, -52, -101, -138, -153 and -180 are often monitored due to their higher environmental concentrations and potential toxic effects by different mechanisms of action. [7][8][9] Other POPs with recognized toxicity too, such as polybrominated diphenyl ethers (PBDEs) can add up to the "contaminantaerosol cocktail". 10,11 These pollutants have different sources in the environment.

PCDD/Fs can occur as unintentional by-products in a number of industrial processes and domestic heating, 12,[START_REF] Bruzy | Global mass balance for polychlorinated dibenzo-p-dioxins and dibenzofurans[END_REF] while current emissions of PCBs are urban/industrial centers, open burning of products containing PCBs, waste incinerations, accidental fires and revolatilization from environmental reservoirs. [START_REF] Nizzetto | Present, and Future Controls on Levels of Persistent Organic Pollutants in the Global Environment[END_REF][START_REF] Breivik | Towards a global historical emission inventory for selected PCB congeners -a mass balance approach: 2[END_REF] PBDE were mostly used (and still used in some regions) as flame retardants and, contrary to PCDD/Fs and PCBs, are considered as a first generation of "emerging contaminants" (only recently restricted).

Three PBDE commercial formulations were extensively used worldwide: the pentaformulation (with predominance of BDE-47 and -99), the octa-BDE (with PBDE-183 as one of the major components) and the deca-BDE (with BDE-209 predominating). 16 These contaminants are globally banned by the Stockholm Convention of POPs (including all PBDE formulations) and regulated by the Water and Marine Strategy

Framework Directives at European level (except for the octa-and deca-PBDE formulations). However, still very little or no information exists on current base line levels and stocks for many marine areas, even in environments under important anthropogenic pressure like the Mediterranean Sea. This semi-enclosed environment of high ecological and socio-economic relevance is largely impacted by POPs and related contaminants. 17,18,19 PCDD/Fs, PCBs and PBDEs are among the POPs found in the atmospheric compartment from various NW Mediterranean coastal environments (from rural to large cities), [START_REF] Valle | Estimation of PCDD/F distribution and fluxes in the Venice Lagoon, Italy: Combining measurement and modelling approaches[END_REF][START_REF] Jaward | Passive air sampling of PCBs, PBDEs and organochlorine pesticides across Europe[END_REF][START_REF] Castro-Jiménez | PCDD/F and PCB multi-media ambient concentrations, congener patterns and occurrence in a Mediterranean coastal lagoon (Etang de Thau, France)[END_REF][START_REF] Castro-Jiménez | Atmospheric concentrations, occurrence and deposition of persistent organic pollutants (POPs) in a Mediterranean coastal site (Etang de Thau, France)[END_REF][START_REF] Mari | Air concentrations of PCDD/Fs, PCBs and PCNs using active and passive air samplers[END_REF][START_REF] Gambaro | Organic micropollutants in wet and dry depositions in the Venice Lagoon[END_REF][START_REF] Garcia-Flor | Surface waters are a source of polychlorinated biphenyls to the coastal atmosphere of the North-Western Mediterranean Sea[END_REF] and the central/Eastern basin [START_REF] Mandalakis | Study of atmospheric PCB concentrations over the eastern Mediterranean Sea[END_REF][START_REF] Mandalakis | Mass budget and dynamics of polychlorinated biphenyls in the eastern Mediterranean Sea. Global biogeochem[END_REF][START_REF] Mandalakis | Particle-size distribution and gas/particle partitioning of atmospheric polybrominated diphenyl ethers in urban areas of Greece[END_REF][START_REF] Iacovidou | Occurrence and diurnal variation of polychlorinated biphenyls and polybrominated diphenyl ethers in the background atmosphere of Eastern Mediterranean[END_REF][START_REF] Mosca | Evaluation of a simultaneous sampling method of PAHs, PCDD/Fs and dl-PCBs in ambient air[END_REF][START_REF] Lammel | Air and seawater pollution and air-sea gas exchange of persistent toxic substances in the Aegean Sea: spatial trends of PAHs, PCBs, OCPs and PBDEs[END_REF][START_REF] Pozo | Assessing persistent organic pollutants (POPs) in the Sicily Island atmosphere, Mediterranean, using PUF disk passive air samplers[END_REF] , but also farther from the coast in the entire Mediterranean Sea. [START_REF] Iwata | Distribution of persistent organochlorines in the oceanic air and surface seawater and the role of ocean on their global transport and fate[END_REF][START_REF] Castro-Jiménez | Atmospheric occurrence and deposition of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) in the open Mediterranean Sea[END_REF][START_REF] Berrojalbiz | Atmospheric occurrence, transport and deposition of polychlorinated biphenyls and hexachlorobenzene in the Mediterranean and Black seas[END_REF] The European Mediterranean coast is by far the most studied and only few measurements (focussing in the SE Mediterranean) have been carried out in the African Mediterranean edge. [START_REF] Cetin | Ambient concentrations and source apportionment of PCBs and trace elements around an industrial area in Izmir, Turkey[END_REF][START_REF] Cetin | Particle-Phase Dry Deposition and Air-Soil Gas-Exchange of Polybrominated Diphenyl Ethers (PBDEs) in Izmir, Turkey[END_REF] . The atmospheric occurrence of POPs over the NW Mediterranean African coast still largely unknown. In addition, parallel observations at both the African and European margins of the Mediterranean Sea have never been attempted to the best of our knowledge.

We report here results from 22 aerosol samples (total suspended particles, TSP) 

simultaneously

Materials and Methods

Sampling and study areas

Atmospheric aerosols samples (TSP) were simultaneously collected from March 2015

to January 2016 in two representative coastal locations under strong anthropogenic pressure at both the African and European W Mediterranean Sea edges: the cities of Bizerte (Tunisia) and Marseille (France) (Figure S1). The air was drawn through precombusted quartz fiber filters (QFFs) placed in high volume air samplers (Tisch Environmental, Inc, USA). The sampling volume raged from ~ 1800 to ~5000 m 3 depending on the site and sampling event (Table S1).

Marseille: Samples were collected at the roof (~10m S3). Laboratory blanks (1 blank per five-sample batch)

showed lower or similar levels to field blanks, so no contamination during sampling, storage and analysis occurred. Results were blank corrected. Chromatographic peaks were only considered when the ratio between the two monitored ions was within ±15% of the theoretical value, and the signal-to-noise (S/N) ratio>3 (instrumental limit of detection, LOD). Limits of quantification (LOQs) corresponded to S/N≥10. Calibration curves were daily checked. Median LODs ranged from ~ 0.3 to ~ 1.1 pg (PCDD/Fs), from 2.1 to ~ 8.3 pg (PCBs) and from ~ 1.1 to 32.5 pg (PBDEs) depending on the compound and sample (Table S4). Median method recoveries (extraction-cleanupanalysis) varied from 70 to 97 % (PCDD/Fs), from 83 to 110 % (PCBs) and from 60 to 120 % (PBDEs) (Table S5). Results were corrected by recoveries.

TOC, EC determinations and statistical analysis

Total organic carbon (TOC) content was determined in filter subsamples by high temperature combustion (CHN analyser). 46 For the elemental carbon (EC) determination, additional filter sub-samples were pre-combusted at 340 °C during 2 h under oxygen flow 47 and then analysed as above indicated. STATA/SE 12.1 software was employed for the statistical data analysis.

Results and discussion

Concentrations in the atmospheric aerosol

Dioxin-like POPs ∑2,3,7,8-PCDD/F concentrations in the aerosols over Bizerte area (Tunisia) ranged from 32 to 1100 fg m -3 (222 fg m -3 , median) along the sampling period and were generally higher than those over Marseille coastal area (France), varying from 31 to 1280 fg m -3 (83 fg m -3 , median) (Figure 1A). The highest differences were found for the months of April, July and September 2015 (3, 11, ~5-fold higher levels in Bizerte, respectively). However, these values were not significantly different (Mann-Whitney test, p=0.28) for the sum of 2,3,7,8-PCDD/Fs most probably due to the high annual variability, in particular in Bizerte site, and the limited number of samples analysed.

Significant differences were only found for two furan congeners (i.e. 2,3,4,6,7,8-HxCDF and 1,2,3,4,6,7,8-HpCDF) (Mann-Whitney test, p=0.04) (Figure S2, Table S6).

A general trend showing higher PCDD/F levels in the coldest months of the year was observed at both sites. This effect has been previously reported in other Mediterranean coastal areas and has been attributed to the combined effect of the increase of diffusive combustion sources (e.g. domestic heating and road traffic) and a less efficient dispersion of the local emissions during cold conditions. [START_REF] Castro-Jiménez | Atmospheric concentrations, occurrence and deposition of persistent organic pollutants (POPs) in a Mediterranean coastal site (Etang de Thau, France)[END_REF] The ∑2,3,7,8-PCDD/F was clearly dominated by the contribution of PCDDs in Marseille whereas a more even contribution of PCDDs and PCDFs was found for the aerosols of Bizerte area (Figure 1A), pointing to different PCDD/F sources at both sites. This is the first time that PCDD/Fs have been measured in atmospheric aerosols from the Marseille area and in a coastal site at the African Mediterranean edge. The concentrations found at both sites are within the range of those previously reported for a coastal area in the Gulf of Lion (50-1500 fg m -3 ) [START_REF] Castro-Jiménez | Atmospheric concentrations, occurrence and deposition of persistent organic pollutants (POPs) in a Mediterranean coastal site (Etang de Thau, France)[END_REF] , urban/industrial sites from Barcelona area (570-1162 fg m -3 ) [START_REF] Mari | Air concentrations of PCDD/Fs, PCBs and PCNs using active and passive air samplers[END_REF] and in the open NW Mediterranean (94-990 fg m -3 ). [START_REF] Castro-Jiménez | Atmospheric occurrence and deposition of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) in the open Mediterranean Sea[END_REF] Reported values from a cruise transect close to the NW Mediterranean African coast (38 fg m -3 ) are lower than those measured in Bizerte coastal area. [START_REF] Castro-Jiménez | Atmospheric occurrence and deposition of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) in the open Mediterranean Sea[END_REF] Concentrations measured in a background site in Barcelona area (230 fg m -3 ) are lower too than those in Marseille [START_REF] Mari | Air concentrations of PCDD/Fs, PCBs and PCNs using active and passive air samplers[END_REF] . No data for comparison was found in the central/eastern Mediterranean Sea.

Recent PCDD/F measurements carried out in the atmospheric aerosol over remote areas from the Atlantic, Pacific and Indian oceans revealed 6 to 11-fold lower background levels (5 to 113 fg m -3 ). 48 The ∑ 18 PCB concentrations measured in the aerosols from Bizerte, ranging from 0.7 to ~4.0 pg m -3 (2.1 pg m -3 , median) were significantly higher (Mann-Whitney test, p=0.03) than those measured in the aerosols over Marseille, which varied from 0.5 to 2.7 pg m -3

(1.0 pg m -3 , median). ID PCBs dominated the total levels at both sites with ∑ ID PCB concentrations significantly higher too in Bizerte (0.6 to 3.4 pg m -3 , median value of ~ 2.0 pg m -3 ) than in Marseille (0.3 to 1.8 pg m -3 , median value of 0.8 pg m -3 ) (Mann-Whitney test, p=0.01) (Figure 1B). ∑ DL PCB concentrations, which represented a minor contribution to the total PCB atmospheric stock at both sites, were not statistically different (0.1 -0.5 pg m -3 in Bizerte compared to 0.1 -0.8 pg m -3 in Marseille).

However, the concentrations of some of the most toxic DL PCBs (i.e. CB-81, -126, -169) as well as the CBs-167, -189 were significantly higher in Bizerte than in Marseille coastal area (2-4 fold-higher median values depending on the congener) (Figure S3, Table S7).

∑ 18 PCB (and ∑ ID PCB) concentrations exhibited different annual trends in both sites.

While a general increase of concentrations was observed in winter months compared to spring and summer in Marseille, a more pronounced seasonality was observed for Bizerte, showing clearly higher concentrations in spring-early summer and late autumnwinter months, with minimum levels in August, September and October (Figure 1B). As a result, 2 to 8-fold higher ∑ 18 PCB levels were measured in Bizerte than in Marseille from March to July while the concentration differences between the two sites in winter months were less important, and in some months (e.g. November) higher for Marseille.

Interestingly, higher ∑ DL PCB concentrations were generally measured from August 2015 to January (except in December) in Marseille. These facts highlight the differential environmental behaviour, seasonality and related exposure of individual PCBs at both sites.

PCB data comparability may be tricky since different number and type of PCBs may be considered. Therefore, for comparative purposes we focus only on ID PCBs. Σ ID PCB concentrations measured at both edges of the NW Mediterranean Sea were generally lower than previous coastal measurements performed in the NW Mediterranean in the Gulf of Lion (0.5 to 7.2 pg m -3 ) [START_REF] Castro-Jiménez | Atmospheric concentrations, occurrence and deposition of persistent organic pollutants (POPs) in a Mediterranean coastal site (Etang de Thau, France)[END_REF][START_REF] Garcia-Flor | Surface waters are a source of polychlorinated biphenyls to the coastal atmosphere of the North-Western Mediterranean Sea[END_REF] and those carried out close to Barcelona area (9 -26 pg m -3 ). [START_REF] Garcia-Flor | Surface waters are a source of polychlorinated biphenyls to the coastal atmosphere of the North-Western Mediterranean Sea[END_REF] Cruise measurements encompassing the Mediterranean Sea and the SW Black Sea in 2006 and 2007 revealed higher concentrations too for Σ ID PCB (0.4-18 pg m -3 ), but PCB-118 was included in the sums. [START_REF] Berrojalbiz | Atmospheric occurrence, transport and deposition of polychlorinated biphenyls and hexachlorobenzene in the Mediterranean and Black seas[END_REF] However, concentrations measured in Bizerte and Marseille were generally higher that those reported for a coastal site (considered as a background location) in the Eastern Mediterranean 27 consistent with previous studies indicating higher PCB levels in the W Mediterranean. [START_REF] Berrojalbiz | Atmospheric occurrence, transport and deposition of polychlorinated biphenyls and hexachlorobenzene in the Mediterranean and Black seas[END_REF] Most of the previous studies correspond to measurements performed more than a decade ago (as for PCDD/Fs) so comparison must be done carefully. Particle-bound PCBs have received little attention since then in the Mediterranean basin compared to gas phase PCBs, most probably due to the dominant role of vapor PCBs driving total PCB ambient levels (especially for low MW congeners) and the increasing applications of passive sampling techniques to POP atmospheric measurements. Thus, recent studies in the Mediterranean Sea considered only the gas phase or the assemble gas+particle phases. [START_REF] Lammel | Air and seawater pollution and air-sea gas exchange of persistent toxic substances in the Aegean Sea: spatial trends of PAHs, PCBs, OCPs and PBDEs[END_REF][START_REF] Pozo | Assessing persistent organic pollutants (POPs) in the Sicily Island atmosphere, Mediterranean, using PUF disk passive air samplers[END_REF] ∑ DL PCB background measurements in the atmospheric aerosol over remote areas from the Atlantic, Pacific and Indian oceans revealed up to 500-fold lower levels (1 -2675 fg m -3 ). 48 These figures confirmed that the NW Mediterranean Sea is considerably exposed to dioxin-like POPs, and might act in turn as a potential secondary source, in particular of PCBs, for other Mediterranean regions (less exposed) and for the most pristine areas of 296 the major oceans of the Earth. It has been reported that the principal control on the 297 levels of legacy POPs in active circulation in the global environment is currently in a 298 state of transition (from primary to secondary source control). [START_REF] Nizzetto | Present, and Future Controls on Levels of Persistent Organic Pollutants in the Global Environment[END_REF] The role of the NW (~ 9.0 pg m -3 , median) (Figure 1C). A general trend of higher levels in Marseille area was found, with the exception of the samples collected in spring in Bizerte, in particular the one of March 2015 (which exhibited 3 to ~50-fold higher PBDE levels than the rest of samples collected in Bizerte). This concentration peak can be attributed to an unusual higher concentration of medium-high MW PBDEs in that sample compared to the others, in particular BDE-183 (Table S8), likely due to the combined effect of the air mass back trajectories (BTs) and potential local sources during this sampling event (see discussion below). However, the concentrations at both sites did not show a statistical difference (Mann-Whitney test, p>0.05). Still, some individual congeners exhibited statistical differences but with contrasting trends, like BDE-47 with 3-fold higher median concentrations in Marseille than Bizerte (Mann-Whitney test, p=0.01), while BDE-3, -7, -71, -77, -126, and -156 showing higher levels in the aerosols from Bizerte (p˂0.01 -0.04) (Figure S4, Table S8). PBDE-209 was the major contributor to the total Σ 27 PBDE for most of the samples at both sites (Figure 1C).

Σ 27 PBDE concentrations measured in Marseille and Bizerte were generally within the range of those reported for a coastal site in the NW Mediterranean (2-18 pg m -3 , Σ 8 PBDE) [START_REF] Castro-Jiménez | Atmospheric concentrations, occurrence and deposition of persistent organic pollutants (POPs) in a Mediterranean coastal site (Etang de Thau, France)[END_REF] , higher than levels in a coastal background site in central/E Mediterranean (0.5-2 pg m -3 , Σ 15 PBDE) [START_REF] Iacovidou | Occurrence and diurnal variation of polychlorinated biphenyls and polybrominated diphenyl ethers in the background atmosphere of Eastern Mediterranean[END_REF] but in the lower end of values reported for aerosols collected over large cities in the E Mediterranean like Athens (Greece) (15-23 pg m -3 , Σ 12 PBDE) [START_REF] Mandalakis | Particle-size distribution and gas/particle partitioning of atmospheric polybrominated diphenyl ethers in urban areas of Greece[END_REF] and Izmir (Turkey) (27-62 pg m -3 , Σ 7 PBDE). 38

POPs patterns in the atmospheric aerosol

The PCDD/F atmospheric pattern (congener relative contribution) for most of Bizerte direct transport from the Fos-Berre area to Marseille is rarely observed. Such transport could occur when the wind is a composition of land/sea breeze and light Mistral but the air mass will go towards the sea before to come back to Marseille which corresponds to a half-range atmospheric transport. Furthermore, these wind conditions correspond generally to sunny period inducing strong photochemical processes. [START_REF] El Haddad | Isotope dilution analysis of polychlorinated biphenyls (PCBs) in transformer oil and global commercial PCB formulations by high resolution gas chromatography-high resolution mass spectrometry[END_REF][40][41]43 The PCB atmospheric pattern was dominated in general by the HMW ID PCBs at both sites. A clear predominance of PCB-180 in Bizerte (accounting for the 35.0±8.7 % of the ∑ 18 PCBs) was observed compared to Marseille area (19.2±5.1 % of the ∑ 18 PCBs).

A similar pattern was observed in the two sites for DL PCB, but PCB-118 and -105 predominated in Marseille (12.6±3.2% and 5.7±1.8%, respectively) compared to Bizerte (4.6±2.0% and 1.9±0.5%, respectively). The different abundance of these three major PCBs may be either the reflect of different past usage of PCB commercial mixtures at both sites or distinct emissions rates to the environment at present. For example, PCB-180 is one of the major constituent of Aroclor 1260 and 1262, while CB-105, 118 were relatively more abundant in the Aroclor 1254 formulation. One of the major uses of these Aroclor formulations was as industrial oils destined to transformers. 51 It has been very recently reported that a large number of transformers containing PCBs are still used or stored in unsatisfactory conditions in Bizerte area with high probability of oil leaks. 44 This could explain the higher contribution of PCB-180 in Bizerte compared to Marseille. focus on the differences in the atmospheric pattern found in Bizerte (dominated by a characteristic "source pattern", n=7) and in Marseille (dominated by a characteristic "sink" pattern, n=9).

The predominance of BDE209 was reflected also in the atmospheric congener pattern (Figure 3) accounting for the 72.3±18.6% and 65.5±18.0% of the Σ 27 PBDE in Marseille and Bizerte, respectively. The important abundance of this BDE denotes the past and maybe current usage of deca-PBDE formulations at both edges of the NW Mediterranean Sea. 16 In addition, the predominance of BDE-47 and BDE-99 in the pattern from Marseille samples too, together with their higher abundance (6.8±7.3% and 5.3±4.5% for BDE-47 and -99, respectively) compared to the pattern in Bizerte (2.0 ±1.9 % and 2.8±2.5 % for BDE-47 and -99, respectively), point first to a major usage of 

Factors affecting temporal and spatial variability

The finest fractions of the atmospheric TSP, like TOC and EC, have been reported to efficiently sorb POPs-like contaminants. [START_REF] Mandalakis | Particle-size distribution and gas/particle partitioning of atmospheric polybrominated diphenyl ethers in urban areas of Greece[END_REF][START_REF] Dachs | Adsorption onto Aerosol Soot Carbon Dominates Gas-Particle Partitioning of Polycyclic Aromatic Hydrocarbons[END_REF][START_REF] Koelmans | Black carbon: The reverse of its dark side[END_REF] Generally higher median concentrations of TSP (66.0 ug m -3 ), TOC (7.5 ug m -3 ) and EC (2.0 ug m -3 ) were measured in the aerosols over Bizerte compared to Marseille area, exhibiting 48.0, 6.4 and 0.9 ug m -3 of TSP, TOC and EC, respectively. However, only significant differences (Mann-Whitney test, p=0.03-0.006) were found for the TSP and EC (Figure S5). No correlations were found for PCDD/F concentrations and TSP levels in any of the sites and only ∑ 18 PCB, ∑ ID PCBs and one PCB congener correlated (p=0.01-0.04) with TSP concentration in Bizerte (Figure S6). ∑PCDD/F and ∑ DL PCB (as well as most of PCDD/Fs and a certain number of DL PCBs) concentrations positively correlated with TOC concentration S7). The fact that PCDD/Fs did not correlate with EC is somehow unexpected since this correlation has been suggested in other atmospheric studies. [START_REF] Yu | Particle-bound polychlorinated dibenzo-p-dioxins and dibenzofurans in the atmosphere of Guangzhou, China[END_REF][START_REF] Lohmann | Assessing the importance of ab-and adsorption to the gas-particle partitioning of PCDD/Fs[END_REF] The narrow range of variation of EC concentrations in the samples analysed could have resulted in this lack of correlation. Regarding TOC, the correlations mostly observed for Marseille could be the result of different TOC sources (different sorption properties) in both sites (e.g. more related to urban activities in Marseille and predominantly industrial activities in Bizerte).

Our results indicate that the TOC and/or EC contents in the atmospheric aerosol may have a stronger effect than the TSP as a whole on the spatial-temporal variability of the studied POPs. Concentrations normalized by TOC slightly decreased the ∑2,3,7,8-PCDD/F, ∑ 18 PCB ∑ ID PCBs and ∑ 27 PBDE annual variability at both sites (except for the month of January 2016) and confirmed the similar spatial variability with no significant differences for PCDD/Fs (p=0.67) and PBDEs (p=0.66) and higher levels of ∑ 18 PCB (although not significant, p=0.07) and ∑ ID PCBs (p=0.03) in Bizerte (Figure S8). The higher concentrations in January 2016 resulted in 4 to 9-fold higher levels in Bizerte (412, 1050, 154 and 3210 ng g TOC -1 ) compared to Marseille (80,113, 51 and 811 ng g TOC -1 ) for ∑2,3,7,8-PCDD/F, ∑ ID PCB, DL PCBs and ∑ 27 PBDE, respectively. In addition, an increase of the concentration differences (normalized by TOC) compared to their respective volumetric concentrations was found for ∑ DL PCBs in March 2015.

Concentrations normalized by EC (Figure S9) showed predominant levels of ∑2,3,7,8-PCDD/F for Marseille in March 2015 and January 2016 (where the lowest concentration of EC were measured) and confirmed the ∑ 18 PCB and ∑ ID PCB higher levels in Bizerte during spring-early summer compared to Marseille, but pointed to generally higher concentrations in Marseille from September to winter. Interestingly, a statistically significant (p<0.01) predominance of ∑ DL PCB levels in Marseille resulted from the normalization by EC, which was not verified as volumetric or TOC normalized concentrations. The same effect (p˂0.001) was observed for the ∑ 27 PBDE, exhibiting higher levels in Marseille for all months (7.4 ug g EC -1 , median value) than in Bizerte (3.0 ug g EC -1 , median value) with clear peak differences in August and September.

Four-day BTs were calculated (50, 500 and 1000m AGL) by using the HYSPLIT model [START_REF] Draxler | HYSPLIT (HYbrid Single-Particle Lagrangian Integrated Trajectory) Model access via NOAA ARL READY Website[END_REF] (Figure S10). The lowest ∑2,3,7,8-PCDD/F levels were registered in the months of June, July and August 2015 in Marseille, where air masses had a clear Atlantic influence, while the highest level was measured in the month of January 2016 with air masses showing continental influence (Figure S9). A similar min-max temporal pattern was observed in Bizerte, with lower levels in summer months (except for July) than in January. However, the BTs in July revealed a more important continental particle transport over some regions in the NW and E Mediterranean Sea [START_REF] Berland | Spatial extent of new particle formation events over the Mediterranean Basin from multiple ground-based and airborne measurements[END_REF][START_REF] Kalivitis | Particle size distributions in the Eastern Mediterranean troposphere[END_REF] . In addition, PBDEs have been described to be mostly associated to the finest particles of the atmospheric aerosol [START_REF] Mandalakis | Particle-size distribution and gas/particle partitioning of atmospheric polybrominated diphenyl ethers in urban areas of Greece[END_REF] , consistent with the correlations found with the TOC and/or EC contents (more abundant and stronger) compared to the TSP as discussed above.

This will result in higher atmospheric residence times and a higher potential of LRAT.

These facts may support the hypothesis of the potential "jumping" of PBDE local atmospheric stocks from the NW European Mediterranean edge to the NW African coast (where lower PBDE ambient levels has been generally measured) under favorable conditions. Indeed, the two sites are relatively close (around 780 km straight line).

However, this hypothesis requires further confirmation with more sites at both edges of the NW Mediterranean. In addition, a better characterization of PBDE local sources (emission inventory) at the African edge is needed. The BT analysis reveals too other potential hot spots farther west in the N African coast which find their way to Bizerte area passing through the Gibraltar strait and along the African cost, as observed in the month of May 2015. The three POP families exhibited higher levels in Bizerte area compared to Marseille (with a different air mass circulation pattern) in this month. This situation has been previously described for PCDD/Fs [START_REF] Castro-Jiménez | Atmospheric occurrence and deposition of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) in the open Mediterranean Sea[END_REF] and PAHs 18 in the same region.

BTs could only explain part of the annual and spatial variability for the studied POPs, most probably due to their different environmental sources and current local emissions patterns (mostly for legacy POPs) at the studied sites as discussed above, which may prevail over the BT influence at a local/regional scale in different seasons of the year. In addition, other parameters affecting the atmospheric gas-particle partitioning of POPs (e.g. temperature, relative humidity) may have an important influence at local scale.

Atmospheric dry deposition and exposure

Dry deposition fluxes (F DD, pg m -2 d -1 ) of PCDD/Fs, PCBs and PBDEs were calculated as:

F DD = v d C A [1]
where C A is the POP volumetric concentration in the aerosol (pg m -3 ) and v d (cm s -1 ) is the particle deposition velocity. A reference value of 0.2 cm s -1 for v d was adopted for both sites. This value is within the range of v d experimentally measured [START_REF] Del Vento | Influence of the surface microlayer on atmospheric deposition of aerosols and polycyclic aromatic hydrocarbons[END_REF] or previously used in coastal NW Mediterranean Sea [START_REF] Castro-Jiménez | Atmospheric concentrations, occurrence and deposition of persistent organic pollutants (POPs) in a Mediterranean coastal site (Etang de Thau, France)[END_REF][START_REF] Castro-Jiménez | Atmospheric occurrence and deposition of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) in the open Mediterranean Sea[END_REF][START_REF] Berrojalbiz | Atmospheric occurrence, transport and deposition of polychlorinated biphenyls and hexachlorobenzene in the Mediterranean and Black seas[END_REF] for the estimation of dry deposition fluxes of POPs. However, a degree of uncertainty is associated to this calculation due to the lack of v d measurements during the sampling events.

Overall, the atmospheric loading at both coastal areas is dominated by PBDEs, ranging from 70 to ~ 3400 ng m -2 y -1 , followed by PCBs (30 to ~ 250 ng m -2 y -1 ) and PCDD/Fs

(2 to 80 ng m -2 y -1 ) as expected from their relative atmospheric concentrations and the assumptions considered in these calculations (Table 1, S9-S11). These fluxes were generally within the range of previously reported dry deposition estimations in the Mediterranean and SW Black Sea for the same POPs [START_REF] Castro-Jiménez | Atmospheric concentrations, occurrence and deposition of persistent organic pollutants (POPs) in a Mediterranean coastal site (Etang de Thau, France)[END_REF][START_REF] Mandalakis | Mass budget and dynamics of polychlorinated biphenyls in the eastern Mediterranean Sea. Global biogeochem[END_REF][START_REF] Castro-Jiménez | Atmospheric occurrence and deposition of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) in the open Mediterranean Sea[END_REF] . However, some differences were found in the atmospheric loading at both edges of the Mediterranean Sea. While a higher PBDE median loading is estimated for Marseille area (~ 550 ng m -2 y -1 ) compared to Bizerte (~400 ng m -2 y -1 ), the median dry deposition fluxes of PCBs (135 ng m -2 y -1 , and PCDD/Fs (14 ng m -2 y -1 ) in Bizerte were higher than those of Marseille, ~60 and 5 ng m -2 y -1 , respectively. Indeed, a 3-fold higher loading of dioxin-like pollutants was estimated for Bizerte as toxic equivalents (TEQ) [START_REF] Van Den Berg | The 2005 world health organization reevaluation of human and mammalian toxic equivalency factors for dioxins and dioxin-like compounds[END_REF] (400 pg TEQ m -2 y -1 , median) compared to Marseille (137 pg TEQ m -2 y -1 , median) due to a higher contribution of PCDFs and DL PCBs in Bizerte (Table 1). These figures indicate a higher potential exposure to these toxic chemical at the African edge of the W Mediterranean. A human health risk assessment for the whole set of dioxin-like POPs was performed based on the inhalation exposure. We follow here a similar approach as a very recent assessment based on only two dioxin-like PCBs performed in Bizerte area 44 . Briefly, concentrations expressed as WHO 05 TEQ were calculated using the latest available toxic equivalency factors (TEFs). [START_REF] Van Den Berg | The 2005 world health organization reevaluation of human and mammalian toxic equivalency factors for dioxins and dioxin-like compounds[END_REF] A daily air inhalation volume of 15 m 3 for an adult of 60 kg was assumed. [START_REF] Gregoris | Gas-particle distributions, sources and health effects of polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs) and polychlorinated naphthalenes (PCNs) in Venice aerosols[END_REF] The ∑2,3,7,8-PCDD/F and Σ DL PCB concentrations in the aerosols over Bizerte area, ranged from 0.7 -70.2 and 0.07 -2.2 WHO 05 TEQ fg m -3 , respectively, whereas in Marseille levels varied from 0.4 -23.0 and 0.03 to 0.3 WHO 06 TEQ fg m -3 , respectively. Median TEQ values (for all dioxin-like congeners) of 6.3 and 2.2 WHO 05 TEQ fg m -3 (Bizerte and Marseille) would result to potential intakes of 0.002 and 0.001 pg TEQ kg -1 day -1 , respectively. Both levels are three orders of magnitude lower than the daily intake threshold of 1-4 pg TEQ kg -1 day -1 propose by WHO [START_REF] Van Leeuwen | Dioxins: WHO's tolerable daily intake (TDI) revisited[END_REF] . The atmospheric particle phase PCDD/F concentration can be considered as a good descriptor of the total atmospheric concentration due to their general predominance in this compartment after their emissions to the environment. [START_REF] Castro-Jiménez | PCDD/F and PCB multi-media ambient concentrations, congener patterns and occurrence in a Mediterranean coastal lagoon (Etang de Thau, France)[END_REF][START_REF] Castro-Jiménez | Atmospheric concentrations, occurrence and deposition of persistent organic pollutants (POPs) in a Mediterranean coastal site (Etang de Thau, France)[END_REF][START_REF] Castro-Jiménez | Atmospheric occurrence and deposition of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) in the open Mediterranean Sea[END_REF]49 Contrary, PCBs show a general preferential partitioning (mostly low MW congeners) to the vapour phase. [START_REF] Berrojalbiz | Atmospheric occurrence, transport and deposition of polychlorinated biphenyls and hexachlorobenzene in the Mediterranean and Black seas[END_REF]48 However, according to filed measurements performed in various urban, coastal and remote Mediterranean environments and inland aquatic ecosystems the Σ DL PCB gas phase concentrations are not expected to exceed more than 100 fold the measured particulate phase concentrations. [START_REF] Castro-Jiménez | Atmospheric concentrations, occurrence and deposition of persistent organic pollutants (POPs) in a Mediterranean coastal site (Etang de Thau, France)[END_REF][START_REF] Mandalakis | Study of atmospheric PCB concentrations over the eastern Mediterranean Sea[END_REF][START_REF] Berrojalbiz | Atmospheric occurrence, transport and deposition of polychlorinated biphenyls and hexachlorobenzene in the Mediterranean and Black seas[END_REF][START_REF] Gregoris | Gas-particle distributions, sources and health effects of polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs) and polychlorinated naphthalenes (PCNs) in Venice aerosols[END_REF][START_REF] Castro-Jiménez | Monitoring atmospheric levels and deposition of dioxin-like pollutants in sub-alpine Northern Italy[END_REF] Therefore, the worst case Σ DL PCB TEQ concentration could be estimated as 100 fold the TEQ calculated considering only the particle-bound PCB concentrations, resulting in a corrected daily intake (for all dioxin-like congeners) of 0.01 and 0.004 pg TEQ kg -1 day -1 in Bizerte and Marseille areas, respectively. This new value stills far below the daily intake threshold proposed by WHO and therefore a risk by the inhalation route is excluded at present in the studied areas. It should be noted thought that the daily intake threshold proposed by WHO is based on toxicity studies evaluating dose-response through oral exposure.

However, absorption and tissue partitioning could be different via the inhalation route and the local toxicity effect to lungs is not considered, so there is still an uncertainty degree in this assessment.

There are no TEFs associated to PBDEs and according to the European Chemicals Agency, the risks of deca-BDE and lower brominated transformation products to the humans via the environment cannot be adequately addressed in a quantitative way due to the high uncertainties regarding long-term exposure and effects. [START_REF]) ether. Committee for Risk Assessment (RAC)/ Committee for Socio-economic Analysis (SEAC)[END_REF] Similarly to PCDD/Fs, PBDE particle-bound atmospheric concentrations can be a good indicator of the total atmospheric levels, particularly considering that one of the most abundant PBDEs is the HMW PBDE-209 (almost exclusively in the particle phase). For example, the PBDE particle-bound fraction in a large Mediterranean city (Athens, Greece)

exhibiting similar atmospheric TSP concentration as Marseille and Bizerte accounted from more than the 70% of the total airborne PBDE concentrations. [START_REF] Mandalakis | Particle-size distribution and gas/particle partitioning of atmospheric polybrominated diphenyl ethers in urban areas of Greece[END_REF] Following the above calculations, median intakes of 1.6 and 2.2 pg kg -1 day -1 were estimated for Bizerte and Marseille, respectively. As a reference, three order of magnitude higher (~7.0 ng kg -1 day -1 ) PBDE intakes has been reported for American adults. [START_REF]An exposure assessment of polybrominated diphenyl ethers[END_REF] However, the exposure to PBDE has been mostly associated to indoors environments (mainly dust ingestion and dermal contact) [START_REF]An exposure assessment of polybrominated diphenyl ethers[END_REF] and inhalation is not considered as the main route of concern for these substances.

equivalency factors (TEFs) for PCBs, PCDDs, PCDFs for humans and wildlife.
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  collected (once per month) in two urban coastal sites at both the African and European edges of the W Mediterranean. The samples have been analysed for 62 toxic chemicals associated to the atmospheric aerosol. The main objectives of this study are: (1) to establish base line atmospheric levels of three of the most toxic POPs families (i.e. PCDD/Fs, PCBs, and PBDEs) in two reference urban coastal sites in the European and African W Mediterranean and (2) to compare the status of pollution, to estimate the atmospheric loading and potential exposure of those chemicals at both edges of the W Mediterranean coast.
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 1 Figure 1. Temporal variability of PCDD/F (A), PCB (B) and PBDE (C) concentrations

  samples showed an important contribution of furans, with 1,2,3,4,6,7,8-HpCDF and OCDF accounting for the 16.3±3.7 % and 12.2±7.3 % of the ∑2,3,7,8-PCDD/F, values almost reaching the relative contribution of 1,2,3,4,6,7,8-HpCDD (17.0±4.0 %) and OCDD (25.5±4.5 %) which are the two most abundant PCDDs (Figure2A-1). However, the PCDD/F pattern in samples from Marseille was dominated by a higher contribution of 1,2,3,4,6,7,8-HpCDD (21.2±6.8 %) and OCDD (53.0±4.0 %) and lower contribution of 1,2,3,4,6,7,8-HpCDF and OCDF accounting for the 5.8±3.0 % and 6.0±2.8 % of the ∑2,3,7,8-PCDD/F, respectively (Figure2A-2). A higher contribution of PCDFs in the PCDD/F atmospheric pattern compared to PCDDs has been associated in previous studies to 'fresh' emissions (sources). A situation in which the lower chlorinated congeners, in particular PCDFs, have insufficient time to experience significant atmospheric degradation / depletion processes.[START_REF] Castro-Jiménez | Atmospheric concentrations, occurrence and deposition of persistent organic pollutants (POPs) in a Mediterranean coastal site (Etang de Thau, France)[END_REF][START_REF] Castro-Jiménez | Atmospheric occurrence and deposition of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) in the open Mediterranean Sea[END_REF]49,50 Contrary, a predominance of higher chlorinated PCDDs and little contribution of PCDFs is considered as a 'sink' signal where the lighter congeners were 'weathered' in their travel from the source to the sampling sites due to atmospheric processes (e.g. photodegradation).These patterns suggest current local PCDD/F emission inBizerte in combination with a minor contribution of long/medium-range atmospheric transport of PCDD/Fs to the area. Contrary, the long/medium range atmospheric transport seems to drive the atmospheric occurrence of PCDD/Fs in Marseille area with a minor contribution of local sources. The possibility of short-range atmospheric transport from the adjacent industrial areas (Fos-Berre) to Marseille with known sources of PCDD/Fs (e.g. from incinerators, metallurgical and petrochemical facilities) is not excluded. Nevertheless, because of the surrounding topography of Marseille, bordered by the Mediterranean from the SW and enclosed from N, E and S by mountain ranges up to ~700m ASL,
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 2 Figure 2. Average atmospheric pattern (n=11) of PCDD/F (A) and PCBs (B) in

  penta-PBDE compared to the octa-PBDE formulations in Marseille. Second, to a different emission and usage pattern compared to Bizerte, where a major usage of octa-PBDE formulations may be the most likely scenario represented by a higher BDE-183, -206, -207 predominance in Bizerte reaching up to 31.6, 9.1 and 13.8% of the Σ 27 PBDE, respectively.
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 3 Figure 3. Average atmospheric pattern (n=11) of PBDEs in Marseille and Bizerte

  influence for Bizerte compared to Marseille. ∑ 18 PCB concentrations had minimum level in April 2015 over Marseille, with air masses mostly circulating over the W Mediterranean waters and peaked also in January 2016. The lowest ∑ 18 PCB concentrations were measured in October in Bizerte, whereas the higher levels correspond to April 2015 (with air masses circulating over the Bizerte area and the African continent) consistent with suspected current local PCB emissions. Interestingly, ∑ 27 PBDE exhibited the lowest concentrations in the months of March 2015 over Marseille, with air masses showing an important component coming from the N African coast, while the highest concentrations were measured in the same month in Bizerte, with air masses showing the 50m height component coming from the Gulf of Lion area. Recent reports have shown evidences of the North to South atmospheric

Considering 1 .

 1 6 x10 10 m 2 as the surface of the Gulf of Lion[START_REF] Alekseenko | Seasonal dynamics and stoichiometry of the planktonic community in the NW Mediterranean Sea: a 3D modeling approach[END_REF] and an equivalent surface in the surroundings of Bizerte in the African coast, from 9 to 10 kg of POPs can be annually loaded (median value) to surface waters at both edges of the Mediterranean associated to the atmospheric aerosol. The sensitive environment of Bizerte coastal lagoon (1.28 x10 8 m 2 ) 62 could receive up to 0.5 kg of POPs yearly. This loading of toxic chemicals may have implications for the aquatic organisms but this evaluation cannot be performed with the present data. However, it should be further investigated.
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 6 Partzefall, W. Risk assessment of dioxin contamination in human food. Risk assessment of dioxin contamination in human food. Food Chem. Toxicol. 2002, 40, 1185e1189. (7) Opinion of the scientific panel on contaminants in the food chain on a request from the Commission related to the presence of non-dioxin-like PCBs in feed and food. The EFSA Journal (2005) 284, 1 -137 (8) Faroon, O., Jones, D., De Rosa, C. Effects of polychlorinated biphenyls on the nervous system. Toxicol Ind Health. 2000, 16, 305-333. (9) Monosson, E. Reproductive and developmental effects of PCBs in fish: a synthesis of laboratory and field studies. Rev. Toxicol. 1999, 3, 25-75. (10) De Wit, C. An overview of brominated flame retardants in the environment. Chemosphere 2002, 46, 583-624 (11) Vonderheidea, A.P., Mueller, K.E., Meija, M., Welshd, G.L. Polybrominated diphenyl ethers: Causes for concern and knowledge gaps regarding environmental distribution, fate and toxicity. Sci. Total. Environ. 2008, 400, 425-436. hydrocarbons and organochlorines in atmospheric suspended particles from a north African coastal city (Bizerte, Tunisia). J. Hazard. Mater.( Submitted) (45) US-EPA, Method 1613. Tetra-through Octa-Chlorinated Dioxins and Furans by Isotope Dilution HRGC/HRMS; U.S. Environmental Protection Agency: Washington, DC, October 1994 (46) Raimbault P., N. Garcia, Cerrutti, F. Distribution of inorganic and organic nutrients in the South Pacific Ocean. Evidence for long-term accumulation of organic matter in nitrogen-depleted waters. Biogeosciences, 2008, 5, 281-298. (47) Cachier H., Bremond, P-M., Buat-Menard, P. Determination of atmospheric soot carbon with a simple thermal method. Tellus, 1989, 41B, 379-390. (48) Morales, L.; Dachs, J.; González-Gaya, B.; Hernán, G.; Ábalos, M.; Abad E. Background Concentrations of Polychlorinated Dibenzo-p-Dioxins, Dibenzofurans, and Biphenyls in the Global Oceanic Atmosphere. Environ. Sci. Technol. 2014, 48, 10198-10207. (49) Lohmann, R.; Jones, K. C. Dioxins and furans in air and deposition: a review of levels, behaviour and processes. Sci. Total Environ. 1998, 219, 53-81. (50) Brubaker, W.W. JR.; Hites, R. A. Polychlorinated dibenzo-pdioxins and dibenzofurans: gas-phase hydroxyl radical reactions and related atmospheric removal. Environ. Sci. Technol. 1997, 31, 1805-1810.

  (p=0.004-0.03) but not with EC levels in Marseille. Only 2,3,7,4-TCDD positively correlated with TOC concentrations in Bizerte and no correlations were observed for DL PCBs and TOC in Bizerte. Interestingly, PCDD/F concentrations were not correlated with EC levels in any of the sites, while ∑ DL PCBs, ∑ 18 PCB and ∑ ID PCBs were correlated with EC mostly in Bizerte (p=0.002-0.01), most probably due to the higher EC levels in this site. Σ 27 PBDE concentrations did not significantly correlate with TSP, TOC or EC in any of the sites. However, while only two individual PBDEs correlated with TSP levels (Bizerte) a considerable number of PBDE congeners were correlated with TOC concentrations in Marseille and with EC levels in Bizerte (Figure
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 1 Atmospheric dry deposition fluxes of PCDD/Fs, PCBs and PBDEs in Marseille and Bizerte coastal areas

		Median	Mean	Range	Median	Mean	Range	Median	Mean	Range	Median	Mean	Range
	Σ 7 PCDDs	4.4	12.1	1.5 -71.2	5.8	10.0	1.7 -40.1	60.9	179.7	9.7 -941.0	122.5	421.2	28.2 -1955.8
	Σ 10 PCDFs	1.5	2.5	0.5 -9.6	8.0	9.2	0.3 -29.0	84.0	139.9	16.9 -507.8	214.2	602.9	16.5 -2473.1
	Σ 17 PCD/Fs	5.2	14.6	2.0 -80.8	14	19.2	2.0 -69.2	128.6	319.7	26.5 -1448.8	375.3	1024.1	45.0 -4428.9
	∑ 12DL PCBs	12.1	17.7	8.7 -52.2	16.1	16.9	5.4 -32.2	8.40	10.10	2.0 -21.6	23.7	37.8	4.1 -136.7
	∑ 6ID PCBs	49.0	55.3	20.81-115.2	118.7	124.1	35.9 -216.1						
	∑ 18 PCBs	61.1	73.0	30.8 -167.4	134.8	141.0	41.3 -246.2						
	∑ 27 PBDEs	547.90	586.90 141.0 -1110.3 405.00 695.80 69.4 -3386.0						
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