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Abstract.

We present here the results obtained during an intensive field campaign conducted in the framework of the French “BIO-MAID(
(Bio-physico-chemistry of tropical clouds at Maido (Réunion Island): processes and impacts on secondary organic aerost
formation) project. This study integrates an exhaustive chemical and microphysical characterization of cloud water obtained
March-April 2019 at Reunion Island (Indian Ocean). Fourteen cloud samples have been collected along the slope of t
mountainous island. A comprehensive chemical characterization of these samples is performed, including inorganic ions, mef
oxidants, and organic matter (organic acids, sugars, amino acids, carbonyls, and low-soluble volatile organic compounds (VOC
Cloud water presents high molecular complexity with elevated water-soluble organic matter content partly modulated |
microphysical cloud properties.

As expected, our findings show the presence of compounds of marine origin in cloud water samplesidride, sodium)
demonstrating ocean—cloud exchanges. However, the non-sea salt fraction of sulphate varies between 38 and 91%, indicatin
presence of other sources. Also, the presence of amino acids and for the first time in cloud waters of sugars, clearly indicates
biological activities contribute to the cloud water chemical composition.

A significant variability between events is observed in the dissolved organic content (25.5 + 18.4)mgithllevels reaching up

to 62 mgC L% This variability was not similar for all the measured compounds, suggesting the presence of dissimilar emissic
sources or production mechanisms. For that, a statistical analysis is performed based on back-trajectory calculations using the
(Computing Atmospheric Trajectory Tool) model associated with land cover registry. These investigations reveal that air me
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origins and microphysical variables do not fullypkin the variability observed in cloud chemicahgmosition, highlighting the

complexity of emission sources, multiphasic transied chemical processing in clouds.

Additionally, several VOCs (oxygenated and low-&iduVOCs) were analysed in both gas and aqueowuseph8ignificant levels
of biogenic low-soluble VOCs were detected in tlg@emus phase, indicating the cloud-terrestrial taggm exchange. Cloud
scavenging of VOCs is assessed and compared tg'Héaw equilibrium to evaluate potential supersab saturation conditions.
The evaluation reveals the supersaturation of lolwkde VOCs from both natural and anthropogeniasest Our results depict
even higher supersaturation of terpenoids, suggestieir importance in the aqueous phase cheniistnjghly impacted tropical

areas.

Keywords: Cloud chemical composition, dissolved omnic carbon, gas/aqueous phase partitioning, tropa atmosphere, air
mass influence.

1. Introduction

The chemical composition of the atmosphere modsiiééempacts on the global climate, regional aitysion, human health, and
ecosystems (Monks et al., 2009; Seinfeld and Pa2€@6). Inorganic and organic compounds are amingéhin the three
atmospheric compartments: gases, aerosol paréinkkslouds (liquid water and ice); they are emiftech a variety of natural and
anthropogenic sources. When transported in the sgtheve, away from source regions, these compoundsrgo numerous
multiphasic chemical transformations. These incl@ildlomogeneous photochemical reactions in the@as phase (ii) gas to
particle conversion (nucleation, condensation @aexisting particles) (iii) dissolution processestie aqueous phase during cloud
or fog events and subsequent aqueous phase rgagbiessibly followed by return to the atmosphered (iv) removal by wet
deposition. Clouds are known to play an importafe in atmospheric chemistry, affecting the homagers and heterogeneous
gas-phase chemistry (McNeill, 2015). Indeed, cldtmplets can dissolve soluble gases and solubteopaerosol particles acting
as cloud condensation nuclei (CCN). They repreagoeous chemical reactors where chemical and hoalogzansformations
occur, acting as source or sink of chemical spemesaltering their distribution among the variatrmospheric phases (Herrmann
et al., 2015). Clouds will consequently modify thieysico-chemical aerosol properties (oxidationestahemical composition,
hygroscopicity).

Since the late 1990s, substantial efforts have besde to further understand the chemical compasitia reactivity of dissolved
matter in cloud droplets through in situ measuremand laboratory investigations (Aleksic et ab0@; Bianco et al., 2017; Brege
et al., 2018; Briiggemann et al., 2005; Cini et20102; Deguillaume et al., 2014; Fomba et al., 2@ifardoni et al., 2014; Gioda
et al., 2013; Herckes et al., 2013, 2002; Lee ¢t28i12; Li et al., 2020; van Pinxteren et al., 02020; Renard et al., 2020;
Vaitilingom et al., 2013; Viana et al., 2014). Soai¢hese studies were focused on the role of damdhe lifecycle of inorganic
compoundsi(e., ions, metals, and oxidants). The ionic compositibnlouds is of substantial importance since geample, (i) it
controls the cloud water acidity (Pye et al., 202Dxlouds represent the most important formafathways for sulphate (Chin et
al., 2000), and (iii) it helps to assign air masségin (Renard et al., 2020). The characterizatibstrong oxidants, such as hydrogen
peroxide and transition metal ions, is also crusiate they participate to the oxidative capacitythee cloud water through
production of HOradicals (Bianco et al., 2015).

Quantifying the organic matter mass distributiom @omposition in the different atmospheric comparita will improve the
understanding and characterization of their impactsir quality and climate. The organic carborcticn of all atmospheric
compartments comprises a large range of compoumdistauctures (Cook et al., 2017; Zhao et al., 20IBe dissolved organic
carbon (DOC) not only contributes to the hygroscqpioperties of aerosols but also to aqueous abbweshistry (Herckes et al.,
2013). In recent years, an increasing number diestapproached the characterization of organitemand DOC and its processing
by fogs and clouds. It has been shown that fogschndls contain a significant amount of dissolveghmic matter, ranging from

1 to as much as 200 mgC! tHepending on the environmental conditions (Her@ites., 2013). The highest values were observed
2
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near urban conglomerates and in clouds impactebidipass burning while the lowest levels were obsgrwvn marine/remote
environments (Herckes et al., 2013). However, nabshese studies were using targeted analyticatcgmh which focused on
small chain carboxylic acids, dicarboxylic acidartonyls (Deguillaume et al., 2014; L6flund et 2002). These compounds have
been selected for several distinct reasons, noatstive including: they are present in significanncentrations, they are
representative of different sources (Rose et @lL8p, they are likely to contribute to secondaryamic aerosols in cloud and humid
aerosol (agSOA) production by aqueous phase régctirvens et al., 2011). However, a very largacfion of DOC in clouds
remain uncharacterized, despite the applicatioa wériety of targeted analytical approaches (Biagical., 2016; Herckes et al.,
2013). Recently non targeted approaches using fieighlution mass spectrometry have been deployédlljocharacterize the
organic matter present in cloud water (Bianco gt2118; Cook et al., 2017; Zhao et al., 2013).sehstudies have revealed the
complexity of the matrices with thousands of difercompounds resulting from biogenic or anthropagsources, and secondary
products from atmospheric reactivity (Bianco et 2019). However, these global characterizatioesstil not quantitative.

Given the complexity and the evolving nature ofids, their measurement and chemical charactenizegforesent a challenge and
have resulted in significant uncertainties in onderstanding of formation/evolution processes, ébahsomposition, fate, as well
as potential impacts. Some well-established measemeobservatories located at high altitudes haemlzarried out in numerous
studies about cloud chemical composition, suchugsde Ddme (PUY) observatory in France (Biancd.e2817; Deguillaume et
al., 2014; Renard et al., 2020; Vaitilingom et 2013; Wang et al., 2020), Schmiicke Mountain inn@&ery (Briiggemann et al.,
2005; Herrmann et al., 2005; van Pinxteren et28i05, 2016; Roth et al., 2016; Whalley et al., 20East Peak in Puerto Rico
(Gioda et al., 2013) , Mount Tai in China (Li et,&017; Liu et al., 2012a; Shen et al., 2012), téface Mountain New York
(Aleksic et al., 2009; Dukett et al., 2011; Lantale 2020), Po Valley (Brege et al., 2018; Gitamdet al., 2014) and Tai Mo Shan
in Hong Kong SAR (Li et al., 2020). Neverthelessatrof the aforementioned observatories are lodaté mid-northern latitudes
with significant influence of continental emissidnem natural and anthropogenic origins. A lackrafasurements is observed in
the southern hemisphere, at tropical latitudes ian@mote marine environments. This raises sometgunes on the chemical
composition of clouds in these regions presentigbli different environmental conditions (temperatusun irradiation, emission
sourcesetc.) and on the impacts that these conditions can bavke distribution and transformations of the Did€loud water.
Reunion Island situation in the tropics offers &ue context to analyse the kinetics and photocbahprocessing under cloudy
conditions. Moreover, due to its geographic loagtmimate and topography conditions, the islaraljates an excellent framework
to study multiphasic chemical formation processes.

We present here the results obtained during amsetéield campaign conducted in the framework ef Fnench BIO-MAIDO
project. Our study evaluates the chemical commosiind physical properties of fourteen cloud evealiected at Reunion Island
in March-April 2019. A highly comprehensive cheniisareening has been conducted in cloud water smrptluding ions,
metals, oxidants, and organic matter (organic asidgars, amino acids, carbonyls, and low-solublatife organic compounds
(VOCs)). We address here the questions concerhimyariability of the chemical composition and th&urces from the data
obtained in several episodes, in relation to thesigochemical and meteorological characteristiésally, cloud scavenging of
volatile organic compounds is assessed and compgaréténry’s law equilibrium to evaluate possiblepsuor subsaturation

conditions.

2. Materials and Methods

The BIO-MAIDO field campaign was conducted betwédrMarch and 4 April 2019 at Reunion Island. Duttinig period, several
sites along the mountain slope of the Maido regi@ne instrumented to evaluate chemically, physicalhd biologically the
different atmospheric phases and their processiampéol, gas, and clouds).

Reunion is a small volcanic tropical island locaitethe south-western Indian Ocean, affected bytsaasterly trade winds near
the ground and westerlies in the free troposplieaesfy et al., 2013). The island encompasses 1008@@d native ecosystems and

it is located far from the impact of large anthrgpnic emission sources (Duflot et al., 2019). Duég abrupt topography, the
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collection of cloud water samples developing onslope of the mountains can be conducted in a aedpalsis. The location of the
island provides an original and unexplored settm@gssess the combination of biogenic and marimeces and the potential
interactions between both emissions

Reunion island is characterised by a complex atimerspdynamic. During the night and early morniaig,masses on sites at high
altitude are separated from local and regionalcasiof pollution, due to the strengthening of #rgé-scale subtropical subsidence
at night (Lesouéf et al., 2011, 2013). The clouding point is located in the dry west regiontud island and mainly surrounded
by biogenic sources as tropical forests charaeteriyy endemic tree specidsacia heterophylla (Fabaceae) and, plantations of
the coniferous specigsryptomeria japonica (Taxodiacae); the Acacia heterophylla forest which is locally called “Tamarinaie”
(Duflot et al., 2019). The place was strategicaljected as clouds develop daily on the slopeBeoMaido region, with a well-
established diurnal cycle (formation in the laterning, dissipation at the beginning of the nighak&y et al., 2013; Lesouéf et al.,
2011). Generally, these slope clouds over the Meddmn are characterized by low vertical develophaad low water content.
This characteristic is also conducive to the aqadoansformation of organic compounds: more UV atdn in the core of the

cloud and low wet deposition by rainfall.

2.1 Sampling strategy

The sampling strategy was designed to study thenicla exchanges between the different atmosphenicpartments and to
evaluate the influence of sources and atmosphgnardics on the atmosphere’s composition.

Cloud sampling was performed at “Piste Omega” (32®'S, 55°22'05"E) located at 1760 m above seerlég.s.l.) (Figure 1).
The sampling site is located on the western pathefisland, along the road to Maido peaks, ardukiiometres away from the
Maido observatory (Baray et al., 2013). Cloud s@&smlere obtained using a cloud collector (Deguiliatet al., 2014; Renard et
al., 2020) which collects cloud droplets largemtffaum (estimated cut-off diameter) by impactiomoaa rectangular aluminium
plate. The cloud collector was installed at the ab@ 10m mast and cloud water samples were olgtaineevent basis. Before
sampling, the cloud collector was rinsed thoroughith Ultrapure-MiliQ water and the aluminium platethe funnel and the
container were autoclaved to avoid any chemical l@obbgical contamination. Procedural controls webtained by spreading
MilliQ water on the clean collector. The controhgales were analysed to document chemical and bagbgontamination. Once
cloud samples were obtained, pH was determined,tl@dsamples were filtered using a 0@ nylon filter to eliminate
microorganisms and micrometric particles. Cloud gl@swere aliquoted in vessels (plastic polypropgléorosilicated glass) the
adapted the chemical target, then refrigeratedoaeh and stored until subsequent chemical analyses

In total, fourteen cloud episodes (noted R1 to Riu)ng thirteen different days were collected bedw 14 March and 4 April
2019, with variable volumes ranging from 8 to 138, iand an average volume of 59 + 39 mL. For moshefsamples, the volume
was insufficient to all the planned targeted chexnanalyses, especially for the organic charac#dn. Table S3 reports the
physical and chemical characteristics of the cleuents, such as: dates, sampling period, pH, lig@iter content (LWC), mean
effective diameter (Deff), temperature and conaitns of chemical species: ions, oxidantsd§i Fe(ll), Fe(lll)), trace elements,

sugars, mono and dicarboxylic acids, amino acigggenated VOCs (carbonyls), VOCs, TC, IC and TO@Gcemtrations.

2.2 Chemical analyses

The complete chemical screening was determinedhbyvblume of the samples but included for mosthaf samples the
identification and quantification of trace metads)s, oxidants, and dissolved organic matter ssabrganic carbon (DOC), sugars,
carbonyls, organic acids, low-soluble VOCs and ana@nids. Gaseous organic compounds were also neelduring the cloud
events with the aim to quantify the VOCs partitambetween the gas and aqueous phases. Table s&hisran overview of the
analysis performed on each cloud water sample leased summary of the analytical procedures usdhd analysis are recalled
below and more details about the protocols andrnteiogies evaluation are given in the Supplementafgrmation (SI1). Limits

of detection, limits of quantification and uncentiés for each species are described in Table S2.
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Metals and oxidants in cloud water

Abundances of trace metals are analysed usingdrctively Coupled Plasma Mass Spectrometry instrirfi€P-MS, Agilent
7500). The cloud water collector being made of ahitm, this element is not quantified in the sarsplglore details about the
instrument conditions and the analytical technigsed can be found in Bianco et al. (2017).

Hydrogen peroxide and iron concentrations are @edlyy UV-visible spectroscopy, applying derivaitatechniques. Hydrogen
peroxide in cloud water is quantified with a minidted Lazrus fluorimetric assay (Vaitilingom et 2013; Wirgot et al., 2017).
Fe(ll) concentration is quantified by UV-visibleespiroscopy =562 nm), based on the rapid complexation of iréth ¥errozine
(Stookey, 197Q)The total iron content (Fe(tot)) is detected after reduction to Fe(ll) by the addition of aspaead. Fe(lll)
concentration is then determined by deducing tmeeotration of Fe(ll) from Fe(tot) (Parazols et 2006).

Total carbon (TC) and inorganic carbon (IC) are sneed with a Shimadzu TOC-L analyser. Total orgazdchon (TOC)
quantification is then obtained by the differeneéw®en the measured TC and IC.

Major inorganic and organic ions in cloud water

Diluted cloud samples are analysed by ion chromrafy allowing the quantification of the major ongmand inorganic ions
(acetic, formic, and oxalic acids,"ONOs", SQ?, Na', K*, NH4s*, Mg?* and C&', MSA and Br). More details about the analytical
method for ion chromatography analysis has beeviqusly reported by Jaffrezo et al. (1998) and B@et al. (2018).

Organic matter in cloud water

Anhydro sugars, sugar alcohols, and primary saatésmare analysed by HPLC with amperometric detediPAD), allowing to
quantify anhydrous saccharides (levoglucosan, neamayalactosan), polyols (arabitol, sorbitol, niemhnerythritol, and xylitol),
glucose and trehalose (Samaké et al., 2019b; Weaikald, 2014).

The analysis of a large array of organic acidsl(igiag pinic, phthalic acids, and 3- MBTCA (3-mektiy2,3-butanetricarboxylic
acid)) is conducted using the same water extradisrdC and HPLC-PAD analyses. This is performgdiPLC-MS with negative
mode electrospray ionization (Borlaza et al., 2021)

Carbonyl compounds are analysed after derivatizatiofluorescent dansylacetamidooxyamine (DNSAGy#)pxyamino reagent
which is specific for carbonyl compounds (Houdieale, 2000). Derivatization reactions are perfodrirethe presence of anilinium
chloride (AnCl) as a catalyst (Houdier et al., 20T8his original approach, coupling both AnCl cgtald derivatization and the use
of HPLC-MS allows us to quantify (i) single aldetegd(formaldehyde (F) and acetaldehyde (A)), (ilyfumctional aldehydes
(hydroxyacetaldehyde (HyA), glyoxal (GL), and mdgtyoxal (MGL)) and (iii) ketones (acetone (AC) amydroxyacetone
(HyAC)). To the best of our knowledge, this worlopides the first measurements of HyAc in environtabwater samples.

A total of fifteen amino acids (Ala, Arg, Asn, AsBln, Glu, Gly, His, Lys, Met, Phe, Ser, Thr, THpr) are quantified in twelve
cloud samples (R1, R2, R3, R4, R5, R7, R8, R9, RIRE0B, R11, R13) by UPLC-HRMS (Ultra High-Performea Liquid
Chromatography coupled with High Resolution Masscimmetry). As the standard addition method isldisethe quantification,
twelve samples ready for UPLC-HRMS analysis argpg@med containing the original cloud water addechvi® AAs at final
concentrations set to 0.1, 0.5, 1.0, 5.0, 10, 5180, 150, 500 ugt Chromatographic separation of the analytes ifopeed on
BEH Amide/HILIC column, and the MS analysis wittQaExactive™ Hybrid Quadrupole-Orbitrap ™ Mass Speuketer, the Q-
Exactive ion source is equipped with electrosprayzation (ESI+). More details about the analyticedthod, calibration curves
and quality control procedures can be found in Reeaal. (2021).

Hydrophobic VOCs are extracted by Stir Bar Sorptxraction (SBSE) and analysed by a thermal desayhs chromatograph
coupled to a mass spectrometer (SBSE-TD-GCMSuatlg the optimized procedure described in Wanagl.e2020). SBSE is
used to extract the VOC from the aqueous phaséshtanl26 pL-stir bars coated with polydimethylsdoe (PDMS). Extraction
efficiencies by SBSE vary between 22 and 97%. Altot twelve aromatics and terpenoids have beeactkd in Reunion cloud
samples.
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Gaseous organic matter

During the cloud collection, gaseous Oxygenated ¥Q@@/OC) and VOCs were simultaneously sampled fotal of seven cloud
events (Table S1) with the new AEROVOCC samplem{@gphERic Oxygenated/ Volatile Organic Compound<iaud).
AEROVOCC collects gaseous OVOCs/VOCs hy deployingukaneously two types of sorbent tubes: Tenax®sbfbent tube
and PFBHA (pentafluorobenzylhydroxylamine) pre-cdafeenax® TA sorbent tubes. Tenax® is chemical jnéighly
hydrophobic, and widely used for VOCs measuremehisore than four carbon atoms (Ras et al., 2088jeSveck et al., 2018).
PFBHA and MTBSTFA are derivatization agents spedifir —-C=0 and —OH/-COOH functional groups, respett. Cloud
sampling is performed simultaneously with the cleotector presented above. Tenax® TA sorbent tabesnstalled at the same
altitude as the cloud collector with the inlet fagidownward. The whole set of tubes is placed énstainless-steel funnel. Each
tube is connected to a Gildus pump (Gilian) at ground level. The three pumpspaeed into a waterproof Pelicase case, and
provide a controlled flow rate of 100 mL miirffor a sampling duration of 40 min. Before samplisgrbent tubes were pre-
conditioned for 5 h at 320°C under a nitrogen flofvl00 mL mint. These conditions guarantee the presence of tgetta
OVOCs/VOCs in the blank at levels lower than theed@ble mass by the TD-GC-MS, which was usedHeranalysis of all
samples. More details on analytical conditionsteafound in Dominutti et al. (2019) and Wang e{(2020) for low-soluble VOC.
The preparation of the tubes and the analyticatlitimms for OVOCs are described in the S| and a@pted from Rossignol et al.
(2012).

2.3 Physical parameters

Microphysical parameters were measured at the sagnpoint during the cloud sampling. Droplet sizstribution measurements
were performed by a cloud droplet probe (CDP, Debpleasurement Technologies (DMT)) which was attddio the mast just
below the cloud water collector (Figure 1).

The CDP, described in Lance et al. (2010), provitlés cloud droplet size distribution on 30 binsnfr 2 to 50 um in diameter.
Originally designed to equipped research aircthf, probe has been adapted for use in a fix pgirgmall fan fixed just to the
rear of the laser beam creates an air flow of Bninsthe sampling section. This value has been ecatly determined from

comparison with reference instruments such as dgeNfonitor also manufactured by DMT. This systerids the use of an inlet
which usually introduces instrumental bias whenwiired direction deviates from the inlet axis (Gugotal., 2015; Spiegel et al.,
2012). The liquid water content (LWC), that is the masswafter droplet per unit of volume of air, is dedvifom the size

distribution:LWC = g* pw * D(Ni = Di%), whereNi is the droplet number concentration in the biesiDi is the droplet diameter

at the centre of the binandp,, is the water density. The effective diameter iswated asDeff = Y.(Ni * Di3) / ¥.(Ni = Di?) .
Ancillary data also include the measurements oeorelogical variables at the sampling point. Amperature, relative humidity
and wind speed were measured every 10 secondgydherfield campaign with a PT100, a Vaisala HMPah@ a Young 12102
3-cup anemometer, respectively.

2.4 Dynamical analyses

Air masses backward trajectories are calculatel thid CAT (Computing Atmospheric Trajectory Toolpdel (Baray et al., 2020).
A high-resolution version of CAT (MesoCAT) has bedsveloped especially for the BIO-MAIDO project @Ro et al., 2021).

MesoCAT assimilates wind and topography fields fithie mesoscale non hydrostatic model Meso-NH (tat. £2018). For this

work, we use Meso-NH 3D outputs every one-hour feodomain using a horizontal resolution of 100 met®etails of Meso-NH

simulation are given in Rocco et al. (2021). Irsthiork, backward trajectories from Piste Omega @floed sampling site) are
computed with MesoCAT for each day when cloud sasplere collected. Trajectories are calculatedye¥®minutes from the

beginning to the end of the sampling. The MesoCAiifiguration includes 75 points of trajectoriesaistarting three-dimensional

domain of 100m x 100m x 50m (latitude, longitudétwale) around Piste Omega, and the temporal uéisol and duration of back

6
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trajectories are 5 min and 12 hours, respectividlg. atmospheric water vapour and the cloud copmimeters provided by Meso-
NH are interpolated on each trajectory point.

Additionally, in order to estimate the influencetlé soil type located under the trajectory poiatsinterpolation of the land zones
was done using the Corinne Land Cover 2018 (UE -—-eSOCORINE Land Cover, 2018, Geoportail,
https://www.geoportail.gouv.fr/). In total, fiftyategories of land use are detailed on the landstrggiTo evaluate the back
trajectories during the cloud sampling, a mergihefland registry into 4 categories is proposeé:hgrgetation, urban area, coastal
area, and farming area. Sensibility tests betwéhehd 1000m above ground/sea level are performeglect the maximum
altitude of back trajectories. Only back trajectpoints lower than 500 m above sea or ground leseetonsidered to be influenced
by the surface and are then taken into accourttarstatistics to evaluate the potential contributdd emission sources on cloud
chemical composition.

3. Results

3.1 Physical parameters

Measurements of LWC and Deff were carried out dythre cloud water sampling. To evaluate these mlysical parameters
together with the chemical content of clouds, &*peatment” was performed. To this end, CDP daee\irst filtered excluding
the breaks effectuated during cloud sampling amgidering a cut-off diameter of 7 um of the clowdlector. Figure2 shows the
variability of LWC and Deff of droplets observedrihg each cloud event of this campaign. LWC exBihitimited variation, with

an average value of 0.07 + 0.04 ¢,manging between 0.02 and 1.07 ¢.rithe average values present lower LWC levels than
those observed in previous campaigns under marfueice: 0.19 + 0.16 g 1(0.05-0.92 g i for highly marine clouds) at PUY,
0.17 + 0.13 (0.02-0.68) g ‘fnat Puerto Rico and 0.29 + 0.10 (0.11-0.46) @ ah Cape Verde (Gioda et al., 2013; Renard et al.,
2020; Triesch et al., 2021). The lower LWC valubseyved could be related to the local atmosphedageographical conditions,
which affect the cloud formation processes overisgtand. The development of diurnal thermally ineldicirculations, combining
downslope (catabatic winds) and land breezes &t,réagd upslope (anabatic winds) and sea breezegdilne day-time, causes a
quasi-daily formation of clouds, which are usualigakly developed vertically with a low water cortt@buflot et al., 2019). Some
small differences between cloud events can be netéd particularly low LWC values observed duritfie R3, R4 and R12
episodes. The relationship between LWC and inomemnincentrations in cloud water has been previoadtiressed showing the
influence that an increase of LWC could have ondihgion of solutes in cloud water (Aleksic and Kait, 2010). Nevertheless,
this influence is not significantly observed in ostudy since no clear relationship was found betwi®/C and chemical
concentrations such as total ion content TIC aital tirganic carbon TOC. It is important to haverimd the limited number of
cloud samples collected in our study, which cowdtiprovide enough basis for concluding about LWfea§ on cloud chemistry.
The effective diameter of cloud droplets was alssasured. Average diameters of 13.7 £+ 1.51 um wiserged, with slight
variations within the cloud events. Despite thelswaiations in LWC and Deff between events, tineet series of the microphysical
parameters and cloud occurrence were stronglyrdiffeamong the episodes (Figure S2).

Correlations between TO® LWC and Deff were investigated in order to expltre relationship between chemical content and
microphysical conditions. No correlation between&d LWC/Deff is observed from our measuremernitgufe S3). This result
suggests that microphysical parameters are noh&ie parameter regulating the organic contentanawater, and other processes
and sources are responsible for the observed lefalsssolved compounds. Further analysis aboutathenasses trajectories,

physical variables and chemical tracers will bewused in the section 4.

3.2 Inorganic chemical composition

Inorganic ions
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Figure 3 reports the main inorganic ion concertreti(iM) and the relative contribution of all sgecior the fourteen cloud events
collected at Reunion Island. On average, the mmost@ant anions are G¥34 + 370 pM) and N©(239 + 168 pM), and the most
abundant cations are N&90 + 399 pM) and NH (123 + 43 uM). Naturally, the ionic composition@buds in Reunion Island
reflects the major marine influence due to the highcentrations of sea salt (N&l) and the presence of other ions (such ag'SO
) that could also originate in the atmosphere ftbenmarine surface. Nand Cl dominate the inorganic composition contributing
to 30% and 27% respectively, to the average totatbntent. Nitrate is the third largest contrils(i6%), followed by ammonium
(7.6%) and sulphate (7.3%). Chloride and sodiuncentrations were similar to those reported in previstudies performed at
marine sites such as in Puerto Rico (384-473 uMfoand 362-532 puMNor Na) (Gioda et al., 2009, 2011; Reyes-Rodriguez et
al., 2009), but lower sodium levels than those mdgeobserved at Cape Vert (870 + 470 uM) (Triestlal., 2021). Some mid-
latitude remote sites such as the PUY observatmyregularly under marine influence and can preséstated Cland N&
concentrations especially for air masses class#&thighly marine” in the study from Renard et(2020). However, the Gind
Na* concentrations in our study are on average reispécP.6 and 2.5 times higher than those obseatd?lJY (for highly marine
clouds). The difference could be mainly explaingdte remoteness of PUY to marine environment artti dilution effect at
PUY (higher LWC and mean diameter, which modulétesconcentrations of ions).

NOs concentrations present high average concentragioReunion Island than those reported in otharc:feeld campaigns under
marine influence. Nitrate levels are 8 to 20 tirhgger than those observed in cloud water at maites and 4 times higher than
at PUY for “highly marine” clouds (Gioda et al.,@0) Renard et al., 2020; Reyes-Rodriguez et 209 he detection of elevated
nitrate concentrations in cloud water implies thituence of local anthropogenic sources; its cbaotion could be associated with
the uptake of gaseous N@itric acid, and/or from the dissolution of nieatrom aerosols (Benedict et al., 2012; Lerichalgt
2007). The observed concentrations ofsNételower than those observed in cloud water from petiiareas (Guo et al., 2012) but
higher or similar than those measured for remaés $h Central America and Europe (Deguillaumd.ef@14; Gioda et al., 2013;
van Pinxteren et al., 2016). This reflects the idassnfluence of terrestrial/agricultural sourg¢gaseous ammonia and ammonium
present on aerosol). For $Qaverage concentrations observed in this studg.§l4 44.04 uM) are higher than those reported for
highly marine clouds at PUY-France and at East fRato Rico, by factors of 3.5 and 4.4, respebti{@ioda et al., 2011; Renard
et al., 2020). Nevertheless, similar sulphate aye@ncentrations were observed at a marine si@ape Verde (116 uM) and at
Tai Mo Shan in Hong Kong (152 uM) (Li et al., 20ATjesch et al., 2021). It can be noted that nanssdt sulphate estimated in
cloud events represent 76.2 + 14.1% of the tofahsie measured during our study. Thus, differentserved on sulphate levels
with other marine sites could indicate the contiitru of additional anthropogenic sources.

The correlation and the concentration ratios betweeic species are useful to understand the assesorigin and the atmospheric
processes involved. The predominant specie$,aNd Ci, present a strong correlatiort & 0.87), suggesting similar air masses
origin (Figure S4). However, the average/ll" ratio (0.85) is lower than the sea-salt molaroréti.17, Holland, (1978), Figure
3b). Ratios lower than 1 reflect chloride depletipossibly associated with the sea-salt reactidh strong acids such as HN@nd
H2SQy. This chloride depletion from sea salt particlad lalready been observed and was associated witiréisence of NCand
SO, sources (Benedict et al., 2012; Gioda et al., 2008t al., 2020). Regarding S&Na*, exceedances of the standard sea-salt
molar ratio are observed (0.06 (Holland, 1978)abigctor of 2 to 8, Figure 3b) confirming the irdhce of non-sea salt sources. It
is well-known that the greater part of sulphatéhe atmosphere (70%) is formed in cloud droplets, anly a small portion is
produced from condensation 0f$0x on particles or from formation in aqueous aerggovens et al., 2011; Textor et al., 2006).
Thus, the sources of cloud water sulphate may decluptake of gaseous Sfdllowed by its later aqueous oxidation te3d, in
cloud droplets. S@sources include direct emissions from anthropagsaoirrces (shipping, vehicles, power plants emis3iand
natural emissions (volcanoes and DMS oxidation)n@ee et al., 2003). The sulphate in clouds coudd ak associated with the
scavenging of aerosol sulphate (frequently in drenfof ammonium sulphate). Nevertheless, the tatwveen nss-S® and NH*
presents average values of 1.73 + 1.28 in molas bBisis result corroborates the excess of sulphdtee aqueous phase, suggesting

the contribution of other sources than aerosoltherclouds observed.
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Other ions present in our samples @and K) correlate well with N&a(r? = 0.87, 0.65, respectively). Magnesium to sodiatios
present lower values (0.07) than those expected smawater (0.23), suggesting the depletion of*NEjgure S4). Contrarily, the
K* to N& show an enrichment of expected ratios (0:68.02); a possible explanation could be the infteeaf biomass burning
on cloud water (Urban Cerasi et al., 2012) (Fidgt#® Bromide and MSA present elevated correlatwitts sodium (0.86 and 0.73,
respectively) indicating the relation of these iovith seawater source. However, their concentratiame quite low resulting in a
small contribution to average ion total mass. Simiesults have been obtained in other studiessesasources, where MSA did
not display an important contribution between th@d species (Benedict et al., 2012; van Pinxteteal., 2020).

An enrichment of calcium relative to seawater sbadbserved (0.06s 0.04) with lower correlation coefficients (r2 =6@). The
excess of C4 was already observed in cloud water (Benedict.eP@12; Straub et al., 2007), which may be asgediwith the
soil contribution.

Trace metals and hydrogen peroxide

The trace metal concentrations observed are vernyiith some species frequently below the limigiafntification. It is important
to note that cloud samples were filtered using2g.n filter, removing the insoluble fraction of asols.Figure S5 reports the trace
metal concentrations for each cloud sample sephtgteoncentration range. Those compounds camatigifrom crustal dust or
particles from marine or anthropogenic sources.avid Zn are the most concentrated elements, obsenatithe samples and
ranged from 14.1 to 3.32 and 1.85 to 0.07 pM, retspay. Even though their low concentrations Cw,NNi, Sr, Fe and V are
between the most abundant trace metals observe@dndl@n come mainly from natural origin such a$ dos$t or sea salt. Zn can
particularly be enriched in sea salt during bulihlesting (Piotrowicz et al., 1979) and has beemdbto be dominant in marine
environments (Fomba et al., 2013). Some studiesstiyated the level of trace metals for marine mvhents and reported low
concentration values for clouds (Vong et al., 1987 aerosol particles (Fomba et al., 2013, 2G&@)ilar levels and distribution
of trace metals have been also reported at the fdtyis importantly influenced by marine emissigB&anco et al., 2015). The
low levels observed in this study also demonstitetdow inputs of trace metals from anthropogeniarses.

H20; levels are examined on 12 clouds of this studgyfé S6). This oxidant dissolves from the gas phaske aqueous phase
(main source) (McElroy, 1986; Xuan et al., 2020) iboan also be produced through aqueous phaseistng (Mouchel-Vallon et
al., 2017). Concentrations of gaseou®have been reported in few studies in the lastsy@@scher et al., 2015; Junkermann and
Stockwell, 1999; O’'Sullivan et al., 1999; Welleat 2000). These studies have shown a latitudiasation of HO,concentrations
with higher values observed in the tropics (>50f) ppd decreasing when the latitude increase in betispheres (reaching ~ 250
ppt at 40° of southern hemisphere) (Fischer et28ll5). The HO, aqueous phase photo-reactivity is particularly sotga to
produce hydroxyl radicals through its photolysigl ats reactivity with iron (Fenton processes) (Riaret al., 2015, 2020),
contributing by this way to the oxidative capaafycloud droplets. Measured values indicated is #iidy could be biased due to
the storage of samples and so should be carefudllysed. Values range from 0.04 to 8.79 uM witlaeerage value of 1.94 + 2.57
UM and are surely underestimated. However, thokeesaare interesting since they highlight high atility among the samples
indicating different photochemical equilibrium. ®hlly, we can notice that#®, concentrations are in the range of previous studie
performed on various environmental conditions (Dksume et al., 2014; Marinoni et al., 2004; ValderCanossa et al., 2005).
We have assessed the correlation between hydrogrexige and the non-sea salt of sulphate fractfogood determination
coefficient of # = 0.60 was obtained indicating possible relatigméletween HO, and sulphate aqueous production. Additionally,
a positive moderate correlatiorf & 0.53) was observed betweepdd and total dissolved organic carbon. This relatigmgould

be used as a proxy for the gas-phase VOC concemntratd gas phase production of@, since it can be probably produced at
high VOC/NQ, ratios as a result of peroxy radical terminatieactions (Benedict et al., 2012).

Iron speciation is also evaluated (Figure S6). Bleliron comes from its dissolution from crustaias®ls (low solubility) and from
anthropogenic and marine aerosols (high solubilitg)main redox forms are Fe(Il) and Fe(lll). Th@anpound interacts with,&y

compounds in cloud water through a complex redakecyonverting Fe(ll) into Fe(lll) and reciproca({peguillaume et al., 2005).

9
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This leads to HOproduction in cloud waters through for example gthetolysis of Fe(lll) and the Fenton reaction bestw Fe(ll)
and HO.. It is expected during daytime conditions thatlFe{s converted into Fe(ll) due to efficient plrahemical processes
producing HQ radicals reacting with Fe(lll) and due to Fe(photolysis. This is not systematically observedun samples with,
in average, an Fe(ll)/(Fe(ll)+Fe(lll)) ratio equal52 + 22%. This suggests that the reduction ¢iliréo Fe(ll) is efficient (possibly
due to for example the reaction with Cu) and pdssibmplexation of Fe(lll) with organic speciesstizing iron under this redox
form (Fomba et al., 2015; Parazols et al., 200@atier et al., 2016). Moreover, iron is not expddte those cloud samples to

represent a significant source of H@dicals due to low levels of concentration (lass 0.45 UM in average) (Bianco et al., 2015).

3.3 Dissolved organic matter in cloud water

To characterise the organic matter dissolved inctlovater, several targeted analyses were perforiifegse analyses allow the
identification and quantification of amino acidsigars, carboxylic acids, carbonyls compounds, amddoluble VOCs. Those
compounds have been selected for several reaseststiey are supposed to be present in significancentrations in the aqueous
phase, based on previous studies. Second, theynaren to be representative of sources (biogeniajmaaanthropogenic) or
processes (chemical reactivity, biological activitgcurring within the atmosphere. Third, since ¢feid medium is multiphasic,
VOCs will help to evaluate the partitioning of theyanic matter among the gas and liquid phases.

Carboxylic acids

Both short-chain mono- and di-carboxylic acids hagen quantified in all the cloud water sampleRetnion Island (Figure S7).
Those compounds in the atmospheric aqueous phaserpdifferent sources. They come from their diigem from the gas and
particulate phases or result from chemical tramsétions from organic precursors in the aqueousefR@ese et al., 2018). For
example, the oxidative processing of aldehydessiéadhe formation of carboxylic acids (Ervenslet2013; Franco et al., 2021)
that can contribute to “aqgSOA”.

As expected, acetic and formic acids were the dantispecies in all the cloud samples (average68328 and 22.9 + 10.8 uM,
respectively). Lactic and oxalic acids (averageb5t43.07 and 0.79 + 0.55 pM, respectively) aredtier two main carboxylic
acids. Oxalic acid is the smallest di-carboxyliclaavith concentrations much lower than formic aedtic acids ranging from 0.27
to 1.78 uM. Finally, malonic, succinic, and mal@ds account for ~70% of the less concentratedridioglic acids fraction. Di-
carboxylic acids represent in average 8.5% ofdked tmeasured carboxylic acids.

Acetic and formic acids can be emitted directlyamghropogenic and biogenic sources in gas or pdate phases and then diluted
into the aqueous phase (Chebbi and Carlier, 188@&)ey can be a result of chemical processing fsoganic oxygenated precursors
(Charbouillot et al., 2012). Several in situ stsdiemonstrated that the source by mass transfartfre gas phase into the aqueous
phase is important (Leriche et al., 2007; Sanheézh, 1992).

In the present study, a weak correlatidn=(0.26) between formic and acetic acid is obseringticating the contribution of different
sources or formation pathways. The formic to acatid ratio (F/A) has been suggested to be a usefidator of direct emission
sources or secondary chemical formation in the aggighase (Fornaro and Gutz, 2003; Wang et al1)2G1A ratios lower than
1.0 indicate the contribution of primary anthropoigeemission, whereas photochemical oxidation ofCéCeads to higher
concentrations of formic than acetic and, thereforencrease in F/A ratios (> 1.0) (Fornaro andzG2®03). From our observations,
a F/A ratio lower than 1 was obtained in most @f ¢foud events; with exception of the events R2RBdvhere the concentrations
of formic were most abundant. This result suggstsprimary emissions could regulate the concéotra of both carboxylic acids
in the aqueous phase for most of the sampled cldtaisthese two events, formic acid could also toelpced by aqueous phase
oxidation of aqueous formaldehyde that stronglyeshels on its concentration in the gas phase. Thrag@eoncentrations of acetic
and formic acids observed at Reunion Island werehnhigher than those observed in previous studie®pned at sites under
marine influence such as the East peak in Puedo Ry factors of 16.8 and 7.6 for marine cloudspectively (Gioda et al., 2011))
or at the PUY observatory for clouds classifiedlaghly marine” (by factors of 4.64 for acetic bsitilar levels of formic acid

(Renard et al., 2020)). Our values are also higirean measurements performed at the Schmiicke mount&ermany (4.17 and
10



https://doi.org/10.5194/acp-2021-518 Atmospheric
Preprint. Discussion started: 27 July 2021 Chemistry
(© Author(s) 2021. CC BY 4.0 License. and Physics

Discussions
By

425

430

435

440

445

450

455

460

465

1.5 times higher for minimum average values, (viauxtren et al., 2005)), or at the Tai Mo Shan onbl Kong (by factors of 6.69
and 1.34, (Li et al., 2020)). These discrepanciesmcompared with other studies could be relat¢ldetanfluence of direct primary
biogenic sources, such as vegetation and soil ensg¢Talbot et al., 1990) and anthropogenic saufbéomass burning and/or
vehicular emissions, (Rosado-Reyes and Franci€ifif; ZTalbot, 1995). Differences might be also edato the location of our
sampling point in the tropical latitudes where globiemical processes of biogenic emissions coukehbanced leading to formic
production in the particle-aqueous phase (Liu e28l12b).

Di-carboxylic acids such as oxalate result maimbnf particle dissolution and from aqueous phasetikéty (Charbouillot et al.,
2012; Perri et al., 2009; Renard et al., 2015).li©xacid can be also produced by oligomerisatiamfrbiogenic products, such
terpenes and isoprene under deliquescent condRienard et al., 2015). Oxalate displays lower aye@ncentrations than formic
and acetic acids (0.79 + 0.56 uM). These valuesamsistent with study from Gioda et al. (2011) vibwond concentrations for a
marine site equal to 0.7 = 0.3 pM. These concentratare lower than those observed at mid-latitmdentain sites such as the
PUY observatory (2.97 + 2.61 uM for highly marideuwtls (Renard et al., 2020)), at Mount Lu in So@Qttina (4.95 uM (Sun et
al., 2016)), and at the Schmiicke mountain in Geyn{arv-2.1 pM ranges (van Pinxteren et al., 2008}).discussed in next
sections, biogenic VOCs were observed in our stadggesting the presence of freshly formed clowtis;ch could impact in the
oligomerisation and secondary formation of oxalatthe liquid and condensate phase. However, sitoeed measurements were
performed close to the emission sources, probalgietwas not enough time to observe the oxidafi@ets of biogenic products
to oxalic acid, also considering that the conceiuina of HO. were quite low. Malonic and succinic acids canpbeduced by
photooxidation in the aqueous phase (Charbouitlat. £2012). Additionally, succinic acid can beguced in marine environments
by photochemical degradation of fatty acids asee microlayer (Kerminen et al., 2000). Malonic andcinic acids present similar
or higher average concentrations in our study (1034 and 0.94 + 0.34 uM, respectively) than a¥YRQ.59 and 0.66 uM (Renard
et al., 2020)), and at the Schmiicke mountain (343@3-0.5 uM (van Pinxteren et al., 2005)). Fatimvestigations using explicit
cloud chemistry models could help to better undedtthe formation pathways of mono and di-carbaxgtids in this tropical

environment and to evaluate the contribution ofemys phase reactivity on the chemical budget dfooadic acids and carbonyls.

Amino Acids

In the last years, several studies have been dastieto analyse free or combined amino acids (AA#he atmosphere, for various
environmental sites. Their atmospheric interesesebn the fact that AAs play a potential role doud formation processes
(Kristensson et al., 2010; Li et al., 2013) as waslion atmospheric chemistry by reacting with aphesc oxidants (Bianco et al.,
2016). AAs also significantly contribute to orgamitrogen and carbon in atmospheric depositionsaadsources of nutrients to
various ecosystems. They are also known to be dabtnacers of different sources (terrestrial, kioig,etc.) (Barbaro et al., 2011).
AAs have been characterized in different atmospteatrices such as aerosols (Mashayekhy Rad @04l9; Matos et al., 2016;
Ruiz-Jimenez et al., 2021; Scalabrin et al., 20, waters (Xu et al., 2019), fogs (Zhang andstasio, 2003) and more recently
in cloud waters (Bianco et al., 2016; Renard et28l21; Triesch et al., 2021). However, due todhalenges related to the cloud
water sampling, little is known about the distribatand concentrations of AAs in contrasted envinents.

Here we discuss the results of 15 AAs detectediénl2 cloud events at Reunion Island. The AA cotraBons measured are
represented in Figure 4. A significant variabilitythe total AA concentrations (TCAA) is observeehbeen the cloud events,
ranging from 0.81 to 21.09 uM (66.93 to 947.6 ug¥.ISimilar range of concentrations has been obseatd®UY (remote site
under marine influence, France) by Bianco et &116) (TCAA of 1.30 t0 6.25 uM (211 + 12 ug&)) and by Renard et al. (2021)
(TCAA of 1.06 to 7.86 uM (123.97 + 98.77 ugC)L In addition, a characterization of AAs was penfied in cloud water samples
collected at a marine site in Cape Verde (Triesal.e2021). These results also showed a remagkabiability of concentrations
with values varying from 17 to 757 pgC.LThe differences in AAs concentrations betweensbudy and those performed at PUY
and Cape Verde could be associated with the latafithe sampling points. Although all sites wesmpte and under the influence

of marine sources, our sampling site was surroubgdslogenic sources.

11
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Regarding the AAs distribution, Ser, Ala and Glyrdoate the total average concentration in our olagiems by 25, 18 and 13.6%,
respectively (Figure 4). The same three AAs, togettith Asn and lle/Leu, were also dominant in dauater samples collected
at PUY (Renard et al., 2021) and were highly presethose collected at Cabo Verde (Triesch e821). This can be explained
by their lower reactivity with HOradicals, @ and*O; in atmospheric waters leading to higher meanitifes as described from
theoretical calculations (Jaber et al., 2021a; Mg@r and Anastasio, 2001a; Triesch et al., 2021) l@igher atmospheric
concentrations. In addition, experimental work parfed in microcosms mimicking cloud environment w&d that the
biodegradation and photo degradation rates of ®ee Wow; Gly could be also bio- and photo-produneder these conditions
(Jaber et al., 2021b). Previous studies on aerbswmis associated Gly and Ala with long-range maaigr@sol transport (Barbaro et
al., 2015; Mashayekhy Rad et al., 2019; Scalaliral. £2012) and Ser with terrestrial and marin@sels (Mashayekhy Rad et al.,
2019) and primary marine production (Scalabrinlet2®12). However, their relative contributionnist constant throughout the
field campaign. Ser and Ala are highly presenalalhg the campaign, reaching up to 60% to the foé contribution, potentially
suggesting the strong influence of long-range awdlltransport of marine aerosols. Gly represertnaiderable AA fraction (up
to 15%), but it is only observed during six cloudkets, mostly observed in the last days of the @agmp A large concentration
variability was also observed for Gly and Ser ioud collected at PUY (Renard et al., 2021), andMarat Cabo Verde (Triesch
et al., 2021). Tyr presents an opposite trend migiximum contribution (up to 39%) mostly during firet days. A similar pattern
is also observed for Trp but with lower concentnatiMet and Trp have the lowest concentrationslaiiyito clouds at PUY
(Renard et al., 2021) and Cabo Verde (Triesch.e2@P1) these low concentrations are consistetht thveir short residence time
calculated from their high reactivity with H@; and'O; (Jaber et al., 2021b; McGregor and Anastasio, 200d&sch et al., 2021).
The case of Tyr is more complex as its relativeceotration is higher than those of Trp and Methéitgh theoretical calculations
predict that Tyr is highly reactive with atmospleeoidant and should be in very low concentrat@experimental work shows a
relatively slow photo- and biodegradation of thiAsA Tyr has been found and associated to terrestei@sols, indicating a
combination of various sources such as plantsehbacand pollen (Scalabrin et al., 2012). High ahkitity among the samples in
the AAs distribution were also observed in othadis at PUY and Cape Verde. Nevertheless, globadipr AAs reported by the
literature are in agreement with our observatidtasn@rd et al., 2021; Triesch et al., 2021). A camgntary analysis about AAs
sources is discussed in the section 4.2.

Anhydro sugars, polyols and saccharides

The speciation of anhydro sugars, sugar alcoholydfs), and primary saccharides are analysedignstindy. This is the first time
to our knowledge that cloud water sugar compostiiasbeen investigated. The last two families hguitous in the water-soluble
fraction of atmospheric PM (Gosselin et al., 2046yl come from biologically derived sources (Verrhalg 2018). Some studies
used those compounds as marker compounds to afr@zacand apportion primary biogenic organic ade$BBOAS) in the
atmospheric particulate fraction (Samaké et alL9®0) 2019a). PBOAs integrate bacterial and fungli$ or spores, viruses, or
microbial fragments such as endotoxins and mycotoas well as pollens and plant debris (Amato.eRall7; Deguillaume et al.,
2008). Anhydro sugars are specific tracers of diffié sources: levoglucosan and its isomers areatmtis of biomass burning
(Simoneit et al., 1999). Glucose is representativplant material (pollens, plant debris) (Pietrame et al., 2014); arabitol and
mannitol are sugar alcohols associated with fungssions (Gosselin et al., 2016); trehalose is &budite of microorganisms and
is suggested to be an indicator of the soil miomafl(Jia et al., 2010). However, the full processes sources associated to the
presence of sugars in the atmosphere are stillufigtknown. Figure 5 reports the sugar concentratiidentified in each cloud
event and the average relative contribution fothedl campaign. Sorbitol, glycerol, glucose, and mitahwere the most abundant
species observed in the cloud samples. Globalyiasi total sugar concentrations were found indleaid events, with exception
of R11, which presented higher total concentratlona factor of 2 (Figure 5). Even though sugai @olyols can be produced in
the atmosphere because of microorganisms’ actiwithe aqueous phase (production and consumptioeiy, presence in cloud
water can also result from their transfer from éleeosol phase. The sugar’s profile observed indcleater at Reunion Island is

quite dissimilar to that observed in aerosols mesamants, where glucose, mannitol and arabitol ptedee most abundant
12
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concentrations (Samaké et al., 2019b). Thus, #sslt suggests the presence of other sources rditheraerosols, but their

characterisation need to be further investigated.

Carbonyls (OVOC) and low-soluble VOC

Concentrations of seven carbonyl compounds arér@atdor eleven cloud samples. Total average calmmcentrations observed
in cloud events ranged from 30.64 to 146.1 ug(Eigure 6). Globally, formaldehyde (F, 1.40 + 0y68!) presents the highest
average concentrations followed by hydroxyacetaldeHyAC, 0.54 + 0.46 pM), acetaldehyde (A, 0.48.87 uM) and glyoxal
(GL, 0.37 £ 0.56 uM). Average carbonyl concentrat{@5.2 + 36.2 ugC £, 3.5 + 1.7 uM) is similar to that observed forllig
marine clouds at PUY station, France (67 pugt Deguillaume et al., 2014). These values diffenfrthe previous observations
under various environmental conditions: at Gre&edaregion (12.3 pM median concentrations, (Lilet 2008)) Schmiicke,
Germany (3.8-10.3 uM, (van Pinxteren et al., 20039ng Kong, China (19.4-74 uM, (Li et al., 202@hd Whistler, Canada (12-
25 uM, (Ervens et al., 2013)). For all those stsidaverage carbonyls concentrations are higheisertissimilar levels could be
associated with the differences in carbonyls pamsrand to the availability of oxidants at differéocations. The tropospheric
removal processes for carbonyl compounds in thebase are photolysis and reaction with the H@icals (Atkinson, 2000), but
wet scavenging is also an important sink of carfboiythe atmosphere. Indeed, carbonyls in clouttware predominantly an
outcome of their gas phase dissolution into theeags phase as a result of their Henry's law cots{@eguillaume et al., 2014;
Matsumoto et al., 2005). Levels of carbonyls indhaeous phase will therefore strongly depend ein lvels in the gaseous phase
and on the solubility in the cloud water. Henngsvlconstants are quite dissimilar between carbeorylpounds, ranging from 3.2
10° to 9.9 16 M atnt* for F and GL, respectively, being H(GL)>H(HyAC)>F¢H(AC). The discussion about the sources of
carbonyls in the cloud water is further discusseskiction 4.1.

As observed with other organic species, a relevariability in terms of total concentration and sja¢ion is observed between the
cloud waters. To go further, the formaldehyde/ddetayde ratio (F/A) has been evaluated sincevitigely used as an indicator to
investigate the potential sources of carbonylsighér F/A ratio (up to 10) is usually observed umal or near forest areas due to
the fact that biogenic VOCs (such as isoprene) ygrednore formaldehyde than acetaldehyde througtophemical reactions
(Shepson et al., 1991). In contrast, the F/A ratiageas under the influence of anthropogenic gionis are much lower (generally
lower than 2), attributed to the large amount ahespogenic hydrocarbons being release (Shepsah, é991). In our study, the
average F/A ratio obtained for all the cloud saraplas 6.7 + 3.3, suggesting the contribution fragetation emissions and similar
to this observed in previous studies near ruras¥ang et al., 2017). Even though, most of tmepdas show a F/A ratio ranged
from 2.62-11.6, the event R1 presents a dissimaao of 0.43 suggesting a plausible contributibmmthropogenic emissions for
this specific case.

Only few studies have reported the presence ofdoluble VOCs in cloud water or fog droplets (effeetHenry’s law constant
between 1.82 1D and 4.76 18 M atm?). The compounds are from biogenic (mainly terpdscand isoprene) and from
anthropogenic (mainly aromatics) sources. Evenetlesnpounds present low concentrations in cloucemsathey have been
targeted because (1) they are representative tiricisources, (2) they present sanitary effectamedrransferred to the ground by
rain, potentially impacting other ecosystems. Retance, measurements performed at the remote @daltUSA) in cloud waters
have shown average concentrations of ethylbenzerglene and toluene ~ 1.6, 4.2, and 6.5 nM (An&#83). A recent work
reports the concentration of these compounds at, Peéenting similar average values than thosereédeat Gibbs Peak (1.88-
4.7 nM, Wang et al., 2020). In this study, nindeti#nt volatile organic compounds were identifiedtie cloud samples applying
the technique developed at PUY by Wang and co-wern2020). They are mostly terpenoidspinene,- pinene and limonene)
and isoprene which are released by terrestrialtaéiga, like conifers and deciduous trees (Fuepteal., 2000). They are also
primary aromatics (benzene, toluene, ethylbenzerienes) usually related to fossil fuel combustion evaporation emissions as
well as solvent use related activities (Borbonlgt2018). These compounds are known to be presethe gas phase and then
dissolved into the aqueous phase.

13



https://doi.org/10.5194/acp-2021-518 Atmospheric
Preprint. Discussion started: 27 July 2021 Chemistry
(© Author(s) 2021. CC BY 4.0 License. and Physics

Discussions
By

Isopreneg-pinene andg3-pinene depict the higher concentrations, with agervalues of 19.37 + 6.75, 7.99 + 21.16 and 7.45 +

14.51 nM, respectively. Aromatics present lowergastirations, ranging between 0.29 + 0.21 to 2.292 nM. Concentrations of

biogenic compounds surpass the PUY concentratipfechors of 2 to 10. Concentrations of aromatreslawer than those observed
555  at PUY by factors of 36 for toluene, 16 for o-xyéeand 3 for benzene.

As depicted in Figure 6, biogenic compounds doneitta¢ VOC fraction at Reunion Island, suggestimitiluence of emission

from vegetation due to the presence of the neamdpgenous “tamarin forest”. A recent study has shtivat cloud processing of

isoprene products is responsible for the 20% oftdited biogenic SOA burden (Lamkaddam et al., 20Zhese results raise the

question about the role of terpenoids and theidation products in the agSOA formation and shoelduother investigated.

560 Characterisation of DOC from targeted organic analys
Figure7a shows the total dissolved organic carBdd@) observed in cloud water samples. A significartability between events
can be observed, ranging from 5.82 to 62.0 mgQwith average values of 25.46 + 19.20 mg& Herckes et al. (2013) reported
in his review the various sites where TOC/DOC weesasured all over the world. The TOC levels in gtigly are significantly
higher (by a factor of 5) than those observed aY Ry highly marine clouds (Deguillaume et al., 201The study from Benedict
565 et al. (2012) performed for marine cloud waters gadh at the southern Pacific Ocean shows DOC cdrate@ms ranging from
1.32 to 3.48 mgC L Even lower TOC concentrations were reported ierfeuRico for marine clouds which ranged from 0d5
0.66 mgC L* (Reyes-Rodriguez et al., 2009). The DOC levelenlesl at Reunion Island are surprisingly high faita under a
marine influence, suggesting the contribution gbdmant sources of DOC other than sea-related ones.
Figure 7b reports the relative characterised ogjaction associated to the DOC measured for elachd event. Only the samples
570  with full targeted analysis were considered here.efpected, the total characterised organic fradficstrongly variable since it
depends on the dissolved organic carbon in clougnsaOn average, 20% of the organic compositiodéstified during our
campaign reaching up to 35% in some cases. Carbagitls and sugars depicted the maximum contdhutiepresenting 10.72%
and 7.11%, respectively. Amino acids only represerit64% contribution on average. Previous stutiase shown a higher
contribution of AAs to the TOC, reaching up to 1@¥%narine clouds (Bianco et al., 2016). This difiece could be explained by
575 the heavier dominant AA species measured in Biated. (2016) (Trp, Phe, lle) compared to our st(lg, Gly and Ser) and by
the lowest TOC amount at PUY for this specific gtu@arbonyls and low-soluble VOCs represent theelofraction of the total
dissolved organic carbon, reaching up to 1% for @g@nd 0.35% for VOCs to the total. Even thougkxansive analysis of the
dissolved organic matter is evaluated here, owrllteshown that there is still a considerable foacbf OM not characterized.
Further non-targeted analysis (future work) migbt useful to better understand the sources and gsesenvolved in the

580  contribution of organic carbon in tropical-marireud water.

4. Discussion
4.1 Gas-aqueous phase partitioning of OVOCs and legoluble VOCs
During the BIO-MAIDO campaign, OVOCs and low-solelfOCs were simultaneously captured on Tenax tuliegl the cloud
sampling (see section 2 on the AEROVOCC gaseouplsgmand the gaseous concentrations were evaluatetD-GC-MS
585 analysis. A recent study has shown the potentialitthe on-sorbent pre-coated PFBHA tube methodsgRool et al., 2012).
However, our tests described in the supplement naateised the critical issues associated to htwakigh volume for light
OVOCs. Since the breakthrough volume limits theepbsd gaseous concentrations, our calculationns-geantitative and the
OVOC levels discuss here should be considered@sex limit (and an upper limit for partition calations). Only few previous
studies have analysed the partition of these comgimbetween gas and aqueous phases. Thus, daspieehnique’s limitations
590 for OVOCs we have included their analysis as thmyldbe key compounds to better understand theiphakic cloud chemistry.
OVOC and VOC concentrations obtained are presentéable S7. This allows the evaluation of theirtip@ning between different
atmospheric phases.
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The most abundant gas-phase OVOCs are F, AC, mietai; butanal and hexanal (90%), while MGL (0.68af GL (0.7%) are
the minor species. F represents between 38 andb®#36é total detected carbonyls with values randietyveen 0.73 and 13.6 ppb.
Similarly, F dominates the carbonyl concentratiorthe cloud phase. The lower concentrations oégas GL and MGL compared
with those of formaldehyde could be associatedh¢oaxidation yields of VOC precursors such as atmsand terpenes or to its
primary emissions (Friedfeld et al., 2002; Wolfeadt 2016). Previous studies at Reunion Islandehstvown that gaseous
formaldehyde is mainly associated to secondarydvimgproducts (37%) and primary anthropogenic epnss(14%) (Duflot et
al., 2019; Rocco et al., 2020).

Low-soluble volatile compounds that have been dfiadtin the gas phase are from both biogenic amiirapogenic sources.
Isoprene is the most abundant biogenic speciesamtaverage mixing ratio of 109.2 + 77.63 ppt duyitine cloud events. Other
biogenic compounds (pinenes and limonene) presemérl concentrations between 4.93 and 35.8 ppt.dDudt al. (2019)
investigated the isoprene concentration over sésiées at Reunion Island. An average concentratf@b ppt was observed, which
shows the same order of magnitude than our stu@.2lppt, Table S7). In the Amazon forest, the eatration level of isoprene
(<500 ppt) is found higher probably due to the kighmission by the vegetation (Yafiez-Serrano ¢R@l5). They have also
observed pinenes and limonene. The sum of condiemtiavels of these compounds is less than 600Tgps is almost twice as
high as the sum of pinenes and limonene concematiuring BIO-MAIDO. Aromatic compounds have aieen detected in the
gas-phase during the cloud events with benzendanene presenting the highest levels (233.6 +£228d 220.2 + 129.3 ppt,
respectively). These concentrations are ratheraiodvare representative of remote environment (Viétiad, 2020).

To investigate the partitioning of those compoudeitected in parallel in both the gas and the agupbases, g factors have been
calculated for each cloud events et for each comgdallowing Wang et al.(2020). The q factor repms the deviation from the
theoretical Henry’s law equilibrium of the aqueqimse concentration of chemical species. The @racuperior to 1 reveals
super-saturation in the aqueous phase and reclyrobany factors can explain these deviations sashsampling artefacts,
chemical reactivity in both phases, kinetic limias through the air/droplet surface. The evaluatibg factors requires the liquid
water content (LWC in vol of water / vol of airlye temperature, the effective Henry's law constahtaeasured temperature. q is
calculated for each compound (Audiffren et al., &9\l those data and the calculations are preskint Table S7 and Table S8.
Results highlight small deviations from the equilin considering the Henry's law constant for OV&gure 8). Due to the
breakthrough volume issue, the reader should beeathat all the q partitioning coefficients are matimated and have to be
considered with caution. Formaldehyde is slightlgsaturated in the aqueous phase (average q &otand 0.12). Previous in situ
studies emphasized that formaldehyde partitioningaverned by Henry’s law equilibrium (Li et alQ@B; van Pinxteren et al.,
2005) or is slightly subsaturated (Ricci et al. 98P One explanation is relative to kinetic tram$fionitations through the surface
of the cloud droplets that can lead to small subration of species coming only from their dissmotfrom the gas to the aqueous
phase (Ervens, 2015). This can also be a reasdim¢eto the small sub saturation of glyoxal in #igieous phase (average q factor
around 0.08) that is highly soluble {Hbetween 8.0 to 9.9 ¥(M atnt, depending on the temperature). On the opposite,
methylglyoxal and acetone partitioning’s exhibit adinsupersaturation (average q factor equal to 28 80, respectively).
Supersaturations of these two compounds has bserobbserved in van Pinxteren et al. (2005) duriregREBUKO campaign in
Germany. Low-soluble biogenic and anthropogenic ¥@@sent much higher super saturation in the agupbase as already
observed at PUY by Wang et al. (2020). We obsesigrbr-saturations in the aqueous phase of thospaords with q factors
varying between 2.63 1@ 1.16 18(Figure 8).

Figure 9 represents the mean q factors for alsthdied VOCs classified as a function of their efifee Henry’s law constant. We
clearly observe that this factor becomes highernathe VOC solubility becomes lower. This super-sgtian for hydrophobic
compounds has been reported by Wang et al. (202€lpud water and by Glotfelty et al. (1987) andsdaaj et al. (1993) in fog
water. Many reasons have been highlighted to exjfas statement such as the possible interactigtisdissolved or colloidal

matter or adsorption of organic species at thevaier interface (Valsaraj et al., 1993; Wang gt2020). This could be possibly
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important in this context with the elevated leveT®C in the cloud samples. However, reasons fermihserved deviations are not

fully clear and can result from both physical ahémical effects.

4.2 Environmental variability

This section is related to the analysis of the mmwnental variability of the chemical compositiohatouds. It is important to
highlight that this statistical analysis is limitegl the few numbers of samples obtained durindfitié campaign. As previously
discussed, a strong chemical variability was olestrisetween the cloud samples obtained in our stodynly for organic
compounds such as organic acids, carbonyls andoaagitls. The presence of marine sources is clednderved in the ionic
composition of the samples, which dominate thedganic fraction. Even though the contribution ofestources is observed, as
noted for sulphate, their emission sources, and ttbie in the chemical cloud processing is nolyfuinderstood.

The purpose of this evaluation is then a betteetstdnding of the interactions between microphysiesmistry, and dynamics (air

mass history) affecting the burden and fate ofalclemistry in a tropical island.

Influence of Air Mass History during BIO-MAIDO campign

In this section we provide and analyse the coielatetween the concentration of the inorganic i, NH,*, K*, Mg?* C&*,
CI, NOs and S@), the concentration of TOC, sugars, amino-acidsanganic acids and microphysical parameter (LVigLidl
water content), on the one hand, and their massrhisn the other. During their atmospheric tramgpdhe air masses receive
chemical species under various forms (gases ariitlpa) from various sources. This strongly depemnwishe altitude of the air
masses. The results of the Mann-Whitney test dtta of 1000 and 500m above sea or ground Bwelpt show any significative
difference. Thus, in this work we define that tlirenaass is potentially impacted by local emissiafen transported in the layer
500m above sea or ground level. This assumptiatesrly questionable and sensitivity tests havenherformed. During the
transport, chemicals could also undergo multiphelsénical transformations, as well as dry or wetodéion. The objective, here,
is to evaluate the effect of the history of air sesson the chemical composition of clouds.

To this end, partial least square (PLS) regressaasperformed to establish the correlations batwbe chemical categories,
microphysical parameters, and the land use covee. matrix of the explanatory variables (the “Xs8)domposed of the LWC
matrix and the “land use cover” matrix providedibtgerpolation on the back-trajectory points (Sett4, Figure 10). Percentages
in Table S9 have been calculated considering braggctory points lower than 500 m above sea ormpidavel and then correlated
with the 4 main land cover categories in orderlitam the relative contribution of each area. Tlagrin of the dependent variables
(the “Ys") gathers four groups of compounds (indixél concentrations of inorganic ions, (di)carbaxgcids, amino acids and
sugars).

The index of the predictive quality of the modesiightly negative (Q2 = -0.078 with one componenlich means, first, most of
the ion concentrations are collinear, the modelaspredictive. Indeed, cloud chemical compositiam be modulated by many
other parameters than the chosen explanatory Vesiatelated to the air mass history calculatedhieymodel. Indeed, the cloud
chemical composition depends on local microphygitsller et al., 1996; Moore et al., 2004; Wiepreehtal., 2005), as well as
proximity to sources (Collett et al., 1990; Giodak, 2013; Kim et al., 2006; Watanabe et al.,Y008iological activity (Bianco et
al., 2019; Vaitilingom et al., 2013; Wei et al., 17}, seasons (Bourcier et al., 2012; Fu et al.22@lio et al., 2012; Shapiro et al.,
2007), and diurnal cycles (Kundu et al., 2010)adidition, the collinearity (Figure S9) between #verage concentration of ions,
does not allow the categorization of clouds asqueréd in Renard et al. (2020). For instance, mazategory (with predominant
Na" or CI) or continental one (with predominant Nrbr NOs), cannot be proposed for the collected samplesitt Reunion
Island a “well missed” distribution of ions is obged. This suggests that either air masses hashtine history, or, more likely, the
presence of physical phenomena lead to the “homipafon” of air masses. Furthermore, on the scike small island the use of
a very fragmented cadastre, does not show anyatlatimprovement in the understanding of the akafity of the chemical

content of the collected cloud events.
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Table S10 displays the correlation matrix of tHiSPand given the Q?, the interpretation is rathieky, but one main trend emerges.
“Farming area” is correlated with chemistry, in fiarlar with amino acids (Ran= 0.39), sugars (Ran= 0.40), and dicarboxylic
acids (R.ean= 0.39). Note that these correlations are sligbtigrestimated due to the weak anti-correlationvgR= - 0.27) between

“Farming area” and the LWC. This tendency cleaéguires further investigations.

Focus on sugars and amino acids variability

To go further, a deeper evaluation about sugarsaamdo acids in cloud water is provide here siftmsé compounds are surely
linked to the emissions by the surface of the mblaforeover, they are also well-known compounds ¢kave as tracers of sources.
To assess the potential sources of polyols, pringemy anhydro saccharides, a multiple correlatioth wiorganic ions was
performed. Figure S10 shows the correlation matbibained combining the sugars, ions, and light@aylic acid concentrations.
Strong correlations are observed for glucose anst mbpolyol species with calcium, which could seggthe influence of dust
sources (Samaké et al., 2019b).

Strong correlations are also observed between [olfmositol, sorbitol, arabitol and mannitol) withitrate and potassium,
suggesting the contribution from biomass burningrees (Li et al., 2003). Interestingly, levoglucesa well-known biomass
burning tracer, does not show any correlation \aitly of these ions. Additionally, good correlatiomsre also observed between
inositol and ammonium, which could suggest the moation from cultures developed on the island.

The negative correlations of polyols with oxalateild indicate their contribution from primary emdsss instead of secondary
processing in the atmosphere. Non correlations detwpolyols and anhydro sugars with sulphate ceutsyest the secondary
aqueous formation of sulphate compared to the pyiramissions of sugars (Samaké et al., 2019a, 3019b

In this final section, we analyse more specificdis as a function of their physico-chemical prdjgsr based on the “hydropathy”
index as suggested by Pommie et al. (2004) andtedidny Scalabrin et al. (2012). This classifiesah@no acids as hydrophilic
(Asp, Glu, Asn, Lys, GIn, Arg, Tyr), hydrophobiclg Leu, lle, Phe) or neutral (Gly, Ser, Thr, HBarbaro et al. (2015) have used
this classification on aerosols in the Antarcticl ainey remarked that hydrophilic AAs were prevalientocally produced marine
aerosol, while hydrophobic ones occurred in aerosliécted at the continental station.

Figure S11 displays the contribution of each groefigmino acids observed during our cloud sampkrggobserved in other studies
(Renard et al., 2021; Triesch et al., 2021), thenidant fractions of AAs are neutral (38%) and hyhitic (36%) whereas the
hydrophobic contribution is lower (26%). Howevédre tresults show dissimilar behaviour between thst ¢loud events (R2-R7)
mainly dominated by hydrophilic AAs, whereas arr@ase in the neutral AAs fraction is observed anl#st collected clouds (R8-
R13). Similar strong variation in the proportion/A#fs based on the physico-chemical properties les lalready observed in a
study performed at Cabo Verde islands by Triescll.g2021). In our study, this change in the AAsnposition can be related
with a change also observed in the altitude ofainenasses arriving at Reunion Island during ouasneements. The dynamical
analysis by back trajectories shows the influerfclewer altitude air masses from the west regiorirduthe second part of the
campaign, particularly for R9, R10A/B, and R13 dsdffrigures 10 and S7). In this period, high cotregion of Gly, Ser (neutral)
and Asp (hydrophilic) are observed suggesting ttiliénce of biogenic marine sources linked to theéviy of diatoms and
zooplankton in seawater (Triesch et al., 2021) hidigcontribution of Arg is also observed in the tays, which is associated with
plant growth (Scheller, 2001). Our results indidatg AAs composition in cloud water at Reuniorihgl might be related to a mix
of oceanic and vegetation sources, which theitiv@aontribution is varying with the air mass bist

5. Conclusions

We present here an exhaustive chemical and micsigdiycharacterisation of cloud water compositibtemed in the framework
of the French BIO-MAIDO project. The measuremengsenperformed during an intensive field campaigMarch-April 2019 at
Reunion Island. This is the first time that sudarge chemical characterisation is performed indlwaters.
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Even though Reunion Island is located at tropa#tdes with summits higher than 2000m, the foromedf clouds along the slope
of this mountainous island is regulated by thewntal wind shear at higher altitudes which coudt@tk the vertical development
of clouds produced in the slope of the island. Timsy explain the low concentration of liquid waderring the field measurements.
Indeed, when compared with previous studies at Rbyaverage LWC values present lower concentréyoiactors of 2 to 3 on
average.

Our findings show the presence of compounds of meaorigin in cloud water samplesd., chlorate, sodium and amino acids)
demonstrating an ocean—cloud exchange. Howevendheea salt fraction of sulphate reaches up %, &@dicating the presence
of other additional sources.

A temporal variability is observed in the organimtent of clouds, with DOC levels reaching up ta&@C L, a quite large content
when compared with previous cloud/fog studies. Taisability was not similar for all the targetethanic compounds evaluated,
suggesting the presence of dissimilar emissioncgsuor production mechanisms.

The environmental analysis indicates the corratatibseveral inorganic and organic species withviélgetation and farming land
use zones, which dominate over urban and coasiatiem areas. The correlations observed betweearsamd polyols with some
inorganic tracers, suggest the contribution of veitien on the chemical content of clouds. Additibnahigh levels of biogenic
non-soluble VOCs (such as isoprene and terpenes) detected, indicating the cloud-terrestrial vagieh exchange. These
findings also depict some information about theidléormation, suggesting the presence of “fresbtidk highly influenced by the
island local sources. Furthermore, the age of litneds is somehow supported by the low oxalate tewbkerved during our field
campaigns.

The evaluation of gas-phase to cloud partition abttee supersaturation of non-soluble VOCs. Simieults have been found at
PUY (France) and at the Schmiicke mountain (Germaigivever, our results depict even higher superattun of terpenoids,
suggesting their importance in the aqueous phasmiskry in highly impacted tropical areas.

Despite our large organic content characterisatiarioud water, there is still a significant DOC $8465 to 80%) to be elucidated.
Further efforts need to be made to address the swairces and processes responsible for the higinmrgontent in this tropical
site. Future investigations are planned in the &ashthe BIO-MAIDO using High Resolution Mass Speatetry techniques
(HRMS) to assess the organic fraction of the chaater. This complete dataset will also serve fourfe modelling work with the
objective to elucidate the role of sources, micygital processes, chemical and biological transétions, and dynamics.€,
transport) on the chemical composition of clouds.
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Figure’s Captions

Figure 1. Location of Piste Omega and other insemited sampling sites at Reunion Island. Photo efntlast (10 m height)
deployed during the BIO-MAIDO project integratirtgetcloud water collector, cloud droplet probe (“CRBbe”), meteorological
station (“Meteo”) and gas phase collection (“AEROFC").

Figure 2. Distribution of liquid water content (L\WW@nd effective diameter (Deff) of cloud dropletsserved during each cloud
event at Reunion Island. R1 to R13 refer to indigidcloud samples. Lower and upper box boundaeipeesent the 25and 7%
percentiles, respectively; line inside box showsliaue, lower and upper error lines depicts th€ 48d 99 percentiles, respectively;
filled black circles represent the data fallingsidé 1@ and 9¢" percentiles.

Figure 3. a) lon concentrations observed for edmidcevent and relative contribution of each spetiethe total average mass. R1
to R13 refer to individual cloud samples. b) Conraion ratios of chloride to sodium and sulphatesodium obtained in each
cloud event. Dashed lines represent the referealces of seawater content (1.17 (orange line) ad@ @reen line), respectively,
(Holland, 1978)).

Figure 4. Amino acids concentrations and total agerrelative contributions observed in cloud watefsto R13 refer to individual
cloud samples.

Figure 5. Concentrations and total average relativeributions of polyols, anhydro and monosacaresiobserved in cloud waters.
R1 to R13 refer to individual cloud samples.

Figure 6. Concentrations and total relative contiins of carbonyls (uM) and low-soluble VOCs (n§pecies observed in cloud
waters. Sum TMB represents the sum of 1,2,4-triglbémzene; 1,3,5-trimethylbenzene and 1,2,3-triyibnzene concentrations.
R1 to R13 refer to individual cloud samples.

Figure 7. Total dissolved organic carbon and regationtribution of organic compounds to the totglamic content, observed for
each cloud event and the relative average of tatafributions during the field campaign at Reunisland. R1 to R13 refer to
individual cloud samples.

Figure 8. Partitioning coefficient q factors cakteld for individual cloud samples and individual O¥ (on the left) and low-
soluble VOC (on the right), considering the aversgmaperature and LWC measured during the samplirgach cloud event.
Average corresponds to the average q factors éoclitud events. Partition coefficients are caledavhen measurements in the
both aqueous and gas phases were available amthteali R1 to R13 refer to individual cloud samphsre details about the
samples can be found in tables S1 and S6.

Figure 9. OVOCs/VOCs q factors averaged for all ¢leid events and classified as a function of teffective Henry's law
constants. Each color represents a group of congspuramely terpenoids (green), aromatics (red)candonyls (OVOCSs, blue).

Figure 10. Average back-trajectories for each cleuent (R1 to R13) obtained by the MesoCAT modelatbdots represent the
air mass position every 5 minutes and large dasygvour, limited by the model resolution. Traje@s are color-coded (minimum
and maximum of the air masses altitude) by theameerltitude.
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to R13 refer to individual cloud samples.
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Figure 8. Partitioning coefficient q factors calcuated for individual cloud samples and individual OMOC (on the left) and low-soluble
VOC (on the right), considering the average tempetare and LWC measured during the sampling of each dud event. Average

.32( corresponds to the average q factors for the cloudvents. Partition coefficients are calculated whemeasurements in the both aqueous
and gas phases were available and validated. R1R4.3 refer to individual cloud samples. More detailabout the samples can be found in
tables S1 and S6.
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Figure 10. Average back-trajectories for each clougvent (R1 to R13) obtained by the MesoCAT model. Sath dots represent the air mass
.33( position every 5 minutes and large dots every houlimited by the model resolution. Trajectories are olor-coded (minimum and maximum
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