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Figure S1. Bi-plot resulting from the PCA (PCA1) and detailing: with circles, the scores of the samples
of the puy de Dome database (highly marine are represented in blue, marine in light blue, continental
in green and polluted in red); with triangles, the scores of the samples presented in this work (yellow
with labels); with the red vectors, the loadings of the six experimental variables pH, Cl-, NOs~, SO+,
Na* & NHas*; PCA is performed using uM unit concentrations and automatic normalization of the
data.
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Figure S2. Dendrogram of hierarchic cluster analysis performed on the same dataset of PCA1.
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Figure S3. Dendrogram of hierarchic cluster analysis performed on the same dataset of PCA2.
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Figure S4. Dendrogram of hierarchic cluster analysis performed on the same dataset of PCA4.
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Table S1. Minimum (Min), first quartile (Ist Qu), median, mean, third quartile (3rd Qu) and
maximum (Max) values for metal concentration of samples considered in this work. Concentrations
are reported in ug L for all trace elements except Mg?, reported in mg L1. BLQ: below quantification

limit.

Element Min. 1stQu. Median Mean 3rd Qu. Max. LQ Blank
As 0.00 0.00 0.09 0.10 0.15 0.42 0.0194 BLQ
Cd 0.07 0.14 0.20 0.25 0.30 0.81 0.0153 BLQ
Co 0.00 0.00 0.00 0.02 0.02 0.17 0.0140 BLQ
Cu 0.00 1.65 5.04 10.20 8.75 55.70  1.1094 2.64
Fe 0.00 0.00 0.00 4.48 0.00 5493 14154 0.80

Mg * 0.00 0.04 0.08 0.16 0.17 1.32 1.5426  0.008
Mn 0.00 0.00 0.00 1.06 0.75 9.10 02963 1.90
Pb 0.00 0.00 0.00 0.32 0.10 2.63 0.1360 BLQ
Rb 0.00 0.19 0.36 0.40 0.61 1.06 0.0350 BLQ
Sb 0.02 0.06 0.09 0.14 0.24 0.42 0.0120 0.03
Sr 0.34 0.69 1.07 1.58 1.57 6.15 0.1740  0.33
Ti 0.00 0.00 1.68 2.89 4.20 12.89  0.4480 BLQ
TI 0.00 0.00 0.00 0.01 0.01 0.02 0.0011 BLQ
U 0.00 0.00 0.00 0.01 0.01 0.11 0.0033 BLQ

A% 0.04 0.14 0.22 0.82 0.48 3.87 0.0153 BLQ
Zn 3.32 26.01 55.91 57.49 78.22 130.40 42293 73
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Table S2. Physico-chemical parameters of sampled clouds. SO, NOs", Cl;, Na*, NH4* and Mg?" are reported in mg L'; trace metal concentrations are reported in pg L.

Sample Date Start  Stop Class pH SO« NOss CI- Na* NHs As Cd Co Cu Fe Mg Mn Pb Rb Sb Sr Ti Tl 8) \ Zn
A 26/03/2014 7h40 9h10  Continental 548 5.42 1362 088 021 454 040 020 0.04 425 0.00 012 321 067 084 042 18 586 0.02 000 0.26 107.55
B 04/04/2014 19h45 21h45 Marine 6.24 1.3 124 068 011 0.71 0.00 022 0.02 979 0.00 0.04 028 000 038 006 092 686 001 000 047 117.82
C 04/04/2014 21h45 00h00 Marine 6.53 1.75 232 064 0.09 129 0.09 019 001 471 0.00 0.05 011 000 065 012 130 142 0.01 0.02 171 7513
D 05/04/2014 1h30 4h05 Continental 6.6 25 45 1.03 015 223 016 0.14 0.03 546 0.00 010 037 000 0.69 029 097 19 001 000 351 8581
E 05/04/2014 4h05 7h00 Continental 6.88  3.82 8.17 1.7 028 347 020 008 0.02 1.19 0.00 018 059 000 036 026 193 113 001 0.02 371 38.09
F 05/04/2014 7h35 9h40  Continental 6.8 6.48 825 266 04 383 025 012 0.03 5.64 0.00 034 197 000 068 037 384 000 001 0.02 391 7569
G 05/11/2014 4h10 5h50 Marine 474  5.58 1.31 124 1.13 0 011 030 003 2949 000 018 1.10 1.00 107 0.09 189 224 000 0.00 034 107.98
H 05/11/2014 7h00 9h10 Marine 4.06 1338 246 146 09 071 000 0.14 0.01 10.64 53.04 008 000 110 020 0.04 116 288 000 0.00 0.15 46.78
I 05/11/2014 9h15 11h35 Marine 41 2375 469 343 218 151 012 082 0.04 2420 5548 038 241 180 044 0.09 621 9.02 0.01 011 052 76.73
J 12/11/2014 15h15 17h15 Marine 538  3.67 153 276 184 027 009 024 0.00 154 0.00 0.16 0.00 000 027 010 1.00 594 000 0.00 022 66.16
K 12/11/2014 17h20  19h15 Marine 5.51 2.76 122 239 159 0 0.09 057 0.00 171 0.00 026 0.00 000 061 023 149 000 0.01 000 0.22 131.70
L 12/11/2014 19h30 21h35 Marine 558  2.32 128 241 17 0 0.14 052 0.00 0.00 0.00 016 0.00 000 037 007 126 370 0.00 000 015 10794
M 12/11/2014 21h35 00h00 Marine 535 225 132 226 1.76 0 0.00 035 0.00 794 0.00 011 0.00 000 011 0.02 146 368 000 000 0.08 4439
N 14/11/2014 16h45 18h50 Marine 551  1.08 038 021 0.34 0 0.00 020 0.00 1.85 0.00 0.010 0.00 000 0.00 002 08 000 000 000 012 6777
O 17/11/2014 15h30  18h25 Marine 5.63 0.84 0.64 016 0.29 0 0.00 0.12 0.00 347 0.00 0.02 064 000 032 034 068 348 0.00 0.00 0.07 2758
P 17/11/2014 18h25 21h20 Marine 5.7 0.77 094 0.07 024 0 0.00 031 0.00 0.03 0.00 0.00 0.00 000 009 008 08 077 000 001 0.04 1436
Q 17/11/2014 21h20  00h00 Marine 5.33 1.05 1.26 019 0.31 0 0.08 051 0.00 6.50 0.00 0.03 0.00 000 016 007 034 000 0.00 0.00 0.08 2233
R 18/11/2014 6h05 8h10 Marine 544 271 1.15 058 0.5 0 0.07 027 0.00 4.50 0.00 0.04 000 000 011 0.10 041 000 0.00 0.00 024 3932
S 18/11/2014 17h10 19h10 Marine 5.7 1.58 084 042 04 0.04 000 0.07 0.01 095 0.00 0.02 0.00 000 023 004 071 000 0.00 0.01 0.14 3.74
T 18/11/2014 19h20 21h15 Marine 5.32 1.35 129 026 04 0 0.00 0.07 0.00 0.00 0.00 0.02 0.00 000 0.05 002 139 13.02 0.00 0.01 0.19 3.35
U 18/11/2014 21h20  23h30 Marine 485 192 243 0.63 0.39 0 0.07 017 0.00 851 0.00 0.04 000 000 028 0.06 0.63 6.07 000 000 013 34.68
\Y% 19/11/2014 00h00  2h00 Marine 463 256 288 128 0.62 0 0.00 0.15 0.00 735 0.00 0.07 0.00 041 037 006 047 000 000 000 018 1043
w 16/02/2016 10h50 14h20 Continental 5.6 2.59 1389 028 016 204 018 014 0.00 51.16 000 006 582 266 035 013 055 064 002 0.00 021 2032
X 05/06/2016 20h45 23h36 Continental 5.1 1.62 262 012 007 177 042 024 017 5626 0.00 133 919 0.00 1.02 032 611 130 0.02 0.01 320 67.84
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Table S3. Description of the various cloud sampling sites where trace metal concentrations were determined.

Sampling Geographical Altitude . . . . .
Reference Site State Coordinates (m a.s.1) Sampling period  Air Mass Origin Land Use
March, April and
. 45°46 2014
This work Mt Euy de France > 6, N 1465 November 20 Marine/Continental Grassland, forest, agriculture
Dome 2°58" E February and
June 2016
Arizona 35°14' N Summer 2005 - . Y . . .
[37] Mt. Elden (USA) 111°35 E 2834 2007 Continental Coconino national forest
43°73' N November 1992 — . “Riserva statale Vallombrosa” protected
[15] Vallombrosa Italy 11°55 E 950 March 1995 Marine/Polluted forest
. 34°3' N : . .
[17] Kala Bagh Pakistan 7390 E 2400 19-28 July 1996 Continental Mountainous treed region
Mt. 50°39" N January 2001- . .
14 1 Th f
[14] Schmiicke Germany 10°47 B 605 December 2003 Continenta uringian forest
. 29°35' N 27 August-9 Large, non-ferrous industries
[16] Mt Lu China 115°59" E 1165 September, 2011 Polluted and coal-fired power plants
20 March-20
36916’ N April, 2007 20
[38] Mt. Tai China , 1543 June-20 July 2007 Polluted Steel industries and mining activities
117°06" E
15 October-15
November 2008
1°80 May— 1997
[6] Mt. Brocken =~ Germany 51 0086(;, 1]\; 1141 C:c};o{ouerzel 933 Continental Grassland, forest, agriculture
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Table S4. Correlation matrix obtained by the PCA3 analysis considering the concentration of Cl-,

NOs, SO42, Na* and NH4* and the total metal concentration. The color code depicts in blue values

between 0 and 0.2, in light blue values between 0.2 and 0.4, in light orange values between 0.4 and

0.6, in orange values between 0.6 and 0.8 and in dark orange values between 0.8 and 1.

Variables SO+ NOs Cl- Na* NHq* Metal pH
SO« 1 0.21 0.60 0.52 0.25 0.24 -0.50
NOs- 0.21 1 0.09 -0.24 0.10 0.22

ClI- 0.60 0.09 1 0.18 0.19 -0.11

Na* 0.52 -0.24 1 -0.30 0.10 -0.47
NHy* 0.25 0.18 -0.30 1 0.31 0.44
Metal 0.24 0.10 0.19 0.10 0.31 1 -0.14

pH -0.50 0.22 -0.11 -0.47 0.44 -0.14 1
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