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S1. Calculation of major chemical components of PM1o

Organic matter (OM) is calculated by multiplying OC mass concentrations by a factor 1.8 based on
findings obtained from previous studies (Favez et al., 2010; Putaud et al., 2010). Sea salt sulfate (ss-
sulfate) is calculated by multiplying the mass concentration of sodium by a factor of 0.252. The non-sea
salt sulfate (nss-sulfate) corresponds to the sea salt sulfate subtracted from the total mass of sulfate using
the factor from Seinfeld and Pandis (1998). Sea salt is estimated based on the mass concentrations of
sodium chloride (Putaud et al., 2010). Dust is calculated based on calcium of non-sea-salt origin,
following the empirical expression in (Putaud et al., 2004).

[PM,,] = [OM] + [EC] + [nss — sulfate] + [nitrates] + [ammonium] + [sea salt] + [dust] +
[non — dust]

(Eq. S1)

where:
[nss — sulfate] = [SOZ™] — 0.252[Na*]
[sea salt] = [Cl"] + 1.47[Na™]
[dust] = 5.6 * [nss — Ca?™"]
[nss — Ca?*] = [Ca?*] — [Na*]/26

S2. PMF model description
The PMF model is based on a factorial analysis that takes into account the evolution of the concentration
of the measured chemical species and gathers, in the same factor, the fractions of the species evolving
in the same way. Each factor will then be assigned to a source by the user based on literature data and
geochemical knowledge of source characteristics in terms of trace chemical species.
The application of this model does not require prior knowledge of the chemical profiles of the sources,
but its application must be performed on a large dataset (many chemical species, including in particular
tracers and indicators of major sources) and on a large time series of samples. This is particularly the
case for this study, to our knowledge among the largest datasets in the Europe. The general equation
used in this PMF model is the following:
xij = (ke Gix X fu) + € (Eq. S2)
Where x;; : species concentration j for sample i

gix - factor contribution k for sample i

fxj - factor contribution k from the specie j

e;j - specie contribution j for sample i not explained by the model

This can be expressed in a matrix form simply by Eq. S3:

X=G-F+E (Eqg. S3)
The model seeks to minimize the matrix E weighted by the matrix S containing the measurement
uncertainties, i.e. Q=E/S. The S-matrix is calculated using Eq. S4 proposed by (Gianini et al., 2013):

Sij = \[(DLj)Z + (CVj X x;)* + (CVpy X x;)* (Eq. S4)

Where : DL; : the limit of detection for species j (2 times the standard deviation of blanks)
CV; . the coefficient of variation of specie j (calculated from several successive
analyses of the same sample)
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CVpy : the additional coefficient of variation representing additional uncertainties by
chemical species category

For some species, it was necessary to use an expanded uncertainty that takes into account analytical
error and sampling error, which can be used instead of the methodology proposed by (Gianini et al.,
2013).

The Pearson distance and the Similarity Identity Distance (PD-SID):
To evaluate the stability of the chemical profile obtained in the OPE site against other sites in France,

the Pearson distance (PD) and the Similarity Identity Distance (SID), following Belis et al. (2015), was
used to perform a similarity assessment. The PD and SID defined by Eq. S5 and Eq. Sé:

PD =1 — r?, where r is the Pearson coefficient (Eq. S5)
V2 o lai—bi
7 Zi:l a;+b; (Eq S6)

where a and b are the relative mass to PM, of two different factors and n is the number of common
species in a and b.

S3. Summary of PMF-resolved sources

Table S1. The PMF-resolved sources and their specific tracers

Identified factors Specific tracers
Biomass burning Levoglucosan, mannosan
Nitrate-rich NOs", NH4*
Sulfate-rich SO4%*, NHs*
Mineral dust Ca?*, Al, Ti, Fe, Cu, Zn
Fresh sea salt Na*, Cl, Mg?
Aged sea salt Na*, Mg?
Primary biogenic Polyols
MSA-rich MSA
Traffic EC, Cu, Sh, Sn
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Table S2: Summary of the tested chemical constraints on source-specific tracers in the PMF factor profiles.

Used in the final

Factor profile Element Type Value model
Biomass burning Levoglucosan Pull up maximally (% dQ 0.50) Yes
Biomass burning Mannosan Pull up maximally (% dQ 0.50) Yes
Primary biogenic Levoglucosan Set to zero 0 No
Primary biogenic Mannosan Set to zero 0 No
Primary biogenic Polyols Pull up maximally (% dQ 0.50) No
Primary biogenic EC Pull down maximally (% dQ 0.50) No

MSA-rich MSA Pull up maximally (% dQ 0.50) Yes
MSA-rich Levoglucosan Set to zero 0 Yes
MSA-rich Mannosan Set to zero 0 Yes
MSA-rich Polyols Pull down maximally (% dQ 0.50) No
MSA-rich EC Pull down maximally (% dQ 0.50) No
Nitrate-rich Levoglucosan Set to zero 0 No
Nitrate-rich Mannosan Set to zero 0 No
Mineral dust Ti Pull up maximally (% dQ 0.50) Yes

Primary traffic Levoglucosan Setto 0 0 Yes

Primary traffic Mannosan Setto 0 0 Yes

Primary traffic Cu/Fe Set to value 0.046 (% dQ 0.50) No

Primary traffic Cu/Sn Set to value 5.6 (% dQ 0.50) No

Primary traffic Cu/Sb Set to value 12.6 (% dQ 0.50) No

Primary traffic Cu/Mn Set to value 5.7 (% dQ 0.50) No

Primary traffic OC*/EC Set to value 0.44 (% dQ 0.50) No
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Figure S1: Chemical profile and temporal evolution with error estimates of the biomass burning factor

T
2012

T
2013

T
2014

T
2017

T
2018

T T
2019 2020

® Ref run
s BS

e« Ref run
m BS (sd)

—— Ref. run
e BS (sd)
DISP (min-max)



Nitrate-rich

- -TT +jla

1075 T T T

1 =

100

80

60

% of total specie sum

20

oc#*

EC

a-

NOy

s0%-

Na*
H

PM10recons
Levoglucosan -

Mannosan «I-n
+

25

20

15

10

Contribution to PM10recons (ug. m—3)

T T T T T T T T T
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Figure S2: Chemical profile and temporal evolution with error estimates of the nitrate-rich factor
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125  Figure S3: Chemical profile and temporal evolution with error estimates of the sulphate-rich factor
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Mineral dust
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Figure S4: Chemical profile and temporal evolution with error estimates of the mineral dust factor
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Fresh sea salt
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133 Figure S5: Chemical profile and temporal evolution with error estimates of the fresh sea salt factor
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Aged sea salt

i?*
-+

-

Ref. run

s BS

1075 T T T T T T T T T T T T T T T T

100
e« Ref run

B BS (sd)
80

60

% of total specie sum

20

PM10recons
oc*

EC

cl-

NOy

s0%-

Na*

NHJ

Mg2+

ca?*

MSA
Levoglucosan
Mannosan
Polyols

—— Ref. run
e BS (sd)
DISP (min-max)

21 "l

| |ALD |l II‘ ll i1 LT '
:rl-l.“‘[-,f ﬂ!.l;,:llr; j|ﬁ|l|.‘--1!|. ! l'x" hl ,,'l!--”-!l”h‘ I \ﬂ l":.’l\i : il i-_;gi } I '\ |||

SERA L

47 1

*

Contribution to PM10recons (ug. m3)

T T T T T T T T T T
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

137
138
139

140

Figure S6: Chemical profile and temporal evolution with error estimates of the aged sea salt factor
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Figure S7: Chemical profile and temporal evolution with error estimates of the primary biogenic factor
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MSA-rich
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146 Figure S8: Chemical profile and temporal evolution with error estimates of the MSA-rich factor
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Figure S9: Chemical profile and temporal evolution with error estimates of the traffic factor
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STL deconvolution of PM10
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154
155  Figure S10: The Season-trend (STL) deconvolution of contributions of PMzo from year 2012 to 2020.
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STL deconvolution of the EC source
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157
158 Figure S11: The Season-trend (STL) deconvolution of contributions of EC to PM1o from year 2012 to 2020.

159
160 Table S3: Comparison of the PMF-resolved source contributions (in terms of pg m- and percentage) to PM1o between
161  daily and weekly samples

24-hr samples 7-day samples
(n=253) (n=181)
Source Contribution Percgnta_ge Contribution Percgnta_ge
3 contribution 3 contribution
(hg m?) (%) (g m) (%)
Sulphate-rich 1.5 15.1 1.9 19.7
Primary biogenic 0.6 6.2 1.2 12.4
Aged sea salt 0.9 8.8 0.6 6.2

13
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Nitrate-rich 2.3 22.6 1.7 18.2

Fresh sea salt 0.5 4.6 0.4 4.2
MSA-rich 0.3 3.3 0.5 5.1
Traffic 1.6 15.7 0.9 9.8
Mineral dust 1.2 12.1 1.3 13.8
Biomass burning 1.2 11.7 1.0 10.7
Aged sea salt
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Figure S12: Comparison of PMF-resolved chemical profiles between the weekly (February 28, 2012 to December 28,
2015) and daily (January 12, 2016 to December 22, 2020) samples for the aged sea salt factor. The bars represent the
percentage (%) contribution of each specie to total reconstructed PMo.
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Figure S13: Comparison of PMF-resolved chemical profiles between the weekly (February 28, 2012 to December 28,
2015) and daily (January 12, 2016 to December 22, 2020) samples for the fresh sea salt factor. The bars represent the

percentage (%) contribution of each specie to total reconstructed PMio.
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Figure S14: Comparison of PMF-resolved chemical profiles between the weekly (February 28, 2012 to December 28,
2015) and daily (January 12, 2016 to December 22, 2020) samples for the biomass burning factor. The bars represent
the percentage (%) contribution of each specie to total reconstructed PMo.
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Figure S15: Comparison of PMF-resolved chemical profiles between the weekly (February 28, 2012 to December 28,
2015) and daily (January 12, 2016 to December 22, 2020) samples for the mineral dust factor. The bars represent the
percentage (%) contribution of each specie to total reconstructed PMo.
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Figure S16: Comparison of PMF-resolved chemical profiles between the weekly (February 28, 2012 to December 28,
2015) and daily (January 12, 2016 to December 22, 2020) samples for the MSA-rich factor. The bars represent the
percentage (%) contribution of each specie to total reconstructed PMio.
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Figure S17: Comparison of PMF-resolved chemical profiles between the weekly (February 28, 2012 to December 28,
2015) and daily (January 12, 2016 to December 22, 2020) samples for the nitrate-rich factor. The bars represent the
percentage (%) contribution of each specie to total reconstructed PMio.

% contribution

& &5 g8 8

8

3

Sulphate-rich

e L

PM10 OC* EC Cl-  NO3- 35042- Nat+ NH4+ Mg2+ Ca2+ MSA Levo MannoPolyols Al Cu Fe Rb =) Se

. Daily
Weekly

8n T n

Figure S18: Comparison of PMF-resolved chemical profiles between the weekly (February 28, 2012 to December 28,
2015) and daily (January 12, 2016 to December 22, 2020) samples for the sulphate-rich factor. The bars represent the
percentage (%) contribution of each specie to total reconstructed PMio.
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191

192 Figure S19: Comparison of PMF-resolved chemical profiles between the weekly (February 28, 2012 to December 28,
193 2015) and daily (January 12, 2016 to December 22, 2020) samples for the primary biogenic factor. The bars represent
194 the percentage (%) contribution of each specie to total reconstructed PMio.
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196 Figure S20: Comparison of PMF-resolved chemical profiles between the weekly (February 28, 2012 to December 28,
197 2015) and daily (January 12, 2016 to December 22, 2020) samples for the traffic factor. The bars represent the
198  percentage (%) contribution of each specie to total reconstructed PMo.
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