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Introduction

Air pollution is considered as one of the major environmental challenges and poses a major threat to health and climate. According to the World Health Organization, 99% of people worldwide were living in areas where air quality exceeded the WHO guidelines in 2019 [START_REF] Who | WHO air quality guidelines. Particulate matter (PM2.5 and PM10), ozone, nitrogen dioxide, sulfur dioxide and carbon monoxide[END_REF]. It is estimated that the attributable excess mortality rate from ambient air pollution is about 8.8 million per year [START_REF] Lelieveld | Cardiovascular disease burden from ambient air pollution in Europe reassessed using novel hazard ratio functions[END_REF]. Among the different air pollutants, particulate matter with an aerodynamic diameter less than 2.5 µm (PM2.5) can be easily inhaled into the lungs and might cause diverse health effects especially cardiovascular and respiratory diseases [START_REF] Anderson | Clearing the air: a review of the effects of particulate matter air pollution on human health[END_REF][START_REF] Lelieveld | Air pollution, the underestimated cardiovascular risk factor[END_REF][START_REF] Igo | The impact of PM2.5 on the human respiratory system[END_REF]. The exact mechanisms of toxicity induced by exposure to PM are still poorly understood. Toxicological studies have shown that the exposure to PM could induce oxidative stress by stimulating cells to produce reactive oxygen species (ROS) in excess of the antioxidant capacity of the body [START_REF] Ayres | Evaluating the Toxicity of Airborne Particulate Matter and Nanoparticles by Measuring Oxidative Stress Potential-A Workshop Report and Consensus Statement[END_REF][START_REF] Bates | Reactive oxygen species generation linked to sources of atmospheric particulate matter and cardiorespiratory effects[END_REF]. This imbalance triggers a cascade of effects such as inflammation, DNA damage, and cell death [START_REF] Becker | Seasonal variations in air pollution particle-induced inflammatory mediator release and oxidative stress[END_REF][START_REF] Wang | Temporal variation of oxidative potential of water soluble components of ambient PM2.5 measured by dithiothreitol (DTT) assay[END_REF]. Additionally, the toxicological effects due to the induction of oxidative stress by PM is related to their physicochemical characteristics such as surface properties and their chemical composition [START_REF] Crobeddu | Oxidative potential of PM2.5 as predictive indicator of cellular stress[END_REF]. Hence, the oxidative potential (OP) of PM has been found to be a practical indicator for the evaluation of the oxidative capacity of PM components as a whole [START_REF] Crobeddu | Oxidative potential of PM2.5 as predictive indicator of cellular stress[END_REF]. According to [START_REF] Daellenbach | Sources of particulate-matter air pollution and its oxidative potential in Europe[END_REF] and [START_REF] Fakhri | Source apportionment of PM2.5 using organic/inorganic markers and emission inventory evaluation in the East Mediterranean-Middle East city of Beirut[END_REF], if the OP is found to be related to major health impacts, it might be more effective to control specific OP sources rather than overall particulate mass. Recent papers showed that the correlation between acellular OP and intracellular toxicity is site-dependent following the sources acting on a specific site [START_REF] Guascito | Characterisation of the correlations between oxidative potential and in vitro biological effects of PM10 at three sites in the central Mediterranean[END_REF][START_REF] Weber | Source apportionment of atmospheric PM10 oxidative potential: synthesis of 15 year-round urban datasets in France[END_REF][START_REF] Xu | Investigation of the chemical components of ambient fine particulate matter (PM2.5) associated with in vitro cellular responses to oxidative stress and inflammation[END_REF]. Therefore, further studies are needed to investigate the impact of the emission sources on both aspects.

Recently, the development of different acellular assays has led to a rise in OP measurements worldwide and their inclusion in epidemiological studies [START_REF] Serafeim | Oxidative potential of ambient PM2.5 from São Paulo, Brazil: Variations, associations with chemical components and source apportionment[END_REF]. The most common ones include electron spin resonance (OP-ESR) that measures the generation of hydroxyl radicals, dithiothreitol (OP-DTT), ascorbic acid (OP-AA) and glutathione (OP-GSH) assays that measure the depletion rate of proxies for cellular reductants or antioxidants [START_REF] Bates | Review of acellular assays of ambient particulate matter oxidative potential: Methods and relationships with composition, sources, and health effects[END_REF][START_REF] Guo | Effect of PM characterization on PM oxidative potential by acellular assays: a review[END_REF]. Among those, OP-AA and OP-DTT are widely used and are based on spectrophotometric kinetic methods [START_REF] Bates | Review of acellular assays of ambient particulate matter oxidative potential: Methods and relationships with composition, sources, and health effects[END_REF]. The OP-DTT assay measures the depletion rate of dithiothreitol, a chemical reactant used as a substitute of cellular reductants owing to its sulfhydryl groups [START_REF] Cho | Redox activity of airborne particulate matter at different sites in the Los Angeles Basin[END_REF]. While the OP-AA assay measures the ability of PM to deplete antioxidants (ascorbic acid in this case) in the respiratory tract lining fluid (RTLF) [START_REF] Mudway | An in vitro and in vivo investigation of the effects of diesel exhaust on human airway lining fluid antioxidants[END_REF]). These depletion rates are proportional to the generation rate of ROS and the ability of PM to contribute to ROS overproduction. Up until today, there is no standard methodology to measure oxidative potential in order to fully determine the ROS generation variations [START_REF] Janssen | Oxidative potential of particulate matter collected at sites with different source characteristics[END_REF][START_REF] Weber | Source apportionment of atmospheric PM10 oxidative potential: synthesis of 15 year-round urban datasets in France[END_REF]. This methodology should include different tests due to their different sensitivities to PM components [START_REF] Ayres | Evaluating the Toxicity of Airborne Particulate Matter and Nanoparticles by Measuring Oxidative Stress Potential-A Workshop Report and Consensus Statement[END_REF]. The current state of knowledge regarding the correlation between species and the different OP assays is not enough to reach a conclusion about the specificity of the tests to classes of compounds.

Nevertheless, an OP assessment based on the OP-AA and OP-DTT assays seems appropriate when considering different families of PM components due to the complementarity between these assays [START_REF] Guo | Effect of PM characterization on PM oxidative potential by acellular assays: a review[END_REF]. However, the study of the relationship between OP values and PM sources is sometimes limited since PM species and elements contributing to OP values can be emitted by several sources. Additionally, few studies tried to determine OP values produced by specific sources such as biomass burning and urban traffic [START_REF] Bates | Reactive oxygen species generation linked to sources of atmospheric particulate matter and cardiorespiratory effects[END_REF][START_REF] Saffari | Seasonal and spatial variation in dithiothreitol (DTT) activity of quasi-ultrafine particles in the Los Angeles Basin and its association with chemical species[END_REF]. Therefore, assuming that OP is a predictive metric of the PM toxicity, it has become increasingly important to link the OP values to PM sources in order to identify the sources with the greatest possible impact. [START_REF] Bates | Reactive oxygen species generation linked to sources of atmospheric particulate matter and cardiorespiratory effects[END_REF] and [START_REF] Weber | An apportionment method for the oxidative potential of atmospheric particulate matter sources: application to a one-year study in Chamonix, France[END_REF] developed methodologies for the evaluation of the contributions of the sources using a multiple linear regression approach in order to assign OP-AA and OP-DTT values for different sources obtained by source apportionment application. More recently, [START_REF] Borlaza | Disparities in particulate matter (PM10) origins and oxidative potential at a city scale (Grenoble, France) -Part 2: Sources of PM10 oxidative potential using multiple linear regression analysis and the predictive applicability of multilayer perceptron neural network analysis[END_REF] compared a non-linear modelling technique (Multilayer perceptron neural network analysis -MLP) to the multiple linear regression model and showed similarities between the results of the two models with some improvements in the OP prediction with the MLP model when local features or non-linear effects occur.

In this context, the objectives of this research were to examine the oxidative potential of PM2.5 measured using AA and DTT assays, to study the relationship between the PM2.5 chemical components (carbonaceous, ionic, elemental, and organic) and OP results, and to conduct a source apportionment of PM2.5 OP. The source apportionment of PM2.5 at the site was previously presented in [START_REF] Fadel | Source apportionment of PM2.5 oxidative potential in an East Mediterranean site[END_REF]. This study will try to contribute to filling the lack of knowledge regarding OP measurements and their attribution to common sources found in the East Mediterranean and the Middle East region.

1 Materials and methods 1.1 PM2.5 sampling PM2.5 sampling was conducted at Zouk Mikael (ZK), an urban site under industrial influence in Lebanon. Detailed information about the sampling site and the sample collection were presented in [START_REF] Fadel | PM2.5 characterization of primary and secondary organic aerosols in two urban-industrial areas in the East Mediterranean[END_REF]. The ZK site (33°57'57.07''N; 35°37'09.46''E) is highly urbanized with a residential density of 4,200 inhabitants/km 2 , located at 1.2 km of a congested highway linking the capital Beirut to the North of Lebanon (Figure 1). This site also encompasses the biggest power plant in the country which runs on Heavy Fuel Oil (HFO).

PM2.5 samples were collected for 24 hours on pre-cleaned Quartz microfibres filters (150 mm, Fiorini, France) every third day from 13 th of December 2018 to 15 th of October 2019, using a high-volume sampler (CAV-A/mb, MCV S.A., Spain) operating at 30 m 3 /h. A total number of 98 loaded filters and 8 field blanks were collected. 1.2 PM2.5 concentrations and chemical characterization Detailed information regarding the determination of PM2.5 concentrations as well as the chemical characterization can be found in the supplementary material and in our previous publications [START_REF] Fadel | Source apportionment of PM2.5 oxidative potential in an East Mediterranean site[END_REF]2022;[START_REF] Who | WHO air quality guidelines. Particulate matter (PM2.5 and PM10), ozone, nitrogen dioxide, sulfur dioxide and carbon monoxide[END_REF]. Briefly, the PM2.5 concentration was determined based on the standard gravimetric method EN 12341:2014 by weighing filters before and after sampling in a temperature (20 ± 0.5°C) and humidity (50 ± 5%) controlled room.

Various analytical methods were used to analyze different chemical fractions of PM2.5. The carbonaceous sub-fractions (OC and EC) were analyzed by a Sunset Laboratory analyzer implementing the EUSAAR2 temperature protocol [START_REF] Cavalli | Toward a standardised thermal-optical protocol for measuring atmospheric organic and elemental carbon: the EUSAAR protocol[END_REF]. Organic compounds such as Polycyclic Aromatic Hydrocarbons (PAHs), alkanes, hopanes, levoglucosan, carboxylic acids, isoprene and α-pinene oxidation products were analyzed by gas chromatography coupled to a mass spectrometer GC/MS (ISQ 7000, Thermo Scientific, United States of America) using the method described in [START_REF] Fadel | PM2.5 characterization of primary and secondary organic aerosols in two urban-industrial areas in the East Mediterranean[END_REF]. The analysis of major and trace elements was performed by an Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES, iCAP 6000 series, Thermo Scientific, United Kingdom), and an ICP-Mass Spectrometry (ICP-MS, Agilent 7900, Varian, United States of America), respectively using the method described in Ledoux et al. (2006b) and [START_REF] Fadel | Human health risk assessment for PAHs, phthalates, elements, PCDD/Fs, and DL-PCBs in PM2.5 and for NMVOCs in two East-Mediterranean urban sites under industrial influence[END_REF]. Finally, water-soluble ions were analyzed by ion chromatography (Dionex™ ICS-900, Thermo Scientific, United Kingdom) following the method presented by Ledoux et al. (2006a) and [START_REF] Fadel | Source apportionment of PM2.5 oxidative potential in an East Mediterranean site[END_REF].

PM2.5 oxidative potential evaluation

The method used for the assessment of the oxidative potential using AA and DTT assays was detailed in [START_REF] Moufarrej | Assessment of the PM2.5 oxidative potential in a coastal industrial city in Northern France: Relationships with chemical composition, local emissions and long range sources[END_REF] and will be briefly presented here. The leaching agent used for the PM2.5 extraction is the Gamble's solution (pH=7.4), a simulated lung fluid (SLF) that reflects the composition of the interstitial fluid in the deep lung. The composition of the Gamble's solution as well as the order of mixing of the components can be found in [START_REF] Colombo | Platinum, palladium and rhodium release from vehicle exhaust catalysts and road dust exposed to simulated lung fluids[END_REF] and in Table S1. For each sample, a punch of the filter (19 mm diameter) was extracted by 5 mL of the Gamble's solution in a glass tube. The tubes were then placed in a heated orbital shaker for 24 h at 37°C, at a speed of 250 oscillations per min. The extracted solutions were then filtered on 0.45 µm nylon filters, and stored at -20°C until OP analysis.

The measurement of DTT depletion was carried out in 96 well black plates with clear flat bottom. In each well of the plate, 40 µL of the PM leachate (or the Gamble's solution used as blank or a filter field blank or 1,4-naphtoquinone used as positive control) was added to 120 µL of phosphate buffer solution (pH = 7.4) before placing the plate under shaking for 10 min at 37°C. Then, the oxidation reaction was initiated by adding 25 µL of DTT (0.4 mM) and the estimation of the remaining DTT was done by adding 15 µL of 5,5-dithio-bis-(2-nitrobenzoic acid) (DTNB) in the wells at different times of reaction between the PM leachate and DTT at 37°C. The remaining DTT reacts with DTNB and is converted to 2-nitro-5-thiobenzoic acid (TNB). The absorbance of TNB was measured 10 min after the last DTNB addition at 37°C and at 412 nm.

The OP-AA assay was done in 96 well plates with UV-transparent flat bottom. In each well, 160 µL of PM extract were added and then the plate was incubated at 37°C for 10 min under shaking.

Then, 40 µL of the AA solution (1 mM) was added to the extract and incubated for 1 min before placing it in the spectrophotometer. The absorbance of the remaining AA was measured at 265 nm every 2 min for 2 hours.

The AA or DTT depletion rates were determined by considering the slope of the linear regression of the remaining AA or DTT, respectively versus time. For each PM2.5 sample, OP-AA or OP DTT values (in nmol•min -1 ) were corrected by subtracting the slope value of the field blank filter. Then, the values were normalized to the mass of PM (OP-AAm and OP-DTTm expressed in nmol•min -1 •µg -1 ) and to the volume of air (OP-AAv and OP-DTTv expressed in nmol•min -1 •m -3 ). For both assays, samples were analyzed in triplicates and the relative standard deviation was below 7% for OP AA and below 10% for OP DTT.

1.4 Data processing 1.4.1 Source apportionment of PM2.5

The identification and the quantification of the contribution of PM2.5 sources was done using the USEPA PMF 5.0 model [START_REF] Paatero | Positive matrix factorization: A non-negative factor model with optimal utilization of error estimates of data values[END_REF]. The detailed results regarding the identified sources at ZK site, the source profiles, and their contribution to PM2.5 can be found in our previous publication [START_REF] Fadel | Source apportionment of PM2.5 oxidative potential in an East Mediterranean site[END_REF]. Briefly, a selection of 32 species including the carbonaceous sub-fractions (OC, EC), major ions (Cl -, SO4 2-, NO3 -, Na + , and NH4 + ), a set of elements (Mg, Al, Ca, Fe, K, Ni, Ti, Cu, Sb, and Sn), and different organic tracers (levoglucosan, hexa-and octadecanoic acids, isoprene and α-pinene oxidation products, 17α(H)-21β (H)hopane, C20, C21, C24, C25, C27, C29, and C31 alkanes) were added into the model. A twelve-factor solution was retained and the source categories were presented in Table 1.

The measured concentrations of PM2.5 as well as the added species and the values reconstructed were strongly correlated with regression slopes higher than 0.85 and determination coefficients (R 2 ) higher than 0.83. Additionally, bootstrap analyses and DISP diagnostics indicated a good model fit for the twelve-factor solution.

Correlation analysis

In order to analyze the correlations between OP data and PM2.5 components, statistical tests were used after assessing the normality of the variables. The Shapiro-Wilk test was performed to evaluate the normality of the distributions. Most of the variables were not normally distributed (p<0.001). Therefore, the Spearman correlation coefficient, a non-parametric test to study the correlations was chosen. Two levels of significance were generally applied, p<0.05 for 95% confidence, and p<0.01 for 99% confidence. The seasonal variability of the OP values was analyzed using the Mann-Whitney statistical test.

Oxidative potential apportionment method

A multiple linear regression method has been used in order to estimate the contributions of PM sources to OP. The method is based on the assumption that the OP values are linearly related to the contributions of the sources using the following equation [START_REF] Weber | An apportionment method for the oxidative potential of atmospheric particulate matter sources: application to a one-year study in Chamonix, France[END_REF] (Eq.1):

𝑂𝑃 𝑜𝑏𝑠 = ∑ 𝐶 𝑖-𝑃𝑀 × 𝛽 𝑖 + 𝜀 𝑛 𝑖=1 (𝐸𝑞. 1)
Where OPobs is the observed OPv value matrix expressed in nmol•min -1 •m -3 , Ci-PM is the concentration of PM attributed to the source i in the source contribution matrix expressed in µg•m -3 , βi represents the intrinsic OP of the source (nmol•min -1 •µg -1 ), and ε is a residual term (in nmol•min -1 •m -3 ) that accounts for the misfit between the observed and the modeled data. The MLR was done by imposing the intercept equal to zero.

A weighted least square regression (WLS) was adopted in order to take into consideration the uncertainties of the OP measurements. The input data for this model are the contributions of the sources resulting from the PMF results for the ZK site, and the values of OP-AAv and OP-DTTv along with their corresponding uncertainties. The latter were calculated at 2σ based on the RSD of the triplicates, the uncertainty related with the sampling instrumentation, and the uncertainties associated with the experimental procedures.

Once the initial run is done and values of intrinsic OP are calculated, sources with negative intrinsic OP that are statistically unsignificant at 5% level (p > 0.05) were removed from the input data and the MLR was run again without these sources.

Afterwards, a bootstrap analysis on the MLR model is applied to evaluate the variability of the obtained intrinsic OP results. This method creates sets of bootstrap data constructed by randomly selecting blocks of observations from the initial dataset. The size of the blocks is calculated according to [START_REF] Politis | Automatic block-length selection for the dependent bootstrap[END_REF] and was taken in this case as 5 samples per block. 100 bootstrap runs were randomly performed to ensure the robustness of the results. The obtained intrinsic OP values were presented in a boxplot presenting the median and the percentiles 5, 25, 50, 75, and 90 (Figure 2).

Results and discussions

PM2.5 composition and source contribution

The concentrations of the different PM2.5 components (OC, EC, water-soluble ions, elements, and organic compounds) for ZK were presented and discussed in details in our previous publications [START_REF] Fadel | Source apportionment of PM2.5 oxidative potential in an East Mediterranean site[END_REF][START_REF] Fadel | PM2.5 characterization of primary and secondary organic aerosols in two urban-industrial areas in the East Mediterranean[END_REF], and are resumed in Table S2 and Table S3.

PM2.5 average concentration for ZK was 33.6 µg.m -3 . The major chemical components were OC, EC, SO4 2-, Ca, NH4 + , and NO3 -contributing to approximately 50% of the PM2.5 mass (Table S2).

As for the organic compounds, hexa-and octadecanoic acids, tracers of cooking emissions, recorded the highest concentrations (259 and 175 ng/m 3 , respectively) between the identified compounds, followed by levoglucosan (91 ng/m 3 ), tracer of biomass burning. The total concentrations of n-alkanes, PAHs, and hopanes were 26.7, 2.56, and 4.22, respectively (Table S3).

Different organic and inorganic markers were used to estimate the contribution of the sources using the PMF source receptor model [START_REF] Fadel | Source apportionment of PM2.5 oxidative potential in an East Mediterranean site[END_REF]. The chemical markers of the sources identified using PMF along with the average contributions of the sources to PM2.5 during the entire sampling period as well as during winter and summer periods are presented in Table 1.

The average results show that 27.5% of PM2.5 was attributed to crustal dust that mainly originate from the Arabian and Saharan deserts through long range transport [START_REF] Fadel | Source apportionment of PM2.5 oxidative potential in an East Mediterranean site[END_REF].

Additionally, high concentrations of carbonaceous matter (OC and EC) were reported to be of long-range origins, possibly because of the abundance of oil fields and refineries in the surrounding Arab countries.

The ammonium sulfate source, which was the second highest contributor (15.7%), can be either of local (HFO combustion from the power plant) or distant origins (industrial areas of Europe and Turkey). The site was also influenced by vehicular emissions (14% of PM2.5) with three PMF factors associated with exhaust and non-exhaust emissions (Table 1) since the site is close to a congested highway. Traffic exhaust (1) source, characterized by high loadings of 17α(H)-21β(H)-hopane is mainly associated to unburned lubricating oils while traffic exhaust (2) source is associated with high concentrations of OC and EC and is linked to fuel combustion.

Table 1: Markers of the identified sources at Zouk (ZK) site along with their average contribution to PM2.5 in percentages and in μg•m -3 retrieved from [START_REF] Fadel | Source apportionment of PM2.5 oxidative potential in an East Mediterranean site[END_REF] Furthermore, the industrial influence was highlighted by a relatively high contribution of HFO combustion from the power plant (13% of PM2.5 mass). Biogenic sources (primary and secondary pathways) were also identified with a combined contribution of 9.3%, and aged sea-salts contributed 11.1%. Other anthropogenic sources such as diesel generators, biomass burning, and cooking emissions contributed together to 9.3% of PM2.5 (Table 1).

2.2 Oxidative potential of PM2.5

The average volume and mass-normalized OP-AA and OP-DTT values at ZK are presented in

Table 2 for the entire study period along with the values for winter and summer periods. The mean OP-AAv value at ZK was 0.64 ± 0.29 nmol•min -1 •m -3 , varying between 0.15 and 1.49 nmol•min -1 •m -3 while the mean OP-DTTv value was 0.49 ± 0.26 nmol•min -1 •m -3 with a minimum of 0.12 and a maximum of 1.93 nmol•min -1 •m -3 . The values in our study for OP-AAv were in the range of values reported for different urban and industrial sites in France such as Grenoble, Nice, Talence, and Dunkirk (0.2-1.6 nmol•min -1 •m -3 ) [START_REF] Calas | Seasonal variations and chemical predictors of oxidative potential (OP) of particulate matter (PM), for seven urban French sites[END_REF][START_REF] Moufarrej | Assessment of the PM2.5 oxidative potential in a coastal industrial city in Northern France: Relationships with chemical composition, local emissions and long range sources[END_REF].

Additionally, our values were higher than the ones reported for a Central Mediterranean suburban site of the flat Salento's peninsula where OP-AAv average reported value was 0.29 nmol•min -1 •m -3 [START_REF] Pietrogrande | PM10 oxidative potential at a Central Mediterranean Site: Association with chemical composition and meteorological parameters[END_REF] but in the same range of values reported for a Mediterranean urban site in Spain (0.91 nmol•min -1 •m -3 ) [START_REF] Clemente | Sensitivity of PM10 oxidative potential to aerosol chemical composition at a Mediterranean urban site: ascorbic acid versus dithiothreitol measurements[END_REF]. As for DTT, the results of our study for OP-DTTv (Table 2) were in the range of values observed over the southern United States (0.1-1.5 nmol•min -1 •m -3 ), for French sites (0.36-4.12 nmol•min - 1 •m -3 ), and for Chinese sites (0.19-1.1 nmol•min -1 •m -3 ) [START_REF] Calas | Seasonal variations and chemical predictors of oxidative potential (OP) of particulate matter (PM), for seven urban French sites[END_REF][START_REF] Verma | Reactive oxygen species associated with water-soluble PM2.5 in the southeastern United States: spatiotemporal trends and source apportionment[END_REF][START_REF] Wang | Study on the oxidation potential of the water-soluble components of ambient PM2.5 over Xi'an, China: Pollution levels, source apportionment and transport pathways[END_REF]. The average OP-AAm and OP-DTTm were 0.03 ± 0.02 and 0.02 ± 0.01 nmol•min -1 •µg -1 , and were also comparable to the values reported in the above-mentioned studies. Despite the closeness in the average values of OP-AAv and OP-DTTv, a different temporal evolution is observed (Figure S1). This might be due to the specificity of each assay towards certain PM2.5 components.

Correlation between OP-AAv OP-DTTv and PM2.5 chemical components

To investigate the relationships between OP values and species concentrations, Spearman correlation coefficients between volume-normalized OP-AA or OP-DTT values and PM2.5 components concentrations were calculated (Table 3). The species include the carbonaceous matter (OC, EC), water-soluble ions, elements, and different classes of organic compounds among which alkanes, polycyclic aromatic hydrocarbons (PAHs), hopanes, levoglucosan, carboxylic acids, and secondary compounds. This approach allows us to give insights into the species that might contribute to oxidative properties of PM.

OP-AAv did not show a significant correlation with PM2.5 concentration while OP-DTTv is significantly correlated with PM2.5 (Table 3). Similar observations were done by Calas et al.

(2019) and [START_REF] Yang | Measurement of the oxidative potential of PM2.5 and its constituents: The effect of extraction solvent and filter type[END_REF] stressing on the idea that the OP values correlate more with specific species rather than PM2.5 mass as a whole.

Both assays appeared sensitive to elements as observed in Table 3. However, organic compounds including hopanes, levoglucosan, alkanes, and PAHs were not found to correlate with OP-DTTv. This is likely due to the fact that these water insoluble species may not serve as actual reactants in an aqueous solution (such as the Gamble's solution) to oxidize DTT [START_REF] Bates | Review of acellular assays of ambient particulate matter oxidative potential: Methods and relationships with composition, sources, and health effects[END_REF][START_REF] Fang | Oxidative potential of ambient water-soluble PM2.5 in the southeastern United States: contrasts in sources and health associations between ascorbic acid (AA) and dithiothreitol (DTT) assays[END_REF]. The same observations were presented by [START_REF] Liu | Oxidative potential of ambient PM2.5 in Wuhan and its comparisons with eight areas of China[END_REF] when examining the oxidative potential of PM in different areas in China. On the other hand, organic compounds showed significant correlations with OP-AAv especially n-alkanes, PAHs, levoglucosan, and hopanes (Table 3). As for elements associated with crustal dust such as Al, Mg, K, and Ti, weak correlations were found for both assays. High concentrations of these crustal elements are usually predictive of long-range transport of dust from deserts in the Mediterranean region [START_REF] Borgie | Chemical characteristics of PM2.5-0.3 and PM0.3 and consequence of a dust storm episode at an urban site in Lebanon[END_REF]. The occurrence of these phenomena were verified by the evaluation of the HYSPLIT backtrajectories showing air masses coming from Saharan and Arabian deserts to the sampling site [START_REF] Fadel | Source apportionment of PM2.5 oxidative potential in an East Mediterranean site[END_REF]. A special attention was given to samples that verify these above-mentioned criteria in order to further understand the influence of dust storm episodes on OP values. For that purpose, samples that showed high concentrations of crustal elements (or high contribution of the crustal dust source to PM2.5) were reported in Table S4 as well as their respective OP values with the comparison to the rest of the sampling period.

OP-DTTv average value for samples collected during dust storm episodes from Arabian or Saharan deserts (0.54 and 0.38 nmol•min -1 •m -3 , respectively) are not very different from the average of DTTv of PM observed in the remaining sampling days (0.49 nmol•min -1 •m -3 ) (Table S4). Similar conclusions were given by Chirizzi et al. ( 2017) that studied the influence of Saharan dust outbreaks on OP-DTTv and did not find any significant differences between the average OP-DTTv of PM in the area and the one from Saharan dust particles. Regarding OP-AAv, the average value for samples collected during a Saharan dust outbreak (0.43 nmol•min - 1 •m -3 ) was slightly lower than the one reported for the remaining sampling days (0.62 nmol•min - 1 •m -3 ). However, a remarkable difference was observed when examining OP-AAv values for samples under the influence of long-range transport from Arabian deserts presenting values (average of 1.05 nmol•min -1 •m -3 ) that were 1.7 times higher than the average OP-AAv for the rest of the sampling days. This might be explained by the higher concentrations of carbonaceous matter in PM2.5 for the samples that were under the influence of Arabian deserts outbreaks (OC + EC: 10.2 μg•m -3 ) in comparison with the samples under the influence of Saharan deserts (4.7 μg•m -3 ) and the remaining sampling days (5.4 μg•m -3 ) since it has been shown that the carbonaceous matter is well correlated with OP [START_REF] Chirizzi | Influence of Saharan dust outbreaks and carbon content on oxidative potential of water-soluble fractions of PM2.5 and PM10[END_REF][START_REF] Moufarrej | Assessment of the PM2.5 oxidative potential in a coastal industrial city in Northern France: Relationships with chemical composition, local emissions and long range sources[END_REF]. It has been previously reported that in Fadel et al. ( 2023) that the higher concentrations of carbonaceous matter in these samples is due to their transportation with the dust from the numerous oil fields and refineries in Arab countries.

A strong correlation was found between OP-DTTv and elements originating from different anthropogenic sources namely V, Ni, Zn, Cu, Sn, and Sb (Table 3). Elements such as Cu, V, and

Ni are known to be involved in the production of radicals via the Fenton reaction involving the reduction of H2O2 by a transition metal [START_REF] Visentin | Urban PM2.5 oxidative potential: Importance of chemical species and comparison of two spectrophotometric cell-free assays[END_REF] and control the DTT oxidation.

Additionally, good and moderate correlations were found between OP-DTTv and OC, and OP-DTTv and EC, respectively. OC and EC were mainly attributed to vehicular emissions at the sampling site.

Cu, Sb, and Sn mainly originate from resuspension of road dust (non-exhaust vehicular emissions), while V and Ni are emitted by HFO combustion. Similar correlations were observed between OP-DTTv and elements in [START_REF] Moufarrej | Assessment of the PM2.5 oxidative potential in a coastal industrial city in Northern France: Relationships with chemical composition, local emissions and long range sources[END_REF] in Dunkirk, a coastal industrial city in Northern France. Moreover, OP-DTTv did not show any significant correlation with PAHs that might be linked to vehicular emissions, in agreement with [START_REF] Vreeland | Oxidative potential of PM2.5 during Atlanta rush hour: Measurements of in-vehicle dithiothreitol (DTT) activity[END_REF].

On the other hand, OC, EC, many PAHs, and levoglucosan showed good correlations with OP-AAv. These results are in agreement with previous studies that showed a high sensitivity of OP-AAv assay to biomass burning and also to road traffic exhaust chemical markers (OC, EC, fluoranthene, pyrene, chrysene, benzo[a]pyrene) [START_REF] Calas | Comparison between five acellular oxidative potential measurement assays performed with detailed chemistry on PM10 samples from the city of Chamonix (France)[END_REF][START_REF] Janssen | Oxidative potential of particulate matter collected at sites with different source characteristics[END_REF][START_REF] Moufarrej | Assessment of the PM2.5 oxidative potential in a coastal industrial city in Northern France: Relationships with chemical composition, local emissions and long range sources[END_REF][START_REF] Weber | Source apportionment of atmospheric PM10 oxidative potential: synthesis of 15 year-round urban datasets in France[END_REF].

A strong correlation was also observed between OP-AAv and indeno [1,2,3-c,d]pyrene that was linked to the HFO combustion from the power plant at ZK in our previous study [START_REF] Fadel | PM2.5 characterization of primary and secondary organic aerosols in two urban-industrial areas in the East Mediterranean[END_REF].OP-AAv showed significant correlation with levoglucosan suggesting that biomass burning contributes to the value of OP-AAv. Once the initial MLR run was done, sources presenting negative intrinsic OP values and that were statistically unsignificant (p <0.05) were removed from the initial input data and the MLR was done again. This was the case in our study for the "Cooking" source in OP-AAv (p = 0.547) and for the "diesel generators" source in OP-DTTv (p = 0.07). By that, the "cooking" source for OP-AAv and the "diesel generators" source for OP-DTTv will not be used in the source apportionment of OP.

The MLR was run again considering 11 sources instead of 12 for both assays. All the remaining sources for both assays showed positive intrinsic OP. A significant correlation was observed between the reconstructed and observed OP (R 2 >0.8) with a regression line close to unity for both assays (Figure S2). The residuals between the observed and the modeled OP values were close to zero for low OP values and slightly increased for higher OP values (Figure S3).

Moreover, the distribution of the residuals is normal (Shapiro Wilk test, p<0.05) for both OP-AA and OP-DTT with a slight increase towards the underestimation for the highest OP values. All of these findings show that the modeling method is valid [START_REF] Weber | Source apportionment of atmospheric PM10 oxidative potential: synthesis of 15 year-round urban datasets in France[END_REF], and the results of intrinsic OP can be presented.

Intrinsic OP values

The values of intrinsic OP obtained from the base run as well as the median, 5 th , 25 th , 75 th , and For OP-AAv, the bootstrap procedure evidenced few variabilities in the intrinsic OP for most of the sources. Additionally, the intrinsic OP values from the base run and median values from the bootstrap analysis were close (Figure 2). For the majority of the identified sources, positive average intrinsic OP-AA values were observed stressing on the significant oxidative properties of PM. From the calculations, the biomass burning source showed the highest intrinsic OP with a value of 0.161 nmol•min -1 •µg -1 , followed by primary biogenic source (0.043 nmol•min -1 •µg -1 ), HFO combustion (0.038 nmol•min -1 •µg -1 ), traffic exhaust (2) (0.039 nmol•min -1 •µg -1 ), diesel generators (0.037 nmol•min -1 •µg -1 ), traffic exhaust (1) (0.035 nmol•min -1 •µg -1 ), and then secondary biogenic source (0.015 nmol•min -1 •µg -1 ). Biomass burning is one of the few sources that shows a considerably significant redox activity. Ammonium sulfate, aged sea-salt, and traffic non-exhaust sources showed considerably lower mean intrinsic OP-AA values (0.006 -0.008 nmol•min -1 •µg -1 ), and crustal dust source presented the lowest intrinsic OP-AA value (0.0002 nmol•min -1 •µg -1 ) (Figure 2). For OP-DTTv, the bootstrap method applied to the MLR results showed few variabilities for intrinsic OP values for most of the sources. The different sources also show close values between the obtained OP values from the base run and median values from the bootstrap analysis (Figure 2). The highest variability of intrinsic OP-DTT values was observed for the cooking source.

However, due to its low contribution to PM2.5 (1.4%), it will not highly affect the apportionment results.

Biomass burning source showed the highest intrinsic OP-DTTv value (0.049 nmol•min -1 •µg -1 ), followed by HFO combustion (0.043 nmol•min -1 •µg -1 ), traffic exhaust (2) (0.034 nmol•min -1 •µg - 1 ), cooking (0.027 nmol•min -1 •µg -1 ) ammonium sulfate (0.016 nmol•min -1 •µg -1 ), traffic exhaust

(1) (0.012 nmol•min -1 •µg -1 ), and traffic non-exhaust (0.01 nmol•min -1 •µg -1 ). Primary and secondary biogenic sources as well as crustal dust and aged sea-salt showed considerably lower intrinsic OP-DTT values (0.008-0.002 nmol•min -1 •µg -1 ).

The examination of the intrinsic OP values reveals the sensitivity of the OP whether by AA or DTT measurements to PM sources and their chemical composition. Biomass burning source showed the highest intrinsic OP-AA value, that is at least three times higher than the value obtained for the HFO combustion and traffic exhaust sources. On the other hand, OP-DTT test seems to be multi-source influenced with close intrinsic values for biomass burning, HFO combustion, and traffic exhaust (2). Similar results were observed by [START_REF] Weber | An apportionment method for the oxidative potential of atmospheric particulate matter sources: application to a one-year study in Chamonix, France[END_REF] when applying the method to the Chamonix site in France. The ammonium sulfate source showed a significant intrinsic OP-DTTv value as previously showed by [START_REF] Weber | An apportionment method for the oxidative potential of atmospheric particulate matter sources: application to a one-year study in Chamonix, France[END_REF].

Contribution of the sources to the OP values

The average and normalized contribution of the sources to PM2.5 concentration, OP-AAv, and OP-DTTv for the total period as well as for winter and summer periods are presented in Figure 3.

Source contribution was calculated for all the sources except for the "cooking" source for OP-AAv and the "diesel generators" source for OP-DTTv. The "unexplained" category corresponds to the difference between the observed OP and the sum of the contributions of all the sources.

For the total period, 95% of OP-AAv and 88% of OP-DTTv observed values could be explained by the identified sources.

It can be directly observed that the sources that largely contribute to PM2.5 in the total period were not the ones contributing the most to the OP values. Specifically, crustal dust source, that contributes to 27.5% of PM2.5, only contributes to 3.3% of OP-DTTv and to 0.3% of OP-AAv.

The second contributor to PM2.5 is the ammonium sulfate source (15.8% of PM2.5) that contributes to 6.3% of OP-AAv and 15.4% of OP-DTTv. In different studies, it has been reported that secondary inorganic sources, such as ammonium sulfate and ammonium nitrate, are commonly associated with low toxicity in PM, and their ions do not exhibit any sensitivity towards both AA and DTT assays [START_REF] Borlaza | Disparities in particulate matter (PM10) origins and oxidative potential at a city scale (Grenoble, France) -Part 2: Sources of PM10 oxidative potential using multiple linear regression analysis and the predictive applicability of multilayer perceptron neural network analysis[END_REF][START_REF] Calas | Seasonal variations and chemical predictors of oxidative potential (OP) of particulate matter (PM), for seven urban French sites[END_REF][START_REF] Cesari | Source Apportionment of PM2.5 and of its Oxidative Potential in an Industrial Suburban Site in South Italy[END_REF][START_REF] Verma | Reactive oxygen species associated with water-soluble PM2.5 in the southeastern United States: spatiotemporal trends and source apportionment[END_REF]. However, the contribution of the ammonium sulfate source to OP-DTTv might be attributed to the formation of redox active SOA at the same time as the inorganic ions.

In this study, the ammonium sulfate factor identified by PMF is mainly associated with the HFO combustion from the power plant in addition to distant sources (through long-range transport)

from Turkey and Western Europe during late spring and summer seasons [START_REF] Fadel | Source apportionment of PM2.5 oxidative potential in an East Mediterranean site[END_REF].

This source represents by that a regional secondary factor with an anthropogenic influence that could explain its contribution to OP, particularly OP-DTT. [START_REF] Weber | Source apportionment of atmospheric PM10 oxidative potential: synthesis of 15 year-round urban datasets in France[END_REF] have also reported a considerable intrinsic OP value for the ammonium sulfate source, identified through 7500 samples, in the DTT assay due to the presence of organic carbon in the chemical profile. Biomass burning which was only responsible for 3.4% of PM2.5 also shows a low contribution to OP-DTTv (10.3%), but the highest share of OP-AAv between the sources (26.3%). Traffic exhaust and non-exhaust emission sources contribute to both OP-AAv and OP-DTTv with a share of 19.5% and 18.4%, respectively. As for the industrial typology of the site, HFO combustion attributed to the power plant showed high shares to both assays with a contribution of 23.1% for OP-AAv and 32.7% for OP-DTTv (Figure 3).

We can conclude that common sources contribute the most to the values of OP, namely biomass burning, traffic emissions, and HFO combustion explaining 69% of OP-AAv value and 62% of OP-DTTv. These results were consistent with several literature studies that report dominant contribution of biomass burning to OP-DTTv and OP-AAv, [START_REF] Fang | Oxidative potential of ambient water-soluble PM2.5 in the southeastern United States: contrasts in sources and health associations between ascorbic acid (AA) and dithiothreitol (DTT) assays[END_REF][START_REF] Perrone | PM2.5 and PM10 oxidative potential at a Central Mediterranean Site: Contrasts between dithiothreitol-and ascorbic acid-measured values in relation with particle size and chemical composition[END_REF][START_REF] Verma | Reactive oxygen species associated with water-soluble PM2.5 in the southeastern United States: spatiotemporal trends and source apportionment[END_REF], traffic emissions as well as fuel oil combustion [START_REF] Crobeddu | Oxidative potential of PM2.5 as predictive indicator of cellular stress[END_REF][START_REF] Moreno | Oxidative potential of subway PM2.5[END_REF][START_REF] Yang | Measurement of the oxidative potential of PM2.5 and its constituents: The effect of extraction solvent and filter type[END_REF]. Primary and secondary biogenic sources contribute to 8.2% of OP-AAv value and 4.4% of OP-DTTv while aged sea-salts contribute to 3.4% of OP-AAv and 1.4% of OP-DTTv. Diesel generator contributed to 7.8% of OP-AAv and the cooking emissions source contribute to 2.4% of OP-DTTv.

Seasonal variations

When comparing winter and summer periods, the overall OP-DTTv did not show any significant variability (p>0.05). However, a different scenario was observed for OP-AAv since the values were significantly higher (p<0.001) during winter period compared to summer (Table 2).

According to the literature, there is not a unique trend for the seasonal variations either for OP-DTT or OP-AA. Several papers have reported a strong seasonality of OP with higher values during winter compared to summer [START_REF] Borlaza | Disparities in particulate matter (PM10) origins and oxidative potential at a city scale (Grenoble, France) -Part 2: Sources of PM10 oxidative potential using multiple linear regression analysis and the predictive applicability of multilayer perceptron neural network analysis[END_REF][START_REF] Calas | Seasonal variations and chemical predictors of oxidative potential (OP) of particulate matter (PM), for seven urban French sites[END_REF][START_REF] Calas | Comparison between five acellular oxidative potential measurement assays performed with detailed chemistry on PM10 samples from the city of Chamonix (France)[END_REF][START_REF] Verma | Reactive oxygen species associated with water-soluble PM2.5 in the southeastern United States: spatiotemporal trends and source apportionment[END_REF] while others have presented the opposite seasonal trend [START_REF] Charrier | Oxidant production from source-oriented particulate matter &ndash; Part 1: Oxidative potential using the dithiothreitol (DTT) assay[END_REF][START_REF] Fang | Oxidative potential of ambient water-soluble PM2.5 in the southeastern United States: contrasts in sources and health associations between ascorbic acid (AA) and dithiothreitol (DTT) assays[END_REF][START_REF] Perrone | PM chemical composition and oxidative potential of the soluble fraction of particles at two sites in the urban area of Milan, Northern Italy[END_REF]. In the same context, [START_REF] Pietrogrande | Review of PM Oxidative Potential Measured with Acellular Assays in Urban and Rural Sites across Italy[END_REF] have reported that observed OP-DTT values were independent from seasonality in different rural and urban sites. Additionally, different seasonal trends might be observed for different PM fractions. For instance, [START_REF] Giannossa | Inter-annual variability of source contributions to PM10, PM2.5, and oxidative potential in an urban background site in the central mediterranean[END_REF] showed that higher OP-DTTv were observed during summer for PM10-2.5 fraction while higher values were observed during winter for PM2.5, suggesting that different sources with different seasonality might influence OP-DTTv.

These observations might lead to the conclusion that the OP is significantly correlated with the chemical composition of PM and its temporal variability is linked to the emission sources and their intensities that are different across sampling sites.

In this work, the results presented in Figure 3 revealed significant differences in the contributions of the sources especially for biomass burning and HFO combustion between winter and summer periods. The biomass burning source, contributing only to 9.0% of PM2.5 during winter, was found to be the major contributor to both OP-AAv (53.3%) and OP-DTTv (26.5%).

These contributions were 33 and 34 times higher than the ones observed during summer for OP-AAv (2.3%) and OP-DTTv (0.7%), respectively (Figure 3). This predominance of biomass burning source to OP values during cold months has been previously reported in the literature by [START_REF] Borlaza | Disparities in particulate matter (PM10) origins and oxidative potential at a city scale (Grenoble, France) -Part 2: Sources of PM10 oxidative potential using multiple linear regression analysis and the predictive applicability of multilayer perceptron neural network analysis[END_REF] and [START_REF] Verma | Reactive oxygen species associated with water-soluble PM2.5 in the southeastern United States: spatiotemporal trends and source apportionment[END_REF] and highlights the severity of biomass burning emissions from residential heating during the winter. On the other hand, the HFO combustion source from the power plant demonstrated higher contributions during the warm period for OP-AAv (32.3%) and for OP-DTTv (31%) compared to the cold period (7.5% for OP-AAv and 14.2% for OP-DTTv). This might be attributed to the increase in electricity production during the summer months, which leads to a higher contribution of this source to PM2.5 (13.7% during summer vs. 5.4% during winter). In contrast, the contributions from traffic sources were found to be relatively consistent throughout the year, with variations of less than 6% (Figure 3).

Additionally, secondary biogenic source was found to have at least 10 times higher contribution to both OP assays during the summer compared to winter. Ammonium sulfate sources showed considerably higher contribution to OP-DTTv during summer (26.6% vs. 8.0% during winter) due to the higher contribution of the source to PM2.5 (Table 1).

As previously mentioned, the ammonium sulfate is mainly emitted from the HFO combustion from the power plant in addition to distant anthropogenic sources that arrive to the site through long range transport especially during summer [START_REF] Fadel | Source apportionment of PM2.5 oxidative potential in an East Mediterranean site[END_REF]. A multiple linear regression method was applied in order to estimate the contribution of PM sources to the OP values. The results showed that crustal dust and ammonium sulfate sources that largely contribute to PM2.5 mass were not the major sources contributing to the values of OP.

However, 69% of OP-AAv and 62% of OP-DTTv values were explained by three local anthropogenic sources: Heavy Fuel Oil (HFO) combustion from a power plant, biomass burning, and road traffic emissions. Seasonal variations showed that biomass burning is the largest contributor to OP during winter (53.3% for OP-AAv and 26.5% for OP-DTTv) while HFO combustion contributes the most during summer (32.3% for OP-AAv, and 31% for OP-DTTv). In contrast, the contributions from traffic sources were found to be relatively consistent throughout the year (18% and 24% of OP-AAv and 18% and 19% of OP-DTTv during winter and summer, respectively). Following the obtained results, air quality plans should be prioritizing these three sources to limit the impact of air pollution on human health. Overall, this study has provided insight into the relationship between PM sources and oxidative potential in an urban site in the East Mediterranean.
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 1 Figure 1: Location of the sampling site at Zouk Mikael (ZK), Lebanon (modified from Google

  Additionally, time series for the different variables (OP-AAv, OP-AAm, OP-DTTv, OP-DTTm) are presented in FigureS1. The mass-normalized OP corresponds to the intrinsic OP value related to the oxidative properties of PM per unit mass while volume-normalized OP takes into account the dilution of PM in the atmosphere and was considered to have a closer relation to human exposure[START_REF] Hakimzadeh | The impact of biomass burning on the oxidative potential of PM2.5 in the metropolitan area of Milan[END_REF].

  95 th percentile values of OP obtained from the bootstrap analysis are presented in Figure 2. The use of a boxplot representation allows to quickly evaluate the stability of the results: a certain confidence could be set on the intrinsic OP values showing low variability during the bootstrap procedure (25 th and 75 th percentile close to the median value). On the other hand, when 25 th et 75 th percentile values are far from the median values (high interquartile range), conclusions should be carefully drawn regarding the obtained intrinsic OP value for the considered sources.

Figure 2 :

 2 Figure 2: Boxplots of intrinsic OP values obtained from the bootstrap analysis for both AA and DTT values expressed in nmol•min -1 •µg -1 (5 th , 25 th , 50 th , 75 th , and 95 th percentiles) and the OP

Furthermore, as observed

  earlier, sources with a high organic profile contribution show higher intrinsic values for AA test compared to DTT, namely biomass burning, secondary biogenic, diesel generators, and traffic exhaust (1) (having high loading of 17α(H)-21β(H)-hopane). As for HFO combustion source characterized by elements such as Ni and V, intrinsic OP values were similar for both tests since AA and DTT are sensitive to elements, in line with the findings of[START_REF] Bates | Review of acellular assays of ambient particulate matter oxidative potential: Methods and relationships with composition, sources, and health effects[END_REF].On the other hand, traffic non-exhaust characterized by high content of Cu, Sb, and Sn showed a strong variability in the MLR bootstrap results and its corresponding OP intrinsic values are relatively low compared to other sources (Figure2).[START_REF] Weber | An apportionment method for the oxidative potential of atmospheric particulate matter sources: application to a one-year study in Chamonix, France[END_REF]; (2021) presented intrinsic OP for elements associated to non-exhaust emissions in PM10, but they were either combined to sea-salts or to carbonaceous matter related to exhaust vehicular emissions that largely contribute to the values of OP. The same observation was made in this study for the traffic exhaust (2) source, characterized by high loadings of OC and EC, and showed an intrinsic OP value for both assays. On the other hand,[START_REF] Shen | Aerosol oxidative potential in the Greater Los Angeles area: Source apportionment and associations with socioeconomic position[END_REF] has highlighted the important contribution of brake and tire wear emissions to OP-DTTv as the emitted elements could be redox-active. The low intrinsic OP values observed in our study for traffic non-exhaust might be linked to the PM fraction considered.[START_REF] Giannossa | Inter-annual variability of source contributions to PM10, PM2.5, and oxidative potential in an urban background site in the central mediterranean[END_REF] have showed that resuspended dust mainly contributes to the OP of the coarse fraction rather than the fine one.

Figure 3 :

 3 Figure 3: Mean contribution of the sources to the (a) PM2.5 concentration, (b) OP-AAv, and (c)

  a significant advancement in the field of air quality research in the East Mediterranean and the Middle East region. Specifically, this work focused on evaluating the oxidative potential (OP) of PM2.5 samples collected for almost a year (December 2018 -October 2019) using two acellular assays: ascorbic acid (AA) and dithiothreitol (DTT), correlating OP values with a wide range of chemical species in PM2.5, and on apportioning OP on different emission sources. The mean OP-AAv value was 0.64 ± 0.29 nmol•min -1 •m -3 and the mean OP-DTTv was 0.49 ± 0.26 nmol•min -1 •m -3 . Spearman correlations showed that OP-AAv showed strong correlations with the carbonaceous subfractions, and organic compounds while OP-DTTv showed a strong correlation with elements emitted from anthropogenic activities such as V, Ni, Zn, Cu, Sn, and Sb.

  during the entire sampling period (Dec. 2018 -Nov. 2019), winter (Dec. 2018 -Mar. 2019), and summer (Jun. 2019 -Sept. 2019) periods.

			Total period	Winter	Summer
	Sources	Markers	Contrib.	Contrib.	Contrib.	Contrib.	Contrib.	Contrib.
			to PM2.5	to PM2.5	to PM2.5	to PM2.5	to PM2.5	to PM2.5
			(μg•m -3 )	(%)	(μg•m -3 )	(%)	(μg•m -3 )	(%)
	Crustal dust	Al, Ca, Mg, Ti, K	8.19	27.5%	10.52	40.8%	4.90	16.2%
	Ammonium sulfate SO4 2-, NH4 +	4.70	15.8%	2.10	8.2%	8.31	27.5%
	HFO combustion	OC, EC, V, Ni	3.89	13.1%	1.39	5.4%	4.15	13.7%
	Aged sea-salt	Na + , Cl -, NO3 -	3.32	11.1%	2.27	8.8%	2.70	8.9%
	Secondary biogenic isoprene and α-	2.32	7.8%	0.40	1.5%	4.67	15.5%
		pinene oxidation						
		products						
	Traffic exhaust (2)	OC, EC	1.83	6.1%	1.28	5.0%	2.15	7.1%
	Traffic exhaust (1)	17α(H)-21β(H)-	1.38	4.6%	2.12	8.2%	0.84	2.8%
		hopane						
	Diesel generators	OC, EC, C20, C21	1.33	4.5%	1.73	6.7%	0.57	1.9%
	Biomass burning	OC, EC,	1.03	3.4%	2.32	9.0%	0.07	0.2%
		levoglucosan						
	Traffic non-exhaust Cu, Sb, Sn	0.99	3.3%	0.79	3.1%	0.93	3.1%
	Primary biogenic	C27, C29, C31	0.44	1.5%	0.50	2.0%	0.26	0.9%
	Cooking	hexadecanoic and	0.42	1.4%	0.35	1.3%	0.67	2.2%
		octadecanoic acids						

Table 2 :

 2 Average volume (nmol•min -1 •m -3 ) (OP-AAv and OP-DTTv) and mass (nmol•min -1 •µg - 1 ) (OP-AAm and OP-DTTm) normalized OP-AA and OP-DTT measured for PM2.5 with their standard deviations for the total period, winter, and summer at Zouk (ZK) site.

	ZK site

Table 3 :

 3 Spearman correlation coefficient (r) between Oxidative Potential derived from AA and DTT depletion measurements (OP-AAv and OP-DTTv), PM2.5 concentrations, and PM2.5 components (carbonaceous fraction, water-soluble ions, elements, and organic species) -

	Correlation coefficients for which p-value <0.05 are reported (*p<0.01; bold r>0.5).
		Species	OP-AAv	OP-DTTv		Species	OP-AAv OP-DTTv
		OP-AAv		0.41*		C19 -nonadecane	0.28
		PM2.5		0.42*		C20 -eicosane	0.29
	Carbonaceous	OC	0.53*	0.51*		C21-heneicosane	0.41*
	sub-fraction	EC	0.53*	0.43*		C22 -docosane	0.41*
		Cl -				C23 -tricosane	0.43*
		NO3 -	0.28	0.21	n-alkanes	C24 -tetracosane	0.43*
	Water-soluble ions	SO4 2-Na +		0.46*		C25 -pentacosane C26 -hexacosane	0.39* 0.39*
		NH4 +		0.38*		C27 -heptacosane	0.33*
		K +	0.31	0.53*		C28 -octacosane	0.34*
		Mg 2+				C29 -nonacosane	0.25
		Ca 2+	0.21	0.26		C30 -triacontane	0.32
		Mg		0.23		C31 -hentriacontane	0.21
		Mn	0.42*	0.31		C32 -dotriacontane	0.25	0.29
		Al				acenaphthylene	0.40*
		Ba	0.35*	0.24		acenaphthene	0.35*
		Ca	0.22	0.23		fluorene	0.25
		Fe	0.22	0.29		anthracene	0.46*
		K	0.26	0.39*		phenanthrene	0.51*
		Ni	0.47	0.76*		fluoranthene	0.50*
		P	0.30	0.52*	PAHs	pyrene	0.51*
		V	0.29	0.69*		benz[a]anthracene	0.52*
	Elements	Pb	0.52*	0.47*		chrysene	0.56*
		Sr		0.23		benzo[b]fluoranthene	0.50*
		Ti		0.23		benzo[k]fluoranthene	0.43*
		Zn	0.46	0.67*		benz[a]pyrene	0.52*
		Sc				dibenz[a,h]anthracene	0.52*
		Cr				benzo[g,h,i]perylene	0.45*
		Co	0.42*	0.46*		indeno[1,2,3-c,d]pyrene	0.57*
		Cu	0.38*	0.50*	Anhydrosugar levoglucosan	0.50*
		As		0.47*	Carboxylic	hexadecanoic acid
		Rb		0.31	acids	octadecanoic acid
		Nb			Secondary	isoprene oxidation products
		Cd	0.31	0.41*	compounds	α-pinene oxidation products
		Sb	0.48*	0.65*		trisnorneohopane	0.23
		La				17α(H)-trisnorhopane	0.32
		Ce Tl		0.48*	Hopanes	17α(H)-21β(H)-norhopane 17α(H)-21β(H)-hopane	0.32 0.36*	0.26 0.25
		Bi		0.50*		17α(H)-21β(H)-22S-homohopane	0.26	0.24
						17α(H)-21β(H)-22R-homohopane	0.28
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