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S1. Deconvolution method uncertainties and comparison with literature data

The uncertainties on estimated Fe concentrations can be calculated by applying the
propagation for uncertainties on the values of Kg. (10%) and the slope b (39%, calculated
using a variability of 0.2 for the two Angstrom absorption exponents (AAE),  and a (Fialho
et al., 2006)), which gives an overall uncertainty of ~40%. However this method is highly
sensitive to even small variations of o (BC) and 3 (DD), with values quite well known for BC
from fossil fuel ranging from 0.8 to 1.1 (Hansen, 2005; Zotter et al., 2017 and references
therein) but not so much for dust. In the manuscript, we chose to use = - 4, according to
Fialho et al. (2006) values determined at the Azores Islands for samples influenced by
Saharan dust events. But other values can be found in the literature (Table S2.1), ranging from
-1.6 to -6.5 and largely influenced by the wavelength range as well as dust origins and size
fractions since the iron content differ depending on emission sources and particle size (Journet
et al., 2014). Even during the SAMUM campaign (May to June 2006 in Morocco), a wide
range of AAE values have been reported from -1.6 up to -5.1 for ground-based measurements
in the same size fraction, as shown in Table S1. Applying a relatively small increase (resp.
decrease) of 10% on the value of  for our dataset led to a 33% decrease (resp. 50% increase)
of iron concentrations, as shown in Figure S2, but no change in the temporal behavior.

Table S2.2 summarizes the iron content determined in Saharan samples, which shows that the
relative contribution of iron determined in this work is in the same order of magnitude but still
significantly higher. However iron oxides can be found mostly (for ~2/3) in the clay fraction
(~PMy35) and ~1/3 in the silt (coarse) fraction (Journet et al., 2014; Kandler et al., 2009),
which is consistent with increased ratios in the submicron fraction compared to larger ones. It
is also worth noting that Val et al. (2013) measured the iron content in the ultrafine and fine
fractions (corresponding to PM;) of particles collected in Dakar, and measured a ratio in the
upper range of those already reported in the literature, even in the absence of dust event.

The approach used here leads to an estimate of the absolute concentrations of iron, although
with high uncertainties given all the necessary assumptions and the empirical algorithm used
to deconvolve BC and Fe from absorption measurements. However the temporal profiles,
non-parametric wind regression (NWR) plots and potential source contribution function
(PSCF) maps (now provided in Figures S5b and S5c, respectively) are all consistent with the
expected behavior of such a desert dust tracer and show that it can be useful in determining

the contribution of dust to absorption measurements. There is nonetheless quite some room
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for improvement, in particular for a better estimation of the AAE value for dust similar to the
efforts carried out to determine the AAE values for BC from fossil fuel and wood burning
(Zotter et al., 2017). We strongly believe the lack of information for submicron particles in
terms of chemical composition of refractory species and optical properties should be better
addressed, but is beyond the scope of this work.

S2. PMF 5-factor solution including organics + m/z 36 as input data

Since the behavior of Chl had also been suspected to come from the same sources, m/z signals
at 35 and 36 were investigated in order to possibly implement them in the model input.
However the m/z 35 signal presented an important amount of slightly negative values (-3.0 +
6.2 x 10-13, see Figure S9) which likely resulted from a slow vaporization of refractory
chloride species both during filter and non-filter measurement as previously observed
(Nuaaman et al., 2015). For this reason only m/z 36 was incorporated into the model without
additional normalization since the signal intensity was close to organic ones. Uncertainties

were estimated as followed.

The detection limits (DLy) for these m/z were assumed to be equal to 3 times their respective
signal-to-noise ratio for filtered air. The method to determine the uncertainties has already
been used to carry out source apportionment studies based on filter data (Tauler et al., 2009;
Jang et al, 2013). When the mass concentrations were below the detection limit,

concentrations Cx were replaced by DL,/2 and the uncertainties calculated by Equation 1:

Sp= 0.2x Cy+ LD/3 (Eq. 1)
If the concentrations were above the detection limit, Equation 2 was used:

Sp= 0.1x Cy+ LD/3 (Eq. 2)

New unconstrained runs of the PMF model using the combined dataset of OM plus HCI+
signal for I0OP-1 led to the almost complete (95%) attribution of the m/z 36 signal to the Local
Combustion OA (LCOA), where it represented 40% of the total factor mass. Besides, in order
to refine the solutions, and due to the possible specificity of local emissions, the PMF model
was run with constraints on the primary factor profiles, that is to say LCOA obtained from the
I0P-1 solution, and COA and HOA from the sea breeze solution, using the a-value approach
with 10% freedom (a = 0.1).



Table S1. Mineral dust AAE values reported from field campaigns around the Saharan region.

Reference Location / Period Wavelengths (nm) Fraction B
Fialho et al. (2006) * Azores Islands
Jul. 2001 — Jun. 2005 370-950 ) 4
. 3 -
Muller et al. (2009) Tinfou, Morocco (SAMUM) 467/660 PMyo -2 95 10 -5.13
Summer 2006
b
Petzold et al. (2009) South-East Morocco (SAMUM) 467/660 PM,s 210 -6.5
Summer 2006
- 3 -
Schladitz et al. (2009) Tinfou, Morocco (SAMUM) 537/637 PMyo 1610-4.73
Summer 2006
H C
Linke et al.( 2006) Morocco 266/532 “PM, -4.2
Egypt -5.3
(Caponi et al., 2017) Morocco 375-850 -2.6
Lybia 375-532 PM,5 -4.1(-3.2)
Algeria 375-850 (PMyq6) -2.8 (-2.5)
Mali 375-532 -3.4

% In situ ground-based measurements; ° Airborne measurements through dust plumes; ® Laboratory experiments
with resuspended soil samples

Table S2: Comparison of iron content (in %) determined in Saharan dust and soil samples

Reference | Location | Method® | Size fraction | %Fe "
Dust samples
(Lafon et al., 2004) Bar}ﬁ?;er?)bou XRF; CBD TSP 6.3:7.8
(Lafon et al., 2006) Banizoumbou, XRF; CBD TSP 4.3-6.1
(Lafon et al., 2006) Cape Verde XRF; CBD TSP 5.3-6.0
(Formenti et al., 2008) Banizoumbou CBD 40 um 5.8
(Val et al., 2013) Dakar (Senegal) ICP-MS 1 um 7.8
23 (continental)
This work M’Bour cf. text 1 um 21 (sea breeze)
16 (marine)
Soil samples
Saharan region ICP-AES/
(Moreno et al., 2006) (9 samples) ICP-MS TSP 20-4.7
(Lafon et al., 2006) Banizoumbou, XRF; CBD 10.2 ym 53
2.5 um 5.8
M’Bour, Bordj
(Joshi et al., 2017) (Algeria), Nefta XRD 100 pm <0.5
(Tunisia)

8 XRF: X-ray Fluorescence (XRF) Spectrometry for elemental analysis; CBD: chemical method based on citrate-
bicarbonate-dithionite (CBD) reagent for quantification of iron oxides adapted from soil analysis (Mehra and

Jackson, 1960)

b Percentages of iron relative to the mass of all oxides, classically taking into account Na,O, MgO, Al,Os, SiO,,

K,0, Ca0, TiO, and Fe,0s.

Soil samples resuspended using wind tunnel and collected with a 13-stage impactor
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Figure S1. Values of (a) RF(NO3), (b) RIE of ammonium, and ratios to ammonium for (cz sulfate and (d)
2014; Zhang et

chloride obtained from calibrations performed during a previous campaign (before Nov. 25'

al., in prep.) and this study (Nov. 25™ 2014 and beyond). (¢) Chl and NH, calibration curves performed on
January 22", 2015. (f) Time series of CE values corrected following Middlebrook et al. (2012) algorithm

colored by the NHy meas/NHs preq ratio.
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Figure S2. Box plots of (a) Fe, (b) BC concentrations and (c) Fe/(Fe+Unacc.) ratio for continental, sea breeze
and marine days. (d) Scatter plot of iron concentrations (in pg m-3) obtained from Fialho’s deconvolution
method using an AAE value of + 10% compared to the one from the literature and used in the manuscript.
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Figure S3. Averaged PM; chemical composition for (a) IOP-1 (n = 2952), (b) continental (n = 307), (c) sea
breeze (n = 799) and (d) marine days (n = 1846). Only days with at least 50% of the total PM; mass
concentration measurements by TEOM-FDMS were taken into account for averaging, corresponding to 11 days
for continental, 21 days for sea breeze and 42 days for marine days. Unacc.: unaccounted fraction determined as
the difference between the gravimetrically measured PM; mass concentration and the sum of chemical species

from ACSM and aethalometer measurements
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Figure S4. (a) Scatter plot between measured and predicted NH, colored by relative humidity and (b) associated
rose plot, (€) NHameas/NHa preq ratios as a function of SO4, NOz, OM and Chl species, where OM and Chl data are
colored by BC concentrations. The red ellipses highlight the data points deriving from the 1:1 ratio

corresponding to aerosol neutralization.



Figure S5. (a) 48-hour back trajectory clusters for (from left to right) IOP-1, continental, sea breeze and marine
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(a) 3-factor solution
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(c) 5-factor solution
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(d) 6-factor solution

0.30 - | F1
E o F2 30—
oz 5 =F
] o F4 25— F2 (x15
0.00 -l m F5 FS( )
0.30 B F6 20
0.20 — "-’E
0.10 o 1.5
0.00
1.0
c 0.12
-,g 0.08 ] 0.5
8 0.04
= 000 0.0 - e
.E’ 8'%8_ 0.30
D 515 F4
88%— 025 - [== F5
105 — — F6
0.00 = 0.20 -
0.12 — ‘?E :
0.08 o 0.15
0.04 | =
0.00 1 I lI . 58 0.10
TR
0.06 —
0.04 - 0.00 < e
88%: IlIIIIIII|IIllllllIIIII||IIIIIIIIIIIIII|IIII| o 5 10 15 20
20 30 40 50 60 70 80 90 100 hiouref day
(e) 7-factor solution
0.30 | F1
0.20 @ F2
0.10 o O F3 0.8
0.00 i @ F4 1| =— F1
0.30 B F5 i F2 (x5)
0.20 — m F6 ) ] F3
0.10 o m F7 S ] F4
98- 2 04
0.15 E
0.10 5 b
0.05 — €]
S 000 ]
o 0.16 i
B 8,(1)% 0.0 - P
T 0.04 0.20 —
S 000 ]
& 020 ]
0.15 ]
0.10 - 0:45
0.05 — .
0.00 I I | -I Ias I ? ]
80 — i 0.10
%0 %o =
204 * 0.05 - — F5
0-— ] —F6
- ] —_ F7
n 0.00 = Fr e
i I” 0 5 10 15 20
= - - hour of day

20 30 40 50 60 70 80 90 100

11



() 8-factor solution
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(h) 10-factor solution
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Figure S6. PMF unconstrained solutions from 3 to 10 factors, with (left) factors profiles and (right)

corresponding daily cycles.
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maximum value, respectively.
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Figure S10. PMF constrained 5-factor solution including the m/z 36 chloride peak: (left) factor profiles of
LCOA, COA, HOA (all primary factors constrained), MO-OOA, LO-OOA,; (middle) corresponding daily cycles
according to day types (solid lines: median; dotted lines: average); and (right) pollution rose plots colored by
hour of day. (bottom) Average pie charts of the contributions to the total organic fraction for IOP-1, continental,
sea breeze and marine days
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