atmosphere WW\D@

Supplementary Materials:

The Chemical Characteristics of Rainwater and Wet

Atmospheric Deposition Fluxes at Two Urban Sites and One
Rural Site in Cote d’Ivoire

Mohamed L. Kassamba-Diaby !, Corinne Galy-Lacaux 2, Véronique Yoboué !, Jonathan E. Hickman 34,
Camille Mouchel-Vallon 2, Kerneels Jaars 5, Sylvain Gnamien !, Richmond Konan ?, Eric Gardrat 2 and Siele Silué ¢

(a)
1.00
Na* --0.045 075
NH, --0.039 0.29
K+ --0.058 [EINGS2 -0.50
Ca?* --0.039 XN 0.31
Mg?+--0.052 OEPM 0.44 [F Q22

NO; --0.039 0.42
-0.00

Cl~ --0.055 0.4 k
2-
SO;~ --0.043 BevARS 0.44 . 0.74 0.79 - _0.25

HCOO~ -0.0021-8.8e-05 0.21 0.045 0.13 0.12 0.25 0.039 0.068

CH;COO~- 0.03 0.027 0.18 0.088 019 0.13 0.19 0.042 vo71

- -0.50
C,H5CO0 ™ - -0.02 -0.061 -0.025 -0.047 -0.071 -0.083 -0.043 -0.073 -0.058 -0.035 0.11
C,03---0.04 | 048 035 039 0.32 052 052 048 031 0.32 -0.0062 =075
tcarb --0.014 0.11 0.17 0.38 0.11 0.064 -0.018 0.15 0.13 -0.065 -0.041 -0.018 -0.013
. ; ; ; . ; : : ; -1.00
T s L 3 o S : o o o 3
b % & 5 4 5
= zZ S > o o
e = = a8 8 8 &
*) 2 2
£ =
2 5
1.00
+ B
Na* I 0.75
NH; --0.012 | 0.37
K+ --0.13 - 0.50
caz+ 5012
Mg?* - -0.21 078 0.92 - 0.25
NO; - 0.041 073 085 082
-0.00
cI---014 - 0.71 m 071  0.59
2 - B
S03- - -0.13 072 068 076 0.88 | s
HCOO - - 0.084 0.92 |0:59 “ 082 071 o085 MIETA 0.62
CH4CO0 ™ --0.023 09 (066 086 077 083 EXEN 065 094 - —0.50

C;HsCOO~ - 0.14 -0.12 0.027 -0.063 -0.027 -0.099 -0.041 -0.13 -0.04 0.049 0.15

[NGREEEPREEN 089 077 078 081 083 072 082 0.87 [N —0.75

tcarb - -0.25 mQOBS 0.15 0.3 044 0.075 0.15 0.51 0.018 0.079 -0.054 0.087
" ' ' 0 '

' ' i i ' ' i -1.00
+ - wooL ot + W \ “ |
b s T ] & 5 e de
2 B k] 2 = 2 2 3 %
% [8)

CH5C00~
C;HsCO0~

Atmosphere 2023, 14, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/atmosphere



2 of 6

Atmosphere 2023, 14, x FOR PEER REVIEW

(c)

1.00
0.75

'

Na* --0.32

NH{ --0.31 65530

0.50

K* - -0.3 K
Ca2* --0.16 JUERN

[V IR >N 0.64 0.64 0.74 0.91

-0.25

-0.022| 1)k
[ Nl 0.3 UELN 0.86 0.76 |0.62 0.75

SO3™ --0.11 0.46 0.42 -v/ EVERRNYRE: TN
HCOO™ - 0.15 0.23 047 027 039 039 037 039 032

o

o

o
'

(R 0.63 0.88 0.75

3 -

NO

- —0.25

I

Figure S1. Spearman matrix correlation of rainwater Volume Weighed Mean (VWM) concentra-

tions (peq L) for Abidjan(a), Lamto (b)and Korhogo(c)
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10(H-5505 [1].

Figure S2. Monthly Volume Weighed Mean (VWM) concentrations of major ions (peq L) at Abidjan (a), Lamto (b) and Korhogo

(c) and monthly Wet Deposition (WD) fluxes (kgX ha™ yr') at Abidjan (d), Lamto (e) and Korhogo (f).
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Figure S3. Monthly mean Vertical Column Densities (VCD) of NHs from CRiS (upper panel), trop-
ospheric VCD of NO: from OMI (middle panel), and burned area from MODIS (lower panel) aver-
aged over 2018-2020. Note that the means for NHs do not include April-July 2019
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S4. Calculations and Statistics

Annual and monthly Volume Weighed Mean (VWM) concentrations in peq L for
each ion are calculated using methods described by [2,3]:

VWM= 3L, C-R /YL, P (S1)

Where Ci in peq L is the concentration of a given chemical element for each rain
event, Pi is rainfall depth for each rain event in mm. N is the number of rain events.

The annual and monthly Wet Deposition fluxes (WD) for all ionic species are ex-
pressed in kg ha! yr-! are calculated using the following equation [4]:

WD = (VWM /ci) x Mi x P¢/100,000 (S2)

Where VWM is the volume weighted mean concentration in peq L7, ci is the ionic
charge, Miin g molis the molar mass of each species and Pt in mm is the annual or
monthly rain depth.

The H* concentrations are calculated from measured pH values using the equation:

[HA+]=10"—pH (S3)

Sea Salt Fraction (SSF) and Non Sea Salt Fraction (NSSF) to ionic concentrations in
rainwater and corresponding enrichment factors (EF) are calculated according to the
method suggested by many authors [5,6].

EF marine = [X/Na*] rain / [X/Na+] sea (84)
EF crustal = [X/Caz*] rain/ [X/C32+] crustal (85)

Where X is the concentration of the ion of interest , Na* is used as the element of
reference for marine source [1] and Ca?" is selected as a reference element from crustal
origin [7].

SSF (X) = (X/[Na+])sea x [Na*] rain (S6)
NSSF (X) = [X]rain — SSF(X) (S7)

Where SSF (X) is the marine part of the chemical element X in peq L, [Na*] rain is the
concentration of Na* in rain (peq L) and [X]/[Na]sa is the ratio of species X to Na* in
seawater [8]. NSSF (X) is the non-marine part of the chemical element X in peq L-! and
[X]rainis the specific concentration of species X in peq L.

The potential Acidity (pA) is defined as the sum of all nitrate, sulfate, formic, acetic,
propionic and oxalic VWM concentrations, supposing that all these ions are associated

with H* [9]
pA=)anions=[SO04*7] + [NOs7] + [HCOO] + [CHsCOO-] + [C2HsCOO -] +
(S8)
[C2042]
The Neutralization Factor (NF) [10,11] is:
[ xi]
NF x;= (89)

( [NOj] +[SO2 +[HCOO-]+[CH;COO ]+ C2zHsCOO J+[C,02 ])

Where xiare cations of interest, and all ionic concentrations are expressed in peq L.
Fractional Acidity (FA) represents the ratio to examine acidity neutralization capacity
of rainwater [12-14]is:
_ [H']
FA= — > > (510)
([NO3] +[SO; +HHCOO-J+[CHsCOO-]+[C2HsCOO]+[C, 05 ] )

We adapted equations 8, 9,10 by modifying the original equations of the cited au-
thors in order to account for both mineral and organic acidic compounds.
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