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Abstract. The MEGAPOLI (Megacities: Emissions, urban, and CO as tracers for air-mass dilution, we observe the ra-
regional and Global Atmospheric POLIlution and climate ef- tio of AOA/ ABC andAOA/ ACO increase with increasing
fects, and Integrated tools for assessment and mitigation) exphotochemical age{log(NOx/NOy)). Plotting the equiva-
periment took place in July 2009. The aim of this campaignlent ratios of different organic aerosol species (LV-OOA, SV-
was to study the aging and reactions of aerosol and gas-pha$20A, and HOA) illustrate that the increase in OA is a re-
emissions in the city of Paris. Three ground-based measuresult of secondary organic aerosol (SOA) formation. Within
ment sites and several mobile platforms including instrumentParis the changes in thROA/ACO are similar to those
equipped vehicles and the ATR-42 aircraft were involved. Weobserved during other studies in London, Mexico City, and
present here the variations in particle- and gas-phase speci@s New England, USA. Using the measured SOA volatile
over the city of Paris, using a combination of high-time res- organic compounds (VOCS) species together with organic
olution measurements aboard the ATR-42 aircraft. Particleaerosol formation yields, we were able to predicd0 % of
chemical composition was measured using a compact timethe measured organics. These airborne measurements during
of-flight aerosol mass spectrometer (C-ToF-AMS), giving the MEGAPOLI experiment show that urban emissions con-
detailed information on the non-refractory submicron aerosoltribute to the formation of OA and have an impact on aerosol
species. The mass concentration of black carbon (BC), meacomposition on a regional scale.
sured by a particle absorption soot photometer (PSAP), was
used as a marker to identify the urban pollution plume bound-
aries. Aerosol mass concentrations and composition were af-
fected by air-mass history, with air masses that spent longest Introduction
time over land having highest fractions of organic aerosol
and higher total mass concentrations. The Paris plume id is necessary to characterize pollution arising from anthro-
mainly composed of organic aerosol (OA), BC, and nitratepogenic activities in large urban areas in order to under-
aerosol, as well as high concentrations of anthropogenic gasstand its effects on health, as well as its influence on regional
phase species such as toluene, benzene, andB&hg BC  and global scale atmospheric chemistry and radiative forcing.
Several studies have monitored the outflow from large cities
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and the evolution of aerosol chemical and physical propertiegxisting between air quality and climatic change on both a
as they are emitted from their source and diluted into regionalocal and regional scale. As part of this project, two large
air masses. Some of these studies include MILAGRO (Mex-field experiments were realised in the greater Paris region in
ico City emissions, DeCarlo et al., 2008), SOAR-1 (southernsummer 2009 and winter 2010. Freutel et al. (2013), Crippa
California, Docherty et al., 2011), and the EM25 campaign inet al. (2013a) and Healy et al. (2012) described the chemi-
London, UK (McMeeking et al., 2012). Each of these stud- cal composition of aerosol particles measured at the ground-
ies included a combination of several measurement sites sitsased sites during the summer and winter campaigns, respec-
uated at different distances from the centre of the city as weltively. Here we discuss airborne measurements of the main
as mobile (airborne or vehicle) measurement platforms. Mo-chemical constituents of PMwithin the city plume. Local
bile measurement platforms provide a unique insight into theand regional contributions to the major chemical constituents
changes in the chemical and physical properties over bottof PM; are discussed together with back trajectory air-mass
horizontal and vertical scales. analysis and are compared with variations in the concentra-
Results arising from these studies show large variations irtion of volatile organic compounds (VOC) and other gas-
particle composition as air masses move away from the cityphase species.
centre and are mixed with background air. In general, high
concentrations of organic and nitrate aerosol particles are
measured within the centre of the plume and sulfate concen2 Materials and methods
trations increase further from the city when the urban plume
mixes with regional air masses (DeCarlo et al., 2008). The2.1 ATR-42 aircraft
majority of these studies also show that there are rapid in-
creases in the formation of secondary organic aerosol (SOARAIl measurements were performed aboard the ATR-42, a
as the air mass leaves the urban area (Volkamer et al., 200€rench national research aircraft run by SAFIRE (French
Kleinman et al., 2008; DeCarlo et al., 2010). Although re- aircraft service for environmental research). The ATR-42
cent studies show that it is possible to theoretically predictwas equipped to perform measurements of particles and gas-
the mass concentration and temporal evolution of SOA meaphase species as well as cloud droplet size distribution. The
sured in the atmosphere (Hodzic et al., 2010), there is stilidifferent meteorological variables measured included tem-
a high degree of uncertainty in understanding SOA forma-perature, dew point temperature, pressure, turbulence, rel-
tion mechanisms. Field measurements in different geographative humidity, wind speed, and direction. Aerosol parti-
ical areas are essential to improve our understanding of howle species were sampled through a forward-facing inlet in-
aerosol particles are formed and processed in the atmosphergtalled in place of a side window of the aircraft. This was an
With a population of about 11.6 million inhabitants (about isokinetic and isoaxial inlet with a 50 % sampling efficiency
20% of the French population), greater Paris (France) idor particles with a diameter of 4.5um. The inlet was com-
among the most populated megacities in Europe. Due to itposed of an outer sleeve for channelling air and a tube radius
favourable geographical situation (far from other big Euro- of curvature high enough to limit losses during transport of
pean cities and influenced very often by clean oceanic aiparticles (Crumeyrolle et al., 2008). Before aerosol particles
masses), it is a good candidate for investigating the build-upvere sampled by the compact time-of-flight aerosol mass
of the urban contribution to the regional air pollution burden. spectrometer (C-ToF-AMS), they passed through a pressure
In recent years, there have been increases in air quality studzontrolled inlet (PCI). The PCIl ensured a constant pressure at
ies within the Paris region using both measurement and modthe inlet of the C-ToF-AMS +{ 400 hPa), avoiding pressure
elling tools (Sciare et al., 2010; Hodzic et al., 2005; Zhang etchanges to the aerodynamic inlet of the C-ToF-AMS during
al., 2013). Important conclusions of these studies include thairborne sampling (Bahreini et al., 2008). The aerodynamic
need for size-resolved composition measurements of M lens of the C-ToF-AMS is reported to have a 100 % trans-
aerosol, as well as the need for vertical measurements afission efficiency between 80 nm and 500 nm when using
aerosol species. Particulate mass of fine aerosols has been100 um orifice at 1016 mBarr (Liu et al., 2007). Bahreini
continuously monitored at several sites within greater Pariset al. (2008) illustrated when using a PCI betweed00
for alImost 8 yr by the local air quality network (AIRPARIF). and 654 hPa mbarr (assuming that ambient pressure is greater
However, dedicated measurements of aerosol composition ithan that of the PCI) with an orifice > 100 um that the trans-
the urban plume have never been performed. mission efficiency of the lens is not changed. Bahreini et
The FP7/MEGAPOLI project (Megacities: Emissions, ur- al. (2008) tried a number of different critical orifices rang-
ban, regional and Global Atmospheric POLIlution and cli- ing from 120 um up to 180 um; an orifice of 130 um diameter
mate effects, and Integrated tools for assessment and mitiwas used in this study. Data acquired from the C-ToF-AMS
gation, 2008 to 2011) is aimed at improving the understand-as well as all other measurements aboard are corrected to
ing of the impact of megacities on air quality on a local, re- temperature+{ 22°C) and pressure (950 hPa) of the plane.
gional, and global scale (Baklonov et al., 2010). It addition-  For black carbon (BC) measurements, a particle soot ab-
ally aims to improve our understanding of the relationshipssorption photometer (Radiance rese&¢RSAP) measured
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the particle absorption coefficient. The sampling flow rate offormed during each flight. The resolved mass concentrations
the PSAP was- 1.2 L min~L. Instrument time resolution of included nitrate (N@), sulfate (SQ), ammonium (NH),
the PSAP was <10s. Light absorption coefficient was cor-organics (Org), and chloride (Chl) species. lonization effi-
rected according to the Bond et al. (1999) method. Filtersciency (IE) calibrations, using ammonium nitrate, were made
were changed prior to each flight to ensure that transmisafter each research flight, giving IE values of 220.5x 10~/
sion efficiency was greater than 80 %. Black carbon con-for nitrate.
centration were calculated using the light absorption coef- The calculation of quantitative mass concentrations from
ficient at 650 nm and a mass specific absorption coefficienthe C-ToF-AMS mass spectra requires that a collection ef-
of Opc =6.6m2g~L. This calculation was done in accor- ficiency (CE) be applied to the data. The CE is defined as
dance with conclusions from a workshop (EUSAAR 2007) the fraction of the particle mass that is measured by the C-
on the comparison of different measurements of absorptiorToF-AMS, relative to what would have been measured if all
coefficient, and with the assumption that BC always interactsarticles were spherical and particle bounce was negligible.
the same way with light whatever the BC particle’s size. It Recently it has been demonstrated that particles containing
has been illustrated in several studies that the majority of BChigh ammonium nitrate concentrations are more efficiently
mass is measured in the submicron size mode (Sellegri et alsampled by the C-ToF-AMS than other inorganic and or-
2003). ganic species (Middlebrook et al., 2011). It is therefore rec-
A scanning mobility particle sizer (SMPS) measured theommended that a composition-dependent CE be applied to
mobility diameter of aerosol particles from 30 to 500 nm with the data (Eq. 1):
a resolution of 84 s. The total number concentration mea-
sured by the SMPS was compared with that of the CPC td=Edry = Max(0.5,0.264+0.943x ANMF), @)
ensure that the two instruments were coherent for compariz, \vhich a constant CE of 0.5 is used for ammonium ni-

son with the C-ToF-AMS. trate mass fraction (ANMFX 0.25 and a linear CE increase
There was no impactor placed upstream of the PSAP, CP%p to 1 for ANMF >0.25 (Freney et al., 2011) (GEL for

or C-ToF-AMS; however, given the length of tubing and the ANMF =1). A CE for aerosol acidity is not included in
presence of several bends in the sampling line, the 50 % saMpis study since the ratio of the NHmeasured (Nieas)

pIing efficiency for aerosol particles was calculated to be ap-by the C-ToF-AMS to the Nii predicted (NHprep) (the
proximately 2.5 um (McFarland et al., 1997). amount of NH, necessary to neutralize the measured;,SO
NOs, and Chl) was always between 0.77 and 0.82. In Mid-
dlebrook et al. (2012), a CE for aerosol acidity was included

. only when the ratio of Niaveas/ NHaprep was <0.73. In

In order to determine the transport pathways of the aerosoljer (o validate our chosen CE, we compared the total mass
particles prior to arriving along the flight track (700m), qncentrations of aerosol particles sampled by the C-ToF-
the HYbrid Single-Particle Lagrangian Integrated Trajec- AMS and BC with that sampled by a scanning mobility par-
tory (HYSPLIT) model was used (Draxler and Hess, 1998;i.\0 gjzer (SMPS). The SMPS number concentrations were
Draxler and Rolph, 2013). Air mass backward trajectories, arted to mass concentrations using an average density
were calculated for the arrival pressure level of 950 hPaOf 1.8gcnr3 for all aerosol particles. Comparing the total

and were calculated every six hours, the first starting at,,<s concentration measured by the C-ToF-AMS and BC
00:00UTC time. Air masses were followed 72 h backwards¢,. 4| research flights with the corresponding SMPS mea-

in one-hour time steps. Figure 1 shows examples of traJeCto'surements, we obtain a correlation with an averdgend

ries calculated for four flights. The map of Europe is Sep'slope of 0.78£ 0.13 and 0.7% 0.15, respectively (Fig. S1).
arated into grid squares with a 0.%esolution. Each grid

square is coloured by the amount of time that the air mas®. 3.1 PMF analysis
spent in that area.

2.2 Back trajectory analysis

Positive matrix factorization (PMF) (Paatero and Tapper,
2.3 Aerosol chemistry measurements 1994; Paatero, 1997) was performed with the PMF2 software

package (P. Paatero, University of Helsinki, Finland) and the
The chemical composition and mass concentration of the®MF analysis and evaluation tool (Ulbrich et al., 2009). PMF
non-refractory submicron particulate matter (NR-PMvas  is a statistical technique which separates the ensemble or-
measured with an Aerodyne C-ToF-AMS with a time resolu- ganic mass spectral time serie§ (nto a linear combination
tion of 36 s (Drewnick et al., 2005; Canagaratna et al., 2007) of a set of factor profilesK) and their time-dependant inten-
In order to extract chemically resolved mass concentrationsities (G) (Paatero and Tapper, 1994; Paatero, 1997). PMF
of individual species, the C-ToF-AMS raw data were eval- is therefore described by the matrix equatir= GF + E,
uated using the standard fragmentation table (Allan et al.whereE is the residual matrix and is defined as the difference
2004). Adjustments to the fragmentation table were madebetween the data matrix and the fitted solution (introduced by
based on particle-free measurement periods that were pet-anz et al., 2007 for AMS (aerosol mass spectra) data). Each
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of these classes of mass spectra generally represents differemtrogen species into NO. Additional details of the MONA
sources of organic aerosols. The error matrix calculated usingnstrument are supplied in the Supplement.

the Squirrel software (version 1.51) was adjusted following A high sensitivity proton-transfer-reaction mass spectrom-
the recommendations of Paatero and Hopke (2003). A minieter (PTR-MS) from lonicon Analytik (Innsbruck, Aus-
mum error of 1 ion was applied throughout tkenatrix, and  tria), providing measurements on the volatile organic car-
the organic peaks calculated as the fraction of thg“(t@ bon (VOC) in the atmosphere, was redesigned to fit in an
(m/z 44, 18, 17, and 16) were down-weighted, as describedATR-42 rack to meet aircraft safety rules. This was the first
in Ulbrich et al. (2009). In addition, several/z values were  deployment of the instrument on board the ATR-42. Typi-
removed due to either lown/z 19 and 20) or high#/z cal background counts for aromatics were between 0.8 and
29) signal. The number of PMF factors was determined by10 countss. Detection limits, defined as therlvariabil-
analysing the correlations of the temporal variations of eachity in the background mixing ratios, were between 0.070 ppb
resolved organic species with external tracers (including COand 0.150 ppb for a 2 s dwell time. A scheme of the PTR-MS
O3, NOy, SO, NO;, and scﬁ—) and with reference mass configuration and operating conditions, including calibration
spectra. Reference mass spectra were taken from the AM§Brotocols on board, are provided in Borbon et al. (2013).
databaseh(ttp://cires.colorado.edu/jimenez-group/AMSsd/

2.4 Determination of plume boundaries and 3 Results and discussion

background values

A total of 8 research flights (RFs) with reliable C-ToF-AMS

Black carbon (BC) concentrations are used to define thaneasurements were available aboard the ATR-42 from 13 to
plume boundaries during each research flight (RF) (Figs. 229 July 2009 as part of the MEGAPOLI experiment. The
and S3a). The background value of BC was determinediight trajectory consisted of a loop around the Paris metropo-
from the lowest values of Org/BC ratio-(0.5ugnT3 in lis area and then a series of horizontal transects over the
Fig. S4c). The background BC mass concentration rangeglume for a distance up to 200 km and at altitudes less than
from 0.1 to 0.6pgm?3. This value was then confirmed 700m above sea level. RFs were carried out in the northern,
based on up-wind BC mass concentrations (Fig. S4a). Plum@ortheastern, and eastern direction from the centre of Paris,
boundaries were defined as when the difference in BCdepending on the wind directions. The aim of this flight plan
above background ABC) was >0.15ugnT3. However, was to measure the urban plume at several distances and
since background mass concentrations of BC varied betweeat an increasing oxidation time as it was leaving the Paris
flights, each flight was classified independently. For all RF,metropolitan area. PTR-MS data were available for a total of
the ABC within the urban plume was observed to vary from four flights and NQ/NOy measurements were available for
0.15 to 0.58ugm?3, with lowest values measured during five RFs. A list of all measurements aboard the ATR-42 for
eastern flights and highest during northern flights. each research flight is presented in Table S1.

Similar procedures were performed for organic aerosols In Freutel et al. (2013), air masses were classified into
(OA) and CO concentrations. Care needs to be taken in definthree categories: Central Europe, Atlantic polluted, and At-
ing the background values in order to calculate accurate valtantic clean. In this work, research flights only took place
ues of AOA/ ACO or AOA/ ABC (Sect. 3.3.2). Subtracting  during “Atlantic polluted” or “Atlantic clean” periods. At-
incorrect background values can skew these ratios to eithefantic polluted were generally classified as air masses that

very large or very small values. had spent more time over land and correspond to flights N16,
N21, and N29. Average temperature measured on the ground
2.5 Gas-phase measurements during these meteorological events weré €2t 4°C for At-

lantic polluted and 18C 4 3°C for Atlantic clean. Similar
CO and Q were sampled through a rear-facing 1/4 inch differences in ambient temperatures were measured aboard
Teflon tube and were measured using infra-red and ultrathe aircraft with 2PC+0.89°C for northern sector flights
violet analysers (Thermal-environmental instruments), re-(Atlantic polluted) and 17C40.5°C for eastern sector
spectively (Nedelec et al., 2003). NO and pere sampled  flights (Atlantic clean).
through a separate rear-facing pressure controlled inlet at a
305 time resolution and measured using the MONA (Mea-3.1 General results for particle- and gas-phase
surement of Nitrogen on Aircraft) instrument based on ozone compositions
chemiluminescence and developed by the Laboratoire In-
teruniversitaire des Systémes Atmosphériques (LISA), ParisMeasurements of gas-phase species showed sharp increases
NOy measurements were performed using a separate heatéa NO and NQ concentrations within the plume boundaries
(60°C) sampling line to avoid any loss of nitric acid. The for each RF. Similar but less pronounced increases were ob-
air then passed through a gold converter (8 mm gold-coatederved for CO. Ozone concentrations within the plume grad-
inox tube) heated to 20@ with Hy as a reagent to convert ually increased with increasing distance from the city. Within
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northeastern flights (NE28) were classified as highly pol-
luted with highest average PMnass concentrations within
the plume (6.3:3.3ugn3) and highest fractions of or-
ganic aerosol (>50%) (Figs. 2, 3). Air masses sampled
during northern flights arrived from a southerly direction
and spent the majority of time over land. During northern
flights, wind speeds measured downtown of Paris (site) at
40m and 200 m using a mast were 3#8.53ms! and
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ZZ - 02§ P25 and E25) (Table 1). Eastern flights had similar contributions
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Fig. 1. Air mass backward trajectories calculated using HYSPLIT tht'gnmf?“ﬂ; ?:;éids\ll.eﬁ; d rt10 ;2? apaélrz rsglqga Lsov;(zrdsoclx-f
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in the HYSPLIT model. Colour scale is used to indicate the log of 4.6+0.9ms " at40m and 7.54 1.8 ms ™ at 200 m. These

the number of back trajectories that pass over a given area (pixel) oPPServations are similar to those made at the ground-based
0.5° x 0.5°. sites (Freutel et al., 2013), where the highest mass concentra-
tions were measured when air masses arrived from the con-
tinent with lower wind speeds. Lower mass concentrations
were measured when air masses arrived from the Atlantic
with higher wind speeds. Higher wind speeds lead to greater
dilution of primary species such as BC, HOA, and NO

We calculated the difference between the background
NO + O3 — NOy + O,. @) PM; mass concentrations (C—.ToF—AMS and BC_:) and the in-

plume PM mass concentrations for all species (Table 2)

Measured gas-phase species (NQOy) are used as aproxy in order to determine the composition of the Paris urban
for the photochemical age of the air masses around Parigplume corrected for the background aerogdCy). The plume
In general, lower values oflog(NOy/NOy) represent air composition was characterized by high fractions of organ-
masses closer to the source and as the air mass becomies (N=48 %, E/NE= 54 %), BC (N=22 %, E/NE= 15 %),
more aged—log(NO,/NOy) approaches 1 (e.g. Kleinman NO3 (N =17 %, E/NE= 19 %). As will be discussed in more
et al., 2008). During the MEGAPOLI experiment, aircraft detail in Sect. 3.2, the organic aerosols were made up of
measurements were made within 200 km from the centre othree different types of organic species, a low-volatile oxi-
Paris, resulting in plume concentrations-dbg(NOy / NOy) dized organic aerosol (LV-OOA), a semi-volatile oxidized or-
that only varied between 0.04 and 0.7. Other airborne studganic aerosol (SV-OOA), and a hydrocarbon organic aerosol
ies (MILAGRO) measured up to 600km from the source (HOA). For N flights, organics were composed of 34 % LV-
area and the subsequenlog(NOx/NOy) ranged from 0.1  OOA, 27 % SV-OOA, and 39 % HOA, and for E flights, 33 %
to 1 (DeCarlo et al., 2008). Photochemistry within both ParisLV-OOA, 33 % SV-OO0A, and 34 % HOA. The contributions
and Mexico City are thought to be VOC limited (Song et of SO4 were more important during E flights (20 %) than N
al., 2010; Deguillaume et al., 2008). VOC measurementdlights (6 %).
show increases in measured concentrations of anthropogenic In several RFs the measured mass concentrations gf SO
marker peaks (Toluene, Benzene, C8-aromatics) within theparticles were higher on the northern sector outside of the
urban plume. However, biogenic marker peaks (isoprene) digplume than inside of the plume (Figs. 3, 4). Air mass trans-
not show peaks within the plume (Fig. S4). More details onport patterns show that these days had air masses that ar-
the airborne VOC measurements during MEGAPOLI are de-rived from the west, spending several days over the sea be-
scribed in Borbon et al. (2012). fore arriving in Paris (Fig. 1). This type of air mass likely

RFs were classified based on flight direction. Measuredaccumulated high concentrations of marine aerosol parti-
PM; mass concentrations (mass concentration measured kgles as well as emissions from the shipping channel. This is
the C-ToF-AMS and BC mass concentrations) during eachin agreement with ground-based measurements whege SO
research flight were strongly dependent on the air mass traaerosol often correlated with a marine organic aerosol com-
jectory and the air mass residence time over land. Four oponent, suggesting that a large source of aerosol sulfate was
the northern flights (N13, N16, N21, N29) and one of the from an oceanic source (Crippa et al., 2013b). However,

the centre of the plume where NO, NGnd NG concentra-
tions were highest, there were decreasesgr@centration
(Fig. 2b), showing that @was being rapidly consumed in
the reaction:

www.atmos-chem-phys.net/14/1397/2014/ Atmos. Chem. Phys., 14, 13972 2014
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Fig. 2. An overview of aerosol gas and particle composition measured during(B)ZBime series of AMS particle composition and BC (in
black). (b) Time series of gas-phase measuremgp)s?MF analysis of the organic aerosol mass spectra with BC(dnidicrease in the
normalized organic aerosol mass concentration as a function of photochemical age.

Table 1. Research flight (RF) number, date and principal measurements available during each flight. Total aerosol concentrations inside and
outside the urban plume, and percentage of organic contribution and mass concentrations of BC measured within the plume.

RF Date Mass concentration OA% BC Flight Flight
Plume Background (Mg ™) sector classification
28 13/07/09 3.36 2.69 47 0.54 N N13
29 15/07/09 3.21 241 40 0.28 NE NE15
30 16/07/09 5.85 4.37 55 0.79 N N16
31 20/07/09 7.34 6.61 45 0.4 E E20
32 21/07/09 10.9 8.8 75 1.04 N N21
33 25/07/09 4.18 3.16 33 0.28 E E25
35 28/07/09 6.93 4.52 55 0.62 NE NE28
36 29/07/09 3.02 2.89 65 0.94 N N29
during airborne measurements these, 3ass concentra- In the atmosphere, ¥$O, is formed principally in the

tions were observed to decrease as soon as the aircraft eliquid phase but also in the gas phase through the reac-
countered the urban plume, and when organic, nitrate, antion of SQ with OH (Eg. 3). HNQ is formed through

BC aerosols began to increase. In order to illustrate this moreeaction of NQ with OH (Eq. 4). These reactions have
clearly, we included plots of SOand Org mass concentra- very different reaction rates, with the reaction of NO
tions as a function of longitude (Fig. 4c concentration vs.with OH (1x 10-1cm®molecules's™1) being an or-
longitude) and latitude (Fig. 4f latitude vs. concentration). der of magnitude higher than that of 3Gr OH (1x
Backward trajectories calculated for several points along thel0~2cm3 molecules®s™1) (Atkinson and Arey, 2003).
flight track suggest that all air masses arrived from the samé&/OCs present in the atmosphere can also be oxidized by
source. Other possible explanations could be sulphate forma®@H, with some of these species, such as large saturated or-
tion through secondary processes from anthropogenic SOganics, being oxidized by the same order of magnitude as
arriving from Le Havre (the nearby shipping port), which NO» (Atkinson and Arey, 2003). Therefore, VOCs and NO
might have resulted in a higher background ofs;S@rosol  within the plume would possibly compete with 3@r the
particles. Another possibility is that there were competing

processes within the plume that favoured the formation of

particulate organic and N§bver SQ.
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Table 2. Particle compositions inside and outside of the plume. All concentrations are iffig m

Date OA SQ NHg4 NO3 Chl Classification
In  Out In  Out In  Out In Out In Out
13/07/09 249 154 096 122 053 056 043 0.217 <0.01 0.01 N13
15/07/09 1.35 0.74 1.13 1.09 0.44 0.42 0.27 0.14 <0.01 0.02 NE15
16/07/09 3.24 241 142 123 0.65 0.48 0.54 0.23 0.21 0.01 N1i6
20/07/09 1.75 134 1.14 127 048 052 0.29 0.17 0.01 0.01 EZ20
21/07/09 842 649 118 135 0.64 059 0.70 0.39 0.02 0.01 N21
25/07/09 1.16 0.76 2.00 163 0.74 0.61 0.28 0.15 0.01 0.01 EZ25
28/07/09 358 237 142 128 087 057 1.05 0.30 0.02 <0.01 NE28
29/07/09 197 190 047 048 0.28 0.27 0.31 0.23 0.01 <0.01 N29
I L B 2 N13 2\ N21
. S04 NHs . BC 15 15
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Fig. 3. The left-hand side of the figure shows the aerosol composition measured inside and outside of the plume during each research flight.
On the right-hand side the average difference in composithdd) (between the inside and the outside of the urban plume for each flight is
shown. Error bars are thelo standard deviations.

available OH.

SO, +0OH +M — M +HOSGOG
NO; +OH*+M — M +HNO3

within the plume, itis likely that NO, N@ and VOC species

preferentially with OH to form HN@ and organic aerosol

et al., 2008), showing that at high N@oncentrations, the

www.atmos-chem-phys.net/14/1397/2014/

3)
(4)

Since SQ@ measurements were not available during the3.2 Organic aerosol particles
MEGAPOLI experiment, it is difficult to conclude which
gas-phase processes dominate within the plume. Howeveln all the N flights, organic aerosol was the particle compo-
given the high concentrations of NONO, and VOC species sition contributing up to 50 % to the total measured aerosol
mass composition. Similar to the method described by Ng et
play an important role in the gas-phase chemistry, reactingl. (2010), we plotted the contribution af/z 44 to the total
organic mass concentratiofisg) against the contribution of
particles at the expense 06HOy. This hypothesis could be m/z 43 to the total organic mass concentratigi] in a tri-
supported by observations from laboratory studies (Berndengular space for each of the N research flights (Fig. 5) and
for each of the E or NE flights (Fig. S6F44 corresponds

formation of new particles from the reaction of OH radicals
with SO, is inhibited. However, once formed,,80; is a
stronger acid than HN®and will be neutralized preferen-
tially to (NH4)2SOy.

Atmos. Chem. Phys., 14, 13972 2014
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Fig. 4. Flight tracks over the Paris region for N18, b) and E25(c, d) coloured by SQ (b, €) and OA(a, d). (c) and(f) show OA vs.
longitude and latitude vs. SQrespectively.

0.18 flight (Fig. S5). The two flights with the largest difference
0.16 were N21 and N29. These two flights were both northern
S 014 sector flights and had BC values measured within the ur-
;“3 0.12- ban plume >0.9 pug me. Both flights had a high contribu-
3 % tion of organics (> 45 %). However, N21 (O#g6.5 pg n13)
§ 0087 had considerably higher background organic mass concentra-

0.06
0.044

tions (and higherfs4 values) than N29 (Org= 1.9 ug n13).
. The contributions from inorganic aerosols were similar (av-
004 0068 008 010 012 014 erage inorganics 30%5%). The maximum photochem-
iz 43/ Total OA ical age of these flights, determined using the value of
Fig. 5. Fraction of OA44 to total OA f14) against the fraction of ~ —109(NGx/NOy), showed that the pollution measured dur-
OA 43 to total OA (f43) for N16, N21, NE28, and N29. The black ing N21 was far more aged (0.63) than during N29 (0.35).
dotted lines show boundaries set by Ng et al. (2010). Air mass back trajectories of N21 showed that the air masses
spent at least two days over SW France and Spain and likely
picked up SOA there, which resulted in a higher organic
main|y to the oxidized mass fragment (gmh”e f43 cor- aerosol baCkgrOUnd. Air masses arriVing during N29 had the
responds to a hydrocarbon fragmengl@). The black dot-  S@me origin but with a shorter continental residence time
ted lines in the figures show boundaries determined from(Fig. 1). This resulted in a lower level of background aerosol
a comparison of an ensemble of secondary organic aeros@nd a much larger contribution from urban emissions within
measurements conducted in the Northern Hemisphere (Ng étfis and therefore a much less oxidized aerosol.
al., 2010). In general, as the organic aerosol becomes more 1"€ combination of inorganic and organic aerosol mea-
aged (oxidized), thgus increases with all points approaching surements during different meteorological periods shows that
the top of the triangjle. The fraction gfs measured by the C- aerosol mass concentrations measured in Paris are strongly
ToF-AMS is always less than 0.15 but more than 0.05, whichinfluenced by regional air-mass history, as was already ob-
is characteristic of semi- to low-volatile organic species. OneS€rved from ground-based measurements (Freutel et al.,
exception to this was the N29 flight where thfgs of the 2013). However, increases in aerosol mass concentrations
aerosol was lower than the other northern flights, showingithin the plume show that anthropogenic emissions from
a much less oxidized organic aerosol. In contrast to Ng ethe centre of Paris affect the mass concentrations and com-
al. (2010), all organic aerosols (primary and secondary) ard0sition of the aerosol at least up to the distance (200 km)
included. measured during this study. The composition and evolution
Organic aerosol particles measured during each of th&f the organic aerosol is discussed in more detail in the fol-
N flights have different and isolated properties based or/OWing sections.
the f44 versus fa3 signals. The E and NE flights, however,
showed organic aerosols with similar properties for each

Atmos. Chem. Phys., 14, 1397412 2014 www.atmos-chem-phys.net/14/1397/2014/
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3.2.1 Positive matrix factorization analysis OOA species also correlated with primary marker species
BC (Pr =0.58+0.11) and toluene Pr = 0.434+0.14). The
PMF analysis was performed on the ensemble organic masisv-OOA had high contributions ofi/z 44 (fa4 = 0.32) and
spectra of all flights in order to extract different groups of or- low contributions from primary marker peaks suchrnag
ganic aerosol. The resulting solutions were evaluated with43 (f43 = 0.09) andm/z 55 (fss = 0.02). In addition, it cor-
respect to the statistical analyses and through comparisorelated well with reference mass spectra for LV-OQ#& &
with supplementary particle and gas-phase measurements. 883). Correlations with temporal evolution of $@articles
three-factor solution was chosen to best represent the organgre low. This is expected since the majority of the;3ass
mass spectra measured during the MEGAPOLI experimentis measured outside of the urban plume boundaries and a
Increasing the number of factors to four neither improvedlarge fraction of the organic aerosol is measured inside the
the weighted residual analysis nor resulted in any substandrban plume boundaries.
tial gain in the correlations of the factor time series and fac- The organic mass spectra were further explored with the
tor profiles compared to external species. (Tables S2, SIME-2 tool (Canonaco et al., 2013) by constraining the factor
S4). Different solutions were explored using the global ro- profiles of the primary species cooking and marine that has
tational tool fpeak Within a range—1 to 1. Reasonable solu- been modelled with ground-based measurements during the
tions lay in the fpeak range from—0.2 to 0.2; the solution same period of measurement (Crippa et al., 2013). However,
with fpeak= 0.2 was chosen to best represent the data. Corthe time dependence of the marine factor was not correlated
relations of the three-factor solution as a function of threewith the ground-based data and the inclusion of cooking de-
fpeak(0.2, 0, and-0.2) values are listed in Table S8/ Qexp teriorated the correlation of BC and HOA. Therefore, only
values as a function ofpeak values show lowest values for the PMF solution with three factors is considered here.
an fpeak Of 0, but only vary between 0.005 for afpeak Of
—0.2 and 0.2 (Fig. S10). More significant differences be-3.2.2 Analysis of the organic build-up within the plume
tween mass spectral correlations were observed fof,a
solution of 0.2 compared with those with gpeak0f 0 and  Several studies (Volkamer et al., 2006; Kleinman et al.,
—0.2. 2008; DeCarlo et al., 2010) have shown that the OA in-
The resolved mass spectra and correlations for the twoereases rapidly with the air mass photochemical age. Dur-
and four-factor solutions are shown in the Supplement. Theng this study the photochemical age of the air masses is
three PMF factors included a primary/hydrocarbon organicapproximated using gas-phase measurements (NOy).
aerosol (HOA), a semi-volatile oxidized organic aerosol (SV-NOx /NO, measurements were available during four RFs
OOA), and a low-volatile oxidized organic aerosol (LV- (E20, N21, NE28, N29). Among these four flights, only
OOA). The HOA made up approximately 30243% of  two (N21 and N29) had simultaneous measurements of
the resolved PMF factors. The resolved HOA mass specaerosol composition (C-ToF-AMS) and VOCs (PTR-MS)
tra had no contribution fromn/z 44 but had significant (Table S1). When using NOand NG, measurements as an
contributions fromm /z 43 (f43=0.09) and fromm/z 55 indicator of photochemical age, it is necessary to assure that
(f55 = 0.08) as well asn/z 57 (f57 = 0.03) (Figs. S7to S9) there are not multiple sources of N@missions that would
and correlated with the reference mass spectra for HOA (Ngesult in an incorrect measurement of the photochemical age.
etal., 2011); (Pearsoms(Pr) = 0.88) correlations with ref-  During the MEGAPOLI experiment, increases in NOIOx
erence mass spectra of LV-OOA and of SV-OOA are lessand other gas-phase species were only observed within the
than Pr = 0.35 and 0.78, respectively. The temporal evo- plume boundaries. It is therefore assumed that the calculated
lution of the HOA species correlated with primary particu- photochemical age is representative of urban emissions from
late and gas-phase species such as Bg=f 0.65+0.17) Paris, and that there are no nearby sources of pollution con-
and toluene Pr = 0.52+0.14). Above the city of Paris we tributing to the increases in NCand NG, observed during
might not expect to resolve a primary organic species; how-the measurement period (Figs. 2, S3).
ever, the measured contribution of the resolved HOA species Aerosol measurements are most commonly normalized
to the total aerosol mass concentration (C-ToF-AMSBC) with measurements of CO. During our measurement pe-
is 11+ 7 %, which is similar to the contributions of primary riod the difference between the background and local CO
BC particles measured in the Paris plumet(B%). At the  measurements and the absolute CO concentrations were
ground sites a cooking OA was resolved and contributed betow (<150 ppb). In Paris, background values of CO rang-
tween 10 and 30 % to the total measured OA. At altitude weing between 90 ppb and 110 ppb were measured, and in-
were unable to separate these factors, but they could possiblyreases above background ranged from 10 ppl 60 ppb,
be included within the HOA. The SV-OOA correlated with with average variations of about 25 ppb. Figures presented
reference mass spectra SV-OOA and LV-OOA (Ng et al.,in McMeeking et al. (2012) suggest background concen-
2011) (Pr = 0.78 andPr = 0.77, respectively) and had con- trations of CO varied from 100 to 120 ppb, and increases
tributions fromm/z 43 (fa3=0.13),m/z 44 (f44=0.18),  above background ranged from 20 up to 80ppb with av-
and fromm/z 55 (fss5 = 0.02) (Figs. S7 to S9). The SV- erage variations of around 30 ppb. Compared with Mexico
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City (DeCarlo et al., 2010; Kleinman et al., 2008), these val- 25, ® ALV-OOA/ABC - ® ASV-OOA/ABC @® AHOA/ABC
ues of CO andACO are low. However, compared with Lon-
don, these measurements appear to be representative of Euri 2.0 I l
pean air masses. For this reason, our initial calculations useté é
BC to normalize aerosol measurements. As noted by Park e’z |
al. (2005), BC mixed with soluble aerosol particles could be < "
susceptible to wet deposition. In good weather conditions, ' ?

wet deposition is not likely to be important and the BC con- 4 |
centration should be conserved. For this study we believe 0.0 01 02 03 04 05 06
that any decrease in BC concentration with photochemical -Log (NO,/NOy)

age of the pollution plume is a result of air mass dilution. _

Background values of Org, LV‘OOA, SV‘OOA, HOA, and Flg 6. The ratio 6:10‘) of ALV-OOA/ABC, ASV—OOA/ABC,
BC were used to calculate the increase in the organ@rg) ~ 2"d AHOA/ABC as a function of photochemical age
and BC (ABC) mass concentrations resulting from the urban(_log(NO"/Noy)'

plume.

gréﬁ%rgﬁisn?rm%ﬁgyma;g ﬁﬁ(?a’:g:)offfgf/ Eg‘é" types of aerosol sources. We first recalculate the increase in

q / h d giff b OA relative to CO rather than to BC, allowing us to compare
andANGs/ABC are then averaged over seven different Sub-y;i gther studies and to compare with the formation of sec-
sets of photochemical age ranging from 0 to >0.6 at inter-

ondary organic aerosol resulting from gas-phase precursors.

vals of 0.1. For each research flight we observe increase's_mwever Fig. 7 illustrates that, similar to theOA/ ABC
in AOA/ABC with increasing-log(NQ / NOy) (Fig. S3d). the AOA/ ACO ratio increases with photochemical age. The

In comparis_on, thek.NOS/ABC showsf litle Change as the addition of OA to the plume as a result of aging was calcu-
photochemical age increases. These increases in OA so CIO?&ed using Eq. (5):

to the source of the urban plume illustrate that OA is be-
ing formed from anthropogenic emissions from the Paris ré-(AOA/ACO)=(AOA/ACO)x)—(AOA/ACO)y) (5)
gion. These observations are in agreement with recent stud-
ies by Chirico et al. (2010) and Platt et al. (2013), who where X and Y represents the photochemical age furthest
demonstrated that SOA from diesel and gasoline vehicles aréfom the source and nearest to the source, respectively. Us-
rapidly formed. ing this Eq. (5), we calculateddOA/ ACO of 70, 69, 72,

In order to examine how the different types of OA and 65pugrppm 1 CO for N16, N20, N21, and N29 us-
change as a function of photochemical age, we compareéhg a maximum value of-log(NOx/NOy) of 0.6, 0.3, 0.7,
the three OA typesALV-OOA/ ABC, ASV-OOA/ABC, and 0.3, respectively (Table 3). Assuming that all the organic
and AHOA/ABC) with —log(NO,/NOy) values for the mass added during photochemical aging is OOA (oxidized
four flights: N16, E20, N21, and N29. The averaged ra-organic aerosol) with a carbon content, OC, we can use the
tio of ALV-OOA/ ABC and theASV-OOA/ABC for all ratio OOA/OC=2.2 ug ug C! (Zhang et al., 2004). There-
flights increase by a factor of 2.12 and 1.98, respectivelyfore, the carbon added to the aerosol phase during photo-
when the log(NOx/NOy) increased from 0.1 up to 0.6. chemical aging is 31.8, 31.3, 32.7, and 29.5 pugCppm1
The AHOA/ABC varied slightly, with an average ratio of CO for N16, N20, N21, and N29, respectively.
1.28, which is thought to be within the error of the mea- Corresponding values cANO3/ ACO give 23, 19, 10,
surements (Fig. 6). Several studies have shown that for urand 17 pg Appm 1 CO for N16, N20, N21, and N29 us-
ban HOA, evaporation is thought to occur on a timescaleing a maximum value of-log(NOx/NOy) of 0.6, 0.3, 0.7,
of minutes (Zhang and Wexler, 2004), and therefore urbarand 0.3, respectively. McMeeking et al. (2012) reported val-
HOA/(BC/CO) should not be affected by additional evap- ues varying between 20 and 30 pgppm~ CO in London.
oration. In Paris, the ratio appears to be stable, similar toThese measurements show that the formation of secondary
observations made in Mexico City (DeCarlo et al., 2008), OA is almost three times more important than the formation
where the HOA was conserved over the timescale of theof other aerosol species through secondary processes.
study ¢~ 6 h). However, as suggested by recent observations Values ofAOA/ ACO calculated from Paris emissions are
in the Mediterranean, the HOA might decrease after muchsimilar to those measured in a number of different research

1.5

@ @0

( I X°)

e

more oxidation (Hildebrandt et al., 2010). environments all over the world (Table 3), even though there
are large differences in the absolute CO values observed. de-
3.2.3 Understanding the production of OA within the Gouw and Jimenez (2009) reported enhancement ratios of
plume OA relative to CO for fresh and aged urban emissions and

stated that although there are large differences in the absolute
Similar to previous studies (Kleinman et al., 2008), we at- CO concentrations and emission properties Al@A/ ACO
tempt to apportion the increase in organic aerosol to certairdid not show significant variations (#0920 ug n¥ ppn1).
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Table 3. Comparison of the change iROA/ ACO measured in different regions.

AOA/ACO pg nr3 ppm CO

Photochemicalage N16 E20 N21 N29 Mexico Gity NEAQS 200® NEAQ/ITCT 2006 EM25Y

Near source 40 37 62 32 10 37 6.6 £
After 1 day* 98 101 133 97 73 103 70 50
Change 58 64 71 65 63 66 63 41
Absolute CO 152 138 150 150 2500 325 325~120

* For this study the photochemical age (-log(RNNOy) was maxim 0.6 for N21 and 0.3 for N29.
aKleinman et al. (2008).

b Kleinman et al. (2007). The photochemical age in these studies varies from 0.083 to 0.94.
¢ Sullivan et al. (2006) and Weber et al. (2007).

d McMeeking et al. (2012).

. 0.307 '\ dition to uncertainties associated with the determination of
& 025 ® N29 background values, it is necessary to account for different
3 0.20. g photochemical ages among the different research flights and
L7 : \ g among different studies. In New England, USA, and Mexico
7e 019 City, the photochemical ages (0g(NOx / NOy) ranged from
g 0.104 e * 0 up to 0.94; however, the maximum photochemical ages
S 0.05- ¢ measured within the plume during this study varied from low
< 0.001 ) values of 0.3 (E20 and N29) up to 0.7 (N16 and N21).
00 04 02 03 04 05 06 07 Despite uncertainties in the measurements, the similarities
-Log (NO4/NOy) within our results and those from other regions highlights the

importance of having simultaneous gas and particle phase
Fig. 7. The change in the\OA/ACO for N21 and for N29 as @ measurements available during studies in order to put the
function of photochemical age. formation and aging of secondary organic aerosol particles
in the atmosphere into the perspective of emissions.

These conclusions were also confirmed by recent London; 5 4 gources of organic aerosol particles within the
measurements (McMeeking et al., 2012). plume

In addition to variations in the sources and emissions from
region to region (Mexico City and Paris), each of the RFSA number of field studies have shown that in the atmo-
during MEGAPOLI were exposed to air masses with dif- sphere rapid increases in the formation of SOA were linked
ferent histories. RF N21 and N29 are both influenced byto the oxidation of anthropogenic VOCs (Volkamer et al.,
southerly air masses; however, the air mass for N21 spent0o6). The use of C8-aromatics/CO ratio is another proxy
long periods of time over southern France and had muchpf photochemical depletion by anthropogenic VOCs occur-
higher background OA concentrations than N29. This is alsaing within the Paris plume. Borbon et al. (2013) shows
observed in Table 3 where values 80A/ACO near the  that C8-aromatics concentrations decreased faster than CO
source and after aging are higher for N21 than for N29. Asat the timescale of the Paris plume transport compared
noted by Kleinman et al. (2008), it is not known how CO to penzene and toluene. This ratio is therefore expected
emission sources change from region to region and thereforgy decrease as photochemical agelog(NO,/NOy) in-
the AOA/ACO pgn?ppn! CO may not be comparable creases, as revealed by the RGB colouring in Fig. S3d for
between studies. However, Table 3 shows that the abSOlUtﬂ'ie ratio of C8-aromatics/CO. This pattern together with
concentrations of CO emissions do not have an impact ofmeasurements showing increases in typical anthropogenic
the production of OA per unit of CO. VOC markers peaks within the plume:(z 93 (Toluene)

As already mentioned in Sect. 2.3, care must be takemToluene yve/ Toluengxg = 109+ 40%,m/z 79 (Ben-
when defining background values of OA and CO. For eX-zene) 90t 40% ABenzene yve/Benzengkg, Fig. Sb)
ample, for E16, the background value of CO was chosen tayggests that anthropogenic VOC emissions are most
be 87 ppb. This was calculated by averaging CO measuretikely contributing to the formation of SOA within the
ments outside of the plume, in the same way as was dongjume. Biogenic marker peaks, such as isoprene, did not
for BC and OA (Sect. 23) If we increase this background tOshow Significant increases within the p|ume (F|g 85)
97 ppb, theAOA/ACO ugnT3ppnit CO increases from  (Alsopreng; uwe / Isoprengks = —5+ 5 %).

70 to 110. If the background CO is decreased to 77 ppb,
the AOA/ ACO pg 3 ppm 1 CO decreases to 34. In ad-
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Using the available VOC measurements, we attempt to esgas-phase species as urban emissions leave Paris. Each RF
timate the yield of OA that would be produced from the avail- was performed over a relatively small geographical area
able gas-phase precursors using Eq. (6) for N21 and N29: (<200 km), allowing rapid changes in aerosol mass concen-

tration to be monitored.
(A_OA> predicted= (Z)’i - AVOCG; ) . (6) Similar to observati(_)ns made _by Freutel et al. (201_3), we

ACO ACO observe that largest differences in aerosol concentration and
BC levels are related mainly to air-mass origin. Air masses

VOC; corresponds to the efiCh VOC speciés used. To that had spent the most time over land had higher levels of
calculate the aerosol formation from benzene, toluene, C8-

: . . BC, organic, and nitrate concentrations than westerly air-
aromatics, and C9-aromatics, we used the yiejglsfor low masses that had spent less time over land. The composition
concentrations of both NQOand Ahydrocarbons AHC) de- P ' P

: : . of the urban plumeAC) can be described by high contri-
termined _by Ng et_ al. _(2007) (Ta_lble S4). Biogenic VQCS butions of organic (N= 48 %, E/NE= 54 %), BC (N 22 %,
were not included in this calculation. The calculated yields

— 0, — 0, 0, I
result in 80+ 3 ppbC per ppm CO and 32433.2 ppbC per E/NE=15%), and N@ (N =17 %, E/NE= 19 %) particles.

ppm CO for N21 and N29, respectively. Predicted values Organic aerosol particles normalized to BC increased

) s a function of photochemical age. The plotted ratios of
are higher than the 65.4 ppbC per ppm measured for Nzg 3 3
(Sect. 3.2.3) and represent 54 % of the measured 59 ppb MF resolved OA LLV-OOA/ABC, ASV-OOA/ABC,

. . and AHOA/ABC) as a function of photochemical age
per ppm for N29. Higher values in N21 may be related to the : ! :
sparse data points (70 % availability) for N21 compared to( log(NG,/NOy)) show that increases in OA are dominated

N29 (100 % availability). The yields{) used in this study by secondary OA species. As described in Sec.t. 3, the verti-
. » " cal temperature gradient between the ground sites and that of
are determined under laboratory conditions. In addition to

. the aircraft were small; for this reason we do not believe that
NOx levels, the yieldsy;) are also dependent on concentra- . :
. . C . we can make any conclusions on the impact of temperature
tions of total organic carbon, which is usually much higher :
in laboratory studies than under ambient conditions ThereOn the formation of SV-O0A vs. LV-OOA.
M i At their ground-based site, Freutel et al. (2013) did not

fore, the estimation of the SOA yields provides a sense of the

L : . Observe a significant increase in OOA between the three dif-
potential impact of anthropogenic VOCs on SOA production . S .
s . ferent measurement sites within Paris and concluded that the
within the plume. If we calculate the amount of OA in the

plume using the high NQyields reported in Ng et al. (2007), ”?alo”ty ofthe OOA emissions were I_mk_ed t(.) re_g|onal emis-
- . . sions rather than local emissions. Similar findings were re-
similar to those used by Kleinman et al. (2008), our esti-

) ported during the REPARTEE (Harrison et al., 2012) and
mated yield of AOA/ACO drops to 23 and 9.7 ppbC per . . .
ppm CO, representing only 35% and 48 % of the mea- the EM25 (McMeeking et al., 2012) experiments in London.

suredAOA/ ACO. This may partly explain why such a small ;'OZV?::;S;?E dl r;:brszfde tﬁ%{?i?zoavglweﬁh;stizrgi?slcirin
fraction of the organic mass was accounted for by an'[hrO'MQiLAGRO demonstrates that it is r;ecessar to take into ac-g
pogenic VOCs in Kleinman et al. (2008) and demonstrates ' y

the importance of improving our knowledge of secondary Or_count a larger geographical area when assessing the forma-

anic aerosol formation processes through controlled Iaborat-ion of SOA from urban emissions.
9 b 9 The magnitude of the increageOA/ ACO as a function

tory measurements. For this calculation, we only consider the f photochemical age measured during MEGAPOLI is simi-

available on board measurements of benzene, toluene, C8- . . ; )
. : : OIar for flights exposed to air masses with different source re-
aromatics and C9-aromatics. Nevertheless, aromatics would.

. ) ons and compares well with equivalent measurements from
represent the major SOA anthropogenic precursors compare o . . )
: . .. other studies in London, Mexico City and in New England,
to organic compounds of lower volatility, as shown by Ait-

Helal et al. (2014) in suburban Paris from ground-based meal—JSA' These results co.nf|rm previous ob.servanons.of Klelm
: . : . . man et al. (2008), stating that aerosol yields remain similar
surements. Since biogenic VOC emissions (isoprene) were :
- o : . regardless of the level of pollution.
similar within and outside of the Paris urban plume, we do Simultaneous AMS, NO/NO, and VOC measurements
not believe that biogenic VOC had a strong impact on the for- ' Oy

mation of secondary OA. However, biogenic VOC emissionsWere ava|lab_le during two research flights. By using major
. . o anthropogenic SOA precursors (C6—C9 aromatics) and their
may still play a role in secondary OA formation in the plume

. . . X corresponding organic aerosol formation yields reported for

through |-nter§1'ct|ons with anthropogenic VOCs (Spracklen etlow N(gx condqitior?s, we were able to predinISO% gf the

al., 2011; Shilling et al., 2013). ) : ; : .
organic aerosol measured in the plume. This value is consis-
tent with studies using a similar approach in urban environ-

4  Summary ments, including Paris (de Gouw et al., 2005; Ait-Helal et al.,
2014). However, since a significant fraction of SOA remains

Measurements made aboard the ATR-42 during theunexplained, predicting its formation remains a challenge for

MEGAPOLI experiment in July 2009 have allowed us to future research.

study the composition and evolution of aerosol particle- and

Atmos. Chem. Phys., 14, 1397412 2014 www.atmos-chem-phys.net/14/1397/2014/
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