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Abstract. This study investigates the contribution of poten- 2-methylglyceric acid, € alkene triols and 2-methyltetrols
tial sources to the submicron (RMorganic aerosol (OA) — showed the highest abundance at both sites when the city
simultaneously detected at an urban background (UB) andvas under influence of inland air masses. The overall con-
a road site (RS) in Barcelona during the 30 days of the in-centrations of SOA 1SO were similar at both sites (0.4 and
tensive field campaign of SAPUSS (Solving Aerosol Prob-0.3ugnt3, or 16 % and 7 %, at UB and RS, respectively). By
lems by Using Synergistic Strategies, September—Octobecontrast, a SOA biogenic component attributedtpinene
2010). A total of 103 filters at 12h sampling time reso- oxidation (SOA BIO PIN) presented average concentrations
lution were collected at both sites. Thirty-six neutral and of 0.5ugnT3 at UB (24 % of OA) and 0.2 ugn? at RS
polar organic compounds of known emission sources and7 %), respectively, suggesting that this SOA component did
photo-chemical transformation processes were analyzed bgot impact the two monitoring sites at the same level. A
gas chromatography—mass spectrometry (GC-MS). The corelear anti-correlation was observed between SOA ISO and
centrations of the trace chemical compounds analyzed ar8SOA PIN during nucleation days, surprisingly suggesting
herein presented and discussed. that some of the growth of urban freshly nucleating particles
Additionally, OA source apportionment was performed may be driven by biogenie-pinene oxidation products but
by multivariate curve resolution—alternating least squaresnhibited by isoprene organic compounds. A third SOA com-
(MCR-ALS) and six OA components were identified at ponent was formed by a mixture of aged anthropogenic and
both sites: two were of primary anthropogenic OA ori- biogenic secondary organic compounds (SOA Aged) that ac-
gin and three of secondary OA origin, while a sixth one cumulated under stagnant atmospheric conditions, contribut-
was not clearly defined. Primary organics from emissionsing for 12% to OA at RS (0.4 ug OC™) and for 18 % at
of local anthropogenic activities (urban primary organic UB (0.4 ug OC n13).
aerosol, or POA Urban), mainly traffic emissions but also A sixth component, formed by £Cg dicarboxylic acids
cigarette smoke, contributed 43 % (1.5 ug OC%mand 18%  and detected especially during daytime, was called “urban
(0.4pgOCnT3) to OA at RS and UB, respectively. A sec- oxygenated organic aerosol” (OOA Urban) due to its high
ondary primary source — biomass burning (BBOA) — was abundance at urban RS (23 %; 0.8 ug OCinvs. UB (10 %;
found in all the samples (average values 7% RS; 12 % UB0.2 ug OCnt3), with a well-defined daytime maximum. This
0.3 g OC nt3), but this component was substantially con- temporal trend and geographical differentiation suggests that
tributing to OA only when the sampling sites were under in- local anthropogenic sources were determining this compo-
fluence of regional air mass circulation (REG.). Three sec-nent. However, the changes of these organic molecules were
ondary organic aerosol (SOA) components (describing overalso influenced by the air mass trajectories, indicating that
all 60 % of the variance) were observed in the urban ambi-atmospheric conditions have an influence on this compo-
ent PM,. Products of isoprene oxidation (SOA 1SO) — i.e. nent, although the specific origin on this component remains
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unclear. It points to a secondary organic component driven byPrather, 2012). By contrast, the combination of off-line filter
primary urban sources including cooking and traffic (mainly techniques in combination with gas chromatography—mass
gasoline) activities. spectrometry (GC-MS) allows a wider organic compound
speciation, although covering a very small fraction (often
<5%) of the organic aerosol mass detected. However, the
relatively small number of tracer compounds analyzed can
1 Introduction be used as input for chemometric methods with the aim to
re-construct the emissions from different sources of atmo-
Atmospheric aerosols’ influence on the atmospheric visibil-spheric components (Schauer et al., 2007; Stone et al., 2009).
ity (Watson, 2002) is relevant in climate forcing (Forster et The number of existing source apportionment techniques
al., 2007) and has several adverse effects on human healdépplied on off-line filter data is relatively large, including
(Brunekreef et al., 2005). They contain a significant andprincipal component analysis (PCA; Jollife, 2002), chemi-
variable fraction of organic material, ranging from 20% to cal mass balance (CMB; US-EPA, 1987) and positive matrix
90 % of the submicron (<1,um in particle size) particulate factorization (PMF; Paatero and Tapper, 1994). PCA uses
matter (PM) mass (Kanakidou et al., 2005). Such organic orthogonal constraints, and environmental interpretation of
material divides into two broad categories termed primaryscore and loading profiles is sometimes cumbersome. CMB
and secondary. Primary organic aerosols (POA) in urban arrequires the previous knowledge of the emission source pro-
eas are emitted from combustion sources, including heavyfiles, and therefore it is unable to identify unknown sources.
and light-duty vehicles, wood smoke, cooking activities, in- PMF integrates natural constraints like non-negativity and
dustries and others. Such primary particles can be modiuncertainty estimations in a rigorous non-linear optimiza-
fied in the presence of various atmospheric oxidants, suction of the distribution and composition source profiles.
as OH radical, @and NQ,, (Donahue et al., 2009), yielding In this work we deploy the multivariate curve resolution—
more oxygenated products that change their original physicoalternating least squares (MCR-ALS) method (Tauler et al.,
chemical properties. By contrast, secondary organic aerosol$995; Tauler, 1995; Jaumot et al., 2005) that has previously
(SOA) are formed from reactions of both anthropogenicbeen applied for environmental source apportionment (Salau
and biogenic volatile organic compounds (VOC). They areet al., 1997; Terrado et al., 2009). MCR-ALS is based on
mainly composed of oxygenated organic species (Hallquistn alternating linear least squares optimization under non-
et al.,, 2009). Overall, the knowledge about sources, fatenegativity constraints which produces physically better pro-
and mutual interaction of gas phase and aerosol organics fles than PCA, and it has been shown to produce analogous
of which it is estimated that there are between 10000 andesults to PMF (Tauler et al., 2009; Staminirova et al., 2011).
100 000 different compounds —is still limited (Schauer etal., The objective of this study is to characterize the {Pdt-
2007; Goldstein and Galbally, 2007; Bi et al., 2008). Par-ganic aerosol component sampled during the SAPUSS inten-
ticularly, the composition and behaviour of SOA in the at- sive field study conducted in Barcelona (Spain) during the
mosphere are not completely well known. For example, sevperiod September—October 2010. This manuscript is part of
eral studies showed that diluted emissions from diesel emisthe SAPUSS special issue (Dall'Osto et al., 2013b). The cur-
sions or biomass burning produce large quantities of SOArent study is unique in regards of a large data set of more
(Grieshop et al., 2009; Sage et al., 2008), while other fieldthan 100 PM filters collected simultaneously at an urban
measurements showed the enhanced formation of SOA frorbackground site (UB) and an urban road site (RS). The ur-
gasoline emissions over diesel emissions (Bahreini et al.pan study area of Barcelona has some unique features. It
2012). is characterized by one of the highest density of vehicles
Such complexity of the atmospheric aerosol system isin Europe as well as a densely populated city center. More-
pushing the development of measurement techniques and irever, its geographical position (western Mediterranean basin)
strumentation (Pratt and Prather, 2012). In this regard, thdavors photo-chemical reactions and accumulation of sec-
aerosol mass spectrometer (AMS) has recently revolutionendary aerosols (Querol et al., 2009; Perez et al., 2010; Pey
ized the field of atmospheric science because it allows chemet al., 2009).
ical speciation, sizing and mass detection of submicron non- Past studies at an urban background site in Barcelona
refractory PM at high time resolution (Canagaratna et al.,(same UB location used in this SAPUSS study) showed that
2007). This technique has demonstrated that a large part ad large fraction (56 %) of the OA consisted of oxygenated
the organic aerosol is highly oxidized and probably formed OA (Mohr et al., 2012). Moreover, radioactive carbon anal-
by SOA (Jimenez et al., 2009; Kanakidou et al., 2005). Re-ysis showed that about 60% of the organic carbonaceous
cently, a lot of emphasis has been put on the importance oatmospheric matter in this background site has a non-fossil
cooking activities for ambient air quality (Allan et al., 2010; origin (Minguillon et al., 2011). However, there is evidence
Mohr et al., 2012). that biomass burning contributes only a small partlf %)
However, a main disadvantage of such on-line technigueof the urban background OA, which is mainly related to the
is the limited organic aerosol speciation provided (Pratt andwinter season or wild fire events (Mohr et al., 2012; Reche
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et al., 2012; van Drooge et al., 2012a). This gives way to
the hypothesis that other non-fossil sources should accoun
for an important part of the OA. Indeed, Mohr et al. (2012)
attributed 17 % of the OA to primary food cooking emis-
sions after AMS analysis in the UB site. Nevertheless, there
is still a lack of information upon the chemical speciation of
this source. Furthermore, the contribution of different types
of SOA of both anthropogenic and biogenic origins is still
highly uncertain in the urban area of Barcelona.

In summary, the simultaneous analysis of selected organic
tracer compounds analyzed from the Pfilker samples col-
lected at the UB and at the RS sites is herein presented. Fur-
thermore, a source apportionment of the OA is also carried
out and discussed.

“ "“Barcelona

2 Materials and methods
2.1 Sampling sites

Detailed information on the urban sites studied in BarcelonaFig. 1. Location of the sampling sites in Barcelona (source: Google
is given elsewhere (Dall'Osto et al., 2013b). The urban back-Earth).

ground site (UB; 412315’ N; 02°0705” E; 80 m.a.s.l.) was

situated at the western periphery of the city center in a ] ) o

small park. The road site (RS; #1318’ N: 02°0900’ E; of primary organic aerosol emission sources and secondary
40ma.s.l.) was located in a car park next to Urgell Streetorganic aerosol formation. Briefly:

within the square-grid street network (Eixample) (Fig. 1).
The road, which cuts the city from southeast to northwest, They are toxic components of fossil fuels and primary

is & street canyon composed by a two-way cycling path and products of incomplete combustion of fossil fuels and

a one-way four-lane vehicle road. Vehicle intensity for the biomass (Rogge et al., 1993; Schauer et al., 2007).
month of measurements was about 17 000 vehicles per day. ’ ' ’

The two monitoring sites are located within 3km from each 2. Hopanes (17(Hy-21(H)B-29-norhopane and 17 (k)

1. Polycyclic aromatic hydrocarbons (PAH, 12 in total).

other. 21(H)8-hopane). They are molecular markers for min-

The meteorological data were measured in the sampling eral oils, and their presence can be related to unburned
sites by means of automatic weather stations (Dall'Osto et lubricating oil residues from primary vehicles emis-
al., 2013b). Air mass back trajectories were calculated daily sions (Rogge et al., 1993; Schauer et al., 2007).

during the sampling campaign. Four main air mass scenarios L . I L
were identified during the SAPUSS field study (Dall'Osto 3. N'COt'_ne' Th's alkaloid is present in high concen_trq—
et al., 2013b): Atlantic advection (2 periods; 7 days), North tions in environmental tobacco smoke. Although it is

African — west (2 periods; 3 days), North African — east (1 mainly prg_sent in the gas phase due to its relatively
period; 3 days), and Regional (2 periods; 8 days). hlgh volatility, it can be detected at tr'ace levels on PM
filter samples (Rogge et al., 1994; Bi et al., 2005).

2.2 Organic compounds analyzed 4. Levoglucosan, galactosan and mannosan. They are

) . ) ) monosaccharide anhydrides generated by thermal al-
The applied extraction method and instrumental analysis of- teration of cellulose and hemi-cellulose. They are

fers a selective sighf[ onthe total_ mass of the ambient ahr.PM emitted in large quantities during biomass burning (Si-
The_ usage of organic s_:olvent mixture a_llow_s the extractl_o_n of moneit et al., 2002; Fine et al., 2004).

a wide range of organic compounds with different polarities.

Moreover, the instrumental analysis allows the detection of 5. Dicarboxylic acids (DCA), hydroxy-DCA and
semi-volatile organics. During the years many of these com- aromatic-DCA (11 in total, Table 1). They can
pounds have been detected in emissions and ambientairsam-  be emitted from various primary sources (mobile
ples, and therefore certain organic compounds can be usedas  emission, meat cooking, etc.) although atmospheric
tracers for sources and atmospheric processes. Table 1 shows  photo-chemical formation is probably the main source
the 36 organic compounds that were analyzed in the present (Jang et al., 1997; Kerminen et al., 2000; Heald et al.,
study. They were selected based on their representativeness  2010; Sheesley et al., 2010; Paulot et al., 2011).
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Table 1. Summary of the concentrations (ng®) of analyzed organic tracer compounds. The results indicated in bold showed significant (
test,p < 0.05) differences between sites, day and night, or between weekday (WD) and weekends/holidays (WE).

UB RS UBvs. RS ratio day/night ratio WD/WE
. mean sd (min—max) mean sd (min-max) ratio? UB RS uB RS
8 phenanthrene 0.050.02 (0.01-0.12) 0.020.03 (0.04-0.17) 0.6 0.5 0.8 09 16 1.4
8 anthracene 0.0+ 0.00 (0.00-0.02) 0.020.01 (0.01-0.04) 05 04 1.0 11 15 1.6
_g fluoranthene 0.06:0.03 (0.02-0.14) 0.1%0.04 (0.06-0.21) 05 04 038 0.9 17 14
) pyrene 0.08:0.05 (0.02-0.22) 0.280.07 (0.10-0.38) 0.4 0.4 0.8 09 19 15
8 benz[aJanthracene 0.850.03 (0.02-0.12) 0.130.05 (0.04-0.24) 0.4 04 09 13 1.7 1.8
E chrysene 0.0&0.03 (0.02-0.14) 0.160.07 (0.05-0.31) 04 05 0.9 12 1.6 1.7
<} benzofluoranthenes 0.#30.07 (0.03-0.37) 0.1#0.09 (0.03-0.48) 0.7 03 10 1.2 1.3 15
o benzo[e]pyrene 0.1%0.08 (0.05-0.37) 0.3%0.16 (0.07-0.73) 0.4 05 0.9 13 1.7 1.9
§ benzo[a]pyrene 0.0 0.04 (0.01-0.20) 0.1&0.09 (0.03-0.40) 04 04 09 1.3 1.6 2.1
) indeno[123cd]pyrene 0.040.03 (0.01-0.12) 0.1:£0.06 (0.02-0.27) 0.4 0.2 0.9 1.2 10 15
S benzo[ghi]perylene 0.120.05 (0.04-0.26) 0.380.13 (0.07-056) 04 04 09 14 1.4 1.9
coronene 0.040.02 (0.01-0.08) 0.02¢0.03 (0.03-0.17) 0.5 0.2 1.0 1.4 1.2 15
hopanes  17a(H)Z(H)-29-norhopane 0.52 0.22 (0.20-1.11) 0.720.37 (0.20-1.70) 0.7 05 1.1 11 15 2.0
17a(H)2B(H)-hopane 0.46:0.22 (0.19-1.16) 0.720.41 (0.20-1.88) 0.6 0.5 1.0 11 16 2.0
alkaloid  nicotine 7.0£ 5.6 (0.5-20.0) 58.#+39.8 (9.2-164) 0.1 04 13 15 1.8 25
anhydro- levoglucosan 9#9.4 (1.7-40.0) 5% 5.8 (0.6-30.5) 18 08 0.9 0.9 0.7 0.8
sugars galactosan 1431.6 (0.2-7.1) 0.2 0.9 (0.1-44) 18 08 09 0.9 0.6 0.9
mannosan 1214 (0.2-5.6) 0.6 0.7 (0.1-38) 19 08 0.8 0.9 0.6 0.7
malonic acid G 15415 (0.3-8.1) 1.6:1.0 (04-49) 1.0 05 11 13 0.9 1.2
succinic acid @ 7.3+438 (3.1-24.7) 6.2 3.0 (2.5-14.8) 12 03 11 1.0 0.9 0.9
glutaric acid G 20+1.3 (0.6-7.5) 1.5:0.7 (06-32) 13 03 1.3 1.2 1.0 1.0
pimelic acid G 0.6+0.3 (0.2-2.1) 1.3: 0.6 (0.6-37) 05 05 1.3 16 0.9 1.0
suberic acid @ 0.94+0.5 (0.4-3.0) 1207 (0.7-39) 05 02 12 15 1.0 1.0
2 azelaic acid G 29+13 (1.0-7.3) 6.426 (24-13.0) 05 02 1.2 1.7 1.0 1.2
Z glyceric acid 3.2t 29 (0.7-15.2) 3420 (1.1-9.8) 09 05 10 11 0.9 11
E, malic acid 14.2£ 143 (1.2-72.7) 9.985 (1.2-336) 14 07 12 1.0 1.0 0.9
= tartaric acid 2428  (0.0-12.2) 1.817 (0.1-70) 1.2 06 15 1.2 0.9 0.9
E tricarballytic acid 3.9:33 (0.3-153) 3.&24 (04-116) 13 06 1.2 1.2 1.1 0.9
g phthalic acid 3924  (0.9-114) 3.616 (1.3-9.3) 1.1 0.7 1.4 12 11 1.1
%‘ 3-hydroxyglutaric acid 4535 (0.5-20.2) k21 (0.8-86) 15 07 11 1.0 1.0 11
=3 MBTCA 55+45  (1.0-235) 4.%24 (0.7-10.3) 1.4 06 1.3 1.3 1.2 1.2
8 cis-pinonic acid 15.4-84 (3.6-49.7) 8.@&29 (3.1-184) 19 06 1.0 1.1 1.0 1.0
e Cs-alkene triols 1.0£ 0.7 (0.1-3.0) 0.205 (0.1-22) 14 07 11 1.0 1.2 1.4
2-methylglyceric acid 2813 (0.4-6.4) 1.9:1.1 (0.6-45) 1.1 05 1.2 1.1 11 1.3
2-methylthreitol 2.8:1.6 (0.6-7.8) 1.4£0.9 (0.1-38) 1.9 06 11 1.0 1.2 1.1
2-methylerythritol 6.5t 4.1 (1.7-20.7) 3524 (0.6-95) 19 06 11 1.0 1.2 12
6. Cis-pinonic acid, 3-hydroxyglutaric acid and 3- al., 2009), a major volatile organic compound emitted
methyl-1,2,3-butanetricarboxylic acid (MBTCA). from land vegetation.

They have been identified in aerosols and related to
the photo-chemical oxidation of biogenic volatile 2.3  Apalytical procedure
compounds such as-pinene (Claeys et al., 2007,

Szmigielski et al., 2007). 3-MBTCA is formed by OH-  pjgitel-DH80 HiVol samplers were used to collect 103 PM
initiated oxidation of cis-pinonic ac_ld (Szmigielski et fijters (Pall Life Sciences; TISSUEQUARTZ 2500QAT-UP),
al., 2007) and was first detected in aerosol sampleg,,ch encompassing 12 h sampling hours, between 09:00 and
frqm Amazon_|a and Belgium (Kubatova et al., 2000). 51.9q (UTC), at a sampling rate of 3G~L. More infor-
Itis worth noting that the most abundant monoterpeneation can be found elsewhere (Dall'Osto et al., 2013b).
in the study area presented in this manuscript iSy| fiters were preheated at 43€ overnight before sam-
a-pinene (Seco et al., 2011). pling. A 1/8 section of each filter was preserved for anal-
ysis of organic compounds. This section was ultrasoni-

. 2-methylglyceric acid and polyols, such as &lkene  cally extracted with (21, v/v) dichloromethane : methanol

triols and 2-methyltetrols. They have been related to(3 x 5mL; Merck, Germany) for 15 min. Before extraction
isoprene oxidation (Claeys et al., 2004; Hallquist et 25 uL of the surrogate standards levoglucosanadCy4dsg
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(Cambridge lIsotopic Laboratories, UK), succinic acid-d 2-methylglyceric acidifi/z 219), G-alkene triols §:/z 231),
(Sigma Aldrich), anthracenergl benz[a]anthranceners) 2-methylthreitol and 2-methylerythritobd{/z 219). Quantifi-
benzo[k]fluoranthenesd and benzo[ghilperylene:d (Dr. cation was performed with the external standard calibration
Ehrenstorfer) were added. The extracts were filtered ovecurves. All concentrations were corrected by the recover-
0.45um teflon membrane filters (Whatman) in order to re-ies of the surrogate standard succinic acig/{ 251) and
move insoluble particles. Then, they were concentrated tdevoglucosan-g(m/z 206). No standards were available for
1 mL under a gentle Ngas stream. 3-hydroxyglutaric acid, MBTCA, 2-methylglyceric acidsC

Anhydro saccharides, acids, polyols and nicotine alkene triols, 2-methylthreitol and 2-methylerythritol. Their
were analyzed following a procedure that was simi- chromatographic peaks were identified by comparison of
lar to others described previously (El Haddad et al.,their mass spectra to literature and library data (Claeys et al.,
2011; Medeiros and Medeiros, 2007; van Drooge et2007; Kourtchev et al., 2005; Clements and Seinfeld, 2007),
al., 2012a). Briefly, an aliquot of the extract (25uL) and they were quantified with the calibration curve of suc-
was evaporated under a gentle; Ntream until dry-  cinic acid. Application of the calibration curves of other stan-
ness. Then, 25puL of bis(trimethylsilyl)trifluoroacetamide dards leads to lower concentrations with a maximum varia-
(BSFTA-trimethylchlorosilane  (99:1) (Supelco) and tion of factor of 3. Therefore, caution should be taken when
10puL of pyridine (Merck) were added for derivatization comparing these results with those from other studies.
of the saccharides, acids and polyols to their trimethylsilyl PAH were identified by retention time comparison of
esters at 70C during 1h. Before injection into a gas the peaks with the following ions in SIM mode: phenan-
chromatograph coupled to a mass spectrometer (GC-MSYhrene (z/z 178), anthracenen(/z 178), fluoranthenen{/z
25 L of the internal standard, pyrengsdwere added to the 202), pyrene #:/z 202), benz[alanthracenen(z 228),
vial. chrysene-triphenylene #:/z 228), benzo[b]fluoranthene

For the analysis of polycyclic aromatic hydrocarbons and(m/z 252), benzolk]fluoranthenes(/z 252), benzo[e]pyrene
hopanes, the remaining extract was evaporated to almosin/z 252), benzo[a]pyrene n{/z 252), indeno[1,2,3-
dryness under a gentleoMjas stream and re-dissolved in cd]pyrene f:/z 276), benzo[ghilperylenen{/z 276) and
0.5mL hexane-dichloromethane (91 v/v) (Merck, Ger-  coronene #/z 300). 17(H¥-21(H)8-29-Norhopane and
many). Then, it was cleaned up by adsorption column chro-17(H)x-21(H)8-hopane were identified in the:/z 191
matography on 1g of aluminum oxide (Merck, Germany) mass fragmentogram and the corresponding retention times.
that was activated overnight at 120. The analytes were Quantification was also performed by the external stan-
eluded with 4 mL of (2 1 v/v) hexane:dichloromethane and dard method, and the calculated concentrations were cor-
4mL of (1:2 v/v) hexane:dichloromethane, respectively rected for the recoveries of the abovementioned sur-
(Merck, Germany). The collected fraction was concentratedrogates: anthracenagl (m/z 188), benz[a]lanthrancene-
under a gentle ptgas stream to 50 pL, and the internal stan- di> (m/z 240), benzolk]fluoranthenersl (m/z 264) and
dard, pyrene-th, was added before injection into GC. benzo[ghi]perylene-B (m/z 288).

Sample extracts were injected into a Thermo GC/MS In all cases the recoveries of the surrogate standards were
(Thermo Trace GC Ultra — DSQ 1) equipped with a 60 m higher than 70 %. Field blank levels were between 1% and
fused capillary column (HP-5MS 0.25mm 25um film 30 % of the sample levels. All concentrations were corrected
thickness). The oven temperature program started &C60 for blank levels. Limits of quantification (LOQ) were calcu-
held for 1 min, and then it was heated to PZD at lated by dividing the lowest measured levels in the standard
12°Cmin~! and to 310C at 4°C min—! where it was held  calibration curves by the volumes of the analyzed sample
for 10 min. The injector, ion source, quadrupole and transferfraction. These were 0.1 ngTh for the anhydrosaccharides,
line temperatures were 28C, 200°C, 150°C and 280C, 0.06 ng N2 for the acids and 0.005ngTa for PAHs and
respectively. Helium was used as a carrier gas at 0.9ThLs hopanes.

The MS selective detector was operated in fullseayz (50—
650) and electron impact (70 eV) ionization modes. 2.4 Chemometrics

Besides comparison of retention times, levoglucosan and
mannosan were identified with iam/z 204, galactosan with  MCR-ALS method has been successfully used in the analy-
ion m/z 217 and nicotine with ionn/z 84. Acids, poly-  sis of environmental data sets, both in contamination studies
ols and 2-methyltetrols were identified with the following of surface waters (Terrado et al, 2009) and in air source ap-
ions: malonic acid(m/z 233), succinic acidg/z 247), portionment studies (Salau et al., 1997; Tauler et al., 2009).
glutaric acid fz/z 261), pimelic acid #:/z 289), suberic  One of the main advantages of MCR-ALS is that it decom-
acid (n/z 303), azelaic acidn/z 317), glyceric acid/z poses the data matrix by applying more natural constraints
292), malic acid #z/z 233), tartaric acidy/z 292), ph-  than PCA, such as non-negativity, and, therefore, interpreta-
thalic acid (n/z 295), tricarballytic acid /1/z 377), cis-  tion of results is more straightforward.
pinonic acid {z/z 171), 3-hydroxyglutaric acid«/z 349), 3- MCR-ALS is based on a bilinear decomposition of the
methyl-1,2,3-butanetricarboxylic acid (MBTCA)( z 405), original data set. In matrix form, it is expressedi¥g x J)
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=U(I x N)VT (N x J) 4+ E(I x J), whereD is the origi- (BaA/(BaA+Chr), benzo[elpyrene vs. benzo[a]pyrene
nal data array, withf rows (samples) and columns (com- (BeP/(BeR-BaP), and indeno[123cd]pyrene  vs.

pounds);U is the matrix of scores of dimensionsx N, benzo[ghilperylene  (IP/(HPBgP) -  0.42:£0.05,
where N is the reduced number of components; is the  0.43+0.03, 0.68:0.06 and 0.26-0.09, respectively
matrix of loadings with dimension¥ x J; andE isthe ma- — were very similar among all analyzed samples at both

trix of residuals not modeled by th® components. The sites. These ratios are consistent with a dominance of
MCR-ALS method decomposes the data matrix using an alfossil fuel combustion inputs from traffic related activities
ternating least squares algorithm under a set of constraintéGalarneau et al., 2008).
such as non-negativity, unimodality, closure, trilinearity or At the RS, the detected PAH of high molecular weight
selectivity (Tauler et al., 1995; Tauler, 1995; Jaumot et al.,(PAH_high,m/z > 228; see Table 1) showed higher concen-
2005). The variance explained by the different components idrations during daytime than at nighttime (1.8,< 0.05),
overlapped and not orthogonal (non-overlapped) as in PCAvhereas no difference was found for PAH of low molecu-
(Jolliffe, 2002). Natural sources in the environment are rarelylar weight (PAH_lowyn/z > 228; see Table 1). By contrast,
orthogonal; thus the MCR methods may have a physicallyat the UB site no day/night difference was found for all the
sounder interpretation than orthogonal database decomposiPAH detected. Several factors could be responsible for the
tion methods. day/night pattern of PAH concentrations at the RS site, in-
For the multivariate data analysis, the experimental datecluding traffic intensity, vehicle fleet (e.g. diesel, gasoline)
were stored in 12 h periods between 22 September 2010 anahd meteorological conditions (e.g. temperature). Although
18 October 2010 at the two sites. This generated data matrithe traffic intensity showed a marked day/night trend (ratio
ces of 52 and 51 samples for UB and RS stations, and th@.4), the PAH concentrations did not correlate with such in-
number of compounds analyzed in each was 35. Indeno[123tensity. Such low correlation may be due to gas to particle
cd]pyrene was finally excluded from the databases becauspartitioning of PAH compounds, which has a stronger influ-
20% of the sample concentrations were below LOQ. Theence on the more volatile PAH_low (Lohmann and Lammel,
merged matrix (5 35 for UB and 51x 35 for RS) allows  2004).
a better comparison of potential source apportionment pro- The observed PAH concentrations in Barcelona were
files than the individual matrices. The observed sources ar@n the range of the ones observed in other urban areas in
representative of the two monitoring sites. The joint data sethe USA (Ning et al., 2007; Subramanian et al., 2006) and
was imported into MATLAB 7.4 (The Mathworks, Natick, Europe (Kumal et al., 2013, and references therein), al-
USA) for subsequent calculations using MATLAB PLS 5.8 though wintertime concentrations in those site are gener-
Toolbox (Eigenvector Research Inc, Masson, WA, USA).  ally higher, due to enhanced fuel combustion for domestic
heating. The relative composition of the PAH compounds in
the ambient air PM in Barcelona was found enriched with
3 Results lower molecular weight PAH (PAH_low; phenanthrene un-
til pyrene; m/z < 228), whereas the PMin the uban ar-
eas in the USA were more enriched with higher molecu-

Means, standard deviation&{o'), maximum and minimum lar weight PAH (PAH_.high; benz[anthracene until coronene;
concentration values of the compounds analyzed are dgn/z > 228). These differences between the urban locations

3.1 Chemical analysis of PM filter samples

scribed in Table 1. could be due to the higher proportion of diesel engine vehi-
cles over gasoline vehicle in Barcelona in comparison to the
3.1.1 PAH sites in the USA, where gasoline vehicles dominate (Rogge

et al., 1993; Zielinska et al., 2004).

The total concentrations of the 12 PAHs analyzed were two Finally, it is worth noting that the PAH concentrations
times higher at the RS (1.91ng™ than at the UB site were about a factor 1.5 higher during weekdays in compar-
(0.89ngnt3), reflecting a stronger influence of residues ison to weekends/holidays days at both sites (Table 1), and
from fossil fuel vehicles at the former site. This difference this factor was found to be similar to the one of vehicle in-
was similar to that observed for the concentrations ofkNO tensities near the two monitoring sites (1.4; Dall Osto et al.,
(46 vs. 33 ug m3) and elemental carbon (1.4 vs. 0.7 uygtn ~ 2013a).
(Dall'Osto et al., 2013b). Despite these differences in con-
centrations, there was a significant, moderately positive cor3.1.2 Hopanes
relation between the PAH concentrations at the two sites
(2 =0.55, P < 0.05). This can be interpreted to reflect the Total hopanes concentrations were 0.75ngmand
atmospheric conditions affecting the distributions of primary 0.50 ngnt3 at RS and at the UB sites, respectively (Ta-
atmospheric pollutants in the urban area under study. ble 1), reflecting — likewise for the PAH concentrations —

The average isomeric ratios fluoranthene vs.the strong influence of fossil fuel vehicle combustion at the
pyrene (FI/(FiPyr), benz[alanthracene vs. chrysene former site. The observel hopane concentrations in BCN
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fit into the range of the concentrations observed in urbarels are similar to previous studies in the same region during
areas in the USA and Europe (Subramanian et al., 2006the summer season (van Drooge et al., 2012b) and in Euro-
Ning et al., 2007; Kumal et al., 2013). Although hopanes pean background sites with low influence of biomass burning
are susceptible to oxidation in the atmosphere (Robinson etPuxbaum et al., 2007). In contrast, higher levoglucosan con-
al., 2006a; Lambe et al., 2009), the depletion is probablycentrations were found at the UB site in former studies con-
small due to the very short distance between the samplinglucted during wintertime (35—-60 ng™, Reche et al., 2012;
site and emission source. Temporal trends of hopanes werean Drooge et al., 2012a). In the present study, these high
also found to be moderately correlated between the twdevels were only observed at both sites at the end of the sam-
monitoring sites % =0.65, P <0.05). There were no pling period (about 35ngn¥, 15-20 October 2010). This
differences between day and night periods, likewise forincrease was coincident with the legal permission of burning
the PAH_low concentrations. The relationship betweenbiomass waste in regional background fields from 15 Octo-
PAH_low and hopanes reflects the primary emissions ofber and onwards (DOGC 1995) as well as with a stagnant
diesel vehicles (Rogge et al., 1993; Zielinska et al., 2004) regional anticyclonic conditions (Dall’'Osto et al., 2013b).
Higher concentrations were observed during weekdays inrhe temporal concentration changes of the anhydro saccha-
comparison to weekends/holidays (factor 1.6 at UB and 2 atides compounds at both sites were very simildr=¢ 0.88,

RS, respectively; Table 1). P < 0.05).
However, the higher levels found at the UB site relative to
3.1.3 Nicotine the RS site (ratio 1.9P < 0.05) are likely due to the higher

exposure of the UB site from regional sources because the

This alkaloid was found in all filter samples. Much higher RS site is located within a network of streets that reduce nat-
concentrations (58 ngn{) were observed at the RS site than ural ventilation. This difference between the two stations was
at UB (7 ng nm3). This eight-fold difference points to a very more defined in the last period of the sampling when higher
strong outdoor cigarette consumption near RS, which is sit-concentrations were detected.
uated next to a busy street and an exit of an underground
metro station. The UB sampling station is situated in a local3.1.5 Dicarboxylic acids (DCA), hydroxy-DCA and
park and is away from streets and pedestrians. It is worth not- aromatic-DCA
ing that Spain ranks among the countries of highest cigarette
consumption in the European Union and in the world (WHO, Mean concentrations of individual DCA compounds were
2010). High outdoor gas-phase nicotine concentrations weréound ranging between 1 and 14 ngfnand between 1 and
previously measured in Barcelona in summer 2010 betweerl0 ng nt3 at the UB and RS, respectively. The highest indi-
0.5 and 1.5 ug m® (Sureda et al., 2012). vidual mean concentrations at both sites were observed for

Nicotine concentrations showed a moderate correlatiormalic acid (14 ngm? at UB; 10 ng m7 at RS) and succinic
(r2=0.4, P < 0.05) between the two monitoring sites, sug- acid (7 ngnt® at UB; 6 ngnt? at RS). This range of con-
gesting that the whole urban atmosphere of Barcelona wasentrations is similar to those measured during wintertime at
generally influenced by outdoor tobacco smoke. At RS nico-the UB site (Van Drooge et al., 2012a). The higher ratio of
tine concentrations had a day/night ratio of 1/5< 0.05) malic acid/succinic acid was previously observed in other
at the RS, whereas a statistical difference was not foundsites influenced by anthropogenic emission sources (Yang et
at the UB site. Significantly higher nicotine concentrations al., 2008a). Phthalic acid — a secondary organic tracer for fos-
were detected during weekdays than on weekends/holidaysil fuel combustion — showed similar mean concentrations at
(ratio of 1.8 and 2.5 at UB and RS, respectivaty< 0.05; both sites (4 ng m3, Table 1). As regards the temporal trends
Table 1). This indicates that the nicotine concentrations areof the DCA concentrations during SAPUSS, the majority of
more affected by anthropogenic working activities during them were found similar between the two monitoring sites
daytime of the weekdays rather than leisure ones occurring0.2 < 2 < 0.8, P < 0.05; Table 1).
during weekends. This result is in line with other SAPUSS Most DCA concentrations were found slightly higher at
studies of single particle aerosol time-of-flight mass spec-the UB site relative to the RS one (UB/RS about 1.2), with the
trometry showing that nicotine concentrations correlate withexception of the &-Cg dicarboxylic acids (pimelic, suberic
traffic activities and not with gastronomic ones (Dall’Osto et and azelaic acids), which were found to possess a UB/RS ra-

al., 2013b). tio of 0.5. Moreover, in contrast to any of the other analyzed
compounds, &-Cq dicarboxylic acids showed a clear day-
3.1.4 Anhydro saccharides time maximum in their concentrations, especially at the RS

site (Table 1). Among the £Cg DCA analyzed, azelaic acid
In this group of compounds, mannosan and galactosaishowed the highest concentrations (3 ngfnand 6 ng m3
showed low concentrations (about 2-4ng¥n and also  at UB and RS, respectively). The presence of azelaic acid
the levoglucosan concentrations were relatively low (9 andin ambient air PM has been related to fast oxidation of un-
5ngnt 3 at UB and RS, respectively; Table 1). These lev- saturated fatty acids, i.e. oleic acid, by ozone (Gogou et al.,
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1994; Moise and Rudich, 2002). The oxidation of biogenic fresh SOA oxidation product may be further oxidized in the
precursors can also be an important source ufQg dicar- more urban city center (RS site).

boxylic acids (Kawamura and Gagosian, 1987; Stephanou

and Stratigakis, 1993; Mochida et al., 2003; Zhang et al.,.3.1.7 Isoprene SOA tracers: G-alkene triols,

2010; Ho et al., 2011). Oleic acid in the urban atmosphere 2-methylglyceric acid, 2-methylthreitol and

may have many sources, such as food cooking, traffic and 2-methylerythritol

biogenic sources, including the marine environment (Fang et

al., 2002; Schauer et al., 2002; Robinson et al., 2006b). In thdt is generally considered that the main atmospheric source
present study, oleic acid was identified in all samples (includ-of isoprenoid VOCs is the direct emission from vegetation
ing field blank filters) at low concentrations (<2 ng#. (Guenter et al., 1995). However, tailpipe sources may also
The lack of substantial oleic acid concentrations in the sam-contribute a non-negligible amount of isoprene in urban ar-
ples may be due to the chemical instability of this un- eas (Borbon et al., 2001; Park et al., 2011). Indeed, previ-
saturated fatty acid and/or a fast oxidation to other com-ous studies in the metropolitan region of Barcelona described
pounds in the urban atmosphere. Further considerations othe human-related sources of isoprene (Seco et al., 2013).
possible sources and atmospheric processes responsible fdiowever, whilst the predominately anthropogenic origin is
the elevated azelaic acid concentrations detected are givemainly seen in winter months, during the summer ones (in-
in Sect. 3.2, where an aerosol source apportionment is ateluding September and October, this study) a mainly bio-

tempted. genic origin is apportioned (Filella and Penuelas, 2006).
During SAPUSS, all the isoprene-related markers’ con-
3.1.6 a-pinene SOA tracers: cis-pinonic acid, centrations were found higher at the UB site than the more
3-hydroxyglutaric acid and MBTCA anthropogenically influenced RS site (Table 1). Whilst it is

not possible to uniquely attribute isoprene markers only to
Cis-pinonic acid, 3-hydroxyglutaric acid and MBTCA, the biogenic sources, previous urban air quality studies suggest
three biogenic SOA tracers farpinene oxidation, were de- that the majority of isoprene SOA should be of biogenic ori-
tected in all samples. Cis-pinonic acid was found in two- gin. For example, Langford et al. (2010) concluded that as
times higher concentrations at the UB sites (15 ndymhan  much as 80 % of isoprene in London has biogenic sources.
at the RS site (8 ngn?). The other two tracer compounds Schneidemesser et al. (2011) concluded that isoprene does
(3-hydroxyglutaric acid and MBTCA) showed lower aver- not have a very important role in atmospheric chemistry
age concentrations (3-5ngm (Table 1) but still statisti- in London or Paris. However, given the unknown anthro-
cally higher at UB. All the observed SOA pinene tracer con- pogenic contribution, we leave this SOA isoprene aerosol
centrations are similar to the ones measured by El Haddadource without a clear biogenic labeling.
et al. (2011) in a nearby French Mediterranean urban area. During this study, G-alkene triols concentrations (about
There was no substantial correlation between the temporal ng n3) were slightly lower than those reported in other
concentration trends of cis-pinonic acid and the other twoEuropean sites (Kourtchev et al., 2005) and much lower than
tracer compounds-f = 0.1), whereas there was a very good the levels of 300ng m? in sites located in the southeast-
correlation between 3-hydroxyglutaric acid and MBTCA in ern USA (Lin et al., 2012). The 2-methylglyceric acid (2-
the two different monitoring sitesr{ = 0.65; 0.75, P < MGA) concentrations were in the same range as those ob-
0.05). The same correlations between these three biogeniserved in Marseille (about 2 ngTh; El Haddad et al., 2011),
SOA tracers were recently discussed by Ding et al. (2011)whereas the levels of 2-methyltetrols (2-MT) were higher in
Oxidation ofa-pinene — emitted mainly by coniferous trees the present study (about 2 ng®). 2-methylerythritol con-
— forms pinic acid and cis-pinonic acid. Previous studiescentrations were 2.5 times higher than 2-methylthreitol con-
proposed that cis-pinonic acid and pinic acid could furthercentrations. They were highly correlated within each other
photo-degrade to MBTCA (Claeys et al., 2007; Szmigielski at both sites (%2 = 0.9; P < 0.05), as previously observed
et al., 2007). Although MBTCA has other precursors apartin other studies (Edney et al., 2005; lon et al., 2005; El
from «-pinene (Szmigielski et al., 2007), the significant cor- Haddad et al., 2011). Overall there were good correlations
relations among MBTCA and 3-hydroxyglutaric acid sug- between G-alkene triols andy_2-methyltetrols £* = 0.8;
gest thatv-pinene is probably its major precursor. P < 0.05), as well as between 2-MGA andg-@lkene triols,

The ratio of cis-pinonic acid to MBTCA (P/M) can be em- and Y 2-methyltetrols £ = 0.6 and 0.7, respectively? <

ployed to estimate the aging afpinene SOA (Ding et al., 0.05). Overall, there was no day/night or weekdays/weekend
2011). TheP/M ratios at the UB and at the RS were 4.0 and significant difference at both monitoring sites for all the SOA
2.8, respectively, indicating that overall thepinene SOA  isoprene markers. The concentrations of 2-MGA at UB were
tracers were relatively fresh during our campaign. It is im- not significantly different than those observed at RS, whereas
portant to note that cis-pinonic acid was found to possess théhe 2-MT concentrations were about 2 times higher at UB.
highest ratio between the two sites (UB/RSL.9) of all the Although both 2-MT and 2-MGA originate from the
36 detected organic compounds in this study, implying thisphoto-oxidation of isoprene, NOx concentrations and aerosol
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acidity (Surratt et al., 2010) may affect their formation pro- Dall’Osto et al. (2013b). The following sections discuss the
cesses and consequently their relative abundances. Moreovemique features of the six OA sources identified, as well as
relative abundances of these organic compounds can evolvhe temporal trend of the scores. The percentages presented
as they can undergo further photo-chemical processing om brackets after the molecular markers represent the propor-
heterogeneous reactions upon their formation (Robinson etion of such marker among all six MCR-ALS profiles, and
al., 2007). 2-MT are formed by photo-oxidation of isoprene not the percentage of such marker among the total signal of
under NO-limited conditions (Lin et al., 2012), while it is the individual MCR-ALS profile.

known that 2-MGA can also be formed by the further oxida-

tion of volatile methacryloylperoxynitrate (MPAN), a major 3.2.1 Urban Primary Organic Aerosol (POA Urban)
second-generation product of isoprene oxidation under ini-

tially high-NO conditions (Surratt et al., 2010). Recent work This component is defined by strong contributions from PAH
by Lin et al. (2013) found that 2-MGA is directly formed (43 %), hopanes (43 %) and nicotine (79 %) and accounts for
from methacrylic acid epoxide (MAE), which is a gas-phase 32 % of the explained variance. The relatively larger con-
oxidation product of MPAN. In summary, it is likely that the tribution to the component of LMW PAH in combination
different traffic conditions encountered at the two monitoring with the hopanes points to diesel vehicles as an important
sites, with higher NO at RS than UB, can impact the concen-emission source. Among the six components this is the one

trations of 2-MGA and 2-MT. showing the best correlation with traffic intensity? & 0.5),
pointing to traffic as a major contributor to this component.
3.2 Multivariate data analysis This statement is further supported by the good correlation

between this component and other traffic indicators, such as

Principal component analysis (PCA) was applied on a matrixNOy (2 = 0.8), ECpy1 (2 =0.7) and preliminary AMS-
of scaled concentrations to explore the amount of variancd®MF data on the hydrocarbon-like organic carbon (HOA;
that could be explained by a reduced number of components? = 0.8) that were analyzed for the sampling sites.
and to identify the most determinant associations amongst The temporal changes of this source between the two sites
the organic tracer compounds analyzed in this study. A sixwere correlated€ = 0.5, P < 0.05). POA Urban accounted
component solution was selected from the analysis involvingfor 0.35 and 1.5ugm? OC at UB (18 % of total OC) and
a 96.5 % of explained variance. Addition of a seventh compo-RS (43 % of OC), respectively. This observation is consistent
nent (97.2 % of explained variance) did not show any furtherwith a previous study (Mohr et al., 2012) in which 16 % of
relevant environmental information. the OA was attributed to primary organic aerosol at UB. In

Following the optimal number of components obtained the urban area of Marseille along the Mediterranean coast a
by PCA, MCR-ALS was applied to the scaled column-wise similar concentration of about 0.9 pg OC #(17 %) was at-
data matrix (i.e. without mean-centering) and non-negativitytributed to primary urban emissions (El Hadded et al., 2011)
constraints, resulting in six components which accounted fobased on organic tracer analysis, while the primary emissions
96.2 % of the total data variance. in Paris ranged between 0.2 and 0.5 pg OGndepending

Although many compounds were distributed between dif-on the used method.
ferent MCR-ALS components for many of the chemical POA Urban was higher during weekdays, especially on
compounds, an insight of the contributions of the different Wednesday and Thursday, whilst the lowest values were
OA sources can be seen in Fig. 2. The average organic carecorded during weekends and holidays (Fig. 2). There was
bon concentrations (OC, determined separately by the Sunsei clear day—night fluctuation for this component, which is
EC/OC instrument; Dall'Osto et al., 2013b) were found to be in accordance with the absence of such fluctuation in the
3.5ugnriatthe RS and 2.1 pgm at the UB site (Dall Osto LMW PAH and hopanes. The scores of this component are
et al., 2013b). There was a very good correlation betweemearly equally divided among the four main air mass scenar-
the total OC concentrations of RMand ) ‘scores of com- ios (Fig. 3), suggesting that it is less dependent on regional
ponent for each sampled day? = 0.9, P < 0.05), although  air mass transport and that local emissions are mainly respon-
between 2 and 6 % of the total OC mass was chromatograptsible for the presence of such primary atmospheric pollutants
ically resolved. The excellent correlation indicates that thein the urban area.
selected organic components described in this study can be
representative for the contributions to the organic fraction3.2.2 Primary regional biomass burning organic
sampled during the SAPUSS project. The percentages of OA aerosol (BBOA Regional)
contribution of each of the six components obtained were cal-
culated from the relative contribution of the individual MCR- This component is essentially formed by levoglucosan
ALS resolved component with respect to thescore of the (68 %), mannosan (75%) and galactosan (79 %), several
six components. The mass contribution of OC per volumemarkers of primary biomass burning. The component also
for each component (Fig. 2) was calculated by multiplying contains an important part of glyceric acid (45 %), which
the relative contributions with the OC concentrations from could be emitted after biomass burning or formed during
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Fig. 2.MCR-ALS resolved profiles applying non-negativity constraints. Column on the left shows the loading organic compound composition
of the six selected components. Column in the middle shows the temporal trend of the score values of the six components. Column on the
right shows the relative contribution of the scores (%) as well as the estimated mass contribution of organic carbon to volume fig OCm

atmospheric transport. Moderate contributions (about 20% This component accounted for 15 % of the total variance

of the total signal) from other DCAs and PAH are also ob- and its values in the two sites were strongly correlatéd(

served (Fig. 2). 0.85). The highest score values in both sites were observed
in the last sampling period of the SAPPUSS campaign (15—
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Mohr et al. (2012) also found a moderate contribution of
11 % for BBOA in winter 2009 by AMS analysis, which was
correlated with off-line filter analysis of levoglucosan (Van
Drooge et al., 2012a). The contribution of BBOA was very
similar to the 0.4 pg m? estimated for the UB site after year-
round measurements in 2009 (Reche et al., 2012). These con-
tributions are in the lower range of those estimated for other
European sites (0.04-3.1 pg OC fnPuxbaum et al., 2007),
where the higher concentrations are observed in sites that are
directly exposed to local biomass burning. It is important to
remember that organic tracers for biomass burning may to be
susceptible to oxidation (Hennigan et al., 2011; Hoffmann et
al., 2010; Kessler et al., 2010). However, the analysis of in-
organic species during the SAPUSS study (Dall’'Osto et al.,
2013a) also found a similar apportionment at the two moni-
toring sites, although slightly higher at the UB site.

3.2.3 Isoprene secondary organic aerosol (SOA 1SO)

Cs alkene triols (65%), 2-MGA (42%) and the 2-MTs
(60 %) represent the SOA tracers of isoprene oxidation, and
they are grouped in one component that accounts for 11 %
of the explained variance. Based on the high NO levels in
the city center (Dall'Osto et al., 2013b), one would expect
larger differences between the two monitoring sites as seen
for some of the isoprene markers (see Sect. 3.1.7). Never-
theless, the overall contributions of SOA ISO were similar
at both sites (0.4 and 0.3pgm at UB and RS, respec-
tively), suggesting mainly a regional origin. Indeed, about
50% (Fig. 3) of the concentrations detected were recorded
during regional air masses, while considerably lower con-
tributions were observed when the air mass came from the
Mediterranean Sea. The regional apportionment of the SOA
ISO is also reflected in the temporal trend of this component
(Fig. 2), which was found to be very similar between the two
sites ¢2=0.7, P < 0.05).

3.2.4 Biogeniax-pinene secondary organic aerosol
(SOA BIO PIN)

ENAF_E BREG. BENAF_W DOATL.

Another component is dominated by a strong signal asso-
Fig. 3. Relative scores of the components in UB and RS in relationClated with cis-pinonic acid (72 %), a first-generation prod

to the different air mass scenarios; NAF_W: North African air mass uct of a-pinene oxidation _ar_ld m_lnor Contrlbu_tlons_ from 2-
from the west: Atl.: Atlantic advection; REG.: regional air circula- Methyltetrols (24 %), succinic ac'd_ and glUta.”C acid (22 %).
tion; NAF_E: North African from the east over the Mediterranean Hopanes were also found to contribute to this aerosol source

Sea (Dall Osto et al., 2012a). (35% of the total hopanes signal) and could be related to
biogenic hopanoid precursors produced by microbiota (Yan
et al., 2008). Other second-generation products-pfnene

17 October, Fig. 2), coinciding with regional recirculation air oxidation (i.e. 3-hydroxyglutaric acid and MBTCA) did not

masses (Fig. 3, 70 %) as well as with the permission to burrcontribute to this component, implying it is relatively fresh

litter from fields surrounding the urban area of Barcelona(see Sect. 3.1.6). The SOA BIO PIN component accounted

(DOGC, 1995). for 10 % of the explained variance, with average concentra-

Although the relative contribution of BBOA was higher at tions estimated to be 0.5 gt at UB (24 % of OA) and

UB (12 %) than at RS (7 %), both monitoring sites presentedd.2 pgnT2 at RS (7 %), respectively. The temporal trends

roughly similar concentrations (about 0.3 pg#n at both sites were poorly correlatee? & 0.3, P < 0.05),
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suggesting this SOA component did not impact the two mon-3.2.6  Oxidized organic aerosol of mainly urban origin
itoring site at the same level. This could be due to different (OOA Urban)
reasons, including the fact thatpinene SOA probably un-
dergoes further oxidation in the city center. This is in contrastContrary to the previously described five OA sources, it is
to the previous SOA described (SOA 1SO) where no differ- not known at this stage if this OOA Urban source has a pri-
ence was found between the two monitoring sites. mary and/or a secondary component; hence the name does
The present study shows a remarkable temporal trendhot include any specification in this regard. The unique fea-
(Fig. 2): the highest SOA BIO PIN scores at both monitoring ture of this aerosol source is the strong association with
sites were recorded on 5 October 2010, when a strong urbapimelic (65 %), suberic (61 %) and azelaic (55 %) acids{C
new particle formation (NPF) event was detected (Dall'OstoCg DCA). It is also interesting to note the presence of PAHS
et al., 2013c). Furthermore, high levels can also be seen o21% of total PAH signal), with particular evidence for
25-27 September when other minor NPF events were deeoronene (39 %, strongest signal of all six sources) and minor
tected. Cis-pinonic acid has been linked to nucleation pro-ones from benzo[ghi]perylene (32 %) and benz[a]anthracene
cesses in forested areas as a first step in the formation df33 %). This source has also the peculiarity of containing the
aerosols from organic vapors (O’'Dowd et al., 2002; Laak-remaining 20 % of the nicotine signal, which in this study is
sonen et al., 2008). Further considerations on the matter armainly apportioned by POA Urban (80 %; see Sect. 3.2.1 and

discussed later in Sect. 4. Fig. 2). OOA Urban was found to have an average concen-
_ tration of 0.8 pg M= (23 %) at the RS site and of 0.2 pgth
3.25 Aged secondary organic aerosol (SOA Aged) (10%) at the UB site. A temporal correlation of this OA

, . _source was not found between the two monitoring sites. The
SOA tracer compounds of both anthropogenic and biogeniGgngjstently higher abundance of this component at the city

origin, including G-Cs DCA (40 %), G—Co DCA (20%),  center site (RS) with respect to the urban background site
ph_thahc acid (26 %), h_y(_jroxy-_DCA (45 %) and t_rlc_arballyt_lc (UB), as well as a daytime maximum (Fig. 2), suggest that
acid (75 %), were defining this component. It is interesting .41 yrban emissions sources were involved. The strong
to note the absenc_:e of cis-pinonic signal, suggesting that th'?’AH_high component (benzo[ghi]pyrene and coronene) sug-
SOA component is more aged than the SOA BIO PIN. In-goqtq that motor vehicle emissions, previously associated
deed, 3-hydroxyglutaric acid and MBTCA can be seen in thispainly with primary gasoline-powered vehicles, could be in-
SOA Aged profile (Fig. 2) as products from further photo- \,\ed (Rogge et al., 1993; Zielinska et al., 2004). On the
chemical reactions of cis-pinonic acid (Szmigielski et al., yiher hand G-Cy DCAs are often associated with oxida-
2007). The higher contribution ofscCs DCA over G—Cs  ign of unsaturated fatty acids (e.g. oleic acid; Moise et al.,

DCA also indicates the more aged character of this compo,402). A major source for primary emissions of oleic acid in

nent, since the higher-carbon-numbered DCA tend to photog, \yrhan environment is food cooking (Schauer et al., 2002;

chemically degrade to smaller DCA (Yfmg e"[, al., 2008b). Ropinson et al., 2006b), so this source could also be related
Further support from the high degree of *aging” of this COM- v, the one reported by Mohr et al. (2012), attributing 17 %
ponent alsq comes from the trend seen for the isoprene SO4¢ e atmospheric organic PMiue to primary food cook-
markers, with the 2-MGA score being the strongest among, 4 emissions in the same location. The OOA Urban compo-

all isoprene markers. In other words, when comparing thispent was found to correlate only moderately with preliminary
SOA Aged component with the SOA ISO one (Fig. 2), whilst pk results from the HR-ToF-AMS analysis. A weak corre-

2-MGA is found to be the least important tracer among the 4tion with cooking organic aerosol (COA2 = 0.45) was

four main ones describing this component, the opposite treng, ;g only at the RS but not at the UB site, suggesting that
is seen for SOA Aged. Interestingly, the SOA Aged com- 5oa Urban is a mixture of urban sources.

ponent shows the best correlatiorf & 0.6) with the OOA

> | Nevertheless, a complex air mass dependency of this
component from preliminary AMS-PMF analysis among alll

source at both monitoring sites suggests that this component

other_ components. 0 . _is also related to atmospheric processes. Figure 3 shows that
This component accounted for 18 % of the explained vari-5¢ hoth sites the higher scores of OOA Urban were observed

ance and was related to SOA tracers. Similar concentration§,qer North African air masses from the Mediterranean Sea

3 ;
(0.4 pgnm™ OC) were found at both sites (18% of OA at (yaf_East, with maximum at both monitoring sites between
UB; 12% at RS). There was a good correlation between the; 14710 October, Fig. 2). During this period, the concen-

scores of the two sampling sites” (= 0.5), suggesting this  yations at the two monitoring sites were highly correlated
SOA component is impacting the two sites at a similar level. .2 _ 0.9) and the increase of the OOA Urban coincided with
The temporal trend of this component (Fig. 2) was air Masse jncrease of SOA Aged. However, in two other REG. peri-
dependent, with lowest values observed during windy North, 45 of elevated SOA Aged concentrations (29 September—3
Atlantic advections (Fig. 3). October and 14-17 October) the OOA Urban component was
found at relatively low concentrations and not correlated be-
tween the two monitoring sites. Whilst during NAF_East air
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Fig. 4. MCR-ALS scores values for SOA isoprene and SOA BIO pinene for daytime samples (09:00—21:00) collected during SAPUSS.
Please note the rectangle in figure includes the five nucleation days seen during SAPUSS (25, 26, 27 September, 5 and 18 October 2010).

mass type the nitrate concentrations were at minimum, thédA, whereas only 28 % at the UB site. Overall, the regional
opposite scenarios was found for the REG. air mass type8BOA component had little influence on the air quality in
(Dall'Osto et al., 2013a). Yang et al. (2008b) previously re- the city.
ported that the nitrate ions play a major role in accelerating The sum of the three SOA components (SOA Aged, SOA
the photo-oxidation of azelaic acid by increasing OH con-1SO and SOA BIO PIN) contributed 60 % of the OA at the
centration. This could be a possible explanation of why OOAUB, in line with the 55 % calculated by Mohr et al. (2012)
Urban can accumulate during “sulphate high—nitrate low” airin the same location during winter 2009. The relatively high
masses (NAF_East) whereas much lower concentrations areontribution of SOA in the urban background of Barcelona
found during “sulphate low-nitrate high” air masses (REG.) s related to the high frequency of anticyclonic weather con-
at both sites. ditions, allowing aged aerosols to accumulate. At the RS, the
In summary, it seems that certain atmospheric conditionsSOA component was found to be only 27 %. Two of them
are responsible for the abundance of OOA Urban OA sourcewere represented by products of isoprene aminene oxi-
This aerosol component is the least characterized of the sixlation, while the third was composted by a mixture of more
ones apportioned in this study. It points to compounds re-oxidized compounds from anthropogenic and biogenic ori-
lated to gasoline vehicle emissions and cooking activitiesgin. Most of the SOA formed from biogenic sources are
and the different behaviors under different air masses suggestelieved to be due to isoprene and monoterpene emissions
its abundance depend on the atmospheric conditions encoutrecause of their high emission rates from various vegetated
tered during its emission. surfaces. Biogenic contributions to SOA were previously ex-
pected to be relatively low in urban areas. However, the com-
plex emissions in urban settings have been shown to acceler-
ate oxidation of biogenic VOCs and thus production of bio-
genic SOA (Goldstein and Galbally, 2007; Liao et al., 2007).
The application of MCR-ALS on a database generated fromOUr study suggests that the overall biogenic SOA compqnent
off-line GC-MS analysis of 36 organic tracer compounds in &t the UB and RS was at least 42 % and 15 %, respectively,
103 PM filter samples collected simultaneously in two sites With @ 1ISO/PIN ratio of about 3. _ _
from Barcelona during 30 successive days allowed the iden- AN Unexpected sticking result of this work is the rela-
tification of six organic aerosol components in the two sitestionship between SOA 1SO, SOA BIO PIN and the NPF
that explained 96 % of the total database variance. The spe2vents during the SAPUSS project. Briefly, a clustering anal-
cific study of these components provides information on theYSiS of aerosol size distributions c_iata coll_ected at a UB_ site
environmental sources and processes responsible for the of? Barcelona revealed that ultrafine particles often fail to
ganic aerosol constituents. grow above 10nm (Dall’'Osto et al., 2012). However, NPF

Two of the aerosol components (POA Urban and BBOA originating within the city center can growth to larger sizes
REG.) could be linked directly to primary anthropogenic While being transported away from the city to the urban-
emission sources. At the RS site, the primary emissions fronf€gional background (Dall'Osto et al., 2013c). Previous lab-
anthropogenic sources explain 43% of the variance of thePratory results showed that the high reactivity of isoprene

4 Implications and conclusions
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with OH leads to suppression of new particle formation component to traffic cannot be excluded, the chemical com-
(Kiendler-Scharr et al., 2009). Large isoprene emissions camposition formed by the &-Cg dicarboxylic acids suggests
also suppress NPF formation in forests although the underthat cooking activities could play an important role in this
lying mechanism for the suppression is unclear (Kanawadeeomponent. Nevertheless, the component is represented only
et al., 2011). Although the role of biogenic VOC in limiting by the less volatile products of the oxidation of unsaturated
oxidant levels is established, the influence of OH remains unfatty acids (Moise and Rudich, 2002). The air mass depen-
certain (Taraborrelli et al., 2012). dence of the component indicates that its abundance cannot
Figure 4 summarizes a key finding of our study during the be directly linked to any emission source, but could be related
SAPUSS project. A clear anti correlation between SOA ISOto oxidation processes in the urban center.
and SOA BIO PIN can be seen for the plotted Pilaytime This study reveals that 43—66 % and 18-28 % of the OA
samples. Additionally, the five days characterized by NPFdetected at the RS and UB, respectively, have an urban ori-
events are all distributed in the top left part of the panel. Ingin, leaving a substantial contribution of biogenic compo-
other words, our results suggest that large isoprene emissioments in the studied urban area. However, the urban atmo-
can suppress NPF formation in urban areas. Furthermore, thephere seems to be responsible for the transformation of
very high percentages of SOA BIO PIN in the Pvhass  OA (Donahue et al., 2009), creating difficulties in fully as-
detected during the NPF events suggest that biogenic consigning OA sources with the traditional definitions of pri-
pounds could be partially responsible for the growth of ul- mary and secondary organic aerosol. In future publications
trafine particles in the urban area of Barcelona. Such resultsf this ACP special issue, data from collocated and indepen-
go in the same direction of recent findings in the same arealent SAPUSS measurements will be compared with the ap-
showing that the majority of OA is of non-fossil origin (Min- portionment of the OA sources obtained during this study
guillén et al., 2011). (GC-MS/MCR-ALYS), in order to increase the insights of the
The third SOA component (SOA Aged) contains a mixture potential sources and transformation processes in the urban
of both biogenic and anthropogenic SOA tracers. ThereforeMediterranean area of Barcelona.
it was not possible to estimate the contribution of non-fossil
and fossil organic carbon in this component. By consider-

ing BBOA REG., SOA BIO PIN of non-fossil origin, this Acknowled Technical . ¢ R. Chal d
bout 37 % at the UB (0 8 g_ﬁ)r) and 15 % at the RS C nowe gements ecnnica a§S|stance rom . qer an

was a 3 o SH ) . . ) D. Fanjul is acknowledged. Financial support for this study

(0.5pgnT®). It is likely that SOA ISO is mainly biogenic a5 provided by the Marie Curie FP7 SAPUSS (FP7-PEOPLE-

during the studied period although a possible influence of arpoog-IEF, Project number 254773), and previously supported

anthropogenic contribution in the urban sites could not be exby research projects from the D. G. de Calidad y Evaluacion

cluded. Nevertheless, adding SOA ISO to the non-fossil OAAmbiental (Spanish Ministry of the Environment) and the Plan

would lead to contributions of 54 % and 22 % at UB and RS, Nacional de lyD (Spanish Ministry of Science and Innovation)

respectively. The relatively large contribution of non-fossil CGL2010-19464-VAMOS, CTQ2009-11572 and CTQ2009-377-

SOA in this study is in agreement with the isotopic carbon 14777-C02-01-AERTRANS). The SAPUSS team is acknowledged.
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What remains unclear in the present study is the exact
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