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Figure S1. The map on the left shows the location of the supersite MRS-LCP (white square). The grey
arrow indicates the industrial area location and coloured dots correspond to ship positions from different
basins in Marseille port: red dots are for south basin, green for east basin, and blue for north basin. In
the lower left-hand corner the rose plot of wind speed and wind direction is represented for the full study
period. Map provided by Google Earth Pro v7.3.3.7786, Data SIO, NOAA, U.S. Navy., NGA, GEBCO ©
2020 Google.

Calibrations RIENH4 RIEsos
05/19/2017 33 0.92-0.98
06/28/2018 24 0.8-0.9
12/07/2018 3 0.91

Table S1. RIEs determined during several calibrations at MRS-LCP supersite.

Ammonium Nitrate Organic Sulfate Chlore

0.098 0.018 0.55 0.034 0.021

Table S2. Detection limit in ug m® (3*c) of chemical species from ToF-ACSM.
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Figure S2. Temporal trend of collection efficiency (CE) from Middlebrook calculations colored according

to the NR-PM; concentrations, for the full period of ACSM measurements.

Equation S1. Pieber correction: True_CO2+(t) = measured_CO2+(t) - b*NO(t)+ - b*NO2+(t)

Calibrations b (Pieber effect) NO2+/NO+
(mmlyy)
12/16 0.0053 0.5631
05/17 0.0039 0.5604
06/18 0.0011 0.5730
12/18 0.0022 0.5604
Average 0.0032 0.5642
Standard errors 0.0009 0.0244

Table S3. Overview of b value used for Pieber correction and NO,"/NO" ratios measured during ToF-

ACSM calibrations:



Equation S2. NO* = 30,-frag_air[30], frag_organic[30],-0.215*frag_organic[29]
NO," = 46,-0.127*45
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Figure S3. BC and ACSM species concentrations vs PM; 24h filters analysed respectively for EC, nitrate,
OC (compared to organic matter from ACSM measurements), ammonium and sulfate. Reconstructed
PM; (ACSM+BC) are also compared to PM; measurements from the FIDAS for a 3 months from
February to April 2018. Red lines correspond to orthogonal distance fits between species and filters. R?

are from least square fits.
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Figure S4. NH, measured (directly from TOF-ACSM) vs NH, predicted (calculated from CI, NO3 and
S0,*) for ionic balance evaluation. Black dashed-line is the 1:1 line and the fit coefficients are from
orthogonal distance fit.

The Angstrom exponent’s determination:

As a first step the procedure recommended by Zotter et al. (2017) (i.e. to use the 470 and 950 nm wavelengths
with an Angstrom exponent of 1.68 and 0.9 for pure wood burning and fossil fuel respectively) was applied.
Using the suggested values led to unrealistic high BCyg contributions in the summer (18%) when biomass
burning is expected to be negligible during the hot period. It is hypothesised, as previously suggested by (Titos
etal., 2017), that a fraction of BCgr was wrongly attributed to wood burning as a consequence of a failure of the
model to reconstruct sources when the biomass burning fraction is very low. This potential bias was investigated
on fossil fuel-derived PM; from a urban traffic site (station “Kaddouz”, location: 43°34°49.8” N;5°37°49.3” E)
during summer time. This kerbside site is located at the portal of a tunnel in the surrounding area of Marseille.
In order to inspect the different combinations of Angstrom exponent for fossil fuel and wood burning (arr and
aws, respectively) a sensitivity test was performed by scanning combination changes in a arr range of 0.9-1.1
and a ayp range 1.6-2 with a step size of 0.01. From this analysis a set of 861 combinations was evaluated and
optimized based on the BCy diurnal cycles, which must significantly differ from BCgr diurnal profiles. All the
861 diurnal cycles were categorized according to a k-means clustering analysis. This technique allowed to group
the results into a specific number of clusters (Figure Sa) based on the protocols from Elser et al. (2016) and
Bozzetti et al. (2017).

The analysis aims at classify a dataset into k clusters by minimizing the term T1 from the cost function (CF),
which represents the sum of the Euclidian distances between each data point (x;) and its respective cluster center
Wi according to equation (S3). In order to select the right number of clusters the same strategy as Elser et al.
(2016) and Bozzetti et al. (2017) is used. The goal is to explicitly penalize the addition of a new cluster by using



the Bayesian information criteria, given as the product between the number of cluster k and the logarithm of the

dimensionality of the clusters D (=24 here, which correspond to the number of hours from the diurnal cycles).
Tl = Zi,z((xi - P—z,i)z) ) (83)
CF=T1+T2=3,,((x; — nz,)?) +k.log(D), (S4)

At the end the cost function which has to be minimized is described in equation (S4). Figure S5a displays a
minimum in the cost function at five clusters. Thus the 5 clusters solution was retained to describe the BCyg

diurnal variability according to the different set of Angsrém exponents.

The diurnal evolutions of BCy for different Angstrém exponent’s arr and oyg Show a two-peak diurnal pattern
typical of traffic similarly to BCgr when considering the clusters 1, 2 and 4. For cluster 5 the diurnal cycle was
negative suggesting wrong assignments of the model, while cluster 3 showed a smooth wood burning profile
and reduced concentrations close to 0, which is expected for a kerbside site. The possible combinations of
Angstrom exponents for this cluster are represented in Figure Sb (pink area).

To reduce the current multitude of possibilities a second criterion of selection is optimized, which is the
minimum number of BCyg<0 points (i.e. BC;=>BC) as determined by Petit et al. (2017). Among the previous
selection (cluster 3) this minimum number is inspected and found for an o = 1.02 and an awg = {1.6; 2}
(Figure Sc). An ogr of 1.02 would be more representative of fresh traffic emission in Marseille and Garg et al.
(2016) suggested that arr > 1 could be more appropriate for older vehicles operating with poorly optimized
engines.. As no more criterion allow to reduce ayg , a reference value of 1.68 from Zotter et al. (2017) has been

used for this study. Final diurnal evolutions for “Kaddouz” site are presented in Figure S5b.
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Figure S5. Cluster analysis of the BCWB diurnal cycles from “Kaddouz” station in summer 2017. Five
clusters are presented according different colors (cluser 1 = violet; cluster 2 = blue; cluster 3 = pink;
cluster 4 = green; cluster 5 = red). (a) represents all BCyg diurnals (in grey) from the sensitivity test and
the colored cluster diurnals. (b) represents the cluster assignment for all Angstrom exponents
combinations and (c) shows the number of BCg<0 points (in %) according to a rainbow color scale. For
(b) and (c) the area surrounded with black line includes all accepted combinations, and the black dashed
line correspond to the selected combination in this study (ar-=1.02 and a\,z=1.68).
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Figure S5. Number of cluster selection according to T1 (diamond markers) and the cost function (T1+T2)
(square markers) (a). The red marker represents the minimum value and thus the number of cluster
selected. For more clarity, data points are zoomed between 2 and 8 clusters. Diurnal evolutions of BCyg
and BCgr recorded at kerbside “Kaddouz” site during summer 2017 (b). Sensitivity analyses were
performed on ayp and o cOmbinations in the aethalometer model to evaluate most realistic patterns for
the two sources.
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Figure S7. Seasonal box plots of f60and f44 as a function of ambient temperature bins. The red diamonds
correspond to averages, the bands inside the box are the median, the bottom and top of the box represent
the lower and upper quartiles respectively and the ends of the whiskers show the 10" and 90" percentile.
The black circles show on the right axis the number of points encountered in each bin. Note the different
scales of temperature bins according to seasons for a better visualization.
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Figure S8. Monthly box plots of PM; chemical species, total PM; concentrations, UFPs (20-100nm) from
3031 monitor, temperature and relative humidity (from the Vaudran station). The band inside the box is
the median (50" percentile), the bottom and top of the box represent the lower and upper quartiles
respectively (the 25" and the 75™ percentile). The ends of the whiskers denote here the 10™ and 90"
percentile. The red dots refer to the mean of each component.



Description of the organic nitrate calculation from ToF-ACSM measurements

Many past studies have demonstrated the possibility to separate the contribution of inorganic (NOs inerg) and
organic nitrate (NO3 or) to the measured nitrate based on the ratio of NO," and NO (Farmer et al., 2010; Fry et
al., 2018; Kiendler-Scharr et al., 2016; Reyes-Villegas et al., 2018; Xu et al., 2015). Concentrations of NO; o

were calculated following the method described by Farmer et al., 2010:

_ (Robs—Rcal) (1+RoN)
xN03,0rg " (RoN—Rcal) (1+Rops) ' (SS)

where Rqys is the ratio between m/z 46 and m/z 30 (NO,"/NO™) observed over the dataset; R, is the ratio during
ammonium nitrate calibrations; and Roy is the ratio for organic nitrates. R,y = 0.56 is the average of all
ammonium nitrate calibrations reported in table S3 (ratios between 0.56 and 0.57 during all the calibrations).
Following Kiendler-Scharr et al. (2016) and Kostenidou et al. (2015), the minimum ratio NO,"/NO™ observed
for the dataset (0.1, Figure S) was selected for Roy . Ron, Rea @and Ron/Rea Values obtained were consistent with
previously reported values (Boyd et al., 2015; Bruns et al., 2010; Farmer et al., 2010; Kiendler-Scharr et al.,

2016). Finally, NO; o4 concentrations in png.m™ were calculated as below:
N03,0rg = XNO3’0Tg.N03_ y (86)

where NOj3 is the total nitrate measured by the ToF-ACSM. We assume there is no interference from CH,O" at
m/z 30 and CH,0," at m/z 46 as mentioned in section 2.2.1. This expression only applies if NH,;NO; is the
major inorganic nitrate addition to organic nitrate in submicron particles. Some inorganics salts of nitrate such
as NaNO; can give very small NO,/NO" ratio especially for coastal site like Marseille, and could contribute to
the observed NO,"/NO" ratio. Only concentrations of Na* were available with daily PM; filters measurements in
2017 and their different behaviour from NO; o, daily concentrations let suppose that no interference comes
from Na* (Figure S).

The average NO; o4 fraction for the whole dataset was 20+7%. The error is determined from error propagation
calculations described by Farmer et al. (2010) derived from the different ratios (Ross, Rea, Ron) Uncertainties.
The standard error of the mean was used as uncertainty associated with Rq,s and Rqy and an estimated

uncertainty of £20% was used for Roy.
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Figure S10. Comparison of NO; o4 calculated from ACSM data and Na* concentrations from PM; filters.
Salts of nitrate such as NaNOj can be interfering inorganic species, with low NO,"/NO" ratio as for
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Spring

Summer

Autumn

Winter

lower

upper

lower

upper

lower

upper

lower

upper

0.18

0.28

0.06

0.10

0.11

0.17

0.14

0.2

Table S4. Overview of ON/OA ratio (nitrated organics vs organic aerosol) for all seasons. Lower and
upper bounds correspond to an assumed molecular weight for particle-phase organic nitrate of 200 and

300 g mol™, respectively.
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Figure S11. N (20 to 100 nm) from 3031 ultrafine particle monitor measurements vs BCg¢ scatter plot for
spring (a), summer (b), autumn (c) and winter (d). BC data were smoothed with 1h-median to avoid
spikes which can skew the linear regressions. S1 and S2 indicate the lines of the minimum and maximum
slopes, respectively. S; is estimated using best-fit line to the points aligned in the lower edge of N vs BCgr
scatter plot. The lower edge is defined according to all data below the 10" percentile of N/BCk.
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Figure S12. f55 vs f57 plots based on Mohr et al. (2012) over the study period. Day-time points (05h to 17h
UTC) are displayed on the left graph and night-time data points (17h to 05h UTC) on the right graph.

Data points are color-coded according to the hours of a day. Dashed lines represent the fits applied to

hydrocarbon-like organic aerosol (HOA) and cooking organic aerosol (COA) data from Mohr et al.

(2012) and pink diamonds and grey circles indicate f55 vs f57 of COA and HOA, respectively, from

Bozzetti et al. (2017) study.
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a) Jan. 2008 — Jan. 2012

b) Jun. 2017 - Apr. 2018
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Figure S14. Wind roses for the hippodrome station (a) from January 2008 to January 2012 and MRS-

LCP station (b) from June 2017 to April 2018. Tangential axe provide the wind direction (°) and radial
axe the wind frequency (%0). Wind direction clusters are color-coded according to the wind intensity (m.s’
Y. This figure highlights that, despite the similar winds directions recorded at the two locations, wind
speeds are at a lower level for MRS-LCP. This might be linked to the station surrounding area (i.e. large

trees in the Longchamp park) reducing the actual wind speeds.
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) APM; 5 (1and
Pc;:::.:d (:gan‘ _53) BC /5042- £44/f60 fN((Z/ao )PMI fBCv(\LZ ;MZ.S fBC(FoFA) P)MZ.S (n\:v_c,sl) bre:z/::;:her

(%)
14/03/2017 26.0 0.9 18.3 29.0 1.7 6.1 1.8 -3.9
15/03/2017 30.0 1.4 16.7 233 23 7.7 1.7 -9.8
16/03/2017 28.0 1.2 22.0 23.6 1.9 7.5 2.0 36.6
17/03/2017 32.6 0.7 24.0 29.1 1.1 6.1 2.0 -11.9
17/11/2017 30.2 - - - 7.7 18.0 0.5 36.8
05/12/2017 28.0 12.7 13.3 7.5 7.8 14.0 0.7 68.7
23/12/2017 30.7 7.0 6.9 6.0 10.3 12.6 0.6 94.4
24/12/2017 31.8 5.3 6.4 11.0 8.3 8.0 0.7 70.3
09/02/2018 304 - - - 3.8 8.0 0.7 32.5
16/02/2018 29.0 - - - 4.2 13.0 0.6 12.1
22/02/2018 36.0 1.1 10.0 25.9 3.6 6.1 0.8 -1.6
23/02/2018 41.4 1.0 14.3 26.5 2.9 6.3 0.8 11.3
24/02/2018 37.5 1.3 11.3 23.0 3.1 7.7 0.5 -1.2
25/02/2018 31.9 1.0 12.5 24.6 3.1 6.2 0.8 0.9
27/02/2018 25.3 1.0 12.5 23.5 3.5 5.1 1.1 16.6

Table S5. List of criteria used for the classification of polluted days. In addition to the PM;s
concentrations exceeding the WHO recommendation, other features were inspected: BC/SO,*, f44/f60,
the fraction of NOj3™ in PMy, the fraction of BCyyg in PM, 5, the fraction of BCgr in PM, 5, the wind speed
and the difference between PM, s concentrations associated with land breeze and with other wind sectors.
Bold numbers indicate the fulfilled criteria. From the list, blue days are categorized as long-range events
and red days as local events. Due to instrumental issues ACSM data were not available during the
17/11/2017, 09/02/2018 and 16/02/2018.

K-means clustering analysis applied to diurnal sulfate concentrations in summer:

Similarly to the Angstrom exponent’s selection (see “The Angstrom exponent’s determination” section in the
Supplement) k-means clustering analysis was performed to categorize the several origins of sulfate
concentrations in summer. The input matrix used consisted of hourly sulfate concentrations recorded for all days
in summer (from 1 June to 31 August 2017). Days with more than 15% of missing values were excluded from
the analysis, whereas the missing points from the remaining days were smoothed with median values. Since the
k-means clustering algorithm includes distance-based measurements to determine the similarities between data
points, sulfate data were normalized as the concentrations in the dataset show a large range of values (from 0 to
10.5 pug m). A mean normalization was achieved:

X=X
Xnorm = max(x)—-min(x) (87)

With X the mean concentration for each day and max(x) and min(x) are the maximum/minimum values.
Regarding the selection of the right number of clusters, the minimum value in the cost function is explored in

the same way as Angstrom exponent’s selection. Based on Figure S16 a minimum value is found for 6 clusters.



However, this number induces a too fragmented partitioning of data as some clusters patterns are not well
explained. Thus the elbow method is applied to determine the optimal number of cluster (k). Based on this
method, the spot where T1 stops dropping quickly with increasing k, and starts to flatten out and forming an
elbow should correspond to the good number of cluster. According to Figure S16, the 3 and 4 clusters solutions
seem appropriated choices. In the end 3 clusters were used as the solution was environmentally meaningful.

Data points from all days and the 3 assigned clusters’ centroids are represented in Figure S17.
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Figure S16. Number of cluster selection according to T1 (diamond markers) and the cost function (T1+T2)

(square markers). The red marker represents the optimal number of cluster selected according to the
elbow method.
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Figure S17. Results from the cluster analysis of the normalized SO,* diurnal cycles in summer 2017.

Three clusters are presented. Black lines are the clusters’ centroids and grey lines represent normalized
SO,* hourly concentrations from each day.
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Figure S18. Daily cycle of SO, to total sulfur (SO, +S0,) molar ratio observed for cluster 2.
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Figure S19. NWR plots representing the SO, concentrations as a function of hours of the day and wind
direction in Cartesian coordinates. These representations are provided for cluster 1 (a), cluster 2 (b) and
cluster 3 (c).
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Figure S20. Time series of S0,%, SO, and wind direction during 28 June, which is included in cluster 3.
The wind direction is color-coded according to the wind speed.
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Figure S21. Summer 2017 average of SO, (a) and SO,* (b) surface mass concentrations (in kg m?)
calculated from the MERRA2 model (region: 5W-20E, 35N-60N). Maps are provided using GIOVANNI
(GES-DISC Interactive Online Visualization And aNalysis Infrastructure) (Acker and Leptoukh, 2007).

Cluster 1 Cluster 2 Cluster 3

n=1920 n=1536 n=2592
Average pg m* 3.85 5.15 4.7
OA
SD pg m* 2.47 3.02 2.45
Average pg m® 1.08 1.78 1.5
BC
SD pg m* 0.73 1.55 1.01
Average pg m® 1.86 2.25 2.56
SO~
SD pg m* 1.59 1.52 1.67
Average pg m* 0.78 0.91 0.95
NH4*
SD pg m* 0.56 0.53 0.55
Average pg m* 0.22 0.25 0.25
NO3
SD pg m 0.23 0.2 0.24
Average pg m* 0.04 0.04 0.04
cr
SD pg m* 0.02 0.13 0.02

Table S6. Averaged concentrations and associated standard deviation (SD) of chemical species from
submicron aerosol for the three clusters. The “n” corresponds to the number of 15-min data points
included in each cluster.
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Figure S22. Chemical species contributions to PM, for the three clusters.
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