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Abstract

Secondary organic aerosol (SOA), a prominent foacdf particulate organic mass (OA),
remains poorly constrained. Its formation involvesveral unknown precursors,
formation and evolution pathways and multiple naltand anthropogenic sources. Here
a combined gas-particle phase source apportionngerapplied to wintertime and
summertime data collected in the megacity of Piarisrder to investigate SOA origin
during both seasons. This was possible by combitiieginformation provided by an
aerosol mass spectrometer (AMS) and a proton ®ansaction mass spectrometer
(PTR-MS). A better constrained apportionment ofmary OA (POA) sources is also
achieved using this methodology, making use ofpjesse tracers. These tracers allowed
distinguishing between biogenic and continentaliaygogenic sources of SOA. We
found that continental SOA was dominant during betlasons (24-50% of total OA),
while contributions from photochemistry-driven SQB8% of total OA) and marine
emissions (13% of total OA) were also observedrdusummertime. A semi-volatile
nighttime component was also identified (up to 1&%otal OA during wintertime). This
approach was successfully applied here and implesden a new source apportionment
toolkit.

1 Introduction

Organic compounds enter the Earth’s atmosphereaighrgrimary biogenic emissions
from terrestrial and marine ecosystems and antly@mo sources such as traffic and
residential heating (2009). They comprise an imragnsomplex mixture of gas (volatile
organic compounds, VOCs) and particle (organic s®roOA) phase species in
continuous evolution in the atmosphere throughn®lke phase partitioning, dry and wet
deposition and chemical reactions with oxidant gsesuch as OH (day-time) and NO
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(night-time) (Warneke et al., 2004). Such reactiares associated with the production of
tropospheric ozone, oxygenated VOCs (e.g. formaidehformic acid, acetone, etc.
(Vlasenko et al., 2009)) and secondary organic smr@SOA), formed when VOC
oxidation products have sufficiently low volatilitp partition to the particle phase. A
detailed understanding of the sources, transfoonatand fate of primary organic species
and their oxidation products in the environmentnscial because of their central role
played in human health, biogeochemical cycles hadEarth's climate.

To describe the interaction between OA and VOCgifdmn et al. (2007) combined
laboratory and ambient studies, accounting bothifegas-particle partitioning of POA
(since most primary emissions are semi-volatile, the amount of available POA
depends on the gas-particle partitioning) and the gas phase oxidation of low-
volatility vapors to produce SOA. Donahue et al. (2006) proposed the volatility basis
set approach (VBS) whichins compounds according to their saturation vagessure
(C*) to describe their volatility evolution due tont@erature and chemistry both in the
gas and condensed phases. This VBS approach wteerfutteveloped by the 2D
framework for OA aging (Jimenez et al., 2009;Doreabtal., 2011) which describes the
evolution of organic compounds when they underggoaterization (producing more
volatile compounds with higher O:C ratio), oxygeoat reactions (leading to the
formation of lower volatility compounds with high€r.C ratio due to functionalization)
or fragmentation (producing high volatility compasnwith high O:C ratio) in the
atmosphere. The relative importance of fragmenmatiersus functionalization was
investigated by Donahue et al. (2012) and by KabHl. (2009).

In recent years, source apportionment of the ocg#meiction has been advanced by
application of the positive matrix factorizationMP) receptor model to aerosol mass
spectrometer data (Lanz et al., 2007;Ng et al.02Giz et al., 2010) and proton transfer
reaction mass spectrometer (PTR-MS) measuremetdsdivko et al., 2009;Yuan et al.,
2012). Several studies (Zhang et al., 2007;Jimened., 2009;Lanz et al., 2007;Lanz et
al., 2010;El Haddad et al., 2012) demonstratedptieelominance of SOAelative to
POA emitted from sources such as traffic (refetceds hydrocarbon-like OA, HOA) and
wood burning (WBOA, although sometimes it is domitf)aven in urban atmospheres
(especially in Europe). These observations reghigher SOA vyields and production
rates than those currently utilized by models. Majacertainties include the sources and
structure of the main SOA precursors and the psssed®y which they produce SOA
(Hallquist et al., 2009). Several studies show gussibility to discriminate SOA
components based on volatility, degree of oxygenastc. (e.g. semi-volatile and low-
volatility oxygenated OA (SV-OOA and LV-OOA, (Lart al., 2007;Heringa et al.,
2012) but often no information about the emittimgse (anthropogenic or biogenic) or
the governing chemical/physical processes can keeved together with the
characterization of the entire OA mass.

Here, an experimental OA/VOCs source apportionna@piroach is presented, adapting
the methodology of Slowik et al. (2010) and appliedwo measurement field campaigns
performed in Paris in summer 2009 and winter 20h@ combination of organic particle
measurements provided by the AMS (aerosol masdrepeeter) with co-located VOC
measurements by a PTR-MS (proton transfer reactiass spectrometer) allows i) a
more robust POA/SOA AMS classification, ii) a bettharacterization of the secondary
processes involving both organic phases, iii) ifieation of gaseous precursors for
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specific OA sources. Results from this experimergebcedure are described and
compared with previous PMF results applied to thdSAdataset only.

2 Methodologies

Two intensive measurement field campaigns wereopedd within the MEGAPOLI
project (Megacities: Emissions, urban, regional &idbal Atmospheric POLIution and
climate effects, and |Integrated tools for assessmeand mitigation,
http://megapoli.dmi.dk/index.htnlin the Parisian area during summertime (1-31 July
2009) and wintertime (15 January - 15 February 2qB@ekmann et al., 2013). The
measurements took place at an urban site in the aothe metropolitan area of Paris
located in the garden and roof of the “Le Laborata’'Hygiéne de la Ville de Paris”
(“LHVP”, 48.83° Latitude, 2.36° Longitude, 55 m aleosea level). A PM inlet was
located at ~ 6 meters above ground level and a mEmepsive suite of particle and gas-
phase instrumentation was deployed at the sitaiBetbout the instruments used at the
LHVP site during the summer 2009 and winter 201@magns can be found in Freutel
et al. (2013) and Crippa et al. (2013a), respelgtiidere we primarily discuss particle
composition measurements from an Aerodyne aerosdsnspectrometer (AMS) and
VOC measurements from an lonicon proton transfactren mass spectrometer (PTR-
MS, lonicon Analytik, Innsbruck, Austria).

Meteorological conditions were significantly difésit during the two campaigns. Marine
air masses influenced the continent during the seinpariod resulting in very low PM
concentrations, while continental air masses styoaffected the air pollution in Paris
during wintertime (especially in the middle andtla end of the campaign) enhancing
aerosol concentrations.

2.1 Instrumentation
2.1.1 AMS

The AMS provides real time chemical composition ame distribution of Py non-
refractory species, defined as species that flagionze at 600°C and fOTorr. At
LHVP, a high-resolution time-of-flight AMS (HR-ToRMS) was deployed during both
campaigns. Details about this instrument can beddn DeCarlo et al. (2006). Briefly,
aerosols are sampled through an aerodynamic ldresewhey are focused into a narrow
beam and accelerated to a velocity inversely relate their aerodynamic size. The
particles are transmitted into a high vacuum dieathamber (~10 Torr), where they
impact on a resistively-heated surface (600°C)apbrize. The resulting gas molecules
are ionized by electron impact (El, ~70 eV) andlye by time-of-flight mass
spectrometry. The time resolution of the deployddSAwas 10 minutes and details
regarding the sampling protocol, AMS data analysisplied corrections (collection
efficiency, relative ionization efficiencies, etcan be found elsewhere (Freutel et al.,
2013;Crippa et al., 2013a). Here the organic masstgl time series with unit mass
resolution is used as input for the positive matfactorization (PMF) source
apportionment model (see section 2.2), togethehn Wie corresponding time series of
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measurement uncertainties (Allan et al., 2003). Her purposes of PMF, AMS
uncertainties matrix account for electronic noiséniCh corresponds to a minimum
random error in the number of ions detected duthrg sampling period), ion-to-ion
variability at the detector and ion counting statss where the probability that a single
molecule is ionized and detected is approximated Bsisson distribution (Allan et al.,
2003). In order to perform PMF, 268 AMS ions weonsidered rfyz range up to 300)
and error pretreatment procedures were appliedr@iogby with Ulbrich et al. (2009) as
discussed belowLow signal-to-noisemyz values (SNR < 0.2) were removed, whereas
“weak” variables (0.2 < SNR < 2) were downweighbgda factor of 2. In the AMS data
analysis procedure, certain organic peaks are inettty measured but rather calculated
as a fraction of the organic signalmafz 44 (Allan et al., 2004). The errors for thes&
were adjusted to prevent overweighting of thiz 44 signal following the method of
Ulbrich et al. (2009); of theseVz 44-dependent peaksyz 19 and 20 were simply
removed due to their negligible masses.

2.1.2 PTR-MS

A high sensitivity proton transfer reaction masecmmeter (HS-PTR-MS) provided
online measurements of the concentrations of \Jelatiganic compounds with a time
resolution of 2.5 minutes. lonization occurs by themical reaction of ¥D* ions with
gas phase species (R) having higher proton a#mithan water (Equation 1). The
resulting ion (RH) is subsequently detected by a quadrupole masstrepester
(Lindinger et al., 1998).

H;0'+ R— RH'" +H,0 (

The proton transfer reaction is a soft ionizatieahnique, which reduces fragmentation
compared to e.g. electron ionization used by theSAMindinger et al., 1998;de Gouw
and Warneke, 2007). Volume mixing ratios (VMR) aiatained from the difference
between the ion count rate..lb#¥) and the background signalsc£{hy) in the system.
Background measurements are performed using aytatabnverter heated at 350°C
which efficiently removes VOCs from the inlet fidde Gouw and Warneke, 2007):

1
I

H,0*

VMR=

S D(I cc=off I cczon) (2)

Therefore the error associated with the VMR/KMR) can be calculated as following,
assuming that the statistical error is the mairr@of error inlcc=onandlcc=off (de Gouw
et al., 2003):

AVMR= | (3)
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wherer represents the dwell time with the catalyst on afidlyzo0+ the count rate of
HsO" ions (in 16 counts/sec) an8 the species-dependent sensitivity needed to eaéeul
PTR-MS concentrations based on theoretical prexdticiile Gouw and Warneke, 2007).
This value is used as the uncertainty input fore@apportionment analysis.

In this work, the signals of 34 selected ions weamnitored during both campaigns with
dwell times ranging from 1 to 10 seconds. The MMR-was operated at standard
conditions, i.e. using a 2.25 mbar ion drift pressand a drift field intensity of 130 Td.
These conditions limit clustering and VOC-water waatdformation. For the PMF
analysis, ions affected by water clusters were r&mo(wz 39 corresponding to
HsO"-H,O andm/z 55 corresponding to 4@*-(H.O),), as well as those contaminated by
laboratory application of solvents (earetonitrile atm/z 42). 28 ions were included in
the winter PMF analysis and 27 in the summer arslgee Tables 1 and 2). During the
campaign, background measurements were performay dvdays for 30 minutes and
the resulting backgrounds were subtracted fronmteasurements prior to PMF analysis.
Differently from the AMS dataset treatment for PMe, minimum error was applied to
the PTRMS data since for all the variables the esponding errors were bigger or
comparable to three times the background varigbilit

Finally, note that quadrupole PTR-MS is capabley aifl unit mass resolution analysis,
and that the assignment of each PTR4M3to a specific ion (or parent compound) was
therefore not always possible.

2.2 Positive matrix factorization on combined datasts

To perform a combined source apportionment of OA YOCs, unified error and data
matrices were created using the AMS and PTR-MSsd&aData from both instruments
were averaged to the same temporal resolution (Irlutes) and unified matrices
containing data (or uncertainties) were obtaingzec8ically, for the summer campaign
the unified data matrix contained 268 AM%z, 27 PTR-MSmz and 2391 time points
(total dimensions: 295 data points x 2391 time {®inFor the winter campaign, the
unified data matrix contained 268 AMSz, 28 PTR-MSwz, and 4402 time points (total
dimensions: 296 data points x 4402 time pointsg Tihcertainty matrices had the same
dimensions as their corresponding data matrices.uffified matrices were analyzed by
PMF using the multi-linear engine (ME-2) algoritt{fPaatero, 1999) to enable operation
in the “robust” outlier treatment mode (in whichtleers are dynamically downweighted),
rather than the “pseudo-robust” technique usedloyik et al. (2010) (in which the
PMF algorithm is run in the “true” mode, outlieneadentified and downweighted, and
the algorithm is run again in the “true” mode withese adjusted uncertainties). No
constraints were applied to the mass spectrumnee 8eries. Configuration of ME-2
inputs and analysis of the results was performedaimew toolkit for Igor Pro
(Wavemetrics, Inc., Portland, OR, USA) developedtla Paul Scherrer Institute
(Canonaco et al., in preparation).

Briefly, the PMF model describes the observationqur case the AMS and PTR-MS
measurements,jxas a linear combination of a number of factorgelated to sources
and/or processes during post-analysis) for eacé stapi andm/z j, whose contribution
over time is always positivej() and whose mass spectfg are static (see equation 4).
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Hereeg; are the residuals, defined as the point-by-paif¢r@nce between the input data
and the model solution. The algorithm iterativelynimizes the quantit® (see equation
5), which represents sum of the squares of thertawsg/-scaled residuals across the
entire dataset (Paatero and Tapper, 1994;Paa&36) 1

Q=YY (e /s) 5)

Heres; denote the measurement uncertainties. When agpBAMF to data acquired by a
single instrument (e.g. AMS or PTRMS), constaniségin error estimates marginally
affect the apportionment, while when including détam several instruments these
biases become problematic. Moreover, when combitwa datasets to perform PMF,
we must take into account that some instruments lsdkonger internal correlations
within the dataset (e.g. the AMS tends to haveadtaristic patterns within a single mass
spectrum due to the extensive fragmentation assalcwith the hard ionization (electron
impact ionization)) and that some variables drive &pportionment more than others.
Because of such issues, it can be the case thMFaaRalysis using the uncertainties
calculated for each instrument as described aboweeupes a solution where one
instrument is well-represented and the other peatyesented, as indicated by analysis
of the residuals. For this reason, we utilize atrument-dependent weighting procedure
to ensure that both instruments are well-repregemtethe solution. This criterion is
evaluated by comparing the mean of the absoluteevaf AMS and PTR-MS scaled

residuals, denotedE (Slowik et al., 2010) discussed below in Equation 8
The scaling procedure is performed through theiegipdn of a scaling valueCérg) to
the PTR-MS component of the error matrix to obteew PTR-MS errorsgj ney ):

S|j,naN: S] (6)
CPTR
An unweighted solution will correspond @rr= 1;Cprr values greater than 1 decrease
the PTR-MS errors and therefore more importanagvisn by the algorithm during the
iteration to represent these data because theyittwasa larger fraction o, while the
opposite effect is produced IBptr <1. Gorr Scaling values were selected in the range
0.1-1 with a step of 0.1 and from 1 to 10 with gpstf 1. The AMS components of the
uncertainty matrix were left unchanged.
Outlier treatment is also needed when running PORliers are defined by Paatero et al.

(2003) as data points for which the following redaship is satisfied| & /s |>a
(wherea is user-defined and is typically set to 4). A “uvgb mode” was developed for

PMF to minimize outlier effects (Paatero and Hopk@0Q3). In this mode, outliers are
dynamically downweighted at each step of the smfugirocess according to:
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(7)

Sj,downweighted_'hijsu- = ‘

whereh; are the downweighting factors which are equal tmless the outlier condition
Is satisfied. This outlier downweighting was apglidynamically within the ME-2
procedure, and thus represents a significant inggn@nt over the protocol of Slowik et
al. (2010), where static downweighting was appégternally.

Potentially satisfactory solutions, in which bothstrument are well-represented, are

identified using th&E parameterwhich compares the mean of the absolute value of
scaled residual of the AMS and PTR-MS componenth®inified dataset (see equation

8). AE depends on both the scaling valier (see Fig. 1) and the number of factors in
the solution. Both datasets are well representethé&ynodel whem\E is close to zero;

positive AE represents an over-weighting of the PTR-MS dataiiemhegativeﬁ
represent an over-estimation of the AMS datasethénpresent study, we considered
solutions with -0.254E < 0.25.

SERE
SJ AMS S] PTRMS

Note that the object function Q, which is minimizéwuring PMF execution, is calculated
using the instrument-weighted errors Withrr, while AE is evaluated considering the

original errors. Selection of the “best” solutiomang those satisfying th&E criterion is
similar to conventional PMF analysis and is disedssirther in section 3.

2.3 Other data and source apportionment methods

Black carbon concentrations were measured using-veavélength aethalometer
measurements (MAGEE Scientific, model AE31-ER). agucosan and
methanesulfonic acid were measured using FMer measurements (quartz fiber filters,
Tissuquartz®) analyzed by high-performance liquidrommatography with a mass
spectrometric detector (Piot et al., 2012) and d@momatography coupled with a
conductivity detector, respectively).

In section 3, results from the coupled PMF meth@tussed above are compared to
other apportionment techniques, specifically: (1)Hof the AMS-only dataset (denoted
as PMRkws); (2) BC source apportionment based on the waggtenlependence of
optical absorption; (3) tracer-based estimationvobd burning using levoglucosan; (4)
estimation of traffic POA emissions from BC measweats and reference OM/BC ratios.
The PMF solutions of the PTR-MS-only dataset aredmsrussed here because we focus
mainly on the quantification of sources contribgtto the organic particle phase. Results
from these methods have been presented in prepidugations, as discussed below.
Method 1 (PMR&ws) provides the identification of OA primary and eedary sources. In
our case, during wintertime, five sources were fified: hydrocarbon-like OA (HOA),
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cooking OA (COA) and wood burning OA (WBOA) as parg emissions, while the
secondary fraction consists of oxygenated OA (O@AY) an oxygenated component
mixed with WBOA (OOA-BBOA) (Crippa et al., 2013a). In summertime, tHdFRus
identified three components: COA, HOA and OOA (Fetet al., 2013).

Method 2 (the aethalometer model) can be usedtimae the BC fraction emitted by
different sources (e.g. traffic and wood burnin@;Eand BG,,), based on the wavelength
dependence of light absorption (Sandradewi et28l08;Healy et al., 2012), with the
OM/BC ratios for primary traffic and wood burningtenated from the literature. For
traffic the OM/BG; ratio was assumed to be 0.4 but it can vary froth up to 0.6
(Chirico et al., 2010;Favez et al., 2010). Woodning conditions strongly affect the
OM/BC and OM/levoglucosan ratios associated wiik ource. The OM/BC ratio for
wood burning is reported to vary in smog chambgreerments between 1.6 and 3.5
(Grieshop et al., 2009;Heringa et al., 2011), havewmuch higher values are found in
the ambient atmosphere (Favez et al.,, 2010;Sciasd.,e2011). A value of 15.1 was
assumed here based on the measurements perfornfeddrg et al. (2011) in the same
region. The major source of BC was found to beitrdfoth during summer and winter,
although during wintertime wood burning is alsondigant (~20%) (Crippa et al.,
2013a).

The tracer-based methods 3 and 4 allow the esomati the contribution of a specific
source by using a molecular marker to define tealpeehavior and scaling to the total
source mass using an assumed source OA/marker. tdbwever, the choice of
representative emission ratios is quite variableesicurrent literature values span a wide
range. In our case the marker approach was usedtitnate WBOA contribution from
levoglucosan measurements and HOA mass from BC ldata, the OM to levoglucosan
ratio (~12) measured by Sciare et al. (2011) fa& Baris region was used, although
literature studies report a wide range of variapifor this ratio (OC/levoglucosan is
reported to vary between 3-25 for chamber studielsl®-17 for ambient measurements)
(Elsasser et al., 2012). Finally, in order to eat@the HOA contribution from the marker
approach, the OM/BC ratio for traffic was assumzdbe 0.4. The error bars reported in
Figs. 4 and 7 are referred to the variability rangsociated with the assumptions used for
each apportionment method.

3 Results

In this section PMF results retrieved from the comad PMRus.rtrusfor each season
are presented individually, technically validatedd acompared with previous results
obtained using PMF on AMS data only (PME).

The solution was chosen based on several critgrielection ofCprr values yielding

near-zeroAE values (between -0.25 and +0.25) (Fig. 1), ii)iptetation of mass spectra
and comparison with reference spectra (Fig. 2 agd3, iii) temporal correlation of the
identified sources with complementary measurem@fits 3 and Fig. 6) and iv) time
series diurnal patterns (section SI-2 of the supplg&ary material).

First, based on th&E criterion described in section 2.2, a set of gdessolutions was

explored within the rangAE =0£0.25, considering from 1 to 10 factors. Solusidailing

to satisfy this AE criterion were discarded from further analysis.e Téffect of the
instrument weighting procedure was also monitocgcfch solution through the residual
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diagnostic graphs (see also section SI-4 of thelsamentary material). The remaining
solutions were evaluated in terms of their physicaaning by analysis of diurnal
variations, correlation with reference mass speatrd external time series as done in
conventional PMF.

The coupled PMF solutions are discussed below,sioguon their differences from
conventional AMS-only PMF. Also, a comparison ofuks obtained from the source
apportionment techniques discussed in section 2.3presented to evaluate the
uncertainties in the different approaches. Sineentfain aim of this paper is to use the
PTR-MS VOC data to improve the apportionment oftipalate organic sources (OA),
the nomenclature adopted for the retrieved Rktrvs OA sources will be used both
when referring to the particulate and gaseousifmast First, the winter case is explored,
reporting results from the PMRs.ptrus @pproach (section 3.1.1) and the comparison
with other source apportionment methods (sectidn23. Then the summer case is
discussed, both in terms of combined PMF resulsti@ 3.2.1) and comparison with
other approaches (3.2.2).

3.1 The winter case
3.1.1 Wintertime OA sources and VOC tracers

The chosen solution for the winter dataset consiefesix interpretable factors atGprgr
value of 0.7, yieldinglE = -0.025 (Fig. 1). One of the factors consistedagnentirely of
VOC species and was related to the PTR-MS backgrowariability; this factor is
therefore excluded from the following discussion avhbient factors (for additional
information, see section SI-5 of the supplemenitafigrmation). The other 5 factors were
related to those obtained by PMfs (Crippa et al., 2013a). However, the PMEptrus
analysis provided improved separation of the prjmend secondary factors relative to
the PMRus analysis. OA was here apportioned to three prinsoyrces, including
traffic (HOA), cooking (COA) and wood burning (WBQANd two secondary fractions,
including a low volatility (LV-OOA) and a semi-vdie (SV-OOA) oxygenated organic
aerosol.

The AMS and PTR-MS factor mass spectra are show#ngin2 and compared with those
deconvolved by the PMins (Crippa et al., 2013a). Including VOCs measuresémt
PMF, some differences between the two apportionrteafitniques could be pointed out
for the HOA concentrations (refer to Fig. SI-1.1tbé supplementary material), due to
the higher contribution of hydrocarbon peaken&a43 and 57 to the HOA mass spectrum
from the combined PMF approach (see Fig. 2).

Figure 3 shows the correlation of the factor tinegies with external data, while the
contribution of each factor to the total intensiya PTR-MSm/z is shown in Table 1.
Traffic, representing 6% of total OA (see Fig. 8owe, dominates the gaseous alkane
and alkene fragmentsn(z=41, GHs") and aromatics, such as benzemé&£79, GHs'),
toluene (Wz=93, GHg"), Cs aromatics and/or benzaldehyde/Z=107, C;HsO" and/or
CgHi1"), Gy aromatics 1f¥z=CoH13") and/or tolualdehyden§z=121, CgHgO" and/or
CgH13"), in agreement with literature studies (Jordaralgt 2009;Slowik et al., 2010).
Additionally, Vlasenko et al. (2009) performed VQGurce apportionment using PMF
on a set of PTR-MS masses, identifying significemtributions atm'z 41, 43, 45, 57,
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79, 93, 105, 107, 121, 135 for primary anthropogesmissions, consistent with our
observations.

Cooking emissions (18% of OA mass) were chara&drizy a prominent diurnal pattern
with increases during meal times (Fig. SI-2.1). PMFavs and PMEus-prrusa@pproach
yielded similar results, meaning that the contiidouif this source is not affected by any
included gas phase tracer and that it was alrebsdylg separated by PMRs. Cooking
has only recently been identified as an importaniree of primary OA (He et al.,
2010;Sun et al., 2012;Mohr et al., 2012;Crippa .e@13a), and there is currently a need
to identify atmospheric tracers for this sourcetaDan gas-phase emissions from cooking
processes are very scarce, and therefore it ishp@dbat optimal gas-phase cooking
tracers occur at ions that were not selected fasun@ment by the PTR-MS. Previous
measurements of VOCs from cooking identified mamlgehydes and furan derivatives
(Schauer et al., 2002). The PMF analyses inditetedooking emissions only marginally
impact the gas phase species selected for measure@fethis subset, potential tracers
include m/z 89, 97, 101, 129. Preliminary PTR-TOF-MS measurgm®f emissions
from heated oils conducted in our laboratory (urigshled) suggest some of theséz
relate to furan derivatives (e.g. substituted faratm/z 97, GHoQO") and alcohol and/or
aldehyde fragments (e.g-I€s" at m/z 97 andm/z 115 possibly corresponding to the
dehydrated protonated iory€;s0"). The COA factor mass spectrum also includes peaks
often associated with aromatic compounds, namétyl07 (G aromatics) and 121 (C
aromatics). The presence of these species in cgakmissions is consistent with the
findings of Slowik et al. (2010) and with our labtory measurements. Possible
explanations are i) aromatics emitted from chaliogitype meat cooking, ii)
contemporary emission and overlap between cookind aaffic sources due to
geographical conditions, iii) mixture of HOA and 8@ue to meteorological conditions,
transport and common back trajectories/wind dicgctiFurther emission measurements
are needed to identify gas phase tracers from ngoprocesses and characterize their
true chemical natur@he lack of a dominant contribution from a parteolWOC in Table

1 also indicates that the selected subset of PTRAMSses does not contain a good
cooking marker. Future high resolution PTR-MS measients would indeed provide a
more resolved and comprehensive information orggephase composition, which may
aid the identification of specific cooking emissioarkers.

Concerning wood burning emissions (33% of OA maashumber of studies report
acetonitrile (Wz=42, CH;CN") and acetic acidnfz=61, C,H,40O,") (Holzinger et al.,
2005;Jordan et al., 2009) as important gas-phasel Wwarning tracers. However, in the
present studyn/z 42 was excluded from the PTR-MS dataset due tal lo@ntamination
from the laboratory exhausts located in the roothef LHVP building (acetonitrile was
used in extraction systems and for a high perfomadmquid chromatography (HPLC)
detection method). Other VOCs reported to have wmoding as a major source include
formaldehyde,(m/z=31, CH,O"), methanol 1Vz=33, CH,0"), acetaldehyde n{z=45,
C,H;0", and acetonenfz=59, (CH).CO"), (Holzinger et al., 1999;Schauer et al.,
2001;Holzinger et al., 2005;Christian et al., 2008) the present work, wood burning
mainly contributed significantly to the followingTR-MS masses, consistent with
literature:m/z 61 (acetic acid, as found by Jordan et al. (200997 (furan derivatives,
C7 n-aldehydes fragment ion, as found by Schauek é€2@01) and by Karl et al. (2007)
with  GC-PTRMS measurements)wz 129 (naphthalene, CioHy'), m/z 137
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(monoterpenesCioH17"), m'z 153 (GHyOs", vanillin and isomers, as reported by
Simoneit et al. (1999)), but also @z 69 (isopreneGsHy") and furan C4sHs0")), m/z 71
(methacrolein €;H,0") and /or methyl vinyl ketone (MVKC;H-O"), alkane and alkene
fragments)n/z 85 (among possible candidates, ethyl vinyl ket@likanes and alkenes
fragments (Akagi et al., 2011)jwz 87 (among possible candidates, 2,3-butanedione,
C4H-,0,", C-5 carbonyls, €H41,0%).

For the winter case, two secondary OA sources se@parated, namely the LV-OOA and
SV-OO0A. LV-OOA was identified as a major OA fractiocontributing 24% to the total
OA mass. Unsurprisingly, this fraction was founddimminate most of the oxygenated
VOCs associated with long-range transported agednasses, including, as possible
candidates, formic acidr{z 47, CH;0,"), acetoner{yz 59,C3;H-O"), acetic acidr{Vz 61,
C,Hs0,"), methyl ethyl ketone and methyl glyoxaivg 73, C4HoO" and CsHs0,"), in
agreement with literature (Vlasenko et al., 200@do et al., 2009;Slowik et al.,
2010;Bon et al.,, 2011). Interestingly, during wititee LV-OOA was significantly
correlated with benzenen(z 79) a tracer for anthropogenic emissions with ragltfe
time (R=0.47), and with peroxyacetic nitric anhydride *B.52) (PAN,
CH3C(O)OONQ, observed atnwz 77, corresponding to protonated peroxyacetic acid,
C,Hs05") produced by the oxidation of anthropogenic eroissi under high NQ
moreover, benzene and PAN were also mainly appatido the secondary sources (see
Table 1). While benzene and PAN are thought to l@niy associated with traffic
emissions, benzene can be also emitted from woadrg) and certain PANs can form
from fire emissions as well, as shown by Crounsal.e2009) for Mexico City. These
results suggest that the air masses associated WIHOOA were influenced by
continental/anthropogenic emissions, in agreemaetit previous findings for the Paris
region, where air quality was found to be mainlyeeted by regional air masses
(Beekmann et al., 2013)'C results revealed that the major fraction of OGa ka non-
fossil origin (Beekmann et al., 2013), suggestingt tbhiomass burning dominated the
formation of this fraction compared to traffic. Agsible explanation could be that the
PTR-MS did not measure the relevant markers fogdnec oxidation products and
therefore we cannot exclude the presence of owidaproducts coming from other
sources (e.g. biogenic emissions) within the sam@asses.

Finally, the SV-OOA factor represented 18% of @it OA mass and was defined based
on the observation that this fraction peaks dunighttime showing an anti-correlation
with the temperature, similar to nitrate.

3.1.2 Comparison of source apportionment methods {nter)

Comparisons between factor contributions and tiemes obtained by PMgs-prrvsand
PMFavs are reported in Fig. 4 and Fig. SI-1.1 of the $aimentary material. As noted
above, PMkvsprrvs @and PMRys provided qualitatively similar factors, however,
inclusion of VOC data in PMiys.prrus reduced mixing between factors and improved
correlations with independently measured tracercispe Even though no significant
differences were obtained in terms of OA mass spdoetween the two approaches,
factor time series and contributions showed sigaift discrepancies.

Major differences within the primary sources web¢ained for the wood burning factor,
where much higher contributions were observed fdiFRs-prrus This increase was
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caused by a clearer separation between the seatgoDA (termed OOABBOA in
Crippa et al. (2013a)) and WBOA, which were pastiahixed in the PMkus solution
because they both increased during the night &ig.1). Including gas phase species in
the PMF enhanced the correlation of SV-OOA and WB@th NO; (e.g. R=0.55 for
PMFaus-ptrus VS. R=0.15 for the PMRvs) and levoglucosan (R0.83) (Fig. 3),
respectively, suggesting that the PMEprrrus SOlUtion is more accurate. Finally, good
agreement between the two techniques was obtaiméd/fOOA.

Figure 4 compares the PM¥sprrvs and PMERyws with independent source
apportionment approaches, including the aethalomstedel and the tracer-based
approaches. The comparison of all these techniguzsicial to estimate the uncertainties
associated with source apportionment, especiallgndonsidering different datasets and
algorithms. Within the primary sources, the estiorabf the cooking contribution was
quite consistent between methods (RMEVS. PMRwus.prrvg), @s discussed above. On
the other hand, as traffic emits primary organicosels (HOA), black carbon and
gaseous compounds (e.g. benzene, toluene, aromatics), different source
apportionment techniques might be affected by yipe f measurements used as input
data. The HOA contribution provided by differentpapionment methods varied
between 0.29 and 0.68y/m’; the biggestiscrepancy is observed for the tracer-based
estimate due to the variability in the assumptibthe OM/BG,; ratio.The comparison of
WBOA contributions estimated using different methodlearly highlighted the
uncertainties underlying the apportionment of tosirce: WBOA estimates spanned a
wide range, between 0.87-4.8/m’ (representing from 15 to 83% the total OA mass),
depending on the apportionment technique considef@d one hand, PMips
underestimates the WBOA contribution (0.8@/m°) due to the mixture of SOA and
wood burning sources (Crippa et al., 2013a). Onother hand, including the gas phase
species clearly enhanced the deconvolution of WB&W increased its contribution
(1.94 pg/m?), but WBOA estimated by PMRs.ptrvs Femained lower than the estimates
obtained using the marker and aethalometer appesadqB.82 and 4.8ug/m’,
respectively). This is presumably because of an restenation of the
WBOA/levoglucosan and WBOA/Bfg ratios as represented by the error bars (note that
the assumed OM/levoglucosan ratio represents airélael lowest ratio for ambient
measurements). Moreover when comparing the WBOAtribaion from different
methods, it is necessary to consider that theseslm@de based on different concepts and
thus they are not directly comparable (e.g. thekeraapproach does not take into
account chemical aging, while PMF does).

Such an intercomparison exercise is very imporiahighlighted uncertainties related to
the PMRus and marker based approaches. While differencesvelket these
apportionment techniques were previously obseresgdecially in winter (Favez et al.,
2010), our results highlight the potential of thmmbined PMEkys.prrus In improving
source apportionment using PMF analysis. Meanwltilere is a clear need of a better
characterization of source emission profiles (marke OA ratios), used in the
apportionment.

3.2 The summer case

3.2.1 Summertime OA sources and VOC tracers
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Combining the gas and particle phase datasets,exe able to distinguish seven factors.
Two of them (HOA and COA) were identified as primdractions. The others were
related to secondary processes: LV-OOA (50% of Cass)h, nighttime SV-OOA (SV-
OOAigh, 2% of OA mass), photochemistry-driven SV-OOA (80QA4ay: 9% of OA
mass) and marine OA (MOA, 13% of OA mass). The Fdktion returned two marine
factors, which were combined into a single facidre MOA time series was calculated
as the sum of the time series contributions ofctireesponding factors, and the aggregate
mass spectrum was calculated as the mass-weightgdge of the corresponding MS.
Figure 1 shows the range of explored solutions fametion of the weighting parameter
Cprr- The chosen solution corresponds t€@r value of 0.8 providing aE = -0.053.
Figures 5 and 6 show the AMS and PTR-MS factor mgsectra and time series,
respectively.

Traffic and cooking were identified as primary OAusces during summertime. The
traffic factor mass spectrum is similar in summed avinter, as shown in Fig. SI-3.1 (see
also section 3.1.1). Likewise, the summer PTR-M®kow spectrum (see Table 2)
shows non-negligible contributions from aromatiosl acetaldehyde, consistent with the
winter case and the findings of Slowik et al. (20Edthough as discussed above cooking
activities are unlikely to constitute a major ardimasource. Further emission
measurements are needed to characterize and gqudméif contribution of gaseous
emissions from cooking activities.

Concerning the secondary OA fractions, four comptsmewere separated during
summertime (LV-OOA, SV-OOAgn, SV-OOAyay and MOA), although during some
events these SOA components showed a similar trdod, to the role played by
meteorology. As depicted in Fig. 6, during Atlanpiclluted periods both the secondary
sources and the HOA factor showed an increased wc@ssentration, meaning that
during these events all factors were partially excled due to the contribution of polluted
air massesSimilar to the winter case, LV-OOA represents thegan OA fraction (50%)
and is mostly dominated by oxygenated VOCs (se#iose@.1.1 and Table 2). No
insights about the anthropogenic or biogenic orjithis fraction were retrieved due to
the lack of PTR-MS measurements of oxidation prétsio€ anthropogenic and biogenic
emissions. The LV-OOA factor does not correlatel wath SQu, which is typically
adopted as tracer for regional OA, because of ttweiroence of different types of air
masses (continental, Atlantic clean and Atlantibuped) and sources (refer to Freutel et
al. (2013) for the air masses classification). @guently the LV-OOA diurnal pattern
(see Fig. SI-2.2) is very different from the onesoifate, probably also due to some
contributions of primary sources to this factor lpeg during the evening hours as
highlighted by its diurnal pattern (e.g. from caug.

SV-OOA\gn: peaks at night and shows an anti-correlation wethperature, similar to
nitrate. SV-OOAgn: contributes very little (2%) to the total OA mass summer.
However, it has major contributions to some of W@Cs. Comparing the SV-OOA MS
obtained for the winter case with the SV-OQAMS from summer, thavz 44 tonVz 43
ratios of this fraction varies substantially betwesimmer and winter (0.20 and 1.39,
respectively) suggesting different features betwdEn?2 seasons. During summertime
this SV-OOA fraction appears to be much more vidatian during wintertime which
could explain also its lower contribution in sumnettotal OA and the greater presence
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in the gas phase. During summertime the main V@@nfients contributing to this factor
include (see Table 2)r/z 83, 129, 137, 151 and 153. Nighttime peaks of menpanes
(m/z 137) and their first generation products suchiasraldehydertVz 151) were often
observed in previous studies and were relatedtareed nighttime emissions during the
warm season, and reduced oxidation due to low Q@Elde(Talbot et al., 2005;Jordan et
al., 2009).

From the comparison of summer and winter time SVAQG@ifferent gaseous tracers
were identified, suggesting different governing qasses. As discussed above, during
summer this factor has a strong biogenic comporfémt.winter,myz 151 remains an
important peak, but signals atz 41, 43, 45, 61, 73, 77, 79 suggest a possible
anthropogenic origin.

SV-OO0Ay.y exhibited a correlation with ambient temperatukeditional correlations
with isoprene and its oxidation products suggest this factor arises in large part from
locally-formed biogenic SOA (although isoprene nieeyalso emitted by anthropogenic
sources such as oil and wood combustion, gasdi@cco etc. (Adam et al., 2006)).
Isoprene 1fVz 69), MVK/methacrolein rfyz 71) and monoterpenesVg 137) were the
characteristic VOCs of this factor, in agreementhwiesults reported by Jordan et al.
(2009). Isoprene and monoterpenes are in fact ety plants during daytime and with
increasing temperatures, while MVK and methacrodm the major isoprene oxidation
products. These results are in agreement wWithmeasurements performed during the
MEGAPOLI summer campaign which show summertime 3@#g primarily non-fossil
(80%) (Beekmann et al., 2013).

Finally, marine organic aerosol was found to cdmiie 13% to the total OA mass during
the summer campaign possibly due to high biologactivity of the ocean in this season
and the occurrence of oceanic air masses impatimgontinent. Interestingly, marine
emissions seem to dominate several secondary V@&sding formaldehydenf/z 31)
and formic acid rfyz 47) in summer. Vlasenko et al. (2010) observednéddehyde
sensitivity being affected by humidity effects, hewer, we did not find an indication of
overestimation due to a correlation with RH or watlesters itvz 39 and 55) measured
by the PTR-MS.

3.2.2 Comparison of source apportionment methodsysmer)

Similarly to the winter case, results are here camag to several AMS-PMF estimates
previously proposed for the same campaign (Fig.Frgutel et al. (2013) proposed a
three-factor solution consisting of OOA, HOA and £Mased on unit mass resolution
(UMR) PMF analysis. PMF analysis of high resolut®®S data for the same campaign
at another site in Paris (SIRTA, Paris urban bamkgd) (Crippa et al., 2013b) yielded a
five-factor solution including COA, HOA, continehtaV-OOA and SV-OOA and a

marine factor (MOA), associated with oceanic airsses. Because aerosol composition
was shown to be remarkably similar throughout thes?egion (Beekmann et al., 2013),
it is reasonable to compare these results to tiperapnment obtained in the present
work. Since no additional sources could be cleselyarated by the UMR PMF applied to
the AMS data only, for comparison, the three- (CO#)A and OOA) and the five-
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(COA, HOA, MOA, SV-O0A, LV-O0A) factors UMR PMiys solution for the LHVP
site are presented here.

Figure SI-1.2 shows good agreement between the gM&nd PMEvs.prrus Solutions
for the two primary components HOA and COA andlfgrOOA, identified on the basis
of their OA mass spectra (Fig. 5), diurnal cycleslécting the boundary layer evolution
and the peak emission hours, Fig. SI-2.2) and ladme with external data (Fig. 6).

MOA, previously identified by Crippa et al. (2013k)e to its high correlation with MSA
(methanesulfonic acid) and the predominance oluswbntaining fragments in its high
resolution MS, is less well separated in PM&prtrvs Without the high resolution
information, as shown by the reduced correlatiamben MOAws-ptrvs and MSA (Fig.
6). Presumably this separation could be improvedthigh-resolution AMS data was
available for incorporation into PMfs-ptrvms

A local semi-volatile OOA (SV-OOA) was previouslgentified by the PMF-AMS
analysis (Crippa et al., 2013b). However, this dacppeared to be the product of two
different processes: a temperature-driven partitgpnand production during peak
photochemistry. By adding the gas phase speciestiet PMEvs-prrus analysis, these
processes were decoupled yielding two SV-OOA fact8V-OOAyay and SV-OOAight.

On average, SV-OQ4Ay mass builds steadily during the day, despite theldpment of
the boundary layer, and significantly correlateshwazone and methacrolein + methyl
vinyl ketone Wz 71), short-lived early generation products of reo oxidation. This
factor can be interpreted as stemming from the ywotioh of short-lived secondary
organic compounds during peak photochemistry. Bytrest, SV-OOAgn: contribution

is enhanced during nighttime with the temperatweerease and the increase of relative
humidity. This suggests that similar to nitratestfactor may be related to the partitioning
of semi-volatile SOA into the particle phase.

Figure 7 presents the comparison of the differentce apportionment results obtained
by PMFws-ptrMs (SIX sources, present study), UMR PME (three factors, Freutel et
al.(2013)) and high resolution PMis suggested for the SIRTA site (five factors, Crippa
et al.(2013b)). For HOA, a marker-based approachlss presented using BC as a
specific tracer in absence of other combustionsi(see method 4 presented in section
2.3). The three-factor solution shows higher couitions for COA, HOA and LV-OOA
compared to the other cases, as they encompassritréoutions of the other oxygenated
components. When comparing the high resolution RMBEnd the PMkus.prrusfor the
primary sources, ~ 25% and 47% difference can bgerskd (COA and HOA,
respectively). Better agreement between the twlonigaes is obtained for the secondary
components: LV-OOA, MOA, SV-OOA represent 0.92-1.0631-0.32 and 0.22-0.28
ug/m®, respectively (the latter considering the sum YE@OAGay and SV-OOAgh: for
the PMRwis-pTrMS)-

4 Discussion and conclusions
Positive matrix factorization of aerosol mass seid a useful tool for identification of
the contribution of both primary and secondary arggomponents (Zhang et al., 2011).

However, for the secondary fraction, AMS-only PMialysis typically reports OA only
in terms of SV-OOA and LV-OOA fractions, which atistinguished mainly by volatility
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and degree of oxygenation but are difficult to ert interpret. In this study a detailed
investigation of organic aerosol sources was pemor using positive matrix
factorization applied to the combined AMS-PTRMSadat during summer and winter
time in Paris. This technique, implemented ancetestithin a new toolkit (Canonaco et
al., in preparation), was shown to be a useful aod-conventional approach within
source apportionment methods. This approach waedbas the treatment of data
measured by several instruments and a weightingedwoe in order to assure an equal
model description of the observation over all imstents (in our case two).

However, a combined gas-particle phase source appaent is a critical technique
since involves species with different lifetimes aseveral dynamic processes. This
approach is suitable for a clearer identificatiérpomary sources, where particulate and
gaseous pollutants are co-emitted. On the othed,lsectondary gas and particle phase
species form and decay at different timescalesgédeheir covariance does not allow
discrimination between different secondary sourbes,may be rather used to infer the
formation timescales and lifetimes of OOA speckegprecursor concentration can be low
because there is little emission of it or becat$@s high reactivity. In the first case the
condensed species would be low, while in the secaisé the condensed species would
be high. Such methodology has been successfully oseseveral works (Slowik et al.,
2010;El Haddad et al., 2012), which gave valuab$gghts into the formation and aging
processes of OOA.

Finally, a cleaner separation of primary sourcesifimg a combined gas-particle phase
source apportionment allows also a better separabb secondary sources (as
demonstrated in our work for the winter case wh#re SV-OOA component is
completely separated from the BBOA one differefiityn the PMEys).

In our study, this technique provided insights dre tsecondary organic aerosol
components, compared with previous studies perfdramethe same dataset. In fact, the
combination of contemporary particle and gas pmasasurements emitted by the same
sources allowed a clearer discrimination of botimpry and secondary OA, the
identification of their natural or anthropogeniaitioental origin and gaseous tracers.
Specifically, SOA constituted more than 50% of @& mass in the Paris area and was
classified in terms of continental, photochemistrixen, volatility/nighttime-driven and
marine components (though the continental vs. raapiit is also possible through high-
resolution analysis of AMS-only mass spectra).

Figure 8 shows the average contribution of primemg secondary sources for the total
organic AMS measurements and the PTR-MS gas phmasgoh. Primary OA sources
(COA and HOA) did not present any seasonal vamatoe to their local origin and
season-independent source activity. The traffics®gontributed on average 6% to the
total OA mass during both campaigns, while cooleéngissions represented on average
18-20% of the total OA mass. Wood burning was alsignificant wintertime source in
Paris, contributing on average 33% to the total r@sss.

SOA constituted the major fraction of OA for botrasons (Freutel et al., 2013;Crippa et
al., 2013a) and it was mainly formed from contianémissions oxidation and
associated with the occurrence of aged air masssge¢ially during wintertime),
contributing in winter 24% and in summer 50% to tibtal OA mass.

Continental SOA was previously classified by PM& according to degree of
oxygenation and volatility as local semi-volatileO@ (SV-OOA) and regional aged
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OOA (LV-OOA), but without source-specific informati on the precursors of these
fractions. Beekmann et al. (2013) confirmed thearg behavior of OA sources, but did
not relate the regional aged OA to specific timeday related processes. This is the new
feature of the analysis in this paper. Anotheraoegl SOA factor derived from marine air
masses could be observed only during summertimetalgarticular air mass regimes,
contributing 13% to the total OA mass, coherentith\Crippa et al. (2013b).
With our work, we demonstrated the possibility eparate the SV-OOA source into a
daytime and nighttime fraction by joining the gasl particle phase information provided
by the PTR-MS and AMS data. A secondary nighttinoengonent correlating with
nitrate was separated, representing only 2% ofl ©©fa during summer and 18% in
winter.
A smaller fraction of SOA was indeed produced lycdloth during day (9%) and night
(2%) time in summer. Daytime SOA was mainly produdey photochemistry, as
confirmed by the correlation with isoprene, MVK, nmberpenes, temperature and solar
radiation. Concerning the nighttime SOA, it was mhai associated with lower
temperatures and it most probably implied nighttichemistry involving monoterpenes
and nitrates etc. Finally, a cleaner SV-OOA faat@s also separated during the winter
measurements compared with the RM{ solution where an oxygenated factor
containing wood burning features was identified @Q@GBOA).
As already mentioned’C results showed that the major fraction of secon@A had
non-fossil origin during summer (80%) and winte@¥® time in Paris (Beekmann et al.,
2013). Within the uncertainties associated wit6 and other source apportionment
methods, our summer results seem to be cohereht thit *“C findings due to the
identification of a photochemistry driven and mariSOA sources in addition to a
continental fraction which might also be partiadyated to non-fossil origin.
Finally, concerning the winter solution, the presemf benzene and PAN in our LV-
OOA factor suggests that this secondary fractionO#f could come or form from
biomass smoke in aged air masses, or that agetheotatl air masses influenced by
anthropogenic emissions from traffic and biomasming impacted the site, bringing
5)4enzene and PANSs (from traffic) and LV-OOA (biomassning SOA), coherently with
C data.
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Tables

Table 1 — Relative source contribution to each PTRAS m/z (winter campaign).

PTE;LV'S COA | WBOA | HOA | LV-OOA |SV-OOA ngn | background
31 217%| 211% | 2.8% | 20.1% 18.1% 16.2%
M 16.2% | 6.5% | 27.8% | 13.2% 26.3% 10.0%
43 17.7% | 231% | 13.3% |  7.9% 21.5% 16.5%
45 14.0% | 12.7%| 11.1%  17.9%|  29.8% 14.6%
47 27.9% | 0.0% | 19.1%| 24.3% 0.0% 28.7%
59 12.0% | 6.6% | 1220 32.4% 19.5% 16.4%
61 20.5% | 35.7% | 3.4% |  0.0% 26.0% 14.3%
69 12.7% | 34.0% | 17.4%|  0.0% 16.9% 19.1%
7 15.6% | 25.9% | 19.7%|  7.5% 17.5% 13.8%
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73 16.2%| 0.0% | 16.19% 28.5% 27.6% 11.6%
77 3.9% 0.0% 0.0%| 50.8% 36.4% 9.0%
79 0.0% | 185%| 5.2%| 46.1% 20.8% 9.4%
81 12.2% | 27.3% | 27.6% 0.0% 18.8% 14.1%
83 14.5% | 34.4% | 20.3% 0.0% 14.5% 16.2%
85 8.1% | 43.5% | 11.5% 1.1% 21.1% 14.8%
87 11.3% | 41.3% | 3.4% 7.5% 18.2% 18.2%
89 0.0% | 23.9%| 5.3%| 31.9% 0.0% 38.8%
93 20.2%| 7.6% | 41.9% 18.4% 5.5% 6.4%
97 0.0% | 52.5% | 5.5% 6.4% 3.1% 32.5%
101 10.2% | 22.8%| 6.9% 20.7% 5.3% 34.2%
105 3.7% | 158%| 23.7% 26.1% 6.1% 24.6%
107 25.0% | 1.7% | 39.7% 19.6% 5.8% 8.2%
121 21.5% | 1.9% | 38.0% 23.2% 0.5% 15.0%
129 0.0% | 34.2% | 15.2% 18.0% 21.3% 11.3%
137 4.2% | 35.5% | 32.1% 4.3% 7.4% 16.5%
151 0.0% | 20.5% | 29.8% 0.0% 43.1% 6.6%
153 1.9% | 42.0% | 22.5% 0.0% 22.2% 11.5%

Table 2 — Relative source contribution to each PTRAS m/z (summer campaign).
The average contribution of the two separated maria factors is here reported.

PTn'f/'LV'S COA | HOA | SV-O0Ag, | LV-OOA | SV-OOA g | MOA
31 16.8% | 9.2% 16.6% 7.9% 0.8% | 24.4%
41 65% |352% | 23.7% 1.3% 14.3% 9.5%
43 12.2% | 5.8% 19.9% 24.6% 19.4% 9.1%
45 34.1% | 7.9% 4.5% 10.6% 14.0% 14.4%
47 3.2% | 19.3% 13.3% 9.3% 8.3% | 23.3%
59 0.4% | 3.4% 3.9% 34.7% 20.1% 18.7%
61 22.6% | 0.0% 13.3% 26.1% 18.1% 10.0%
69 9.6% | 15.2%| 54.1% 0.0% 7.8% 6.7%
71 00% | 6.7%| 72.2% 8.5% 8.9% 1.9%
73 0.0% | 15.4% 4.7% 23.2% 24.2% 16.3%
75 0.0% | 0.0%| 39.1% 35.0% 15.3% 5.3%
79 32.3% | 53.4% 1.3% 0.0% 6.4% 3.3%
81 26.9% | 21.9% 11.5% 0.0% 20.0% 9.9%
83 15.9% | 17.0% 7.9% 13.2% 28.6% 8.7%
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32

85 34.9% | 8.8% 8.4% 11.1% 16.3% 10.3%
87 14.8% | 3.7% 18.6% 21.7% 17.5% 11.8%
89 29.8% | 0.0% 3.3% 11.5% 9.0% | 23.2%
93 0.0% | 61.9% 1.7% 3.5% 20.8% 6.1%
97 37.6% | 12.9% 1.5% 6.5% 16.1% 12.7%
101 31.2% | 0.0% 0.0% 19.7% 15.1% 17.0%
105 33.4% | 12.8% 0.0% 7.3% 13.7% 16.4%
107 15.8% | 43.4% 0.0% 4.3% 21.1% 7.7%
121 16.4% | 34.7% 3.9% 2.5% 19.4% 11.5%
129 41.6% | 2.4% 0.0% 17.4% 24.1% 7.2%
137 2.6% | 30.4% 24.1% 0.0% 25.8% 8.6%
151 0.0% | 23.9% 0.0% 18.6% 45.0% 6.2%
153 27.7% | 7.1% 0.0% 17.1% 32.7% 7.6%
Figures
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Figure 1 — AE values as function of the number of PMF factors @ors) and Gerr
for the winter and summer campaigns. PMF solutionswithin the dashed lines

(corresponding to 25% deviation from AE equal to zero) were analyzed in detail.
The selected wintertime chosen solution has 6 facsoand a G-rr of 0.7, producing a

AE value of -0.025. The summertime solution has 7 faes and Cerr Of 0.8,
producing a AE value of -0.053. The chosen solutions are represed by the red

circles.
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Figure 2 —Wintertime AMS and PTR-MS source mass sm#ra separated with the
combined PMF approach. The spectra comparison witthe PMFaus solution is also
represented (Crippa et al., 2013a). Each mass sprgn is normalized to 1 both for
the AMS and PTR-MS.
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Figure 3 — Time series correlations between the mééved PMF factors and external
data (winter campaign). PMF factors concentrationsare referred only to the AMS
fraction. The PTR-MS factors have the same temporavariation as the AMS ones

but different absolute and relative concentrations.
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Figure 4 — Comparison of several source apportionnme technique results in
estimating OA sources during wintertime. Note thatthe aethalometer and marker
approaches were attempted only for HOA and WBOA.
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Figure 5 — Summertime AMS and PTR-MS source mass sptra separated with the
combined PMF approach. The spectra comparison witthe PMFays solution is also
represented (Crippa et al., 2013b). In addition, irred the mass spectrum of the split
marine factor from the 7-factor solution PMF is reported. Each mass spectrum is
normalized to 1 both for the AMS and PTR-MS.
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Figure 6 — Time series correlations between the nééved PMF factors and external
data (summer campaign). Green boxes delimit Atlanti polluted air masses
identified with back trajectories, as reported by Feutel et al. (2013). PMF factors
concentrations are referred only to the AMS fraction. The PTR-MS factors have the
same temporal variation as the AMS ones but differet absolute and relative
contributions.
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Figure 7 — Comparison of several source apportionnme technique results in
estimating OA sources during summertime. Note thathe tracer-based approach

was attempted only for HOA.
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Figure 8 — Average AMS and PTR-MS source contributns for the summer and
winter campaigns. The AMS relative contributions rder to the total organic aerosol

mass, while the PTR-MS contributions refer to the atal measured gas phase.
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