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Abstract

Measurements of gaseous and particulate organibowawere performed during the
MEGAPOLI experiments, in July 2009 and January-kabr2010, at the SIRTA
observatory in sub-urban Paris. Measurements cemprimary and secondary volatile
organic compounds (VOCSs), of both anthropogenic laindenic origins, including &-Cie
n-alkanes of intermediate volatility (IVOCs), suspetto be efficient precursors of secondary
organic aerosol (SOA). The time series of gaseauson are generally consistent with times
series of particulate organic carbon at regionalesand are clearly affected by meteorology
and air mass origin. Concentration levels of amgbgenic VOCs in urban and sub-urban
Paris were surprisingly low (2-963 ppt) comparedtteer megacities worldwide and to rural
continental sites. Urban enhancement ratios ofraptigenic VOC pairs agree well between
the urban and sub-urban Paris sites, showing thienal extent of anthropogenic sources of
similar composition. Contrary to other primary aofpogenic VOCs (aromatics and alkanes),
IVOCs showed lower concentrations in winter (<5)p@dmpared to summer (13-27 ppt).
which cannot be explained by the gas-particle fpaning theory. Higher concentrations of
most oxygenated VOCs in winter (18-5984 ppt) sugg#seir dominant primary
anthropogenic origin. The respective role of priynanthropogenic gaseous compounds in
regional SOA formation was investigated by estingathe SOA mass concentration expected
from the anthropogenic VOCs and IVOCs (I/VOCs) nueeg at SIRTA. From an integrated
approach based on emission ratios and SOA yiekf% & the SOA measured at SIRTA is
explained by the measured concentrations of I/V@ith a 2% contribution by G-Cis n-
alkanes IVOCs. From results of an alternative tnemnlved approach, the average IVOCs
contribution to SOA formation is estimated to be ,7%hich is half of the average
contribution of the traditional aromatic compour{@l$%). Both approaches, which are based
on in-situ observations of particular 1/VOCs, engikha the importance of the intermediate
volatility compounds in the SOA formation, and sagpprevious results from chamber
experiments and modeling studies. They also suppbeneed to make systematic the IVOCs

speciated measurement during field campaigns.
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1 Introduction

Since 1950, the number of people living in urbagaarhas steadily increased. According to
the United Nations, the urban population has risem 30% to 50% of the world population
within 50 years, and it will reach about 70% in @Q®nited Nations, 2012). This intensive
urbanization led to the development of numerousaciéigs, defined as urban centers with at
least 10 million of inhabitants. If a high poputatidensity characterizes a megacity, they are
also defined by their anthropogenic activities mhace not different from other urban centers
but more intense; larger amounts of atmospherilutawits are emitted in megacities. Among
them, there are the Volatile Organic Compounds (¥D@e emissions of which are diverse
including both anthropogenic and biogenic sourdesurban areas like megacities, where
industrialization and traffic are important (Molirend Molina, 2004), VOCs are mainly
emitted by primary anthropogenic sources (Gros let 2007). Once emitted into the
atmosphere, primary VOCs can be photolyzed or/adized by atmospheric oxidants like
the hydroxyl radical (OH), the nitrate radical (jJ@r ozone (@), and then, other VOCs are
produced (Atkinson and Arey, 2003). These newlydpoed VOCs or secondary VOCSs,
generally oxygenated (OVOC), can themselves unddugther reactions and produce
different oxidants as by-products, including ozddenkin and Hayman, 1999; Tanaka et al.,
2003), whose adverse effects on climate and pemgewell-known (Heiden et al., 1999;
Wildt et al., 2003; Filleul et al., 2006).

VOCs in megacities have been widely studied in {best. Their ambient
concentrations have been commonly explored (Barlettal.,, 2002; Khoder, 2007), but
numerous studies mainly focused on traffic emissiBaumbach et al., 1995; Colo6n et al.,
2001; Barletta et al., 2002; Srivastava et al.,520@artins et al., 2007; Khillare et al., 2008;
Majumdar et al., 2008). VOC emissions by other sesi(solvent uses, gasoline evaporation,
gas leakage, etc.) were also investigated, espethabugh source apportionment studies
(Srivastava, 2004; Lanz et al., 2008; Bon et &112 Gaimoz et al., 2011). As for biogenic
VOCs, even though their emissions are not as stiongban areas, their study remains of
great importance in such areas since they can ibatdrto the formation of secondary
gaseous pollutants, including ozone (Chameides.,e1@88; Shao et al., 2000; Duan et al.,
2008; Ran et al., 2011).
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Oxidation of VOCs leads to the formation of othesgous compounds. Also, organic
aerosols (OA) can result from these reactions (Kiaoa et al., 2005; Hallquist et al., 2009).
Just like VOCs, organic aerosols can be directlyttethinto the atmosphere - they are then
called primary organic aerosol particles (POA)thmy can be formed from VOC precursors,
whose oxidation products are partitioned betweerptirticulate and the gaseous phases; they
are then defined as secondary organic aerosotlga(SOA) (Odum et al., 1997; Kanakidou
et al., 2005). In either of the two phases, songarc pollutants are known to be harmful to
people, threatening their health (Magill, 1949; RKeny et al., 1993; Finkelstein et al., 2004;
Kappos et al., 2004; Anderson, 2009). They alsg pleole in the climate change, impacting
the visibility and Earth’s radiation balance (Patlal., 2003; Kanakidou et al., 2005).

Important uncertainties concerning the sourcesn&tion and fate of the organic
aerosol particles are still to be addressed. Irrotd fill gaps in the knowledge of aerosols,
and especially of secondary aerosols, one need®lyoon chamber experiments, field
measurements and modelling. Chamber experimentsvedl the study of SOA vyields,
resulting from the oxidation of individual VOCs. \#&eal classes of species have been
identified as important SOA precursors, in parécuterpenes and aromatic compounds
(Seinfeld and Pandis, 1998; Lee et al., 2006a; tN\gJ. £2007a, 2007b). Combined with these
SOA vyields, field measurements of both VOCs andawigy aerosols have permitted the
evaluation of the effective contribution of the ma@ed VOCs to the observed SOA (de
Gouw et al., 2005, 2008). Finally, predictive madeave been developed from observations
in the field and in the laboratory. In urban aresstimations using these models often led to a
large underestimation of observed SOA: de Gouw.e2808) explained only 37% of the
measured SOA in New England, USA, while Volkameale{2006)underestimated observed
SOA by a factor of 10 by using a gas-patrticle piarting model. This discrepancy increased
downwind of the sources, and a factor of up to d@@ld be reached in remote areas (Heald et
al., 2005). De Gouw et al. (2008uggested a strong role of non-measured gaseobgncar
especially those of low volatility, as an explaoatof this discrepancy. Indeed, until recently,
biogenic VOCs were thought to be the main SOA psams (Kanakidou et al., 2005).
However, in urban areas, this assumption has lefated since then (Volkamer et al., 2006;
Hodzic et al., 2010and has been found true only in clean atmosphesesie the prediction
of SOA formation appears to be accurate (Hodziaelgt2009). Hodzic et al. (2010) have
recently improved the SOA prediction in urban af@agsonsidering primary gaseous organic

compounds of lower volatility, which could parttidoetween the gas and the particulate
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phase (Robinson et al., 2007; Epstein et al., 2@h@ng et al., 2013). Recently, laboratory
studies as well as field measurements have indegdidhted the importance of VOCs of
lower volatility in the SOA formation in urban aeéRobinson et al., 2007; Coe, 2011; Li et
al., 2013; Yuan et al., 2013) and downwind of alwlefined crude oil spill (de Gouw et al.,
2011), emphasizing the need to measure these spésien though major progress has been
made in the understanding of SOA formation andrdte of the IVOCs, the studies rarely
reproduce the conditions encountered in urban areaeed, laboratory studies for the
determination of the SOA yields only investigate/AS@rmed by the oxidation of a single
IVOC precursor (Lim and Ziemann, 2005, 2009a, 200®ban et al., 2009; Presto et al.,
2010). As for the in-situ studies, they have ordypsidered a single IVOC source (Robinson
et al., 2007; de Gouw et al., 2011; Li et al., 2013

In this context, the FP7 MEGAPOLI project (Megaasti Emissions, urban, regional
and Global Atmospheric POLIution and climate effe@nd Integrated tools for assessment
and mitigation) aims to quantify sources of primand secondary aerosols and the role of
organic gas-phase precursors in and around a faggepolitan area, and to describe their
evolution in the megacity plume. Two intensive dislampaigns were conducted in the
Greater Paris region during summer 2009 and wR@é0, during which simultaneous
measurements of gaseous and particulate organipaiomds were performed. A wide range
of gaseous carbonaceous compounds, frgnioC s, was measured at a sub-urban site of
Paris (SIRTA), including important SOA precursouels as the E£Cg aromatic compounds,
monoterpenes and thg£C;s n-alkanes of intermediate volatility, which areelg measured
in an ambient atmosphere. Measurements of VOCsC{Cand G-C,0) at an urban
background site (LHVP) were also performed.

The first goal of this paper is to analyze the terapand spatial variability and origin of
gaseous organic carbon in sub-urban Paris. Thectge role of chemical removal, primary
and secondary emissions and meteorology is disdySext. 3 and Sect. 4). The second goal
of this paper is to estimate the respective coutidin of the anthropogenic VOC precursors to
the SOA formation in summertime, with a particitacus on the importance of the n-alkanes
of intermediate volatility (Sect. 5). The methodieg on two independent approaches: an

integrated approach and a time resolved approach.
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2 Methods

2.1 Sampling sites

One summertime and one wintertime field campaigmeweonducted in Paris and its
surrounding area in the frame of the EU-MEGAPOIldject. The first experiment took place
during the whole month of July 2009; the second staeted on January 15, 2010 and ended
on February 15, 2010.

Measurements of the gaseous organic carbon wei@mped at two ground sites: SIRTA and
LHVP, which are presented in Fig. 1. SIRTA, stagdiar “Site Instrumental de Recherche
par Télédétection Atmosphérique”, is located inaRalau (48.713°N, 2.214°E, 156 m above
sea level), 14 km south west of Paris. This siierosinded by fields, wooded areas, houses
and industries, has been qualified as sub-urbaef{éla et al., 2005). LHVP (“Laboratoire
d’'Hygiene de la Ville de Paris”, 48.829°N, 2.207°& m above sea level) is an urban
background site located in the southern part oFtfeech capital. The sampling site is located
in a large public garden at approximately 150 nmfi@ major street. Due to the low intensity
of the surrounding traffic and from measuremeritbas been qualified as representative of
Paris background pollution (Favez et al., 2007afcet al., 2010; Gros et al., 2011)

This article focuses on the gaseous and particdeganic carbon measured at SIRTA.
Measurements performed at LHVP are used here foosuthe analysis of the organic carbon
at SIRTA.

2.2 Measurements of organic carbon and ancillary da ta

The organic carbon was intensively measured attwite sites, in both the gaseous and
particulate phases, using numerous off-line andireninstruments. All the instruments used

in the present analysis and their performancepr@sented in Table 1 and Table 2.

At SIRTA, gaseous organic carbon measurementsdedl@-C;¢ organic compounds. These
compounds can be classified according to theirraatun concentration, C*, which is an
indicator of their volatility (Robinson et al., ZDOEpstein et al., 2010). Thus, given their C*,
Ci1-Cis n-alkanes are of intermediate volatility, as thage characterized by ifg
m>3<C*<10° ug m>, while all other measured compounds were volg@&>10° ug m°)
(Robinson et al.,, 2007; de Gouw et al.,, 2011).hibwdd be noted that, in this paper, the
acronyms IVOCs and VOCs will be used to designatd éamily, while I/VOCs will include

6
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both of them. &C;s organic compounds were collected by active sarmgpbn sorbent
cartridges, using a sampling module developed bRAENvironment — either a SASS
(Smart Automatic Sampling System) in summer or &RAOSS (Automatic Clean ROom
Sampling System) in winter (Detournay et al., 203aseous compounds were sampled at
approximately 4 m above ground level (agl), andhttrapped into one of the two types of
cartridges: a multi-sorbent cartridge, composedabopack C (200 mg) and carbopack B
(200 mg) (carbotrap™ 202 from Perkin-Elmer®), andSep-Pak DNPH-Silica cartridge
(Waters®). G-Cg aromatic compounds, ¢, n-alkanes, monoterpenes ang-Go n-
aldehydes were sampled during 3 hours at a floa ®8200 mL mirt on the multi-sorbent
cartridges. Additional €to G OVOCs (oxygenated VOCs) were sampled onto the DNPH
cartridges, with a time resolution of 3 hours tad ht a flow rate of 1.5 L mih Prior to
sampling, carbotrap™ filled cartridges were comaiéd with purified air at 250°C, at a flow
rate of 10 mL mirt, during 24 hours. During the sampling, differemboe scrubbers were
used in order to prevent any ozonolysis of the mmegscompounds: a KI ozone scrubber was
installed upstream of the sampling onto DNPH cdges, while a Mn@ozone scrubber was
used for the cartridges filled with carbotrap™. i8es, stainless-steel particle filters of 2 um
porosity (Swagelok®) were used to prevent any sengpf particles, which could block the
sampling system. Cartridges were then analyzed BYG4UV (High-Performance Liquid
Chromatography with Ultra Violet detection; for tB&NPH cartridges) or by GC-FID (Gas
Chromatography coupled to a Flame lonization Dete¢br the carbotrap™ filled cartridges)
in the laboratory. The reproducibility of the arssywas checked by the daily analysis of a
standard, leading to the plotting of a control tHar each compound which allowed the

reproducibility of the instruments to be checked.

At SIRTA, on-line measurements 05-Cy NMHCs (non-methane hydrocarbons) were also
performed using an auto-sampling GC-FID, AirmoVOChomatotec®). Two other auto-
sampling GC-FIDs were installed at LHVP: ChromaTrapd AirmoBTX (both from
Chromatotec®) for the £Cs and the &Cio NMHCs measurements, respectively. Details on
the latter instruments can be found in Gros e{Zil11). Inlet lines of the instruments were
located at 4 m and 15 m agl at SIRTA and LHVP stetj respectively.

Carbon monoxide was measured at SIRTA by a Gasn@tograph coupled to a Reduction
Gas Analyzer (Trace Analytical, Menlo Park, CA, USfllowing the method described by

Gros et al. (1999). Calibration was performed vatd0 L aluminum cylinder CO standard
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gas (187 £ 20 ppb) in synthetic air which was pded and calibrated by the Central
Calibration Laboratories (CCL) of the National Ocgeaand Atmospheric Administration
(NOAA, Boulder, CO, USA) (Novelli et al., 1994). C@easurements were performed every
2.5 minutes, by alternating injection of a standandl of a sample (atmospheric air). Each
sample was calibrated against the preceding stdradat measurements were averaged every

15 minutes.

The chemical composition of submicron particulatganic carbon (Pl was investigated
with a High Resolution Time-of-Flight Aerosol MaSpectrometer (HR-ToF-AMS) at each
site (Crippa et al., 2013a; Freutel et al., 201Bakitive Matrix Factorization (PMF) analysis
was used for the organic fraction of the partiailatatter in order to identify the different
components of the organic matter (OM) (Crippa gtZil13a, 2013b; Freutel et al., 2013a).

Complementary measurements of nitrogen oxide (Nt@)ratrogen dioxide (Ng), as well as
of ozone (@) were performed at SIRTA. Temperature, wind spaed direction, relative
humidity, solar radiation and pressure were measbre a weather station (see details in
Table 2).

FLEXPART simulations were computed on a 3h-basistlie two campaigns. Based on a
Lagrangian patrticle dispersion model, FLEXPART daions provide information on the
probable origin of particles and trace gases saiptethe receptor site by looking at the
dispersion of air pollutants (Stohl et al., 2005).

3 Overview of the VOCs measurements

3.1 Seasonal variations of VOCs

Table 3 summarizes the means and the standardidesiaf the concentrations of the VOCs
measured at SIRTA during the summertime and wimterMEGAPOLI campaigns and their
properties. Data below the limit of detection (LOD¢re replaced by LOD/2. It can be seen
that the VOC mean concentrations exhibit high nsdastandard deviations, ranging from
50% to 100%, caused by the high variability of ¢benpounds during the two campaigns as a
consequence of the changes in synoptic meteor@odyair mass origin (Crippa et al., 2013a;
Freutel et al., 2013a).
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VOCs of anthropogenic origin, including aromatiecsl &-Cgs alkanes, have higher mixing
ratios in winter. This differencean be explained by three factors (Boudries et18194;
Cheng et al., 1997; Na and Kim, 2001; Swanson.eP@03; Yang et al., 2005; Shirai et al.,
2007): (i) a stronger temperature inversion in efinthan in summer, leading to a mean
daytime boundary layer 3 times shallower in wirttean in summer at SIRTA (440+220 m
and 1340+610 m respectively, between 9am and 6piell& and Pefuelas, 2006); (ii) lower
OH radical concentrations in winter and thus lesgletion by photochemistry (Michoud et
al., 2012, 2014); and finally (iii) sources of @ifént nature, composition and/or strengths.
Different primary anthropogenic sources are knowrbé subject to the seasonal variations
detailed in the last assumption, among these isflle¢ evaporation. Indeed, seasonal
modifications in the fuel formulation reduce thadtion of the light VOCs (butanes and
pentanes) in summer to limit fuel evaporation (Rorlet al., 2003; Lee et al., 2006b; Gentner
et al., 2009). Engine cold-start emissions alsg gaasonally: they are enhanced in winter as
a consequence of low temperatures, which resultsstionger emission of aromatic
compounds in vehicular exhaust during winter (Hetdl., 1999; Borbon et al., 2002; Hoque
et al., 2008; Roukos et al., 2008)nally, the cold weather in winter leads to areirgive use

of domestic heating and thus to increased emisgibt@uene, benzene or even butane (e.g.,
Borbon et al., 2002; Badol et al., 2008; Roukosle2009).

Similarly, the light G-Cs oxygenated VOCs (methylvinylketone (MVK) and
methylethylketone (MEK) excluded) also have highxing ratios in winter, indicating that
OVOC are dominated by primary anthropogenic emissisuch as traffic (Grosjean et al.,
2001; Legreid et al., 2007) or wood burning (Schaateal., 2001; Gaeggeler et al., 2008).
These observations contrast with previous studiest thave found higher OVOC
concentrations in summer at urban and sub-urbas $8in et al., 2001; Ho et al., 2002;
Bakeas et al., 2003; Legreid et al., 2007; Wand,02@s a consequence of their enhanced

photochemical secondary production in summer.

On the contrary, VOCs of biogenic origin (isopremed pinenes) show higher levels in
summer due to their temperature dependent bioganissions. Isoprene emissions have the
particularity to be also light dependent (Guentteal., 1991). This is also observed for MVK
for which isoprene is the precursor. Limonene aathghene exhibit different behaviors
compared to other terpenes. Limonene, which do¢s/axy seasonally, and camphene are

still detected in winter. Measurements of monotegse(pinenes, camphene and limonene) in
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urban areas are not common, unlike for isoprenectwigé known to be also emitted by
primary anthropogenic sources (Borbon et al., 200bnoterpene measurements are usually
performed in remote areas, far from any anthropieggrluence (Kleindienst et al., 2007;
Detournay et al., 2013). To our knowledge, only Mnos et al. (2012) measured them
individually in an urban area, Tokyo (Japan), dgrithe two seasons. They found higher
concentrations in winter than in summer for theepes, with concentrations @fpinene
lower than those ofu-pinene, which is in a good agreement with our meaments;
camphene concentrations were equal to zero dullieg tévo seasons, while limonene
concentrations were slightly more important in wmthan in summer. Finally, our results,
supported by those of Yoshino et al (2012), suggestker sink processes in winter than in
summer. Our results also imply a small anthropageource, in urban/sub-urban areas, of
these compounds in addition to their well-knowngdeioic origin. This latter assumption has
been recently put forward by Hellén et al. (201@)p identified traffic and wood combustion
as potential emission sources of VOCs formerly ¢imwo be only of biogenic origin.

The G2-Ci6 IVOCs alkanes have higher mixing ratios in sumthan in winter, whereas the
other compounds, thegL,o aldehydes and they;; n-alkanes, do not show any clear
seasonality in their mixing ratios. The IVOCs alkanwhich can be emitted by traffic (Fraser
et al., 1998; Schauer et al., 1999a, 2002), cookatiyities (Schauer et al., 1999b) or biomass
burning (Schauer et al., 2001), are more likelypéosubject to their partitioning between the
gas- and the particle-phase, which could explaie 8easonal differences. Indeed,
measurements and characterization of the chenaecapasition of ambient particles sampled
in urban/sub-urban sites showed that IVOC n-alkamese more abundant in the particle-
phase in winter than in summer (Kadowaki, 1994;eBial., 2003; Guo et al., 2009).
Estimation of the hexadecane partition coefficiéqt determined from Pankow theory
(Pankow, 1994) show no significant difference betwethe summer and the winter
campaigns (2.16xIband 8.61x10 respectively) (See Supplementary Material S1déails

of the K, calculations). Changes in the emission sourcesmar@ likely the cause of their
seasonal variations. Regarding the@, n-aldehydes, to our knowledge, only Knobloch et
al. (1997) and Cecinato et al. (2002) compared db@sonal measurements of all these
compounds over an urban area. Both studies obsdmngidr concentrations of g9 Nn-
aldehydes in winter than in summer. Conversely, tbuet al. (2010) found lower

concentrations in winter than in summer for hexaara nonanal. In our study,sCio n-

10
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aldehydes concentrations were higher in summerithainter, suggesting their predominant

secondary origin.

3.2 Temporal evolution of the particulate and gaseo  us organic compounds

PMF analyses performed on the particulate orgamittan measured using a HR-TOF-AMS,
was used for the characterization of the partieutaganic carbon at the SIRTA site (Freutel
et al.,, 2013a). Two PMF components were determimgdrocarbon-like organic aerosol
(HOA) and oxygenated organic aerosol (OOA), reprisg respectively 40% and 60% of
the organic matter (OM) during the campaign. Thst iPMF component is associated with
primary emissions, i.e. directly emitted organicosel (Zhang et al., 2005; Aiken et al.,
2010; Hodzic et al., 2010). Here, HOA is assumedefmresent the total primary organic
aerosol, including aerosol emitted from traffic aswbking activities (Freutel et al., 2013a).
Further PMF analyses (Crippa et al., 2013b) andlsiparticle analysis (Freutel et al., 2013b)
have actually separated the HOA component intavleedifferent components HOA-traffic
and Cooking Organic Aerosol (COA). As for OOA, épresents more aged organic aerosol,
and therefore is thought to be mainly represergadivsecondary organic aerosol. The OOA
component has also been separated into two ditfdeartiors from the PMF analyses of
Crippa et al. (2013b): semi-volatile OOA (SV-OOAhdalow-volatile-OOA (LV-OOA).
SV-OO0A is considered to be the freshest SOA, i.e.hfyeformed, contrary to LV-OOA
(Jimenez et al., 2009). During the MEGAPOLI summeperiment, SV-OOA and LV-OOA
represent on average 56% and 44% of OOA, respéctiZee temporal evolution of the OM
and of HOA and OOA PMF components at SIRTA is tHated in Fig. 2. In addition, this
figure depicts some meteorological parameters (wpekd and direction, temperature). Time
series of a tracer of primary combustion sourced)(@nthropogenic and biogenic organic
SOA precursors (toluene, tetradecane, pentadecarmnene and isoprene), and of
oxygenated VOCs (nonanal and acetaldehyde), whielk@own to have secondary sources,
are presented in Fig. 3.

Cloudy conditions characterized the summertime eagmp between July 3 and
July 31, only a few sunny days were encountered tad average temperature was
18.3 (x 3.8)°C. South-westerly to westerly windd52285°) were dominant. They were
associated with the highest wind speed (0.3't0¥.1 m s) and the lowest temperature: the

average wind speed was 3.7 (+ 1.5)massociated with an average temperature of

11
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16.8 (x 3.0)°C (Fig. 2). Some periods under infeeerof south-easterly to south-westerly
winds were also encountered. They were charactekiyehe lowest wind speed (2.1 rhan

average, ranging from 0.1 nmtdo 5.9 m <) and the highest temperature (from 13.2°C to
29.2°C, with an average value of 20.3°C). This tggé of air mass is distinguished in Fig. 2
and Fig. 3 by a grey-shaded area. These events sodth-easterly/south-westerly influence,

lasting 24 hours up to 68 hours, are also numbieoad 1 to 6 in the following section.

Figure 2 indicates that 3h-averaged OM mass corat@ns ranged from 0.2 to
9.3 ug nt; about 33% of the data were above the averageeyvalul.66 ug m. Like the
gaseous compounds, the mass concentration of ydatécorganic matter is lower than in
other megacities: concentrations of organic mat®,) could reach up to 80 pugin
March 2009 in Mexico City (Mexico) (Aiken et al.0@9) and 60 pg min summer 2008 in
Beijing (China) (Zhang et al., 2011), respectivelyd never less than 10 pg’nMoreover, in
Europe, OM mass concentrations (PMs low as those observed at SIRTA have been
measured at the Jungfraujoch remote site (Switzéylavhere summertime concentrations
(August 2005) were ranging from about 0.5 to 3.5mt(Cozic et al., 2008).

As shown by Freutel et al. (2013a), OM showed tbhwekt levels under westerly wind
regime, with an average mass concentration of §.81f1 Under stagnant conditions, i.e.
during events 1 to 6, OM mass concentrations gleackeased, as well as the HOA and OOA
mass concentrations. An increase in the conceoiativas also observed for the VOCs
during these periods (Fig. 3), but it appeareddao/éxiable from one event to another, from
one gaseous compound to another. Indeed, duringt &veaall the VOCs showed a notable
increase in their concentrations, regardless ofr thenission sources. For the primary
anthropogenic VOCs, such as toluene, the biogeQ€C¥, like isoprene an-pinene, and for
acetaldehyde and other oxygenated VOCs, mean catiens are about 1.5 times higher
than the mean concentrations measured during #nopis period influenced by westerly
winds (July 13-16). An increase in the VOC concatitns was also observed during event 4.
But, among all the SOA precursors, isoprene is dh& one exhibiting a significant
enhancement during the entire event; the other oomgts, including primary anthropogenic
I/VOCs, presented a sharp and short increase ofdbecentrations on July 21. Remarkably,
the increase in the isoprene concentrations wamgeanied by a notable increase in the level
of CO. CO is one of the primary anthropogenic emisstracers, but it can also result from

the photo-oxidation of VOCs including those of eag origin (Gros et al., 2002; Kanakidou
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et al.,, 2005; de Gouw et al.,, 2008). Here, CO shtwes increases on July 21. The first
increase occurs during morning hours with littlespgirsion, very low wind speed, with
varying wind direction. Since CO correlates withueme during this first increase, CO is
predominantly of primary origin. The second inceeasobserved for the evening hours and is
much more pronounced than those observed for ther girimary anthropogenic VOCs.
Hence, during event 4, CO might be of both primamg secondary origin. Besides, since it
exhibits a substantial atmospheric lifetime of abmunonth (Parrish et al., 1998), long range
transport of CO cannot be discarded either. Thesanaptions are supported by the evening
rise in the concentration of light OVOCs, such estaldehyde, propanal or MEK (not shown
in Fig. 3) and, as it can be seen in Fig. 2, ofakyggenated PMF component of OM, OOA, or
of ozone (not shown here) during the same eveit ¢éduly 21).

Finally, the evolution of the VOCs is consistentttwiFreutel et al.’s air mass
classification for the MEGAPOLI campaign period, ieth was carried out using the
FLEXPART simulations (Stohl et al., 2005; Freutélagé, 2013a). Hence, for consistency
purposes, the same terms qualifying the air massdisntic Clean” for plumes with high
wind speed and low temperature and “Atlantic Pelititwvhen air masses are characterized by

low wind speed and high temperature, will be usetthé following section.

The different particulate and gaseous compoundsagdp be strongly impacted by the origin
of the air masses arriving at SIRTA during the MB&AN.| summertime campaigns. The
pollutant concentrations were low or high as thensss was characterized by either high or

low wind speeds.

3.3 Concentration levels of VOCs: Paris versus othe r areas

Table 4 compiles mean concentrations of toluene igrehtane, two markers of vehicular
exhaust and evaporation emission sources, measairedifferent locations, including
megacities, European urban and sub-urban areasdiffecent areas in France. As VOC
emissions are rapidly decreasing (Warneke et @2 only observations performed within
the last 15 years have been reported in Table 4nMencentrations of these VOCs observed
at LHVP are also reported in Table 4. SIRTA exfsiliite lowest VOC mean concentrations
among all these data sets. Toluene mean concenain other megacities range from
0.58 ppb to 19.44 ppb: the highest value, measuresimmer at an urban site of Beijing
(Duan et al., 2008), is a hundred times as higih@summertime toluene mean concentration
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at SIRTA (0.20 ppb). Higher i-pentane levels inestmegacities are also observed. In winter,
for instance, the i-pentane mean concentrationRTA (0.42 ppb) is 7 times lower than the
minimum mean concentration which was measured iky@d2.87 ppb) (Yoshino et al.,
2012). At the sub-urban site of Paris, the onlydpean megacity with more than 10 millions
of inhabitants listed by the United Nations (Unitédtions, 2012), the concentrations of these
two VOCs remain lower than at other urban/sub-urkites in Europe (Legreid et al., 2007;
Langford et al., 2010; von Schneidemesser et &10R Even the French urban/urban
background areas, including LHVP, have systemdyidabher VOC mean concentrations
than SIRTA, by a factor of up to 15 (Badol et aD08; Gros et al., 2011). Finally, the mean
concentrations of anthropogenic VOCs (aromatic akenes) at SIRTA are as low as those
measured at French remote sites (Sauvage et 8B) 2@m the EMEP network (European
Monitoring and Evaluation Programme). The predomdea of oceanic air masses with
highest wind speed arriving at SIRTA, both “AtlanClean” or “Atlantic Polluted”, favors
the dispersion of pollutants in the Paris regioacti®n 3.2).

4  Anthropogenic emissions of gaseous organic carbon present over sub-
urban Paris
4.1 Method

The analysis of the correlations between pairsratet gases is a first step towards the
identification of the different processes governihg evolution of the compounds, including
the emissions, while the effect of dilution is nmmzed (Roberts et al., 1984). The method
relies on the hypothesis of absent or only litheermical loss processes of the compounds.
Information on the emission sources is given bydhality of the linear regression fit (r?)
between VOC pairs with similar atmospheric lifetianed the value of the slope of the linear
regression fit. On the one hand, common sourcesigtdighted by a tight correlation (r?
value close to 1) (Parrish et al., 1998n the other hand, the slope provides the valubeof
enhancement ratio (Borbon et al., 2003; Warnekal.e007). For each pair of VOCs, the
enhancement ratio is defined as the enhancemeat\0DC relatively to the second one,
which is considered as a reference compound (Hookbet al., 2011). Since most NMHCs in
the Paris agglomeration are strongly impacted byicke exhaust emissions (Borbon et al.,
2013), the enhancement ratios obtained at SIRTAcamepared with the vehicle exhaust
emission ratio derived from emission factors acicwydo the method developed by Borbon et
al. (2003). This will allow stating if observed emttement ratios can be explained by traffic
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emissions alone. Briefly, emission factors (EF)M@Cs at the exhaust were determined in
the late 1990s in France, from vehicles imitatingam urban driving conditions and using
different types of fuels: diesel, gasoline with without catalyst (Fontaine, 2000). The
experimental conditions for the determination o MMOCs emission factors by Fontaine
(2000) are detailed in the supplementary mateB8akc{ion S2); values of VOCs EF can be
found in Borbon et al. (2003). In 2009-2010, theeflof vehicles in Paris was composed of
60% light-duty diesel vehicles and of 40% of gaseliight-duty vehicles equipped with
catalytic convertors (CCFA, 2011). Emission rat{@&R) were then calculated following
Eq. (1) defined by Borbon et al. (2003):

2i(EFyocy,j X f))
ER = - 1

where ERoc1voc2is the emission ratio of the given VQ®@ith respect to VOg&(in ppt/ppt),
ERvocij the emission factor of the VQ@@r the engine type j (in mg ki and f the fraction
in % of the urban mileage running by the motor typEhe standard deviation of the ratios is
determined from the standard deviations of the siomsfactors. As demonstrated in the
supplementary material (Section S3, Fig. S1), tiRe determined from Fontaine’s work

(2000) are representative of northern mid-latitudean areas.

4.2 Spatial variability: evidence of regional influ ~ ences in sub-urban Paris

Summertime correlations of commonly measured VOl the same atmospheric lifetimes

at SIRTA and LHVP are illustrated in Fig. 4. As exfed, the comparison of the scatterplots
exhibits higher concentrations for anthropogenicGg0n urban Paris than in sub-urban Paris
as a result of the emission density and dilutioowklver, the shape and the slope of the
scatterplots are fairly consistent between urbahsa-urban Paris in summer and in winter

(not presented here).

Aromatic compounds and heavy alkanes show a namlastribution with very good
correlation (r2>0.80, Figs. 4a and b). The emisgishancement ratios in urban and sub-urban
Paris, given by the value of the linear regressitoslopes, agree well within £2% and £18%
for aromatics and alkanes, respectively, regardidédbe seasons and within the analytical
uncertainties (Fig. 4a and Fig. 4b). The emissiohaacement ratios determined during

MEGAPOLI are also very close to the emission réteported on Fig. 4) in vehicle exhaust
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determined from Eq.(1). These observations pointaffic emission as the dominant sources

of aromatics and alkanes »&cross the Paris basin in accordance with Borbah,&2013).

Scatterplots of light alkanes obtained at SIRTA &rtYP are overlaid (Fig. 4c), indicating
that sources of same composition affect their ihigtion at each site. These light alkanes are
known to be emitted from common sources, i.e. \ehigel combustion and evaporation
(Monod et al., 2001; So and Wang, 2004; Russo .et280.0). However, the multi-shape
distributions implythat sources with different iso-alkanes compositame driving their
distribution in the Paris area. The scatterploStRTA is color-coded as a function of the
wind direction. When SIRTA is downwind the 225°-338ector, enrichment in either
i-pentane (upper part of the envelope)-buiane (lower part of the envelope) is observed.
Plumes arriving by the north-west at SIRTA flew otke Seine basin. In spring 2007,
Gaimoz et al. (2011) also observed enrichmentoatane concentrations in urban Paris when
sampling oceanic air masses which had crossedddisn. The Seine basin is an important
industrialized area including different industriebemistry, surface treatment and oil and gas
production (IREP, 2012). When the upper and lowaat pf the envelope, which correspond
to the data associated with the 225°-330° windoseetre not taken into account, a good
correlation is obtained at SIRTA (r2=0.66) with lape of 2.09 (ppt/ppt) for the Paris wind
sector. Contrary to the aromatic compounds andh#ay alkanes, the enhancement ratio of
the light alkanes determined at SIRTA is very défg from the vehicle exhaust emission
ratio, namely by a factor of 4 to 5. This differennay indicate either a difference in gasoline
composition or emission sources other than vehieKaaust. This assumption is supported
by the low wintertime i-pentane-to-i-butane ratibtained at SIRTA from the VOCs

scatterplot (0.70, r2=0.65 — not shown here).

Finally, the analysis of VOC-to-VOC correlationsghiights the similar distribution of
anthropogenic VOCs across the Greater Paris regiod, so their common sources. This
distribution is influenced by emissions from the okh Paris area as well as from the
advection of industrial emissions along the Seiwerifor light alkanes. Thus, the SIRTA site
IS representative of regional anthropogenic footpemissions. Similar conclusions were
obtained from the observations of the particulatdten: the different organic and inorganic
components of the PM1 particles exhibit the sanemdrat the different MEGAPOLI
measuring sites (Crippa et al., 2013a; Freutel. e2@13a).
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5 Estimation of the contribution of I/VOCs to SOA f ormation in summer

Two different approaches can be used to quantify quralify the contribution of VOC and
IVOC precursors to the SOA formation: the integdaepproach and the time-resolved
approach. This chapter focuses on the descripfidimese two approaches and a discussion of

the obtained results.

5.1 Method

5.1.1 Estimation of the SOA from its gaseous precur  sors: the integrated

approach

The method developed by de Gouw et al. (2005; 2a08)so-called integrated approach, is
first applied to our data. This approach consiststh® apportionment ofAOM/ACO
enhancement into its primary compone®¥PQA/ACO) and its secondary component
(ASOA/ACO). AOM/ACO is derived from the scatterplot of OM vs. COpEsimentally, the
ASOA/ACO enhancement is the difference betwe®@M/ACO and APOA/ACO, as
illustrated by Eqg. (2):

_ <AOM) 3 (APOA) )

(ASOA
ACO ACO

ACO >experimental

In addition, a theoreticadlSOA/ACO enhancement is derived from the product of tECV
emission ratios to CO and the SOA yields of the€€¥, as describe by Eq. (3):

(ASOA) - Z ER; X Y, 3)
ACO theoretical ; ' soAL

with ER and Yspa i the emission ratio and the SOA vyield formatiorthaf VOG, respectively.
The comparison of these experimentally and thezakyi derived SOA enhancements allows
the quantification of the effective contribution tfe measured VOCs to the secondary
formation of the aerosol particles. Based on thésgion ratio, this approach considers that
the amount of emitted I/VOC reacts entirely to foB®A. This approach leads then to an
upper limit for the estimation of SOA formation ffinoa gaseous precursor. Since CO is used
as a primary anthropogenic tracer, the estimatidchedSOA formation can be established by
only considering VOCs of primary anthropogenic wrigHere, the measuredatkanes of

intermediate volatility, measured at SIRTA, will ineluded for the first time.
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5.1.2 Estimation of the SOA from its gaseous precur sors: the time-

resolved approach

A second method, the so called time-resolved agpradapted from Sjostedt et al. (2011), is
applied to the data. Like the first approach, tiva af the time-resolved approach is to
quantify the contribution of the different anthrgemic SOA precursors. However, unlike the
first approach, the chemical atmospheric removdahefSOA precursors is considered rather
than their emission ratio. In this approach, essumed that the 1/VOCs are removed from the
atmosphere only by reaction with the hydroxyl radicTheir reaction with ozone or the
nitrate radical is slow enough (Atkinson and Ar2@03) to be neglected in SOA formation,
even though the SOA yields from their reaction Wil®; can be much higher, as observed

for isoprene and the monoterpenes (Fry et al., 22081).

Thus, in this approach, the I/VOCs are assumedllow a pseudo first order kinetic reaction
such as:

_dvoc]

= = kvoc, [VOG][0H] “)

with kvoei the rate constant of VQ@®ith the OH radical (cfhmolecule' s'), [OH] the
concentration of the hydroxyl radical (molecule9mand[VOC;i] the concentration of a given
VOC. The initial concentration of a given VOC, [VQ%, is then retrieved from Eq. (4),
such as in Eq. (5):

[VOCilt=o = [VOCi]sirrat X (e fvoc; X[OH]XM) (5)

where [VOG]sirTat IS the VOG concentration measured at SIRTA (ppt) aktdthe time
elapsed since the emission. The removal of a gaseompoundA[VOC], is therefore

estimated from Eq. (7):
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A[VOCi] = [VOCi]t=O - [VOCi]SIRTA,t (6)

A[VOCG] = [VOCi]sirras X (e (ivoc, o) _ 1) )

Finally, for a given I/VOC, the result obtained Huy. (7) is multiplied by the SOA yield
(Table 3), resulting in the amount of SOA produbgdthe given I/VOC at time t. The total
SOA mass concentration estimated on a temporas Imsibtained by adding the amount of
SOA produced by all the VOCs, as expressed by&qg. (

SOAstimatea = Y AVOC; X Ysous ®)
i

5.1.3 Assumptions in the different approaches

Both estimations of the SOA amount formed from élkalation of I/VOCs rely on different
assumptions that are discussed in the followingj@®cAdditional details on the assumptions

can be found in the supplementary material (Se@in

- The SOA vyieldsThe SOA vyields used here (provided in Table &)tae most recent ones

determined in chamber experiments, and the mostvast to the MEGAPOLI campaign
conditions. SOA vyields are known to be highly iefheced by the experimental conditions in
the chamber, especially by the N€ncentrations and the organic mass concentraf@g
(Hildebrandt et al., 2009; Presto et al., 2010; Auainet al., 2012; Tkacik et al., 2012). At
SIRTA, on average, &=1.8 ugnt and the NQ concentration is 6.9+4.8 ppb. These
environmental conditions correspond to lowx@&nd low-NQ conditions, regarding chamber
experiments. While chamber experiment conditiondearwhich SOA yields are determined
are quite variable, they never meet both the lowB@ low-Ga criteria. SOA yields of the
aromatic compounds were either determined atN&y and high NQ (Ng et al., 2007a)
conditions but always at higho®=40 g n? (see supplementary material, Section S4 for
details). On the opposite SOA yields of the votatind Gs-Cy6 intermediate volatile n-
alkanes were determined at high or loga®ut always under high NQonditions (Lim and
Ziemann, 2009a; Presto et al., 2010). Therefoee SAA formation will be studied using two
sets of SOA yields for the;&Cy6 n-alkanes and the aromatics, from the integrapgaoach
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only. The first SOA vyield values reported in TalBleare those determined under the most
relevant atmospheric conditions for this study,low Coa=2 pug m® (but high-NQ) for the
IVOCs and low-NQ (but high-Ga=40 pg nt) for the aromatics. The second SOA vyield
values are those obtained from chamber experinptermed under similar £ and NQ
conditions, i.e. high-NOx and highog=40 pg nt.The second set of SOA yields will be used
to compare the contribution to SOA formation of tke-Ci;s n-alkanes against the
contribution of the whole VOC seto{C;1 n-alkanes SOA vyields are those determined by Lim
and Ziemann (Lim and Ziemann, 2009a) under high-N@nd high Ga
(400pg nT<Coa<1 600 pg m) conditions. High-NQ@ SOA vyields are much more important
than lowrNO, SOA vyields for the ralkanes (Loza et al., 2014). Besides, the highgri§ the
higher the SOA vyield is (Hildebrandt et al., 2009gsto et al., 2010; Aumont et al., 2012;
Tkacik et al., 2012).

- The VOC-t0-CO emission ratinghe ER to CO are the ones determined for thesRada
based on the LHVP ground site and airborne datBdrpon et al. (2013). While the SIRTA
site was rarely downwind of the Paris plume, Borkbml. (2013) and Boynard et al. (2014)

showed that VOC-to-VOC ER were usually consistesttvieen northern mid-latitude urban
areas. However, the €Ci¢ alkanes were not measured at LHVP. For this reaweir
emission ratios have been estimated from the ERrmi@ted at vehicle exhaust by Fontaine
(2000), as previous studies state that volatilarats and alkanes of intermediate volatility are
mainly emitted from vehicle exhaust (Fraser et 398; Schauer et al., 1999a). These ratios
are not expected to have changed between 200008%d(2ee Figure S2 in the supplementary

material).

- [OH]xAt: the product of [OH] andAt is derived from the photochemical age. The
photochemical age is an indicator of the photockahprocessing induced by the hydroxyl
radical, and so of the chemistry affecting the VOI@sm their emission to their measurement
at the receptor site. It is based on the ratiavof VOCs, usually aromatic compounds (Nelson
and Quigley, 1983; Roberts et al., 1984; Parrishl.etLl998; Monod et al., 2001; Warneke et
al., 2007). m,p-Xylenes and ethylbenzene are tleeM®Cs used here in the calculation of
the photochemical age. Besides, the photochemgeatakes into account the ratios of VOC
concentrations at the emission site and at theptecesite. Here, the LHVP VOCs
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concentration ratio is considered tat0, since ratios at LHVP are representative of urban
emission ratios (Borbon et al., 2013). Finally, tm®duct of [OH] andAt is calculated
following Eq. (9):

1
[OH] x At =
(km,p-xylenes - kethylbenzene)
| [m, p- xylenes] [m, p- xylenes] 9)
n [ethylbenzene] _ n [ethylbenzene]
LHVP,t=0 SIRTAt

With K p-xylene @Nd kinyibenzenethe rate constants with OH, as reported in Tablearsl
[m,p-xylenes]/[ethylbenzeng}jvp -0 the m,p-xylenes-to-ethylbenzene ratio at time t=#),
the emission ratio of m,p-xylenes to ethylbenzéméhis calculation, k p-xyieneciS taken equal
to km-xylene the m-xylene-to-p-xylene ratio is equal to 2.ppt¢/pptv) in urban areas (Monod
et al., 2001).

- The use of an inert tracer for the normalizatigq: (7) coupled to Eq. (9) considers that the

compounds are in a constant volume from the enmissimrce until the receptor, neglecting
the dilution. To overcome the effect of dilutiorg Gouw et al (2009) had determined the
VOC removal from the temporal evolution of the V@E£E€O ratio; the removal relies then
on the VOC emission ratio instead of a calculatetiai concentration. However, here it was
not possible to use CO as an inert tracer dues tievels close to background, estimated to be
about 100 ppb at an European remote site (Balzadv let al., 2008) (see Fig. 3). Besides,
normalization to one of the 4&s alkanes, which exhibit the longest atmospherietilifie
among all the VOg measured during the MEGAPOLI summertime experin{&able 3),
was not feasible since they are emitted from deveseurces (Section 4.2). Finally, no
normalization was applied at all.

Other simplifications are considered for the tilmealved approach: it is assumed that (i) no
I/'VOC is added to the plume between the emissite &nd the sampling site, which is
described as an obvious simplification by de Gouwale (2009), (i) SOA is produced
instantaneously from the VOC reaction and (iiipat subject to loss by deposition (Sjostedt
et al., 2011).
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- The biogenic VOC precursorboth the SOA estimation approaches did not irelady

biogenic SOA precursors. The integrated approaek @© as an inert tracer, while the time-
resolved approach relies on the ratio of anthropmg€OCs to determine the photochemical
age. Since biogenic VOCs have different emissiamcas than CO or anthropogenic VOCs,
they cannot be taken into account in the SOA esitiman the integrated approach. Since
they are very reactive, they cannot be estimated the time varying approach (they would
be completely lost). However, biogenic VOCs arevindo be important SOA precursors
(Lee et al., 2006a; Ng et al., 2007b). Their exoclusfrom the two approaches implies an
expected underestimation of the theoretical SOAm&iron and will be discussed in

Section 5.2.3.

- Gas-phase chemistry vs. heterogeneous chemigpigally estimations only consider SOA

formation under dry conditions. Nevertheless, agsgehase production is another possible
pathway to SOA formation (Carlton et al., 2008; éns et al., 2011). Carlton et al. (2008)
improved the agreement between observations ardicpoms of total mass concentrations
and its variability, especially, of organic aerosoregional air quality model, by taking into

account SOA formed in aqueous phase. Finally, thesideration of only gas-phase SOA

formation in this study probably also likely leadsan underestimation of SOA formation.

To conclude, both approaches only consider the riboion of anthropogenic VOC

precursors to SOA formation and homogeneous chemist the gas phase. As a
consequence, one could expect an overall undeiastimof SOA formation. Moreover, SOA

yields determined in the conditions of chamber expents are not perfectly representative of
the real atmospheric conditions (high Né@nhd/or high Ga loads). Discussion in Section 5
will be focused on the role of anthropogenic VO@ssks to SOA formation and in particular
the importance of IVOC compared to traditional aatig precursors, when taking into

account the most adapted SOA vyields.
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5.2 Results and discussions

5.2.1 Estimation of SOA from its gaseous precursors . the integrated

approach

The first step in the integrated approach consitdetermining the value of th®OM/ACO
enhancement ratio. Figure Shows the scatterplot of OM to CO averaged to I haiu
SIRTA. The data points have been color-coded byQ# €O ratio which is used here as a
proxy of photochemical processing. This indicatonsiders CO as purely of primary origin.
In our case, as discussed in Section 3.3, seco@amnight have been sampled at SIRTA on
July 21. However, this represents only 3% of thewrsertime dataset, allowing the;/GO
ratio to be used as a proxy of the photochemicadgssing. Hence, fresh air masses with low
photochemical processing show the lowest levelzuine and the highest level of CO: the
ratio Oy/CO tends to zero. Processed air masses show gheshilevel of ozone and the
lowest level of CO: the ratio #LO increases. The data with a higher photochemical
processing tend to follow a steeper line (highegCO ratio) than the points with a lower
photochemical processing (lowest/CO ratio). Part of the OM scatter can therefore be
explained by the secondary formation of organictenaAs a consequence, the value of the
AOM/ACO enhancement ratio is determined from the fthefcorrelation of data with ansO
to-CO ratio higher than 0.5 (ppb/ppb), which coprasls to the upper limit of the scatterplot
envelope, implying that a maximum OM enhancemerdoissidered here. TH®OM/ACO
enhancement observed at SIRTA in summer was:

(AOM

E) = (109.2 +9.1) pgm~3 ppmv~?

The POA emission ratio has been determined by ipiptthe HOA PMF component
determined at SIRTA (Freutel et al., 2013a) veiS@s which is illustrated in Fig. 5b, both
HOA and CO were averaged to 1 hour. At SIRTA, theffthe correlation was:

<APOAHOA

20 ) = (28.8+1.1) ygm=3 ppmv !

This value is consistent with the line describihg tower limit of the scatterplot envelope in
Fig. 5a. However, this POA emission ratio is highiean all the values reported in the
literature so far (Fig. 5b). The value obtaineSHRTA is at least two times higher than the

ones observed in the American urban areas of Bitihb(Zhang et al., 2005), New England
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(de Gouw et al., 2008) and Mexico City (Aiken et @009). The important use of diesel by
light-duty cars in Europe, and more particularlyRrance, might explain the higher POA
emission ratio determined at SIRTA: not only diem®its less CO than gasoline (Allan et al.,
2010; Gentner et al., 2013), but POA emission faistd4 times more important from diesel-
fueled vehicles (heavy-duty) than from gasolindddecars (light-duty) (Dallmann et al.,

2013). Also, some contributions from primary sogrogher than traffic to the HOA factor

(e.g., cooking) could also potentially play a r@&ippa et al., 2013b; Freutel et al., 2013a,
2013b).

Finally, the experimental value of the secondary i@é&ease is determined from Eg. (2) and

found to be equal to:

(%> = (109.2 — 28.8) pgm~3 ppmv 1
ACO measured
(@> = 80.4 ugm 3 ppmv~?
ACO measured

The theoretical SOA to CO enhancement is then wbtaby summing the product of the
SOA yield formation with the emission ratio of timelividual VOCs relative to CO, including
aromatic compounds, 4 and G-C;; alkanes and the 1&C;6 alkanes of intermediate
volatility (Eqg. (3)).

lllustrating the distribution of OM between its mary and its secondary components, Fig. 6
compares measured SOA and SOA estimated from I/V@€asured at SIRTA during the
MEGAPOLI summer campaign using SOA vyields determhinatmospheric relevant
conditions, i.e low @a and high-NQ for the measured IVOCs and highACand low-NQ

for the aromatics, and under similar atmospheriedd@mns, i.e high Ga and high-NQ. As
shown in Fig. 6, from SOA of atmospheric relevancthe measured I/VOC precursors
explain 38% of the SOA measured at SIRTA: 28.6 fgopmv?, i.e 36% of the measured
SOA were explained by the traditional VOC precussarhich is consistent with the results of
de Gouw et al. (2008) (who reported 37%), and f.8y% ppmv?, i.e. 2% of the measured
SOA, by the GrCi;s n-alkanes IVOCs. At SOA yields determined undemilsir
environmental conditions =40 pg nt, high-NQ), the measured IVOCs explain
6.1 ug nt ppmv?, i.e 8% of the measured SOA while the volatile poomds contribution to
SOA formation drops to 11% (9.1 ug*ppmv?). Figure 7 reports the emission ratio of the

gaseous compounds, their particulate vyield(s) (deteed under the most adapted
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environmental conditions regarding the conditionSIRTA and under similar conditions for
the IVOCs and the aromatic compounds), and theyataaf the two. It can be seen that light
alkanes, which have the highest emissions, exibit to no SOA formation potential.
Among all the VOCs, toluene and to a lesser extgptxylenes exhibit high emission ratios,
and the most important contribution to the SOA fation. For SOA yields representative of
the atmospheric conditions encountered at SIRTAnduthe summertime MEGAPOLI
campaign, aromatic compounds dominate SOA formati@ G3-Cys n-alkanes exhibit SOA
yields as high as some aromatics, but their camioh to SOA formation remains low
because of their ER which a factor of 40 lower tt@aromatics ER. When considering the
SOA determined under similar conditions, the IVQé2sticulate yields are high enough to
counterbalance their low emission ratios. Besitles,aromatic compounds SOA yields are
lower under high-NQ conditions, reducing then their contribution to A@rmation. At
similar conditions, the n-alkanes IVOCs up tg; @ppear to contribute significantly to the
SOA formation as much as the commonly measured arontompounds (benzene,

ethylbenzene and o-xylene).

5.2.2 Estimation of SOA from its gaseous precursors . the time-resolved

approach

The temporal evolution of the estimated SOA from time-resolved approach (Egs. (7), (8)
and (9)), by using VOCs or I/VOCs (sum of VOCs afg-Ci;s n-alkanes IVOCSs), is
illustrated in Fig. 8 with the temporal evolutiori the OOA PMF component. For this
approach, SOA has been estimated by using only $€lds of atmospherically relevancy.
Weak consistency is observed between the tempwotiteon of measured SOA and the one
estimated only from the traditional VOCs, explamih5% of SOA. The SOA events are
barely noticeable in the latter case: the estim&@d is as high between Julyand 18’
and between July ¥6and 17, while this latter period is an SOA event accogdto the
measurements. When the IVOCs are taken into accoluatestimation of SOA mass is
improved: they explain 7% of the measured SOA. Hewethe consistency between
measured and estimated SOA remains weak when €4$\are taken into, especially when
SIRTA receives “Atlantic Polluted” air masses. Ewdnis characterized by an important
underestimation of the SOA mass concentration flwoth VOCs and G-Cis n-alkanes
IVOCs. During this latter event, the air mass pdseeer Spain and the Landes Forest

(Freutel et al., 2013a; Zhang et al., 2013), whBogenic precursor compounds are strongly
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emitted. Thus, one can hypothesize that biogenid 8auld have been transported from the
South-West of France to the SIRTA site, but thisgbnic fraction is not taken into account
by the time resolved approach. A noticeable ovenagion of the SOA mass is observed
during event 5, due to high IVOCs mixing ratiosg(F8). Hexadecane mixing ratio can reach
up to 126 ppt, which is 6 times more than its meaxing ratio (2219 ppt, Table 3) and only
a third of the toluene mixing ratio in the same gkn(344 ppt). Hence, since the SOA vyield
formation of hexadecane is at least equal to tlidgeluene (Ng et al., 2007a; Presto et al.,
2010), the SOA estimation is mainly driven by theasured IVOCs, especially hexadecane,
during event 5. And thus, contribution of the meadulVOCs can overtake the aromatics
contribution to SOA formation.

When SIRTA is influenced by “Atlantic Clean” air sges, some overestimation of the SOA
mass concentration can be observed, such as bethwdgr8th and 10th. Besides these
overestimations, the SIRTA site appears to be cheniaed by local SOA formation under
the influence of “Atlantic Clean” air masses. Dygithese periods, the SOA estimations
appear to be of the same order as the SOA obsamngati

Estimated SOA from VOCs and IVOCs from the timestesd approach are reported in Fig.
6. When compared to the results of the integrafgataach, overall estimated SOA from
VOCs and/or IVOCs is lower from the time-resolvegpm@ach that from the integrated
approach using atmospheric relevant SOA vyieldss @ifference results from the amount of
precursor taken into account for the estimatiorttigse 5.2.1 and Section 5.2.2). The time
resolved approach considers only the precursotidrathat has reacted, while the integrated

approach estimates SOA formation from the overatprsor’'s quantity.

5.2.3 Discussion

With both of the two approaches, the SOA estimaigasignificantly improved when the; &£

Ci6 n-alkanes IVOCs are taken into account. When denisig the estimations based on the
SOA vyields of atmospheric relevancy, 2% and 7% owpment in the estimation of the
formed SOA and of the SOA variability, respectivedye observed, when the IVOC alkanes
are included in the estimation. IVOCs, especialblikanes, have been identified as important
SOA precursors in past studies, whether they wieaenber experiments (Lim and Ziemann,
2005, 2009a; Tkacik et al., 2012) or modeling (dorekt al., 2008; Hodzic et al., 2010;

26



© 00 N OO o A W N PP

N RN RN RN NNDNNNNDNIERERIERERERPRER R R B
© 0 N o OO 8 W NP O © 0 ~N O 0l A W N B O

30
31
32
33

Aumont et al.,, 2012; Pye and Pouliot, 2012). Owulls confirm for the first time the
important role of lower volatility organic compownth the SOA formation from their direct
ambient measurements. However, when considering fih&grated approach,
50 pg nT ppmv?, i.e 62% of the measured SOA remain unexplainémil® results were
found by Freney et al. (2014). By implementing rikir integrated approach from OM and
anthropogenic VOCs airborne measurements perfoimége Paris plume during the same
MEGAPOLI summer experiment, Freney et al. (2014)laxed 54% of the SOA formation.
When compared to the semi-volatile fraction of Okth Freney et al.'s SOA estimation
(2014) and ours are consistent with SV-OOA, whiepresents 56% of OOA; we both
estimated the freshest OOA. When considering thee-tiesolved approach, important
underestimations of SOA are observed, especiallgrnwthe SIRTA receives “Atlantic
Polluted” air masses. Part of the SOA measureduin-usban Paris therefore remains
unexplained. Following de Gouw et al. (2008) andowes assumptions discussed in Section
5.1.3, possible explanations are uncertaintieh@enSOA yields, the exclusion of the biogenic
compounds, significant unidentified mass in thg-GCy range, known as the unresolved
complex mixture (UCM) (Robinson et al., 2007), asllvas other non-measured compounds
of lower volatility >Ge. In this study, the exclusion of biogenic compaosicdrtainly leads to
an underestimation of the SOA formed. Indeed, siiuis by Zhang et al. (2013) with the
CHIMERE model including the volatility basis setvieademonstrated that biogenic SOA has
been transported to the Paris agglomeration framSibuth of France and Spain in “Atlantic
Polluted” air masses. They estimated that 60% ®f3®A is of biogenic origin during these
events. During the whole month of July, the Zhahglestudy estimates the contribution of
biogenic VOCs, of anthropogenic VOCs and of the sfifi/OCs and semi-volatile organic
compounds to SOA at SIRTA as respectively 47%, 288 13% (17% being attributed to
long range transported SOA from outside the Eunopeadel domain). If all missing SOA is
tentatively attributed to biogenic SOA and longgartransported SOA, the corresponding
values from our study respectively are 62-78%, 38 Jand 2-7% (integrated approach-time
resolved approach). Thus the modeling and our @xpetal results, with both their specific

uncertainties, agree well.

However, our estimation of the IVOC patrt is stiiderestimated. Even though some IVOCs
were taken into account here1fC;¢ n-alkanes), numerous compounds of lower volatility
such as n-alkanes with more than 16 carbon atoyasic @alkanes or PAHs (polyaromatic
hydrocarbons), were not measured, while they cawaldtribute significantly to the SOA
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formation (Chan et al., 2009; Lim and Ziemann, 2000uan et al., 2013). Furthermore, these
compounds are expected to be largely emitted bsetiears (Schauer et al., 1999a; Chan et
al., 2009; Gentner et al.,, 2012), which are widelyed in France (CCFA, 2011).
Measurements of more IVOCs and other compoundsweér volatility might improve the
SOA estimation from the integrated approach. Heefferts should be made to make the
IVOC measurements as systematic as the measurerobrdggher compounds, like the
aromatic VOCs e.g., during field experiments.

6 Conclusions

Under the auspices of the MEGAPOLI project, measerds of gaseous organic carbon have
been performed in the Paris megacity, resulting large and unique database (available at
the French Ether data base: http://ether.ipslgusBimegapoli/). Compounds of different

sources and chemical and physical properties haga documented during a summer and a

winter field campaign at SIRTA, a sub-urban sitéhaf French megacity.

The first goal was to analyze the temporal andialpagriability and origin of gaseous

organic carbon in sub-urban Paris. The analysisvetidhat:

- the seasonal variation of anthropogenic VOCdés dne usually depicted in urban areas
with higher wintertime concentrations as a restih oombination of (i) a shallower boundary
layer in winter than in summer, (ii) photochemispmpcesses less active in winter and (iii)

emissions sources of different nature and/or intgns

- the seasonal variation of;£C;s n-alkanes of intermediate volatility follows anpmsite
trend to traditional anthropogenic VOCs with lowencentrations in winter. The variation of
these compounds mixing ratios rather results froomange in their emission sources (type,
strength) than from the partition to the gas-phimse¢he particulate-phase of these lower
volatility species.

- the seasonal variations of OVOCs shows a diftebatavior than usually observed with
lower concentrations in summer, suggesting themidant primary origin.

- the seasonal variation of-pinene and isoprene, with higher concentrationsuimmer is
typical of biogenic emitted compounds. On the cmytr camphene and limonene exhibit
higher concentrations in winter than in summer sgtjgg weaker loss processes and/or

additional anthropogenic emission sources to thiegenic ones.
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The VOC levels at SIRTA are very low compared toeofcities worldwide and are similar to
the ones encountered in remote atmospheres. L@ @tmospheric species in the whole
Paris area, and organic aerosol in particular, onetegy and air mass origin strongly

influence the variability of atmospheric species.

The second goal was to estimate the contributiomeésured 1/VOC precursors to SOA
formation by implementing two independent approadiretegrated and time resolved). From
15% to 36% of the SOA measured was explained byrtbasurements of the only volatile
compounds (aromatics and-C;; n-alkanes) from both approaches. The IVOCsGis
n-alkanes) explain 2 to 7% of the SOA formation. Finetom 22% to 38% of SOA observed
at SIRTA was explained by observations. These gadme consistent with the ones simulated
with a chemistry-transport model in which the vihitgt basis set has been implemented and
to the ones determined from a similar integratgar@gch from organic compounds airborne
measurements in the Paris area. From the timevexbtalpproach, the temporal estimation of
the SOA formation indicated that the primary anpogenic 1/VOCs are greatly involved in
the formation of the SOA background at SIRTA. Buiportant discrepancies between the
estimation and the observation remain during evehtsigh SOA mass concentration. The
estimations indicate that the SOA concentrationasueed at SIRTA are not only strongly
dependent (i) on the primary anthropogenic VOCsicwvlare widely measured around the
world, but also (i) on the IVOCs, since only fiwd them explain more than 10% of the
observed SOA, (iii) on other compounds which weoe included in the estimation because
they were not measured or because they were not roamary anthropogenic sources, and
finally (iv) on SOA transported over long distances which the signature in gaseous
precursors is lost. Thus, further investigationsudth be undertaken in order to take into
account these compounds, either by developing the@asurements (as for additional
IVOCs), determining SOA vyields in relevant atmogpheonditions or by including them in
the estimations (as for biogenic SOA relying oncdpetracers in both the gas and particle

phase).

Acknowledgements

The research leading to these results has recaineihg from the European Union's Seventh
Framework Program FP/2007-2011 under grant agreem®&i12520. Support from the
French ANR project MEGAPOLI — PARIS (ANR-09-BLAN-B8), from the French

29



w

© 00 N O o1 b~

10
11
12
13
14

ADEME via the CNRS-INSU/LEFE program is acknowledg&his research work has been
supported by the European Community within the s#wveFramework Program:
Eurochamg? (EU-FP7 grant agreement n°228335).

The authors acknowledge ADEME and the Fulbright @assion for their financial support
to W. Ait-Helal doctoral researches. The authotshawledge M. Haeffelin, the SIRTA and
the LHVP team for their technical support. R. Safdéeve and J. Nicolas are kindly
acknowledged for the CO measurements at SIRTA. &ho¢hors also thank Tera
Environnement for lending the sampling systems. &bthors thankfully acknowledge A.
Stohl, J. F. Burkharand S. Eckhardt for the FLEXPART simulations. Hyathe authors
thank all the people who helped with their insighisthe data and its analysis: F. Ozturk and
R. Bahreini for all the discussions on the paratellmatter and its measurement by AMS, P.
Ziemann for the kind help on the SOA vyield of IVOCBhe French ether data base

(http://ether.ipsl.jussieu.fr/megapglis acknowledged for hosting the experimental data

30



[EEN

© 00 N O O A~ W N

10
11
12
13
14
15
16

17
18
19
20

21

22
23

24
25

26
27
28

29
30

References

Aiken, A. C., Salcedo, D., Cubison, M. J., Huffman,A., DeCarlo, P. F., Ulbrich, I. M.,
Docherty, K. S., Sueper, D., Kimmel, J. R., WorsnDp R., Trimborn, A., Northway, M.,
Stone, E. A., Schauer, J. J., Volkamer, R. M., kantE., de Foy, B., Wang, J., Laskin, A.,
Shutthanandan, V., Zheng, J., Zhang, R., GaffngyMarley, N. A., Paredes-Miranda, G.,
Arnott, W. P., Molina, L. T., Sosa, G. and Jimeng4,.: Mexico City aerosol analysis during
MILAGRO using high resolution aerosol mass specétgnat the urban supersite (TO) — Part
1: Fine particle composition and organic sourceoagignment, Atmos. Chem. Phys., 9, 6633-
6653 , doi: 10.5194/acp-9-6633-2009, 2009.

Aiken, A. C., de Foy, B., Wiedinmyer, C., DeCarB®, F., Ulbrich, I. M., Wehrli, M. N.,
Szidat, S., Prevot, A. S. H., Noda, J., WackerMolkamer, R., Fortner, E., Wang, J., Laskin,
A., Shutthanandan, V., Zheng, J., Zhang, R., Pardtieanda, G., Arnott, W. P., Molina, L.
T., Sosa, G., Querol, X. and Jimenez, J. L.. Mexitp aerosol analysis during MILAGRO
using high resolution aerosol mass spectromettigeatirban supersite (T0) - Part 2: Analysis
of the biomass burning contribution and the norsifasarbon fraction, Atmos. Chem. Phys.,
10, 5315-5341, doi: 10.5194/acp-10-5315-2010, 2010.

Allan, J. D., Williams, P. I., Morgan, W. T., MamtiC. L., Flynn, M. J., Lee, J., Nemitz, E.,
Phillips, G. J., Gallagher, M. W. and Coe, H.: Gidmitions from transport, solid fuel burning
and cooking to primary organic aerosols in two Uties, Atmos. Chem. Phys., 10, 647—-668,
doi:10.5194/acp-10-647-2010, 2010.

Anderson, H. R.: Air pollution and mortality: A hisy, Atmos. Environ., 43, 142-152, 2009.

Atkinson, R.: Kinetics and mechanisms of the gaasghreactions of the hydroxyl radical
with organic compounds under atmospheric condiffdnem. Rev., 86, 69-201, 1986.

Atkinson, R. and Arey, J.: Atmospheric Degradatdrvolatile Organic Compounds, Chem.
Rev., 103, 4605-4638, 2003.

Aumont, B., Valorso, R., Mouchel-Vallon, C., Camoed M., Lee-Taylor, J. and Madronich,
S.: Modeling SOA formation from the oxidation otenrmediate volatility n-alkanes, Atmos.
Chem. Phys., 12, 7577-7589, do0i:10.5194/acp-12-2912, 2012.

Badol, C., Locoge, N., Léonardis, T. and GalloeCJ.Using a source-receptor approach to

characterise VOC behaviour in a French urban arfbzenced by industrial emissions Part I:

31



0o N o o

10
11

12
13
14

15
16
17

18
19
20

21
22
23
24
25
26

27
28
29

Study area description, data set acquisition araditgqtive data analysis of the data set, Sci.
Total Environ., 389, 441-452, 2008.

Bakeas, E. B., Argyris, D. . and Siskos, P. A.:rligmyl compounds in the urban
environment of Athens, Greece, Chemosphere, 52;8(5 2003.

Balzani Loov, J. M., Henne, S., Legreid, G., Stéahd., Reimann, S., Prévot, A. S. H,,

Steinbacher, M. and Vollmer, M. K.: Estimation @dkground concentrations of trace gases
at the Swiss Alpine site Jungfraujoch (3580 m agdl),Geophys. Res., 113, D22305,

doi:10.1029/2007JD009751, 2008.

Barletta, B., Meinardi, S., Simpson, I. J., Khwah,A., Blake, D. R. and Rowland, F. S.:
Mixing ratios of volatile organic compounds (VOGs)the atmosphere of Karachi, Pakistan,
Atmos. Environ., 36, 3429-3443, 2002.

Bates, M. S., Gonzalez-Flesca, N., Sokhi, R. anch€o, V.: Atmospheric Volatile Organic
Compound Monitoring. Ozone Induced Artefact ForamtiEnviron. Monit. Assess., 65, 89-
97, 2000.

Baumbach, G., Vogt, U., Hein, K. R. G., Oluwole,A, Ogunsola, O. J., Olaniyi, H. B. and
Akeredolu, F. A.: Air pollution in a large tropicalty with a high traffic density - results of

measurements in Lagos, Nigeria, Sci. Total Envjrb&9, 25-31, 1995.

Bi, X., Sheng, G., Peng, P., Chen, Y., Zhang, 4l Bua, J.: Distribution of particulate- and
vapor-phase n-alkanes and polycyclic aromatic hgahtwons in urban atmosphere of
Guangzhou, China, Atmos. Environ., 37, 289-2983200

Bon, D. M., Ulbrich, I. M., de Gouw, J. A., Warnekg., Kuster, W. C., Alexander, M. L.,
Baker, A., Beyersdorf, A. J., Blake, D., Fall, Bimenez, J. L., Herndon, S. C., Huey, L. G.,
Knighton, W. B., Ortega, J., Springston, S. andgdar O.: Measurements of volatile organic
compounds at a suburban ground site (T1) in MexXiay during the MILAGRO 2006
campaign: measurement comparison, emission raa$,source attribution, Atmos. Chem.
Phys., 11, 2399-2421, doi: 10.5194/acp-11-2399-29011.

Borbon, A., Fontaine, H., Veillerot, M., Locoge,,N5alloo, J.C. and Guillermo, R.: An
investigation into the traffic-related fraction a$oprene at an urban location, Atmos.
Environ., 35, 3749-3760, 2001.

32



10
11
12

13
14
15

16
17
18

19
20
21
22

23
24
25

26
27
28
29

30
31

Borbon, A., Locoge, N., Veillerot, M., Galloo, J.@nd Guillermo, R.: Characterisation of
NMHCs in a French urban atmosphere: overview ofrtfan sources, Sci. Total Environ.,
292, 177-191, 2002.

Borbon, A., Fontaine, H., Locoge, N., Veillerot, ind Galloo, J.C.: Developing receptor-
oriented methods for non-methane hydrocarbon ctersation in urban air - Part I: source
identification, Atmos. Environ., 37, 4051-4064, 300

Borbon, A., Gilman, J. B., Kuster, W. C., Grand,, NChevalillier, S., Colomb, A.,
Dolgorouky, C., Gros, V., Lopez, M., Sarda-EsteRe, Holloway, J., Stutz, J., Petetin, H.,
McKeen, S., Beekmann, M., Warneke, C., ParristDDand De Gouw, J. A.: Emission ratios
of anthropogenic volatile organic compounds in em mid-latitude megacities:
Observations versus emission inventories in Losefegyand Paris, J. Geophys. Res., 118, 1-
17, doi:10.1002/jgrd.50059, 2013.

Boudries, H., Toupance, G. and Dutot, A. L.: Seatwariation of atmospheric nonmethane
hydrocarbons on the western coast of Brittany, égamtmos. Environ., 28, 1095-1112,
1994.

Boynard, A., Borbon, A., Leonardis, T., Barletta, Bleinardi, S., Blake, D. R. and Locoge,
N.: Spatial and seasonal variability of measuretthrapogenic non-methane hydrocarbons in

urban atmospheres: Implication on emission rafds0s. Environ., 82, 258-267, 2014.

Carlton, A. G., Turpin, B. J., Altieri, K. E., Seihger, S. P., Mathur, R., Roselle, S. J. and
Weber, R. J.: CMAQ Model Performance Enhanced Whne@loud Secondary Organic
Aerosol is Included: Comparisons of Organic Carld@redictions with Measurements,
Environ. Sci. Technol., 42, 8798-8802, 2008.

CCFA - Comité des Constructeurs Francais d’Automesbi Analyses et statistiques:
I'industrie automobile francaise (Analysis and istats: the French Automotive Industry),
France, 2011.

Cecinato, A., Yassaa, N., Di Palo, V. and Possankin Observation of volatile and semi-
volatile carbonyls in an Algerian urban environmeusing dinitrophenylhydrazine/silica-
HPLC and pentafluorophenylhydrazine/silica-GC-MS, Ehviron. Monitor., 4, 223-228,
2002.

Chameides, W., Lindsay, R., Richardson, J. anddki@n: The role of biogenic hydrocarbons
in urban photochemical smog: Atlanta as a case/stmence, 241, 1473-1475, 1988.

33



a b~ W N

~N O

10
11
12

13
14
15
16
17

18
19
20
21
22
23

24
25
26
27

28
29
30
31

Chan, A. W. H., Kautzman, K. E., Chhabra, P. Srr&y J. D., Chan, M. N., Crounse, J. D.,
Kirten, A., Wennberg, P. O., Flagan, R. C. and f8k&nJ. H.: Secondary organic aerosol
formation from photooxidation of naphthalene andyllaphthalenes: implications for
oxidation of intermediate volatility organic compuals, (IVOCs), Atmos. Chem. Phys., 9,
3049-3060, doi : 10.5194/acp-9-3049-2009, 2009.

Cheng, L., Fu, L., Angle, R. P. and Sandhu, H.S®asonal variations of volatile organic
compounds in Edmonton, Alberta, Atmos. Environ,, Z39-246, 1997.

Coe, H.: Aerosol Chemistry and the Deepwater Hori&pill, Science, 331, 1273-1274,
2011.

Colén, M., Pleil, J. D., Hartlage, T. A., GuardaM, L. and Martins, M. H.: Survey of
volatile organic compounds associated with autoveatimissions in the urban airshed of Sao
Paulo, Brazil, Atmos. Environ., 35, 4017-4031, 2001

Cozic, J., Verheggen, B., Weingartner, E., Crosier,Bower, K. N., Flynn, M., Coe, H.,

Henning, S., Steinbacher, M., Henne, S., CollaudriCéJ., Petzold, A. and Baltensperger,
U.: Chemical composition of free tropospheric aefrdsr PM1 and coarse mode at the high
alpine site Jungfraujoch, Atmos. Chem. Phys., &-423, doi: 10.5194/acp-8-407-2008,
2008.

Crippa, M., DeCarlo, P. F., Slowik, J. G., Mohr, Beringa, M. F., Chirico, R., Poulain, L.,

Freutel, F., Sciare, J., Cozic, J., Di Marco, C.Hsasser, M., Nicolas, J. B., Marchand, N.,
Abidi, E., Wiedensohler, A., Drewnick, F., Schneidd., Borrmann, S., Nemitz, E.,

Zimmermann, R., Jaffrezo, J.-L., Prévot, A. S. Hd 8altensperger, U.: Wintertime aerosol
chemical composition and source apportionment efdfganic fraction in the metropolitan

area of Paris, Atmos. Chem. Phys., 13, 961-9811@&i194/acp-13-961-2013, 2013a.

Crippa, M., El Haddad, 1., Slowik, J. G., DeCar,F., Mohr, C., Heringa, M. F., Chirico,
R., Marchand, N., Sciare, J., Baltensperger, U.Rr&6t, A. S. H.: Identification of marine
and continental aerosol sources in Paris using fegblution aerosol mass spectrometry, J.
Geophys. Res., 118, 1950-1963, doi:10.1002/jgr¢.502013b.

Dallmann, T. R., Kirchstetter, T. W., DeMartini, 3. and Harley, R. A.: Quantifying On-
Road Emissions from Gasoline-Powered Motor Vehickscounting for the Presence of
Medium- and Heavy-Duty Diesel Trucks, Environ. Sdiechnol., 47, 13873-13881,
doi:10.1021/es402875u, 2013.

34



a b~ W N

© 00 N O

10
11
12

13
14
15
16
17
18
19

20
21
22
23
24
25

26
27
28
29

30
31

de Gouw, J.A., Middlebrook, A. M., Warneke, C., Gah, P. D., Kuster, W. C., Roberts, J.
M., Fehsenfeld, F. C., Worsnop, D. R., Canagardthd&., Pszenny, A. A. P., Keene, W. C,,
Marchewka, M., Bertman, S. B. and Bates, T. S.:d&df organic carbon in a polluted

atmosphere: Results from the New England Air Qu&iudy in 2002. J. Geophys. Res., 110,
D16305, doi: 10.1029/2004JD005623, 2005.

de Gouw, J.A., Brock, C. A, Atlas, E. L., Bates, S., Fehsenfeld, F. C., Goldan, P. D.,
Holloway, J. S., Kuster, W. C., Lerner, B. M., Matv, B. M., Middlebrook, A. M., Onasch,

T. B., Peltier, R. E., Quinn, P. K., Senff, C. 3$tohl, A., Sullivan, A. P., Trainer, M.,

Warneke, C., Weber, R. J. and Williams, E. J.: Sesirof particulate matter in the
northeastern United States in summer: 1. Directssiomns and secondary formation of
organic matter in urban plumes. J. Geophys. Ré&8,, 208301, doi:10.1029/2007JD009243,
2008.

de Gouw, J. A., Welsh-Bon, D., Warneke, C., KusWr,C., Alexander, L., Baker, A. K.,

Beyersdorf, A. J., Blake, D. R., Canagaratna, Mela@a, A. T., Huey, L. G., Junkermann,
W., Onasch, T. B., Salcido, A., Sjostedt, S. JlliNgn, A. P., Tanner, D. J., Vargas, O.,
Weber, R. J., Worsnop, D. R., Yu, X. Y. and Zavei, Emission and chemistry of organic
carbon in the gas and aerosol phase at a sub-giteamear Mexico City in March 2006
during the MILAGRO study, Atmos. Chem. Phys., 9288442, doi: 10.5194/acp-9-3425-
2009, 2009.

de Gouw, J. A., Middlebrook, A. M., Warneke, C.,m/Aadov, R., Atlas, E. L., Bahreini, R.,
Blake, D. R., Brock, C. A., Brioude, J., Fahey,W., Fehsenfeld, F. C., Holloway, J. S., Le
Henaff, M., Lueb, R. A., McKeen, S. A., MeagherfJ.Murphy, D. M., Paris, C., Parrish, D.
D., Perring, A. E., Pollack, I. B., Ravishankara, R., Robinson, A. L., Ryerson, T. B.,
Schwarz, J. P., Spackman, J. R., Srinivasan, AVdatis, L. A.: Organic Aerosol Formation
Downwind from the Deepwater Horizon Oil Spill, Swoe, 331, 1295-1299, 2011.

DeCarlo, P. F., Kimmel, J. R., Trimborn, A., Nortlayy M. J., Jayne, J. T., Aiken, A. C.,
Gonin, M., Fuhrer, K., Horvath, T., Docherty, K., 8Yorsnop, D. R. and Jimenez, J. L.
Field-Deployable, High-Resolution, Time-of-Flight efosol Mass Spectrometer, Anal.
Chem., 78, 8281-8289, 2006.

Detournay, A., Sauvage, S., Locoge, N., GaudionL®onardis, T., Fronval, I., Kaluzny, P.
and Galloo, J.-C.: Development of a sampling metfaydthe simultaneous monitoring of

35



10

11
12
13

14
15
16

17
18
19

20
21
22

23
24
25

26
27

28
29

straight-chain alkanes, straight-chain saturatedbargyl compounds and monoterpenes in

remote areas. J. Environ. Monitoring., 13, 983-2411,1.

Detournay, A., Sauvage, S., Riffault, V., Wroblewsk. and Locoge, N.: Source and
behavior of isoprenoid compounds at a southernderaemote site, Atmos. Environ., 77,
272-282, 2013.

Dettmer, K. and Engewald, W.: Ambient air analysisvolatile organic compounds using
adsorptive enrichment, Chromatographia, 57, S339¢S3003.

Dockery, D.W., Pope, C. A., Xu, X., Spengler, J, Ware, J. H., Fay, M. E., Ferris, B. G.
and Speizer, F. E.:An Association between Air Rml and Mortality in Six U.S. Cities.
New Engl. J. Med., 329, 1753-1759, 1993.

Dommen, J., Prévdt, A.S.H., Neininger, B. and Cladk NOxTOy: a miniaturised new
instrument for reactive nitrogen oxides in the adpileere, PSI Scientific Report 1999,
Volume V, Paul Scherrer Institute, 2000.

Duan, J., Tan, J., Yang, L., Wu, S. and Hao, Jnd€ntration, sources and ozone formation
potential of volatile organic compounds (VOCs) dgriozone episode in Beijing, Atmos.
Res., 88, 25-35, 2008.

Dutta, C., Chatterjee, A., Jana, T. K., MukherjaeK. and Sen, S.: Contribution from the
primary and secondary sources to the atmospheamtaldehyde in Kolkata, India, Sci. Total
Environ., 408, 4744-4748, 2010.

Epstein, S. A., Riipinen, I. and Donahue, N. M.: S&miempirical Correlation between
Enthalpy of Vaporization and Saturation Concerratior Organic Aerosol, Environ. Sci.
Technol., 44, 743-748, doi: 10.1021/es902497z, 2010

Ervens, B., Turpin, B. J. and Weber, R. J.: Secondaganic aerosol formation in cloud
droplets and aqueous particles (agSOA): a revievaldratory, field and model studies,
Atmos. Chem. Phys., 11, 11069-11102, doi:10.519414¢11069-2011, 2011.

Favez, O., Cachier, H., Sciare, J. and MoullecLY.Characterization and contribution to
PM2.5 of semi-volatile aerosols in Paris (Franégos. Environ., 41, 7969-7976, 2007.

Filella, 1. and Pefiuelas, J.: Daily, weekly, andssmal time courses of VOC concentrations

in a semi-urban area near Barcelona, Atmos. Enyigih 7752-7769, 2006.

36



A W DN PP

ol

10
11
12

13
14
15
16
17

18
19
20
21
22
23
24

25
26
27
28

29
30
31

Filleul, L., Cassadou, S., Médina, S., Fabres,LBfranc, A., Eilstein, D., Tertre, A. L.,
Pascal, L., Chardon, B., Blanchard, M., Declerq,J0sot, J.-F., Prouvost, H. and Ledrans,
M.: The relation between temperature, ozone, andatity in nine French cities during the
heat wave of 2003, Environ. Health Persp., 114413347, 2006.

Finkelstein, M. M., Jerrett, M. and Sears, M. Rraffic Air Pollution and Mortality Rate
Advancement Periods, Am. J. Epidemiol., 160, 173;2D04.

Fontaine, H. : Les Composés Organiques Volatilssdés gaz d'échappement des
automobiles: etablissement de profils d'émissigragentatifs de différentes conditions de

conduite, Ph.D. thesis, Université de Technologi€dmpiegne, France, 288 pp, 2000.

Fraser, M. P., Cass, G. R. and Simoneit, B. R.GRs-Phase and Particle-Phase Organic
Compounds Emitted from Motor Vehicle Traffic in ad Angeles Roadway Tunnel, Environ.
Sci. Technol., 32, 2051-2060, d0i:10.1021/es970919@S.

Freney, E. J., Sellegri, K., Canonaco, F., ColoAbBorbon, A., Michoud, V., Doussin, J.-
F., Crumeyrolle, S., Amarouche, N., Pichon, J.-Bburianne, T., Gomes, L., Prevot, A. S.
H., Beekmann, M. and Schwarzenbb6eck, A.: Charadtgrithe impact of urban emissions on
regional aerosol particles: airborne measurementsngl the MEGAPOLI experiment,
Atmos. Chem. Phys., 14, 1397-1412, doi:10.51941#c£397-2014, 2014.

Freutel, F., Schneider, J., Drewnick, F., von deid&n-Reinmdller, S.-L., Crippa, M., Prévot
A. S. H., Baltensperger, U., Poulain, L., WiedertleghA., Sciare, J., Sarda-Esteve, R.,
Burkhart, J. F., Eckhardt, S., Stohl, A., Gros, ®glomb, A., Michoud, V., Doussin, J. F.,
Borbon, A., Haeffelin, M., Morille, Y., Beekmann, .Mand Borrmann, S.: Aerosol particle
measurements at three stationary sites in the ntggat Paris during summer 2009:
Meteorology and air mass origin dominate aerosdigd@ composition and size distribution,
Atmos. Chem. Phys., 13, 933-959, doi: 10.5194/&8833-2013, 2013a.

Freutel, F., Drewnick, F., Schneider, J., Klimath,and Borrmann, S.: Quantitative single
particle analysis with the Aerodyne aerosol massctspmeter. development of a new
classification algorithm and its application toldiedata, Atmos. Meas. Tech. Discuss., 6,
5653-5691, d0i:10.5194/amtd-6-5653-2013, 2013b.

Fry, J. L., Kiendler-Scharr, A., Rollins, A. W., Wldridge, P. J., Brown, S. S., Fuchs, H.,
Dubé, W., Mensah, A., Dal Maso, M., Tillmann, RorD, H.-P., Brauers, T. and Cohen, R.

C.: Organic nitrate and secondary organic aerogstl yfrom NO3 oxidation of3-pinene

37



o o A WD

\]

10
11
12
13

14
15
16

17
18
19
20
21

22
23
24
25

26
27

28
29
30

evaluated using a gas-phase kinetics/aerosol ipamiy model, Atmos. Chem. Phys., 9,
1431-1449, doi:10.5194/acp-9-1431-2009, 2009.

Fry, J. L., Kiendler-Scharr, A., Rollins, A. W., &rers, T., Brown, S. S., Dorn, H.-P., Dubé,
W. P., Fuchs, H., Mensah, A., Rohrer, F., TillmaRn, Wahner, A., Wooldridge, P. J. and
Cohen, R. C.: SOA from limonene: role of NO3 in gisneration and degradation, Atmos.
Chem. Phys., 11, 3879-3894, do0i:10.5194/acp-11-2819, 2011.

Gaeggeler, K., Prevot, A. S. H., Dommen, J., Lebréi., Reimann, S. and Baltensperger, U.:
Residential wood burning in an Alpine valley asaarse for oxygenated volatile organic

compounds, hydrocarbons and organic acids, Atmoardén., 42, 8278—-8287, 2008.

Gaimoz, C., Sauvage, S., Gros, V., Herrmann, Flliamis, J., Locoge, N., Perrussel, O.,
Bonsang, B., d'Argouges, O., Sarda-Esteve, R. amates J.: Volatile organic compounds
sources in Paris in spring 2007. Part Il: sourc@odmnment using positive matrix
factorisation, Environ. Chem., 8, 91-103, 2011.

Gentner, D. R., Harley, R. A., Miller, A. M. and @stein, A. H.: Diurnal and Seasonal
Variability of Gasoline-Related Volatile Organic @pound Emissions in Riverside,
California, Environ. Sci. Technol., 43, 4247-4284i: 10.1021/es9006228, 2009.

Gentner, D. R., Isaacman, G., Worton, D. R., C#anW. H., Dallmann, T. R., Dauvis, L.,
Liu, S., Day, D. A, Russell, L. M., Wilson, K. Rieber, R., Guha, A., Harley, R. A. and
Goldstein, A. H.: Elucidating secondary organicoget from diesel and gasoline vehicles
through detailed characterization of organic carleonissions, P. Natl. Acad. Sci., 109,
18318-18323, doi:10.1073/pnas.1212272109, 2012.

Gentner, D. R., Worton, D. R., Isaacman, G., DakisC., Dallmann, T. R., Wood, E. C.,
Herndon, S. C., Goldstein, A. H. and Harley, R. 8hemical Composition of Gas-Phase
Organic Carbon Emissions from Motor Vehicles andlioations for Ozone Production,
Environ. Sci. Technol., 47, 11837-11848, doi:101¥62401470e, 2013.

Gros, V., Bonsang, B. and Sarda Esteve, R.: Atmasphcarbon monoxide 'in situ'
monitoring by automatic gas chromatography, Cheinesy 1, 153-161, 1999.

Gros, V., Jockel, P., Brenninkmeijer, C. A. M., Rowann, T., Meinhardt, F. and Graul, R.:
Characterization of pollution events observed ataBmsland, Germany, using CO and its
stable isotopes, Atmos. Environ., 36, 2831-2840220

38



~N o o b~ N

©

10

11
12
13

14
15
16

17
18
19
20
21
22

23
24
25
26

27
28
29
30
31

Gros, V., Sciare, J. and Yu, T.: Air-quality measuents in megacities: Focus on gaseous
organic and particulate pollutants and comparisetwéen two contrasted cities, Paris and
Beijing. C.R. Geosci., 339, 764-774, 2007.

Gros, V., Gaimoz, C., Herrmann, F., Custer, T.,I¥fts, J., Bonsang, B., Sauvage, S.,
Locoge, N., d'Argouges, O., Sarda-Esteve, R. andr&cJ.: Volatile organic compounds
sources in Paris in spring 2007. Part I: qualim@walysis, Environ. Chem., 2011, 8, 74-90,
2011.

Grosjean, D., Grosjean, E. and Gertler, A. W.: @adREmissions of Carbonyls from Light-
Duty and Heavy-Duty Vehicles, Environ. Sci. Techn8b, 45-53, doi:10.1021/es001326a,
2001.

Guenther, A. B., Monson, R. K. and Fall, R.: Isomeand Monoterpene Emission Rate
Variability: Observations With Eucalyptus and EnvssRate Algorithm Development, J.
Geophys. Res., 96, 10799-10808, doi: 10.1029/9196@01991.

Guo, Z., Lin, T., Zhang, G., Hu, L. and Zheng, Mccurrence and sources of polycyclic
aromatic hydrocarbons and n-alkanes in PM2.5 irrdléside environment of a major city in
China, J. Hazard. Mater., 170, 888-894, 2009.

Haeffelin, M., Barthés, L., Bock, O., Boitel, C.pBy, S., Bouniol, D., Chepfer, H., Chiriaco,
M.; Cuesta, J., Delanoég, J., Drobinski, P., Dufegsh-L., Flamant, C., Grall, M., Hodzic, A.,
Hourdin, F., Lapouge, F., Lemaitre, Y., Mathieu, Morille, Y., Naud, C., N6el, V., O'Hirok,
W., Pelon, J., Pietras, C., Protat, A., Romand,®ialom, G. and Vautard, R.: SIRTA, a
ground-based atmospheric observatory for cloud asrdsol research, Ann. Geophys., 23,
253-275, 2005.

Haeffelin, M., Angelini, F., Morille, Y., MartucciG., Frey, S., Gobbi, G. P., Lalli, S.,
O’Dowd, C. D., Sauvage, L., Xueref-Rémy, I., WastiB. and Feist, D. G.: Evaluation of
Mixing-Height Retrievals from Automatic Profilingidars and Ceilometers in View of Future
Integrated Networks in Europe, Bound.-Lay. Meteotdi3, 49-75, 2012.

Hallquist, M., Wenger, J. C., Baltensperger, U.,dRh, Y., Simpson, D., Claeys, M.,
Dommen, J., Donahue, N. M., George, C., Goldst&irti., Hamilton, J. F., Herrmann, H.,
Hoffmann, T., linuma, Y., Jang, M., Jenkin, M. Himenez, J. L., Kiendler-Scharr, A.,
Maenhaut, W., McFiggans, G., Mentel, T. F., Monéd, Prévét, A. S. H., Seinfeld, J. H.,
Surratt, J. D., Szmigielski, R. and Wildt, J.: Thamation, properties and impact of

39



10
11

12
13
14

15
16

17
18
19

20
21
22

23
24
25
26

27
28
29
30

secondary organic aerosol: current and emergingsssAtmos. Chem. Phys., 9, 5155-5236,
doi:10.5194/acp-9-5155-2009, 2009.

Heald, C. L., Jacob, D. J., Park, R. J., RusselML, Huebert, B. J., Seinfeld, J. H., Liao, H.
and Weber, R. J.: A large organic aerosol sour¢herfree troposphere missing from current
models, Geophys. Res. Lett., 32, L18809, doi:10@12005GL023831, 2005.

Heeb, N. V., Forss, A.-M. and Bach, C.: Fast andngjtative measurement of benzene,
toluene and C2-benzenes in automotive exhaust glaramsient engine operation with and
without catalytic exhaust gas treatment, Atmos.iiemv, 33, 205-215, 1999.

Heiden, A.C., Hoffmann, T., Kahl, J., Kley, D., Kkow, D., Langebartels, C., Mehlhorn, H.,
Sandermann, H., Schraudner, M., Schuh, G. and WildtEmission of volatile organic
compounds from ozone-exposed plants, Ecol. ApplL180-1167, 1999.

Hellén, H., Hakola, H., Reissell, A. and RuuskanénM.: Carbonyl compounds in boreal
coniferous forest air in Hyytiala, Southern Finlakdmos. Chem. Phys., 4, 1771-1780, doi:
10.5194/acp-4-1771-2004, 2004.

Hellén, H., Tykk&, T. and Hakola, H.: Importancenmdnoterpenes and isoprene in urban air
in northern Europe, Atmos. Environ., 59, 59-66,201

Hildebrandt, L., Donahue, N. M. and Pandis, S. Migh formation of secondary organic
aerosol from the photo-oxidation of toluene, AtmoShem. Phys., 9, 2973-2986,
doi:10.5194/acp-9-2973-2009, 2009.

Ho, K. F., Lee, S. C., Louie, P. K. K. and Zou, G: Seasonal variation of carbonyl
compound concentrations in urban area of Hong Ka&igjos. Environ., 36, 1259-1265,
2002.

Hodzic, A., Jimenez, J. L., Madronich, S., Aiken, @., Bessagnet, B., Curci, G., Fast, J.,
Lamarque, J.-F., Onasch, T. B., Roux, G., Schaled,, Stone, E. A. and Ulbrich, 1. M.:

Modeling organic aerosols during MILAGRO: importanof biogenic secondary organic

aerosols, Atmos. Chem. Phys., 9, 6949-6981, dot1B2/acp-9-6949-2009, 2009.

Hodzic, A., Jimenez, J. L., Madronich, S., CanayaaM. R., DeCarlo, P. F., Kleinman, L.
and Fast, J.: Modeling organic aerosols in a mégaootential contribution of semi-volatile

and intermediate volatility primary organic compdanto secondary organic aerosol
formation, Atmos. Chem. Phys., 10, 5491-5514, #0i5194/acp-10-5491-2010, 2010.

40



N

© 0 N O o1 b~

10
11
12

13
14
15

16
17

18
19
20

21
22
23

24
25
26
27
28

29
30

Hoque, R. R., Khillare, P. S., Agarwal, T., Shridhd. and Balachandran, S.: Spatial and
temporal variation of BTEX in the urban atmosphar®elhi, India, Sci. Total Environ., 392,
30-40, 2008.

Hornbrook, R. S., Blake, D. R., Diskin, G. S., EiéA., Fuelberg, H. E., Meinardi, S.,

Mikoviny, T., Richter, D., Sachse, G. W., Vay, S, Walega, J., Weibring, P., Weinheimer,
A. J., Wiedinmyer, C., Wisthaler, A., Hills, A., &ner, D. D. and Apel, E. C.: Observations
of nonmethane organic compounds during ARCTAS + PdBiomass burning emissions and
plume enhancements, Atmos. Chem. Phys., 11, 1110390] doi:10.5194/acp-11-11103-
2011, 2011.

IREP, Registre francais des Emissions Polluantes, vailable at:
http://www.pollutionsindustrielles.ecologie.gou¥lREP/index.php (last access: October
2012), 2012.

Jenkin, M. E. and Hayman, G. D.: Photochemical ezormation potentials for oxygenated
volatile organic compounds: sensitivity to variagoin kinetic and mechanistic parameters,
Atmos. Environ., 33, 1275-1293, 1999.

Jimenez, J. L., Canagaratna, M. R., Donahue, N.Rveyot, A. S. H., Zhang, Q., et al.:
Evolution of Organic Aerosols in the AtmosphereigBce, 326, 1525-1529, 2009.

Jordan, C. E., Ziemann, P. J., Griffin, R. J., Lin,B., Atkinson, R. and Arey, J.: Modeling
SOA formation from OH reactions with C8-C17 n-alkapnAtmos. Environ., 42, 8015-8026,
2008.

Kadowaki, S.: Characterization of carbonaceous smésoin the Nagoya urban area. 2.
Behavior and origin of particulate n-alkanes, Eowir Sci. Technol., 28, 129-135, doi:
10.1021/es00050a017, 1994.

Kanakidou, M., Seinfeld, J. H., Pandis, S. N., Batrl., Dentener, F. J., Facchini, M. C., Van
Dingenen, R., Ervens, B., Nenes, A., Nielsen, CSwiietlicki, E., Putaud, J. P., Balkanski,
Y., Fuzzi, S., Horth, J., Moortgat, G. K., Winteltea, R., Myhre, C. E. L., Tsigaridis, K.,
Vignati, E., Stephanou, E. G. and Wilson, J.: Orgaerosol and global climate modelling: a
review, Atmos. Chem. Phys., 5, 1053-1123, doi: 194%acp-5-1053-2005, 2005.

Kappos, A.D., Bruckmann, P., Eikmann, T., Engl&tt, Heinrich, U., Hoppe, P., Koch, E.,
Krause, G. H. M.; Kreyling, W. G.; Rauchfuss, KgrRbout, P.; Schulz-Klemp, V.; Thiel, W.

41



[EEN

10
11

12
13
14
15

16
17
18

19
20
21

22
23
24
25

26
27
28
29

R. and Wichmann, H.-E.: Health effects of partidesambient air, Int. J. Hy. Envir. Heal.,
207, 399-407, 2004.

Khillare, P.S., Hoque, R. R., Shridhar, V., Agarwdal and Balachandran, S.: Temporal
variability of benzene concentration in the amb&intof Delhi: A comparative assessment of
pre- and post-CNG periods, J. Hazard. Mater., 1643-1018, 2008.

Khoder, M. I.: Ambient levels of volatile organiommpounds in the atmosphere of Greater
Cairo, Atmos. Environ., 41, 554-566, 2007.

Kleindienst, T. E., Corse, E. W., Blanchard, F.ahd Lonneman, W. A.: Evaluation of the
Performance of DNPH-Coated Silica Gel and C18 @m#s in the Measurement of
Formaldehyde in the Presence and Absence of OEonaron. Sci. Technol., 32, 124-130,
doi: 10.1021/es970205g, 1998.

Kleindienst, T. E., Jaoui, M., Lewandowski, M., &iberg, J. H., Lewis, C. W., Bhave, P. V.
and Edney, E. O.: Estimates of the contributionsiofenic and anthropogenic hydrocarbons
to secondary organic aerosol at a southeasterrot#idn, Atmos. Environ., 41, 8288-8300,
2007.

Knobloch, T., Asperger, A. and Engewald, W.: Vd&torganic compounds in urban
atmospheres: Long-term measurements of ambientoaicentrations in differently loaded
regions of Leipzig, Fresen. J. Anal. Chem., 359-187, 1997.

Kroll, J. H., Ng, N. L., Murphy, S. M., Flagan, B. and Seinfeld, J. H.: Secondary Organic
Aerosol Formation from Isoprene Photooxidation, iEmv. Sci. Technol., 40, 1869-1877,
doi: 10.1021/es0524301, 2006.

Langford, B., Nemitz, E., House, E., Phillips, G.Ramulari, D., Davison, B., Hopkins, J. R.,
Lewis, A. C. and Hewitt, C. N.: Fluxes and concatitns of volatile organic compounds
above central London, UK, Atmos. Chem. Phys., P7-645, doi: 10.5194/acp-10-627-2010,
2010.

Lanz, V. A., Hueglin, C., Buchmann, B., Hill, M.pther, R., Staehelin, J. and Reimann, S.:
Receptor modeling of C2—C7 hydrocarbon sourceshatirban background site in Zurich,

Switzerland: changes between 1993-1994 and 2005-2Z0thos. Chem. Phys., 8, 2313—
2332, doi:10.5194/acp-8-2313-2008, 2008.

42



~N o o b~ N

©

10
11

12
13
14

15
16
17

18
19
20

21
22
23

24
25
26
27

28

Lee, A., Goldstein, A. H., Kroll, J. H., Ng, N. LVarutbangkul, V., Flagan, R. C. and
Seinfeld, J. H.: Gas-phase products and secondsog@ yields from the photooxidation of
16 different terpenes, J. Geophys. Res., 111, D8, 788l: 10.1029/2006JD007050 2006a.

Lee, B. H., Munger, J. W., Wofsy, S. C. and Golofst&. H.: Anthropogenic emissions of
nonmethane hydrocarbons in the northeastern UrStates: Measured seasonal variations
from 1992-1996 and 1999-2001, J. Geophys. Res., , 11020307,
doi:10.1029/2005JD006172, 2006b.

Legreid, G., Balzani L66v, J., Staehelin, J., HuedL., Hill, M., Buchmann, B., Prevot, A. S.

and Reimann, S.: Oxygenated volatile organic comgsy(OVOCSs) at an urban background
site in Zurich (Europe): Seasonal variation ands®allocation, Atmos. Environ., 41, 8409—
8423, 2007.

Li, R., Palm, B. B., Borbon, A., Graus, M., Warnekg, Ortega, A. M., Day, D. A., Brune,
W. H., Jimenez, J. L. and De Gouw, J. A.: Labora®iudies on Secondary Organic Aerosol
Formation from Crude Oil Vapors, Environ. Sci. Tech, doi:10.1021/es402265y, 2013.

Lim, Y. B. and Ziemann, P. J.: Products and Mectranof Secondary Organic Aerosol
Formation from Reactions of n-Alkanes with OH Ratlcin the Presence of NOx, Environ.
Sci. Technol., 39, 9229-9236, doi: 10.1021/es05¢42305.

Lim, Y. B. and Ziemann, P. J.: Effects of Molecuttructure on Aerosol Yields from OH
Radical-Initiated Reactions of Linear, Branched] &yclic Alkanes in the Presence of NOX,
Environ. Sci. Technol., 43, 2328—-2334, doi: 10.168803389s, 2009a.

Lim, Y. B. and Ziemann, P. J.: Chemistry of Secagdarganic Aerosol Formation from OH
Radical-Initiated Reactions of Linear, Branched] @yclic Alkanes in the Presence of NO x,
Aerosol Sci. Technol., 43, 604—619, 2009b.

Loza, C. L., Craven, J. S., Yee, L. D., Coggon, M1, Schwantes, R. H., Shiraiwa, M.,
Zhang, X., Schilling, K. A., Ng, N. L., Canagarathd. R., Ziemann, P. J., Flagan, R. C. and
Seinfeld, J. H.: Secondary organic aerosol yields2scarbon alkanes, Atmos. Chem. Phys.,
14, 1423-1439, doi:10.5194/acp-14-1423-2014, 2014.

Magill, P.L.: The Los Angeles Smog Problem, Indge@Ghem., 41, 2476-2486, 1949.

43



10
11

12
13
14
15
16

17
18

19
20
21

22
23

24
25

26
27
28

29
30

Majumdar, D., Dutta, C., Mukherjee, A.K. and Sen,Surce apportionment of VOCs at the
petrol pumps in Kolkata, India, exposure of workansl assessment of associated health risk,
Transportation Research Part D: Transport and Bnment, 13, 524-530, 2008.

Martins, E. M., Arbilla, G., Bauerfeldt, G. F. amk Paula, M.: Atmospheric levels of
aldehydes and BTEX and their relationship with ealar fleet changes in Rio de Janeiro
urban area, Chemosphere, 67, 2096-2103, 2007.

Michoud, V., Kukui, A., Camredon, M., Colomb, A.ofbon, A., Miet, K., Aumont, B.,
Beekmann, M., Durand-Jolibois, R., Perrier, S.,fZ&p, Siour, G., Ait-Helal, W., Locoge,
N., Sauvage, S., Afif, C., Gros, V., Furger, M., ckilet, G. and Doussin, J.-F.: Radical
budget analysis in a suburban European site dtinegMEGAPOLI summer field campaign,
Atmos. Chem. Phys., 12, 11951-11974, doi:10.519412:11951-2012, 2012.

Michoud, V., Colomb, A., Borbon, A., Miet, K., Beslann, M., Camredon, M., Aumont, B.,
Perrier, S., Zapf, P., Siour, G., Ait-Helal, W.,ifAfC., Kukui, A., Furger, M., Dupont, J. C.,
Haeffelin, M. and Doussin, J. F.: Study of the umkn HONO daytime source at a European
suburban site during the MEGAPOLI summer and wirligld campaigns, Atmos. Chem.
Phys., 14, 2805-2822, doi:10.5194/acp-14-2805-22044.

Molina, M. J. and Molina, L. T.: Megacities and aispheric pollution, J. Air Waste Manage.
Assoc., 54, 644-680, 2004.

Monod, A., Sive, B. C., Avino, P., Chen, T., Blake,R. and Rowland, F. S.: Monoaromatic
compounds in ambient air of various cities: a fooascorrelations between the xylenes and
ethylbenzene, Atmos. Environ., 35, 135-149, 2001.

Na, K. and Kim, Y. P.: Seasonal characteristicamibient volatile organic compounds in
Seoul, Korea, Atmos. Environ., 35, 2603-2614, 2001.

Nelson, P. F. and Quigley, S. M.: The m,p-xylenthylbenzene ratio. A technique for
estimating hydrocarbon age in ambient atmosphétesps. Environ., 17, 659-662, 1983.

Ng, N. L., Kroll, J. H., Chan, A. W. H., Chhabra, ., Flagan, R. C. and Seinfeld, J. H.:
Secondary organic aerosol formation from m-xyleilodjene, and benzene, Atmos. Chem.
Phys., 7, 3909-3922, doi: 10.5194/acp-7-3909-2Q007a.

Ng, N. L., Chhabra, P. S., Chan, A. W. H., Surrat., Kroll, J. H., Kwan, A. J., McCabe,
D. C., Wennberg, P. O., Sorooshian, A., MurphyMS. Dalleska, N. F., Flagan, R. C. and

44



~N o o b~ N

©

10

11
12

13
14
15

16
17
18
19
20

21
22
23

24
25
26

27
28
29
30

Seinfeld, J. H.: Effect of NOx level on secondargamic aerosol (SOA) formation from the
photooxidation of terpenes, Atmos. Chem. Phys5159-5174, doi: 10.5194/acp-7-5159-
2007, 2007b.

Novelli, P. C., Collins, J. E., Myers, R. C., Saeh&. W. and Scheel, H. E.: Reevaluation of
the NOAA/CMDL carbon monoxide reference scale andthgarisons with CO reference
gases at NASA-Langley and the Fraunhofer InstilutGeophys. Res., 99, 12833-12839,
doi:10.1029/94JD00314, 1994.

Odum, J. R., Jungkamp, T. P. W., Griffin, R. Jaddn, R. C. and Seinfeld, J. H.: The
Atmospheric Aerosol-Forming Potential of Whole das® Vapor, Science, 276, 96-99,
1997.

Pankow, J. F.: An absorption model of the gas/a¢noartitioning involved in the formation

of secondary organic aerosol, Atmos. Environ.,13%-193, 1994.

Park, R.J., Jacob, D.J., Chin, M. and Martin, RSbaurces of carbonaceous aerosols over the
United States and implications for natural vistgiliJ. Geophys. Res., 108, 4355, doi:
10.1029/2002JD003190, 2003.

Parrish, D.D., Trainer, M., Young, V., Goldan, P., Xuster, W. C., Jobson, B. T.,
Fehsenfeld, F. C., Lonneman, W. A., Zika, R. Dinier, C. T., Riemer, D. D. and Rodgers,
M. O.: Internal consistency tests for evaluation mikeasurements of anthropogenic
hydrocarbons in the troposphere, J. Geophys. Rd€3, 22339-22359, doi:
10.1029/98JD01364, 1998.

Presto, A. A., Miracolo, M. A., Donahue, N. M. aRbbinson, A. L.: Secondary Organic
Aerosol Formation from High-NOx Photo-Oxidation a@bw Volatility Precursors: n-
Alkanes, Environ. Sci. Technol., 44, 2029-2034;®11021/es903712r, 2010.

Pye, H. O. T. and Pouliot, G. A.: Modeling the Rale Alkanes, Polycyclic Aromatic
Hydrocarbons, and Their Oligomers in Secondary @icgAerosol Formation, Environ. Sci.
Technol., 46, 6041-6047, doi:10.1021/es300409w2201

Ran, L., Zhao, C. S., Xu, W. Y., Lu, X. Q., Han,,Min, W. L., Yan, P., Xu, X. B., Deng, Z.

Z., Ma, N., Liu, P. F., Yu, J., Liang, W. D. and&h L. L.: VOC reactivity and its effect on
ozone production during the HaChi summer campagmos. Chem. Phys., 11, 4657-4667,
doi: 10.5194/acp-11-4657-2011, 2011.

45



A W DN PP

(o2 &)

10

11
12
13
14

15
16
17

18
19
20

21
22
23

24
25
26

27
28
29

Roberts, J. M., Fehsenfeld, F. C., Liu, S. C., igkr, M. J., Hahn, C., Albritton, D. L. and
Sievers, R. E.: Measurements of aromatic hydrocarbtios and NOx concentrations in the
rural troposphere: Observation of air mass photoote aging and NOx removal, Atmos.
Environ., 18, 2421-2432, 1984.

Robinson, A. L., Donahue, N. M., Shrivastava, M, KVeitkamp, E. A., Sage, A. M.,
Grieshop, A. P., Lane, T. E., Pierce, J. R. anddRars. N.: Rethinking Organic Aerosols:
Semivolatile Emissions and Photochemical AgingeBece, 315, 1259-1262, 2007.

Roukos, J., Riffault, V., Locoge, N. and Plaisartde,VOC in an urban and industrial harbor
on the French North Sea coast during two contrasikt@orological situations, Environ. Poll.,
157,3001-3009, 2009.

Russo, R. S., Zhou, Y., White, M. L., Mao, H., T&lbR. and Sive, B. C.. Multi-year (2004-
2008) record of nonmethane hydrocarbons and hdlonarin New England: seasonal
variations and regional sources, Atmos. Chem. PHyX. 4909-4929, doi: 10.5194/acp-10-
4909-2010, 2010.

Sauvage, S., Plaisance, H., Locoge, N., Wroblewaki,Coddeville, P. and Galloo, J.C.:
Long term measurement and source apportionmenbbiofnmethane hydrocarbons in three
French rural areas, Atmos. Environ., 43, 2430-220009.

Schauer, J. J., Kleeman, M. J., Cass, G. R. andr&in) B. R. T.: Measurement of Emissions
from Air Pollution Sources. 2. C1 through C30 Orga@ompounds from Medium Duty
Diesel Trucks, Environ. Sci. Technol., 33, 1578-15®80i: 10.1021/es980081n, 1999a.

Schauer, J. J., Kleeman, M. J., Cass, G. R. andr&iitp B. R. T.: Measurement of Emissions
from Air Pollution Sources. 1. C1 through C29 Orngadompounds from Meat Charbroiling,
Environ. Sci. Technol., 33, 1566-1577, doi:10.162380076j, 1999b.

Schauer, J. J., Kleeman, M. J., Cass, G. R. andr&ii) B. R. T.: Measurement of Emissions
from Air Pollution Sources. 3. C1-C29 Organic Compads from Fireplace Combustion of
Wood, Environ. Sci. Technol., 35, 1716-1728, daitD@1/es001331e, 2001.

Schauer, J. J., Kleeman, M. J., Cass, G. R. andr&ity B. R. T.: Measurement of Emissions
from Air Pollution Sources. 5. C1-C32 Organic Commpads from Gasoline-Powered Motor
Vehicles, Environ. Sci. Technol., 36, 1169-1180;1db1021/es0108077, 2002.

46



A W DN PP

ol

10
11
12

13
14

15
16
17
18

19
20
21

22
23

24
25
26

27
28
29

Sciare, J., d'Argouges, O., Zhang, Q. J., SardevEsR., Gaimoz, C., Gros, V., Beekmann,
M. and Sanchez, O.: Comparison between simulatddoarerved chemical composition of
fine aerosols in Paris (France) during springticantribution of regional versus continental
emissions, Atmos. Chem. Phys., 10, 11987-120041@05194/acp-10-11987-2010, 2010.

Seinfeld, J.H. and Pandis, S.N.: Atmospheric Cheynend Physics. John Wiley, Hoboken,
N. J., New York, 1998.

Shao, M., Zhao, M., Zhang, Y., Peng, L. and LiBlagenic vocs emissions and its impact on
ozone formation in major cities of China, J. Enwir&ci. Heal. A, 35, 1941-1950, 2000.

Shirai, T., Yokouchi, Y., Blake, D. R., Kita, K.zumi, K., Koike, M., Komazaki, Y.,
Miyazaki, Y., Fukuda, M. and Kondo, Y.. Seasonariations of atmospheric C2-C7
nonmethane hydrocarbons in Tokyo, J. Geophys. Rekl2, D24305, doi
:10.1029/2006JD008163, 2007.

Sin, D. W. M., Wong, Y.-C. and Louie, P. K. K.: Twds of ambient carbonyl compounds in
the urban environment of Hong Kong, Atmos. Enviy@3, 5961-5969, 2001.

Sjostedt, S. J., Slowik, J. G., Brook, J. R., ChaRg Y.-W., Mihele, C., Stroud, C. A,
Vlasenko, A. and Abbatt, J. P. D.: Diurnally resmlparticulate and VOC measurements at a
rural site: indication of significant biogenic sedary organic aerosol formation, Atmos.
Chem. Phys., 11, 5745-5760, doi: 10.5194/acp-152011, 2011.

So, K. L. and Wang, T.: C3-C12 non-methane hydtomas in subtropical Hong Kong:
spatial-temporal variations, source-receptor refeinips and photochemical reactivity, Sci.
Total Environ., 328, 161-174, 2004.

Srivastava, A.. Source apportionment of ambient \BO& Mumbai city, Atmos. Environ.,
38, 6829-6843, 2004.

Srivastava, A., Joseph, A. E., More, A. and P&il, Emissions of VOCs at Urban Petrol
Retail Distribution Centres in India (Delhi and Mbai), Environ. Monit. Assess., 109, 227-
242, 2005.

Stohl, A., Forster, C., Frank, A., Seibert, P. &dtawa, G.: Technical note: The Lagrangian
particle dispersion model FLEXPART version 6.2, AsnChem. Phys., 5, 2461-2474, doi:
10.5194/acp-5-2461-2005, 2005.

a7



A W DN PP

0o N o o

10
11

12
13
14

15
16
17

18
19
20
21
22
23

24
25
26
27

28
29

Swanson, A.L., Blake, N. J., Atlas, E., Flocke, Blake, D. R. and Sherwood, R., F.:
Seasonal variations of C2-C4 nonmethane hydrocarlaom C1-C4 alkyl nitrates at the
Summit research station in Greenland, J. Geophyss.,R 108, 4065, doi:
10.1029/2001JD001445, 2003.

Tanaka, P. L., Riemer, D. D., Chang, S., Yarwood,M&Donald-Buller, E. C., Apel, E. C.,
Orlando, J. J., Silva, P. J., Jimenez, J. L., Caraga, M. R., Neece, J. D., Mullins, C. and
Allen, D. T.: Direct evidence for chlorine-enhancathan ozone formation in Houston,
Texas, Atmos. Environ., 37, 1393-1400, 2003.

Tkacik, D. S., Presto, A. A., Donahue, N. M. andbReon, A. L.. Secondary Organic
Aerosol Formation from Intermediate-Volatility Orga Compounds: Cyclic, Linear, and
Branched Alkanes, Environ. Sci. Technol., 46, 88784, doi:10.1021/es301112c, 2012.

Tse, C. W, Flagan, R. C. and Seinfeld, J. H. eRanhstants for the gas-phase reaction of the
hydroxyl radical with a series of dimethylbenzalgads and trimethylphenols at atmospheric
pressure, Int. J. Chem. Kinet., 29, 523-525, 1997.

United Nations: World urbanization Prospects, th8112 Revision., available at:
http://esa.un.org/unup/CD-ROM/Urban-Agglomeratibi®. (last access: October 2012),
2012.

Velasco, E., Lamb, B., Westberg, H., Allwine, Eos§, G., Arriaga-Colina, J. L., Jobson, B.
T., Alexander, M. L., Prazeller, P., Knighton, W., Rogers, T. M., Grutter, M., Herndon, S.
C., Kolb, C. E., Zavala, M., De Foy, B., Volkam&,, Molina, L. T. and Molina, M. J.:
Distribution, magnitudes, reactivities, ratios awmiiurnal patterns of volatile organic
compounds in the Valley of Mexico during the MCMAQ® & 2003 field campaigns, Atmos.
Chem. Phys., 7, 329-353, doi: 10.5194/acp-7-32%2P007.

Volkamer, R., Jimenez, J. L., San Martini, F., DrapK., Zhang, Q., Salcedo, D., Molina, L.
T., Worsnop, D. R. and Molina, M. J.: Secondary amig aerosol formation from

anthropogenic air pollution: Rapid and higher thexpected, Geophys. Res. Lett., 33,
L17811, doi: 10.1029/2006GL026899, 2006.

von Schneidemesser, E., Monks, P. S. and Plass¥i2ueC.: Global comparison of VOC and
CO observations in urban areas, Atmos. Environ.5883-5064, 2010.

48



w

o N o o b~

10
11
12

13
14
15

16
17
18

19
20
21
22
23

24
25
26

27
28
29

Wang, H.-K., Huang, C.-H., Chen, K.-S. and PengPY.Seasonal Variation and Source
Apportionment of Atmospheric Carbonyl Compoundd&Jmban Kaohsiung, Taiwan, Aerosol
Air Qual. Res., 10, 559-570, 2010.

Warneke, C., McKeen, S. A., de Gouw, J. A., GoldanD., Kuster, W. C., Holloway, J. S.,
Williams, E. J., Lerner, B. M., Parrish, D. D., irar, M., Fehsenfeld, F. C., Kato, S., Atlas,
E. L., Baker, A. and Blake, D. R.: Determination wfban volatile organic compound
emission ratios and comparison with an emissiomsbdge. J. Geophys. Res., 112, D10S47,
doi: 10.1029/2006JD007930, 2007.

Warneke, C., De Gouw, J. A., Holloway, J. S., Rdisé., Ryerson, T. B., Atlas, E., Blake,

D., Trainer, M. and Parrish, D. D.: Multiyear trengh volatile organic compounds in Los

Angeles, California: Five decades of decreasingssions, J. Geophys. Res., 117, DO0V17,
doi:10.1029/2012JD017899, 2012.

Wildt, J., Kobel, K., Schuh-Thomas, G. and Heid®&I.: Emissions of Oxygenated Volatile
Organic Compounds from Plants Part Il: EmissionSatrated Aldehydes, J. Atmos. Chem.,
45, 173-196, 2003.

Yang, K.-L., Ting, C.-C., Wang, J.-L., Wingenter, @/. and Chan, C.-C.: Diurnal and
seasonal cycles of ozone precursors observed famtincous measurement at an urban site
in Taiwan, Atmos. Environ., 39, 3221-3230, 2005.

Yoshino, A., Nakashima, Y., Miyazaki, K., Kato, Sythawaree, J., Shimo, N., Matsunaga,
S., Chatani, S., Apel, E., Greenberg, J., GuentherUeno, H., Sasaki, H., ya Hoshi, J.,
Yokota, H., Ishii, K. and Kaijii, Y.: Air quality dignosis from comprehensive observations of
total OH reactivity and reactive trace speciestiman central Tokyo, Atmos. Environ., 49,
51-59, 2012.

Yuan, B., Hu, W. W., Shao, M., Wang, M., Chen, W, 0u, S. H., Zeng, L. M. and Hu, M.:
VOC emissions, evolutions and contributions to SOAnation at a receptor site in eastern
China, Atmos. Chem. Phys., 13, 8815-8832, doi: 9 k&icp-13-8815-2013, 2013.

Zhang, Q., Worsnop, D. R., Canagaratna, M. R. amenrkz, J. L.: Hydrocarbon-like and
oxygenated organic aerosols in Pittsburgh: insights sources and processes of organic
aerosols, Atmos. Chem. Phys., 5, 3289-3311, dot1Bal/acp-5-3289-2005, 2005.

49



© 0 N O O b~

10
11
12

Zhang, Y. M., Zhang, X. Y., Sun, J. Y., Lin, W. IGong, S. L., Shen, X. J. and Yang, S.:
Characterization of new particle and secondary smérformation during summertime in
Beijing, China, Tellus B, 63, 382-394, 2011.

Zhang, Q. J., Beekmann, M., Drewnick, F., FreUutel,Schneider, J., Crippa, M., Prevot, A.
S. H., Baltensperger, U., Poulain, L., Wiedensqhker Sciare, J., Gros, V., Borbon, A,
Colomb, A., Michoud, V., Doussin, J.-F., Denier vdar Gon, H. A. C., Haeffelin, M.,
Dupont, J.-C., Siour, G., Petetin, H., BessagnetPRndis, S. N., Hodzic, A., Sanchez, O.,
Honore, C. and Perrussel, O.: Formation of orgaeimsol in the Paris region during the
MEGAPOLI summer campaign: evaluation of the voiigtibasis-set approach within the
CHIMERE model, Atmos. Chem. Phys., 13, 5767-5798;10.5194/acp-13-5767-2013,
2013.

50



1 Table 1. Off-line measurements of the gaseous argambon during MEGAPOLI at SIRTA.
2 LOD: limit of detection.

Column Column Sorbent Institution  Analysis LOD Uncertainty Reference
compounds (ppt) (%)
Aromatics Activated charcoal EMD/LISA Adsorption/ Therma 1-20 3-26 Detournay et al., 2011
Cy-Cisalkanes  (carbotrap B + carbotrap C) desorption (ATD)
Cy-Cyo aldehydes + GC-FID
Terpenes
C;-Co aldehydes 2,4-dinitrophenylhydrazine EMD/LISA Chemical desorption 10 — 60 11 - 37 Kleindienst et al., 1998
Ketones (DNPH) (acetonitrile) Bates et al., 2000
+ HPLC/UV Dettmer and Engewald,
2003
3
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1 Table 2. On-line measurements of organic carbonamuillary data during MEGAPOLI at
2 SIRTA and LHVP.

Measurements Site Institution  Instrument Time nesoh  LOD (ppt) Uncertainty Reference
(min) (%)
Cs-Co NMHCs SIRTA LISA GC-FID 30 100 20
AirmoVOC
(Chromatotec®)
C,-Cs NMHCs LHVP LSCE 2 GC-FIDs 30 37-93 15-20 Gros et al., 2011
Cs-C10 NMHCs (Chromatotec®)
CcoO SIRTA LSCE GC (hot mercuric 15 1 000 10 Gros et al., 1999
oxide detection)
NO SIRTA LISA AC31M analyzer 1 500 5
(Environnement
S.A)
NO, SIRTA LISA NOXTOy 1 500 5 Dommen et al., 2000
(MetAir) Michoud et al., 2012
05 SIRTA LISA 49C analyzer 1 1000 5
(Thermo
Environment
Instrument)
Meteorological SIRTA LISA Wind sensor and 1 NA NA
parameters multi-plate
(T, RH, P, speed radiation shield
and direction of (Young)
the wind)
Mixing Layer SIRTA LMD ALS450 Lidar 60 NA NA Haeffelin et al.,
Depth 2012
Non-refractory  SIRTA PSI HR-ToF-AMS 5 NA 30-36 DeCarlo et alo0B
Particulate Crippa et al., 2013a
Matter (PM) Freutel et al., 2013a
3
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1 Table 3. Summer and winter mean concentrationsdatd deviation (SD), percentage of
2 values below limit of detection (% < LOD), rate stemt with OH (kOH; when not indicated:
3 Atkinson and Arey, 2003) and SOA yield formatiorh@m not indicated: Seinfeld and Pandis,
4 1998) of the VOCs measured in sub-urban Paris (8)RT
Compound Summer (ppt) Winter (ppt) 1801 (298 K) SOA Yield
Mean SD(% <LOD) Mean SD(% < LOD) (cnt molecule' s (ug m® ppni®)
i-Butane 250 140 (0) 460 282 (0) 2.12 0
n-Butane 377 393 (0) 963 588 (0) 2.3 0
i-Pentane 334 354 (11) 416 213 (0) 3.6 -
n-Pentane 193 138 (27) nd nd 3.8 0
Hexane 94 50 (66) 85 50 (13) 5.2 -
Nonane 14 13 (0) 18 13 (0) 9.7 425
Decane 24 22 (11) 24 19 (0) 11 850
Undecane 19 16 (1) 16 11 (0) 12.3 1%26
Dodecane 22 21 (0) 7 4(5) 13.2 558 136
Tridecane 13 12 (56) 2 1 (41) 15.1 752 896
Tetradecane 27 23 (0) 2 2 (63) 17.9 (312 K) 1130887
Pentadecane 23 18 (0) 4 2(8) 20.7 (312 K) T 426522
Hexadecane 22 19 (6) nd nd 23.2 (312 K) 1°75@14
Isoprene 357 280 (5) 69 39 (4) 100 964
a-Pinene 48 45 (0) 20 52(25) 52.3 2 338
B-Pinene 10 6 (4) nd nd 74.3 1724
Camphene nd Nd 23 18 (1) 53 762
Limonene 16 16 (7) 15 19 (1) 164 3283
Benzene NA NA 316 155 (0) 1.22 1 18398
Toluene 207 179 (0) 321 216 (0) 5.63 11484
Ethylbenzene 37 31 (0) 60 39 (0) 7 1 4804
m,p-Xylene 80 76 (0) 150 109 (0) 23.1;14.3 1'5286'
o-Xylene 40 31 (0) 53 39 (0) 13.6 1 76
Formaldehyde 1607 1031 (0) 5984 1892 (0) 9.37 0
Acetaldehyde 621 283 (0) 1199 528 (0) 15 -
Acetone 1344 480 (0) 1705 677 (0) 0.17 0
Glyoxal 47 23 (1) 158 119 (5) 11 0
Methylglyoxal 55 38 (15) 207 153 (9) 15 0
Propanal 85 42 (3) 247 125 (0) 20 -
Methylvinylketone (MVK) 290 273 (3) 54 108 (12) 20 -
Butenal 8 4 (100) 860 593 (1) 36.0 -
Butan-2-one (MEK) 1639 1500 (0) 363 262 (6) 1.22 0
Methacrolein 60 63 (19) 121 178 (25) 29 -
i,n-Butanal 52 31 (24) 318 310 (3) 24-26 -
i-Pentanal 15 14 (85) 77 45 (26) 27 -
Benzaldehyde 26 16 (25) 638 301 (2) 12 -
Pentanal + 29 12 (69) 84 60 (35) 28 ;18 -
o-tolualdehyde
m,p-Tolualdehyde 8 4 (100) 25 22 (87) 17;13 -
2,5-Dimethylbenzaldehyde 7.5 11 (93) 412 253 (6) 743 -
Hexanal 54 50 (7) 31 27 (2) 30 -
Heptanal 67 68 (2) 46 26 (0) 30 -
Octanal 82 66 (2) nd nd 28.6 -
Nonanal 58 45 (2) 18 14 (8) 36.0 -
Decanal 39 22 (2) nd nd 3t4 -

5 NA: Not Available ; nd: not detected ; a: Atkinsdri§86 ; b: Tse et al., 1997; c: Hellén et al.,
6 2004 ; d: Lim and Ziemann, 2009 ; e: Presto et28l10, Ga=2 pg n*; f: Presto et al:, 2010,
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Coa=40 pg nv; g: Kroll et al., 2006 ; h: Ng et al., 2007b Lee et al., 2006a ; j: Ng et al.,
2007a ; k: Odum et al., 1997. For the-C,s n-alkanes and the aromatics, the first SOA yield
values is the one determined under relevant atnesgpbonditions to our study, the second
one is the one determined under both higlh &d high-NQ
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Table 4. Toluene and i-pentane mean concentrainodigferent cities worldwide.
Location Period Site Toluenei-Pentane Reference
(ppb)  (ppb)
Beijing (China) Sum. 2006 Urban 19.44 17.70 Duaal e2008
Karachi (Pakistan) ~ Win. 1998 Urban 7.10 12.10 Belet al., 2002
Tokyo (Japan) Sum. 2007 urban 2.14 4.21 Yoshirab. 2012
Win. 2007 10.10 2.87
Mexico City February 2002 urban 13.45 17.02 Velasco et al., 2007
(Mexico) and April-May 2003 rural 1.89 5.82
Pasadena (suburb ofMay-June 2010 suburban 0.58 1.56 CalNex framework
Los Angeles, USA)
London October 2006 urban 1.85 nm Langford et al., 2010
(United Kingdom) 2008 urban, K.  1.00 nm Von Schneidemesser et al.,
2010
Zurich Win. 2005/2006 urban, B. 1.25 nm Legreid et al., 2007
(Switzerland) Sum. 2005 1.43 nm
Paris (France) Sum. 2009 urban, B. 0.73 0.73 MEGAPOLI framework
Win. 2010 (LHVP) 0.79 0.77
Dunkerque (France) 2002-2003 urban, I. 1.06 0.94 doBet al., 2008
Donon (France) 1997-2006 rural 0.16 0.21 Sauvagé,&2009
Peyrusse-Vieille 2000-2006 rural 0.11 0.14 Sauvage et al., 2009
(France)
Tardiere (France) 2002-2006 rural 0.27 0.21 Saueagé, 2009
Paris (France) Sum. 2009 sub-urban  0.20 0.33 Tk w
Win. 2010 (SIRTA) 0.32 0.42

Sum.:summer; Win.:winter; K.:

kerbside; B.: backgnd; I.: industrial; nm: not measured.

55



2

3  Figure 1L.MEGAPOLI sampling sites (source: Google Ea
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Figure 2. Time series of meteorological paramegersd speed and direction, temperature),
of the organic matter, and of the two PMF facto@Adand OOA in sub-urban Paris (SIRTA)

in summer 2009. The grey-shaded areas highlight“#tlantic Polluted” wind regimes

associated with stagnant conditions and increased.O
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Figure 4. Scatterplots of ethylbenzene versus t@u@), decane versus nonane (b) and i
pentane versus i butane (c) in sub-urban (SIRTA)wban (LHVP) Paris in summer. The fit
of correlation of i-pentane versus i-butane at ARFigure 5c¢) does not take into account

the upper and lower part of the envelope; SIRTAdae color-coded by the wind direction.
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Figure 6. Comparison between the relative contidiouto AOM/ACO of measured SOA and
SOA estimated from VOCs (SOA_VOCs precursors) anthfl/VOCs SOA (SOA_IVOCs
precursors), from integrated and time resolved @ggres in sub-urban Paris during summer
2009. SOA yields of atmospheric relevancy were ugeithe integrated approach (1), SOA
yields determined under high-N@nd high Ga were used in the integrated approach (2).
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1 Numbers in the bars correspond to the relative roassentration (%) explained by each type

2 of organic matter.
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Figure 7. Emission ratios (ER) determined during MEGAPOLI summer campaign and

SOA yields (Y) of relevant VOC precursors (uppengl® products of emission ratios and

SOA vyields (lower panel). For the IVOCs, the sdiats represent Y (and ERxY) determined
under the most relevant atmospheric conditions rdéga the environmental conditions

encountered at SIRTA during the MEGAPOLI summer gaign; the dashed bars represent
Y (and ERxY) determined under similar conditiong{€40 pg nt and high-NQ)
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Figure 8. Temporal evolution of the OOA, or SOAncentrations (g i) (1) observed at
SIRTA, (2) estimated from the VOCs and (3) from lhOCs (i.e. VOCs+IVOCs) measured
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