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Introduction

Atmospheric Particulate Matter (PM) is a challenging environmental issue as it is known to affect the climate on a regional and global scale, by reflecting, scattering and absorbing sunlight and by modifying cloud properties [START_REF] Chung | Global distribution and climate forcing of carbonaceous aerosols[END_REF][START_REF] Penner | Climate forcing by carbonaceous and sulfate aerosols[END_REF]Ramanathan et al., 2001bRamanathan et al., , 2001a)). Particles also have a direct and harmful effect in human health, causing respiratory and cardiopulmonary diseases [START_REF] Lelieveld | The contribution of outdoor air pollution sources to premature mortality on a global scale[END_REF][START_REF] Pope | Health Effects of Fine Particulate Air Pollution: Lines that Connect[END_REF], which can lead to an increased mortality. PM sources are either natural (biogenic emissions) or anthropogenic (heating, traffic, industry). PM can be directly emitted (Primary particles) or can be formed from the condensation of gas precursors in the atmosphere (Secondary particles). Atmospheric aerosols undergo several physical and chemical transformations (aerosol aging) which change the structure and chemical composition of particles. Their composition is complex to determine and the source apportionment remains complicated.

Nevertheless, carbonaceous materials constitute an important proportion of PM in almost all cases [START_REF] Fuzzi | Particulate matter, air quality and climate: lessons learned and future needs[END_REF][START_REF] Pöschl | Atmospheric Aerosols: Composition, Transformation, Climate and Health Effects[END_REF][START_REF] Putaud | A European aerosol phenomenology-2: chemical characteristics of particulate matter at kerbside, urban, rural and background sites in Europe[END_REF][START_REF] Putaud | A European aerosol phenomenology -3: Physical and chemical characteristics of particulate matter from 60 rural, urban, and kerbside sites across Europe[END_REF]. It is thus necessary to target this fraction in order to determine its sources and improve air quality.

In the last years, the Mediterranean basin PM sources have been investigated increasingly [START_REF] Bozzetti | Size-Resolved Identification, Characterization, and Quantification of Primary Biological Organic Aerosol at a European Rural Site[END_REF][START_REF] Bozzetti | Organic aerosol source apportionment by offline-AMS over a full year in Marseille[END_REF][START_REF] El Haddad | Comprehensive primary particulate organic characterization of vehicular exhaust emissions in France[END_REF], 2011, 2013;[START_REF] Salameh | PM2.5 chemical composition in five European Mediterranean cities: A 1-year study[END_REF]. The south of France is a region which is subjected to abrupt and intense wind episodes, which can influence the quantity and the mixing of PM. In Marseilles, among the largest harbors along the coasts of the Mediterranean Sea, different studies have shown the strong influence on aerosols of the photo-oxidation in summer and of biomass burning emissions in winter [START_REF] Salameh | PM2.5 chemical composition in five European Mediterranean cities: A 1-year study[END_REF].

Industrial sources are also present, which can be traced back to the Fos-Berre region in the present study. Fos-sur-Mer is a town of about 16 000 inhabitants situated about 40 km NW from Marseilles. This area is one of the most industrialized in France, being located near the region's capital city of Marseilles, which is the second main harbor in France. Moreover, the surrounding area is densely populated and close to the Fos-Berre Industrial Port Zone, (Zone Industrialo-Portuaire: ZIP). Multiple pollution sources are present in the vicinity of Fos-sur-Mer and their complex influence on atmospheric pollution is felt in and around the city of Fos-sur-Mer.

In 2008, an official study of health risks conducted on the ZIP assessed that about 9000 tons per year of PM2.5 originate from industrial emissions, while maritime and road traffic contribute about 230 and 15 tons per year, respectively [START_REF] Goix | Lancement de l'étude de biosurveillance des populations exposées aux émissions atmosphériques à proximité de la zone industrialo-portuaire de Fos-sur-Mer (INDEX)[END_REF]). The regional air quality control association (AirPACA) recorded that the PM10 air quality limit (30 µg m -3 average, per year) was exceeded for the years 2010 and 2011, illustrating the importance of background PM pollution [START_REF] Dron | Variabilité physicochimique des épisodes de pollution atmosphérique à proximité de la zone industrialo-portuaire de Fos-sur-Mer[END_REF].

Atmospheric emissions are complex and specific to areas such as these due to the different industrial and domestic sources present, and various measurement techniques are therefore required to improve the characterization and quantification of the sources [START_REF] Crenn | Fine particles sampled at an urban background site and an industrialized coastal site in Northern France -Part 1: Seasonal variations and chemical characterization[END_REF][START_REF] Riffault | Fine and Ultrafine Particles in the Vicinity of Industrial Activities: A Review[END_REF].

To determine and quantify the influence of the ZIP from others (domestic and biogenic) emissions and to be able to detect sharp and singular pollution events, it is necessary to determine the atmospheric background pollution with a large data set, covering both winter and summer seasons. The analysis of radiocarbon ( 14 C, radioactive carbon isotope) in carbonaceous fractions of aerosols is an important tool for source apportionment [START_REF] Bonvalot | Estimating contributions from biomass burning, fossil fuel combustion, and biogenic carbon to carbonaceous aerosols in the Valley of Chamonix: a dual approach based on radiocarbon and levoglucosan[END_REF][START_REF] Currie | Evolution and multidisciplinary frontiers of 14C aerosol science[END_REF][START_REF] Heal | Application of 14C analyses to source apportionment of carbonaceous PM2.5 in the UK[END_REF][START_REF] Szidat | Contributions of fossil fuel, biomass-burning, and biogenic emissions to carbonaceous aerosols in Zurich as traced by 14C[END_REF][START_REF] Szidat | Fossil and non-fossil sources of organic carbon (OC) and elemental carbon (EC) in Göteborg, Sweden[END_REF]. It is the best technique to distinguish and quantify fossil fuel combustion products from other non-fossil carbon sources, such as biomass burning and biogenic emissions.

Radiocarbon is continuously and naturally produced in the upper atmosphere by the interaction between secondary neutrons from cosmic rays and nitrogen atoms from the air. The produced 14 C is then oxidized into 14 CO2 and mixed in the atmosphere. CO2 (and therefore 14 CO2) is partly taken up by vegetation during photosynthesis. Living organisms such as plants exhibit 14 C/ 12 C ratios similar to those of the atmospheric pool (in the order of 10 -12 ). Consequently, biogenic emissions present the same 14 C/ 12 C ratio as the atmosphere. Emissions from biomass burning exhibit isotopic ratios close to but slightly higher than the former, due to the increase of atmospheric radiocarbon concentration during the 1950s and 1960s resulting from thermonuclear bomb tests in the atmosphere [START_REF] Hua | Atmospheric Radiocarbon for the Period 1950-2010[END_REF][START_REF] Levin | Observations and modelling of the global distribution and long-term trend of atmospheric 14 CO 2[END_REF][START_REF] Levin | Atmospheric Δ 14 CO 2 trend in Western European background air from 2000 to 2012[END_REF]. As radiocarbon decays with a half-life of 5730 years, fossil fuels made of geological organic matter are totally depleted in 14 C. It is thus possible to determine the nonfossil fraction (fNF) and the fossil fraction (fF) by measuring the radiocarbon in the whole carbonaceous fraction of atmospheric aerosols.

It is useful to complement 14 C measurements with quantifications of organic carbon and elemental carbon (OC-EC) and of the levoglucosan molecule. This compound comes from the pyrolysis of cellulose [START_REF] Simoneit | Levoglucosan, a tracer for cellulose in biomass burning and atmospheric particles[END_REF] and is mainly used as a biomass burning proxy which can be combined with 14 C measurements to quantify the impact of biomass burning. As biomass burning emissions are present in Marseilles during winter [START_REF] El Haddad | Comprehensive primary particulate organic characterization of vehicular exhaust emissions in France[END_REF][START_REF] Salameh | PM2.5 chemical composition in five European Mediterranean cities: A 1-year study[END_REF], their contributions in Fos-sur-Mer has to be quantified. These determinations provide further information on the nature of carbonaceous compounds. The EC fraction can be associated to black carbon or soot; this fraction is a component of primary aerosols originating from combustion processes [START_REF] Seinfeld | Atmospheric trace constituents[END_REF]. Such measurements have been obtained for summer and winter 2012 and 2013, allowing us to quantify and apportion to sources the atmospheric aerosols of Fos-sur-Mer.

Methods

Particulate matter sampling

Location of sampling and aims of the study

The city Fos-sur-Mer (16 000 inhabitants) is located in the south of France, its surrounding is widely populated with about 402 000 inhabitants, i.e. 311 inhabitants per km 2 [START_REF] Sylvestre | Comprehensive chemical characterization of industrial PM2.5 from steel industry activities[END_REF]. The Fos-Berre Industrial Port Zone, (Zone Industrialo-Portuaire: ZIP ), has impacted the economics of the region for 40 years through various industries (oil refineries, petrochemical industry, steel metallurgy, waste management) and the associated road and maritime traffic.

Sampling was done in a Fos-sur-Mer residential zone called "les Carabins" (43.45°N, 4.93°E), located adjacent to the ZIP. This sampling site is considered to be representative of the urban background of the studied region and of the inhabitants' exposure. It is by agricultural lands and a French Air Force base, to the east by the "Étang de Berre", (with a residential area and petrochemical activities), to the south by the Mediterranean Sea, (with a strong maritime traffic, but also some residential areas and petrochemical activities) and to the southwest/south by the ZIP center with its many industrial sources, petrochemical activities, steel industry and maritime traffic.

Our present work is focused on carbonaceous particles in 30 PM2.5 samples from Fos-sur-Mer. The field campaign was conducted from May 2012 to August 2013. PM2.5 samples were collected daily (24h per day, starting at 0h UTC) for the whole period. More specifically, of the 30 samples, 1 was sampled during the spring of 2012, 20 were sampled during the cold season (fall/winter) of 2012-2013, and the remaining 9 were collected during summer 2013.

2.2.Measurements and analyses

Organic markers

Organic marker measurements were carried out by gas chromatography (GC) coupled with mass spectrometry (MS). The analytical method is described in El [START_REF] El Haddad | Comprehensive primary particulate organic characterization of vehicular exhaust emissions in France[END_REF][START_REF] El Haddad | Towards a better understanding of the origins, chemical composition and aging of oxygenated organic aerosols: case study of a Mediterranean industrialized environment, Marseille[END_REF]. Briefly, after extraction by Accelerated Solvent Extractor (ASE Dionex 300), a first fraction of this extract is directly analyzed using GC-MS, for quantification of weakly polar compounds (alcanes, PAH, and others). A second fraction is derivatized before injection in order to analyze the most polar compounds, such as anhydrous sugars.

For this study we focus on levoglucosan, which is formed during the pyrolysis of cellulose [START_REF] Simoneit | Levoglucosan, a tracer for cellulose in biomass burning and atmospheric particles[END_REF] at temperatures higher than 300 °C [START_REF] Caseiro | Wood burning impact on PM10 in three Austrian regions[END_REF]. For this reason, levoglucosan is widely used as a biomass burning tracer in apportionment studies [START_REF] Dusek | Sources and formation mechanisms of carbonaceous aerosol at a regional background site in the Netherlands: insights from a year-long radiocarbon study[END_REF][START_REF] Jordan | Levoglucosan as an atmospheric tracer for woodsmoke[END_REF][START_REF] Martinsson | Carbonaceous aerosol source apportionment using the Aethalometer modelevaluation by radiocarbon and levoglucosan analysis at a rural background site in southern Sweden[END_REF][START_REF] Schauer | Measurement of Emissions from Air Pollution Sources. 3. C1-C29 Organic Compounds from Fireplace Combustion of Wood[END_REF][START_REF] Zhang | Identification and estimation of the biomass burning contribution to Beijing aerosol using levoglucosan as a molecular marker[END_REF]. It is noteworthy that several studies have shown that levoglucosan may not be stable in the troposphere [START_REF] Hennigan | Levoglucosan stability in biomass burning particles exposed to hydroxyl radicals[END_REF], leading to reduced life time (1-5 days) in the atmosphere, depending on the season and atmospheric conditions. However, the degradation rate of levoglucosan in ambient atmospheric aerosols is yet to be determined [START_REF] Yttri | An intercomparison study of analytical methods used for quantification of levoglucosan in ambient aerosol filter samples[END_REF].

Major ions and trace elements

The quantification of major ions (SO4 2-, NO3 -, NH 4-, Na + , K + , Mg 2+ and Ca 2+ ) was carried out by ion chromatography following methods described by [START_REF] Jaffrezo | Carboxylic acids measurements with ionic chromatography[END_REF]. Trace elements, such as calcium, aluminum, lead, copper, and others were analyzed by ICP-MS, following the method described in [START_REF] Waked | Source apportionment of PM10 in a north-western Europe regional urban background site (Lens, France) using positive matrix factorization and including primary biogenic emissions[END_REF].

OC-EC

OC (Organic Carbon) and EC (Elemental Carbon) were quantified by thermo-optical analysis. A Sunset device [START_REF] Birch | Elemental Carbon-Based Method for Monitoring Occupational Exposures to Particulate Diesel Exhaust[END_REF], running the EUSAAR_2 method [START_REF] Cavalli | Toward a standardised thermal-optical protocol for measuring atmospheric organic and elemental carbon: the EUSAAR protocol[END_REF] was used to analyze 1.5 cm 2 punches of the sampled filters. Total carbon (TC) was determined by calculating the sum of OC and EC measurements. Those values were also used to determine the EC/TC ratio for each sample. The EC fraction is composed of primary particles only and originates from the combustion process, whereas the OC fraction is more complex and is composed of primary and secondary particles [START_REF] Gelencsér | Major carbonaceous particle types and their sources[END_REF][START_REF] Pöschl | Atmospheric Aerosols: Composition, Transformation, Climate and Health Effects[END_REF].

14 C measurements and fNF

Radiocarbon measurements are carried out using Aix MICADAS, a compact AMS dedicated to the measurement of ultra-small samples [START_REF] Bard | AixMICADAS, the accelerator mass spectrometer dedicated to 14C recently installed in Aix-en-Provence, France[END_REF][START_REF] Synal | MICADAS: A new compact radiocarbon AMS system[END_REF]. It is equipped with a hybrid ion source, which can handle both solid (graphite) and gaseous (CO2) samples. AixMICADAS and its performances are fully described elsewhere [START_REF] Bard | AixMICADAS, the accelerator mass spectrometer dedicated to 14C recently installed in Aix-en-Provence, France[END_REF]. For aerosol analysis, it is coupled to an elemental analyzer (Vario MicroCube, Elementar) by the Gas Interface System (GIS). The EA (Elemental Analyzer) combustion tube is filled with tungsten oxide granules and heated to 1050 °C; the reduction tube is composed of copper wires and silver wool, maintained at 550 °C.

A small piece of the impacted filter (0.95 cm 2 ) is sufficient for 14 C measurements, as a carbon mass of between 10 and 100 µgC is needed with the ion source in gas mode [START_REF] Bonvalot | Estimating contributions from biomass burning, fossil fuel combustion, and biogenic carbon to carbonaceous aerosols in the Valley of Chamonix: a dual approach based on radiocarbon and levoglucosan[END_REF]. The small sample punch is wrapped in a silver boat that has previously been prebaked at 800 °C for 2 hours in order to limit organic contamination. The CO2 obtained by combustion in the EA is collected and quantified by the GIS, before being injected into the ion source for the AMS measurement.

For each filter, two measurements were performed. The carbon mass (TC) was determined by the GIS with an overall error of 4 % [START_REF] Bonvalot | Estimating contributions from biomass burning, fossil fuel combustion, and biogenic carbon to carbonaceous aerosols in the Valley of Chamonix: a dual approach based on radiocarbon and levoglucosan[END_REF]). This error is based on the average difference between duplicated measurements of aerosol samples. It represents the overall uncertainty, including the measurement uncertainty of the GIS itself and is linked to possible heterogeneities of the sampled filters. This 4% uncertainty is propagated to all carbon mass values from the GIS.

Radiocarbon results are based on measured 14 C/ 12 C ratios, which are corrected for fractionation using the 13 C ion beam analyzed on a separate Faraday cup of AixMICADAS. Corrected 14 C data are then expressed as F 14 C, a normalized activity equivalent to fraction modern [START_REF] Reimer | Discussion: Reporting and Calibration of Post-Bomb 14C Data[END_REF], which does not depend on the year of measurement. The radiocarbon measurement protocol and contamination correction method are fully described in [START_REF] Bonvalot | Estimating contributions from biomass burning, fossil fuel combustion, and biogenic carbon to carbonaceous aerosols in the Valley of Chamonix: a dual approach based on radiocarbon and levoglucosan[END_REF]. The contamination brought by the EA and silver boat is estimated at MC = 1.45 ± 0.26 µgC, with a F 14 CC of 0.73 ± 0.11 (confidence interval of 2 σ). To calculate the sample mass (MS) and the sample modern fraction (F 14 CS), the measured values (MM and F 14 CM) are corrected for this contamination with the following formulas:

𝑀 𝑠 = 𝑀 𝑀 -𝑀 𝑆 𝐹 14 𝐶 𝑆 = 𝐹 14 𝐶 𝑀 × 𝑀 𝑀 -𝐹 14 𝐶 𝐶 × 𝑀 𝐶 𝑀 𝑀 -𝑀 𝐶 1
F 14 CS is then used to calculate the non-fossil fraction (fNF). fNF is the radiocarbon measurement normalized to a reference value (fNF,ref), which considers the increase of atmospheric F 14 C resulting from the thermonuclear weapon tests of the late 1950s and early 1960s [START_REF] Levin | Observations and modelling of the global distribution and long-term trend of atmospheric 14 CO 2[END_REF]. According to [START_REF] Levin | Atmospheric Δ 14 CO 2 trend in Western European background air from 2000 to 2012[END_REF], the atmospheric radiocarbon value for the end of 2012 is around 1.04 F 14 C, which is the value chosen for calculating our non-fossil fraction:

𝑓 𝑁𝐹 = 𝐹 14 𝐶 𝑆𝑎𝑚𝑝𝑙𝑒 𝑓 𝑁𝐹,𝑟𝑒𝑓 2 
3. Results

3.1.PM2.5 composition

PM2.5 concentration in the air varies significantly with the season, as illustrated in Figure 1. It was estimated by mass balance, based on chemical composition (i.e. the organic matter, elemental carbon, sulfate, nitrate and ammonium). The OM fraction was determined using the OC measurements and by assuming an OM/OC ratio of 1.2 [START_REF] Aiken | O/C and OM/OC Ratios of Primary, Secondary, and Ambient Organic Aerosols with High-Resolution Time-of-Flight Aerosol Mass Spectrometry[END_REF][START_REF] Sylvestre | Comprehensive chemical characterization of industrial PM2.5 from steel industry activities[END_REF]. During the warm season, the average concentration is about 15 µg.m -3 (SD = 3 µg m -3 , N=9), which is below the French regulatory threshold (25 µg.m -3 , in average per year) but higher than the WHO recommended value (10 µg m -3 ). The mean PM2.5 for summer samples is close to that determined by [START_REF] El Haddad | Primary sources of PM2.5 organic aerosol in an industrial Mediterranean city, Marseille[END_REF] for the summer of 2008 in Marseille. For the winter, the average PM2,5 concentration is around 41 µg.m -3 (SD = 14 µg.m -3 , N=20), hence significantly greater than the regulatory threshold for warning the general public. The proportion of carbon in the PM2.5 is fairly constant at about 30% throughout the year (33 % during winter and 29 % during summer, Figure 1). TC amounts for the fall/winter (mean concentration = 13 µgC m -3 , SD = 6 µgC m -3 , N = 20) and the summer (mean concentration = 4 µgC m -3 , SD = 1 µgC m -3 , N = 9) are higher than those observed in the Netherlands, for a site with similar characteristics. The Dutch Caesar Observatory is located in an agricultural area close to Rotterdam which includes the largest harbor in Europe and an important industrial area.

In this regional background of a relatively polluted area of the Netherlands [START_REF] Dusek | Sources and formation mechanisms of carbonaceous aerosol at a regional background site in the Netherlands: insights from a year-long radiocarbon study[END_REF]. PM2.5 compositions in Five European Mediterranean cities were investigated by [START_REF] Salameh | PM2.5 chemical composition in five European Mediterranean cities: A 1-year study[END_REF]. Seasonality was also observed, with maximum TC concentrations in fall for Thessaloniki (Greece) and in winter for Marseilles (France) and Venice (Italy); the two other cities of Barcelona (Spain) and Genoa (Italy) differ, with maximum TC concentration in spring and no seasonality, respectively. Marseilles and Thessaloniki TC concentrations are quite close to those obtained in Fos-sur-Mer [START_REF] Salameh | PM2.5 chemical composition in five European Mediterranean cities: A 1-year study[END_REF].

Levoglucosan concentrations by season are represented Figure 1. During summer, levoglucosan concentrations remain low (mean concentration = 16 ng m -3 , SD = 11 ng m -3 , N = 9) and are close to summer levels described by [START_REF] Puxbaum | Levoglucosan levels at background sites in Europe for assessing the impact of biomass combustion on the European aerosol background[END_REF] for six background stations located on a transect from Hungary to the Azores, and are in the same range as concentrations measured in Marseille during summer 2008 [START_REF] El Haddad | Primary sources of PM2.5 organic aerosol in an industrial Mediterranean city, Marseille[END_REF].The impact of biomass burning during summer can thus be considered as very weak.

For the fall/winter samples, levels of levoglucosan are about 70 times higher than for summer (mean concentration = 1.1 µg m -3 , SD = 0.8 µg m -3 , N = 20), which is greater than all winter/summer ratios reported by [START_REF] Puxbaum | Levoglucosan levels at background sites in Europe for assessing the impact of biomass combustion on the European aerosol background[END_REF]. Strong seasonal patterns were also detected in several European cities such as Oslo, Munich and Granada [START_REF] Jedynska | Spatial variations of levoglucosan in four European study areas[END_REF][START_REF] Titos | Spatial and temporal variability of carbonaceous aerosols: Assessing the impact of biomass burning in the urban environment[END_REF]. Similar winter concentrations were obtained in Aveiro (Portugal) in 2002-2003 and 2003-2004. Nevertheless, winter levels of levoglucosan in Fos-sur-Mer remain lower than those detected in winter in French and Swiss alpine valleys, which suffer from strong pollution periods due to biomass combustion [START_REF] Bonvalot | Estimating contributions from biomass burning, fossil fuel combustion, and biogenic carbon to carbonaceous aerosols in the Valley of Chamonix: a dual approach based on radiocarbon and levoglucosan[END_REF][START_REF] Favez | Evidence for a significant contribution of wood burning aerosols to PM2.5 during the winter season in Paris, France[END_REF][START_REF] Zotter | Radiocarbon analysis of elemental and organic carbon in Switzerland during winter-smog episodes from 2008 to 2012 -Part 1: Source apportionment and spatial variability[END_REF]. These alpine valleys are enclosed between steep slopes and are characterized by temperature inversions which limit atmospheric mixing during winter. These specific meteorological conditions are not experienced in Fos-sur-Mer.

The non-fossil fraction presents a seasonality with a fNF of 0.83 during the fall/winter and a fNF of 0.59 for the summer. A similar pattern is observed in locations with important atmospheric pollution, such as the Po Valley, Italy [START_REF] Gilardoni | Better constraints on sources of carbonaceous aerosols using a combined 14Cmacro tracer analysis in a European rural background site[END_REF], Barcelona, Spain [START_REF] Minguillón | Fossil versus contemporary sources of fine elemental and organic carbonaceous particulate matter during the DAURE campaign in Northeast Spain[END_REF] and Tokyo, Japan [START_REF] Minoura | Carbonaceous aerosol and its characteristics observed in Tokyo and south Kanto region[END_REF].

Such seasonal variation was not detected in Birmingham (UK) in 2007/2008; where the fNF (about 0.5) remained rather constant throughout the year [START_REF] Heal | Application of 14C analyses to source apportionment of carbonaceous PM2.5 in the UK[END_REF]. The non-fossil fraction observed in Milan (Italy) during the winters of 2010-2011 and 2011-2012 [START_REF] Bernardoni | Radiocarbon analysis on organic and elemental carbon in aerosol samples and source apportionment at an urban site in Northern Italy[END_REF] is smaller than for the winter in Fos-sur-Mer. The winter values in Milan range between 0.46 and 0.62, which is close to Fos-sur-Mer summer values. In France, this seasonality is also observed in PM1 sampled in the mega city of Paris [START_REF] Beekmann | In situ, satellite measurement and model evidence on the dominant regional contribution to fine particulate matter levels in the Paris megacity[END_REF] with a fNF of 62%

for summer samples and of 78 % for the winter samples.

Sources of carbonaceous aerosols can be apportioned using the measured values of EC/TC, levoglucosan, TC and fNF based on 14 C. These calculations are performed in two steps. The first step is carried out following the method described in [START_REF] Bonvalot | Estimating contributions from biomass burning, fossil fuel combustion, and biogenic carbon to carbonaceous aerosols in the Valley of Chamonix: a dual approach based on radiocarbon and levoglucosan[END_REF], and provides the origins of the carbonaceous fraction. The second step, based on [START_REF] Salma | Source apportionment of carbonaceous chemical species to fossil fuel combustion, biomass burning and biogenic emissions by a coupled radiocarbon-levoglucosan marker method[END_REF], enables to go further in the attribution by distinguishing the organic carbon (OC) fraction from the elemental carbon (EC) fraction. The different fractions of the carbonaceous aerosols are represented in Figure 2: 

Total Carbon apportionment

First, the distinction between TCF (fossil total carbon) and TCNF (non-fossil total carbon) is made as described in equations 3 and 4, by using the measured carbon concentration and the measured fNF. The different factors in the equations are distinguished by color. Terms in purple represent experimental results on individual samples, terms in green originate from correlation with experimental data, and terms in black are calculation results. 
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TCNF is predominant in all samples and can originate from two major sources: biomass burning and biogenic emissions from natural sources, such as plants and trees. Both fractions are composed of primary organic aerosols (POAs) and secondary organic aerosols (SOAs) [START_REF] Hallquist | The formation, properties and impact of secondary organic aerosol: current and emerging issues[END_REF]. To distinguish the different fractions composing TCNF, the fall/winter values are used as represented in Figure 3 (a).

The presence of levoglucosan provides direct evidence for the influence of biomass burning. To quantify this influence, the slope (α coefficient) of the linear regression (least squares method) between TCNF concentration and levoglucosan concentration is calculated. This value represents the TC/levo ratio linked purely to the biomass burning source, i.e. TCBB/levo. The zero intercept, β, represents the biogenic emission background assumed to be constant for a given season. The schematic regression presented in Figure 3 (b) takes into account the uncertainties on TCNF, which are based on 14 C measurements. The uncertainty on each levoglucosan concentration is estimated at around ± 10% (95% confidence factor).

For Fos-sur-Mer, we obtain a slope α of 6.6 ± 1.5, which is roughly equivalent to the values obtained for Passy (6.0 ± 0.2) and Chamonix (5.9 ± 0.3), both located in the French Alps [START_REF] Bonvalot | Estimating contributions from biomass burning, fossil fuel combustion, and biogenic carbon to carbonaceous aerosols in the Valley of Chamonix: a dual approach based on radiocarbon and levoglucosan[END_REF]. The α value is also within the TCBB/levo range (4.3 and 17.2) based on experimental studies performed by [START_REF] Schmidl | Chemical characterisation of fine particle emissions from wood stove combustion of common woods growing in mid-European Alpine regions[END_REF].

The zero intercept, β coefficient, represents the average value of TCbio during the fall/winter season, with a value of 2.5 ± 1.3 µgC. The biogenic contribution is thus significant during the cold season (fall and winter) in Fos-sur-Mer. This is clearly different from β values close to zero corresponding to negligible biogenic contribution by the vegetation reported for the French Alps Valleys in winter [START_REF] Bonvalot | Estimating contributions from biomass burning, fossil fuel combustion, and biogenic carbon to carbonaceous aerosols in the Valley of Chamonix: a dual approach based on radiocarbon and levoglucosan[END_REF].

Levoglucosan is probably the most widely used molecular tracer for biomass burning because its concentration represents a significant proportion of OABB for fresh emissions (about 15-50 %, depending of the nature of combustion, as described by Bertrand et al, 2018). In our case, levoglucosan represents between 4 and 13 % of the total OM (Organic Matter) for winter samples. However, there are other BB tracers [START_REF] Simoneit | Biomass burninga review of organic tracers for smoke from incomplete combustion[END_REF] like methoxyphenols which are emitted by thermal decomposition of lignin. For example, vaniline, acetovanillone and vanillic acid can also be used as BB tracers (Bertrand et al., 2018). In the case of Fos-sur-Mer, the concentrations of these compounds is small (less than 0.03 µg m -3 , each) and their sum represents less than 0.3 % of winter OM. However their detection limit is small enough to make them useful complements to levoglucosan.

In addition, these compounds are synthesized as primary aerosols, but their relative concentration increases with aging of the aerosols, showing that they also belong to secondary aerosols (classified as non-conventional primary compounds by Bertrand et al. 2018). This double origin makes these trace compounds particularly appealing as biomass burning tracers.

Linear regressions between TCNF and vaniline, acetovanillone or vanillic acid are all very significant (Pearson'r = 0.76 to 0.85, adjusted R 2 = 0.55 to 0.73). Apparent differences of the linear slopes for the three methoxyphenols (Figure 3c) may be related to their different secondary enrichments during aging of the aerosols. 

Biomass Burning Total Carbon (TCBB)

By using the α coefficient, determined by linear regression, and the individual levoglucosan concentration (see equation 5), it is possible to calculate TCBB for each sample (Table 1). TCBB values are thus derived from both a molecular tracer and TCNF values, which are themselves derived from 14 C analyses:

𝑇𝐶 𝐵𝐵 = 𝜶 × 𝒍𝒆𝒗𝒐 The biogenic fraction of non-fossil carbon must be distinguished from the biomass burning fraction. The biogenic fraction has a F 14 C that should be close to the atmospheric F 14 C at the time of emission, which corresponds to the time of sample collection. By contrast, biomass burning is mainly based on wood that grew over a few decades, a timespan characterized by a gradual F 14 C decrease in the atmosphere since the thermonuclear bomb tests of the early 1960s. This implies that wood carbon has a mean F 14 C slightly higher than that of the atmosphere at the time of aerosol sampling. We have adopted the average F 14 CBB of 1.10 proposed by [START_REF] Lewis | Radiocarbon measurement of the biogenic contribution to summertime PM-2.5 ambient aerosol in Nashville, TN[END_REF][START_REF] Szidat | Contributions of fossil fuel, biomass-burning, and biogenic emissions to carbonaceous aerosols in Zurich as traced by 14C[END_REF], based on atmospheric 14 C evolution and a tree growth model. To quantify the biogenic fraction of TCNF, the following mass balance equation is used:

𝑇𝐶 × 𝐹 14 𝐶 𝑆 = 𝑇𝐶 𝐵𝐵 × 𝐹 14 𝐶 𝐵𝐵 + 𝑇𝐶 𝑏𝑖𝑜 × 𝐹 14 𝐶 𝑏𝑖𝑜 + 𝑇𝐶 𝐹 × 𝐹 14 𝐶 𝐹 = 𝑇𝐶 𝐵𝐵 × 𝐹 14 𝐶 𝐵𝐵 + 𝑇𝐶 𝑏𝑖𝑜 × 𝐹 14 𝐶 𝑏𝑖𝑜 6

-TC, carbon concentration determined with the GIS [µg.m -3 ],

-F 14 CS measured in the sample, -TCBB, carbon concentration from biomass burning (based on the levoglucosan measurement and determination of α) [µg.m -3 ],

-F 14 CBB, modern fraction of 1.10 assumed for the wood used in biomass burning, -TCbio, carbon concentration from biogenic emissions [µg.m -3 ],

-F 14 Cbio, modern fraction of 1.04 for biogenic emissions, -TCF, carbon concentration from fossil sources [µg.m -3 ],

-F 14 CF, modern fraction of 0 for the fossil emissions devoid of 14 C.

From equation 6, it is possible to derive TCbio as follows: 1. The mean winter concentration of TCbio is 4.0 µg m -3 (SD= 2.9 µg m -3 , N = 20), which is compatible with the β value of 2.5 ± 1.3 µg m -3 determined in Figure 3.

𝑇𝐶 𝑏𝑖𝑜 = 𝑇𝐶 × 𝐹
It should be noted that the fNF,ref value used to determine fNF, and therefore TCNF and TCF, is set to the atmospheric level (1.04 F 14 C), as we assumed the non-fossil source to be purely biogenic. However, the non-fossil carbon is composed of biogenic and biomass burning fractions, which differ slightly in their 14 C/ 12 C ratios. Ideally, both should be acknowledged in the definition of fNF,ref. [START_REF] Zhang | On the isolation of OC and EC and the optimal strategy of radiocarbon-based source apportionment of carbonaceous aerosols[END_REF] and [START_REF] Zotter | Radiocarbon analysis of elemental and organic carbon in Switzerland during winter-smog episodes from 2008 to 2012 -Part 1: Source apportionment and spatial variability[END_REF] have taken into account both F 14 Cbio and F 14 CBB in fNF, by assuming their respective contributions. In [START_REF] Bonvalot | Estimating contributions from biomass burning, fossil fuel combustion, and biogenic carbon to carbonaceous aerosols in the Valley of Chamonix: a dual approach based on radiocarbon and levoglucosan[END_REF], we set fNF,ref = F 14 Cbio = 1.04 for summer samples but fNF,ref = F 14 CBB = 1.10 for winter samples because the levoglucosan winter levels were very high (mean value around 3 µg.m -3 , and up to 8.5 µg.m -3 ) and the β value was indistinguishable, indicating negligible biogenic emissions during winter in these valleys.

Fos-sur-Mer can be viewed as an intermediate case because levoglucosan levels are lower and biogenic emissions are still present in winter (elevated TCbio and β values). It is thus difficult to make a priori assumptions about the TCbio/TCNF ratio before the calculation. Nevertheless, the above determinations allow the a posteriori calculation of a more accurate fNF,ref value in winter: 1.08, which is close to the 1.04 assumed in the calculation.

Using the new fNF,ref value would change the TCNF and TCF by only 4 %, which is small compared to other measurement uncertainties.

Organic carbon (OC) Elemental Carbon (EC) source apportionment

The relative contributions of EC and OC to the TC fraction are estimated following the same approach as [START_REF] Salma | Source apportionment of carbonaceous chemical species to fossil fuel combustion, biomass burning and biogenic emissions by a coupled radiocarbon-levoglucosan marker method[END_REF], which is similar to those proposed by [START_REF] Gelencsér | Source apportionment of PM2.5 organic aerosol over Europe: Primary/secondary, natural/anthropogenic, and fossil/biogenic origin[END_REF] and [START_REF] Gilardoni | Better constraints on sources of carbonaceous aerosols using a combined 14Cmacro tracer analysis in a European rural background site[END_REF].

The measurements of radiocarbon and levoglucosan are used together with the EC/TC ratio determined by thermaloptical analysis (ref). As a necessary complement in the calculation, we use a constant value for the OCBB/levoglucosan as given by the literature ( [START_REF] Salma | Source apportionment of carbonaceous chemical species to fossil fuel combustion, biomass burning and biogenic emissions by a coupled radiocarbon-levoglucosan marker method[END_REF]). Calculation results for all samples are listed in Table 2.

-

Elemental and organic fractions of the non-fossil carbon

TCBB is composed of ECBB and OCBB which can be estimated using the partitioning factor DBB, as defined below:

𝐸𝐶 𝐵𝐵 = 𝐷 𝐵𝐵 × 𝑇𝐶 𝐵𝐵 𝑂𝐶 𝐵𝐵 = 𝑇𝐶 𝐵𝐵 -𝐸𝐶 𝐵𝐵 9
The term in green originates from the correlation between experimental data; terms in blue stand for values from the literature.

α, slope determined by linear regression between the measured levo and TCNF (see Figure 3), -OCBB/levo ratio of 5.59 ± 1.68, following work by [START_REF] Salma | Source apportionment of carbonaceous chemical species to fossil fuel combustion, biomass burning and biogenic emissions by a coupled radiocarbon-levoglucosan marker method[END_REF]. This value is compatible with a variety of wood types used in Austria [START_REF] Schmidl | Chemical characterisation of fine particle emissions from wood stove combustion of common woods growing in mid-European Alpine regions[END_REF].

-(EC/OC)BB ratio of 0.17± 0.009 following work by [START_REF] Salma | Source apportionment of carbonaceous chemical species to fossil fuel combustion, biomass burning and biogenic emissions by a coupled radiocarbon-levoglucosan marker method[END_REF], which is compatible with values of 0.16 ± 0.01 and 0.18 ± 0.01, as used by [START_REF] Szidat | Contributions of fossil fuel, biomass-burning, and biogenic emissions to carbonaceous aerosols in Zurich as traced by 14C[END_REF] and [START_REF] Bernardoni | Radiocarbon analysis on organic and elemental carbon in aerosol samples and source apportionment at an urban site in Northern Italy[END_REF], respectively.

-

The biogenic organic carbon (OCbio)

The OCbio fraction originates from vegetal emissions, with no combustion process. Therefore, OCbio corresponds to TCbio (i.e. ECbio = 0). OCbio is partly composed of secondary organic aerosols (SOAs), which are of mixed origin from fossil and non-fossil carbon fractions. SOAs are formed in the atmosphere by the transfer to the particle phase of VOCs (Volatile Organic Compounds) oxidized in the gas phase by atmospheric oxidant species (notably OH, O3). Biogenic gaseous emissions consist mostly of isoprene, monoterpenes and sesquiterpenes, which are considered as the most important biogenic SOA precursors [START_REF] Hallquist | The formation, properties and impact of secondary organic aerosol: current and emerging issues[END_REF][START_REF] Kanakidou | Organic aerosol and global climate modelling: a review[END_REF].

-The elemental and organic fractions of fossil carbon (ECF and OCF)

TCF is composed of ECF and OCF, which can be estimated using a partitioning factor DF, as defined -fNF deduced from 14 C measurements.

The OCF fraction is composed of both primary (POCF) and secondary organic aerosols (SOCF). Fossil SOAs are formed by oxidation and condensation of exhaust gases, and can represent an important part of total SOAs [START_REF] Huang | High secondary aerosol contribution to particulate pollution during haze events in China[END_REF]. Figure 4 shows the contributions of each carbonaceous fraction for the PM2.5 samples from fall/winter and from summer in Fos-sur-Mer, respectively. For fall and winter, the major contributor to the carbonaceous particles is biomass burning (55 %), whereas OCbio represents 56 % of the total carbon during summer. During the cold season, OCbio still represents more than a quarter of the total carbon; which can partly be linked to secondary aerosols from biomass burning emissions (SOABB) (Bertrand et al., 2018). ECF and OCF contribute about 8 % and 10 %, respectively. The influence of biomass burning during summer is very low with a total of 3 % (1 % from ECBB and 2 % from OCBB) and the fossil source represents about 41 % of the carbonaceous aerosols (ECF 22% and 19 % OCF). Hence, the relative proportions vary significantly with the season, with an important influence of biomass burning for the cold period.

Apportionment results for Fos-sur-Mer and interpretation

It is interesting to compare the results obtained for Fos-sur-Mer with those available for other cities from different regions:

In Barcelona (Spain) the proportion of OCBB remains constant on a yearly basis; for winter OCBB represents 35% of OCNF and 33 % in summer which correspond to 17-21 % of the total OC [START_REF] Minguillón | Fossil versus contemporary sources of fine elemental and organic carbonaceous particulate matter during the DAURE campaign in Northeast Spain[END_REF]. In Marseilles, the main contribution to OA (Organic Aerosol) are biomass burning (BB) during winter (48 %) and OOA (Oxygenated Organic Aerosol, i.e. aged aerosol directly associated to SOA) during summer (63 %) [START_REF] Bozzetti | Organic aerosol source apportionment by offline-AMS over a full year in Marseille[END_REF]. For Zürich (Switzerland), very similar relative contributions are obtained in summer [START_REF] Szidat | Contributions of fossil fuel, biomass-burning, and biogenic emissions to carbonaceous aerosols in Zurich as traced by 14C[END_REF], but the winter distribution shows less contribution from biomass burning in Zürich than in Fos-sur-Mer. Similar to Fos-sur-Mer, the summer PM in Göteborg (Sweden) is mainly composed of OCbio (44 %), ECF and OCF (15 % and 31 %, respectively), whereas the relative influence of biomass burning remains moderate in winter [START_REF] Szidat | Fossil and non-fossil sources of organic carbon (OC) and elemental carbon (EC) in Göteborg, Sweden[END_REF], thus lower than in Fos-sur-Mer. This kind of seasonal variation was not detected in the urban background of a bigger city, Birmingham (UK), where the influence of biomass burning remains low and constant throughout the year (2 % and 10 % for ECBB and OCBB, respectively), the main contributor being the fossil source [START_REF] Heal | Application of 14C analyses to source apportionment of carbonaceous PM2.5 in the UK[END_REF].

An examination of EC during fall/winter reveals that half of it comes from biomass burning emissions, while the remainder is from fossil fuel combustion. Such an important contribution of biomass burning in EC was not observed in Milan where about 85 % of EC was shown to originate from fossil sources [START_REF] Bernardoni | Radiocarbon analysis on organic and elemental carbon in aerosol samples and source apportionment at an urban site in Northern Italy[END_REF].

In Barcelona (Spain), also a Mediterranean city, EC is fossil for 87 % in winter and 91 % in winter [START_REF] Minguillón | Fossil versus contemporary sources of fine elemental and organic carbonaceous particulate matter during the DAURE campaign in Northeast Spain[END_REF]. For Montseny, located at 50 km of Barcelona in a forested background, EC fossil percentage is smaller (66% in winter and 79 % in summer).By contrast to winter, most summer EC (98%) originates from fossil sources because biomass burning is very much reduced during the hot season in Fos-sur-Mer.

The relative importance of biomass burning during winter could appear as surprising because Fos-sur-Mer is located in the south of France with relatively mild winters, even if frequent cold episodes are linked to strong northerly winds. Indeed, similar contributions of wood burning are typically observed for colder regions such as alpine valleys [START_REF] Bonvalot | Estimating contributions from biomass burning, fossil fuel combustion, and biogenic carbon to carbonaceous aerosols in the Valley of Chamonix: a dual approach based on radiocarbon and levoglucosan[END_REF][START_REF] Zotter | Radiocarbon analysis of elemental and organic carbon in Switzerland during winter-smog episodes from 2008 to 2012 -Part 1: Source apportionment and spatial variability[END_REF]or in the Czerch city of Mladá Boleslav [START_REF] Hovorka | Wood combustion, a dominant source of winter aerosol in residential district in proximity to a large automobile factory in Central Europe[END_REF]. However, in these colder regions, wood is usually burnt in closed fireplaces and woodstoves, whereas green waste combustion and agricultural combustion may be more frequent in the south of France.

The city of Ispra in northern Italy bears some similarities with Fos-sur-Mer in terms of industries and traffic.

As reported by [START_REF] Gilardoni | Better constraints on sources of carbonaceous aerosols using a combined 14Cmacro tracer analysis in a European rural background site[END_REF], the PM from Ispra presents similar seasonal patterns, with 12% of ECF, 15% of OCF, 11 % of ECBB, 53 % of OCBB, 9 % of OCbio in winter and 18% of ECF, 15% of OCF, 1 % of ECBB, 8 % of OCBB, 50 % of OCbio in summer. Hence, the importance of biomass burning is even greater during winter in Ispra (11+53 = 64 %) than in Fos-sur-Mer (44.5+8.1 = 52.6 %). The difference may be due to slightly colder temperatures in Ispra than in Fos-sur-Mer (climatological DJF averages of 2.5 °C and 6.5 °C, respectively, https://fr.climate-data.org/location/7679/). The absence of biomass burning during summer in Fos-sur-Mer, when the dry and hot weather frequently leads to wildfires in the region, confirms that the main source of TCBB is linked to wood burning for residential heating. During the fall, agricultural waste burning (notably from rice fields in the Camargue) may have also contributed to this fraction. ). By contrast, the biomass burning components (OCBB, ECBB) are highly seasonal, as is to be expected from domestic heating.

The scatter observed for winter values of OCF, ECF and OCbio is larger than for summer values. The same is true for the biomass burning fractions (OCBB in Figure 10, ECBB in Figure 13, levoglucosan in Figure 3). This could be fortuitous and simply due to the difference in number of measurements for the two seasons (N = 20 and 9, for winter/fall and summer, respectively). An alternative explanation could be high frequency meteorological variations, notably the presence of the northerly wind that efficiently transports air masses towards the Mediterranean Sea.

The mean values of TCbio (= OCbio) remain stable during fall/winter and summer, respectively 4.0 µgC m -3 (SD =2.9, N = 20) and 2.4 µgC m -3 (SD = 0.5, N = 9), both equivalent to the β factor (2.5 ± 1.3 µg m -3 ). This fraction should be composed of both primary aerosols (cellulose, particulate abrasion produced from leaf surface, fungal spores, monosaccharides, and others) and secondary organic aerosols (SOAbio). For example, [START_REF] Bozzetti | Size-Resolved Identification, Characterization, and Quantification of Primary Biological Organic Aerosol at a European Rural Site[END_REF] have shown that for the rural site of Payerne (Switzerland), Primary Biologic Organic Aerosols (PBOAs) are comparable to the SOA contribution in the coarse organic matter (yearly average of 37 %, with 19 % in winter and 60 % in summer).

The stability of TCbio may seem surprising because biological emissions by vegetation is enhanced during the warm season [START_REF] Bozzetti | Size-Resolved Identification, Characterization, and Quantification of Primary Biological Organic Aerosol at a European Rural Site[END_REF][START_REF] Bonvalot | Estimating contributions from biomass burning, fossil fuel combustion, and biogenic carbon to carbonaceous aerosols in the Valley of Chamonix: a dual approach based on radiocarbon and levoglucosan[END_REF]). On one hand, windy conditions during winter and fall may also favor the production and transport of primary particles. On the other hand, secondary particles originating from the aging of BB emissions may represent an important fraction of the OCbio fraction. Bertrand et al. (2018) have shown the importance of SOABB formation (up to 7 times the initial OA concentration after 6 h of photo chemical oxidation) and the influence of the aging onto the aerosol composition.

In order to distinguish SOAs and POAs, it is useful to compare TCbio with molecular markers such as malic acid and DL-glyceric acid. Malic acid has been proposed as a late-stage product in the photooxydation process of fatty acids synthesized by plants [START_REF] Hsieh | Origin of low-molecular-weight dicarboxylic acids and their concentration and size distribution variation in suburban aerosol[END_REF]. It can also originate from the oxidation of n-alkanes emitted by the vegetation [START_REF] Claeys | Formation of Secondary Organic Aerosols Through Photooxidation of Isoprene[END_REF][START_REF] Kawamura | Water soluble dicarboxylic acids and related compounds in Antarctic aerosols[END_REF][START_REF] Kawamura | A review of dicarboxylic acids and related compounds in atmospheric aerosols: Molecular distributions, sources and transformation[END_REF]. It has been shown

that DL-glyceric acid can be produced by the oxidation of diene compounds synthesized by vegetation [START_REF] Angove | The characterisation of secondary organic aerosol formed during the photodecomposition of 1,3-butadiene in air containing nitric oxide[END_REF]. 

Conclusions

Carbonaceous aerosols from the heavily industrialized Fos-sur-Mer region are apportioned using a multiproxy approach. Radiocarbon ( 14 C) analyses allow the distinction and quantification of fossil fuel combustion produced and non-fossil carbon from biomass burning and biogenic emissions. The different origins of fractions in PM2.5 samples are determined by using 14 C results combined with the EC/OC ratio, levoglucosan (biomass combustion proxy) and selected fatty acids (biogenic emission proxy).

Samples collected in the summer and fall/winter period of 2013 period indicate that carbonaceous material represents about 30 % of the PM2.5 mass. Our multi-proxy approach provides information on the main sources of pollutants:

-A strong seasonal cycle is detected with a mean concentration three times larger in fall/winter than in summer. Combined 14 C and levoglucosan measurements allow to identify biomass burning for residential heating purposes during fall and winter as the main contributor (≈ 83 % of the non-fossil carbon, ≈ 53 % of the total carbonaceous aerosols).

-For winter samples, TCNF concentrations are strongly correlated with methoxyphenol compounds (vaniline, acetovanillone and vanillic acid) which are BB tracers both primary and secondary emitted.

-The elemental carbon proportion (EC) varies strongly with the season. During summer, 98 % of EC comes from fossil fuel sources (i.e. ECF), whereas only 45 % of EC is composed of ECF for fall/winter, which is due to a higher contribution from biomass burning.

-Overall, fossil carbons (ECF+OCF) from industrial, shipping and vehicular sources are relatively higher during the summer, but their absolute concentration is stable across the seasons.

-A significant contribution of biogenic carbon (TCbio) is quantified for both summer and winter samples.

Comparison with biogenic molecular proxies suggests that primary and secondary aerosols are quantitatively important. The absence of seasonality of TCbio may be due to variations of the relative proportions of primary and secondary organic aerosols, POAs being dominant in winter while SOAs represent up to a half of TCbio in summer.

-When compared with other sites in Europe, our data enable the identification of specific aspects linked to the meteorology around Fos-sur-Mer, a region that is characterized by hot summers and mild but windy winters.

The scatter of concentrations observed during winter and fall will complicate the identification of short-lived emissions peaks linked to various industries in the Fos-Berre region. Nevertheless, our study provides important constraints on the pollution background in this populated region. Further work is planned to improve this apportionment, notably by performing 14 C measurements directly in the OC and EC sub-fractions [START_REF] Dusek | Evaluation of a two-step thermal method for separating organic and elemental carbon for radiocarbon analysis[END_REF][START_REF] Zhang | On the isolation of OC and EC and the optimal strategy of radiocarbon-based source apportionment of carbonaceous aerosols[END_REF][START_REF] Zotter | Radiocarbon analysis of elemental and organic carbon in Switzerland during winter-smog episodes from 2008 to 2012 -Part 1: Source apportionment and spatial variability[END_REF].
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 1 Figure 1 Box plot representation of levoglucosan, PM2.5 and TC concentrations for summer and winter

Figure 2 :

 2 Figure 2: Representation of the different fractions composing carbonaceous aerosols. α is determined by linear regression between levo and TCNF (see 3.1.1) DBB is derived from the literature (see 3.1.2) DF is a function of EC/OC and ECBB Both TCNF and TCBB are required to determine OCbio

Figure 3

 3 Figure3(c) also shows that the three linear regressions converge towards a similar zero intercept (3.9 to 5.0 ± 0.7

  results on individual samples. The term in black originates from a previous calculation (equation 9).-(EC/TC) ratio as measured with the Sunset thermal-optical measurements, -ECBB calculated previously [µg.m -3 ], with the GIS during the 14 C analysis [µg m -3 ],

Figure 4 :

 4 Figure 4 : Proportional contributions to carbonaceous aerosols for fall/winter 2012-13 (a) and summer 2013 (b)

Figure 5 :

 5 Figure 5 : Box plots of carbonaceous fractions a) OCF b)OCBB c)OCBio d)ECF e)ECBB

  Figure 6: Correlation between OCbio and (a) DL glyceric acid Pearson's R = 0.749 (b) malic acid Pearson's R = 0.853, for summer samples

Table 1 : Results of TC fractions

 1 

	Date dd/mm/yy	TCF	±TCF	TCNF	±TCNF	TCBB	±TCBB	TCbio	±TCbio
	30/05/2012	2.37	0.09	3.30	0.12	0.18	0.04	3.11	0.21
	13/10/2012	0.98	0.09	5.17	0.18	3.45	0.80	1.52	0.87
	20/11/2012	3.66	0.32	20.63	0.66	18.92	4.38	0.61	4.69
	22/11/2012	3.76	0.30	18.70	0.60	12.44	2.88	5.54	3.12
	08/01/2013	1.79	0.26	17.59	0.57	14.00	3.24	2.78	3.48
	09/01/2013	2.47	0.31	20.41	0.66	16.79	3.88	2.65	4.17
	10/01/2013	1.25	0.17	11.36	0.37	4.41	1.02	6.69	1.17
	18/01/2013	1.44	0.23	14.27	0.47	4.94	1.14	9.04	1.33
	27/01/2013	1.88	0.23	15.29	0.50	6.65	1.54	8.25	1.72
	30/01/2013	2.07	0.15	10.53	0.29	3.70	0.86	6.61	0.98
	23/02/2013	2.03	0.11	5.98	0.20	4.72	1.09	0.99	1.18
	24/02/2013	1.96	0.10	5.04	0.17	3.48	0.81	1.35	0.88
	25/02/2013	1.79	0.11	6.45	0.22	6.08	1.41	0.03	1.51
	26/02/2013	2.25	0.18	11.00	0.36	3.94	0.91	6.84	1.06
	27/02/2013	2.08	0.20	12.58	0.41	6.28	1.45	5.93	1.61
	01/03/2013	1.83	0.15	8.78	0.29	5.04	1.17	3.45	1.28
	02/03/2013	1.48	0.12	6.82	0.23	4.00	0.93	2.59	1.02
	03/03/2013	3.91	0.23	12.46	0.41	8.26	1.91	3.72	2.07
	04/03/2013	1.83	0.10	6.45	0.18	3.34	0.77	2.92	0.85
	09/03/2013	2.07	0.11	5.45	0.19	5.15	1.19	0.00	1.28
	11/03/2013	1.38	0.11	6.35	0.21	6.53	1.51	0.00	1.62
	13/07/2013	1.98	0.08	2.74	0.10	0.04	0.01	2.69	0.19
	14/07/2013	1.32	0.07	3.40	0.12	0.12	0.03	3.26	0.21
	23/07/2013	1.91	0.07	2.32	0.07	0.03	0.01	2.29	0.16
	24/07/2013	2.08	0.08	2.57	0.10	0.09	0.02	2.48	0.18
	16/08/2013	1.54	0.07	1.96	0.08	0.08	0.02	1.88	0.16
	18/08/2013	1.33	0.07	2.93	0.11	0.16	0.04	2.77	0.20
	22/08/2013	2.01	0.08	1.95	0.08	0.03	0.01	1.92	0.16
	23/08/2013	1.63	0.07	1.69	0.07	0.06	0.01	1.63	0.14
	30/08/2013	1.78	0.08	3.04	0.11	0.34	0.08	2.68	0.21

-Biogenic Total Carbon

(TCbio) 

  14 𝐶 𝑆 -𝑇𝐶 𝐵𝐵 × 𝐹 14 𝐶 𝐵𝐵 𝐹 14 𝐶 𝑏𝑖𝑜 = 𝑻𝑪 × 𝑭 𝟏𝟒 𝑪 𝑺 -𝜶 × 𝒍𝒆𝒗𝒐 × 𝐹 14 𝐶 𝐵𝐵 𝐹 14 𝐶 𝑏𝑖𝑜 7 As in previous equations, the different origins of factors are distinguished by color. Terms in purple represent experimental results on individual samples. The term in green originates from correlation between experimental data; terms in blue stand for values from the literature. TCbio results are listed in Table

Table 2 : Results of EC-OC fractions

 2 

	Date	ECF	±ECF	OCF	±OCF	ECBB	±ECBB	OCBB	±OCBB OCbio ±OCbio
	dd/mm/yy										
	30/05/2012	0.62	0.15	1.75	0.14	0.03	0.02	0.15	0.04	3.11	0.21
	13/10/2012	0.67	1.52	0.31	0.31	0.50	0.19	2.95	0.83	1.52	0.87
	20/11/2012	3.18	8.75	0.48	1.61	2.74	1.05	16.18	4.55	0.61	4.69
	22/11/2012	3.76	6.46	0.00	1.36	1.80	0.69	10.64	2.99	5.54	3.12
	08/01/2013	1.03	9.30	0.76	0.99	2.03	0.78	11.97	3.36	2.78	3.48
	09/01/2013	0.65	8.79	1.82	1.11	2.43	0.93	14.35	4.03	2.65	4.17
	10/01/2013	1.24	3.94	0.01	0.50	0.64	0.25	3.77	1.06	6.69	1.17
	18/01/2013	1.44	5.38	0.00	0.63	0.72	0.27	4.23	1.19	9.04	1.33
	27/01/2013	1.80	5.17	0.08	0.71	0.96	0.37	5.69	1.60	8.25	1.72
	30/01/2013	2.07	3.07	0.00	0.64	0.54	0.21	3.16	0.89	6.61	0.98
	23/02/2013	0.15	0.87	1.88	0.32	0.68	0.26	4.03	1.13	0.99	1.18
	24/02/2013	0.01	0.54	1.96	0.23	0.51	0.19	2.98	0.84	1.35	0.88
	25/02/2013	0.01	1.32	1.78	0.38	0.88	0.34	5.19	1.46	0.03	1.51
	26/02/2013	0.80	1.55	1.44	0.37	0.57	0.22	3.37	0.95	6.84	1.06
	27/02/2013	0.65	2.62	1.43	0.48	0.91	0.35	5.37	1.51	5.93	1.61
	01/03/2013	0.53	1.68	1.30	0.38	0.73	0.28	4.31	1.21	3.45	1.28
	02/03/2013	0.17	1.17	1.31	0.28	0.58	0.22	3.42	0.96	2.59	1.02
	03/03/2013	1.27	1.98	2.64	0.66	1.20	0.46	7.06	1.98	3.72	2.07
	04/03/2013	1.02	1.15	0.81	0.34	0.48	0.19	2.86	0.80	2.92	0.85
	09/03/2013	0.88	1.09	1.19	0.43	0.75	0.29	4.41	1.24	0.00	1.28
	11/03/2013	0.77	2.22	0.61	0.50	0.95	0.36	5.59	1.57	0.00	1.62
	13/07/2013	0.93	0.24	1.05	0.19	0.01	0.02	0.04	0.01	2.69	0.19
	14/07/2013	0.58	0.27	0.74	0.13	0.02	0.02	0.11	0.03	3.26	0.21
	23/07/2013	1.09	0.26	0.82	0.22	0.00	0.02	0.02	0.01	2.29	0.16
	24/07/2013	1.19	0.29	0.89	0.25	0.01	0.02	0.08	0.02	2.48	0.18
	16/08/2013	0.94	0.25	0.60	0.21	0.01	0.02	0.06	0.02	1.88	0.16
	18/08/2013	0.66	0.27	0.67	0.14	0.02	0.02	0.14	0.04	2.77	0.20
	22/08/2013	1.15	0.23	0.86	0.25	0.00	0.02	0.03	0.01	1.92	0.16
	23/08/2013	1.00	0.22	0.63	0.22	0.01	0.02	0.05	0.01	1.63	0.14
	30/08/2013	0.76	0.25	1.02	0.17	0.05	0.03	0.29	0.08	2.68	0.21

in figure14 and 2.0 ± 0.2 µg m -3 in figure15), which also points to the presence of POAs, amounting to about one third to one half of TCbio. By contrast, malic acid levels are low in winter, and neither malic nor DL-glyceric acid is correlated with TCbio. This is compatible with the hypothesis that TCbio is mainly linked to production and transport of POAs. Hence, the apparent stability of TCbio regardless of season may be due to a strong seasonality of the SOA/POA ratio of emissions by vegetation.