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Abstract. As part of the Dynamics-Aerosol-Chemistry-Cloudehactions in West Africa (DACCIWA) project, an laarne
campaign was designed to measure a large rang@as$pheric constituents, focusing on the effeetrtfiropogenic emissions
on regional climate. The presented study deta#islte of the French ATR42 research aircraft, widghed to characterize

20 gas-phase, aerosol and cloud properties in themedjiring the field campaign carried out in Junig/2016 in combination
with the German Falcon 20 and the British Twin ©#iecraft. The aircraft flight paths covered lameas of Benin, Togo,
Ghana and Ivory Coast, focusing on emissions frangel urban conurbations such as Abidjan, Accralamdé, as well as
remote continental areas and the Gulf of Guineas Tanuscript focuses on aerosol particle measuresmeithin the
boundary layer (< 2000 m), in particular their sms and chemical composition in view of the compiéx of both biogenic

25 and anthropogenic emissions, based on measurefranta compact time-of-flight aerosol mass specttem(C-ToF-AMS)
and ancillary instrumentation.

Background concentrations (i.e. outside urban pkjnobserved from the ATR42 indicate a fairly pitliregion
during the time of the campaign, with average catre¢ions of carbon monoxide of 131 ppb, ozone2p@b, and aerosol
particle number concentration (> 15nm) of 735%stp. Regarding submicron aerosol composition (ctEmgig non-refractory

30 species and Black Carbon, BC), organic aerosol (©A)e most abundant species contributing 53 Ygvied by SQ (27
%), NH; (11 %), BC (6 %), N®(2%) and minor contribution of Cl (<0.5%). Averagackground PMin the region was 5.9
pg m?® stp. During measurements of urban pollution plumesinly focusing on the outflow of Abidjan, Accaad Lomé,
pollutants are significantly enhanced (e.g. averageentration of CO of 176 ppb, and aerosol partiomber concentration
of 6 500 cm-3 stp), as well as PRbncentration (11.9 ug-#rstp).
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Two classes of organic aerosols were estimateddorom C-ToF-AMS: particulate organic nitrate©Kf) and
isoprene epoxydiols secondary organic aerosols@MBOA). Both classes are usually associated wiehformation of
particulate matter through complex interactionamthropogenic and biogenic sources. During DACCI\MBN have a fairly
small contribution to OA (around 5%) and are mossoziated with long-range transport from centraiicaf than local

5 formation. Conversely, IEPOX-SOA provides a sigrafit contribution to OA (around 24 % and 28 % urimkground and
in-plume conditions). Furthermore, the fractionahtibution of IEPOX-SOA is largely unaffected blyamges in the aerosol
composition (particularly the SGoncentration), which suggests that IEPOX-SOA eotration is mainly driven by pre-
existing aerosol surface, instead of aerosol charpioperties. At times of large in-plume Séhhancements (above 5 pg m
%), the fractional contribution of IEPOX-SOA to OAdreases above 50%, suggesting only then a changOX-SOA

10 controlling mechanism. It is important to note tHaPOX-SOA constitutes a lower limit to the contriion of biogenic OA,
given that other processes (e.g. non-IEPOX isopremanoterpene SOA) are likely in the region. Githe significant
contribution to aerosol concentration, it is cruitiat such complex biogenic-anthropogenic intéoastare taken into account
in both present day and future scenario modelkisffast-changing, highly sensitive region.

1 Introduction

15 Currently about 350 million people live in southékfest Africa (SWA) and the population is projectedreach 800
million people by the middle of the century (Knipizeet al., 2015b), making it undoubtedly one af thast studied, most
highly populated regions of the world with regandtie effects of anthropogenic activities on aialgy and regional climate
(Knippertz et al., 2015a). Moreover, emissionshia tegion from the combustion of fossil fuels, bl and refuse, which
are already significant, are projected to risergitpin the near future following fast-paced urlzaion and population growth

20 (Liousse et al., 2014).

The DACCIWA (Dynamics-Aerosol-Chemistry-Cloud Ireetions in West Africa) project aims to investigate
relationship between weather, climate and air pioliuin SWA (Knippertz et al., 2015a). The projdwings together
observations from ground-based, aircraft and spacee, as well as modelling and climate impactaege From June to
July 2016 a large field campaign took place thehided three inland ground supersites (Savé infBéfuimasi in Ghana,

25 lle-Ife in Nigeria), urban sites (Cotonou in Benkhidjan in Ivory Coast), radiosondes and threeaesh aircraft stationed in
Lomé (Togo). Details of the field activities arevg in (Flamant et al., 2017)

The atmospheric composition over SWA is known tothee result of a highly complex mix of sources. iles the
increasingly large urban emissions, the regionmpaicted by sea salt and oceanic compounds brotght the south by
monsoon winds, Saharan dust from the north, atstiarge biomass burning plumes advected from tbtheen hemisphere,

30 as well as power plants, shipping emissions anéxdilaction and refining platforms (Knippertz et, &015a; Mari et al.,
2008).
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In addition to the sources described above, tleeaddut 230 000 khof tropical forest across SWA mixed with largely
deforested patches. The forest emits large quesitti Biogenic Volatile Organic Compounds (BVOGsich as isoprene (2-
methyl-1,3-butadiene, §Els) and monoterpenes {1s) (Guenther et al., 2012), which can have a sigaifi effect on
atmospheric oxidative capacity (Lelieveld et abp8) and the formation of particulate matter (PMy (et al., 2015). Ten

5 vyears prior to the DACCIWA field campaign, a largeogramme entitled African Monsoon MultidiscipliyaAnalysis
(AMMA) carried out several aircraft measurementthimWest African region, mainly focusing on Sadweltonvection (Lebel
et al., 2010) and the mesoscale convective systéthe West African Monsoon (Frey et al., 2011) nitheless, it allowed
a significant characterization of BVOCs emissioithia region (e.g. Bechara et al., 2010), includingstimate of secondary
organic aerosols (SOA) formation from biogenic prsors (Capes et al., 2009). By discriminating leetwhigh and low

10 isoprene air masses, Capes and colleagues estibiagghic SOA (BSOA) of remote forested areas West Africa to be
on the order of 1 pug i though the observations were close to the detedithit of the instrument. In more recent yeahs, t
identification of a range of PM formation proceskesn isoprene (or more generally from BVOCs) hesagly advanced (e.g.
Allan et al., 2014; Liu et al., 2013; Robinson kt 2011; Surratt et al., 2010) though there haserbno recent observations
over the SWA. Therefore, the large dataset gathdueidg the DACCIWA aircraft field campaign alloviar unprecedented

15 characterisation of the aerosol population, cormmigsights on the complex interplay between asbgenic and biogenic
sources on this highly sensitive, understudiedrapdily changing environment. In this manuscript important processes

that lead to the formation of BSOA from BVOCs arscdssed. These processes are briefly outlined here

11 IEPOX-SOA

During daytime, isoprene reacts with hydroxyl ratéqd OH) and molecular oxygen to produce isopremiedxyl radicals
20 (ISOPOO). It is currently known that these radicads react with hydroperoxyl radicals ()Qo predominantly produce
hydroxyhydroperoxides (ISOPOOH;si100s), or with nitric oxide (NO) to largely produce rhgt vinyl ketone (MVK,
C:HgO) and methacrolein (MACR, 4860) (Liu et al., 2013). Nitric oxide, largely emitteby urban sources, can almost
entirely shift the isoprene oxidation away from t8S©POOH pathway (Liu et al., 2016a).
The second generation products through the piEhway (i.e. to ISOPOOH) form isoprene epoxyd{t#$OX) or other
25 hydroperoxides, which in turn can undergo reaaipke to particles, effectively leads to partiteilmatter formation (Surratt
et al., 2010). After reactive uptake of IEPOX, paetphase reactions can produce several diffefemilies of species
collectively labelled “IEPOX-SOA”. It is importartb note that the NO pathway also has a minor cHaalieving the
formation of IEPOX, although much less efficienfacobs et al., 2014). Furthermore, non-IEPOX Pbtlpction is also
possible, for example through the formation of raetfilic acid epoxide (MAE) and hydroxymethylmethylactone
30 (HMML) (Kjaergaard et al., 2012; Nguyen et al., 8Dbr glyoxal (Ervens and Volkamer, 2010), thoughower yields.
It is understood that the uptake of gas-phase IER@Xthe particle-phase depends on available pistieg aerosol
surface, but is also impacted by aerosol compasitidich in turn affects its acidity, particle watand nucleophilic effects.
(e.g. Linetal., 2013; Marais et al., 2016; deedl., 2017; Xu et al., 2015). In regions strorigipacted by isoprene emissions,

3
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IEPOX-SOA contributes to about a third of the oledrorganic aerosol (Hu et al., 2015). In ordecdarectly represent
numerically ambient aerosol loadings, and furtheenalevelop efficient abatement strategies, an nstaieding of the

regulating mechanisms for this important classrghaic aerosol is crucial.

1.2  Particulate Organic nitrates

The nitrate radical (N§), arising from the oxidation of nitrogen dioxide@,) by ozone (@), is an important atmospheric
radical, acting mainly at night-time due to itsichphotolysis in sunlight and its reaction with NBrown and Stutz, 2012).
Given its formation process originating from Né&nd Q, the nitrate radical is directly linked to anthogenic activities.
Several BVOCs are particularly susceptible to oxigeby NG; due to one or more unsaturated functionalitiesileg to the
formation of organonitrates (ONs = RON®RONO,). The addition of a nitrate (-ON{Dfunctional group to a hydrocarbon
is estimated to lower the equilibrium saturatiopmar pressure by 2.5-3 orders of magnitude (CapaneiMller, 2006),
leading to potentially significant increase in pdetphase partitioning of semi-volatile specigs)s contributing to PM
formation (Fry et al., 2014; Nah et al., 2016; Nigle 2017; Perraud et al., 2012). Recent stuthe® identified that nighttime
chemistry, particularly through the attack of BVO@sNG; leading to formation of pON is an important soun€&M over
south-western United States (Xu et al., 2015) dsagever Europe (Kiendler-Scharr et al., 2016)nBtheless, it is currently
understood that the both the formation and thénife of pON depends strongly on its molecular stree(Hinks et al., 2016;
Nah et al., 2016), which in turn represents a lyighlallenging type of OA to represent numericaBjiivastava et al., 2017).
Unquestionably, observations of pON concentrataves a wide range of locations are crucial to bet@strain the formation
and impact of this highly uncertain aerosol type.

The two types of SOA described above, IEPOX-SOA pfdN, are typically formed through a complex seiés
reactions involving both anthropogenic and biogenimpounds. The aerosol population over SWA is etgukto be impacted
by both types of sources, both from the mixingmfssions from its large urban conglomerates anested areas, as well as
unclear influence from other sources such as oceamissions, Saharan dust, advection of biomassrguand so forth.
Therefore, this manuscript focuses on both quantfgubmicrometric (PN aerosol particle composition during low-level

flights and, as well as assess the contributidEBOX-SOA and pON to the aerosol burden in theargi

2  Methods

Measurements reported here were performed aboardTiR-42, a French national research aircraft dpdrdy
SAFIRE (French aircraft service for environmentsearch). The aircraft was equipped to perform oreagents of particles
and gas phase species as well as cloud dropletisizébution. Aerosol particle species were samgtgough a forward-
facing isokinetic and isoaxial inlet with a 100%rgding efficiency for sub-micron particles and 50G#mpling efficiency for

particles with a diameter of 4.5 um.
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2.1  Instrumentation

The chemical composition and mass concentratidtheohon-refractory submicron particulate matter {RIR1) was
measured with an Aerodyne compact time-of-flighbael mass spectrometer (C-ToF-AMS) with a time kg&m typically
of 10 s or 20 s without particle sizing informatidress often, measurements were carried out attdfesresolution with
sizing information (PTOF), however these will net thscussed here. Before aerosol particles werplsdrby the C-ToF-
AMS, they passed through a pressure controlled {R€l), regulated at about 400hPa, avoiding presshanges to the
aerodynamic inlet of the instrument during airbosaenpling (Bahreini et al., 2008; Freney et al140In order to extract
chemically resolved mass concentrations of indizidipecies, the C-ToF-AMS raw data were evaluasiuguhe standard
fragmentation table (Allan et al., 2004). Adjustreto the fragmentation table were made based iclpafree measurement
periods that were performed during each flight. Tésolved mass concentrations included nitrate sjNS€ulphate (S@),
ammonium (NH), organics (Org), and chloride (Cl) species. Tiatlection efficiency was calculated according to
Middlebrook et al. (2012), usually yielding 0.5.€Ttietection limits, considering 10s integrationetjiwere calculated at 5 ng
m for SO, and NQ, 35 ng n¥ for Cl, 45 ng 1 for Org and 52 ng rhfor NH4 (Drewnick et al., 2009).

lonization efficiency calibrations, using size-séée&icammonium nitrate aerosols were carried ouethimes during
the field campaign. Aerosol loadings from the C-7AAS were compared against volume integration usin§canning
Mobility Particle Sizer (SMPS) and Black Carbon (Bf®m a Single Particle Soot Photometer (SP2)dinig good agreement
(slope: 0.87, R2: 0.83, Fig. S1). The density uUsedach species was 1.78, 1.72, 1.72, 1.52, afid d.cnm® for sulphate,
nitrate, ammonium, chloride, and BC, respectivélplfilen and Lide, 1991; Park et al., 2004). The itemé organics was
estimated based on the oxygen-to-carbon (O : Chaddbgen-to-carbon (H : C) ratios (Canagaratral.eR015; Kuwata et
al., 2012), yielding a campaign average of 1.67ng.cAerosol loadings from the C-ToF-AMS were also paned with
measurements of C-ToF-AMS from the two other aftdfeat took part in the campaign, the German DLdkcén and the
British Twin Otter (TO). For this, data were seégttaround take-off and landing at Lomé airport. UResbetween the
instrument used here (ATR42) and the TO were gdperagood agreement. The AMS on board of the &alshowed
considerably lower mass concentrations, an isstrermdly attributed to losses at the Falcon AMS gues controlled inlet,
which is based on a different design principle ttt@nATR inlet.

Aerosol particle number concentration (>15 nm) waeasured using an adapted TSI Condensationatieatbunter model
3010. Aerosol mass and number concentrations areated for standard temperature and pressure feed22°C and 950
hPa). Trace gases were measured by the ATR42 beraistry instrumentation. Nitrogen oxides (N® NO+NQy,) were
measured by a TEi42 chemiluminescence detectoraiithe light photolytic converter instrument (TE@LT-BLC, Thermo
Fisher Scientific, Franklin, MA) with a time restibn of 1 second. The quantification of N@ obtained directly from
converting into NO using a light source emittingas from the blue light converter (BLC). The CLL@ measures N
directly and NO indirectly after photolytic conviens by the CLT detector. The conversion efficieratjopted was 21%.
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Carbon monoxide (CO) measurements were performad) uke near-infrared cavity ring-down spectroscagghnique
(G2401, Picarro Inc., Santa Clara, CA, USA), wittinae resolution of 5 seconds.

2.2  Positive Matrix Factorization

Positive matrix factorization (PMF) is a statisticaodel that uses weighted least-square fittingféator analysis
(Paatero and Tapper, 1994) for explaining the Wdifg of the organic mass spectral data as lireenbination of static factor
profiles and their time-dependent contributiong.(&llbrich et al., 2009). The PMF evaluation tol(PET v2.04) (Ulbrich

et al., 2009) was used to prepare the data andestimates, execute PMF and evaluate the results.

2.3  Particulate organic nitrate

The pON can be distinguished from inorganic nitiateAMS technology through the fragmentation ratidhe NO
and NQ" ions. The methodology applied here to quantify plas been detailed elsewhere (Farmer et al., Zizodler-
Scharr et al., 2016; Xu et al., 2015) and thusésgnted only briefly here. The mass concentratidghe nitrate functionality
of organic nitrates is calculated by Eq. 2, basethe fraction of organic nitrates relative to toteeasured nitrate (Eq. 1), as
described according to the following equations:

(1+ ROrgNOz) X (Rmeasured — Realib)
OrgNO3 rge = , 1
pery frac (1+ Rmeasured) X (RorgNo3 — Realib) ( )
pOrgNO3,45s = pOTgNO3frqc X NO3, 2

WhereR,eqsureq 1S the ratio NG / NO ions (orm/ z 46 andm/ z 30 for unit mass resolution systenmB);;, is the ratio
associated to inorganic nitrates duringdNiscalibrations (0.445 here) amy,.,o3 is 0.1. This method is considered reliable
for pOrgNO3;,,c > 0.15 angpOrgNO03,,,5s > 0.1 pg ¥, considering an uncertainty of 20 % (Bruns et @1@ Kiendler-
Scharr et al., 2016) and thus such limits were idened here. AlsqpOrgNO03,,.ss relates to the nitrate functionality of
organic nitrates only. To account for the totaltigaktate organic nitrate mass (here termed as p@M)plar mass of 200 g
moltwill be assumed (Kiendler-Scharr et al., 2016; eeal., 2016).

2.4  |soprene Epoxydiols Secondary Organic Aerosol

Isoprene epoxydiols SOA (IEPOX-SOA) have previousgen identified from AMS spectra through an enkdnc
signal at ion @HsO", orm/z82 in unit mass resolution systems (Allan et @14 Budisulistiorini et al., 2013; Robinson et
al., 2011; de Séa et al., 2017). More recently, Hal.e(2015) proposed a diagnostic tracer for IEPEXXA based on datasets
from a wide range of environments, such as biorbhassing, urban or monoterpenes impacted areasltRéswve shown that
the relative contribution afh/ z 82 to total organic aerosol concentration, f€.= (m/z82 / OA) is a suitable tracer, with
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uncertainties up to 30%. Furthermore, Hu et al18)Oproposed an estimation of IEPOX-SOA taking @ccunt mass
concentration ain/ z 82 (mg,), total OA concentration4), a referencés, value for IEPOX-SOA fJ5P0%-S0A = 22%,) and a

background value fde, (f&¥):

—0A xfEK .
IEPOX-SOA = % inpg mé, ®3)
5 The background values fé (£2X ) has been observed by Hu et al. (2015) to rarae 8%. to 6%. depending on the type
of dominant OA source (e.g. urban, biomass burnimgjir mass age, and for regions impacted by udodniomass burning

emissions is calculated as:
B =55 x 1073 —-8.2 X103 X fo, , 4

wherefsy = (m/ 244 ] OA).
10

3  Resultsand discussion

The DACCIWA aircraft field campaign was carried éntm 27 June to 16 July 2016, during the so-cgllest-onset
period (Phase 2 in Knippertz et al., 2017), charad by relatively undisturbed monsoon conditidfigure 1 depicts the
ATR-42 flight trajectories below 2000 m overlaid the forest cover in the region. Urban plumes Hzeen mostly sampled

15 following north-eastward direction, following fdné predominant direction of the low-level winds otfee area. The spatial
distribution of CO, aerosol number concentratiod aome aerosol species are depicted in Figureayish a significant
enhancement of aerosol (mass and number) down\itie @ities of Abidjan, Accra, Lomé and Cotonoang species (OA
and CO) also show some enhancement over the G@uafea, and is most likely associated with longgetransport of
biomass burning pollution from central Africa (Kpigrtz et al., 2017).

20 In order to evaluate the sources of Pder SWA firstly a PMF analysis on the OA spettas been carried out, and
this is described in Section 3.1. A study on thpant of urban emission on aerosol composition figezhout in Section 3.2,
based on a case study from flights 24/25 from 0§ 2016. Finally, Section 3.3 describes the resofts systematic
identification of in-plume and regional backgroumgtasurements, providing an overview of the levedliferent species

within urban plumes and in comparison to the regfitmckground of SWA.

25 31 Factor Analysis

The PMF analysis of the organic spectra was camigdising data from all ATR42 DACCIWA flights, tiéred for in-
cloud measurement points and limited to an altitoelew 2000 m to limit the impact of free tropospbdiomass burning
layers (Flamant et al., 2017), outside the scopthiefwork. The analysis identified three composesft OA (Fig. 3), two

linked with urban emissions (termed fresh and aged) one regional component, termed Oxygenated nizrg&erosol

7
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(O0A), following the usual nomenclature (Ulbrichadt, 2009), which is usually associated with hygaged or secondary
OA (e.g. Zhang et al., 2011). It is interestinghtie that Fresh Urban component of OA combine®isacf traffic emission
(e.g.m/z43, 55 and 91), typical of many urban environméatg. Ng et al., 2010) but also include tracerBegh biomass
burning (n/ z 60) (Cubison et al., 2011). This result shedstligto the important role that biomass burning sesrwithin

5 the city limits have on aerosol composition. Thisring is thought to be mainly associated with ke of biomass as fuel,
for cooking for example, or by the combustion dise. Given the high toxicity associated with biesédurning emissions
(de Oliveira Alves et al., 2015), the extensiventéss burning within city limits is likely to have @mportant detrimental
health effect on local urban population.

Figure 4 depicts the spatial distribution of thetdas, showing localised enhancements of freshagied urban plumes

10 in the outflows of the cities, as well as a morgioaally homogenous distribution of the OOA factbhe latter depicts an
enhancement in regions impacted by urban outflowsalso above the Gulf of Guinea, which is asgedito biomass burning
plumes advected from Central Africa (Flamant et 2017). Given the processing that has taken piacsg long-range
transport, the mass spectrum of OA no longer caaisignature of fresh biomass burning emissian &ito et al., 2014,
Cubison et al., 2011), and therefore has been gtpthe OOA component by PMF analysis, typicalgéd/processed air

15 masses.

Despite the complex mixture of sources impactirlg @ncentration in the region, such as locally &mitbiomass
burning, biogenic and urban emissions, among atlleesPMF analysis has not been able to furthevesOA sources of
interest (such as IEPOX-SOA), or even to sepacatal ffires from the urban factor. This is stronglsociated with the fact
that the dataset originates from airborne measuntmzend therefore: i) the dataset has a somewhiéd temporal coverage

20 (about 70h in total, compared to weeks/months/yehggound-based campaigns); ii) the dataset ldalkshal variation, as
most of the flights were either carried out dunngrning or afternoon hours; and iii) the aircraftrples air masses with large
co-variability (e.g. biomass burning emissions fraithin the city itself along traffic emissions, dscussed above). The
outcome of PMF results are two-fold: The differenimponents of OA obtained from the use of PMF shalused in a
systematic identification of in-plume and backgrdumeasurements; and the identification of procesbegerest (IEPOX-

25 SOA and pON) shall be carried out using the diaindscers detailed in Sections 2.3 and 2.4.

3.2  Casestudy: the Abidjan plume from 06 July 2016

On 06 July 2016, the ATR42 conducted flights ine¢heirons of Abidjan, a city of over 4.5 milliontiabitants. These
flights provide an interesting case study of thiea$ of SWA emissions on aerosol properties, liolg the atmospheric

30 concentration of IEPOX-SOA and pON. Figure 5 shthwee transects of interest, upwind Abidjan (trahdg, within the
Abidjan plume (transect 2) and sampling a regiauaitinental air mass outside of large city plunteasngect 3). Table 1
compares mean concentrations (and 5-95 % confidetexwal of the mean, CI) for several speciemtdriest. Some species
had concentration values significantly lower in tvecting air mass than over continental backgtpsoch as aerosol

8
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particle number concentration, CO, OA, N®IH; and IEPOX-SOA. In fact, upwind Abidjan IEPOX-SOAda ClI of the
mean which encompasses zero, therefore is condidegigible in this transect. The significant diffnce between transects
1 and 3 for typical tracers of urban emissions sagkaerosol number concentration and CO, and,efuribre, the lack of
IEPOX-SOA in transect 1 leads to the interpretatioat upwind Abidjan air masses are mostly impadigdong-range
transport and not local recirculation. This intetation is also corroborated by aircraft wind measents (grey arrows in
Fig. 5) and back-trajectory calculations (suppletaematerial Fig. S2).

In contrast to the species discussed above, BG,&@ pON did not show a significant enhancement the
continental region when compared to the advectingnass, which suggests that its regional concgatrs are not being
largely impacted by local emission/formation. Takegether, the changes in concentration of IEPOX&6d pON indicate
that the former is formed locally, whether thedatis mostly advected into the region, possiblyrfrbiomass burning, an
association reported previously elsewhere (e.g.pDzeet al., 2015; Zhang et al.,, 2016). FurthermdEPOX-SOA
contributes significantly to OA concentration (medr27 %, Cl of 21 % — 33 %), whereas the contidrubf pON is minor
(mean of 7 %, Cl of 6 % — 9 %). It is also inteirggto note that the difference in OA concentrati@tween Continental and
upwind Abidjan air masses (0.95 ug’necan be almost exclusively explained by the foiamabf IEPOX-SOA (0.71 g ).
Back-trajectory analysis of transect 3 indicat¢éemdy transport from the south, over land for aloltprior sampling.

When analysing the air mass in the outflow of Ahidihere is, as expected, a significant conceatranhancement
for several of the species discussed here. Aernsunber concentration, for example, increases by averder of magnitude
(Table 1), whereas OA and s{crease by nearly 3-fold, and BC nearly two-fdlthe evolution of the Abidjan plume has
also been analysed according to the plume ageylatédd taking into account wind speed measured ftwmaircraft, and
extrapolated according to the distance from the @éntre. When first crossing the Abidjan plumeestimated three hour
processing time, OA and 3Q@lready depict large concentration enhancemefdasve to upwind Abidjan (Fig. 5a). The
estimate of IEPOX-SOA also depicts a strong in@eap to 4 pg m, explaining almost 60 % of OA mass at plume age of
about 3.5h. Conversely, both N@&nd pON depict a smaller contribution to aerosoloentration, with N@depicting a mean
concentration of 0.54 pg#rand pON of 0.33 ug thinside the plume.

As the plume evolves, overall concentration of Ol #£POX-SOA tends to decrease, in contrast tp\@tich peaks
at plume age of 5.5 h. To account for dilution witime age, the Enhancement Ratio (ER) has beenlatdd, i.e., the
variation of the species of interest normalizedtsy enhancement of CO above the background (Fig.T8te background
value of CO was chosen here to be 113 ppb, theamegilue upwind of Abidjan. The ERRox.soatends to increases with
plume age, indicating a net production of organattaer through this pathway. Conversely,dai® fairly constant with plume
processing, which suggests that the increase iIO¥=BOA is compensated by a loss process, suchaeation of semi-
volatile species, for example. The &Rfollows a similar pattern as its concentratiorpidéng a marked peak at about 5.5 h.

Figure 5¢c shows some of the diagnostic tracers/Af@amely f44, f43, {60 and f82 (Cubison et al.120Hu et al.,

2015). Their variability mainly follows the agedysature from the arriving air mass (high f44 imsect 1), an increasing
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tendency for f82 and f44 (particularly the formesijh plume age, leading to observed values of #en3. Typical oxygen-
to-carbon ratios of OA ranged from 1.43 (trans@c0169 (transect 2) and 1.07 (transect 3).
In the following, a systematic analysis of plumeritification through the entire dataset is desd;lassessing changes

in aerosol properties inside and outside urban pfuwithin SWA.

5 33 In-plume enhancements and regional background levels

A systematic identification of in-plume and backgnd air masses during DACCIWA was developed. Ththatkis
based on PMF OA apportionment, aerosol particlesh&r concentration and a measurement locationluimg air masses
criteria were: i) Aerosol particle number concetitrais above the campaign-wide'7percentile, namely 2 500 cinii) The
urban factors from the PMF analysis (see Secti@h &plain more than 70 % of OA mass concentraiigrThe distance

10 between measurement location and the emittingvedty below 110 km. Criteria i) and ii) were deviseded on optimizing
data statistics whereas being able to unambiguadshtify the urban conurbation of origin. The diste of 110 km applied
in criterion iii) was defined based on the distabeéween Accra and Lomé, to avoid that emissioom fthe latter would
interfere in the plume analysis of the former. F&gg83 shows the location of the measurements fahas in-plume. From
the in-plume identification analysis described ahgollution outflow from three cities were cleaidgntified, Lomé, Abidjan

15 and Accra, representing 50%, 35% and 15% of th@ume dataset.

The identification of continental background airss@s were performed by filtering aerosol numbercentration
below the 58 percentile and selecting urban factors explaititsg than 70% of OA. Sensitivity studies have iidiewk that
lowering these limits tended to reduce data stegistvithout significantly altering median valuesheTselection of aerosol
number concentration below 8@r 30" percentile led to a decrease of background datatsprom 623 to 267, whereas

20 median CO concentration would remain unchange@@tpbb. Similarly as the data described in the ipte/sections, data
points used in the in-plume and regional backgradedtification are limited to altitudes below 206.

Figure 6 and Table 2 show the mean and Cl of cdreions of a range of species considered hereioRalg
background concentrations were elevated, with @eecancentration of carbon monoxide of 131 ppbnezaf 32 ppb and
aerosol particle number concentration of 7353cRegarding PMcomposition, OA was the most abundant species,

25 contributing 54 %, followed by S324 %), NH, (11 %), BC (6 %), N@(4%) and minor contribution of Cl (<0.5%). Average
background PMin the region was 6.0 g

During in-plume measurements there was a markedreement of pollutant levels, e.g. aerosol comagah (6 500
cnt®), CO (176 ppb), NOx (2.72 ppb) as well as Ridncentration (12.0 pg# Despite the significant enhancement in the
species observed here, Pierosol composition is strikingly similar betweegsickground and in-plume measurements (i.e.

30 OA - 56%, SQ - 23%, NH - 11%, BC - 6%, and N£- 4%) corroborating the major role that these nrbanglomerates
emissions have on the regional aerosol populafibe. analysis according to distance shown in Figudepicts the clear
decreasing trend for some species (e.g. aerosobe&uooncentration and BC), whereas others havesaclear trend with

ageing.

10
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Generally, the levels of OA and $@bserved here for both background and in-plumenaiewithin those of other
aircraft field campaigns around the world that weessified as “polluted” (i.e. non-biomass burniras described by Heald
et al. (2011). Furthermore, measurements here eamompared to an aircraft campaign carried out merently downwind
of Paris (Freney et al., 2014). Although backgrouewdels over SWA are somewhat comparable with datglume

5 measurements in the environs of Paris (OA: 3.0&nigver SWA and 2.2 pg fraround Paris; S©1.67 pg it over SWA
and 1.19 ug rharound Paris), it is clear that in-plume concditre increase relative to outside are more imponthin
SWA (114% and 71% for OA and $Qespectively) than around Paris (36% and 2% farabd SQ, respectively). In the
Rome metropolitan area, slightly higher levels waseerved (4.5 pg frand 1.6 pg mfor OA and SQ, respectively) albeit
with strong enhancements in these species when&atlast was present (Struckmeier et al., 2016).

10 As for IEPOX-SOA and pON, although their concetitra is also enhanced within the urban plumes ikedato
background levels, on average their relative cbation to OA remains fairly constant (IEPOX-SOA A@ 0.32 and 0.28
for background and in-plume, respectively, wherp@N / OA is 0.06 for both cases). It is importaotrtote that the
contribution of the IEPOX-SOA to OA representsado limit to biogenic OA. Other processes, such@s|EPOX isoprene
SOA or monoterpene SOA cannot be quantified unddsient measurements due to the lack of diagnastaets with the

15 AMS technology. The next Section presents an aizabfsthe variability of IEPOX-SOA in regard to ethspecies in the
SWA.

34 |EPOX-SOA over SWA

As discussed in Section 1.1, IEPOX-SOA concentnatiimds to increase with $@nd decrease with NO, as observed
in a number of laboratory studies (Kuwata et @1%, Liu et al., 2016b, 2013; Riva et al., 2016rr&i et al., 2010). As both
20 species, SPand NO, originate from urban sources, the forngatential of IEPOX-SOA is the result of a complaserplay
which will depend on emission strengths of eacleigse atmospheric chemical background (includingisne concentration)
and pre-existing aerosol properties (e.g. Maraa.e2016).
In a somewhat similar setting to that presente@,hiez. a large urban conurbation emitting polltgaover tropical
forested areas, the Manaus city plume over the Amaainforest has been observed to cause a nettiedof IEPOX-SOA
25 (de Saetal., 2017). The general interpretatiothie net reduction effect in the Amazon is théi@igh SQ concentration is
enhanced by Manaus emissions, its background Iénwetsin and out of basin sources can exceed theg@lenhancement
itself, and thus have a stronger controlling effeatr the IEPOX-SOA forming potential. Conversahe concentration of
NO is unambiguously modulated by the Manaus emisai@ thus the net decreasing effect over IEPOX-SOA
Although we show in the previous sectiorsgnificant enhancement of IEPOX-SOA within urbdmpes (particularly
30 during the Abidjan flight described in Section 3.t)s unclear how its regional concentration ggs to different Sg) OA
and NO concentrations. To assess the general ildyigiiroughout the region, the concentration BPIOX-SOA, its fractional

contribution to OA (termedigrox-sod and NQ mixing ratios are analysed as a function of, ®0ncentrations (Fig. 7).

11
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Although NO would be the species expected to maeulee early stages of IEPOX formation (Sectior),INDx has been
chosen for this analysis due to its longer lifetimed thus considered more representative of aecbemical history.
Interestingly, IEPOX-SOA concentrations show a Bigant, steady increase with $&cross the concentration range
observed during DACCIWA, seemingly unaffected by toncomitant NOx variation (which increases frafpb to up 5.3
5 ppb). The Erox-soashows, however, a fairly small dependency on &dcentration up to 4 ugfwith mean values around
0.23 and, above this S@vel, a sharp increase to 0.56. Although a dedadinalysis of the factors controlling IEPOX-SOA
concentration (e.g. acidity, particle water, aetesoface, etc.) is outside the scope of this wdhk, fact that frox-soa is
constant despite significant changes in,N@er a wide range of S@oncentrations (up to 4 pgdn is an indication that
neither NQ or SQ are alone controlling the concentration of IEPO3/Sin the region. We speculate thus that it is nyain
10 driven by the amount of pre-existing aerosol swfdor example (e.g. Xu et al., 2016), insteadeybaol intrinsic chemical
composition. Correspondingly, the sharp increasfg@fx-soa0n the high (>4 ug M SO, range can then be interpreted as a
change of driving mechanism on IEPOX-SOA formatiaith SO taking a leading role on IEPOX-SOA formation. The
overall conclusion is that under background andtrobshe in-plume atmospheric conditions, IEPOX-S@#ntributes to
about 25-30 % of OA, whereas if $€ventually has a larger contribution to Plgo will IEPOX-SOA.

15 4  Summary and conclusions

As part of the DACCIWA project, aircraft measurertsewere conducted over SWA during June-July 2016 wi
broad objective of assessing the role of anthropiegemissions on regional climate. Understandimgaterosol sources in the
region is the first step in both being able to espnt current and future scenarios in the statbeshrt chemistry numerical
models, as well as to develop efficient abatemeategies. This study focuses on aerosol sourc#snathe atmospheric

20 boundary layer (<2000 m), particularly the coupliofyemissions from large urban conglomerates waital biogenic
emissions. PMF analysis of OA mass spectra hasifigenthree factors, from which two are linkeduxban emissions (fresh
and aged) and another, more regionally homogenigidyhoxygenated (OOA factor). The latter is oftemportant, if not
dominating, with background median contributior®a of 67 %, and in-plume of 38 %.

The analysis of a case study has allowed the direttregional impacts of SWA emissions on the e mposition

25 of an advecting air mass from the Gulf of Guinedednferred. Results show a significant formatéhEPOX-SOA occurs
within the Abidjan urban plume (2-4 pug3n where it explains the majority of OA mass. Wheamsidering observations
conducted outside of the Abidjan plume, i.e. owagé, mainly forested areas (representative ofafleet background
continental areas), IEPOX-SOA explained about 25% @ OA mass, namely 0.7 pg3mit is interesting to note that the
increase in OA over the forested areas in comparieothe advecting air mass can be almost entggplained by the

30 formation of IEPOX-SOA AOA = 0.9 ug ). A similar analysis for pON has identified no gtifiable change between
incoming oceanic (upwind Abidjan) and continenialnaasses (0.18 pg-fileading to the conclusion that this species ts no

locally formed, but mostly advected into the region

12
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A systematic analysis of in-plume and regional lggeknd air masses has been carried out using tliR4ATataset
below 2000 m. Regional background concentratioedairly polluted with average concentration oflzar monoxide of 131
ppb, ozone of 32 ppb and aerosol number concemttrafi735 cri¥. Regarding PMcomposition, OA was the most abundant
species, contributing 54 %, followed by §Q4 %) and minor contribution of other species.aMéackground PMin the
5 region was 5.9 ug ¥ During in-plume measurements there was a markédreement of pollutant levels, e.g. aerosol
particles number concentration (6 5009nCO (176 ppb) and NOx (2.72 ppb), as well as;bhcentration (12.0 pg
Aerosol chemical composition is comparable betwegekground and in-plume, likely the result of angfigant impact of
anthropogenic emissions scattered through the megien under the so-called background conditions.
The concentration of IEPOX-SOA has been studiedraieg to SQ and NQ levels, in order to assess how these
10 species might impact IEPOX-SOA concentration. kséngly, the fractional contribution of IEPOX-SQ®& OA (fiepox-son
is fairly constant (25-30 %) for S@oncentration from 0.5 pg#up to 4 ug ni (and NQ average variability between 0.5
and 2ppb). This contribution of IEPOX-SOA to OAcsnsidered a lower limit for biogenic OA, as othpecies such as non-
IEPOX isoprene SOA and monoterpene SOA cannot aetified independently by the techniques employer@ hFor higher
concentrations of S>4 ug ), fierox-soasharply increases up to 55 %. Put together, vegpnet that for S@concentrations
15 below 4 ug ¥, neither NQ nor SQ seem to be significantly affecting the concentratbf IEPOX-SOA in the region, and
above this threshold, S@kes a leading role on IEPOX-SOA formation. SBth forming mechanisms must be considered
in present and future scenarios, as gains fromciadwprimary OA emissions (such as reduction ofte/ésirning) without
reducing S@ emissions might lead to enhanced IEPOX-SOA foromatthus cancelling out possible gain in terms dif P
levels. As it stands, the results presented heym fthe DACCIWA aircraft campaign warrants systemadting term
20 measurements in carefully selected areas througBo\ to assess with high degree of certainty hoanges in the

anthropogenic emissions profile shall impact adrbaeden in this fast-changing, highly sensitivgioa.
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Tables

Table 1. Mean and lower and upper 95 % confidenceinterval of mean for different speciesat theflight transects shown in Figure5.
Species (unit) Advecting air mass Abidjan plume Continental
CO (ppb 113 [112-114] 15C[147-154] 125 [124- 126]
Aerosol concentration (c®) 575 [523- 622] 534C[514C-555( 13501 290-1420]
BC (ug ) 0.37[0.31-0.43] 0.50[0.43-0.5€] 0.33[0.32-0.35]
OA (ug ) 1.96 [1.82- 2.09 5.90[5.45-6.3] 2.91[2.72-3.10
IEPOX-SOA (ug n3) 0.1€6[-0.23-0.5€] 3.14[2.61-3.67] 0.71 [0.55-0.86]
pON (ug nd) 0.19[0.15-0.23] 0.33[0.27-0.39] 0.18[0.17-0.21
SCa (ug ) 1.39[1.32- 1.47 6.2:[5.75-6.71] 1.42 [1.36- 1.47
NO;z (ug ) 0.10[0.08-0.13] 0.54[0.45-0.64] 0.17[0.15-0.18
NHa4(ug m3 0.33[0.24-042] 2.5([2.271-2.77] 0.21[0.18-0.24
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Table 2. Mean and lower and upper 95 % confidence interval of mean for different species under background and in-plume
conditions for ATRA42 flight trajectories below 2000 m.

Species (unit) Background In-plume

CO (ppb) 131 [130 — 132] 176 [170 — 181]
NOx (ppb) 0.32[0.28 — 0.34] 2.72[1.84 - 3.60]
O3 (ppb) 31.9[31.7-32.1] 31.2[30.5-32.0]

Aerosol concentration (cf

735 [725 — 745]

6 480 [6 025 — 6 930]

BC (ug ) 0.34[0.33 - 0.35] 0.68 [0.64 — 0.72]
OA (g m) 3.06 [3.00 — 3.13] 6.56 [6.24 — 6.88]
IEPOX-SOA (ug ) 0.89[0.74 — 1.04] 1.80 [1.66 — 1.93]
pON (ng 1) 0.17[0.16 — 0.18] 0.36 [0.33 — 0.39]
SQu (g m?) 1.67 [1.64 — 1.70] 2.86 [2.70 — 3.03]
NOs (ug md) 0.12[0.11 - 0.12] 0.53 [0.49 — 0.57]
NHa (ug me) 0.66 [0.63 — 0.68] 1.29 [1.20 — 1.38]
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Figures

*
Abidjan

5 Figurel: ATR-42trajectories(in red) during DACCIWA for altitudesbelow 2000m overlaid theforest cover (in green) intheregion
from Hansen et al., (2013).
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Figure 2: Spatial distribution of CO, aerosol number concentration, OA, SO4, NOs and NHa4 for flight trajectories below 2 000 m.
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Figure 3: Mass spectrain fraction of signal of PMF factors, Fresh Urban, Aged Urban and OOA.
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Figure 4: Spatial distribution of OA concentration associated to three PMF factors: Fresh Urban, Aged Urban and Oxygenated

Organic Aerosol.
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Figure 5. Concentration (top), enhancement ratios (middle) and diagnostic ratios (bottom) for upwind of Abidjan (rectangle 1,

5 ydlow), within the plume (rectangle 2, green) and sampling regional aerosol (rectangle 3, grey). Processing timeis calculated based
integrated wind speed and distance from Abidjan. Grey arrows indicate wind direction measured from the aircraft. Aircraft
measur ementswer e carried out first sampling Abidjan plume around 09:30, upwind of Abidjan around 10:00, and regional aer osol
at 13:30 UTC (identical tolocal time).
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Figure 7: Scatterplot between IEPOX-SOA concentration and SO4. Black line and grey area represents mean and 5 and 95 %
confidence intervals of the mean, respectively. Red and green markers are mean NOx and fierox-soa, respectively, and range bars
represent 5 and 95 % confidence intervals of the mean. The data shown hereincludes all ATR-42 measurements at altitudes below

5 2000m.
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