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Materials and Methods

Supplementary S1: Physicochemical analysis

lon chromatography: lon content was measured by ion chromatography (I1C) analysis, using a Thermo
ICS5000+ equipped with an lonPac AG18 (guard-column 4 x 50 mm) and an lonPac AS18 (analytical column
5 x 250 mm) for anions (formate, acetate, Cl-, NOs~, SO+*, PO4*", oxalate) and an lonPac CG16 (guard-
column 4 x 50 mm) and an lonPac CS16 (analytical column 5 x 250 mm) for cations (Na*, NH4*, K*, Ca?*,
Mg?").

Hydrogen Peroxide: The spectrofluorimetric method based on the reactivity of p-hydroxyphenilacetic
acid (purity > 98%) with horseradish peroxidase (solid containing 150-200 units per mg) and developed by
Wirgot et al. was used to measure the concentration of hydrogen peroxide in cloud water.

Dissolved Organic Carbon: TC and IC are measured with a Shimadzu TOC-L analyser. TOC
quantification is then obtained by the difference between the measured TC and IC.

Carboxylic acids: Short-chain carboxylic acids were analyzed using lon Chromatography coupled with
Mass Spectrometry (IC-MS, Thermo Scientific), utilizing a Dionex 1CS-6000 platform, a single quadrupole
mass detector, and a Dionex lonPac AS11-HC-4 pum analytical column (2 x 250 mm). The gradient elution
was performed with KOH solution of varying concentrations at a constant flow rate of 0.36 mL min™*. The
column temperature was maintained at 40 °C, and the injection volume of sample was 40 pL.

Aldehydes and ketones: Carbonyl compounds in cloud water samples were derivatized with DNPH
solution in situ right after sampling and stored at 4 °C. The DNPH solution was freshly prepared by mixing
20 mg of DNPH with 1.25 mL of 35 % HCI, 0.625 mL of acetonitrile (ACN), and 3.12 mL of MilliQ water
well in order. 20 yL of DNPH solution was added to 1.2 mL of sample, which was analyzed by high-

performance liquid chromatography coupled with diode-array detection (HPLC-DAD, 1260 Infinity II,
Agilent), equipped with an eclipse XDB-C18 column (4.6 x 150 mm, 5 um, Agilent). The elution was as
follows: a linear gradient with 50% ACN and 50% MilliQ water to 60% ACN within 10 min, maintained for
4.5 min, and a linear gradient to 75% ACN within 10.5 min, then with a linear gradient back to 50% ACN
within 0.5 min, maintained for 5 min. The flow rate was 1 mL min. The injection volume was 5 uL. The
column temperature was at 30 °C. The detection wavelength was 365 nm.

ICP-MS: Aliquots of 3 mL of cloud water samples are directly transferred in 6 mL ICP-MS polystyrene
vials previously conditioned by immersion for 24 h in diluted nitric acid followed by repeatedly washes with
ultrapure (MilliQ) water. Samples are diluted with 3 mL of distilled HNO3 1 M in MilliQ water. Trace
elements abundances are determined by ICP-MS (Agilent 7500). Sample solutions are aspired at a rate of 400
puL min! using a peristaltic pump and introduced into the plasma using a quartz introduction system
(Micromist Nebulizerand a Scott-type spray chamber). The signal is calibrated externally with multi-element
standards (1 and 10 ng g %), which are prepared by gravimetric dilution of 10 ug mL ™ certified solutions
traceable to NIST (National Institute of Standards and Technology) (Inorganic Ventures).
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80  Fig. S1. Temporal evolution of meteorological parameters during the campaign. The three periods are shown
in blue (period 1), yellow (period 2) and red (period 3). The variable “samples” equals 1 for each cloud water
sampling and 0 when no sample was collected.



Period 1

(a)

2024/10/7/14 UT - 72h backtrajectories

3 07/10 A

70 <Q g 7
¢ e g A Tk
N /j I >
- 2.5
60
-
2 4
50 ©
| 1S
d|-15=
[}
40 g
=
<
30 05
20 0
-60 -40 -20 0 20 40 60
Nb trajectory points over Land (<1km a.g.l.) =1110 (~16%) NNW sector =0 (~0%) NNE sector =0 (~0%)
Nb trajectory points over Land (>1km a.g.l.) =364 (~5%) NWW sector =0 (~0%) NEAR sactor =66 (~1% NEE sector =0 (~0%)
Nb trajectory points over Sea (<1km a.g.l.) =4644 (~67%) SWW sector =4923 (~71%) - o) SEE sector =0 (~0%)
Nb trajectory points over Sea (>1km a.g.l.) =818 (~12%) SSW sector =1924 (~28%) nb total points =6936 SSE sector =23 (~0%)
(b) 20 2024/10/7116 UT - 72h backtrajectories 3 07/10 B
R -7 Pt = < ey
( - 2
\ - jj 25
60
2 @
50 o
| £
a4 15
3
40 - . g
1 =
<
30 05
20 0
-60 -40 -20 0 20 40 60
Nb trajectory points over Land (<1km a.g.l.) =2109 (~30%) NNW sector =0 (~0%) NNE sector =0 (~0%)
Nb trajectory points over Land (>1km a.g.l.) =284 (~4%) NWW sector =9 (~0%) NEAR sector =66 (~1%) NEE sector =0 (~0%)
Nb trajectory points over Sea (<1km a.g.l.) =3233 (~47%) SWW sector =4725 (~68%) - SEE sector =0 (~0%)
Nb trajectory points over Sea (>1km a.g.l.) =1310 (~19%) SSW sector =2029 (~29%) nb total points =6936 SSE sector =107 (~2%)
(c) 70 2024/10/8/M15 UT - 72h backtrajectories 3 08/10 A
— g = ¢
e _ - T e
AN /j =
- 2.5
60
2 4
50 c
i i L A 152
LoD 2
40 - : S
1
<
30 . 05
20 0
-60 -40 -20 0 20 40 60
Nb trajectory points over Land (<1km a.g.l.) =1612 (~23%) NNW sector =0 (~0%) NNE sector =0 (~0%)
Nb trajectory points over Land (>1km a.g.l.) =881 (~13%) NWW sector =0 (~0%) NEAR sector =38 (~1% NEE sector =0 (~0%)
Nb trajectory paints over Sea (<1km a.g.l.) =1644 (~24%) SWW sector =6008 (~87%) sector =38 (~1%) SEE sector =0 (~0%)

Nb trajectory points over Sea (>1km a.g.l) =2799 (~40%)

SSW sector =683 (~10%)

nb total points =6936

SSE sector =207 (~3%)




(d)

2024!1 0/8/16 UT - 72h backtra@ectories

70 - o [y gt 3
==
25
60
2 @
50 g
| P S e S R
[N 9]
40 - =
1 £
<
30 - " Hos
20 0
-60 -40 -20 0 20 40 60
Nb frajectory points over Land (<1km a.g.l.) =433 (~6%) NNW sector =0 (~0%) NNE sector =0 (~0%)
Nb trajectory points over Land (>1km a.g.l.) =1022 (~15%) NWW sector =0 (~0%) NEAR tor =38 (~1% NEE sector =0 (~0%)
Nb trajectory points over Sea (<1km a.g.l.) =1245 (~18%) SWW sector =6886 (~99%) seotor =38 (~1%) SEE sector =0 (~0%)
Nb trajectory points over Sea (>1km a.g.l.) =4236 (~61%) SSW sector =12 (~0%) nb total points =6936 SSE sector =0 (~0%)
e 2024/10/8M17 UT - 72h backtrajectories 08/10 C
70 - 5 m3
— i = ‘k\}js\_} e
==
2.5
60
2 o
50 g
' = I A 152
L — D @
40 - : T
(=
<
i & %% N
20 0
-60 -40 -20 0 20 40 60
Nb trajectory points over Land (<1km a.g.l.) =701 (~10%) NNW sector =0 (~0%) NNE sector =0 (~0%)
Nb trajectory peints over Land (>1km a.g.l.) =1232 (~18%) NWW sector =0 (~0%) NEAR tor =38 (~1% NEE sector =0 (~0%)
Nb trajectory points over Sea (<1km a.g.l.) =634 (~§%) SWW sector =6890 (~99%) sector =38 (-1%) SEE sector =0 (~0%)
Nb trajectory points over Sea (>1km a.g.l.) =4369 (~63%) SSW sector =8 (~0%) nb total points =6936 SSE sector =0 (~0%)
() 2024/10/8/18 UT - 72h backtrajectories 08/10 D
70 — T = [ 3
¥\>l“\—f -
K=
2.5
60
-
2 4
50 g
i P e S R
[ o)
40 - =
1 £
<
i & %% N
20 0

-60 -40

0

20 40

Nb trajectory points over Land (<1km a.g.l.) =416 (~6%)
Nb trajectory peints over Land (»1km a.g.l.) =1383 (~20%)
Nb trajectory points over Sea (<1km a.g.l.) =1335 (~19%)
Nb trajectory points over Sea (>1km a.g.l.) =3822 (~55%)

NNW sector =0 (~0%)
NWW seclor =0 (~0%)
SWW sector =6892 (~99%)
SSW sector =6 (~0%)

NEAR sector =38 (~1%)
nb total points =6936

NNE sector =0 (~0%)
NEE sector =0 (~0%)
SEE sector =0 (~0%)
SSE sector =0 (~0%)




(9

2024!1 0/8/19 UT - 72h backtra@ectories

08/10 E

70 < — s 2 3
- ‘_\-3 ot
(\\ jj - IS \%(j)
- 25
60
2 @
50 g
| P S e S R
[N 9]
40r Sl
=
<
30 05
20 0
-60 -40 -20 0 20 40 60
Nb trajectory points over Land (<1kma.g.l.) =785 (~11%) NNW sector =0 (~0%) NNE sector =0 (~0%)
Nb trajectory points over Land (>1km a.g.l.) =1072 (~15%) NWW sector =0 (~0%) NEAR tor =38 {~19 NEE sector =0 (~0%)
Nb trajectory points over Sea (<1km a.g.l.) =1552 (~22%) SWW sector =6892 (~99%) seotor =38 (~1%) SEE sector =0 (~0%)
Nb trajectory points over Sea (>1km a.g.l.) =3527 (~51%) SSW sector =6 (~0%) nb total points =6936 SSE sector =0 (~0%)
h 2024/10/8/20 UT - 72h backtrajectories 08/10 F
70 - - m3
- P = -;_\}—7;‘1’: L Y
==
2.5

40 -

Altitude (km a.s.l.)

30 -

20

-60 -40 -20 0 20 40

Nb trajectory points over Land (<1km a.g.l.) =1274 (~18%)
Nb trajectory points over Land (>1km a.g.l.) =1330 (~19%)
Nb trajectory points over Sea (<1km a.g.l.) =1907 (~27%)
Nb trajectory points over Sea (>1km a.g.l.) =2425 (~35%)

NNW sector =0 (~0%)
NWW sector =0 (~0%)
SWW sector =6897 (~99%)
SSW sector =2 (~0%)

NEAR sector =37 (~1%)
nb total points =6936

NNE sector =0 (~0%)
NEE sector =0 (~0%)
SEE sector =0 (~0%)
SSE sector =0 (~0%)

2024/10/9/10 UT - 72h backtrajectories 09/10 A

L \:\\j(\lx\_‘:,/kﬁ/\., 3
2.5

40 -

Altitude (km a.s.l.)

30 -

20
-60 -40

Nb trajectory points over Land (<1km a.g.l.) =560 (~8%)
Nb trajectory peints over Land (>1km a.g.l.) =1173 (~17%)
Nb trajectory points over Sea (<1km a.g.l.) =1124 (~16%)
Nb trajectory points over Sea (>1km a.g.l.) =4079 (~59%)

-20 0

NNW sector =0 (~0%)
NWW seclor =1453 (~21%)
SWW sector =5440 (~78%)
SSW sector =6 (~0%)

20 40

NNE sector =0 (~0%)
NEE sector =0 (~0%)
SEE sector =0 (~0%)
SSE sector =0 (~0%)

NEAR sector =37 (~1%)
nb total points =6936




()

2024!1 0/9/16 UT - 72h backtra@ectories

70 ) — ¢ 3
( - 5 PRI e
25
60
2 @
50 i
| £
a4 152
8
40 - El
1 =
<
30 - " Hos
20 0
-60 -40 -20 0 20 40 60
Nb frajectory points over Land (<1km a.g.l.) =323 (~5%) NNW sector =0 (~0%) NNE sector =0 (~0%)
Nb trajectory points over Land (>1km a.g.l.) =1399 (~20%) NWW sector =1152 (~17%) NEAR sector =46 (~1% NEE sector =0 (~0%)
Nb trajectory points over Sea (<1km a.g.l.) =243 (~4%) SWW sector =5218 (~75%) & SEE sector =0 (~0%)
Nb trajectory points over Sea (>1km a.g.l.) =4971 (~72%) SSW sector =520 (~7%) nb total points =6936 SSE sector =0 (~0%)
(k) 70 2024/10/10/11 UT - 72h backtrajectories 3 10/10 A
AN - e = [ |
( _~ - k\j N
AN /j i =
- 2.5
60
2 o
50 e
' = I A 152
S
40 - : E
1 £
<
i & %% N
20 0
-60 -40 -20 0 20 40 60
Nb trajectory points over Land (<1km a.g.l.) =490 (~7%) NNW sector =0 (~0%) NNE sector =0 (~0%)
Nb trajectory peints over Land (>1km a.g.l.) =549 (~8%) NWW seclor =2662 (~38%) NEAR tor =37 (~1% NEE sector =0 (~0%)
Nb trajectory points over Sea (<1km a.g.l.) =2079 (~30%) SWW sector =4176 (~60%) sector =37 (-1%) SEE sector =0 (~0%)
Nb trajectory points over Sea (>1km a.g.l) =3818 (~55%) SSW sector =61 (~1%) nb total points =6936 SSE sector =0 (~0%)
) 70 2024/10/10/13 UT - 72h backtrajectories 3 10/10 B
= P = [~
¢ e g AR
LS =2
~ 2.5
60
-
2 4
50 c
i P e S R
[ 9
40 - El
1 =
<
) \ %% N
20 0

-60 -40 -20

0 20

40 60

Nb trajectory points over Land (<1km a.gl.) =192 (~3%)
Nb trajectory peints over Land (>1km a.g.l.) =1082 (~15%)
Nb trajectory points over Sea (<1km a.g.l.) =858 (~12%)
Nb trajectory points over Sea (>1km a.g.l.) =4824 (~70%)

NNW sector =0 (~0%)
NWW seclor =4679 (~67%)
SWW sector =2208 (~32%)
SSW sector =11 (~0%)

NEAR sector =38 (~1%)
nb total points =6936

NNE sector =0 (~0%)
NEE sector =0 (~0%)
SEE sector =0 (~0%)
SSE sector =0 (~0%)

Period 2




(m)

2024/10/16/10 UT - 72h backtrqjectories

16/10 A

70 ) — e v | 3
e _~ . - Ty S s T
\ jj P
~ 25
60
2 @
50 e
: a4 152
L]
40 - B
1 =
<
30 05
20 0
-60 -40 -20 0 20 40 60
Nb trajectory points over Land (<1km a.g.l.) =472 (~7%) NNW sector =0 (~0%) NNE sector =0 (~0%)
Nb trajectory points over Land (>1km a.g.l.) =2159 (~31%) NWW sector =0 (~0%) NEAR sector =73 (~1%) NEE sector =0 (~0%)
Nb trajectory points over Sea (<1km a.g.l.) =228 (~3%) SWW sector =266 (~4%) - SEE sector =0 (~0%)
Nb trajectory points over Sea (>1km a.g.l.) =4077 (~59%) SSW sector =6261 (~90%) nb total points =6936 SSE sector =336 (~5%)
n 2024/10/16/11 UT - 72h backtrajectories 16/10 B
0 P e ~ a8
- “~r
NS T >
- 2.5
60
2 o
50 i
: £
15<
[}
40 - :5
1 £
<
30 - .’ 0.5
20 0
-60 -40 -20 0 20 40 60
Nb trajectory points over Land (<1km a.g.l.) =522 (~8%) NNW sector =0 (~0%) NNE sector =0 (~0%)
Nb trajectory peints over Land (>1km a.g.l.) =2211 (~32%) NWW sector =0 (~0%) NEAR sector =75 (~1% NEE sector =0 (~0%)
Nb trajectory points over Sea (<1km a.g.l.) =345 (~5%) SWW sector =300 (~4%) - %) SEE sector =0 (~0%)
Nb trajectory points over Sea (>1km a.g.l.) =3858 (~56%) SSW sector =6073 (~88%) nb total points =6936 SSE sector =488 (~7%)
o 2024/10/16/12 UT - 72h backtrajectories 16/10 C
70 o e oo NG P T
( T >3
b -
AN ~ Jj 25
0 N O ~
&3 ) 2 @
50 o
| £
15 =
= 38
40 r 'y » E
v 'I =
<
30 - . " Hos
20 0

-60 -40 -20

0 20

40 60

Nb trajectory points over Land (<1km a.g l.) =488 (~7%)
Nb trajectory peints over Land (>1km a.g.l.) =2076 (~30%)
Nb trajectory points over Sea (<1km a.g.l.) =280 (~4%)
Nb trajectory points over Sea (>1km a.g.l.) =4092 (~59%)

NNW sector =0 (~0%)
NWW seclor =0 (~0%)
SWW sector =465 (~7%)
SSW sector =5614 (~81%)

NEAR sector =81 (~1%)
nb total points =6936

NNE sector =0 (~0%)
NEE sector =0 (~0%)
SEE sector =0 (~0%)
SSE sector =776 (~11%)




(P)

2024/10/16/13 UT - 72h backtrqjectories

70 o = 3
( - - = et
\ jj P
- 25
60
2 @
50 i
| £
a4 152
8
40 - El
1 =
<
30 - " Hos
20 0
-60 -40 -20 0 20 40 60
Nb frajectary points over Land (<1km a.g.l.) =290 (~4%) NNW sector =0 (~0%) NNE sector =0 (~0%)
Nb trajectory points over Land (>1km a.g.l.) =1816 (~26%) NWW sector =0 (~0%) NEAR sector =87 (~1%) NEE sector =0 (~0%)
Nb trajectory points over Sea (<1km a.g.l.) =229 (~3%) SWW sector =691 (~10%) - SEE sector =0 (~0%)
Nb trajectory points over Sea (>1km a.g.l.) =4601 (~66%) SSW sector =4897 (~71%) nb total points =6936 SSE sector =1261 (~18%)
(Q) 70 2024/10/16/14 UT - 72h backtrajectories 3 16/10 E
TR - X = o
¢ - 7 IRt
AN /j - .
- 2.5
60 ) ]
£3 ) 2
50 i
: £
—~ 15<
L o | [}
40 DT R E
1 £
<
i & %% N
20 0
-60 -40 -20 0 20 40 60
Nb trajectory points over Land (<1km a.g.l.) =309 (~4%) NNW sector =0 (~0%) NNE sector =0 (~0%)
Nb trajectory peints over Land (>1km a.g.l.) =1411 (~20%) NWW sector =0 (~0%) NEAR tor =90 (~19 NEE sector =0 (~0%)
Nb trajectory points over Sea (<1km a.g.l.) =445 (~6%) SWW sector =648 (~9%) sector =30 (-1%) SEE sector =0 (~0%)
Nb trajectory points over Sea (>1km a.g.l) =4771 (~69%) SSW sector =4440 (~64%) nb total points =6936 SSE sector =1758 (~25%)
(r) 20 2024/10/16/15 UT - 72h backtrajectories ) 16/10 F
' Q _— {L\Aw’ = L) — /\:
~ TS A
(\ jj o I \%(j
- 25
60 N
£3 ) 2 4
50 c
' i D 2152
7 L — 2
40 - g Ny El
3 1 =
<
30~ s ~“Hos
20 0
-20 0

-60 -40

20

40 60

Nb trajectory points over Land (<1km a.g 1) =636 (~8%)
Nb ftrajectory points over Land (>1km a.g.l.) =1276 (~18%)
Nb trajectory points over Sea (<1km a.g.l.) =998 (~14%)
Nb trajectory points over Sea (>1km a.g.l.) =4025 (~58%)

NNW sector =0 (~0%)
NWW sector =0 (~0%)
SWW sector =337 (~5%)
SSW sector =4444 (~64%)

NEAR sector =100 (~1%)
nb total points =6936

NNE sector =0 (~0%)
NEE sector =0 (~0%)
SEE sector =0 (~0%})
SSE sector =2055 (~30%)




2024/10/16/16 UT - 72h backtrajectories ) 16/10 G

70 ) — e LA ) 3
e s - 7 STy A s
\ jj P
~ 25
60
2 @
50 i
| £
a4 152
3
40 - El
1 =
<
30 05
20 0
-60 -40 -20 0 20 40 60
Nb frajectory points over Land (<1km a.g.l.) =1094 (~16%) NNW sector =0 (~0%) NNE sector =0 (~0%)
Nb trajectory points over Land (>1km a.g.l.) =1193 (~17%) NWW sector =0 (~0%) NEAR sector =102 (~1%) NEE sector =0 (~0%)
Nb trajectory points over Sea (<1km a.g.l.) =1556 (~22%) SWW sector =293 (~4%) - ° SEE sector =0 (~0%)
Nb trajectory points over Sea (>1km a.g.l.) =3083 (~45%) SSW sector =4409 (~64%) nb total points =6936 SSE sector =2132 (~31%)
70 2024/10/17/8 UT - 72h backtrajectories 3 17/10 A
RS - ey - Qp————
g STy e e
(\ V4 - e >
< 2.5
60
2 o
50 i
: £
15<
S
40 - El
1 £
<

30 -

o
o

20
-60 -40 -20 20

Nb trajectory points over Land (<1km a.g.l.) =1474 (~21%) NNW sector =0 (~0%) NNE sector =0 (~0%)

Nb trajectory peints over Land (>1km a.g.l.) =1343 (~19%) NWW sector =0 (~0%) NEAR sector =112 (~2%) NEE sector =0 (~0%)

Nb trajectory points over Sea (<1km a.g.l.) =826 (~12%) SWW sector =481 (~7%) SEE sector =155 (~2%)
Nb trajectory points over Sea (>1km a.g.l) =3293 (~47%) SSW sector =3632 (~52%) nb total points =6936 SSE sector =2556 (~37%)

, 2024/10/17M0 UT - 72h backtrqjectories 17/10 B
(Q e - s j ¥\\3(:sx‘-; o

40 -

Altitude (km a.s.l.)

30 -

20
-60 -40 -20 0 20

Nb trajectory points over Land (<1km a.g.l.) =1465 (~21%) NNW sector =0 (~0%) NNE sector =0 (~0%)

Nb trajectory peints over Land (>1km a.g.l.) =1333 (~19%) NWW seclor =0 (~0%) NEAR sector =104 (~1%) NEE sector =0 (~0%)

Nb trajectory points over Sea (<1km a.g.l.) =803 (~12%) SWW sector =27 (~0%) ° SEE sector =108 (~2%)
Nb trajectory points over Sea (>1km a.g.l.) =3335 (~48%) SSW sector =3940 (~57%) nb total points =6936 SSE sector =2757 (~40%)




(v)

2024!1 0/18/5 UT - 72h backtra@ectories

70 ) — 2 3
( - 5 PRI e
\ - jj 25
60
2 @
50 i
| £
a4 152
L]
40 - =
1 £
<
30 - 05
20 0
-60 -40 -20 0 20 40 60
Nb trajectory points over Land (<1km a.g.l.) =435 (~6%) NNW sector =0 (~0%) NNE sector =0 (~0%)
Nb trajectory points over Land (>1km a.g.l.) =1361 (~20%) NWW sector =0 (~0%) NEAR sector =84 (~1% NEE sector =0 (~0%)
Nb trajectory points over Sea (<1km a.g.l.) =850 (~12%) SWW sector =6006 (~87%) & SEE sector =0 (~0%)
Nb trajectory points over Sea (>1km a.g.l.) =4280 (~62%) SSW sector =846 (~12%) nb total points =6936 SSE sector =0 (~0%)
(w) 70 2024/10/18/6 UT - 72h backtrajectories 3 18/10 B
- T = [y
( _~ - k\j N
AN /j =
- 2.5
60
2 o
50 e
' = I A 152
L — D @
40 - : T
(=
<
i & %% N
20 0
-60 -40 -20 0 20 40 60
Nb trajectory points over Land (<1km a.g.l.) =640 (~8%) NNW sector =0 (~0%) NNE sector =0 (~0%)
Nb trajectory peints over Land (>1km a.g.l.) =1194 (~17%) NWW sector =0 (~0%) NEAR tor =81 (~1% NEE sector =0 (~0%)
Nb trajectory points over Sea (<1km a.g.l.) =924 (~13%) SWW sector =6716 (~97%) sector =81 (-1%) SEE sector =0 (~0%)
Nb trajectory points over Sea (>1km a.g.l) =4178 (~60%) SSW sector =139 (~2%) nb total points =6936 SSE sector =0 (~0%)
Period 3
() 2024/10/22114 UT - 72h backtrajectories 22/10 A
0 s = e & 3 g3
\ jj T
- 25
60
2 @
50 o
| £
a4 15
3
40 - El
1 =
<
30 05
20 0
-60 -40 -20 0 20 40 60

Nb trajectory points over Land (<1kma.g.l.) =719 (~10%)
Nb trajectory points over Land (>1km a.g.l.) =1672 (~24%)
Nb trajectory points over Sea (<1km a.g.l.) =2401 (~35%)
Nb trajectory points over Sea (>1km a.g.l.) =2144 (~31%)

NNW sector =0 (~0%)
NWW sector =0 (~0%)
SWW sector =27 (~0%)
SSW sector =269 (~4%)

NEAR sector =242 (~3%)
nb total points =6936

NNE sector =0 (~0%)
NEE sector =0 (~0%)
SEE sector =2309 (~33%)
SSE sector =4089 (~59%)




(y) 70 2024/10/23/4 UT - 72h backtrajectories ) 23/10 B

T — e LA | 3
e s 7 Y
\ jj ) \%(j)
~ 25
60
2 @
50 e
‘ SR O 4152
Ab %
40 - El
1 =
<
ol & % oo
20 0
-60 -40 -20 0 20 40 60
Nb trajectory points over Land (<1km a.g.l.) =1203 (~17%) NNW sector =0 (~0%) NNE sector =0 (~0%)
Nb trajectory points over Land (>1km a.g.l.) =1232 (~18%) NWW sector =0 (~0%) NEE sector =0 (~0%)

NEAR sector =316 (~5%)

Nb trajectory points over Sea (<1km a.g.l.) =3269 (~47%) SWW sector =13 (~0%) SEE sector =2087 (~30%)
Nb trajectory points over Sea (>1km a.g.l.) =1232 (~18%) SSW sector =150 (~2%) nb total points =6936 SSE sector =4370 (~63%)
(2) 5, 23/10C
—
2 9
@
-
1.5 =
[}
— ©
2
= L=
I <
Nb trajectory points over Land (<1km a.g.l.) =859 (~12%) NNW sector =0 (~0%) NNE sector =0 (~0%)
Nb trajectory peints over Land (>1km a.g.l.) =1209 (~17%) NWW sector =0 (~0%) NEAR sector =372 (~5%) NEE sector =0 (~0%)
Nb trajectory points over Sea (<1km a.g.l.) =3455 (~50%) SWW sector =8 (~0%]) v SEE sector =1360 (~20%)
Nb trajectory points over Sea (>1km a.g.l) =1413 (~20%) SSW sector =146 (~2%) nb total points =6936 SSE sector =5050 (~73%)

85 Fig.S2a,b,c,d,e, f,g h,i,j,k,, m,n,0,p, q, 1,5, t, u, v, w, X, y, z. Clusters of 72h-back-trajectory plots
of air masses reaching CMN during cloud sampling from October 7 to October 23™ . The upper panels
show the trajectories projected on a horizontal map, and the lower panels show the percentage number of

trajectory point traveling over land or sea.
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Fig. S3. Upper panel: fraction of non-sea salt sulphate, in red, and sea salt sulphate, in blue, in cloud water samples.
Lower panel: correlation between chloride and sea sulphate in cloud samples.
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Fig. S5 Boxplot of anions, cations and hydrogen peroxide concentration in cloud samples for the whole campaign

(dashed box) and for Period 1 (1°), Period 2 (2°), and Period 3 (3°) (plain boxes). Boxes represent the interquartile

range (25th—75th percentiles), the horizontal line shows the median and whiskers indicate the minimum and maximum
115  values. The insert reports the average values of pH and DOC for all samples (“pH”, “DOC”) and for each periods.
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Sample Id Date (?;2;:) (ISOt :;)l) (%t;rct) (ISJE;‘)E) Collector Sterile/Not sterile | Volume collected
dd/mm/aaaa hh:mm hh:mm hh:mm hh:mm # mL
07/10 A 07/10/2024 16:34 18:39 14:34:00 16:39:00 day 3 Sterile 725
16:34 18:39 14:34:00 16:39:00 4 Sterile 736
07/10 B 07/10/2024 18:39 20:30 16:39:00 18:30:00 night 3 Sterile 710
18:39 20:30 16:39:00 18:30:00 4 Sterile 750
08/10 A 08/10/2024 17:00 18:00 15:00:00 16:00:00 day 3 Not sterile 571
17:00 21:20 15:00:00 19:20:00 4 Sterile 367
08/10 B 08/10/2024 18:00 18:10 16:00:00 16:10:00 day 3 Not sterile 20
08/10 C 08/10/2024 19:00 19:10 17:00:00 17:10:00 night 3 Not sterile 20
08/10 D 08/10/2024 20:00 20:10 18:00:00 18:10:00 night 3 Not sterile 20
08/10 E 08/10/2024 21:00 21:10 19:00:00 19:10:00 night 3 Not sterile 20
08/10 F 08/10/2024 22:00 22:10 20:00:00 20:10:00 night 3 Not sterile 20
09/10 A 09/10/2024 12:11 14:11 10:11:00 12:11:00 day 3 Not sterile 368
09/10 B 09/10/2024 18:58 20:45 16:58:00 18:45:00 night 3 Not sterile 158
18:58 20:45 16:58:00 18:45:00 4 Sterile 144
10/10 A 10/10/2024 13:25 14:55 11:25:00 12:55:00 day 3 Not sterile 535
13:25 16:00 11:25:00 14:00:00 4 Sterile 348
10/10 B 10/10/2024 15:00 16:00 13:00:00 14:00:00 day 3 Not sterile 36

llgiill’lﬁ 15/10/2024 Blank 3 Not sterile

16/10 A 16/10/2024 12:00 13:00 10:00:00 11:00:00 day 3 Not sterile 454
12:00 14:00 10:00:00 12:00:00 4 Sterile 338
16/10 B 16/10/2024 13:00 14:00 11:00:00 12:00:00 day 3 Not sterile 443
16/10 C 16/10/2024 14:00 15:00 12:00:00 13:00:00 day 3 Not sterile 408
14:00 16:00 12:00:00 14:00:00 4 Sterile 400
16/10 D 16/10/2024 15:00 16:00 13:00:00 14:00:00 day 3 Not sterile 502
16/10 E 16/10/2024 16:00 17:00 14:00:00 15:00:00 day 3 Not sterile 453
16/10 F 16/10/2024 17:00 18:00 15:00:00 16:00:00 day 3 Not sterile 731
16/10 G 16/10/2024 18:00 19:00 16:00:00 17:00:00 day-night 3 Not sterile 529
17/10 A 17/10/2024 10:23 12:36 08:23:00 10:36:00 day 3 Not sterile 255
10:23 13:07 08:23:00 11:07:00 4 Sterile 283
17/10 B 17/10/2024 12:36 14:36 10:36:00 12:36:00 day 3 Not sterile 559
13:07 14:45 11:07:00 12:45:00 4 Sterile 307
18/10 A 18/10/2024 07:20 08:20 05:20:00 06:20:00 day 3 Not sterile 261
18/10 B 18/10/2024 08:20 09:20 06:20:00 07:20:00 day 3 Not sterile 203
22/10 A 22/10/2024 16:30 17:30 14:30:00 15:30:00 day 3 Not sterile 48
16:30 17:30 14:30:00 15:30:00 4 Sterile 38
23/10 Rain | 23/10/2024 05:25 06:34 03:25:00 04:34:00 night 3 Not sterile 281
23/10 B 23/10/2024 06:34 08:30 04:34:00 06:30:00 night-day 3 Not sterile 221
06:34 08:30 04:34:00 06:30:00 4 Sterile 172
23/10C 23/10/2024 08:30 10:30 06:30:00 08:30:00 day 3 Not sterile 310
08:30 10:30 06:30:00 08:30:00 4 Sterile 242

Table. S1. Sampling conditions (day/night; sterile/not sterile) and parameters (date, start/stop time, and
130  collected volume) for each sample.
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O I T - O - - T I s |a |21 E|E]|28| g |E2|88
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5|2 M
07/10 A 6.1 152 | 11.1 | 138 | 223 | 104 | 69 | 302 | 157 | 123 | 41 {139 |27 | 17| 19|02 255 4.5 4.0
07/10 B 5.9 3.8 6.6 56 | 67 | 70 | 6.8 125 | 134 | 4.1 1.8 | 74 |27 |19|23]02] 248 1.7 1.3
08/10 A 6.4 11.9 3.7 19 | 174 | 22 6.5 112 | 73 | 74 | 1.5 | 76 |27 |16 |18 |02 88 23 1.8
08/10 B 6.5 8.6 1.1 1.4 | 206 | 0.1 5.0 6.9 44 | 73 | 13 | 51 (22 116| 2 |02] 4.0 <DL | <DL
08/10 C 6.7 6.7 1.8 13 | <DL | 1.6 | 4.1 1.1 | 75 (25| 15 |48 |27 |16|18 02| 145 | <DL | <DL
08/10 D 6.3 | 265 6.8 30 | <DL | 5.1 42 | 215 [ 11220 | 1.9 | 49 |33 |18 (2203 238 | <DL | <DL
08/10 E 6.8 | 259 6.1 3.1 03 | 49 35 | 231 | 98 | 25|20 | 50 |31|17] 2 (02| 219 | <DL | <DL
08/10 F 7.0 | 37.0 5.7 30 | <DL | 25 27 | 315 | 69 | 1.3 | 23 | 4.1 3 117122102 215 | <DL | <DL
09/10 A 6.1 848 | 370 | 123 | 142 | 133 | 2.8 | 704 | 545 | 84 | 39 | 87 | 54|19 | 16| 02| 439 4.6 4.1
09/10 B 45 | 107.0 | 548 | 134 | 11.5 | 180 | 29 | 99.1 | 588 | 6.1 | 54 | 100 |42 |22 | 13|02 737 | 127 | 122
10/10 A 55 | 558 | 13.0 | 59 | 34 | 99 | 2.0 | 430 | 141 | 29 | 27 | 83 |29 |12 | 11]0.1]| 213 1.5 1.0
10/10 B 56 | 2892 | 316 | 197 | 39 | 128 | 2.1 | 2469|319 | 78 | 122|139 |45 |18 | 12|02 503 6.4 59
16/10 A 6.5 8.3 166 | 156 | 34 | 24 1.9 11.6 | 180 | 44 | 24 | 623 | 1907|0802 157 3.4 1.9
16/10 B 6.6 2.9 170 | 157 | 53 23 1.9 65 264 | 35 | 22 |583(25|14|16]|02| <DL | <DL | <DL
16/10 C 7.0 3.4 186 | 156 | 11.1 | 2.0 | 2.0 6.1 |30.1 | 3.1 |21 |572125|15(18]|02] 532 33 1.7
16/10 D 6.4 1.0 10.8 | 9.2 | 43 1.1 1.0 29 218 20 | 1.7 | 400 |22 |14|16|02]| <DL | <DL | <DL
16/10 E <DL | 3.6 9.7 84 | 3.0 | 07 1.4 26 | 234 | 18 | 1.5 [ 257 |24 |13]21]02] 244 23 1.2
16/10 F 7.1 <DL 4.5 42 | <DL | <DL | 0.2 1.0 | 142 | 09 1.3 1127271161903 | <DL 2.3 1.3
16/10 G 6.6 | <DL 4.8 44 | 24 1.6 0.2 30 [ 199 2.0 1.3 | 13531 (13]18]02]| 228 2.0 1.1
17710 A 6.5 242 | 430 | 32.0 | 145 | 89 14 | 264 | 573 | 43 | 3.0 [ 530 4 |08]08|0.1] 74.6 3.5 23
17/10 B 6.8 | 26.1 | 385 |27.1 | 12.0 | 3.8 1.4 | 289 | 463 | 35 | 2.8 45237182103 | 775 2.0 1.2
18/10 A 6.1 0.9 9.4 23 | 63 97 | <DL | 49 85 | 26 | 1.6 | 139 |23 |15]21]03]| 7.0 2.8 22
18/10 B 5.8 1.2 7.1 1.8 | <DL | <DL | <DL | 2.1 7.9 1.5 13 | 74 |26|18]25]03]| 11.0 24 1.7
22/10 A 4.1 | 2547 | 1157 [ 99.1 | 99 | 165 | 29 | 2247|916 | 11.3 | 128 | 592 | 4 | 19|22 |03 | 104.1 4.9 4.2
23/10 Rain | 5.1 19.4 | 204 | 13.0 | 48 | 4.6 0.5 158 [ 199 | 43 1.9 101 25|11 |17]02] 218 42 3.6
23/10 B 50 | 481 | 533 | 305 | 55 | 123 | 05 | 41.8 | 465 | 36 | 3.5 | 254 |42 | 1.1 |15]|02| 86.1 5.1 4.5
23/10 C 6.0 | 468 | 52.8 | 282 | 3.7 | 13.7 | 09 | 428 |41.1 | 42 | 3.6 | 284 | 4 |13 |18|02| 741 2.9 2.3
15/10 Blank | 6.4 0.8 1.4 20 | <DL | <DL | 0.7 24 07 ] 04 |24 |66 [05/07] 1 01| <DL | <DL | <DL
Median 6.4 17.3 109 | 8.8 5.9 4.9 2.0 142 | 189 | 35 | 21 | 13127 16| 18|02 241 3.1 2.0
Average 6.1 428 | 215 | 140 | 85 67 | 26 | 368 | 253 | 42 | 31 [219|31|15]|18]02)| 378 3.7 3.0




Table S2. Concentration in umol L' of main organic, inorganic anions and cations, carboxylic acid, H,O», TC, TOC and pH of the cloud water samples studied in this work.
“<DL” is reported for values below the detection limit



Samples Chloride | Nitrate | Sulphate | Sodium | Ammonium | Magnesium | Calcium
07/10 A 15.2 11.1 13.8 30.2 15.7 4.1 13.9
07/10 B 3.8 6.6 5.6 12.5 134 1.8 7.4
08/10 A 11.9 3.7 1.9 11.2 7.3 1.5 7.6
08/10 B 8.6 1.1 1.4 6.9 4.4 1.3 5.1
08/10 C 6.7 1.8 1.3 11.1 7.5 1.5 4.8
08/10 D 26.5 6.8 3.0 215 11.2 1.9 4.9
08/10 E 259 6.1 3.1 23.1 9.8 2.0 5.0
08/10 F 37.0 5.7 3.0 31.5 6.9 2.3 4.1
09/10 A 84.8 37.0 12.3 70.4 54.5 39 8.7
09/10 B 107.0 54.8 134 99.1 58.8 5.4 10.0
10/10 A 55.8 13.0 59 43.0 14.1 2.7 8.3
10/10 B 289.2 31.6 19.7 246.9 319 122 13.9
15/10 Blank 0.8 1.4 2.0 24 0.7 24 6.6
16/10 A 8.3 16.6 15.6 11.6 18.0 24 62.3
16/10 B 2.9 17.0 15.7 6.5 26.4 22 58.3
16/10 C 34 18.6 15.6 6.1 30.1 2.1 57.2
16/10 D 1.0 10.8 9.2 29 21.8 1.7 40.0
16/10 E 3.6 9.7 8.4 2.6 234 1.5 25.7
16/10 F 0.0 4.5 4.2 1.0 14.2 1.3 12.7
16/10 G 0.0 4.8 4.4 3.0 19.9 1.3 13.5
17/10 A 242 43.0 32.0 26.4 57.3 3.0 53.0
17/10 B 26.1 385 27.1 28.9 46.3 2.8 452
18/10 A 0.9 9.4 23 4.9 8.5 1.6 13.9
18/10 B 1.2 7.1 1.8 2.1 7.9 1.3 7.4
22/10 A 254.7 115.7 99.1 224.7 91.6 12.8 59.2
23/10 Rain 19.4 204 13.0 15.8 19.9 1.9 10.1
23/10 B 48.1 533 30.5 41.8 46.5 3.5 25.4
23/10 C 46.8 52.8 28.2 42.8 41.1 3.6 28.4

Table S3.

Matrix used for the PCA based on ion concentrations dissimilarities (concentrations in pmol L'). The matrix
was not normalised prior to analysis as the predefined function on R was used.



Elements As |Cd| Co| Cr Cu Fe Mg Mn | Mo | Ni Pb | Pd |Rb|Sb |Sn| Sr Tl V | W Zn
15/10 Blank | <LQ | 0.2 | 0.5 | <LQ | 160.9 | <LQ | 44325 | 1234 0.1 | 9.0 | 03 |<LQ |04 (02|02 130 |<LQ | 0.5 | 0.4 | 246.2
07/10 A 03 10749 41 | 1224 | 364 | 83428 | 4072 |34 |176.7| 1.5 | 0.0 |[58]09|1.1| 277 | 0.0 | 3.4 | 1.2 | 2489.8
07/10 B <LQ |04 |26 |<LQ| 653 | 29.6 | 2562.1 | 1129 | 1.0 | 480 | 13 |<LQ |24 |06 (05| 157 | 0.0 | 3.6 | 1.3 |1781.0
08/10 A <LQ 0.7 |13 |<LQ | 87.7 | 27.7 | 1655.1 | 46.0 | 0.5 | 39.1 | 1.1 | 0.0 |{33]0.6|0.6| 135 | 00 | 1.2 | 1.9 | 1599.9
09/10 A 07 102109 22 | 66.6 | 29.5 | 85794 | 395 | 1.6 | 252 | 19 | 0.0 |41]04|04| 207 | 0.0 | 6.0 | 23| 809.0
09/10 B 07 103(08| 2.1 | 1129 | 544 | 11581.8 | 499 | 05| 26.7 | 25 | 0.0 |23 |04[04| 254 | 0.0 | 74 | 12| 541.6
10/10 A <LQ| 04|12 |<LQ| 60.6 | 17.3 | 58872 | 440 | 1.7 | 345 | 2.7 | 0.0 |24 05|04 | 178 | 0.0 | 2.6 | 1.2 | 1548.0
10/10 B 07 {04 (10| 2.1 | 884 | 30.5 |27403.5| 582 | 20| 263 | 24 | 0.0 |27]|04]02| 509 | 0.0 | 48 | 1.7 | 12204
16/10 A 04 10120 1.8 | 253 | 89.3 | 38363 |231.0| 23| 256 | 0.1 | 0.1 |26]0.6|03]| 922 |<LQ| 3.7 |34 | 351.7
17/10 A 1.3 103 (22| 22 | 352 | 449 | 55558 | 1995]0.7| 172 | 02 | 0.1 |3.0]1.1]03| 939 | 0.1 |19.0 |50 231.6
18/10 A <LQ |03 |13| 25 | 322 | 242 | 17579 | 451 | 60 | 358 | 04 |<LQ|15]0.6 05| 239 |<LQ | 1.5 | 1.3 | 3386.6
22/10 A 7.7 113 (27| 44 |596.0 | 283.0 | 28024.7 | 176.4 | 0.8 | 26.7 | 42.1| 0.1 |6.0|1.6|1.0| 1378 | 0.5 | 17.8 | 1.5 1189.6
23/10 Rain | 0.6 | 0.8 | 1.0 | <LQ | 80.8 | 20.1 | 2461.5 | 57.7 [ 0.2 | 249 | 19 |<LQ |22|0.7]03| 195 | 0.0 | 29 | 1.0 | 1844.4
23/10 B 21 |05]14] 29 | 1504 | 645 | 66658 | 1050| 06| 21.7 | 40 | 0.1 [22]09|06]| 61.8 | 0.1 | 7.2 | 1.5| 8933
23/10 C 19 10649 55 | 1099 | 750 | 8166.8 | 1132 | 1.1 | 389 | 22 | 0.1 |27|1.1]0.7| 69.0 | 0.1 | 65 | 0.9 | 15619

Table. S4. Concentration of the main metals in nmol L™! detected in the samples. “LQ” is reported for values below the quantification limit.




Mycelium forming unit Bacteria-like CFU )
L L # replicates

10/07/2024 A 70 420 1
10/08/2024 A 225+ 78 1757 2
10/09/2024 B 38035 183+ 23 3
10/10/2024 A 245 + 49 235+ 106 2
10/16/2024 A 137 +61 33365 3
10/17/2024 A 426 £ 45 20£10 3
10/17/2024 B 163 47 63 +£21 3

Table. S5. Concentration of culturable fungi and bacteria-like CFUs for the different samples after 3 or 4
days of incubation at 17°C (mean + SD). Replicates varied because of fungi invasion in Petri dishes.

Samples | Concentration (cell mL™")
07/10/24 A (4.0+0.5) 10*
08/10/24 A (2.8+0.4) 10*
09/10/24 B (1.5+0.1) 10*
10/10/24 A (8.0+£0.3) 103
16/10/24 A (1.0£0.3) 10°
17/10/24 A (2.4+0.5)10°
17/10/24 B (2.9+1.0)10°
22/1024 A (3.1+0.2) 10*
23/10/24 B (1.4+£0.1)10°

Table. S6. Total cell concentration from flow cytometry (mean + SD).



